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THE CHEMISTRY OF 
HETEROCYCLtC COMPOUNDS 

The chemistry of heterocyclic compounds is one of the most complex 
branches of organic chemistry. It is  equally interesting for its theoreti- 
cal implications, for the diversity of its synthetic procedures, and for 
the physiological and industrial significance of heterocyclic compounds. 

A field of such importance and intrinsic difficulty should be made as 
readily accessible as possible, and the lack of a modem detailed and 
comprehensive presentation of heterocyclic chemistry is therefore 
keenly felt. It is the intention of the present series to fill this gap by 
expert presentations of the various branches of heterocyclic chemistry. 
The subdivisions have been designed to cover the field in i ts  entirety 
by monographs which reflect the importance and the interrelations of 
the various compounds and accommodate the specific interests of the 
author 8.  
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Arnold Weissberger 



PREFACE 
On accepting the assignment to write a definitive chemistry of five- 

and six-membered heterocycles containing more than one sulfur, 
oxygen and sulfur, and their selenium and tellurium analogs, we went 
through the Ring Index by A. M. Patterson and L. T. Capell (2nd edition, 
1960, by A. @. Patterson L. T. Capell, and D. F. Walker), page by page, 
compound by compound. We found over 200 parent rings within the 
defined scope of this volume. We assigned to them the RRI (Revised 
Ring Index) number in the text and provided an index to them in the 
second par t  of this volume. Many parent rings in the volume, however, 
had not yet been assigned RFtI numbers. Most of these entered the 
literature since the coverage of the Ring Index and a r e  undoubtedly in 
the supplements, which issued after the manuscript went to press; 
only a relatively small number a re  without RRI numbers because the 
Ring Index missed them o r  chose to consider them uncertain. 

An assignment that covers over 200 parent heterocyclics meant that 
this number was the minimum number of subjects that we had to con- 
sult in the indexes of the standard reference works, such a s  Chemical 
Abstracts, Chemisches Zentralblatt, and Beilstein. Our  burden of 
searching the literature was lightened considerablv by the Index of 
Ring Systems in Chemical Abstracts. There were-two major difficul- 
t ies in finding the references in the standard reference works: the 
plethora of names for a given compound and the unrelatedness of the 
nomenclature in the many classes of a heterocyclic moiety. Because 
nomenclature of the heterocyclics is a major problem, we devoted con- 
siderable attention to it throughout the volume and in the subject index. 
Chemical Abstracts nomenclature was followed, particularly for  the 
heterocyclics. In the case of reactants used in the synthesis of a 
heterocyclic moiety, w e  carefully avoided nomenclature which might 
be confused with a heterocyclic name. For  example, we preferred 
dimercaptoethane over ethanedithiol when it was used in the synthesis 
of the dithiole ring. 

Although the assignment pep. se essentially dictated the scope for the 
contents of this volume, the order of arrangement and method of treat- 
ment a re  the result of our own deliberations. There a r e  a number of 
variables which might influence the order  of arrangement, such a s  
size of the heterocyclic ring, kinds of heteroatoms, number of hetero- 
atoms, synthetic methods, reactions and reactivity, etc. 

of us, having been heavy users  of the chemical literature for the past 
twenty-five years, tended to think in te rms  of the reader ' s  viewpoint 
and how he might want to consult this volume. These considerations 
led us to the arrangement which i s  best known to users  of the - Ring 
Index and of the Index of Ring Systems in Chemical Abstracts, viz., 
the size of the ring and the number of heteroatoms. Consequently,five- 
membered rings a re  together in the first part  and six-membered rings 
in the second part  of this volume. As in the Ring Index and Index of 
Ring Systems in Chemical Abstracts, the heterocyclic systems a re  
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classified in order of increasing carbon atoms. Our logic divided the 
heterocyclic systems into twelve major units. The selenium and tel- 
lurium heterocyclics, because of their reIatively small literature, were 
treated similarly in one unit. 

Our experience a s  readers of the chemical literature, particularly in 
heterocyclic chemistry, led u s  to adopt the heterocyclic moiety pattern 
within each of the major heterocyclic systems. For  example, Chapter 
4, on the C,OS ring system, is in two parts: the 1,2-0xathiole moiety 
and the 1, 3-oxathiole moiety. The arrangement within a moiety is in 
ascending order  by number of rings and number of atoms in each ring. 
We did make an exception, however, i n  this  order, viz., spiro com- 
pounds a re  treated a s  derivatives of the heterocyclic class. Thus, spiro 
derivatives of 1, 3-dithiolane a re  discussed under 1, 3-dithiolane 
(Chapter 5, Section JJ A-4) and spiro derivatives of 1, 3-benzodithiole 
under 1, 3-benzcdithiole (Chapter 5, Section I1 D-3). 

order: preparation, structure, properties, reactions, and uses. Our 
method of treatment, however, was not to summarize the literature 
completely and thoroughly in the text, but to review the literature selec- 
tively and eclectically, to establish the soundness and validity of what 
is known, and to point out what needs to be confirmed and extended. To 
the best of our ability and within the confines of the sources available 
to us, the literature has been exhaustively covered through most of 
1962. The details of this coverage, such a s  preparation, yields, and 
properties (melting point, boiling point, index of refraction, density, etc.) 
a r e  thoroughly tabulated and referenced. Physiological properties a re  
noted i n  the text. The emphasis of the text i s  on the chemistry of the 
many ring systems within the scope of the assignment. Particular 
attention has been directed to the updating of the chemistry and to the 
elucidation of reaction mechanisms in terms of modern concepts. Be- 
cause of this emphasis and direction, the text includes discussions of 
crystallographic studies, conformational analyses, and spectroscopic 
studies. 

from each other. For  example, any one interested in the chemistry of 
sulfite es te rs  must consult many sections in at least two chapters. A 
similar problem ar i ses  in the chemistry of 1, 8-disulfides. Although 
this was unavoidable, we hope the Contents and Subject Index wil l  ease 
the problem of finding the desired information. 

Because the subject index to this volume is different from other book 
indexes, we think a brief description may be to the reader 's  advantage. 
Every heterocyclic covered in the text is indexed specifically and the 
heterocyclics cited in the tables a re  indexed generically. The page 
citation designates that the page pertains to synthesis (s), property (p), 
o r  reaction (r) of the chemical or  to a listing in a table (t). The hetero- 
cyclics a re  indexed by the heterocyclic parent compound with the sub- 

The treatment of subject matter for each heterocyclic class is in  the 

Unfortunately, this type of arrangement separates similar compounds 
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stituents inverted. Thus, 4-methyl- 1, 3, 2-dioxathiolane %-oxide is 
indexed a s  

1,3,%Dioxathiolane 2-oxide, +methyl- 

Reactants used in the syntheses of the heterocyclics a r e  indexed, but 
not chemicals reacted with the heterocyclics. We think the indexing 
of the  reactants is a real advantage a s  they a re  a common basis for 
relating the syntheses of heterocyclics. Uses and application of the 
heterocyclics and of their reaction products a re  indexed under the use 
o r  application, such a s  detergent, dye, pesticide, pharmaceutical, etc. 
A use or  application i s  designated by the letter u following the page 
citation under the heterocyclic entry in the index. Spectroscopic pro- 
perties, such as ultraviolet, infrared, nuclear magnetic resonance, and 
X-ray, a r e  also subjects in the index. 

From the perspective of the end of our assignment, we are acutely 
aware of the genius and labor of the hundreds of chemists whose contri- 
butions through time and space have constituted the facts and design 
of this volume. W e  a r e  all the more impressed with the continuing and 
cumulative nature that the whole of chemistry imposes on any given 
area of chemistry, such a s  that encompassed by this volume, and how 
well the essence of this nature has been captured by our heritage, the 
chemical literature. 

We gratefully acknowledge the encouragement of our friends and of 
the Research Department of Hercules Incorporated. We a r e  grateful 
for the typing assistance the Hercules Research Center provided. 

of our families, Their patience and understanding were completely 
essential for  this undertaking. 

Most of all, we gratefully acknowledge the encouragement and support 

Wilmington, Delaware 
January, 1966 

David S. Breslow 
Herman Skolnik 

ix 



CONTENTS 

1. C,O,S Ring Systems 

2. C20S2 Ring Systems 

3. C2S, Ring Systems 

4. C30S Ring Systems 

5. C3S2 Ring Systems 

Part Tat0 

6. C,O,S, Ring Systems 

7. C,S, Ring Systems 

8. C,O,S Ring Systems 

9, C30S, Ring Systems 
10. C3S3 Ring Systems 

11. C,OS Ring Systems 

12. C,S, Ring Systems 

13. Ring Systems Containing Selenium and Tellurium 

Subject Index 
Index to Revised Ring Mex Numbers 

xi 



CONTENTS OF PART ONE 

1. C,O,SRingSystems . 
1. 

n, 
rn. 

N. 

V. 

VI. 

VIX . 
VIII . 

M. 

X. 

XI. 

m. 

C,O,S 1,3,2-Dioxathiolane and 1,3,2-Dioxathiole 

A. Sulfite Es te rs  of 1,2-Glycols . 
1. Preparation . 
2. Structure and Physical Properties 

3. Reactions 

4. Uses 

B. Sulfate Es te rs  of 1,2-Glycols . 
1. Preparation . 
2. Structure and Reactions . 

C. Sulfate Es te rs  of Enediols 

D. 1,3,2-Dioxathiolan-4-one 2-Oxides . 
C,-C,O,S 2,4-Dioxa-3-thiabicyclo[3.2. Olheptane 

C,O,S-C,O,S 1,3, 2-Dioxathiolo[1, 3, Zldioxathiole 
Glyoxal Sulfate . 
C,O,S-C4O Furo[3, 441-1, 3, 2-dioxathiole . 
C,O,S-C,S ThienoEb, 4-d]-I, 3,Z-dioxathiole . 
C,O,S-C, 3aH-CycIopenta-l,3,2-dioxathiole . 
C,O,S-C,O @-J?yrano[J, 4-dl-1,3,2-dioxathiole 

C,0,S-C6 1,3,2-Benzodioxathiole . 
A. SuIfite Es te rs  

B. Sulfate E s t e r s  . 
C,O,S-C, 4ff-Cyclohepta-l,3,2-dioxathiole . 

. 1  

. I  

. 1  

, 1  

. 5  

. 10 

. 15 

. 17 

. 17 

. 18 

. 20 

. 22 

. 24 

. 25 

. 27 

. 27 

. 28 

. 29 

. 32 

. 32 

. 36 

, 40 

C ,O, S-C 40 -C40 1,7,11,13 - Te t raoxa - 1 2 - thiadispiro- 
[4.0.4.3krideca-3,9-diene-2, 8-dione . . 40 

C,0qS-C4N-C,N 6H -Cyclohepta - 1,3,2-dioxathiol- 
4,8-imine . 41 

C,O,S-C,-C, W-Indeno[l, 2-d]-1,3,2-dioxathiole . 42 

xiii 



2. 

Contents of P a r t  One 

Mn. C,0,S-C40,-C50 4H, W-1,3,2-Diolcathiolo[4,5]- 
pyrano[3,2-dl-m -dioxin . 

m. c,o2s-c6c6 
A. Naphtho[l, 241-1, 3, 2-dioxathiole . 
B. Naphtho[Z, 341-1, 3, 3-dioxathiole . 

m. c 2 0 2 s - c ~ - C 6 - c 6  

A. Anthra[l, 241-1, 3, 2-dioxathiole . 
1. Sulfite E s t e r s  . 
2. Sulfate E s t e r s  . 

B. Anthra[2, 341-1, 3,2-dioxathiole . 
C. Phenanthrd9, 10-d]-1, 3, 2-dioxathiole . 

[4', 5': 8,9][1,6]dioxacycloundeca[2,3,4-gh]- 
pyr rolizine 

XVI, C,O,S-C,N-C,N-C,O, [ 1,3,2JJ3i0~athi010- 

. 42 

. 43 

. 43 

* 44 

. 44 

. 45 

. 46 

. 47 

. 48 

. 50 

m ~ .  c20,s-C N-C4N-C,,0, Spiro[l, 6@oxacyclododeca- 
[2, 3,4-gApyrrolizine-9(8H), 4'-[1,3,2)- 
dioxathiolane] . . 52 

x m .  ~2o~s-c~-c6-c6-c6 . 53 

A. Cyclopenta[l, 2bhenanthro[4, 4a-d][1, 3,2]- 

B. Cyclopenta[l, 2]phenanthro[l, 10a-d][1,3,2]- 

dioxathiole . . 53 

diaxathiole . 54 

m. c~~~s-c~-c6-c6-c6 . . 54 

A. Chryseno[5, 6-d]-1,3,2-dioxathiole . . 54 

B. 4,9-o-Benzenonaphtho[2, 3-dl-1, 3,2-dioxathiole . 55 

xx. ~~~~~~~~~~~~~~~~~~~~~~ 3H, 9H-llb,  13a-Epoxy- 
cyclopenta[ 1,2]phenanthro[4,4a-d][ 1,3,2]dioxathiole . 55 

C,O§, Ring Spstems . . 62 

I. 1,2, 5-Oxadithia Compounds . . 62 

A. C,OS, 1,2, 5-Owdithiolane . . 62 

B. C,OS, -C4S Thieno[3, 4-c][l, 2,510xadithiole . 62 

c. c2os,-c6 2,1, 3-Benzoxadithiole . . 63 

D. c2os,-c,-c6 Naphth[l, 2-c][l, 2, 5loxadithiole . 64 

xiv 



Contents of Part One 

II. 1,3,4-Oxadithia Compounds . 
C,OS, 1, 3,4-Oxadithiolane . 

3. CaS3 Ring Systems 

I. 1,2,3-Trithia Compounds . 
A. C,S, 1,2,3-Trithiole . 
B. c2s,-c6 Benzotrithiole . 
C . C a S - C N, - C 6 T r  ithiolo[4, 5 - b ]quinoxaline 

II. 1,2,4-Trithia Compounds . 
A. C,S, 1, 2,4-Trithiolane 

B. Spiro Derivatives of 1, 2,4-Trithiolane . 

4. c30sRfngsystema 

I. 1,2-Oxathia Compounds 

1, 2-Oxathfolane . 
1. 3H-1,2-Oxathiole . 
2. 5H-1, 2-Oxathiole . 
3. 1,2-Oxathiolane 

A. C,OS 5H-1,2-Oxathiole, 3H-1,2-Oxathiole, and 

a. 1,2-Oxathiolane 2,2-Dioxide . 
(1) Preparation . 

Acids . 
Acids . 

(a) From 3-Chloroalkanesulfonic 

(b) From 3-Hydroxyakanesulphonic 

(c) From Olefins . 
(2) Properties, Reactions, and Uses 

b. 1,2-Oxathiolan-5-one 2,2-Dioxide . 
B. C,OS-C, . 

1. 3H-1,2-Benzoxathiole 

2. 3H-2,l-Benzoxathiole 

a. 3H-2, l-Benzoxathiole 1,l-Dioxide . 
(1) Preparation . 
(2) Properties and Reactions 

. 65 

. 65 

. 67 

. 67 

. 67 

. 67 

. 68 

. 68 

. 68 

. 73 

. 76 

. 76 

. 76 
, 76 
. 78 
. 78 

78 

. 79 

, 79 

. 84 

. 87 

. 87 

. 95 

. 96 

. 96 

. 99 

. 100 

. 100 

. 108 



Contents of Par t  One 

b. 3H-2, 1-Benzoxathiol-3-one 1,l-Dioxide 

(1) Preparation . 
(2) Properties and Reactions 

c. Sulfonephthaleins . 
(1) Preparation . 

Phenolsulfonephthalein (Phenol 
Red) 
Cre sol sulfonephthalein s 
(0-CresoI Red and m-Cresol 
Purple) . 
Xylenolsulfonephthalein 
(Xylenol Blue) . 
Thymolsulfonephthalein (Thymol 
Blue) . 
Hydroquinonesulfonephthalein 
Resorcinolsulfonephthalein . 
Pyrocatecholsulfonephthalein 
(Pyrocatechol Violet and 
Pyrocatechol Green)  . 
Pyrogallolsulfonephthalein . 
Hydroxyhydroquinonesulfone - 
phthalein . 
cy- Naphtholsu lfonepht halein 
Salicylsulfonephthalein (Salicyl 
Red) 
Anilinosulfonephthaleins . 
Halogenated Sulfonephthaleins 

(2)  Reactions 

(a) Salt Formation 
(h) Esterification . 
(c) Etherification . 
(d) Halogenation . 
(el Nitration 
(f) Reaction with Ammonia, Amines, 

and Anilines . 
(g) Reduction 
(h) Mercuration . 
(i) Preparation of Arsenates . 

(3) Structure and Properties . 
(4) Uses and Applications . 

(a) Analytical 
(b) Dyes . 
(c) Pharmaceutical 

. 112 

. 112 

. 116 

. 118 

. 119 

. 119 

. 120 

. 122 

, 122 
. 124 
. 124 

. 125 

. 126 

. 127 

. 128 

. 128 

. 128 

. 130 

. 131 

. 131 

. 141 

. 141 

. 141 

. 144 

. 145 

. 154 

. 154 

. 155 

. 155 

. 167 

. 167 

. 169 

. 169 



Contents of Part  One 

c. c,os-c,-c, 
1. 4,7-Methano-3H-lY 2-benzoxathiole . 

a. Structure . 
b. Preparation . 

(1) Sulfonation of Camphor . 
(2) Sulfonation of Camphene . 
(3) Sulfonation of Xsoborneol and Borneo1 

c. Reactions . 
2. 5, 7a-Methano-7aH-l,2-Benzoxathiole . 
3. 3, 5-Methanocyclopent[c][l, 21oxathiole or 

6-Oxa-7 -Thiatricyclo[3.2,1. 1% *Inonan@ 

D. c,os-c,-c, 
1. Naphth[l, 8-cd]-l,2-oxathiole . 

a. Preparation 

(1 1 From 1 - Naphthylamine - 8 - sulf onic 
Acids . 

(2) From 1,8-Naphtholsulfonic Acids 

b. Properties . 
c. Reactions . 

(1) Hydrolysis . 
(2) Halogenation . 
(3) Sulfonation . 
(4) With Ammonia 

(5) The Friedel-Crafts Reaction . 
(6) With Grignard Reagents, Phenyllithium, 

and Lithium Aluminum Hydride . . 196 

(7) WithSodiumAmalgarn . . 197 

(8) Halomethylation . . 197 

(9) With Chloroform . . 198 

Naphth[2,l-c]-lH-2,3-oxathiole . . 199 

benzoxathiole-4 (5H), 2'- oxirane . 199 

oxathiole , . 200 

2. Naphth[l, 2-cl-3H-2,l-oxathiole and 

E. C~O-C,OS-C,-C, ~piro[5,  7a-methano-7a~-l ,  2- 

F. c3os-CG-c,-c, W-Anthra[l, 9-cd]-lY2- 

. 170 

. 170 

. 170 

. 174 

. 174 

. 1'75 

. 176 

. 177 

. 179 

, 181 

. 183 

. 183 

. 183 

. 183 

. 184 

. 185 

. l a5  

. 185 

. 192 

. 194 

. 195 

. 195 



11. 1,3-Oxathia Compounds . 203 

A. C30S 2H-1,3-Oxathiole and 1,3-Oxathiolane . 203 

1. ZH-1,3-Oxathiole . . 203 

2. 1,3-Oxathiolane . 204 
a. Preparation . . 205 

(1) 1,3-Oxathiohnes . 205 

(a) By Reaction of Ketones o r  
Aldehydes with 8-Mercaptoal- 
cohols 

(b) By Other Reactions 

(2) 1,3-Oxathiolan-2-ones 

(3) 1,3-Oxathiolan-5-ones 

(4) 1,3-0xathiolan-2,5-dione . 
(5) 1,3-Oxathiohn-2-imines . 
(6) Spiro-1, 3-oxathiolanes 

b. Properties, Reactions and Uses 

(1) 1,3-Oxathiolanes 

(2) 1,3-Oxathiolan-2-imines . 
(3) 1,3-Oxathiolan-2-one . 
(4) 1,3-Oxathiolan-5-one . 
(5) 1, 3-Oxathiolane-2, 5-dione . 
(6) Spiro-I, 3-oxathiolanes (from 

(7) Spiro-l,3-oxathiolanes (from 

. 

cyclohexanones) 

steroids) 

B. C,OS-C,OS 7-Oxa-2,5-Dithiabicyclo[2. 2. 13- 
heptane 

1. Preparation . 
2. Structure 

3. Properties and Reactions . 
C. C,OS-C,O Fur0[2,3-d]-W-l, 3-oxathiole . 
D. C,OS-C, Cyclopenta-1, 3-oxathiolane 

E. C,OS-C,O 4H--rano[3, 4-dl-W-1,3-oxathiole 

. 205 

. 215 

. 216 

. 217 

. 221 

. 221 

. 225 

. 234 

. 234 

. 238 

. 239 

. 241 

. 243 

. 244 

. 248 

. 252 

. 252 

. 255 

. 256 

. 257 

. 257 

. 260 

xviii 



Contents of Part One 

F. C30S-C6 . 
1. W -  1,3-Benzoxathiole 

a. Preparation 

b. Properties and Reactions 

Cyclohexa- 1, 3-oxathiolane 
2.  Hexahydro-W-l,3-benzoxathiole or 

G .  c3c)s-c3No-c6 2H-1,3-Oxathiolo[ 5,4-g]- 
benzoxazole 

benzoxathiole 
H. C,OS-C,O-C, 7R--rano[2,3-g]-2H-l, 3- 

I. c,os-c,-c, 
1. Naphth[ 1 2 -d][ 1, 3]oxathiole 

a. Preparation 

b. Reactions . 
2. Naphth(2, 1-d][l, 3]oxathiole 

J. C30S-C30S-C,-C, 3aJ 6a-Epoxydicyclopenta-$- 
dithiane 

thianthrene . 
c ,OS-C, -C 6 -C 6-c Spire[ cy clohexane - 1 8' - 
[lH]cyclopenta['l, 8$erhydrophenanthr0[3,2-d]- 
I, 3loxathiolel . 

K. c ~ ~ ~ - ~ ~ o s - c ~ - c ~  2H, 5 a - 4 a ,  9a-Epoxy- 

L. 

5. C A R i n g S y s t e m s  

I. I, 2-Dithia Compounds 

A. C,S, 1,2-Dithiolane and 1, 2-Dithiole 

1. 1,2-Dithiolane . 
a. 1,Z-Dithiolane and General Derivatives 

(1) Preparation . 
(2) Properties and Reactions 

b. ar-Lipoic Acid. 5-(1,2-Dithiolan-J-y1)- 
pentanoic Acid . 

c. Spiro Compounds . 

. 261 

. 261 

. 261 

. 271 

. 275 

. 277 

. 277 

. 278 

. 278 

. 278 

. 281 

. 282 

. 286 

. 286 

. 281 

. 313 

. 313 

. 313 

. 314 

. 314 

. 314 

. 323 

. 328 

. 343 

xix 



Contents of P a r t  One 

2. 1, 2-Dithiole . . 347 

Compounds . . 341 

(1) Preparation . . 348 
(a) From Olefins and Sulfur . . 348 
(b) From Saturated Hydrocarbons 

and Sulfur . 367 
(c) From Dienes or Trienes 

and Sulfur . 368 
(d) From Acetylenic' Combunds' 

and Sulfur . 368 
(e) From Alcohols, Aldehydes or  

Ketones with Sulfur or  Sulfur and 
Phosphorus Pentasulfide . . 369 

Compounds . . 370 
Compounds . . 370 

P-Keto Aldehydes . . 382 

Acid . 383 

a .  1, 2-Dithiole-3-thione and Related 

(f) From Sulfur-Containing 

(g) From cu, p-Unsaturated Carbonyl 

(h) From p-Keto Es te rs  and 

(i) From Derivatives of Propiolic 

(j) From P-Thioketo Es te rs  . . 383 
(k) From Ketones and Carbon 

Disulfide . 384 
(2) Structure . 385 

(3) Propert ies  and Reactions . 388 

(4) Uses . . 404 

b. 1,2-Dithiolium Salts . . 405 

c. Thiothiophthene. (5 "Methyl- 1, 2 - dithiol- 
3-ylidene)-Z-propanethione . . 410 

B. C,S,-C,N 1,2-Dithiolo[4, 3-bqpyrrole. 

C. C3S,-C5 Cyclopenta-l,2-dithiole . . 420 

D. C,S, -C,S, 1, 2-Dithiolo[4, 3-dl-m-dithiin . . 421 

E. C3S,-C5N . . 421 

1. 3H-1, 2-DithioloC4, 3-blpyridine . . 421 

Acetopyrrothine . . 417 

2. 3H-1,2-Dithiolo[4, 3-clpyridine . . 422 

3. 3H-1,2-Dithiolo[3, 4-blpyridine . . 422 

F. C3S,-C, 3H-1,2-Benzodithiole . 423 

1. Preparation . . 423 

2. Properties and Reactions . * 430 

xx 



Contents of Par t  One 

G. C4-C,S,-C6 4,6-Methano-3H-lD 2-benzo- 

H. C,Sq-C,-C, 4,7-Methano-3H-l, 2-benzo- 

dithiole . 435 

dithiole . 436 

I. c,s,-c,-c, . 437 

1. 3H-Naphtho[2,3-c]-lD 2-dithiole . . 437 

2. 3H-Naphthoil, 2-c]-1, 2'-dithiole . . 437 

3. lH-Naphth0[2,l-c][1,2]dithfole . . 438 

4. Naphtho[l, 8-cd]-1,2-dithiole . . 438 

dithiole . 440 

K. C,S,-C,-C,-C, la-Phenanthro[l, 2-c][l, 21- 
dithiole . 441 

L. C,S,- C ,NO-C,N-C 4N2 -C, Gliotoxin . 441 

M. C,S2-C5-C,-C,-C, 1,5-Epidithio- 5H-cyclo- 
penta[a]phenanthrene . . 442 

N. C,S2-C3S,-C -C,-C -C, Naphthaceno- 
. 443 

J. c,s?-c,-C6-c, OH-Acenaphtho[l, 2-C][1,2]- 

(5,6-cd : 11, lb-c', d 'gis l l ,  2]-dithiole 

11. 1, 3-Dithia Compounds . 447 

A. C3S2 1, 3-Dithiolane and 1,3-Dithiole . 447 

a. Preparation . 448 

1. Mercaptals and Mercaptoles of 
1, 2-Dimercaptoalkanes . . 448 

b. Structure, Properties and Reactions . . 467 

2. 1,3-Dithiolanes Prepared from Diazo 
Compounds . . 486 

3. 1,3-Dithiolan-4-one Dyes . . 490 

4. Spiro Derivatives of 1,2-Rimercaptoalkanes . 496 

a. Nonsteroid Spiro Derivatives . . 496 

b. Spiro-1, 3-dithiolanes Derived from 
Steroids and Related Compounds . . 512 

5. Derivatives of Cyclic Ethylene Ester  of 
Trithiocarbonic Acid . 530 

a. Preparation . 530 

b. Structure and Reactions . 541 

c. Uses . . 545 

6. 1,J-Dithiole . . 546 

xxi 



Contents of Part One 

7. 1, 3-Dithidium Salts 

B. C3S,-C,S2 . 
1. 2, 5, 'I-Trithiabicyclo[2.2. llheptane 

2. 2,6, 7-Trfthiabicyclo[%. 2. lheptane 

C. C,S, 42, Cyclopenta-l,3-dithiole . 
D. C,S,-CG 1,J-Benzodithiole and 1,3-  

. 

. 

Benzodithiol- 1 -ium Salts 

1. 1, 3-Benzodithiole Derivatives . 
2. 1, 3-Benzodithial-1-ium Salts . 
3, Spiro Derivatives of 1,3-BenzodithioIe . 

E. C,S,-C,N, -C6 1, 3-Dithiolo[4,5-&)quinoxaline 
F. c&-C6-c, Naphtho[2, 3-d]-1,3-dithiole . 

. 551 

a 554 

. 554 

. 556 

. 556 

. 557 

. 551 

. 565 

. 573 

. 577 

. 581 

xxii 



C H A P T E R  1 

QOaS RING SYSTEMS 

Five-membered rings containing two oxygens and a sulfur a re  known 
with ofily one arrangement of the hetero atoms, 1,3-dioxa-Z-thia. The 
compounds with this arrangement a r e  cyclic sulfite and sulfate esters 
of 1,2-dihydroxy compounds, cyclic anhydrides of acid sulfite esters of 
2-hydroxy acids, and glyoxal sulfate. 

L C&,S 1,S, 2-DmXAmIANE (1) AND 1 ,3 ,%-DI~THIOLE (2) 

1 2 

(RRI 105) 

Chemical Abstracts indexes this ring system under the above names. 
Alternative names a re  1,3-dioxa-2-thiacyclopentane and -pentene. 
However, the compounds a re  invariably found under the parent hydroxy 
compounds and these names are rarely used. 

A. SULFITE ESTERS 

1. Preparation 
1, 3, 2-Dioxathiole 2-oxides, cyclic sulfites of enediols, have not been 

repxted. 1, 3,2-Dioxathiolane 2-oxides, cyclic sulfites of 1, %-glycols, 
are  prepared in excellent yields by treating a glycol with thionyl chlo- 
ride. 7)9,24,41,52,57,58) 74,78188 

-c-c- I I  + soc1, - y4p + 2HC1 
AH AH 

The use of methylene chloride as a solvent has been reported to im- 
prove the yield. 4 1  Pyridine has been used freq~ently,3~8 5 2 r  67r69 but 
it appears to have little if any effect, in contrast to its effect on the re- 
action of simple alcohols with thionyl chloride, where its use leads to 
the formation of alkyl halides. The synthesis has been applied to pri- 
mary, secondary, and tertiary alcohols. Pritchard and LButerbur67a 
raised the yield of 4,4-dimethyl-l, 3,2-dioxathiolane 2-oxide (2a) from 
2% to 60% by carrying out the reaction in benzene and sweeping out 
hydrogen chloride with a n  inert gas. 

[For references, see pp. 57-61.] 1 
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Chapter 1 

2a 
It is interesting that even pinacol, which is prone to  undergo acid- 

catalyzed rearrangement, was reported by Szmant and Emerson80 to 
give a 55% yield of cyclic sulfite (3). 

Majima and Simanuki57 reported that glycerol yields 4-chloromethyl- 
1,3,2-dioxathiolane 2-oxide (4). De la Mare, Klyne, and co-workers, 32 
obtained the same compound from 3-chloro-l,Z-propanediol; in this 
instance pyridine had a deleterious effect, a mixture of dichlorohydrin 
and trichloropropane being obtained. 

SOCI, 
E t z O ,  PhCH, 

1 2 h r s .  r e f l u x  H,- H- HZ 

ClCH, 0 6 7 %  I l  6 H  6 H  
(""0 

soc12 6,""-6,"-g' - 
4 

Majima and S i r n a n ~ k i ~ ~  found that uL-erythritol gave a bis(cyc1ic sul- 
fite) (5); according to Kitasato and Sone52 a bis(cyc1ic sulfite) (6) was 
also fornied from diethyl mucate. 

soc1, 
ref  l u x  

CZHSOOCICHOH J~COOC,HS 
CzHSOOC COOCzHs 

6 

D - M a n n i t 0 1 ~ ~ 3 ~ ~  yielded a tris(cyc1ic sulfite) (7). According to Majima 
and S i m a n ~ k i ~ ~  treatment of the sulfite with thionyl chloride and pyri- 
dine, presumably at an elevated temperature, yields a tetrachlorohexyl- 
ene glycol sulfite of undetermined structure, either (8)  o r  ($I), provid- 
ing no rearrangement has taken place. 

7 

2 



C,O,S Ring 

It should be pointed out that there is no direct evidence that these 
polyhydroxy compounds yield five-membered cyclic sulfites, and not 
six-membered. Thus, Zinner, Sych, and SchneiderS9 suggested that the 
bis(cyc1ic sulfites) prepared from u-xylose mercaptals might be 1,3,2- 
dioxathianes (Sa) rather than 1,3,2-dioxathiolanes (9b), by analogy with 
the reaction of these sugar derivative with acetone. 

However, the fact that glycerol yields a five-membered cyclic sulfite 
and that cyclic sulfites are  prepared more readily from 1,2-glycols 
than from 1,3-glyccrls (see Chapter 8, section I A-la) suggests that the 
1, 3, 2-dioxathiolane structure is more reasonable for these compounds 
and they are therefore listed here. Nevertheless, there is some evi- 
dence that l, 4-anhydroxylitol forms a six-membered cyclic sulfite 
rather than a five (see Chapter 8, section I B), and more definitive mi- 
dence as to the structure of these compounds is required. 

AsselineaulO,ll prepared the cyclic sulfite esters of a number of 
esters and amides of niycolic acid. Inasmuch as the structure of my- 
colic acid is unknown, it is not known whether these compounds a re  
derivatives of 1, 3, 2-dioxathiolane or 1, 3,2-dioxathiane. Boehm17 
chlorinated cellulose with thionyl chloride and pyridine; he postulated 
the intermediate formation of a cyclic sulfite, which then reacted with 
pyridine hydrochloride to yield the chlorinated cellulose. 

I 
-C-OH -+ 20 + C,Hr,N.HCl + CSH,N + so2 -+ -7-” 

Several novel syntheses of cyclic sulfites have been reported. Bis- 
singer, Fredenburg, and co-workers,14 prepared 4-viny1-1,3, Z-dioxa- 
thiolane 2-oxide (10: by the alcoholysis of dimethyl sulfite with erythrol. 

[For references, see pp. 57-61.] 3 



Chapter 1 

B OH 10 

In a somewhat related synthesis, Hesse5Ot5** found that treatment of 
an alcohol with sulfur dioxide and diazomethane gave a mixed sulfite 
esterr Presumably the alcohol and sulfur dioxide a r e  in equilibrium 
with the half-ester of sulfurous acid, which is methylated by diazometh- 
ane. When applied to ethylene glycol, methyl 2-hydroxyethyl sulfite 
(11) was formed, and this on heating was converted into ethylene sulfite. 

HOCH,CH20H + SO, == HOCHzCH20S0,H CH2N2> HOCH&H20S02CH3 

11 

Several patents have appeared on the synthesis of ethylene sulfite 
from ethylene oxide and sulfur dioxide. Thus, according to Viard76$*5 
the 1: 1 complex of ethylene oxide and sulfur dioxide, formed from the 
two reagents at rooni temperature, is treated with a tertiary amine. A 
polymer is formed, and this on heating is converted into ethylene sul- 
fite; both reactions a re  essentially quantitative. 

30-60 rnin. f40-150° 

97% 

Gruschke4* has reported the direct preparation of ethylene sulfite by 
passage of ethylene oxide and sulfur dioxide over silver oxide on char- 
coal catalyst a t  220". According to Dietrich and HBfe rn~ann , '~~  however, 
the conversion is incomplete by this process, and better results are 
obtained by carrying out the reaction in the liquid phase under pres-  
sure. 

140' 

92% 
25atm., ("s. 

Razuvaev, €his, and Grobov6*a were unable to obtain ethylene sulfite 
by these procedures. According to these authors the reaction is cata- 
lyzed by quaternary ammonium salts. Heating equimolar quantities of 
ethylene oxide and sulfur dioxide for 3 hours at  110-120° in the pre- 
sence of a catalytic quantity of tetraethylammonium bromide yielded a 
polymer which, on distillation with a free flame, gave a 57% yield of 
ethylene sulfite plus some dioxane and acetaldehyde. In this manner 
they prepared 4-methyl-, 4-chloromethyl-, and 4-hydroxymethyl-l,3,2- 
dioxathioiane 2-oxide from propylene oxide, epichlorohydrin, and gly- 
cidol, respectively . 

4 



C,O,S Ring Systems 

England, Dietrich, and Lindsey36b reacted tetrafluoroethylene with 
undistilled sulfur trioxide, and found that three products were formed: 
3,3,4,4-tetrafluoro-l,2-oxathietane 2,2-dioxide (lla); 4,4,5,5-tetra- 
fluoro-l,3,2-dioxathiolane 2-oxide (llb); and 5,5,6,6-tetrafluoro- 
I, 3, 2,4-dioxaditbiane 2,2,4,4-tetroxide (l lc).  

l l a  1 lb l l c  

Although l f b  could not be separated from l la  by distillation, both a neu- 
t ra l  equivalent determination on the mixture and NMR indicated its pre-  
sence. This was confirmed by treatment with amines, aniline yielding 
oxanilide and cyclohexylamine N, N' -dicyclohexyloxamide, neither pro- 
duct being formed from pure lla. With freshly distilled sulfur trioxide 
l la  was formed in nearly quantitative yield. 

The cyclic sulfites which are reported in the li terature are listed in 
Table 1. 

2. Structure and Physical Properties 

1 , 3,2-Dioxathiolane 2-oxides very probably exist as slightly puckered 
five-membered rings, although the actual structure has not been deter- 
mined. Ethylene sulfite has been reported by Arbuzov and co-  worker^^^*,^^ 
to  have a dipole moment of 3.65 D, and a parachor of 194.3. Using bond 
lengths and angles determined on open-chain sulfites, it was calculated 
that a planar ring structure had a dipole moment (3.48 D) closest to 
the experimental value. They concluded, however,that the ring is puck- 
ered, with the sulfur atom about 40' out of the plane and with l l d  
(4. 56 D) contributing more to the structure than l l e  (2. 04 D). 

l ld  l l e  

Pritchard and Lauterbur67a found a dipole moment for ethylene sul- 
fite of 3. 74 D, which they claimed is in agreement with a planar or  a 
slightly puckered ring. Inasmuch as the three oxygens on the sulfur are 
not in a plane, the four hydrogens are not equivalent, and these authors 
found a very complicated proton magnetic resonance spectrum for ethyl- 
ene sulfite attributable to this dissymmetry. 4,4-Dimethyl-l, 3, 2- 
dioxathiolane 2-oxide (2a) gave a simpler spectrum, a quadruplet for 
the two ring protons and two singlets for the non-equivalent methyl 
groups. 

[For references, see pp. 57-61.] 5 
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C,O,S Ring Systems 

Because of the non-coplanarity of the oxygen atoms, a 4-substituted de- 
rivative should exist in two forms, cis and frans. Pritchard and Lauter- 
bur succeeded in separating propylene sulfite into two stable isomers 
by vapor phase chromatography; their refractive indices differed by 
0.0012 at 25" (D line). By a detailed analysis of their complicated pro- 
ton magnetic resonance spectra, the authors assigned a cis structure 
( l l f )  to the slow-moving isomer and a lrans (llg) to the fast; the c i s -  
trans ratio in a normal preparation was 1: 2. 

1 If 

1, 3, 2-Dioxathiolane 2-oxides symmetrically substituted in the 4,5- 
positions should exist in three isomeric forms. 

Here no isomerism attributable to the sulfoxide oxygen has been re-  
ported; meso- and ~~-hydrobenzoin6~?69 and 2 , 3 - b ~ t a n e d i o l ~ ~  have 
each been reported to give only one cyclic sulfite. 

although some exist as crystalline solids. They are  generally soluble 
in the common organic solvents, and the lower members of the series 
are  also appreciably soluble in water. Thus, ethylene glycol sulfite has 
a water solubility of 16-18% at 25",31*63 and 3.8% water dissolves in 
it; the corresponding figures for propylene glycol sulfite a r e  8% and 
2.1%. 63 According to Davies and Tillettsl certain salts increase the 
solubility of ethylene glycol sulfite in water, while others decrease the 
solubility. 

Szmant andEmersonm andde laMare, Klyne, and co-workers,32 have 
both investigated the infrared spectra of cyclic sulfites of 1,2-glycols. 
The results are  in excellent agreement, the former finding absorption 
at 1220-1225 cni-1 and the latter at 1214-1215 crn"l; this j s  consid- 
ered to be the stretching frequency of the S + 0 bond. 

The simple cyclic sulfites a re  generally colorless, distillable liquids, 

[For references, see pp. 57-61.] 9 
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3. Reactions 

Cyclic sulfite esters of 1, 2-glycols are reasonably stable thermally. 
D e n i ~ e l l e ~ ~  reported that calcium oxide a t  275" converts the sulfite of 
2, 3-butanediol (12) into a mixture of epoxide and 2-butanone, while 
passage over clay at  575" gives a low yield of butadiene. 

Price and Bertie7 investigated the pyrolysis of the cyclic sulfites of 
weso- and uL-hydrobenzoin a t  about 240". The cis sulfite (13) from 
the meso isomer decomposes smoothly and in good yield to desoxyben- 
zoin, while the trans sulfite (15) from the oL-isomer yields diphenyl- 
acetaldehyde almost quantitatively. These differences were explained 
by the formation of bridged phenonium ion intermediates, 14 and 16. In 
the phenonium ion 14 derived from the cis sulfite, the sulfinate ion is 
lrans to the phenyl-activated P-hydrogen, and i s  therefore forced to 
stabilize itself by abstraction of the cy -hydrogen. 

$eHS ,?tiH5 

H - ~ - - c - H  - 0 2 s q  ;BHS F6HS 

HOzS '"2-r / A 
0, ;o - 

8 b(-> 4i 
13 14 I - s o 2  

c6H5!-cH2C6H5 

In the phenonium ion (16) derived from the traw sulfite, the sulfinate 
ion and the @-hydrogen are cis,  and this proton migrates readily. 

f 

15 

10 
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A similar explanation can be used to explain the results obtained by 
Gillis42a on heating ethylene sulfite with triethylamine at 180". Bis- 
singer, Kung, and Hamilton14a had found that under these conditions di- 
methyl sulfite yields methyl methanesulfonate. Gillis found that ethyl- 
ene sulfite yields a variety of products, but only acetaldehyde and par- 
aldehyde were identified. 

Cyclic sulfites of 1,2-glycols are  hvdrolvzed readily by dilute 
acid20-23123 a,4 1,74,8 1 b o r  alkali. 2 0-2384 1,s 2,58,74 78,8 1 a Robert- 
son and Neish74 were the first to investigate the hydrolysis. D-(-)-2,3- 
Butanediol was converted into trans -4,S-dimethy1-1,3,2-dioxathiolane 
2-oxide; hydrolysis with dilute hydrochloric acid regenerated the glycol 
with complete retention of configuration. Garner and Lucas41 confir- 
med these results, and showed that W i n e  hydrolysis also regenerates 
the glycol with retention of configuration. Thus, reaction with thionyl 
chloride and hydrolysis of the cyclic sulfite both take place with inver- 
sion, or both reactions take place with retention The latter view ap- 
pears much more reasonable, indicating that both the formation and 
hydrolysis of the cyclic sulfites occur without affecting the carbon- 
oxygen bonds. Bunton, de la Mare, and co-workers20*21 proved unequi- 
vocally that hydrolysis occurs by sulfur-oxygen bond fission by carry- 
ing out both acid- and base-catalyzed hydrolysis in the presence of 
H,018; there was no isotopic enrichment in the glycol. They showed 
further that very little exchange takes place with the sulfoxide oxygen. 

Davisfla investigated the alkaline hydrolysis of ethylene sulfite. The 
reaction was first order in hydroxide ion, and first order in cyclic sul- 
fite. The rate of formation of one mole of sulfite ion equalled the rate 
of consumption of two moles of hydroxide, showing that there i6 no 
build-up of the open-chain monoester, in agreement with Bunton, de la 
Mare, and co-workers.20'23 At 25" the rate of hydrolysis of ethylene 
sulflte was 360 times that of dimethyl sulfite. The reaction was formu- 
lated as follows: 

Davis also found a very slow transesterification equilibrium with meth- 
anol; presumably, the mixed ester would cyclize rapidly. 

Bunton, de la Mare, and c o - ~ o r k e r s ~ ~ ? 2 2 * 2 3  studied both the alkaline 
and acid hydrolysis of ethylene sulfite. The alkaline hydrolysis was too 

[For references, see pp. 57-61.] 11 
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fast to be measured by their technique, but the much slower acid hydro- 
lysis was investigated in detail. The mechanism was pictured as 
follows: 

HOCHzCHzOH + SO2 

The evidence for their mechanism is discussed in Chapter 8, section I 
A-la-(3). Suffice it to say here that DavisSla found the heats of hydro- 
lysis of ethylene suIfite and dimethyl sulfiteJo be identical, a s  did Pag- 
din, Pine, and co-workers,64a for ethylene sulfite and trimethylene sul- 
fite. Therefore, the rapid alkaline hydrolysis of ethylene sulfite cannot 
be attributed to strain in the five-membered ring. 

Substitution on the ring has little effect on the rate  of acidhydrolysis: 
1, 3,2-dioxathiolane %-oxide, 1; 4-methyl derivative, 1; truns-4,5-di- 
methyl, 0. 8; cis-4, 5-dimethyl, 1. 2; 4, 4,5,5-tetramethyl, 0. 7; 4- 
chloromethyl, 0. 3. This is in accord with the distance of the substi- 
tuents from the point of attack, but is in marked contrast to the effect 
of alkyl substituents on the hydrolysis of y-sultones (see Chapter 4, 
section I A-3a-(2)). The acid hydrolysis of cyclic sulfites is consider- 
ably slower than that of simple open-chain sulf i tes ,23a~8~b whereas 
the reverse  is true for alkaline hydrolysis, 81a 

Reulos and LeTelliereY reported that the cyclic sulfites of meso- and 
uL-hydrobenzoin, on heating with dry hydrogen chloride in dioxane, re- 
act to form the ervthro- and ihreo-chlorohydrin, respectively. Since 
the sulfites are formed without configurational change, the reaction 
with hydrogen chloride must take place without inversion. This elimi- 
nates the possibility of the reaction proceeding uia a carbonium ion or 
involving an S,2 displacement. It is probably best explained by assuni- 
ing the intermediate formation of a chlorosulfite; these are known to 
decompose to the corresponding chloride generally without inversion, 
presumably by an S,i process. 23 

12 
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trans 

tbvsu 

The alternative explanation advanced by Boozer and Lewis,l involving 
essentially an %2 displacement of chlorosulfite by dioxane, followed by 
displacement of the dioxane by chloride ion, would lead to the same re- 
sults. 

According to Resse5Or 50b ethylene sulfite reacts with aldehydes in 
the presence of an acid catalyst to form 1, 3-dioxolanes; this too would 
presumably involve sulfur-oxygen cleavage, 

cy + RCHO H+ > c,,: 0 + so, 

as would the formation of 2-hydroxyethylsulfuric acid from ethylene 
sulfite and sulfuric acid reported by Brunken and Poppe.19e 

Several examples of carbon-oxygen cleavage in cyclic sulfites a r e  
known. Carlson and Cretcher"r25 found that ethylene sulfite is an ex- 
cellent hydroxyethylating agent for alcohols, phenols, carboxylic acids, 
and amines. The reaction may be carried out with acidic or basic cata- 
lysts or simply by heating. This reaction must undoubtedly involve 
carbon-oxygen cleavage, probably via an S,2 displacement, as illustra- 
ted with phenol. 

C,H,OH + B ___j C6H5O- + BH+ 

C H , 4  

H+ > C6H~OCH,CH2OH + SO, 

[For references, see pp. 57-61.] 13 



Chapter 1 

The same mechanism can be used to explain the formation of sodium 
isethionate from ethylene sulfite and sodium bicarbonate, which Smith79a 
has reported in 94% conversion and 85% yield. 

N a H C 0 3  
0 30min .16W 
_____j HOCH2CH2S03Na 

Presumably, the first step involves the formation of sodium sulfite o r  
bisulfite, which then attacks the cyclic compound to yield isethionate 
and to regenerate the nucleophilic reagent. 

Ben-Ishaylzb obtained an unusual result when he reacted 4-chioro- 
methyl-l,3,2-dioxathiolane 2-oxide (17) with phenoxide ion. Only a 
small amount of the expected 4-phenoxymethyl derivative (18) was 
formed, the major product being 5-phenoxy-1, 3,2-dioxathiane 2-oxide 
(19). o-Cresol and theophyllinelzC reacted similarly. 

17 

16.3%) 166%) 

18 IQ 

The formation of 19 can be explained by an initial nucleophilic attack by 
phenoxide ion at C-4 followed by displacement of C1 by sulfite ion. 

CsHsO- 

19 

Szniant and Emerson80 uncovered still another reaction which appears 
to involve carbon-oxygen cleavage. They investigated the action of 
Grignard reagents on cyclic sulfites in order to determine if ring size 
has any effect on the reaction. Ethylene sulfite yielded 4240% diphenyl 
sulfoxide and 3.4-23% ethylene bromohydrin, depending on the condi- 
tions of the reaction; the yield of sulfoxide was independent of the 
ring size. Inasmuch a s  non-cyclic sulfites yield no bromo compounds 
and ethylene sulfite forms no dibromoethane, Szmant and Emerson con- 
cluded that bromide formation takes place while the sulfite ring is in- 
tact, presumably by a nucleophilic displacement by bromide ion. 

14 
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To account for the lack of bromide formation with non-cyclic sulfites, 
the authors reasoned that the cyclic sulfites have a more highly polar- 
ized carbon-oxygen bond, making them more prone to nucleophilic dis- 
placements; also, steric factors in the cyclic sulfites favor displace- 
ment. 

Garner and Lucas4I described the oxidation of the cyclic sulfite of 
2,J-butanediol to the corresponding sulfate with calcium permanganate. 

Viard84 has patented the photochemical chlorination of ethylene sul- 
fite to form 2-chloroethyl chlorosulfate in excellent yield. If this is 
truly a photochemical reaction, 

C L ,  hV c)o ClCH&H,OSO$I 

it is the only radical reaction reported for cyclic sulfites. Bissinger, 
Fredenburg, and co-workers,lq attempted to polymerize 4-vinyl- 1,3, 
2-dioxathiolane 2-oxide by heating with benzoyl peroxide at 70°, but 
sulfur dioxide was evolved and a black, gelatinous mass was formed. 

4. Uses 
Very few potential commercial applications have been reported for 

these compounds. Ham2748a claimed that a polyester is formed from 
ethylene or propylene sulfite and a dicarboxylic acid under milder con- 
ditions than required with the glycol. The products, however, contained 
a considerable number of sulfite linkages and were lower melting than 
the corresponding unmodified polyester. No such disadvantage was re-  
ported by Farbwerke Hoechst,37a who claimed that ethylene sulfite is 

[For references, see pp. 57-61.] 15 
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C202S Ring Systems 

superior to ethylene glycol because the reaction is irreversible and 
an excees of sulfite is therefore not required, Ethylene sulfite has been 
patented as a solvent for the purification of sulfur dioxide,83 and as a 
spinning solvent for polyacrylonitrile,74a or  in conjunction with di- 
methylacetamide, dimethylformamide, or nitromethane.35 Cyclic sul- 
fites have been patented as stabilizers for cellulose derivatives. 63 

B. SULFATE ESTERS 

1. Preparation 
Few cyclic sulfates of 1, 2-glycols have been reported. as indicated 

in Table 2. Baker and Fieldla prepared ethylene sulfate (20) by reac- 
ting ethylene dibromide with silver sulfate. 

AgzSO, 

BrCH2CH,Br xylene, ref'ux ~ cy 
23% 

20 

According to Brimacombe, Foster, and c o - w ~ r k e r s , ~ ~ C  the reaction 
fails with 1,2-dibromopropane. Garner and Lucas41 prepared trans- 
4, 5-dimethyl-1, 3,2-dioxathiolane 2,2-dioxide (21) by oxidizing the 
cyclic sulfite ester of ~-(-)-2, 3-butanediol with calcium permanganate. 

Ca(YnO4l2, AcOH 

15"  CH3f0-,,, 

4 5 %  CH3 

21 

Lichtenberger and H i n ~ k y ~ ~ ~  prepared the cis isomer from meso-2, 3- 
butanediol in 54% yield. Baker and Burrowsl2a reported a 1% yield of 
ethylene sulfate by this procedure, but obtained a 52% yield of 4,4 ,5 ,5 -  
tetramethyl-1, 3,2-dioxathiolane 2,2-dioxide from pinacol sulfite. At- 
tempts to use other oxidizing agents have been unsuccessful.19c 

Although these two procedures are most frequently used, several 
others have been reported. Helferich and co-workers4da - 4 9 c  and 
Bragg, Jones, and Turnerlga prepared a number of cyclic sulfates of 
sugars and other polyhydroxy conipounds by treatment with sulfuryl 
chloride and pyridine. Simultaneous replacement of hvdroxyl by chlo- 
rine takes place. Thus, ~-mannlt01~9a~49b and dulcitollga yield tetra- 
chloro cyclic sulfates. Bragg, Jones, and Turner proved that the manni- 
tol derivative possesses a five-membered ring by cleaving the hydro- 
lysis product with periodic acid, but they presented no evidence to sub- 
stantiate their suggestion that the compound is 4,5-bis(l ,  2-dichloro- 
ethyl)-1, 3, 2-dioxathiolane 2,2-dioxide (2la). 

[For references, see pp. 57-61.] 17 
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2, 5-O-Methylene-~-mannitol forms a trichloro derivative rather than 
a chlorinated sulfate. Sugar derivatives are discussed in section VII. 

Ham48br48c found that treatment of ethylene oxide with the dioxane- 
sulfur trioxide complex yields a heavy oil. Since it contained no free 
acid, it was presumably polymeric. Heating this oil in vawo gave a Iow 
yield of ethylene sulfate. 

Good yields have been r e p ~ r t e d ~ ~ ~ ~ e  from a related process in which a 
polymer is formed by treatment of 2-hydroxyethylsulfuric acid with 
thionyl chloride and then distilled a t  a higher temperature than used by 
Ham. 

1. soc1, 
15 hrs. ref l u x  

2 d i s t  17 mm tjo HOCH2CH20S03H 

Under similar conditions chlorosulfonic acid with ethylene sulfite gives 
a 65% yield of ethylene sulfate, while a mixture of thionyl chloride and 
sulfuric acid gives a 74% yield. The reaction fails with other 1,2- 
gly c 01s. 

Another synthesis of ethylene sulfate involves treatment of glycol 
diacetate with dimethyl sulfate. Idu The cyclic sulfate is obtained by 
distillation following the removal of methyl acetate, a reaction product, 
and excess dimethyl sulfate. 

l.MesSO4 

2. 110-142'at 9 mm. 
2 hrs. 13Qoand360mm. 

CH3COOCH,CH,OOCCH3 
66% 

Apparently glycol monoacetate can also be used.3 

2. Structure and Reactions 

Pritchard and Lauterbur67a found that the proton magnetic resonance 
spectrum of ethylene sulfate consists of one sharp line, in marked con- 
t ras t  to the complicated spectrum of ethylene sulfite (section I A-2). If 

18 
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the ring is non-planar, there must be a rapid interconversion of the two 
forms (21b and 21c), since all the hydrogens a re  equivalent. 

0 B o / o - - -  

J '0- 
0 2 / 0 - - H  

\ H 
L 
0 k 

21b 21c 

Baker and Field12 found that ethylene sulfate hydrolyzes readily to 
2-hydroxyethylsulfuric acid and alkylates catechol in the presence of 
base to 1,4-benzodioxan (22). 

22 

Garner and Lucas41 investigated the hydrolysis more intensively. Acid 
hydrolysis of optically active truns-4,5-dimethyl-lJ 3,2-dioxathiolane 
2,2-dioxide (21) gives the m e w  glycol (24), indicating inversion at one 
carbon atom and retention or an even number of inversions at the other. 
Although there is little evidence on the subject, it seems reasonable to 
assume that the ring is  opened by nucleophilic attack by water leading 
to carbon-oxygen cleavage, in contrast to the hydrolysis of the cyclic 
sulfite esters. The intermediate (23) would then undergo sulfur-oxygen 
cleavage, in agreement with the results of B ~ r w e l I ~ 3 ~  on the acid hydro- 
lysis of sec-butyl hydrogen sulfate. 

-! SOsH 
0 2  HzO, H+ CH.<;-[ -+ 

/ - ">CH3 

H.&4CH3 's\p . .  1 .  23 
~ H s  k 

21 

I 

Basic hydrolysis gives mainly DL-glycol (25) with small amounts of 
meso- and ~-glycols. This is more difficult to explain. Garner and 
Lucas suggested that the  gl glycol might result from the intermediate 
formation of the cis oxide; subsequent hydrolysis would give the DL - 
glycol. Two alternatives a re  possible to explain the formation of the 
cis oxide from the trans sulfate. Either the first step in the reaction 

[For references, see pp. 57-61.] 19 
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involves a nucleophilic attack by hydroxide ion leading to inversion on 
one carbon atom followed by a front-side displacement of sulfate, or the 
first step involves sulfur -oxygen cleavage followed by a back-side dis- 
placementof sulfate. From thealkylation reportedbyBaker andFieldl2 
and the known alkylating power of dialkyl sulfates under alkaline con- 
ditions, the initial ring opening would be expected to take place by car- 
bon-oxygen cleavage with inversion. However, in the few cases studied, 
it appears that five-membered cyclic sulfates a re  an exception to the 
rule and undergo alkaline hydrolysis by sulfur -oxygen cleavage (see 
section VIII B). The formation of the epoxide with inversion agrees 
with the inversion found by Burwel123b during the basic hydrolysis of 
s e c -butyl hydrogen s u  Ifate. 

. .  
CHa H 

21 fH- 

C. SULFATE ESTERS OF ENEDIOLS 

In 1254 Rio7 1 reported that 9, lO-bis(phenylethynyl)-9,1O-dihydroxy- 
9,lO-dihydroanthracene (26, R = H) or the corresponding methoxy de- 
rivative (26, R = CH,) reacts with sulfuric acid in dioxane to give a 
crystalline compound, melting at 179-180", which he formulated a s  4- 
phenyl-5 - (I 0-phenylethynyl-9-anthry1)- 1,3,2 -dioxathiole 2,a-dioxide 
127). 

26 27 

20 
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The structure was assigned initially on the similarity of the ultraviolet 
and visible spectra of 27 and the corresponding dihalogenated deriva- 
tive (28). 

c 
111 

I& 
28 

Further evidence for the structure was presented by Rio and Ranjon. 7 2  

Treatment of the cyclic sulfate (27) with sodium bicarbonate in methan- 
ol yielded 9-phenylglyaxylyl-10-phenylethynylanthracene (29) and sulfur 
dioxide, while reduction in the presence of acid gave a good yield of 
9-phenacyl-10-phenylethynylanthracene (300). 

Rio70 postulated the following mechanism to account for the formation 
of the enediol sulfate. 

jlf - : H > + < 4 i + H s 0 4 - >  8H5 gHS 

6H5 

20 

[For references, see pp. 57-61.] 21 
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-0S0,H 

H+ 
__3 

27 

Similarly, Rio and Cornu73t 73a reported that 9-phenylethynyl-10- 
phenyl-9,10-dihydroxy-g, 10-dihydroanthracene (31) gives 4-phenyl-5- 
(lO-phenyl-9-anthryl)-l, 3, 2-dioxathiole 2,2-dioxide (32), m.p. 211-212'; 
reduction yields 9-phenacyl- 10-phenylanthracene (33). 

@ KIt AcOH, 

31 32 33 

D. 1,3,2-DIOXATHIOLAN-4-ONE 2-OXIDES 

In 1622 Blaise and Montagne16 reported that lactic acid reacts  with 
thionyl chloride to form a cyclic anhydrosulfite, 5-methyl-l,3, 2- 
dioxathiolan-4-one 2-oxide (34), b.p. 72-74" at 19 mm, plus other pro- 
ducts. Similarly, a-hydroxyisobutyric acid gives 5,5-dimethyl-l, 3, 2- 
dioxathiolan-4-one 2-oxide (35), b.p. 63' at 21 mm. 

22 
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soc1, 
CH3 HCOOH Warm 3 C H ; ~ ?  + C H 3 ~ C O O [ ~ f i O c l  

34 
!H 

(CH3)ZroH 
SOClp 

.-a Eiifi + (CH3)2yCOC1 + 

0 c1 
35 (CH ) COO (CH3)a 

*El IOCl 

The compounds are  unstable to heat, liberating sulfur dioxide and form- 
ing polylactides at 120-125". They hydrolyze in moist air to liberate 
sulfur dioxide and regenerate the starting materials. The lactate, but 
not the isobutyrate, derivative yields an intermediate melting at  
about QO", formulated by the authors as CH,CH(OSO,H)COOH o r  
CH,CH(OH)COOSO,H. Alcohols give esters and arylamines give 
amides, both with the liberation of sulfur dioxide, while phenylhydrazine 
liberates the acid. 

bH 
PhNHNH2 

R/ COOH t CBH5NHN=S0 

'""6, 
Glycolic acid was reported to give no cyclic anhydridesT5 

soc1, 
HOCH,COOH > ClS02CHzCOCl  + ClCHzCOOCH-COC1 

The chlorosulfite acid chloride is somewhat similar in properties to 
the cyclic anhydride, and, since no analyses were reported for the anhy- 
drides, their existence would appear to be in doubt, However, Alderson5 
has recently confirmed the formation of the anhydrosulfite (35) from 
a-hydroxyisobutyric acid in 69% yield, b.p. 53-55' at 16 mm,ng5 
1.4294-1.4298. Whereas Blaise and Montagne16 reported the forma- 
tion of a readily hydrolyzable, presumably low molecular weight poly- 
lactide by heating the anhydrosulfite in bulk at 120-125", Alderson 

[For references, see pp. 57-61.]  23 
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claimed that heating the compound in rigorously dried refluxing ben- 
zene gives a relatively stable, high molecular weight, orientable poly- 
mer. 

Carre and Libermann26 postulated the formation of a cyclic anhydride 
to explain the products obtained on treating mandelic acid with thionyl 
chloride. Meyer59 refluxed mandelic acid with excess thionyl chloride 
and isolated benzaldehyde. McKenzie and Barrow58 obtained benzyli - 
dene chloride in addition to the expected chloro-acid, and they be- 
lieved the two products were formed by the breakdown of the expected 
intermediate in two different ways. 

~ CsH5j:COCl + so, 

c H ncoon soc12 3 C6H, HCOCl 

' 1 H  1 ~ 0 ~ 1  ------3 CBHSCHC1, + SO2 + CO 

CarrE! and Libermann postulated the formation of a cyclic anhydride 
(36) to explain the formation of benzaldehyde and benzylidene chloride, 
When mandelic acid was treated with a slight excess of thionyl chloride 
in ether at room temperature, an oily liquid w a s  obtained. Treatment 
with ethanol yielded ethyl mandelate, as expected from the work of 
Blaise and Montagne. 16 The oil decomposed at  29-30' to give benzalde- 
hyde and sulfur dioxide, and the reactions were rationalized as follows: 

SOClZ 
C6H5 HCOOH 3 C 6 H ; f o \ r  -+ CeH,CHO + SO2 + TO 

soc1, I 36 
6, 

C ~ H S C H C  12 

The interaction of benzaldehyde and thionyl chloride is known to give 
benzylidene chloride.56 Carre and Libermnn advanced the same ex- 
planation for the formation of benzophenone from diphenylglycolic acid 
and thionyl chloride. 60 
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Criegee and Noll29" prepared cis -1,5, 6, 7-tetramqthyl-2,4-dioxa-3- 
thiabicyclo[3.2. Olheptane 3-oxide (36b), m.p. 100-101", from 1,2,3,4- 
tetramethyl-1, 2-cyclobut~ediol. The glycol is undoubtedly cis, but the 
geometry of the other methyl groups is unknown. 

36b 

ID. C,O,S-C,O,S 1,3,2-DI0XATHI0LO[1,3,2]DIOXATEIOLE (37). 
GLYOXAL SULFATE 

37 

(MI 870) 

This ring system is indexed under the above name in Chemical Ab- 
stracts, but it is cross-indexed to " 1, 1, 2, 2-ethanetetrol, cyclic sulfate", 
since the only representative is glyoxal sulfate (38). 

Glyoxal sulfate was first prepared by a t 6 4  from tetrachloroethane 
and fuming sulfuric acid in the presence of a mercuric sulfate catalyst 
in 32% 

HgS0, 
50-60° 

ClZCHCHCIz + 4 SO3 + 2 HzS04 + ( C H O ~ S O Z ) ,  

38 
The yield has since been improved by modifying the reaction condi- 
tions.65~87 From the mode of preparation its structure was considered 
to be that of 39. 

39 

However, Baker and Field12 suggested the much more reasonabie struc- 
ture with two five-membered rings (38) on the basis of its similarity 
(melting point and slight solubility in organic solvents) to methylene 
sulfate, which they showed to be dimeric (40). 

/ O - C H - - O \  P--CH,? 
0 2  s so2 O2S so2 

38 40 
\ O - L O /  \O-CH2-O' 

[For references, see pp. 57-61.] 25 



Chapter 1 

Baker and Field obtained what appeared to be more conclusive evidence 
by reacting glyoxal sulfate with ethylene glycol, the product (41) being 
identical with the reaction product of 2, 3-dichlorodioxane and ethylene 
glycol. 1 8 

41 

However, it has since been s h O ~ n ~ ~ ~ ~ ~  that two products a re  formed in 
the reaction of glyoxal sulfate with ethylene glycol, one melting at 136", 
identical with the product isolated by Baker and Field, and a second 
melting at 111-112". The two were considered to be cis-trans isomers. 
However, Faass and HilgertS7 and Hassel and R0mming49 have shown 
that the higher melting compound is the dioxane derivative (41), while 
the lower melting compound is the normal acetal (42). 

42 

Thus, the structure of glyoxal sulfate is not based on any chemical evi- 
dence, although it appears to be a reasonable one. 

Glyoxal sulfate is a crystalline compound melting at 176-177" with 
decomposition. G 4  When recrystallized from acetic acid it forms a sol- 
vate containing one molecule of acetic acid and melting at 121-122".39 
Glyoxal sulfate reacts with water to form glyaxal64 and is in general 
a convenient source of glyoxal for many reactions. Thus, it reacts with 
alcohols to form glyoxal tetraacetals. 12~38v39v68 Although Fischer and 
Taube39 reported a 50% yield for the reaction with methanol and a 90% 
yield for the reaction with ethanol, it has been difficult, apparently, to 
reproduce their work. Purves68 recommended the addition of a com- 
pound to tie up the sulfuric acid liberated. Fiesselmann and HOrndIer38 
found that the reaction of glyoxal sulfate with excess ethanol gives only 
a 23% yield of glyoxal tetraethylacetal and 23.5% of tetraethoxy-l,4- 
dioxane (43), the latter being formed by the reaction shown: 

43 

This was avoided with higher alcohols by using zinc oxide, n -propano1 
giving a 68% yield, and n-butanol a 64. 5% yield of the desired acetals. 

Fischer and Taube39 investigated several other reactions of glyoxal 
sulfate. Heating with a mixture of acetic acid and anhydride gave a 70% 

26 
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yield of glyoxal tetraacetate. Treatment with excess phenylmagnesium 
bromide gave a 44% yield of hydrobenzoin. 

‘ 2 f 0 n 2  + C,HSMgBr -----+ C,H, H-CHC6H5 6, d H  

Acetone gave a product of unknown structure, while tertiary amines 
gave addition compounds which could not be purified. According to 
Reuter69a glyoxal sulfate reacts with aqueous sodium bisulfite to yield 
1,2-dihydroxyethane-l, 2-disulfonic acid. 

N a H S 0 3 ,  H 2 0  02fy”$02 20 rnin.So0 ~ 0 3 ~  H-CHSW 

100% 6, b H  

Anthrone (44) is reported to react with glyoxal sulfate to form a 
yellow dye. 13 

Glyoxal sulfate has been recommended as an acid catalyst for the par- 
tial hydration of myrcene.61 

IV. C,02S-C,0 FUR0 [3,4-d]-1,3,2-DIOXATEIOLE (Ma) 

Brimacombe, Foster, and co-w0rkers,1~~ prepared the only member 
of this series, presumably cis-tetrahydrofuro [3, 4 4  -I, 3, 2-dioxathiole 
2, 2-dioxide (44b), from 1,4-anhydroerythritol’and thionyl chloride. It 
melts at 106-108°. 

44b 

V. CzO$bC,S THJENO [3,4-dJ-1,3,2-DIOXATHIOLE (45) 

45 

[For references, see pp. 57-61.] 27 
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Prochgzka and H 0 r B k 6 ~ ~  prepared cis-tetrahydrothieno [3,4-d]-1,3, 
2-dioxathiolane 2, 5,  5 -trioxide (45a) from cis - 3, 4-dihydroxythiola.ne 
dioxide and thionyl chloride. 

A lower yield was obtained in the presence of pyridine. The broad melt- 
ing point of 45a, 129-136", would seem to  indicate tha t  some isomeriza- 
tion took place under these reaction conditions. 

VI. C,O,S-C, 3aH-CYCLOPENTA-1,3,2-DIOXATEIOLE (46) 

46 
(RRI 871) 

There are several representatives of this ring system. The cyclic 
sulfite of l m i i s  -cyclopentanediol, trans -tetrahydro- 3a;f -cyclopenta- 
1, 3,2-dioxathiole 2-oxide (47), was prepared a s  a colorless oil, b.p. 
115-118" at 15 mm, by Mousseron, Winternitz, and Mousseron-Canet62 
from the Irnits-glycol and thionyl chloride in the presence of pyridine; 
Ii .criis  -2-chlorocyclopentanol was formed a s  a by-product. 

Reduction of the sulfite (47) with lithium aluminium hydride regenerates 
hniis -cyclopentaiiediol quantitatively, proving that no rearrangement 
takes place durir.1: the formation of the sulfite. Treatment of the sulfite 
with hydrogen c.h:oride in dioxane gives the chlorohydrin with retention 
of configuratiolz, in agreement with the results of Tchoubarsl on the 
correspondinj cyclohexane derivatives; the mechanism is discussed in 
section VIII A. 

Lichtenberger and Hincky55 a prepared 4-methyltetrahydro-3aH- 
cyclopenta-1, 3, 2-dioxathiole 2-oxide (47af, b.p. 97-98" a t  13 mm, 
1. 4688, t lz l  1. 239, from 1-methyl-2, 3-cyclopentanediol of unstated con- 
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figuration. Oxidation with calcium permanganate yielded the corres- 
ponding sulfone (47b), m.p. 25-26”. 

47a 47b 

VII. C,O,S-C,O M-PYRANOE~, 4-d~-1,3,8-DIOXAT€IIOLE (47C) 

ai \4 

f 2  

41c 

This ring system is represented in its tetrahydro form by the cyclic 
sulfates of certain sugars; these a re  listed in Table 3. In 1921 Helfe- 
rich49a reported that methyl a-D-glucopyranoside reacts with sulfuryl 
chloride and pyridine to form a cyclic sulfate ester, the free hydroxyls 
being simultaneously replaced by chlorines. Recently, Bragg, Jones, 
andTurnerIga showed that Helferich‘s compound is methyl 4,6-dichloro- 
4,6-dideoxy-a -D-hexoside 2,3-sulfate (47d) by hydrolyzing it and 
treating the product with periodate. Two moles were used up and two 
moles of formic acid were formed; one mole w a s  formed slowly, indi- 
cating the hydrolysis of a formyl ester, as expected from the assigned 
structure. 

+ ticoon t HCOOH 

[For references, see pp. 57-61.] 29 
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C,O,S Ring Systems 

Presumably, the methyl p-glucoside product *Sa has a corresponding 
structure, According to Helferich and c o - w ~ r k e r s ~ ~ c  hydrolysis of 47d 
with concentrated hydrochloric acid at 25" removes the methoxyl group, 
whereas sulfuric acid at 70" hydrolyzes the sulfate ring; the latter 
appears unreasonable. 

By the same reactions Bragg, Jones, and Turnerl9a showed that meth- 
yl &D-arabinOSide yields a 2,3-suIfate with a chlorine on (2-4. Suc- 
rose gives a mixture of di- and trichlorodeoxysucrose disulfates. The 
glucose portion was shown to be identical with that formed from methyl 
(Y -D-ghcopyranoside; therefore, the fructose portion Contains one 
chlorine and one cyclic sulfate ester, but the actual structure could 
not be determined because of decomposition during hydrolysis. Helfe- 
rich and ~ o - w o r k e r s ~ ~ ~  found that trehalose yields a tetrachloro disul- 
fate. Considering the similarity between trehalose and a methylgluco- 
side, 47e would appear to be a reasonable structure for this derivative. 

It should be noted that the stereochemistry at C-4 is unknown in all 
these compounds. 

[For references, see pp. 57-61.] 31 
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Wr. CzO,S-C, 1,3,2-BENZODIOXATEIIOLE (48) 

48 
(331 1101) 

Chemical Abstracts indexes this ring system as 1,3,2-benzodioxa- 
thiole. An alternative name is 1, 3-dioxa-2-thiaindan. However, the 
compounds are generally found under the parent dihydroxy compound. 

A. SULFITE ESTERS 

The compounds reported a r e  listed in Table 4. Catechol sulfite, or 
1,3,2-benzodioxathiole 2-oxide (49), was first prepared by hschu tz  and 
Posth6 by refluxing catechol with thionyl chloride in benzene, in 66% 
yield according to Tillett.*'b The yield was improved by Green45 by 
using pyridine. 

49 

The cyclic sulfite is a colorless liquid, which hydrolyzes slowly in 
moist air, and reacts very slowly with acetic acid or anhydride even at 
180". In the presence of a trace of pyridine, hot acetic acid yields cate- 
chol monoacetate, while hot acetic anhydride forms the diacetate. 

Tillett."band de la Mare, Tillett, and van W 0 e r d e n 3 ~ a a 3 ~ ~  investi- 
gated the hydrolysis of catechol sulfite (49). The originally reported 
resistance to moisture is a result of its low solubility in water. Actu- 
ally, its hydrolysis is faster than that of ethylene sulfite by a factor of 
lo4 in neutral solution and lo5 in the presence of hydroxide ion. Both 
catechol sulfite and ethylene sulfite react with alkali 103 times faster 
than their  open-chain analogs, diphenyl sulfite and dimethyl sulfite, 
respectively. Here, too, as with ethylene sulfite (see section I A-3), the 
increased rate cannot be attributed to ring strain in the cyclic sulfite; 
Pagdin, Pine, and c o - ~ o r k e r s , 6 4 ~  found the heats of hydrolysis of catechol 
sulfite and diphenyl sulfite to be the same. This is discussed further in 
Chapter 8, section I A-la-(3). 

t h e  cyclic sulfites of cis- and t~ans-l,2-cyclohexanediol (50) by treat- 
ing the glycols with thionyl chloride and pyridine. 

Several authors8 1j 55 J 5 5 G2s 7 r  9c have reported the preparation of 

50 
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Chapter 1 

According to Lichtenberger and Hinckys5 cis-l,2-cyclohexanediol 
forms a sulfite much more readily than the trans isomer, and this can 
be used a s  a method for separating the two glycols. Mousseron, Winter- 
nitz, and Mousseron-Canet 62 prepared the cyclic sulfites of cis - and 
Irans-l-methyl-l,2-cycIohexanediol; the lower yields in this case may 
be attributed to the presence of a tertiary hydroxyl group. These 
authors proved that sulfite formation takes place without rearrange- 
ment, since reduction with lithium aluminum hydride regenerates the 
original glycol in every case. 

Price and Bertis7 investigated the pyrolysis of the cis and trans sul- 
fites. They found that they both decomposed smoothly and in excellent 
yields at 250-300", the cis sulfite to cyclohexanone and the trans sulfite 
to cyclopentaldehyde, thus paralleling the pyrolysis of the hydroben- 
zoins (see section I A-3). In the cis sulfite (51) the axial oxygen should 
be more readily ionized. Simultaneous ionization, migration of the co- 
planar trans hydrogen, and loss of sulfur dioxide would give cyclohexan- 
one. 

B 
51. 

The trans sulfite (52) has both oxygens equatorial. These a re  coplanar 
with methylene groups, and thus the same mechanism leads to ring con- 
traction. 

CHO + SO, 
p H - o s o ;  4 D- /so ---+ 

H 

52 

Foster, Hancock, and Overend40 studied the hydrolysis of 51 and 52. 
The trans sulfite 52 gave the frans diol under both acidic and basic con- 
ditions, apparently by sulfur-oxygen fission a s  postulated for the 1, 3, 
2-dioxathiolane 2-oxides (see section I A-3). The cis sulfite (Sl), how- 
ever, reacted differently. Acid hydrolysis gave the cis diol, presumably 
by sulfur -oxygen cleavage, but alkaline hydrolysis gave mainly the 
frans diol, indicating nucleophilic displacement by hydroxide with 
carbon-oxygen cleavage. There is no evidence as to whether inversion 
occurred in the first or second step of the hydrolysis, although the 
former seems more likely. 

34 
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*o o z - ,  eH os0,- - OH- @H 

H H H 

51 

The difference between the two isomers might be attributed to their 
conformation. The cis sulfite has an axial oxygen, while the trans sul- 
fite would be expected to have both oxygens equatorial. Axial substi- 
tuents have been postulated to be more prone to nucleophilic displace- 
ment than equatorial. 368 

Tchoubar*l investigated the reaction of the two sulfites with d ry  hy- 
drogen chloride in dioxane and found that only the trans sulfite (52) 
reacts at 80-90'. The product was the trans chlorohydrin, since treat- 
ment with base yielded the cis epoxide and the ring-closure is known to 
involve a Walden inversion. Tchoubar explained this by assuming the 
intermediate formation of the cis epoxide by loss of sulfur dioxide with 
inversion, followed by the known reaction of a cis epoxide with hydrogen 
chloride to form the trans chlorohydrin by inversion. Since the cis sul- 
fite would yield the unknown trans epoxide, its lack of reactivity is 
understandable. However, the formation of epoxides under these condi- 
tions appears unlikely, and it is much more reasonable to assume that 
the reaction follows the same course as postulated for the hydroben- 
zoins (see section I A-3); formation of the trans hydroxychlorosulfite 
(53) as an intermediate followed by an S,i reaction to the trans chloro- 
hydrin. 

& HCl@ OSOCl - M H + S o 2  c1 

u - 0 
H H H 
52 53 

The formation of the hydro:cychlorosulfite (53) should be a reversible 
reaction. The lack OI reactivity of the cis sulfite could be attributed to 
the equilibrium being far on the side of the cyclic sulfite; the hydroxyl 
and chlorosulfite groups would be close together in the cis isomer. 

Mousseron, Winternitz, and Mousseron-Canet62 confirmed Tchoubar's 
results withthe sulfites of both l., 2-cyalohexanedbland 1,2-cyclopentane- 
diol. However, the results with 3a-methylhexahydro-l,3,2-benzodioxa- 
thiole 2-oxide were quitedifferent. The trans isomer (54) gave a mixture 
of 2-methylcyclohexanone and cis -methyl-2-chlorocyclohexanol 65), the 
latter be- formed by inversion. The authors explained these results 

[For references, see pp. 57-61.] 35 
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by postulating twc concurrent reactions, the ketone being formed by an 
S,1 process and the cnlorohydrin by an S,2 process with inversion. 

0 
H 

54 p 

@-lo$ H - 

@ -  OSOzH @ 
c1 

55 

Although the formation of the ketone is understandable, it is difficult to 
see why the presence of a tert iary oxygen should affect the substitution 
at  the secondary position. The cis sulfite, in agreement with Tchoubar, 
gave no chlorohydrin, the products being the ketone and recovered sul- 
fite. 

B. SULFATE ESTERS 

The 1,3,2-benxodioxathiole 2,2-dioxides which have been reported 
are listed in Table 5. Apparently the first  synthesis of a cyclic sulfate 
of an aromatic dihydroxy compound was carried out by Pollak and 
Gebauer -Fulnegg. G6 Treatment of catechol with excess chlorosulfonic 
acid a t  an elevated temperature yielded a cyclic sulfate but also resul- 
ted in chlorosulfonation of the ring (56). 

ClSORH 
8 h r s .  150' 
__1_3 

c10, 

56 

The stability of the ring w a s  indicated by the reaction with aniline to 
form the bis(sulfonani1ide) and with N-methylaniline to  form the corres-  
ponding bis (methylanilide 1. 
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Denivelle33 prepared the parent compound, 1,3,2-benzodioxathiole 
2, 2-dioxide (57), in two steps. 

57 

TABLE 5. 1,3, 2-Benzodioxathiole 2, 2-Dioxides 

Yield M.p. B.p. 
Substituent 6)  ("a ("C) (mm) Ref. 

None 

4, 6-(-S02Cl), 49 

4, 6-(-S02NHC6H,)2 

4,6-[402N(CH,)C,H5 ] z  

4,5,6,7-C1, 57 

trans -Hexahydro 14 

30 

cis -Hexahydro 33 

27 

47 

143 

304(dec.) 

146 

125- 126 

60.5-61.5 

54-55 

36-37 

41-43 

104 1 33 

66 

66 

66 

77 

55,55a 

40,19c 

40,19c 

55a 

The intermediate compound is unstable and was not isolated pure. 
The cyclic sulfate was steam-distillable, gave no color with ferric 
chloride, and did not react with hot ethanol. Dilute hydrochloric acid 
hydrolyzed it quantitatively to cateehol and sulfuric acid. The compound 
was repwted to react with secondary amines under unstated conditions. 

57 

[For references,see pp. 57-61.] 37 
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Schenck and S~hmidt-Thorn&e'~ prepared the cyclic sulfate of tetra- 
chlorocatechol (58) by irradiation of tetrachloro -0 -benzoquinone and 
sulfur dioxide. The reaction was  presumed to take the following course: 

The reaction was reversible, heating at 150-250" regenerating the ori- 
ginal quinone and liberating su l fur  dioxide. The sulfate was much less 
stable than catechol sulfate, since methanol at room temperature con- 
vert ed it into tet rac hlorocat echol. Surprisingly, tetrabromo -0 -quinone 
would not form a sulfate under these conditions, although a variety of 
other o-quinones do (vide infra). 

trans-1,Z-cyclohexanediol (59 and 60) by oxidizing the cyclic sulfites 
with calcium permanganate. Attempts to carry out the oxidations with 
ozone, potassium permanganate in acetone, or perbenzoic acid were un- 
successful. Lichtenberger and H i n ~ k y 5 5 , ~ ~ a  prepared the sulfates by 
the same procedure and reported somewhat higher melting points. The 
reaction fails with catechol sulfite. 

Fostel: and c o - ~ o r k e r s ~ ~ ~ ~ ~ ~  prepared the cyclic sulfates of cis - and 

Foster and c o - ~ o r k e r s ~ ~ ~ ~ ~ ~ ~  lgC investigated the hydrolysis of the 
cyclic sulfates under conditions similar to those used by Garner and 
Lucas41 with the 4,5-dimethyl-l, 3,2-dioxathiolane 2, 2-dioxides (see 
section I B-2). They also carried out the same hydrolyses in  the pre- 
sence of H,OI8 in order to determine whether or not carbon-oxygen 
cleavage occurred. it was shown that cis- and trans-l;2-cyclohexane- 
diol monosulfates a re  hydrolyzed under acidic conditions by sulfur- 
oxygen cleavage, since there was no isotopic enrichment in the glycols. 
Although a monosulfate was isolated in only one case, it is reasonable 
to assume it to be an intermediate in all these hydrolyses. Thus, any 
isotopic enrichment encountered in acidic hydrolysis must be attributed 
to carboa-oxygen cleavage during cleavage of the sulfate ring. The cis 
sulfate (59) gave irans glycol with the expected amount of enrichment, 
in agreement with the work of Garner and Lucas. 41 The trans sulfate 
(60), however, yielded a niixture of isotopically enriched cis and trans 
glycols, whereas from Garner and Lucas's results, the sole product 
should have been the cis glycol. A possible explanation for the differ- 
ence between the cis and trans isomers lies In their conformation. 
The cis isomer (59) has one oxygen equatorial and one axial. Since an 
axial group should be displacedmore readily than an equatorial,36a it 
is reasonable for the initial attack to take place by carbon-oxygen 
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cleavage of the axial bond with inversion. This worlldbe followed by sulphur- 
oxygen cleavage of the monosulfate inagreement with the results obtained 
by Burwell23a with sec-butyl hydrogen sulfate. The t r a m  isomer (So) 
would be expected to have both oxygens equatorial. Because of this less 
favorable conformation for an S~C 2 reaction, carbon-oxygen cleavage 
might take place with carbonium ion formation. Solvolysis from the 
side opposite the hydrogen eulfate group would give the tmns glycol, 
while attack on the same side would give cis glycol. 

Under alkaline conditions the cis sulfate (59) yielded the cis diol mono- 
sulfate (61) as  the major product and only a trace of trans diol. The 
lack of 018 in 61 indicates an initial sulfur-oxygen cleavage in 59, the 
trans glycol being formed by carbon-oxygen cleavage in 61 with inver- 
sion. The second step is in agreement with the results of B~rwe l l , ,~a  
while the sulfur-oxygen cleavage in the first step appears to be the rule 
in these cyclic sulfates. The trans sulfate (60) yielded isotopically en- 
riched trans glycol. Here, too, the first step must involve sulfur-oxygen 
cleavage to the trans diol monosulfate (62), since carbon-oxygen cleav - 
age with inversion would result in the alkali-stable cis monosulfate 
(61), and the amount of Ola  in the glycol indicated that two nucleophilic 
displacements by hydroxide ion could not have taken place. The further 
hydrolysis of the monosulfate (half-esters of sulfuric acid should be 
stable under these conditions) is readily explainable by epxide forma- 
tion because of the trans arrangement of the two groups in 62; ring 
opening with inversion would give tmns g2ycol. 

[For references,see pp. 57-81.] 39 
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59 61 
/OH- 

The sole representatives of this ring system are cis and trans-hexa- 
hydro-42-cyclohepta-1, 3,%-dioxathiole 2-oxide (62b), prepared by 
Brimacornbe, Foster, and ~ o - w o r k e r s ~ ~ ~  from cis and t r m s - 1 , 2 -  
cycloheptanediol and thionyi chloride, 

SOCl , ,  C,H,N 
OH 2 hrs .0 '  w 

62b 

The cis isomer boils at 90' at 0 . 5  mm, n j 4  1.4860, and the trans isomer 
at 92" at 0. 5 mm, r7g4 1. 4865. 

(>I.. 

X. CaO,S-C4O-C40 1,7,11,13-TETFtAOXA-12-THIADISPIRO [4.0.4.3] 
TFUDECA-3,9-DIENE-2,8-DIONE ( 6 2 ~ )  

40 
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bon monoxide and acetylene, was oxidized by Holmquist, Sauer, and co- 
workers, to 2, 2'-dihydroxy-2,2' -bifuran-5, 5'(2:1, 2'H)-dione (Me) .  
This yielded a cyclic sulfite, 1, 7, 11,13-tetraoxa-12-thiadispiro- 
[4. 0. 4. 3]trideca-3,9-diene-2, 8-dione 12-oxide (62f), m.p. 134-135", 
plus a dichloride (62g). 

trans-Bifurandione (62d), the intriguing compound prepared from car- 

soc1, 
0-0 HHzNsodq, 0- 8 h r s . r e f l u x .  

62d 62e 

0- + o w  

8 
6% 6% 

XI. CZO,S-C,N-CSN &H-CYCLOHEPTA-1,3,2-D~OXATHIOL-4, 
8-IMINE (6%) 

62h 

TABLE 5a. Derivatives of Hexahydro-GY-cyclohepta-l,3,2- 
dioxathiol-4 , 8-imine 

Yield M.p. 
Subst ituent s 6) ("a Ref. 

6-(0=)-9-CH3- - HCl 90 3 30 88b 

6- (0=)-9 -CH3 - 186.5-187 (dec.) 88b 

6-(C,H,),CHC02-9-CH,- * HC1 96 253 (dec.) 88b 

6- (C,H5)2'CHCOz-9-CH3- CH3S0,H 217-218 88b 

6- (CGH,),CHCO2-9-CH3 - 125 - 127 88b 

[6- (C~HPJ )z CHCO2 -9,9- (CH3 -)JfBr' 205-207 (dec.) 88b 

[For references,see pp. 57-61.] 41 
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Zeile and Heusner88b prepared several cyclic sulfites from teloidine 
(621) and from teloidinone (62j) by standard procedures. These a re  
listed in Table 5a. 

W. CpO,S-C,-C, &H-INDENO[l, 2-d]-1,9,%-DIOXATHXOLE 

Brimacombe, Foster, and c o - ~ o r k e r s , 1 9 ~  prepared cis -dihydro-W- 
indeno[l, 2-d]-1,3,2-dioxathiole 2-oxide (62-1), m.p. 70", from Cis-l,2- 
indanediol and thionyl chloride. 

62 -1 

WI. C,O$-C,O,-C@O 4H, 6H-1,3,2-DK)XATHIOL0[4, S'JPYFtANO 
[3,2-d 3 -m -DIOXIN (63) 

(RRI 2654) 
The first representative of this ring system was 4-methoxy-8-phenyl- 

tetrahydro-&, 6h'-1,3,2-diaxathiolo[4, 5]pyrano[3, 2-d]-rn-dioxin 2- 
oxide (64), the 2, 3-sulfite of methyl 4, 6-0-benzylidene-a-D-glucopy- 
ranoside, prepared in the usual manner by Honeyman and 
m.p. 192-193", [a382 f 148.4". The compound is exceedingly sensitive 
to acid, being converted quantitatively into methyl a-D -glucopyranoside 
by a trace of acid in aqueous acetone; apparently the benzylidene group 
is labilized by the sulfite ring. Sodium methoxide in methanol removes 
the sulfite and regenerates the glucoside. 
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SOC12, C5HsN - 15 min. 0" 

cn3 MeOH, NaOMe 
0" 

k bH 
Brimacombe, Foster, and co-workers, 9c attempted unsuccessfully to 

oxidize 64 to  the cyclic sulfate with calcium permanganate in acetic 
acid; the sulfur was eliminated either before or  after hydrolysis. 
Bragg, Jones, and Turnerlga prepared the cyclic sulfate in 41% yield 
by treatment of methyl 4,6-O-benzylidene-a -D-glucopyranoside with 
sulfuryl chloride and pyridine. The compound melts a t  107" with decom- 
position and yields glucose on hydrolysis, first with methanolic ammo- 
nia and then with aqueods sulfuric acid. Thus, hydrolysis takes place 
with retention of configuration, if the reasonable assumption is made 
that no cleavage of carbon-oxygen bonds occurs during the synthesis of 
the cyclic sulfate. 

XN. c,o~s-c~-c€i 

A. NAPHTHOLl, 2 4  j-1,3,Z-DIOXATHIOLE (65) 

65 
(RRI 2656) 

Schenck and S ~ h m i d t - T h o m B e ~ ~  prepared cyclic sulfates of 1,a-dihy- 
droxynaphthalenes by the photochemical condensation of quinones with 
sulfur dioxide described previously (see section VIII B). 

66 

[For references, see pp. 57-61.] 43 
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NaphthoEl, 2-dl-1. 3,2-dioxathiole 2,a-dioxide (661, was obtained a s  
white needles, m.p. 73-74'. The 4-nitro derivative (67) was obtained as 
canary yellow needles, m.p. 143"; it could be reduced to the 4-amino 
derivative (681, obtained as pale violet needles, m.p. 139-141' (dec.). 

0 0-so, 

A&) S 0 2 , h V >  /Po Zn,HCi, r&, NO? 45-65% 59% 

SO2 
67 68 

Although the unsubstituted derivative (66) was very stable to alkaline 
hydrolysis, the 4-nitro compound (67) hydrolyzed readily. An attempt 
was made to prepare 66 by treating the dip3tassium salt of 1,2-naph- 
thalenediol with sulfuryl chloride, but the reaction did not succeed. 

B. NAPHTHO-2, 3-61-1, 3,2-DIOXATHIOLE (69) 

69 
(RRI 2655) 

Moussexon, Winternitz, and Mousseron-Canet 6 2  prepared Irnrts - 3a, 4, 
9, Sa-tetrahydronaphth0;2, 3-d: -1, 3,2-dioxathiole 2-oxide (70), m.p. 
124-125", from !rutis -2, 3-dihydroxytetralin and thio.iy1 chloride. Re- 
duction of the cyclic sulfite with lithium aluminum hydride regenerated 
the lwtizs glycol, indicating that no rearrangement had taken place during 
ring formation. 

SOCl,,  C5H5N7 C , H ,  

--- 
8 5% mo \ 

OH SUrnxn. 0' 

LiAlH, 70 

100% 
1 

&I .>' 

71 

(RRI 4383) 
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1. Sulfite Esters 

Green described the preparation of a series of cyclic sulfites of di- 
hydroxyanthracenes. 1,a-Anthradiol (72) reacted with thio,iyl chloride, 
but no sulfite could be isolated. In the presence of two moles of pyri- 
dine, however, the cyclic sulfite (73) was isolated in good yield as 
brown crystals which darken 

at 125' and melt with decomposition at 138-139".46 The compound is 
stable to moist air. Treatment with concentrated sulfuric acid gives a 
dark orange solution changing to royal blue; dilution of the acid solu- 
tion with water or treatment with cold dilute alkali regenerates the 
diol. Refluxing acetic acid gave no isolable product with the 1, 2- 
sulfite. 

In contrast to l,a-anthradiol, dihydroxyanthraquino.1es react readily 
with thionyl chloride in the absence of pyridine. Thus, alizarin (74) 
yields the cyclic sulfite (75) almost quantitatively as primrose yellow 
crystals melting at 171-172°.43 

3 h r s .  ref l u x  
- \  97%crude / 

14 75 

The sulfite hydrolyzes readily on exposure to moist air, regenerating 
the diol. The products obtained on heating the sulfite with various acids 
appear to depend on the acid strength. 47 Thus, acetic, phenylacetic, 
phenoxyacetic, benzoic, cinnamic, o-toluic, and m - and p -bromobenzoic 
acids all yield 2-monoacylalizarins (76). 

75 76 
Monochloroacetic acid yields a mixture of alizarin and 2-acylalizarin, 
while dichloroacetic, dibromozcetic, and trichloroacetic acids yield 
only alizarin. The cyclic sulfite reacts with hot acetic anhydride, ben- 
zoic anhydride, acetyl chloride, or benzoyl chloride to form diacylali- 

[For references, see pp. 57-61.] 45 
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zarins, but succinic and phthalic anhydrides do not react. Heating the 
sulfite with ethanol, phenol, o r  arylamines liberates sulfur dioxide and 
regenerates alizarin, while alkyl halides and sulfates do not react. 

Other p9lyhydroxyanthracenes react similarly. 4 4  Thus, purpurin (77) 
yields the cyclic sulfite (78) as yellow-brown crystals melting at 
21 1 -2 13". 

WHSQCb - 6 hrs. ref lux @ 
\ / 72% crude \ / 

H 0 OH 
I 

77 78 

The aulfite hydrolyzes rapidly in moist a i r  and yields 2-acetylpurpurin 
with hot acetic acid. Anthrapurpurin (79) yields the sulfite (80) a s  ochre 
crystals melting at  179" with decomposition. 

OH 9 h r s .  SOC1, ref lux cmo@o 

\ 

0 0 
80 19 

This  sulfi te hydrolyzes very rapidly in moist air, and yields 2-acetylan- 
thrapurpurin with hot acetic acid and the triacetate with hot acetic an- 
hydride. 

2. Sulfate Esters 

mediate in the preparation of the dyestuff Alizarin Bordeaux o r  Quina- 
lizarin (82). The ester,  isolated as orange leaflets, yielded the dyestuff 
by solution in sodium hydroxide followed by refluving with sulfuric 
acid or by heating at 170" with sulfuric acid. 

Schmidt79 p3,stulated the formation of a cyclic sulfate (81) a s  an inter- 

25-50', 1-4 days 

82 
46 
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Gatterman42 claimed that the same cyclic sulfate (81) is formed from 
quinizarin (1,4-dihydroxyanthraquinone), indicating the correctness of 
the assigned structure. 

More recently, Schenk and Schrnidt-Th~mBe~~ reinvestigated this re-  
action in connection with their photozhemical synthesis of cyclic sul-  
fates. They obtained, following Schmidt's procedure, an 87% yield of 
cyclic sulfate as orange leaflets. This dissolved in hot caustic to give 
a red solution, presumably the salt of the half-ester. Acidification gave 
a yellow solution, the free half-ester, and heating the acid solution hy- 
drolyzed this to Alizarin Bordeaux (82), a red precipitate. This 
sequence follows the reactions of certain of their cyclic sulfates (see 
section XV C). In an attempt to prove the structure of the cyclic sul- 
fate, they heated 81 at 250-290' to liberate sulfur dioxide and Alizarin 
Bordeaux was indeed formed. However, i f  the sulfate reacted as  did 
their other sulfates, the product should have been the corresponding 
quinone. 

B. ANTHRA [2, Y - d ]  -1,3,2-DIOXATHIOLE (83) 

83 

Green46 prepared the cyclic sulfite of 2, 3-anthradiol (84) by the 
same procedure as used with 1,Z-anthradiol (see section XV A-1); the 

84 

compounddarkens at 180" and melts with decompositionat 188". 84 is stable 
to moist a i r  and gives a golden brown solution in sulfuric acid; dilution 
with water regenerates the cyclic sulfite. The cyclic sulfite does not 
react with refluxing acetic acid; in the presence of a trace of pyridine 
it slowly forms the diol with hot acetic acid and the corresponding di- 
acetate with hot acetic anhydride. 

Hystazarin (85), like the 1,2-dihydroxyanthraquinones, reacts with 
thionyl chloride in the absence of pyridine to give the cyclic sulfite 
(86) as pale yellow-green plates melting at 200O.44 Xn contrast to the 
1, 2-dihydroxyanthraquinone sulfltes, however, it hydrolyzes only slowly 

[For references,see pp. 57-61.] 47 
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in moist air, regenerates hystazarin when heated with glacial acetic 
acid, and forms a diacetate only slowly with hot acetic anhydride. qH 12 hrs. SOCI, r e f l z  

\ OH 9 l % c r u d e  \ / 
I 
0 

85 86 

Anthragallol (87) could form a 1, 2-sulfite or  a 2,3-sulfite. It was 
isolated as greenish yellow rods, m.p. 218-220", and was assigned the 
structure of a 2, 3-sulfite (88) on the basis of i ts  reactions. 

@OH 6 . 5  -\ hrs. ref l u x  &? 0 0 

\ &.OH ?Ll%crude 

0 0 
87 aa 

It hydrolyzes slowly with moist air, in contrast to  the 1, 2-sulfites 
which hydrolyze rapidly. It gives a mixture of anthragallol and a mono- 
acetate (probably in the 3-position) with refluxing acetic acid, whereas 
the 1, 2-sulfites give exclusively the monoacetates. Conclusive proof 
was obtained by the reaction with hot acetic anhydride, which rapidly 
yielded 2, 3-diacetylanthragallol. Under the conditions of the reaction 
it was shown that a 1-hydroxyl is not esterified while a 3-hydroxyl is. 
Therefore, if the compound was a 1,2-sulfiteJ a triacetate would have 
been obtained. 

C. PHENANTHROLS, 10-d 1-lr3,2-DIOXATHIOLE (89) 

89 
(RRI 4384) 

This ring system is represented by cyclic sulfates of 9,lO-dihydroxy- 
phenanthrene prepared by Schenck and Schmidt-ThomBe77 from the 
corresponding quinone and sulfur dioxide a s  described previously (sec - 
tion VUI B). The compounds a r e  listed in Table 6. The parent compound 
(90) decomposes quantitatively to the starting materials at 235". It is 
very stable t o  alkaline hydrolysis and in this respect differs from the 
Alizarin Bordeaux intermediate (81) (section XV A-2). The nitro deri-z- 
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atives, however, are much less stable and their hydrolysis is similar 
to that of the Alizarin Bordeaux intermediate. 

90 

TABLE 6. Phenanthro[S, 10-d j-1,3,2-dioxathiole 2,2-Dioxides 

~ ~~ 

Yield M.p. 
Substituent (7%) ("c ) Other properties Ref. 

None 86-92 202-203 (dec.) white needles 71 

5-NOZ 48 204-206 (dec.) yellow needles 77 

6-NOZ 17. 5 190-191 (dec.) pale yellow 77 
leaflets 

80 

7 -NO 2 40 185-186 (dec,) pale yellow needles 7'7 
6, 9-(N02), 55-60 240-241 (dec.) yellow needles 77 

Nitration of 90 gives a mononitro derivative (91) or a dinitro deriva- 
tive (92) depending on the conditions. Hydrolysis of the mononitro de- 
rivative (91) to the known 3-nitr0-9,lO-dihydroxyphenanthene, subse- 
quently oxidized to the known 5-nitrodiphenic acid, served to identify 
the compound as  6-nitrophenanthro[9, IO-Cl] -1, 3,2-dioxathiole 2, 2- 
dioxide. Similarly, the dinitro compound was  shown to be the 6,g-deriv- 
ative (92) by heating to eliminate sulfur dioxide and to form the substi- 
tuted phenanthraquinone (93), followed by oxidation to the known 5, 5' - 
dinitrodiphenic acid. 

[For references,see pp. 57-61.] 49 
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conc. HNO,, 
3 min.ref l u x  
5 5 - 6 0 %  I 

(z- so, 

NO, 
E t O H / H C l  
r e f  lux 

COOH 

COOH 

O2N 

KMn04 

.1 
OH 

By irradiation of the corresponding 9,lO-phenanthrenequinones and 
sulfur dioxide, Schenck and Schmidt -Thornke prepared the cyclic sul- 
fates of 2-nitro-9, 10-dihydroxyphenanthrene, 3-nitro-9,lO-dihydroxy- 
phenanthrene, whose properties a re  identical with the compound (91) 
obtained by nitration of 90, and 4-nitro-9,lO-dihydroxyphenanthrene. 

Xn C,O,S-C4N-C4N-C,O, [I, 3,2]DIOXATHIOLO[4’, 5’: 8,9][1,6]- 
DIOXACYCLOUNDECA [2,3,4-&]PYRROLIZINE (94) 

94 

(RRI 4109) 
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spectabiZis,was elucidated by Adams, Shafer, and Braun. I The alkaloid 
with thionyl chloride gave an almost quantitative yield of monocrotaline 
cyclic sulfite (96) a s  its hydrochloride, m.p. 226-226. 5" (dec.), [a 
-t- 15.26'; treatment with base gave the free sulfite (96), m.p. 
155.4-155. 8" (dec.), [a135 -!- 37. 74". It is interesting that such a high 
yield of cyclic sulfite was obtained from a glycol with two tert iary hy- 
droxyl groups. The cyclic sulfite structure was indicated by the lack 
of hydroxyl absorption in the infrared and the presence in the infrared 
spectrum of lines which have been assigned to cyclic sulfites of 1 , 2 -  
diols (see section I A-2). Reduction of 96 opened one side of the lactone 
ring and yielded the cyclic sulfite of dihydromonocrotaline (97), m.p. 
169.5-170" (dec.). Similarly the reduction of the hydrochloride of 96 
gave the hydrochloride of 97, m.p. 185. 8-186. 2" (dec. ), [a ]g5 - 31. 74". 
These and other reactions served to prove the structure of monocrota- 
line. 

The structure of monocrotaline (95), an alkaloid from Crolaluria 

P d / S r C O s  

H z ,  EtOH 
96 

Pd/SrC03 
H z ,  E t O H  

According to Yunusov and Plekhanova, 88a the closely related alkaloid, 
trichodesmine (97a), also forms a cyclic sulfite hydrochloride, m.p. 
170", [.In + 11. 8",which can be converted into the free cyclic sulfite, 
m.p. 151-152". From this they concluded that trichodesmine, like mono- 
crotaline, is a cis glycol. Adams and GianturcoZa had previously re- 
acted the alkaloid with thionyl chloride, but had assigned an acid sulfite 
es ter  structure to the adduct, m.p. 172", and concluded therefore that 
the alkaloid is a trans glycol. Although additional confirmation would 
be desirable, the cis structure appears more reasonable. 

[For references, see pp. 57-61.] 51 
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XVII. C,O2S-C4N-C,N-C,,O2 SPIROLl, G]DIOXACYCLOMIDECA 
[2, 3,4-,~i2]-PYRROLIZINE-9(811), 4'-[l, 3,2]RIOXATHlOLANE 
(98) 

(RRI 4 110 ) 

Adailis and V a n  Duuren2  investiqated the  s t r u c t u r e  of riddelliine (99). 
an alkaloid C ~ O I : ~  S e t i w f u  rtddc.llri. Among other reactiom which served 
to prove the  structure was the forniatio.1 of the hydrochloride of the 
cyclic sulfite (1001. m.p. 215" (dec.), [u 1;s - 41 5 ; treatment with base 
1iber;tted the  frce sulfite (loo), m.p. 170" (dec.). :c - 17. 4". Here. 
too, infrared spectra were used to assign the cyclic sulfite structure. 

CH,CH OH 

Q= -c- I/ c H = [ q - c H 2 0 H  I I SOCI, 
5 - 200 + 100 HCI 

3 9  r 
I 

99 I 
$ 

CH,O--C=O 

8 6 ,  i ail. NdHCUj 

0 
/S\ 

? ?  
CH3CH 

I 
O=C-C-CH= ----C-CHZ L3 1 

CHZO- =O 

'Li\j 100 
d 

Iiidciellic acid. a dccompos~tion product 01 r~!deiliinc (99). was conver- 
ted i n t o  its his@ -p!ienylphenacyl) ester (101 ). TreatLient with thionyl 
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chloride yielded the bis(p-phenylphenacyl) ester of 4-(3-carboxy-l- 
methyl-1, 3-pentadienyl)-l, 3, 2-dioxathiolane -4-carboxylic acid 2- 
oxide (102), m.p. 78-80" (dec.), [ a ] i 8 -  11. 3". 

A. CYCLOPENTALI, 2]PHENANTHRO[4,4a-d 1 [l, 3,2]DIOXATHIOLE 
(103) 

103 

(RRI 5524) 

This ring system is represented by the cyclic 9, 11-sulfite of 3p- 
acetoxy-5cu-ergost-8(14)-ene-9, lla -diol (1041, m.p. 133-136", prepared 
by Laubach, Schreiber, and C O - ~ o r k e r s . 5 2 ~  

[For references, see pp. 57-61.] 
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B. CYCLOPENTA[l, 2]PHENANTHRO[l, 1Oa-d j[l> 3,22DIQXATHIOLE 
(1044 

lbla 

This ring system is represented by the cyclic sulfite of 3-O-acetyl- 
scillirosidin (lab), m.p. 190-198", [a180 f 42. Z", and by the cyclic 8, 
14 -sulfite of 8,14 -dihydroxy -5a, 148 -androstane- 1 70-carboxylic acid 
methyl ester @Oh), m.p. 174-176", [a 180 + 113. O", both prepared by 
von Wartburg and R e n ~ . ~ 5 ~ p ~ ~ ~  

XM. c,o,s-c,-c,-c,-c, 

A. CHRYSEN0[5,641-1, 3,2-DIOXATHIOLE (105) 

&;I ' i l "  

105 
(RRI 5794) 

The sole member of this ring system is the cyclic sulfate of 1, 2-  
dihydroxychrysene (106) prepared by Schenck and Schmidt-Thom6e77 
by the procedure described previously. The compound was obtained as 
colorless needles, m.p. 221-222" (dec. ). Its properties are similar to 
those of the cyclic sulfate of 9. 10-dihydroxyphenanthrene (see section 
xv C). 
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106 

B, 4,9-0-BENZENONAPHTHO[I, 3-d 1-113,2-DIOXATHIOLE (107) 

107 

Vaughn and Yoshimine82 prepared the cyclic sulfite of 9,lO-dihydro- 
9,10-ethanoanthracene-11,12-diol (108), m.p. 191.2-192. Z", from the 
cis glycol and thionyl chloride. Heating yielded a product which they 
formulated as 9,lO-dihydro-9,1O-methanoanthracene - 11 -carboxalde- 
hyde (109) by analogy with the work of Price and J3ertie7 (see section 
VIII A). 

108 

1 h r .  285-300" I 
109 

XX C2O2S-C4O-C,O-C, -C 6-C 6 3H,  9H-llb, I&-EPOXYCYCLO- 
PENTA[l, 2]PkENANTHRO[4,4a-d] [l, 3, B]DIOXATHIOLE (110) 

H2 en2 10 

lloo 
(RRI 6562) 

[For references,see pp. 57-61.] 55 
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Clayton, Crawshaw, and coworkers, 28 prepared the cyclic sulfite of 
5a, 80 -epoxy - 3 3 -acetoxy -9a, 1 la -ergostanediol (1 111, n1.p. 173-1 7 4 O ,  
ra!D - 28", from the glycol and thionyl chloride in the presence of pyri- 
dine. A peak in the infrared spectrum at 1215 cm'l confirmed the pre- 
sence of the cyclic sulfite (see section I A-2). 

111 
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C H A P T E R  2 

GOS2 RING SYSTEMS 

These ring systems involve primarily the cyclic anhydrides of 1 ,2-  
disulfonic acids and are indexed in Chemical Abstracts under the 
parent acids, 

L 1,2,5-OXADITHIA COMPOUNDS 

A. C,OS, 1,2,5-OXADITHIOLANE (1) 
/o, 

1 
? : I ; ?  

HzC-CH:, 

(RRI 102) 
The sole representative of this ring system is 1, 2-ethanedisulfonic 

anhydride (2). It can be prepared in 66% yield by heating the acid at 
190-200" in vcicuo or, more readily, by refluxing the acid with thionyl 
chloride, 9 

/*\ sock, 
12 hrs. ref lux 02SuSo2 

HO,SCH,CH,SO,H -- 
97% 

2 

The anhydride melts at  145-146"; it is hygroscopic and dissolves readi- 
ly in cold water. 

B. C,0S2-C4S THIEN0[3, ~ - c ! [ X ,  2,5]OXADITHIOLE (3) 

(RRZ 866) 

These compounds are anhydrides of 3,4-thiophenedisulfonic acids. 
Their preparation from substituted thiophenes and fuming sulfuric acid 
is straightforward; the compounds are listed in Table 1. 

All the anhydrides are fairly stable to water and hydrolyze with hot 
caustic. Steinkopfl reported that 2-bromo-5 -methyl-3,4-thiophenedi- 
sulfonic anhydride (4) yields two acid chlorides. One, melting at 174O, 
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TABLE 1. Anhydrides of 3,4-Thiophenedisulfonic Acids 

Yield M.p. 
Rl  R, m ("C) Ref. 

Br Br darkens >150" 8,lO 
dec. >200° 

CH3- CH3- 55 darkens 170" 11 

CH,- Br 28 darkens 185" 1 2  

dec. 200" 

dec. 210" 

reacts readily with aniline, while the other, melting at 189", reacts only 
slowly. By analogy with the isomeric phthalyl chlorides he assigned 
structure 5 to the low-melting isomer and 6 or  7 to  the high-melting 
isomer. 

Steinkopfll claimed that the other anhydrides yield only one acid chlo- 
ride. 

sulfonic acids,5 these appear to  be on a reasonably firm basis. 
Although some doubt has been raised a s  to the structures of thiophene- 

C. C20S2-C, 2,113-BENZOXADITHIOLE (8)  

8 
(RRI 1099) 

[For references, see p. 66.1 63 
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An alternative name for this ring system is 2-0xa-l,3-dithiindan. 
The system is represented by the anhydrides of o-benzenedisulfonic 
acids. Hurtley and Smiles7 prepared the parent compound, 2,1,3- 
benzoxadithiole 1, 1, 3,3-tetroxide (9), by heating the dipotassium salt 
with chlorosulfonic acid. 

9 
The anhydride, m.p. 180', is attacked slowly by cold water. Holleman 
and Choufoere used phosphorus pentachloride to prepare the 4,7-di- 
methyl analog (lo), m.p. 189-190'. 

- .~ 

10 
In both cases the disulfonic acids were prepared by diazotization of the 
aminosulfonic acid, conversion to the mercaptosulfonic acid, and 
oxidation. 

D. C,0S2-C6-C6 NAPHTHLl, ~ - c ] ~ ~ , ~ , ~ ] O X A D I T H I O L E  (11) 

11 

(RRI 2652) 

Armstrong and Wynnel and Gattermann4 prepared 1,2-naphthalenedi- 
sulfonic anhydride (12), m.p. 198-199", by ring closure with phosphorus 
pentachloride. 

0,s-0 

r"' +.-,A& !QJso2 

12 

The latter prepared the disulfonic acid by diazotization of l-amino-2- 
naphthalenesulfonic acid with subsequent conversion to the sulfinic s u l -  
fonic acid and oxidation with permanganate. 
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II. 1,3,4-OXADITHIA COMPOUNDS 

C,OS, 1,3,4-OXADITHIOLANE (13) - 

13 

Davis2-5 claimed that reaction of CY, 0’-dichlorodimethyl ether with 
sodium tetrasulfide in the presence of base yields a polymer. Steam 
distiIlation of the polymer yielded monomeric 1, 3, 4-oxadithiolane, 
whose properties were not described. Treatment of the monomer with 
sodium methoxide gave rapid polymerization. 

NaOH 
steam d i s t i l  

__3 [A0) 
Ha&? H,O, N a O H  

( C 1 C H b ) z O  - -  3 ( -SCH~OCHZS-) , ,  __- - - s-s NaOMe 
13 

[For references, see p. 66.1 65 
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C H A P T E R  3 

CZS, RING SYSTEMS 

L 1 , 2 , 3 - m H I A  COMPOUNDS 

A. CZS, 1,2,3-TRITHIOLE (1) 

(RRI 115) 

h 1958 Bahrzb reported that treatment of carbon disulfide with sodium 
cyanide led to the formation of the disodium salt of 2, J-dimercapto- 
maleonitrile (2, M = Na). Treatment of the corresponding silver salt 
(2, M = Ag) with thionyl chloride yielded 4,5-dicyano-l, 2, 3-trithiole 
2-oxide (3). 

HzO or C H C I J  

HCONYe, 

90% 
MCN CS2 NC-c-s 

2 

! SOCL, 
V 

N C - J p ~ O  

NC s 
3 

Although the details of BPhr's work are  unavailable, it has been con- 
firmed in general in several laboratories17atlga (see chapter 12, sec- 
tion I11 A-2a). 

The dihydro ring system, 1, 2,34rithiolane, was suggested as being 
present in dibenzophenone trisulfide, but this has since been proved to 
be incorrect (see section I1 A). No other examples are known. 

B, CzS,-C, BENZOTRITMOLE (4) 

4 
(RRI 1107) 

[For references, see p. 75.1 67 
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Only one example of this ring system has  been reported. Guha and 
Chakladarlz reacted the dipotassium salt of 4-bromothiocatechol with 
thionyl chloride and obtained a compound which they formulated a s  5 -  
bromobenzotrithiole 2-oxide (5). 

5 

The compound was isolated a s  an amorphous yellow powder, melting at  
220" with decomposition and insoluble in all organic solvents. These 
properties a re  more in accord with a polymeric material than with the 
structure assigned, and the existence of this ring system is in doubt. 

C. C,S3-C,N,-C, TFUTHIOLO[4,5-b jQUINOXALINE (5a) 

5a 

Sasse, Wegler, and co-workers. 15a  prepared 5a by the reaction of 
2, 3-dimercaptoquinoxaline with sulfur dichloride. Thionyl chloride 
yielded the corresponding 2-oxide (5b). 

5a 

5b 

Both 5a and 5b have been reported to be active acaricides, 

II. 1,2,4-TRITHIA COMPOUNDS 

A. C2S, 1,2,4-TRITHIOLANE (6) 

6 

(FtRI 116) 
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Other names have been used, such as dimethylene trisulfide and 1, 2,4- 
trithiacyclopentane; the compounds are also known as trithio-ozonides. 
The compounds reported are listed in Table 1, 

DaviS8J9 claimed that the parent compound (6) could be prepared from 
bis(chloromethy1) sulfide and sodium tetrasulfide. A polymer was f i rs t  
formed and this, on steam distillation in the presence of base, yielded 
the monomer. Conversely, treatment of the monomer with base led to 
rapid polymerization. However, no properties of the monomer were 
described, and i ts  instability does not agree with the reported stability of 
other 1,2, 4-trithiolanes (vide i n f ~ a ) .  

Chemical Abstracts indexes this ring system as indicated above. 

NaOH 

TABLE 1. 1,2,4-Trithiolanes 

Yield M,p B. p. 
R R' (5%) ("a ("C) (mm) $o Ref. 

H H 8, 9 
CH,- H 5 38 0. 3 1.597 2a 

C,H,- H 50,38 77 1 1,567 2,2a 

n-C3H,- H 47 86 0.4 1.549 2,2a 

CHS- CH3- 44 34 0.4 2 

75 10 1.546 2a 

CHS- CZHs- 81 70 0. 6 1. 542 2a 

CHS- n-C3H7- 80,75 84 0.3 1.533 2a 

CZHS- CZHS- 87 84 0.2 2, 2a 

92 103 0.8 1.541 2a 

C,H,- C&,- 52 dec. 124 15-18 

Asinger and co-workers1,2,2a reported a more general synthesis of 
1, 2,4-trithiolanes (7) involving the reaction of an aldehyde o r  ketone at 

[For references, see p .  75.1 69 
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0" with a solution of sulfur in an amine solvent saturated with hydrogen 
sulfide. 

The reaction gives good to excellent yields with a number of aldehydes 
and ketones; it fails with formaldehyde, acetophenone, and benzophenone. 
Wifh certain ketones the corresponding tetrathianes are formed simul- 
taneously (see Chapter 7). Aldehydes react best in the presence of 
secondary amines, while ketones react best with primary arnines; ter- 
tiary amines do not catalyze the reaction. At higher temperatures the 
reaction takes a different course. 

The authors formulated the reaction as taking place by a ser ies  of 
condensations, as illustrated with acetone, X being 0 o r  RN. 

XH HX 

tCH3)2C=X -+ H2S (CH312C<E: -H,S + s  + ~cH3~2(-)(cH3,z 

These reactions a re  reversible. Treatment of the lJ2,4-trithiolane 
with a primary amine yields the Schiff base, while treatment of the 
Schiff base with sulfur and H,S yields the trithiolane. Ketones form 
enarnines rather than Schiff bases with secondary amines, and these too 
were shown to yield trithiolanes. 

They do not react with aqueous acids and bases, heavy metal salts, mer- 
cury, triethyl phosphite, or triphenylphosphine. Reduction to mercaptan 
with lithium aluminum hydride and cleavage to ketone with methanolic 
potassium hydroxide confirmed the assigned structure. 

1, 2,4-Trithiolanes derived from ketones are remarkably stable. 

R>C=O + K,S 
R' 

Mann and Pope15 reacted sulfur monochloride with @-2,4,6-trimethyl- 
s-trithiane (8). a, a'-Dichlorodiethyl sulfide (9) was formed in 45% 
yield; a by-product, diethylidene trisulfide (lo), was formed as well 
(see Chapter 10, section I1 A-3d). Although this  compound might be for- 
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mulated as 3,5-dimethyl-lI2, 4-trithiolane (111, its properties are not 
in very good accord with this structure. 

L 
8 

c1 t1 
9 

.ki 10 11 

Thus, it was reported to be a pale green liquid boiling at 89-90' a t  
14 mm; this boiling point appears to be too low for a 1,2,4-trithiolane, 
and Asinger and co-workers2a report trithiolanes to be colorless or 
pale yellow liquids. 

ly with a i r . l l  The reaction was investigated at about the same time by 
Schbnberg16 and by Staudinger. l8 SchOnberg and co-workersls found 
that the blue crystals of thiobenzophenone melt on exposure to air, and 
then resolidify. From this was isolated a colorless crystalline product 
which decomposed to a blue product above 100". Its solutions were 
colorless or  pale blue at room temperature, but they became deep blue 
on heating. Staudinger and Freudenbergerls were the first to report 
that a trisulfide, decomposing at 124", is formed in the reaction, as well 
as benzophenone, sulfur, and sulfur dioxide. By carrying out the oxida- 
tion very slowly at room temperature they obtained a 52% yield of tr i-  
sulfide. l 9  

It had been known for many years that thiobenzophenone reacts rapid- 

More rapid reactions gave more benzophenone and less trisulfide. The 
trisulfide decomposed almost quantitatively to thiobenzophenone and 
sulfur at 130". 

More recently Kambara, Okita, and Higuchi14 claimed that the same 
compound is formed in good yield by reacting benzophenone with hydro- 
gen sulfide and hydrogen chloride. 

H C l ,  HzS 
E t O H  

(CgHg)2C=0  t(C,H,),C12S3 

According to these authors the compound is unaffected by hydrdgen 
peroxide in acetic or sulfuric acid at room temperature. 

12 13 

[For references, see p.75.1 71 
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Staudinger and Freudenbergerl” suggested two alternative structures, 
12 and 13, for the trisulfide but preferred Structure 12. Schonberg and 
co-workers17 also preferred 12 on the reasonable assumption that 13 
should decompose to tetraphenylethylene. The presence of a C-S-C 
bond was indicated by the fact that bisbenzhydryl sulfide, 
(C,H, ),CH--SCH(C,H,),, also decomposes to thiobenzophenone on 
heating. 

Campaigne and Reid6 proved that the compound is actually 3 , 3 , 5 , 5 -  
tetraphenyl- 1 - 2 , 4  -trithiolane (12). Dibenzophenone trisulfide is  soluble 
in hot alkali and insoluble in cold alkali, indicating the presence of a 
disulfide link. A choice between 12 and 13  was made on the basis of two 
reactions. 12 could react with chlorine in three different ways: 

13 would presumably react in two different ways, equation (5) being 
more likely because of the known instability of 1,Z-disulfonyl chlorides. 

( 4 )  13 + 8C1, * 6 H Z Q  ---+ C s H 5  H- H C 6 H ~  + H 2 S 0 4  + 1 4 H C 1  

$ 7  o*c 1 sozc 1 

(5) 13 + 10 C1, + 1 2 H 2 0  C6HgCH-CHC6H5 T Y H , S 0 4  + 18HC1 
I I  c1 c 1  

When the trisulfide was treated with chlorine and water in glacial ace- 
tic acid, 1. 96 moles of benzophenone dichloride and 2. 94 moles of sul- 
furic acid per mole of trisulfide were isolated. Thus, the reaction 
followed equation (3) and indicated the correctness of Structure 12. 
However, since the possibility exists that 13 might react with chlorine 
to give benzophenone dichloride, the structure was proved unequivo- 
cally by desulfurizing the compound with Raney nickel. Diphenylmethane 
was isolated in 85% yield, whereas 13 would give 1,2-diphenylethane. 

In 1895 Freund and Asbrandlo claimed that 2 , 5  -bis(methylimino)-1, 
2,4-trithiolane (15) was formed by rearrangement Of 3-methylimino-4- 
methy1-1, 2,4-dithiazolidine-5-thione (14). 
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Hantzsch and Wolvekampl3 believed that the rearrangement involved 
the formation of 2,4-dimethyl-l, 2, 4-thiadiazolidine-3,5-dithione (16). 

+ S = p F 3  
C H 3 - N  S = T l L  N C H ~  C H 3 - N  

14 16 

Bradsher, Brown, and co-workers,4 have confirmed this latter inter- 
pretation, since the infrared spectrum of the rearrangement product 
showed the absence of imino groups. Thus, the product must be 16 and 
not 15. 

B. SPIRO DEWATIVES OF 1,2,4-TRITHIOLANE 

Asinger and co-workerslr2~ 2a found that cyclohexanone condenses 
with sulfur and hydrogen sulfide in the presence of an amine to give 
7,14,15-trithiadispiro [5.1.5.2] pentadecane (l?), m.p. 5O",plus the corres- 
ponding tetrathiane (see Chapter 7). The chemistry of 17 is similar to 
that of other 1,2,4-trithiolanes. 

4 

17 

Although ammonium polysulfide usually yields a tetrathiane, Magnusson~4b 
found that with certain ketones 1, 2,4-trithiolanes a re  the major pro- 
duct. Thus, thiolan-3-one (18) formed 2,6,9,12,13-pentathiadispiro 
f4. 1.4.2jtridecane (19) and w-dithian-5-one (20) (see Chapter 12, sec- 
tion I1 A-1) formed 2.4.7.10.12.14.15-heptathiadispiro [5.1.5. Blpen- 
tadecane (21). The properties of these derivatives have not been reported. 

18 19 

20 21 

Campaigne and Moss1 found that monomeric. 3-phenylindanethione 
(22) reacts with air to give a trisulfide, m.p. 88-91", which they formu- 
lated a s  3, 3"-diphenyldispiro[indane-l, 3'-[l, 2,4!trithiolane-5', 1"- 
indane? (23). 

[For references, see p.  75 .] 7 3  
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22 23 
Campaigne and Reid5 showed that fluorenethione (24) reacts similarly 

to give dispirorfluorene-9, 3‘-[1, 2, 4]trithiolane-5‘, 9”-fluorene] (25, 
RRI 7107). The structure was proved by the same reactions used in 
proving the structure of dibenzophenone trisulfide. 

24 

Bourdon3 prepared 4-cholestene-3-thione (27) by treating 4-choles- 
tenone (26) with hydrogen chloride and hydrogen sulfide. As a by-pro- 
duct he isolated in 5-1070 yield a trisulfide, instantaneous melting point 
198”, la]$ -209”, which he formulated as dispiro [cholest-$-ene-3, 3’- 
[l, 2, 4]trithiolane-5’, 3”-cholest-4”-ene] (28). Evidence for the assign- 
ed structure were: heating 28 a t  130” converts it into 27, treatment 
with Ftaney nickel yields 4-cholestene (29), and lithium aluminum hy- 
dride reduction gives 3/3-mercapto-4-ciiolestene (30). 

as 

Raney N I  %Yd17 
s-s 

28 

By a similar process Kind148 obtained a 10% yield ofdispiro[androst- 
4-ene - 170-01 - 3,3‘ - [I, 2,4 ] trithiolane -5‘, 3”-androst - 4”-ene - 17‘p - 01 
m.p. 209-210”, icy ID -204“, from testosterone. 
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C H A P T E R  4 

CSOS RING SYSTEMS 

I. 1,2-OXATHIA COMPOUMDS 

A. C,OS 5H-1,2-0XATHIOLE (I), 3H-1,2-OXATHIOLE (a), AND 

1,2-OXATHIOLANE (3) 

1 2 3 
(RRI 132) (RRI 133) 

There is some question in the literature a s  to whether any 3H-1,2- 
oxathiole (2) has been prepared. Chemical Abstracts has indexed the 
reported preparations of th i s  ring under 1, 2,5-thioxole, the nomencla- 
ture also mostly used in the literature. Only the 2, 2-dioxide of 512-1, 
2-oxathiole (1) has been reported, and this in only trace amounts."I7 

1, 2-Oxathiolane (3) is  unknown. It is well represented, however, by 
two types of derivatives: the cyclic es ters  of y-hydroxysulfonic acids 
(4) and the cyclic anhydrides of p-sulfocarboxylic acids (5). 

4 5 

The cyclic es ters  a r e  commonly called sultones of the 3-hydroxyal- 
kanesulfonic acids and Chemical Abstracts has used this nomenclature 
for indexiw. The cvclic anhvdrides a r e  commonlv called a-sulfocarbox- 
ylic acid anhydrides, which l's also the nornenclatire Chenhcal Ab- 
s t racts  has used for indexing. A cross  is made in Chemical Abstracts 
from the I ,  2-oxathiolane nomenclature. 

1. 3H-1, 2-Oxathiole (2) 

Staudinger and Siegwart447 i n  1920 reported the preparation of a pro- 
duct from the reaction of phenylbenzoyldiazoniethane with thiophosgene 
to which they assigned the structure 3, 3-dichloro-4, 5-diphenyl-1, 2, 
3H-oxathiole (6 1. Reasoning from analogy with the action of diazoal- 
kanes with o-quinones, SchOnberg, Mustafa, Awad, and Moussa424 sug- 
gested that the reaction should lead to 2,2-dichloro-4,5-diphenyl-2fi- 
1, 3'oxathiole (7) and not to the 3H-1, %-oxathiole (6). 
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6 

The product (6 or  T)-melted at 55-57", It was sensitive to water and 
was easily hydrolyzed to the keto derivative (8 or 91, melting at 76-78", 
which Staudinger and Siegwart prepared directly by conducting the re- 
action of phenylbenzoyldiazomethane with thiophosgene in aqueous 
methanol. The keto derivative (8 or 3 )  was a stable compound. Treat- 
ment with nitric acid decomposed it to dibenzyl. On heating with alco- 
holic potassium hydroxide, the keto derivative was hydrolyzed to des- 
oxybenzoin. Staudinger and Siegwart rejected the W-1, 3-oxathiole 
structure because they obtained only desoxybenzoin and no thiobenzoin 
in the alkaline hydrolysis. SchOnberg and co-workers, however, point 
out that thiobenzoin is easily hydrolyzed by alkali to desoxybenzoin. 
SchOnberg and co-workers suggested that the 261-1,3-oxathiole struc- 
ture more reasonably accounts for the ready hydrolysis of the geminal 
dichloro to the keto derivative, 

Staudinger and Siegwart also reported the preparation of the mil de- 
rivative (10 or ll), melting at 129-130", from the reaction of the dichloro 
compound with aniline. 

11 .1 

8 9 

[For references,see pp. 289-312.1 77 
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2. 5H-1,2-Olrathiole (1) 

ypropanesulfonic acid and distilling the mixture under high vacuum 
obtained a t race of 5H-l,Z-oxathiole-2, 2-dioxide (12), melting at 78". 

Manecke, DanMuser, and R e i ~ h , ~ O ~  on saponifying 3-chloro-Z-hydrox- 

0 0 .  
1) aq. NaOH 
2 )  v a c u u m  d i s t n .  

C l C H ~ C H ( O H J C H , S O , H  P - 
12 

The structure of this heterocycle (12) has yet to be proved, although 
there is no apparent reason for doubting i ts  existence. 

3. 1,2-Olcathiolstne (3) 

It is convenient to differentiate the 1, 2-oxathiolanes into two classes, 
cyclic esters (4 ) and cyclic anhydrides (5), a s  the preparative methods 
and the chemical properties of these two types are quite different. 
This chapter, therefore, t reats  these two types of 1, 2-oxathiolanes 
separately . 
a. 1, 2-Oxathiolane 2, 2-Dioxide (4) 

1,Z-Oxathiolane 2, &dioxides a re  commonly called alkanesultones or  
cyc1,ic esters. As cyclic esters or sultones of y- hydoxyalkanesulfonic 
acids they a re  analogous to the cyclic es ters  o r  lactones of Y-hydroxy- 
alkanecarboxylic acids. Whereas the lactones have been known for 
many years, the analogous sultones have been known for only a relative- 
ly short time, 1,8-Naphthosultone was first characterized in 1887 by 
S ~ h u l t z , 4 ~ . ~  and the term sultone was introduced in 1888 by Erdmann,l17 
who studied 1, 8-naphthosultone and confirmed its  structure. 

Markwald and Frahne, 308 who successfully prepared benzylsultone, 
attempted in 1898 to prepare under similar conditions the sultone from 
y-hydroxypropanesulfonic acid, but were unable to effect ring closure. 

The f i rs t  recorded preparation of a 1,2-0xathiolane 2, 2-dioxide was 
that of Kohler' s26@ 4-bromo-5 -phenyl-1, 2-oxathiolan- 3-acetic acid 
2,a-dioxide (13) in 1904. This sultone, however, was not characterized 
unequivocally. 

- H B r  
C,H5CHBrCHBr HCX2COOH - 

1 0 3 ,  

C.H5fO>OZ 
Br CH2COOH 

13 

Baldeschweiler and Cassar31 reported the isolation of octanesultone 
(14) a s  a by-product in the preparation of secondary and tertiary alco- 
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hols from the hydration of olefin fractions with sulfuric acid. The pro- 
duct was assumed to have occurred through the formation of an inter- 
mediate sulfate. The reported melting point for this sultone is decided- 
ly out of line, in comparison to the melting points of other 5-alkyl-l,2- 
oxathiolane 2, 2-dioxides listed in Table 1, and it is questionable 
whether the product was a 1,Z-oxathiolane. Shriner, Rendleman, and 

to cyclize octan-3-01-1-sulfonic acid. 
attempted to synthesize octanesultone (14), but were unable 

1) HzO 
2) KX 
3 )  KzSOs CH3(CHzJ4MgBr + CICH,CHzCHO ---+ CH3(CH2), HCH,CH,Cl c 

OMgBr 

(1) Preparation 

above, the compounds listed in Table 1 have been reported since 
1942.186 There are  two basic methods for the preparation of 1,2- 
oxathiolane 2, 2-dioxides: the elimination of water from y- hydroxyal- 
kanesulfonic acids or the elimination of hydrogen halide fromy- halo- 
alkanesulfonic acids. 3 3 6 7 5 1 0  

Except for the two 1,2-oxathiolane 2, 2-dioxides, 13 and 14, mentioned 

Preparative methods €or 1,2-oxathiolane 2,Z-dioxides were thus con- 
tingent upon preparative methods for y-hydroxyalkanesulfonic acids 
and y-haloalkanesulfonic acids and methods for their ring closure. A 
third method for the preparation of 1,Z-oxathiohe 2,2-dioxides in- 
volves the sulfonation of olefins with dioxane-sulfur trioxide complex. 

(a) From 3-chloroalkanesulfonic acids. Chlorosulfonation of awl 
is chlorides as adopted and developed by HeIberger186*187*1 

based on Reed's initial discovery in 19363'5a and Kharasch and 
R e a d ~ ' s ~ 5 8 ~  extension in 1939. In this reaction, the alkyl chloride is 
chlorosulfonated with sulfur dioxide and chlorine under irradiation to 
chloroalkanesulfonyl chloride, which, in turn, is converted to chloro- 
alkanesulfonic acid. Dehydrohalogenation of the chloralka?esulfonic 
acid gives the sultone. Thus, the reaction of propyl chloride with sulfur 
dioxide and chlorine gives 3-chloropropanesulfonyl chloride from which 
1,2-0xathiolane 2,2-dioxide (15) is prepared. 

[For references, see pp. 289-312.1 79 
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so,, c12 

> C 1 C H 2 C H 2 C H 2 S 0 2 C 1  H20 9 
light 

C H ~ C H Z C H ~ C  1 

15 
The methyl group in propyl chloride is chlorosuIfonated with difficulty, 
and the main product is 1-chloropropane-2-sulfonyl chloride; only a 
small  amount of 3-chloropropanesulfonyl chloride is obtained. The, 
chlorosulfonation of butyl chloride proceeds much more easily without 
chlorosulfonation on fhe 2-carbon. In this case, however, a mixture is 
produced as the result of chlorosulfonation on the 3- and 4-carbons 
and some chlorination on the %-carbon.13b,186,187,1Y0 

so,, c12 
light 

C H 3 f C H 2 ) 3 L l  - --+ CH, 7 C l t C H 2 1 4 S 0 2 L I  + 

CH, H f C H 2 1 , 0 C H 3  + C H 3 0 t C H 2 ) q S O ~ H  c 
SOsH 

The chlorobutanesulfony1 chloride mixture i s  separated from 1,Z-di- 
chlorobutane by distillation. The sultone mixture, 3-methyl-l,%-oxathio- 
lane 2,2-dioxide (16) and 1,2-oxathiane 2, 2-dioxide (371, is separated 
into i ts  components by virtue of the difference in their niethanolysis 
reaction rates, 16 reacting with methanol ten times faster than 17. Dis- 
tillation of the  methoxybutanesulfonic acid gives the sultone. From a 
25 g mixture of the sultones, Helberger, Heyden, and WinterIg6 obtained 
13. 6 g 16 and 4. 5 g 17 by this method. 

The chlorosulfonation of isobutyl chloride led to 3-chl3ro-Z-methyl- 
propane-1-sulfonic acid which was dehydrohalogenated to 4-methyl- 
1, 2-oxathiolane 2, 2-dioxide (18). l9 

The chlorosulfonation of isoamyl chloride1 11% 90 proceeded to 
give 3, 3-dimethyl- 1, 2 -0xathiolane 2, 2 -dioxide (19). Chlorosulfonation 
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of 2-chlor0-4-rnethylpentane~~~ (from mesityl oxide) gave a mixture 
of 58% 3, 3,5-trimethyl-l, 2-oxathiolane 2, 2-dioxide (20) and 4, 6- 
dimethyl-lJ2-oxathiane 2, 2-dioxide (21). 

1) H', HzO so,, c12 
light I )  a 

> (CH 1 CHzCH,C1 

19 
z7 (CH3)zCHCHzCHzC 1 

S O z C l  

1) SO2, C l z ,  light 

20 
21 

Scott4Z9a was unable to obtain a 172-oxathiolane from chlorosulfonated 
neopentyl chloride. In the chlorosulfonation of neopentane, Scott and 
McLeod430 obtained 2,2-dimethylpropanesulfonyl chloride and 17% of 
3-chloro-2,2-dirnethylpropanesulfonyl chloride which was cyclized to 
4, 4-dimethyl-1, 2-oxathiolane 2, 2-dioxide (22). 

so,, c1, 
light 

I CH3)aC > 27% ICH3)3CCHZS02Cl  1- 17% C l C H ~ O ( C H ~ ) ~ C H ~ S O ~ C I  

22 

Helberger and Beneckel 92 prepared 4-bromo- and 4-chloro-5-methyl- 
172-oxathiolane 2, 2-dioxide (23) by treating crotyl chloride with 
aqueous sodium sulfite, brominating or chlorinating the 2-butene-l- 
sulfonic acid, and eliminating hydrogen halide. 

1) aq. Na,S03 
2)  H" L 1  H 0 

CH,CH=CHCH,Cl --> CH3CH=CHCH2S03H A--.?.-+ 

23 

B r o d e r i ~ k 6 ~  found that potassium bromide catalyzes the reaction be- 
tween crotyl chloride and sodium sulfite. On treating the resulting 2- 
butene-1-sulfonic acid with hydrogen chloride gas and distilling the 

[For references,see pp. 289-312.3 a1 
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reaction product, Broderick obtained 5-methyl-l, X-oxathiolane 2, 2- 
dioxide (24). 

a q .  Na2S03 
K B r  H C 1  gas 

CH3CH=CHLH2Cl -> CH3CH=CHCH2S03Na 

CH,CHClCH$H2SO3H 46g> A CH3-(-?J0, 

24 

The physical properties, melting point, boiling point, and index of re-  
fraction, reported for the 5-methyl (24) and 3-methyl (16) compounds 
are sufficiently different to assume that no isomerization of the double 
bond occurred. The 5-methy1 (24) and 4-chloro-5-methyl (23) structures 
were not proved chemically. 

Exner and Wichterlel 23 found that p, y-unsaturated sulfonic acids 
were halogenated by a specific trans addition. The configuration of the 
resulting sultones were assigned on the basis of dipole moment meas- 
urements. Thus cis - and fran~-4,5~dichloro-5-methyl-l, 2-oxathio- 
lane 2,2-dioxide (25) were prepared by treating 1,3-dichloro-2-butene 
with aqueous sodium hydroxide saturated with sulfur dioxide, and pass- 
ing chlorine through an aqueous solution of the resulting 3-chloro-2- 
butene-1-sulfonic acid. The cis and trans isomers were separated by 
fractional crystallization from chloroform -c yclohexane to give f ive 
parts of trans to one part cis isomer. 

CH,C=CHCH2C1 N a O H ,  S o p  > CHZ[PCHZCHZSO~H 

62% 

Starting with sterically homogeneous trans -3-chloro-2-butene-1 -sul- 
fonic acid, Exner and Wichterle obtained i!rans-4,5-dichloro-5-methyl- 
1,2-0xathiolane 2, %dioxide (25) with less than 1% of the cis isomer. 
The cis isomer of 4-bromo-5-chloro-5-methyl- 1,2-oxathiolane 2 ,2-  
dioxide (26) was obtained by treating cis-3-chloro-2-butene-l-sulfonic 
acid with bromine water. 5 -Chloro- 4-iodo-5 -methyl- 1 , 2  -0xathiolane 
2,2-diaxide (2'7) was obtained by treating aqueous cis-3-chloro-2- 
butene-1-sulfonic acid with iodine chloride. 

On reacting epichlorohydrin with sodium bieulfite and vacuum dis- 
tilling the 3 -c hloro- 2 - hydroxypropane - 1 - sulfonic acid, Manecke, Dan - 
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Muser, and Reich307 obtained a 1% yield of 4-chloro-l,2-oxathiolane 
2,2-dioxide (28), and none of the expected 4-l-.rdroxy-1,2-oxathiolane 

That 4-chloro-l,2-oxathiolane 2,2-dioxide (28) was the product was 
shown by its preparation through the chlorination of 2-propene-1 -sul- 
fonic acid and vacuum distillation of the resulting 2, J-dichloropropane- 
sulfonic acid. Hydrolysis of 4-chloro-l,2-oxathiolane with water yield- 
ed 2-chloro-3-hydroxypropane-1-sulfonic acid and with alkali 2,3- 
dihydroxypropane-1-sulfonic acid. 

c1 
CHZ=CHCH2S03H C 1 C H z C H C l C H z S 0 3 H  --+ 

60% 30% c1 

HOCHZCHOH CHZSOSH H O C H ~ C H C ~  CH,SO,H 

Asinger, Geissler, and Hoppe l9 obtained 4- methyl- 1,2-oxathiolane 
2, 2-dioxide (29) from 3-chloro-2-methylpropanesulfonic acid, which they 
prepared from methallyl chloride through a series 'of reactions. 

H B r ,  HzO 
K S C N  

CHz- C H i C l  -'i 
CH3 

1) C l , ,  HzO 

C I C H z  ' H C H , S C N  2) H + ,  H20 > CLCHz H C H Z S O ~ H - &  L l  (O+ 69% CH3 

L H 3  1% 29 

They obtained 3, 3-dimethyl-l,2-oxathiolane 2,2-dioxide (30) from 1- 
chlorobutane-2-sulfonic acid, which was prepared from ethyl p -chloro- 
propionat e. 1 9 

Y e M g C l  H B r ,  H 2 0  
C 1  CHzCHzCOOCzH, > ClCH,CHzC(CH3),  

d H  

1) C S ( N H z ) z  
2) aq. NaOH [OI > ClCH,CH,C(CH3)z + 

AH 

30 

[For references, see pp. 289-312.1 83 
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Cyclization of 3-chloroalkane-1-sulfonic acids proceeds relatively 
easily, in general, by heating or distilling at  reduced pressure. A 
German patent by Helbergerl89a claims an improved process for the 
dehydrochlorination of chlorosulfonic acids by heating at 150- 160" in 
the presence of copper oxide. 

(b) From 3-Hydroxyalkanesulfonic Acids, Markwald and Frahne' 5308 
unsuccessful attempt in 1898 to prepare propanesultone w a s  noteworthy 
in that they did obtain 1-hydroxypropane-3-sulfonic acid by the addition 
of potassium bisulfite to allyl alcohol. The validity of their proposed 
preparative method was confirmed in 1942 by HelbergerlgG who found 
that the sultone (15) i s  readily obtained by distilling the hydroxy acid 
under vacuum. 

15 

In a ser ies  of experiments, Kharasch, May, and Mayo2j6 established 
that the addition of bisulfite to ethylenic compwnds is best interpreted 
on the basis of. a free radical mechanism. In agreement with this, 
they found that oxidizing agents, such a s  oxygen, which are capable of 
producing free radicals from bisulfite, a r e  essential for the addition 
reaction. In the absence of an oxidizing agent, no addition occurred; 
and in the presence of an antioxidant, such as hydroquinone, no addition 
occurred, These facts may explain the poor yields of addition product 
obtained by earlier workers. 

Smith, Norton, and B a l k ~ d * 4 ~  obtained a 52% yield of 4-methyl-1, 2- 
oxathiolane 2, 2-dioxide (29) (based on niethallyl alcohol) from the 
acidified addition product of the reaction of niethallyl alcohol and 
sodium bisulfite, in  a molar ratio of 2 : 1, in the presence of 2, 2-bis 
(tert-butylperoxyl-butane at 130" for one hour. By the same procedure 
only a 5% yield of 1, 2-oxathiolane 2, %-dioxide (15) was obtained from 
the addition product of allyl alcohol and sodium bisulfite. 

Whereas Kharasch and co-workers reported a yield of 657 of addition 
product on reacting allyl alcohol with bisulfite, H. M. Fischer, as re- 
corded by Helberger, 1g7 was unable to obtain yields higher than 30-40%. 
Fischer 's  main product w a s  an amorphous salt which could not be con- 
verted to the sultone. In an attempt to improve the yield of addition 
product, Helber'ger1Yi,203 found that an increase i n  the aniount of oxy- 
gen decreased the reaction time considerably, and involved the autoxi- 
dation of bisulfite to sulfate with a change in pH towards the alkaline 
side. By rezcting allyl alcohol with a solution of potassium bisulfite 
and potassiuni sulfite (in a iiiolar ratio of 2 : 1) in the presence of 
oxygen at  55-60", yields 01 SOX and better of the  addition product were 
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obtained. 50, lg7 Apparently the addition and oxidation reactions occur 
in the following stoichiometric ratio: 

Cationic exchange resins have been used to convert the hydroxyalkane- 
sulfonic acid salt to the acid. 53 The hydroxypropanesulfonic acid was 
cyclized to the sultone i n  yields of 89-923 by heating at 140-200" in 
vaciio. 

W i l l e ~ n s ~ ~ ~  obtained 47-53% yields of the ally1 alcohol addition pro- 
duct under the Kharasch conditions. When lert -butyl perbenzoate was 
used as the catalyst, a yield of 75Q was obtained. Willems extenCed 
this reaction to a series of (Y, &unsaturated alcohols, and obtained 
yields of 40-83% of 3-hydroxyalkanesulfonic acids from which sultones 
could be obtained. A Brit ish patent describes the preparation of 
1-hydroxybutane-3-sulfonic acid from crotyl alcohol52 by the Helberger 
method. lg7 

Smith, Norton, and Ballard442 obtained a 7370 yield of 4-methyl-l,2- 
oxathiolane 2,2-dioxide (29) on reacting an aqieous solution of sodium 
bisulfite with a 2% excess of methacrolein, hydrogenating the resulting 
sulfonated aldehyde to the corresponding alcohol, and cyclizing the sul-  
foalcohol by distillation. 

H 2 ,  N i  CH - C H O t  N a H S 0 3  - 3 NaOsSCH, HCHO ---+ 2-c F 
I 

C H 3  

1) H* 

A 16X yield of 1, 2-oxatbiolane 2, 
by the same procedure. 

i . H 3  

29 

2-dioxide w a s  obtained from acrolein 

In a study of the addition of bisulfite to 0, 5-unsaturated carbonyl 
compounds, Willenis511,512 found that the optimum pH lay in the range 
of from 4 to 7, and that the reactivity of the (~,o-unsaturated carbonyl 
decreases with an increase in molecular weight. For a series of #,a- 
unsaturated aldehydes and ketones, Willems obtained yields of 52-100$ 
of addition product. The addition products were converted to the cor- 
responding 3-hydroxyalkanesulfonates by hydrogenation in the presence 
of Raney nickel at 100-150 atm. and 60-100°, or by reduction with so- 
dium amalgam in a neutral aqueous solution. 

[For references, see pp. 289-312.1 85 
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20 

The reaction of ethyl acetoacetate with the bisulfite addition product 
of formaldehyde, acetaldehyde, or propionaldehyde in the presence of 
sodium hydroxide, was used by Willems512 for the preparation of 
several p-sulfo ketones, which he converted to the hydroxyalkanesul- 
fonic acids by hydrogenation and in turn to the 1,2-oxathiolane 2 ,2-  
dioxides (31), where R = -H, -CH,, and -(CH2),CH3, in yields of 87, 
72, and 757, respectively. 

CH3COCHZCOOCzH, + R HS03K j NaQH CH3CO HCOOCzH5 'ZS04 ~ c F 
bn 

1) H i  

Another method used by Wilerns51 for the preparation of several 
p -sulfa-ketones was  the addition of bisulfite to alkylidene acylacetic 
acid esters by the procedure he used for the addition to N, p-unsatu- 
rated carbonyl compounds. 

In generai, the hydroxyalkanesulfonic acids have been converted to the 
corresponding .suItones by distillation of their solutions, e.g., in alcohol, 
at atmospheric or reduced pressures. Yields have not always been 
goo4 particularly for the higher molecular weight hydroxyalkanesul- 
fonic acids, because of thermal decomposition. This fact prompted 
Willems513 to seek less drastic methods for the cyclization reaction. 
Dehydrating agents, such as zinc chloride, phosphorous pentachloride, 
or phosphorous oxychloride, were found to be without effect. The use 
of diluting agents, azeotropic with water, with boiling points near the 
dehydration temperature, 15OoC, and which are miscible with the sul- 
tones, was found to be particularly effective. The use of butyl cellosolve 
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in this manner not only improved the cvc.lization yields, but resulted in 
cyclizations otherwise nor obtainable. Xylene,..which forms a ternary 
azeotrope with water and the ethyl alcohol usually used as a solvent 
br the hydroxyalkanesulfonic acid, was a convenient and effective agent 
for the cyclization reaction. Cyclization yields in the xylene method 
ranged from 25-91% and were consistently higher than for the butyl 
cellosolve method, which, in turn, gave higher yields than by distillation 
without the addition of a higher boiling solvent. 

(c) From Olefins. A general method for the preparation of alkyl or 
aryl substituted 5, 5-dialkyl-l,2-oxathiolane dioxides has been thor- 
oughly studied by Bordwell and CO-workers.55, 57 -59 In studying the 
reaction of dioxane-sulfur trioxide with various olefins, it was found 
that y- branched olefins, such as 3-methyl- 1-butene, underwent sulfona- 
tion in ethylene chloride to give good yields of 1, 2-oxathiolanes. It 
was postulated that the mechanism involves a dioxane-solvated car- 
bonium ion (32) with a hydride (R = H) or methide (R = awl) shift, 
which in the case of 3-methyl-1-butene yields 5, 5-dimethyl-1, 2- 
oxathiolane 2, 2-dioxide (34, R = H). 

PI 32 

R 
33 

34 

The 1, 2-oxathiolane 2,2-dioxides which have been reported a re  listed 
in Table 1. 

(2) Properties, Reactions, and Uses 
The 1,2-0xathiolane 2, 2-dioxides listed in Table 1 are crystalline 

substances of relatively low melting points and rather high boiling 
points. For the most part, they are stable and can be distilled under 
reduced pressure without decomposition, although the distillation tem- 
perature should be under 200" to avoid pyrolysis. The 1,2-oxathiolanes 
are colorless and odorless when pure. They are insoluble in  cold 
water, but are  hydrolyzed to the corresponding hydroxysulfonic acids by 
warm water or warm alkaline solutions. 

In his doctoral thesis, HoergerZ2O pointed out that the six-membered 
ring sultones are more stable than are. the five-membered ring sul- 
tones. Qualitatively, this is borne out by the greater ease of dehydra- 

[For references,see pp. 289-312.1 87 
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tion of 4-hydroxy-1-butanesulfonic acid relative to that of 3-hydroxy- 
1 -propanesulfonic acid to their sultones. Helberger' s methanolysis 
studies196 were cited as quantitative evidence that the five-membered 
ring sultones undergo methanolysis much more rapidly than the corres-  
ponding six-membered ring sultones. Asinger, GeisIer, and Hoppef3 
reported a methanolysis rate in 0.1 N NaOH at 100" of 1. 25 x 
sec-1 for 5-methyl-l,2-oxathiolane 2,2-dioxide and 0.292 x 10" sec-1 
for 5-methyl-l,2-oxathiane 2, 2-dioxide, Helberger's work further 
showed that the five-membered ring sultones react faster than the six- 
membered ring sultones with nucleophilic reagents, such as ammonia, 
pyridine, aniline, dimethylaniline, potassium cyanide, potassium iodide, 
sodium phenolate, and others. Hoerger thus concluded that the six- 
membered ring sultone exists in a staggered chair-type structure (36), 
and the five-membered ring sultone in an essentially planar structure. 
This must be a relative difference as it i s  well known that the cyclo- 
pentane ring is not planar. There i s  evidence that 1,2-0xathiolane 2, 2- 
dioxide, which i s  a larger ring than cyclopentane, exists in a puckered 
form (35).60 

35 36 
The effect of substituents on the stability of the 1, 2-oxathiolane 2, 2- 

dioxide ring i s  well illustrated by the hydrolysis studies of Bordwell, 
Osborne, and Chapman.60 Table la shows the relative enhancement or  
retardation of the hydrolysis. as affected by the substitution of methyl 
groups in positions 3,4, and 5 of the sultone. 

TABLE la. Hydrolysis of 1, 2-Oxathiolane 2, 2-Dioxides 

1, 2-Oxathiolane Relative rate 
2,2-dioxide at  40°C 

No substituent 1.0 

4-CH3 - 0. 21 

3-CH3- 1.4  

5-CH3 - 1. 3 

3 , 3 , 5 - W , - ) 3  0. 7 

4, 4-(CH3 - ) z  0.0035 

5, ~ - ( C H ~ ' ) Z  3100 

4, 5,'5-(CH3-)3 18 

3,4, 5, 5-(CH3-), 3. 7 

4, 5, 5-(CH3-)3-4-C,R,- 6.3 

[For references, see pp. 289-312.1 91 
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Substitution of methyl groups on position 4 results i n  a striking re-  
tardation effect: the 4-methyl shows about twice the effect on the s u l -  
tone a s  for an open chain sulfonate ester and the 4,4-dimethyl about 
thirty t imes that of an open chain analog. The effect of 5-methyl sub- 
stitution in the sultone results in an enhancement of 1. 3 instead of the 
expected ten-fold increase exhibited by the open chain analog. Likewise 
the enhancement of 5, 5-dimethyl relative to the 5-methyl of 2 x 103 is 
much less  than the lo5 enhancement shown by open chain sulfonate 
esters.  Substitution of a 4-methyl group into the 5,  5-diniethyl deriva- 
tive results in a marked retardation; this is unexpected from the be- 
havior of open chain analogs which show a slight enhancement. Intro- 
duction of a 3-methyl group into the 4, 5, 5-trimethyl derivative causes 
a sharp decrease in hydrolysis rate. The effect of a 4-methyl and a 
3-methyl is greater than that of a 4, 4-dimethyl by a factor of about 
five. 

Inasmuch a s  methyl substitution causes retardation of the hydrolysis 
rate, it is reasonable to picture 1, 2-oxathiolane 2, 2-dioxides as being 
puckered and not planar. Whereas the ions of the ion pair formed on 
cleavage of the C-0 bond may separate linearly in the solvolysis of 
open-chain compuiids, ring-opening solvolysis, in which the C-0 
bond is cleaved, is acconiplished by rotation around the bond, This 
concept may explain how the methyl groups may sterically retard the 
rate of ring-opening. 

The hydrolysis of 4, 5, 5-triniethyl-4-phenyl-1, 2-oxathiolane 2, 2- 
dioxide (35) involves a phenyl migration during hydrolysis. 

c6HS- 

35 

In the hydrolysis of 4, 4, 5, 5-tetramethyl-1, 2-oxathiolane 2, 2-dioxide 
(36)5* the major product is an unsaturated sulfonic acid (620:). 

36 

Maneclte and HetterichSo6 a prepared 3 -hydroxypropane- 1 -sulfonic 
acid in 60% yield by reducing 1, 2-oxathiolane 2, 2-dioxide with lithium 
aluminum hydride in ethyl ether. 

The reaction of 1, 2-oxathiolane 2, 2-dioxides with nucleophilic rea- 
gents undoubtedly proceeds by an S, 2 mechanism. They resemble 
open-chain sulfates and sulfonates rather than analogous lactones. 
Their reaction with nucleophilic reagents may be generalized by the 
following equation, In which R is H, alkyl, aromatic, halogen, etc,, M i s  
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H, K, Na, etc., and X is a basic group such as NH CN, SCN, halogen, 
carboxylate, amido, alkoxy, alkyl, etc.36, 54J  65, $3; 137, 1 3 y a ,  153, 

166, 167,172, 186, 188, 189, 193-196, 198, lYg, 201, 202, 204,205, 220, 513 

--CH S O ~ M  

Thus, whereas lactones are  acylating agents, 1, 2-oxathiolane 2,2- 
dioxides are alkylating agents. This behavior has led t? many patents 
in which 1, 2-oxathiolane 2, 2-dioxides are used to introduce water dis- 
persible or solubilizing groups into a variety of compounds in  excellent 
yields. 

NH3 > H$CHzUHzCH,SO3- 

R3N > R3ikH,CH,CHzS03-  

+ > HzNCHzCH2CNzSO3- 
RNHz 

B 
R O N a  

KCOONa 

H S N a  

K N a  

___cc_3 R O C H , U H z C H ~ S 0 3 N a  - R C O O C H , C H ~ C H , S O ~ N ~  

___j RSCH2LHZCHZS03Na 

-> HCH,CH,CH,SO,Na 

“ONHNa> RCONHCH2CH,CH2S03Na 

R S 0 , N a  

S 

> RS0,CH,CHzCH,S03Na 

S II --> R O C S N a  RO!iSCH2CH,fH,S03Ha 

-.-> I CHzCH,CHzSO,K 
R1 

The reaction between 3-methyl- lJ2-oxathiolane 2,P-dioxide and 
ammonia takes place at  0” to give yields of 87-89X of the aminoalkane- 
sulfonic acid186 which on heating at 230” is converted to a water-solu- 
ble, ethanol-insoluble polymer. 188 The condensation derivatives of p- 
phenylenediamine with a 1,2-0xathiolane 2,P-dioxide have been des- 
cribed as photographic color developing agents.fS3 3-Anilinopropane- 
sulfonic acid, from the reaction of aniline and 1, 2-oxathiolane 2, 2- 
dioxide, yields a red dye when coupled with b-nitroaniline which is 
suitable for acetate rayon.138 Water-soluble fluorescent compounds 
have been prepared from water-insoluble fluorescent amines by reac- 
tion with 4-methyl-1,Z-oxathiolane 2,2-dioxide.36 The reaction of 1,2- 
oxathiolane 2, %-dioxides with tertiary amines to give the sulfobetaine is 

[For references, see pp. 289-312.1 93 
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quantiative and has been used as an identification method 207,513 

Polymers having the group 3 N-(CH,SO; have been prepared by react- 
ing 1 2-oxathiolane 2,2-dioxides with a polymer o r  copolymer of vinyl- 
py r idine .154 

Although 1, 2-oxathiolane 2,2-dioxides react with KI, KBr, KCN, and 
KSCN by merely heating on a water bath, the reaction with KF requires 
heating at higher temperatures for a longer time.188, 164 

The products from the reaction of 1, 2-oxathiolane 2, 2-dioxides with 
acid amides,66bJ88,1YB sulfonamides,202 alcohols or pheno1~,93,16~9204 
hydrocarbons containing an active hydrogen or halogenated hydrocar - 
bons,1Y3,201 sulfinic acids,lYa etc., a r e  water-soluble compounds use- 
ful a s  detergents, dispersing agents, and intermediates for the manu- 
facture of pharmaceuticals, photographic chemicals, and dyes. The pro- 
duct from the reaction of 1,2-oxathiolane 2, 2-dioxide and anthraquinone 
was found to be a fluorescent dye for ~ 0 0 1 . 1 3 ~  The reaction of alkali 
cellulose and 1, 2-oxathiolane 2, 2-dioxide yielded a water-soluble or 
-dispersable cellulose ether of some interest as a thickening agent or 
as a size.186 

Synthetic fibers, such a s  nylon, hawe been reacted with 1, 2-oxathiolane 
2, 2-dioxides to incorporate 0.1-0. 5% sulfoalkyl groups. l 6 I a  Depot 
carriers for therapeutical agents have been prepared by sulfoalkylation 
with 1, 2-oxathiolane 2, 2-dioxides of polymers, such as the condensation 
product from adipic acid and trieth~lenetetramine.~ 60t 

The products from the reaction of 1, 2-oxathiolane 2, 2-dioxide with 
thioethers, such as dodecyl methyl sulfide or di- (i -amyl) sulfide, show 
good foaming and detergent properties. 205 The products from the reac - 
tion of 5-methyl-1, 2-oxathiolane 2, 2-dioxide and NaSH, KSCN, C,H,SNa, 
and alkyl mercaptans have been described as detergents and dispersing, 
emulsifying, or wetting agents.l*g Compounds with insecticidal and 
fungicidal properties have been prepared by the reaction of 1,a-oxathio- 
lane 2, 2-dioxide with th i0a~e ta rn ides . l~~  Isothiourea derivatives, useful 
as pharmaceutical intermediates, have been prepared by the reaction of 
5-rnethyl-l,2-oxathiolane 2, 2-dioxide with a thiourea. 54~167  Products 
useful a s  corrosion inhibitors, vulcanizing agents, and as intermediates 
for the preparation of fungicides have been prepared by the reaction of 
1, 2-oxathiolane 2, %-dioxide with carbon disulfide and with xan- 
thates. 166, 167 

H a a ~ l 6 9 - 1 ~ 1  reacted 1,2-oxathiolane 2, 2-dioxide with alkyl phos- 
phites and phosphines to obtain products useful as insecticides and 
fungicides. Gaertner139a-139b reacted 1, 2-oxathiolane 2, 2-dioxide 
with various phosphites at 130-165" to obtain products useful a s  insecti- 
cides (especially against mites), surfactive agents, and plasticizers. 

t - 

This is essentially a Michaelis-Arbuzov reaction and undoubtedly pro- 
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ceeds through the formation of (C2H50)3PCH,CH2CH,S0,, and subse- 
quent rearrangement to the sulfonate. The reaction proceeds readily at 
atmospheric pressure and catalysts, such as triphenylamine, may be 
used in the reaction of aryl phosphites. The reaction is  generally com- 
plete within a relatively short time. The sulfonate ester group may be 
removed through pyrolysis to give the phosphonoalkanesulfonic acid. 
The ester group is pyrolyzed off as an olefin. 

dithiole-2-thione (36a) and 1, 2-oxathiolane 2, 2-dioxide, obtained 4- 
phenyl-5-sulfopropyl- 1,3-dithiole-Z-thione (36b) as a n  amorphous 
violet powder. 

+ 

Runge, El-Hewehi, Jenner, and Taeger,405c on reacting 4-phenyl- 1,3- 

36a 36b 

b. 1, 2-Oxathiolan-5-one 2,2-Dioxide 

1, 2-Oxathiolan-5-one 2, &dioxides a re  commonly called cyclic anhy- 
drides of p-sulfocarboxylic acids and have been indexed in Chemical 
Abstracts under the carboxylic acid name. Although the inn- 
drides of o-sulfobenzoic acids have been known for a long time, the ali- 
phatic homolog was unknown until 1940, when Kharasch and his stu- 
d e n t ~ ~ ~ ~ - ~ ~ ~ ~  reported the results of their studies on sulfonation reac- 
tions with sulfuryl chloride. Earlier ~ ~ r k ~ ~ ~ ~ * ~ ~ ~ ~  had demonstrated 
that sulfuryl chloride is  a sulfonating or a chlorinating agent depending 
upon conditions and the type of compound undergoing reaction. In the 
presence of light, aliphatic acids undergo a photochemical reaction 
with sulfuryl chloride to 8-sulfocarboxylic anhydrides.256,257 

1) SO2C12, llght, 50-60' 
21 raflux 

CH~CHZCOOH 
54-656 

42% C H 3  

38 

37 

Unless the starting materials are  dry and moisture is excluded from 
the reaction, the psulfocarboxylic acid is obtained instead of the anhy- 
dride. In addition to the anhydride, the chlorinated carboxylic acids are  
also obtained in this photochemical sulfonation reaction. The photo- 
sulfonation of n-butyric acid undoubtedly gives the sulfoanhydride, but 
Kharasch, Chao, and BrownZ58 obtained an oil which could not be dis- 
tilled without extensive decomposition. The photosulfonation of higher 
aliphatic acids, such as isovaleric and lauric acids, yielded a mixture 
containing a large number of isomers. 
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p-Sulfocarboxylic acid anhydrides have been prepared from the corre-  
sponding p-sulfocarboxylic acids by treatment with thionyl chlo- 
ride. 258,  268 

SOC 1 
H 0 3 S C H 2 C H Z C O O H  ---% 37 

H O ~ S C H ~  HCOQH -* 38 F 

5 
c H3 

A, 

0u02 (CH,) ,CH HCH,SO,H -- 
(CH3) ,CH 

39 C O O H  

1, 2-Oxathiolane-5-one 2,2-dioxide (37) is a white crystalline solid 
which melts at 76-77". The 4-methyl derivative (38) i s  an oil, b.p. 135- 
145O at 3-5 mm, 122.  5 1. 442. The reactions of these inner sulfocar- 
boxylic anhydrides a re  similar to the 0-sulfobenzoic acid aaydrides .  
Reaction with methznol yields the monomethyl carboxylate; the pH of 
the ester from 1,2-0xathiolane-5-one 2,2-dioxide showed a high degree 
of dissociation indicating a free sulfonic acid gr0up.~5* Reaction with 
aniline yielded an aniline salt of the sulfocarboxylic acid anilide; sinii- 
larly, ammonia gave the corresponding ammonium salt of the aniide.258 
Refluxing 1,2-oxathiolan-5-ane 2,2-dioxide with lithium aluminum 
hydride in ether yielded 3-hydroxypropanesulfonic acid.3 O6 

' e o 2  --E0L+ H O ~ S C H , C H 2 C 0 0 C H ~  

P h N H ,  
3 ( C , H , N H ~ ) + ( O ~ S C H , C H ~ L O N H L ~ H , ) -  

37 
-N%+ INH, i + f O 3 S C H , C H , C 0 N H , ) -  

B. 

1. 

c30s-c, 
3H-1,2-Benzoxathiole (40) 

40 

(RRI 1220) 

The parent compound i s  unknown. Its 2,a-dioxide derivative and sub- 
stituted 2, 2-dioxides have been prepared and are listed in Table 2. 
3H- 1, 2-Benzoxathioles a r e  more commonly known as benzyl.sultones, 
They a r e  indexed in  Chemical Abstracts as derivatives of o-toluenesul- 
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fonic or  methanesulfonic acid, to which headings they are crossed from 
3H-1, 2-benzoxathiole. 

Marckwald and Frahne308 were prompted to prepare 3H-1, 2-benz- 
oxathiole 2,Z-dioxide by S c h u l ~ ' s 4 ~ 2  preparation of naphthosultone and 
Remsen and Saunders's 83 preparation of toluenesultone. Thus, Marck- 
wald and Frahne prepared 3H-1,2-benzoxathiole 2,2-dioxide (41) by 
hydrolyzing the diazonium chloride fron; o -amino-0-toluenesulfonic 
acid. They also prepared 3H-1,2-benzo.xathiole 2,2-dioxide by treating 
o -hydroxy -w -toluenesulfonic acid with phosphorus pentachloride. O8 

' 

They were unable to convert o-hydroxy-a-toluenesulfonic acid to 3H- 
1,2-benzoxathiole 2,2-dioxide by heating. 

l i  Na2S03 aNoz 2 )  H +  , moz 1 1  Zn c H L ' l  
2J N a N 0 2  
31 dil. H2S0, 

C H B C l  C&-SOgH-- 3 

Shearing and Smiles435 prepared 3H-1,2-benzoxathiole 2,2-dioxide 
and its 5-methyl (42) and 5, ?-dimethyl derivatives by treatment of an 
o-hydroxybenzyl alcohol with aqueous sodium hisdfite and ring closure 
of the resulting c-hydroxy-a-toluenesulfonic acid with phosphorus 
pentachloride. 

1) H +  
aq. Nanso3 2)  P C 1 5 ,  200 

3 h r s .  r e f i u x  mH 3) 100°, 1 hr. 

C H 2 S 0 3 N a  

41 

2 )  aq .  NaHC03 - 
'H3 

42 

Erdtmanlla, 119 prepared 5-methyl-5H-l,2-benzoxathiole 2,2-dioxide 
(4%) by treating N ,  A~-dimethyl-2-hydroxxy-5-methylbenzylamine with 
aqueous sodium sulfite. 
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aq. NaZSO3 
llOa, 10 h r s .  -- 

CHI 

42 

3H-1, 2-Benzoxathiole 2, 2-dioxides are  crystalline compounds with 
well-defined melting points. 3H-1, 2-Benzoxathiole 2,Z-dioxide is in- 
soluble in cold water and moderately soluble in hot water; it is re- 
crystallized best from hot water or benzene, It reacts readily with 
alkali, ammonium hydroxide, and barium hydroxide.3*8 

D o 2  - 
C H 2 S 0 3 N a  

3K-I, 8-Benzoxathiole 2, 2-dioxide reacts slowly with bromine to give 
the 5-brOmO derivative (43). Nitration of 3H-1,2-benzoxathiole 2 ,2 -  
dioxide yields the 5-nitro compound (44) which is readily reduced to 
the 5-amino compound [45).308 

43 

44 45 

The product from the reaction of 3H-1,2-benzoxathiole 2,l-dioxide 
with amides, such as p-K0*CC,H,NHCOCH2COC,.,H,,,, has been 
claimed as useful i n  color photographic compositions. 66b 
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C,OS Ring Systems 

2-Benzoxathiole 2,a-Dioxides 

\4 

Substituent M.P. ("c) Ref. 

None 86 308,435 

5-CH3- 91. 5 118,119,435 

92. 5 435 

147 308 

5-NOZ- 148 308 

5-NH, - 138 308 

2. Sa-2, l-Benzaxathiole (46) 

gQHz 
46 

(RRI 1222) 

The study of this ring system had its beginning in 1884, when Ira 
Remsen3'6 wondered whether o-sulfobenzoic acids would behave analo- 
gously to phthalic acids in their reactions to give phthaleins. The pro- 
ducts he obtained from o-sulfobenzoic acids and phenols were similar 
to the phthaleins, and consequently he introduced the name sulfonephthal- 
ein. Following this lead, subsequent experiments by Remsen and his 
students resulted in many papers for the neA twenty o r  so years, Much 
of Remsen's scientific fame rests on this work, 

3H-2, l-Benzoxathiole is unknown. Two derivatives of this ring sys- 
tem, however, have been investigated extensively. They a re  3H-2,l- 
benzoxathiole 1, l-dioxide and 3H-2, l-benzoxathiole-3-one 1,l- 
dioxide, which are  considered as the sultone of 0-hydroxy-o-toluenesul- 
fonic acid and the anhydride of o-sulfobenzoic acid, respectively. The 
sultone and anhydride names have been the ones most used in the litera- 
ture except for the 3,J-phenol derivatives, for which the sulfonephthal- 
ein name is widely used. The more common sulfonephthaleins are 
better known by common names such as phenol red, bromophenol blue, 
etc. Other names used for derivatives of 38-2, l-benzoxathioles were 
3-benzisothioxole and o-sulfobenzoic acid endoanhydrides. Chemical 
Abstracts indexes compounds in this ring system under tohienesulfonic 
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acid sultone, benzoic acid o-sulfocyclic anhydride, o r  under the sulfone- 
phthalein indicator name; %I-2, 1-benzoxathiole is crossed to these 
names, 

Table 4 the sulfonephthaleins which have been reported. 
Table 3 l is ts  the various 3H-2, 1-benzoxathiole 1,l-dioxides and 

a. 3H-2, 1-Benzoxathiole 1, 1-Rioxide 

(1) Preparation 

Jones242 in 1894 reported the preparation of 3tl-2,l-benzoxathiole 
1,l-dioxide (47) by the reduction of the chloride obtained from the re- 
action of the ammonium salt  of o-sulfobenzoic acid with phosphorus 
pentachloride. The melting point he observed, 287-289" with decomposi- 
tion, makes it unlikely that he  had the benzoxathiole: he did obtain u -  
sulfobenzoic acid, however, on oxidizing the product with concentrated 
nitric acid. 

Because 01 its structural similarity to phthalide, 3H -2,1-benzoxathiole 
1, 1 -dioxide was c a 1 led '* s ulphonp ht ha lide " . 

On treating an ether solution of the symmetrical chloride of o-sulfo- 
benzoic acid with zinc and hydrochloric acid, List and Stein292 in 1898 
obtained 31f -2, 1 -benzoxathiole 1, 1-dioxide (47). Another method used 
by List and Stein involved the reduction of 3-chloro-3H-2, l-benzoxa- 
thiole 1, 1.-dioxide (48) with zinc and hydrochloric acid, a procedure 
which has given 90"; yields.188 

47 48 

List and Stein used the name "sulfobenzide" for 3H-2, 1-benzoxathiole 
1, 1-dioxide to mark its analogy to phthalides in reactions. Gold- 
berger162 prepared 311-2,1-benzoxathiole 1, 1-dioxide by heating the 
sodium salt of o-sulfobenzaldehyde with dimethyl sulfate. This reaction 
is  suspect a s  it requires that dimethyl sulfate act a s  a reducing agent. 

47 
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Davies and Dick90 obtained a 25% yield of 3H-2,l-benzoxathiole 1,l- 
dioxide on treating o -iodomet hylbenzenesulfonyl fluoride with silver 
oxide in aqueous ethanol; the major product in this reaction was hy- 
droxymethylbenzenesulfonyl fluoride. 

Relatively few 3-monosubstituted 3li -2,1 -benzoxathiole 1,l-dioxides 
have been reported. The 3-chloro derivative (48) has been prepared by 
treating o-sulfobenzaldehyde or i ts  sodium salt with PC15 or 
pC15-poC13.160,162,188, 292  

48 
Freeman and Ritchie l 3 Z  postulated a tautomeric structure (49) for 

o-sulfobenzaldehyde to  account for the reported difficuIty of preparing 
the free acid and of oxidizing the free acid. They prepared 3-chloro- 
3H-2,l-benzoxathiole 1,l-dioxide by treatment of o-sulfobenzaldehyde 
with PCI, and confirmed the structure by means of infrared. Their 
attempt to prepare the 3-carboxylic acid derivative by treatment of the 
3-chloro compound with KCN followed by hydrolysis was inconclusive. 

49 4a 
Hinsberg and Meyer213, 214  obtained 3-aminornethyl-5,6, 'I-trihy- 

droxy-3H-2,1 -benzoxathiole 1,1 -dioxide (501, a water-soluble com- 
pound, on sulfonation of pyrogallol, reaction of the sulfonated pyrogallol 
with aminoacetaldehyde acetal, and dehydratioll. 
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A French patent234 describes the condensation of o-sulfobenzalde- 
hyde with 2,4, 6-trichlorophenol to 3-(2,4,6-trichloro-3-hydroxyphenyl)- 
3H-2,l-benzoxathiole 1,l-dioxide (51). 

Farrar, l25a i n  a study of mothproofing agents. prepared several chloro 
derivatives by the condensation of o -sulfobenzaldehydes with chloro- 
phenols in the presence of fuming sulfuric acid or by the condensation 
of o-sulfobenzaldehyde with a chlorobenzene in the presence of sulfuric 
acid followed by treatment with POCI,. 

11 H?SO,, SO3 
Oo, 3 hrs. 

2) 20-25O, 17 hrs. 
3) BOO, 2 h r s .  

52 ci c1 
4 59 

Ruggli and Peyer 4050btained 3,3'-bis-3H-2,l-benzoxathiole 1 , l -  
dioxides (54) on brominating or chlorinating 0 ,  0'-disulfostilbenes at 
100"; bromination at lower temperatures resulted in formation of the 
sultone (551, which could be converted tq the disultone (54) by heating 
or to a 3-benzal-3H-2, I-benzoxathiole (56) on heating with alkali. 
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C H B r  - 50% KOH o z N ~ H ~ N o 2  

SO3Na 0-s S 0 3 H  -s 
0 2  0 2  

55 56 

Sachs, Wolfs, and Ludwig4lO prepared 3,3-dimethyl-3&-2, l-benzoxa- 
thiole 1,l-dioxide (57) by the treatment of N-ethyl-o-(2-hydroxy-Z- 
propy1)benzenesulfonamide with fuming hydrochloric acid. They called 
the product dimethylbenzylsultone. 

b H  51 

Mustafa and Hilny334 obtained 3, 3-diphenyl-3H-2,l-benzoxathiole 1 , l -  
dioxide (Sl),to which they assigned the name sulfonylide, by elimination 
of aniline from (Y - hydroxy -a, a -dipheny 1-0 -t oluenesulf onanilide by 
treatment with sulfuric acid. 

b H  58 

A similar reaction carried out by Oddo and M i n g ~ i a , ~ ~ ~  in which a- 
hydroxy-o, o -dianilino-o-toluenesulfonamide was treated with acetic 
anhydride, led to the preparation of 3, 3-dianilino-3H-2,l-benzoxathiole 
1,l-dioxide (59). 

A H  59 

Feist, Pauschardt, and Dibbern,l26 in their studies of the transforma- 
tion of benzoylacetic acid esters by fuming sulfuric acid, obtained o- 
sulfobenzoylacetic acid, which in the enol form underwent ring closure 
to 3-carbethoxymethylidene-361-2,l -benzoxathiole 1,l-dioxide (W), the 

[For references, see pp. 289-312.1 103 



Chapter 4 

structure being deduced from its reactions. The alternative structure, 
2-carbethoxythianaphthene-3-one I, 1-dioxide (Sl), i s  a strong 
possibility. 

l A  I 

That the acid and potassium252 sal ts  of o-sulfo- 
benzoic acid yield a mixture of isomeric chlorides on treatment with 
phosphorus pentachloride was not realized until Rernsen3*0 postulated 
this reaction course to account for the two products obtained on react- 
ing the mixed chlorides with aniline. 

62 63 

, PhNHz PhNH2 

1 J 1 
0, 

SOZNHCBHS ,, As, 

CONHLeH, a - 4 ;  ;: 6 5  6 ;  5 a 
59 

The acid chloride (62) which melts at  76" was called the symmetrical 
chloride and 3, 3-dichloro-3ff -2,1-benzoxathiole 1,1-dioxide (63) which 
melts at 21. 5-22. 5" was called the unsymmetrical chloride. The two 
chlorides a r e  extremely difficult to separate, particularly without the 
availability of refrigeration. It was fortuitous that the winter where 
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S a ~ n d e r s 3 ~ ~  was working on the separation was exceptionally cold and 
particularly favorable for the separation of the two chlorides by cry-  
stallization from ether and chloroform. The method Saunders used was 
to place the solution out of doors for several  days. If the temperature 
remained at  0" or  below fine crystals of the lower melting chloride 
(63) were obtained. This method was tedious. The two chlorides react 
at different ra tes  and give different products. 64 and 65, with ammonia. 
B ~ c h e r ~ ~  used this difference for preparing large samples of 62, a s  
63 reacted more rapidly to give ammonium o -cyanobenzenesulfonate 
(65 ) . 

0 2  
N HS 
- slow reaction -> O S ' Y 0  

62 64 

N H3 ,so,Nn, 
fast reaction - c1 ~ - - -  

C 1  
63 65 

In extending their studies, Remsen and Gray388 treated the acid potas- 
sium salt of p-nitro-o-sulfobenzoic acid with phosphorus pentachloride 
and obtained a good yield of 3, 3-dichloro-6-nitro-3H-2,l-benzoxathiole 
1,l-dioxide (66) which was 

PC1, 0 2  

150°, 4 - 5  h r s .  

80-90% 
COOH 

66 

easily separated from the higher melting or  symmetrical chloride. 
This product undoubtedly was also obtained by Kastle 2 5 2  but not so 
characterized. This reaction was also studied by Hollis, 222 Hender - 
s0n,209 and Holmes.226 Hollis reported a quantitative yield of 66 by 
this reaction. Holmes ran the reactionwith POCf, in a sealedtube at 135" 
and obtained a 5Wo yield of 3, 3-dichloro-6-nitro-3N-2, 1-benzoxathiole 
1,l-dioxide (66). Henderson was concerned with getting good yields of 
the symmetrical chloride for the preparation of sulfonephthaleins. 

Because List and SteinZ92 stated that the mixed chlorides were a case 
of tautomerism and in view of the great difficulty in obtaining the pure 
unsymmetrical chloride for chemical characterization, B l a n ~ h a r d 4 ~  in- 
vestigated the preparation of the chlorides from p -bromo-o-sulfobenzoic 
acid. He was successful in converting the acid potassium salt  to  6- 
bromo-3, 3-dichloro-3W-2,l-benzoxathiole 1, 1-dioxide only by treat-  
ment with phosphorus oxychloride at  130" for 15 hours in a sealed tube. 
The symmetrical chloride was obtained by treating the acid potassium 
salt with phosphorus pentachloride on a water bath for one hour, and 
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then destroying the unsymmetrical chloride with ammonia leaving only 
the symmetrical chloride. 

Cobb74 studied various reactions of the two chlorides with ethanol, 
hydrochloric acid, methanol, ammonium hydroxide, water, and others to 
help characterize the differences between the symmetrical and unsym- 
metrical chlorides. He was able to show that phosphorus pentachloride re- 
acts with o-sulfobenzoic acidor anhydride to give a mixture andthat phos- 
phorus oxychoride gives only the unsymmetrical chloride. Phosphorus oxy- 
chloride also reacts with 3H-2,l-benzoxathiol-3-one 1,l-dioxide to 
give only the unsymmetrical chloride. 

0 2  

1 0 2  

c1 
c1 

Karslake and Bond, 2 4 9  on treating the acid potassium salt of 4-nitro- 
5-methyl-2-sulfobenzoic acid with a little phosphorus oxychloride and 
slightly more than the calculated amount of phosphorus pentachloride 
under reflux for about one-half hour, obtained the two chlorides. The 
symmetrical chloride was easily separated, but the unsymmetrical 
chloride was difficultly separated in a pure form. Karslake and Bond25* 
found that i f  a pure acid potassium salt were used, the unsymmetrical 
chloride could be separated easily by fractional crystallization. The 
formation of the unsymmetrical chloride is favored by the presence of 
phosphorus oxychloride. 

Scheiber and Knothe, 415  as a result of their absorption spectra studies, 
considered the symmetrical chloride to be the one melting at 40" and 
the unsymmetrical chloride to be the one melting at 79". Recently, 
Rozina, Nesterenko, and V a i n s h t e b 1 ~ 0 ~ ~  compared the half-way poten- 
tials of these two dichlorides with those of 0-phthalic acid and con- 
cluded that Scheiber and Knothe were correct. The bulk of the chemi- 
cal evidence as discussed in the next section favors the result of 
Remsen and co-workers. 

The 3ff -2, 1 -benzoxathiole 1,l-dioxides described in the literature 
are listed in Table 3. 
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TABLE 3. 3H-2,1 -Benzoxathiole 1,l-Dioxides 

Yield M.p. 
(766) (“C) Ref. 

None 

3-C1- 

3, 3-(CH,NH-), 

3,3-(C,H,NH-), 

3, 3-(C6H,NH-), 

3, ~-(o-CH~C~H,NH-) ,  

112-113 

113 
- 
114 

114-115.5 
- 
- 
- 
243-244 

233 (dec.) 
- 
140 

230 
- 
38 

40 

21.5-22.5 

106- 107 

91 

161-162 

162- 163 

210 

>330 

276 

315 

270-280 (dec.) 

278 

90,292 

162 

188 

160, 292 

162 

133a 

160, 265 

234 

125a 

125a 

387 

126 

125a 

226 
299 

292,518 

380,389 

410 

410 

292 

74,136,334 

410 

390 

34 1 

341 

292 

341 
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TABLE 3. 3H-2,1-Benzoxathiole 1,l-Dioxides (contd) 

Yield M.p. 
Substituent 6)  (“C) Ref. 

3 - I 0 2 N e C H C I  - 1 - 6 - 0 , N -  

‘S03Na 

I, 3-(C1-)2-5-Br- 

3, 3-(C1-)2-6-0zN- 

3 , 3  - (C,H,NH- Iz -6-Br- 

3,3-p-(CK,),NC,H,- 12-7-CH3- 

3,3- (2-HO- 3,5 -C12C gH2 -)z -6-Cl 

3, 3-(C1-),-5-CH3-6-OzN- 

20 

I 

- 

- 

50 

50 

90 

100 
- 
- 
- 
46 
- 
- 
35 

235-240 (dec.) 125a 

290 (dec.) 405 

179-180 405 

234-237 (dec.) 4 05 

- 405 

89-90 

- 
56-57 

57 
- 
- 
255 -265 (dec.) 

83 @.p. 212/10 mm.) 

90 

195 
- 

47,48 

226 

388 

69,222 

47,48 

266 

125a 

250 

249 

25 0 

213 

(2) Properties and Reactions 

colorless compounds. The 3,3-dichloro-substituted compounds a r e  the 
lowest melting of this group. The low melting point of 3, 3-dichloro-3H- 
2 , l  -benzoxathiole 1, l  -dioxide contributed to the difficulty experienced 
at  the turn of the century i n  i t s  isolation and chatacterization. Zi rn-  

3H-2, 1 -Benzoxathiole 1,1 -dioxides are crystalline, sharp-melting, 
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gieb1518 reported that the 3,3-dichloride crystals are  rhombic; 
Scheiber and Knothe415 studied its ultraviolet absorption spectrum. 

3H-2, l-Benzoxathiole 1, l-dioxide (47) is easily hydrolyzed by hot 
water or alkaline media to o-sulfobenzyl 
benzoic acid on heating with alkali; on fusion with potassium hydroxide, 
some o-cresol is produced along with benzoic acid. l a 4  

It is converted to 

' QCOOH 

KOH, A 

93% 

A KOH fusion Qco0, 
64% 

3H-2, l-Benzoxathiole 1, l-dioxide is an alkylating agent towards salts, 
phenolates, amides, amines, etc.188,194,202, 204J220~291 

---+ RNa c 0 3 N a  

' CH,R \ 

R - B-C,&O--, CcjHgCHzCOO-, C18H35C00--, CH&ONH--, HS-, 

Cl8H37NH--, e t C .  

3-Chloro-3H-2, l-benzoxathiole 1, l-dioxide (48) is hydrolyzed with 
hot water to o-sulfobenzaldehyde. r62 Treatment of 3-chIoro-3H-2,l- 
benzoxathiole 1, 1 -dioxide with ammonium hydroxide gives saccharin 
(64) and with ammonia in an autoclave the 3-amino compound (6?), 
which is easily air oxidized to saccharin. 60 

67 
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Chapter 4 

3,3-Dichloro-3H-2, 1-benzoxathiole 1,l -dioxide (65) reacts with water 
about three times as rapidly as its higher melting isomer (62) to give 
o-sulfobenzoic acid. 380 The 3, 3-dichloro derivative, howeyer, is not 
particularly sensitive to water. Hydrolysis in boiling water is complete 
within five to ten minutes, but in cold water hydrolysis is quite slow.383 

69 

In studies on the two isomeric chlorides, 62 and 63,Remsen and his 
students found that the two reacted differently with ammonia, the higher 
melting giving saccharin (64) or the ammonium salt  of saccharin and 
the 3,3-dichloro compound ammonium o-cyanobenzenesulfonate (68). 47J 
2 50,2 92,38 0.3 84,3 85 

0 2  

63 6a 0, 

62 64 

Reaction with ammonium hydroxide, which proceeds slowly, gives the 
same products. 176$385*387-389,39* Remsen and his students devoted 
considerable attention to the reaction of the two isomeric chlorides 
with aniline, using this reaction a s  well as the reaction with ammonia to 
elucidate the structures. 4 79 4 8r209,2 5 O r 2  929 380-3 82 J 389,3 92,452 

0 2  0 2  

62 69 

The 3, 3-dianilino derivative (59)  on fusion with potassium hydroxide is 
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converted to salicylic acid and aniline; on refluxing with 20% potassium 
hydroxide in a dilute alcohol solution, it is hydrolyzed to 0, cr-dianilino- 
o-sulfobenzyl alcohol; it is not affected by prolonged boiling with 0.5 N 
sodium hydroxide. 3 4 l  

0 2  

59 

1, KOH f u s i o n  
2 Hf r("p" + C,j&jNH2 

20% KOH W C O O H  

ref 1 ux ------+ 

R e r n ~ e n ~ ~ ~  and Remsen and Clarh390~3"3 reacted the two chlorides 
with methylamine and ethylamine with similar results; the 3, 3-dichloro 
compound reaction proceeded at a lower temperature. 

The 3, 3-dichloro compound reacts readily with alcohols to give the 
3,S-dialkoxy derivative (?O), which is readily hydrolyzed to o-chloro- 
sulfonylbenzoates. 69 -749250,383 738 9 

0 2  0 2  a:; = Do,,, HCL 
\ OCH, -.. 

70 

Phenols react similarly, 6 9 Y  383J 39 although unless a base is present a 
sulfonephthalein (71) is formed. 2 5 0  

Qz P h O H  
'1 NH3, K O H ,  or C5H5N S03C6H5 

COOC4Hs 
c1 
c1 

71 

3,3-DicNoro-3H-2,1 -benzoxathiole 1,l-dioxide reacts with benzene in 
the presence of aluminum chloride to give the 3,3-diphenyl derivative 
(58); the final product on continued reaction is o -phenylsulfonebenzo- 
phenone (72). 1 36, 2 2 2 ~ 2  921 380, 3831 385 

0 2  0 2  acl C6H6r A l C 1 . 3 >  a2i5 ~ ~ s o z c 6 H 5  

6 5  COCgHs c1 

63 58 72 
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Delisleg5 obtained o-mercaptobenzoic acid on reducing the 3,3-dichloro 
compound with zinc and sulfuric acid. 

0 2  ac. o(s” coon 
c1 \ 

63 

b. 3H-2,1-Benzoxathiol-3-one 1,l-Dioxide 

(1) Preparation 

3H-2,l-Benzoxathiol-3-one 1,l -dioxide (73) was first prepared in 
1889 by Remsen and Dohme,I7* who treated o-sulfobenzoic acid with 
phosphorus pentoxide at 130°, and by Fahlberg and Barge, l z 5  who treat- 
ed o-sulfobenzoic acid with acetyl chloride with warming and the neu- 
tral potassium salt of o-sulfobenzoic acid with phosphorus pentachlo- 
ride with warming. S ~ h o n ~ ~ ~  prepared the anhydride by heating the 
acid potassium salt of o-sulfobenzoic acid with phosphorus pentachlo- 
ride and phosphoryl chloride. Mathews311 and T a ~ e r n e ~ ~ ~  obtained 
the anhydride by heating o-sulfobenzoic acid. Cobb7 obtained a 31% 
yield of anhydride on heating the neutral potassium salt of o-sulfoben- 
zoic aeid with thionyl chloride; White and Acree506 reported a 93% 
yield on refluxing the acid ammonium salt of a-sulfobenzoic acid with 
thionyl chloride. The White and Acree method, as modified by Clarke 
and Dreger,73 is a convenient method for the preparation. Vo& and 
Leminger481t483 obtained an 85% yield of anhydride by refluxing the 
acid ammonium salt of o -sulfobenzoic acid with phosphorus trichloride 
in benzene . 
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fn an attempt to prepare the symmetrical acid fluoride of o-sulfoben- 
zoic acid or 3, 3-difluor0-3H - 2 , l  -benzoxathiole 1,1 -dioxide by heating 
the symmetrical acid chloride of o-sulfobenzoic acid with zinc fluoride, 
Davies and Dickgo obtained instead a small amount of the anhydride. 

73 

o-Sulfobenzoic acid undergoes dehydration and simultaneous substitu- 
tion when treated with concentrated or fuming sulfuric acid and nitric 
acid or a halogen. Thus, Stubbs4s2 obtained 5-nitro-3H-2,l-benzom- 
thiol-3-one 1,l-dioxide (74) on heating o-sulfobenzoic acid with a m k -  
ture of sulfuric and nitric acids. 

74 

Twiss465 and Tyiss and Farinholt*GG prepared halogenated 3H-2,l- 
benzoxathiol-3-one 1,l-dioxides in good yields by treating o-sulfoben- 
zoic acid with 60% fuming sulfuric acid and a halogen. The temperature 
of the reaction determined the degree of halogenation; a trace of iodine 
catalyzed the reaction. It is difficult to account for the orientation in 
76 and 77. 

H2SO4 
150 - 165' .+----- 

1. H2S04, 60% SOs, 60-70' 

3. 175O ' 0 
> I  

75% 

1. H2S0,, 60% SO,, 60-70' 
2. 12 ,  60-70' 

3. 170' > I  

76 
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' @  / 

1. HZSO, ,  60% SO3, 60-70' 
trace of I ,  

2. C l z ,  60-65' 

c1 
77 

1. HZSO,, 60% SOs, 60-700 
trace of I ,  

2. C 1 2 ,  70-900 
3 .  150-160° 

c 1  
78 

Price and Smiles3G4 reported the preparation of lJl-dichloro-3H-2, 
l-benzoxathiol-3-one (791, which may be considered as a derivative of 
the anhydride of o -carboxybenzenesulfinic acid. They obtained good 
yields of this compound by the action of chlorine on u-mercaptobenzoic 
acid. 

0 Yl to HZO , a s o ' "  

COOH 

79 

The 1, I-dichloro compound (79) was not isolated, and the evidence for 
its existence was deduced from its reaction with water, phenol, and p-  
nitrophenol. Hart, McClelland, and Fowkes180ar 83  reacted o-mercap- 
tobenzoic acid with chlorine in the presence of ferric chloride and pre- 
sumably obtained the same product. They suggested that the product 
was a thionium ctunpound (801, which reacted with sulfonamides and 
amides to give sulfimines (81) with subsequent rearrangement to benz- 
isothiazolone oxides (82). 

C1 

coon 

I 
d! 

R N B  
t 

81 82 

Douglas and Farah,lOBa €ram their study of this reaction, suggest that 
the Price and Smiles product was probably o -chlorosulfinylbenzoyl 
chloride, q d  not 79, 
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TABLE 4. 3H -2 , l  -Benzoxathiol-3-one 1,l-Dioxides 

0 

Yield M.p. 
Substituent 6) (“C) Ref. 

None 65 

85 

93 

31 

80 

- 
- 
- 
- 
- 

6-CH3- - 
5-0,N- - 
5,6-Br2 - 

4,7-C1, 45 
5,6-I, - 
4, 7-12 55 

4,7-Brz 80 

4, 6,?-I, 65 

4,5,6, 7-Br4 75 

4,5,6, 7-CI4 67 

4,5,6, 7-14 75 

126-127 @.p. 184-186/18 rnm) 73 

123-126 482,483 

- 5 06 

- 74,185 

- 110 

118-119 125 

124-125 90 

128 379 

129.5 444 

130 311,456 

97 496 

212 452 

- 465 

167-168 466 

121 - 122 466 

- 465 

243-245 4 66 

287-288 466 

216-217 465,466 

158-159 465,466 

300 (dec.) 465,466 
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D’ Silva and McClelland96a postulated 3H-2,l-benzoxathiol-3-one (83) 
as an intermediate in the disproportionation of 2,2’ -dithiobenzoic acid 
in the presence of acetic anhydride and potassium wetate. The final 
product was 3-hydroxy-2-acetyl-1 -thianaphthene (86). (as- ) , , [us\Lo] + asH (CH3C0)20, CH3C02: 

COOH 2 COOH 

83 

84 85 

86 

SchOnberg, Rupp, and Gumlich424a cited this reaction as evidence for 
free radical formation involving a mercaptyl radical. There is no evi- 
dence, however, that 3H -2, l -benzoxathiol-3-one (83) was formed. 

The 3H-2,1-benzoxathiol-3-one 1,l-dioxides described in the litera- 
ture a re  listed in Table 4. 

(2) Properties and Reactions 

3H-2,l-Benzoxathiol-3-one 1,l-dioxides are  crystalline, sharp-melt- 
ing, colorldss compounds, They have higher melting points than the 
3-unsubstituted, the 3-chloro, or the 3, 3-dichloro compounds. Although 
these compounds are  analogous to saccharin, they do not have a sweet 
tasfe; actually 3H-2,l-benzoxathiol-3-one 1,1 -dioxide has a bitter 
taste. 262 

The 3-one derivatives are quite sensitive to water. 73*1109379v444r 
45294657466 Moist air  converts 3ii-2,l-benzoxath~ol-3-one 1,l-dioxide 
to o-sulfobenzoic acid; 737379 the reactionis violent when heat is ap- 
plied to its mixture with water. 110 

07 

Ammonia reacts with 3H-2,1-benzoxathiol-3-one L, 1 -dioxide in ether444 
or b e n ~ e n e ~ ~ 5 ~ ~ 5 6  to give ammonium 0-sulfobenzamide. The same pro- 
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duct i s  obtained in low yields along with products of decomposition when 
the melted 3-one is treated with dry ammonia. 125 Reaction with methyl- 
amine456 and anilines44* in benzene give the N-substituted-o-sulfo- 
benzamides. 

O2 NH,, C#,3 a. A ~ a s o 3 N H 4  

CONH, 

3H-2,l-Benzoxathiol-3-one 1,l-dioxide reacts readily with alcohols,llO, 
161,444 such a s  methanol, ethanol, and 5-ethylhexanol, to give the cor- 
responding u-sulfobenwlate. 2-Ethylhexyl o-sulfobenzoate is claimed 
to be useful as a dentrifice detergent.lGf 

YaOH , 
COOCH3 

According to Sohon, 444 benzamide reacts with the 3-one compound to 
give o-sulfobenzoic acid and benzonitrile. 

Phenylmagnesiurn bromide reacts with the 3-one to give a, a-diphenyl- 
u - sulfobenzyl alcohol. 

PhYgBr , 

I:;::2 
-??+ aso3, 

6Hc6H5’2 

According to a German ~ a t e n t , 3 ~ *  the 3-one combines with alkylene- 
diamines, phenylenediamines, u -aminophenols, and o -aminothiophenols 
to yield imidazoles, oxazoles, or thiazoles, which are intermediates for 
dyes and pharmaceuticals. 
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3H-2,l-Benzoxathiol-3-one 1,l-dioxide reacts with PCl, to give a 
mixture of the two chlorides and with POC1, to give a low yield of the 
3,3-dichloro Its reaction with PCl, in a sealed 
tube at  170" gives only the symmetrical chloride.136 

0 2  

The 3-one has been halogenated in fuming sulfuric acidto givethe tetra- 
chloro-, tetrabrorno-, tetraiodo-, and diiodo-3H-2, I-benzoxathiol-3- 
one 1,1-dioxides. 465 Phenolic compounds react with the %one, splitting 
out water, to give sulfonephthaleins which a re  discussed in the next 
section. In alkaline media however, phenolic compounds react like 
alcohols to open the ring. 185 

c. Sulfonephthaleins 

The structural analogy between o-sulfobenzoic acid and phthalic acid 
prompted Remsen in 1884376 to  begin his  studies on the reaction of o- 
sulfobenzoic acid and i ts  derivatives with a variety of phenolic com- 
pounds. In a preliminary investigation, in which resorcinol was heated 
with potassium o-sulfobenzoate, saccharin, or 4-nitro- or 4-bromo-2- 
sulfobenzoic acid in the presence of concentrated sulfuric acid, dark- 
colored liquids similar to fluorescein were obtained. To distinguish 
these products from Baeyer's phthaleins, Remsen assigned them the 
name "sulphonphthaleins", which, except for the spelling, is the one 
commonly used today. The more common sulfonephthaleins, however, 
are better known under the dye o r  indicator name, such as phenol red 
or bromophenol blue, which designates both the phenol moiety and the 
color. Chemical Abstracts indexes these compounds as sulfonephtha- 
leins under the phenol name; such as phenolsulfonephthalein. 

fonephthaleins have the spiro(3H-2, 1 -benzoxathiole-3,9'-xanthene) 
structure (87). 

Depending upon the phenol and the condensation conditions, some sul- 

87 (RRI 5827) 
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Evidence is lacking in practically every reported preparation to allow 
one to specify whether or  not the xanthene structure was obtained. 

in the literature are  listed in Table 6. Because the nomenclature for 
substituted sulfonephthaleins is somewhat confusing, the sulfonephtha- 
leins in Table 6 are  specified by the phenol reactant, the substitution in 
the 36-2, l-l?enzoxathiole moiety, and ester, ether, oxide, or salt forma- 
tion. Thus, the benzoate of bromophenol blue (from 3H-2, l-benzoxa- 
thiol-3-one 1, l-dioxide and 2, 6-dibromophenol) is listed as 2', 6'- 
dibr omophenol-, dibenzoate (88). 

The various sulfonephthaleins whose preparations have been described 

0 2  

88 
(1) Preparation 

in 1895 and List and Steinm2 in 1898 prepared phenolsulfonephthalein 
(89) by heating phenol with the dichlorides of o-sulfobenzoic acid (62 
and 63). Soh011444 prepare'd it in a relatively pure state by heating 3H- 
2 , l  -benzoxathiol-3-one 1,l -dioxide (73) with phenol. Under relatively 
mild conditions, phenol and other phenolic compounds react with the 
dichlorides or anhydride of o-sulfobenzoic acid to give the phenyl 
esters of o-sulfobenzoic acid.69~~85, 389,394 The unsymmetrical chlo- 
ride (63) reacts faster than does the symmetrical chloride (62). At a 
sufficiently high temperature, phenolsulfonephthalein is obtained Par- 
ticularly in the presence of base, potassium hydroxide or pyridine, the 
two dichlorides yield the diphenyl ester; in the absence of base the two 
dichlorides, such as from 5 -methyl-4-nitro-2-sulfobenzoic acid, 250 
yield the phenolsulfonephthalein. 

The reaction between the anhydride and phenol is best carried out at  
130-140" 295,367t444,506 or fusion temperatures437 tor 6-24 hours. 
According to Freas and P r 0 v i n e , ~ 3 ~  the best conditions for the reaction 
between saccharin (64) and phenol a re  a temperature of 120", a reaction 
time of up to 48 hours, the u s e  of sulfuric acid as the condensing agent, 
and a ratio of reactants of 1 : 5 : 4 of saccharin : phenol : sulfuric 
acid; the yield of phenolsulfonephthalein is 25%. A recent French 
patent36oa claims the preparation of phenolsulfonephthalein and of o- 
cresolsulfonephthalein by the condensation of saccharin wit h oleum 
(20-25% SO,) at 130" and subsequent reaction of the reaction mixture 
with the phenol in the presence of ZnC1, for 2-3 hours at 130-140". 
Lubs and Clarke on condensing phenol with the symmetrical chloride 
used ZnC1, as the condensing agent. 294 Orndorff and Sherwood, 393 on 

(a) Phenolsulfonephthalein (Phenol Red) (89). Remsen and Saunders383 

[For references,see pp. 289-312.1 119 
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the other hand, prepared the sulfonephthalein in 50% yield by heating the 
symmetrical chloride with an excess of phenol at 135-140'; the use of 
ZnC12, although not increasing the yield, did allow a shorter heating 
time. 

P 

63 Y -' 62 / 5" 

L 

(b) Cresolsulfondphthaleins (o-Cresol Red (90) and m -erasol Purple 
(91 or 92)). u-Cresolsulfonephthalein (90) has been prepared under es- 
sentially the same conditions a s  used for phenolsulfonephthalein - a 
reaction temperature of 130-140" without a ~ a t a l y s t ~ ~ ~ ~ ~ ~ r  4 4 4  or at 
105-123" with ZnC12294*349~348 and a reaction time of up to 24 hours. 

The product was described as carmine-red, green reflecting crystals, 
whose alkaline solutions are red and whose neutral or acid solutions 
are yellow. A similar product was obtained on using p -cresol. This 
sulfonephthalein also has been ~ r e p a r e d ~ ~ 0  in a yield of 12% through 
the condensation of saccharin with o-cresol in the presence of sulfuric 
acid at 130-140": under similar conditions, In-cresol did not yield a 
sulfonephthalein. 

thiol-3-one, obtained two different products 91 o r  92, depending upon 
the condensation temperature. 

Orndorff and P u r d ~ , 3 ~ 8  on reacting m-cresol with 3H-2, l-benzoxa- 
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' CH, 

105-1080> 

no ' cx, H,C ,' OH I 
Z n C l z  I 91 

I 0 2  

92 
C ~ h e n ~ ~  called m -cresolsulfonephthalein meta-cresol purple. Orndorff 
and Beach349 obtained a 20% yield of sulfonephthalein (93) from the re- 
action of p-cresol with 3H-2,l-benzoxathiol-3-one. 

ZnCl,, 121-12Yp, 

15 hrs. 
, 

20% 

On reacting p -eresol with the symmetrical chloride in the presence of 
base, they obtained di-(p-cresyl)-o-sulfobenzoate (94) which on heating 
at 110" in the presence of ZnC1, gave 9-(r,-sulfophenyl)xanthydrol (95) 
which lost water on treatment with concentrated hydrochloric acid to 
give p -cresolsulfonephthalein (93). 

.+ 

95 

[For references, see pp. 269-312.1 
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p -Cresolsulfonephthalein (93) is an unstable compound, giving a deep 
blue color in alkaline solutions and a yellow to colorless color in neu- 
t ra l  and acid solutions. 

o-Sulfobenzaldehyde reacts  with o-cresol in the presence of 20% sul- 
furic acid36 presumably through 96 as an intermediate. 

96 

( c )  Xylenolsulfonephthalein (Xylenol Blue). Cohen'6 obtained 3,4- 
xylenolsulfonephthalein from the reaction of 3, 3-dichloro-3H-2, 1 -ben- 
zoxathiole 1,l:dioxide with 3, 4-xylenol at 105-110' in the presence of 
ZnC1,. This sulfonephthalein also has been prepared in poor yields (8%) 
from the reaction of 3,4-xylenol with saccharin in the presence of sul- 
furic acia at  130-140".240 A yield of 17.5%240 was  obtained from the 
reaction of 3, 4-xylenol with the symmetrical chloride in the presence 
of ZnC1, at  100-110". It has been prepared also from 3,4-xylenol and 
311-2 , 1 -benzoxathiol- 3-one 1,l  -dioxide. 

(d) Thymolsulfonephthalein (97) (Thymol Blue). Lubs and Clarke294 
prepared thymolsulfonephthalein (97) by heating thymol and the sym- 
metrical chloride in the presence of ZnC12. 

97 

Lubs and AcreeZY5 prepared the sulfonephthalein by heating the sym- 
metrical chloride with thymol far four hours at  140". They used ZnC12 
as catalyst in the preparation of thymolnitrosulfonephthalein from thy- 
mol and the acid chloride of nitrosulfobenzoic acid. Javery and co- 
workers240 obtained a 34% yield on reacting the symmetrical chloride 
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with thymol in the presence of ZnCl, a t  100-11$ for up to 8 hours. 
They obtained only 5% yields from the reaction of saccharin and thymol 
in the presence of sulfuric acid for 8-10 hours at 130-140". 

According to Orndorff and C 0 r n w e l l ~ ~ 6  the formation of thymolsul- 
fonephthalein from thymol and the anhydride occurs in two stages. 

9 2  98 
0 2  

thymol 

99 97 

The intermediate acid, 4'-hydroxy-5' -isopropyl-2'-methylbenzoylben- 
zene-2-sulfonic acid (98), o r  its sultone form (99). then reacts with 
another molecule of thymol at 85" in the presence of ZnC1, to  give the 
sulfonephthalein. The tautorneric nature of the intermediate was estab- 
lished by making various derivatives of both the ketone (98) and 'the sul- 
tone (99). The position of attachment of the thymol ring was determined 
by fusion of the intermediate with potassium hydroxide and identifica- 
tion ofp-thymotic acid. The intermediate, on heating above 150", de- 
composed to give thymolsulfonephthalein, o-sulfobenzoic acid, and water; 
in the presence of ZnCl,, the decomposition occurred at 135". 

Orndorff and Cornwell studied the effect of ZnC1, on the reaction of 
3H-2,1-benzoxathiol-3-one 1,l-dioxide with thymol. A 55% yield was 
obtained when the reaction was carried out a t  105-110" in the presence 
of ZnC1,. At lower temperatures and at 120-125", the yields were 
30-35%; above 125", the product was a green tar. Without the ZnCl,, 
only 4% thymolsulfonephthalein was obtained. Condensations of thymol 
with the chlorides of o-sulfobenzoic acid without condensing agents and 
with ZnC1, and AlCl, at 100-110" gave mainly dithymyl o-sulfobenzoate 
and 10-15% thymolsulfonephthalein; at higher temperatures. only tars 
were obtained. It was not possible to convert dithymyl o-sulfobenzoate 
to thymolsulfonephthalein by warming with an equivalent amount of 
either AICls or  SnCl,. 

An 8Wc yield of thymolsulfonephthalein was obtained by Chrzaszczew- 
ski, Kozinski, and Wrofiski71 by the condensation of the ammonium salt 
of o-sulfobenzoic acid with thymol in the presence of P,O, at 130-140" 
for not more than 4 hours and steam distilling the thymol at the end of 
the reaction. 
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(e) Hydroquinonesulfonephthalein. Sohon444 described the condensa - 
tion product of hydroquinone and 3H-2,l-benzoxathiol-3-one 1, l-di- 
oxide obtained on heating the mixture at 130-135' a s  a dark brown 
mass whose alkaline solutions were brown-yellow. Henderson, 209 on 
the other hand, was able to isolate only the ester from the reaction of 
hydroquinone with 4-nit ro- 2 -c hlorosulfonylbenzoyl chloride at 120- 135'. 
Orndorff and S h a p i r ~ ~ ~ O  questioned whether Sohon actually isolated 
hydroqujnonesulfonephthalein. In their studies of the condensation of the 
%one and hydroquinone, a 20% yield was obtained by heating at 130" 
for 18-24 hours; in the presence of ZnClz the yield was only 5% in the 
presence of H,SO,, H3B03, or SnCl, only tarry material was obtained. 
Its alkaline solutions were colored blue-purple and its neutral solutions 
orange-red, 

(f) Resorcinolsulfonephthalein (100). Rernsen and Hays37 reported 
the preparation of resorcinolsulfonephthalein (100) which they called 

suifonhuorescein", by the condensaiion of the %one with resorcinol. 

100 

In a later paper Remsen and Linn3'8 stated that the product was not as 
believed but the intermediate 0-(2,4-dihydroxybenzoyl)benzenesulfonic 
acid (1011, which they were able to prepare in a rather pure form by 
condensing resorcinol with ammonium o-sulfobenzoate at 175-185'. 
The intermediate, on being heated at  160-170", yielded resorcinolsul- 
fonephthalein (100). 

AH 
101 

100 

Fahlberg and Barge,l25 on repeating the work of Remsen and Hayes, 
but using 0-sulfobenzoic acid or its ammonium salt, obtained the sul- 
fonephthalein as red crystals and proposed various formulas for the 
product. Blackshear46 obtained a 32% yield of sulfonephthalein on heat- 
ing the intermediate (101) of Remsen and Linn at, 160-180". White502 
also reported the conversion of the intermediate (101) to the sulfone- 
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phthalein, but on condensing resorcinol with o-sulfobenzoic acid at 140' 
he obtained products which could not be characterized. Jonesz4, simi: 
larly reported the conversion of 6 - (2,4-dihydroxybenzoyl) -3-methyl- 
benzenesulfonic acid !o the corresponding sulfonephthalein, which he 
called " p  -methylsulfonfXuorescein", and noted the difficulty of chara - 
terizing the condensation products from resorcinol and 4-methyl-2- 
sulfobenzoic acid. 

fonephthalein is readily formed on heating the intermediate (101) at 
160-170" for 2 hours; it was also obtained by heating t h e  intermediate 
with resorcinol at 160-170". 

Orndorff and Vose344 obtained the sulfonephthalein by heating 3H-2,l- 
benzoxathiol-3-one 1,l-dioxide with resorcinol at 130-140". 

Moale3Z9 condensed resorcinol with 4-methoxy -2-sulfobenzoic acid 
at 1 10 - 1 15" to the corresponding resorc inolmet hoxy sulfonephthalein 
which he called " p  -rnethoxysulfonefluorescein". 

and resorcinol at 150-180" with sulfuric acid. Monnet and Koetschet33f 
on hydrolyzing " resorcinolsaccharein" (1021, obtained resorcinsisul 
fonephthalein (loo), which they called "sulfurein". 

Orndorff and V ~ s e , ~ ~ ~  on the other hand,reported that resorcinolsul- 

Contrary to Fahlberg and Barge,I25 and White,502 Soh011444 and 

S i ~ l e y ~ ~ ~  prepared resorcinolsulfonephthalein by heating saccharin 

4 t N H 3  

102 100 

Orndorff and Vose344 obtained a 52% yield of resorcinolsulfonephthal- 
ein on heating saccharin and resorcinol with sulfuric acid at  135-140" 
for seven hours. 

Henderson20Y prepared a sulfonephthalein by heating 4-nitro-2- 
sulfobenzoic acid dichloride with resorcinol at 125". Orndorff b d  
Vose, 344 on heating o-sulfobenzoic acid dichloride with resorcinol at  
100" for 12  hours, obtained a 41% yield of the sulfonephthalein. On heat- 
ing the dichloride with 4-ethylresorcinol at 100-110" for 7-8 hours in 
the presence of ZnCl,, Javery and ~o-worke r s2~0  reported a 60% yield 
of sulfonephthalein. 

(g) Pyrocatecholsulfonephthalein (103 or 104) (Pyrocatechol Violet 
and Pyrocatechol Green). Vodak and Leminger48zs4E4 prepared pyro- 
catecholsulfonephthalein by fusing pyrocatechol and 3H-2,1 -benzoxa- 
thiol-3-one 1,l-dioxide at 100-110". 

[For references,see pp. 289-312.1 12 5 
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35% 
l o o - l l o o  
1.5 h r s .  

103 104 

It i s  not known whether the condensation occurs ortho or para to the 
phenolic hydroxyls. This is an area which requires more evidence than 
presently available. It would not be surprising if a mixture of both 
were actually formed. 

(h) Pyrogallolsulfonephthalein (105 and 106). Henderson 209 repor- 
ted that six moles of pyrogallol react with 4-nitro-2-sulfobenzoic acid 
dichloride. Orndorff and F ~ c h s 3 ~  obtained the sulfonephthalein in a 
series of reactions from ammonium 0-sulfobenzoic acid and pyrogallol. 

c3:1rHH4+ kH OH 

H C I ,  EtOH 1 
/ OH 1 40° E:R \ - H 

+------ 
HO ' \ OH 

b" AH 

105 A pyrogallol 1 
126 
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106 105 

On heating 3H-2,1-benzoxathiol-3-one 1,l-dioxide and pyrogallol at 
130-1354 Orndorff and Fuchs obtained a 51% yield bf sulfonephthalein 
both with and without ZnC1,; on heating the dichloride and pyrogallol 
they obtained only the diester; on heating saccharin and pyrogallol with 
concentrated sulfuric acid, a 2W yield of sulfonephthalein was obtained. 

duct he obtained on heating the anhydride with pyrogallol, Orndorff and 
Fuchs believed that this structure, which they called " sulfonegallein", 
occurred on heating pyrogallolsulfonephthalein, (105), at 200" and was 
easily converted to the sulfonephthalein in the presence of moisture. 

tropic condensation of 3H-2, 1-benzoxathiol-3-one 1, ,l-dioxide with 
pyrogallol using xylene. Adsorption spectra indicated the xanthene 
structure (106). 

Whereas Sohon444 postulated the xanthene structure, (la), for the pro- 

Vo&k and Leminger487 prepared pyrogallolsulfonephthalein by azeo- 

(i) Hydroxyhydroquinonesulfonephthalein (108). Orndorff and Willard3S1 
postulated that the formation of this sulfoneuhthalein (108) occurs 
through the benzoyl intermediate (107) step they had observed for other 
sulfonephthaleins. 

OH 

107 

[For references,see pp. 289-312.1 127 



Chapter 4 

The sulfonephthalein was obtained in 30% yield on heating o-sulfoben- 
zoic acid and the phenol 30 hours at 130’; using ZnCl,, the yield was 
only 15%. A 40% yield of sulfonephthalein was obtained on heating the 
o-sulfobenzoic acid dichloride and phenol 3 hours at 120”. An 80% yield 
of the corresponding sulfonephthalein was obtained on heating the anhy- 
dride and the triacetate of the phenol 8 hours at 140”. That the inter- 
mediate is a tautomeric ketone was proved by the preparation of deri- 
vatives of both the ketone and sultone forms. 

(j) a-Naphtholsulfonephthalein (109). Lubs and Clarkzg4 reported 
the preparation of a-naphtholsulfonephthalein (109) by the reaction of 
wnaphthol with the dichloride. 

109 

(k) Salicylsulfonephthalein (110) (Salicyl Red). Harden175 studied the 
reaction of 3H-2,  1-benzoxathiol-3-one 1, 1 -dioxide with salicylic acid 
in the presence of SnCl, and concentrated sulfuric acid to give salicyl- 
sulfonephthalein (110). It is  likely that the xanthene compound was 
formed. 

coon 

concd. H’SO, 

HOOC 

110 

(1) Anilinosulfonephthaleins. Sohon4*3 reported the preparation of 
diethyl- and dimethyl (111) -anilinosulfonephthaleins by the reaction of 
3H-2, 1-benzoxathiol-3-one 1, 1-dioxide with dimethyl- or diethylani- 
line. 

02 

/ s, P 0 C l J  

(-J \ 
0 + 6””’ A 

111 

128 



C,OS Ring Systems 

The reaction with rn -aminophenol was  assumed to proceed to the xan- 
thene structure (112).444 

0 2  as> 
HZN a l D N H 2  

o'k + 6 ------+ 130-138' 

\ ' I H z  

112 
Sandmeyer's412 successive oxidation of sdfonated tetramethyldiam- 

inodiphenylmethane and condensation of the hydro1 with dimethylani- 
line may have led to a sulfonephthalein (113). 

113 
He did not assign a sulfonephthalein structure to the product which he 
characterized as a dye, nor did Knecht and Hibbert266 who used it a s  an 
indicator. 

Kuhn and DeAngelisZ76 described the reaction of 3,3-dichloro-3H-2, 
1 -benzoxathiole 1, 1 -dioxide with benzalmethylphenylhydrazone as 
giving a dye which contains a functional group reactive with aldehydes 
with change of color and demonstrated its use for the qualitative deter- 
mination of aldehydes, 

[For references, see pp. 289-312.1 129 



Chapter 4 

Most of the anilinosulfonephthaleins have been prepared by the reac- 
tion of sulfonephthaleins, which is discussed in sectionXB-2c(2d), affects 
resorcinolsulfonephthalein with a chlorinating agent and reaction of the 
resulting chloro compound with an  aniline. These are  discussed under 
the reactions of sulfonephthaleins with ammonia, amines, and anilines 
in the next section [section (2). Reactions, under (f)] and a r e  listed in 
Table 7. 

(m) Halogenated Sulfonephthaleins. There are  two methods for the 
preparation of halogenated sdfonephthaleins: halogenation of sulfone- 
phthaleins and condensation of moieties containing halogen. Halogena- 
tion of sulfonephthaleins, which is discussed in  section I B-2c(2d), affects 
only the phenolic moiety, Vigorous halogenation destroys the molecule 
before the benzoxathiole can be halogenated. 

The synthesis of halogenated 3H-2, 1-benzoxathiol-3-one 1,l-dioxide 
by Twiss4659466 made possible the preparation of a series pf halogen- 
ated sulfonephthaleins through condensation with phenols or  halogenated 
phenols. Thus, Boyd and Rowe6l'prepared iodo- and bromo-sulfone- 
phthaleins through the iodination or chlorination of 315-2, l-benzoxathiol- 
3-one 1,l-dioxide and condensation of the halogenated benzoxathiole 
with a phenol. 

Leminger and Vod&k2s4 prepared o-chlorophenol red in 37%. yield by 
heating a molten mixture of o-chlorophenol and 3H-2, l-benzoxathiol- 
3-one 1, 1-dioxide. 

130 



C30S Ring Systems 

The halogenated sulfonephthaleins prepared by a condensation reac- 
tion are listed in Table 5. 

(2) Reactions 

The use of sulfonephthaleins as acid-base indicators represents the 
most important reaction which they undergo. This reaction is dis- 
cussed insection1 B-2c(3), as  it is the basis for elucidating the structure 
and properties of sulfonephthaleins. 

(a) Salt Formation. Phenolsulfonephthalein reacts with sodium hydrox- 
ide to give the monosodium salt; the disodium salt is prepared by 
reaction with ethanol and sodium 343 The monoammonium and barium 
salts of m-cresolsulfonephthalein have been prepareds48 a s  well as the 
mono- and disodium salts of tetrabromophenolsulfonephthalein. 348 

The monosodium salt of thymolsulfonephthalein, a brick-red compound, 
is prepared by treating thymolsu!fonephthalein with aqueous sodium 
bicarbonate; the disodium salt, a dark-blue compound, is prepared using 
sodium and ethanol. 346 The zinc salt, prepared by using zinc carbonate, 
is soIuble in water, the solution having a red color. 

gives the disodium salt; treatment with barium carbonate gives the 
barium salt.350 

Hydroxyhydroquinonesulfonephthalein forms a red monoammonium 
salt, a barium salt, a bright orange zinc salt, and a reddish potassium 
salt.351 

Pyrogallolsulfonephthalein forms a deep red monosodium and a blue 
disodium salt. 

Pyrocatecholsulfonephthalein forms metal complexes with magnesium, 
calcium, and zinc (115) in alkaline media.481 

Treatment of hydroquinonesulfonephthalein with sodium alcoholate 

[For references,see pp. 289-312.1 131 
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C,OS Ring Systems 

(b) Esterification, Acetylation of phenolsulfonephthalein occurs at the 
phenolic hydroxyls on refluxing with acetic anhydride. 343,429 Reflux- 
ing phenolsulfonephthalein with acetyl chloride and phosphorus penta- 
chloride gives the p h o ~ p h a t e . ~ ~ v  The diacetate is easily hydrolyzed.343 
The acetates which have been prepared are  listed in  Table 6. These 
acetates are colorless compounds and have relatively sharp melting 
points. The benzoates, prepared from benzoyl chloride, a r e  also color- 
less compounds with relatively sharp melting points. 

(c) Etherification. Phenolic ethers of sulfonephthaleins have been 
prepared by reaction with boiling methanol or ethanol containing hydro- 
chloric or sulfuric acid or by boiling for a long time with the alco- 
h01,3~5 by reacting with methanol in the presence of methyl iodide and 
sodium m e t h ~ l a t e 3 ~ ~  and by reaction with diazomethane. 506  

The dimethyl and diethyl ethers of phenolsulfonephthalein are sharp- 
melting compounds, colorless until heated above their melting points; 
the colored ethers a re  unstable and revert to the colorless form when 
treated with rnethdnol.345 

(d) Halogenation. Direct halogenation of sulfonephthaleins affects only 
the phenolic moiety. Practically all the known sulfonephthaleins have 
been subjected to halogenation. The usual names for these sulfone- 
phthaleins designate whether the halogen is in the benzoxathiole part or 
in the phenolic part. When the halogen name follows the phenol and 
precedes the sulfonephthalein, it is in the benzoxathiole part; when it 
precedes the phenol name, it is in the phenolic part. Several examples 
of this nomenclature are  a s  follows: 

B r  B r  

116 i17 Br 118 B r  

Tetrabromophesol- Phenoltetrabromo- Tetrabromophenoltetra- 
sulfonephthalein sulf one pht hale in br omosulfone pht hale in 

Halogenation is carried out by treating the sulfonephthalein with 
halogen in glacial acetic acid1759 1762 243,294,295,346,  377,  502, 506 or 
in ethanol. 1329 347, 439 Kosheleva and Zimakova275ct 275d chlorinated 
phenol red with sodium hypochlorite in the presence of boric acid and 
brominated phenol red with sodium hypobromite in alkaline medium; 
the products in these two cases were dichloro- and dibromophenol- 
sulfonephthalein, respectively. 

According to Burger and Loo, 67Q the uterus of pregnant dogfish con- 

[For references, see pp. 289-312.1 14 1 



Chapter 4 

verts phenol red to bromophenol blue. This is the first example of 
biological bromination observed in a vertebrate, 

Bromination of phenolsulfonephthalein yields tetrabromophenolsul- 
fonephthalein,132,294,2Y5,343,5 06 more commonly known as bromphe- 
no1 blue (119). 

0 2  

" O W  -OH 

Br2, AcOH 

119 

The tetrabromo derivative (119) readily forms a mono- and disodium 
salt, a monomethyl ether with methand, a dimethyl ether with diazometh- 
ane, and a dibenzoate; it does not react with aniline; it is hydrolyzed 
with aqueous hydrochloric acid, the hetero ring opening, to give the 
sulfonate.343r506 

Bromination of phenoltetrachlorosulfonephthalein and of phenoltetra- 
bromosulfonephthalein gives good yields of the corresponding tetrabro- 
mophenol derivative. 1G7 Dichlorophenol- and tetrabromophenol- 
tetraiodosulfonephthlein and dibromo-o-cresol-tetrachloro- and tetra- 
bromosulfonephthalein have been prepared similarly. 1'6,178 CohenT7 
reported the preparation of tetrachloro- and tetrabromo-o -cresolsul- 
fonephthalein and dibromodichlorophenolsulfonephthalein. Sirokman and 
Otvos 4 3 t h  reported the preparation of bromocresol green (tetrabromo- 
m -cresolsulfonephthalein) in 5% yield based on benzoxathiol-3-one by 
bromination of w -cresolsulfonephthalein with bromine in acetic acid. 
Bromination of resorcinolsulfonephthalein gives a dibromo deriva- 
tive243,3779502 and no tetrabromo derivative as Sisley p o ~ t u l a t e d . ~ ~ 9  
The orientation of the bromine in 180 was not verified. 

8'2, AcOH, & 
HO ' ' OH 

r Br 

l!N 

Iodination similarly gives the diodo derivative.344 The diodo and dibro- 
mo derivatives form a diacetate on treatment with acetic anh~dride.3~4 

14 2 



C30S Ring Systems 

Treatment of resorcinolsulfonephthalein with phosphorus penta chla- 
ride yields a dichloride (1211344 or tetrachloride (122).Z43 

' OH H \  0 

0 2  

The dichlorodiphenyl compound (121) was also obtained on treating 
resorcinolsulfonephthalein with benzoyl chloride.344 Diiodoresorcinol- 
tetraiodosulfonephthalein also has been reported, 7 8  The dichloro 
derivative is a colorless compound; the chlorine atoms are  not re- 
moved on boiling with 20% sodium hydroxide, although both colored (123) 
and colorless (124) salts were formed.344 

121 
123 colored salt 

124 colorless salt 

The dichloro- and diodosulfonephthaleins form essentially colorless 
diacetates which probably have the sultone ~ t r u c t u r e . 3 ~ ~  

[For references, see pp. 289-3121 143 



Chapter 4 

Bromination of pyragallolsulfonephthalein yields a dibromo deriva- 
tive, which on reaction with benzoyl chloride gives a tetrabenzoate of 
dibromopyrogallolsulfonephthalein.3 *7 Bromination of hydroxyhydro- 
auinonesulfonephthalein yields a dibromo derivative from which a 
triammonium salt or tetraacetate can be prepared.351 

B rom ination of thymolsulf onephthalein yields dibromothy molsul- 
fonephthalein (185), which is more commonly known as bromthymol 
blue. 3 46 I 3 4 9 

CH ( C H3 I B f T ,  Ac OH, 

The dibromo derivative forms a diacetate and a zinc salt.346 

sulfonephthalein, more commonly known as salicyl purple. 7 5  

and nitric acid affects only the phenolic part.zY4,2Y5,338, 506 

Bromination of salicylsulfonephthalein gives tetrabromosalicyl- 

(e) Nitration. Nitration of phenolsulfonephthalein with sulfuric acid 

0 2  a HNO3, H2SO4, 02N&Noz HO ' ' OH 
HO ' ' OH 

liO2 i0, 

126 
Actually, nitration of phenolsul€onephthalein gives a mixture of 3, 3'- 
dinitrophenol- and 3, 3'~ 5, 5'-tetranitrophenolsulfonephthaleln. Pure 
3,3'-dinitrophenolsulfonephthalein has been synthesized by nitration of 
phenolsulfonephthalein d i a ~ e t a t e . 3 ~ 8  Tetranitrophenolsulfonephthalein 

144 



C305 Ring Systems 

(126) is isolated as canary-yellow flakes which change to a shellac-like 
material on heating above 200". Its  diammonium salt, however, is 
stable. 

3H-2, 1-benzoxathiol-3-one 1, 1-dioxide with phenol. 457 

Phenolnitrosulfonephthalein has been prepared by condensing 7-nitro- 

(f) Reaction with Ammonia, Amines, and Anilines. Phenolsulfonephthal- 
ein absorbs two moles of ammonia to give the diammonium salt, a 
dark red product whose aqueous solution is purple, but which is 'un- 
stable and loses ammonia to give the monoammonium salt, a brownish 
red product whose aqueous solution is orange-red. 43 The phenolic 
hydroxyl group is replace$ by ammonia on heating phenolsulfonephthal- 
ein in a sealed tube at 150 for 24 hours giving a 50"h yield of anilinosul- 
fonephthalein. 4 2 8 ~ ~ ~ 9  Bromination of anilinosulfonephthalein in glacial 
acetic acid yields the tetrabromoanilinosulfonephthalein; refluxing the 
anilinosulfonephthalein with acetic anhydride gives the A'-acetyl deriva- 
tive; treatment of anilfnosulfonephthalein with benzenesdfonyl chloride 
in pyridine gives phenylsulfanilidosulfonephthalein. 429 

Phenolsulfonephthalein similarly reacts with amines on heating in a 
sealed tube at 150" for  24 hours to give 65% yields of the corresponding 
AT-alkylanilinosulfonephthalein, such as the N-methyl and N-ethyl from 
methylamine and ethylamine. Yields of 40- 70% of N-substituted anilino- 
sulfonephthaleins were obtained by heating the phosphate of phenolsul- 
fonephthalein a t  100" for 12 hours in a sealed tube with propylamine, 
isobutyldmine, benzylamine, ethanolamine, m - and p -aminophenol, p - 
phenylenediamine, and o-bromoaniline. 42 9 

Phenolsulfonephthalein acetylated with acetyl chloride reacts with 
2, 4-dichloroaniline, rn -aminoacetophenone, 0-aminodiphenyl, and ben- 
zoylhydrazine in ethanol on heating 12 hours in a sealed tube at  100"; 
the reaction with (CH3),NNH, was carried out at 80" for one hour; the 
reaction with ethyl gIycinate, giving Y-(carbethoxymethy1)- anilinosul- 
fonephthalein, was carried out at 100" for 10 hours. 249 

The reaction between phenolsulfonephthalein and aniline carried out 
by reflwing the mixture gave a 96% yield of diphenylaminosulfone- 
phthalein. Refluxing phenolsulfonephthalein with a-toluidine, 2,I-xylidine , 
2, 4, 5-trimethylaniline, p-anisidine, and p -phenetidine gave SO-OW' 
yields of the corresponding diphenylaminosulfonephthalein. 4,9 

ref ArNHB l u x  & - 
n \  ' OH A r N H a  ' NHAr 

127 

[For references,see pp. 2894312.1 
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Chapter 4 

Heating phenolsulfonephthalein with (C,H,),NCH,CH,NH, for 3 hours 
at  100" gave a 40% yield of N-("-diethylaminoethyl)-anilinosulfone- 
phthalein. 429 

Orndorff and Sherwood3 43 prepared anilinosulfonephthalein by heating 
phenolsulfonephthalein with aniline 2 hours a t  140- 150"; dimethylaniline 
did not undergo the 'reaction. Resorcinolsulfonephthalein similarly re- 
acts with aniIine.343 

128 

A series of diamino derivatives from resorcinolsulfonephthalein are 
described in three British patents.218,218a~21Y These were prepared 
by heating resorcinolsulfonephthalein with POCl, to give the dichloro 
derivative (129) which in turn was treated with amines o r  anilines. The 
diamino derivatives (130 and 132) on sulfonation yielded sulfonated dyes 
which impart red to blue tints to wool and silk. 

Poc13, A 

0 2  

129 130 

95% HzSO, I 
Sulfonated Dye 
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09 

131 

1300 - 
' NHR 0 R'NH 

132 

I 
195% H ~ S O ,  

4 
Sulfonated Dye 

Pyrogallolsulfonephthalein absorbs four moles of ammonia to  give a 
product which on heating at 200" gives a monoammonium salt. EFfrogallolsul- 
fonephthalein reacts quantitatively with aniline to give a red product 
whose empirical formula was given as C,,HI ,O,S(C,H,NH,). This 
salt was  insoluble in the usual organic solvents but slxghtly soluble in 
water and in alcoho1s.347 

Hydroquinonesulfonephthalein absorbs three moles of ammonia, the 
product yielding a monoammonium salt. 5 O  Thymolsulfonephthalein 
absorbs one mole of ammonia to give a monoammonium salt and reacts 
with aniline on heating to give an aniline salt. s46 Thymolsulfonephthal- 
ein is converted to  an indicator (133) for chelatometric titration by 
treating with sodium irninodiacetate and formalin. 275 

HN(CH2COONaJ2 

[CHj)ZCH &CH(CH.J,. 27% ACOH HCHO 

_____3 
8 7 %  

H ' CH, H& ' OH 

[For references, see pp. 289-312.1 153 



Chapter 4 

Condensation of 7-amino-3H-2,l-benzoxathiol-3-one 1,l-dioxide with 
phenol gives phenolaminosulfonephthalein. 45 The amino- and anilino- 
sulfonephthaleins which have been reported a re  listed in Table 7. 

(g) Reduction. Remsen and Hayes377 on treating resorcinolsulfone- 
phthalein with zinc dust in sodium hydroxide solution obtained a colorless 
product (134), analogous to fluorescein, which was easily air-oxidized 
back to  resorcinolsulfonephthalein. Orndorff and Sherwood343 obtained 
the reduced form on heating phenolsulfonephthalein with zinc dust, which 
in the presence of water opened the hetero ring. 

134 

Treatment of hy dr oxy h y dr  oquinone sulfonepht hale in with boiling formic 
acid and zinc dust gave the reduced form which was called hydroxyhy- 
droquinonesulfonephthalein. 351 The reduced form, which has an ocher- 
yellow color, is oxidized by air and becomes red; the tetraacetate and 
silver salts of the reduced form are colorless and also are easily oxi- 
dized. Pyrogallolsulfonephthalein reacts  with zinc dust and boiling 
water to give the zinc salt of pyrogallosulfonephthalein, which is easily 
oxidized by air ,  and which on being heated a t  200" gives the zinc salt of 
s ul f one gal le i n .3 *I 7 

Thymolsulfonephthalein similarly on treatment with zinc dust and 
boiling water gives the colorless zinc salt of thymolsulfonephthalein, 
which is slowly oxidized by exposure to sunlight or by bubbling oxygen 
through it to  give the zinc salt of thymolsulfonephthalein. 3*6 Thymol- 
sulfonephthalein, obtained by treating the zinc salt with concentrated 
hydrochloric acid, is extremely soluble in water and very soluble in 
methanol, ethanol, ethyl ether, acetone, and glacial acetic acid. 

(h) Mercuration. Mercuration is, in general, analogous to halogena- 
tion, nitration, and sulfonation. Since none of these leads to substitution 
in the benzoxathiole part of the molecule, it is presumed that neither 
does mercuration. WhiteJ508 on treating phenolsulfonephthalein with 
mercuric oxide in boiling sodium hydroxide solution for 4 hours, ob- 
tained a purple powder having a bronze luster which he assigned the 
empirical formula C ,HI ,O,SNa(HgOH),; phenolsulfonephthalein and 
mercuric acetate in boiling sodium hydroxide solution for three hours 
gave a dark brown powder whose empirical formula was C1&1005S 
(HgOH),. These compounds were prepared for testing in genito-urinary 
infections and syphilis. 

The disodium salt  of salicylsulfonephthalexn on heating with mercury 
acetate yielded monohydroxymercuri-salicylsulfonephthalein,175 a 
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compound which showed germicidal activity against B ,  Iyphosus and 
Sfapity lococcets aureus. 

Dunning and Farinholtlll prepared the mono- and dihydroxymercuri 
derivatives of re  sor cinolsulfonephthalein and its halogenated derivatives. 
These mercury compounds were insoluble in water and organic solvents. 
The mono- and disodium salts were readily formed and their solutions 
showed only a slight fluorescence as compared to the parent sulfone- 
phthalein before mercuration. 

Ethylmercury derivatives of phenol-, o -cresol-, and thymolsulfone - 
phthalein were prepared in 78-87% yield by treating the sulfonephthalein 
with ethylmercuri hydroxide. These three mercury derivatives exhibit- 
ed bacteriostatic activity against Staphylococcus aureus. lal 

(i) Preparation of Arsenates. Christiansen7* prepared p -arsenoben- 
zeneazophenolsulfonephthalein (135 and 136) by reacting diazotized ar- 
sanilic acid with phenolsulfonephthalein. 

~ 6' 1. N a O H , O o ,  30 min. 
2. H +  

/ \ \ > 

H' / H  AsO& 

135 

136 

The product mixture was readily soluble in water, methanol, ethanol; 
fairly soluble in acetone and glacial acetic acid; and insoluble in ethyl 
ether. Its alkaline solution was  red and its acid solution deep orange. 
The product had low lrypanocidnl toxicity. 

(3) Structure and Properties 

Many studies have been directed to the elucidation of the structure of 
sulfonephthaleins. The definitive study has yet to be made. The neutral 
form of sulfonephtkaleins is generally assigned the 3H-2, l-benzoxa- 
thiole structure. The effect of pH on the neutral structure has been 

155 [For references, see pp. 269-312.1 
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described as involving an equilibrium between the sultone and quinone 
forms or as involving resonating structures or as involving carbonium 
and oxonium forms. These studies arose from the use of sulfonephthal- 
eins as acid-base indicators and the theories were developed mostly 
from experiments with the phthaleins. 

The most important property of sulfonephthaleins is the color change 
they undergo with change in pH. This property is usually expressed by 
the Ostwald ionization or dissociation equilibrium of the sulfonephthal- 
ein which is pictured as behaving as a weak acid, 

HI H H +  + I' 
Undissociated sulfonephthalein == dissociated sulfonephthalein 

Although this misrepresents the color change mechanism, it is a con- 
venient tool for assigning a numerical quantity to the color transforma- 
tion by means of the well-known ionization constant, K, and the indicator 
constant, pK, which is the negative logarithm of the ionization constant. 

= K = ionization constant 
P+l [I-I 

HI 
- log K = pK = indicator constant 

The pH range in which the color cknge occurs, the color transforma- 
tion and the indicator constant are  given in Table 8. 

Between 1916 and 1919, Lubs and A ~ r e e , 2 ~ ~  White,502 and White and 
Acree505~506 advanced the quinone-phenolate theory to explain the be- 
havior of sulfonephthaleins under varying conditions of pH. This theory 
pictured the color change as arising through the formation of a quinone 
group and a phenolate group or its ion. Phenolsulfonephthalein thus was 
considered to involve equilibria with 137,138, and 139. 

a""'"' 
138 

HO 

colorless, weak acid 
sultone (lactoid) form yellow, monobasic salt 

as03Na 
137 N a O  x3yLO 139 

deeply colored 

R 0 

yellow, strong acid 
quinoid form dibasic salt 

[For references, see pp. 289-312.1 159 



Chapter 4 

Conductivity measurements by White504 substantiated the quinofd form 
and according to these data phenolsulfonephthalein and the tetrabromo- 
and tetranitro- derivatives have at least 65% quinoidal form. 

In contrast to the phenolphthaleins, which a rc  weak acids, the sulfone- 
phthaleins a re  strong acids, In the case of phenolsulfonephthalein, the 
weak phenol group is suppressed by the ionization of the strong sulfonic 
group whose acidity is nearly a s  great as a mineral acid. The yellow 
color, which is characteristic of phenolsulfonephthalein solutions, is 
not perceptibly altered by the addition of alkali up to 75% of a molecular 
equivalent. The addition of 95% molecular equivalent or more of alkali 
neutralizes the sulfonic acid group and results in a tautomeric re- 
arrangement in which the alkali is neutralized by the phenolic hydrogen 
ions until the deeply colored dibasic sodium salt appears. 

The amount of alkali necessary to produce a sharp change in color in 
phenolsulfonephthalein is about 85-87% molecular equivalent and in thy- 
molsulfonephthalein about 98% This is interpreted to be dependent on 
the constant for the equilibrium between the sultone and quinoidal struc- 
tures and on the relative acidity strengths of the sulfonic and phenolic 
groups. Thus, the substitution of negative bromo or nitro groups in the 
-C,H,SO,H residue confers an increased acidity on the sulfonic group 
while not affecting that of the phenolic hydroxyl or the pH range of the 
color change, The substitution of negative bromo or nitro groups in the 
phenol residue greatly increases the acidity (ionization) of the phenolic 
hydroxyl and the color change occurs at a lower pH. The substitution 
of methyl, isopropyl, or amino groups in the phenol part lowers the 
ionization of the phenolic hydroxyl and raises the pH from 0.8-8.4 for 
phenolsulfonephthaIein to 7. 2-8. 8 for o -cresolsulfonephthalein, and 
8. 0-9. 6 for thymolsulfonephthalein. In solutions of the free tetrabromo- 
and tetranitrophenolsulfonephthalein and of dinitrobromothymolsulfone- 
phthalein, the phenolic hydroxyl group is highly ionized and the com- 
pounds, without the addition of alkali, have colors characteristic of the 
nearly completely ionized dibasic salts. The addition of strong mineral 
acid suppresses the ionization of the phenolic hydroxyl and discharges 
the color of the quinonephenolate ion. 43,295,505,506 

The similarity of the absorption spectra of the alkaline solutions of 
sulfonephthaleins, phenalpthaleins, aurines, fluoresceins, and related 
compounds was advanced by White 2nd Acree23O2505 as evidence that 
the deep color in all of these arises from the quinonephenolate ion. 
Additional confirmation was given by the absorption spectra studies of 
o-cres~lsulfoneghthalein~~~ in which it was established that neutral 
solutions of sulfonephthaleins have two absorption bands, that addition 
of acid or alkali causes the disappearance of one of the bands and the 
appearance of two new absorption bands. The other band of the neutral 
solution is modified by the  addition of acid, but alkali eventually makes 
it disappear and give rise to a new band with lower frequency. In the 
case of dilute alkali, the two new bands are  not stable but revert to the 
two bands of the neutral solution. 

V d k  and Leminger481 reported that pyrocatechol violet has a yellow- 
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orange color in water, violet-red in alkaline solution. They explained 
these color changes by equilibria of the undissociated sultone structure 
(140) with a quinoid anion (141) and a carbonium ion (142). Pyrocate- 
chol violet was converted to pyrocatechol green (143) through a re- 
arrangement and dehydration reaction. 

OH 

* 140 142 
Violet anion Yellow sultone structure Red carbonium ion 

Iyyne 
&] 

OH OH 
143 

Pyrocatechol green (148) dissolves in water with a brown color. Its 
alkaline solution is intense green and its acid solution yellow. It does 
not form metal complexes. 

Lucas368-375 postulated equilibria of the sultone form (144) with a 
quinoid structure (146) and a carbinol form (145). 

In a series of absorption spectra studies of sulfonephthaleins, Ramart- 

-HzO ~ qso3H q""" \H,O \ 

/\ HOAr ArOH 

145 144 146 
HOAr Ax-'* 

/To" 
HOAr ArOH 

Carbinol form Sultone form Three quinoid forms: 
A, B and B' 

The three desmotropic forms occur as follows: 146A in neutral water, 
alcohol, and benzene media, and sometimes in acid media, but never in 
alkaline media; 146B in neutral (water and alcohol), acid (dilute acetic 
acid), and in alkaline media: this form is prevalent in the brominated 
products; 146B only in certain neutral solutions (alcohol and water) 
and in the presence of hydrochloric and acetic acid. Because of the 

[For references,see pp. 289-312.1 161 
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C306 Ring Systems 

small difference in spectra of B and B’, B‘ was found in alkaline solu- 
tions only at very high concentrations. Table 9 lists various sulfone- 
phthaleins studied and their postulated structures, A, B, o r  B’, for 
various media. 

There apparently is no question concerning the quinoid structure of A. 
The structures of B and B’ a re  postulated to be due to alterations in 
valence angles or spatial relations within the molecule and are  affected 
by the electrical charges of the substituents. There also appears to be 
no question of the prevalence of the sultone structure in benzene. 

Other spectra studies also have been r e p 0 r t e d . ~ - ~ * ~ ~ ~ , ~ ~ ~ ~ % ~ ~ * ~ 8 O 9  

Schwarzenbach and c0-workers42~ explained the color changes of 

275b3, 275C ,275d,276,309,321,397,398,458~45914711 474,480, 520 

phenolsulfonephthalein from red to yellow at pH 1. 5 as a change from a 
symmetrical to an unsymmetrical resonance, and vice versa. The sul- 
fonephthaleins were regarded as resonance systems in which two or 
more auxochrome groups with free electron pairs are attached to an 
unsaturated carbon chromophore residue in such a way that the double 
bonds can be displaced without affecting the molecular stability. 

Red L J Yellow ’ 
1 2- 

Kolthoff and G u s s , ~ ~ ~  in their studies on the ionization constants of 
various sulfonephthaleins, visualized a similar change. Colichman7 
also attributed the two colored forms of bromophenol blue to this ioni- 
zation equilibrium. 

There has been considerable discussion and controversy on the fading 
phenomenon of ~Uifonephthaleins.~-7,278, 355,4118 474 Fading is regard- 
ed to occur by the addition of hydroxyl ion to a colored form to give a 
colorless carbinol. The fading is a reversible process and depends 
upon the alkali concentration. Chen and Laidlere9a studied the effect of 
pressure and temperature on the kinetics of the alkaline fading of bro- 
mophenol blue. They found that pressure has essentially no effect on 

163 [For references, see pp. 289-312.1 
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the rate constants and concluded that, in reactions of bromophenol blue, 
the quinoid form may be structurally somewhat larger (relative to the 
carbinol form) so  that the fading reaction involves a decrease in volume; 
they suggest that electrostriction effects in bromophenol blue may also 
contribute some effect. 

One of the more exhaustive studies on the structural changes of sul- 
fonephthaleins is that of Davis, Schukmann, and Lovelace. 88 The rela- 
tion between the color and the pH of the solution of sulfonephthaleins 
was summarized by the following equilibria: 

151 
-0 

asoi C-OH 

+no flcy.l OH +-+ "oa(!2LoH+ .oLz-y Qo- 
153 154 

Thus, in aqueous medium, three colored forms and one colorless form 
a r e  known to exist: 150 (yellow form), a univalent ion which contains a 
quinoid group, absorbs in the violet region of the spectrum, the bivalent 
anion, 151 and 152, formed by removal of a phenolic hydroxyl proton, is 
of deeper color alid absorbs light of longer wavelengths; the amphion, 
153, arising from the attachment of a proton to the phenolic hydroxyl, is 
deeply colored. The colors of the bivalent anions and the amphions are 
similar but not identical. The colorless form, 154, absorbs ultraviolet 
but not visible light. The colorless form of the solid, on the other hand, 
is believed to have a sultone structure which can be easily converted to 
the deeply colored hydrate (solid amphion of 155). The suItone struc- 
ture probably does not occur in aqueous medium, at least not for long, 
because of the ease of hydration. Its solution in dry benzene, on the 
other hand, is colorless and is present as the sultone; deeply colored 
sulfonephthaleins a re  insoluble in benzene. 
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Blow and Rich508 described the effect of pH on bromophenol blue by 
the following series of structural changes: 

155 
Acid form pH <3 

156 
pH 5-10 

I s l o w  

pH 10-14 pH 5-10 

According to this, the acid form (155) has a sultone ring and exists as 
anunchanged molecule with a yellow color which pers is ts  over the pH 
range of 3. 0-4.6. This gradually changes to the blue quinoid form 
(156) on addition of hydroxyl ions and this divalent structure, with i ts  
resonance modifications, is stable between pH 4. 6 and 10. Above pH 
10, the quinoid structure is slowly converted to  a trivalent ion (157). 
On neutralizing the alkaline form, little change is observed as the color- 
less monovalent ion (158) is formed. This, being unstable, rever ts  to 
the blue form (156) within a day o r  to the yellow form (155) within a 
few hours if the pH is lowered below 5. 

Table 10 lists the solubility of sulfonephthaleins in water and in or- 
ganic solvents. 

In addition to the properties discussed in various sections of this 
chapter, such as adsorption spectra, two others are of some interest. 
Taira, Yamatodani, and F’ujii454 separated the following sulfonephthal- 
eins @ f values in parenthesis) by paper chromatography using 3% 
sodium chloride solution a s  the developing agent: thymol blue (0. 37), 
bromothymol blue (0. 37), phenol red (0. 731, bromophenol blue (0.57), 
bromocresol purple (0.581, bromocresol purple (0. 73), and phenol red 

Patti358 irradiated phenol red, bromocresol purple, and bromophenol 

(0. 74). 

[For references,see pp. 289-312.1 165 
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blue aqueous solutions with gamma rays and established by means of 
paper chromatography and electrophoresis that the phenol red and 
bromocresol solutions decolorized with the formation of two compounds 
and bromophenol blue changed from blue to yellow with the formation of 
two compounds. He postulated the splitting of the chromophoric group 
with formation of phenol. 

F’ranglen131 investigated the purity of sulfonephthalein dyes with 
paper chromatography and electrophoresis under normal light and 
ultraviolet light. The sulfonephthalein dyes were readily distinguished 
from each other, although chromatography was more effective than 
electrophoresis. This study is important particularly for showing that 
the majority of sulfonephthalein samples had appreciable quantities of 
impurities which could be of importance in their use for pH determina- 
tions. Thus, paper chromatography showed that six other components 
were present in chlorophenol red as impurities. 

The relative degree of chromatographic adsorption of the following 
sulfonephthaleins OR Silene E F-Celite 5 35 was studied by Karabinos and 
Hyde: 248 bromophenol blue, bromocresol green, chlorophenol red, 
bromocresol purple, wz -cresol purple, thymol blue, cresol red, and 
bromothymol blue. Elemental flowers of sulfur has been shown to be a 
suitable hydrophobic adsorbent in chromatography for the separation 
of sulfonephthaleins. 296 Bromophenol blue has been successfully deter - 
mined by virtue of the sharp thin blue line it gives in an ioncgraphic 
isoelectric apparatus.304 

According to Doss and Gupta108b bromocreso! purple and thymol blue 
have relatively large heats of adsorption. 

During work on the uptake of bromocresol green by serum proteins, 
Franglen and Gosselin131a noticed that the quinoid form of bromocre- 
sol green appeared to be polymerized. Thus, in dialysis experiments 
on the acid side of the dye, 4.7 (phenol form), equilibrium was 
reached within two days; on the alkaline side (quinoid form), equili- 
brium was not reached until after two weeks. On electrophoresis in 
starch gel, the quinoid form split into two separate components, pre- 
sumed to be a mixture of two polymers or groups of polymers, 

(4) Uses and Applications 

ed that sulfonephthaleins and their derivatives constitute an excellent 
series of acidimetric indicators with sharp color changes and with 
readily distinguishable colors. The first series of sulfonephthalein in- 
dicators introduced by Clark and LubsT2 was extended by Cohen,75-77 

In the preparation of indicator solutions of sulfonephthaleins, if the 
indicator is too insoluble in water, enough sodium hydroxide is added to 
neutralize the sulfonic acid group. Stock solutions of these indicators 
generally contain from 0. 5 to f g of indicator per liter of solvent, Al- 
cohol is sometimes used to increase the solubility of the indicator. 

(a) Analytical. White503-505 and Lubs, Acree, and Clark72*29s show- 

Hardin, 17 7 3 178 and others. 62,6 4,2Y 3,300,3 05 , 3 43 -3  45,413,429,5 06 

[For references, see pp. 289-512.1 167 
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Usually one to three drops of the indicator stock solution is used per  
10 ml solution in hydrogen ion determinations. 

blue, bromophenol blue, bromocresol green, chlorophenol red, bromo- 
thymol blue, phenol red, and cresol purple. Of these tetrabromophenol 
blue, bromocresol green, and chlorophenol red have enjoyed the widest 
use. Some of the sulfonephthaleins are not satisfactory indicators be- 
cause of their marked dichromatism during transformation. 

mixed indicators. 5 l 5  Bromothymol blue, thymol blue, bromocresol 
green, and bromocresol purple have been used in the preparation of uni- 
versal indicators which cover the range pH 1.2-12. 7. 

have been recommended a s  indicators for the determination of hvdrogen 
ion in colored and cloudy solutions. 25 

In addition to their use in acidimetry, the sulfonephthaleins-have found 
use as adsorption, complexometric, and chelatometric indicators, such 
as for the titration of thiocyanate ions with si lver ions and tellurium 
ions with iodide ions.275~277)317-320,340,482 A specific test  for silver 
ions is the gold-yellow colors or spots on filter paper obtained with 
addition of 0.1% pyrogallolsulfonephthalein or its dibromo derivative in 
ethanol solution. 488 Pyrocatechol violet forms colored complexes with 
various cations, such as bismuth, thorium, aluminum, iron, zirconium, 
vanadium, etc., and is a suitable reagent for their  detection on paper elec- 
tropherograms in amounts as small as 0.1 microgram.3O1 Tetrabromo- 
phenol blue3l2 and iodophenol blue have been used in the potentiometric 
titration of the halogens with Hg2(N0,),. Sulfonephthalein dyes, such as 
bromothymol blue and bromophenol blue, combine with organic bases, 
such as cetyltrimethylammonium bromide or ephedrine hydrochloride, 
to form complex addition compounds in colorimetric determinations. 24, 
2 2 9 ~ 5 ~ 9  Auerbachlga used bromothymol blue a s  a dye anion in the colori- 
metric determination of germicidal quaternary ammonium salts in di- 
lute solution and for the determination of alkaloids. 

KOrbl, Svoboda, and Terzijska27Sa reported a new series of metallo- 
chromic indicators from the condensation of sulfonephthaleins, such as 
pyrocatechol violet, pyrogallol red, cresol red, thymol blue, and xylenol 
blue with formaldehyde, p, P'-iminodipropionic acid, o r  N-(2-carboxy- 
ethy1)glycine. These derivatives exhibit hypochromic minimums a t  
about pH 12, in which region they form complexes with alkaline earth 
metals . 

The use of p -hydrazinophenylsulfonephthalein for the determination of 
aldehydes276 has been noted. The sulfonephthaleins have found wide use 

Phenol red has been used in the determination of the depth of penetra- 
tion of sodium fluoride into wood. 479 Many other analytical uses are 
mentioned in the literature, 165a,165bj305a, 401a but they are of minor 
importance compared to the use in acidimitry. 

The more important sulfonephthalein acid-base indicators are thymol 

Bromocresol green, cresol red, and thymol blue have been used in 

Cresol red, thymol blue, bromophenol blue, and bromocresol purple 

in biochemical analyses -68 a 6 9b) 94918 2918 4,ZO 9% 2 1 2,2 15,25 8 d,  324,434'5 0 9 
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@) Dyes. According to three British patents granted to Farbwerke 
HoecW18,218a,219 sulfonated aminosulfonephthaleins are useful red 
to blue wool and silk dyes having good fastness to light and alkalies. 
These dyes are prepared by treating resorcinolsulfonephthalein (159) 
with POC13 to give the 3', 6'-dichloro derivative (1601, which on reac- 
tion with an aromatic amine, e.g., aniline, yields a dye (162) whose solu- 
bility properties a re  improved by sulfonation. 

159 160 

Sulfona- 95% H2S04- 
ted dye ' 

NHAr 

162 161 

(c) Pharmaceutical. Sulfonephthaleins have found wide use for test- 
ing the renal function as they are eliminated almost quantitatively 
from the blood stream through the kidneys after intravenous injec- 

Because phenol red is not absorbed from the stomach nor altered 
chemically by the gastric secretions, it has been used as a dilution in- 
dicator for gastric a n a l y s i ~ . ~ ~ ~ t 3 6 0  It has found use in the study of 
muscle, 3 l 4  hypertension, 128 general paresis8, and the spleen. 235 

activity against B. typhosus and S. a m u s .  70,1751181 

tion.61,176,210,260, 261, 352, 495 

Mercury derivatives of sulfonephthaleins have shown bacteriostatic 

[For references,see pp. 289-312.] 169 
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c. c30s-c,-c, 
1. 4,7-MetbanO-SH-l, a-benzaxathiole (163) 

163 
(RRI 2222) 

The parent compound is unknown. Th primary compound of thi ing 
system is 3a, 7a-dimethyl-4,7-methano-hexahydro-3H- 1,Z-benzoxathiole 
2, l-dioxide (la), the name used in Chemical Abstracts. It is more 
commonly called camphenehydrato-n -sulfolactone or camphenesultone. 
A variety of derivatives substituted in position 4 or 5 have been pre- 
pared. These are  listed in Table 11. 

164 

a. Structure 

For quite some time there was doubt concerning the structure of this 
sultone (164). Lipp and Holl,2*9 on treating active camphene (165) with 
sulfur trioxide and acetic acid, obtained isobornyl acetate (166) and a 
residue from which they isolated a sultone to which they assigned struc- 
ture 167. Treatment of the sultone with 10% NaOH or Ba(OH), solution 
opened the sultone ring to give 2-hydroxycamphane-w -sulfonic acid 
(168) which on heating with concentrated hydrochloric acid and acetic 
acid reverted to the sultone (167). 

ACOH, $03 

40% ' \v 

165 166 167 
A c O H ,  H C l  

CH2SOsH 

bH 
168 

170 
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Lipp and HoU were not able to oxidize 2-hydroxycamphane-w-sulfonic 
acid to R e y ~ h l e r ’ s ~ ~ ~ ~  camphorsulfonic acid (la), although they found 
the inverse reaction readily yielded two stereoisomeric 2-hydroxycam- 
phane-w-sulfonic acids, an elzdo form (l68a) and an ex0 form (168b), 
from which they obtained the sultone. 

108a lab 
I 

169 

107 
Apparently there is no doubt that Lipp and Holl obtained the sultone, 

although they assigned to it an incorrect structure. More recently 
Asahino, Sano, and Mayekawall have shown that the formation of the in- 
active sultone from active 2-hydroxycamphane-w -sulfonic acid is under- 
standable only on the assumption that tricyclene-w -sulfonic acid (170) 
is formed as an intermediate. 

168 170 

The tricyclene, through hydrolytic cleavage, is converted to camphene- 
hydrato-n-sulfonic acid (171) in two optically active forms which, on 
lactonization, yield the inactive sultone (164). 

170 171 164 

It is not possible to designate the sultone configuration. Its formation 
from active 2-hydroxycamphane-n-sulfonic acid may be explained 
through the Wagner-Nametkin rearrangement. 438 According to Asahino, 
Sano, and Mayekawa it it unlikely that camphene-n-sulfonic acid (172) 

171 [For references, see pp. 289-SlZ.] 
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stereoisomers a re  intermediates, as in this case the sultone would be 
a mixture of diastereomeric endo and exo forms and not racernic 

HOSSCHp 63 H O 3 S C 6 3  

172 

Asahino, Sano, and Mayekawa further concluded that the saponification 
product of the sultone is not 2-hydroxycamphane-w -sulfonic acid (168) 
for the following three reasons: (a) the product is unsaturated and cow 
tains two hydrogens and one oxygen less than Lipp and Hol1290 supposed; 
(b) the product is optically inactive although prepared from optically 
active camphene; and (c) the same sultone is obtained from 2-hydroxy- 
camphane-n-sulfonic acid. 

FrBrejacque,131a in preparing Reychler's acid (169), recovered from 
the mother liquor two isomeric neutral compounds which he believed 
were mixed camphor acetybulfates. Asahino, Sano, and Mayekawa postu- 
lated that the compounds were probably stereoisomeric acetoxysultones 
arising from the formation of camphor diacetate (174) which undergoes 
a Wagner rearrangement to give 1-acetoxycamphene (175) with subse- 
quent ring isomerization to the camphane skeleton and sultone (177). 

173 169 174 

175 
bAC " 

170 177 

b. Preparation 

(1) Sulfonation of Camphor 
The sulfonation of camphor (173) by Reychler's method with sulfuric 

acid in acetic anhydride, as already discussed, yields a small amount of 
neutral by-product characterized as the 4-acetoxysultone (177). 11t131b 
The reduction of Reychler's acid (169) with sodium in alcoholic solution 
by Lipp and Hol1269 gave 2-hydroxycamphane-w -sulfonic acid (168) 
from which they obtained the sultone (164) in 73% yield by treatment 
with acetic acid and concentrated hydrochloric akid at 70" for 9 hours. 
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(2) Sulfonation of Camphene 

Lipp and Holl289 obtained a 4% yield of sultone (164) as a by-product 
from the action of sulfur trioxide in acetic acid on active camphene 
(165); the major product waa isobornyl acetate (166). Asahino, Sano, and 
Mayeltawall considerably improved the yields, up to SWO, of sultone 
(164) by treating inactive camphene with sulfuric acid and acetic anhy- 
dride. 

The action of sulfuric acid and acetic anhydride on nitrocamphenes 
(1?8 and 179) is analagous to that on camphene. l2 

H2SO4, ACZO 

b0, 

180 

iro, 

181 

This reaction of nitrocamphene to give the nitrocamphenehydrato-n- 
sulfolactone (l?9 and 181) is probably accompanied by a rearrangement 
similar to that observed for the hydration of camphene and probably 
proceeds through 182 and 185 involving a methyl shift and ring closure. 

v 
178 

C H ~  s h i f t  02NaCH2s03H 0 , N f l " '  HzS0, , 
182 

183 179 

The preparation of the sultone from nitrocamphene may be cited a8 con- 
firmation of Asahino and co-workersll -I3 postulate that camphenehy- 
drato-r-sulfonic acid (173) is the precursor of the sultone. 

Treatment of camphene-4-carboxylic acid (184). with sulfuric acid and 
acetic anhydride, as was done with camphene and nitrocamphene, yielded 
isobornylaceto-4-carboxylic-w-sulfonic acid (185) and no su1t0ne.l~ 

;For references,see pp. 28@-312.] 17 5 
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?QH OCOCH, 

H,SO,, AC,O 

184 

kHpS0,H 

185 

On the other hand, active camphene-1 -carboxylic acid (1861, under the 
same conditions, gave 23% of sultone (187), whose methyl and ethyl 
esters had a measurable rotation. I3 

boon 
186 

toon 
187 

The conversion of camphene-l-carboxylic acid (186) to the sultone 
(187) whereas camphene-4-carboxylic acid (184) undergoes the Wagner 
rearrangement is in agreement with the behavior of a- and @-methyl- 
camphenes towards acids. 438 In Beneral, I -substituted camphenes under- 
go the Nametkin rearrangement and 4-substituted camphenes undergo 
the Wagner rearrangement. A possible exception to this generalization 
is the conversion of camphene-l-carboxamide (188), on treatment with 
sulfuric acid and acetic anhydride, to camphene-4-carboxamide-r- 
sulfonic acid (1891.13 

180 

(3) Sulfonation of Isoborneol and Borneol 
Treibs and Loren2462 obtained camphenesultone (164) in 55% yield by 
the sulfonation of isoborneol (190) by Reychler'e method. A similar 
treatment of borneol (190) gave a 7. 6% yield of sultone. It was assumed 
that borneol or isoborneol was first converted to camphene (165) with 
racemization through formation of a carbonium ion intermediate (192). 
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a+m 
165 

c. Reactions 

opens the sultone ring to give 2-hydroxycamphene-n-sulfonic acid 
Treatment of camphenesultone with 10% NaQH or Ba(OH), solution 

(193) .11:289 

194 193 

Sulfur dioxide evolves on thermally decomposipg the sultone in the pre- 
sence of zinc oxide to give camphene. 463 

ZnO 

O2 __L_, SO, + H 2 0  i 

194 16s 

In heated concentrated hydrochloric acid, the 4-aminwsultone (195) is 
attacked at the sultone ring to give 4-aminocarnphene-n-sulfonie acid 
(195a). 1 2  

coned. H C l  p% A P C Z S O s H  + H20 

NY2 NH2 

tas lffi 

Helberger and Manecke, lg4 on treatment of the sultone with potassium 
iodide in refluxing methyl ethyl ketone, found that the ring opened to 
gtve 2-iodocamphene-n-sulfonic acid (196) in good yield. 

184 196 

The following reactions of the  4- and 5-nitrosultones (197 and 181) 
were carried out by Asahino and Yamagucki.12 

[For references,see pp. 289-S12.] 177 
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197 198 

199 164 

tho, 
181 

k H2 
200 

b H  

201 

dAc 

202 

The reaction of primary amines with nitrous acid ordinarily goes by 
way of a carbonium ion intermediate. At bridgehead carbons, however, 
the reaction goes with great  ease, and some other path may be invol- 
ved. Thus the difference between the diazotization products of the 4- 
and 5-aminosultones (198 and 200). 

The following reactions of sultone-4-carboxylic acid were carried out 
by Asahino and Kawahata. 

C O O H  

P O z  COOR 

207 

JOCl 

204 205 
1. Ha, WeOH 
2. B r 2  I 

H+ 
no amine .  - 

~ H C O O C H ~  

206 

178 
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!H 

210 

LOOH 

203 

2. 5, ‘la-Methano-’?~-l, 2 Benzoxathiole (211) 

211 
(RRI 2223) 

The only representatives of this ring system are the 4-substituted- 
3u -methyl - 5,7u - methano - hexahydro - 7aH- 1 , 2  - benzoxathiole 2 , 2  -dioxides 
listed in Table 12. In addition to this nomenclature, Chemical Abstracts 
has called them sultones of 4-hydroxy-9-camphenesulfonic acid. 

TABLE 1 2. 30 - Methyl- 5 . 7 ~  -met hano - hexahy dro- 7a H - benzoxathiole 
2,2-Dioxides. 

Subst ituent Yield M.p. (“C) [aID Ref. 

4 - (=CH 2) 55 115-116 -12. 86(EtOH)/22’ 12 

4-(=0) 50 171.2 47. 25(C6H6)/3O0 12 

4 - (-Hc 6H q-p -NO, 1 230 12 

4-CH3 100 143 and 147 4,93(EtOH)/25O 12 

Asahino and Yarnaguchilz obtained these sultones (214) on boiling 4- 
amino-3a, 7a -dimethyl-4,7-methano-hexahydro-l, 2,3H-benzoxathiole 
2,2-dioxide (212) with 10% HC1 solution, and diazotizing the resulting 
4 -aminocamphene -n - sulfonic acid (21 3). 

[For references, see pp. 289-312.1 179 
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S~hUlIlkopf~2~b pointed out that in the deamination of the amine (213) 
through diazotization, the primary resulting cation (215) reacts not only 
with a water molecule but also with the favorably positioned oxygen 
of the suIfonic acid hydroxyl. 

Treatment of the 4-aminosultone (212) in 30% HC1 solution with sodium 
nitrite gave a hydrochloride of the 4-methylene-3a-methyl-5, %-me- 
thano-hexahydro-7rrH-1,Z-benzoxathiole 2,2-dioxide, although there is 
some question as to the structure of the sultone. The chloride is re- 
moved by catalytic hydrogenation or by reduction with zinc and acetic 
acid. 

The 4-methylenesultone (214) in acetic acid absorbed hydrogen over 
a Pd-C catalyst to give two stereoisomeric 4-methylsultones (21'0, 
melting at 143" and 147". 

214 217 

180 
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On ozonolysis, the 4-methylenesultone (214) cleaved into formaldehyde 
and a ketosultone. 

214 213 

p-O,NC&NHNH2 1 
p-Nitrophenylhydrazone 

3. 3,5-Metlmn~cyclapent[c][l, 2]oxathiole (219) or 
B-Cha-'I-thiatricyc10[3.2.1.l~~8]nonane (220) 

219 220 

(MI 2224) 

Chemical Abstracts uses the tricyclo name for indexing. Compounds 
in this ring system also have been called [2. 2. llbicycloheptane-3, 5- 
sultones. 

In the course of investigating the Diels-Alder reaction of cyclopenta- 
diene with several phenylethene-1 -sulfonates, Rondestvedt and W ~ g a n t ~ ~ ~  
treated the adducts with potassium tribromide to give the bromosultone 
in order to estimate the composition of the stereoisomeric adduct mix- 
ture. Thus, when methyl 2-,!~-nitrophenylethene-l-sulfonate (221) was 
refluxed with cyclopentadiene in bromobenzene for one hour, 68'3 of an 
adduct was obtained. This adduct, characterized as methyl 6-p-nitro- 
phenyl-2,5-endomethylene- 1,2,5,6-tetrahydrobenzenesulfonate, was a 
mixture of two stereoisomers (222 and 223). 

0 + i H O N 0 2  C8HSBr, ref lux, 

CHSOaCH, 68% 

221 

[For references, see pp. 289-312.1 181 
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$03Me 
222 

60-65% 

223 

1. OH- 
2. H', KBrJ 

0 2  

224 

The adduct mixture, on hydrolysis to the sulfonic acid and treatment of 
the acid with potassium tribromide solution, gave 60-65% yields of 2 - p -  
nitrophenyl-6-bromobicyclo [2.2.1] heptitne-3,5-sultone (2241, melting 
at 206 -208". 

On recrystallizing the adduct 14 times, the yield of bromosultone was 
9 8 . .  It was therefore concluded that the crude adduct contained approxi- 
mately 65% of isomer 222, in which the position of the sulfo group is 
favorable for shltone formation. 

The basis for this conclusion was the quantitative yield of Z-bromo- 
2-methyl-3-phenylpropene-l,3-sultone obtained by Bordwell, Suter, and 
\Nebbersoa on treating 2-rnetnyl-3-pnenyl-Z-propene- 1-sulfonic acid 
with bromine water (section I A-Ja(lc)). The ease of formation of the 
propane sultone and the bromosultone of 222 indicated that sultone for- 
mation may be used to estimate certain p ,  y-or y ,  bunsaturated sul- 
fonic acids in mixtures. Rondestvedt and Wygant399 point out, however, 
that the reaction is not completely general for these classes of unsatu- 
rated acids, as bromosultones can be prepared from 0, ,,-unsaturated 
acids only if a phenyl group is in the y-position. 

The adduct prepared by refluxing cyclopentadiene with methyl 2-phenyf- 
ethene-1-sulronate yielded only 99 of 8-phenyl-6-bromobicyclo [Z. 2.11 
heptane-3,5-sultonet melting at 214, 5-116.5". The adduct prepared 
from a mixture of 2-phenylethene-1 -sulfonyl chloride and cyclopenta- 
diene in toluene at 45" for 3% days yielded 59% of the bromosultone.400 
The adduct prepared from a mixture of methyl 2-phenylethene- l-sulfon- 
ate and cyclopentadiene in toluene at 45" for 3 days yielded only 1% of 

182 
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the bromosultone. 400 The,adduct prepared from a mixture of 2-p-nitro- 
phenylethene-1-sulfonyl chloride and cyclopentadiene in toluene at 45" 
for 3% days yielded 74% of the bromosultone (224). 400 

1. Naphth[l, 8-cd]-1,2-axabiole (225) 

225 
(RRI 2800) 

The parent compound is unknown. It i s  well represented, however, by 
numerous derivatives of its 2,2-dioxide, commonly kqown as naphtho- 
sultone. the cvclic ester of l-na~hthol-8-sulfonic acid. These cornl)omds 
have been indexed in Chemical, Abstracts under 1-naphthol-8-sulfonic 
acid sultone. 

Naphthosultone (226) was first prepared by M e n s ~ h i n g ~ ~ ~  in 1885. It 
was first characterized by Schu1.tz427 in 1887 and the term "su1tone"was 
introduced by Erdmannll7 in 1888. The various naphthosultones which 
have been reported are listed in Table 13. 

a. Preparation 

(1) From 1 -Naphthylamine- 8-sulfonic Acids 
The most general procedure for preparing naphthosultones has been 

by heating or  refluxing diazotized solutions of 1-naphthylamine-8-sul- 
fonic acids with water, alcohol, or dilute acids. 33, 41, 42,853 86 ,  117,122, 
135,140,236,267,322,427, 448,475,476 

1. Diazotization f i  2. H#,A 
100% 

236 

The mechanism of this reaction is not known. There is reason to be- 
lieve that the diazo compound is not converted to the naphtholsulfonic 
acid as an intermediate, in view of the difficulty of dehydrating this to 
the sultone. An interesting mechanistic lead is that the sultone was ob- 
tained by Cumming and Muirs5 on pouring diazotized l-naphthylamine- 
8-sulfonic acid into boiling hydrogen iodide rather than the iodo com- 
pound one would expect from the Sandmeyer reaction. This observation 
by Cumming and Muir was cited by Hodgson, Birtwell, and Walker217 as 

[For references, see pp. 289-312.1 183 
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an exception to their interpretation of the Sandmeyer reaction. It seems 
reasonable to postulate that the reaction involves an internal dfsplace- 
ment of nitrogen by the sulfonate oxygen in the diazonium zwitterion to 
account for the ease of ring closure. 

From 1, 8-Naphtholsulfonic Acids 

The literature does not disclose any case in which naphthosultone was 
obtained by heating 1,8-naphtholsulfonic acid. An early German patent3s 
implies that the crultone was obtained as an intermediate on heating 
naphtholsulfonic acid at lligh temperatures with sulfur and alkali sul- 
fides; however, the claimed product was  a brown dye stated to be useful 
for dyeing wool. 

Two early German patents%27 claimed the preparation of naphtho- 
sultone sulfonic acids by treating naphtholsulfonic acid with concentra- 
ted sulfuric acid at loo", fuming sulfuric acid in the cold, or with phos- 
phorus pentoxide or oxychloride. Schetty4 l7 converted 4-substituted 
sodium 1 -naphthol-8-sulfonates to 6-substituted naphthosultones by 
treatment with boiling phosphorus oxyc hloride. 

In studies on the chlorosulfonating action of chlorosvlfonic acid on 
naphtholdisulfonic acids, Gebauer- Fuelnegg and Haemmerle141 obtained 
naphthosultone-7-sulfonyl chloride (227) on treating 1-napthol-3, 8- 
disulfonic acid with chlorosulfonic acid; naphthosultone-6-sulfonyl chlo- 
ride was obtained analogously from l-naphthol-4,8-disulfonic acid, In 
attempting to prepare carbethoxy- 1-naphthol- 4, 8-disulfonyl chlorides, 
naphthosultone-6-sulfonyl chloride was obtained if traces of moisture 
were not excluded during the reaction of the carbethoxy 1-naphthol-4, 
8-disulfonic acid with PC1, as well as in the recrystallization step by 
the splitting off of the carbethoxy group. 

fi C l S O 3 H ,  150°, 

c10,s \ /  
H03S 

237 

Spryskov and A p a r y e ~ a ~ ~ ~  on chlorosulfonating 1 -naphthol-4,8-disul- 
fonic acid at 20" for 24 hours obtained 43-6474 yields of naphthosultone- 
6-sulfonyl chloride. They prepared the naphthosultone-7-sulfonic acid 
by heating sodium 1-naphthol-3,B-disulfonate with sulfuric acid; the 
sultone was converted to the corresponding sulfo9yl chloride by treat- 
ment with chlorosulfonic acid at room temperature for 24 hours. 
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The sulfonyl chlorides are important for the identification and purifi- 
cation of aromatic sulfonic acids as well as for the 2reparation of a 
variety of derivatives. In general. phosphorus pentachloride is not an 
effective agent for converting sulfonic acid to sulfonyl chloride; rather, 
phosphorus pentachloride displaces the phenolic hydroxyl with chlorine. 
5i the treatment of 1,8-naphtholsulfonic acids with chlorosulfonic acid, 
there is little doubt that the first stage is  the chlorination of the sulfonic 
group to give the sulfonyl chloride. The mechanism, however, for elimi- 
nation of hydrogen chloride from the intermediate 1-naphthol-8-sulfonyl 
chloride is not known. 

Schirmacher and Langbein,421 on treating sodium 1-naphthol-4,8- 
disulfonate with chlorine and concentrated hydrochloric acid at 30-80" 
for half an hour, obtained a 90% yield of 6-chloronaphthosultone (228); 
the bromo compound was  prepared analogously. The treatment of 
sodium l-naphthol-6,8-disulfonate with sodium chlorate in dilute hydro- 
chloric acid at 30-80" yielded 6-chloronaphthosultone-4-sulfonic acid 
(229). The mechanisms of these two reactions are not obvious. 

C 1  

228 

so3n 
C1 

229 

b. ProDerties 

The naphthosultones listed in Table 13 are colorless, well crystallized 
compounds of relatively high melting point. The oxathiolane ring struc- 
ture is stable towards heat and is not readily broken; thus naphthosultone 
at its atmospheric boiling point, 360°, undergoes only slight decomposi- 
tion. 

c. Reactions336 

(1 ) Hydrolysis 

treatment with aqueous sodium carbonate or sodium hydroxide in the 
cold is without effect. Napthosultone is only scarcely attacked by boil- 
ing aqueous ammonia. I t 7  

Naphthosultones a re  relatively stable to alkalies in the cold; prolonged 

[For references,see pp. 289-312.1 185 
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Treatment of naphthoeultones with hot solutions of alkali or alcoholic 
alkali yields the correaponding lr8-naphtholsulfonate 
~&.26r42,117rI35,147~ X48,247t308,475 

& d i l .  NaOH, A, 

226 

Heating naphthoeultone with ethyl alcohol and dilute ammonium hydr- 
oxide half an hour at 130" gives ammonium 1,8-naphthobulfonate. TI7 

Alkali fusion of naphthosultonesulfonic acid (230) at 170-220" yields 
the corresponding 1,8-dihydroxynaphthalenesulfonic acid. a4J16 

Treatment of naphthosultone with dilute sulfuric acid opens. the sul- 
tone ring to give the carresponding 1.8-naphtholsulfonir: acid. 26 

0-50, PH SOaH 
I /  I a dil. HzSO,, 

H03S HO3S 

227 

On the other hand, treatment of naphthoeultone with 98% s u h r i c  acid 
give8 l-naphthol-4,8-disuIfonic acid236 and treatment with fuming 
sulfuric acid (25% SO,) over ueveral days gives l-naphthol-2,4,8- 
trisulfonic acid. 109 

(2) Halogenation 

Bromination of naphthosultone in cold acetic acid yields 6-bromonaph- 
chosultone (2Sl). 308 Sodium naphthosultone-6-sulfonate and disodium 1- 
,;aphthol-4, 8-disulfonate afford the same product on treating their 
aqueous solutions acidified with sulfuric acid with bromine in acetic 
acid. The latter involves an unusual ring closure: 
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0-so* 
t I  

226 

@ >@ BrZ,  AcOH, d i l .  HzSO4 

According to a German patent, 151 bromiwtion of naphthosultone with 
bromine over a long period in the cold also gives 6-bromonaphthoaul- 
tone. 

Chlorination of naphthosultone with hydrochloric acid and sodium 
chlorate247 with heating gives 6-chloronaphthoquinone. The product is 
also obtained by chlorination with hydrochloric acid and manganese 
dioxide at 80-90" or  with chlorine in the presence of iron powder at 
160-200". 151 

Treatment of naphthosultone with phosphorus pentachloride by 
Erdmann1x7 yielded a chloronaphthosultone which w a s  not characterized. 
The reaction is somewhat ambiguous. 

Allport and Bu'Lockza prepared 6-iodonaphthoeultone (asla) in 81% 
yield by treating a mixture of naphthosultone, acetic acid, sulfuric acid, 
and iodine with nitric acid added dropwise. Heating 231a with copper 
bronze yielded 6,6' -bis (naphthosultone) Wlb) which, on heating with 
sodium hydroxide, gave the tetrahydroxy-1, 1' -binaphthyI (nlc), the 
chromogen of Daldina concentrica, 8 fungus parasite found on ash. 

cu bronze 
220- ------+ 
2 4% \ /  

231a 
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1. ACOH, HaSO,, 1, 
2. HNOS, 70" for 45 rntn. 

81% 
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231b ' 23lc 

(3) Sulfonation 

Treatment of naphthosultone with fuming sulfuric acid at 20-40" yields 
naphthosultone-6-sulfonic acid, 152 which on nitration at 20-25" is con- 
verted to 8-nitronaphthosultone-6-sulfonic acid Prolonged sulfonation 
yields naphthosultone-6,8 -disulfonic acid. loY Naphthosultone-6-sulfonic 
acid, when used as  an additive in nickel plating baths, gives a bright 
deposit of nickel that is suitable as an ornamental finish or as an under- 
coat for chromium221 

Naphthosultone reacts with chlorosulfonic acid to yield naphthosultone- 
6-sulfonyl chloride (232); sulfonated naphthosultones are converted to 
the corresponding sulfonyl chlorides (233) (a95)l4l? 246J 446 with chloro- 
sulfonfc acid. 

C l S O S H ,  8O0 ' @  
0,c 1 

236 232 

f-jpJ ClSO,H,  100' 

Na03S C 1 0 , S  

297 233 

ClSOSH,% 

NaOsS S03Na C10,S so,c1 

234 235 

Gebauer- F'uelnegg and Haemmerle 141 on reacting naphthosultone-6 
ox 7-sulfonyl chloride (232) (233) with aniline in ether solution failed 
to obtain the corresponding anilides. An earlier German ~ a t e n t 2 ~ ~  
claimed the preparation of the anilides from naphthosultone-6- and 7- 
sulfonyl chlorides. Spryskov and Aparylva446 obtained the anilides by 
heating the sulfonyl chlorides with excess aniline in benzene solution. 
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(4) With Ammonia 

Treatment of naphthosultone with ammonia, aqueous ammonia, or 
aqueous ammonium carbDnate yields 1-naphthol-8- sulfonamide. 150 Simi- 
larly, naphthosultone sulfonic acids react to give the corresponding 1 - 
naphthol-8-sulfonamide sulfonic acids. 25, 28f 41, 42) 1 5 V 6  41* 

Naphthosultonesulfonyl chlorides react with dry ammonia in benzene 
to give the corresponding 1-naphthol-3 (or 4),8-di~ulfonamide.~31~4%44~ 
Treatment of naphthosultone-6-sulfonyl chloride (232) with ammonium 
hydroxide for two days at room temperature yielded diammonium 1- 
naphthol -4 I 8 -disolf onate . 446 

is influenced by substitution in the 6-position. The sultone bridge in 
naphthosultone is under the influence of the strong electron attraction 
of the sulfone group and of the tendency for a pair of electrons to shift 
from the oxygen atom to the electrophilic naphthalene ring. An electron- 
donating substituent, such as a methyl group, would reverse the electron 
shift. An electrophilic substituent would enhance the electron shift of 
naphthosultone. 

The rate of reaction of naphthosultones with cold, aqueous ammonia418 

226 236 227 

The reaction, however, is similar to that of the cleavage of aromatic 
sulfonates with ammonia. Thus, phenyl benzenesulfonate reacts slowly 
with alcoholic ammonia at 200e to give the sulfonamide; aryl suffonates 
substituted with electron-attracting groups cleave with considerable 
ease as do the similarly substituted naphthosultones. 453 

(5) The Friedel-Crafts Reaction 

Crafts reaction to yield the corresponding 6-substituted derivative, which 
is useful as a dye intermediate. 143’145,233~417 The following types of 
halides were investigated: alkyl halides, aralkyl halides, aliphatic and 
aromatic acid and sulfonyl halides, and substituted carhrnyl halides. 
Alkyl halides did not undergo the reaction. Benzyl chloride yielded 
mixtures containing 6-benzylnaphthosultone, which could not be separa- 
ted. The Friedel-Crafts reaction of naphthosultone with aliphatic (un- 
branched) and aromatic acid chlorides gave good yields of 6-acyl- or 
aroylnaphthosultones. Branched aliphatic acid chlorides did not readily 
acylate naphthosultone and tended to form a resin. Aromatic acid chlo- 
rides substituted with electron-attracting groups reacted more slowly 
and poorly than the unsubstituted. 

Schetty acylated, aroylated, and sulfonated naphthosultone by a Friedel- 

[For references, see pp. 289-312.1 195 
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Diphenylcarbamyl chloride undergoes the Fr iedel-Crafts reaction with 
naphthosultone to give the amide (237) with some resin formation. 

226 231 

At temperatures above 135' the resinous material increases. Phenyl- 
methylcarbamyl chioride react@ under the same conditions somewhat 
less  readily, but without resin formation. 

Aliphatic sulfonyl chlorides do not undergo the Friedel-Crafts reaction 
as do the aromatic sulfonyl chlorides, which react more sluggishly 
than the analogous carboxylic acid chlorides. At higher temperatures, 
the sulfonyl chlorides react to give good yields of 6-arylsulfonylnaph- 
thosultones without side reactions. Aromatic sulfonyl chlorides sub- 
stituted with electron-attracting groups a re  coneiderably less reactive 
or nonreactive, those substituted with electron-donating groups, such as 
a methyl group, a r e  more reactive. 

These 0-keto-, sulfonyl-, or amidonaphthosultones are easily saponi- 
fied with aqueous alkali solutions to the corresponding substituted 1- 
naphthol-8-sulfonic acid. Treatment of these 6-substituted naphtho- 
sultones with ammonia yields the corresponding l-naphthol-8-sulfon- 
amide. The sultones, indifferent towards ammonia in the cold, react on 
heating. 

(6) With Grignard Reagents, Phenyllithium, and Lithium Aluminum 
Hydride 

M u m a  and co-workers332-337 have shown that Grignard reagents 
react with naphthosultone and its derivatives to  open the sultone ring. 
The reaction provides a method for preparation of perihydroxydiaryl- 
sulfones. 238 

226 238 

A 75% yield of 8-1. -butylsulfonyl-1-naphthol was obtained by refluxing 
naphthosultone and t -butylmagnesium chloride in benzene solution four 
hours and letting stand overnight. 

Mustafa and co-workers337 found that phenyllithium, like organomag- 
nesium compounds, could effect the opening of hetero rings. Thus, 
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naphthosultone reacted with phenyllithium to give 8-phenyleulfonyl-l- 
naphthol. Lithium aluminum hydride, similarly to the Grignard reagents, 
opened the hetero ring of naphthosultone and its derivatives. Treat- 
ment of naphthosultone with lithium aluminum hydride, followed by hy- 
drolysis, gave 1, 1' -dihydroxy-8,8' - dinaphthyldisulfide (239). 

0- 02 a L i A l H , ,  r e f l u x  2 hr? [ {d] 
2 

\ /  

239 

(7) With Sodium Amalgam 

pounds, effects the opening of the hetero ring. 140 
Sodium amalgam, similar to phenyllithium and organomagnesium com- 

&03H 

240 
$03H 

(8) Eia lomethy la t i~n l~~~  418, 42O 

Treatment of naphthosultone with paraformaldehyde and hydrogen 
chloride or bromide in acetic acid in the presence of zinc chloride at 
70-80' gives excellent yields of 6-chloro- or bromomethylnaphthosul- 
tone. No reaction occurs in the absence of zinc chloride. The halo- 
methylation is strongly dependent on the substitution in the naphthalene 
ring. Electron-attracting substituents hinder or  retard the reaction 
and electron-donating substituents assist, but often to the extent as to 
yield diarylmethanes. 

7-70, 
HCHO, HC1 

AcOH, ZnClp 

O-SQ, 

HaC 1 

226 
ZnC1, 

226 241 242 

Chloromethylnaflhthosultone (241) condenses with naphthosultone in the 
presence of zinc chloride to give the dinaphthylmethane-4, 5,4', 5'- 
disultone (242). This condensation occurs extremely easily, particularly 
at low hydrogen ion concentrations. The excess hydrogen halide used 
in the preparation of the halomethylnaphthosultone suppresses the con- 
densation side reaction. 

[For references, see pp. 289-312.1 197 
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Halomethylnaphthosultone is converted to 6-methylnaphthosultone by 
treatment with zinc dust in hydrochloric acid and ethyl alcohol; further 
reaction of 6 - methylnaphthosultone with sodium hydroxide solution 
gives 4-methyl- 1,8-naphthobulfonic acid. 

The halogen in halomethylnaphthoaultone is easily replaced by a 
variety of groups. Thus, Schetty4" prepared 6-(p-tolylsulfonylmethyl)- 
hydroxymethyl-, benzyl-, (2 - hydroxy - 5 - methylbenz y1)-, ( 4-hydroxy - 
benzyll-, (2-hydroxybenzyQ-, (2-hydroxy-3, 5-dimethylbenzyll-, and (4- 
hydroxy-3-carbomethoxybenzy1)- 1,8-naphthosultone. 

Halomethylnaphthosultone does not react with cold, aqueous ammonia. 
This inactivity is explained in section I D-lc(4). Alkali acetate, sulfite. 
alcoholate, phenolate, sodiomalonic acid, or potassium phthalimide do 
not react without splitting the sultone ring. 

The oxidation of 6-hydroxymethylnaphthosultone 0422) with chromic 
acid at room temperature yielded 6-formyl-1, 8-naphthosultone and 1, 8- 
naphthosultone-6-carboxylic acid. The 6-carboxylic acid, on treatment 
with thionyl chloride, is readily converted to the acid chloride 043) 
from which various 6-amides @44) were prepared through reaction 
with amines. 418 

o------so, o-so~ 
I I  ' I  

&tipon 

242a 
kOOH 

I 

243 

COCl 

(9) With Chloroform 

Naphthosultone-6-sulfonic acid (245) reacts with chloroform and 
sodium hydroxide on heating to open the hetero ring and to formylate 
the naphthalene ring. 142 

I 
SOJH 

245 

I soJn 
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2 Nap;hth [l, 2-~]-sEi-8,1-oxathiole (246) d N m  [a, 1-~]-161-2, 
5 - d o l e  (247) WHz s,o &I H,C, 

8 

s 4  ' 6  s 4  

846 247 

Kaufmann and Zobel"3 described a single derivative of each of these 
ring systems in 1922. They were prepared by the reaction of the cor- 
responding naphthosaccharin (248a and b) with resorcinol. 

OzS-NH 
I 1  CT" 

Q,. 

249 

concd. H,SO, 
15O-1(lOoLJ hrs 

_j 
50% \ /  

24 81, 

250 

Both of these derivatives are analogous to the sulfonephthaleins. Spiro 
(naphth [2,1] -lH-2,3-oxathiole-l, 9' -[3', 6' -dihydroxyxanthene]) (250) 
was described as having a red color and green fluorescence. 

Neither of these two ring systems has an entry in the Revised Index. 

E. C20-C,0S-Cs-C, SPIRO [ 5, ~ c z - M E T H A N O - ~ ~ H - ~ ,  2-BENZ- 

OXATHIOLE -4(W), 2'-OXIRANE (251) 

251 

(RRI 3957) 
[For references,eee pp. 289-312.] 199 
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The only representative of this ring system is spiro [3a-methy1-5, 
7a-methanohexahydro-7aH-1,2-benzoxathiole-4(5H), 2' -oxirane] 2,2- 
dioxide (253) which Asahina and Yamaguti12 obtained in 46% yield as 
two stereoisomers on treating 4-methylene-3a-methyl-5, 'la-methano- 
hexahydro-7aH- 1,2-benzoxathiole 2, &dioxide (252) with perbenzoic 
acid. 

G2i: COHrz, 5 c '2 H2 

c H2 %- 
352 253 

The two isomers melted at 172", [a183 - 14.8", and 153*, [a@& - 8. 5'. 

F. C,OS-C,-C,-C, W-ANTHRA [ 1,9-cd] -1,Z-OXATHIOLE (2%) 

H2 

254 
The only representative of the ring system is the 6-hydroxy-2-monox- 

ide derivative, and there fs considerable question in the literature as to 
whether this exists. 

Fries' acid, anthraquinone- l-sulfenic acid (ass), i s  prepared by the 
hydrolysis of methyl anthraquinone- l-sulfenate (255). Fries135% 135b 
believed that the structure was 256a, but which in some reactions 

tl a 
255 

Y 
0 .?i=o 

256a 

a 
amb 

behaved as though it were 256b. Fries' acid, prepared in 1912, was the 
only sulfenic acid known until Bruice and Markiwwa prepared anthra- 
quinone-1, 4-disulfenic acid, which was verified by who also 
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prepared anthraquinone-l,5-disulfenic acid. There are many referen- 
ces in the literature describing attempts to prepare other aryl sulfenic 
acids. 

Because anthraquinone- 1-sulfenic acid appears to possess. an unusual 
stability, its structure has been studied in order to find an explanation 
for its uniqueness and for the failure to prepare other analogs of Fries' 
acid. These studies are relatively important when one considers that 
over five hundred references have proposed sulfenic acids as inter- 
mediates.258b 

Kharasch and c o - ~ o r k e r s 2 ~ ~ ~ , 2 5 8 b  suggested that the sulfenic acid 
group in anthraquinone- 1 -sulfenic acid was stabilized through hydrogen 
bonding (257). This explains the stability of anthraquinone- 1-sulfenic 
acid relative to the 2-sulfenic acid analog. 

257 

It does not explain, however, the failure to prepare fluorenone- 1-sulfenie 
acid. (858) by Kharasch and Bruice.2S8c 

258 

Lecher and Hardy282 suggested that anthraquinone- 1-sulfenic acid was 
stabilized through the formation of the tetracyclic structure, B-hydroxy- 
antbra [I, 9-cdI- 1, Z-oxathiole 2-monoxide (259). 

250a 259 

Barltrop and Morgan,32 however, believed that the structure proposed 
by Lecher and Hardy was untenable inasmuch as the infrared spectrum 
of Fries' acid showed both carbonyl and hydroxyl absorption. Barltrop 

[For referencea,see pp. 269-312.1 201 
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and ‘Morgan’s infrared data also precluded the tautomeric oxanthrone 
structure (260) proposed by Rylander. 406 

0-so 

260 
Bruice and Sayigh,66 on the basia of quantitative infrared spectra for 

the carbonyl bands of methyl anthraquinone- 1 -sulfenate, dimethyl an- 
thraquinone-l,4-disulfenate, and methyl fluorenone-1-sulfenate in com- 
parison with anthrone, anthraquinone, fluorenone, and 1 -hydroxy and 
1, 4-dihydroxy-anthraquhones, concludedthat the structure Fries origi- 
nally proposed for the sulfenic acid is correct. The hydrogen bonded 
structure of Kharasch and co-workers was also considered to be ten- 
able with the spectral evidence. 

G. c306-c,-c6-C6*c6 C H R B E ”  13, 4-c J-lp2-OXATH1OLE (261) 

20 1 

Wendler and T a ~ b 4 ~ 7 a  reported the preparat ton of the homoandrostane 
derivative of 1, 2-oxathiolane (263) by the treatment of 3a-acetoxy- 
17a - hydroxy- 17p - methyl-~-homo- 58 -androstane- Il,17a-dione (262) 
with methmesulfonyl chloride in pyridine. 
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This compound, melting at 142-144" with decomposition, reacted with 
refluxing pyridine to open the 1,2-oxathiolane ring, giving 264. 

A. C30S W-1, 3-OXATHIOLE (265) AND lI3-OXATHIOLANE (266) 

The parent compound is unknown. Schatzmann414 prepared the first 
derivative in 189 1 by refluxing S-phenacylthiocarbamic acid with dilute 
nitric acid. 

The 5-phenyl-2tl-l,3-oxathiol-2-one (267) was characterized as 
yellow scales, melting at 75". and having an intense carmine-red color 
in sulfuric acid. The compounds have been called 1,3-thioxoles in the 
literature. Chemical Abstracts uses the 1, 3-OxathiOle nomenclature. 

tained a small yield of thiocyanoacetone. On treating this with hydro- 
chloric acid he obtained what he called "hydroxymethylthkzole" or 
"a -Illethylrhodin" as a by-product. 

Tscherniac, 463 on reacting sodium thfocyanate and chloroacetone, ob- 

268 

[For references,see pp. 289412.1 203 
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He also obtained the compound directly in 41% yield by letting a mix- 
ture of chloroacetone, potassium thiocyanate, and sodium bicarbonate 
stand for ten days. It melted at 102-103" after recrystallization from 
water. It was stated that the product is obtained in 93% yield by the 
reaction of chloroacetone and ammonium thiocarbamate, which is 
characterized as violent. 

H C l  H4N 

H H  
CHs 

C H z - L  $=,ti violently or 

268 2681 
11 93% > 11 

T s ~ h e r n f a c ~ 6 3 t 4 ~ ~ a  suggested that the hydroxymethylthiazole, first 
described by Hantzsch and Weber174b in 1887, is really 5-methyl-1, 
3-oxathiol-2-imine (268). Hantzsch,174a on the other hand, on repeating 
Tscherniac' s treatment of thiocyanoacetate with hydrochloric acid, 
obtained only 2-hydroxy-4-methylthiazole (268a). He concluded that the 
1,3-oxathiole is not produced by this reaction. Subsequent work by 
others97 supports Hantzsch. 

Awad, and MoussarZ4 suggest that the reaction of phenylbenzoyldiazo- 
methane with thiophosgene leads to the 1,3-0xathiole (270) rather than 
to the I, Z-oxathiole. 

In disagreement with Staudinger and Siegwart, 447 Schthberg, Mustafa, 

+ s=cc1,- [ c&s-c'(''Cc~~] I =i - N p  
C 6 H 5 - C d  

269 270 

2. 1,9-ckarthialsme 

Many derivatives of 1,3-0xathiolane (266) are  known. These are listed 
in Tables 14, 15, 16, and 17. Oxathiolanes are the 4,5-dihydro form of 
l J 3 - ~ t h i o 1 e ,  or, as frequently called, 1, 3-thioxole. The earlier vol- 
umes of Chemical Abstracts used the thioxole nomenclature but more 
recent volumes use  the oxathiole and oxathiolane nomenclatures. The 
2, 2-substituted oxathiolanes have been commonly called hemithioketals, 
particularly has this been so in the spiro derivatives. The oxathiolanes 
also have been called oxathiophanes and oxathiacyclopentanes in the 
literature. Derivatives of 1, 3-oxathiolan-3-one (271), 5-one (2721, and 
2, 5-dione (2'73) are well known. 
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OQH2 0 - O  0 
2m 871 an 

The 2-one has been called ulioethylene carbonate; the 2,5-dione anhydro- 
(carboxythio) acid or anhydrocarboxy-2-mercaptoacetic acid; and the 
5-one oxathioptranone and thiolactone. 

Urede4Z3 isolated meroeinigrin (275), which they postulated ae contain- 
ing this ring system, on traating slnigrin (274)) a natural product, with 
alcoholic potassium hydroxfde. 

Although 1,S-onathiohnee are not fwnd in nature, Schneider and 

a. Preparation 

(1) lY3-Oxathiolanes 

(a) By Reaction of Ketones or Aldehydes with /3-Mercaptoalcohols, 
SftJberg44Or441 prepared 1,3-oxathiolanes by reacting acetone with a 
8-mercaptoalcohol in the presence of P,O,. 

rn6 

By this reaction, yielde of 3845% of oxathiolane derivatives, vie., 2,2, 
5-trimethyl- (276), 2,2-dimethyl-5-hydraxymethyl-, and 2,2-dimethyl- 
5-chloromethyl- 1 , 3 -oxathiolanes, were obtained. 

1,3-Oxathiolanes are conveniently preparedby the reactionof a 2-mer- 
captoalcohol and an aldehyde or ketone in the presence of an acid cata- 
lyst under refluxing conditions with a large excess of an azeotropic 
agent for taking off the water of reaction. Kipnia and O~mfe l tZ~~  em- 
ployed a trace of hy ochloric acid as catalyst and benzene as the azeo- 
tropic agent in the 2 preparation of 2-substituted-l,3-oxathiolanes 
(277) from merca#oethanoI and an aldehyde. 

H C i ,  EtzO 
H,SH + RCHO %% ref lux ~ cy + H ~ O  

L O "  50-77% 

277 

[For references, see pp. 289-312.1 205 
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C,Q6 Ring Systems 

Dermer,96b in reacting merecaptoethanol with formaldehyde in the 
presence of concentrated hydrochloric acid, obtaineda 70% yielaof 1,3- 
oxathialane. He described this reaction a8 practically immediate and 
quite exothermic. Evans, Fraser, and Owen1z1 obtained a quantitative 
yield of a bL-l,3-oxathiolane, one melting at 78" (278) and the other at 
145" (279), on condenetng acetone with dZ-l,4-dithiothreitol (280) or 
with 1,4-dithioerythritol (2811, respectively. 

%81 279 

The similarity of imidazolidines, dioxolanes, oxazolidines, and oxathio- 
lanes in structure was shown by infrared absorption spectra by Berg- 
mann, Meeron, Hirshberg, and Pinchae, $0 who wed the condensation 
product of methyl isobutyl ketone and mercaptoethanol in their study. 
The condensation of 2,3-dimercaptoprcvpanol with the ketone involved 
the hydroxyl and the adjacent mercapto group and not the two vicinal 
mercapto groups as proved by the strongly positive reaction of nitrous 
acid with the free -SH and by the characteristic -SH band. 

On passing hydrogen chloride gas for one minute through a mixture of 
3-hydroxy-2,2', 3'-trimercaptodipropyl sulfide and acetone, Miles and 
Owen325 obtained the oxathiolane (28S) in about 1% yield. 

H C I  
___3 
19% 

[For references, see pp. 289-312.1 213 
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On letting a mixture of 2,3-dimercaptobutane-l, 4-diol and acetone 
stand for one week fn the presence of concentrated hydrochloric acid, 
mitt and Owen130 obtained a small yield of 4,4'-bis(2,2-dimethyl-l, 
3-oxsthiolane) (284) alp a mixture of two isomers, one melting at 92-93' 

284 

and the other at 103-104". 

Marshall and StevensonJ3*9a in an attempt to prepare 2-benzoyl-2- 
phenyl-l,3-oxathiolane by the condensation of benzil with mercapto- 
ethanol obtained instead a mixture of two isomers, melting at 149" and 
212". They postulated that the stereofeomeric structures were either 
oxathianes (285) or oxathiolanee (286). 

CHIOH, X C 1  
tC&CO), + HOCHzCHzSH 

On condensing benzoin with mercaptoethanol, Marshall and Stevenson3** 
obtained a mfxture of 2,3-diphenyl-5, 6-dihydr~p-oxathiin (287) and 
2-pheny1-2-phenylhydroxymethyl-l,3-owthiolane (288); on prolonged 
reflux, only the oxathiin was obtained. 

C,H,COCHOHC6H5 i HOCHzCH,SH 

287 288 
same cx:::: 5 . 5  hrs. ref l u x  - only 

In studies on means for protecting the carbonyl group in various ace- 
tophenones, Pinder and Smith3*z prepared 2-methyl-2-phenyl-l,3- 
oxathiolane (28W in 59% yield by condensing acetpphenone and mercapto- 
ethanol in dioxane with zinc chloride and anhydrous sodium sulfate. 
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889 

Djerassi and Gorman103 condensed various ketones with B-mercapto- 
ethanol In beneene solution in the presence of p-toluenesulfonic acid. 
This method, which has found wide use in the analogous preparation of 
ketals from ethylene glycol and carbony1 compounds, gave yields of up 
to SO% for the reaction of mercaptoethanol with ketones, such as acetone 
and dibenzyl ketone. 

Whereas Dferassi and Gorman were unable to condense benzophenone 
with mercaptoethanol in the presence of p-toluenesulfonic acid and using 
benzene for aeeotroping off the water of reaction, Marshall and Steven- 
eon8Oa found that the reaction Is successful if toluene is used instead 
of benzene. The diphenyloxathiolanes, however, tended to decompose to 
the corresponding benzophenone in refluxing toluene. 

@) By Other Reactions. Copenhaver80rs1 prepared 2-methyl-l,3- 
oxathhlane (2m by th e reaction of mercaptoethanol and methyl vinyl 
ether in the presence of p-toluenesulfonic acid. Presumably this resc- 
tion occurs through addition of the mercaptan group acroas the double 
bond followed by release of methanol and ring formation. 

490 

Mercaptoethanol has been reacted with certain p-alkoxyacrylfc ester& 
in the presence of bisulfate%84 to give 1,3-oxathiolane-2-acetic acM 
esters (2Ql) presumably through transetherification. 

(CZH~OJ&HCH~COOCZHS 
H2COOC*HS 

.I. HSCHZCH20H -* NaHSO, [fOCzH5 ] 
Czn$0CH=CHCoOC*H~ CH,CH,OH 

A 
- c,n,on ------+ 

291 

In the reaction of epichlorohydrin with thioacetic acid, 5-chloromethyl- 
2-hydroxy-2-methyl-l,3-oxathiolane (292) ia believed to be an inter- 
~ n e d i a t e ~ ~ o  leading to P-acetylWochlorohydrin. 

[For reference6,see pp. %M?-Sl2.] 21 5 
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60° HpSCOCHa [i:: + CHsCOSH -> 12 hrr 
60a 

C H z C l  

a ' ' S  j HOCOCH3 F"'"" C l C H 2  

C H z C l  292 

In treating bia(2-hydroxyethyl) sulfide with potassium hydroxide at 
high temperatures in a nitrogen atmosphere, Georgieff and D ~ p r h l ~ ~  
obtained a mixture of 36% divinyl sulfide, S-lW 2-methyl-1, S-oxathio- 
lane (290),7-W p-oxathiane (293), and 3.5% 2-hydroxyethyl vinyl sul- 
fide. 

KOH 

290 

293 

These products were identified by means of infrared spectra and the 
2-methy1-1,J-oxathiolane @SO) also was found to be identical with that 
prepared by the reaction of mercaptoethand and acetaldehyde in the 
presence of 0.7 N HC1 in ether using benzene to azeotrope off the water 
of reaction. 

(2) 1,3-0xathiolan-2-ones 

captoethanol with phosgene in an ether solution at 0" and then at room 
temperature for three days. 23 

1,3-0xathiolan-2-one (294) i s  conveniently prepared by reacting mer- 

r .  t., 3 days + COC12 - y 2 O H  

CHz SH 56% 
294 

Reynold~3~5,396 carried the reaction out at -15" using ethyl acetate a8 
the solvent and pyridine to take up the evolved hydrogen chloride. The 
tetramer, (-CH2CH2SCOO-),, was a by-product. 

oxathiolan-2-one in 70-772 yields by the acid-catalyzed intramolecular 
transesterification of ethyl 2-hydroxyethythiolcarbonate. 

Reynolds, Fields, and Johnson3wb reported the synthesis of 1,3- 

216 
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The following physical properties of 1,3-oxathiolan-2-one have been 
reported: melting point, -20"; boiling point 47-50" at 0. 08,73" at 2, and 
105" at 14 mm,n85 1.5104. No derivative lps been reported. 

In the liquid phase reaction of ethylene oxide with carbon disulfide at 
150" in the presence of an amine catalyst, W d e n ,  Stansbury, and Cat- 
lettell20 postulated that 1,3-mthiolan-2-one (294) or 2-thione (295) 
is an intermediate in the formation of 1,3-dithiolane-2-thione. The 2- 
one presumably could form from the carbon oxysulfide released by the 
2 -t hione. 

294 

(3) 1,3-Oxathiqlan-5-ones 

Bfstrzycki with Brenken44 and with Traup45 extensively studied the 
reaction of thiobepilic acid with a variety of aldehydes and ketones for 
the preparation of 1,3-oxathlplan-5-ones (298). The reaction mixture in 
acetic acid was heated or refluxed for half an hour to several hoyrs 
FyNle dry hydrogen chloride was passed through. Excellent yielfb, in 
many case guantitative, were obtaine6 

296 

Aldehydes condensed: included formaldehyde, acetaldehyde, chloqal, benz- 
aldehyde,p -chlorobenzaldshyde, u- and *2 -nitrobenzaldehyde, salicyl- 
altiehyde, anisaldehyde, cinnamic aldehyde, tolualdehyde, cumylaldehyde, 

[For references,see pp. 289-312.1 217 
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piperonal, and terephthalaldehyde. Ketones condensed included acetone, 
pyruvic acid, and ethyl acetoacetate. The 1,3-oxathiolan-5-ones were 
recrystallized from dilute ethanol, acetic acid, or methanol. 

The various I, 3-oxathiolan-5-ones reported in the literature are 
listed in Table 15 (pp. 210-212). In the reaction of thiobenzilic acid 
with salicylaldehyde, the product is more easily obtained pure when 
benzene is used as the solvent in  place of acetic acid. 

ing mercaptoacetic acid with phenylglyoxal in acetic anhydride and 
sodium acetate at room temperature. 

Schubert 426 obtained 2-benzoyl-I, 3-oxathiolan-5-one (191) on react- 

HO 

. .  
- 1  

CHp-4 

-HzO , W C N y  coc6n, 
I 
297 

Simmons437a~ 43 7b obtained a 98% yield of 2-bis (c hlorodifluoromethy1)- 
1 , 3-oxathiolan-5-one (298) from the reaction of dichlorotetrafluoro- 
acetone and mercaptoacetic acid in the presence of dimethylformamide 
and anhydrous sodium acetate. 

HCON(CHs)* 
AcOWa 
3 drys  

9 8% 
(ClFpC)ZC=O + HSCHzCOOH 

298 2S8 

This method of preparation is similar to that used by J6ns8on, whose 
starting reactant was thiodiglycollic acid. This underwent oxidation and 
ring closure244,245 to give 299 on standing in a vacuum dessicator with 
bromine. 

dH 299 

Larss0n279?~0 similarly started from the thioether to prepare the oxa- 
thiolan-5-one (300). 

However, ring C108ure was not favored in the reaction of rnercaptoace- 
tic acid with pyruvic acid. 

21 8 
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E tZO/HC 1 
OQC SCHzCOOH 

SCH;COOH HSCHzCOOH + CH$OCOOH 

Fredgal33 condensed meso-dlmercaptoadipic acid and acetone in the 
presence of dry hydrogen chloride to obtain 2% of the bis(1, S-oxathio- 
Zan-5-one) (301). 

HSCHCOOH 

"he racemic bis(1,3-oxathiolan-5-one) was obtained in 10.5% yield 
from racemic dimercaptoadipic acid. 

LUttringhaus and PrinzbachZa7 obtained a 90% yield of 2-trichloro- 
methyl-l,3-oxathiolan-5-one (302) by the Dieckmann condensation of 
ethyl thioglycolate with chloral and benzene as solvent in the presence 
of concentrated H,SO,. 

concd. HzSO, 
HSCHZCOOC,HS + CCl3CHO 

90% 

302 

Essentially these reactions, which involve the formation of hemimer- 
captals or hemimercaptols, yield the oxathiolane through an acid cata- 
lyeed inner eaterification. In the preparation of oxathiolanes by Holm- 
berg223-225, it is quite likely that the mechanism involves a nucleo- 
philic displacement leading to ring closure. Holmberg, on treating 
various metcaptale and mercaptols with potassium persulfate and 1 N 
sodium hydroxide for three hours in the cold, obtained oxathiolan-5- 
ones (303). 

[For reference6,aee pp. 28B-312.1 219 
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He postulated that the intermediate product in this reaction was 304. 

C H H S C H , C O O N a  '7 
OS03Na 

304 

He further postulated that the reaction could occur by one or more of 
the following courses in neutral solution. 

Thus, Holmberg reasoned, if the oxidation occurs to give oxathiolane 
there would be no change in the pH of the reaction mixture, An increase 
in acidity would indicate sulfone or disulfide (and aldehyde or ketone) 
formation No change in acidity was  observed in this reaction for the 
mercaptalacetic acids of benzaldehyde, piperonal, and cinnamic aldehyde. 
The mercaptalacetic acid of veratraldehyde gave both the oxathiolane 
and disulfide reactions. The disulfide reaction predominated in the oxi- 
dation of the mercaptalacetic acid of vanillin. In the case of rnercaptal- 
and mercaptolacetic acids in which there is no aryl or  styryl residue, 
the sulfonyl reaction occurred. No oxathiolane was  isolated on treating 
the mercaptalacetic acid of acetophenone with persulfate. 

Rather than attributing oxathiolane formation to oxidation, the follow- 
ing course appears to be more likely. 

303 

This mechanism does not involve a change in pH and the oxidation of 
mercaptoacetic acid to the disulfide favors the forward course of this 
reversible reaction. Another plausible mechanism, assuming a rever- 
sible reaction, may involve hydrolysis of the mercaptal to the hemimer- 
captal which then could cyclize through inner esterifi'cation. 

220 
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C6H&H(SCH&OOH), > C& + HsCH~COOH 

903 
The nucleophilic attack of the carboxylic hydroxyl and displacement of 
mercaptoacetic acid appears to be a reasonable course. 

Holmberg obtained 2-methyl-2-phenyl-l,3-oxathiolan-5-one from the 
mercaptolacetic acid of acetophenone on heating. 

306 

Holmberg225 obtained 2-benzyl-l,3-oxathiolan-5-one also by heating 
the mercaptalacetic acid of phenylacetaldehyde. 

C 6 H s C g H  + HSCHzCOOH d CeH5CH=CHSCH&OOH 

I 

The thermal reaction is best 
mechanism suggested above. 

explained by the nucleophilic displacement 

(4) 1,3-Oxathiolan-Z, 5-dione (306) 

which melts at 68-70" with decomposition, is conveniently prepared by 
the reaction of phosgene with mercaptoacetic acid.91,82r423a 

Analogously to the preparation of 1,9-oxathiolan-Z-one, the Z,B-dione, 

dioxane 
3 hrs., 60°, 15 mm. 

No derivative has  been reported 

(5) 1,3-Oxathiolan-2-imines 
The 1, .3-oxathiolan-2-imines reported in the literature a re  listed in 

Table 16. All of these compounds were prepared by the reaction of an 
epoxide with a thiocyanate. 

[For references, see pp. 289-312.1 221 
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Liebermann and VoltzkowzW48Y assumed that phenyl thiourethan or 
phenyl isothiocyanate reacted with chloroacetic acid with elimination of 
ethyl alcohol to give 2-phenylimino- 1,3-oxathiolan-5-one almost quan- 
titatively. 

Meyer,323 on the other hand, preferred to think of the reaction as taking 
place with elimination of ethyl chloride. This was shown to be the case 
by Wheeler, Barnes, and Johnson500~501 Thus, the thiazole (so8 or 309) 
is the product of this reaction, not the oxathiolane fscn). 

The melting points reported by Liebermann and Voltzkow and by 
Wheeler, Barnes, and Johnson were identical. 

The reaction of epoxides with thiocyanate ion in the preparation of 
episulfide has received considerable attention, particularly in the cyclo- 
pentane and cyclohexane series. Ostensibly the mechanismlzor 363 of 
this reaction ist 

SCN 

310 
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Sergeev and Kolychev43x#432 showed that ethylene oxide reacts with 
thfocyanic acid to form A-thiocyanoethanol, which, on treatment with hy- 
drochloric acid, yields the hydrochloride of 1,3-oxathiolan-2 -imine 
c311). 

Proof that this product was isolated was  established by the fact that B- 
chloroethylthioureth, obtained on heating the 3-oxathiolan-2-imine at 
80' and also obtained from the reaction of C1CH,CH2SCOCl and NH,, 
gave $-chloroethyl thiocyanate on heating with phosphorus pentoxide. 

Price and Kirk,sy on reacting propylene oxide with thiocyanic acid 
by the method of Wagner-Ja~regg~~la obtained a small amount of needle 
like crystals which was shown to be N-carbamyl-5-methyl-1,3-oxathio- 
Ian-2-imine @U). Wagner-Jauregg and H5ring- somewhat later re- 
ported yields ofA0-8oqb of 1,3-oxathiolan-2-iminee in the reaction of 
the @-hydro- thiocyanate with hydrochloric acid and yields of SO-SO% 
of the corresponding N-carbamyls on treating the 2-imines with potas- 
sium cyanate. 

In their studies on the reaction of epwides with thiourea, Bordwell and 
Anderson56 postulated an oxathiolane intermediate (314) to explain the 
formation of epiaulfides. 

[For references,see pp. 289-Sl2.1 223 



Chapter 4 

314 I 

Emerson and Patrickll4* lls treated 2-vinylthiophene (315) with potas- 
sium thiocyanate and bromine in glacial acetic acid and obtained a pro- 
duct which they believed to be 5-(2'-thienyl)-lJ3-oxathio1an-2-imine 
(316) for which they reported no yield. Inasmuch as they reported a 
yield d 57% of 2-vinylthiophene dithiocyanate from the reaction of 2- 
vinylthiophene with thiocyanogen, it is reasonable to postulate that the 
dithiocyanate on mild hydrolysis would lead to the oxathiolane. It is also 
reasonable to expect the 5-(2'-thienyl)-lJ3-oxathiolane rather than the 
4- (2'-thienyl)-l,3-oxathiolane a s  the allylic nature would favor elimina- 
tion at the carbon attached to the thiophene ring over that of the carbon 
atom B to the thiophene ring. Using 5-chloro-2-vinylthiophene, Emer- 
son and Patrick obtained a mixture of 18% dithiocyanate and 32% 5-(5'- 
cMoro-2'-thienyl)-l, 3-oxathiolan-2-imine. Neither of the oxathiolan- 
2 - im ines was characterized. 

In the reaction of ethyl 2,3-epoxy-3-methylvalerate in acid media with 
thiourea, Durden and Stansburylls postulated the formation of an iso- 
thiouronium salt which, on treatment with base, is cyclized to fhe 2,2- 
diamino-l,3-oxathiolane Q17) which was not isolated but decomposed to 
form the episulfide. 

224 
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317 

TABLE 16. 1,3-0xathiolan-2-imines 

Substituent Yield 
(96) M.p. (T) Ref. 

2-(HC1. HN=) 

2-(HC1. HN=)-5-CH,- 

2-(HCl . HN=)-B-ClCHZ- 

2-(HCl . HN=)-I-C,HS- 

2- (HN=)-5- (2-thieny1)- 

2 - @IN=) - 5 - (5- Cl- 2 -thienyl) - 3 2 

Z-(HCl. HN=)-4-CH3-5-C2H,- 

2- (H2NCON=)-5-CH3 - 
2- (H,NCON=)-5-ClCH2- 

2 - (HzNCON=)- 5-C& - 
2-(H2NCON=)-4-C,H,-5-CH3- 
2- (C$, coN=)-5-cH3- 

2-($-0,NC,H,CON=)-5-CH,- 16 

121. 5 
114-115 

112-115 

108 - 110 

110- 111 

140-141 

145 

173-174 

144. 5-146. 5 
133-135 

156 

126 

158 and 171 

431,432 

492 

3 63 
49 2 
49 2 

49 2 

114,115 

114, 115 

49 2 

3 63 

49 2 

49 2 

49 2 

363 

3 63 

(6) Spiro- 1, 3-oxathiolanes 

The various 2,2-spiro-l,3-oxathiolanes reported in the literature are 
listed in Table 17. Cyclohexanone and mercaptoethanol react in the pre- 
sence of p-toluenesulfonic acid to give 62-70% yields of the spiro- l ,3-  

[For references, see pp. 289-312.1 225 
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C,oS Ring Systems 

oxathiolane (318) when benzene Is used to azeotrope off the water of 
reaction.3”102 Using zinc chloride and anhydrous sodium sulfate at 
room temperature results in a 42% yield.’@ 

918 
(MI 1224) 

The Chemical Abstract8 name for this particular compound is l-oxa- 
4-thhspiro[4. Sldecane. Other names given to this compound have been 
Z-pentamethylen-l,3-thioxolane,~~ cyclohexane- l-spiro-2’- (l’, 3’- 
oxathiolane), 8 and eyclohexanone ethylene hernithioketal.103 

Jaeger and Smithas7-zse studied the reaction of cyclohexanone-l,2- 
dione with mercaptoethanol using p -toluenesulfonic acid and azeotroping 
off the water of reaction with benzene. They obtained the mono- (31s) 
and di- (SaO) spfro-l,3-oxathiolane. 

319 SaO 
(RRI 2402) 

The diepiro, or l,l-dioxa-rl,lO-dithiaspiro i4.0. 4.41 tetradecane (3201, 
was obtained as two isomers. 

Plieninger and G r a s s h ~ f ~ ~ ~ ~  prepared the bis(ethy1ene hemithioketal) 
of 1,4-cyclohexadione by heating the diketone with mercaptoethanol for 
twelve hours in the presence of p-toluenesulfonic acid, under reflux and 
with shorter heating, they obtained the mono(ethy1ene hemithioketal). 

HOCH,CH,SH 
p- CH&H,SO,H 0 A, 12 hrs .  ~ 

HOCHzCHZSH saoa 
1 3 0 - 5 O ,  atlrred 

919a 

[For references, see pp. 289-312.1 229 



Chapter 4 

Romo de Vivar and Rom0403~ prepared several spiro-1,3-oxathiolan- 
5-ones by reacting a cyclic ketone with a-mercaptodiphenylacetic acid 
in refluxing benzene using p-toluenesulfonic acid aa the catalyst. From 
cyclohexanone, cycloheptanone, cyclohexanedione, and isatin they pre- 
pared spiro(4,rl-diphenyl- lJ9-oxathiolan-5-one-2, 1’-cyclohexane) 
(S21 ), spiro (4,4-diphenyl- 1,3 -oxathioh- 5-one - 2,l‘- cycloheptanone) 
(3221, spiro(4,cl-diphenyl- 1,3 -0xathiolan- 5- one- 2,l’ - c yclohexan -2’ - 
one) (3231, and spiro(4,rl-diphenyl- 1,3-oxathiolan-5-one-2,3‘-0xindol) 
(SW. 

+ &  

211 ’ 

37% 

R 

324 
3sx ’ 

Hill, Martin, and Stouch,zlzb in a study of the stereochemistry of hy- 
droanthracenes, reacted mercaptoethanol with cis-arcti-cis adduct of 
p-bemoquinone and butadiene to give the bis-ethylene hemithioketal 
(324a), which, on Raney nickel hydrogenolysie, yielded cis -akiti-cis per- 
hydroanthraquinone. 

Arth, Pms, and Sarrettloa#1ob prepared the 7-spiro compound (324b) 
as an intermediate for the preparation of steroid hormones; the parent 
diketone was recovered by treatment with acetone-hydrochloric acid. 

23 0 
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HOCH.$M,LIH 

CHo H , C ~ C H ~  3 C H ,  Z"ClZ, r. diox8ae t., 3 HZSOI d8y6. 3 5: &' 'C 
324b 

Roeenkranz, Kaufmann, and Fbmo4O4, analogously to the reaction of 
steroids with ethylene glycol and with dimercaptoethanol, reacted an- 
&ost-4-ene-9,17-dione (3s) with mercaptoethanol to form the 17-cyclic 
hemithioketal (SM), 

326 
(RRI 5565) 

Romo, Rosenkranz, and Djerassiaoz in a rather general study of this 
reaction found that mercaptoethanol reacts readily in the presence of 
zinc Jlloride with unconjugated carbonyl groups to give the correspond- 
ing cyclic ethylenehemithfoketals. The 3-ketosteroids and 20-keto- 
steroids, regardless of the configuration of C-5, such as androstan-178- 
ol-3-one acetate, etiocholan- 17@-01-3-one acetate, estrone acetate, 
androst-5-en-S~-ol-17-one acetate, allopregnan-3B-ol-20-one acetate, 
and pregn-5-en-&3-01-20-0ne acetate, underwent this reaction. In the 
presence of the Aa-J-keto moiety, a saturated carbonyl group, such as 
at C-17 or C-20, cwld be attacked selectively when zinc chloride was 
used 88 the condensing agent. Using y-toluenesulfonic acid, which is a 
more drastic condensing agent, the bia(ethylenehemithioketa1) was formed, 
although in poor yield, from androst-ri-ene-3,17-dione. Testosterone or 
its acetate was converted to the hemithioketal in less than 20% yield. 
This reaction thus affords a means of protecting an unconjugated car- 
bony1 group in the presence of a A4-3-keto moiety. 

Romo, Rosenkranz, and D j e r a s ~ i ~ ~ ~  assumed that the reaction of mer- 
captoethanol with a A4-3-ketosteroid proceeded with least alteration of 
structure. Treatment with ethylene glycol apparently shifts the double 
bond; treatment with dimercaptoethane, on the other hand, does not cause 
the double bond to shift. Whether or not hemithioketal formation from 
a A4-S-ketosteroid is accompanied by a shift of the double bond was 

23 1 (For references, see pp. 269-312.1 



Chapter 4 

considered unaolved in 1952.3 In the following year Dferaesi and Gor- 
rnan,103 on the basis of earlier obeervations of Fernholal26a which 
indlcated a ehift of the double bond from the 4, 5-position to the 5,6- 
poettion, concluded that a shift does occur. 

(RRI 5563) 

927 328 

Their consideration of the molecular rotations in the cholest-4-en-3- 
one series (327) showed a positive change in molecular rotation on 
going to the thioketal @a), a strongly negative change on going to the 
ketal (328), and an even more strongly negative change on going to the 
hemithioketal (330). A strongly negative change is characteristic of a 
shift of the double bond from 4, 5 to 5,6. To explain this difference in 
the ehift of the double bond, Djerassi and Gorman postulated 332 as the 
intermediate for hemithioketal formation through nucleophilic attack by 
the primary hydroxyl group to give 331 without a shift of the double bond 
or through dehydration to 333 followed by 1,2-addition to the 3,4-double 
bond to give 390. They preferred the latter process. 

232 
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I 

In the case of the mercaptole329, on the other hand, the S, 2 reactionpre- 
dominates over dehydration by virtue of the more strongly nucleophilic 
sulfur. 

Another method for the preparation of these ethylene hemithioketals 
was  Djerassi and Gorman's103 adaptation of the exchange method devel- 
oped for ketals ("trans-ketalization") in which a nonvolatile ketone is 
refluxed in benzene with 2, 2-dimethyl-l,3-oxathiolane (334). 

334 335 

This method in general did not work with steroids and the ethylene mer- 
captal of acetone. In the case of androstan- 17-one, androst-5-en-3B-ol- 
17-one acetate, and 22a-spirost-4-en-3-one, yields of 90,85, and 34%, 
respectively, of the hemithioketals were obtained as compared with 93, 
90, and 65%, respectively, by the benzene-p-toluenesdfonic acid method, 

Djerassi and Gormanlos suggested the following mechanism for the 
exchange reaction 

[For references, see pp. Z S S - S l Z . ]  233 



Chapter 4 

This mechanism implies that the oxygen in the hemithioketal is from 
the ketone and not from the original oxathiolane. Consequently, the ini- 
tial attack must proceed through the sulfur or otherwise a ketal would 
be the product. 

In preparing the ethylenehemithioketal from cholestan-3-one, cholest- 
5-en-3-one, and dehydroepiandrosterone, Fieserl27 treated the steroid 
in acetic acid at 25" with boron trifluoride etherate as the condensing 
catalyst and obtained yields of 82, 18, and 87 %, respectively. The low 
yield for the cholest-5-en-3-one was attributed to isomerization to the 
conjugated ketone before completion of the condensation 

Herzog and co-workers,zll on treating androst-4-en-3,l'l-dione and 
mercaptoethanol in benzene with p -toluenesulfonic acid and azeotropi- 
cally distilling off the benzene-water azeotrope, obtained four crystal- 
line fractions including a 2% yield of androst-4-en-3,17-dione-3-oxa- 
thiolane. Starting with androstane-3,17 -dione, and following a similar 
procedure, they obtained a 56% yield of androstane-3, 17-dione-bis- 
(oxathiolane). 

Romo de Vivar  and R o m 0 ~ ~ 3 ~  prepared spiro(4,4-diphenyl-l,3-oxa- 
thiolan-5-one-2,3'- 17fl -acetoxyandrostanone) with a -mercaptodiphenyl- 
acetic acid in refluxing benzene using p-toluenesulfonic acid as catalyst. 

COCH3 
p-CH&H,SO,H 
C& ref l u x  

( C B H d 2 7  SH COOH +& 73% 

b. Properties, Reactions, and Uses 
(1) 1,3-Oxathiolanes 

The simpler, monosubstituted 1,3-oxathiolanes are  liquids with fresh, 
aromatic aromas. They are insoluble in water and soluble in most or- 
ganic solvents. They are  fairly stable to bases, but are completely 
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hydrolyzed to the starting mercaptoalcohol and carbonyl compounds by 
dilute a ~ i d s . ~ 6 ~  

The structural similarity among imidazolidines, dioxolanes, oxazoli- 
dines, and oxathiolanes a s  expressed by the infrared absorption spec- 
trum has been pointed out. 40 The condensation product from methyl 
isobutyl ketone and 2-mercaptoethanol showed maxima at 1074, 1130, 
1157, and 1186 cm-1. In the condensation product of the same ketone 
with 2,3-dimercaptopropanol, bands were observed at 1072,1125,1160, 
and 1199 cm-1. Thus, the condensation involved the hydroxyl and adja- 
cent mercapto and not the two vicinal mercapto groups. The presence 
of the free mercapto group in this condensation product was proved by 
the positive reaction with nitrous acid and by the 2500 cm- 1 band, which 
are characteristic for a free mercapto group. 

have been postulated to be intermediates in reactions which conceivably 
could have led to their'preparations. This might imply the ch'lorometh- 
yloxathiolanes are intrinsically unstable o r  that they are not reason- 
able intermediates. Thus, in the reaction of epichlorohydrin with thiol- 
acetic acid, S j ~ b e r g ~ ~ O  obtained the acetate of 1-chloro-2-mercapto- 
2-propanol, which, he believed, resulted from the intermediate oxathiol- 
me (337). 

Only one chloromethyloxathiolane has been reported, although two 

CHsCOSH CH,SCOCH, 
60°, 35 h r s .  

f:% 
60°, 12 hrs . ,  

7 6% 

[ Ec(z".] 3 ] : Z C H .  H z C l  

337 
Sjoberg, 440 on the other hand, prepared 5-chloromethyl-2, 2-dimethyl- 
1, 3-oxathiolane, which he distilled twice at 74-75" and 15 mm pressure. 
Consequently, if 337 is an intermediate, its instability must be due to the 
tertiary hydroxyl group. 

Parham, Heberling, and Wynberg3S7 postulated that 2-chloromethyl-1, 
3-oxathiolane (338) i s  an intermediate in the reaction of chloroacetal 
and 2-mercaptoethanol to give dihydro-2-oxathiin (see Chapter 11, 
section III A-6). 

338 

- H C 1  - [L3+] c l -  -_3 (:I 
[For references, see pp. 289-312.1 235 



Chapter 4 

Although this is a likely mechanism, other equally reasonable mecha- 
nisms could be postulated which do not require the oxathiolane to be an 
intermediate, a s  in the following. 

According to Marshall and Stevenson, 30% 2-trichloromethyl-l,3- 
oxathiolane decomposes on distillation at 1 mm pressure and slowly 
deliquesces on exposure to the atmosphere. 

Finder and Smith,362 who studied the formation of dioxolanes and 
oxathiolanes as a means for protecting the carbonyl group in various 
acetophenones, observed that the Birch reduction converts 2-methyl-2- 
phenyl- 1,S-oxathiolane (339) into ethylbenzene and l-ethylcyclohexa- 
l,$-diene (340). 

Na + M e O H  6 
C,H, l i q .  NH3, E t z O  C6HSCHzCH3 + some 

\ 

340 
CTCH3 
339 

Eliel and Badding, 11Sa on treating 2-phenyl-1, 3-oxathiolane (341) with 
lithium aluminum hydr ide and aluminum chloride, obtained the thioether 
(sw. 

L i A l H ,  

C,H@CH2SCH,CH,OH 
88% 

342 
L-PH5 *lC13 ' 

341 

Thus, the reaction of a carbonyl compound, such as benzaldehyde, with a 
mercaptoethanol is a convenient methoti for the synthesis of thioethers 
through the 1, 3-oxathiolane. 

Marshall and S teven~on3O~~ obtained the dioxide (343) on treating 2- 
methyl-2-phenyl- 1, 3-oxathiolane (339) with permanganate in acetone. 
The dioxide slowly decomposed to acetophenone. Oxidation of Z-methyl- 

Z36 
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2-phenyl- 1,3-oxathiolane with hydrogen peroxide yielded only aceto- 
phenone. 

339 343 

Djerassi and Gormanlo3 investigated the scope and mechanism of the 
protection of carbonyls by formation of the corresponding hemithioketal 
and the removal of the hemithioketal group under essentially neutral 
conditions with Raney nickel. They postulated a 1,4-diradical (344) 
mechanism. 

344 

Dermerssb reported that treatment of 1,3-oxathiolane with acids gives 
a viscous polymer having a molecular weight of about 1500. It was 
postulated that the polymerization proceeds through the cleavage of the 
oxygen-carbon bond. 

That the oxygen in preference to the sulfur is attacked by acid is indi- 
cated by the rapid polymerization of 1, 3-dioxolane and the slow poly- 
merization of 1, 3-dithiolane relative to that of 1, 3-oxathiolane. Where- 
as 5-methyl- 1, 3 -0xathiolane polymerizes, the 2-substituted oxathiolanes 
decompose with elimination of an aldehyde or ketone and formation of 
polyethylene sulfide. The behavior of 2-substituted oxathiolanes with 
acid may be attributed to the inductive effect of substituents. 

[For references, see pp. 289-312.1 237 
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Copolymers of 1, 3-oxathiolane with 1, 3-dioxolane, ethylene oxide, 
ethylene sulfide, and formaldehyde have been prepared by similarly 
heating the mixture with sulfuric acid at 70" for several days. The 
polymers and copolymers have not found utility."b 

and bactericides, Marshall and Stevenson3oSa evaluated various 1,3- 
oxathiolanes. They were found to be inactive. 

Because of the activity of phenoxathiins as insecticides, anthelmintics, 

(2) 1,3-Oxathiolan-2-imines 

1,3-Oxathiolan-2-imine hydrochloride (345) is a sd id  which decom- 
poses on melting. On treating with alkali, Sergeev and Kolychev431 ob- 
tained ethylene sadfide polymers. 

According to Emerson and Patricklls 5-(2-thienyl)- dna 5- (5-chloro- 
2-thienylb 1,3-0xathiolan-2-imines (346) are useful as insecticiaes 
and fungicides. On boiling with 25% aqueous sodium hyaraxide ,114 
ammonia evolves, and, on acidification of the residue, carbon dioxide 
evolves. 

346 

Price and Kirk363 studied the mechanism of the reaction of epoxides 
with alkali thiocyanates to give episulfiGes through the formation of 
oxathiolanes. Their evidence supported Van Tamelen's mechanism, 473 
which involves two Walden inversions, the first involving the kans  open- 
ing of the epoxide ring and the second the trans closing to the episulfide. 
ring. This evidence was the isolation of the y-nitrobenzoyl derivative of 
the oxathiolane-2-imine. 
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Wagner-Juaregg and Hlring,492 in their studies of the reaction of 
epoxides with HSCN, reported the following reactions of the several 
1,3-0xathiolan-3-imines they prepared. 

The 2,2-diamfno-1, 3-oxathiolane (34'7) which Durden, Stansbury, and 
Catlettell3 considered to result from the reaction of ethyl 2,3-epoxy- 
3-methylvalerate and thiourea could not be isolated because of its ready 
decomposition to the episulfide and urea. 

347 

(3) 1,3-Oxathiolan-2-one 

1,3-Oxathiolan-%-one (348) is a high boiling, stable liquid. On treat- 
ment with 2N sodium hydroxide, it forms a polymer; with a trace of 
sulfuric acid in benzene solution it is converted to b-dithiane; with hy- 
drogen peraxide in acetic acid solution it reacts to give carbon dioxide 
and sulfuric acid. 23 

[For references, see pp. 269-312.1 239 
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On heating 1,3-oxathiolan-2-one at 200", ethylene sulfide is obtained 
in yields of 80-88%.395r396 The ethylene sulfide is pure as obtained and 
the only by-product is carbon dioxide. 

348 

The reaction is not accompanied by the formation of polymers and 
there is practically no residue. The addition of a small amount of an 
alkaline catalyst, such as sodium carbmate, during the decomposition 
reaction results in a smooth and rapid reaction The addition of an acid 
catalyst, such as P-toluenesulfonic acid, inhibits the decomposition 

However, if the sodium carbonate is added in larger quantity (1% is 
optimum), the decomposition is too rapid and polymerization occurs. 
The polymer formed in the normal preparation from mercaptoethanol 
and phosgene is a tetramer (349). 

(--CH2CH2S&--~, 9 
349 

Inasmuch as ethylene sulfide is difficult to store because of its tendency 
to polymerize, 1,3-0xathiolan-2-one is a quick and convenient source. 

The ease of the base-catalyzed decomposition of 1,3-oxathiolan-2-one 
prompted Reynolds and co-w0rkers3*6~~3d~~ to study the possibilities 
of the reaction with primary and secondary amines without isolation of 
the ethylene sulfide. This was realized for moderately to strongly basic 
organic amines. The procedure consists of refluxing overnight 1,3- 
oxathiolan-2-one with a two-fold excess of amine in a nonpolar solvent 
such as benzene or toluene; the yields are comparable to those reported 
for the direct reaction of the amines with ethylene sulfide. 

348 

Amines used in this reaction include (C,H,),NH, (n-C4H,),NH, IZ- 
C,J&pH2, C6H, CH,NH,, piperidine, N -methylpiperazine, morpholine, 
and cyclohexylamine. In the reaction with several primary amines, such 
as n-butyl-, allyl-, and cyclohexylamine, by reaction of two moles 348 
per mole amine, the praiuct was the 2-mercaptoethyl carbamate from 
n-butyl- and allylamines and the ethylmercaptoethanethiol from cyclo- 
hexylamine. 
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In the presence of an ionizing solvent, such as dioxane or water, the 
products were low-molecular-weight polyethylene sulfides of the gen- 
eral formulas, R2N(CH,CH,S),H and R,NCO, (CH,CH,S),H. 

(4) 1,3-Oxathiolan-5-one 

vatives being lower melting than the functional derivatives. They are 
insoluble in water and soluble in the usual organic solvents, such as 
benzene. chloroform, acetone, and warm methanol and acetic acid. They 
are rather easily hydrolyzed, 245,280 particularly by alkaline media. 

Bistrzycki with Brenken44 and with Traub, 45 who prepared a variety 
of lJ3-oxathio1an-5-ones, reported the following reactions (illustrated 
with 4,4-dipheny1-lJ3-oxathiolan-5-one (350). 

1,3-Oxathiolan-5-ones are  colorless solids, in general, the alkyl deri- 

3 (CsH5)&HCONH2 
10 hrs .  in tube 

350 
5% NaOH 

A -> ( C  

Zn + A c O H  

A P (C6Hj)aCHCOOH 

351 

The 4,4-diphenyf-lJ3-oxathiolan-5-ones a re  colorless'prisms, flakes 
or tablets, and are crystallized from dilute alcohol or  dilute acetic acid. 
The color reaction with concentrated sulfuric acid is general, and usually 
involves several color changes. It is to be noted that the reaction with 
ammonia involves a reduction. The sulfone obtained by chromate oxi- 
dation also gives the concentrated sulfuric acid color reaction. On 
hydrolyzing with alkaline solutions, the products are  the original ketone 
or aldehyde and thiobenzilic acid. 

an-5-ones, such as  352, yield 9,lO-epithioanthracenes (353) on treat- 
ment with concentrated sulfuric acid. Bistrzycki and BrenkenJ44 who 

241 

According to Bistrzycki and Traub, 45 2-aryl-4,4-phenyl-IJ 2-cxathiol- 

[For references, see pp. 289-312.1 
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also observed this reaction, suggested that acid hydrolysis occurred, 
followed by loss of carbon monoxide and then dehydration to give the 
epithioanthracene. 

C6HS o c w c H 3  H2S04 , 
C6H5 

352 

353 

These compounds are  strongly triboluminescent, i. e., luminescent when 
subjected to friction. 

Larsson2*0,281 studied the alkaline hydrolysis of several substituted 
5-OXO-l,3-oxathiolane-2-carboxylic acids (354). In the first stage of 
hydrolysis, they give hydroxyacids, which, in  the second stage, decom- 
pose to keto and mercapto acids. 

The first stage of the hydrolysis is the rate-determining step. The 
reaction rate constants (k) of the alkaline hydrolysis at 20.0' for various 
oxathiolanes are given in Table 18. 

The reaction of 2-phenyl-l,3-oxathiolan-5-one (355) with mercapto- 
acetic acid reported by Holmberg23 illustrates the ease with which it 
reverts to the reactants from which it had been prepared. 

Simmons437a described 2,2-bis (chlorodifluoromethy1)- 1, J-oxathiolan- 
&one a8 a clear, colorless liquid having a high chemical stability. It is  
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TABLE 18. Alkaline Hydrolysis of Oxathiolan-5-ones at 20.0" 

Oxathiolan-5-one-2- carboxylic acid k 

Unsubstd. 

2-CB3 

large 

92 

90 

118 

41 

38 

48 

50 

19 

18 

22 

particularly stable towards hydrolysis and thermal and oxidative deg- 
radation. It is therefore suggested as potentially useful as  a trans- 
former fluid. It is also suggested as being useful as a systemic fungi- 
cide for the control of bean rust. 

(5) 1,3-Oxathiolane-2, 5-dione 

stored in a dry atmosphere. It hydrolyzes readily with evolution of 
carbon dioxide. On treatment with aniline in dioxane at lo", carbon 
dioxide is evolved in an exothermic reaction21722 

1, 3-Oxathiolane-2, 5-dione (356) is quite water sensitive and must be 

356 

1, 3-Oxathiolane-2, 5-dione loses carbon dioxide quantitatively in the 
presence of polymerization initiators, such as pyridine, to give a white, 
powdery polymer (357) melting at 130-140" or  147-157°C. Block poly- 
merization is carried out near the melting point of 1, J-oxathiolane- 
2,5-dione. 423% 

[For references, see pp. 289-312.] 243 
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o d O b o  pyrtdine 

i - 8  ____ * + (--SCHzCO-), + C02 

357 

(6) Spiro 1,3-oxathiolanes (from cyclohexanones) 

A s  Djerassi  and G 0 r r n a n ~ 0 ~  pointed out, the ease of removing the 
hemithioketal group under essentially neutral conditions with Raney 
nickel is a potentially useful tool in organic synthesis for  protecting a 
carbonyl group. It was postulated that the desulfurization proceeded 
through a 1,4-diradical mechanism (358). 106,402,403a 

t H 2  ')(I %neY Ni, R 2qo-&2 ---+ R,C=O + CH2=CH2 

n 
358 

This reaction has found extensive use in the steroid series. 

The normal course of Raney nickel desulfurization of hemithioketals 
(359), in acetone, a s  postulated by Djerassi, Gorman, and Henry,106 in- 
volves the formation of predominantly or exclusively the original ketone 
and an alcohol derived from the mercaptoethanol moiety. 

NI, H2 R"CH0H 
+ R&=O 

R' 

359 

Jaeger and Smith238 reported that while Raney nickel desulfurization 
in acetone may occur to regenerate the ketone (361), 

360 361 
fn - H or c , t I , l  

it may occur also with formation of an ethyl ether (363). 

363 363 

Desulfurization of the dihemithioketal364 from cyclohexanedione led 
predominantly to the cyclohexadiol. 
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364 

There is also a third path by which desulfurization can occur. Em- 
ploying an atmosphere Df nitrogen in the absence of water and oxygen- 
containing solvents, ketones and hydrocarbons were o b t b e d ,  l o 6  the 
hy&ocarbons probably arising from the /3 -mercaptoethanol part of the 
molecule. The production of hydrocarbons was also observed on heat- 
ing the oxathiolane (365) in acetone. 

HOH C&CH 

C6H5CH2 

4 2% 11% 7% 

CH,COCH, p h T o o  A , 
Ph-S 

7 0 %  
365 

To explain some of the products they obtained on Raney Ni desulfuri- 
Lation in ethanol, acetone, or benzene, Romo l e  Vivar and Rom0403~ 
postulated that the 1,4-biradical (366) proceeds by formation of a 1, 2- 
biradical to diphenylketene (367). The solvent did not appear to have an 
important effect on the reaction mechanism. 

366 

367 

Table 19 lists the products from the desulfurization of 4,4-diphenyl- 
1, 3-oxathiolan-5-ones. 

Cope and Farkas7fJ catalytically hydrogenciked the hemithioitetal 
(368) of cyclohexanone with molybdenum sulfide at 240-260’ to obtain 
cyclohexane and cyclohexanethiol (also obtained when ruthenium was 
used). 

368 

[For references, see pp. 289-312.1 245 
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Bergmann, Lavie, and Pinchas39 found that lithium aluminum hydride 
does not cleave the hernithioketal of cyclohexanone. Jaeger and 
Smith237,238 consequently considered cyclohexane- 1,a-dione a s  a 
potential intermediate for the synthesis of steroids through the protec- 
tion of the carbonyl group against anionoid reagents. 

373 374 

375 
The plane of the oxathiolane ring in A 798 -6-ethynyl-l-oxa-9-thiaspiro- 

[4.5]decane (372) i s  approximately at right angles to an annular double 
bond in the a, B-position. Consequently, there should be no pronounced 
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electronic interaction between the two functions. Jaeger and Smith237 
rationalized the dehydration in terms of steric strains. Assuming a 
planar oxathiolane ring and an unstrained tetrahedral angle (109. 5”) for 
the carbons, and ignoring the requirements of bond distances, they cal- 
culated the 0-C-S angle to be 103. 5”, which i s  a relatively large defor- 
mation compared to dithiolane (S-C-S calculated to be 108”). The strain 
in the oxathiolane moiety can be reduced with consequent stabilization 
by migration of the double bond in 372 from a, 8-  to $, y-  (with respect 
to the oxathiolane), although the presence of the ethynyl group tends to 
hold the double bond in  conjugation. This could explain why the double 
bond shifts in the oxathiolane series and not in the dithiolane, as observ- 
ed also for the oxathiolanes of the A4-3-oxosteroids in which the double 
bond shifts to the 5, 6-position and for the dithiolanes in which the double 
bond remains in the 4, 5-position 

Eliel and Baddingl13a reported that the hemithioketal of cyclohexan- 
one, on treatment with lithium aluminum hydride and aluminum chlo- 
ride, is converted to the thioether in good yields. 

(7) Spiro 1,3-oxathiolanes (from steroids) 

The chemical properties and reactions discussed for spiro 1, 3-0Xa- 
thiolanes of cyclohexanones also holds true for those of the steroids. 
Most important, of course, is the protection the 1,S-oxathiolane affords 
to the ketone group of the steroid while other groups of the molecule 
are altered. The protected ketone is  regenerated by acid hydrolysis or  
treatment with Raney nickell03,10%402,449 of the 1, 3-oxathiolane 
moiety. The 1, 3-oxathiolane grouping is not affected by dilute bases 
and is resistant toward reduction with lithium aluminum hydride, 402,403 
the two reagents commonly used to  alter groups in the steroid molecule. 

Thus, estrone acetate 17-ethylenehemithioketal is hydrolyzed by re- 
fluxing with potassium bicarbonate solution in ethanol in  83% yield to 
estrone 17-ethylenehemithioketal, which is converted by acid hydrolysis 
(ethanolic hydrochloric acid) to estrone in 6% yield. 402 Oppenauer 
oxidation of androst-5-en-3p -01- 17-one- 17-ethylenehemithioketal 
(treatment with aluminum t-butoxide in cyclohexanone and toluene with 
reflux) gives a 70% yield of androst-4-ene-3, 17-dione-17-ethylenehemi- 
thioketal.402 The treatment with Raney nickel does not always lead to 
good yields of the parent ketone: androst-rl-ene-3,17-dione-3, 17-bis 
(ethylenehemithioketal) is converted to androst-4-ene-3, 17-dione in 
only 22% yield by this treatment whereas acid hydrolysis gives a 60% 
yield. 402 Hydrolysis also has been carried out in the presence of a 
mixture of cadmium carbonate-mercuric chloride. 402 

01-11, 20-dione acetate (376) to the 20-hemithioketal (3771, reduced 
this with lithium aluminum hydride to  the hemithioketal (378) of allo- 

Djerassi, Batres, Romo, and Rosenkraz Io2 converted allopregnan-3p- 
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pregnane-3j3, ll$-diol-20-one, which on treatment with Raney nickel in 
ethanol gave allopregnane-313, II@-diol-ZO-one (3791, which they con- 
sidered as a potential starting material for the synthesis of I'Ta-hy- 
droxycorticosterone (Kendall's compound F). 

Tetrahydrofuran 
L i A l H ,  
4 

AcO 

Another series of reactions in which the steroid 0x0 group was pro- 
tected by the 1,J-oxathiolane moiety i s  that reported by Mazur3l5,3l6 
for dehydrocholic acid (38Q). 

[For references, see pp. 289-312.1 249 
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382 

383 

The final product, hexadecahydro-17 -(5-hydroxy-1~-methylbutyl)-lO, 13- 
dimethyl- 15H-~yclopenta[a] phenanthrene-3,7,12-trione (3831, and its 
derivatives, according to Mazur,3 l6 possess valuable pharmacological 
properties for their effect on the cardiovascular sys tem They are  
said to  be of particular importance as anti-hypertensive agents; they 
show a myotropic activity without testoid stimulation; they possess a 
desirable chloretic action and have the property of increasing the 
volume of bile from the liver. Estrone 17-ethylenehemithioketal, ac- 
cording to Romo, Rosenkranz, arid Djerassi, 402 has about one-tenth the 
estrogenic activity of estrone in rats. 

The desulfurization of hemithioketals of steroids has been studied by 
Djerassi, Gorman, and Henry, lo6 Djerassi and Grossman, lo7 Djerassi, 
Shamma, and Kan, 108 and Romo de Vivar and Romo. 403 Desulfurization 
of spiro (5-diphenylmethyl-1,3 -0xathiolane)- 2, J'-cholestane (384), pre - 
pared from optically active mercapto-alcohol, in ethyl methyl ketone by 
refluxing with Raney nickel for 24 hours led to 5% yield of I, 1- 
diphenylpropan-2-01 and over 80% 3-cholestanone (385) and 3-cholestan- 
01. The diphenylpropanol was optically active and the desulfurization 
of the diastereoisomer of the 3-cholestanone hemithioketal led to its 
antipode, It was therefore assumed that complete retention of config- 
uration occurs in this reaction. Assuming that complete inversion does 
not occur, it was concluded that the oxygen present in the oxathiolane 
moiety is the one found in the diphenylpropanol and that rupture occurs 
at the C - 0  bond. &ST o&17 

H C 1  s o l n .  
ref lux 
I___, 

ii 
384 385 

H 
Ph2 HT: 

+ Ph2CHCHOHCHzSH or IPhzCHCHOHCH2S-12 
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Desulfurization of these spiro- lJ3-oxathiolanes of steroids in hydroly- 
tic solGents, such as alcohols and ketones, thus yields chiefly the parent 
steroid and the alcohol of the original P-mercaptoethanol. In a nonpolar 
solvent, such as benzene, however, the main products of desulfurization 
are the parent steroid and the hydrocarbon derived from the original 
p - mercaptoethanol. 108 

F'ieser, 127 in his studies on the preparation of spiro-oxathialanes of 
three steroid ketones, compared the molecular rotations of their spiro- 
dioxolanes, -oxothiolanes, and -dithiolanes (increments are  given in 
parentheses in Table 20). 

TABLE 20. Molecular Rotations of Steroid Ketones and 
Spiro-Der ivat ives 

\ ,c=o :pb] >c\o J > J S ]  \s 
Steroid 

/ 

Dehydroepiandro- 

sterone acetate -23 -313(-290) -389(-366) -351(-328) 

Cholestanone 158 1 11 (-47) 148(-10) 

Cholest-5-en-3-one -18 -135 -87 (-69) 

Steroids with a double bond between C-5 and C-6 give a color reaction 
when treated with ferric chloride in glacial acetic acid-sulfuric acid 
solution. Zak, MOSS, Boyle, and Zlatkis516 observed a similar color 
reaction €or the spiro-oxathiolanes. Thus, spiro r3.H-cyclopenta [a ] 
phenanthrene-3, 2'-(1,3-oxathiolane)] gave a blue-violet color. 

[For references, see pp. 289-312. ] 251 
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B. C3 OS-C306 7-0XA-2,5-DITHIABICYCLO [Z .  2.11 HEPTANE (386) 

(RRI 952) 

These compounds are  closely related to the p-dithianes (see Chapter 
12, section III A-lj), the parent compound being the dehydration product 
of y-dithiane-2, 5-diol. Attempts have been made to prepare it by de- 
hydrating the diol, but only resins were obtained.232c Quite a few alkyl 
derivatives, however, have been prepared. These are listed in Table 21. 

Hromatka and Engel23 1 ~ ~ 3 2  first characterized this heterocyclic class. 
They concluded that the oily compound which T ~ c h e r n i a c ~ ~ ~  obtained as 
a by-product from the hydrolysis of his isomethylrhodin" with concen- 
trated hydrochloric acid was probably 1,4-dimethyl-7-oxa-2,5-dithia- 
bicycIo[2. 2. llheptane (387). In repeating the earlier work, Hromatka 
and Engel obtained the isomethylrhodin" from thiocyanoacetoue and 
potassium bisulfite; on treatment with 2NHCl , l ,  4-dimethyl-7-oxa-2, 
5-dithia-bicyclo[2.2. 1 lheptane was obtained; on treatment with concen- 
trated acid, however, only higher boiling fractions were obtained, 

the workers in the field have used the 2,5-endoxy-p-dithiane nomen- 
clature. 

Chemical Abstracts uses the Baeyer bicyclic nomenclature. Most of 

1. Preparation 

of the preparation of LY -mercaptoketones and elucidation of the struc- 
tures of the resulting products. Hromatka and Engel231 obtained the 1,4- 
dimethyl derivative in 35% yield on heating dimeric mercaptoacetone at 
100" for 3 hours. 

This class of heterocyclic compounds was discovered through studies 

387 

Schotte425 believed that the mercaptoacetone dimer exists in two poly- 
morphic forms, and dehydration of one of the dimeric forms gives 387. 
Bacchetti, Sartori and FiecchiZ 1 looked upon the cyclization of the LY - 
mercaptoketone as  involving first a dimerization and secondly a dehy- 
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dration, although in many cases the dimeric ketone cannot be isolated. 
The ease of formation was considered to be dependent on the reactivity 
of the carbonyl group and on the nature and size of the radicals in the 
ketone. 

It is pertinent that Hromatka and Haber232c obtained a 61% yield of 
dihydroxy-p-dithiane from the reaction of chloroacetaldehyde and 
sodium bisulfide at o", but were unable to convert it to the bicyclic com- 
pound. BOhme, Freimuth, and Mudlas,5 1 in studying the solvolysis of 
acetylmercaptoacetone with alc'oholic hydrochloric acid, did not obtain 
the expected thioacetic acid; instead, the reaction resulted in a 78% yield 
of 387. 

EtOH,  H C 1  
r. t., 1 day > 387 CHSCOCHs + C H s C O S C l  __3 CH&OCHpSCOCHs 

On treating 2,5-dimethyl-7-phenyl-2,5-dithia-?-aza [ 2.2.11 heptane 
(388) with 10% hydrochloric acid, Bacchetti and Ferrati2za obtained a 
small amount of 387. 

388 
Thiel, ScMfer, and Asinger,461 on treating 2,2,4-trimethy1-3-thiazol- 
ine with butyllithium in absolute ether, obtained a 6% yield of 387. 

389 

1. C,H,Li ,  E t z O  
2. HzO 
3. 0 .5  N H C I  

6% 

Whereas these heterocyclic compounds have been obtained in reason- 
ably good yields by heating [Y -mercaptoketones, excellent yields are  
obtained on treating the IY -mercaptoketone with dry HC1 at room tem- 
perature 14~17r1Ba or by refluxing it in 15% hydrochloric acid for one 
hour. 14, 18 Using phosphorus pentachloride in the cold gave lower 
yields. 14 

CzH5COI;CH~ Pels, i c e h a l t  b a t h  

dry H C 1 ,  54% room temp.: & 
90% 

15% H C 1 .  ref l u x  . 

390 90% 

[For references, see pp. 289-312.1 253 
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Asinger, Thiel, and Sedlaklsa obtained two mercaptoketones from 2- 
methylpentanone-3 which led to two different 7-oxa-2,li-dithia bicylo- 
heptanes (391 and SQ2) on treatment with HC1 gas followed by heating. 

0 
1. H C 1  gas, 2 hrs. 

33% 
’* *’ lS5 bra* 3 

CH3 7 CHS 
/ 391 

1. HC1 gas, 2 hrs. cH3& CHt UH3)a 

CH, HCOCH(CHs), ’* *’ hrs* > 
97.5% 

CH(CHs12 CH3 

f, 
392 

Excellent yields are  also obtained on using *Id hydrochloric acfd.460 

393 

4 N H C 1 ,  8 60*, 9% 3 hrs. ,  :;:AcH3 
CH3 

394 

Ewhlrnann, Schrapler, and Grames,405b in their studies on the addition 
of cr -mercaptoketones to ally1 halides, found that 7-oxa-2,5-dithiablcy- 
cloheptanes resulted rather than addition when benzoyl peroxide was 
used as the catalyst; when potassium carbonate was  used, the bicyclo 
compound was also obtained, but in lower yields. This dehydration in 
basic medium is unusual. 

(C,H,C0),02 3 

254 



C,O8 Ring Systems 

Asinger and Thiel,16,46* in studies on the reaction of ketones with 
sulfur and ammonia, obtained alkyl thiazolines, which, on treatment with 
2 iv hydrochloric acid gave good yields of 7-oxa-2,5-dithiabicyclohep- 
tanes. Undoubtedly the A3-thiazoline hydrolyzes to the (Y -mercaptoke- 
tone, which then undergoes dimerization and dehydration in the presence 
of acid 

2 N H C l  
9, NH, c?$:l _5 h r s . ,  room temp., 

CH3 67% 
C H ~ C O C H S  

387 

395 
Treatment of 3-mercaptobutanone-2 with 2N hydrochloric acid at 70-75" 
for 5 hours gave an 83% yield of the tetramethyl compound (395). 
Asinger and Thiellsa obtained 395 in low yield along with 2,4,5-tri- 
methyl- 2 -ethyl- h3-t hiazoline on s t  wring a mixture of 3 -mereaptobutan- 
one-2, butanone, 10% acetic acid, and aqueous ammonia at room tempera- 
ture for 6 hours. 

8. structure 

According to Hromatka and Haberl, 232a the endoxydithiane is in the 
boat form The chair form for the dithiane ring is not possible. Three 
isomers then may exist for a 3, 6-disubstituted endoxydithiane. 

&&::a 
[For references, see pp. 269-312.1 255 
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The 2,2-dioxide, however, has four possible isomers. The 2, 2, 5, 5- 
tetroxide, on the other hand, being symmetrical, has only three possible 
isomers. 

3. PropertiesandReadions 
These compounds have terpene-like odors. They are  stable, giving no 

reaction with acetic anhydride or hydroxylamine, and are  not easily hy- 
drolyzed except in the sulfone form They are soluble in methanol, 
ethanol, ether, and acetone, and insoluble in water, 

The 2, %dioxide is prepared by treating the endoxydithiane with potas- 
sium permanganate in acetone or in water with vigorous stirring. The 
2, 2, 5,5-tetroxide is best prepared by oxidation with potassium perman- 
ganate in acetic acid. The tetroxide yields are much higher than the 
dioxide yields. The yields of dioxide have varied from 0% for the 1, 4- 
diethyl to 53% for the 1, 4-dimethyl; the yields of tetroxide have varied 
from 40% to practically 90%. 

Oxidation of the tetramethyl compound at 0" with permanganate in 
water with vigorous stirring gave 8% of the 2,2-dioxide, and a little 
2,2, 5,5-tetroxide. On oxidation of the tetramethyl compound in water 
with aqueous permanganate two stereoisomeric tetroxides were obtain- 
e& 7% melting at 236" and 6% melting at 260'. The infrared spectra of 
the two stereoisomers were different.2328 

acetone, and mercaptoacetone. 231 The dimethyl tetroxide remains un- 
changed on boiling in water, but in cold sodium hydroxide gives sulfur 
dioxide and two moles acetone.231 The dioxide does not react with 
methyl iodide at room temperature. On refluxing the dioxide with hy- 
droxylamine, the oxime of mercaptoacetone is obtained. 232 

The dimethyl dioxide on boiling in water decomposes to sulfur dioxide, 

Ao2 , HzO, 100; CH,COCH,SH + cn3cocn, + so, 

HONHz il"" 
CHsCCHzSH 

On treating the diethyl compound with mercuric chloride a mercury 
complex, melting at 129-130°, precipitates. l6 The 1,4-diethyl-3,6- 
dimethyl compound similarly gives a precipitate melting at 66-72". 

256 



C,o6 Ring Systems 

C. C,OS-C,O Furo[2,3-d]-2H-l, 3-oxathiole (396) 

396 

Only a tetrahydro derivative of this ring system has been reported. 
Schneider and Urede, 423 in studies on the constitution of sinigrins, 
treated sinigrin (397) with methanolic potassium hydroxide and isolated 
in 1 l Y  yield the fur0[2,3-d]-1,3-crxathiole derivative (398)which they 
called merosinigrin, melting at  192”. Treatment of merosinigrin with 
acetic anhydride yielded the triacetate (3991, melting at  177”. 

#[%OH, KOH 
11% 

397 

f l y c a H I  Ac,O, AcONa , Tr i ace t a t e 

398 399 

D. C305-C, Cyclopenta-1, 3-oxathiolane (400) 

The only successfu1 syntheses of members of this ring system a re  
those reported by Goodman, Benitez, Anderson, and Bake1-16~ by the con. 
version of tmns-1,2-cyclopentanediol to bans -2- (phenylthiocarbamyl- 
ow)-cyclopentanOl, which on reaction with cold thionyl chloride gave 
the anil of cis-cyclopentano-1,S-oxathiolane (401) with inversion. 

[For references, see pp. 289-312. J 257 
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Chapter 4 

50% AcOH 

The anil melted at 55-61" and its picrate at  117-122". The infrared ab- 
sorption f equency of the C=N bond in the anil appeared at  6.12 p where- 

6.15 p. The anil was readily converted to cis-cyclopentano-1, 3-oxathio- 
lan-a-one, b.p. = 62-65' at 1 mm, $0 = 1.5264, which had a strong car- 
bony1 band a t  5.76 p. The 2-01143 was converted to cis-2-mercaptocyclo- 
pentanol in 57% yield by treatment with methanolic sodium methoxide 
at room temperature; similar treatment of the anil gave the mercapto- 
alcohol in 63% yield. 

as the C= x H absorption in its picrate and hydrochloride occurred at 

Van Tamelen473 was unsuccessful in his attempt to prepare cyclo- 
pentano-l,3-oxathiolane from cyclopentene oxide, whereas he was suc- 
cessful in preparing cyclohexano-lJ3-oxathiolane from cyclohexene 
oxide. He attributed the failure to excessive strain in the five-member- 
ed fused rings. Harding and Owen17" were unsuccessful in their  attempt 
to prepare 2-mercaptocyclopentyl acetate by acid isomerization of S- 
acety1-2-mercaptocyclopentano1, in which they postulated the likelihood 
of 2 - hydroxy - 2 - met hylc yclopentano- 1 , 3 -0xathiolane as the intermediate, 
similarly to the cyclohexane analog. 

E. C,0S-C50 M-PYRANO[S, 4-d]-W-lJ3-OXATHIOLE (402) 

402 

Baker, Hewson, Goodman, and BenitezJ3o on treating the thiourethan of 
methyl 4,6-O-benzylidene-m -D-glucopyranoside with thionyl chloride, 
obtained an oily product (403) that readily lost aniline to give another 
oil that was presumably the 1,3-oxathiolan-2-one (404). The presence 
of the 1,3-oxathiolan-2-anil and 2-one in the reaction mixtures w a s  
considered to be highly probable from the characteristic infrared 
absorption bands. 

260 



C,oS Ring Systems 

I dH 403 

404 

F. C3OS-C, 

1. W-l,3-Benzoxathiole (405) 

405 

(RRI 1223) 

Unsubstituted W-l,3-benzoxathiole (405) has not been reported. This 
system is best known as the 2-one o r  2-imino derivatives and substitu- 
ted 1,3-2tl-benzoxathioles which are listed in Table 22. 

Friedlander and Mauthnerl34 prepared W-l,3-benzoxathiol-2-imine 
in 1904. Zinke and A r n 0 l d 5 ~ ~  reported the preparation of %methyl- 
W-l,3-benzoxathiot-2-one in 1917, which was next repeated by Kauf- 
mann and Weber254a in 1929; K a ~ f m a n n ~ 5 ~ ~  also reported the prepara- 
tion of 5-methyl-W-1, 3-benzoxathiole-2-imine. Activity in this ring 
system lay dormant until the forties and fifties. 

This ring system has also been called benzothioxole and the 2-one 
compound benzothioxolone, benzoxathiolone, and thiocarbonate. 

a. Preparation 

The first benzoxathiole (406) was prepared by Friedlander and Mauth- 
ner134 by diazotization of o-aminophenol and ring closure of the result- 
ing diazonium compound with potassium ethyl xanthate. 

406 

[For references, see pp. 289-312.1 261 



Chapter 4 

A general method for the preparation of benzoxathiol-2-imines is by 
thiocymation of a phenolic compound. This reaction was first reported 
by K a ~ f r n a n n ~ ~ ~ b  who reacted p-cresol with sodium thiocyanate and 
bromine in methanol. 

407 

The unsubstituted benzoxathiol-2-imine could not be prepared by this 
method, as a substituent is needed in the phenol to direct the thiocyana- 
tion ortho to the phenolic hydroxyl.254a Acid hydrolysis converts the 
imino to the keto compound.254b WernerZg8 a 499 thiocyanated resorcinol, 
phloroglucinol, orcinol, 4-chloro- and 4-bromoresorcinol, and 2,g-dihy- 
droxytoluene. He suggested that these substituted benzoxathiol-2-imines 
may be useful as  intermediates in the manufacture of dyes or as disin- 
fecting agents. The ?-jmino and thio derivatives also have been said to 
stimulate plant growth.497 

4 French patent 129 describes the reaction of resorcinol and phloro- 
gmcinol with copper thiocyanate to give the corresponding benzoxathiol- 
2-imine, which, on treatment with dilute acid, was converted to the 2- 
one. Kaufmann259 formulated the reaction as follows: T--+ C u S C N  

d H  

- 
408 409 

The French patent, on the other hand, assumed that thiocyanation occur- 
red para to one of the phenolic hydroxyls. To clarify this, Pantlitschko 
and Benger356 nitrated the hydroxybenzoxathiol-2-one (409). 

b H  
410 

4 1  1 
262 

&H 

412 



C,OS Ring Systems 

YO2 

413 414 

415 416 

Hydrolysis with sodium hydroxide and elimination of the sulfhydryl 
group with hydrogen iodide gave only 4,6-dinitroresorcinol from the 
dinitrohydroxybenzoxathiole (412) and only 4-nitroresorcinol from the 
mononitrohydroxybenzoxathiole (410 or 411). It was therefore concluded 
that thiocyanation of resorcinol occurred ortho to the two phenolic hy- 
droxyle. The mononitrohydroxybenzoxathiole (4101, on catalytic reduc- 
tion followed by heating of the amino compound (417) with formic acid, 
and heating the resulting product under vacuum gave [l, 3]-oxathiolo[5, 
4-g]benzoxazol-7-one (419). Thus, mononitration gives only 410; no 
411 could be isolated. 

Cln 
418 419 

( M I  2316) 

The reaction of p-resorcylic acid with copper thiocyanate was further 
proof of the position of thiocyanation. 

C u S C N  
___j 

HOOC 
AH 

420 

Von Glahn and Stanley490~491 prepared B-hydroxy-w'-l,S-benzoxa- 
thiol-2-imine by thiocyanation of resorcinol with potassium thiocyanate 
in the presence of copper sulfate. 

[For references, see pp. 289-312.1 263 
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Chapter 4 

Greenwood and Stevenson165 obtained a low yield of the 2-imine (421) 
from the thiocyanation of diazotized o-aminophenol with copper thio- 
cyanate. 

421 

Greenwood and Stevenson165 condensed aliphatic aldehydes and ke- 
tones with o-mercaptophenol in the presence of dry hydrogen chloride 
to  give a 4@X yield of 2,2-dimethyl- (422) and a 60% yield of 2-methyl- 
2-ethyl-W-1, 3-benzoxathiole from acetone and ethyl methyl ketone, 
respectively; with acetaldehyde, they obtained a 33% yield of 2-methyl- 
W- 1, 3-benzoxathiole. 

1. dry H C 1 ,  2 hrs. r .  t .  
2. Oo, 30 min. 

40% 
t C H g C O C H j  

SH 

422 
Attempts to extend this reaction to aromatic aldehydes and ketones did 
not yield pure Z-aryl-W-l,3-benzoxathioles. 

Djerassi, Gorman, Markley, and Oldenburg,los on treating o-mercapto- 
phenol with ethyl methyl ketone for two days in the presence of zinc 
chloride, obtained a 6% yield of 2-rnethyl-Z-ethyl-2H-l,3-benzoxathiole. 
Similarly, they obtained a 71% yield of 2-methyl-2-diphenylmethyl-2H- 
1,3-benzoxathiole (423) from o- mercaptophenol and diphenylmethyl 
methyl ketone. 

423 

Spiro (1,3-benzoxathiole-Z, 3-androstan-17p -01- 17-acetate) (424) was 
prepared in 28T yield by the reaction of o-mercaptophenol and dihydro- 
testosterone acetate for two days at room temperature in the presence 
of zinc chloride and sodium sulfate.lo5 

Z n C l z ,  Na,SO, 

28% 

268 
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YCOCH3 

(RlU 8611) 

Zinke and Arnold 517 attempted to prepare 2-mercapto-p-cresol by 
treating the carbethoxy compound of p-cresol-2-sulfonic acid with phos- 
phorus pentachloride and reducing the resulting sulfonyl chloride with 
nascent hydrogen. A small amount of the desired product was obtained, 
but the major product, 70-8m yield, was 5-methyl-W-l,3-benzoxathfol- 
2-one (425). 

435 

Kaufmann and Weber2S4@, in attempting to prove the structure of the 
benzoxathiole (426) obtained from the thiocyanation of resorcinol, hydro- 
lyzed the hetero ring with alkali, and treated the resulting mercapto- 
resorcinol with phosgene in an indifferent solvent. They obtained 4- 
hydroxy - 2H - 1,3-benzoxathiol-2-one (426). 

Greenwood and Stevenson165 prepared W- 1,3-benzoxathiol-2-one 
(427) in 63% yield by treating o-mercaptophenol with carbonyl sulfide 
and the 2-thione (428) in 2% yield by treating o-mercaptophenal with 
CSCl,. 

0.5  N NaOH z=O 

63% 

427 

[For references, see pp. 289-312.1 269 
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428 

Burton and David, 68 who obtained S- (2,5-dihydroxyphenyl)thiuronium 
chloride (429) from the reaction of benzoquinone and thiourea, proved 
the structure by hydrolyzing the product in boiling aqueous acetic acid. 
They obtained a good yield of 5-hydroxy-W-l,3-benzoxathiol-2-one 
(431), presumably by way of the dihydroxyphenyl thiocyanate. 

+sc<"":; ~ +scN -+ 

429 

430 431 

These investigators questioned the thiocyanation product Kaufmann 
obtained from resorcinol. It is their opinion that the thiocyanated resor- 
cinol should give the 6-hydroxy- and not the 4-hydroxy-W-I, 3-benzoxa- 
thiole. 

In a study of merocyanine derivatives, Kiprianov and Timoshenk026~ 
obtained a benzoxathiole (433) on boiIing for one hour an ethanol solu- 
tion of diphenylformamidine and 3-hydroxythianaphthene-2-carboxylic 
acid (432). It is difficult to visualize how this reaction proceeds. 

432 433 

Dittmar, Putter, and prepared benzoxathiole 
3, %dioxides by the reaction of benzoquinones with chloromethylsulfinic 
acid. 

1. C l C H , S O , H ,  aq. HCl 

'H Zl3* 

434 

Pijtter365a prepared 5-aminobenzoxathiole 3,3-dioxide (434a) by the 
reaction of p-nitrosophenol with sodium chloromethanesulfinate. 
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C lCH,SO,Na  
aq. N a O H  

75-80", 20 min. ' /c-jf-L 
H2N HON 

434a 

Huisgen, KOnig, Binsch, and S t ~ r r n ~ ~ ~ ~  reported the preparation of 2- 
thio- (4%) and 2-anilino- (434b) 4,5,6,7-tetrachloro-W-l, 3-benZOxa- 
thiole by the 1,3-addition of carbon disulfide o r  phenyl isothiocyanate, 
respectively, to tetrachloro-o-quinonediazide at 130' or under photolysis, 

6 1  6 1  

434b 4Mc 
Hydrolysis of the 2-anilino compound (434b) gave 2-hydroxy-3,4,5,6- 
tetrachlorothiophenol, aniline, and carbon dioxide. The thermolyeis of 
4,6-dichloro-o-quinonediazide in the presence of CS, similarly yielded 
5,6 -dichloro- 2 -t hio- W - 1,3-benzoxathiole. 

b. Properties and Reactions 

room temperature and have relatively high boiling points. They are  
stable to acid media. Thus, boiling 5-hydroxy-W-l,3-benzoxathiol-2- 
one (431) in concentrated hydrochloric acid resulted in no change.68 
This compound waa also stable to hot dilute sulfuric acid and to hydro- 
genation by treatment with zinc and dilute sulfuric acid. When boiled 
with oxygen-free 2 N NaOH solution in an atmosphere of nitrogen for 
one hour followed by acidification with 2 N H,SO,, a good yield of 
mercaptohydroquinone resulted. 68 ,  468,469 

The W-l,3-benzoxathioles listed in Table 22 are, in general, solids at 

1. 2 N N a O H ,  b o i l  
2. Z N H 2 S 0 4  

HO HO 

431 
In the presence of air, the saponification reaction results in a dark 
brown solution. Alcoholic potassium hydroxide has also been used to 
convert the heterocyclic ring to the mercaptophenol. l3 

[For references, see pp. 289-312.1 271 
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The 2-imine is readily hydrolyzed to the 2-one by boiling with sodium 
carbonate s0lution35~ and to the 2-thione by refluxing with glacial ace- 
tic acid and hydrogen sulfide. 38 

t)H 

435 
bH 

436 
HzS, AcOH 

3 h r 8 .  r e f l u x  
-._______1_1_, 

7 0 %  

451 
The 2-imines and 2-thiones have been disclosed as being useful to stim- 
ulate plant growth. 497 Berg and Fiedler38ap38b described composi- 
tions containing these compounds as being useful in the removal of dan- 
druff and as skin lotions. Tronnier462a reported that 4-hydroxy-2 H-1, 
3-benzoxathiol-2-one has a hyperemizing action, a keratolytic action 
equal to that of salicyclic acid, inhibits excess sebum production, and is 
well tolerated on the skin. 

with hydrogen peroxide and the aulfone with neutral potassium perman- 
ganate. 165 

The W -  1,3-benzoxathiol-2-ones readily react with ammonia and prf- 
mary and secondary arnines to open the heterocyclic ring. Ouperoff - 
Urnea53 conducted the reaction in aqueous medium or in an organic sol- 
vent such as  acetone; an excess of ammonia or amine was used. 

Mild oxidation of 2,2-dirnethyl-B-l, 3-benzoxathiole gave the sulfoxide 

438 

The steric effect of the alkyl group in the amine reactant is illustrated 
in Table 23 for the reaction of 4-hydroxy-W-l,3-benzoxathiol-2-one 
(436) with a two-fold excess of ammonia or amine in aqueous medium 
at 30-35" (reaction time, 10 minutes). The effect of the hydroxyl group 
in the benzene ring of 2H-1,3-benzoxathiol-2-one is illustrated in 
Table 24. 

Piperazine reacts with two moles of benzoxathiol-2-one to give 
thiolcarbamat es . 

H 
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TABLE 23. Reaction of 4-Hydroxy-W-l,3-benzoxathiole with 
Amines 

Amine W Yield of thiolcarbarnate 

100 

75 

100 

70 

TABLE 24. Reaction of Hydroxy-benzoxathiol-2-ones with Amines 

Benzoxathiol- 2-one Amine % Yield of thiolcarbamate 

The thiolcarbamates obtained are stated to be useful as coupling com- 
pounds in the preparation of azo dyes and in thediazotype photographic 
process for making heliographic papers of two components.35r 

The benzene ring of W-1, 3-benzoxathioles can be nitrated. Thus, ni- 
tration of the 2-one with nitric acid (density of l. 14) under reflux for 
two and one-half hours gave what was believed to be 5-nitro-W-l,3- 
benzoxathiol-2-one. le5 Nitration of 4-hydroxy-2H-l,3-benzoxathiol-2- 
one gave a 75% yield of 5,7-dinitro-4-hydroxy-W-l, 3-benzoxathiol-2- 
one.356 

in acetic acid gave a 95% yield of 5,7-dichloro-4-hydroxy-W-l, 3- 
benzoxathiol-2-one (439). 38 Treatment with concentrated hydrochloric 

Treatment of 4-hydroxy-W-l,3-benzoxathiol-2-one (436) with chlorine 

[For references, see pp. 289-312. ] 273 
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acid in acetic acid and in the presence of perchloric acid yielded 5- 
chloro-4-hydroxy-W-benzoxathiol-2-one (440). 38 These compounds are 
claimed to exhibit bactericidal and fungicidal activity. 

bH 
436 

coned. HC1 
AcOH, H C 1 0 ,  

dn 
439 

6 H  

440 

The hydroxy-2Fi-l,3-benzoxathiol-2-ones can be methylated356 with 
silver oxide and methyl iodide to give the corresponding methoxy-W- 
1, 3-benzoxathiol-2-one or can be acetylated in almost quantitative yield 
with acetic anhydride and a little 72% perchloric acid689356 to the cor- 
responding acetoxy-2H- 1,3-benzoxathiol-2-one. 

According to a U.S. patent490 6-hydroxy-W-l,3-benzoxathiol-2-one 
undergoes the Mannich reaction with formaldehyde and dimethyfamine, 
although the position of the dimethylaminomethyl group was not indicated. 

441 442 

These compounds with diazonium salts are  said to give two-component 
diazo dyes. 

W- 1, 3-Benzoxathiol-2-anilinomethylidine, on reacting with various 
benzothioazoles yielded merocyanine dyes (443). 
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' ~ F H ~ H T ~  

N-CzHs \ 

I 443 

Ray:;;HTm 13- 
444 

An electropositive R enhances the ionic structure (444) and shifts the 
color towards the red; an electronegative R has the opposite effect. 264 

According to a British patent, 37 chromium complexes of 4-arylmethyl- 
eneamino-5-hydroxy-2E-l,3-benzoxathiole 3,3-dioxides (446) dye wool 
yellow to red shades in neutral and weakly acidic baths. These dyes 
are prepared by reacting an aromatic aldehyde with 4-amino-5-hydroxy- 
W-l,3-benzoxathiole 3,3-dioxide (445) in formamide in the presence of 
potassium dichromate and glucose. 

FHO 
~1 1. HCONHp, 95', 0.5 hr.  

2. K ~ C ~ ~ O ~ ,  g lucose  

According to another British 
and cobalt complexes of diazo dyes from the reaction of diazotized 3- 
amino-4-hydroxybenzenesulfonamide and 5 -(substituted 1 -pyrazoyl)- 
W-l,3-benzoxathiole 3,3-dioxide a re  wool dyes. 

also to Bayer & Co., chromium 

2. Hexahydro-2B-lJt-benzoxathiole or Cyclohexa-lJ~-Oxathiolane 
(447) 

447 
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The reaction through which episulfides are prepared by treating ep- 
oxides with allcali thiocyanates has received attention by van Tamelen, 473 
Bordwell and Anderson,56 Harding and Owen,l7" and Price and Kirk.363 
Van Tamelen postulated that the oxathiolane derivative (448) is an inter- 
mediate in the sequence of reactions in which cyclohexene oxide is con- 
verted to the sulfide. 

448 

This mechanism implies two Walden inversions; in the opening of the 
epoxide ring and in the closing of the episulfide ring. 

In applying this reaction to cyclopentene oxide, van Tamelen was un- 
able to isolate the oxathiolane intermediate. This ring system, in which 
two five-membered rings a re  fused in the trans sense, has been shown 
to involve considerable strain, and stereochemically should occur slow- 
ly,  or not at all. On the other hand, cyclohexene oxide was readily con- 
verted to trans -2-hydroxycyclohexyl thiocyanate by treatment with 
thiocyanate and slow addition of a dilute aqueous solution of potassium 
hydroxide to this product gave a 69% yield of cyclohexene episulfide. 

A crystalline hydrochloride of trans -cyclohexa-1, 3-oxathiolan-2- 
imine (449) was readily prepared in 89% yield by saturating Crans-2- 
hydroxycyclohexyl thiocyanate with dry hydrogen chloride gas. The ac- 
tion of an equimolar quantity of aqueous sodium hydroxide on cyclohexa- 
1,3-0xathiolan-2-imine followed by the slow addition of a second molar 
quantity of base gave a 74% yield of cyclohexene episulfide.4n 

449 

The oxathiolane decomposes on heating above 220". The free base spon- 
taneously eliminates cyanic acid in ether solution at room temperature 
to give the episulfide. 

Harding and Owen179 in their investigations of this reaction, treated 
tosylated S-acetyl-2-mercaptocyclohexanol with calcium carbonate in 
moist dioxane and obtained only trans -2-mercaptocyclohexy1 acetates. 
The elimination of the toluene-p-sulfonyloxy group apparently leads to 
the sulfonium structure rather than to 2-hydroxy-2-methylcyclohexa- 
1, 3-oxathiolane, which is the expected intermediate for the formation 
of the cis-monoacetyl derivative. 
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G. C30S-C3NO-C, W-lJ3-OXATHIOLO[5, 4-gIBENZOXAZOLE (450) 

450 
(RRI 2316) 

Pantlitschko and Benger,356 in studying the constitution of 4-hydroxy- 
W-l,3-benzoxathiol-2-one prepared by the thiocyanation of resorcinol, 
obtained 5-nitro-4-hydroxy-W-l,3-benzoxathiol-2-one on nitration. 
Catalytic reduction or hydrogenation with zinc and hydrochloric acid 
gave the corresponding amino compound which, on heating with formic 
acid, gave the N-formyl derivative (451). Heating the N-formyl deriva- 
tive at 150" under vacuum gave [W-1, 3]-oxathiolo[5,4-g]benzoxazo~ 
7-one (4521, melting at 186". 

HCOOH 
A 

451 452 

453 

Ziegler and Schaar516a reported the preparation of 8-benzyl-9-hy- 
droxypyrano[2,3-g]-l1 3-benzoxathiol-2,'I-dione (4541, melting at 
236-240' (dec.), in 60% yield from the reaction of bis(2,4-&ChlOrO- 
phenyl) benzylmalonate with 6 -hydroxy - W - 1,3 -benzoxathiol- 2 -one at 
280" for 90 minutes. The acetate of this compound melted at 219" 
(dec. ). 

[For references, see pp. 289-312.1 277 
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F1 

C,H,CH,CH(CO O&l* + 

~H,c ,H,  

454 

L c?Jm-c6-c, 

1. Naphth[l, 2 4 1  [l, 9]oxathiole (455) 

455 

(RRI 2799) 

This ring system is best known through its 2-alkyl, 2-one, and 2-spiro 
derivatives. The parent compound has not been reported. Names as- 
signed to this ring system include naphtho[l, 2][1, Slthioxole (Chemical 
Abstracts ),%naphthylene- 1 -thiolcarbonate, 
thiole, 165 thiolcarbonate of 2-hydroxynaphthalene. 464 Chemical 
Abstracts has been using naphthtl, 23 [l, S]oxathiole. The spiro corn- 
pound, the first member of the ring system prepared, was first reported 
bv Lesser and Gad in 1923. The early nomenclature for the spiro de- 
rivatives is quite confusing. 

a. Preparation 

Stevenson and Smiles,451 who were the first to report the preparation 
of naphth[ 1,2-dJ[ 1,3]oxathiol-2-one (4561, prepared it in 85% yield from 
the reaction of P-naphthol with bromine and sodium thiocyanate in ace- 
tic acid and treatment of the resulting 1-thiocyano-%-naphthol with zinc 
dust or more conveniently by boiling the 1-thiocyano-2-naphthol in 

naphtho[l’ ,2’ 

S C N  S-n 
B r Z ,  AcOH & H 2 S 0 4 ~ A c 0 H  , & I -  

OH N a S C N ,  AcOH ,’ ,-’ OH b o i l  15 min.  

456 
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acetic acid with sulfuric acid for 15 minutes. McCle lhd  and Smiles. 302 
in preparing 7-bromonaphtho(l, 2 4 1  [l, 3]oxathiol-2--one from 6-bromo- 
1-thiocyano-2-naphthol, used zinc in acetic acid for ring closure. 

Tsukamoto, ha ma^, and Baba464 obtained the 2-one in 85% yield from 
the reaction of 1-mercapto-2-naphthol with phosgene in alkaline solu- 
tion. 

458 

Greenwood and StevensonlE5 obtained 35% 2-methyl- and 42% 2,2- 
dimethylnaphth[l, 2-d] [l, 31 oxathiole (457) on condensing l-mercapto- 
2-naphthol with acetaldehyde and acetone, respectively, in the presence 
of d ry  hydrogen chloride. 

457 

The chemistry of the spiro derivatives of naphth[l, 2-d][l, 3loxathiole 
is somewhat ambiguous. Hinsberg212a noted during the period between 
1914 and 1916 that oxidation of bis-1-(2-hydroxynaphthyl) sulfone with 
potassium ferricyanide produced a compound, called a "dehydrosulfone" , 
which on reduction with sodium sulfide gave an isomer, called an "iso- 
sulfone", isomeric with the original sulwne. Hinsberg's "isosulfone" 
was shown by Warren and Smiles493 in 1930 to be a sulfinic acid trom 
the reduction of the spirolnaphthalene-l(W}, 2'-naphthfl', 2 ' 4 1  [l', 3'1 
oxathiole] (458) as intermediate. (-J(--& If2 3f 

\ 

<6I @' 

458 
(RIU 5828) 

Hinsberg's "dehydrosulfone" was apparently the 2*-one (459) derivative 
of the spiro sulfane and his "isosulfone" was the sulfinic acid (4601. 

[For references, see pp. 289-312.1 27 9 
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459 460 

Warren and Smiles493 postulated that the oxidation of bis-l-(a-naph- 
thol) sulfide with alkaline ferricyanide removes two hydrogen atoms to 
form spiro [naphthalene- 1 '(2'-one); 2-naphth [l 2 3 [l 3 ljoxathiole 1 (461 ), 
The spiro compound on reduction apparently yielded Z-hydroxy-2'- 
mercapto-1, 1' -bis(naphthyl) oxide and subsequent dehydration led to the 
formation of dinaphtha-l,4-oxathiin (462). (See Chapter 11, section 
III M). 

462 

Lesser  and Gad285 treated bis-1- (3-carboxymethyl-2-mphthol) sulfide 
in alkali with bromine and obtained dark red, golden crystals which he 
identified as a "dehydrosulfide" and to which Beilstein assigned the spiro 
structure (463). 
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Stevenson and Smiles451 prepared spiro[naphthalene-l'(2'-one), 2- 
naphth[l, 2][1,3]oxathioIe] in 30% yield by treating l-mercapto-2- 
naphthol with bromine and reacting the resulting product with l-bromo- 
2-naphthol in carbon tetrachloride followed by treatment with pyridine. 

Br 

2. C5HsN > 
3 0% 

461 

The various naphthtl, 2-d] [l, 3]oxathioles which have been reported 
are listed in Table 25 and the spiro derivatives in Table 25a. 

b. Reactions 

Naphth[l, 2-d] [1,3]0xathiol-2-one (456) is easily hydrolyzed on heat- 
ing with alkali to give bis-l-(2-naphthol) disulfide;4%46* hydrolysis 
with methanolic sodium carbonate gives a mixture of the sulfide and 
disulfide of 2-naphth01;~6~ it resists hydrolysis by acids.45' On treat- 
ment with sodium alcoholate in alcohol, it yields ethyl 2-naphthol-l- 
thiolcarbonate. 451 

EtOHa, EtOH, 

[For references. see pp. 289-312.1 281 
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OupBroff-UrnW3 pEepared the thiolcarkmate from the reaction of 
8-hydroxynaphth[l, 2-d] [l, 3loxathiol-2-one (464) with diethylamine, 
using an excess of amine in aqueous medium or in acetone. 

tieo (C,Hs) ,NH,  HO& CONCC H 1 

\ /  \ /  

464 

Greenwood and Stevenson165 oxidized 2,2-dimc hj,.,ajx.th[l, .d ][1,3] 
oxathiole to the 1-monoxide by treatment with 30% H,O, in acetic acid 
and to the 1,l-dioxide by treatment with permanenate  at 80-85". 

Reactions of the spiro compounds are given in the preceding section 
on preparation. Werner, 499 in a patent, stated that 4-hydroxynaphth- 
[l, 2-d][1,3]oxathiold-one is useful as an azo dye component and as a 
disinfectant. 

2. Naphth[Z, 1-d][l, 3foxathiole (465) 

465 

(RRI 2798) 

The parent compound has not been reported. Gibson and Smiles158 
prepared the first member of this ring system in 1923 when they ob- 
tained 5-chloronaphth[2,l-d] [I, 3]oxathiol-2-one (466), melting at  132O, 
from the treatment of 4-chloro-2-mercapto-1-naphthol in toluene with 
phosgene. 
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TABLE 25. Naphthrf, 21 [l, 3bxathioles 

Yield M.p. B.p. 
Subs tituent W) (“C) (“C) (mm) Ref. 

2-(0=) 

7-Br-2-(0=) 
4-HO-2-(0=) 

8-HO-2-(0=) 

2-CH3- 

2,2-(CH3-), 
2, 2-(CH3-), 1-oxide 

2,2-(CH,-), 1, l-dioxide 

85 106 451 

85 107 464 

167 302 

199 498,499 

212 353 

35 74 3 165 

42 136 2.5 165 
134 165 

155 165 

TABLE 25a. SpiroEnaphthalene-l(W), 2’-naphth[l‘, 2‘-d] [l‘, 3‘1 
oxat hiolanes ] 

- ~ __ 

Yield 
Substituent tT 1 M.p. (“C) Ref. 

~ _ _ _ _  

None 30 155 45 1 

1 ’ , 1 ‘ -dioxide 50 245 494 

3,4‘-(CH$OO-), 245-246 285 

Y, 5‘-(CH&OO-), 78 188-189 287 

[For references, see pp. 269-312.1 283 



Chapter 4 

They called the product 4 - c hloro - 1 -naphthol- 2 -thiolcarbonate; C he mi- 
cal Abstracts indexed it under 2-p-naphthothioxolone. 

Huisgen, Kenig, Binsch, and S t ~ r n ~ ~ ~ ~  presumably prepared 2-thio- 
naphth [2,1 -d 1 [l, 3)oxathiole (468a) by the thermolysis of naphthoquinone 
(1, 2)-2-diazide in the presence of carbon disulfide. 

466a 

Several patents assigned to BayerW 9 9 ~  10013657366 between 1954 and 
1957 described the preparation of 5-hydroxynaphth [2, l-d ] [I, 3 Joxa- 
thiole 3, 3-dioxide (4671, melting at 268", from the reaction of 1,4-naph- 
thoquinone with chloromethylsulfinic acid. 

The product was described as being useful a s  a dye intermediate. In a 
1958 British patent to Bayer,37a a chromium or cobalt complex suitable 
for dyeing and printing wool, silk, leather, nylon, and urethane fibers was 
prepared by reacting a diazotized sulfonamide with 5-hydraxynaphth- 
[2, l-d] [I, 31oxathiole 3, 3-dioxide (467) and treating this product (46'i'a) 
with a potassium dichromate-glucose alkaline solution, 
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1. A q .  NaOH,  0' for  10 min. 
2. Na2C% 

> 
0 2 N H (  CH,) 3 0 H  

8 1  
i K H 2 ) s O H  '* Aq. Nao" 

2. K2Cr,07 
3. .Glucose 
___I_, C c  complex 

467a 

On reaction with chloroform in aqueous alkali, the 4-carboxaldehyde 
(468), melting at 251", was obtained; 379 422 this on reaction with the 4- 
methylsulfone of 2-aminophenol and with sodium potassium chrome 
salicylate in formamide yielded a chromium complex suitable as a 
yellow-red wool dye. 

T CHC13 mJo2 aq. NaOH, 

a:;: NaK chrome a a l i c y l a t e  
HCONH, + C r  complex 

6H 

468 

The coupling of 5-hydroxynaphth[2, l -d ]  [I, 3 Joxathiole 3, 3-dioxide with 
various diazo compounds yielded azo derivatives whose chromium com- 
plexes were said to be suitable as dyes. 

+ 

c1 / 

H 
467 469 

Cr s a l t  -----+ Cr complex 

[For references, see pp. 289412.1 285 
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MUller disclosed in a German patent331a azo dyes such a s  from the 
coupling of 467 and tetrazotized bianisidine. 

J C %OS-C %OS-C -C cI 3a, 6a-EPOX iDICYCLO2ENTA-p-DITHIANE 

470 

Asinger, Thiel, Usbeck, Grbbe, Grundmann, and TrZnknerl*b reported 
the preparation of 3a, 6a-epoxydicyclopenta-p-aithiane \470), boiling at  
111-114", 0. 05 mm, nJ0 = 1.6086, by the treatment of 2-mercaptocyclo- 
pentanone with 2 N HC1 and distilling. On treatment of the epoxy com- 
pound with 2 N HCl at  70°, they obtained dicyclopenta-p-dithiin (471). 

SH 1. 2 ,V H C 1 ,  7 hrs. 
room temp. 

0' 
2. D i s t n .  

61% 

471 

K. CqOS-C30S-C,-C, 2E, 5aH-4a, 9a-EPOXYTHIANTHRENE (472) 

472 
li 

Asinger, Thiel, and Kaltwasser 15 reported the preparation of perhydro- 
4a, Qa-epoxythianthrene (4731, melting at 196", from the reaction of 
cyclohexanone with sulfur and ammonia and steam distillation of the 
resulting thiazoline derivative after acidification, isolating the epoxide 
in the residue. 

0 
1. dil. HC1 
2 s t e a m d i s t n  
_I_l------j 
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Asinger, Thiel, Usbeck, Grab,  Grundmann, and TrPnkner1Bb reported 
the preparation of the perhydroepaxythianthene (4751, melting at 
194-186" and boiling at 192-194°/10 mm,by heating 2-mercaptocyclo- 
hexanone with hydrochloric acid and distilling. Prolonged heating of 
perhydroepoxythianthrene with concentrated hydrochloric acid yielded 
the dithiin (474); oxidation with potassium permanganate yielded the 
disulfone (475); melting at 204-208". 

d i l ,  HC1 c o n c d .  HC1 
A 1 h r . ,  d i s t i l b  sin A 5 hrs a:D 

9r% --Ex-+ 
473 474 

0 2  

475 

L. C,0S-C,-C6-C6-C6 Spiro [cyclohexane-1, 8'- [lN Icyclopenta p, 83 
perhydrophenanthro[3,2-d]- [l, 3hathiele](476) 

476 

(RRI 6610) 

Djerassi, Gorman, Henty, Markley, and prepared the 
spiro [cyclohexane-l,8'-cyclopenta(ll, 8 Iperhydrophenanthro [3,2-d]- 
[l, 31oxathiolane (477), melting at 161-163", [a 135 = 65", from the reac- 
tion of cyclohexanone with 2j3-mercaptocholeatan-3~-ol in the presence 
of anhydrous sodium sulfate and freshly fused zinc chloride. 

!For references, see pp. 289-312. ] 287 
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Na2S0,, ZnC1, 

HO 

477 

On desulfurization with &ney nickel in refluxing acetone for five hours, 
the spiro compound (477) yielded 64% cyclohexanone, 60% cholestan-38- 
01, and 21% cholestan-3-one. 106 The expected A2-cholestene was not 
obtained. 
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C H A P T E R  5 

23Sa RING SYSTEMS 

The C,S, ring is found in a variety of organic compounds. 1,Z-Dithiol- 
'L'S are predominantly cyclic sulfides of 1,s-dimercapto compounds, 

chief of which is a-lipoic o r  thioctic acid. 1, 2-Dithiole-3-thiones, the 
so-called " trithiones" , have been the subject of numerous investigations. 
Included in the 1,3-dithiolane category a re  a large number of mercap- 
tals and mercaptoles, derived from 1, 2-dimercaptoethane, and deriva- 
tives of trithiocarbonic acid. These systems a re  also known in con- 
densed rings and as spiro compounds, and include a number of naturally 
occurring products. 

A. C,S, I, 2-DITHIOCANE (1) AND 1,2-DITHIOLE (2) 

1 2 
(MI 137) 

These compounds a re  now indexed in Chemical Abstracts a s  1,2- 
dithiolane and 1, 2-dithiole. However, from 1907-1916 they were both 
indexed under 1,2-disulfole and from 1917-1936 they were both in- 
dexed under 1,2-dithiole. The numbering has remained unchanged. 
Alternative names for the saturated ring a re  1, 2-dithiacyclopentane, 
trimethylene disulfide, and propane G, y-disulfide. The unsaturated 
ring has been called l,Z-dithia-4-cyclopentene, Mttcher and Liittring- 
haus coined the unfortunate name "trithionenfor 1,2-dithiole-Y-thione 
and numbered the ring differently, first a s  in 3 and then as in 4 in con- 
formity with Beilstein. 

3 4 

Spiro compounds in this ring system, as in others, a r e  indexed in 
Chemical Abstracts according to the Ring Index system for naming and 
numbering spiro compounds. However, they a re  usually also cross- 
indexed to the parent ring system. 

[For references,see pp. 585-610.1 313 
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Chapter 5 

I. 1,2-Dithiolane 

a, 

(1) Preparation 

berg234 was the first to attempt the preparation of the parent com- 
pound, 1, 2-dithiolane (1), using the following scheme: 

1, 2-Dithiolane and General Derivatives 

Table 1 lists the 1, 2-dithiolanes reported in the literature. Hagel- 

,, s, 

+ L_ 
KOH, E t O H  I s 

NC S ( C  H a )  ,SC N _- 

1 
a s p  Zn + H C L  

,_-- 

Both procedures yielded an insoluble white solid, m.p. 7 lo, and Hagel- 
berg considered that this compound might be a dimer or  higher poly- 
mer. Autenrieth and WolffZo obtained the same compound by treating 
1,3-dirnercaptoprapane with bromine in chloroform or with iodine in 
aqueous sodium hydroxide, and considered that their product too was 
polymeric. More recently, Brintzinger and co-workers83 showed by 
molecular weight determinations that the hydrolysis product of the bis- 
(isothiocyanate) is a dirner. 

In 1950 Affleck and Dougherty8 attempted to prepare the compound by 
oxidizing the trimethylene Bunte salt (5) with iodine o r  hydrogen perox- 
ide, but only polymeric disulfides were obtained. However, treatment 
of the Bunte salt with cupric chloride followed by steam distillation 
yielded a steam-distillable oil. 

5 

The mechanism of this ring closure is obscure, but the authors did not 
feel that an oxidation was involved. Schoberl and GrPfje472 have sug- 
gested that the ring closure involves a nucleophilic displacement of sul- 
fite ion; presumably the copper salt would function to form the neces- 
sary mercaptide ion. 

1,2-Dithiolane was too unstable to be isolated a s  such, and it was ob- 
tained as a benzene solution. Even in solution the compound was un- 
stable, and a molecular weight of 150 was  found rather than the calcu- 
lated value of 106. Barltrop, Hayes, and Calvin36 were successful in 
preparing a solution of monomeric 1, 2-dithiolane in ethanol by reacting 
1,3-dibrornpropane with sodium disulfide. 
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The desired compound was isolated in 9h yield. An additional amount 
was obtained by steam distilling the dimer in the presence of sodium 
disulfide and sodium hydroxide. A cryoscopic molecular weight deter- 
mination in benzene showed the compound to be monomeric. 
Davis143p1** used essentially the same procedure, substituting sodium 
tetrasulfide for the disulfide. 

In contrast to the unsuccessful attempts of Hagelberg234 and of 
Autenrieth and Wolff20 to prepare monomeric 1, 2-dithiolane by the 
oxidation of 1,3-dimercaptopropane, Barltrop, Hayes, and Calvin36 were 
able to effect this synthesis in excellent to quantitative yields with a 
number of oxidizing agents iodine in alcohol; a i r  plus hydriodic acid, 
iodine presumably being an intermediate; a i r  i n  the presence of alkali; 
and hydroxylamine in the presence of alkali. Ethyl t-butyl sulfenate, 
(CH,),CSOC,H,, and di-t-butyl disulfide were also capable of oxidiz- 
ing the dimercaptan to 1,2-dithiolane in the presence of alkali, but 
yields were poor. These yields were determined spectroscopically and 
not by isolation of the product. Hellstrom248 prepared 1, 2-dithiolane 
from 1,3-dibrornopropane and potassium xanthogenate, and reported 
physical properties for the compound. Unfortunately, no details are 
available. 

Yur'ev and Levis84 claimed that passage of thietane or  a mixture of 
thietane and hydrogen sulfide over alumina at 250-350" gave a low yield 
of 1, 2-dithiolane, n p .  76. 5-77. 5'. Their product was undoubtedly the 
same a s  Hagelberg's, although they claimed that molecular weight 
determination showed the compound to be monomeric. Bergsan and 
Claesonbo investigated the depolymerizat ion of the polymer obtained 
from 1,3-dibromopropane and sodium disulfide and found that some 
1, 2-dithiolane is formed by heating the polymer in paraffin oil at  160'. 
They also found that the values obtained in a Rast molecular weight 
determination depend on the length of time the material is heated in 
camphor, which perhaps explains Yur'ev and Levi's claim that their 
material was monomeric. 

2, 2-dimethyl- 1,3-dibromopropane and potassium disulfide. 
Backer and Evenhuis21 prepared 4,4-dimethyl-t, 2-dithiolme (6) from 

6 

This synthesis gave an impure product. It was improved by Backer and 
Tamsmaz4 by using sodium tetrasulfide instead of the disulfide and 
treating the reaction mixture with copper in refluxing toluene. In these 
preparations a mixture of the 1, 2-dithiolane (6) with a trithio compound 

315 [For references, see pp. 585-610.1 



Chapter 5 

0 eu 3 

m 
to 

1 
P- 
W co 

W 

0 
v) 

c d 
(d 
v1 

2 
Q 
P 

I 
N 

X 
0 
0 

ON 
E 

I 

ii 
v 
ON 

cu 
h 
I 

X" 
U 
v 

I 
m 
h 

I 
m 

I 

H 
- 
v 

I 
CQ 
I 

+f 
v 

I 
m 
m- 

+ 
v m 

316 



(+
I- 

o
r 

(-
)-

3,
 

5-
(H

O
,C

-)
, 

3,
 5

-(
C

G
H

5N
=

)2
 p

ic
ra

te
 

3
,5

- 
(C

,H
5N

H
C

O
-)

,-
4-

(0
=

) 

3,
 5
-
(
o
-
C
H
3
C
6
H
4
N
H
C
O
-
j
2
-
4
-
f
~
=
)
 

3,
5-

(C
,H

,N
=)

, 

3
,s

- 
Ci,

 -C
H

3C
,H

4M
H

C
O

-)
2 

-4
-(

O
 =

 I 
33

3,
 5

,5
-(

C
H

3-
)4

 

3-
 (

0
4

-4
- 

(C
$5

6o
N

H
-)

-5
, 

5-
 (C

H
3-

)2
 

3
4

0
4

-4
- 

(C
H

,C
Q

N
H

-)
-5

,5
- 

(C
H

3-
12

 

55
 

94
 

22
 

77
 

10
0 

50
 

11
 

10
2 

12
9-

13
0 

24
2-

24
4 

19
4-

19
5 

13
5-

18
7 

15
4-

15
5 

18
0(

de
c.

 ) 

22
0 

22
5 

(d
ec

.)
 

21
6-

21
7 

12
4-

12
6 

14
3 

14
6-

 1
47

 

12
8-

12
9 

27
 

84
-8

6 
17

 

82
-8

3 
12

 

67
-6
9 

2 
Im

p
u

re
 

21
 

24
 

48
3 

24
 

24
, 4

17
,4

83
 

24
 

48
1,

 4
85

 

48
5 

c1
 

w
 

N
 M
 

48
5 

44
9 

46
4 

g 
39

9 
@

 
3
 

39
9 

m 3 
39

9 
v,
 

47
 2

 

18
9 

ag
o 

19
0 



Chapter 5 

was formed. Backer and co-~orkers21?22,24 formulated the trithio 
compounds a s  thio-1, 2-dithiolanes (7), the coordinated sulfur being re- 
moved by the copper treatment, 

NaaSI, E t O H  
4 hrs. ref  l u x  

(CHQJZC ICHzB r 12. -- 

However, Schotte484 has advanced the more reasonable explanation that 
these compounds a re  actually 1, 2,3-trithianes (8) (see Chapter 10, 
section I). This might account for the improved yields obtained with 
sodium tetrasulfide, since six-membered rings form more readily than 
five-membered rings. 

8 6 

It is rather interesting that 2, 2-bis (hydroxymethy1)- 1, J-dibromopro- 
pane with sodium tetrasulfide gave no trithio derivative,24,417,483 the 
1, 2, 3-trithiane, i f  formed, decomposing spontaneously to 4 ,  4-bis (hy- 
droxymethyl)-l,2-dithiolane (9). 9 wasalso prepared with sodiunidisul- 
fide in 57% yield, and by oxidation of 2, P-bis(hydroxymethyl)-1,3-di- 
niercaptopropane with iodine. 2 4  

Na2S4, E tOH 
3 h r s .  r e f l u x  

9 4% 
(HOCH,J2C(CH,Br l ,  HOCH2 

1 9  
1 I , , N a O E t  
i E t O H  

( H O C H ~  J ~ C  (C'H,SH), 

Schtlberl and Grgfje472 prepared 3, 3-dimethyl-1, 2-dithiolane (10) and 
3, 3, 5, 5-tetramethyl- 1, 2-dithiolane (11) by oxidizing the corresponding 
dimercaptans with t -butyl hydroperoxide. Although yields were not 
high, no polymer was formed during the oxidation. 

10 
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+ 

11 
Schotte480 prepared 1,2-dithiolan-4-one (12) by the oxidation of 1,3- 

dimercaptoacetone. 

12 

The compound was isolated a s  its crystalline semicarbazone. 

Both possible 1,2-dithiolanecarboxylic acids have been prepared. 
Claeson131 prepared the 3-carboxylic acid (13) by oxidizing the cor- 
responding dimercaptan. 

> C H ~ C O S C H ~ C H Z  'HCOOCH, k COCH3 

CH3COSK 
BrCHzCHZ HCOOCHs F 80% 

B r  

1. NaOH 
2. H2Oz, F e 3 +  ['B 

15% COOH 

13 

The major product with several oxidizing agents was polymer. The 
dl-acid, mp. 81-82', was resolved, at least partially, via i ts  cinchoni- 
dine salt, the (+)-acid having a m.p. of 60-62", [&I35 + 158'. More 
recently Wladislaw58o reported the preparation of 13 in 66% yield by a 
modification of Claeson' s synthesis. 

PhCH2SNa 
4 C,H,CH,SCH,CH2 HCOOCH, 5 CHSCGHs 

BrCH,CH, HCOOCH3 _.c c 
B r  

1. KOH, E t O H  
2 .  Na, NH3 0 Fe3+  ('.-? LOOH 

3 HSCHzCH, 'HCOOWa -L-> 

i H  13 

1,2-Dithiolane-4-carboxylic acid (14) was prepared by Schotte and 
StrOn148~ by a similar procedure with an overall yield of 16. 5%; 14 of 
Course has no asymmetric carbon. 

1.  CH3COSK 
2. KOH 02, Fa3+ 

(ICH,),CHCOOK -> LHSCHZJ~CHCOOK -3 
HOOC 

14 
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They believe that 14 is present as  such in asparagus, although Jansen278 
inferred that the compound actually present contained free sulfhydryl 
groups. 

Wladislaws80 prepared 1, 2-dithiolane-3-acetic acid (15), starting 
from acrolein. The low yield obtained in the ring closure step in this 
case illustrates the large effect which small structural variations have 
on the ease of closure to the 1, 2-dithiolane ring. 

P h C H z S H  
CHz=CHCHO - > C6H,CHzSCH,CH,CH,CHO 

HOOCCH,COOMe 

p i p e r i  d i n e  

P h C H , S H  
p i p e r i d i n e  

CsH,CHzSCHzCHzCH=CHCOOCH3 

> C6H,CHzSCHzCHz HCHiCOOCHs 

~ C H Z C ~ H S  

1. NaOH 
2.  N a ,  NH3 

oz, Fe3+> is 's CH,COOH 10% 
> HSCHzCHz HCHzCOONa 

15 
f H 

Petrun' kin and L y s e n k 0 4 l ~ ~  prepared 1,2-dithiolane-4-sulfonic acid 
(lSa), isolated as Its S-benzylthiouronium salt, from sodium 1, S-dimer- 
captopropane-2 -sulfonate. 

15a 

Schotte481, 485 investigated thoroughly the preparation and resolution 
of 1, 2-dithiolane-3, 5-dicarboxylic acid (16). Starting with the high- 
melting form of (Y, a'-dibromoglutaric acid the trans acid was obtained. 
This was shown to be a true racemic compound, mp. 194-195'. 

N a O O C  HCH HCOONa Na2S2' H20> F ' 2 7  22% 
Br Br 16 

Since the dibromo acid has been assigned the meso configuration, and 
since the reaction would be expected to take place without rearrange- 
ment, the formation of the trans acid is surprising. Schotte 481 con- 
sidered first that .ossibly lactone formation occurred with inversion 
and that the ring was opened with inversion, while the other carbon was 
inverted only once. This route was  later ruled out. 485 Therefore, either 
the accepted configurations for the dibromoglutaric acids are  in error 
or the reaction must involve retention at one carbon atom and inversion 
at the other.486 Several attempts to prepare cis-l,2-dithiolane-3, 5- 
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dicarboxylic acid from the low-melting a ,  a' -dibromoglutaric acid were 
unsuccessful. Either it is unstable, rearranging readily to the trans 
acid, or steric factors unfavorable for ring closure a re  present. 

dimercaptoglutaric acid. 
The trans compound was also prepared by the oxidation of d l - a ,  u ' -  

HOOC 
02, F e 3 +  

COOH WaOOC HCH HCOONa F 2 7  77s ' 
b H  &H 

It is  most interesting that the yield was so high, being essentially the 
same with iodine or hydrogen peroxide, and that no polymer was form- 
ed. The dicarboxylic acid was resolved with brucine, the (+)-acid being 
obtained from the acid brucine salt, [a185 f 5 6 2 O ,  and the (4- acid from 
the neutral brucine salt, [a185 -5W, both melting at 185-187". The ro- 
tation in aqueous solution depends on the pH, the disodium salt having a 
lower rotation than the free acid. Rather surprisingly, the acid race- 
mized readily in hot water and the ultraviolet spectrum showed that 
this was not due to ring opening. The solid, on the other hand, did not 
racemize at 125". The absolute configuration of these acids has been 
determined. 486 

Turning now to a different class of compounds, Naik399 reported that 
the dianilide of acetonedicarboxylic acid reacts with sulfur monochlor- 
ide to form 1,2-dithiolan-4-one-3,5-dicarboxanilide (17). 

The same reaction was carried out with the o- and 3-toluidides; the 
compounds are  crystalline, and yellow or orange in color. Only one 
isomer has  been isolated in each case. 

FoIdi 189 reacted 2-benzamido-3 -mercapto-3-methylthiobutyric acid 
(18) with ferric chloride and isolated 4-benzamido-5, 5-dimethyl-1, 2- 
dithiolan-3-one (19) as a crystalline compound. 

8 F e C 1 3 ,  H # J  ~ qjSy 
0 

(CH3)Z - H-C-SH 
50% CeHsCONH 

n N H C O C ~ H ,  

18 19 
1 7  

The corresponding acetamido derivative (21) was prepared similarly, 
and also by addition of sodium hydrosulfide to the azlactone, 2-methyl- 
4-isopropylidene-2-oxazolin-5-one @O), but only in 11% yield. 
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Chapter 5 

20 21 k H C 0 C H 3 

Presumably the mercaptothiobutyric acid is formed a s  an intermediate, 
air-oxidation converting it into the substituted 1, 2-dithioiane. John- 
son2a1 has claimed, unfortunately without experimental details, that the 
reaction of azlactones with hydrogen disulfide i s  a general synthesis for 
the above type of compound in good yield. The reaction is presumed to 
follow the course shown: 

0. 
O=C/ C-R 

I II 

Reissert  and Mor6449reacted dithiomalonanilide (22) with concentra- 
ted sulfuric acid and obtained what they claimed to be 3, S-bis(pheny1- 
imino)-l,2-&thiolane (23). This ring closure involves the oxidation of 
the dienolic form. Schmidt464 carried out the ring closure with iodine 
and isolated 23 as its picrate;unfortunately he did not compare his com- 
pound with that prepared by Reissert and Mor6. 

22 

2. Picrlc acid 

Other dithiomalonamides react similarly, but the products a r e  obtained 
a s  3, 5-diamino-l,2-dithiolium salts (see section I A-2b). Reissert and 
Morh reacted a3 with hot 50% sulfuric acid to give another crystalline 
compound, C30H26N4SS05, m.p. 197" (dec. ), which, on heating with aque- 
ous caustic, liberated sulfuric acid and 22 and yielded another crystal- 
line compound, m.p. 210°, which they formulated as 84. However, Schmidt, 
claimed this structure to be incorrect because of the known instability 
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to base of the sulfur-sulfur bond in compounds of this type. 

fs)==Nc6H$ :: C6HsNfs'tNc6H5 

COHBN 

24 

(2) Properties and Reactions 

The physical and chemical properties of the 1, 2-dithiolane ring have 
been investigated quite thoroughly because of the interest in (Y -1ipoic 
acid (see section I A-lb). Foss and c o - w o r k e ~ s ~ ~ ~ ,  Ig2, Ig4,determined 
the molecular structure of 1, 2-dithiolane-4-carboxylic acid (25) crystal- 
lographically. The most important factor in the structure is the non- 

YOoH 

1,55ft4y' 1110 

1.83 d 1.85 
92.@ 96.6 

2.10 A 
---+ 

25 

planarity of the molecule, the CSS-SSC dihedral angle being 26. 6". The 
molecule is not symmetric%l, and the S-S bond distance is longer than 
in linear disulfides (2. 044 A). 

Probably the most important characteristic of the 1, 2-dithiolane ring 
is its instability under a variety of conditions. Thus, 1, 2-dithidane it- 
self is probably too unstable to be isolated in the pure state. Substitu- 
ents on the ring in any position stabilize it to some extent, and, although 
many of the compounds still polymerize readily, they are stable enough 
to be isolated Thus, according to Sch6berl and Grikfje47z 3,3-dimethyl- 
1,2-dithiolane (10) can be isolated, but it polymerizes after several 
hours at room temperature, while 3, 3, 5, 5-tetramethyl- 1, 2-dithiolane 
(11) is stable indefinitely, and polymerizes only in the presence of a 
catalyst. This increased stability may be attributed to the well-known 
Thorpe-Ingold effect. 44 

Inasmuch as Calvin and c o - ~ o r k e r s 3 ~ , ~ * ~ - ~ ~ 0 , 5 7 5  considered that 
a-lipoic acid might be involved in the primary quantum conversion act 
of photosynthesis, Barltrop, Hayes, and Calvin36 attempted to calculate 
the ring strain in 1,2-dithiolane by several methods. From spectro- 
scopic measurements they arrived at a figure of 25-30 kcal/mole as 
the strain energy. Structural considerations carried out prior to Foss's 
determination of the structure of 1, 2-dithiolane-4-carboxylic acid led 
to a value of 11 kcal/mole. A more direct method was based on the fact 
that aliphatic thiols react with 1, 2-dithiolane reversibly, apparently in 
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the following manner: 

Calculation of h for this series of equilibria gave a strain energy of 
6, 3 kcal/mole. 

one because he felt it was based on unrealistic assumptions and the 
equilibrium because of the ill-defined nature of the reaction, while 
Baltrop, Hayes, and Calvin themselves questioned the calculations based 
on conformational considerations. In order to arrive at  a more reliable 
estimate, Sunner therefore studied the heat of oxidation of dimercaptans 
to disulfides with iodine, which he found to be a clean reaction. A com- 
parison of 1,J-dirnercaptopropane with linear aliphatic mercaptans gave 
a strain energy for 1,2-dithiolane of 4 kcal/mole. Since the ring i s  
known to be highly strained, this is a surprisingly low value, and Sunner 
mentioned the  possibility that the value was so  low because the reac- 
tions were carried out in solution rather than in  the vapor phase. Just 
as surprising was the fact that a-lipoic acid, essentially a 3-alkyl-1, 2- 
dithiolane, differed from 1, 2-dithiolane by only 0. 5 kcal, and yet it is 
considerably more stable. 

Bergson and Schotte52~53 recalculated the strain energy by conforma- 
tional analysis based on the accurate determination of the structure of 
1, 2-dithiolane-4-carboxylic acid by Foss and Tjomsland. 194 Assuming 
that the strain is composed of three components - stretching, bending, 
and torsion - they arrived at  an estimate of 16-30 kcal/mole for the 
strain energy. Inasmuch a s  they estimated that the strain would have to 
be 20-25 kcal/mole for Calvin's hypothesis for the role of a-lipoic acid 
in photosynthesis to be correct, they arrived at  the conclusion that 
Calvin's theory could not be ignored. They considered that the low 
results obtained by Barltrop, Hayes, and CalvinZ6 and by S ~ n n e r 5 ~ 5 , ~ 2 6  
might have been caused by the presence of polymer in their samples of 
1, 2-dithiolane. 

ring strain in 1, 2-dithiolane. Apparently the stable configuration about 
an S-S bond is one with a dihedral o r  azimuthal angle of 9 O o . 4 W M  
Since 1, 2-dithiolane, l ike  all five-membered rings, would be only slight- 
ly puckered, the dihedral angle would be close to 0" and the system 
would therefore be highly strained, Barltrop, Hayes, and Calvin36 sug- 
gested that the instability associated with the small dihedral angle is 
related to the repulsion between the two nonbonding pairs  of p-electrons 
on the sulfur atoms. 

Apparently all 1, 2-dith~olanes are yellow. 1, 2-Dithiolane itself has 
a n  absorption maximum in the ultraviolet at about 330 r q ~ ,  as does a- 
lipoic acid.36,108 S ~ h o t t e ~ ~ ~ , ~ ~ ~ p ~ ~ ~  made a thorough study of the 

Sunners225i526 took exception to two of these methods, the spectroscopic 

Affleck and Doughertys were the first  to advance an explanation for the 
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effect of substituents on the absorption spectra of substituted 1, 2- 
dithiolanes. Aliphatic dialkyl disulfides have an absorption maximum at 
abovt 250 mp, and Schotte attributed the shift to 330 mp in 1,a-dithiol- 
ane to the interaction between the nonbonding p-electrons on the sulfur 
atoms, this leading to excitation by less energy. Molecular orbital cal- 
culations carried out by Bergson51 and by Kuboyamasllb agree with 
this. In accord with this viewpoint, substituents in  the 4-position have 
only a small effect on the absorption, a number of 4-substituted-1, 2- 
dithiolanes (semicarbazone, carboxylic acid, dialkyl, spiro compounds) 
all absorbing at 328-333 mp. Only in 2,6. 7-trithiaspiro [3.4] octane, 
in which the four-membered ring might be expected to enhance the 
strain, is the maximum shifted appreciably (to 354 mp). Alkyl groups 
in the 3-position have practically no effect on the absorption maximum, 
but carboxyl groups do. Thus, 1, 2-dithiolane-3-carboxylic acid has  a 
maximum at  280mp131 j580and t~a~  -1,2-dithiolane-3, fi-dicarboxyl- 
ic acid at 250 r n ~ . ~ 8 ~ * 4 8 6  Whereas 1,2-dithiolane-4-carboxylic acid 
and its sodium salt both have a maximum at 330 mp, ionization of the 
3, 5-dicarboxylic acid causes a considerable shift in the spectrvm, the 
disodium salt having a weak maximum at 330 q. Since the dimethyl 
ester has the same maximum as the free acid, hydrogen bonding can- 
not be involved in the shift. A comparison of these compounds with 
linear disulfides and with other disulf ide rings showed that the observ- 
ed effects a re  rather specific for the five-membered ring. 

Recently Claes0nl3~ investigated the spectra of 1, 2-dithiolane-3- 
carboxylic acid and 5-methyl- 1,2-dithiolane-3-carboxylic acid. In both 
cases he found, in addition to the strong maximum at 280 rnp reported 
by Schotte, a weak absorption at 330 w. In alkaline solution the 280 mp 
peak disappeared, but the 330 mp peak was intensified and sharpened 
somewhat. Thus, Schotte had observed not a shift but the disappearance 
of one absorption maximum. Claeson attributed this splitting of the 
disulfide absorption band to each sulfur atom acting independently, the 
unsymmetrical substitution leading to two peaks. 

Schotte4829483,486 also investigated the infrared spectra of substituted 
1, 2-dithiolanes. The ring strain is indicated by the fact that the disul- 
fide bands occur at higher frequencies than those of other disulfides, but 
further speculation appears to be unwarranted at present. 

1, 2-Dithiolanes are cleaved to 1,3-dimercaptans by a number 3f re- 
ducing agents, Thus, Barltrop, Hayes, and Calvin36 cleaved 1,2-dithiol- 
ane to 1,3-dimercaptopropane quantitatively with zinc and dilute hydro- 
chloric acid; however, the ring is stable to sodium borohydride. 
Schotte487 cleaved 1, 2-dithiolane-4-carboxylic acid (14) to p ,  3' -dimer- 
captoisobutyric acid with zinc and ammonium hydroxide. 

14 
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The same reagent cleaves fruns -1,2-dithiolane-3, 5-dicarboxylic acid 
(16) to a, a' -dimercaptoglutaric acid, the (+)-acid giving the (-)-dimer- 
captan and uacs omsa.  485 

HOOC HCH 'HCOOH 

I H  2 L H  

HOOCf'\S Zn, NH,OH 

-- - I C O O H  90% ' 
16 

Backer and co-workers23t24 reduced a number of their 1,2--dithiolanes 
to the corresponding dimercaptans with sodium in liquid ammonia. 

6 

9 

Peppel and Signaigo4 l7 reduced 9 catalytically. 

9 

In many cases these reductions constitute the preferred method of pre- 
paration of the mercaptans. 

Schotte and NygHrd407, 486 investigated the polarographic reduction of 
a number of 1, 2-dithiolanes. At pH 2. 2 all the derivatives gave good 
waves which were reversible in character. The wave heights indicated 
a two-electron reduction, presumably oia the formation of mercury 
complexes formed on the drop at  the rupture of the disulfide linkage. 

R a d i c a l  

or 
cleavage /CHz--SHg - C"2, __I_ 

4-Substituted-1, 2-dithiolanes gave good waves over the pH range 2. 2- 
9.2. frun~-1,2-Dithiolane-3,5-dicarboxylic acid (16), on the other hand, 
gave a deformed wave a t  pH 7 and no wave at  higher pH. Here, too, 
there is a difference between the free acid and the anion, just a s  there 
is in the ultraviolet spectrum. 
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Barltrop, Hayes, and Calvin36 investigated the oxidation of 1,2-dithiOl- 
ane. The compound was  not oxidized by air alone, but was rapidly photo- 
oxidized in the presence of a photosensitizer, zinc tetraphenylporphin 
Only one atom of oxygen per mole of 1, 2-dithiolane was absorbed. The 
compound was not isolated but was assumed to be 1,2-dithiolane monox- 
ide (26)because of the similarity of its ultraviolet absorption spectrum 
to that of the sulfoxide of thioctic acid 63-lipoic acid). Ammonium per- 
sulfate gave the same product. The sulfoxide is stable to acid in the 
cold but is destroyed rapidly by alkali. SchBberl and Gr%fje473 assumed 
that the same product is  formed in the oxidation of 1, 2-dithiolane with 
t -butyl hydroperoxide; 27 was formed by reaction with cysteine. 

0 

(“‘s t-BuOOH, MeOH, n-BuOH 
6 hrs .  > 

26 
____r 4 HOOC HCH,SS(CH,),SSCH, HCOOH 7 

NH2 
F 

c y s t e i n e  

NH, 

27 

Backer and co-workers21,22~24 studied the oxidation of substituted 
1, 2-dithiolane derivatives. A number of compounds were cleaved with 
hydrogen peroxide in acetic acid to the corresponding sulfonic acids. 

4, 4-Bis(hydroxymethyl)-l, 2-dithiolane (s) gave a 33% yield of the cor- 
responding disulfonic acid and a small amount of disulfone, 4,4-bis- 
(hydroxymethy1)- 1, 2-dithiolane 1, 1, 2, 2-tetroxide (28). 

9 28 

According to Backer and co-workers a number of substituted 1 , 2 -  
dithiolanes form crystalline adducts with mercuric chloride and mer- 
curic bromide; these are  listed in Table 1. 

ane intensively because of its relation to the role of a-lipoic acid in 
photosynthesis. Photolysis of 1, 2-dithiolane in an ether-pentane-alco- 
hol glass at -196” gave a clear salmon-colored glass which became 
turbid on warming. However, over 50% of the starting material was 
still present, indicating that the reaction was following two paths. 

Calvin and co-worker~36~1~8~575 studied the photolysis of 1,2-dithiol- 
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L _- 
__j [-S( LH,)sS- S(CH2)+---I, 

hV 
-196' r''* s. Warming 

On the other hand, photolysis of 1, 2-dithiolane in ethanol containing 
hydrochloric acid yielded a clear solution from which no pure species 
could be isolated. One mercapto group per molecule was liberated and, 
on the basis of indirect reasoning, they reached the conclusion that the 
primary product i s  an unstable sulfenate es ter  (a), which under the 
reaction conditions is converted into other products. 

E t O H  (3 2.L [-,*- LJ 

29 

Schotte482~485 has shown that lraris - 1, 2-dithiolane 3, 5-dicarboxylic 
acid is also destroyed by photolysis. 

sented by Fava, Iliceto, and Camera, 174 who studied the reaction of 
mercaptans with disulfides using labeled sulfur. They showed that the 
reaction involves the mercaptide ion. 

Further evidence of the instability of the 1, 2-dithiolane ring was pre- 

RS'- + RSSR HSgR t RS- 

With R = u-butyl, 1, 2-dithiolane reacted 4500 times faster than di-lt- 
butyl disulfide; they attributed the increased rate  to the ring strain in 
1, 2-dithiolane. Similarly, Schdberl and Grnfje4'2 investigated the reac- 
tion of disulfides with cyanide ion, presumably to yield isothiocyanate 
and mercaptide ion. 

RSSR t CN- ---+ RSCN C RS' 

1, 2-Dithiolane gave rapid and complete cleavage, 3, 3-dimethyl-1, 2- 
dithiolane reacted slowly but to a considerable extent, while 3, 3, 5,5- 
tetramethyl-1,Z-dithiolane gave no reaction. These reactivities agree 
with the relative order of polymerizability of the compounds. 

b. a-Lipoic Acid. 5- (1, 2-Dithiolan-3-yljpentanoic Acid (30) 

H,~-CH-CH,CH,CH,CH,COOH 
30 

It would be hard to overestimate the importance of a-lipoic or thioc- 
tic acid in biological systems today. It has been reviewed in every 
volume of the Annual Reviews of Biochemistry since 1952, and numerous 
other reviews have been published. 222,mT298,324,32%4471 4476,526 A 
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detailed description of its role in biological systems is beyond the scope 
of this book. Suffice it to say that, in addition to its essential role in 
the metabolism of many organisms, a -1ipoic acid has been considered 
by Calvin and co-worker6361 107-1109 5 7 5  to be involved in the primary 
quantum conversion act of photosynthesis. 

In 1946 Guirard, Snell, and Williarnsz279228 found that certain lactic 
acid bacteria require acetate for growth, and that, in the absence of 
acetate, growth was stimulated by certain CNde yeast and liver pre- 
parations. Reed and co-~orkers438,439 found that acid hydrolysis of 
liver yielded two so-called "acetate-replacing factors", and they isola- 
ted a very highly active oil. The material was an acid, unaffected in 
activity by esterification or by chemical reduction, but partially des- 
troyed by oxidation with hydrogen peroxide, permanganate, and bromine, 
or by reduction with hydrogen and platinum 

In 1945 Kidder and Dewey297 noticed that certain protozoa require a 
factor present in liver for growth. Stokstad and co-workers516 investi- 
gated this factor and found that it existed in two fcrrms, which they 
named Protogen A and B. 

In 1947 O'Kane and Gunsalus40%4lo found that a "pyruvate oxidation 
factor" (POF), present in yeast and in liver, was required for the oxida- 
tive decarboxylation of pyruvate by resting cells of Streptococcus 
faecalis. In later wark Gunsalus and c o - ~ o r k e r s ~ ~ % ~ 3 ~  showed that the 
factor could exist in several forms, and the factor was concentrated. 

Snell and B r o h q u i ~ t ~ ~ ~  were the first  to suggest that these three fac- 
tors might be identical, and showed that concentrates of pyruvate oxida- 
tion factor and of Protogen were highly active in promoting the growth 
of Lactobacillus casei in the absence of acetate. This was confirmed by 
Reed, DeBusk, Gunsalus, and Hornberger, 437 who isolated the active 
component from liver hydrolyzates in 1951. Ten tons of liver yielded 
30 mg of crystalline material. 443  It was obtained as faint yellow plate- 
lets, m.p. 47.5-48.5", and shown to be an acid with a pKa of 4.76, which 
they named a-lipoic acid. 

The structure of o' -1ipoic acid was elucidated almost simultaneously 
by Reed and c o - ~ o r k e r s 2 6 1 , 4 4 0 1 4 4 ~ , 4 ~ 3  and by a group from the Lederle 
Laboratories of the American Cyanamid Company. 8 4 7  853 414r *I5 
The compound analyzed as C8HI4S2O2 and was shown to be a monocar- 
boxylic acid. A negative nitroprusside test, which became positive after 
reduction, indicated the presence of a disulfide link, a s  did polarographic 
reduction; Sponar and JirsaSo8 found a two-electron reduction golaro- 
graphically, and this was investigated in  greater detail by Ke288a and by' 
Asahi. lgb Raney nickel desulfurization yielded n -0ctanoic acid, showing 
that the carbons were in a straight chain. The absence of a methyl band 
in the infrared spectrum indicated that one sulfur atom was on the ter- 
minal carbon, and the optical activity, [a]ZO + 96. 7", showed the pre- 
sence of at least one asymmetric center. The pha of 4. 76 indicated that 
the other sulfur atom was not on C-2 or C-3, and polarographic reduc- 
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tion made it seem likely that the compound was a six-membered cyclic 
disulfide rather than a five. 441 

A second compound, called P-lipoic acid and presumably identical with 
Protogen B, was isolated from liver hydrolyzates.85,414,415,440 Its S- 
benzylthiouronium salt  was crystalline, m.p. 143-144'.90-92 It was con- 
sidered to  be a sulfoxide of a-lipoic acid, since it was formed by oxida- 
tion of L -1ipoic acid and reduction converted it into a-lipoic 
acid. 85,415,44C, 4 4 4  The position of the oxygen has yet to be determined, 
and the compound is probably an artifact. 4 4 3  

were not too successful. Bullock, Brockman, Patterson, Pierce, and 
Stokstad" started with 4- (2-tetrahydrofury1)butyric acid (31). 

Initial attempts to prove the structure of a-lipoic acid by synthesis 

1. SC(NH,), + H B r  
2. NaOH 

3. ---- I 2  ---+ D ( C H , I , C O O H  

32 

The cyclic disulfide was isolated as an oil and had some biological 
activity. However, they considered the synthesis equivocal because of 
the possibility of hydroxyl migration during the acid treatment. 

Hornberger, Heitmiller, Gunsalus, Schnakenberg, and Reed, 16,2 62 

repeated the synthesis and isolated a 10% yield of ~ ~ - a - l i p o i c  acid, 
m.p. 59-60', showing in  the prooess that rearrangement did take place, 
both the valerolactone (33) and the butyrolactone (34) giving the same 
products. Makino and Koike364 reported a 78; yield by the same pro- 
cedure. 

Bullock, Brockman, and co-workers,9l92 showed that three compounds 
are formed in this reaction, the expected six-membered ring, which they 
called 5-thioctic acid (32), and minor quantities of the seven-membered 
ring, 4-thioctic acid, and of the five-membered ring, 6-thioctic acid (30). 
Biological potency showed without any doubt that a-lipoic or 6-thioctic 
acid is the naturally occurring product, i ts  unequivocal synthesis being 
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carried out as follows: 

1. CHjCOSH 

35 36 

1. S=CfNHZ)z + H I  

f”,’” H”: ( CH,) ,COOH 2. NaOH [ ~ C H ~ ~ ~ ( C H 2 ) ~ C O O H  

I ,  + CHC13 or K1, 
or 0, + Fes+ on K salt f‘s 

I CH,),COOH 

50 

Air  oxidation in the presence of a trace of ferric ion was found superior 
to oxidation with iodine. This route has been patented,96,98-101 and 
later work was carried out to improve the yie1ds.w 

The overall yield in the initial synthesis was quite low, and a number 
of variations were carried out to improve it, all starting with the addi- 
tion of ethylene to the half ester-acid chloride of adipic acid (35). Thus, 
Soper, Buting, Cochran, and Pohlandso3 added benzylmercaptan to the 
unsaturated keto-ester (36) and, by several different routes, converted 
the carbonyl group to either a benzylmercapto or a bis@enzylmercapto) 
group. Reduction with sodium in liquid ammonia removed the benzyl 
groups, and the dimercaptan was then oxidized to a -1ipoic acid with 
iodine in potassium iodide. Nakano and San0400 used essentially the 
same procedure. Ackerl added thioacetic acid to the double bond of the 
unsaturated keto-ester (36) and converted the carbonyl directly to a 
mercaptan by reduction with hydrogen and sulfur in the presence of co- 
balt polysulfide. Acker and Toddzt3 showed that essentially the same 
yields are obtained by reducing the unsaturated keto-ester without first 
adding thioacetic acid or by adding a number of compounds, such as 
secondary amines, hydrogen cyanide, etc., to the double bond before 
reduction. This general route was investigated more thoroughly by 
Bullock, Hand, and Stokstad,94 who found it the most convenient for pre- 
paration of large quantities of a -1ipoic acid. Catalytic reduction of 
methyl 6-0x0-7-octenoate with sulfur and hydrogen, followed by hydroly- 
sis and oxidation, gave a 30% yield of a-lipoic acid Reduction of the 
thioacetic acid adduct gave a 39% yield, while reduction of the benzyl 
mercaptan adduct gave a 26% yield. Reduction of the benzyl rnercaptan 
adduct by substituting benzyl mercaptan for sulfur was patented,97 but 
the yield was only 20%. 

Reed and Nit1446 modified the original synthesis still further, prepar- 
ing a 6,8-dihalooctanoic acid (37) by several different routes and react- 
ing it with benzyl mercaptan. Their preferred procedure, which gave an 
overall yield of 3 6 ,  was as follows: 
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1. NaBH4 1. PhCH2SNa 
2. soc1, > ~ H ~ C H ~ ~ H I C H Z ) ~ C O O C ~ H S  2 KOH 

c1 1 

37 
HzCHz HfCH,),COOX N E ,  NU3 

C5HSCHZ f ICIf2CoHs 

I Z z C  "21," f C Hz k4COONa 
02, FeS+ > C Y - l i p o i c  a c i d  

Essentially the same synthesis w a s  used by Adams6 and by Thomas and 
Reed336 to prepare a-lipoic acid with labeled sulfur atoms. Acker and 
Wayne435 simplified the synthesis considerably, obtaining Q -1ipoic acid 
in 68% yield by reacting 37 with sodium disulfide and hydrolyzing the 
product. The free acid of 37 gave a 46Y0 yield and, by resolving the 1 - 
ephedrine salt of the free acid, they isolated pure (+)-a-lipoic acid. The 
use of radioactive sodium disulfide gave D L - a  -1ipOiC acid-S$B. Horn- 
berge1-263~264 claimed excellent yields of ct -1ipoic acid by alkaline 
hydrolysis of the 6,8-bis(isothiocyanate) of octanoic acid (381, but the 
difficulty of obtaining the bis(isothi0cyanate) would appear to make this 
synthesis less convenient than that of Acker and Wayne. The ring d o -  
sure method is interesting, however, probably involving partial hydroly- 
sis followed by nucleophilic displacement of cyanide ion by mercaptide 
ion. 

38 

("'a + CN- 
(CHpl,COOH 

A different route was used by Braude, Linstead, and Woolridge. go, 81 
They carried out a Prim reaction on 6-heptenoic acid. The mixture of 
dioxolane and diacetate was esterified with diazomethane, the acetyl 
groups were removed by treatment with methanol and sulfuric acid, and 
the resulting methyl 6, 6-dihydroxyoctanoate was converted to a-lipoic 
acid via the thiourea-hydrobromic acid route. The five-step synthesis 
gave yields of 20-307. 

HCHO, AcOH 

CHz=CH(CUz),COOH H2S% , 
'CH,' 

QCOCH,OCOCH3 
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1. CH2Nz 

> H,CH, H(CH,14COOCH3 .--> C r - l i p o i c  a c i d  2. MeOH, HzSO4 - 

6 H  S H  

Walton, Wagner, an? c o - ~ o r k e r s , ~ ~ ~ - ~ ~ ~  were the first to synthesize 
i+)-a-lipoic acid, the iollowing route being used: 

CHSCoSH > HOOCCH, HfCHZ14COOC2H5 

COCH3 

39 

f HQQCCH=C H (  CH214COOCzH5 

39 was resolved with I-ephedrine, the (+)-acid giving (+)-a-lipoic acid 
and the (-)-acid (-1-0 -1ipoic acid by a straightforward procedure. 

1. soc1, 
2. NaBH4 

HOOCCH, HI CHP I ~ C O O C ~ H S  3. NaOH > ~ ~ C H 2 ~ ~ ( C H ~ ) 4 C O O H  

COCH3 

40 
1 

a-Lipoic acid was obtained from the hydroxythiol (40) via the thiourea 
route. Alternatively, 40 was first oxidized to a disulfide, then treated 
with thiourea and hydrobromic acid, hydrolyzed, and oxidized to [Y -1ipoic 
acid with iodine.560 It is interesting that prior reduction of the disulfide 
(41) was not required, perhaps because it disproportionated. 

Several other syntheses have been reporred. Starker and Cosulich509 
prepared 6-hydroxy-8-ethoxyoctanoic acid (42) by several different 
routes, perhaps the most interesting being the radical-catalyzed addi- 
tion of 0-ethoxypropionaldehyde to allylmlonic ester. The usual thiou- 
rea reaction was used to convert 42 into a-lipoic acid, but apparently the 
overall yield was not particularly impressive. 

(C6H5C0012 
CH,=CHCH,CH(COOC,Hv,), + C,H,OCH,CH,CHO 

1. Aq. KOII 

CzH50CH2CH,CO(CHz)&H(COOC~H~)~ '* Heat > 

F 
[HI. 

C2H~OCH,CH2CO(CHz)4COOH C ~ H S O C H ~ C H ,  H(CBz)4COOH 

1. SCtNHZ)Z, H I  
2.  Aa. NaOH 

OH 
42 

> 0 - l i p o i c  acid 3. O,, Fe3+ 
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Jones285 prepared a-lipoic acid starting with an aldol condensation of 
acetaldehyde with 6-carbethoxyvaleraldehyde. 

CH3CHO 

Aq* NaoH> OHCCHz H(CH2),COOCzH5 F OHC (CH,),COOC,H5 

HO 

1. SC(NHZ12,  H B r  
1. NEBHI 2. A q .  HaOH 
2. A q  KOH 3. K I s  

H 

> (Y-lipoic acid AHOCH,CH, W C H ~ ) , C O O H  b 
c 

The novel feature of the synthesis devised by Segre, Viterbo, and 
Parisi493 was a Baeyer-Villiger reaction on 2- (2-acetoxyethyl) cyclo- 
hexanone (43L The overall yield from cyclohexanone was 1%. 

CHZCOOCzH, 

HOCHtCHzOH 
H" 

CHzCOOC2H5 A 

1. L i A l H 4  

> a-lipoic a c i d  
02, Fa3+  

HSCH2CHz H (CH, ),COOH 
80% f, 

Schmidt and Grafen465 devised two syntheses of cr-lipoic acid. One in- 
volved the reaction of the half ester-acid chloride of adipic acid (35) 
with acetylene instead of with ethylene, and gave an overall yield of 22%. 

35 

1. Hzl N i  

1. S C ( N H o ) 2 ,  H I  
2. A q .  NaOH 
3. o,, F e 3 +  > a-kipoic acid 
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The second synthesis, which gave a 30% yield of a-lipoic acid, started 
from ethyl 6,6-diethoxyhexanoate (44) and ethyl vinyl ether. 

BF3 ~ 

(C,H,O),CHlCH,)*COOC,H, f C H F C H O C z H ,  

44 
nz, , (C,H,O),C HCHZ H( CH,),COOCzH, 

L2n ,  

L H ,  

C ~ H ~ J O C H ~ C H ~  H(CH,),COOC2H, 4 (Y- l ipoic  a c i d  

Yurugi and ~ o - w o r k e r s 5 ~ ~ ~ ~  584b developeda synthesis for  the inter- 
mediate 8-alkoxy-6-oxooctanoic acid from an enamine. 

E t a N ,  C H C l s  

COCH,CH,OR A4.  NaOH ?-I- > ROCHzCH2CO(CH2J,COOH - 
Deguchi144a-144d investigated several variations of these procedures, 

but none appears to have any outstanding advantage over those described 
here. 

Mislow and Meluch388,389 determined the absolute configuration of 
(+)-a-lipoic acid based on the Fredga method of melting point-composi- 
tion diagrams. 197a 3-Methylsuberic acid of known stereochemistry 
formed a continuous series of solid solutions with the J-mercaptosu- 
beric acid prepared by hydrolysis of (+)-3-acetylthio-7-carbethoxyhep- 
tanoic acid (37). They therefore have the same configuration. Since 
Walton, Wagner, and ~ 0 - ~ 0 r k e r s , 5 6 3 , 5 6 ~  had shown that the (+)-isomer 
yields (+)-cw-lipoic acid, the naturally occurring isomer was shown to 
have structure 45. 

k!?2 ,kHz 
C 

45 HZ 

A number of derivatives of a! -1ipoic acid and related compounds have 
been prepared; these are  listed in Table 2. a-Lipoic acid shows the re- 
actions expected of a 1, 2-dithiolane, several of them having been already 
mentioned in the discussion on the proof of structure. A variety of oxi- 
dizing agents4i-t  -butyl peroxide, 90,4 15 iodine and air,4 15 alkaline 
permanganate, 444 hydrogen peroxide in acetic acid44%xidize a! -1ipoic 
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acid to a sulfoxide, 8-lipoic acid. This in turn can be reduced to (r- 
lipoic acid with hydrogen iodide, 440J444 zinc and acetic acid,a15 and 
sodium borohydride. 
under other conditions, it reduces a-lipoic acid to the dimercap- 
tan.91>231J559 1,2-Dithiolane itself is reported to be stable to this re- 
agent. 36 The disulfide ring can also be opened with sodium in liquid 
a m m ~ n i a ~ ~ , * ~ a n d  with zinc plus hydrochloric acid.2S1 (+)-a-Lipoic 
acid yields (-1-6, 8-dithiooctanoic acid. 2 3 1  

A number of salts have been used to characterize both (+I- and DL- 
Ly -1ipoic acid: the S-benzylthiouronium salt, $5 ,231, 41 the benzhydryl- 
ammonium saIt,sss and the I-ephedrine salt.559 Gunsalus, Barton, and 
G r ~ b e r ~ ~ l  have recommended the acylurea formed from the acid and 
di- (p-dimethylaminophenyl)carbodiimide, p - (CH3!2NC 6H ,N=C=NC 6H4N 
(CH3)2-p, for the characterization of cy-Iipoic acid. The methyl ester 
has been prepared from the acid and diazomethane. 231 Treatment of 
sodium a-lipoate with phosgene gave the acid chloride as  an unstable 
0i1.~5~2561 According to KishiS0Oa a better yield is obtained by reacting 
the free acid with ethyl chloroformate and triethylamine. Ammonia 
converted the acid chloride to a crystalline amide, while reduction of the 
acid chloride gave the alcohol, which could not be purified complete- 
1y.559,260,561 Kishi300a also prepared the amide, although in less pure 
form, from 6,8-dichlorooctamide and sodium disulfide, while Okumura, 
Yoshikawa, and Inoue4lOa prepared it from 6, E-bis(benzylthio)octanoic 
acid. 

The last reagent is unusual because, apparently 

Reed and D e B ~ s k ~ ~ 2 , 4 4 5  coupled a-lipoic acid with thiamin, presum- 
ably as shown: 
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46 

They believed 46, probably as its pyrophosphate, to be the naturally oc- 
curring coenzyme for pyruvate oxidation, but this view has been ques- 
tioned. 325 A number of related compounds were prepared, but no pro- 
perties were given for any of them. More recently, Nawa, Brady, Koike, 
and Reed401 J 40Ia suggested that the a-lipoic acid is bound to thee -amino 
group of a lysine residue in a protein, and prepared ~ - N - ~ ~ - l i p o y l - ~ -  
lysine (48) by reacting DL-lipoic isobutyl carbonic anhydride (47) with 
the copper chelate of L-lysine. 

-(CH,J,CONH(CH I HCOOH 

48 

4T 
NHZ 

Okumura, Yoshikawa, and I n ~ u e ~ ~ C ' a  prepared 48 by condensing 6,8-bis 
(benzy1thio)octanoyl chlbride with the copper chelate followed by deben- 
zylation and ring closure in the usual manner. 

Wagner, Walton, and co-workers,559 investigated the stability of Q- 

lipoic acid. It was found to polymerize in solution or in the melt under 
the influence of Iight, but to be stable in the dark and in the solid state. 
Hot aqueous solutions are stable at low pH. At high pH, extensive de- 
gradation takes place in the presence of oxygen but not in its absence, 
The polymerization is reversible; heating the polymer converts it back 
to a-lipoic acid. This was confirmed by Thomas and Reed,5S7 who 
studied the polymer formed as a by-product in the oxidation of 6, 8- 
dithiooctanoic acid to a-lipoic acid. The polymer was considered to be 
a polydisulfide, since its spectrum shows disulfide links and reduction 
with zinc and hydrochloric acid followed by iodine oxidation gives a- 
lipoic acid. Under alkaline conditions the polymer is converted rapidly 
and almost quantitatively to cw-lipoic acid at room temperature. The 
reaction is catalyzed by mercaptide ion, and the authors considered the 
reaction to involve an anionic displacement of the disulfide link by 
mer c apt ide . 
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C,S, Ring Systems 

Cavina, Cingolani, and Gaudiano115 have worked out the conditions for 
the color reaction with cyanide-nitroprusside for the quantitative deter- 
mination of a-lipoic acid. Covello and DeVena137a reported an analy- 
tical procedure for microgram quantities of a-lipoic acid, which in- 
volves catalytic reduction and conversion of the liberated hydrogen sul- 
fide to methylene blue; the latter is then determined spectroscopically 
by its absorption at 665 mp. 

ing to Djerassi, Fredga, and Sjiiberg156b it shows a strong Cotton effect 
in optical rotatory dispersion studies. 

A number of compounds related to a-lipoic acid have been prepared. 
Bullock and co -workersg -96 prepared 5 - (5-methyl- 1,2-dithiolan-3 - 
y1)pentanoic acid (49, R = CH,, R' = H) by several routes which parallel 
the synthesis of cr-lipoic acid. The compound contains two asymmetric 
carbons and the product isolated was believed to be a molecular com- 
pound of both pairs of diastereoisomers. One pair appeared to be an 
antagonist for m-lipoic acid, while the other showed 0-lipoic-like acti- 
vity. Schmidt, A l p s ,  and Grafen465e prepared the corresponding 4- 
methyl compound (49, R = H, R' = CH,) by an unstated route and found 
it to be an antagonist in dehydrogenase activity. The compound was un- 
usual in having its absorption maximum shifted 20 mp toward the red 
compared to a-lipoic acid, which they attributed to increased ring strain 
resulting from a postulated cis orientation of the two substituent groups 
on the 1,2-dithiolane ring. The same authors prepared 4-oxa-5-(1,2- 
dithiolan-3-y1)pentanoic acid (4%); it possessed cr-lipoic acid dehydro- 
genase activity. 

ru-Lipoic acid forms an inclusion compound with thiourea.386a Accord- 

R' (CH,l&OOH 

49 
UCH,-O-CH,CH,C~OH 
49a 

Thomas and Reed538 prepared D L - ~ - ( I ,  2-dithiolan-3-yl) butanesulforn 
amide (50) from the previously described 6,8-dichlorooctanoic acid. 

1. AgNO3 

C1 CHzCH2 H(CH,),COOH '' Brz > CICHzCH, 

1. c1, 

f 
C 1  

[For references, see pp. 585-610.] 341 
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1. P h C H z S N a  
2. N*, NU3 

3. 02, Fe3+ ~ (‘> 
(CHzJ4S0,NHZ 

50 

The yellow sulfonamide, showing the expected Xmax at 332 mp was not 
an antagonist for n-lipoic acid. The same a u t h ~ r s ~ ~ ~ p r e p a r e d  DL -6- 
(1,2-dithiolan-3-yl)hexnoic acid (51) and 4- (1, 8-dithiolan-3-y1)butyrfc 
acid (52). 

51 

1. PhblgBr 
2. A c z O , A c O H  

( CHz )4COOC,H, ~ 

(CHp) 3COOH 

52 

Both compounds showed only faint activity, 0.1% and 0. 01% of cy-lipoic 
acid, respectively, in the acetate replacing factor assay. 

c-Lipoic acid, according to Rausch, 436 i s  useful for the treatment of 
hepatic coma and related diseases. Boni, Reduzzi, Bile, and Gallor076 
have recommended its use for other liver disfunctions. There have been 
two conflicting reports, onel48 that cr-lipoic acid shows no effect on 
mouse cancer and another322 that it has a definite accelerating effect 
on the growth of Ascites tumor in mice. cr-Lipoic acid has  been report- 
ed to be useful in cyanide poisoningl40 and in heavy metal poison- 
~ . 2 1 3 , 2 2 * , 2 2 4 a , 2 5 7 * , 3 7 7 a  Searle has patented its use as  a plant fungi- 
cide492 and as an antioxidant in edible fats and oils.491 M 0 c h e 1 ~ ~ ~  has 
claimed that salts of a-lipoic acid increase the light sensitivity of photo- 
graphic emulsions, while Allen, nlingsworth, and Saguralob claim it to 
be an antifogging agent. Salzberg460 has patented the use of cu-lipoic 
acid a s  a corrosion inhibitor for iron in the presence of acidic materials. 

342 
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c. Spiro Compounds 

Spiro-l,2-dithiolanes have been prepared by the same procedures 
used for the simple compounds; they are listed in Table 3. Thus, Backer 
and EvenhuisZ1 and SCh0tte~8~ prepared 2,6,7-trithiaspiro [3. 4loctane 
(54) from tetrakis (bromomethy1)methane and sodium disulfide followed 
by treatment with copper. If the interpretation advanced by S ~ h o t t e 4 8 ~  
is correct, the reaction is dS follows: 

Na,S,, EtOH 
30 rain. r e f l u x  

31% 
C (CH2Br 

53 

Cu, PhMe 
30 min.  r e f l u x  

Similarly, the bromo compound plus sodium tetrasulfide yielded 2,3,4, 
8,9,1O-hexathiaspiro r5.5 Jundecane (55). This with copper gave 2, 3, 7, 
8-tetrathiaspiro r4.4 lnonane (561, while with potassium sulfide it yielded 
a mixture of 56 and 2,3,7,8,9-pentathiaspiro c4.5 Idecane (57). 

56 

Na,S4, EtOH 
C(CH,Brj4 1 hr. ref l u x  (:xl) 

5 4% 

55 

KzS, EtOH 
30 rain. r e f l u x  i 

{XI + 5 6  

57 

Likewise, 1,1 -bis(bromomethyl)cyclohexane gave 2,3-dithiaspiro- 
[4. 5 Idecana (581, also formed from 1, 1-bis(mercaptomethy1)cyclo- 
hexane and iodine. 24 

[For references, see pp- 585-610.1 34 3 



Chapter 5 

(0 co 

ar 

X 
0 
(.1 

0, 
I 

W 

z 
u 

u 

EO- 

N- 

N- 

In r-' 
N 

C Q C O  
I t N t -  O m o N  

0 0  rl I 

(0 N W  
m * I n  

344 

T
A

B
L

E
 3

. 
Sp
ir
o-
l,
2-
di
th
io
la
ne
s 

C
om

po
un

d 
Y

ie
ld

 (
9
)
 M

.p
.("

C
) 

R
ef

. 



2,
3-

D
it

h
ia

sp
ir

o 
[4
.5
 jd

ec
an

e 
(R

II
I 

12
47

) 
52

 
b.
p.
 1

48
' 

24
 

(1
7 

m
m

) 

b
,p

. 1
51

" 
48

3 
(1

9 
rn

m
) 

91
 

24
 

11
7.

5-
11

8 
22

 

Hz
 

H2
 

2,
3-

D
it

h
ia

-7
,9

-d
io

xa
sp

ir
o 

[4
. 

5 
ld

ec
an

e 
8,

8-
(C

H
3-

),
 

7 
59

-6
0 

18
8 

c
)
 

w
 

N
 tn 3 m 

w
 

rp
 

ul 



Chapter 5 

1. Na2S,, EtOH, 3 h r s .  ref l u x  oa C H , B ~  2 .  Cu, PhMe, 20 min.  r e f l u x  

C&Br 52% 

58 

l a ,  N a O E t  
40% = (-JG$:: 
Na, 

l i q .  NH3 

93% 

Fitt and investigated the hydrolysis of 2,2-dimethy1-5,5-bis 
(acetylmercaptomethy1)- 1,3-dioxane (59) and found that alkaline hydro- 
lysis yielded 8,8-dimethyl-Z, 3-dithia-?, 9-dioxaspiro [4. 5 Idecane (601, 
while acid hydrolysis rearranged the isopropylidene group to 2,2- 
dimethyl-5 5- bis (hydroxymet hy1)-m -dithiane (61). 

59 
1 HC1 

MeOH , H20 
2 h r s .  r e f l u x  

60 

61 

The properties of the spiro compounds are almost identical with those 
of other 1,2-dithiolanes. They are yellow, and form adducts with mer- 
curic chloride and bromide. Reduction with sodium in liquid ammonia 
cleaves the sulfur-sulfur bond. Thus, tetrakis(rnercaptomethy1)methane 
is best prepared by reduction of ZJ3,7,8-tetrathiaspiro[4. 41nonane 
(56). 23 Hydrogen peroxide in acetic acid gives the corresponding sul-  
fonic acid. 22324 

56 

HgOz, ACOH 

8 hrs .  50' 

346 
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Perbenzoic acid oxidizes 2,6, 7, 8-tetrathiaspiro [3. 5 Inonane (53) to a 
disulfone assigned the structure 2,6,7-trithiaspiro[3. 4Joctane 2,2, 6, 
6-tetroxide (62). 21 

53 62 

Although 2, 6, 7-trithiaspiro [3.4]octane (54) is reasonably stable, 
melting at 54-55', Campbel1lf1 was unable to isolate the analogous 2- 
oxa-6,'I-dithiaspiro [3.4]octane (64), which was presumably formed, 
tagether with 2-oxa-6,7,8-trithiaspiro[3.5]nonane (651, by the acid hy- 
drolysis of the di-Bunte salt (63); it polymerized during attempted dis- 
tillation at 100" and 2. 5 mm. 

63 64 65 

2. 1,a-Dithiole (2) 

a. 1, 2-Dithiole-3-thione and Related Compounds 

The parent compound, 1, 2-dithiole, has not been prepared. By far the 
largest number of compounds of this class are the 1,2-dithiole-3- 
thiones, although other 3-substituted derivatives are known. The 1 , 2 -  
dithiole-3-thionee reported in the literature are  listed in Table 4, while 
related compounds are listed in Table 5. 

The first preparation of a compound of this class was reported in 
1884 by Barbaglia,34?35 who heated isovaleraldehyde with sulfur at 250' 
and isolated a yellow, crystalline compound, C5HS6S3, melting at 94. 5". 
The compound has since been shown to be 4,5-dimethyl-1, Z-dithiole- 
3-t hione. 

and isolated a crystalline compound to which they correctly assigned 
the structure 5 -phenyl- 1,Z-dit hi01 - 3 -one (66). 

In 1897 Baumann and heated ethyl cinnamate with sulfur 

66 
In the intervening years there were numerous reports of ill-defined 

materials formed by heating various hydrocarbons with sulfur at ele- 
vated temperatures. However, in 1942 Bdttcher G1 isolated a crystalline 
compound from the reaction of anethole ww sulfur at  190-230", and in 

34 7 [For references, see pp- 565-610.1 
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1947 Bottcher and Litttringhaus62,338 correctly formulated this a s  5- 
p - methoxypheny 1- 1,2 - dithiole - 3 -thione. Since that time there have 
been numerous publications on 1,2-dithiole-3-thiones, chiefly by these 
authors and their co-workers and by Lozac'h and his co-workers. A s  
already mentioned, the Germans coined the term "trithiones" for the 
I ,  2-dithiole-3-thiones. The fact that their numbering system does not 
coincide with Chemical Abstracts must be kept in mind when reading 
their papers. The field has been briefly reviewed on several  occa- 
sions. 40,2 80b, 336,570 

Recently, J i r o u ~ e k ~ ~ ~  developed a paper chromatographic separation 
of l,Z-dithiole-3-thiones, and he believes that two sulfur-containing 
compounds isolated from cabbage by this technique belong to this class 
of compounds. 280 

(1) Preparation 

(a) From Olefins and Sulfur. The reaction of an olefin with sulfur at  
elevated temperatures is the "classical" synthesis of 1,2-dithiole-3- 
thiones. Apparently it was discovered independently by BGttcher,6l by 
Gaudin,zo3 and by Voronkov, Braun, and Kirpenko.553 The synthesis is 
quite general, as shown by an inspection of Table 4. BBttcher and 
Ltittringhaus62x66 and Gaudin and Lozac'h~04 both showed that anethole 
and estragole yield the same compound. The former authors postulated, 
therefore, that the generalized synthesis follows the cour se  

R--/s's + zH,S RCHz =CH2 f-* RCH= CH3 t 5 S + 
R L s  c f f 

According to this equation the olefin must contain a reactive double 
bond, a primary carbon atom, and at  least four hydrogen atoms. Thus, 
5-phenyl-lJZ-dithiole-3-thione (67) is formed from allylbenzene 
and 4-phenyl-1, 2-dithiole-3-thione (68) from CY-methylstyrene. 

67 

J 

S 
.,0..J ~ *.-z 

=bHS 
' 

l H 3  68 
It should be noted that there must be at least one hydrogen on the car-  
bon beta to the primary c a r b 0 n . ~ ~ 9  Thus, Schmitt and Lespagn01~6~ 
found that 2- (p -met hoxyphenyl) -2 - butene gave a dithiole- thione, 4- (p - 
methoxyphenylf - 5- methyl- 1.,2-dithiole-3- thione (6!3), 

S CHnfS> 

69 
-3 P-CHsOCbH, 

34 8 
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while 3- @ -methoxyphenyl)- 2-pentene, p -CH30C BH4C (C ,H,)=CHCH3, did 
not. Within these limitations, the reaction is quite general and 1,2- 
dithiole-3-thiones have been prepared from olefins in which R and/or 
R' are hydrogen, phenyl, aubstituted phenyl, 2-thienyl, and carbethoxy. 
There are some exceptions however. According to Lozac'h329 the re- 
action fails with o-allylphenol, the product being 21f-l-benzopyran-2- 
thione o r  2-thiocoumarin (70) instead. 

On the other hand, Mollier and Lozacth3Y39 3y5 prepared 5-(2-hydroxy- 
3-methoxyphenyl)-l, 2-dithiole-3-thione (71, R = H) from 2-allyl-6- 
met hoxyphenol and 4- methyl-5 - (2-hydroxy -3-methoxyphenyl) - 1 , 2  - 
dithiole-3-thione (71, R = CH,) from 2-methallyl-6-rnethoxypheno1, al- 
though in very low yields. 2H-l-Benzothiapyran-2-thiones or dithio- 
cournarins (72) were formed as by-products. 

They suggested that the reactions are successful in these cases be- 
cause the hydroxyl group is hydrogen bonded to the methoxyl group. 

Contrary to the usual rule that the position of the double bond i s  un- 
important, Lozac'h and T e ~ t e ~ , ~  claimed that 5- (a-thienyl)-l, 2-dithiole. 
3-thione could be obtained from 2-propenylthiophene, but not from 2- 
allylthiophene. 

The case of a-methylcinnamic acid es te rs  is interesting, since two 
alternative reactions are possible, one leading to a 1,2-dithiole-3- 
thione ('73) and the other to a 1, 2-dithiol-3-one (74). 

I 
CH3 

14 

In several  investigations40~ 65~2091330 only the 3-thione was isolated. 
Apparently the thione synthesis takes place under milder conditions 

[For references, see pp. 585-610.1 349 
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than that of J3aumann and Fromm. 1 2 * 4 3  However, Raoul and Vialle435a 
have reported that the corresponding ethyl compound reacts differently 
to form ethyl 2-phenyl-3-thenoate. 

C6H5CH= C O O C ~ H S  -> S (')--CGHS 1 1 
COOCzH, 

CH3 5 H, 

According to Teste535a 2-benzoyl-l-phenylpropene also reacts like a 
simple olefin, yielding 4-benzoyl-5-phenyl- 1 , 2-dithiole-3-thione (74a). 

S, PhCOOE t 

CH3 74a 

The synthesis of 1, 2-dithiole-3-thiones from olefins and sulfur is 
generally carried out by heating the olefin with 4-5 moles of sulfur at  
200-250". The use of a high-boiling solvent, such a s  ethyl benzoate, is 
reported to improve yields. 65,533 Krebs and Weber31l~Jl lB claimed 
that the reaction could be carried out in refluxing benzene or toluene in 
the presence of basic amines. Inasmuch as they followed the reaction 
only by determining the disappearance of sulfur, this statement requires 
confirmation. 

Stevens and Camp5'3 have claimed that improved yields are obtained 
if a mixture of sulfur and sulfur dioxide is used, The sulfur dioxide 
presumably converts the hydrogen sulfide formed in the reaction back 
into sulfur, making the sulfur utilization more efficient and preventing 
side reactions involving the addition of hydrogen sulfide to the olefin, 

2 hrs. 160-195' (CH3)2C'CYa + 2 S + SO, 
39-42% ' 

Frequently the compound is isolated by preparing the mercuric chlor- 
i2e complex and decomposing i t  with hydrogen sulfide. The yield in 
many cases  leaves much to be desired, since mercaptans, disulfides, 
thiophenes, and other sulfur-containing compounds a r e  formed as by- 
products. With aliphatic compounds yields a r e  rarely above 2@%. A 
38. 5% yield of 4-methyl-lJ2-dithiole-3-thione was reported from iso- 
butylene,506~511 but this reaction w a s  carried out with an excess of ole- 
fin and the yield was calculated from the amount of sulfur added. A 7% 
yield of a mixture of 4-neopentyl- and 4-methyl-5-t-butyl-1, Z-dithiole- 
3-thione was claimed by adding diisobutylene beneath the surface of 
molten sulfur at  210" and removing hydrogen sulfide as it formed, but 
here too an excess of olefin was used and the yield is based on sulfur.512 
However, Hamilton and Landis236a claimed a 90% yield adding only a 
slight excess of diisobutylene to sulfur at  190-220' drop by drop under 
ref lux, so that hydrogen sulfide escaped from the system. The same 

350 
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a ~ t h o r ~ ~ ~ ~ ~ ~ 3 ~ ~ ~  reported a 93% yield of 4-neopentyl-5-t -butyl-l,2- 
dithiole-3-thione (74b) using stoichiometric quantities of triisobutylene 
and sulfur and carrying out the reaction in sulfurized triisobutylene. 
Triisobutylene must be unusual, however, since even under the usual 
reaction conditions a 55% yield of 74b was obtained. 

With monoaryl-substituted olefins the yields a r e  better than with alkyl 
olefins, being in the range of 25-60% . Substituted Q, -methylstilbenes, 
which do not form thiophenes as by-products, give even better yields of 
4,5-diaryl- 1,a-dithiole - 3- thiones. 

Apparently alkyl group migration can occasionally take place on heat- 
ing olefins with sulfur. Thus, Broun, Voronkov, and Katkovas8 reported 
that 2-pentene yielded 5-ethyl-l,2-dithiole-3-thione. The melting point 
of 96-96. 5" is practically identical with that of the 4, 5-dimethyl deriva- 
tive, which was probably the compound actually formed. The 5-ethyl 
derivative, prepared by an unequivocal synthesis, melts at 21O.317 Other 
examples of isomerization are discussed below. 

The detailed mechanism of the synthesis of 1, 2-dithiole-3-thiones 
from an olefin and sulfur is unknown. The reaction is probably free 
radical, with initial attack of sulfur on the allylic carbon. Lifttringhaus 
and co-workers339,342 postulated the following sequence of reactions: 

S ,  180' S S 
O l e f i n  > RSH- R2Sz - 

fast v e r y  f a s t  v e r y  f a s t  

>160° 
slow 

R z S 3  ------+ 1,2-di thiole-3- thione 

Schmitt and Suquet,470 on the other hand, felt that the reaction is rela- 
ted to the Wlllgerodt synthesis, and formulated it in the following man- 
ner: 

6H %T '1 
S 

S / S  9 
C,H,CH=CHCH, ____3 C,H&H=CHC' 

[For references, see pp. 585-610.1 
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C,S, Ring Systems 

It is quite obvious, however, that the formation of a 1, 2-dithiole-3-thione 
requires a 1,3-attack on the allylic system. Undoubtedly the low yields 
and numerous by-products encountered so frequently result from the 
.prevalence of 1, 2-attack. Irrespective of the intimate details of the 
mechanism, there can be little doubt that the driving force for the reac- 
tion i s  the formation of the pseudo-aromatic I ,  2-dithiole-3-thione (see 
section I A-2a-(2)). 

Two interesting modifications which lead to different types of 1, 2- 
dithioles were reported recently. Raoul and Vialle4Ma found that heat- 
ing propenylbenzene with sulfur under an atmosphere of hydrogen sul- 
fide in the presence of benzoyl peroxide yielded 4-mercapto-5-phenyl- 
1, 2-dithiole-3-thione (74~) ;  p-methoxypropenylbenzene reacted simi- 
larly. The structure of 74c was proved by alkylation to the 4-methylthio 
derivative, which was shown to be identical with an authentic sample 
prepared by a different procedure (see section I A-aa-(l)(k)). 

In view of its extremely short lifetime at this elevated temperature, it 
is difficult to see what role benzoyl peroxide plays in this synthesis. 

B ~ b e r g ~ ~ ~  found that heating perchloropropene with sulfur led to the 
elimination of sulfur monochloride and the formation of 3,3, 4, B-tetra- 
chloro-1,2-dithiole OM) ,  Hydrolysis of 74d yielded 4, 5-dichloro-1, 2- 
dithiole-3-one dk), identical with a specimen prepared from trichloro- 
acrylyl chloride and sulfur (see section I A-2a-(l)(g)). 

S, AlClS C 1 7 i s h L  clzc=ccoc C1 0 

74e 

@) From Saturated Hydrocarbons and Sulfur. A number of variations 
of the olefin sulfur synthesis have been reported. F i e l d ~ l 7 5 ' ~ ~ ~  found 
that cumene could be substituted for o. -methylstyrene in the synthesis 
of 4-phenyl-1, 2-dithiole-3-thione if a small amount of base, such as di- 
0-tolyl guanidine, were added. The reaction temperature was lowered, 
but the rate with olefin was much faster. Yields were slightly improved, 
but here too the excellent yields reported are based on sulfur. As early 

[For references, see pp. 585-610.1 36 7 
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as 1941 Friedmannls treated paraffins with sulfur at 285" and undoubt- 
edly prepared 1, 2-dithiole-3-thiones, which he formulated as sulfur- 
substituted thiolanes. Apparently, 2, 2,4-trimethylpentane gave 4- 
neopentyl-l,2-dithiole-3-thione (751, 2oo also Prepared by Stevens and 
co-~orkers506,51",51~ from diisobutylene. 

(c) From Dienes or l r ienes  and Sulfur. Dienes have also been reac- 
ted w 1 i o n e s .  Thus, B6ttcher and 
Llittringhaus62I66 reacted isoprene with sulfur and obtained a compound 
in 5% yield, which Liittringhaus and C l e ~ e 3 ~ ~  showed to be 4,5-dimethyl- 
1, 2-dithiole-3-thione by a number of independent syntheses. Mollier392 
reacted allo-ocimene with sulfur and isolated a compound which he for- 
mulated a s  4-methyl-5-(4, 5-dimethyl-2-thieny1)- 1, 2-dithiole-3-thione 
(76). Lozac'h and M0llier33~ found that the yield of 76 was improved 
slightly, from 2 to lo%, by using linalool instead of allo-ocirnene. 76 had 
a spectrum similar to that of other 1, 2-dithiole-3-thiones, lost one sul- 
fur atom on oxidation with permanganate to yield the corresponding 
ketone (76a), and gave 4, 5-dimethyl-2-thiophenecarboxylic acid on 
oxidation with alkaline peroxide. 

c H34T--i% H 3  s\L 

10% 1' KMn04 

: : : q J S h s  

CH3 0 

76a 

P h C O , E t ,  S Me,CO CH, 

w 
S 

(C"~)ZC=cH(.H=CHI=OHCH3 90 mrn 2100 

2-10 

CH3 

76 
(CHQ) 2C'CHC O r  H,CH, eH L H=CH2 

I 
kH3 

/,:EK, E t O H  

Z : : T $ - C O O H  

Battcher and Bauer64 found that dipentene gave thiocineole and no 1, 2- 
dithiole-3-thione. Schmitt and L e s p a g n 0 1 ~ ~ ~  claimed, however, that 
dipentene (and pulegone) gave an orange compound, C,,H,S,, m.p. 209- 
210°r carvme gave C,,H,OS,, scarlet, m.p. 233". Lozac'h and Legrandssl 
and Fields 176 suggested that these compounds might be thienobenzo- 
dithioles. 

(d) From Acetylenic Compounds and Sulfur. Lozac'h and co- 
workers3S5 found that acetylenic compounds could be heated with sul- 
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fur to form 1, 2-dithiole-3-thiones, although yields were lower than with 
the corresponding olefins. Thus,p-CH,OC,H,C =CCH, gave 5-(b- 
methoxypheny1)- 1, 2-dithiole-3-thione. Substituted vinyl bromides reac- 
ted similarly, the same compound being formed from p -CH30CGH4CH= 
CBr-CH3, perhaps by intermediate formation of the substituted acety- 
lene. Challenger and co-workers124-126 isolated a t race of 1,2-dithiole- 
3-thione from the reaction of acetylene and sulfur a t  450". They specu- 
lated, probably correctly, that the compound was formed from traces  of 
acetone in the acetylene. Teste and Lozac'h535 found that acetylenic al- 
cohols also gave l, 2-dithiole-3-thiones with sulfur; 3-methyl-3-hydroxy- 
1-butyne gave the 4, 5-dimethyl derivative, and 3-methyl-3-hydroxy-l- 
pentyne gave the 4-ethyl-5-methyl derivative. 3-Phenyl-3-hydroxy-l- 
butyne, however, gave only 3-phenylthiophene. Mollier392 heated 2, 5- 
dimethyl-2, 5-dihydroxy-3-hexyne with sulfur, and isolated a compound 
which he formulated as 4- (4-methyl-2-thienyl) - 1, 2-dithiole-3 -thione 
fr?). 

According to Teste and Lozac'h535 this acetylenic glycol i s  unique; 
other s tested gave only thieno- t hiophenes. 

(e) From Alcohols, Aldehydes or  Ketones with Sulfur o r  with Sulfur 
and Phosphorus Pentasulfide. As already mentioned, the initial synthe- 
s i s  of a 1, 2-dithiole-3-thione was from isovaleraldehyde and sulfur. 
Voronkov, Broun, and Karpenko553 synthesized 5-phenyl-1, 2-dithiole-3- 
thione from cinnamyl alcohol and from cinnamaldehyde, although in poor 
yields. Teste and Lozac'h535 prepared several alkyl-substituted 1, 2- 
dithiole-3-thiones by heating an alcohol with phosphorus pentasulfide 
and sulfur. Inasmuch a s  the reaction failed in the absence of phosphorus 
pentasulfide, they postulated the mercaptan as an intermediate. It is  of 
interest that phosphorus pentasulfide had no effect on the reaction of 
sulfur with the acetylenic alcohols described above. Lozac'h and co- 
w o r k e r s 3 1 8 ~ ~ ~ ~  prepared 1,2-dithiole-3-thiones by heating ketones with 
sulfur and phosphorus pentasulfide in diphenyl at  210". The position of 
the carbonyl group had no apparent effect on the reaction. Thus, pro- 
piophenone and phenylacetone both formed 5-phenyl- 1, 2-dithiole-3- 
thione. 

Yields were 20-3576 when R' was aryl  and R was methyl or  aryl, al- 
though with certain aryl substituents the yields were much lower. Yields 
were below 5% when R o r  R' was hydrogen or alkyl. 

2-methoxyisobutyrophenones; yields were l!& o r  less, and in certain 

36 9 

Legrand and Lozacth319 investigated this reaction with a number of 
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instances 2fi - 1 -benzothiapyran-2-thiones were formed. Thus, 2- 
methoxy-5-methylisobutyrophenone yielded 10% 4-methyl-5-(Z-methoxy- 
5-methylphenyl)-l, 2-dithiole-3-thione (78) and 2% 3, 6-dimethyl-W-l- 
benzothiapyran-2-thione (79). No dithiole-thione was formed when a 
hydroxyl group was substituted for the methoxyl. 

C H ,  
C H 3  J H 3  

78 
79 

Legrand and Lozac'h321 also investigated the use of halogenated ke- 
tones; they formed the same l,Z-dithiole-3-thiones as the unhalogenated, 
but in slightly better yields. 

(f) From Sulfur-Containing Compounds. A variety of sulfur-contain- 
ing compounds have been used as starting materials for the prepara- 
tion of 1,2-dithiole-3-thiones. Liittringhaus, KBnig, and Bbttchere7 
prepared 5-phenyl-l,Z-dithiole-3-thione by heating cinnamyl mercaptan 
or disulfide with sulfur; cinnamyl trisulfide required no additional sul- 
fur and hydrogen sulfide was not liberated. Wessely and Siege1573 pre- 
pared a number of ethyl-substituted 1, 2-dithiole-3-thionea by heating 
alkyl sulfides, disulfides, or polysulfides with sulfur; yields were best 
with the disulfides, but even so did not surpass 1%. n-Amy1 and iso- 
amyl disulfides both yielded 4, 5-dimethyl-1, 2-dithiole-3-thione; th i s  
is another example of alkyl group migration. 

Landis and Hamilton3 l Z c  reacted two tertiary mercaptans with sulfur, 
2,4,4-trirnethyl-Z-mercaptopentane, derived from diisobutylene, and 
2, 2, 4, 6, 6-pentamethyl-4-mercaptoheptane, derived from triisobutylene, 
and isolated the same 1,2-dithiole-3-thiones as from the corresponding 
olefins. Yields of 25% were obtained. The authors postulated that the 
mercaptans were converted to olefins during the reaction, and were able 
to isolate diisobutylene in one case. 

Mayer and K u b a s ~ h 3 ~ 4 ~  prepared 1, 2-dithiole-3-thiones from 1,3- 
dimercaptans and sulfur in "-65% yields; 1,2-dithiole-3-thione was ob- 
tained in 10% yield by this procedure. 

(g) From a, B-Unsaturated Carbonyl compounds. The synthesis of 
5-phenyl-l,2-dithiol-3-one (66) f rom ethyl cinnamate and sulfur, des- 
cribed originally by Baumann and Fromm,42,43 constitutes a fairly 
convenient synthesis of this class of compound, yields of 40-65% having 
been reported.198J07$301b 
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S 

C ~ H ~ C H = C H C O O C ~ H S  
63% 

66 

A fair number of 5-aryl-l,2-dithiol-3-mes have been prepared by this 
procedure, as listed in Table 5. The method has its limitations, however. 
Thus, as already mentioned (see section I A-Oa-(l)(a)) a-methylcinnam- 
ates yield 4-carbalkoxy-5-phenyl-l,2-dithiole-3-thiones instead, Q-  

ethylcinnamates yield thiophene derivatives, and 2-benzoyl- l-phenyl- 
propene yields 4 - benz oyl- 5 - p hen yl- 1 , 2  - d it hiole - 3 - thione. However, 
according to Raoul and Vialle435a LY -phenylcinnamates yield 4,5- 
diphenyl- 1, 2-dithiol-3-one (Wa) and benzalmalonic esters yield 4- 
carbalkoxy - 5 - pheny 1 - 1,2 - d it hi01 - 3 - ones (796). 

CeHsCH= COOR s c 6 H 7 ( s 1  

ROOC 0 
79b f 00, 

On the other hand, Quiniou426b reported that the reaction with cinnam- 
ylidenemalonates takes a different course and yields (5-arybl ,  2- 
dithiol-3-y1idene)malonates (79~). 

S 

250° Ar--(hL 
ArCH=GHCH=C (COOR), -- 

10-202 C(COORJ2 

7&: 
Klingsberg3*la was successful in applying the reaction to diethyl fumar- 
ate, impure 5-carbethoxy-l,2-dithiol-3-one (79d) being obtained in law 
yield. 

Y 

Boberg568 carried out a modification of this process to ptepare 4,s- 
dichloro-1, 2-dithiol-3-one (74e) f rom trichloroacrylyl chloride, sulfur, 
and aluminum chloride. ?4e wa8 also obtained by hydrolysis of 3,3,4, 5- 
tetrachloro-1, 2-dithiole (see section I A-2a-(l)(a)). 

[For references, see pp. 585-610. ] 37 1 
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C3 S, Ring Systems 

Litttringhaus. Kllnig, and Bott~her70,33~ found that treatment of 1 , 2 -  
dlthiol-3-ones with phosphorus pentasulfide gives 1 , 2-dithiole-3-thiones 
in fairly good yield. The reaction was carried out initially in refluxing 
xylene, but Btittcher and Bauer649 65 found the yields to be much better 
in carbon disulfide. According to Klingsberg30lb the best yield (92%) is 
obtained in refluxing pyridine. This two-step process constitutes a fair- 
ly convenient sythesis of 1, 2-dithiole-3-thiones, and it has been applied 
to the syntheses of a number of aromatic and heterocyclic-substituted 
1,2-dit hiole -3-thiones. 

Combining these two steps into one, i.e., heating an a, P-unsaturated 
ester with sulfur and phosphorus pentasulfide, was an obvious extension 
of this reaction,339*342 but yields are rather poor. 

ArCH=CHCOOR %, &? 
F 

Ar?;sls 
Thus, angelic or tiglic esters, CH3CH=C(CH3)COOR, gave a 17% yield of 
4,5 -dimethyl- 1 , 2  -dithiole- 3-thione. Surprisingly, ethyl (Y -ethylwrylate 
gave the same compound, another instance of alkyl migration. 
Legrand316 has shown that CY, punsaturated ketones undergo the same 
reaction, also in low yieId. 

Jirousek and Stirka280a investigated the synthesis from a, p-unsatu- 
rated esters, phosphorus pentasulfide and sulfur, and came tot h e  con- 
clusion that a, P-unsaturated acids give somewhat beeer yields than the 
esters. The differences are not large, however, and in fact LUttringhaus, 
Konig, and B o t t ~ h e r ~ ~ ~  reported a considerably better yield of 5-phenyl- 
l,$-dithiole-3-thione from ethyl cinnamate than Jirousek and Sti4rka28Oa 
obtained from cinnamic acid. The latter authors reported that yields 
improved when the cinnamic acid contains an u-substituent. They for- 
mulated the reaction as follows, since an a-substituted cinnamic acid 
could not form 7% and would have to yield 79h, which they considered 
to be the 1,2-dithiole-3-thione precursor. 

R c H=C H COOH '4'10> R CH=CH CSSH 

s 
RCH=CHCSSH -> RCH= - =S + decomposition 

I f n  f, 

79h 
[For references, see pp. 585-610.1 381 
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However, only in the cinnamic acids was there a large yield difference 
between (Y -substituted and unsubstituted acids, and, as already men- 
tioned, their yield from cinnamic acid itself was unusually low. 

(h) From P-Keto Esters and P-Keto Aldehydes. The most versatile 
synthesis of 1 , 2-dithiole-3-thiones was first r e s r t e d  by Lozac'h and 
Legrand, 332 although it was apparently discovered independently by 
LUttringhaus and his co-workers.465b This involved the reaction of a 
p-keto ester with a technical grade of phosphorus pentasulfide in reflux- 
ing xylene according to the following scheme: 

RCO HCOOR" + P+S,, 11_3 Rfis R' 1. 
By this procedure Lozac'h and h i s  co-workers have prepared 1 ,2-  
dithiole-3-thiones substituted by alkyl, aryi, thienyl, and pyridyl 
groups220,221,314-317,332,333,533,J34 and by condensensed rings (see 
following sections). The reaction has been patented.a1 O 

that they could be improved considerably by using reflwdng tetralin as 
a solvent instead of xylene, so as to raise the temperature of the reac- 
tion, and by using an excess of phosphorus pentasulfide. In this way 
ethyl acetoacetate gave a 30% yield of 5-methyl-l,2-dithiole-3- thione. 
Yields ranged, however, from 5% in some cases to as high as 73% in 
one. 

found that yields could be improved by using a mixture of sulfur and 
phosphorus pentasulfide and by using carbon disulfide as solvent. By 
this means the temperature could be lowered to 120", and yields of 
40-5070 were obtained in many instances. However, it is necessary to 
use an autoclave because of the low boiling point of the solvent. The 
synthesis has been patented.568 According to Klingsberg30lb the reac- 
tion is carried out more conveniently in refluxing pyridine. Schmidt, 
LUttringhaus, and T r e f ~ g e r * ~ S b  postulated that the reaction proceeds as 
follows: 

Initially the yields were quite poor, but later work, 316J317j533 showed 

Schmidt, Ltittringhaus, and Trefzger46sb investigated this reaction, and 

S 

As proof of this they reacted ethyl phenylpmpiolate with sulfur and phos- 
phorus pentasulfide under hydrogen sulfide pressure in the presence of 
a catalytic quantity of piperidine and obtained a 10% yield of 5-phenyl- 
l,Z-dithiole-3-thione. Presumably the first step involves the base- 
catalyzed addition of hydrogen sulfide to the triple bond to form a P -  
mercaptoacrylate. 
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The reaction can also be carried out with 8-keto aldehydes, yields of 
10-4oq6 being reported with a mixture of phosphorus pentasulfide and 
suUur.316,320,533 Here, too, a s  with the isobutyrophenones, Le~ ; rand3~0  
found that formylketones with nethoxyl groups ortho to the carbonyl 
group yielded 4-thiochromones or 2-thiocoumarins a s  by-products. 

In a somewhat related synthesis T0rnet ta5*~~ reacted benzoylacet- 
aldehyde monoxime with phosphorus pentasulfide. At low temperatures 
5-phenylisoxazole was formed, but at 150' both the isoxazole and the 
oxime yielded 5-phenyl- 1,2-dithio1-3-one in unstated yield. 

(i) From Derivatives of Propiolic Acid. LIittringhaus, Schmidt, and 
Alpes35' published an unusual synthesis for 5-phenyl-l,2-dithiol-3-one 
(661, involving the acid-catalyzed condensation of phenylpropiolyl chlor- 
ide with hydrogen &sulfide. The N-phenylimide chloride yielded the 
corresponding anil (80). 

C&-CEEC-COC 1 

HzSa, ZnCLo 

58% 

cSH6 C 6 H 5 - f S ~  
0 

66 

80 
This reaction took place spontaneously at room temperature. Since 
ultraviolet light improved the yield, the reaction is probably free radical 
in nature, involving the addition of H2S, to the triple bond, followed by 
elimination of hydrogen chloride. The role of zinc chloride would then 
be obscure. The reaction failed with aliphatic acetylenic acids. 

0) From p-Thioketo Esters. Raoul and Vialle435 described a syn- 
thesis of 1,2-dithiol-3-ones and their conversion to l,Z-dithiole-3- 
thiones which is of interest because of the stepwise introduction of the 
sulfur atoms. The synthesis started with the enolic form of fl-thioketo 
esters, prepared from fl-keto esters and hydrogen sulfide. The second 
sulfur atom was introduced by reaction with acetyl chlorosulfide, follow- 
ed by ring closure with hydrogen chloride in methanol. Treatment of 
the resulting 1,2-dithiol- 3-one with phosphorus pentasulfide yielded the 
1 ,2  -dithioLe - 3-t hione. 

CHSCOSCl ,  EtZO R\ /SSCOCHs 

4 "f EtOH HC1 , R\C/SH ,, 1 h r . ,  r .  t. 

C 
R'/\COOR RJ \COOR RJ 'COOR 

For references, see pp. 565-610.1 383 
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MeOH, HCl P,Sl0, x y l e n e  
ref 1 ux 

R’ 

Yields in the cyclization step were excellent when R was aryl but not 
when R was alkyl. The method was applied to the preparation of 5- 
substituted and 4,5-disubstituted derivatives, but not to the preparation 
of 4-substituted derivatives. 

(k) From Ketones and Carbon Disulfide. Recently, Thuillier and 
Vialle541 described a synthesis of 5-aryl-l,2-dithiole-3-thiones in ex- 
cellent yields starting with methyl aryl  ketones. Kelberz91 was the 
f i rs t  to prepare 3,3-dimercapto-l-ary1-2-propen-l-ones (a) by the 
condensation of methyl aryl ketones with carbon disulfide, Thuillier and 
Vialle improved the yieldfrom the initially reported 20% to 80% in the case 
of acetophenone by using sodium I-amyloxide instead of potassium hy- 
droxide as the condensing agent. Treatment of 80a with phosphorus-pen- 
tasulfide gave 5-aryl-l,Z-dithiole-3-thiones in yields of 45-78%; the 
yield of 5-phenyl-l,Z-dithiole-3-thione was 66% for the  two steps 
based on acetophenone. Alkylation af the disodium salt of 8(8 with 
methyl iodide gave the corresponding bis(methy1thio) compound (Wb), 
while ethylene bromide gave a 1,3-dithiolane derivative (8Ck) (see sec- 
tion I1 A-la). Treatment of these cornpounds with phosphorus pentasul- 
fide gave improved yields of B-aryl-l,Z-dithiole-3-thiones. Thus, 
whereas 8Oa (Ar = C,H,) gave a 78% yield of the 5-phenyl derivative, 
80b gave an 87% yield and 8Oc a 96% yield. 

1 - C,H I I ONa SNa H+ SH 
ArCOCH, + CS, > ArCOCH=C<SN, __j ArCOLH=C<SH 

ArCOCH=(] 

J 

80a 

According to Kelber and Schwarz293 the preparation of compounds of 
the type of 8(8 failed with ketones other than methyl aryl  ketones, but 
Thuillier and Vialles41a recently reported the successful preparation of 
5-methyl-l,2-dithiole-3-thione from acetone by this route. 

In 1910 HOhn and Bloch259 isolated a resin from the reaction of cin- 
namaldehyde with hydrogen polysulfide in the presence of hydrogen chlo- 
ride; methylation of the resin yielded an orange o r  orange-brown crystal- 
line solid melting at  98-99”. Raoul and Vialle434 have shown this to be 
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4-methylthio-5-phenyl- 1,2-dithiole-3-thione (81) by an independent syn- 
thesis based on that of Thuillier and Vialle. 

We I ,  

70% 
3 h r s .  r .  t 
-_ -> 

4-Methoxy-5-phenyl-l,2-dithiole-3-thione was prepared in a similar 
fashion from w -methoxyacetophenone. 

(2) Structure 

Baumann and Fromm's formulation of the reaction product from ethyl 
cinnamate and sulfur as 5-phenyl-l,2-dithiol-3-one (66)42 was a bril- 
liant deduction based essentially only on its hydrolysis to acetophenone. 

66 

The correct structure of the l,Z-dithiole-3-thiones was elucidated by 
Btittcher, Liittringhaus, and Kthig, 62y63t3:18> 339 and apparently indepen- 
dently by Voronkov, Broun, and Karpenko. 5 5  3 The so-called trithione" 
from anethole and sulfur was shown to have the formula C,,H,Ob,. 
Chromic acid oxidation or oxidation with nitric acid or  hydrogen per- 
oxide203 yielded anisic acid, showing that a condensed ring had not been 
formed and that the p-methoxyphenyl moiety was still attached to a car- 
bon atom. The lack of active hydrogen in the molecule ruled out the 
presence of sulfhydryl groups. The stability of the structure was shown 
by its inertness to hot hydrochloric and hydrobromic acids and to copper 
powder. Sodium and ethanol removed two sulfur atoms as sodium sul- 
fide, and alkaline peroxide removed them a s  sulfate ions. Hot alcoholic 
potassium hydroxide yielded anisic acid, and this was shown to be a 
hydrolytic reaction and not an oxidation. Treatment with hydroxylamine 
gave a yellow monoxime with the loss of one sulfur atom, indicating the 
presence of a thione group. At this point Bottcher and LUttringhaus62 
were struck by the similarity of the "trithione" and the known compound, 
3H-1,2-benzodithiole-3-thione (see section I F); they a re  both orange- 
red, and they both form yellow oximes, yellow mercuric chloride com- 
plexes, and red methiodides. The correctness of this hypothesis was 
shown by a comparison of the Rtrithionenwith the compound prepared 
from ethyl p-methoxycinnamate according to the procedure of Baumann 
and Frarnm. Both compounds gave the same oxime. Treatment of the 
"trithione" with potassium permanganate according to the procedure of 

[For references, see pp. 585-610.1 385 
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Gaudin and Lozac'h204 or with mercuric acetate according to the pro- 
cedure of Biedebachss gave a compound identical with that prepared 
from the cinnamate and sulfur, while reaction of the latter with phos- 
phorus pentasulfide gave the "trithione". There remained little doubt, 
therefore,that "anethole trithione" was 5-(p -methoxyphenyl)-l,2-dithiole- 
3-thione. 

Gaudin and LOzac'h,204 who published before the German s t ructure  
elucidation was available, formulated "anethole trithione" as a persul- 
fide (82) on the basis of negative tes ts  for thiol and thione groups and 
the removal of one sulfur by permanganate. 

KHnO, R-C----S=S 

H H 

82 

They agreed with the lJ2-dithiole-3-thione structure,  however, as soon 
as it was published. 327 Selker and Kemp, 4 9 4  OR the other hand, believed 
that the compound formed by the sulfuration of 2-methyl-2-butene, was 
a substituted thiolane (83) rather  than a 1,2-dithiole-J-thione. 

a3 

There can be little doubt, f rom the work of LUttringhaus and Cleve,342 
that the compound is 4, 5-dimethyl-lJ2-dithiole-3-thione. That the com- 
pound is not a 4- or 5-ethyl derivative was shown by a number of inde- 
pendent syntheses and by the fact that it gave two molecules of acetic 
acid in a Kuhn-Roth chromic anhydride oxidation. 

An elegant method of determining the position of substituents on the 
dithiole ring was devised by Spindt, Stevens, and Baldwin,506 based on 
the fact that alkaline hydrolysis leads to cleavage of the ring a t  the 
double bond. 

N a O H  :-fs't ___Ic3 RCOOH + R'CH,COOH 
R S 

Thus, sulfuration of isobutylene gives 4-methyl-1 2-dithiole- 3-thione, 
since hydrolysis yields propionic and formic acids. The reaction of di- 
isobutylene with sulfur gives two products; one is the.4-neopentyl deriv- 
ative (M), since hydrolysis givbb 4,4-dimethylpentanoic and formic 
acids, while the other is the 4-methyl-5-t-butyl derivative (85), since 
the hydrolysis products are propionic and trimethylacetic acids. 
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Similarly, Landis and H a r n i l t ~ n ~ ~ ~ b  showed that triieobutylene yields 
4-neopentyl-5-t-butyl-I, 2-dithiole-Sthione (?a) by hydrolysis to tri- 
methylacetic and 4,4-dimethylpentanoic acids. 

The mode of hydrolysis of l12-dithiole-3-thiones is discussed in great- 
er detail below. 

The formulation of this class of compounds as l,Z-dithiole-3-thiones 
was completely confirmed by an X-ray crystallographic determination 
of the structure of 4-methyl-5-phenyl-l,2-dithiole-3-thione by Zaslav- 
skii and Kondra~hov.~85,586 The unit cell contains four molecules, and, 
in order to pack these into the unit cell, it was necessary to assume that 
the phnes of the benzene ring and the heterocyclic ring a re  perpendi- 
cular to each other. 

LtIttringhau~~3~,~~0~3~~ appeared to be the first to realize that 1,2- 
dithiole-3-thione has six electrons available for resonance and is there- 
fore a pseudo-aromatic compound, resonance forms 86-88 contributing 
to its structure. 

86 87 88 

Lozac'h323 agreed with this conclusion. This accounts for the remark- 
able stability of these compounds as compared to the 1,2-dithiolanes 
described in section I A-1. That the molecule is stabilized by resonance 
was shown by Kehl and Jeffrey,ZW Z S O W ~ O  carried out a detailed crys- 
tallographic determination of the structure of 4-methyl-1.2-dithiole- 
3-thione (891, subsequently refined by Jeffrey and Shiono. 278a 

[For references, see pp. 585-610.1 387 
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2.047; 

The molecule is planar. The distances indicate 75% double-bond charac- 
te r  for the S,-C, bond and 50% double-bond character for the S2-c~ 
bond. The Ci-C,  and C,-C, bonds are of course intermediate in length 
between carmn-carbon single and double bonds, and the C,-S, bond 
length is approximately equal to the estimated 1.61A for a carbon-sul- 
fur double bond. From these figures they calculated that resonance 
forms 86,87, and 88 contribute to the structure in ratios of 5 1 : 4. 
However, Foss and Tjomslandlg3 disagreed with their statement that 
the S,-S, bond length indicates a normal single bond and estimated 
20-3074 double-bond character for this bond. 

and the thione S are  equivalent in 5-p-methoxyphenyl-l,2-dithiole-3- 
thione by the following ser ies  of reactions using labeled phosphorus 
pentasulfide. 

According to Schmidt, 16Sd Liittringhaus and Baron have shown that S, 

P - C H s O C 6 H 4 - f I  _fleio.+ p-  C H 3 0 C 6 1 f 4 $ S ~ S .  Hg(O*c)z, 
0 

p -  c t i 3 0 L 6 H * + - s ~  
!I Lo 

Undoubtedly, ring opening must occur during the reaction of the 1,2- 
dithiol-3-one with phosphorus pentasulfide to yield an intermediate in 
which the two sulfur atoms are equivalent (see section I F-2). 

v 

Rf"a,. 
(3) Properties and Reactions 

1,Z-Dithiole-3-thiones are generally odorless, although 1, Z-dithiole- 
3-thione itself and lower alkyl derivatives do have a characteristic odor. 
They have a pronounced bitter taste. 40 The unusual electronic configura- 
t ion of I,Z-dithiole-3-thiones i s  reflected in a number of their  physical 
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properties. Thus, they are all colored, varying generally from yellow to 
some shade of red. The ultraviolet spectra of several  compounds have 
been reported. Challenger and c o - w o r k e r ~ ~ ~ ~  gave Amax. for 1,2- 
dithiole-3-thione in cyclohexane of 230,254,336, and 415 mp. Spindt, 
Stevens, and Baldwin506 and Landis and Harnilton31zb showed that alkyl 
substituents shift the absorption bands only slightly, while Liittringhaus 
and Cleve342 showed somewhat greater shifts for a ry l  substituents, al-- 
though the curves a r e  similar. Mecke, Mecke, and L u t t r i n g h a ~ s ~ ' ~  
determined the infrared spectra of a number of 1,2-dithiol-3-ones and 
3-thiones. The spectrum of the thione apparently showed the aromatic 
character of the ring.125 Liittringhaus and Grchmann345 determined the 
dipole moments of several  1,2-dithiol-3-ones and 3-thiones, the latter 
having higher moments and being more intensely colored, The proton 
magnetic resonance spectra of several  l,Z-dithiole-3-thiones have been 
reported. Thus, Landis and Hamilton312 found only two types of hydro- 
gen in 4-neopentyl-5-t-butyl-l,2-dithiole-3-thione (74b), a doublet for 
the methyl hydrogens at 129 and 148 c.P.s., referred to water as an ex- 
ternal standard, and a singlet for the methylene hydrogens at  66 c.P.s., 
in the ratio of 8.4 : 1. 

lations on 3-substituted-l,2-dithioles. According to these calculations 
electrophilic reactions should occur in the 4-position and nucleophilic 
and free radical reactions in the 5-position of the dithiole ring. 

The 1, 2-dithiole-3-thiones have surprisingly high melting points; only 
one compound has been reported which melts below room temperature. 
The compounds a re  soluble to some extent in the usual organic solvents, 
and are insoluble in water. Surprising, however, is their solubility in 
concentrated mineral acids34%506 and their extreme stability under 
acidic conditions. This solubility is probably a result of salt formation 
(901, with the resultant positive charge spread over the ring. It is in- 
teresting that lJ2-dithiol-3-ones do not show this stability to acids. 339 

Zahradnik and Koutecky5 84C have carried out niolecular orbital calcu- 

90 
1, 2-Dithiole-3-thiones form unstable complexes with halogens, accor- 

ding to Lozac'h and Gaudin,328,207,208 when mixed with a benzene solu- 
tion of the halogen; the compounds are listed in Table 6. Challenger and 
co-workers125 showed that the halogen does not add to  the carbon- 
carbon double bond, inasmuch as treatment of the bromine adduct of 
1,2-dithiole-3-thione with water regenerated the original compound. 
Since dialkyl sulfide-halogen complexes are considered to have the 
structure (R2SX)+X- , 5 3  a reasonable formulation for these compounds 
might be that of Mollier and Lozac'h, 391with the added proviso that the 
positive charge be distributed about the ring (91). 

[For references, see pp. 585-610. ] 389 
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Whereas Lomc'h and Gaudin2 08,338 reported that 5-(p-methoxyphenyl)- 
lJ2-dithiole-3-thione gives a complex with iodine, C,,H80S3. I,, Selker 
and Kernp4S4 claimed that 4,5-dimethyl-l,2-dithiole-3-thione gives a 
triiodide, C5H6S, . I,. The structure of the latter is obscure. 

Mollier and Lozac'h391 reported that certain phenyl- substituted 1,2- 
dithiole-3-thiones form unstable 2: 1 complexes with thionyl chloride 
and with sulfuryl chloride. Their structures (92) are undoubtedly simi- 
lar to the halogen complexes. 

2 c1- 

92 

In contrast to these results, Spindt, Stevens, and Baldwinso6 found that 
several alkyl-substituted 1,2-dithiole-3-thiones react with chlorine in 
acetic acid to form dichlorides with elimination of a sulfur atom (see 
Table 5). Since hydrolysis of these compounds resulted in replacement 
of the halogens by an 0x0 group, the compounds were formulated a s  3,3- 
dichlorides (93). Landis and Hamiltonsla obtained the same results 
with chlorine in carbon tetrachloride. 

93 

Diveley, Lohr, and Brack148aj77a found that treatment of 4-aryl-l> 2- 
dithiole-3-thiones with chlorine results in chlorination in the 5-position 
a s  well as in the 3-position. Although the trichlorides could not be iso- 
lated as pure species, hydrolysis yielded crystalline 4-aryl-5-chloro-1, 
2-dithiol-3-ones (93a, A r  = C6H, and p-CH3C,H4). 

C l z ,  CHCL, [::<1::] 50-61%' HzO c y y 0  Ar  

Ar 
93a 

According to J30berg5sb, however, chlorination of 5-phenyl- 1,a-dithiol- 
%one with chlorine or with sulfuryl chloride yields 4-chloro-fi-phenyl- 
1,2-dithiol-%one (9%). This, on treatment with base in alcohol Is con- 
verted into 2,5-diphenyl-3, 6-dicarbethoxy-p-dithiin (9%) (see Chapter 
12, section III A-2a). 

93b 
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TABLE 6. 1,2-Dithiole-3-thione Complexes 

Complexing 
Substituent s group M.p. ("C) Color Ref. 

None HgC1, 218-219 (dec,) canary yellow 

4-C$,- IXgBr 2 dec. 170 

5-C&,- HgBr2 155 

HgCI, 220 

5-(p-CH3OC 6H4-) c12 98 yellow -orange 

Br2 156 yellow -orange 

I2  164 red-brown 

HgCI, 220 yellow 

Sbcl, 132 yellow-orange 

l/2SnC14 185 ochre 

SnCI4 195 (dec.) 

dioxyphenyl-) EIgCl, 240 (dec.) 

AgN03 135 (dec.) 

5-[3,4-(CH,O)2C6H3- J HgC12 225 (dec.) 

5-(3,4-Methylene- 

'/z SnC14 230 (dec.) 

4, 5"(CH3-)2 HgI, 192.5 yellow 

I3 135.2-136 

4- (CH,),CCH2-5- 
(CH3)3C- HgCI, 218-221 (dec.) 

'12 C a 2  145-148 

ZnC1, 189-194 

'/2 mC1, 168-171 

'/2 245-149 

4-CH3-5-C 6H5- HgBr 2 215.2 (dec.1 

125,126 

125,126 

553 

553 

45913 

207,328 

207, 328 

208,328 

328 

328 

328 

329 

329 

329 

329 

494 

494 

312b 

312b 

312b 

312b 

312b 

553 

[For references,see pp. 585-610.1 39 1 
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93c 

The direct syntheses of 3, 3,4, 5-tetrachloro-1, 2-dithiole(74d) from 
perchloropropene and sulfur and of 4,5-dichloro-1, 2-dithiol-3-one (74e) 
from trichloroacrylyl chloride and sulfur or by hydrolysis of ‘746 has al- 
ready been mentioned (see section I A-2a-(l)(a) and (g)). Boberg5Ga 
found that one of the two chlorines in 74e i s  reactive 2nd can be replaced 
by a variety of alkyl or  arylamines to form either 4-amino-5-chloro- 
(93d) o r  4-chloro-5-amino-l,2-dithiol-3-ones (93e). 

14e 93d 93 e 

A characteristic reaction of 1,2-dithiole-3-thiones is their formation 
of crystalline complexes with a variety of heavy metal halides, such as 
mercuric chloride. Those complexes for which physical properties have 
been reported are listed in Table 6. In addition to these, complexes 
have been described with AgN03,62~553 SbCl5,328,3= AuC13,62p553 
ZnCla,5s3 ZnClI,553 CdCI,, 553 BiCl,, 39f*  553 PtCl,, 553 PdCI,, 553 
CuZBrZ,553 and FeC13.553 Mollier and Lozac’h391 have pointed out that 
in these compIexes the metal atoms generally have their expected co- 
ordination numbers. Thus, 1 1 complexes with SbC13 and SbCI, give 
antimony coordination numbers of four and six, respectively. SnC1, 
generally forms a 1 : 2 complex, giving tin a coordination number of six. 
An exception is the 1 : 1 complex of SnCl, with 5-(3-methoxy-4-hydro- 
xypheny1)-l,2- dithiole-3-thione. Inasmuch a s  a coordination number of 
five for tin is unlikely, these authors suggest that the dithiole-thione 
occupies two positions, presumably because of the free hydroxyl group. 

The very ready alkylation of 1,2-dithiole-3-thiones is one of their 
most characteristic reactions. According to Fields175 quantitative 
yields of methiodides can be obtained by reacting the thiones with excess 
methyl iodide in refluxing butyl acetate for two hours. BtJttcher and 
LUttringhaus62 formulated the methiodides initially as 94. 

94 

A number of observations indicated the incorrectness of this structure. 
1,2-Dithiol-3-ones do not form methiodides,G4 and treatment of the 
methiodides with weak acid readily liberates methyl mercaptan.340 
Ltittringhaus338t340 therefore formulated these compounds with the 
methyl group on the thione sulfur (95), drawing an analogy with the al- 
kylation of thiourea: 
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95 

Here again the aromatic character of the 1,2-dithiole-5-thiones is 
shown, and the compounds may be formulated with the positive charge 
spread around the ring (96). 

96 

A wide variety of sulfonium salts have been prepared; they are  listed in 
Table 7. LUttringhaus34" has reviewed the field briefly. The compounds 
are usually deeply colored. The reaction of course is not limited to 
methyl iodide; dimethyl sulfate gives methosulfates or in some cases 
acid sulfates, when apparently hydrolysis occurred during isolation. The 
halides are  only slightly soluble in water, while the methosulfates are  
quite soluble.6%3*4 A number of thionium compounds, prepared by ex- 
changing the methosulfate anion for other anions, have been patented by 
B8ttcher.6*, 71-73 The great tendency for formation of these compounds 
is illustrated by an attempt to prepare 5-(3,4-dibydroxyphenyl)-l, 2- 
dithiole-3-thione by demethylation of the corresponding dimethoxy com- 
pound with concentrated hydrobromic acid. The compound actually iso- 
lated was the methobromide (97).72a?344 Remethylation to 5-(3,4-&- 
hydroxyphenyl)-l,2-dithiole-3-thione (98) was successful, however, with 
pyridine hydrochloride. 7 2a 

48% 97% HBr 

[ H o b 6 7  ] Br- S C H Q  

3 hrs .  ref l u x >  
S 

- 

97 

98 

Voronkov, Broun, and Karpenkoss3 claimed that 4-phenyl-, 5-phenyl-, 
and 4, 8-diphenyl-l,Z-dithiole-3-thione form dimethiodides when treat- 
ed with an excess of methyl iodide. Inasmuch as no other dimethiodides 
have been reported, the formulas assigned to these compounds are open 
to question. 

[For references, see pp. 585-610.1 393 
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C,S, Ring Systems 

Lozac' h327, 334 found that 5 - (3-methoxy-4- hydroxypheny1)- 1,Z-dithiole - 
3-thione (99), prepared by the sulfuration of eugenol, has acid-base prop- 
erties, the color of an aqueous solution changing from yellow to deep 
red on addition of sodium hydroxide or amines. He attributed this to 
quinone formation (100). 

99 

c&/) 

s- 
100 

In anhydrous media the thione plus diethylamine gives a brown-black 
precipitate, presumably the diethylammonium salt of the quinoid form. 
Lifttringhaus344~72a found the same effect with the methobromide of 5- 
(3,4-dihydroxyphenyl)-l, Z-dithiole- 3-thione (97). This orange-yellow 
compound turns red at pH 6, then violet on raising the pH further. In 
this case the ion is a zwittwion and the qpinone a neutral molecule, The 
colored product could therefore be extracted into chloroform. 

97 97 

SCH, 

Itisinteresting that these structures requirethetwo rings tobe coplanar. 
Several other reactions, which leave the 1,a-dithiole ring intact, have 

been carried out. The compounds in which the 3-thione group has been 
converted into another function a re  listed in Table 5. Thus, as already 
mentioned, potassfumpermanganate204 and mercuric acetate55 J g3 con- 
vert the 3-thione group of 1, 2-dithiole-3-thiones into an 0x0 group. Hy- 
droxylamine reacts with either the 3-thione or the 3-0x0 compounds to 
form oximes; according to Ltlttringhaus, IC(lnig,and Bijttcher339 the 
thione compounds react more readily than the 0x0 compounds, a surpris- 
ing conclusion in view of the resonance stabilization of the former. 
Mollier and Lozac4 h396b claim that 5-aryl-1 2-dithiole-3-thiones form 
mimes more readily than compounds without the 5-aryI group. 

The extreme stability of the 1, 2-dithiole-3-thiones to acidic reagents, 
a property not shown to a8 great an extent by the 1,2-dithiol-3-ones, 339 

[For references, see m. 585-610.1 



Chapter 5 

makes possible a number of reactions. Schmfttand S ~ q u e t ~ ~  sulfonated, 
chlorosulfonated, and acylated 4-(p -methoxyphenyl)-5-phenyl-l, 2-di- 
thiole-3-thione without affecting the 1,2-dithiole-%thione structure. 
Their assignment of these substituents to a position ortho to the p- 
methoxy group appears to be reasonable. Treatment of 5-@-methoxy- 
phenyl)-l,2-dithiole-3-thione with pyridine hydrochloride at about 200' 
quantitatively demethylates the compound to the P-hydroxy deriva- 
tive. 6 5 ~ ~ 6 7  5-(P-Methoxyphenyl)-lJ 2-dithiol-3-one undergoes the same 
reaction. 467 

396a- 3962 and Ltittringhaus344 both found. 
apparently independently, that 1,2-dithiole-3-thiones and their thionium 
salts react with cyclic active methylenic compounds. Thus, according 
to Mollier 5-ary1-lJ2-dithiole-3-thiones react with acenaphthenone or 
with 3-hydroxythianaphthene in the presence of dilute alcoholic sodium 
hydroxide to form 101 and 102, respectively. 

Mollier and 

H,C- =o 

Ar--(ks + 

::,":, ArfSB 
R / R 

101 

102 

Mollier and Lozac'h396b investigated the formation of (1, 2-dithiol-3- 
ylidene)-2-acenaphthenones (101) in greater detail. They found that the 
use of pyridine in acetic acid on the methiodide is a superior procedure, 
yields of about 90% being obtained. Infrared spectra indicated that the 
sulfur atoms in 101 are trws to the carbonyl group. Treatment of 101 
with phosphorus pentasulfide yielded the corresponding acenaphthene- 
thiones. Most interestingly, in the absence of a 5-aryl group the reac- 
tion with alcoholic base took a different course, forming acenaphtho- 
[ 1,241 1 thiapyran- 10-thiones (103). 

Naon & + H,S + s 
n,c-c=o 

Fi--fsk, + & EtOH R' 

R' - 1 1  R S  \ 

103 

The authors attribute this difference to stabilization of the 1,a-dithiole 
ring by resonance with a 5-aryl substituent, presumably involving 
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forms such as 103a and 103b, which cannot be involved with a 4-aryl 
subst ituent. 

103a 103b 

Mollier396a fpund that B-aryl_l, 2-dithiole-3-thiones react with cyano- 
acetic ester to  give good yields of ethyl (5-aryl-l,Z-dithiol-3-ylidene)- 
cyanoacetates (103~). Alcoholysis of the 5-methoxy derivative yiekled 
ethyl [5- @-methoxypheny)-l,Z-dithiol-3-ylidene~cetate (103d, A r  = 
p-CH,0C,H4-, R = H) plus a trace of the corresponding malonate (103e, 
A r  = >-CH,oC,H R = H). 103e was identical with the compound pre- 

and S (see section I A-Za-(l)(g)). 
pared by Quiniou4 t-' 6b from diethgl p-methoxycinnarnylidenemalonate 

Schmidt, Scheuring, and Lilttringhaus46sa found that 5-p-methoxy- 
phenyl- I, 2-dithiole-3 -methyItMonium methosulfate (104) reacts with 
heterocycles containing active hydrogen to  form cyanine-type dyes. 

R-(s>+ 
f- -3 '-fs:Y + -6 ---+ '3') + C H s O S 0 3  

SCH3 SCHj S C H 3  
L'H30SOi  CH3OSOi  

104 

Thus, 104 with phenylrhodanine yielded the red merocyanine (105). 

CSHSN 
3 min. r e f l u x  - 

[For references, 8ee pp. 585-610.1 399 



Chapter 5 

Ethyl 2-benzothiaolylpyruvate reacted with 104 to yield 105a, which was 
methylated to the dark brown monomethine (105b). The latter was pre- 
pared directly from 1-methyl-2-methylenebenzthiazoline and 104, al- 
though 2-methylbenzthiazole methiodide would not react with 104, 

ACOH, C5H5N 

7 ss 
104 + c,f s>CHzCOCOOCzH~ - 3 min. ref lux 

' 2, 

105a 

/MeI, PhBr 

1. A C O H ,  CsHsN 
.112 hrs* 1500 

3 mln. reflux 

104 + ? y S > C " *  2 -  K I  
f 

p -  C H30C.5H44S, 
L A N  7 5 %  

c I H3 lucH-(sD \i 
I- + N  

t,, 
105b 

Dimethylaniline, on the other hand, yielded a green quinone dyestuff 
(105~). 

1. ACOH, CgHgN 

20 mxn.  ref lux 

104 + e N ( C k i 3 , 2  2. HC10, ? 

P- H . 0 c 6 H 4 T s D +  N ( C H 3 ) z  

c10; 
105e 

Phenol was  too unreactive to take part in the reaction, the methosulfate 
alkylating the pyridine instead. Malonic acid formed a betaine (105d) 
with 104.344 

f i - c H # % H ~ - ( s ~ ~ F  f h j C & O C H 3 - P  

105d 

The thionium salts undergo a number of other interesting reactions. 
Thus, heating the alkyl halogenides in a solvent at 60" liberates alkyl 
halide and regenerates the 1, 2-dithiole-3 -thione. 344 Bilrttcher and 
Bauer64 found that transmethylation occurs when a methiodide is heated 
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in pyridine; the 1, 2-dithiole-3-thione i s  regenerated and pyridinium 
methiodide is formed. Luttringhaus344 extended this to  other tert iary 
amines, and found that sodioacetoacetic ester i s  C-methylated. The 
ready hydrolysis to alkyl mercaptan and 1,2-dithiol-3-one in weakly 
acidic media has already been mentioned. LUttringhaus and 
SchrnidtP44, 35% 352, 4 6 5 c f ~ ~ n d  that this reaction could be generalized 
to include other active hydrogen compounds, especially those containing 
nitrogen. 

The condensations were carried out in excellent yields to form oximes, 
anils, phenylhydrazones, azines, mixed azines with aldehydes or ketones, 
etc. An unusual reaction was reported between the anil and acetic an- 
hydride, a betaine-like compound (106) being formed. 465a 

106 

The general condensation of the sulfonium CompQunds with amines has 
a lso been patented by BBttcher. 7 4  

Quiniou and Lozac'h425 found that the methyl group in 5-methyl-1, 2- 
dithiole-3-thiones (107) is activated, as would be expected, by the 
dithiole ring. They thus prepared a number of 5-styryl-l,2-dithiole-3- 
thiones (108) by reacting 107 with aromatic aldehydes using an amine 
catalyst; yields were not reported, Structures were proved in several  
examples by unequivocal syntheses. 

A r C H O ,  EtOH 
CH9-fS\~P1Perldlne, ArCH=CH 

R S R 

107 108 

p-Me,NC,H4N0 
E t O H ,  pipe r i d 1  ne 
48 hrs., r. t .  

0 

T 
p- (CH,),NC,H,N=CH 

R d"k, + R 

109 110 

1 
p -  (CH,)ZNC,H,N=CH 

Similarly, Quiniou4 6? 
and obtained a mixture of anil (109) and nitrone (110). The nitrone was 
favored by excess nitroso cornpound, but heating converted it into anil. 

6a reacted p-nitrosodimet hylaniline with 107 

[For references, see pp. 585-610.1 401 
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Several reactions which open the 1,2-dithiole ring are  known Un- 
doubtedly the most important of these is saponification. The alkaline 
hydrolysis of 5-phenyl- 1, 2-dithiol-3-one to acetophenone and of 5-2- 
methoxyphenyl- 1,2-dithiole-3-thione to anisic acid have already been 
mentioned. These are  end products of the reaction, probably derived 
from a common type of intermediate, and the reaction itself is quite 
complex Voronkov, Braun, and Karpenko553 formulated the hydrolysis 
of 5-phenyl- 1, 2 -dithiole - 3 -thione thus 

Schmitt and Lespagnol4@7 pointed out that the intermediate is probably 
a 8-keto acid, which can undergo ketonic or acid cleavage, thus explaiil- 
ing the two types of products formed. Since 1, 2-dithiole-3-thiones are  
essentially cyclic thioeeters, the initial cleavage of a sulfur-sulfur bond 
i s  unlikeIy. Therefore, following Lilttringhaus and Cleve, 342 the alka- 
line cleavage of a 1,2-dithiole-3-thione may be formulated as follows 

P O H  

RCOOK + R'CH c@ KOH_ R'CH2COOK + K2S 
'OK 

This scheme serves to explain all the products of saponification which 
have been reported. Thus, LUttringhaus and C l e ~ e ~ ~ ~  isolated methyl 
ethyl ketone from 4, 5-dimethyl-1, 2-dithiole-3-thione. Challenger and 
co-workersl2* isolated acetic acid, formic acid, sulfur, and hydrogen 
sulfide from the saponification of 1, 2-dithiole-3 -thione followed by 
acidification of the reaction mixture. Spindt and StevenssOs claimed in 
a patent that saponification followed by acidification and steam distilla- 
tion gives a n  80% yield of 4,4-dimethylpentanoic acid from 4-neopentyl- 
1, 2-dithiole-3-thione, a 59% yield of trimethylacetic acid from 4-methyl- 
5-t-butyl-1, 2-dithiole-3-thione, and unstated yields of propionic and 
formic acids from 4-methyl- 1, 2-dithiole-3-thione. However, Landis 
and Harnilton3lzb reported only 35% and 23% yields of trimethylacetic 
and 4, 4-dimethylpentanoic acids, respectively, from the saponification of 
4-neopentyl-5-t-butyl-1, 2-dithiole-3-thione. In a more detailed discus- 
sion Spindt, Stevens and B a l d ~ i n 5 ~ 6  described several ways  of working 
up :he complex solution formed on saponification. Treatment with hy- 
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drogen peroxide converted the three sulfur atoms to sulfate and the 
expected acids could then be isolated. Treatment with dimethyl sulfate 
gave dimethyl sulfide, dimethyl disulfide, and the expected acids; from 
the 4-neopentyl derivative was isolated in addition methyl 4, 4-dimethyl- 
thiopentanoate, (CH, ), CCH 2CH ,COSCH,. 507 Finally, steam-distillation 
of the complex from the 4-methyl-5-t-butyl derivative yielded ethyl t- 
butyl ketone. 

The reaction of the thionium salts with compounds containing amino 
groups is in sharp contrast to the reaction of lY2-dithiol-3-ones and 
3-thiones. Baumann and Fromm42 reported that refluxing 5-phenyl-1, 
2-dithiol-3-one with excess phenylhydrazine led to 4,4'-bis(diphenyl- 
pyrazolone) (112), presumably by phenylhydrazine oxidation of 1 3- 
diphenylpyrazolone (ill), which was not isolated. 

PhNHNH, 76H!3 PH5 
2 

cSH5-fy ref lux,  fy - [ C6"g i"?] 
a C6HS 

111 112 

Biittcher and Bauer64 ran the reaction under milder conditions in an 
unsuccessful attempt to isolate intermediates in the reaction. They iso- 
lated the same bis(diphenylpyrazo1one) (112) and the mother liquors, 
on long standing in air, deposited two more compounds, 113 and 114, 
both of which can be considered to be derived from 1,3-diphenylpyraz- 
olone (111). 

I 
C6H5 f k H S  I C6H5 

h H 5  f i H H C 6 H 5  CeHs fi:fi,, 
113 114 

5-p-Methoxyphenyl- lJ2-dithiol-3-one reacted similarly. The corres- 
ponding 3-thiones reacted differently, the products being the imides of 
the pyrazolones (115). 

Diphenylurea and dibenzylurea were isolated from the reaction of ani- 
line and benzylamine, respectively, with 5-phenyl- 1, 2-dithiol-3-one. 
Here, too, the reaction of the thione took a different course. Aniline 
yielded two compounds, C,,H,,N,, n p .  214-216", and C2,H,,N2S, m.p. 
144- 146", neither of which have been definitely identified. Benzylamine 
yielded only one compound, C2,N,,N2S, m.p. 67-68', also unidentified. 
5-1 -Methoxyphenyl- 1, 2-dithiole-3-thione reacted with benzylamine to 
give dibenzylthiourea as the only isolable product. 
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According to Friedlaender and Kielbasinskil" the ring of 2-phenyl- 
1, 2-dithiol-3-one can be opened with sodium sulfide. Treatment with 
sodium chloroacetate followed by heating with acetic anhydride and 
sodium acetate led to the formation of 2-phenyl-4-acetoxythfophene 
(116). 

1. N a , S ,  100'0 

9. ClCHzCOONa ACzO, AC ONa "."'$"~ -3 3. HC1 C H SCH,COOH h 
0 5f 

116 

Ltlttringhaus and Deckert348 found that Raney nickel desulfurization 
of 5-p-methoxyphenyl- 1, 2-dithiole-3-thione led to simultaneous reduc- 
tion and dimerization 

Ni 

Stirka and Jirousek509a have reported that 1, 2-dithiole-3-thiones 
show two steps in polarographic reduction, the procedure being suitable 
for analysis. 

(4) Uses 
A variety of uses have been suggested for these compounds. Voronkov 

and Tsiperss4 proposed that certain phenyl-substituted 1,2-dithiole-3- 
ihiones be used as qualitative color reagents for copper, mercury, 
platinum, and palladium Airs  and David9 patented aryl-substituted 
1,2-dithiole-3-thiones as ingredients of extreme pressure lubricants, 
while Fields176t177 has patented 4-palkylphenyl- 1, 2-dithiole-3-thiones 
as  corrosion inhibitors in lubricating oils; the p-t- butylphenyl derivative 
w a s  reported to be most active. Stevens and co-~orkers510,511 claimed 
that their alkyl-substituted 1, 2-dithiole-3-thiones, prepared by the sul- 
fur  ization of isobutylene and of diisobutylene, are  useful for improving 
the cetane number of diesel fuels. Gould, Putnam, and Wright2Ig pa- 
tented the use of l, 2-dithiole-3-thiones as free-radical polymerization 
inhibitors. They have also been patented as antioxidants. 249a 

Ltittringhaus and G o e t ! t ~ e 3 ~ ~ , 3 ~ 3  described the use of a number of 
1, 2-dithiole-3-thiones as corrosion inhibitors for the acid pickling of 
iron. They were especially effective with hot aqueous hydrochloric acid. 
Their activity was explainedon the assumption that the ,&2, distance is 
equal to the Fe- Fe distance in a! -iron, 50 that the molecule couldattach 
itself in two places. Activity was  reported to be increasedby the use of a 
mixture of 4, 5-disubstituted- 1, 2-dithiole-3-thione, a trithiocarbonate, 
and either dibenzyl sulfoxide or di-o-tolylthiourea.344b 

I 

3 
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A number of pharmaceuticalapplications of 1,2-dithiole-3-thiones have 
been suggested. Kourilsky andGaudin 308 reported in  1947 that 5- (p- 
methoxyphenylbl, 2-dithiole-3-thione acts as a diuretic andstimulates 
bile secretion. The compound is nontoxic,and a number of papers related 
to itscholeretic action have beenpublished; 114,235,236,309,312,363d,386 
it is known as Sulfarlem in Germany. A number of related compounds 
have been patented by Gaudin for this u ~ e . ~ O 6 ~ ~ 0 9  En~lersl62-~64 
found that the mixed azine prepared from 5-(p-methoxyphenyl)-ll 2- 
dithiole-3-thione and pyruvic acid (117) is a much more active chole- 
retic agent than the parent compound, and Liittringhaus and 
Schmidt350*352 have patented this class of compounds. 

s\ P- LHIJOCSH, + C H ~ C O C O O H  + Nzn4  --+ a,-,= COOH 
--f L P- CHsOCeH, 

&,, 
117 

According to Schroeder, Menhard, and Perry, 488 5-@-methoxyphenyl)- 
l12-dithioie-3-thione lowers blood pressure in hypertensive rats. 
BBttcher and Bauer68371-73 have patented a number of 1,2-dithiole-3- 
rnethylthionium compounds with a variety of anions (116) which they 
claim inhibit the growth of Staphylococci and Streptococci;some are  
reported to have tuberculostatic properties. 

96 

Diveley, Lohr, and Brack1488 have reported that 4-aryl-5-chloro-l,2- 
dithiol-3-ones, in which the aryl group is phenyl or $-tolyl, are excellent 
fungicides with very low mammalian toxicity. 

b. 1, 2-Dithiolium Salts 

Simple 1,Z-dithiolium salts were prepared, apparently simultaneously 
and independently, by Leaver and Robertson313a and by Klingsberg.301a 
Two different syntheses were used. Klingsberg prepared 1,Z-dithiolium 
iodide ( I lk )  from 5-carbethoxy - 1,2- dithiole - 3 -thione (118). 

Na2S, H,O I. H C ~ O , ,  me2co 
C Z H 6 0 0 C f i  5 HO0Cfs-, [@I I - S S 

118 118a 

4-Phenyl- and J-phenyl- 1,Z-dithiolium salts were prepared by pera- 
cetic acid oxidation of 4-phenyl- and 5-phenyl-l,2-dithiole-3-thione, 
respectively. 301b Leaver and Robertson prepared 3,5-diphenyl-l,2- 
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dithiolium perchlorate (118b) from dibenzoylmethane and hydrogen 
disulfide in the presence of acid. 

118b 

Benzoylacetone yielded 3-methyl-5-phenyl- 1, B-dithiolium perchlorate 
(118c), but apparently the  reaction failed with no aryl substituent in the 
3 -diketone. 

1, 2-Dithiolium salts a re  stable, crystalline compounds, yellow or 
orange, some of which are soluble in water. Klingsberg pointed out 
that they are pseudo-aromatic cationoid systems, isosteric with the 
tropylium ion. They are  presumably resonance hybrids which may be 
represented by the following s t ructures  

+ 

Zahradnik and Koutecky584c have carried out molecular orbital cal- 
culations on the cation. The ultraviolet spectrum depends on the sub- 
stituents. Thus, the 4-phenyl derivative has absorption maxima at 242 
and 345 mp, while the 3-phenyl derivative absorbs at 287 and 356 mp.301 

In view of their cationoid nature, it is not surprising that they are stable 
to acid. The 3- and 4-phenyl derivatives nitrate smoothly in the phenyl 
ring, the 4-isomer giving exclusively jwm nitration and the 3-isomer 
a mixture of nzeta and p w a .  K l i n g ~ b e r g ~ ~ ~ b  attributed this to deactiva- 
tion of the p-position in the 3-isomer. 

It is also not surprising that the dithiole ring is cleaved by base. Thus, 
Klingsberg found that the 4-phenyl derivative yields 4-phenylpyrazole 
(1Md) with hydrazine, the 3-phenyl derivative yielding 3-phenylpyrazole. 

ti 

118d 

Leaver and Robertson3 na found that 3, 5-diphenyl-l, P-dithiolium per- 
chlorate (118b) yields 3, 5-diphenylisothiazole (118e) with alcoholic 
ammonia. 
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[ c6H576) 1 ~ 1 0 4 -  NH3, EtOT c'3H5-fs) 

c6HS 5 0% gH5 

118b 118e 

The latter authors found, too, that 3-methyl-5-phenyl-1, 2-dithiolium 
perchlorate (1184 reacts with y -dimethylamhobemaldehyde to yield a 
styryl derivative, presumably 118f, which would have the positive charge 
distributed on the benzene ring a8 welL 

118c 

Strictly speaking, l,%dithiole-3-thione methiodide and related com- 
pounds are  1,2-dithiolium salts and should be included here. However, 
they have already been treated in section I A-2a-(3). 

Recently, Faust and Mayer173a showed that the reviously reported 
3,3-dichloro-l, 2-dithioles (see sections f A-2a- P la), -(lg), and -(3)) 
a r e  actually 3-cNoro-1,2-dithiolium chlorides (118g). Thus, they are 
soluble in water and insoluble in  organic solvents, and treatment with 
sodium perchlorate or with perchloric acid converts them into per- 
chlorates. The chlorine is readily replaced by nucleophiles; hot water 
gives 1,2-dithio1-3-ones and hydrogen sulfide the corresponding 
3-thiones. The chlorides are prepared readily in good yields by 
treating the %ones or 3-thiones with oxalyl chloride. 

NaClO,  T 

[For references, see pp. 585-610.1 407 
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Chapter 5 

A still different type of 1,2-dithiolium salt was prepared by 
Schmidt, 464 who oxidized dithiomalonamide with iodine and isolated a 
pale yellow, crystalline compound, which he formulated as 3, 5-diamino- 
1, 2-dithiolium iodide (119) and which he considered to be a pseudo- 
aromatic system to explain its properties. 

1 19 

12. EtOH 

119 

is soluble in water and in alcohol. indicatiw its salt-like character. 
It is stable for weeks in concentratedsulfuric acid, but is  decomposed 
immediately by base. Its instability to base precluded the preparation 
of the free di-imine and prevented condensation withbenzaldehyde. Treat- 
ment of the iodide with picric acid gives the corresponding picrate. Oxida- 
tion of dithiomalonamide with hydrogen peroxide in hydrochloric acid gives 
the corresponding chloride quantitative1y;dithiomalonamide is regenera- 
tedby treatment of the chloride withaqueous hydrogensulfide andpyridine 
or with dilute sodium hydroxide at room temperature. Phenyldithiorna- 
lonamide and p -cyanoethyldithiomalonamide both react analogously to 
yield the 4-phenyl and 4-& -cyanoethyl derivatives, respectively. A s  al- 
ready mentioned (see section I A-la-(l)) ditkiomalonanilide yields 3, 5- 
bis(pheny1imino)- 1,2-dithiolane (laO), the phenyl groups apparently de- 
creasing the basicity sufficiently to prevent salt formation with hydrogen 
iodide, although a picrate can be isolated. 

1. I 2 , E t O H  
2. Picric Acid 

100% 
- c 6 H 5 N = f S 1  . Picric Acid 

S NC6HS 

120 

The 1,2-dithlolium salts, other than the 3-methylthio compounds de- 
rived from 1, 2-dithiole-J-thiones, are listed in Table 8. 

c. Thiothiophthene. (5-Methyl- 1,2-dithio1-3-ylidene)-2-propanethione 
In 1925 Arndt, Nachtwey, and Pusch16 reacted diacetylacetone with 

phosphorous pentasulfide and isolated an orange, crystalline compound, 
C,H,S,, to which they tentatively assigned the structure 3,7-dimethyl- 
5H-1, 2-dithiepin-5-thione (121); 2, 6-dimethyl-M-pyran-4-thione (122) 
and 2, 6-dimethyl-& -thiapyran-4-thione (123) were also formed. 
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p4s10, C6H6 
1 h r  raf lux  

C H ~ C O C H ~ C O C H ~ C O C H S  _____Ic_, 

121 (40%) 122 123 

Further work by Arndt and co-workersl7 appeared to confirm this 
structure. Thus, one sulfur could be removed by 70% perchloric acid or 
by concentrated sulfuric acid to give a yellow, crystalline compound for- 
mulated as the &ox0 derivative (124), and treatment of this with phos- 
phorus pentasulfide regenerated the thione. 

i--s re f lux  s-s 

121 124 

Traverso543-54’ devised other syntheses for  compounds of this type. 
Treatment of 4H-pyran-4-thiones (125) with alkali sulfide or hydro- 
sulfide yielded W-1,2-dithiepin-5-ones (126); reaction with phosphorus 
pentasulfide according to Arndt gave the 5-thione (127). If the alkali 
sulfide treatment was continued, 126 was converted into W-thiapyran- 
4-thiones (128);the rate of conversion depended on the nature of the 
substituents. Alkaline hydrolysis of the mercuric chloride complex of 
128 converted it into 126; by this procedure Traverso547 was able to 
prepare the unsubstituted compound. 

185 126 127 

N a 2 S  or NaSH 
E t O H ,  H 2 0  

5 rain. r e f  lux ~~ 20-25 min.  ref lux 

1. HgC1, 
2. 1 N N a 2 C 0 3  

S 

R’ 

128 
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The structure of these compounds appeared to be firmly established 
when Bothner-By and T r a ~ e r s o ~ ~  reported that the proton magnetic 
resonance spectrum of 121 agreed with the assigned structure. Shortly 
thereafter Bezzi and co-worker~54r54~ showed by X-ray measurements, 
however, that the assigned structure could not be correct. They found 
the molecule to be planar and to have the three sulfur atoms in a line. 
They postulated, therefore, a resonating 1, 2-dithiole structure (129, 
R = CH,), the no-bond resonance conferring aromatic character on the 
rings. 

129 

Guillouzo226 had independently reached the same conclusion, without, 
however, explicitly stating the resonance nature, by an analysis of the 
infrared spectrum of the 0x0 compound (124). The spectrum shows two 
bands in the region of 1550-1600 cm-1 and one in the region of 1510- 
1540 cm-l. These bands correspond to  bands in the spectra of chelates 
a€ p-diketones, the first set  being assigned to the carbonyl and the 
second to the olefinic bond. In agreement with this, Guillouzo found that 
the f i rs t  set disappeared on treatment with phosphorus pentasulfide. 

by desulfurizing 130 (R = CH,) with Raney nickel. The isolation of 2- 
heptanone eliminated any possibility of a thiepin structure (126). 

Behringer, Reimann, and Ruff44s finally presented chemical evidence 

130 

There appears to be little doubt, therefore, that Arndt’s original com- 
pound has  structure 129 (R = CH,). This has been variously called 
thiothiophthene and meri-epidithio- (2,4)- heptadienethione- (6). Chemical 
Abstracts indexes it under both 2-propanethione, (5-methyl-1, Z-dithiol- 
3-ylidene)- and [ 1, 2]dithiolo[l, 5-0 J[l, Zldithiole, 2, 5-dimethyl-. The 
oxygen analog (130. R = CH,) has been called furothiophthene and is 
indexed by Chemical Abstracts under 2-propanoneJ (5-methyl-1, 2- 
d ith iol- 3 - yl idene) -. 

Sanesi and T r a v e r s 0 4 6 ~ ~  measured the dipole moment of thiothioph- 
thene and considered it to be in accord with the postulated planar struc- 
ture. Several workers213a, 363a-363c3495b have carried out molecular 
orbital calculations on thiothiophthene. 

differentiate between 129 and the originally assigned structure, 121; 
both should give two peaks, one for the methyl hydrogens and one for the 
two equivalent vinyl hydrogens. 

It should be noted that proton magnetic resonance would not readily 
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chemical evidence that furothiophthene (130, R = CH,) is not a resonat- 
ing structure. Its proton magnetic resonance spectrum contains four 
lines, one being a doublet. Since thiothiophthene has only two kinds of 
hydrogen, this is further evidence that these compounds are 1,2-di- 
thioles and not 1 , 2-dithiepins. Since the spectrum of furothiophthene is 
similar to that of mesityl oxide, there should be little or  no no-bond 
resonance in it. Similarly, 130 (R = H) contains four doublets, one being 
characteristic of an aldehyde group, again indicating no no-bond reso- 
nance. Chemical evidence confirms these conclusions. Thus, 130 (R = 
CH, or  H) gives 2,4-dinitrophenylhydraones, whereas the thiones 
show no thione reactions. However, more recently Mammi, Bardi, Tra-  
verso, and Bezzi364a determined the crystal structure,of furothio- 
phthene. It too is planar, and the authors considered it to be best repre- 
sented by 130a. 

Hertz, Traverso, and Walter250 have presented both physical and 

s-s-0 

130a 

It is  difficult to understand the earlier statement of Traverso and 
Sanes im that compounds of the type of 129 (R = C,H, and H o r  e6H5 
and CH,) react with alcoholic hydroxylamine to liberate hydrogen sul- 
fide and to form 130. 

It should be pointed out that, because of the symmetry of 129 there is 
no ambiguity in structure when the two R's are not equivalent. This is 
not the case for the unsymmetrical 0x0 compounds (130), and it should 
be noted that the positions of the substituents in the unsymmetrical 0x0 
compounds listed in Table 9 are not known, Le., it is not known whether 
R o r  R' is attached to the 1,a-dithiole ring. Thus, Traversos44 pre- 
pared 132 from 2-carbethoxy-6-phenyl-4H-pyran-4-thione (131 i; treat- 
ment with phosphorus pentasulfide led to decarboxylation and the for- 
mation of 133. 

1. K S H , H 2 0 1  

2. H C 1  - EtOH p4s10i C6H6 
r e f l u x  - 

COOCzH, 

H 
c6x5 

132 

C6H5 h 
C6HS a\C,!,H H 

131 

13F 

These structures a re  preferred to the alternative ones with the phenyl 
group in the side chain because of the ready decarboxylation of 132 and 
because the acidity of 192196 is very close to that of pyruvic acid. This 
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evidence is indirect, however, and assignments of structure to the un- 
symmetrical compounds require further evidence. It is quite surprising 
that more than one isomer has never been reported. Thus, Behringer, 
Reimann, and h f f 4 4 ”  desulfurized 133a to 1-phenyl-5-hexanone with no 
evidence for the presence of any 1-phenyl-1-hexanone to be expected 
from 133b 

133b 
It is an interesting problem to explain these interconversions between 

the pyran or thiapyran compounds and these 1,2-dithioles. Hertz, 
Traverso, and Walter250 suggested the following route to explain the 
interconversion of a 4H-thiapyran-4-thione (128) and a (1,Z-dithiol- 
3 -ylidene)-2-propanone (130). 

S + n,o. 

The conversion of a 4H-pyran-4-thione (125) to 130 is more difficult to 
explain, inasmuch as the reaction is cleaner than the above and no oxi- 
dizing agent is present. 
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TABLE 9. 1,2-Dithiol-3-alkylidene Derivatives 

R and R’ X Yield 6) M.p. (“C) Ref. 

50-57 
40 

=O 

24-33 
2,4-(OzN)zC,H$W” 85 

C,H,- and C,H5- =S 

50 
CH,- and C,H,- =S 78 

80-90 

=O 52 

C$,- and C6H5- =s 
C6H,- and H0,C- =O 

C6H,- and K0,C- =O 

114 
9-12 

29-30 
247-248 

135-1 36 

133-134 

130 

183- 184 

182 

104 
102.5 

102 
236-238 

56 
57 
168-169 

168-169 

140 
162 

140 (dec.) 

dec. 280-290 

5 47 
547 
250 
250 

543 

18 

543 

16,17,546 

46% 
17 

460a 
5 46 
250 

545 
18 
543 

18 
543 
18 

544 

544 
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One interesting reaction remains to be discussed. Arndt and co- 
workers17 found in their early work that thiothiophthene (134) is re- 
arranged by hot methanolic potassium hydroxide into an unstable, crys-  
talline compoundwhich they formulatedas a dimercaptothiophene deriv- 
ative (135) on the basis of its properties. It gave a dibenzyl and a di- 
methyl compound, showing two mercapto groups. Oxidation of the bis- 
(sulfides) gave disulfones, indicating that one sulfur is involved in an 
aromatic system, presumably thiophene. Mercuration showed a free 
a-position in the thiophene. Refluxing the thiophene derivative in pyri- 
dine rearranged it back to thiothiophthene. Arndt and Traversa l8  show- 
ed that the rearrangement takes place only i f  the derivative contains a 
methylene group, the compound derived from dibenzoylacetone being 
stable to alkali. Subsequently, Arndt19 suggested that the rearranged 
product might be a dimercaptothiepin derivative (136), instead of a thio- 
phene derivative, in an attempt to explain the reversal  of the rearrange- 
ment with pyridine; a thiophene derivative should be stable. Actually, 
either structure can be explained from the now accepted 1, 2-dithiole 
formulation, the product depending upon which sulfur atom is attacked 
by the initially formed carbanion. 

135 

134 

Bothner-By and Traverse?? investigated the proton magnetic resonance 
spectrum of the compound and found that it corresponds to the thiepin 
derivative (136) and not to  the thiophene derivative (135). However, 
Arndt and Walterlga have presented chemical evidence in favor of the 
thiophene structure.  Oxidation of the dimethyl e ther  (19%) yielded a 
carboxylic acid with an equivalent weight of 20f -204; that calculated for 
135b is 206. 
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Kbln04, We,CO 
CH3- lCkt3 =CH --('I O0 , H O O C 7 / s )  

S C H j  SO,CH, 

135a 135b 
Additional evidence would be desirable. 

B. C3S2-C4N 1,2-DITHIOL0[4,3d]PYRROLE (137). 
ACETOPYRROTHINE 

137 
(RRI 967) 

In 1948 Umezawa, Maeda, and Kosaka55l isolated a yellow crystalline 
antibiotic from a strain of Strepdumyces and named it aureothricin. 
Maeda363 assigned to it the formula C13H13N303S3, m.p. 250" (dec.). En 
1950 Tanner, Means, and Davisson530 described the isolation from a cul- 
ture of Streptomyces albws of thiolutin, a neutral, optically inactive, 
yellow-orange antibiotic, to which they assigned the formula 
Cl3H14N303S3. Because of the similarity of the two compounds, Celmer, 
Solomons, and c o - ~ o r k e r s , ~ 1 8 t l l 9  compared them. Their nonidentity 
was shown by differences in the infrared spectra of the two compounds 
and by their separation by paper chromatography.12 Thiolutin was shown 
to  have the formula C,H,N,O,S, and aureothricin the formula 
C,HloN20,S2. Both compounds, on desulfurization with Raney nickel, 
yielded the same base, desthiolutin, C8H,,N20,; and careful acidic hy- 
drolysis yielded the same monoamine, m.p. 191-194' (dec.), which was 
converted into a crystalline hydrochloride, C,H6N20S, HCI * H 2 0 .  
Acetylation of the amine regenerated thiolutin, while propionylation 
gave aureothricin. Thus, the two antibiotics differ by thiolutin being 
an acetamide derivative and aureothricin a propionamide derivative 
of the same nucleus. According to It0 and A m a k a ~ u ~ ~ ~ b  the two anti- 
biotics can be determined quantitatively in mixtures by their infrared 
absorptions at  973 and 943 cm-1. 

Celmer and So lom0ns~~O,5*~  elucidated the structure of the two anti- 
biotics a s  the 3-acetamido and 3-propionamido derivatives of 6-amino- 
4-methyl-1, 2-dithiolo [4, 3-b ]pyrrol-5(4H)-one (138), which they called 
3 -amino- 5 - methylpyrrolin -4 -one [4,3 -d ] - 1,a-dithiole o r  acetopyrro- 
thine. 

HR 

o=&7+$ R - CH,CO Thiolutin 
CH,-N-C= H R - C2H5C0 Aureothricin 

138 
The infrared spectrum of thiolutin showed the presence of C=O, NH, and 
C=C bonds. Since it failed to give a test for reactive sulfur groups with 

[For references, see pp. 585-610. ] 417 
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nitroprusside, the sulfurs were suspected of being present as a disulfide 
link attached to unsaturated carbons. To test this hypothesis the com- 
pound was compared with 3H-l,Z-benzodithio1-3-one (139). Both com- 
pounds liberate hydrogen sulfide with strong reducing agents, and both 
show the unusual property of dissolving in aqueous sodium bisulfide 
or sodium sulfide and precipitating unchanged on acidification; the latter 
reaction was formulated thus (see section I F): 

139 'SNa 

Hot aqueous sodium hydroxide liberated methylamine, ammonia, and 
acetic acid from thiolutin, showing the presence of an N-methyl group. 
Acid hydrolysis yielded pyrrothine, the monoamide described above; 
since treatment with acetic and propionic anhydrides regenerated thio- 
lutin and aureothricin, respectively, no rearrangement occurred during 
hydrolysis. F'yrrothine contains a primary vinyl amine group. Desthio- 
lutin, formed by Raney nickel desulfurization of thiolutin, gave the key 
t.0 the structure. Analysis indicated that, in addition to the replacement 
of two sulfur atoms by hydrogen, two olefinic bonds were saturated dur- 
ing the reduction. Mild acid hydrolysis yielded a primary amine, which 
drastic hydrolysis converted into a diamine acid. Thus a lactam is pre- 
sent in desthiolutin, and i ts  structure was proved to be 3-acetamido-1, 
5 -dimethyl- 2-pyrrolidone (1 40) by a n  unequivocal synthesis. 

140 

The synthetic compound, for which two isomers are possible, was iden- 
tical in all respects with desthiolutin; the latter must therefore have 
been racemic. To explain this fact plus the optical inactivity of thio- 
lutin itself, the two double bonds must be arranged as in 141, and thio- 
lutin must have the structure 138 (R = CH,CO). 

141 

More recently, Bhate, Hulyalkar, and Menon54b isolated thiolutin, 
aureothricin, and a third antibiotic from a mixture formed by Strep- 
tomyces pimprpriria. The unknown was shown to be isobutyropyrrothine 
by synthesis f rom pyrrothine hydrochloride and isobutyryl chloride. 
Ettlinger, GZumann, and co-workers, isolated still another anti- 
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biotic, which they named holomycin, from Streptomyces m’seus. This 
was identified a6 des-N-methylthiolutin (141a) by desulfurization to 
3-acetamido- 5-methyl-2-pyrrolidone (141b), which was compared 
with a synthetic sample. 

t41a 141b 
Schmidt and Geiger46% recently confirmed the structure of thiolutin 

by its synthesis from N-methylserinaldehyde ester acetal (141~). 

(C H 0) CHNHCH, + C H 3 O O C C H Z C O C l d  
2 5  7 

COOCzH5 

141c 

1. N i t r o s a t i o n  CH3C0NH ester 
2. H, f ACzO , CH,OOC-!H QOC,H, c o n d e n s a t i o n  

o$!\r;~H-cH(oc2H5bZ - 

Holomycin was synthesized similarly from serinaldehyde ester acetal. 

Several other derivatives of pyrrothine have been prepared; they are  
listed in Table 10. 

Thiolutin and aureothricfn show considerable activity against =am- 
positive, gram-negative, and acid-fast bacteria, against pathogenic fungi, 
and against a number of pathogenic protozoa. 134,495~530~531,551 Holo- 
mycin168a and isob~tyropyrrothines~~ show similar activity. The use 
of thiolutin as an agricultural chemical has been suggested, since it 
shows some activity as a soil fungicide,sB7 as a control for black rot 
and fire blight on applesr217,251,3gE’421 fungi on orchids,462 tobacco 
blue moId,223 fusarium wilt oftomatoes,218 andothers. 397a,400ar40*,562 
Combined with penicillin, it gives complete protection against microbio- 
logical growth in finished beer.sl* It was ineffective for controlling the 
bacterial decay of potatoes.75 In a number of these applications other 
antibiotics show greater activity, and both stimulation and retardation of 
plant growth have been reported. 402,403,462 

[For references, see pp. 585-610.1 419 
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TABLE 10. Derivatives of 6-Amin0-1,2-Dithiolo[4, 3-6 ]pyrrol-5(@)- 
one 

NHR’ 
I 

R R‘ M.p. (“C) A,, (mp) Refs. 

CHS- H 191-194 (dec.) 118,120 

CH3- H . HCl * HZO Sinters a t  200 309,381 118,120,121 

CH3- CH3CO-, 260-270 (dec.) 250,311,388 118,120,531 
Thiolut in 256-257 (dec.) 404 

CH3- C,H,CO-, 260-270 (dec.) 248,312,388 118,120 
Aureothricin 250 (dec.) 363 

254 (dec.) 551 

CH3- (CH3),CHCO- 228-229 54b 

CH3- CH3(CH2),,CO- 115.5-118 419 

CH3- CH,=CH(CH,)BCO- 139-140. 5 419 

CH3- CGHSCO- 197.5-198.5 419 

CH,- HO,CCH,CH,CO- 254-255 (dec.) 245, 311,389 118,419 

CH3- CH302C(CHZ),CO- 163.5-164 246,311,388 118,120,419 

H- CH3CO-, 
Halomycin 264-271 (dec.) 250,300,385 168a 

H- C,H,CO- 250-260 (dec.) 168a 

H- P Z - C ~ H ~ C O -  215-218 168a 

C. C,Sz-C5 CYCLOPENTA-1,2-DITHIOLE (142) 

(RRI 970) 

The only compounds reportedwith this  r ing system are 5,6-dihydrocyclo- 
penta- 1 ,2-  dithiole - 3 (4H) - t hione (143 1, and t he corresponding 3-one (143a). 
143 was prepared by Gaudinzlo and by Lozac’h, Legrand, and Mollier 3 1 4 ~ 3 3 z  
by treating 2 -carbethoxycyclopentanone with phosphorus pentasulfide; 
Schmidt, Ltittringhaus, and T r e f ~ g e r * ~ 5 ~ > 5 ~ ~  used a mixture of phos- 
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phorus pentasulfide and sulfur. It was isolated as yellow or brown- 
violet crystals, m.p. 122-123". 143a, m.p. 69", was prepared by Raoul and 
Vialle435 from the corresponding cyclopentanethione. 

143 

P4Sla, x y l e n e  T 30 min. r e f  l u x  
SSCOCH., 

143a 

143 has been called 4,5-cyc1opentano-lJ2-dithiole-3-thione. It could 
not be obtained from 1-methylcyclopentene and sulfur. Its properties 
are those expected of a lJ2-dithio1e-3-thione, 

D. C3S2-C4S2 lJ2-DITHIOLO[4, 3-d I-m-DITHIIN (l43b) 

-7 k; C HZ 

143b 

The sole representative of this ring system is 5-methyl-lJ2-dithiolo- 
[4, 3-d 1-T)Z -dithiin-3(7H)-thione (143d), prepared by Lflttringhaus and 
Prinzbach353 from ethyl 2-methyl- 8-0x0-m -dithiane-4-carboxylate 
(14%) (see Chapter 12, section II A-la) and phosphorus pentasulfide plus 
sulfur. The compound was isolated as brown-red crystals melting at 
108- 109". 

P,SIO, s, cs2 

25 min. 125-130" .ms\ 

E. C3S2-C5N 

1. 361-1,2-Di#iolo[4,3-b lpyridine (144) 

N 

144 
( M I  1241) 

[Far references, see pp. 585-610.1 421 
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This ring system is known only in the form of the 3-thione. It is index- 
ed in Chemical Abstracts under the above name; an alternative name is 
4-aza-3H - 1 , 2  -benzodithiole - 3-thione. Lilttringhaus, Cordes, and 

prepared W-1,2-dithiolo[4,3-b lpyridine-3-thione (1461, 
isolated as orange-red crystals, m.p. 178O, from 3,3’-dithiopicolinic 
acid (145) and phosphorus pentasulfide. 

145 146 

The reaction would not take place in xylene or in carbon disulfide. The 
ultraviolet spectrum is similar to that of 3H-1,2-benzodithiole-3-thione. 
The compound was prepared as a chelating agent for metals, analogous 
to 8-hydroxyquinoline. It gave 1 : 1 adducts with silver nitrate (red), 
mercuric chloride (yeIlow), cadmium chloride (red), lead acetate (brown), 
and cupric ion (violet-black). No precipitates were formed with chlo- 
rides of aluminum, zinc, manganese, cobalt, or nickel. 

2. 38-1,2-Mthiolo[4,3-c Jpyridine (147) 

N5 r n H 2  4 

147 
(RFU 1242) 

This ring system, indexed in Chemical Abstracts under the above 

Katz, Schroeder, and C 0 h e n 2 * ~ * ~ 8 ~ *  prepared 3H-1,2-dithiol0[4,3-c ] 
name, is also known as 5-aza-3H-1,2-benzodithiole. 

pyridine-3-thione (148) from 4-hydroxynicotinic acid and phosphorus 
pentasulfide. It was isolated as orange-red crystals, m.p. 206-208’. 

148 

The compound is very stable towards hydrolysis; refluxing for sixteen 
hours with 30% aqueous sodium hydroxide gave a 65% yield of 4-mer- 
captonicotinic acid. 

3. 38-1,2-Dithiolo [3,4-&4 lpyridhe (I&) 

148a 
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Schmidt and Kubitzek465f prepared 4,6-dimethyI-3H-l, 2-dithiolo- 
[3,4-6 Ipyridine-3-thione (148b), red-brown, m.p. 141", by the following 
route: 

F. C3S2-C6 3H-1,2-BENZODITHIOLE (149) 

149 
(RBI 1243) 

A number of compounds con-lining this ring sya-dm are -nown. At the 
present time Chemical Abstracts names this class of compounds as 
shown above. 1, 2-Benzodisulfole was used until 1316, and 1,2- or 1, 2, 
3-benzodithiole until 1946. Other names which have been used are 1,2-  
dithiahydrindane, 2-dithiobenzoyl and benzoylene disulfide for the %OX0 
derivative, and 2,3-dithiosulfindene and 2,J-benzotrithione for the 3- 
thione derivative. Manessier 365-367 used a different numbering system 
(150). 

1. Preparation 

Table 11 lists the compounds containing this ring system which have 
been reported in the literature. The parent member of the ser ies ,  3h'- 
1,2-benzodithiole (1491, was prepared by Liittringhaus and Hagele349 by 
oxidizing 2-mercaptomethylthiophenol. 

FeC13 ,  A c O H ,  MeOH 
100 

40% 

149 

[For references, see pp. 585-610.1 423 
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C,S, Ring Systems 

3H-1,2-l3enmdithiol- 3-one (151) was prepared by Smiles and McClel- 
land497 from 2-thiobenzoic acid or 2,2’-dithiobenzoic acid and a disul- 
fide o r  mercaptan in concentrated sulfuric acid. By adding a mixture of 
2-thiobenzoic acid and thioacetic acid to concentrated sulfuric acid 
McClelland, Warren, and Jackson358 obtained the compound in 85% yield. 

15 1 

The reaction also succeeded with dithioglycollic acid, hydrogen sulfide, 
phthalyl sulfide, 497 and ethyl mercaptan. 362 Smiles and McClelland49’ 
formulated the reaction as proceeding uicc the formation of the mixed 
disulfide (152), which they isolated i n  one case. 

H2SO4 
CHzCOOH 30 w i n .  4 5 O  

CH2COOH 

152 

The formation of the mixed disulfide was postulated to take place vzu 
the intermediate sulfenic acid, 

H S O 4  
RSSR + H 2 0 e  RSOH + R S H  

I I R t S H  

RSSR’ + H2O 

Prior to this work Hinsberg256 had heated 2,2’-dithiobenzoic acid and 
had isolated a compound to which he assigned an unlikely structure (153). 

0 0 

L S J !  [m-]sU coon 2 s-s-s 

153 

Schbnberg and Mustafa478 showed that this compound was actually 31-r- 
1,2-benzodithio1-3-one, identical in all respects with that prepared by 
Smiles and McClelland, 

methyl thiosalicylate with acetylsulfenyl chloride followed by ring clo- 
sure with hydrogen chloride. The synthesis is analogous to that used in 
the preparation of 1,2-dithio1-3-ones (see section I A-2a-(l)(j)). 

Raoul and Vialle435 prepared 3H-1,2-benzodithiol-3-one by condensing 

[For references, see pp. 585-610.1 427 
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C H J C O S C 1 ,  EtgO 

821 0 

The synthesis was also applied to the preparation of several substituted 
compounds by starting with substituted thiosalicylates. 

A variety of methods have been used to prepare 3fl-1,2-benzodithiole- 
3-thiones. The parent compound (154) was first prepared by Mannes- 
sier 3657 366 from saccharin and phosphorus pentasulfide. 

b--L - J L L s  \ 

154 
The sodium salt of saccharin gave the same reaction, as did thiosaccha- 
rin, formed by heating saccharin with phosphorus pentasulfide under 
milder conditions. As mentioned previously, 3f,'-1,2-benzodithiole-3- 
thione was the first 1, 2-dithiole-3-thione reported in  the literature, and 
comparison with it led to the elucidation of the structure of the "tri- 
thiones". Mannessier assigned this formula to her compound because it 
gave an oxime with hydroxylamine, underwent alkaline hydrolysis to 2, 
2' -dithiobenzoic acid and hydrogen sulfide, and yielded 2,2'-dithioben- 
zoic acid almost quantitatively on treatment with sodium. 3F-1,2- 
Benzodithiole was said to be formed as a by-product of the last reac- 
tion, but this  claim is doubtful. 

f----Jsas NaOH [m- 3 +HZS 
COOH 2 \ 

mnness i e r  made no mention of the yield of 311-lJ2-benzodithiole-3- 
thione obtained from saccharin and phosphorus pentasulfide. Legrand, 
Mollier, and Lozac'h314 repeated the preparation and reported the yield 
to be poor. These same authors found that the reaction of sodiosac- 
charin with phosphorus pentasulfide took place at  140-160° but the yield 
was not reported. Probably the best synthesis involves the reaction of 
2, 2'-dithiobenzoic acid with phosphorus pentasulfide. 1957314 

154 
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The corresponding amide and anilide underwent the same reaction in 
unstated yields. 358 An interesting modification of this synthesis was 
carried out by the same authors, McClelland, Warren, and Jackson. 358 
They found that 2, 2'-dithiobenzonitrile and hydrogen sulfide at 0" gave 
a 53% yield of 3H-1,2-benzodithiole-3-thione. These authors also re- 
ported that the reaction of 3H-1,2-benzodithiol-3-one with phosphorus 
pentasulfide was superior to Mannessier's synthesis of the 3-thione. 

Legrandsls reported that 3H-1,2-benzodithiole -3-thione (154) could 
be prepared from ethyl salicylate and phosphorus pentasulfide in reflux- 
ing tetralin. If ethyl salicylate is considered to be a P-keto ester in its 
enolic form, the reaction is reminiscent of the formation of uncondensed 
1,2-dithiole-3-thiones described in section I A-2a-(l)(h). Other synthe- 
ses of 1,2-dithiole-J-thiones have been applied to the preparation of 
3h'- 1, 2-benzodithiole - 3 - thione (154). Thus, Lozac' h and co-workers318 
isolated it in low yield from the reaction of 2-methylcylohexanone, sul- 
fur, and phosphorus pentasulfide. Similarly, 1 -methylcyclohexene plus 
sulfur yielded the same product. 3149331 

154 

Inasmuchas the reaction cannot be carried out with toluene, the tetrahydro 
compound must have been an intermediate. This compound, 4, 5,6, 'I-tetra- 
hydro-3H-l,2-benzod€thiole-3-thione (1551, was prepared by reacting 
phosphorus pentasulfide with 2-carbethoxycyclohexanonez10~3~4~33a or 
with 2-forrny~yclohexanone.~ 
ger465b~568 reported a 20% yield from the 0-keto ester, phosphorus 
pentasulfide, and sulfur in carbon disulfide. 155 was also preparedfrom 
the thione ester by Raoul and Vialle435 (see section I A-2a-(l)(j)). 

Schmidt, LUttringhaus, and Trefz- 

155 

Although Legrand320 found that phosphorus pentasulfide plus sulfur re- 
acted with 2-formylcyclohexanone at  210" in biphenyl to form 155,2- 
formyl-6-methylcyclohexanone and formylmenthone reacted under these 
conditions to give the dehydrogenated products, 7-methy1-3h'-l2 2- 
benzodithiole- 3-thione (1554 and 4-methyl- 7-isopropyl-3H-l,2-benzo- 
dithiole-3-thione (155b). 

n 

155a 

[For references, see pp. 585-610.1 429 
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CH3 CH3 

155b 

2. Properties and Reactions 

In most respects these compounds a r e  very similar to their noncon- 
densed analogs. Thus, the parent compound, 3H-1,Z-benzodithiole (1491, 
can be distilled in L"ICZZO. It polymerizes readily, however, and is only 
slightly more stable than 1,2-dithiolane. 349 The compounds a re  gener- 
ally yellow or some shade of red. LUttringhaus and Cleve342 found the 
ultraviolet spectrum of 3d-l,2-benzodithiole-3-thione (154) to be very 
similar to those of other l,Z-dithiole-3-thiones. Mecke, Mecke, and 
Luttringhaus376 determined the infrared spectra of 3H-1,2-benzodithiol- 
3-one and 3-thione. Liittringhaus and Grohmann345 found, in agreement 
with the results for simple l,Z-dithiol-3-ones and 3-thiones, that the 3- 
thione has a higher dipole moment than the 3-one and is more intensely 
colored. Further similarities of 3H-l,Z-benzodithiole-3-thione a re  the 
formation of a yellow 0xime,~67 a yellow mercuric chloride adduct,62 
and a red methiodide. 62  The methiodide can be written in a number of 
resonance forms, similar to those postulated for the 1, 2-dithiole-3- 
thiones. However, Schmidt465d has suggested that an open-chab polar 
ground state (156) must alsocontribute to the structure, and it is interes- 
ting to consider if s tructures such a s  156a should be considered as well. 

+ 

156 156a 

The 3-thione methosulfate (157) was condensed with 2-aminobenzothi- 
azole to yield the corresponding imine, 3- (2-benzothiazolyl)imino-W- 
1,2-benzodithiole (157a1, reported to have activity as it choleretic and 
tuberculostatic agent. 350 

MeZSo4, C6H6 

' U l S C H ,  

osbLs 1.5 h r s .  ref  l u x  

CH3OSO3- 

154 157 
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157f 157a 

Lttttringhaus and Hitgele349 reduced 3H-1,2-benzodithiole-3-thione . 
(154) to 2-mercaptomethylthiophenol. 

154 

The reactions of 3H- 1,2-benzodithiol-3-one (151) differ considerably 
from those of the uncondensed compounds. Thus, Smiles and McClel- 
land497 found that the compound could be cleaved with sodium sulfide, 
presumably to a disulfido acid, and regenerated with acid. Sodium eth- 
oxide gave 2,2'-dithiobenzoic acid,362 zinc and acetic acid gave o- 
thiobenzoic acid, and aniline gave 2,2'  -dithiobenzanilide. 

PhNHz 
ref lux 

Aq.  Na,S  a s N e  

T 

1 
f-JSH COOH 

[as- ] ~ E t O N a  0')- 
' ' H+ COONa COONa E \ 

151 

Zn, AcOH 

+ ZnS + HES 

McClelland and co-workers investigated these reactions more thoroughly. 
Thus, McKibben and McClelland362 found that, in contrast to aniline, 
N-methylaniline, pyridine, and quinoline gave no reaction, whereas 
ammonia reacted differently, the product being 1,2-benzoisothiazolone 
(158), identified by oxidation to saccharin. 

151 158 

[For references, see pp. 585-610.1 431 
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In order to determine the reason for the different reactions, McClelland 
2nd r,ongwell357 carried out the reaction with methylamine and with 
propylaniine. These reacted like aniline, the products being the 2,2'- 
dithiobenzamides. They explained the reaction thus: 

151 

Since the ammonia product (159) can tautomerize, it is stabilized, and 
the aromatic ring formed is not cleaved by hydrogen sulfide. 

159 

This does not explain why the use of aqueous instead of alcoholic ammo- 
nia led to the formation of 2,2'-dithiobenzamide, 

W-1,2-Benzodithiole-3-thione (151) reacted differently. 358 In this 
Case the cyclic compound was formed with a variety of amines-aniline, 
methylamine, benzylamine, etc.-in a reversible reaction. 

154 160 

McClelland and Salkeld359 investigated this puzzling difference more 
thoroughly, and reached the conclusion that a tautomeric equilibrium 
exists between the 2,3-dihydro-l,2-benzisothiazole-3-thiones (160) and 
the 3H-1,2-benzodithiole-3-imines (161) in certain cases. Evidence for 
the isothiazole form was oxidation to a substituted saccharin, while 
hydrolysis to 38-1,2-benxodithiol-3-one (151) and 2,2'-dithiobenzoic 
acid was taken as  evidence for the dithiole form. 

160 161 

KHnO, 
~ 

Coned. HC1 
2 hrs .  1 Y 0 - 1 6 O o  

A further criterion for the isothiazole form was taken to be reaction 
with hydrogen sulfide to form 3H-1,2-benzodithiole-3-thione (l54), but 
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this is a shaky assumption; it appears just as reasonable to assume that 
the imino form reacts with hydrogen sulfide to displace the amine as to  
assume a ring opening and closing. McClelland and Salkeld prepared a 
number of derivatives to test this equilibrium hypothesis; they are shown 
in the following chart and listed in Table 11. 

170 154 P o A  162 163 

I 

164 165 AH 
172 

iso- C5Hl ,OH 

~ ~ ~ N H C O o c 5 H I I  

I ~ l t i c H Z C H 2 0 C O C H .  \ 

171 

173 
From a preparative point of view it is surprising tha t  a hydrazone and 
phenylhydrazone could be prepared but not a semicarbazone. The nature 
of the compounds depended on the group R attached to nitrogen. Only 
when R was alkyl or aryl (161, R = CH,) was there definite evidence for 
the existence of two forms; oxidation gave substituted saccharins, hydro- 
lysis gave 3H-1,2-benzodithiol-3-one and 2,2'-dithiobenzoic acid (as 
did all the compounds except 163 and 165, which gave only the acid), and 
hydrogen sulfide gave the 3-thione (154). The oxime derivatives (162 
and 164) showed no evidence for the existence of two forms; oxidation 
gave a sulfone instead of a saccharin, hydrolysis gave the expected ke- 
tone and acid, and the compounds did not react with hydrogen sulfide. 
The phenylhydrazone (167) and the two related compounds (169 and 173) 
reacted similarly, except that the sulfone could not be isolated. Sur- 
prisingly, the hydrazone (168) and the imine (170) did react with hydrogen 
sulfide to regenerate 154, and therefore might be considered to be in 
equilibrium with the isothiazole form. 
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Chapter 5 . 
Schmidt465d has suggested a reasonable explanation for these results, 

based on the assumption that open-chain polar ground states contribute 
to the structure of 3H-1, 2-bemodithiole-3-thione. 

- m;,s; 
' S i  

\ 

Although S, and S cannot be equivalent in these resonance forms, they 
can become equivalent if they are formed a s  actual intermediates in a 
reaction, and Schmidt has used this explanation to rationalize two un- 
usual reactions of 3H - 1, 2-benzodithiole-3-methylthionium methosulfate 
(157). Thus, 157 reacts with malonic acid in a "normal" manner to form 
a deep violet methine dye (173b). 

B 

CsjH,N, AcOH 

[ 0 l . t  HCDOH ] 5 hrs. 90' 
+ CH,(COOH), us:? SCH, 172 

CHBOSO; 

157 

"s csn - leOS03H 
C C H  

CH,OSO; 

123a 

As in similar s y s t e i q  tne red dye-salt (173a) is unstable in neutral 
media and eliminates acid to give the betaine (173b). Treatment of the 
betaine with strong acid regenerates the dye-salt. 157 reacts with ace- 
tonedicarboxylic acid in an " abnormal" fashion to yield thiapyrano [3, 2- 
B :  5, 6-bt]bis(benzothiophene)-6-one (173~). 

157 
C5HsN, ACOH 

1 day r .  t .  

40% 
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17% 

The structure of 17% was not proved rigorously, but was assigned on 
the basis of a number of reactions typical of thiapyrones. 

Schmidt explained these reactions in the following manner, as inus- 
trated with a carbanion ( R = COOH), but the same explanation could be 
used with amines to explain McClelland’s results. 

Almost no uses for derivatives of 3H- 1,2-benza-iithiole are known. 
A few derivatives have been reported to have some pharmacological 
activity,SsD but apparently less than that of 1, 2-dithiole derivatives. 
33-1, 2-Benzodithiole-3-thione has been investigated as a corrosion 
inhibitor in the acid pickling of iron.286a 

G. C,-C,SZ-C, 4,6-METHANO-W-l, I-BENZODITHIOLE (174) 

174 

(RRI 2158) 
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8,8-Dimethyl-4,5, 6,7-tetraJ1ydro-4,6-methano-3N-l, Z-benzodithiole- 
3-thione (175) is the only representative of this ring system. It was pre- 
pared by Buttchef and Liittringhaus62,66t69 by the sulfuration of o - 
pinene. 

175 

The compound, isolated as orange-brown crystals, m.p. 106", was still 
optically active, [ w ] 8 5  - 12", showing that i ts  asymmetric carbons had 
not been affected by the reaction. Its reactions were those expected of 
a 1,2-dithiole-3-thione; it gave a yellow methicdide, mp .  141-142" (dec.), 
and an orange-yellow oxime, m.p. 123". Lllttringhaus and Cleve 342  found 
its ultraviolet absorption spectrum to be almost identical with those of 
other 1, 2-dithiole-3-thiones. According to Djerassi and Llittring- 
haus, 156c it gives four negative Cotton effects in a rotatory dispersion 
study. 

H. C,S,-C,-C, 4,7-METHANO-%-l, 2-BENZODITHIOLE (176) 

176 

Legrand 316,320reported the preparation of 7,8, 8-trirnethyl-4,5,6,7- 
tetrahydro-4,7 -methano-3H - 1, 2-benzcdithiole-3-thione (177) from 
hydroxymethylenecamphor and phosphorus pentasulfide. 

P4SIo, t e  t r a l i n  
A 0  200" - 
W C " 0  

177 

The compound from u-camphor melted at  170", while that from ul-  
camphor melted at 114". In a later p u b l i c a t i ~ n , ~ ~ o  however, he stated 
that the product from dl-camphor melts a t  170". 

Schmidt, Luttringhaus, and Trefzger465b prepared 177 from camphor- 
carboxylic ester,  phosphorus pentasulfide, and sulfur in carbon disulfide, 
in 32!% yield, and reported a melting point of 173-174. 5". Djerassi and 
Llittringhaus156c reported a melting point of 177-178'. In contrast to 
the a-pinene derivative (see section I G), 17'7 showed four positive Cot- 
ton effects. 
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1. 3B -Naphtho[3, S-C] - 1,8-ditbiole (278) 

mj HZ 

178 

(RRI 2833) 

Legrand, Mollier, and Lozac1h314 prepared 3H-naphtho[2,3-c]-1,2- 
dithiole-3-thione (179) by treatment of 3, 3' -dithio-2, 2' -naphthoic acid 
with phosphorus pentasulfide. The compound formed red crystals, mp. 
144", and gave a colorless oxime, m.p. 232". 

P,S,,-,, xyleae [aioAz 6 hrs- reflux, ~~s~ 
S 

179 
Z. W-NaphWl, %-c]-l,%-dithiole (180) 

180 

(MI 2835) 

Legrar~i,~ZO and Legrand, Mollier, and Lozac'h314 prepared 3H - 
naphtho[l,2-c] -1,Z-dithiole-3-thione (181) by three routes, the reaction 
of 6,7 -benzosaccharin with phosphorus pentasulf ide, the sulfurization of 
2-methy1-3,4-dihydronaphthaleneJ and the reaction of 2-formyl- l-tetra- 
lone with phosphorus pentasulfide and sulfur. It was isolated as  yellow- 
orange crystals, mp. 170°, and it formed a colorless oxime, mp. 227- 
228". 

2.5  h r s .  205" I '  
181 
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Ltittringhaus, Trefzger, and Schmidt346,*63b prepared a number of 
4, 5-dihydro derivatives. Thus, 2-carbethoxytetralone with phosphorus 
pentasulfide and sulfur gave 4, 5-dihydro-3U-naphtho[l, 2-c] -1, 2- 
dithiole-3-thione (182), isolated a s  red crystals, m.p. 87-88". 

182 

Under these milder conditions the ring was not aromatized. Similarly, 
2 - carbomethoxy - 6-methoxytetralone gave the 7 -methoxy derivative in 
2fl0 yield as an orange-yellow compound, m.p, 151". Heating this with 
pyridine hydrochloride gave the 7-hydroxy derivative in 79% yield, which 
was purified by conversion to  the 7-acetoxy derivative (dark red, n p .  
165- 166') followed by acid hydrolysis; it formed brown crystals, m. p. 

3. rtr-Naphtho[2, l-c] [l, Z]dithiole (183) 

212-213'. 

183 
(RRI 2836) 

Legrand, Mollier, and Lozac'h314 prepared lHHnaphtho[2, 1-c] -[l, 21 
dithiole-1-thione (184) by heating l-methyl-3,4-dihydronaphthalene with 
sulfur, while Legrands20 prepared it by heating 1-formyl-2-tetralone 
with phosphorus pentasulfide and sulfur. It was isolated as red crystals, 
mp .  148-149", and it formed a yellow oxime, mp .  161'. 

184 

4. Naphthoc 1,8-cd] - 1,a-dithiole (185) 

185 

(RRI 2837) 
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Price and Smiles422 prepared naphtho[l, 8-cd] -1, 2-dithiole (185) by 
the oxidation of 1, 8-dirnercaptonaphthaleneJ which they synthesized 
from 8-aminonaphthalenesulfonic acid. It was obtained a s  orange cry- 
stals, m.p, 116'. 

\ /  

1. P C l S  
2. Na2SOS + HI [d] 2 

185 
The compound has been called pa-z -naphthodithiole and 1,tl-naphthylene 
disulfide. Treatment with zinc and hydrochloric acid converted it back 
to 1,8-dimercaptonaphthaleneJ while reduction with sodium in liquid 
ammonia followed by reaction with methyl iodide gave the correspond- 
ing dimethyl compound, 1,8-bis (methy1thio)naphthalene. 

Lanfry312d in 1911 by passage of naphthalene and sulfur through a red- 
hot iron tube, although the author assigned an incorrect structure. In 
1960 Vorozhtsov and Rodino~sS4~ showed it to be identical with the Price  
and Smiles compound, Both Lanfry and the Russian workers reported a 
melting point of 118-119"; the yield is very low. Desai and T i I ; t k l 4 7 a  
reported a black picrate, m.p. 195". 

Marschalk and co-~orkers355,412 determined the dipole moment of 
185 (1. 49D) and measured its magnetic susceptibility. The low dipole 
moment was attributed to an atomic moment of hybridization on the sul- 
fur atoms and a large moment of resonance. 

Recently Thelin535b reported the formation of 3,4, 5,6,7,8-hexa- 
chloronaphtho[l, 8-cd]  -1, 2-dithiole (185a), m.p. 275-277", from octa- 
chloronaphthalene and sodium disulfide. 

Actually, naphtho[l,8-cb] -1,Z-dithiole (185) had been prepared by 

cl*;; c::g;LIJ$$cl NazSz 

c1 c 1  ' ' \ 

c1 

185a 
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Lanfry312d carried out several reactions on naphtho[l, 8-cd]-1,2- 
dithiole. Hydrogen peroxide yielded a &oxide, melting at about 130", 
perhaps naphtho[l, 8 - c d ]  -1,2-dithiole 1,l-dioxide (185b). Cold nitric 
acid yielded a tetranitro compound, melting above 300". If the assigned 
formula is correct, C10H2N408S2, the compound would be expected to bt; 
3, 5, 6, tI-tetranitronaphtho[l, 8-cdI - 1, 2-dithiole (185~). However, Lanfry 
reported the compound to be acidic and soluble in alkali, which would not 
be in accord with 185c. Bromine gave a tetrabromide, C,,H,Br S , m.p. 
24'7-248", presumably 3, 5,6, 8-tetrabromonapntho[l, 8-cd]-1,2-dithiole 
(185d); the same compound was prepared by Desai and Tilak.l47a 

4. 2 

."-"! 
\ /  *fl 185b 

HN03,cold, O2 

/ 

NO2 NO, 

185c(?) 
s-s 

I f  

185d 

J. c,s,-cs-c6-c6 9H-ACENAPHTHO[1,2-c] [I, Z]DITHIOLE (186) 

186 
(RRI 4220) 

Lozac'h and Mollier330 prepared 9H-acenaphtho[l, 2-c] [I ,  2ldithiole- 
9-thione (187), m p. 205-206", by reacting 1-methylacenaphthene with 
sulfur. 

187 
Gaudin2Q* patented the compound for its choleretic and diuretic action 
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K C3S,-C,-C,-C, ]IH-PHENANTHRO[l, 2 - ~ ]  [l, 2IDITHIOLE (188) 

& 0 

7 
s 4  

188 

(RRT 4480) 

Litttringhaus, Trefzger, and Schmidt346, 465b prepared several com- 
pounds containing this ring system. 10, 11-Dihydro- 1H -phenanthro- 
[l, 2-c] [l, 21-dithiole-1-thione (190, R = H) was prepared from l-oxo- 
2-carbethoxy-l,2,3,4-tetrahydrophenanthrene (189, R = N) by reacting 
it with phosphorus pentasulfide and sulfur; it was isolated as violet-red 
crystals, m p. 185". 

S & C2H5 p : 2 x : ; R &  

R l  
189 190 

The 7-methoxy derivative (190, R = CH30) was prepared in a similar 
manner in 53% yield and was isolated as red-brown crystals, n p .  203". 
Dernethylation with pyridine hydrochloride gave a 90% yield of the red- 
brown 'I-hydroxy derivative (190, R = OH), m.p. 253-255", which was 
converted with acetic anhydride to the dark red 7-acetoxy derivative 
(190, R = CH,COO), mp. 248-259", 

L. C3S, -C,0N-C4N-C4N,-C6 GLIOTOXIN (191) 

Gliotoxin is an antibiotic which has been isolated from a number of 
molds. Its structure has been studied over a number of years by John- 
son and his co-worker$ at Cornell University,281 who arrived at 191 
as the structure of gliotoxin. More recently, however, Bell, Johnson, 
WiIdi, and Woodward45 concluded that gliotoxin has structure 192. 
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I 
CH,OH 

192 

M. ~,s,-c, -c 6-c,-c 6 1,5-EPLDITHIO- %# -CYCLOPENTA[CZ] 

PHENANTHRENE (193) 

193 

Tweit and Dodson,54%550 while attempting to add hydrogen sulfide to 
t'he a2-bond of 1,4-androstadiene-3,17-dione (194), discovered a new 
synthesis of 1, 2-ditbiolanes. The product, C,,H,,0,S2, was formulated 
as la, 50 -epidithioandrostane-3, 17-dione (195). Since the yield of 195 
was greatly increased by the addition of sulfur to the pyridine used as 
solvent before the introduction of hydrogen sulfide, the product was con- 
sidered to result from the addition of hydrogen disulfide. 

spectrum, and its reactions. Failure to react with iodine, a s  well as the 
absence of a bond at 4p, showed the absence of sulfhydryl groups. Raney 
nickel or methanolic sodium hydroxide regenerated the original unsat- 
urated ketone (194), indicating attachment of the two sulfur atoms beta 
to the carbonyl group. Reduction with sodium borohydride yielded a 
diol-disulfide (186) and a diol-dithiol (197). Iodine oxidation converted 
197 to 196; Raney nickel desulfurization of the diol-disulfide (196) yiel- 
ded 5-androstene-3@, 174-diol (198),indicating attachment of one sulfur 
to the 5-position. These reactions are all in accord with the postulated 
structure. The @-assignment to the bridge was by analogy with other 
addition reactions, and appears to  be confirmed by the formation of the 
Sa-OH on reduction instead of the usual 3p-configuration 

The structure of 195 was assigned on the basis of its analysis, its 

0 

194 

442 

"2S2, C,H,N 
7 2% 

N i  or NaOH - & i-s. 

0 

NaBH, 
3 Oo - 

195 
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no-' 

NaBH4, 60' 

< I2 

196 197 

Raney N i  I & \ 

no'. 
198 

The sodium borohydride reduction, yielding the diol-disulfide (196) at 
30°, indicates a greater stability for the disulfide ring than in 1, 2- 
dithiolane itself; the latter is cleaved in a-lipoic acid at 5". 2 3 1  

SJ-berg, Tweit, and Dodson.538 196 has a maximum at 369 x q ~ ,  and 195 
has two maxima, one at 371 and a very strong one at 268 mp. Models 
indicate that the sulfur-sulfur bond distances in these compounds should 
be greater than in 1,2-dithiolaneJ with a dihedral angle of close to 0" 
This should lead to absorption at longer wave lengths, as found; 1, 2- 
dithiolane absorbs at 334 q . 3 6  The intense maximum at 268 rnp in the 
spectrum of 195 was attributed to transannular interaction between the 
3-OX0 group and the disulfide bridge. These compounds show strong 
Cotton effects. 156b 

Other steroid disulfides were prepared similarly; the compounds are  
listed in Table 12. The reaction is not a general one, however; neither 
benzoquinone, santonin, nor 2,6-diphenyl-$-pyrone added hydrogen 
disulfide under the same conditions. 

The iiltraviolet spectra of I95 and 196 have been analyzed by Bergson, 

199 
(RlU 6624) 
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In 1939 Marschalk36 8 discovered that green, crystalline compounds 
are formed by heating linear polynuclear hydrocarbons (naphthacene, 
pentacene, etc.) or their hydrides with sulfur in nitrobenzene or  tri- 
chlorobenzene, In order to elucidate the structure of these compounds, 
Marschalk and Stumm369 studied the reaction of naphthacene (200) and 
found that the green compound could be formed by treatment with either 
sulfur or sulfur monochloride. 

c1 
I 

1 h r .  ref l u x  

S- 200 %* 
9-8 
199 

That 5,ll-dichloronaphthacene is an intermediate was proved by syn- 
thesizing the tetracene tetrasulfide (199) from it and sulfur in 87% yield. 

Further work b y  Hlarschalk37z made the assigned structure even 
more probable. 5, 12-Dichloronaphthacene also yielded the tetrasul- 
fide in 8‘7% yield on heating with sulfur. 5, 6, 11-Trichloronaphthacene 
did not yield the tetrasulfide directly on heating with sulfur, but gave 
two fractions, one soluble in water and one in dilute acid, which yielded 
the tetrasulfide on reduction with titanium trichloride or with stannous 
chloride. 5,6, 11, 12-Tetrachloronaphthacene and a hexachloronaph- 
thacene did not give the desired cornpound with sulfur. Heating 5- 
chloronaphthacene with sulfur in trichlorobenzene at 180” gave some 
of the green biddithiole) and a blue solution; the latter on heating 
with more sulfur, gave an additional quantity of the tetrasulfide. The 
two stages of the reaction could be demonstrated more readily with 5- 
bromonaphthacene. If the heating was interrupted as soon as the evo- 
lution of hydrogen bromide had ceased, there was isolated a small 
amount of naphthacene and a trichlorobenzene-insoluble solid. Reduc- 
tion of the latter with hydrosulfide gave the green tetrasulfide, while 
longer heating of the blue trichlorobenzene solution with sulfur gave 
the same compound. Perhaps the best argument for assigning the sul- 
fur atoms to the 5,6,11,12-positions of naphthacene came from the 
reaction of 5,6,11, 12-tetrachloronaphthcene with hydrogen sulfide 
in refluxing trichlorobenzene. The green bis(dithio1e) was isolated, 
although in low yield; treatment of the hot blue filtrate with air gave an 
additional amount, raising the yield to 29%. Neither 5, 11- or 5, 12- 
dichloronaphthacene gave this reaction 
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Chapter 5 

The naphthacenobis(dithio1e) (199) is  quite insoluble and could be re- 
crystallized only from hot trichlorobenzene or  nitrobenzene; the crys- 
tals are black.a69 It analyzed correctly for C,&$4, and a molecular 
weight determination in naphthalene showed it to be monomeric. It 
melts with decomposition in the range of 395-400".372 The chemical 
reactions of the compound, as investigated by Marschalk372 and by 
Marschalk and Woerth,370 a re  in accord with the assigned structure. 
Heating with zinc dust at  400" in an atmosphere of hydrogen regenera- 
ted naphthacene. Reduction with sodium in liquid ammonia followed by 
treatment with an alkyl halide (methyl iodide, ethyl iodide, benzyl chlo- 
ride) yielded the expected tetrathioether (201). Unfortunately, these 
compounds could not be made from 5 , 6 ,  11, 12-tetrachloronaphthacene. 
Alternatively, the tetrachloro compound reacted with 2 -tolyl mercaptan 
to give a tetrathioether, but the thioether could not be made from the 
bis(dithio1e). When the sodium reduction was carried out at room tem- 
perature and the product was oxidized with chromic anhydride, the 
known naphthacene-5, 12-dione (302) was isolated, indicating that the 
naphthacene ring is  still present in tetracene tetrasulfide. 

R-$ $-R 

202 

The tetrasulfide was inert to diazomethane and to maleic anhydride, in 
accord with its postulated structure. 

Although the naphthacenobis(dithio1e) is  completely stable under alka- 
line conditions, it i s  prone to oxidation in the presence of a ~ i d s . 3 ~ 1 , 3 ~ 3  
Red mono-salts, (C,,H$4)+X', and yellow di-salts, (C,,H,S,)2+X2z-, are 
formed, presumably by the loss of one and two electrons, respectively, 
from the sulfur atoms. Thus, treatment of the compound with concen- 
trated sulfuric acid gave a yellow compound which analyzed correctly 
for (C 18H,S4)(S0,H)2. Similarly, fuming nitric acid gave a dinitrate, and 
perchloric acid a diperchlorate. Nonoxidizing acids, such as dilute sul- 
furic, hydrochloric, and acetic acids, had no effect in the absence of air, 
but gave the red mono-salts in the presence of air, especially with a 
t race of sodium nitrite present. More convenient was the use of oxidiz- 
ing agents - hydrogen peroxide, lead dioxide, manganese dioxide, etc.- 

446 



C3S2 Ring Systems 

either mono- or di-salts being formed depending on the amount used. 
Chlorine, sulfur chloride, or sulfuryl chloride could all be used to make 
the dichloride, and silver sulfate gave a red monosulfate. 

Evidence for the oxidative nature of the reaction are numerous. N, N' - 
Dimethyl-pphenylenediamine reduced the di-salts to mono-salts, while 
stronger reducing agents gave tetracene tetrasulfide, although the mono- 
salts could be isolated as intermediates. Treatment of a di-salt with 
the unoxidized tetrasulfide gave two molecules of mono-salt. The spec- 
trum of the monochloride has been determined.578 

Treatment of the salts with alkali under mild conditions gave products 
resembling pseudo-bases, since treatment with acids under nonoxidizing 
conditions regenerated the salts. On standing or  on heating, however, 
more deep-seated changes occurred, perhaps the formation of sulfoxides. 
Marschalk371 recommended the salts for dyeing cellulose or silk, since 
reduction or treatment with base converted the soluble salts into insolu- 
ble green dyes. 

Pecault and Marschalk412 determined the magnetic susceptibility of 
tetracene tetrasulfide and found the compound to be diamagnetic, thus 
ruling out a biradical structure. The monoacetate was too insoluble to 
be measured accurately, but it was less diamagnetic than the parent 
compound. From its structure it should, of course, be paramagnetic. 

Clar and Marschalk133 measured the ultraviolet absorption spectrum 
of tetracene tetrasulfide. They attributed the intense color of the com- 
pound to the interpenetration of the electronic orbits of the sulfur 
atoms, implying a certain amount of conjugation involving the 71 -elec- 
trons. Naerlandssa reported the infrared spectrum. 

IL 1,3-DI"HIACOMPOUNDS 

A. C3S2 1,3-DITHIOLANE (203) AND 1,3-DITHIOLE (204) 

203 204 

(RFU 138) 
1,3-Dithiolanes are represented predominantly by two types of com- 

pounds, mercaptals and mercaptoles of 1,2-dimercaptoalkanes and 
compounds derived from the cyclic ethylene ester of trithiocarbonic 
acid. Inasmuch as they possess little in common other than the basic 
ring system, they are  discussed separately. Only a few 1,3-dithioles 
a re  known. At present Chemical Abstracts indexes these ring systems 
as  1, 3-dithiolane and 1, 3.-dithiole; the trithiocarbonic acid derivatives, 
however, are cross-indexed to the acid and the compounds are found 
under that heading. From 1907L1916 the compounds were indexed under 

- ._I_ 

[For references, see pp. 585-610.) 447 



Chapter 5 

1, 3-disulfoleJ and from 1917-1936 under 1,3-dithiole. Alternative names 
for 1, 3-dithiolane a r e  1,3-ditbiacyclopentane, methylene ethylene disul- 
fide, and trimethylene disulfide. Frequently, however, especially in 
complex compounds, they a r e  named as derivatives of the parent alde- 
hyde o r  ketone, e. g., 2-methyl- 1, 3-dithiolane would be called acetalde- 
hyde cyclic ethylene mercaptal or acetaldehyde ethylenethioacetal. 1, 3-  
Dithiole is sometimes called lJ3-dithia-4-cyclopentene. 

1. Mercaptals and Mercaptoles of l,%-DimercaptoaIlcanes 

a. Preparation 

although Baumann and Walter41 prepared derivatives of it as early as 
1893. It was synthesized by GibsonJ2'4 along with polymer, by adding 
I, 2-dimercaptoethane to formalin containing a trace of hydrochloric 
acid. Challenger and co-workers1z5 obtained the cornpound in 30% yield 
by this procedure. A better synthesis, which is reported to give the 
compound in 50-60% yield, involves the reaction of the bis(Bunte salt) 
(205) with formalin and hydrochloric acid, 1, 3-dithiolane being isolated 
by steam-distillation. 214 Dermer, 147 however, obtained only polymer 
by this procedure. 

The parent compound, 1,3-dithiolane (203), was not isolated until 1930, 

BrCHzCH2Sr Na2S203 ? WaO~S2CH2CH2S,0,Pa 

205 

Tucker and Reid548 devised a different synthesis; the reaction of 1, 2- 
dimercaptoethane with methylene chloride in the presence of base gave 
a 2670 yield of 1, 3-dithiolaneJ a t race of a ten-membered ring, and a 
large amount of polymer. Heating the polymer with hydrogen chloride 
gave a 30% yield of 1, 3-dithiolane. 

EtONa, EtOH 

3 O m i n  r e f l u x  
CHZC1, 

HSCH2CHzSH -> 

I H C 1 .  A I 

Meadow and Reid375d found that the polymers would not break down in 
the absence of halogen. Presumably, 1,3-dithiolane i s  formed as a 
result of reversible sulfonium salt formation. Thus, Meadow and Reid 
isolated 1,3-dithiolane and amyl bromide from the reaction of ethyl- 
ene dibromide with methylenebish -amyl sulfide). 

448 



C3S, Ring Systems 

CSH, ISCH2SCH2CH2Br C5H11 ,cn2-~ ("i + C5H,,Br 
C H ~ -  n2 

+ CSHI1Br Br- 

The same mechanism could be written for polymer with a terminal 
halogen group. 

and dichloroacetic acid in xylene gave 1, 3-dithiolane, presumably by 
intermediate formation of 1,3-dithiolane-2-carb~xylic acid followed 
by decarboxylation. However, their product was reported to melt at 
192-194" and was undoubtedly a polymer. 

Substituted 1,3-dithiolanes were prepared first by F a ~ b e n d e r l ~ ~ ,  173 
in 1887. The synthesis consisted of treating the aldehyde or ketone and 
a lJ2-dimercaptan with dry hydrogen chloride and allowing the mix- 
ture to stand at room temperature. By this procedure he prepared a 
number of 2-substituted and 2,Z-disubstltuted- 1,3-dithiolanes from the 
corresponding aldehydes and ketones. This procedure, and minor modi- 
fications of it, is the preferred method of synthesis and yields a re  gen- 
erally good. Inert solvents, such as dioxane, ether, alcohol, or acetic 
acid, have been used. The use of toluenesulfonic acid as a catalyst and 
removal of the water by azeotroping with toluene has been recom- 
mended,60,284 a s  has the use of boron trifluoride etherate in acetic 
acie187 the latter catalyst is much used in the steroid series. Maz- 
over375 applied Gibson's Bunte salt procedure to the preparation of 
2,2-dirnethyl-l, 3-dithiolane (206). 

Chakravarti and &ha123 claimed that heating 1,2-dimercaptoethane 

E t O H . H C 1  - 

206 

It is doubtful that Mazover isolated pure 1,3-dithiolanes by this pro- 
cedure, since he claimed that none of his compounds could be distilled, 
even iti uamo, without decomposition. Matter374 patented the synthesis 
of 2-methyl- 1, 3-dithiolane by heating an ethylene sulfide polymer, 
(-CH2CH,S-)x, in a stream of hydrogen sulfide. The mechanism of this 
reaction is obscure, and it is of doubtful utility. 

A wide variety of lJ3-dithiolanes have been prepared by these proce- 
dures. Table 13 lists simple derivatives, Table 14 lists 1,3-dithiolanes 
derived from sugars, and Table 15 lists compounds with two 1, 3-dithio- 
lane rings. 1,3-Dithiolanes derived from cyclic ketones are discussed 
in the section on spiro compounds. 

Xn certain cases, other functional groups in the molecule react at the 
same time as the dimercaptan Thus, Roberts and Cheng*S2 isolated 
2-ethyl-2-methyl-4-chloromethyl- 1,3-dithiolane (209) when the conden- 
sation of 2, 3-dimercaptopropanol with methyl ethyl ketone was carried 
out by passing a stream of dry hydrogen chloride through the reactants 

[For references, see pp. 585410.1 449 
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C3S, Ring Systems 

dissolved in benzene o r  chloroform. This ready displacement of hydroxyl 
was attributed to the stabilization of the intermediate cation as a 
sulfonium ion (208). The desired 4-hydroxymethyl derivative (2M) was 
obtained by the use of a few drops of hydrochloric acid as the catalyst. 

Evans and ywen169 found that, in the reaction of 2,3-dihydroxy-2', 3'- 
dimercaptodipropyl ether (210) with acetone, the glycol portion also 
reacted to give 4-[(2,2-dimethyl-1, 3-dioxolan-4-ylmethoxy)methyl] - 
2, 2-dimethyl-1, 3-dithiolane (211). 

Me2co, HC1 C H s y & , ,  ( S y C H 3  
r ;  t .  overnight CH, CH3 

CHzOCHz HOCN, HCHZOCH, HCHzSH - c 'i 
6 H  BH 

210 211 
Similarly, lJ3-dihydroxy-2-propyl 2,3-dimercaptopropyl ether (212) 
gave 4- (2,2-dimethyl-m -&oxan- 5-yloxymethyl)-2, 2-dimethyl- 1,3- 
dithiolane (213). 

212 213 

Miles and Owen38 1 also prepared the corresponding dibenzylidene com- 
pound with benzaldehyde. The same authors383 made the diisopropyli- 
dene derivative of 3-hydroxy-2, 2', 3' -trimercaptodipropyl sulfide (214), 
4- [ (2,2 -dimethyl- 1 , 3-oxathiolan- 4-ylmethylthio)methy1]-2,2-d~methyl- 
1, 3-dithiolane Q15), 

214 215 

Evans, Fraser, and Owen1'O found that lJ2-dihydroxy-3, 4-dimercapto- 
butane exists in two forms, tlweo and erytirro, but configurations were 
not assigned; each form, gave a different diisopropylidene derivative, 
4-(2, 2-dimethyl- 1,3-dioxolan-4~yl)-2,2-dimethyl-l, 3-dithiolane (216). 

[For references, see pp. SSS-SlO.] 46 1 



Chapter 5 

216 

It is interesting that the reaction led to the formation of a dioxolane 
ring and a dithiolane ring rather than to two condensed oxathiane rings, 
which would have resulted from 1,3-2,4 condensation. 

A number of other unusual compounds containing 1,3-dithiolane rings 
have been synthesized. Thus, Balenovid, Bregant, and co-~orkers ,30 
prepared 2-substituted- 1, 3-dithiolanes from optically active OL -aminoal- 
dehydes, as illustrated with L -alanine aldehyde (317). Treatment with 
1, 2-dimercaptoethane yielded 2- (l-phthalimidoethyl)-1,3-dithiolane 
@l8), which was converted with hydrazine into optically active 2-(1- 
aminoethy1)- 1, 3-dithiolane (219). 

v 

217 
218 

N2H,*H20,  E t O H  

4 hrs. r e f l u x  ~ c T L : i H 2  
67% 

219 

Sugasawa and KirisawaS2 1 prepared 2-methyl-2- (3-pyridy1)- 1, 3-dithio- 
lane (280) from 3-acetylpyridine. Methylation of 220 followed by oxida- 
tion with ferricyanide yielded the corresponding pyridone, 2-(1,6- 
dihydro- 1 - methy1- 6-0x0-3 -pyridyl)- 2-methyl- 1 , 3-dithiolane (221 1. 

220 H3 
221 

Harris238 prepared a number of 1,3-dithiolanes with carboxylic acid 
or ester side chains in the 2-position (222). 

222 

462 



C,S, Ring Systems 

Gerecke, Friedheim, and Brossi212b used 1,3-dithiolane formation to 
determine the structures of the two isomeric 2,3-dimercaptosuccinic 
acids. Thus, the higher melting, less soluble isomer was shown to be 
the meso isomer by condensation with acetone to cis-2, 2-dimethyl-1,3- 
dithiolane-4, 5-dicarboxylic acid (222a), the czs configuration being 
demonstrated by ready anhydride formation. 

MezCO, H C 1  

HOOC H- HCOOH - 00 HOO:CTE,i 74% H.. f, 6 H  HOOC 

22% 

C H j C O C l  

1 h r .  89% ref l u x  3 &y:: 
4 

The low-melting isomer yielded the trans -dicarboxylic acid, which 
could not be dehydrated to the cyclic anhydride and was resolved via 
its brucine salt. 

glycidaldehyde and hydrogen sulfide. In dry acetone the product was 
predominantly 2-mercapto- 3-hydroxypropionaldehyde, isolated as its 
dimer (222b) (see Chapter 12, section III A-1 j); the expected mode of 
addition would have formed the 3-mercapto derivative instead. In 
aqueous acetone the major product was 2,2-dimethyl-4-hydroxymethyl- 
lJ3-dithiolan-5-ol (2224, undoubtedly formed from the mercaptoaldeb 
hyde by further addition of hydrogen sulfide to the carbonyl group, 
since under the same conditions a better yield was obtained from 22%. 

Sullivan and Williamsszla prepared an interesting 1,3-dithiolane from 

H o c H $ ~ I E ~ ~ O H  H 

am. 

TI 
Me,CO, N a 2 C 0 9  
20 h r s .  5-10' 

928 
[ 

X e 2 C 0 ,  H z S  
4 d a y s  r. t .  

222c. 

[For references, see pp. 585-610.1 463 



Chapter 5 

Although there are very few reports in the literature of carbonyl 
groups which fail to react with 1, 2-dimercaptoethane, a few are  known. 
Thus, Gates and Dickinson202 reported the normal formation of an 
ethylenethioketal, 2 - [4- (d - carbamoyl -a - methylbenzyl)-2, 5 -dimethoxy - 
phenyll -1,3-dithiolane-2-propionic acid (223a), from the hydroquinone 
dimethyl ether derivative (223). Both the dernethylated compound (224) 
and 1,4-dihydroxy- 10 -methyl-g-anthrone (225) failed to react, however, 
presumably because of internal hydrogen bonding. 

(CH,SHI, 
/COOH BF,.Et,O, ACOH 

l t5hrs.  r .  t .  
99% 

223 223a 

a24 225 

Hurtley and SmilesZ7 0 prepared the mono(ethy1ene mercaptole) of 
benzil, 2 -phenyl- 2- benzoyl- 1,3 -dithiolane (226). 

(CH2SH)t 
HC1, EtOH 

C ~ H S C O C O C ~ H S  - 50 C--3& 
80% 

226 

Fiese1-18' obtained a slightly lower yield with boron trifluoride ether- 
ate in acetic acid; apparently steric hindrance is too great to allow the 
formation of the bis(1, 3-dithiolane). Similarly, Kelber and Schwarzzw 
prepared 2-phenacyl- I, 3-dithiolane (227) from benzoylacetaldehyde and 
2- (2-thenoylmethy1)- 1,3-dithiolane (228) from thenoylacetaldehyde, the 
aldehyde groups reacting in preference to the carbonyl groups. 

220 
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Chivers and Smiles128 prepared 2-phenyl-2-benzoyl-lJ3-dithiolane 
(226) by a different procedure, which involved the reaction of 1, 2- 
ethane-bis@ 4oluenethiolsulfonate) (229) with desoxybenzoin. 

AcOK. EtOH 

229 226 

The reaction undoubtedly succeeded because of the active hydrogens in 
desoxybenzoin, and malonic ester reacted similarly; hydrolysis and de- 
carboxylation yielded 1, 3-dithiolane-2-earboxylic acid (230). 

1. KzCO,, E t O H  
6 h r s .  re f lux  

Chakravarti and Sahal23 claimed 
procedure. 

-s 
230 

to have prepared 230 by a different 

C T C O O C ~ H ~  

KOH, E t O H  
ref 1 ux 

( S Y O O H  

i 
230 

30th the ester and the acid were described as oils. If the reaction fol- 
lowed this course at all, their compounds were undoubtedly impure. 

by a different synthesis, involving the reaction of a gem -dithiol, 3, 3- 
dimercapto- 1 -phenyl- 2-propen- 1 -one (231 1, with ethylene bromide. 

Kelber and Schwarz292 prepared 2-phenacylidene- 1, 3-dithiolane (232) 

(CH,Br Iz 
EtONa,  E t O H  

100% 
C6H5COCH3 CS,, KOH 3 C,HSCOCH=C\~,, AH ref 1 ux -, ~ ~ H c o c 6 H s  

232 
231 

The structure of 232 was assigned on the basis of reduction with zinc 
and alkali to propiophenone and 1,2-dimercaptoethane. Thuillier and 
ViUe54f improved the synthesis of the gem -dithiol by carrying out the 
condensation with sodium t -amyloxide instead of with potassium hydrox- 
ide, 291 231 being obtained in 80% yield. They also extended the syn- 
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thesis to include a number of substituted acetophenones. Kendall and 
Edwards295 carried out the same reaction on diethyl malonate. Methyl- 
ation with methyl iodide yielded the corresponding methylmercaptal 
(233), while reaction with ethylene bromide gave (1,3-dithiolan-l-ylid- 
ene)malonic ester (234) which was hydrolyzed to (1,3-dithiolan-2- 
y1idene)acefic acid (2351. 

234 235 

Kochetkov, Nifant'ev, and Kulakov302a prepared a number of 2- (acyl- 
methyl)-l,3-dlthiolanes (2354 by the base-catalyzed condensation of 6 -  
chlorovinyl ketones with 1,2-dimercaptoethane. 

235a 

Lawrence313 was the first to apply tne use of 1,2-dimercaptoethane to 
the preparation of sugar derivatives. Aldoses reacted smoothly using 
aqueous hydrochloric acid a s  a catalyst, and crystalline water-soluble 
derivatives were obtained in most cases. Since then a number of 1,3- 
dithiolanes derived from sugars have been prepared, as shown in Table 
14. Zinner589 recommended the use of ion-exchange resins to remove 
the excess hydrochloric acid. According to Lawrence ketoses do not 
react. 

ing only one 1, 3-dithiolane ring has already been mentioned. Table 15 
lists those compounds with two carbonyl groups which react to give 
bis(l,3-dithiolanes). Only one of these is worthy of comment. In 1888 
Fasbenderl73 reacted glyoxal with 1,2-dirnercaptoethane and obtained 
a crystalline compound which he formulated as  2, 2' -bis(l, 3-dithiolane) 
(236). In 1952 ProBtenik and Balenovi6423 prepared the same compound 
from 2, 3-dichlorodioxane and 1, 2-dimercaptoethane, and pointed out 
that the compound might be 1,4, 5,8-tetrathiadecalin (237), which could 
form just as  wel l  from glyoxal. 

The fact that benzil and benzoylacetaldehyde yield compounds contain- 

236 237 
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BraMe7s determined the crystal structure and proved beyond any doubt 
that the correct structure is that of the bis(l,3-dithiolane) (236). It is 
most interesting that the two five-membered rings form in preference 
to the condensed six-membered rings. Presumably a trace of water 
caused hydrolysis of the dichlorodioxane to glyoxal; the latter reacted 
with the dimercaptan to give the compound plus water, so a trace of 
water sufficed to convert all the dichlorodioxane to the bis(l,3-dithio- 
lane). 

b. Structure, Properties and Reactions 

The structure of the 1,3-dithiolanes followed readily from their analy- 
ses, their method of preparation, and their reactions. The five-mem- 
bered ring should be almost planar; Brahde78 determined the crystal 
structure of 2, 2' -bis(l, 3-dithiolane) and found that the ring was slightly 
puckered, C, and C, being above and below the plane defined by S,-C2- 
C,. In other respects the distances and angles appeared to be normal. 
No other X-ray or electron diffraction studies have been carried out. 

1,3-Dithiolanes are generally colorless, water-insoluble, organo- 
soluble solids or high-boiling liquids. According to Bergmann, Zimkin, 
and Pinchas48 the liquids show a slight depression of molecular re- 
fraction below the calculated values. With few exceptions they are 
thermally stable to temperatures as high as 200-250'. They are quite 
resistant to both alkaline and acid hydrolysis, being more stable to acid 
than non-cyclic mercaptals and mercaptoles. The ring can be cleaved, 
however, by cadmium carbonate and mercuric chloride, a well-known 
reagent for hydro1,yzing mercaptals, as demonstrated by Hach233 on 
2-phenyl-4-hydroxymethyl- 1,S-dithiolane (238). 

I .  CdCO,, H g C l Z ,  EtOH 
50-60° 

HOCHz (StC.HS 2. H2S 24% 

238 

Adams, Doyle, and co-workers,sa used silver nitrate to convert 2- 
phenyl-4-4-tolylthiomethyl- 1,3 "dithiolane (aS8a) into 3-) -tolylthio- 
1 , 2  -dimercaptopropane. 

M a c h o l h ~ ~ ~ ~  used the cadmium-mercury procedure to prepare 2-0x0- 
5-aminopentanoic acid (240) from the 5-phthalimido derivative (=a), 
since direct hydrolysis of 239 did not yield 240. 

(For references, see pp. 585-610.1 467 
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Chapter 5 

239 
1. NzH4, N a H C 0 3 ,  EtOH 

The stability of the ring to a variety of other chemical reagents is  in- 
dicated by the reactions described below. 

1, 3-Dithiolane has been reported to form a crystalline mercuric 
chloride adduct. 125,214 

Although suitably substituted 1,3-dithiolanes should exist in cis and 
traris forms, until recently DO examples had been reported in  which two 
isomers had been separated from a reaction mixture. Miles and O ~ e n 3 ~ 1  
isolated cis - and trans -2-phenyl-4-hydroxymethyl-1, 3-dithiolane (2381, 
but this was done by chemical transformations ( o d e  infra). In 1958 
Roberts and Cheng4w condensed 1,2-dirnercaptopropane and 2,3-dimer- 
capto-1-propanol with a number of aldehydes and unsymmetrical ke- 
tones, and succeeded in separating the two isomers in several instances. 
Thus, 2,4-dirnethyl-2-phenyl-l, 3-dithiolane (241, R = CH,) and 2-ethyl- 
2-phenyl-4-methyl- 1,3-dithiolane (241, R = C,H,) were separated by 
distillation, the two isomers boiling 10- 15" apart. Forty-two systematic 
crystallizations would not separate 238 into its isomers, but the corre- 
sponding 3,5-dinitrobenzoate esters could be separated readily; hydro- 
lysis  then gave C I S -  and lrans-238, whose melting points agreed well 
with those reported by Miles and Owen381 The corresponding 2 - p -  
chlorophenyl compounds were separated similarly, as were the iso- 
meric 3, 5-dinitrobenzoates of 2-ethyl-2-methyl-4-hydroxymethyl-1, 3- 
dithiolane (242). In no case, however, were structural assignments 
made. 

238 241 242 

Adams, Doyle, and co- workers,Sb prepared 4-benzoyloxyrnethyl-2- 
phenyl-l,3-dithiolane (238a) by two routes, esterification of 238 and 
reaction of 3-benzoyloxy- 1,2-dimercaptopropane with benzaldehyde, 
proving thereby that these compounds a re  1,3-dithiolanes and not 1,3- 
axathiolanes or 1,4-oxathianes. Recrvstallization of 23% yielded one 
of the two possible isomers. 
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PhCOCl, CJHIN 
18 hrs, r. t .  

coned. HC1 

23th 

HOCHz 

238 

60% 
C,H,COOCH, H- H2 + C$iSCHO 5, fi, 

The analogous 2,a-dinethyl compounds were prepared similarly. Fas- 
bender173 claimed that the lJ3-dithiolane ring is less stable to oxida- 
tion than noncyclic mercaptals. He was able, however, to prepare disul- 
fanes from 2-alkyl-1,3-dithiolanes by oxidation with potassium per- 
manganate; 2-aryl derivatives decomposed. A number of disulfones 
have been prepared since then, as shown in Table 13, Gibson214 oxi- 
dized lJ3-dithiolane with hydrogen peroxide in acetic acid at 50" and 
isolated an 80% yield of the disulfane, prepared previously by Baumann 
and Walter41 with permanganate (Gibson's reported melting point is 
probably a typographical error). Hydrogen peroxide is  probably super- 
ior to permanganate, although Mazove~-375 reported disulfone yields as 
high as  74% on oxidizing 2, 2-dialkyl-1, 3 -dithiolanes with potassium 
permanganate in acetic acid. Fasbender173 found that oxidation of 2- 
methyl-l,3-dithiolane-2-carboxylic acid 443) gave 2-methyl-l,3- 
dithiolane 1, 1,3, 3-tetroxide (244); spontaneous decarboxylation took 
place as expected. 

a43 244 

Chivers and Smiles1z6 found the same effect on oxidizing lJ3-dithiolane- 
2-carboxylic acid. 

Breslow and Mohacsis la prepared ethyl 1,3-dithiolane-2-carboxylate 
1, 1, 3, 3-tetroxide @a) by alkylating 1, 3-dithiolane 1, 1,3,3-tetroxide 
with ethyl chloroformate. 

0 2  0 2  c]oz EtOCOC1,  N a H  , Q-;0oc2n5 

244a 

According to Gibson214 a monoxide is formed when 1,J-dithiolane is 
oxidized with hydrogen peroxide in acetic acid at room temperature 
instead of at 50". He claimed that it formed a crystalline methiodide, 
and that it disproportionated on heating with warm hydrochloric acid to 
1,3-dithiolane and a dioxide, which he reported as an amorphous, in- 
soluble solid, mp. 134'. The dioxide was undoubtedly a polymer, since 
Bennett and Statham46 oxidized 1, 3-dithiolane under the same condi- 

[For references, see pp. 565-610.1 
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tions as used by Gibson and obtained a crystalline dioxide, very pro- 
bably lJ3-dithiolane 1,3-dioxide, and a crystalline trioxide, both soluble 
in water. In fact, it m a y  be questionable whether Gibsons's monoxide, 
which he reported to be a distillable liquid, was a pure compound. 

1, 3-dithiolane disulfones quite intensively in an attempt to solve the 
problem of why isomeric trisubstituted-s -trithianes always yield only 
one trisulfone upon oxidation (see Chapter 10, section lI A-3e). They 
found that 2,2,4-trisubstituted-l, 3-dithiolanes prepared from unsym- 
metrical ketones (245) invariably gave two isomeric disulfones upon 
oxidation. If the two geometrical isomers were oxidized separately, two 
isomeric disulfones were obtained, whereas when an inseparable mix- 
ture  of the two isomers was oxidized, the two isomeric disuulfones could 
be separated by crystallization. On the other hand, in no case were they 
able to isolate two disuIfones from the oxidation of 2.4-disubstituted-1, 
3-dithiolanes (247), whether thev oxidized the pure isomers o r  an iso- 
meric mixture. 

Roberts and Cheng4S2 investigated the stereochemistry of substituted 

245 246 

247 248 

These results appear to offer convincing evidence for the existence of 
d-orbital resonance in sulfur compounds, the disulfone derived from 
aldehydes (248) being cagable of forming a planar anion whereas that 
derived from ketones (246) being unable to form an anion and therefore 
existing in separable stereoisomeric forms. 

Fasbenderl73 described the disulfones a s  being stable to concentrated 
sulfuric and nitric acids and readily decomposed by base. Baumann 
and Walter41 hydrolyzed 1, 3-dithiolane 1, 1, 3,3-tetroxide (249) with 
barium hydroxide and isolated 4 -hydroxyethylsulfonemethanesulfinic 
acid 250. Treatment of the disulfone with aqueous chlorine or bromine 
gave the correspoqding 2,2-dihalides; the reactions were confirmed by 
Chivers andSmiles128 and by Gibson.215 

249 Z50 

Gibson also described 2-methyl-2-brorno-1,J-dithiolane 1,1,3,3-tetrOX- 
ide without any details as to its preparation. According to K6tz303 the 
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disulfone (249) reacts with formaldehyde to give a crystalline conden- 
sate, m.p. 238" (dec.), consisting of one molecule of disulfone and two of 
formaldehyde. 

Kochetkov, Nifant'ev, and Kulakov302a cleaved 2-acetonyl-l,3-dithio- 
lane 1, 1,3,3-tetroxide (250a) to acetol and the unsubstituted disulfone. 
Thus, under sufficiently mild conditions the disulfone ring is stable to 
base. 

250a 
1,3-Dithiolanes can be reduced to  regenerate the parent dimercaptan. 

Thus, Stoken5 l5 reduced 2-phenyl-4-hydrbxymethyl-l,3-dithiolane (238) 
with sodium and ethanol in liquid ammonia to 2, 3-dimercapto-1-propa- 
01; the fate of the benzal portion of the moIecule was not determined. 

Na, E t O H  (st"& NU3 

HOCHz r-rr 
238 

This reaction was confirmed by Miles and Owen381 Surprisingly, the 
corrbsponding isopropyl idene derivative, 2,2 -dimethyl- 4 - hydroxyme t hyl- 
1,3-dithiolane (2511, was not reduced to 2,3-dimercapto-l-propanoI but 
to a compound which is probably 3-mercapto-2-isopropylthio-l-propan- 
01 (253). 

N a .  E t O H  

251 252 

Similarly, Challenger, Mason, and eo-workers, 125 reported that the re- 
duction of 1, 3-dithiolane with sodium in alcohol yielded 2-methylthio- 
ethyl mercaptan instead of 1. 2-dimercaptoethane. 

+ HSCHzCH2SCH3 0 N a ) E t o H  

Kelber and Schwarz292,2*4 reduced several 2-substituted- 1, S-dithio- 
lanes with zinc and sodium hydroxide; the sulfur-containing portion of 
the molecule was converted to 1,2-dirnercaptoethane and the original 
carbonyl group was reduced. 

Zn, NaOH 

lux> C6H5COCH2CH3 + HSCHzCHzSH or 

( 5 y H C O C . H )  

[For references, see pp. 585-610.1 477 
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Condensation of a ketone with 1,P-dimercaptoethane followed by re- 
duction of the 1,3-dithiolane with Raney nickel has been much used to 
convert a carbonyl group to a methylene group. Thus, Ernest and co- 
w o r k e r ~ ~ ~ ~ , 1 6 8 , ~ 5 8  used this procedure to prepare long-chain a, w -  
dicarboxylic acids. 

CUO 
C ,H500C ( C Hz ,COC 1 CH2Nz CzH&OC(CH2)3COCHNz -- 

C ~ H S O O C  ( CH2) j-C-CH=CH C-( C H, 1 SCOOC2HS 

$ B 7 $  
Raney N i  

E t O H  -> CzHsOOC f CH2) ,&OOCzH5 

Balenovik, Bregant, and Cera1-3~ correlated the structure of 8-amino- 
butyric acid with that of iy -amino acids. Thus, (+)-fj-phthaLimidobutyr- 
aldehyde prepared from (+I -P-aminobutyric acid, was converted into 
(+)-2-phthalimidobutane by treatment with 1,2-dimercaptoethane fol- 
lowed by Raney nickel. 

(CHzSHJz,  HC1 

C,HaO, 
r .  80% t *  > C F 2 [ H < D  

H3 fi 
0 c! 

R a n e y  N i ,  M e 2 C 0  

7 h r s ,  reflux 
.e, 

pYHCHZCH3 

In a similar fashion, (-)-a -phthalimidobutyraldehyde, derived from (-)- 
a -aminobutyric acid, yielded (-)-2-phthalimidobutane. Thus, (-I-)-&- 
aminobutyric acid has the L -configuration. Balenovik and BreganPa*33b 
used the same procedure to correlate (-)-a -methyl-&-alanine with (-)- 
2 - methylbutanol. 

This desulfurization procedure, which has been used a great deal in 
the steroid field, is discussed in greater detail in section II A-4b. The 
reaction was reviewed recently by Hauptmann and Walter. 246b 

Hauptmann and Wadislaw243 found that Raney nickel, which had been 
freed of hydrogen by heating in uucuo at ZOO”, yields an olefin instead of 
the hydrocarbon. Thus, 2 -methyl - 2 - phenyl- 1,3 -dithiolane (255) yielded 
trans - 2, 3 -diphenyl- 2 - butene. 

Ni, x y l e n e  
CH3 16 h r s .  r e f l u x  C g H 5 , C = ~ C H 3  ’ CH3’ ‘Ct5H5 

253 
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Georgian, Harrisson, and Gubisch212 have recently suggested the use 
of hydrazine for the desulfurization of 1,3-dithiolanes. Thus, heating 
the 1,3-dithiolane with hydrazine hydrate in a glycol solvent up to 190", 
preferably in the presence of potassium hydroxide, gave 60-95% yields 
of hydrocarbon. 

In certain cases where desulfurization is slow with Raney nickel, Cros- 
sley and Henbestl37c recommend the use of lithium in ethylamine. 
However, hydrogenation may also occur under these conditions. 

According to Challenger, Mason, and co-workers, 125 heating 1,3- 
dithiolane with sulfur yields ethylene trithiocarbonate (254). 

254 

Thuillier and ViaUe5d1 found that heating 2-phenacylidene- 1, 3-dithio- 
lane (832) with phosphorus pentasulfide gives an almost quantitative 
yield of 5-phenyl- 1, 2-dithiole-3-thione (255); other aryl  compounds 
reacted similarly (see section I A-2a- (I)(k)). 

P4Slo, x y l e n e  
C H C O C ~ H ~  45  min. ref lux c x 

96% 3 653's'L, 
255 

0- 
232 

Because of the discovery during World War  II that 2,3-dimercapto-l- 
propanol, "British Anti-Lewisite" (BAL), is a potent antidote for heavy 
metal poisoning, a number of derivatives of it were prepared. The syn- 
thesis frequently involved blocking the mercaptan groups with benzal- 
dehyde to give 2-phenyl-4-hydroxymethyl- 1,S-dithiolane (238), operat- 
ing on the hydroxyl function, and then removing the blocking group by 
reduction with sodium and alcohol in liquid ammonia as already des- 
cribed. In fact, Doyle and Naylerlsg recommended this  as a purifica- 
tion procedure for BAL. The first reported work of th i s  kind was that 
of S t ~ c k e n , ~ ~ ~  who carried out the following sequence 

PhCHO, HC1 

~ H 2 - ~ ~ - ~ H z  H "' 'NOCH, 61% 
OH 

238 

256 

[For references, see pp. 585-610.1 479 
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The 2-methyl and the 2, 2-dimethyl derivatives were also converted to 
the corresponding chloromethyl compounds. Stocken reported that his 
2-phenyl-4-hydro~ymethyl-1~3-dithiolane melted at 77". As already 
mentioned, this compound should exist in cis and trarzs forms, and Miles 
and O ~ e n 3 ~ 1  showed that Stocken's compound was actually a mixture. 
The following sequence shows the method used to isolate the two iso- 
mers: 

C,H, chromatography 
recryst. 

H - H- H, PhCHO U C I  

OH ' EH 6, -' -HOCH2 > 

XI. p. 65' 

m. p. 68-71' 

H O C H ~ - I - - S  
m. p. 88-89' 

m. D. 81' 

m. p.  90" 

In spite of the similarity in melting points, a mixed melting point deter- 
mination showed that the two compounds are not identical. 

Roberts and Cheng452 reacted 2-ethyl-2-methyl-4-chloromethyl-l,3- 
dithiolane (209) with alcoholic base and isolated a mixture of 2-ethyl- 
2-methyl-4- hydroxymethyl- 1 ,3  -dithiolane (207 ) and 2- ethyl -2- methyl- 
4-ethoxymethyl-1, 3-dithiolane (257, R = C,H,), formed, according to 
the authors, through a sulfonium ion intermediate (208). 

Naon, E t o H  

C 4 H B 0 2 ~  H2° 

(s\-f~$s 12 hrs. r .  t., [6$&] 
c1 cu2- 

209 H2 

208 

+ i"y9, (y& + 

ROCH, HOCH, 

207 257 

Presumably, the isomeric mixture of 209 was used, so mixtures of iso- 
mers  were formed. Similarly, Miles and Owen3*1,382 carried out a 
number of reactions on a mixture of cis- and trarzs-4-bromomethyl-2- 
phenyl-1, 3-dithiolane (858). Their results, however, were rather dif- 
ferent from those of Roberts and Cheng. Thus, 4-methylene-2-phenyl- 
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1,3-dithiolane (259) was isolated when an attempt was made to prepare 
ethers by treatment of the bromide with sodium alkoxides. 259, which 
was unstable, was assigned this structure because ozonolysis yielded 
benzaldehyde, formaldehyde, and hydrogen sulfide. 

259 

These results are  in agreement with the reaction of 2,2'-dichlorodi- 
ethyl sulfide. Helfrich and Reid247 found that this p-chloro-sulfide 
reacts with alkoxides to give divinyl sulfide rather than the expected 
ethers. 

NaOR 
C 1CH2CH2SCH2CH&1 -3 CH2=CH-S-CH=CH2 

Similarly, Matlack, Chien, and B r e s 1 0 ~ 3 ~ 3 ~  found that most nucleophilic 
reagents react with 2,4, 6-tris(cNoromethyl)-s -trithiane by elimination 
rather than by substitution (see Chapter 10, section 11 A-3g). Ethers 
were formed, on the other hand, by treatment of the bromide with silver 
oxide and an alcohol, a reaction which is probably better evidence for 
an &1 reaction involving the sulfonium ion intermediate (208) than that 
cited by Roberts and Cheng. In this way were prepared 4-methoxymeth- 
yl-2-phenyl-l,3-dithiolane (257, R = CH,) from methanol, and 2- 
phenyl-4- (2 -phenyl-rl-m -dioxan- 5-yloxymethy1)- 1,3 -dithiolane (260) 
from 1,3-benzylideneglycerol; 260 was also prepared from lJ3-dihy- 
droxy-2-propyl 2,3-dimercaptopropyl ether @61) and benzaldehyde. 

!:E$CHOCH2 H- H, 

f;H 1, 
261 

Inasmuch as the O-glucoside of 2,3-dimercapto- 1-propanol was found 
to be more effective and less toxic than the parent compound,141 Miles 
and Owen382 prepared the corresponding 13 -thioglucoside (262) by the 
following scheme: 

[For references. see pp- 585-610.1 481 
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CHSCOSK, E t O H  

c s ~ c 6 H 5  5 hrs. reflux ('YdI 
B r l H Z  90% ' CHsCOSCH, 

1. A c e  t o b r o m o g l  ucose 
MeOH, HCl MeONa 

3 hrs refrux ( ' T C 8 H 3  2 .  AcpO,  A c O N a  - 
8 1% 

> ---%--+ HSCH, 

'HzOCOCH, 1. N a O H , M e O H  ' H/h-g H21:Y8Hs 2. N a ,  E t O H ,  NHS 

HO 

CHsCOO H OCOCH3 Q-cH*I;-;;2 

262 
It i s  interesting that, when Miles and Owen381 treated the isomeric 

mixture of 2-phenyl-4-hydroxymethyl- 1,hi i thiolane (238) with methane- 
sulfonyl chloride in pyridine, they isolated an 8490 yield of 2-phenyl-4- 
chloromethyl-1, 3-dithiolane (256) with the same melting point as  the 
compound prepared by Stockensl5 with thionyl chloride. Either the 
chloride is a mixture of isomers or only one isomer was isolated, 

Hach233 prepared a number of aromatic ethers (263) of 2-phenyl-4- 
hydroxymethyl-l,3-dithiolane by reacting their sodium salts with the 
chloromethyl compound (256). Thus, if the chloromethyl compound i s  a 
mixture of isomers, the derivatives a r e  too. In this respect 256 paral- 
lels 2, 2' -dichlorodiethyl sulfide in reactivity, since Helfrich and Reid247 
found that mustard gas undergoes nucleophilic displacement with sodium 
phenoxide and not dehydrohalogenation. 4-Diethylaminomethyl- 2-phenyl- 
1, 3-dithiolane (264) was prepared from 256 and diethylamine, and 4-(2- 
diethylaminoethoxymethyl)-2-phenyl-l, 3-dithiolane (265) was prepared 
from the alcohol (238). 

('-C6HS A r O N a ,  E t O H  ( S 7 6 H 5  

L1.LHaL k ArOCH, 

256 , 
371 j E t , N H  

I 

263 

238 
482 
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Several of these compounds were converted into 2, 3-dimercaPtopro- 
panol derivatives by cleavage with cadmium carbonate and mercuric 
chloride. 

In a similar series of reactions hefanac, Bregant, and BalenoviES0* 
prepared 4-dimethylaminomethyl-2-methyl-l,3-dithiolane methiodide 
@65a), which showed some muscarinic activity. Presumably all the 
compounds were isomeric mixtures. 

1. PBrs 
( ' T H j  Me1 ~ 

(CH3)zNCHz 'I ("% 
HOCH, LtCHS 2* IYeZNH. 

(CH313NCHZ 

265a 

Miles and Owen381 carried out several reactions with 2, Z-dimethyl- 
4-hydroxymethyl- 1, 3-dlthiolane (366), which does not have cis -trans 
isomers. Treakment with LY -D -acetobromoglucose in the presence of 
silver carbonate gave the corresponding @-glucoside (2671, but it could 
not be reduced to the BAL derivative, When the sodium derivative of 
266 was reacted with acetobromoglucose, only $-acetoxymethyl-2,2- 
dimethyl- 1, 3-dithiolane (268) could be isolated, an interesting example 
of alcoholysis. 

266 CHsCO=- wu 
I 

I 
OCOCHJ 1. YeONa 

2 .  Ace tobromogl ucose 267 I 
/"rs:: 

CH3COOCHz 

268 
It is also interesting that a tosylate of 266 could not be prepared. With 
pyridine as solvent, the major product (52%) was the chloride (269), a 
trace of pyridinium tosylate (870) being isolated, whereas in the pre- 
sence of caustic only the dimeric ether (271) was obtained. 

271 

[For references, see pp. 585-610.1 483 



Chapter 5 

Pavlic, Lazier, and Signaigo416 prepared 2,2-dimethyl-l, 3-dithiolane- 
4-carboxylic acid (272) by reacting cr , p-dimercaptopropionic acid with 
acetone. The corresponding methy1 ester was prepared from methyl 
a,&-dimercaptopropionate. Heating the acid with urea or the ester with 
ammonia gave 2,2-dimethyl- 1,3-dithiolane-4-carboxamide (813). Ritter 
and Loveras prepared 2-styryl-1,3-dithiolane-4-carboxylic acid (274) 
from a, ,3 -dimercaptopropionic acid and cinnamaldehyde, and concluded 
that this type of derivative is not suitable for the identification of car- 
bony1 compounds; the 2-phenyl derivative was prepared with benzalde- 
hyde with the same conclusion being reached. 

Me,CO 

I PhCH=CHCHO H,NOC- -S 

HOOCLS 
274 

The use of 1,3-dithiolanes in the sugar series can be illustrated by 
several examples. Thus, Zinner and ~0--#0rkers5d1,532 carried out the 
following sequence of reactions on D -lyxose, all the derivatives being 
crystalline 

0 2  

~ ~ ; H ( C H o H ) 2 c H 2 0 H  

(EtCO2I2,  Me2C0 

24 hrs. r -  t. 1. Ph3CC1,  c ~ H ~ N  
16 h r s .  40' 

7 6% 
30 rnin .~ ( S t l C H O H 1 3 C H z 0 k 1  2. Ac,O, H c O N a  

I 
(CH,SH)2,  HC1 

80% 
HOCHz tCHOHJ3CHO 

Zinner and co-workers594 used 1, 2-dimercaptoethane as a blocking 
group to prepare various isopropylidene derivatives of D -arabinose, as 
well as the cyclic carbonate.5YY 
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C O C l z ,  C ~ H S N ,  C4H802 
57% 5 h r s , -  10' T 16 h r s .  r.  t .  

Zinner and c o - ~ o r k e r s 5 ~ ~ " 5 9 ~  also prepared several derivatives of 2- 
desoxy-D -ribose. 

P h C O C l ,  CSHSN 
CHz(CHOH),CH20H 16  hrs .  0' CH2( CHOCOC6H,),CH20COC,H5 

84% 

HgO,  H g C 1 2  
MezCO, H,O 

C~H,COOCHz(CHOH)~CH2CHO 

Similarly, Gauthier and Vaniscottezll utilized 1, 3-dithiolane forma- 
tion as a means of preparing derivatives of aldehydo hexoses. Thus, 
glucose gave the 1,3-dithiolane (2751, which could be esterified. Oxida- 
tion with permanganate gave what appeared to be a monoxide m6), and 
more drastic oxidation destroyed the molecule, but bromine gave the 
esterified aldehydo-sugar. 

@H $CHzSH)z ,  H C l , Z n C l ,  ACzO, C&N 
H 50-58% - 100 , ( B t ( C H O H ) & H 2 O H  98% ' 

275 
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Kuhn, Baschang-Bister, and Dafeldecker311C reported that perpropionic 
acid is superior to permanganate for the preparation of 276. 

Few commercial uses for 1,3-dithiolanes have been reported Car- 
rara, Ettorre, and co-workers, 112,112a etated that 2-[1-bromo-2-(5- 
nitro- 2 - thienyl) - vinyl] -4- hydroxy met hyl- 1,3 -dithiolane had bacterici - 
dal and fungicidal activity against rs'. coli and M. aureus. Jones, Lukes, 
and B a ~ h o u r 2 ~ 3  patented a number of 2-haloalkyl- and 2-aryl-l,3- 
dithiolanes as  insecticides. According to Thomson, Savit, and Goldwas- 
ser 540 I-hydroxymethyl-1,3-dithiolane and 2- (pdimethylaminopheny1)- 
4-hydroxymethyl- 1,3-dithiolane are unsatisfactory for decontamination 
of Lewisite on human sk in  Harris238 patented the use of 1,3-dithio- 
lanes containing a 2- or 4-(CH,),,COOH group as antioxidants for edible 
dls and as plant fungicides. 

2 1,5-Dithiolmes Prepared from Diazo Compounds 

Bergmann, Magat, and Wagenberg4' prepared 4,4, 5,5-tetraphenyl-l,3- 
dithiolane (2'77) by a procedure totally different from any described thus 
far. This involved the reaction of thiobenzophenone with diazomethane. 

The compound was reported incorrectly to melt at 166-167"; the correct 
melting point is 199". 47_5,476 The li-methoxy derivative was prepared 
similarly. SchBnberg, Cernik, and Urban475 prepared 2-methyl-4,4,5,5- 
tetraphenyl- 1,3 -dithiolane by an analogous reaction with diazoethane, 
and the corresponding 2-carbethoxy derivative by reaction with diazo- 
acetic ester; the latter was  too unstable to be isolated as a pure com- 
pound. In contrast to these, diphenyldiazomethane yielded only tetra- 
phenylethylene sulfide, presumably by decomposition of the correspond- 
ing 1, 3-dithiolane. 
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Other thioketones reacted similarly. Thus, Bergmann, Magat, and 
Wagenberg47 found that 10-thioxanthone reacted with diazomethane to 
form dispiro[xanthene-g, 4' -[I, 3]dithiolane-5', 9" --thenel (278). 

278 

2,6-Diphenyl-4-thiopyrone and related compounds were shown by 
Schanberg and co-~orkers474,477,47~ to undergo the same type of 
reaction (see Table 16). 

The compounds reported by B e r g m a ~ ~ n ~ ~  and S ~ h b n b e r g ~ ~ ~ ' ~ ~ ~  and 
their co-workers have properties quite different from the lJ3-dithio- 
lanes described so far, Thus, the product of the reaction between thio- 
benzophenone and diazomethane was assigned the structure 271 because 
treatment with zinc and hydrochloric acid gave tetraphenylethylene. 47 

Phenyllithium gave tetraphenylethylene and lithium thiophenoxide, a 
reaction which SchGnberg, Kaltschmitt, and Schulten477 formulated as 
follows: 

The other product of the reaction, s -trithiane, could not be isolated. The 
other alternatives for 277, 3, 3, 5, 5-tetraphenyl-1, 2-dithiolane or 3, 3, 
4,4-tetraphenyl-lJ 2-dithiolane, would not have given tetraphenylethyl- 
ene. 277, which is colorless, gives a blue melt, indicating that it reverts 
to thiobenzophenone on heating. Schbnberg, Cernik, and Urban475 isola- 
ted thiobenzophenone and 1,l -diphenylethylene and postulated decompo- 
sition in the following manner: 

[For references, see pp. 585-610.1 487 
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Schhberg, Nickel, and Cernik476 found that diphenyl trithiocarbonate 
plus diazomethane yielded 4,4, 5, 5-tetrakis(phenylthio)- 1,3-dithiolane 
(879). 

279 

Methyl cy -naphthylthiocarbonate reacted in the same manner to give 
4, 5-bis(methylthio)-l1 5-di(o! -naphthyl)- 1, 3-dithiolane (280). 

ff -napht hyl 

3 a-naphthyl 
CH2N2, EtZO C H G C ]  

CHsS 
280 

No other diazo compound underwent this reaction to give a 1, 3-dithio- 
lane. Both 279 and 280 were assigned their structures by analogy with 
that of the tetraphenyl-l,3-dithiolane. Both compounds are  thermo- 
chromic, i.e. their color depends on the temperature; on heating in ethyl 
benzoate they change reversibly from yellow to orange and from pale 
yellow-orange to red-orange, respectively. 4 7 6  

There is another type of 1,3-dithiolane which has been prepared from 
a diazo compound. In 1925 Meyer3 78  reacted benzoylphenyldiazometh- 
ane or azobenzil with carbon disulfide and isolated a yellow, crystal- 
line solid (281) in excellent yield. The compound analyzed as 
C , ~ z , O , S z  and melted at 153-154". 

C6nSC0(I"2 + cs2 2days reflux > C 2 Q H Z O ~ Z ~ Z  
c6HS 

281 

Meyer formulated the compound as 3-benzoyl-3,5,5-triphenyl-4-0~0- 
tetrahydrothiophene-2-thione (282) because alcoholic alkali hydrolyzed 
it to benzoic acid, phenylacetic acid, and an unidentified sulfur-contain- 
ing acid which he considered to be thiobenzilic acid, 

Recently, Yates and Christensen583 repeated the preparation and con- 
firmed Meyer 's  synthesis. On the basis of degradation experiments 
they considered three possible structures for 281, the tetrahydrothio- 
phene structure (282) postulated by Meyer, a seven-membered ring 
structure (2831, and one of the two geometrical isomers of 5, 5-diphenyl- 
2- (a -phenylphenacylidene)- 1, 3-dithiolan-4-one (284). 
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282 283 284 

Alkaline hydrolysis gave benzoic acid, phenylacetic acid, and 2, 2, 5, 5- 
tetraphenyl-3,4-dithiaadipic acid (285). Acid hydrolysis gave diphenyr- 
acetic acid, desoxybenzoin, and sulfur, while Raney nickel disulfuriza- 
tion in ethanol gave 1, 2-diphenyl-1-propanone, ethyl diphenylacetate, 
and a small amount of diphenylmethane. 

C,H,COOH + C ~ H ~ C H Z C O O H  + HOOC -S-S- --COOH 

*p@ 3::: i::: 
281 H2S04,H20> (CsH512CHCOOH + C6H5CH2COCgH5 t S 285 

CH3 

These degradation products could be derived from any one of the three 
postulated structures. However, ozonolysis yielded benzil, benzoic acid, 
and a little diphenylacetic acid, which would appear to rule out 282, since 
it is difficult to see how this structure could give benzil. 

281 O3 > C6H~COCOC6H, + C6HsCOOH + (C&5)2CHCOOH 

Only the 1,3-dithiolane structure (284) is compatible with the infraredand 
ultraviolet absorption spectra of 281, 281 shows two bands in the infra- 
red, one at 5.86p, attributable t o  the enol thiollactone structure, and a 
weak band at 6. 17pJ attributable to the highly conjugated cr, p-unsatura- 
ted phenyl ketone group; it absorbs at 254 and 347 mp in the uitraviolet. 
Further confirmation comes from the fact that 2-(a -phenylphenacyli- 
dene)- 1,3-dithiolme (286) has an almost identical spectrum, having a 
weak band at 6. 2Op in the infrared and two bands at 257 and 350 rnp 
in the ultraviolet. 5 8 2  

286 

The chemistry of 281 is also in accord with the assigned structure. 
Reduction with zinc and acetic acid yielded a crystalline compound 
which was formulated as 5, Fi-diphenyl-2-(a-phenylphenacyl)-l, 3- 
dithiolm-4-one Q a S l ) ,  since hydrolysis yielded desoxybenzoin and di- 
phenylacetic acid, while Raney nickel desulfurization yielded 1,Z-di- 
phenyl- 1-propanone and ethyl diphenylacetate. 

[For references, see pp. 585-610.1 489 
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C,HSCH,COC,H, f (C,Hj),CHCOOH 

KOH, E t O H  T 
284 287 

i::::y Ni 
CeHsCO HCeHs + ( C B H ~ ) ~ C H C O O C ~ H ~  

En3 

1,3-Dithiolanes derived from diazo compounds a re  listed, with their 
physical properties, in Table 16. 

3. 1,3-Ditbialan-4-one Dyes 

lan- 4 -one ring system. Thus 3 -ethyl- 2 - methylbenzothiazole tosylate 
(288) was reacted with carbon disulfide and the product was alkylated 
with chloroacetic acid and ring-closed with phosphorus trichloride to 
2-(3-ethyl-2-benzothiazolemethylene)-l, 3-dithiolan-4-one chloride 
(asa), which was not isolated as a pure compound. Condensation of 289 
with 2- (2-acetaniiidoviny1)benzothiazole ethiodide (290) yielded [3-ethyl- 
2 -benzothiazole] [5- (3-ethylbenzothiazolin-2-ylidene-ethylidene)-2- 
(1, 3-dithiolan-4-one)l methincyanine iodide (291) as black crystals 
melting at 27 5". 

KnottsoZ prepared several complex cyanines containing the 1, J-dithio- 

c.2H5 
C 1 -  &Hs 

289 
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Similarly, 289 with 2- (2-acetaNlidoviny1)beno~t~~e ethiodide @St) 
yielded [3-ethyl-2-benzothiaole] [5-(3-ethylbenzoxazolin-2-ylidiene- 
ethy1idene)-2- (1, 3-dithiolan-4-0ne] methincyanine iodide (883) as green 
crystals melting at 262'. 

2- (3-Methyl-2-thiazolinemethy1ene)- 1,3-dithiolane (494) was prepared 
in the same manner as a89. Reaction with 294 yielded [3-methyl-2- 
thiazolin] [ 5- (3-ethylbenzoxazolin-2-ylidene-ethy1idene)- 1,3-dithiolan- 
+one] methincyanine iodide (295) as magenta crystals melting at 281'. 

The absor tion spectra of these compounds indicated that the thiolester 

bridge (-C-S-) functions as an efficient transmitter of electrons be- 
tween the awochromes of the dyes. 

8 
I t  

[For references, see pp. 585-610.1 491 
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Chapter 5 

4. Spiro Derivatives of 1,2-Dimercaptoalkanes 

The reaction of 1,Z-dimercaptoalkanes with cyclic ketones leads to  
spiro-l,3-dithiolanes. These are discussed in two sections, steroids 
and related compounds and nonsteroids. 

a. Nonsteroid Spiro Derivatives 

These compounds are listed in Table 17. Their preparations are fre- 
quently the same as the corresponding nonspiro compounds, and their 
chemistry is discussed only when points of interest arise. 

Reid and Jelinek448 prepared l14-dithiaspiro[4. Sldecane (296) from 
cyclohexanone and 1,2-dimercaptoethane with hydrogen chloride as a 
catalyst in a straightforward reaction. 

296 

Ma~over3~5used  the bis-Bunte salt ,  (CH,S,O,Na),, for  the same pur- 
pose, and probably did not obtain the pure compound, since he reported 
it could not be distilled without decomposition; there is no reason, how- 
ever,  to  doubt the purity of the disulfone, prepared by permanganate 
oxidation in acetic acid. 

H a ~ p t r n a n n ~ ~ ~  introduced the u s e  of fused zinc chloride, with anhy- 
drous sodium sulfate to take up the water of reaction, for the prepara- 
tion of 1, ?-dithiolanes. He  classified this reagent as being milder than 
hydrogen chloride. It is interesting that camphor reacts with 1 ,2-  
dimercaptoethane but not with simple mercaptans. Hauptmann proposed 
the following mechanism for  mercaptole formation: 

R’ ‘SR’ 

The S,2 reaction is subject t o  steric hindrance with the monomercap- 
tan but not with the dimercaptan. Since the cage structure of camphor 
hinders an S,2 reaction, only the latter reacts. 

- 277 carr ied out an interesting ser ies  of reac- 
tions on 1,4-dithiaspiro[4. 51decan-6-one (2971, as shown in the follow- 
ing series of reactions: 

Jaeger and 

4 96 



C6H6 

6 h r s .  ref l u x  ---.4(3 0 + 

( C H 3 C 0 N H t 2 H g ,  EtOH 
ref l u x  

298 52% 10% 

The reaction of interest is the dehydration of 6-ethynyl-1,rl-dithia- 
spiro[4. 5]decan-6-01 (298) with phosphorus oxychloride and collidine, 
which takes place normally here but with double bond migration away 
from conjugation with the ethynyl group in the .case of the corresponding 
oxathiolane (see Chapter 4, section I1 A-2b-(6)). Jaeger and Smith attri- 
bute this to steric strain in the oxathiolane but not in the dithiolane. 

MacRonald and Fischer360 found that ??z.voinonose-2 (299) reacts 
normally with 1, 2-dimercaptoethane1 in contrast to D -fructose which, 
according to Lawrence,313 does not react. This is probably another 
example of the tendency of a cyclohexane carbon to be tetra~oordinate,8~ 
although the steric effect might be a factor. 

( C H Z S H ) ~ ,  conc. H C 1  
78% H@ H H H  

299 

Takeda, Kitahanoki, and Igaraschi528 used l13-dithiolane formation to 
prove that hydroquinone reacts with maleic anhydride to give 2,5- 
dioxobicyclo[2.2.2] octane-7,8-dicarboxylic anhydride (300). 

[For references, see pp. 585-610.1 497 
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Chapter 5 

H-CC oBFs. E t a 0  
35% HO 

0' 

' I Rsney Ni 

Hill, Martin, and S t o ~ c h ~ 5 ~ , ~ 5 5 *  and Crossley and Henbest1s7c used 
the dithiolane desulfurization procedure to prove the structure of the 
bisbutadiene-benzoquinone (300a) adduct. Since the Diels-Alder reac- 
tion gives only cis ring junctions, 300a w a s  assumed to be the cis-syn- 
c is .  The actual structure was shown to be cis-anti-cis by the following 
series of transformations; 
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C& Ring Systems 

KOH, MeOH 

C4He02 AlCls I 

SOOc is obviously the most stable isomer. It has only equatorial car- 
bons on the central ring, whereas 30Ob has two axial carbons on the 
central ring in the chair form. Furthermore, SOOb is different from the 
known cis-syn-cis and cis-trans isomers, and in the other alternative, 
trzns-a.rfi-trans. the central ring would have to be in the boat form and 
is therefore less likely. 

Sfkora, Herout, PlSva, and prepared the mono-and bis-cyclic 
ethylenethioketals of acorone (SoOa) and proved that the mono-adduct 
has the.eihylenethioketal on the six-membered ring by degradation. 

[For references, see pp. 585-610.1 511 



Chapter 5 

cH3& -;;:::::: 90 min. 00 CHs &)J-$d cH3@;] 

1. Raney Ni 
2. H C O O E t ,  NaOEt 

3OOd 

CHS 

Presumably, the cyclohexane carbonyl is more reactive because of the 
preference of a carbon in a six-membered ring to be tetra~oordinate~g 
plus the steric effect of the isopropyl group. 

Backer and Wiggerink25 introduced a different method of preparing 
spiro compoundsI involving the reaction of a chlorocarbonyl compound 
with a dimercaptan. Thus, the reaction of chloroacetyl chloride with 
I, 2-dimercaptoethane yielded 1,4,6,9-tetrathiaspiro[4. Bidecane (302). 
The reaction can be visualized as proceeding in two steps, the first in- 
volving the chlorines to give p-dithian-2-one (301), and the second the 
reaction of this ketone with the dimercaptoethane under the influence of 
the hydrogen chloride liberated in the first step. 

301 302 

b. Spiro-1, 3-dithiolanes Derivedfrom Steroids andRelated Compounds 
Chemical Abstracts indexes the reaction products of steroids and 1,2- 

dimercaptoethane both as spiro compounds and as cyclic ethylene mer- 
captoles under the parent steroid. The spiro nomenclature is most un- 
wieldy; thus, 3-hydroxy-6-cholestanone cyclic ethylene mercaptole is 
called 17-(1, 5-dimethylhexyl)-l, 2,3,4,5,7,8,9,10,11,12,13,14,15,16, 
17-hexadecahydro-10, €3-dirnethyl-spiro[6H-cyclopenta[u bhenan- 
threne-6,2‘-[l, 3-dithiolanel-3-01 (303). 

H2&--LH* 309 
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C,S, Ring Systems 

Because the spiro system is so cumbersome and does not indicate con- 
formations, the system of naming these compounds as derivatives of the 
parent steroid will be used. They a re  frequently called ethylenethioke- 
tals in the literature. 

Ha~ptrnann241,24~,~~5,~~6 was apparently the first  to  use 1,a-dimer- 
captoethane as a reagent in steroid chemistry to convert a carbonyl 
group to a methylene group without affecting the rest  of the molecule: 
Thus, treatment of 4-cholesten-3-one (304) with I ,  2-dimercaptoethane 
in the presence of anhydrous zinc chloride and sodium sulfate gave the 
corresponding cyclic mercaptole (305). Refluxing of this with Raney 
nickel in alcohol gave 4-cholestene (306). 

The double bond, it should be noted, did not react with the mercaptan, in 
spite of its being conjugated with the carbonyl group, and it was neither 
isomerized during the reaction nor reduced by the Raney nickel. This 
accounts for  the popularity of this sequence for converting a carbonyl 
group into a methylene group. An excellent review of the desulfuriza- 
tion reaction appeared recently.246b 

neither it nor other simple mercaptans could be made to  react cleanly 
with carbonyl groups in other than the 3-position, whereas 1,2-dimer- 
captoethane reacted smoothly. For example, Hauptmannz42 found that 
ethyl dehydrocholate (307) reacted with three moles of 1,2-dimercap- 
toethane in the presence of dry hydrogen chloridej the weaker reagent, 
zinc chloride plus sodium sulfate did not give complete reaction. Treat- 
ment with Raney nickel gave ethyl cholanate (308). 

The same result could be arrived at with benzyl mercaptan. However, 

. 

307 

[For references, see pp. 585-610.1 513 



Chapter 5 
Raney Nf & COOCzH5 

EtOH, CeHa02 

14  hrs-  ref l u x  

n 
308 

Estrone acetate (309) reacted similarly. 
m 

Thus, 1,2-dimercaptoethane reacts with carbonyl groups in  the 3, 7, 12, 
and 17-positions. 

Since the initial work of Hauptmann a large number of steroids and 
related polycyclic compounds have been reacted with 1,2-dimercapto- 
ethane; the compounds formed a re  listed in  Table 18. Carbonyl groups 
in positions 2, 3, 4, 6, 7, 12, 16, and 17 of the steroid nucleus have 
been reacted. Only 11-oxosteroids have failed to reacti245 Hauptmann 
and Campos246 have suggested that the methyl group on C-10 offers 
too much steric hindrance to allow formation of the intermediate hemi- 
mercaptole. Carbonyl groups at C-2045s and at C-24326 of the steroid 
side chain have been reacted,while a carbonyl group at C-22 would not 
react,326 presumably also because of steric hindrance. 

In order to determine the relative reactivity of the carbonyl groups, 
Hauptmann and Bobbio24ea reacted ethyl dehydrocholate (907) with 1 , Z -  
dimercaptopropane, l-phenyl-l,2-dimercaptoethane, and with 2,3- 
dimercaptotetralin (of unspecified configuration), The first reagent, 
propylene dimercaptan, yielded a tris(mercaptole), although in much 
lower yield than with ethylene dimercaptan. The second reagent, sty- 
rene dimercaptan, yielded a 3, 'I-bis(mercaptole); while the third rea- 
gent yielded a 3-mercaptole. Thus, the order of reactivity is 3 > 7 
> 12. 

A considerable amount of work has been done to find the best condi- 
tions for the reaction of a steroid ketone with 1,Z-dimercaptoethane 
and to improve the selectivity of the reaction when more than one car- 
bony1 group is present. F'ieser183-187r Sf4  preferred boron trifluoride 
etherate as a catalyst for the reaction in either acetic acid or in excess 
I ,  2-dimercaptoethane, the latter being a more vigorous method. The 
dimercaptan is reported to be an excellent solvent for steroid 
ketones.187 A number of steroid ketones were reacted in this fashion. 
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C3S, Ring Systems 

Nazer and Issidorides40lc encountered difficulty in applying these pro- 
cedures to methyl 3-0x0-4-cholenate. They found that a smooth reac- 
tion took place in excellent yield using boron trifluoride etherate in 
methanol. 4-Cholesten-3-one and methyl 3-oxocholanate also reacted 
well under these conditions. The reaction of only one carbonyl group in 
diketones was accomplished, in unstated yields, by limiting the amount 
of 1,Z-dimercaptoethane; the carbonyl group in the 3-position is the 
most reactive one, as described above. Ralls and Riege1428y430 claimed 
that the %ox0 group in a number of di- and trioxo steroids could be 
reacted selectively by using p-toluenesulfonic acid as a catalyst in 
acetic acid at room temperature. Small amounts of bis(mercapto1es) 
were generally formed and some unreacted steroids were recovered. 
According to Romo, Rosenkranz, and Djerassi, 454 however, the Haupt- 
mann procedure is to be preferred for general use. 

desulfurization. According to these workers at least five parts of 
Raney nickel are required per part of steroid mercaptole. Refluxing 
for five hours in a mixture of dioxane and methanol gave 70-90% yields 
of desulfurized compounds in a number of cases. Lithium aluminum 
hydride had no effect on the 1,3-dithiolane ring. 

Although, as already mentioned, this sequence owes its popularity to 
the unreactivity of double bonds in the steroid nucleus, a few examples 
of migration during reduction have been noted. Striebel and Tamm519 
found that 1-cholesten-3-one 3- (ethylene mercaptole) (310) w a s  reduced 
to 2-cholestene (311). 

Louw,Strating,and Backer326 worked out conditions for the Raney nickel 

u - f i -  I -s’ i 
310 

The authors attributed the difference between their results and pre- 
vious reports to the fact that the nomigrating double bonds are  all 
secondary-tertiary, whereas here the double bond is secondary-secm- 
dary. Similarly, Mijovih, Voser, and c o - ~ o r k e r s , ~ ~ ~  found that the 
double bond of the triterpernoid, 2-a~etoxy-A~~r8~-laostene-5,9-dione 
9-(ethylene mercaptole) (312), migrated to the 8a, 9-position (313) on 
reduction with Raney nickel. 

[For references, see pp. 585-610.1 515 
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\ - 
CH3 % C s H i i  

Raney N i  

6 h r s  reflux 
71% 

C4H80Z CH3COO 

CH3 

313 

312 

Here a tertiary-tertiary double bond moved to a secondary-tertiary 
position, interestingly enough away from conjugation with the unreacted 
carbonyl group. 

Nazer and I s ~ i d o r i d e s ~ ~ ~ ~  investigated Raney nickel desulfurization 
of methyl 3-0x0-4-cholenate cyclic ethylene mercaptole (31Sa) with 
Raney nickel. With active W-2 catalyst in methanol, a mixture of methyl 
cholanate and methyl allocholanate was obtained, whereas the same 
catalyst in 1 : 1 methanol-acetone gave methyl 4-cholenate in excellent 
yield. 

- -  
, 12 h r s .  reflux 

3 13a 

Raney Ni 

Similarly, methyl 3-0x0-1-cholenate cyclic ethylene mercaptole (313b) 
yielded methyl cholanate with W-2 Raney nickel in methanol, whereas 
the double bond was not reduced using methanol-acetone. On the basis 
of molecular rotation the authors tentatively considered the product in 

522 



C,S, Ring Systenis 

the latter case to be methyl 1-cholenate (313c), although it is difficult 
to see why rearrangement should take place with the 1-cholestene pro- 
duct and not here. & OOCHs 

R a n e y  Ni 
MeOH, Y e p C O  A F H  

313b 313c 

In another atypical reaction FajkolS and ,!iorrn171 found that 38, lea- 
diacetoxyandrostan-l7-one cyclic ethylene mercaptole (314), when 
treated with Raney nickel, yielded 3/3-acetoxyandrostane (315), the 16- 
acetoxy group being lost. & - 4 C O C H s  J h r s .  Raney;;3co;& C&Oa reElux 

314 315 

CtfjCOO H H 

Sheehan and E r ~ n a n ~ ~ ~  obtained the same result on Raney nickel desul- 
furization of 33-acetoxycholestan- 2-one cyclic ethylene mercaptole, 
cholestane being formed. Yanagita and Yamakawa5*1d found that both 
cis- and trsns-2-aceto~y-~-tetrahydrosantonin cyclic ethylene mercap- 
tole (315a) lost the acetoxy group on treatment with Raney nickel. 

315a 

[For references,see pp, 585-610.1 523 



Chapter 5 

These results a r e  surprising in view of the fact that according t o  Heus- 
se r ,  Jeger, and R u z i ~ k a , ~ ~ *  the reaction proceded normally with 3Bt17P- 
diacetoxy-14-methylandrostan-16-one cyclic ethylene mercaptole (3161, 
14-methyl-38,17B-diacetoxyandrostane (317) being formed. 

Raney N I  

H H ,  
316 317 

Eastham and co-workers160,160a found that cyclic ethylene mercap- 
toles could frequently be prepared without any other reaction taking 
place in acid- sensitive molecules. Thus, 4~2, 5-dihydroxycholestan-3- 
one (317a) formed a mercaptole with boron trifluoride in spite of the 
presence of a t-hydroxyl groupl 4P1 5-dihydroxycaprostan-%one reacted 
similarly . 

(C H, SH) 
B F ? . E t , O ,  ACOH & Z h r s s .  t. 

0 t177-+ 

OH OH on 
317a 

5-Cholesten-3-one (317b) formed the corresponding mercaptole, in 
spite of the fact that it is readily isomerized by acid to 4-cholesten-3- 
one (317~) .  

3 hrs. r .  t 

317b 
" 

317c 

Fieser and Stevenson1*6*514 carried out an interesting series of 
reactions on 4cr-acetoxy-5-cholesten-3-one (318). Treatment with 112- 
dimercaptoethane in the presence of boron fluoride etherate gave 3,6- 
cholestanedione 3,6-bis(ethylene mercaptole) (319); the same product 
was  obtained from 3,6-cholestanedione. Acid or basic hydrolysis of 

5 24 



C,S, Ring Systems 

S18 yielded 4-hydroxy-4-cholesten-3-one (320), and this gave 3,4- 
coprostanedione 3- (ethylene mercaptole) (321). Ftaney nickel desulfuri- 
zation of 321 gave 4-coprostanone (322), which could be isomerized by 
acid or base t o  the isomeric 4-cholestanone (323). Both 4-coprostanone 
and 4-cholestanone yielded 4-cholestanone 4- (ethylene mercaptole) 
(324). identified by desulfurization to cholestane (325). 

OCOCH3 

318 

H+ or OH- I 
319 

N i  - 
H 

325 
T 

Ni I 

321 322 323 

The unusual part of the sequence of reactions arises from the fact that 
4-coprostanone (322) was found to be stable to  boron trifluoride ether- 
ate. The authors explained the isomerization during the reaction with 
1,2-dimercaptoethane by assuming that the large group in the inter- 
mediate hemithioketal (322a) would be equatorial @). Since the hydroxyl 
group and the hydrogen would both be axial, elimination would occur to  
form an unsaturated sulfide (322b) which then would add the second 
mercapto group to yield the more stable cholestane compound (324). 

322 322a 

[For references, see pp. 585-610.1 525 
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P 324 
32213 

In a related series of experiments, Fieser,  Yuan, and Goto187a inves- 
tigated the reaction of other cholestenolone acetates with 1,2-dimer- 
captoethane under milder conditions than used above. Both 4a-acetoxy- 
5-chulesten-3-one (318) and 6B-acetoxy-4-cholesten-3-one (326)yielded 
a mixture of bis(ethy1ene mercaptole) (319) and another compound, 
formulated as 6a- (2-mercaptoethylthio) - 4- cholesten-3-one 3- (ethylene 
mercaptole) (326a). Use of only one equivalent of dimercaptoethane 
yielded still another compound, formulated as a dihydro-P-dithiin 
(326b). Both compounds gave the bis(ethy1ene mercaptole) (319) on 
further treatment with lI2-dimercaptoethane and boron trifluoride, and 
the reactions were formulated as follows, 

[ o& 
I 

&] I 
J, 

HSCH,CH~S 

326a 

319 

HO a1 
I 

526 



C,S, Ring Systems 

320a yielded cholestane with R a n q  nickel, an illustration of double 
bond saturation with this reagent. 

38-Acetoxy- 4- cholesten- 6- one (327) with excess 1,2 -dimercapto- 
ethane yielded a compound formulated as a cis-4-dithiane &(ethylene 
mercaptole) (321a). With one equivalent of 1,2-dimercaptoethane a 
different compound was  obtained, formulated as a trans -p-dithiane 6- 
0x0 derivative (32713). This, on treatment with additional I ,  2-dimercap- 
toethane, yielded a compound isomeric with 327a and formulated as the 
corresponding bans  isomer (327~). The reactions were formulated as 
fOUOWS8 

cn3coo q B F S ,  [ +q (cH*sHb>& 

+ @ ii ] (CHzSH)z, 

327 

327a I 
V 

f CHzSH), 

327b 327c 

In both of the sequences, structures were assigned on the basis of ultra- 
violet and proton magnetic resonance spectra. In the course of this 
work Fieser, Yuan, and Got018~~  made the surprising observation that 
4-cholesten-3,6-dione 3,6-bis(ethylene mercaptole) (327d) is reduced 
to the corresponding cholestane derivative (327e) by I ,  2-dimercapto- 
ethane and boron trifluoride. 

Miescher379 used lI2-dimercaptoethane to block the reactive 3- 

[For references, see pp. 585-610.] 521 
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position in 4-androstene-3,17-dione. Thus, the 3- (ethylene mercaptole) 
(328) was reacted with methylmagnesium bromide and the mercaptole 
was cleaved with mercuric chloride and cadmium carbonate to form 
17-methyltestosterone. 

CH,MgBr d& I 

-S 

328 

C H 3  ,:CHs d e, H g C 1 2 ,  C d C O j ,  Me&O 

+ 3-4 hrs. reflux 

n 

329 

Engel and Just165 have shown that concentrated hydrochloric acid is a 
poor reagent for regenerating the carbonyl group from the mercaptole. 

The sapogenins raised the interesting problem of whether a carbonyl 
function could be reacted with 1,2-dimercaptoethane without cleavage 
of the spiroketal system. This was found to be possible using zinc 
chloride, 1 s o y  453 hydrogen bromide, 457 hydrogen chloride, 1 52 or  per-  
chloric acid.301 Djerassi and co-workers156 found that ring opening 
did occur, however, when boron trifluoride etherate was used, and this 
led t o  an interesting ser ies  of products. Thus, tigogenin acetate (330) 
reacted with 1.2-dimercaptoethane in the presence of boron trifluoride 
etherate to yield 3~3-acetoxy-5cr-furostan-26-one cyclic ethylenemer- 
captole (3311, since Raney nickel desulfurization gave 3P-acetoxy-Sa- 
furostane (332), whose structure was proved by various transformations 
and degradation experiments. Similarly, diosgenin acetate (333) and 
hecogenin acetate (335) yielded the 26- (ethylene mercaptole) (334) and 
the 12,26-bis(ethylene mercaptole) (336), respectively, both of which 
were converted into 332. 

Pettit and B ~ w y e r ~ ~ * \ ~  obtained the same results with diosgenin ace- 
tate (333) using an aluminum chloride catalyst, and postulated the fol- 
lowing mechanism to  explain the formation of the 26-aldehyde (p. 530): 
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- I C l s  G A l C l s  

&c"3 + @ t H3 

, @lCl3 CH9 

5. Derivatives of Cyclic Ethylene Ester of Trithiocafbonic Acid 

The parent compound of this class, 1, 3-dithiolane-2-thione, listed in 
Chemical Abstracts under this name, is cross-indexed to "carbonic acid, 
trithio-, ethylene ester (cyclic)", under which the compounds are found. 
Beilstein named the compound trithiocarbonic acid ethylene ester; 1 ,3-  
dithiolan-&one was named dithiocarbonic acid ethylene ester. 

a. Preparation 

1,3-Dithiolane-&thione (337) was f i r s t  prepared by H u ~ e m a n n ~ ' ~  by 
the reaction of sodium trithiocarbonate with ethylene bromide or  chlo- 
ride. 

(CH2Br)2 ,  EtOH 
Na2S 10 min.  ref lux 

CSZ > N a 2 C S 3  

(CHZBr)2 ,  EtOH 
Na2S 10 min.  ref lux 

CSZ > N a 2 C S 3  

337 
4-Methyl-, 4-ethyl-, and 4-n-propyl-l,3-dithiolane-2-thiones were pre- 
pared in the same way from the corresponding 1,2-dibromides.273 
Challenger, Mason, Holdsworth, and Emmett125 prepared 1,3-dithiolane- 
2-thione and the 4-methyl derivative in 60% yield by the Husemann 
procedure, while Runge and co-workers45* obtained only a 10% yield 
of the 4-phenyl derivative from styrene dibromide. A variety of other 
preparations have been reported! the compounds prepared are listed in 
Table 19. 

According to Challenger, Mason, and co-workers,125 1,3-dithiolane- 
5-thione is formed when 1,3-dithtolane i s  heated at 200-230" with sul- 
fur. Frassett i ls7 claimed that 1,3-dithiolane-X-thione could be pre- 
pared in quantitative yield by treating diethyl ethylene xanthogenate 
with potassium hydroxide. 

530 



C,S2 Ring Systems 

Tarbell and Harnish532 formulated the reaction as follows: 

l42-S- - 0 C z H s  C a H s O C G H  

d OH- f f 

CH2-S- -OC2H5 E C H2- S- -0CzH6 E 

C 0 1 t o f l ~ ~  prepared ethylene trithiocarbonate by treating ethylene 
dichloride and carbon disulfide with aqueous potassium hydroxide at 
50-55"; the reaction is reported to give a 90% yield.405 The same patent 
mentions the use of ethylene glycol, ethylene oxide, and ethylene chloro- 
hydrin, but with no details. Culvenor, Davies, and Pausackerl38 investi- 
gated these syntheses in  greater detail. Probably the best synthesis of 
1, 3-dithiolane-2-thione, according to these authors, is the reaction of 
ethylene oxide with carbon disulfide and potassium hydroxide in methan- 
ol. 

MeOH 

=. 91% t -  ' i"? Cttz-CHz + C S 2  + KOH 
\O/ 

Under the same conditions ethylene chlorohydrin gave a 42% yield and 
1,2-dimercaptoethane an 83% yield; the latter reaction had been repor- 
ted previously by Hurtley and Smiles.269 The same procedure applied 
to  styrene oxide gave a 77% yield of 4-phenyl-l,3-dithiolane-2-thione, 
but tetramethylethylene oxide gave only a 5% yield of 4,4, 5, B-tetra- 
methyl-l,3-dithiolane-2-thione. Propylene oxide gave a 70% yield of 
4-methy1-lt3-dithiolane-2-thione, while isobutylene oxide gave 4,4- 
dimethyl- 1, 3 -dithiolane-2-thione . l a B  4-(~-Tolysulfonylmethyl)-l, 3- 
dithiolane-2-thione (338) was prepared from the chlorohydrin.f3D 

. Davies and S a ~ i g e l ~ ~  prepared 4- (N-methylanilinomethyl)-1, J-dithio- 
lane- 2-thione (339) from N-methylanilinomethyloxirane and excess 
potassium methylxanthat e. 

H e O H  
18 h r s .  r .  t .  ("'rs C6H5>NCH2 H- H2 + CHsOCSzK 

C H CHz 
l7 ST CHs \oT 

C H 3  

339 
Bashour3' prepared a number of 4-aryloxymethyl-l13-dithiolane-2- 
thiones from glycidyl ethers by the same procedure. 

[For references, see pp. 565-610.1 531 
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Chapter 5 

A reasonable mechanism for this synthesis involves the reaction of 
the epoxide or chlorohydrin with xanthate to form the thiirane, followed 
by reaction of the thiirane with more ~ a n t h a t e . ~ ~ ~ b , l ~ ~  

The stereochemical implication is, of course, that the thiirane is formed 
with inversion and opened by attack on the terminal carbon, resulting 
overall in inversion at the nonterminal carbon atom. 

Several authors have used this procedure to prepare 1,3-dithiolane- 
2-thiones i n  the sugar series.  For example, McSweeney a n d W i g g i r 1 i ~ 6 ~ ~  
reacted 1,3: 2,4-di-O-ethylidene-5,6-anhydrosorbitol (339a) with car- 
bon disulfide and caustic in methanol and isolated a trithiocarbonate 
which they formulated a s  being formed without rearrangement. Creigh- 
ton and showed that this compound is actually the rearranged 
product, 5,6-dideoxy-l, 3: 2, 4-di-0-ethylidene- 5,  6- (thiocarbony1dithio)- 
L-iditol (339b), by the following transformations: 

/O---CH2 ,O-?Hz 
1. CH3COSK CH3dH H$-O\ 

‘0-CH CHCH, 
2. OH- H b - 0  / > 

p - y 2  p - y 2  

CS, ,  KOH,MeOH 

61% 

339b 339a 
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There can be little doubt that the thiirane is fonned from the tosylate 
and the oxirane with inversion. It is quite reasonable to assume, there- 
fore, in accord with the above mechanism, that the trithiocarbonate is 
formed from oxirane with inversion and from thiirane with retention. A 
number of other sugar derivatives reacted similarly.137b,273a,362a 
McSweeney and Wiggins36Za used this procedure to prepare 5 , 6 -  
dideoxy derivatives by Raney nickel desulfurization, while Iqbal and - 
Owen27Sa reduced the derivatives to di- and tetramercaptans. 

Iqbal and Owen 273ir used this procedure to prepare tram-4, 5-dime- 
thyl- 1,3-dithiolane- 2-thione (399~) from cis- 2,3- dimethyloxxirane. In 
this, case the formation of thiirane would involve inversion on both car- 
bon atoms, and ring opening with inversion would give the trans isomer. 
This assignment has recently been confirmed by Overberger and 
Drucker*lfa by the use of NMR. 

C S z ,  KOH H1 )CH3 

Y e O H  CHi*i,--.*. H 

5 H 3 % .  M C H 3  5 d a y s  r. t .  > [ H?c-y?H3] + 
H,..f-J -. CHj' \s 'CH 

339c 

Durden, Stansbury, and Catlette15S prepared 1,3-dithiolane-Z-thione 
by reacting ethylene oxide with carbon disulfide under pressure using 
a catalytic quantity of tertiary amine. 

Me3N 
30 mi7n7%1500 i"p 

CH -CH2 + CS2 a + cos f co, \;/ 

With other epoxides, however, the yields were inferior to those obtained 
by the xanthate procedure. The reaction was presumed to take the fol- 
lowing course: 

Runge and c o - w o r k e r ~ ~ ~ ~ ~  described the synthesis of 1,3-dithiolane- 
2-thione from 1,3-dithiolan-2-one (340) and phosphorus pentasulfide. 

p4s10, xy lene  

> Cy (s$, 5 hrs,;%ef l u x  

l,J-Dithiolan-2-one (34Q) was first prepared by H ~ s e m a n n ~ ~ ~  by 
treating 1,3-dithiolane-2-thione with dilute nitric acid. 

[For references, see pp. 585-610.1 537 
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340 

Runge and co-workers459b reported a 73% yield usin permanganate 
in acetone. According to Challenger and c o - w o r k e r ~ ~ ~ ~  a 62% yield of 
1, 3-dithiolan-2-one can be obtained with mercuric  acetate in acetic 
acid; this has been confirmed by Overberger and Bonsignore. *11 

drolysis of ethylene bis(thiocyanate1. 
Runge and co-workers459b prepared 1 , 3-dithiolan-2-one by acid hy- 

25% aq. H 2 S 0 ,  
15 hrs. reflux 

26% >cyO NCSCHzCHzSCN 

Konowalow3~5 prepared 1,3-dithiolan-2-0ne without the intermediate 
formation of the 3-thione. Heating carbon disulfide, ethylene bromide, 
and aluminuni bromide in a sealed tube gave a complex, CS, . AIBr, . 
C,H,Br,, which yielded 1,3-dithioIan-2-orre on treatment with water. 
According to the patent literature405 l13-dithiolan-2-one is a by-pro- 
duct in the preparation of 1, 3-dithiolane-2-thione from ethylene chlo- 
ride, carbon disulfide, and potassium hydroxide. Huseman1-1273 found 
that heating p-dithiane with thiocarbonyl bromide, S=CBr2, and water 
gave the same compound; a better yield was obtained by nitric acid oxi- 
dation of 1, 3-dithiolane-2-thione, however. Probably the best synthesis 
of 1, 3-dithiolan-2-one involves the reaction of 1, 3-dimercaptoethane 
with phosgene as described by Backer and Wiggerink.25 

COC12, E t z O  

HSCHzCHzSH --t. 83% i"? 
A number of compounds related to 2-imino-1, 3-dithiolane are repor- 

ted in the l i terature.  The first preparations were described by G1ut.z,Z16 
who assigned incorrect s t ructures  to the compounds. Much of h i s  work 
was repeated by Miolati,387 who assigned correct  structures.  Thus, 
ethylene thiocyanate or the copper salt of 2-mercaptoethyl thiocyanate, 
when heated with tin and hydrochloric acid, yielded 2-imino-l,3-dithio- 
lane hydrochloride as the tin chloride double salt (341); treatment with 
hydrogen sulfide liberated the hydrochloride (342). The ethylene thio- 
cyanate preparation has  been confirmed by Siege1 and Rosenblatt . 496 

Sn, concd. H C l  

HZS , or ._ 

NCSCH,CH,SCN 

341 
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The hydrochloride could be formed directly by omitting the tin but the 
yield was lower.304,387 Treatment of ethylene thiocyanate with phos- 
phorus triodide gave 2-imino-1,3-dithiolane hydroiodide. Miolati pre- 
pared 4-methyl- 2-imino-l , 3-dithiolane hydrochloride from propylene 
thiocyanate, and Engle166 prepared 2-imino-4-hydroxymethyl- 1,3- 
dithiolane hydrochloride (343) from 2, 3-bis(thiocyano)-l-propanol. 

-frNH-HC1 Sn, H C 1  
HOCH, HCHzSCN 

HOCHp 

343 
I C *  

AldridgelO postulated the formation of 343 as an intermediate in his 
test for BAL, 2,3-dimercapto-l-propanol, which involved the reaction 
of BAL with cyanogen chloride and base. This hypothesis has been dis- 
cussed by Siege1 and R o ~ e n b l a t t , ~ ~ ~  and led Addorea to  investigate the 
preparation of 2-imino hydrochlorides from vic-dimercaptans and 
cyanogen chloride. Excellent yields are obtained when the reaction is 
catalyzed by hydrogen chloride and ethanol, and this constitutes the 
best synthesis for this class of compound. 

Wheeler and Memiam574 prepared 342 by reacting 2-chloroethyl 
thiocyanate with thiobenzoic acid. 

C l C H 2 C H z S C N  + C6H,COSH r e y k  , c T n H . H c l  

342 

The same reagent applied to ethylene thiocyanate gave a compound to  
which they assigned the structure 2-benzoylimino-1, 3-dithiolane (344), 
since the tin chloride salt ($41) prepared by GIutz216 and by Miolati387 
yielded the same compound when treated with benzoyl chloride in a 
Schotten-Baumann reaction. Their compound melted at 80-81". Miolati 
claimed to have prepared the same compound, m.p. 141-143", by treat- 
ment of 2-acetylimino-1, 3-dithiolane (345) with benzoyl chloride. 

P h C O S H ,  C s H s  P h C O C l  

H z S C N  6 -8  hrs, ref lux ~ C T N C O C B H 5  NaoH 

H,SCN 2 1 r (ST~~t] s n c 1+*- 

344 341 

P h C O C l  1' 
~ ~ N C o c H 3  

345 

Although Wheeler and Merriam's evidence appears to  be more convinc- 
ing, the structure of 344 remains in doubt, as does that of 4-phenyl-2- 

[For references, see pp. 565-610.1 539 
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benzoy1imino-l13-dithiolane prepared from 1-phenyl-1 ,3-bis(thio- 
cyano)ethane and thiobenzoic acid. 

Wagner-Jauregg and HPring561a prepared 2-imino-1,J-dithiolane 
hydrothiocyanate (341a) from ethylene sulfide and thiocyanic acid; s i lver  
chloride converted it into the hydrochloride (342). Propylene reacted 
similarly;  apparently the yields are very low. 

Buschl02 prepared 1,3-dithiolane-Z-phenylhydrazone (347) by an 
unusual sequence of reactions. Phenylhydrazine reacted with carbon 
disulfide and potassium hydroxide to form the potassium salt  of phenyl- 
hydrazinedithiocarbonic acid (346); this, on treatment with ethylene 
bromide in ethanol, gave the phenylhydrazone. 

Initially the wrong s t ructure  was  assigned to 347; it was corrected 
when it was found that the compound could be hydrolyzed to  1, 3-dithio- 
lan-2-one, and that it was identical with the phenylhydrazone prepared 
by Mioloti3S7 from the imine hydrochloride (342) and phenylhydra- 
zine.105?1*6 Busch and c o - ~ o r k e r s ~ 0 ~ - ~ 0 6  prepared analogous com- 
pounds from a number of arylhydrazines. 

Kennard and VanAllanzSs found that 2-hydroxyethyl N, N-diethyldithio- 
carbamate (348) could be cyclized to 1,3-dithiolan-2-diethylimmonium 
tetraphenylboron (349) by treatment with tosyl chloride and precipita- 
tion with sodium tet raphenylboron. The reaction is discussed in greater 
detail in Chapter 12, section I1 A-la.  

P-C&PhSQ2Cl, CsHs, E t S N  
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349 
b. Structure and Reactions 

1, 3-Dithiolane-2-thiones are generally oils o r  low-melting crystal- . 
line solids, soluble i n  the usual organic solvents and insoluble in water. 
They are invariably yellow, whereas the corresponding 2-ones are 
colorless. Challenger and co-workers125 and Hasteldine and Kidd240 
determined the ultraviolet absorption spectrum of 1, 3-dithiolane-3- 
thione. They found A,, at 460,311 and 293 m&, fiaszeldine and Kidd 
assigned the 9.27 u band in the infrared spectrum to  the C=S stretch- 
ing vibration; Jones, Kynaston, and Hales282 agreed with this assign- 
ment, as did Iqbal and and Bellamy and R o g a s ~ h . ~ s ~  Mecke, 
Mecke, and Ltittringhaus376~377 found a band at 9 . 4 5 ~  for 1,3-ditkiO- 
lane-2-thione and at 6. lop for 1,3-dithiolan-2-one; they also determined 
the Raman spectra. For both ketones and thioketones the position of the 
C=X stretching vibration varied widely with the structure. Luttringhaus 
and Grohmann345 measured the dipole moments of the two compounds, 
that for the 2-thione (4. 86 D) being higher than that for the 2-one 
(4. 46 D). They interpreted this as indicating a greater polarity for the 
'C=S group, in agreement with the yellow color of the 2-thione. 

H u ~ e m a n n ~ ~ ~ , ~ ~ ~  assigned the correct structure to 1,3-dithiolane-2- 
thione by virtue of its method of synthesis and its cleavage reactions. 
Thus, ammonia gave 1,2-dimercaptoethane and ammonium thiocyanate, 
potassium hydrogen sulfide gave the dimercaptan and potassium trithio- 
carbonate, and fuming nitric acid gave 1,2-ethanedisulfonic acid. 

/ 

Alcoholic potassium hydroxide, according to Frassett i , lQ7 gave a 70% 
yield of 1, 2-dimercaptoethane, but Culvenor and Davies139 reported 
generally unsatisfactory yields by this procedure. Delaby and co- 
worker~145,146,569,459~ investigated the reaction of 1,3-dithiolBne-2- 
thione with secondary amines at 40". According to these workers, the 
major product was the 2-mercaptoethyl dithiocarbamate (3501, obtained 
in 95% yield with dimethylamine, piperidine, or morpholine, but in only 
30% yield with diethylamine. A by-product with piperidine, especially 
in the presence of excess amine, was the ethylenebis(dithioearbamate) 
(351), whose yield could be increased by carrying out the reaction in the 
presence of alcoholic potassium hydroxide; it is probably a secondary 
product of the reaction. 

[For references, see pp. 585-610.1 541 
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S 
II 

351 

E S 
400 II 

+ R,NH --> R,NCSCH2CH,SH + R z N  SCH,CH,SCNR,  

("p 350 

Challenger and c o - ~ o r k e r s 1 2 4 - ~ ~ 6  confirmed Delaby's results with 
pigeridine and found in addition that at 100" the sole product was  the 
piperidine salt of piperidinodithiocarbamic acid (352). The Z-mercap- 
toethyl dithiocarbamate (350) was  unaffected by piperidine at loo", s o  
it could not be an intermediate for this reaction, 

- 
352 

According to Durden, Stambury, and Catlette, 153 a however, the product 
of the Delaby reaction is the disulfide (35%) and not the mercaptan, as 
evidenced by molecular weight determinations and by the absence of a 
sulfhydryl band in the infrared. These authors found that primary 
ainines yield N, N'-dialkylthioureas. 

C5H10NH 

2.5 hrs. 40' 

(CH2NH2I2 "'8 35% 
& 9 % I  E t O H  qh 

E 
4 hrs. r e f l u x  

n C,H9NH NHC,H, 

Challenger and co-workers1 investigated several other reac- 
tions of 1, 3-dithiolane-2-thione. Reduction with sodium in alcohol 
yielded 1,Z-dinuscaptoethane and hydrogen sulfide. Surprisingly, no 
methyl mercaptan was isolated; the reaction does not proceed uia inter- 
mediate formation of 1,3-dithiolane, since it was shown that the latter 
compound is reduced to 2-methylthioethyl mercaptan (see section I1 A- 
lb). 

H S C H z C H z S H  + H g S  i"ts Na'EtoH> 

CH,SCHzCHzSH 0 Na'EtoH> 

According to Iqbal and O ~ e n ~ 7 3 ~  and Hauptmann and Bobbis246a good 
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to excellent yields of dimercaptans are qtained by lithium aluminum 
hydride reduction; the fate of the cleaved,C=S group was  not deter- 
mined. As  expected, Raney nickel desulfurization yields the hydrocar - 

Although Challenger and co-workers125 reported a crystalline 1 : 1 
adduct of 1,3-dithiolane- 2-thione with mercuric chloride, Runge and 
co-workers4~~b claimed that compounds of this type form amorphous 
1 : 3 adducts, and that this can be used to differentiate between dithio- 
lanes and dithioles, the latter forming 1 : 1 complexes. 

According to Challenger and co-workersl25 1,3-dithiolane-Z-thione 
forms an addition compound with bromine, probably on the thione sulfur, 
since water regenerates the parent compound. 

bon. 362a 

Bashours8 reported that chlorination of 1,3-dithiolane-Z-thione in car- 
bon tetrachloride gives a material with the average composition 
C3H,S2C13. This was  investigated in greater detail by Runge and his 
co-workers. The first product formed was an insoluble 1 : 1 adduct, 
presumably analogous to the dibromide reported by Chailenger. Addi- 
tional chlorine then yielded an unstable resin, which liberated hydrogen 
chloride on standing. 

from 1,3-di#iolane-2-thione and sulfur tetrafluoride. Hydrolysis of the 
difluoride yielded 1,3-dithiolane-Z-one. 

Harder and Smith2378 prepared 2, 2-difluoro-l,3-dithiolane (35zb) 

3521, 

1 , 3-Dithiolane-2-thione could be converted to p-dithiane and thiocar- 
bony1 bromide, according to Husemann, 273 by heating it with ethylene 
bromide. 

Davies and Savigel42 reported that 4-(N-methylanilinomethyl)-l, 3- 
dithiolane-2-thione (339) yields dimethylaniline on heating. 

Distil r s ~  ~ 0 o ~ a ; ; ~ m m  ~ C & j N (  C H S ) ~  

339 
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This unusual reaction i s  not completely without precedent; dimtthyl- 
aniline is formed when epichlorohydrin is heated with methylaniline. 

dilute nitric acid, potassium permanganate, or mercuric acetate in ace- 
tic acid has already been mentioned. It is conceivable that rearrange- 
ment could have occurred in the reaction to  form the isomeric 1,3-  
oxothiolane-2-thione; that this did not take place was shown by oxidation 
with fuming nitric acid to  1, 8-ethanedisulfonic acid,273,387 and by cleav- 
age with alcoholic ammonia to 1,Z-dimercaptoetbane and urea.305 

The synthesis of 1,3-dithiolan-%-one from 1,3-dithiolane-2-thione and 

HSCH2CH2SH + (NH212CO 

Both 1,3-dithiolane-2-thione and 1,3-dithioIan-2-one form an oxime 
with h y d r ~ x y l a m i n e , ~ ~ ~ - ~ ~ ~  while the former is also reported to form a 
phenylhydrazone. *5Jb Overberger and Bonsignore411 were unable to 
dehydrogenate 1,3-dithiolan-%one to  1,3-dithiol-L-one. 

-The structure of 2-imino-l,3-dithiolane hydrochloride (342) was also 
proved by its reactions.387 Concentrated nitric acid yieided 1, 2-ethane- 
disulfonic acid. The free imine could be isolated by treatment of the 
hydrochloride with dilute base, but it was highly unstable. 1, 3-Dithiolan- 
2-one could not be isolated after hydrolysis of the hydrochioride, but 
treatment of the hydrochloride with potassium sulfide in alcohol yielded 
1,3-dithiolane- 2-thione, identical with the compound prepared by Huse- 
mann.272 The imine hydrochloride formed an mime and a phenylhydra- 
zone. Aliphatic amines also displaced the imine group, a8 did aromatic 
amines in the presence of base. Methyl iodide gave the N-methylimine, 
a s  shown by hydrolysis to methylamine. Acetic anhydride gave the N- 
acetyl derivative (345) which, upon treatment with benzoyl chloride gave 
the N-benzoyl derivative (344); the structure of 344,as already mentioned, 
is in doubt. 

N H 2 0 H - H C 1  
N s 2 C 0 3  

P h N H N H 2 - H C l  

NaOhc 
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C t N H 2 ,  H z 0  

Mel, EtOH 
ref  l u x  ~ ~ ~ N C H ~ . H I  NaOH,  H 2 0  

ACZO ~ ~ ~ C O C H ~  P h C O C l  > c7Nc0C6H9 

345 346 

> CH3NHz 

According to Miolati387 hydrolysis of 342 yields ethylene tetrasulfide. 
This was disproved by Siege1 and Ro~enbla t t ,~96  who showed that hydro- 
lysis yields thiocyanate ion and either ethylene sulfide or its polymer, 
presumably via intermediate formation of 353. A neighboring group 
effect explains the unusual hydrolysis of an organic thiocyanate to  thio- 
cyanate ion. 

342 353 

1 
( -CH~CHZS-) .  + SCN- 

It is interesting that, although M i 0 1 a t i ~ ~ ~  was unable to hydrolyze 2- 
imino-1, 3-dithiolane to  1, j-dithiolan-2-one, Busch and Lingenbrink105 
succeeded in hydrolyzing the phenylhydrazone. Several hydrazones were 
also acetylated to give compounds of the type of 354.102,104 

Dil. Has04 ( S ~ N H C ~ H ~  2 h r s .  ref  lux, 

/r:xx 
(3-y5 

O C H p  

354 

c. Uses 

Ulttringhaus and G o e t ~ e ~ * ~  described the use of 1,3-dithiolane-2- 
thione and its 4-methyl derivative as inhibitors for the acid pickling of 

- 
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iron. Synergistic effects were claimed using 1, 2-dithiole-3-thiones, 
1,3-dithiolane-2-thiones, and either dibenzyl sulfoxide o r  di-o-tolyl- 
thiourea,344b or a 1,3-dithiolane-2-thione with dibenzyl sulfoxide or  an 
acetylenic alcohol. 344a 4-Metk.l-l,3-dithiolane-2-thione was active in 
protecting zinc against hydrochloric and sulfuric acids, and aluminum 
against hydrochloric acid. 343 

er for akoxy-substituted aromatic amines. The same compound has 
been patented a s  a flotation agent for copper ores.4*5,406 A number of 
I, 3-dithiolane-2-thiones and 1, 3-dithiolan-2-ones have been patented 
as insecticides, especially against fleas and lice.249 The activity of the 
unsubstituted 3-thione has been confirmed by Runge and co- 
workers,*53b who found that the insecticidal activity decreased with in- 
creasing ring size. Although Bashour38 claimed that chlorinated 1,3- 
dithiolane-2-thione is useful as an agricultural fungicide, Runge and ca- 
workers reported it to be too unstable for this purpose. Gerner and 
KonzZ12c patented the use of 1, 3-dithiolane-2-,3-tolyihydrazone as a 
pesticide. 

Linch323 has patented the use of 1,3-dithiolane-8-thione as a stabiliz- 

6. I, 3-DitJ1iole 

The first  compound containing this ring system was prepared in 1952 
by Challenger, Mason, Holdsworth, and Emmott,l24-126 who reacted sul- 
fur with acetylene a t  450". In addition to thiophene and condensed thio- 
phenes there was isolated in trace quantities (25 g from 25 kg of sulfur) 
a mixture of two compounds. One was shown to be 1,2-dithiole-3- 
thione (see section I A-2a- (1)); the other was proved to be the isomeric 
1,3-dithioIe-2-thione (355) by the following reactions. Reduction with 
sodium in alcohol or with lithium aluminum hydride gave 1, 2-dimer- 
captoethane; in addition, the former reagent gave methyl mercaptan, in 
contrast to 1,3-dithiolane-2-thione. It reacted with piperidine at 100" to 
give piperidinium piperidinodithiocarbamate (352), just as did the satu- 
rated analog. Hydroxyiamine gave glyoxime, and alcoholic sodium hy- 
droxide gave sodium trithiocarbonate. Therefore, the compound must 

s 
contain a two-carbon chain and a 11 grouping- Further evidence 

-s-c-s- 
for the thiocarbonyl function was reaction with mercuric acetate to  form 
1,3-dithiol-2-one (350). It was not possible to reduce the compound to  
1 3-dithiolane-2-thione; zinc and acetic acid yielded a compound, m.p. 
150-151°, which was assigned the structure 2, 2'-bis(1, 3-dithiole) (357). 
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H=NOH 

H=NOH 
+ HzS + S + Sz03' 

NHzOH 

356 

d?.&!!"a Zn, A c O H  

357 

The ultraviolet spectrum of 355 resembles that of 1,3-dithiolane-2- 
thione, the shift to longer wave lengths indicating that the double bond is 
conjugated with the trithiocarbonate group. Actually, the similarity of 
the spectrum to that of 1,3-dithiolane-2-thione is surprising, inasmuch 
as the same resonance forms written for 1, 2-dithiole-3-thione (see 
section I A-2a-(2)) are possible here and the compound should show aro- 
matic character , 

355 

Inasmuch as the compound appears to be less stable than its saturated 
counterpart, these resonance forms apparently contribute little to its 
structure. Mecke, Mecke, and Lffttringha~s3~6,37~ have determined the 
infrared and Raman spectra of the compound. 

of this work have not been published. 

by pyridine, indicating that it is an alkylating agent just like the 1, 2- 
dithiole-3-thionium salts (see section I A-2a-(3)). It forms a mono- 
and a &-mercuric chloride adduct, as well as a crystalline adduct with 
silver nitrate. Bromine gives a crystalline dibromide t359), which re- 
verts to the parent compound on treatment with water. 

An x-ray examination confirmed the assigned structure,125 but details 

1,3-Dithiole-2-thione forms a methiodide (358), which is dealkylated 

CH31 cy, Br2 , j i " f B r  
B r -  

H2O 
355 359 

c%'H3' C,H$ -> 
358 

More recently, Runge and co-workers45~b prepared 4-phenyl-l,3- 
dithiole-2-thione (360) from l-phenyl-l,2-dibromoethylene. 360 formed 
a crystalline 1 : 1 adduct with mercuric chloride and yielded a phenyl- 
hydrazone. A certain amount of aromatic character was indicated by 

54 7 [For references, see pp. 585-610.1 



Chapter 5 

heating 360 with propanesultone; a water-soluble amorphous product, 
formulated as 36Oa, was obtained. 

KzCS,, E t O H  P h N H N H , ,  E t O H  

C13H6[:ir r;fa:ux f$S 24 h r s .  ref lux f s y N H c 6 H 5  

C5H5 C6H5 

360 

48a1=02 3 hrs. 130° 

HOzSC HzCHzCHz 

C5HS 
360a 

Leaver and Robertson313a reported sti l l  another synthesis of 1,3- 
dithiole-2-thiones. Heating methyl phenacyl trithiocarbonate with phos - 
phorus pentasulfide yielded 4-phenyl- 1,J-dithiale- 2-thione (360) in 
rather low yield. 

P4Slo, t e t r a l i n  - 6"T LH, /s\ L-S .- r e f l u x  
I 

CBH&O dC.3 c OH5 
360 

Xanthates reacted similarly, and 1,3-dithiole-2-thione, identical with 
Challenger's compound, 
were prepared by this procedure. 

The intriguing discovery of BZhr and his co-workers (see Chapter 12, 
section III A-2a) that the disodium salt of dimercaptomaleonitrile (361, 
M = Na) can be prepared from sodium cyanide and carbon disulfide led 
to  a different type of substituted 1,3-dithiole. Thus, these workers28r23 
reported that the silver salt of 361 reacts with methylene iodide to give 
4,5-dicyano-1, 3-dithiole (362), isolated as brown-yellow needles, while 
Wolf, Degener, and Petersen171*, 5*Ia reportedthat 4,5-dicyano-l,3- 
dithiole-2-thione (362a), prepared from 361 (M = Na) and thiophosgene, 
and the corresponding 2-one f362b), prepared from 361 (M = Na) and 
phosgene, show cytostatic and fungistatic activity. 

26 and 4 -rnethyl-l,3-dithiole-2-thione 

Ncli"a NC 

362 

ICHzIz csc12 

-SM 0 - 2 5 0  NCf'" 
N a 2 C 0 3 ,  H,O 

--~~-iG-+"~---- 
HCONMe2, NC-C& 

'SM -----+ 
MCN + C S ,  

907 

361 
coc1, 

362a 

362b 
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Kirmse and H 0 r n e r 2 Y ~ , 3 * ~  prepared a third type of 1,J-dithiole de- 
rivative. In the course of their investigations into the photochemical 
reactions of diazo compounds, they carried out the photolysis of 4- 
phenyl-1, 2,S-thiadiazole (363). Nitrogen was evolved and 2-benzyli- 
dene-4-phenyl-1,J-dithiole (384), which they called 2, w-dipheny1-1,4- 
dithiafulvene, was isolated in good yield in the form of lemon-yellow 
crystals. 

363 364 

Three structures for the product were considered. 2,5-Diphenyl-p 
dithiin (366) would be formed by dimerization of the intermediate di- 
radical (365). 

This compound is known, however, and it differs from the compound 
isolated A second possibility (367) would involve rearrangement of 365 
and dimerization of the resulting thioketene. 

A 

367 

365 --+ C ~ H ~ C H = C = S  + C ~ H ~ C H = C ,  ,C=CHC,H, 
S 

The third possibility would involve condensation of 365 with the thio- 
ketene to yield 364, which Huisgen and Webernd6rfer26*a suggested as 
another example of the now well-known 1,3-dipolar cycloaddition re- 
action. 

365 364 

Compounds of the type of 367 are known, and the infrared and ultra- 
violet spectra of diphenylthioketene dimer are indeed similar to  those 
of the compound formed. Raney nickel desulfurization of 584 gave ethyl- 
benzene plus a trace of 1,4-diphenylbutane. Oxidation yielded a disul- 
fone (368), showing that both sulfur atoms a r e  present as sulfides, and 
alkaline cleavage of the disulfone yielded benzaldehyde, presumably by 
a reverse aldol condensation. These reactions show the presence of the 
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group C,H,CH=C -SO,-, and do not serve to differentiate between 364 
and 367. Other reactions showed quite definitely, however, #at the 
compound is the 1,3-dithiole derivative (364). Thus, careful reduction 
yielded a dihydro derivative, indicating that the two double bonds are 
different; the dihydro product, formulated as 2-benzyl-4-phenyl-l , 3- 
dithiole (369), could be oxidized to a disulfone (310). More drastic re- 
duction yielded 2-benzyl-4-phenyl-I, 3-dithiolane, isolated as its disul- 
fone (571);compounds of this type are known to exist in only one 
form.452 Furthermore, treatment of the disulfone (368) with sodium 
methoxide split off one sulfur as sulfite and introduced three methoxyl 
groups. Since 1,l-disulfones are  stable to base and 1, 3-disulfones are 
not, this reaction favors 364 as the correct structure. The reactions 
were formulated as follows: 

L6.. ( s 7 c H 2 c 6 H 5 ]  CH3C0SH, (\rH2c6H5 

C6H5 

371 

Excess Zn, AcOH H C 1 0 ,  j i S 7 H & 6 t i 5  C H ~ C O J H  t 1 r H 2 c 6 H 5  

100% Z H ,  

369 370 

C6H% 

364 C ~ H S C H ~ C H ~  + C&CH,CH,CH,CHZC~HS 

C6H5 HCHaS02H 

6CHa 
+ 

C H HCHO ST C6H5 

368 OCH, 

~ q .  NaOH 

C&CHQ 

364 dissolves in mineral acid and is recovered unchanged on dilution. 
rhe salt (372) is undoubtedly a pseudo-aromatic system stabilized by 
resonance, akin to the analogous 1,3-benzodithiole compounds (section 
II D), although Kirmse and Horner pointed out that the ease of proton 
removal indicates the resonance energy is not very large. 
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364 is oxidized to a red-violet dye, which can be isolated as a black 
picrate; the structure of the oxidation product is unknown. 

Other 4-aryl-I, 2,3-thiadiazoles gave the same type of photochemical 
reaction. 4,5-Diphenyl-l, 2,3-thiadiazole (373) reacted differently, 
however, yielding two compound8, one identified as tetraphenyl-p-dithiin 
(374) (see Chapter 12, section III A-2a) and the other as Z-diphenylmeth- 
ylidene-rl,[i-diphenyl-l, 34ithiole (975). 375 differed from the known' 
diphenylthioketene dimer, and showed the expected reactions. 

Aq. NaOW i 
C ~ H S C O C H ~ C ~ H ,  + ( C & ~ ~ C = O  

Methyl 5-phenyl-1, 2,3-thiadiazole-4-carboxylate (318) reacted some- 
what differently, yielding only a small amount of dimethyl L-benzylidene- 
5-phenyl-l,3-dithiole-4, a-dicarboxylate (377), the major product being 
dimethyl 2,5-diphenylthiophene-3,4-dicarboxylate (378). The structure 
of 317 was proved by hydrolysis to Z-benzylidene-4-phenyl-1,3-dithiole 
(=I. 

The 1,3-dithioles which have been reported are listed in Table 20. 

7. 1,3-Dithiolium salts 
The only known 1,3-dithiolium salts, other than the 2-benzyl-4-phenyl 

derivative reported by Kirmse and Horner29YJOO (see section II A-6), 
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Chapter 5 

were prepared by Leaver and Robertson313a by cyclization of phenacyl 
or acetonyl carbodithioates (378a). 

378a 378b 

By this procedure they prepared 2,4-diphenyl-1, 3-dithiolium perchlor- 
ate (378b, R = R' = C,H,), m.p. 209-209.5", in 98% yield; 4-methyl-2- 
phenyl-1, 3-dithiolium perchlorate (3?8b,R = CH3, R' = C6H5), m.p. 
148-149" (dec.), in 79% yield; and $-rnethyl-4-phenyl-l,3-dithiolium 
perchlorate (378b, R = C,H,, R' = CH,), m.p. 102-103", in 13% yield. The 
reaction faiIed when R or R' was not phenyl. 

therefore a pseudo-aromatic system represented by the following reso- 
nance forms: 

The lJ3-dithiolium ion is isosteric with the tropylium ion and is 

A molecular orbital calculation for the ion was carried out by 
Kouteckf,3*gaat584c Leaver and Robertson found that 4-methyl-2-phenyl- 
I, 3-dithiolium perchiorate reacts with p-dimethylaminobenzaldehyde 
to give 4 -p-dimethylaminostyryl-2-phenyl-I, 3-dithiolium perchlorate 
(378c), although the corresponding 2-methyl-4-phenyl derivative would 
not react under these conditions. 

1. 2,5, 7-Trithiabicyclo[Z 2. llheptane (379) 

379 
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In 1942 Bahme, Pfeifer, and Schneider57 reacted chloroacetone with 
hydrogen sulfide and hydrogen chloride and isolated a compound, 
C6H,,S,, b.p. 116-118" at 14 mm, m.p. 50-51". It formed a mercuric 
chloride adduct which decomposed at about 110". The compound did 
not react with hydroxylamine or  phenylhydrazine, showing the absence 
of a thiocarbonyl group. Its nonreactivity with diazomethane and with 
Grignard reagents showed it was not a mercaptan, and the lack of re- 
duction with sodium showed the absence of disulfide links. Oxidation 
with permanganate gave a trisulfone, C6H,,0,S,, which sublimed at 
210-220" and decomposed above 255". On the basis of these results, 
Bohme and co-w0rkers57,58 formulated t h e  compound as 1,5-dimethyl- 
3,6,7-trithiabicyclo[3. 1. llheptane (380). 

HzS,  H C l ,  E t O H  
5 hrs. 0" 

52% ' cH3-eJ-H3 C 1 C H2COCH3 

380 

Brintzinger and Ziegler82 repeated the preparation and isolated a 
compound with the same formula, b.p. 100-102" at  23 mm, d2* 1. 203, 
which they formulated as bis(thioacetony1) sulfide (381), with no experi- 
mental evidence. Apparently they subsequently agreed with the formula 
proposed by B6hme. 

Hromatka and Engelzss isolated the same compound from the reaction 
of the acetonyl Bunte sat t  (382) with hydrochloric acid; they reported a 
melting point of 45. 5-46", but proved its identity with the previously 
reported compound by a mixed melting point. These authors266 suggest- 
ed. however, that the compound is actually 1,4-dimethy1-2,5, 7-trithia- 
bicyclo[L 2. llheptane (383), by virtue of the fact that diacetonyl sulfide 
gave none of the compound, whereas i f  Bahnie were correct,  it should 
form more readily than from chloroacetone. 

There is  actually little doubt that Hromatka and Engel are correct. The 
compound is probably a derivative of mercaptoacetone, formed as 
follows : 

HC 1 
CH3COCH2C1 Na2S203 > CHsCOCH2S,03Na CH3COCH2SH 

382 
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384 383 

Inasmuch as the mercaptoacetone dimer (384) dehydrates to 1,4-di-  
methyl-7-oxa-2,5-dithiabicyclo [Z.Z.lIheptane (see Chapter 4 , section 
II B-1) and reacts with amines to form l14-dimethyl-7-aza-2, 5-dithia 
bicyclo[2.2. llheptanes (see Chapter 12, section III. A-ljl, there is 
little doubt that it should react with hydrogen suifide to give the same 
type of symmetrical structure, 383. 

2 2,6, 'I-Trithiabicyclo[B. 2 l]hepbne (385) 

385 
(RRI 965) 

Doering and Levy157 prepared 385 from ethyl orthoformate and 1,2, 
3-trimercaptopropane; the latter was prepared from the tribromide 
and sodium tetrasulfide followed by reduction according to the proce- 
dure of Backer and co-workers. 22324 

1. Na2S41 EtOH H C ( 0 E t  J3 

43 3 d a y s  140' 
16% 

385 

The compound, which could be sublimed tri L ' ~ C ; I O  at 130°, polymerized 
on attempted recrystallization, indicating a considerabie amount of 
s t ra inin this ring system. An analytical sample sintered at 145" and 
finally melted a t  198". An attempt to  oxidize the compound to the cor- 
responding trisulfone was unsuccessful; a tetroxide of unknown struc- 
ture was formed instead, 

C. C3S2-C5 CYCLOPENTA-1,J-DITHIOLE (386) 
II_- 

386 

Iqbal and Owen273a prepared trans 4etrahydrocyclopenta-I, 3-dithiole- 
2-thione (387), m.p. 147", from cyclopentene sulfide and potassium 
methyl xanthate. 
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C S 2 ,  KOH, MeOH 
4 days r.  t., dsTS 

58% 

H 

387 

The reaction w a s  formulated a s  follows, ring opening taking place with 
inversion: 

ii 387a " 
It is interesting that the reaction failed with cyclopentene oxide, al- 
though it gives excellent yields with cyclohexene oxide (section 11 D-l). 
Iqbal and Owen attributed this to the difficulty of trans-fusion of two 
five-membered rings in the cyclopenta-l,3-oiathiolane analogous to 
387a, the resistance to ring closure being overcome in 387a by the 
greater nucleophilicity of sulfur as compared to oxygen. 

D. C,S,-C, 1,S-BENZODXTHIOLE (388) AND 1, 3-BENZODITHIOL- 

1-IUM SALTS (389) 

f y % 1 H 2  
388 389 

(RRI 1244) (RRI 1245) 
1,3-Benzodithiole is indexed in Chemical Abstracts as such, but the 

salt is indexed as 1,3-benzodithiylium. The 1,3-benzodithiolium nomen- 
clature recommended by the Revised Ring Index seems more logical 
and is used here. 

1. 1,3-Benzodlthiole Derivatives 

The simplest members of this class of compounds are reaction pro- 
ducts of o-dimercaptobenzene (dithiocatechol) with aldehydes o r  ketones. 
Thus, Guha and Chaklada1-2~5 prepared 2-(0-nitropheny1)-1, 3-benzo- 
dithiole (390) from dithiocatechol and o-nitrobenzaldehyde. 
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2-Phenyl-5-bromo-l,3-benzodithiole (391) waa prepared in the same 
manner from 4-bromo-l,2-dimercaptobenzene and benzaldehyde or 
from the dipotassium sa l t  and benzal chloride. 

Hurtley and Srniles26s-271 prepared a number of Z-substituted-l,3- 
benzodithioles from aldehydes or ketones and o-dimercaptobenzene, 
using hydrogen chloride with or without zinc chloride as catalyst. Only 
one carbonyl group in 1, 2- and 1,3-&ketones reacted, just as with 1, 2- 
dimer capt oethane. 

Culvenor and Daviesf33 reacted what was probably traiis-1,2-dimer- 
capt ocy clohexane 56 with benzaldehyde to form tr a,is - hexahy dr  o - 2- 
phenyl-1. 3-benzodithiole (392); piperonal reacted similarly. Iqbal 
and Owen273B prepared the corresponding 2, Z-dimethyl derivative. 

H 

392 

Bateman and co-workers39 prepared the cis isomer of 392 by sulfura- 
tion of cyclohexene at 14W, reduction of the cyclohexene polysulfide 
with lithium aluminum hydride to cis-l,2-dimercaptocyclohexne, 
which was then reacted with benzaldehyde. The product wag different 
from that reported by Culvenor and Davies and was therefore assigned 
the cis configuration. 

Breslow and Mohacsisla prepared ethyl 5-methyl-l,3-benzodithiole- 
2-carboxylate 1, 1,3,3-tetroxide (39%) by alkylation of the disulfone 
with ethyl chloroformate. 

NaH, E t O C O C l  

CHS 0 2  CH, 

392a 

Guha and Chakladar225 reacted the dipotassium salt of 4-bromo-1, 2- 
dimercaptobenzene with tetrabromoethane and formulated the product 
as either the six-membered condensed system (393) or as 2,2'-bis(5- 
bromo-l,3-benzodithiole) (394). They preferred 393 but, in view of the 
fact that it has been shown unequivocally that the reaction product of 
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glyoxal and l12-dimercaptoethane is 2, 2'-bis(l,3-dithiolane) (section 
II A-la), 394 would appear to be a more reasonable structure for this 
compound. 

393 

394 

Hurtley and Smiles Z7O found that o-dimercaptobenzene underwent an 
unusual series of reactions with oxalyl chloride. With excess oxalyl 
chloride the product was 1,4-benzadithiane-2,3-dione (see Chapter 12, 
section I11 E -1). With excess o-dimercaptolxnzene, however, the pro- 
duct was  a colorless compound, too unstable to be isolated pure, which 
the authors formulated as 2,2'-dihydroxy-2, 2'-bis(l, 3-benzadithiole) 
(395) on the basis of its conversion to 2, %'-bis(l, 3-benzodithiolene) 
(398) and other reactions; the mechanism of formation of 396 from 395 
is obscure. 

CfHc " "  

(COCLI, evap.  
SH 15 min. loOD> 

396 

Hurtley and Smiles prepared a number of other unusual 1, 3-benzodi- 
thiole compounds. These are  discussed under the 1,3-benzodithiolium 
salts (section II D-2). 

1,J-Benzodithioles which have been reported are  listed in Table 21. 

The second class of compounds in this series are the condensed ana- 
logs of ethylene trithiocarbonate; these too, a r e  listed in Table 21. 
Hurtley and Smiles269 prepared 1,3-benzodithiol-'?-one (397) from o- 
dimercaptobenzene and phosgene in the presence of base. 

397 

[For references, see pp. 585-610.] 559 
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C,S, Ring Systems 

Backer and WiggerinkZ5 obtained a somewhat lower yield by carrying 
out the reaction thermally in diaxane at 160". The heterocyclic ring is 
so stable that the benzene ring could be nitrated without affecting the 
rest of the molecu1e;the position of the nitro group was not deter- 
mined. 269 

dimercaptobenzene with thiophosgene and isolated 5-bromo-l,3- 
benzodithiole- 2-thione (398). 

Guha and Chakladarzzs reacted the &potassium salt of 4-bromo-l,2- 

C S C l , ,  PhCHS 
SK 9 0 m i n  r e f l u x  - 

E r  BT 

398 

Hurtley and S r n i l e ~ z ~ ~  prepared the unbrominated compound (399) 
from the dimercaptan and carbon disulfide i n  quantitative yield. 

399 

Treatment with hydroxy lamine hydrochloride and sodium acetate in the 
usual fashion gave the corresponding oxime. Huisgen and Webern- 
d8rfer26ea prepared 399 by heating 1,2,3-benzothiadiazole with car-  
bon disulfide. Similarly, reaction with phenyl isothiocyanate yielded 
2-phenylimino-l,3-benzodithiole (39%). The reactions a r e  con- 
sidered to be examples of 1,3-dipolar cycloadditions. 

39% 

38% PhN=C=S T 

399 

[For references,see pp. 585-610.1 563 
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Mills and Schindler384 prepared traizs-hexahydro-I, 3-benzodithiole- 
2-thione (400) from 2-iodocyclohexanol and potassium trithiocarbonate 
in low yield. Culvenor, Davies, and P a u s a ~ k e r l 3 ~  prepared the same 
compound in much better yield from cyclohexene oxide and carbon 
disulfide. 

CS,, KOH, MeOH 

A 

400 

Cyclohexene sulfide gave a 956 yield under the same conditions, while 
the yield from 2-chiorocyclohexanol was only 43%. Durden, Stansbury, 
and CatletteIsJ a obtained 400 and the corresponding 5-cyano derivative 
i n  low yields from the cyclohexene oxide and carbon disulfide in the 
presence of a catalytic amount of trimethylamine. The mechanism was 
discussed in connection with the synthesis of 1, 3-dithiolane-2-thione 
from ethylene oxide (see section I1 A-5a). No stereochemical assign- 
ment of the ring fusion was made when these compounds were first re- 
ported. Lyle and Lyle356 have shown recently that 400 must be the 
I v m s  isomer. Hydrolysis of 400 with alcoholic sodium hydroxide139 
yielded the same 1, 2-diniercaptocyclohexane as obtained by reaction of 
cyclohexene sulfide with hydrosulfide ion. As ring opening of the latter 
undoubtedly gives the trails isomer, and hydrolysis of 400 should not 
affect the stereochemistry, 400 must also be the tm,is isomer. The 
more recent work of Iqbal and 
These authors found that lithium aluminum hydride reduction of 400 i s  
superior to alkaline hydrolysis for the preparation of tvn,zs -1, 2-dinier- 
capcocyciohexane; a YO& yield was obtained. 

agrees with this conclusion. 

Bateman and ~ o - w o r k e r s ~ ~  prepared cis -hexahydro-l,3-benzodithiole- 
3-thione (401) by the following route: 

S 

__3 
140' cyclohexene LiAlH, 

polysulf ide 

401 

Mills and S ~ h i n d l e r ~ ~ ~  prepared the phenylhydrazone and 2-pyridyl- 
hydrazone of the trajis isomer (400), and were able to resolve the 2- 
pyridylhydrazone. At  the time, they felt that 400 had to be the cis iso- 
mer and that the resolution was an exampIe of what has been called 
"geometrical enantiomorphic isomerism", which ar ises  from having an 
unsymmetrically substituted double bond centrally located between two 
similar asymmetric carbon atoms of opposite configuration.356 Mills 
and S a u n d e r ~ ~ ~ ~  recognized shortly thereafter that 400 need not be c is  
and, a s  already mentioned, it has since been shown to be iram. There 
is nothing unusua!, therefore, about the resolution of the 2-pyridylhy- 
drazone of 400. 
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400 has been patented as a stabilizer for alkoxy-substituted aromatic 
amines.323 

a 1,3-- 'thiol-1-ium Salts 

the oxidation of 8-phenyl-1, 3-benzodithiole (402). Thus, treatment of 
402 with nitric acid at 40" gave the yellow 2-phenyl- 1, S-benzodithiol- 
ium nitrate (403). For convenience, only one of the possible resonance 
forms will be written. Treatment of 403 with water gave an oxide (404); 

Hurtley and Smiles269 prepared the first 1, 3-benzodithiolium salts by 

L 

402 

the intermediate hydroxide could not be isolated, Mineral acids reacted 
with the oxide to give a series of orange o r  yellow 2-phenyl-1, 3-benzo- 
dithiolium salts (405). 

L 

403 404 

Thus, concentrated hydrochloric acid, when added to an acetone solution 
of the.oxide, gave greenish-yellow needles of a sait, which analyzed as 
(C,,H,S,Cl), . HC1; storage over base removed the excess acid to give 
the orange chloride (405, X = Cl). Chloroplatinic acid on the oxide gave 
the chloroplatinate (405, X = RC16), and bromine gave a perbromide 
(405,X = Br,). 

A more detailed investigation by Hurtley and Smiles271 showed that 
electron-attracting groups, such as in 9-(P-nitropheny1)-1, 3-benzodi- 
thioie, prevent oxidation, while electron-donating groups, such as in 2- 
(3-methoxyphenyl) -1,3-benzodithiole, facilate oxidation and make the 
salts more stable. This is in accord with theory, since electron-dona- 
ting groups should stabilize a positive charge on the ion. 2-(p-Meth- 
oxyphenylbl, 3-benzodithiole gave a red nitrate, analyzing as 
(C,,H,,0S2N0,) . 2HN0,. Dilute base gave the oxide corresponding to 
404 which, on treatment with concentrated hydrochloric acid, yieided 
the yellow chioride, (C,,H,,OS,Cl), - 2HC1. 2-@-Hydroxyphenyl)-l, 3- 

[For references,see pp. 585-610.3 565 
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benzodithiole (406) oxidized even more readily; however, if  these com- 
pounds a r e  formulated correctly, the nitrate could not have been pure, 
since it had the formula (C,,H,OS,), . HNO,. Treatment with aqueous 
potassium carbonate yielded the quinone (407) as  scarlet leaflets, 
formed presumably by spon)aneous elimination of water from the inter - 
mediate hydroxide. The quinone reacted with hydrogen chloride to give 
the orange chloride (408). 

G s H O O H  1 7 -  HN03, [-';-"I'...] Q -  NO; + KzC03 

406 

407 408 

2-(2-Hydroxy-l -naphthyl)-l,3-benzodithiole (409) oxidized so rapidly 
that it could not be isolated; treatment of 2-hydroxy- 1-naphthaldehyde 
with o-dimercaptobenzene and hydrogen chloride in ether, followed by 
aqueous sodium hydroxide,gave the red quinone (410). This with hydro- 
chloric acid yielded the red chloride (411). 

CHO 

410 

409 

41 1 

NaOH 
I01 - 

+ 

c1- 

Cinnamaldehyde reacted normally to give 2-styryl-1,J-benzodithiole. 
This with nitric acid gave a complex nitrate, from which a pure oxide 
could not be isolated. 

benzodithiolium salts, and these underwent an unusual ser ies  of reac- 
tions. Treatment of ethyl orthoformate and o-dimercaptobenzene with 
hydrogen chloride gave the chloride (412), isolated as the tetrachloro- 
zincate (413) and as the chloroplatinate (414). 

Hurtley and Smiles270 also succeeded in preparing unsubstituted 1, 3- 
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413 
As in the case of the 2-phenyl derivative, the salts hydrolyzed readily. 
Treatment of the zinc chloride double sal t  (413) with hot acetic anhy-  
dride yielded 2, 2'-bis( I ,  3-benzcdithiolene) (396), presumably via the 
intermediate acetate (415); the same compound was formed from the 
disodium salt of o-dimercaptobenzene and tetrachloroethylene. 

Ac,O 

413 
30% -ACOH i 

EtONa, EtOH 
7 hrs. 110-120* 

12% + cl~c=Ccl, 

396 
As already mentioned, o-dimercaptobenzene reacts with oxalyl chlo- 

ride to give a compound which Hurtley and Smiles formulated as 2,2'- 
dihydroxy-2, 2'-bis(l,3-benzodithiole) (395) (section TI D-1). Reaction 
of it with acetic anhydride and sulfuric acid gave a purple compound, 
m.p. 268-270" (dec.), with the unlikely formula 
(C,,HqS4 3 - HGO, * 2H20, which Hurtley and Smiles formulated 
as 2, 2 -bis(l, 3-benzodithiolium sulfate), and which presumably should 
be the bisulfate (416), which actually fits the analysis better. Reduction 
with zinc and acid or treatment with hot ammonium hydroxide con- 
verted tKe salt  into 2,2'-bis (1, 3-benzodithiolene) (S6). 

395 

[For references, see pp. 585-610.1 567 
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Although most of these transformations appear to  be reasonable, it 
must be realized that most of the structures a re  based on rather Iimi- 
ted analytical data. This, coupled with the fact that many of the com- 
pounds, in view of their nature, could not be recrystallized o r  otherwise 
purified, must leave some of these structures in doubt, 

Soder and Witzinger499,500,*7* investigated the chemistry of 1, 3- 
benzodithiolium salts as  possible dyes, using the commercially available 
3,4-dimercaptotoluene as a starting material. These authors493 found 
that the dimercaptan condensed readily with formic acid, 5-methyl-1, 3- 
benzodithiolium perchlorate (417) being isolated in excellent yield. 

1. HCOOH, ref l u x  
2. 7 0 %  H C 1 0 ,  

80-90% 
C H3 

417 

Acetic acid reacted similarly to give 2,5-dimethyl-l, 3-benzodithiolium 
perchlorate (418), but a higher yield was obtained using acetyl chloride 
and adding the perchloric acid dropwise with c0olir.g. As expected, the 
2-methyl group in 418 was found to be highly reactive. 

Both compounds are colorless but turn red on exposure to  light. A dif- 
ferent synthesis was used to  prepare 2-methylthio-5-methyl-l,3- 
benzodithiolium perchlorate (419). 

L 
419 

These compounds were then used to  prepare the symmetrical mono- 
methincyanine, [bis-2 -(5-methyl-1, 3-bensodithiolium)] -monomethincya 
nine perchlorate (420) and the trimethincyanine, [bis-2-(5-methyl-l, 3- 
benzodithiolium)]-trimethincyanine perchlorate (421 ). Three routes to 
430 were used: condensation of the dimercaptan with malonic acid, con- 
densation of 418 with 419, and condensation of 418 with 417; the yield in 
the last synthesis w a s  inferior to those in the first  two. 
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The monomethincyanine (420) was isolated as gleaming red needles, 
and gave a bluish-red solution in acetic acid. Two syntheses were 
developed for 421: condensation of the dimercaptan with g;utaconic acid 
and condensation of 418 with ethyl orthoformate. 

1. POC13, 5 m i n .  r e f l u x  
2 .  A c O H ,  H C 1 0 ,  

I 
+ HOOCCH,CH=CHCOOH 

L H 3  

421 

1. AcOH, 2 = i n .  ref l u x  

418 + HC(OC2H5)3 

The trimethincyanine (421) was isolated a s  green crystals with a 
metallic lustre; i t  gave a greenish-blue solution in acetic acid. The 
spectral characteristics of these compounds are very similar to those 
of the classicai cyanines derived from benzothiazole. 

In their second paper Soder and Wizingerjoa reported other methods 
for the preparation of the unsymmetrical cyanines described by Hurtley 
and Smiles. Several syntheses for 2-aryl-5-methyl-l,3-benzodithiolium 
perchlorates (422) were devised. The original procedure of Hurtley and 
Smiles was improved by carrying out the condensation of the dimercap- 
tan and the aldehyde in the presence of perchloric acid and either a i r  or 
some other oxidizing agent, thus eliminating the necessity for isolating 
the intermediate 1,3-benzodithioIe. A second procedure involved the 
condensation of a substituted benzoic acid with the dimercaptan in the 
presence of phosphorus oxychloride. A third procedure invoived the 
condensation of 5-methyl-1, 3-benzodithiolium perchiorate (417) with 
an aromatic compound; the reactions of 417 a r e  similar to those of 
f iavylium salts. Finally, 2-methylthio- 5 -methyl - 1, 3 -benzodithiolium 
perchlorate (419) was condensed with aromatic compounds. The last 
two methods a r e  operable apparently only with activated aromatic 
rings. 

In a somewhat similar fashion were prepared the hemicyanines (423), 
substituting cinnamaldehydes for benzaldehydes and cinnamic acids for 
benzoic acids in the first two syntheses. 
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Chapter 5 

423 was also formed when 417 w a s  condensed with cinnamic acids, 
decarboxylation taking place. In this synthesis quantitative yields were 
obtained if excess 411 was added as a hydrogen acceptor. 

ACOH, AcONa 0 5 m i n .  r e f l u x  rcH3ClH] +ClO; + HOOCCH=CH R1OO% 
417 L 

423 

It has already been mentioned that 2, 5-dimethyl-1, S-benzodithiolium 
perchiorate (418) has a methyl group activated by the positive charge on 
the compound. It is not unexpected, therefore, that it w a s  found to con- 
dense with substituted benzaldehydes to yield 423 and with P-dimethyl- 
aminocinnamaldehyde to yield [2-(5-methyl- 1,3-benzodithioliuml]-[l- 
(4-dimethylarninophenyl)] -tetramethincyanine perchlorate (424). 

Neunhoeffer and reported that 2-(p-dimethylaminopheny1)- 
1,3-benzodithiole (424a) and 2-@-dimethylaminostyryl) -1, 3-benzodi- 
thiole (4243) are  readily oxidized by air to compounds similar to those 
prepared by Wizinger and Soder, 2,Z’-(Chloromethy1ene)bis -1,3- 
benzodithiole (424c), as well as the corresponding bromo compound, 
oxidized to a red dye salt. No structures were postulated. 

424a 
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424c 

The 1,3-benzodithioiium salts which have been reported are  listed in 
Table 22. 

Koutecky' and co-workers303b,308c,584c carried wit molecular orbi- 
tal calculations on 1 , 3-benzodithiolium cation, radical, and anion, using 
benzotropylium as a model. In agreement with experiment on the 
cation, the 2-position was calculated to be the most reactive. 

3. Spiro Derivatives of 1,3-BemoditMole 
The spiro derivatives of 1,3-benzodithiole which have been reported 

are listed in Table 23 (p. 578). Huisgen and Weberndthfer26*a reacted 
1,2,3-benzothiadiazole with 1,3-benzodithiole-2-thione and formulat- 
ed the product, presumably formed by a 1,3-dipolar cycloaddition reac- 
tion, as spirobis[ 1,3-benzodithiole](424d). Backer and Wiggerink 2 5  
prepared spird 1,4-benzodithiin-2(3H), 2 ' 4  lY3]benzodithiole1(425) from 
o-dimercaptobenzene and chloroacetyl chloride. 

[For references, see pp. 585-610. ] 573 
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Chapter 5 

425 

Guha and Chaklader225 prepared spirolacenaphthene-1, 2‘- [l, 33benzo- 
dithiole] -2-one (426) from o-dimercaptobenzene and acenaphthoquinone . 

EtOH 
7-8 hrs. ref lux 
P 

426 
4-BrO1110-1,2-dimercaptobenzene and phenanthrenequinone. in the ab- 
sence of any catalyst, yielded the monomercaptole, 5-bromospiro[ 1,3- 
benzodithiole-2, S’(lo’~)-phenanthrene]-lO’-one $42’7), while in the pre- 
sence of hydrogen chioride the dimercaptole, 5 ,5  -dibromodispiro[l, 3- 
benzodithiole- 2, 9‘( 10’H) -phenanthrene- 10’) 2”- [ 1 , 3  IbenzodithioIe ] 
;4%8), was formed. The latter, with the exception of glyoxal, i s  the only 
reported example of a dimercaptole from a 1, 2-dioxo compound. 

E t O H ,  H C 1  
7 - 8  h r s .  100’ 

427 

428 

5 76 
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Hurtley and Smiles270 reported that their diol (395), on treatment with 
acetic acid, yielded spiro[l, 4 -benzodithiane - 2(3H), 2‘- [I, 3 ’jbenzodi- 
thiole) -3-one (429), presumably by a pinacol-type rearrangement. The 
structure was indicated by its formation from 1,4-benzodithiane-Z, 3- 
dione (430) and o-dimercaptobenzene. 

430 439 

429 could also be prepared from excess o-dimercaptobenzene andoxalyl 
chloride by lengthening the heating time. It rearranged on heating to  
2, 2’-bis(1, 3-benzodithiolene) (396) and 1,3-benzodithiol-2-one (397). 

f J ; y ~ = s ~ ~ ~ + f - J y  
398 397 s ’  

429 

E. C 3S,-C 4N 2-C6 lI3-DITHIOL0[4, 5-0 ]QUINOXALLNE (430a) 

430a 

Sasse, Wegler, Unterstenhllfer, and GreweQB0C prepared a large num- 
ber of 1, 3-dithiolot4, 5-6 ]quinoxalines. Thus, reaction of the disodium 
salt of 2,3-dimercaptoquinoxaline with gem-dihalides gave a variety of 
2, 2-&substituted derivatives (43Ob); these a r e  listed in Table 24. 

430b 

Reaction of the dimercaptan with phosgene yielded the corresponding 
&one (43Oc) and with thiophosgene the corresponding 2-thione (43W); 
these a r e  listed in Table 25. 

[For references, see pp. 585-610.1 577 
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Chapter 5 

TABLE 24. 1,3-Dithiolo[4, 5-I) Iquinoxalines 

None 163 

5-CH3- 139 

6-CH3- 123 

6-F3C- 117 

5, 7-(CH,-)z 145 

2-H02C - 192 

2-C 2H5O2C - 115 

2-C,H5- 220 

2-C6H5CO- 165 

2-(C,H50&-), 132 

2-CHSCO-2-C 2H50zC- 105 

460c 

460c 

460c 

460c 

460c 

460c 

460c 

460c 

460c 

460c 

460c 

200 (dec.) 460c 

P-(CH,CO-), 142 460c 

2- (CH,CO-) -6-CH3 - 106 460c 

2- (CH,CO-) -6 - F3C - 1 20 460c 

5 80 
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TABLE 25. 1, S-Dithiolo[$, 5 4  ]quinoxa:in-2-ones and 2-thiones 

M.p. (“C) 
Substituents X = 0 X = S Ref. 

183 180 460c 

135 140 460c 

172 152 460c 

209 172 460c 

135 83 460c 

166 159 460c 

143 460c 

180 167 460c 

208 211 460c 

120 125 460c 

coc1, C S C l a  
aq. NaOH a>IsH aq. N a O H  a>rYs  

SH 

430c 430d 

A l l  three types of derivatives were found to  be active acaricides and 
fungicides, harmless to warm-blooded animals. 430b showed weak in- 
secticidal activity a s  well. Activity seemed to reside in the 2, J-dimer- 
captoquinoxaIine moiety. Changing this to even closely related ring 
systems destroyed activity (see section II G ) ,  whereas a variety of rings 
could be formed involving the two sulfur atoms without losing activity. 
1, 3-Dithiolo[4, 5 4  Iquinoxaline-2-thione (430d), named Eradex by Bayer, 
and the 6-methyl derivative of 430c, named Morestan, appeared to have 
the best balance of properties; the latter i s  being offered commercially. 

F. C3S2-C6-C, NAPHTHO[Z, 3-d] -f,3-DITHIOLE (431) - 

431 
(RRI 2834) 

[For references, see pp. 585-610.1 581 



Chapter 5 

Sundholm and Smithsz2 investigated the reaction of 2,3-dichloro-l,4- 
naphthoquinone with salts of alkyl-substituted dithiocarbamic acids. 
Thus, methylammonium LY-methyldithiocarbamate gave an intermediate, 
not isolated, which yielded 2-methyliminonaphtho~2,3-6]- 1, 3-dithiole- 
4,9-dione (432), isolated a s  red-violet crystals melting at 185-186", on 
recrystallization from alcohol. Acid hydrolysis gave a compound which 
analyzed as naphtha[%, 3-d]-1,3-dithiole-2,4,9-trione (433), 
m.p. 169-169. 5'. 

Recryst. Aq. HCI, EtOH 

31% 

432 433 

Ethylammonium N-ethyldithiocarbamate yielded the ethyl analog of 432, 
2-ethyliminonaphtho[2,3-u] -1,3-dithiole-4,9-dione, as dark red crys- 
tals, m.p. 192-193". 

That the methyl compound has the structure indicated (432), rather 
than that of the isomeric 3-methyl-2(3H)-thiononaphtho[2,3-d]thiazole- 
4,9-dione (434), was shown by its hydrolysis to the nitrogen-free com- 
pound, 433, and by the difference between its ultraviolet absorption 
spectrum and that of the known 3-methyl-2( 3H)-benzothiazolethione. 397 
Thus, there is apparently no equilibrium between the two forms of the 
type postulated by McClelland and Salkeld359 for 31;-1, 2-benzodithiole- 
3-imines (161) and 2-alkyl-3(2H)-benzisothiazolethiones (160) (see 
section I F-2). 

+NR++y: 

434 

161 160 

It must be admitted, however, that the low yield of hydrolysis product 
casts some suspicion on this conclusion. 

went the same type of reaction to  form 4,9-dioxanaphtho[2, 3-6]-1,3- 
Dimethylammonium N, 111-dimethyldithiocarbamate apparently under- 

582 
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dithiole-2-dimethylimmonium chloride hydrate (435), isolated as golden- 
yellow crystals melting at 228-228" with decomposition. That the com- 
pound is a quaternary salt was shown by its solubility in water and its 
possession of an ionic chlorine, Its structure was indicated by its hy- 
drolysis to naphtho[2, 3 4 )  -1,3-dithioIe-2,4,9-trione (433) and its 
pyrolysis to 2-methyliminonaphtho[2,3-d] -1,3-dithiofe-4,9-dione 
(432). 

433 432 

Alkaline hydrolysis of 435 yielded dibenzo[b, i]thianthrene-5,7,12,14- 
tetrone (436), identical with the compound prepared by Brass and 
K(lhler7Y by an independent synthesis (see Chapter 12, section III R-2). 

435 436 

It was not possible to obtain 495 in an anhydrous form. Perhaps it 
exists as Z-dimethyIamin0-2-hydroxynaphtho[2,3-d] - 1,3-dithiole-4, 9- 
dione (437); evidence for this form is given by the fact that aqueous 
solutions of the salt are acidic. 

437 

Ammonium dithiocarbamate reacted with 2,3-dichloro-l,4-naphtho- 
quinone to give the thianthrene derivative (436) rather than the expected 

[For references, see pp. 585-610.1 583 
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2-irninonaphtho\2,3-d] -1,3-dithioie-4,9-dione. The naphthodithioles 
described here have been patented as fungi~ides,52~,524 although their 
fungicidal activity is weak.522 

Hauptmann and Bobbio246a prepared 3a, 4,9,9a-tetrahydronaphtho- 
[Z, 3-d] -1,3-dithiole-Z-thione (438), m.p. 192-194. 5", from 2,3-epoxy- 
tetralin and potassium methyl xanthate. Lithium aluminum hydride re- 
duction yielded 2,3-dimercaptotetralin. Both 438 and the dimercaptan 
must be the lrniis isomers because of their method of synthesis (see 
section XI A-5a and I1 D-1), 

438 

?'ratis-2, 3-dimercaptotetralin reacted with ethyl 3,7,l%-trioxoeholanate 
(439) to yield a product, m.p. 238-243", shown to be the 3-mercaptole 
(440) by Raney nickel desulfurization to ethyl 7,12-dioxocholanate (441). 
Thus, of the three carbonyls, the 3-position i s  the most active. 

a . c?H13°2 & + dSH Z h r s . 0 '  H C l  

\ ---EP 
SH 

0 H 
if 

439 
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