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THE CHEMISTRY OF
HETEROCYCLIC 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 modern detailed and
comprehensive presentation of heterocyclic chemistry is therefare
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 its entirety
by monographs which reflect the importance and the interrelations of
the various compounds and accommodate the specific interests of the
authors.

Research Laboratories Arnold Weissberger
Eastman Kodak Company
Rochester, New York



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. M. 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 part of this volume. Many parent rings in the volume, however,
had not yet been assigned RRI numbers. Most of these entered the
literature since the coverage of the Ring Index and are undoubtedly in
the supplements, which issued after the manuscript went to press;
only a relatively small number are without RRI numbers because the
Ring Index missed them or 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 as Chemical
Abstracts, Chemisches Zentralblatt, and Beilstein. Our burden of
searching the literature was lightened considerably by the Index of
Ring Systems in Chemical Abstracts, There were two major difficul-
ties 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, we 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 per se essentially dictated the scope for the
contents of this volume, the order of arrangement and method of treat-
ment are the result of our own deliberations. There are a number of
variables which might influence the order of arrangement, such as
size of the heterocyclic ring, kinds of heteroatoms, number of hetero-
atoms, synthetic methods, reactions and reactivity, etc.

Fortunately, these and other variables are not mutually exclusive. Each
of us, having been heavy users of the chemical literature for the past
twenty-five years, tended to think in terms of the reader's viewpoint
and how he might want to consult this volume. These considerations
led us to the arrangement which is 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 are 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 are
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Preface

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 relatively small literature, were
treated similarly in one unit.

Our experience as readers of the chemical literature, particularly in
heterocyclic chemistry, led us to adopt the heterocyclic moiety pattern
within each of the major heterocyclic systems. For example, Chapter
4, on the C;08 ring system, is in two parts: the 1, 2-oxathiole 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, in this order, viz., spiro com-
pounds are treated as derivatives of the heterocyclic class. Thus, spiro
derivatives of 1, 3-dithiolane are discussed under 1, 3-dithiolane
(Chapter 5, Section II A-4) and spiro derivatives of 1, 3-benzodithiole
under 1, 3-benzodithiole (Chapter 5, Section II D-3).

The treatment of subject matter for each heterocyclic class is in the
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 as preparation, yields, and
properties (melting point, boiling point, index of refraction, density, etc.)
are thoroughly tabulated and referenced. Physiological properties are
noted in the text. The emphasis of the text is 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.

Unfortunately, this type of arrangement separates similar compounds
from each other. For example, any one interested in the chemistry of
sulfite esters must consult many sections in at least two chapters. A
similar problem arises in the chemistry of 1, 2-disulfides. Although
this was unavoidable, we hope the Contents and Subject Index will 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 are indexed generically. The page
citation designates that the page pertains to synthesis (s}, property (p),
or reaction (r) of the chemical or to a listing in a table (t). The hetero-
cyclics are indexed by the heterocyclic parent compound with the sub-
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Preface

stituents inverted. Thus, 4-methyl-1, 3, 2-dioxathiolane 2-oxide is
indexed as

1, 3, 2-Dioxathiolane 2~-oxide, 4-methyl-

Reactants used in the syntheses of the heterocyclics are indexed, but
not chemicals reacted with the heterocyclics. We think the indexing
of the reactants is a real advantage as they are a common basis for
relating the syntheses of heterocyclics. Uses and application of the
heterocyclics and of their reaction products are indexed under the use
or application, such as detergent, dye, pesticide, pharmaceutical, etc.

A use or application is 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, are 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. We are all the more impressed with the continuing and
cumulative nature that the whole of chemistry imposes on any given
area of chemistry, such as 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 are grateful
for the typing assistance the Hercules Research Center provided.

Most of all, we gratefully acknowledge the encouragement and support
of our families. Their patience and understanding were completely
essential for this undertaking.

Wilmington, Delaware Dayvid 5. Breslow
January, 1966 Her Skolnik
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CHAPTER 1

C2025 RING SYSTEMS

Five-membered rings containing two oxygens and a sulfur are known
with only one arrangement of the hetero atoms, 1, 3-dioxa-2-thia. The
compounds with this arrangement are 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,0,5 1,3, 2-DIOXATHIOLANE (1) AND 1, 3, 2-DIOXATHIOLE (2)

0. Q.
~. ~
HZI{' zi H’ 5128
H, 4 3 ch_lé
1

2
(RRI 105)

Chemical Abstracts indexes this ring system under the above names.
Alternative names are 1, 3-dioxa-2-thiacyclopentane and -pentene.
However, the compounds are 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
reported. 1, 3, 2-Dioxathiolane 2-oxides, cyclic sulfites of 1, 2-glycols,

are prepared in excellent yields by treating a glycol with thionyl chle-
ride.7:9,24,41,52,57,58,74,78,88

| o
——cil:mi— + 80Cly, ——> + 2HCL

OH OR

The use of methylene chloride as a solvent has been reported to im-
prove the yield. 41 Pyridine has been used frequently,34:52:67:69 pyt

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 Lauterburé7a
raised the yield of 4, 4-dimethyl-1, 3, 2-dioxathiolane 2-oxide (2a) from
20% to 60% by carrying out the reaction in benzene and sweeping out
hydrogen chloride with an inert gas.

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

200 mm, ™~
CH3— —Iﬂz + SOCl, TH CHg 50
OH

H CHj
2a
It is interesting that even pinacol, which is prone to undergo acid-
catalyzed rearrangement, was reported by Szmant and Emerson89 to
give a 55% yield of cyclic sulfite (3).

socly cn3

10-15" ﬂ
(CHgly —iccuﬂlz - cu3 \i

H OH

Majima and Simanuki®? 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-1, 2-propanedicl; in this
instance pyridine had a deleterious effect, a mixture of dichlorohydrin
and trichloropropane being obtained,

socl,
Et0, PhCHy
socCl,

I __IH__IH2 : \ko 12hr27:eflux IH{_TH__IHz
C1CH; 1 OH OH

Majima and Simanuki®? found that pir-erythritol gave a bis(cyclic sul-
fite) (8); according to Kitasato and Sone®2 a bis(cyclic sulfite) (6) was
also formed from diethyl mucate.

luz—iu—iu—cu —§993—>

H

socl,

reflux
CyH500C({CHOR) 4,COOC Hy ——> \? ?/ 1
CZHSOOC COOC,Hg

D-Mannitol32:57 yielded a tris(cyclic sulfite) (7). According to Majima
and Simanuki®7? 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) or (9), provid-
ing no rearrangement has taken place.

S0Cl, g g 8
Hocuz(cuomqwzoui‘—’i}-‘-‘i)o/\? ?/\9 Io/ \cJ)
i
)



C,0;8 Ring Systems

50C1s, CasN. ["Eo or c;cazini o
CICH,(CHCL)g — C1CH, H i
8

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 Schneider3? suggested that the
bis(cyclic sulfites) prepared from p-xylose mercaptals might be 1, 3, 2~
dioxathianes (9a) rather than 1, 3, 2-dioxathiolanes (9b), by analogy with
the reaction of these sugar derivative with acetone.

80C1,, C5H5N

- ]
HOCHz (CHOH},CH(SR) -T?ﬁ——) z i or

CH(SR),

Ty
b

However, the fact that glycerol yields a five-membered cyeclic sulfite
and that cyclic sulfites are prepared more readily from 1, 2-glycols
than from 1, 3-glycols (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 1, 4-anhydroxylitol forms a six-membered cyclic sulfite
rather than a five (see Chapter 8, section I B), and more definitive evi~
dence as to the structure of these compounds is required.

CH(SR}2

Asselineaul0,11 prepared the cyclic sulfite esters of a number of
esters and amides of mycolic acid. Inasmuch as the structure of my-
colic acid is unknown, it is not known whether these compounds are
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.

|
O —C—OH
50 + CgHgN'HCL ———> % a + CgHgN + SO,
o ——

-

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

[For references, see pp.57-61.] 3
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0

—CH—CH—CHg + (CHg),S05 —12275 _Q0+2CH0H

CHp=CH—C 2 37278 86% © CHp==CH o :
OH OH 10

In a2 somewhat related synthesis, Hesse30:502 found that treatment of

an alcohol with sulfur dioxide and diazomethane gave a mixed sulfite
ester. Presumably the alcohol and sulfur dioxide are 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,CH,OH + S50, == HOCHzCH,0S0,H LH2N25 4 oCH,CHa080,CH;

oﬁo 11
—Ls & + CHa0H

Several patents have appeared on the synthesis of ethylene sulfite
from ethylene oxide and sulfur dioxide. Thus, according to Viard76,85
the 1: 1 complex of ethylene oxide and sulfur dioxide, formed from the
two reagents at room temperature, is treated with a tertiary amine. A
polymer is formed, and this on heating is converted into ethylene sul-
fite; both reactions are essentially quantitative.

PhNR,
Ha 30hrs, 0-10°

I 50, TS T S [~CH,CH,080;,-y,
H, 98%

30-60min. 140-1sn°[0\50
1
3 “l—o

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 at 220°. According to Dietrich and Hdofermann, 38 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,

Razuvaev, Iﬁtlis, and Grobov682 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 yvielded 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-1, 3, 2-
dioxathiolane Z-oxide from propylene oxide, epichlorohydrin, and gly-
cidol, respectively.

4



C,0,8 Ring Systems

England, Dietrich, and Lindsey36b reacted tetrafluoroethylene with
undistilled sulfur trioxide, and found that three products were formed:
3, 3, 4, 4-tetrafluoro-1, 2-oxathietane 2, 2-dioxide (11a); 4, 4, 5, 5-tetra-
fluoro-1, 3, 2-dioxathiolane 2-oxide (11bj; and 5, 5, 6, 6-tetrafluoro-

1, 3, 2, 4-dioxadithiane 2, 2, 4, 4-tetroxide (11c).

SO:; F F F
FiC=CF,—8 5 T ? 4 § O\EO + ?;EO\EOZ
F F F g7
02

50,

11a 11b 11c

Although 11b could not be separated from 11a by distillation, both a neu-
tral 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 1la. With freshly distilled sulfur trioxide
11a was formed in nearly quantitative yield.

The cyclic sulfites which are reported in the literature 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-workers®8,82
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 11d
(4. 56 D) contributing more to the structure than 11le (2. 04 D).

S—o
~1o 7N
o q U

11d l1e

Pritchard and Lauterburé72 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-1, 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
gronps.

[For references, see pp. 57-61.] 5
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C5;0,8 Ring Systems

o FHa
N e
Z 3
g———c\:
2a

Because of the non-coplanarity of the oxygen atoms, a 4-substituted de-
rivative should exist in two forms, cis and lrans. 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
(11f) to the slow-moving isomer and a frans (11g} to the fast; the cis-
trans ratio in a normal preparation was 1: 2,

0 i g
\(O_C\H \(0_—%(:!{3
—i-H iy S ~H
o {H <
111 11g

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

R
% &\S KI )
KT R, N

Here no isomerism attributable to the sulfoxide oxygen has been re-
ported; meso- and pL-hydrobenzoin7:69 and 2, 3-butanediol?4 have
each been reported to give only one cyclic sulfite,

The simple cyclic sulfites are generally colorless, distillable liquids,
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 are 8% and
2, 1%. 63 According to Davies and Tillett3! certain salts increase the
solubility of ethylene glycol sulfite in water, while others decrease the
solubility.

Szmant and Emerson®? and de la Mare, 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 for mer finding absorption
at 1220-1225 cm™! and the latter at 1214-1215 cm~1; this is consid-
ered to be the stretching frequency of the S — O bond.

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

Cyclic sulfite esters of 1, 2-glycols are reasonably stable thermally.
Denivelle34 reported that calcium oxide at 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.

Ca0

0
CHs:[ “yo 275°
~mere> CH3CH-CHCH; + CH;CCHoCH
CH, & 3&0; 3t 3E 2CH3
12

clay
575°

CHy==CH—CH=CH,

Price and Bertié’ investigated the pyrolysis of the cyclic sulfites of
meso- and pL-hydrobenzoin at about 240°, The cis sulfite (13) from
the meso isomer decomposes smoothly and in good yield to desoxyben-
zoin, while the frans sulfite (15) from the pL-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
trans to the phenyl-activated g-hydrogen, and is therefore forced to
stabilize itself by abstraction of the o-hydrogen.

Cells  CeHs .
H >/C-—-C\"H A 'OgSQ CgHg ‘Cgﬂg CSHS eHs
N T \ X ;“‘<
3 Hl \H HO2S

13 14
-850,

CgHgC—CH,CgH
85 2~675

In the phenonium ion (16) derived from the frans sulfite, the sulfinate
ion and the 3-hydrogen are cis, and this proton migrates readily.

.
H  CgHg Cglg

H LeHs " "

- Cc— 6425
Ca“s':)/c (\Oqﬂ A o\l \H \=<

\g/ so.;&_j Hozso/c 6Hs

15 16 l
~-80y

Oy,
C-CH(CgHs )
H/

10



C,0,5 Ring Systems

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 Hamilton! 42 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 hydrolyzed readily by dilute
20id20-23,2313,41,74,81b or alkali.20~23,41,52,58,74,78,81a Robert-
son and Neish74 were the first to investigate the hydrolysis. p-(—)-2, 3-
Butanediol was converted into lrans-4, 5-dimethyl-1, 3, 2~dioxathiolane
2-oxide; hydrolysis with dilute hydrochloric acid regenerated the glycoi
with complete retention of configuration. Garner and Lucas4! confir-
med these results, and showed that alkaline 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-workers29:21 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.

Davis3la 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 is 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 ethyiene
sulfite was 360 times that of dimethyl sulfite. The reaction was formu-
lated as follows:

oK 0
O\So Blow f*z
+ O™ ———>
' 1{2—()/3\0~

on 0
/ H,0H
IHZ G ou‘%i 2 L 50,7
Hz_Q/X' He

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

5o HoOH
1~ + 2 CHz0H == (CH30),80 +
G H,0H

Bunton, de la Mare, and co-workers20:22,23 gtudied 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:

CO\§O + }i*v____._————“st [lé:és)o

H0S0:H .

H
0
b o o
5 H,0H

HOCH,CH,0H + S0,

The evidence for their mechanism is discussed in Chapter 8, section I

A-1a-(3). Suffice it to say here that Davis3!2 found the heats of hydro-
lysis of ethylene sulfite and dimethyl sulfite to be identical, as did Pag-
din, Pine, and co-workers,642a 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 acid hydrolysis:
1, 3, 2-dioxathiolane 2-oxide, 1; 4-methyl derivative, 1; frans-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 4 -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 sulfites,232:81b whereas
the reverse is true for alkaline hydrolysis,81a

Reulos and LeTellier%? reported that the cyclic sulfites of meso- and
pL-hydrobenzoin, on heating with dry hydrogen chloride in dioxane, re-
act to form the ervithro- and threo-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 via a carbonium ion or
involving an Sy2 displacement. It is probably best explained by assum-
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. 2%

Q

Ce“s"ﬂi L/OH 50C1, /S\ HCl
¢ U~ ——> o >
H/ 7 Cefls How C—C ~atH
CgHs Cglig
meso cis
QH 05001 OH :
CoHadl, & 50, | oM, c/“
S NG Hy > W
d i sHs H/C W Cghg
erythro

12



C,0,8 Ring Systems

Q H g
Cotlga. 50C1 VAN
(\_‘—— mﬂ_g.....a 0 o CoH _Hc.];a
VAN, /' Hall. /aCeHs
# CeHg ¢
CgHg H
DL 65
trans
QH soC1 OH C
CeHsa, ___Z'/ -850 CoHsal. 7 !
] - 5 J“C\H
H CBHS CGH_P,
threo

The alternative explanation advanced by Boozer and Lewis,19 involving
essentially an S,2 displacement of chlorosulfite by dioxane, followed by
displacement of the dioxane by chloride ion, would lead to the same re-
sults.

C4Hg0, /N c1” |
——%—osom —2 3 g9 6—%— —8 5 —¢c—C1

According to Hesse30,50b 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,

0 H
[ ) + [ \ﬁ
\:‘I + RCHO —2 5 OR+502

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

o
[ 0 H,S0
\i —27% 5 HOCH,CH,0S03H + SO,

Several examples of carbon-oxygen cleavage in cyclic sulfites are
known. Carlson and Cretcher24:25 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 5,2 displacement, as illustra-
ted with phenol.

CgHsOH + B ———> CgHg0™ + BHY

cﬁnso‘\ e
ﬁ: \s(o ——> CgH50CH,CH,050;
CHz""‘O

+
— B CgHyOCH,CH,0H + 50,

[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 Smith72a
has reported in 94% conversion and 85% yield.

O\S NaHCO,
O 30min.169°
6 ———————— HOCHzCHzSO:;NE

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

Ben-Ishayl2b obtained an unusual result when he reacted 4-chioro-
methyl-1, 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 theophylline!2¢ reacted similarly.

o 0
\SO i,;:{SONa;ftOH \SO . o
cm{z—[——(') AL ALY C6H50CHZ—L6 CHs0
(8.3%) (66%)

17 18 19

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

~0 P
H; \§0 (fﬁz \302’, CH, \io .
C1CH;—CH—T0 ™ CgHs0—CH—CHf1 ™ > Cehs0—CH o0 *+ Cl
CH,
CHg0™
19

Szmant and Emerson8? 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 42-60% 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 as 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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sHs
[ © Eo [ O O-Mg- Br~
+ CcHsMgBr-OEt; ——> \i"--‘T‘ OBty ————> BrCH,CH,050,MgCgH;
Br
H,0
CoHsMghy
l i BrCH,CH,OH
CGHS ?6“5
BngOCHZCHZO——é——-Q—-p{gHOEtZ
Br
lcsl‘islgBr
eHs
BrMgOCH,CH,0MgBr + (CgHs),5-B-Mg ™+ OEt;
Br
H,0 H,0
HOCH,CH,O0H (CeHs}2S0

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 Lucas4! described the oxidation of the cyclic sulfite of
2, 3-butanediol to the corresponding sulfate with caleium 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,

o Cl,, kv
0~ -]
o 0-107 C1CH,CH,080,CL
92~95%

it is the only radical reaction reported for cyclic sulfites. Bissinger,
Fredenburg, and co-workers,14 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. Ham?27,482 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,372 who claimed that ethylene sulfite is

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



eg1 JIET "09p 2s fooruld Y(-*HD)-S ‘S b ‘Y
e61 911 02 [o32Ing
BT 88 + 9[©) c01 4
ae¥ o1 7601 + ¥ ) L01 01 [03utEN -0 ()% (-1OHIPHOID)-S ‘b
BGG S ‘67-8¥ Pg  I0Ipduemg-g ‘g-052u
oSL T + €[ %]
8682 ‘TcEP ‘6ST¥ 18U
ww Of 38 0 ‘$Z1-8 ‘€31
v wwgie,1'¢6-6'26°da %'9-1°9 Sy [opdueng-g 2-(—)-a ¢(-tHD)-5 'y
%1 26-16 £2-02
P61 G6-¥6 99
261 L6-96 ¥L-68
o8¥ ‘asy L6-96 S°6
BLY 86
¥S sgL by 66
Al 85 £Z 102418 auatfyiy BUON
“Jou sanyradoad 18430 (D) (%) 109419 jansqng
d'W pIe1x

. ﬂm; v
z
Ow/~ <

SapIXoI(-¢ ‘g dueoryyexold-g ‘¢ ‘1 ‘g ATHV.L

16



C,0,5 Ring Systems

superior to ethylene glycol because the reaction is irreversible and

an excess 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,742 or in conjunction with di-
methylacetamide, dimethylfor mamide, or nitromethane.35 Cyclic sul-
fites have been patented as stabilizers for cellulose derivatives. 83

B. SULFATE ESTERS

1. Preparation

Few cyclic sulfates of 1, 2-glycols have been reported, as indicated
in Table 2. Baker and Fieldl2 prepared ethylene sulfate (20) by reac-
ting ethylene dibromide with silver sulfate.

Ag250,

O
BrCHoCH,Br xylene, reflux [ \502
23% b

20

According to Brimacombe, Foster, and co-workers,1?¢ the reaction
fails with 1, 2-dibromopropane. Garner and Lucas4! prepared trans-

4, 5-dimethyl-1, 3, 2-dioxathiolane 2, 2-dioxide (21) by oxidizing the
cyclic sulfite ester of p-(~}-2, 3-butanediol with calcium permanganate.

o Ca(MnO.,)a, AcOH o
Cﬂaj: \io 15° CHy “$0,
_.-__.___,.,.__._.9
CH, 45% CH, i

21

Lichtenberger and Hincky35* prepared the cis isomer from meso-2, 3-
butanediol in 54% yield. Baker and Burrows?!2a 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.192¢

Although these two procedures are most frequently used, several
others have been reported. Helferich and co-workers422-49c gnd
Bragg, Jones, and Turner19a prepared a number of cyclic sulfates of
sugars and other polyhydroxy compounds by treatment with sulfuryl
chloride and pyridine. Simultaneous replacement of hydroxyl by chlo-
rine takes place. Thus, p-mannitol122,49b and dulcitol1?2 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(1, 2-dichloro-
ethyl)-1, 3, 2-dioxathiolane 2, 2-dioxide (21a).

[For references, see pp.57-61.] 17
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S0,C1,, C3HN, CHCL, I‘
CICH

o
50
HOCH,(CHOH) (CH,OH s 2 H:[ \11;02
20-214 C1CH,CH 0
c1
21a

2, 5-0-Methylene-p-mannitol forms a trichloro derivative rather than
a chlorinated sulfate. Sugar derivatives are discussed in section VII.

Ham48b148¢ 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 vacuo gave a low
yield of ethylene sulfate.

CqHaoz’ SO-;

- o
CH~CH, ___10°  _ (-CH;CH,0805-1, '0780% 2mm g,
\\0// —— 6 2

Good yields have been reported4:19e from a related process in which a
polymer is formed by treatment of 2-hydroxyethylsulfuric acid with
thionyl chloride and then distilled at a higher temperature than used by

Ham.
1. s0Cl,

15 hrs, reflux

o
H, S 2. dist. 17 mm,
\SOJ—-’-) HOCH,CH,0S0,H [ \‘15)02

59%

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-
glycols.

Another synthesis of ethylene sulfate involves treatment of glycol
diacetate with dimethyl sulfate, 19¢ The cyclic sulfate is obtained by
distillation following the removal of methyl acetate, a reaction product,
and excess dimethyl sulfate.

1,Me2804
2 hrs. 130°and 360 mm.

(v}
2.110-142%t 3 mm. 0,
CH,COOCH, CH,00CCH; v

Apparently glycol monoacetate can alsa be used.3

2. Structure and Reactions

Pritchard and Lauterbur872 found that the proton magnetic resonance
spectrum of ethylene sulfate consists of one sharp line, in marked con-
trast to the complicated spectrum of ethylene sulfite (section I A-2). If

18



C,0,5 Ring Systems

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

Q

1 }l Q-
o “
0./ \OW}‘:/\HH e\ % Oe——io—H

S , R

0
21b 21c

Baker and Field2 found that ethylene sulfate hydrolyzes readily to
2-hydroxyethylsulfuric acid and alkylates catechol in the presence of
base to 1, 4-benzodioxan (22).

y HOCH;CH0S03B

Q
0, a
Q 20\%. N&OH
e,
w
L
Oj
22

Garner and Lucas4l investigated the hydrolysis more intensively. Acid
hydrolysis of optically active trans-4, 5-dimethyl-1, 3, 2-dioxathiolane

2, 2-dioxide (21) gives the meso 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 Burwe1123br on the acid hydro-
lysis of sec-butyl hydrogen suliate.

0, - OH j)-’fsosn
/S liz ] H CHS\'C—-' \
H.f% \PAC“S f T iCHs
oty 23
CHg H i u
21 CHa\Q-I L;

B/
# n CHs 24

Basic hydrolysis gives mainly pi-glycol (25) with small amounts of
mesc- and p-glycols. This is more difficult to explain. Garner and
Lucas suggested that the p~glycol might result from the intermediate
formation of the cis oxide; subsequent hydrolysis would give the bL -
glycol. Two alternatives are possible to explain the formation of the
cis oxide from the lrans 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-
placement of sulfate. From the alkylation reported by Baker and Field12
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 are 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 Burwell23b during the basic hydrolysis of
sec-butyl hydrogen sulfate.

/ga\ oH™ H\O'H (O'SOS— o
e N i/ H
HaQ . facH; g WCHy T \C”\C’
e Hy H CH; CH,
CHy B i
a1 on~
OH H
CHaa(: __f
Sy
K CHy

25

C. SULFATE ESTERS OF ENEDIOLS

In 1854 Rio7? reported that 9, 10-bis(phenylethynyl)-8, 10-dihydroxy-
9, 10-dihydroanthracene (26, R = H) or the corresponding methoxy de-
rivative (26, R = CH3) reacts with sulfuric acid in dioxane to give a
crystalline compound, melting at 179-180° which he formulated as 4-
phenyl-5-(10-phenylethynyl-8-anthryl)-1, 3, 2-dioxathiole 2, 2-dioxide
(27).

SHS

-0

] )02

-0
H2504, C4Hg02

plig e e
—

()

if

gHs

26 27

20



C,0,8 Ring Systems

The structure was assigned initially on the similarity of the ultraviolet
and visible spectra of 27 and the corresponding dihalogenated deriva-

tive (28),

SCIENTIFIC LIBRARY
y 0CT 20 1967

U. S. PATENT OFFiCE

Further evidence for the structure was presented by Rio and Ranjon. 72
Treatment of the cyclic sulfate (27) with sodium bicarbonate in methan-

ol yielded 9-phenylglyoxylyl-10-phenylethynylanthracene (29) and sulfur
dioxide, while reduction in the presence of acid gave a good yield of
-phenacyl 10—phenylethynylanthracene (30).

NaHCO,

OOO MeOH . [MLEY

6“5

29

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

otls eHs
l +
i !
R +
H* HSO04"
——— G ——
~ROH
R RO R
T
sHs

[For references, see pp.57-61.]
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Cellg sils

CeHs

27

Similarly, Rio and Cornu73s 73a reported that 9-phenylethynyl-10-
phenyl-9, 10-dihydroxy-9, 10-dihydroanthracene (31) gives 4-phenyl-5-
(10-phenyl-9-anthryl)-1, 3, 2-dioxathiole 2, 2-dioxide (32), m.p. 211-212%
reduction yields 9-phenacyl-10-phenylanthracene (33).

Ts”s sHs
| (o]
HQ H,50, Hz
Xy (m~Buly0 KI, AcOH
| —t —t
P 30%
CoH; OH oHs
31 32 33

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

In 1522 Blaise and Montagnel® reported that lactic acid reacts with
thionyl chloride to form a cyclic anhydrosulfite, 5-methyl-1, 3, 2-
dioxathiolan-4-one 2-oxide (34), b.p. 72-74° at 19 mm, plus other pro-
ducts. Similarly, o -hydroxyisobutyric acid gives 5, 5-dimethyl-1, 3, 2-
dioxathiolan-4-one 2-oxide (35), b.p. 63" at 21 mm.

22
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S0Cl,
warm
CH;CHCQOH ——> CHy 0\30 + CHSiHCOO?HCOCL
EH OL 1 CHy
34
80C1;
warm _ CHg
(CHg)3CCOOH ———> CH, o+ (CHa)ZKfCOC1 +
H o c1
35 (cua)zicooi(crla)z
1 0Cl

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 90°, formulated by the authors as CH;CH(OSO,H)COOH or
CH,;CH(OH)COOSO,H. Alcohols give esters and arylamines give
amides, both with the liberation of sulfur dioxide, while phenylhydrazine
liberates the acid.

CHy
R>ECOOH + 50,
0

™ H

CHS 0\ /
R'OH _ CH
Ri 20 > RSCCOOR’ + SO,
o %y,

4:2 H
R - Hor CHs

lpnunuuz

CHae,
R/icoou + CgHsNHN=SO
H

cH
§>iconnceﬂa + 80,

H

Glycolic acid was reported to give no cyclic anhydride. 15

socy
HOCH,COOH ———2-3 C180,CH,COCL + C1CH,COOCH.COCL

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, Alderson®
has recently confirmed the formation of the anhydrosulfite (35) from

a -hydroxyisobutyric acid in 69% yield, b.p. 53-55° at 16 mm, ng>

1. 4294-1. 4298. Whereas Blaise and Montagnel€ 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.

CeHg H,

CHg O °
I hrs. 80
CHB %0 .5_2_:_5_..._89 __i_coo + 502
] 89% é

35 i "

Carré and LibermannZ2® postulated the formation of a ¢yclic anhydride
to explain the products obtained on treating mandelic acid with thionyl
chloride. Meyer3? refluxed mandelic acid with excess thionyl chloride
and isolated benzaldehyde. McKenzie and Barrow38 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.

CSHSIHCOCl + S0,
SOC1a 7 1
CGHSIHCOOH _Soclz csusiucoa

4 socl CeHsCHCI, + S0, + CO

Carré 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 was 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:

50C1; o
CGHSIHCOOH 22y (gl “gg —— —> CgH;CHO + 50, + €O
¥ o
soC1,
36
CeHsCHC 1,

The interaction of benzaldehyde and thionyl chloride is known to give
benzylidene chloride.5® Carré and Libermann advanced the same ex-
planation for the formation of benzophenone from diphenylglycolic acid
and thionyl chloride, €0

I. C,-C,0,S 2,4-DIOXA-3-THIABICYCLO|3. 2. 0JHEPTANE (36a)

i

o

H 07 {";?

H -0 4%
36a

24



C,0,8 Ring Systems

Criegee and Nol1292 prepared cis-1, 5, 6, T-tetramethyl-2, 4-dioxa-3-
thiabicyclo[3. 2. O]heptane 3-oxide (36b), m.p. 100-101°, from 1, 2, 3, 4-
tetramethyl-1, 2-cyclobutanediol. The glycol is undoubtedly cis, but the
geometry of the other methyl groups is unknown.

H
CHg CHj CHy tHa
oM S0C) :
CHy —iag > o
<CHy = “i5%
CHg “OH CH; ;
CHy
36b

OI. C,0,5-C,0,8 1,3, 2-DIOXATHIOLO[1, 3, 2]DIOXATHIOLE (37).
GLYOXAL SULFATE

52 oY
o2 33
37
(RRI 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 Otté4 from tetrachloroethane
and fuming sulfuric acid in the presence of a mercuric sulfate catalyst
in 32% yield,”5

HgSO,
50-60
C1;CHCHCl; + 4 503 + 2 HpS0, 50-603 (CHO,50,),

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.

~ON
0,5 \O/CH CH\
39

However, Baker and Field12 suggested the much more reasonable 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).

0—CH—0 —CH,—O~
0,87 Ns0, o, e

No—cn—o0” \O—CHZ-O/
38 40

[For references, see pp.57-61.] 25
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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.18

0.0 HOCH,CH,OH HOCH,CH,0H <
0, 0, — 227 Do LA L L
0~ ™0 0
41

However, it has since been shown37,38 that two products are 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-frans isomers.
However, Faass and Hilgert37 and Hassel and Rgmming4® have shown
that the higher melting compound is the dioxane derivative (41}, while
the lower melting compound is the normal acetal (42).

THE—O\ /O—Cﬂg
CH—CH |
CHy—0" NO—CH,

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. 64 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 glyoxal®4 and is in general
a convenient source of glyoxal for many reactions. Thus, it reacts with
alcohols to form glyoxal tetraacetals.12,38,39,68 Although Fischer and
Taube3® 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. Purves®® recommended the addition of 2 com-
pound to tie up the sulfuric acid liberated. Fiesselmann and Horndler38
found that the reaction of glyoxal sulfate with excess ethanol gives only
a 23% yield of glyoxal tetraethylacetal and 23. 5% of tetraethoxy-1, 4-
dioxane (43), the latter being formed by the reaction shown:

o

CH{QCH;) o C,H CoH

[ e oz{o 0 + 2 CoHzOH ——> C2HsO e

H(OC,H; ), CaHs0— , ~~0CHs
43

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

Fischer and Taube3? 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.

o
Oai [ 202 + CgHsMgBr ——> ceusiu-—?ﬂcsﬂ,

H OH

Acetone gave a product of unknown structure, while tertiary amines
gave addition compounds which could not be purified. According to
Reuter 892 glyoxal sulfate reacts with aqueous sodium bisulfite to yield
1, 2-dihydroxyethane-1, 2-disulfonic acid.

NB.HSO3,H20
o, o: :0\§o 20 min80° uossiu—?ﬂsoaﬂ
100% H OH

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

L Q0 =000
Ha

CH—

2

Glyoxal sulfate has been recommended as an acid catalyst for the par-
tial hydration of myrcene. 81

IV. C,0,8-C,0 FURO [3,4-d]-1, 3, 2-DIOXATHIOLE (44a)
?5 & I ?z\s
4 3
44a
Brimacombe, Foster, and co-workers,19¢ prepared the only member
of this series, presumably cis-tetrahydrofuro 3, 4-d]-1, 3, 2-dioxathiole

2, 2-dioxide (44b), from 1, 4- anhydroerythritol and thionyl chloride. It
melts at 106-108°.

S0Clz, C5HgN, CH,Cl,
[ ] 2hrs, 0° Y I io
HO OH -

35%
44b
V. C;0,8-C,S THIENO [3, 4-d}-1, 3, 2-DIOXATHIOLE (45)

()
AEE
3

45

[For references, see pp.57-61.] 27
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Prochdzka and Hordk67P prepared cis-tetrahydrothieno |3, 4-d]-1, 3,
2-dioxathiolane 2, 5, 5-trioxide (45a) from cis-3, 4-dihydroxythiolane
dioxide and thionyl chloride.

0,
s SDClg 0
/ 1hr, reflux Og!?/\’/ \SEO
HO- J._ ‘l—OH > S —

69% 45a

A lower yield was obtained in the presence of pyridine. The broad melt-
ing point of 45a, 124-136°, would seem to indicate that some isomeriza-
tion took place under these reaction conditions.

VL. C,0,5-C5 3aH-CYCLOPENTA-1, 3, 2-DIOXATHIOLE (46)

B 46
(RRI 871)

There are several representatives of this ring systen.. The cyclic
sulfite of frauns-cyclopentanediol, trans-tetrahydro-3a7-cyclopenta-
1, 3, 2-dioxathiole 2-oxide (47), was prepared as a colorless oil, b.p.
115-118° at 15 mm, by Mousseron, Winternitz, and Mousseron-Canet82
from the {rars-glycol and thionyl chlaride in the presence of pyridine;
{runs -2-chlorocyclopentanol was formed as a by-product.

S0C1,, C4H, N, CgHg

2y =550, O~
-QH 30min U !/\f so m-m
i B
Ej— é oH

OH 30% P

Reduction of the sulfite {47) with lithium aluminium hydride regenerates
lrans -cyclopentanediol quantitatively, proving that no rearrangement
takes place durins the formation of the sulfite, Treatment of the sulfite
with hydrogen chioride in dioxane gives the chlorohydrin with retention
of configuration, in agreement with the results of Tchoubar8! on the
corresponding cyclohexane derivatives; the mechanism is discussed in
section VIII A.

O .
o - it Rvin Y
# OH ~ é) OH

100%
47

Lichtenberger and HinckySS 2 prepared 4-methyltetrahydro-3aH-
cyclopenta-1, 3, 2-dioxathiole 2-oxide (47a), b.p. 97-98° at 13 mm, ng?
1. 4688,431 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°.

S0Cl, Ca{MnO,), o
lachvlias I Sl
13% o
CHy OH 95% CH CHg
47a 47

VIL C,0,5-C;0 4H-PYRANO(3,4-d}-1,3,2-DIOXATBIOLE (47c)

B
5
~

This ring system is represented in its tetrahydro form by the cyclic
sulfates of certain sugars; these are listed in Table 3. In 1921 Helfe-
rich%92 reported that methyl «-p-glucopyranoside reacts with sulfuryl
chloride and pyridine to form a cyclic sulfate ester, the free hydroxyls
being simultaneously replaced by chlorines. Recently, Bragg, Jones,
and Turner92 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 was formed slowly, indi-
cating the hydrolysis of a formyl ester, as expected from the assigned
structure.

H;O0H H,Cl
H Q 80,Cl,, C5H5N’ CHCl4 n 0,
2 hrs. H
HH 0 H
H CHy 36% Ccl OCH,
H H H
/ 4
02

CHpCl CHaCl

2Nal0, H—Q H.0 {HOH
—3 CHCI CHO ———> CHCL

}HO ¥H0

+ HCOOH + HCOOH

1. NHy/MeOH
2. Aq. HgSOq
_—

[For references, see pp.57-61.] 29
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Presumably, the methyl g-glucoside product49s has a corresponding
structure. According to Helferich and co-workers4¢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,

HaCL HaCl
i conc, HC1 H H
Cl CH, i—;:> Cl OH
H
474 4
2 0,

H,S04
7 o

0
HyCl
H
c CHj
H

By the same reactions Bragg, Jones, and Turnerl®2 showed that meth-

yl B-p-arabinoside yields a 2, 3-sulfate with a chlorine on C-4. Suc-
rose gives a mixture of di- and trichlorodeoxysucrose disulfates. The

glucose portion was shown to be identical with that formed from methyl
a-p-glucopyranoside; 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 co-workers42b found that trehalose yields a tetrachloro disul-
fate. Considering the similarity between trehalose and a methylgluco-
gide, 47e would appear to be a reasonable structure for this derivative.

02
HpCl
H Cl

H

Hzfif

Cl O o
H
2 47e

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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VII. C,0,8-C; 1,3, 2-BENZODIOXATHIOLE (48)

O
' 1z\§
54 30

48
(RRI 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 are listed in Table 4, Catechol sulfite, or
1, 3, 2-benzodioxathiole 2-oxide (49), was first prepared by Anschiitz and
Posth® by refluxing catechol with thionyl chloride in benzene, in 66%
yield according to Tillett.81b The yield was improved by Green45 by
using pyridine.

. socl o
@o CSHSN’ C52 @}0
=Ry
96%

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.81band de la Mare, Tillett, and van Woerden32a,32b jnvesti-
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
104 in neutral solution and 10° 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), tLe
increased rate cannot be attributed to ring strain in the cyclic sulfite;
Pagdin, Pine, and co-workers, 842 found the heats of hydrolysis of catechol
sulfite and diphenyl sulfite to be the same. This is discussed further in
Chapter 8, section 1 A-1a-(3).

Several authors81,55:552,62,67,19¢ haye reported the preparation of
the cyclic sulfites of ¢is- and drans-1, 2-cyclohexanediol (50} by treat-
ing the glycols with thiony! chloride and pyridine.

SOCL
o CSHENZ °
—2 070y (4]
OR
50

32



C;0,8 Ring Systems

qLe 16-88 (-HO=HDD01D)-§
29 092°1T Eriresy T cov ¢ 0I1-80T I oaphyexey-fyn~reg-suve
29 6T SEI-bEl 9¢  ouphyexay-fyn-eg-50
261 6p8% T (8% 10 SL-3L gL
GG YT LII-OLT
6 14621 ¢EPLe8% T 294 BT 61I-8II
L9 $S9Z T of P L¥8Y T oFn Z2  96-%6  GI— 9L
I8 02 44! CIpAYBXIH - SULY)
egg v BIT-LIT
G 6692 T cEP9zsy T efu LT gBI-1aT
L9 85LT T 0P ‘TE8Y T o 4 06  8-9 5L
18 02 921 oIpAyexay-s1o
57 GOT 8ETI-LEl 9€
9 B0V'T ¢1? 91 56-G°86
9 09L T18-012 auoN
194 senyredoad oy (W) (2a) (2} (%) wennisang
dg ‘d'iW PISTX

SOpIXQ-Z @lonpyexorpozusg-¢ ‘¢ ‘1 v ATVl

33

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



Chapter 1

According to Lichtenberger and Hincky®5 cis-1, 2-cyclohexanediol
forms a sulfite much more readily than the #rans isomer, and this can
be used as a method for separating the two glycols. Mousseron, Winter -
nitz, and Mousseron-Canet82 prepared the cyclic sulfites of cis- and
trans-1-methyl-1, 2-cyclohexanediol; 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 lithjum aluminum hydride regenerates the
original glycol in every case.

Price and Berti®’ investigated the pyrolysis of the cis and frans sul-
fites. They found that they both decomposed smoothly and in excellent
yields at 250-300° the cis sulfite to cyclohexanone and the {rans 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 frans hydrogen, and loss of sulfur dioxide would give cyclohexan-
one.

CO

\so —>{ :>—oso‘ —> 0 + S0
o/ ? Q: ’

H
51,

The frans sulfite (62) has both oxygens equatorial. These are coplanar
with methylene groups, and thus the same mechanism leads to ring con-
traction.

H
')

N
%0 —> D_é—oso; 3 D——cuo + 50,

H
52

Foster, Hancock, and Overend4? 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 as postulated for the 1, 3,
2-dioxathiolane 2-oxides (see section I A-3). The cis sulfite (51), how-
ever, reacted differently. Acid hydrolysis gave the cis diol, presumably
by sulfur-oxygen cleavage, but alkaline hydrolysis gave mainly the
trans 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.
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H H

o OH on- OH
— o 050,~ > OH

The difference between the two isomers might be attributed to their
conformation. The cis sulfite has an axial oxygen, while the &#ans 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 equatorjal.362

Tchoubar8?! jnvestigated the reaction of the two sulfites with dry hy-
drogen chloride in dioxane and found that only the {rans sulfite (52)
reacts at 80-90°. The product was the {rans 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 frans chlorohydrin by inversion., Since the cis sul-
fite would yield the unknown frans 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 {rans hydroxychlorosulfite
(53) as an inter mediate followed by an Syi reaction to the frans chloro-
hydrin.

so HC + S0,
08001

52

The formation of the hydroxychlorosulfite (53) should be a reversible
reaction. The lack of 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-Canet82 confirmed Tchoubar's
results with the sulfites of both 1, 2-eyclohexanediol and 1, 2-cyclopentane-
diol. However, the results with 3a-methylhexahydro-1, 3, 2-benzodioxa-
thiole 2-oxide were quite different. The trans isomer (54) gave a mixture
of 2-methylcyclohexanone and cis -methyl-2-chlorocyclohexanol (55), the
latter being formed by inversion. The authors explained these results

[For references, see pp. 57-61.] 35
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by postulating twe concurrent reactions, the ketone being formed by an
5,1 process and the chlorohydrin by an S, 2 process with inversion.

CHy

0S0.H H

1 cl
55

Although the formation of the ketone is understandable, it is difficult to
see why the presence of a tertiary 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 cyelic sulfate
of an aromatic dihydroxy compound was carried out by Pollak and
Gebauer-Fiilnegg. 66 Treatment of catecho] with excess chlorosulfonic
acid at an elevated temperature yielded a cyclic sulfate but also resul-
ted in chlorosulfonation of the ring (56).

0,C1
o C1S03H o
a
8 hrs. 150 \502
oy 39% crude (B
Cl0o,
56

The stability of the ring was indicated by the reaction with aniline to
form the bis(sulfonanilide) and with N-methylaniline to form the corres-
ponding bis(methylanilide}.
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Denivelle 33 prepared the parent compound, 1, 3, 2-benzodioxathiole
2, 2-dioxide (57), in two steps.

80;Cl;, CgHg CsHgN

ONa 050,C1 Csller
E:[O o~ 10° @ ref lux @vsoz
H

57
TABLE 5. 1,3, 2-Benzodioxathiole 2, 2-Dioxides
o
i
5]
Yield M.p. B.p.
Substituent (%) (°C) (°C} (mm) Ref.
None 417 104 1 33
4, 6-(—S0,C1), 49 143 66
4, 6-(—SO,NHC gHy ), 304(dec.) 66
4, 6-—SO,N(CH3)C Hs 1, 146 66
4,5,6,7-Cl, 57 125-126 7
trans -Hexahydro 14 60.5-61. 5 59, 55a
30 54-55 40, 19¢
cis-Hexahydro 33 36-37 40, 19c
27 41-43 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 catechol and sulfuric acid. The compound
was reported to react with secondary amines under unstated conditions.

o
\ioz RyNH QC’S%NR:
OH

57

[For references,see pp. 57-61.] 37
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Schenck and Schmidt-Thomée”7 prepared the cyclic sulfate of tetra-
chlorocatechol (58) by irradiation of tetrachloro-o-benzoquinone and
sulfur dioxide. The reaction was presumed to take the following course:

1 1
Cl Q RV Cl Q- S0, C
RSN ——
ST%
c1 0 C1 o- C
1 1

The reaction was reversible, heating at 150-250° regenerating the ori-
ginal quinone and liberating sulfur dioxide. The sulfate was much less
stable than catechol sulfate, since methanol at room temperature con-
verted it into tetrachlorocatechol. Surprisingly, tetrabromo-o-quinone
would not form a sulfate under these conditions, although a variety of
other o-quinones do (vide infra).

Foster and co-workers49:19¢ prepared the cyclic sulfates of cis- and
trans-1, 2-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 Hincky3%,552a prepared the sulfates by
the same procedure and reported somewhat higher melting points. The
reaction fails with catechol sulfite.

Foster and co-workers10:19b,19¢ jpyegtigated the hydrolysis of the
cyclic sulfates under conditions similar to those used by Garner and
Lucas4! with the 4, 5-dimethyl-1, 3, 2-dioxathiolane 2, 2-dioxides (see
section I B-2). They also carried out the same hydrolyses in the pre-
sence of H2013 in order to determine whether or not carbon-oxygen
cleavage occurred. It was shown that cis- and frans-1,2-cyclohexane-
diol monosulfates are 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 /rans glycol with the expected amount of enrichment,
in agreement with the work of Garner and Lucas. 41 The frans sulfate
(60), however, yielded a mixture 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 frans isomers lies in their conformation.
The cis isomer (59) has one oxygen equatorial and one axial. Since an
axial group should be displaced more readily than an equatorial,362 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 wouldbe followed by sulphar-
oxygen cleavage of the monosulfate inagreement with the results obtained
by Burwell23a with sec-butyl hydrogen sulfate. The trans isomer (60)
would be expected to have both oxygens equatorial. Because of this less
favorable conformation for an Sy2 reaction, carbon-oxygen cleavage
might take place with carbonium ion formation. Solvolysis from the
side opposite the hydrogen sulfate group would give the frans glycol,
while attack on the same side would give cis glycol.

H
H + H
0, H30+ H30
~804H H
H \ H
quo
H
+
H30+ Hzo
~850gH

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 O18 in 61 indicates an initial sulfur-oxygen cleavage in 89, the
trans glycol being formed by carbon-oxygen cleavage in 61 with inver-
sion. The second step is in agreement with the results of Burwell, 232
while the sulfur-oxygen cleavage in the first step appears to be the rule
in these cytlic sulfates. The frans sulfate (60) yielded isotopically en-
riched trans glycol. Here, too, the first step must involve sulfur-oxygen
cleavage to the frans diol monosulfate (62), since carban-oxygen cleav -
age with inversion would result in the alkali-stable cis monosulfate
(61), and the amount of O18 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 epoxide forma-
tion because of the frans arrangement of the two groups in 62; ring
opening with inversion would give #rans glycol.

[For references, see pp. 57-61.] 39
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59 61
OH™
H 0
0\
‘ OH~ H
— 02 4 6{03-
H H H
80 62

IX. C,0,8-C, 44-CYCLOHEPTA-1,3, 2-DIOXATHIOLE (62a)

6"l (1)?
. 3]
C
n, 62a
The sole representatives of this ring system are cis and {rans-hexa-
hydro-4;f-cyclohepta-1, 3, 2-dioxathiole 2-oxide (62b), prepared by

Brimacombe, Foster, and o::o-workers1 ¢ from cis and trans-1, 2~
cycloheptanediol and thionyl chloride,

SOCly, C5HgN
OH 2hrs. 00 0e ?0
OH

The cis isomer boils at 90° at 0. 5 mm, n§4 1. 4860, and the frans isomer
at 92° at 0. 5 mm, n§? 1. 4865.

X. C,0,8-C,0-C,0 1,7,11,13-TETRAOXA-12-THIADISPIRO [4.0.4.3]
TRIDECA-3, 9- DIENE 2, 8-DIONE (62c)

HC:E 1z sl o H,
9 10\ /51 2

8 7/ M3
H,C—0 62¢c §=CH

40



C,0,S Ring Systems

tvans -Bifurandione (62d), the intriguing compound prepared from car-
bon monoxide and acetylene, was oxidized by Holmquist, Sauer, and co-
workers, 50¢ to 2, 2'-dihydroxy-2, 2' -bifuran-5, 5' (24, 2'#)-dione (62e).
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).

HNO; . 50Cl,
[o] 0 HzS04 04 .__.J ¢ 8hrs reflux
0 — g f\; —_—

H OH
62d 62e
o g gy PPy B gy T
5 9 €1«
62f 62¢

XI. C,0,8-C,N-C;N 6H-CYCLOHEPTA-1, 3, 2-DIOXATHIOL-4,
8-IMINE (62h)

TABLE 5a. Derivatives of Hexahydro-64-cyclohepta-1, 3, 2-
dioxathicl-4, 8-imine

0
78 ~
3
6 aN 2?0
5 {4 0

Yield M.p.
Substituents %) (°C) Ref.
6-(0=)-9-CH,- : HCl 90 330 88b
6-(0=)-9-CH,- 186.5-187 (dec.) 88b
6-(CgHy),CHCO,-9-CH,- - HCl 96 253 (dec.) 88b
6-(CgHg),CHCO,-9-CH,- - CH;S0,H 217-218 88b
6-(CgH;),CHCO,-9-CH, - 125-127 88b
[6- (CgH5),CHCO,-9, 8-(CH;-),]*Br~ 205-207 (dec.) 88b

[For references, see pp. 57-61.] 41
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Zeile and Heusner88t prepared several cyclic sulfites from teloidine

(621) and from teloidinone (62j) by standard procedures. These are
listed in Table 5a.

OH A OH
H
Ko OH 3 OH

62i 624

XIL C,0,8-C,-C, 84-INDENO(1, 2-d]-1, 3, 2-DIOXATHIOLE (62k)

Hy
C. 0.

E

62k

Brimacombe, Foster, and co-workers,19¢ prepared cis-dihydro-8H-
indeno(1, 2-4 }-1, 3, 2-dioxathiole 2-oxide (62-1}, m.p. 70°, from cis-1, 2-
indanediol and thionyl chloride.

80Cl,, C5HsN
OH Zhrs o° \i
OH

62-1

XII. C,0,8-C,0,-C4O 44, 6H-1, 3, 2-DIOXATHIOLO[4, 5 |PYRANO
[3, 2-d ] -m -DIOXIN (63)

[ —
3 4
0 34’
Hz 39 4
0115(:,1 a/ HZ
¢ 63
(RRI 2654)

The first representative of this ring system was 4-methoxy-8-phenyl-
tetrahydro-44, 65-1, 3, 2-dioxathiolo[4, 5 Jpyranc(3, 2-d ]-m -dioxin 2-
oxide (64), the 2, 3-sulfite of methyl 4, 6-0-benzylidene-a-p-glucopy-
ranoside, prepared in the usuwal manner by Honeyman and Morgan, 51
m.p. 192-193°, (o |22 + 148. 4°. The compound is exceedingly sensitive
to acid, being converted quantitatively into methyl «-b-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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0—CH,
80Cl,, C5HsN
H 15 min. 0° . /
CSHS-CH\ H H —> (gHs—CH
CBs  meOH, NaOMe
H H Q°

H* H,0
Me,CO

H,0H

H
HO CHy
H

Brimacombe, Foster, and co-workers, 19¢ 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 Turner! 92 prepared the cyclic sulfate in 41% yield
by treatment of methyl 4, 6-0-benzylidene-«a -b-glucopyranoside with
sulfuryl chloride and pyridine. The compound melts at 107° with decom-
position and yields glucose on hydrolysis, first with methanolic ammo-
nia and then with aqueous 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.

XIV. C,0,5-Cg-Cg

A. NAPHTHOI[1, 2-d }-1, 3, 2-DIOXATHIOLE (65)

(RRI 2656)

Schenck and Schmidt-Thomée?7 prepared cyclic sulfates of 1, 2-dihy-
droxynaphthalenes by the photochemical condensation of quinones with
sulfur dioxide described previously (see section VIII B).

0—30,
0
0
“ 50, hv
NN 33%
66

[For references,see pp. 57-61.) 43
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Naphtholl, 2-d|-1, 3, 2-dioxathiole 2, 2-dioxide (66), was obtained as
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-aminoc
derivative (68}, obtained as pale violet needles, m.p. 139-141° (dec.).

0__,50) Q- _SOZ
) |
)J\/ 0
(\ o 80y, mV W Zn,HCL & | X
\V\L/\ ~NO, 45 5% 59c D - P NH,
.02
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 dipotassium salt of 1, 2-naph-
thalenediol with sulfuryl chloride, but the reaction did not succeed.

B. NAPHTHO 2, 3-4 -1, 3, 2-DIOXATHIOLE (69)

¢ N
4 i :\s
g1
as—to

69
(RRI 2655)

Mousseron, Winternitz, and Mousseron-Canet®2 prepared /1ars-3a, 4,
9, 9a-tetrahydronaphtho 2, 3-d -1, 3, 2-dioxathiole 2-oxide {70), m.p.
124-125°, from frans -2, 3-dihydroxytetralin and thioayl chloride. Re-
duction of the cyclic sulfite with lithium aluminum hydride regenerated
the {rans glycol, indicating that no rearrangement had taken place during
ring formation.

SOCL,, CsHsN, Uyl

OH 30 min. 0° \SO
OH 85% (l)

T LiAlH, ] 70
100%

xv. CZOZS-CG-CG-CG
A. ANTHRA1,2-4'-1, 3, 2-DIOXATHIOLE (71)

G
3l
O

71
(RRI 4383)
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1, Sulfite Esters

Green described the preparation of a series of cyclic sulfites of di~
hydroxyanthracenes. 1, 2-Anthradiol (72) reacted with thioayl 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

o0—80

= OH  socl,, CoHN, CS, &~
reflux .
73

%

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 1, 2-anthradiol, dihydroxyanthraquinoaes react readily
with thionyl chlomde in the absence of pyridine. Thus, alizarin (74)
yields the cyclic sulfite (75) almost quantitatively as primrose yellow
crystals melting at 171-172°,43

50C1,
‘.O 3 hrs. reflux
97%crude

The sulfite hydrolyzes readily on exposure to meist 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 » - and p~bromobenzoic
acids all yield 2-monoacylalizarins (76),

Monochloroacetic acid yields a mixture of alizarin and 2-acylalizarin,
while dichloroacetic, dibromoacetic, 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, or arylamines liberates sulfur dioxide and
regenerates alizarin, while alkyl halides and sulfates do not react.

Other polyhydroxyanthracenes react similarly. 44 Thus, purpurin (77)
yields the cyclic sulfite {78} as yellow-brown crystals melting at
211-213°.

S0C1,
6 hrs, reflux

72% crude

The sulfite hydrolyzes rapidly in moist air and yields 2-acetylpurpurin
with hot acetic acid. Anthrapurpurin (79) yields the sulfite (80) as ochre
crystals melting at 179° with decomposition.

o OH o o—~zo
HO X OH  SOCL, C1080~_~
ghrs, reflux ]
———ﬁ
93% RN
O o
79 80

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

2, Sulfate Esters

Schmidt79 postulated the formation of a cyclic sulfate (81) as an inter-
mediate in the preparation of the dyestuff Alizarin Bordeaux or Quina-
lizarin (82). The ester, isolated as orange leaflets, yielded the dyestuff
by solution in sodium hydroxide followed by refluxing with sulfuric
acid or by heating at 170° with sulfuric acid.

o3 OH
QH 70-8U% oleum
25-50°,1-4 days
T
0

74
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Gatterman4Z? 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 Schmidt-Thomée”? reinvestigated this re-
action in connection with their photochemical 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
sequeace 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, if the sulfate reacted as did
their other sulfates, the product should have been the corresponding
quinone,

B, ANTHRA (2, 3~d]-1, 3, 2-DIOXATHIOLE (83)
0.
POV
3
83

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

OH 50Cl,, C5HsN, CS2 O,
reflux

compound darkens at 180° and melts with decompositionat 188°, 84 is stable
to moist air 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 200°.44 In contrast to the
1, 2-dihydroxyanthraquinone sulfites, 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.

o]
OH S0Cl,
12hrs. reflux
N v
OH 91% crude
|

85

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 its reactions.

o] H
.OH S0C1,
’ 6.5hrs.  reflux

\/KOH 78% crude

o

87
It hydrolyzes slowly with moist air, in contrast to the 1, 2-sulfites
which hydrolyze rapidly. It gives a mixture of anthragallol and 2 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-sulfite, a triacetate would have
been obtained.

C. PHENANTHRO'9, 10-41-1, 3, 2-DIOXATHIOLE (89)

89
(RRI 4384)

This ring system is represented by cyclic sulfates of 9, 10-dihydroxy-
phenanthrene prepared by Schenck and Schmidt-Thomée’? from the
corresponding quinone and sulfur dioxide as described previously (sec-
tion VIII B). The compounds are listed in Table 6. The parent compound
(90) decomposes quantitatively to the starting materials at 235° It is
very stable to alkaline hydrolysis and in this respect differs from the
Alizarin Bordeaux intermediate (81) (section XV A-2). The nitro deriv-
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atives, however, are much less stable and their hydrolysis is similar
to that of the Alizarin Bordeaux intermediate.

0 0——80,
50, 6
100
e 3
p ‘ 86-92%
S
90

TABLE 6. Phenanthro{9, 10-d }-1, 3, 2-dioxathiole 2, 2-Dioxides

i zioz

Yield M.p.
Substituent (%) (°C) Other properties Ref.
None 86-92 202-203 (dec.) white needles ™
5-NO, 48 204-206 (dec.) yellow needles 77
6-NO, 17.5 190-191 (dec.) pale yellow 7

leaflets

80
7-NO, 40 185-186 (dec.) pale yellow needles 77
6,9-(NOy), 55-60 240-241 (dec.) yellow needles ™

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-nitro-9, 10-dihydroxyphenanthrene, subse-
quently oxidized to the known 5-nitrodiphenic acid, served to identify
the compound as 6-nitrophenanthrol9, 10-4 -1, 3, 2-dioxathiole 2, 2-
dioxide. Similarly, the dinitro compound was shown to be the 6, 9-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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0———-SO>
conc. HNOj aq. NaOH
90 sec.reflux reflux ©[0803Na
————>
59-64% ONa
91
conc- HNOs EtOH/HCL
3minreflux reflux
55-60%
OH
OH
o SOZ KMnO,
6._,_...__-‘
COOH Q
O,N COOH
NO,
0N
A

0
o
. y KMnO, COOH
{ ; COOH
N
93 No, OgN

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

XVL C€,0,8-C N-C,N-C40, [1, 3, 2]DIOXATHIOLO(4’,5": 8,9](1, 6]-
DIOXACYCLOUNDECA [2, 3, 4-gh ]PYRROLIZINE (94)

H, gl §
TN
oo i 07 6 >

C—C 0

H H

94

(RRI 4109)
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C,0,8 Ring Systems

The structure of monocrotaline (95), an alkaloid from Crofalaria
Spectabilis, was elucidated by Adams, Shafer, and Braun.® The alkaloid
with thionyl chloride gave an almost quantitative yield of monocrotaline
cyclic sulfite (96) as its hydrochloride, m.p. 226-226. &° (dec.), [a }32
+ 15.26°% treatment with base gave the free sulfite (96), m.p.

155. 4-155. 8° (dec.), [@]3® + 37, 74°. 1t is interesting that such a high
yield of cyclic sulfite was obtained from a glycol with two tertiary 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 (37), 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 }3° — 31. 74°.
These and other reactions served to prove the structure of monocrota-
line.

Pd/SrCO
95 100% ’
H,, EtOH
Pd/SrCO;
97 - He H;, EtOH
§
~
R
O=C— H——Iw——c——coou
Hy (I:H3
i CH,
: :N: ]

97

According to Yunusov and Plekhanova, 882 the closely related alkaloid,
trichodesmine (97a), also forms a cyclic sulfite hydrochloride, m.p.
170°, [a jp + 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 Gianturco?2 had previously re-
acted the alkaloid with thionyl chloride, but had assigned an acid sulfite
ester structure to the adduct, m.p. 172° and concluded therefore that
the alkaloid is a frans glycol. Although additional confirmation would
be desirable, the cis structure appears more reasonable.

[For references, see pp. 57-61.] 51
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(CH3lCH OH OH

0==C——CH——C——C——(=Q
CHy (I.“H;,

- Hy—
T

~_~

97a

XvOo. C,0,8-C 4N -C4N-C,,0, SPIRO[1, G)DIOXACYCLODODECA

(2 3 4-gh |-PYRROLIZINE-9(8), 4'~[1, 3, 2 DIOXATHIOLANE
(98)

Do
HE P

(=C—U—_ *N
“C/J' 1311wy
LT PR S

C‘—(,——O——C

“ C 14’10“; H

0~—s 98
{RRI 4110)

Adams and Van Duuren? investigated the structure of riddelliine (99),
an alkaloid from Seuecio riddellii. Among other reactions which served

to prove the structure was the formatioa of the hydrochloride of the

cyelic sulfite (100). m.p. 215° (dec.), (o [ 28 — 41. 5°; treatment with base
liberated the frce sulfite (100), m.p. 1707 (dec.), {28 — 17. 4°. Here,

too, infrared spectra were used to assign the cyclic sulfite structure

H

0
=I——mc————u{—$-i—cuzoa socL,
c 5-200
b B

100 HCL
H 0 ,
[ | 1 l
-N 85 | ag. NaHCUy
99 ;
v )
CHyCH -8~

Ridcellic acid, a decomposition product of riddelliine (99), was conver-
ted into its bis(p-phenylphenacyl) ester (101). Treatrient with thionyl
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chloride yielded the bis(p-phenylphenacyl) ester of 4-(3-carboxy-1-
methyl-1, 3-pentadienyl}-1, 3, 2-dioxathiolane-4-carboxylic acid 2-
oxide (102), m.p. 78-80° (dec.), (o 28— 11. 3°,

H3 CH,OH
p- C6H5C5H4COCHZOOC—C—CH:i——i—COOCHZCOCBH,lcaﬁs -p
CHCH4 H
101 lsomz
5-25°
g
Mg
p-CgHgCgHyCOCH,00C—C—~~CH=C—C——CH,
CHCH4 COOCH,COCGH,CgH5-p

102

XVIL C,0,58-Cy-Cg-Ce-Cq

A. CYCLOPENTA[1, 21 PHENANTHRO'4, 4a-d 1, 3, 2 1DIOXATHIOLE
(103)

76
o” 103

(RRI 5524)

This ring system is represented by the cyclic 9, 11-sulfite of 33-
acetoxy-5a-ergost-8(14)-ene-9, 11a -diol (104), m.p. 133-136° prepared
by Laubach, Schreiber, and co~workers.523

S0Cl, CsHgN
Je
77%

i

CHat00 CHaCO0

[For references, see pp.57-61.} 53
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B. CYCLOPENTA[1, 2]PHENANTHRO{1, 10a-d }(1, 3, 2)DIOXATHIOLE
(104a)

5-.A 1

19 (12 2
12 3
10

ST
104a

This ring system is represented by the cyclic sulfite of 3-O-acetyl-
scillirosidin (104b), m.p. 190-198°, [ ]§% + 42, 2°, and by the cyclic 8,
14-sulfite of 8, 14-dihydroxy-5a, 143-androstane-173-carboxylic acid
methyl ester (104c), m.p. 174-176° [ ]20 + 113. 0°, both prepared by
von Wartburg and Renz.858,850

XIX. C,0,5-C4-Cg-Cg-Cq

A. CHRYSENOQ'5, 6-d41-1, 3, 2-DIOXATHIOLE (105)

8530
01
)&
[
N
®
105
(RRI 5794)

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

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

e

107

Vaughan and Yoshimine82 prepared the cyclic sulfite of 9, 10~-dihydro-
9, 10-ethanoanthracene-11, 12-diol (108}, m.p. 191. 2-192. 2°, from the
cis glycol and thionyl chloride. Heating yielded a product which they
formulated as 9, 10-dihydro-~9, 10-methanoanthracene~-11-carboxalde-
hyde (109) by analogy with the work of Price and Berti67 (see section
VII A).

S0ClL, }
H

CsHsN, C4HpO2
5hrs.10-18° ~o | o
————> 0
29% B _#
0

¢
H
108

j/l hr. 285-300°
]

sl
109

XX. C,0,8-C,0-C,0-C5-C¢-Cg 3H, 9H-11b, 13a-EPOXYCYCLO-
PENTA[1, 2] PHENANTHRO[4, 4a-d }[1, 3, 2 ]DIOXATHIOLE (110)

110°
(REI 6562)

[For references,see pp.57-61.] 55
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Clayton, Crawshaw, and coworkers, 28 prepared the cyclic sulfite of
5a, 8o -epoxy-33-acetoxy-9¢, llo-ergostanediol (111), m.p. 173-174°,
o, — 28°, from the glycol and thionyl chloride in the presence of pyri-
dine. A peak in the infrared spectrum at 1215 em~! confirmed the pre~
sence of the cyclic sulfite (see section I A-2),

S0 CH

08
CHy,
/k i 0
CHgCo0~ ™

111
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CHAPTER 2

C, 0S; 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,08, 1,2,5-OXADITHIOLANE (1)

O
§5‘2S
4 3/

H,C—2CH,
1

(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 vacuo or, more readily, by refluxing the acid with thionyl
chloride,?

50Ck, o

, PN
12hrs. reflux 0,8 50,

HO,SCH,CH,
3SCH,CH,50,H 7%

2

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

B. C,0S,-C,S THIENO[3,4-c[1,2,5)OXADITHIOLE (3)

ORNE
S
3
(RRI 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. Steinkopf'?2 reported that 2-bromo-5-methyl-3, 4-thiophenedi-
sulfonic anhydride (4) yields two acid chlorides. One, melting at 174°
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C,08, Ring Systems

TABLE 1. Anhydrides of 3, 4-Thiophenedisulfonic Acids
0,8 0\502
o
Yield M.p.

Ry R, %) (°C) Ref.
Br Br darkens >150° 8,10

dec. >200°
CHy- CHy- 55 darkens 170° 11

dec. 200°
CH,- Br 28 darkens 185° 12

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 § to the low-melting isomer and 6 or 7 to the high-melting
isomer.

0
0,8 %o, FPCl3+POCl; 10,5 S0,C1
lhr.reflux Br I , CH
3
S
o T, L
4 5
Lhot NaOH 0
0,8 \souz Cl, os” 50,
Na 0gS———S0gNa BCls T

'l

Steinkopfl! claimed that the other anhydrides yield only one acid chlo-

ride.

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

C. C,08,-C4 2,1, 3-BENZOXADITHIOLE (8)

(RRI 1099)

[For references, see p. 66. ]
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An alternative name for this ring system is 2-oxa-1, 3-dithiindan.
The system is represented by the anhydrides of o-benzenedisulfonic
acids. Hurtley and Smiles? prepared the parent compound, 2, 1, 3-
benzoxadithiole 1, 1, 3, 3-tetroxide (9), by heating the dipotassium salt
with chlorosulfonic acid.

C180,H

0 80,
50K nr. 120° N
bt NindnN o}

75% /

S03K s0,

9
The anhydride, m.p. 180° is attacked slowly by cold water. Holleman

and Choufoer® used phosphorus pentachloride to prepare the 4, 7-di-
methyl analog (10), m.p. 189-190°.

H, LES
s0 502
oK PCly N
e e /0
S03K S0,
Hay Hs
10

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

D. C,08,-C4-Cg NAPHTH[], 2-c] 1, 2,5 OXADITHIOLE (11)

5729
18

11
(RRI 2652)

Armstrong and Wynne! and Gattermann prepared 1, 2-naphthalenedi-
sulfonic anhydride (12), m.p. 198-199°, by ring closure with phosphorus
pentachloride.

03H 02? 0
B S0,
SOsH  pey, p S0
RN
12

The latter prepared the disulfonic acid by diazotization of 1-amino-2-
naphthalenesulfonic acid with subsequent conversion to the sulfinic sul-
fonic acid and oxidation with permanganate.
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C,08, Ring Systems

o. 1,3,4-OXADITHIA COMPOUNDS
C,08, 1,3, 4-OXADITHIOLANE (13)

Hzﬁ%qﬂz
si3s
13

Davis?-¥ claimed that reaction of ¢, o’ -dichlorodimethyl ether with
sodium tetrasulfide in the presence of base yields a polymer. Steam
distillation of the polymer yielded monomeric 1, 3, 4-oxadithiolane,
whose properties were not described. Treatment of the monomer with
sodiunt methoxide gave rapid polymerization.

NaOH
steam distil A0

225 H
(C1CHy,0 Yaz59) H20, NaOW o0\ ocHs—), mcrs! a
— 4
NaOMe s s
13
65

[For references, sce p. 66.]
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CHAPTER 3
C,S; RING SYSTEMS

L 1,2, 3-TRITHIA COMPOUNDS

A. C,S, 1,2, 3-TRITHIOLE (1)

S
H 512\
u'—ii

(RRI 115)

In 1958 Bihr?2® reported that treatment of carbon disulfide with sodium
cyanide led to the formation of the disodium salt of 2, 3-dimercapto-
maleonitrile (2, M = Na). Treatment of the corresponding silver salt
(2, M-= Ag) with thionyl chloride yielded 4, 5-dicyano-1, 2, 3-trithiole
2-oxide (3).

H;0 or CHCl, NC—C—S§
. HCONMe t. M.
MON €S — 2> NC— C\sm — [NC——&I:E—S] :
2
!soc12
N
:S\
NC s
3

Although the details of Bihr's work are unavailable, it has been con-
firmed in general in several laboratories172,19a (gee chapter 12, sec-
tion III A-2a).

The dihydro ring system, 1, 2, 3-trithiolane, was suggested as being
present in dibenzophenone trisulfide, but this has since been proved to
be incorrect (see section II A). No other examples are known.

B. C,S;-C; BENZOTRITHIOLE (4)

S
1‘2\?
is

4
(RRI 1107)

[For references, see p.75.] 67



Chapter 3

Only one example of this ring system has been reported. Guha and
Chakladar!? reacted the dipotassium salt of 4-bromothiocatechol with
thionyl chloride and obtained a compound which they formulated as 5-
bromobenzotrithiole 2-oxide (5).

SK 50C1,, PhCHy 5 o
reflux z
et
Br SK BY

5

The compound was isolated as an amorphous yellow powder, melting at
220° with decomposition and insoluble in all organic solvents. These
properties are 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-C4N,-C; TRITHIOLO[4,5-bQUINOXALINE (5a)

Ne_ .S
35
4
N]/—s
S5a

Sasse, Wegler, and co-workers, 152 prepared 5a by the reaction of
2, 3-dimercaptoquinoxaline with sulfur dichloride. Thionyl chloride
yielded the corresponding 2-oxide (5b).

- SH N\ S\
SO NG &
. s 5
N“SH N
} S5a
lsoc1z

s

- !N\j/ S0

S o
5b

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

0o 1,2, 4-TRITHIA COMPOUNDS

A. C,S; 1,2, 4-TRITHIOLANE (6)

H (f'???:?
2
£ 3l
6

(RRI 116)
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C,5, Ring Systems

Chemical Abstracts indexes this ring system as indicated ahove.
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.

Davis®? claimed that the parent compound (6) could be prepared from
bis(chloromethyl) sulfide and sodium tetrasulfide. A polymer was first
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 its instability does not agree with the reported stability of
other 1, 2, 4-trithiolanes (vide infra).

NaOH S
S(CHaCll, %Niﬁ"—a [—CH,SCH,55—]1, % _\‘S
NaOMe 5
6
TABLE 1. 1, 2, 4-Trithiolanes
RS
n{j@
R
Yield M.p B. p
R R’ %)  (°C) (°C) (mm) »3°  Ref.
H H 8,9
CHj- H 5 38 0.3 1.597 2a
C,H,- H 50, 38 77 1 1.567 2,2a
n-CyH,- H 47 86 0.4 1.549 2,2a
CHj4- CH, - 44 34 0.4 2
75 10 1.546 2a
CHj- C,H; - 81 70 0.6 1.542 2a
CH;- n-C3H,- 80,75 84 0.3 1.533 2a
C,Hg- C,H; - 87 84 0.2 2, 2a
92 103 0.8 1,541 2a
CgHs- CgHs - 52 dec. 124 15-18

Asinger and co-workers!:2;%2 reported a more general synthesis of
1, 2, 4-trithiolanes (7) involving the reaction of an aldehyde or ketone at

[For references,see p.75.] 69
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0° with a solution of sulfur in an amine solvent saturated with hydrogen
sulfide.

0
i 00 By oSN
R—C—R’ + HpS + § —> R’

S
S‘_"_le
7

The reaction gives good to excellent yields with a number of aldehydes
and ketones; it fails with formaldehyde, acetophenone, and benzophenone.
With 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 amines; 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 series of
condensations, as illustrated with acetone, X being O or RN.
XHHX

HoS +5
(CHy)pC=X —2o3 (CHal e XM > (CHy)y (CHgly
SH -H,S

HHX

s
f - N
_“iﬂcua)z(g }(Cua)z—_ﬂ—z—’ia. (CH3)2< j‘CHa)z

These reactions are reversible. Treatment of the 1, 2, 4-trithiolane
with a2 primary amine yields the Schiff base, while treatment of the
Schiff base with sulfur and H,S yields the trithiolane. Ketones form
enamines rather than Schiff bases with secondary amines, and these too
were shown to yield trithiolanes,

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

R>1/S\ A
R A i’:g LiAlHe | RR:>CHSH + H,S
R’

95%

KOH, MeOH
rot,

R
R’>C=o + K,8

Mann and Popel5 reacted sulfur monochloride with a-2, 4, 6-trimethyl-
s-trithiane (8). o, o¢’-Dichlorodiethyl sulfide (9) was formed in 45%
yield; a by-product, diethylidene trisulfide (10), was formed as well
(see Chapter 10, section II A-3d). Although this compound might be for-
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C.55 Ring Systems

mulated as 3, 5-dimethyl-1, 2, 4-trithiolane (11), its properties are not
in very good accord with this structure.

C“*’TSTC}‘S 90 msizf.liooo
A O > CHyGH—S—CHCHa
I1 Ix
Hs
8

9
S . SN
+ cur~<§>—cu3 or cna—( i

10 11

Thus, it was reported to be a pale green liquid boiling at 89-90° at

14 mm; this boiling point appears to be too low for a 1, 2, 4-trithiolane,
and Asinger and co-workers22 report trithiolanes to be colorless or
pale yellow liquids.

It had been known for many years that thiobenzophenone reacts rapid-
ly with air.11 The reaction was investigated at about the same time by
Schtnberg!® and by Staudinger.18 Schonberg and co-workers!6 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 Freudenbergerl® 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 tri-
sulfide,1°

B(CgHg)pC==8 + Oy — > 2(CgHg)pC==0 + 2i{CgHs};C)35;

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 Higuchil4 claimed that the same
compound is formed in good yield by reacting benzophenone with hydro-
gen sulfide and hydrogen chloride.

HC1, H,S
(CgHg)3C=0 _EtoR t(CgHs)2ClaSa

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

Cells s Cels s
Celts B Colis 8
_ _]<CsH5 Clls $
CegHsg Cels
12 13

[For references, see p.75.] 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-workersl7 also preferred 12 on the reasonable assumption that 13
should decompose to tetraphenylethylene. The presence of a C—8—C
bond was indicated by the fact that bisbenzhydryl sulfide,

(C sHs)ch"S—CH(CsHs)z: also decomposes to thiobenzophenone on
heating.

Campaigne and Reid® 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:

(1) 12 + 9Cl, + 9H0 ——> (CgHg)pCIS0,CL)y + (UpHg)yCO + HyS0,

+ 16 HC1

(21 12 + 10C1, - 11 Hy0 > <C5H512C<L1

+ {CgHglpCO + 2H,50
$0,C1 CgHgly 294

+ 18 HC1

13 12 + 11C1, + 12 H,0 ——> 2(CgHg),CCla+ 3 H50, + 18 HC1

13 would presumably react in two different ways, equation (5) being
more likely because of the known instability of 1, 2-disulfonyl chlorides.

4) 13 + 8¢1, - BH,0 —> csuslﬂm HCgHs + HySO4 + 14 HCUL
0,C1 50,C1

(51 I3 + 1001, + 12H,0 — 5 (gHgCH—CHUgHy + 3 H50, + 18 HC1
1 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% vield, whereas 13 would give 1, 2-diphenylethane.

In 1895 Freund and Asbrandl® claimed that 2, 5-bis(methylimino)-1,
2, 4-trithiolane (15) was formed by rearrangement of 3-methylimino-4-
methyl-1, 2, 4-dithiazolidine-5-thione (14).

S
S=[/ \S heat or base} CH,N S
- Eency, e———————
CH3-N NCH; acia L NCH,
14 15
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Hantzsch and Wolvekamp!3 believed that the rearrangement involved
the formation of 2, 4-dimethyl-1, 2, 4-thiadiazolidine-3, 5-dithione (16).

S~ — g S\ B
ST e T e
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 DERIVATIVES OF 1, 2, 4-TRITHIOLANE

Asinger and co-workers?, 222 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 (17), m.p.50° plusthe corres-
ponding tetrathiane (see Chapter 7). The chemistry of 17 is similar to
that of other 1, 2, 4-trithiolanes.

0
HyS, S, RNHp
8.5%

Although ammonium polysulfide usually yields a tetrathiane, Magnussoniib
found that with certain ketones 1, 2, 4-trithiolanes are the major pro-
duct. Thus, thioclan-3-one (18) formed 2, 6, 9, 12, 13-pentathiadispiro

{4, 1. 4. 2 tridecane (19) and »m -dithian-5-one (20) (see Chapter 12, sec-
tion II A-1) formed 2. 4. 7.10, 12. 14, 15-heptathiadispiro [5.1.5.2}pen-
tadecane (21). The properties of these derivatives have not been reported.

s {NHy)58,, HyO _
™ 3 days 0° w s /8
e
° /\\J
S S
18 19

5 (NHy}2Sy, ECOH/HZ0
OTEEL )
20

Campaigne and Moss?! found that monomeric 3-phenylindanethione
(22) reacts with air to give a trisulfide, m.p. 88-931°, which they formu-
lated as 3, 3”-diphenyldispiro{indane-1, 3'-[1, 2, 4 ltrithiolane-5', 1"-
indane} (23).

[For references,see p.75.] 73
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.iﬂ'\‘l‘csﬂs — J\ /f CeHs

Campalgne and Reid?® showed that ﬂuorenethlone (24) reacts similarly
to give dispiro{fluorene-9, 3'-{1, 2, 4ltrithiolane-5", 9”-fluorene | (25,
RRI 7107). The structure was proved by the same reactlons used in
proving the structure of dibenzophenone trisulfide.

8 l AN Z }J
= = S—§ ™
ofhe
24 i
25 K/’

Bourdon? 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 5-10% yield a trisulfide, instantaneous melting point
198°, [0 ]20 —209°, which he formulated as dispiro[cholest-4-ene-3, 3'-
f1, 2, 41trithiolane-5', 3"-cholest-4"-ene] (28). Evidence for the assign-
ed structure were: heating 28 at 130° converts it into 27, treatment
with Raney nickel yields 4-cholestene (29), and lithium aluminum hy-
dride reduction gives 38-mercapto-4-cholestene (30).

_gtt CgH
altyr
CH[* g5 HCL CHy[* 17
CeHg/EtOH .
H3 ~-509 ‘Ha
—
o 26 s 27
.. Call1r .
Hg ) A
CaHyr | PLIT
N H CHj
CH
_Raney Ni | | CH, CHg
) 5—S8
29 S
- 28
(LiAlH,
sHi7
Hy
CHl
Hs 30

By a similar process Kincl?42 obtained a 10% yield of dispirofandrost-
4-ene-173-0l-3, 3'-11, 2, 4trithiolane-5', 3"-androst-4"-ene-17"8-ol],
m.p. 209-210°, (o}, —204°, from testosterone.
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CHAPTER 4

C;05 RING SYSTEMS

I. 1,2-OXATHIA COMPOUNDS

A. C40s 54-1,2-OXATHIOLE (1), 3H-1, 2-OXATHIOLE (2), AND
1, 2-OXATHIOLANE (3)

0 0 o
hgiEs RS meria
BeE=n nct3ey,  mct-3y,
1 2 3
(RRI 132) (RRI 133)

There is some question in the literature as to whether any 3#-1, 2-
oxathiole (2) has been prepared. Chemical Abstracts has indexed the
reported preparations of this ring under 1, 2, 5-thioxole, the nomencla-
ture also mostly used in the literature, Only the 2, 2-dioxide of 55 -1,
2-oxathiole (1) has been reported, and this in only trace amounts. 307

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

o 0
[ “so, OZ:L/ \joz

4 5

The cyclic esters are commonly called sultones of the 3-hydroxyal-
kanesulfonic acids and Chemical Abstracts has used this nomenclature
for indexing. The cyclic anhydrides are commonly called g-sulfocarbox-
ylic acid anhydrides, which is also the nomenclature Chemical Ab-
stracts has used for indexing. A cross is made in Chemical Abstracts
from the 1, 2-oxathiolane nomenclature.

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

Staudinger and Siegwart447 in 1920 reported the preparation of a pro-
duct from the reaction of phenylbenzoyldiazomethane with thiophosgene
to which they assigned the structure 3, 3-dichloro-4, 5-diphenyl-1, 2,
3H -oxathiole (6). 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-2# -
1, 3-oxathiole (7) and not to the 3H-1, 2-oxathicle (6).
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CsHs-‘ (4] o\
i + csca, _ELOH Cobg 7%
Cell;—CN, CgHs o
! .
0 C1l
CgHs—CO N
8 2, Cells
ok Neer, —> ST
SHsTTY / 2 CgHg S
N=N

7

The product (6 or 7)-melted at 55-57°. It was sensitive to water and
was easily hydrolyzed to the keto derivative (8 or 9), melting at 76-78°,
which Staudinger and Sjegwart prepared directly by conducting the re-
action of phenylbenzoyldiazomethane with thiophosgene in agueous
methanol. The keto derivative (8 or 9) was a stable compound. Treat-
ment with pitric 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 2H-1, 3-oxathiole
structure because they obtained only desoxybenzoin and no thiobenzoin
in the alkaline hydrolysis. Schtnberg and co-workers, however, point
out that thiobenzoin is easily hydrolyzed by alkali to desoxybenzoin.
Schtnberg and co-workers suggested that the 2H-1, 3-oxathiole struc-
ture more reasonahbly accounts for the ready hydrolysis of the geminal
dichloro to the keto derivative.

Staudinger and Siegwart also reported the preparation of the anil de-
rivative (10 or 11), melting at 129-130° from the reaction of the dichloro
compound with aniline.

ot I CY
L PONH; Cs“s Cl or Cells “ W<C1
10 c1 CgHs 5

S 7
or CeHs \}/Hzo
11
cscl, o\
Cels—CO ag. MeOH Csﬂsjl or CgHs 0
CeHsg CeHg
CgHs—CN,
8
EtOH
KOH HNO,
cens—io CGHQ_IHZ
CeHs— CgHg—CHg

[For references,see pp. 289-312.] Kk



Chapter 4

2. 5H-1, 2-Oxathiole (1)

Manecke, Danhiuser, and Reich,397 on saponifying 3-chloro-2-hydrox-
ypropanesulfonic acid and distilling the mixture under high vacuum
obtained a trace of 54-1, 2-oxathiole-2, 2-dioxide (12), melting at 78°.

1} aq. NaOH O
2) vacuum distn. 0y
C1lCH,CH(OH)CHaSO3H .._._r
12

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

3. 1, 2-Ozathiolane (3)

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

a. 1,2-Oxathiolane 2, 2-Dioxide (4)

1, 2-Oxathiolane 2, 2-dioxides are commonly called alkanesultones or
cyclic esters. As cyclic esters or sultones of y- hydoxyalkanesulfonic
acids they are analogous to the cyclic esters or 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
Schultz,427 and the term sultone was introduced in 1888 by Erdmann,117
who studied 1, 8-naphthosultone and confirmed its structure,

Markwald and Frahne, 398 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 first recorded preparation of a 1, 2-oxathiolane 2, 2-dioxide was
that of Kohler's26? 4-bromo-5-phenyl-1, 2-oxathiolan-3-acetic acid
2, 2-dioxide (13) in 1904. This sultone, however, was not characterized
unequivocally.

Bl’z, Hgo . ’HBT\
ceu5cuzcul‘ucnzcoou —2 CBHg,(HBrCHBriHCHZCOOH —_

O4H 0,H

CgH 5j Toz
Br CH,COOH

13

Baldeschweiler and Cassar3! reported the isolation of octanesultone
(14) as 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-
1y out of line, in comparison to the melting points of other 5-alkyl-1, 2-
oxathiolane 2, 2-dioxides listed in Table 1, and it is questionable
whether the product was a 1, 2-oxathiolane. Shriner, Rendleman, and
Berger 436 attempted to synthesize octanesultone (14), but were unable
to cyclize octan-3-ol-1-sulfonic acid.

1} H0
2} K1
CHg(CHg) M : 3) K250,
3(CHz ), MgBr + C1CH,CH,CHO ——> CHE(CHZJ.,TH(,HZCHZCI el ket N
OMgBr
o
~Hy0  CHy(CHyle™T S0,
cuatcuzyqincmcnzsosu —p—>
H 14

(1) Preparation

Except for the two 1, 2-oxathiolane 2, 2-dioxides, 13 and 14, mentioned
ahove, 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 from - halo-
alkanesulfonic acidg.336,510

RCHCH,CH,SOgH -,
20
- ey
0,
o>
Rtltﬂcnzcnzsogﬂ >

Cl

Preparative methods for 1, 2-oxathiolane 2, 2-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, 2-oxathiolane 2, 2-dioxides in-
volves the sulfonation of olefins with dioxane-sulfur trioxide complex.

(a) From 3-chloroalkanesulfonic acids. Chlorosulfonation of alkyl
chlorides as adopted and developed by Helbergerl86,187,190,196 jg
based on Reed's initial discovery in 19363752 and Kharasch and
Reads's258a 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 chloralkanesulionic
acid gives the sultone. Thus, the reaction of propyl chloride with sulfur
dioxide and chlorine gives 3-chloropropanesulfonyl chloride from which
1, 2-oxathiolane 2, 2-dioxide (15} is prepared.

(For references, see pp. 289-312.] 79
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S0,, C1,
light H,0
CHaCHaCH,CL —==2"" 5 C1CH,CH,CH»80,C1 —F—3
. a
200-210 O

[ so
(1CH;CH,CH;SO0,H —HEd z

15
The methyl group in propyl chloride is chlorosulfonated 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 the 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 2-carbgn,13b,186,187,190

80,3, Cl,
light
CH3(CHylgCl — = CHaIH(CHszCI + CL{CHy1450,C 1 +
0,C1
1) distn,
2}
CHa(CH,),CHC LCH,CL 2) H0
150-210° 0O 0
65% " so S50, MeOH
THRCHICHy),Cl + UL(CHy1,S04H ——82% e+ 70—
o CH, o
3H
s 16 17

cnﬁutcngzocna + CH30(CHy,SO3H
SO3H

The chlorobutanesulfonyl chloride mixture is separated from 1, 2-di-
chlorobutane by distillation. The sultone mixture, 3-methyl-1,2-oxathio-
lane 2, 2-dioxide (16) and 1, 2-oxathiane 2, 2-dioxide (17), is separated
into its components by virtue of the difference in their methanolysis
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 Winter 196 obtained
13.6 g 16 and 4. 5 g 17 by this method.

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

§0,, Cl, 1) H*, H;0 o
light 2) ~
(CHyl,CHCH,CL - -—28MY 5 c) cHcnen,s0,01 218 4 50,
g2 63% [ P m—
H, 3
18

The chlorosulfonation of isoamyl chloride!#6, 1871890 proceeded to
give 3, 3-dimethyl-1, 2-oxathiolane 2, 2-dioxide (19). Chlorosulfonation
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of 2-chloro-4-methylpentanel87 (from mesityl oxide) gave a mixture
of 58% 3, 3, 5-trimethyl-1, 2-oxathiolane 2, 2-dioxide (20) and 4, 6-
dimethyl-1, 2-oxathiane 2, 2-dioxide (21).

:
§0,, Cl, 1) HY, Hy0 oL
light 24 s,
(CH3),CHCH,CH 1 ———> tCHa’z?C“zCHz‘?l 80% CHg
§0,C1 19 e

1) SOy, Cl,, light
2) HY, H0

N
3) A CHy CHg S0,
(CH,),CHCH,CHCLCH, CH3
CHy
Hs

Scott4292 was unable to obtain a 1, 2-oxathiolane from chlorosulfonated
neopentyl chloride. In the chlorosulfonation of neopentane, Scott and
McLeod439 obtained 2, 2-dimethylpropanesulfonyl chloride and 17% of
3-chloro-2, 2-dimethylpropanesulfonyl chloride which was cyclized to
4, 4-dimethyl-1, 2-oxathiolane 2, 2-dioxide (22).

S04, Cl,

light
(CHglgC —2BBY 5 278 (CHy)4CCH;S0,C1 + 17% C1CHZCHCHg),CH,S05C

1) HY, H,O
2) 160-170°

i
|
[

A"

0.
CH [/ 302
3 H
CHY

22

Helberger and Beneckel 2 prepared 4-bromo- and 4-chloro-5-methyl-
1, 2-oxathiolane 2, 2~dioxide (23) by treating crotyl chloride with
aqueous sodium sulfite, brominating or chlorinating the 2-butene-1-
sulfonic acid, and eliminating hydrogen halide.

1} aqg. Na,S504
2) Ht Cly, HyO
CH3CH==CHCH,Cl > CH;CH==CHCH,S04H —~21. 2"
0
e \‘
-Hel | s 50,
CHzCHCLCHCLICH803H ———> ()

23

Broderick®% found that potagsium 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.] 81
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reaction product, Broderick obtained 5-methyl-1, 2-oxathiolane 2, 2-
dioxide (24).
ag. Na,80;

KBr HC1 s
CHzCH=CHCH,C1 —— ' 5 CH,CH=CHCH,S0;Na _-—g"—->

CH
CH3CHC1CH,CH,SOH —-~—-————>£ y
%

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-methyl (24) and 4-chloro-5-methyl (23) structures
were not proved chemically.

Exner and Wichterle!23 found that 8,y-unsaturated sulfonic acids
were halogenated by a specific frgns addition. The configuration of the
resulting sultones were assigned on the basis of dipole moment meas-
urements. Thus cis- and trans-4, 5-dichloro-5-methyl-1, 2-oxathio-
lane 2, 2-dioxide (25) were prepared by treating 1, 3- d1chloro 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 lrans isomers were separated by
fractional crystallization from chloroform-cyclohexane to give five
parts of frans to one part cis isomer.

S0
cHac=cicncr Y20 5% o ey e=ch,cn,50.0
62%
1 1
o oi N\
VAR \&
a - N
< ol g,
4 @
v
CHy o, CHg, VA CHz O
c1 ?02 c1>( 50, Cli foe
(,, 141 Bl I
25 26 27

Starting with sterically homogeneous frans-3-chloro-2-butene-1-sul-
fonic acid, Exner and Wichterle obtained trans-4, 3-dichloro-5-methyl-
1, 2-oxathiolane 2, 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-1-sulfonic
acid with bromine water. 5-Chloro-4-iodo-5-methyl-1, 2-oxathiolane
2, 2-dioxide (27) was obtained by treating agueous cis-3-chloro-2-
butene-1-sulfonic acid with iodine chloride.

On reacting epichlorohydrin with sodium bisulfite and vacuum dis-
tilling the 3-chloro-2-hydroxypropane-1-sulfonic acid, Manecke, Dan-
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h#user, and Reich397 obtained a 1% yield of 4-chloro-1, 2-oxathiolane
2, 2-dioxide (28), and none of the expected 4-L/droxy-1, 2-oxathiolane
2, 2-dioxide.

1) Bt
NaKSO 2) o
CLCH,GHCH, T 5 C1CH,CHCH,S03Na 28 2
/ 1% c1
© H 28

That 4-chloro-1, 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, 3-dichloropropane-
sulfonic acid. Hydrolysis of 4-chloro-1, 2-oxathiolane with water yieid-
ed 2-chloro-3-hydroxypropane-1-sulfonic acid and with alkali 2, 3-
dihydroxypropane-1-gulfonic acid.

c1 A RN

N 2 S0

CHy==CHCH,S03H ——2> C1CH,CHC1CH,S0;H ———> 2
60% 0% ()

o 28

O
< 4
/ X

HOCH,CHOHCH,S503H HOCH,CHC1 CH,SO3H

Asinger, Geissler, and Hoppel? 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.
HBr, H0
CHy==CCH,C1 PhCOH ClCHziHCHgBr _KSCN_

CHy Ha

1) Cl,, Hy0 0

. +
ClCHzIHCHzSCN 2 H7, B0 c1cuziuc1-l2soaﬂ _£'i_> cH [ io,

3

Hy Hj 29
They obtained 3, 3-dimethyl-1, 2-oxathiolane 2, 2-dioxide (30) from 1-
chlorobutane-2-sulfonic acid, which was prepared from ethyl g-chloro-
propionate, 19

MeMgCl HBr, H,0
C1CH,CH,COOC,Hy — —8——5 C1CH,CHpC(CHg)y —2—2 5
H
1) CS(NH,),
2) aq. NaOH [0)
c1cn2cuzztcuar2 2 aq. NaOH ) CH,CHCICHy), — >
T H
0\
A 50,
ClCHZCHzi(Cﬂalz - CHy
%
o4t CHy
30

[For references,see pp. 289-312.] 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 Helberger892 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's3 98
unsuccessful attempt in 1898 to prepare propanesultone was 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 Helberger!86 who found
that the sultone (19) is readily obtained by distilling the hydroxy acid
under vacuum,

1) HT o
5 A “s0
KHS 2)
CH,=CHCH,0R _KH50, CHpCH,CHOH ———— T2
504K
15

In a series of experiments, Kharasch, May, and MayoZ5€ established
that the addition of bisulfite to ethylenic compounds is best interpreted
on the basis of a free radical mechanism. In agreement with this,
they found that oxidizing agents, such as oxygen, which are capable of
producing free radicals from bisulfite, are 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 Ballard442 obtained a 52% yield of 4-methyl-1, 2-
oxathiolane 2, 2-dioxide (29) (based on methallyl alcohol} from the
acidified addition product of the reaction of methallyl alcohol and
sodium bisulfite, in a molar ratio of 2 : 1, in the presence of 2, 2-bis
(tert-butylperoxy)-butane at 130° for one hour. By the same procedure
only a 5% yield of 1, 2-oxathiolane 2, 2-dioxide (15) was obtained from
the addition product of allyl alcohol and sodium bisulfite.

Whereas Kharasch and co-workers reported a yield of 65% of addition
product on reacting allyl alcohol with bisulfite, H. M. Fischer, as re-
corded by Helberger, %7 was unable to obtain yields higher than 30-40%.
Fischer's main product was an amorphous salt which could not be con-
verted to the sultone, In an attempt to improve the yield of addition
product, Helberger19+,203 found that an increase in the amount 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 reacting allyl alcohol with a solution of potassium bisulfite
and potassium sulfite (in a molar ratio of 2 : 1) in the presence of
oxygen at 55-60°, yields of 90% and better of the addition product were
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ohtained. 50,197 Apparently the addition and oxidation reactions occur
in the following stoichiometric ratio:

KHSO; + 14K,S03 + CHy==CHCH,OH + Y0, ——>
HOCH,CH,CH 805K + Y4K,50,

Cationic exchange resins have been used to convert the hydroxyalkane-
sulfonic acid salt to the acid,*3 The hydroxypropanesulfonic acid was
cyclized to the sultone in yields of 89-92% by heating at 140-200° in
vacio.

Willems512 obtained 47-53% yields of the allyl alcohol addition pro-
duct under the Kharasch conditions, When fer!-butyl perbenzoate was
used as the catalyst, a yield of 75% was obtained., Willems extended

' this reaction to a series of «, 3-unsaturated alcohols, and obtained
yields of 40-83% of 3-hydroxyalkanesulfonic acids from which sultones
could be obtained. A British patent describes the preparation of
1-hydroxybutane-3-sulfonic acid from crotyl alcohol®2 by the Helberger
method. 197

Smith, Norton, and Ballard442 obtained a2 73% yield of 4-methyl-1, 2-
oxathiolane 2, 2-dioxide (29) on reacting an aqueous solution of sodium
bisulfite with a 2% excess of methacrolein, hydrogenating the resulting
sulfonated aldehyde to the corresponding alcohol, and eyclizing the sul-
foalcohol by distillation.

Hp, Ni
CHZS(fCHO+ NaHS03 — —> NaO,SCHZt]‘.HCHo Za M
CHjy CHg
LR o}
2) A I ioz
NaOzSCHpCHCHOH -~ 3  cop
u 73% 3
3 29

A 167 yield of 1, 2-oxathiolane 2, 2-dioxide was obtained from acrolein
by the same procedure.

In a study of the addition of bisulfite to «, 3-unsaturated carbonyl
compounds, Willems®21,512 found that the optimum pH lay in the range
of from 4 to 7, and that the reactivity of the ¢, 8-unsaturated carbonyl
decreases with an increase in molecular weight. For a series of o, 3-
unsaturated aldehydes and ketones, Willems obtained yields of 52-100%
of addition product. The addition products were converted to the cor-
responding 3-hydroxyalkanesulionates by hydrogenation in the presence
of Raney nickel at 100-150 atm. and 60-100° or by reduction with so-
Jium amalgam in a neutral aqueous solution.

(For references,see pp. 289-312.] 85
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1 HY
NaHS0 2) Hyp, Ni
(CHy),C=CHCOCHy — 2 (CH,)ziCHECOCH;, RS

O4Na
(CH3),CCH,CHOHCHy —os, CHa 0Oz

70% CHg

03H CHj

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 g-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, —CHj3, and —(CH,),CH;, in yields of 87,
72, and 75%, respectively,

NaOH H,S0,
CH3COCH,CO0C,Hy + RIusoax - CH3CO?HCOOC2H5 —s
H RCHSO4K
1 H*

N
2) Hy, Ni A CH
CH3COCH,CHSOK — 2t 71y cu,cuoncnziﬂsosﬂ LN l 90,
R
k 31

Another method used by Willems512 for the preparation of several
p-sulfo-ketones was the addition of bisulfite to alkylidene acylacetic
acid esters by the procedure he used for the addition to ¢, g-unsatu-
rated carbonyl compounds.

NaHS03

CH4COCH,CO0OC,Bg + RCHO ———>» CH3COCCO0OC,H
3 2 2Hs 3 | s o oo

HR

CHacoiH COOL‘2H5 W CH:,COCH;CHSOQNa

RCHSO3Na
R = H—, CHg—, CHa(CHplp—, CH3(CHplg ~

In general, the hydroxyalkanesulfonic acids have been converted to the
corresponding ‘sultones by distillation of their solutions, e.g., in alcohol,
at atmospheric or reduced pressures. Yields have not always been
good, 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, 150°C, 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 cyclization yields, but resulted in
cyclizations otherwise not obtainable. Xylene, which forms a ternary
azeotrope with water and the ethyl alcohol usually used as a solvent

for 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 substitufed 5, 5-dialkyl-1, 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 = alkyl) shiit,
which in the case of 3-methyl-1-butene yields 5, 5-dimethyl-1, 2-

oxathiolane 2, 2-dioxide (34, R = H),
()
0
C4HgOgz, 505

(CHg),CCH==CH, ~A78"2:""3 5 | (CHy) -—(lJH-—-CHZSO;," —_—
3’2 2 2

0 32
[gj
I — CHg
[(cuaiz -iHCsto;] __.35'*;702_) C:a 0,

34
33

The 1, 2-oxathiolane 2, 2-dioxides which have been reported are listed
in Table 1,

(2} Properties, Reactions, and Uses

The 1, 2-oxathiolane 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, Hoerger220 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.] 817
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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, Geisler, and Hoppel®
reported a methanolysis rate in 0. 1 N NaOH at 100° of 1.25 x 10-4
sec~1 for 5-methyl-1, 2-oxathiolane 2, 2-dioxide and 0, 292 x 104 sec-!
for 5-methyl-1, 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 is well known that the cyclo-
pentane ring is not planar. There is evidence that 1, 2-oxathiolane 2, 2-
dioxide, which is a larger ring than cyclopentane, exists in a puckered

form (35).6¢
-0 -7
/e {

35 36
The effect of substituents on the stability of the 1, 2-oxathiolane 2, 2-
dioxide ring is well illustrated by the hydrolysis studies of Bordwell,
Osborne, and Chapman, 0 Table 1a 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-CH,- 0.21
4, 4-(CH3-), 0. 0035
3-CH;- 1.4
5-CH,- 1.3
3,3, 5-(CHz-)3 0.7

5, 5-(CH3=)2 3100
4,5,5-(CHz-)3 18
3,4,5,5-(CHz-), 3.7

4,5,5-(CHy-)3-4-CcHg- 6.3

[For references, see pp. 289-312.] 91
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Substitution of methyl groups on position 4 results in a striking re-
tardation effect: the 4-methyl shows about twice the effect on the sul-
tone as for an open chain sulfonate ester and the 4, 4-dimethyl about
thirty times 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 10% enhancement shown by open chain sulfonate

esters, Substitution of a 4-methyl group into the 5, 5-dimethyl 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 as 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—O bond may separate linearly in the solvolysis of
open-chain compounds, ring-opening solvolysis, in which the C-0O
bond is cleaved, is accomplished 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-trimethyl-4-phenyl-1, 2-oxathiolane 2, 2-
dioxide (35) involves a phenyl migration during hydrolysis,

CHs_ o CHj IH3
CHg 0, H0 . _—
CHy §0, H20, (,GH5J3—-— =CHSO,H
CgHg “Hq
35

In the hydrolysis of 4, 4, 5, 5-tetramethyl-1, 2-oxathiolane 2, 2-dioxide
(36)°2 the major product is an unsaturated sulfonic acid (62%).

CHj 0 CHg CHjy
CHj S0, Hzo\ . . l . . 1 .
CH, Poe s rcﬂg)zl—?cuzsosu + cu2=%—— CH,SO3H
CH, H CH, (_‘H3J.'H3
36

Manecke and Hetterich39¢2 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 8y 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 is
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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, 54, 65, #3, 137, 139, 139a, 153,
166, 167,172, 186, 188, 189, 193-196, 198, 1y, 201, 202, 204, 205, 220, 513

o —CHX (or R)
— 50, MX or MR
[ ——> _—CH
—CHS0M

Thus, whereas lactones are acylating agents, 1, 2-oxathiolane 2, 2-
dioxides are alkylating agents. This behavior has led to many patents
in which 1, 2-oxathiolane 2, 2-dioxides are used to introduce water dis-

persible or
yields.

O~
[ S0,

solubilizing groups into a variety of compounds in excellent

NHg 4o -
— 2 5 H3NCH,CH;CH,504

RN + _
3 > RgNCH,CH,CH,SO;

H + -
BNz HNCH,CH,CH,S0;

RONa
> ROCH,CH,CH,50;Na

RCOONa
3> RCOOCH,CH,CH, 503Na

RSNa
——————3> RSCHyCHCH,SQO3Na

__BN&  RCH,CH,CH,504Na

RCONHNa ' ¢ cONHCH,CH,CH,S03Na

BS0Ma RSO,CH,CH,CH,S03Na

S

It 8
: |
_RotSNa noéscuzwzcnzsoam

Kl
e 1CHRCH,CH, SO5K

The reaction between 3-methyl-1, 2-oxathiolane 2, 2-dioxide and
ammonia takes place at 0° to give yields of 87-89% 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-oxathiolane 2, 2-dioxide have been des-
cribed as photographic color developing agents,153 3-Anilinopropane-
sulfonic acid, from the reaction of aniline and 1, 2-oxathiolane 2, 2-
dioxide, yields a red dye when coupled with 5 -nitroaniline which is
suitable for acetate rayon.138 Water-sgoluble fluorescent compounds
have been prepared from water-insoluble fluorescent amines by reac-
tion with 4-methyl-1, 2-oxathiolane 2, 2-dioxide.36 The reaction of 1, 2~
oxathiolane 2, 2-dioxides with tertiary amines to give the sulfobetaine is

[For references, see pp. 289-312.} 93
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quantiative and has been used 2s an identification method 188, 207, 513

Polymers having the group = N (CH2803 have been prepared by react-

ing 1, 2-oxathiolane 2, 2-dioxides with a polymer or copolymer of vinyl-
pyridine. 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, 194

The products from the reaction of 1, 2~oxathiolane 2, 2-dioxides with
acid amides, 66b.188,198 gylfonamides,202 alcohols or phenols, 93,167,204
hydrocarbons containing an active hydrogen or halogenated hydrocar-
bons, 193,201 gylfinic acids, 19 etc., are water-soluble compounds use-
ful as 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 wool,137 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 as nylon, hawe been reacted with 1, 2-oxathiolane
2, 2-dioxides to incorporate 0. 1-0, 5% sulfoalkyl groups. 1612 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 triethylenetetramine.360t

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.2%5 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,189 Compounds with insecticidal and
fungicidal properties have been prepared by the reaction of 1, 2-oxathio-
lane 2, 2-dioxide with thicacetamides.!72 Isothiourea derivatives, useful
as pharmaceutical intermediates, have been prepared by the reaction of
5-methyl-1, 2-oxathiolane 2, 2-dioxide with a thiourea.>4,167 Products
useful as corrosion inhibitors, vuleanizing agents, and as intermediates
for the preparation of fungicides have been prepared by the reaction of
1, 2-oxathiolane 2, 2-dioxide with carbon disulfide and with xan-
thates. 166, 167

Haas!69-171 reacted 1, 2-oxathiolane 2, 2-dioxide with alkyl phos-
phites and phosphines to obtain products useful as insecticides and
fungicides. Gaertner!39a-139b reacted 1, 2-oxathiolane 2, 2-dioxide
with various phosphites at 130-165° to obtain products useful as insecti-
cides (especially against mites), surfactive agents, and plasticizers.

0
50 155-165° u
[ 2 + (C,Hs01,5P —Sar > (Calls0)2PCH,CH,CH,S05CoH;

This is essentially a Michaelis-Arbuzov reaction and undoubtedly pro-
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+
ceeds through the formation of (C,H;0); PCH,CH,CH,803, 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.

Runge, El-Hewehi, Jenner, and Taeger,405¢ on reacting 4-phenyl-1, 3-
dithiole-2-thione (36a) and 1, 2-oxathiolane 2, 2-dioxide, obtained 4-
phenyl-5-sulfopropyl-1, 3-dithiole-2-thione (36b) as an amorphous
violet powder.

CgH CgH (CHg)3504H
65[ [ : 02130 3 hrs. 051 s[ 273803
43% \n/
S

36b

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

1, 2-Oxathiolan-5-one 2, 2-dioxides are commonly called cyclic anhy-
drides of g-sulfocarboxylic acids and have been indexed in Chemical
Abstracts under the carboxylic acid name. Although the inner anhy-
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-
dents256-258a reported the results of their studies on sulfonation reac-
tions with sulfuryl chloride. Earlier work?582:375a 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 3-sulfocarboxylic anhydrides, 256,257

1) 80,Cl,, light, 50-60°

2) refl o=[ O\?
reflux o]
CH3CH,COOH — 2

g 54-65%

o O~ 37

CH3CHCOOH j ?02

I i2% ~  CHs

Hj
38

Unless the starting materials are dry and moisture is excluded from
the reaction, the g-sulfocarboxylic 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 z-butyric acid undoubtedly gives the sulfoanhydnde, but
Kharasch, Chao, and Brown?58 obtained an oil which could not be dis-
tilled without extenswe decomposition, The photosulfonation of higher
aliphatic acids, such as isovaleric and lauric acids, yielded a mixture
containing a large number of isomers,

[For references, see pp. 289-312.] 95
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B-Sulfocarboxylic acid anhydrides have been prepared from the corre-
sponding -sulfocarboxylic acids by treatment with thionyl chlo-
ride, 258, 268

50C1
HO3SCHyCHyCO0H ———-2m 37
HO;SCHzTHCOOH ——» 38

CHg

o="s0
(CH3);CHCHCHy SO ———> l 2
{CH3),CH:
COOH 39

1, 2-Oxathiolane-5-one 2, 2-dioxide (37) is a white crystalline solid
which melts at 76-77°, The 4-methyl derivative (38} is an oil, b.p. 135-
145° at 3-5 mm, /22 51, 442. The reactions of these inner sulfocar-
boxylic anhydrides are similar to the o-sulfobenzoic acid anhydrides,
Reaction with methanol yields the monomethyl carboxylate; the pH of
the ester from 1, 2-oxathiolane-5-one 2, 2-dioxide showed a high degree
of dissociation indicating a free sulfonic acid group.258 Reaction with
aniline yielded an aniline salt of the sulfocarboxylic acid anilide; simi-
larly, ammonia gave the corresponding ammonium salt of the amide, 258
Refluxing 1, 2-oxathiolan-5-one 2, 2-dioxide with lithium aluminum
hydride in ether yielded 3-hydroxypropanesulfonic acid.306

O~
OZ[ H
S;OZ _Meoh HO3SCH,CH,CO0CH,

PhNH,

37 ——— "2 5 (CgHgNH3) T (03SCH,CH,CONHUgH) ™
NHa + ~ -
— — 235 (NH4 T (03SCH,CH,CONHy)
LiAlH
—— 2774 5 HOCHCHoCH,S0H
60%
B, C308-C,

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

O,
23
-3Ch,

40
(RRI 1220)

The parent compound is unknown, Its 2, 2-dioxide derivative and sub-
stituted 2, 2-dioxides have been prepared and are listed in Table 2.
3H-1, 2-Benzoxathioles are more commonly known as benzylsultones.
They are 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 Frahne3098 were prompted to prepare 3H-1, 2-benz-
oxathiole 2, 2-dioxide by Schulz's472 preparation of naphthosultone and
Remsen and Saunders'383 preparation of toluenesultone, Thus, Marck-
wald and Frahne prepared 3H-1, 2-benzoxathiole 2, 2-dioxide (41} by
hydrolyzing the diazonium chloride from ¢-amino-q~toluenesulfonic
acid, They also prepared 3H-1, 2-benzoxathiole 2, 2-dioxide by treating
o-hydroxy-a-toluenesulfonic acid with phosphorus pentachloride.308 *
They were unable to convert o-hydroxy-e¢-toluenesulfonic acid to 3H-
1, 2-benzoxathiole 2, 2-dioxide by heating,

1) Ra,80; 1) Zn + HC)

NO: )+ NO2 2 NaNo,
—_— 3) dil. H,50,
CHyC1 CH,SO3H SN
OH O,
—Es |
CH,SO4H

41

Shearing and Smiles43% prepared 3H-1, 2-benzoxathiole 2, 2-dioxide
and its 5-methyl (42) and 5, 7-dimethyl derivatives by treatment of an
o-hydroxybenzyl alcohol with aqueous sodium hisulfite and ring closure
of the resulting ¢c-hydroxy-c¢-toluenesulfonic acid with phosphorus
pentachloride,

1) B
aq. NaHS50;3

oK , 2) PClg, 20°
S hrs, reflux @C’ 3) 100°, 1 nr.
R AN Rl B SN
CH,0H CH,50;Na
O~
X

41

1) 40% HCHO

/@OH 2) aq. NaHCO, QOH
CHg CHg CH,S0Na
CHs

42

Erdtmanl!8;112 prepared 5-methyl-5H-1, 2-benzoxathiole 2, 2-dioxide
(42) by treating N, N-dimethyl-2-hydroxy-5-methylbenzylamine with
aqueous sodium sulfite.

[For references,see pp. 289-312.] 97
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OH aq. Na,;50;3 Z P
/@ 110°, 10 hrs. /@_}02
.._—....—«_._——__—........._} ;
CHgy CHpN(CH3)p CHy X

42

3H-1, 2-Benzoxathiole 2, 2-dioxides are crystalline compounds with
well-defined melting points. 3H-1, 2-Benzoxathiole 2, 2-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, 308

Q

: : “s0, _ NaOH, A @E
CH,50;Na
CH,SO;NH,
CH,50312

3H-~1, 2-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 coampound (45),308

o % OH
“s0, Br, /@ijoz KOH melt
Br HO
43

HNOg
H250,

\so Zn + HC1 /@1

The product from the reaction of 3H-1, 2-benzoxathiole 2, 2-dioxide
with amides, such as p- K02CC6H4NHCOCH2COC17H35, has been
claimed as useful in color photographic compositions. 86b
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TABLE 2, 3H-1, 2-Benzoxathiole 2, 2-Dioxides

O
(e

Substituent M.p. (°C) Ref.

None 86 308, 435
5-CH, - 91.5 118, 119, 435
5, 7-(CHj ), 92.5 435

5-Br- 147 308

5-NO, - 148 308

5-NH, - 138 308

2. 38-2, 1-Benzoxathiole (46)

6 ? ? 2

5 4 3 H
46

(RRI 1222)

2

The study of this ring system had its beginning in 1884, when Ira
Remsen?®76 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 next twenty or so years, Much
of Remsen's scientific fame rests on this work,

3H-2, 1-Benzoxathiole is unknown. Two derivatives of this ring sys-
tem, however, have been investigated extensively. They are 3H-2, 1-
benzoxathiole 1, 1-dioxide and 3H4-2, 1-benzoxathiole-3-one 1, 1-
dioxide, which are considered as the sultone of ¢-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, 3-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 3#-2, 1-benzoxathioles were
3-benzisothioxole and o-sulfobenzoic acid endoanhydrides. Chemical
Abstracts indexes compounds in this ring system under toluenesulfonic

[For references,see pp. 289-312.] 99
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acid sultone, benzoic acid ¢-sulfocyclic anhydride, or under the sulfone-
phthalein indicator name; 3K-2, 1-benzoxathiole is crossed to these
names,

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

a. J3H-2,1-Benzoxathiole 1, 1-Dioxide

(1) Preparation

Jones242 in 1894 reported the preparation of 3#-2, 1-benzoxathiole
1, 1-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 o~
sulfobenzoic acid, however, on oxidizing the product with concentrated
nitric acid.

0
1) PClg 2
S SO4H
= | SOsNHa 4) KHS or zn + HCL @ 0 HNO; @ 3
“ . e oo
COOH
47

Because of its structural similarity to phthalide, 3K-2, 1-benzoxathiole
1, 1-dioxide was called "sulphonphthalide"”.

On treating an ether solution of the symmetrical chloride of ¢-sulio-
benzoic acid with zinc and hydrochloric acid, List and Stein?22 in 1898
obtained 3#-2, 1-benzoxathiole 1, 1-dioxide (47). Another method used
by List and Stein involved the reduction of 3-chloro-3#-2, 1-benzoxa-
thiole 1, 1-dioxide (48) with zinc and hydrochloric acid, a procedure
which has given 90% yields,188

02 02
S0,¢1  Et,0 P S Et,0 o Se.

Zn + HC1 | O zn «HC) | 0
N STane S c1
cocl 80%

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 3/7-2, 1-benzoxathiole 1, 1-dioxide by heating the
sodium salt of o-sulfobenzaldehyde with dimethyl sulfate. This reaction
is suspect as it requires that dimethyl sulfate act as a reducing agent.

0
Qug g e
v e
X NCHO =
47
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Davies and Dick?? obtained a 25% yield of 34 -2, 1-benzoxathiole i, 1-
dioxide on treating o-iodomethylbenzenesulfonyl fluoride with silver
oxide in aqueous ethanol; the major product in this reaction was hy-
droxymethylbenzenesulfonyl fluoride.

02
SO,F  Ag0 @:502 @
aq EtOH
@c Hy I CH,0H
47

Relatively few 3-monosubstituted 3#-2, 1-benzoxathiole 1, 1-dioxides
have been reported. The 3-chloro derivative (48) has been prepared by
treating o-sulfobenzaldehyde or its sodium salt with PCl; or
PCl;-POC1,.160,162,188 292

SOSNa PCLs, POCI;
Qg ©£
.
CHO €1

Freeman and Ritchie 13% postulated a tautomeric structure (49) for
o-sulfobenzaldehyde to account for the reported difficulty of preparing
the free acid and of oxidizing the free acid. They prepared 3-chloro-
3H-2, 1-benzoxathiole 1, 1-dioxide by treatment of o-sulfobenzaldehyde
with PCl5 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.

0, 0,
@ESO“" b o PC1 SN
LN cmeL T8
CHO O B 1
49 48

Hinsberg and Meyer213,214 obtained 3-aminomethyl-5, 6, 7-trihy-
droxy-3H-2, 1-benzoxathiole 1, 1-dioxide (50),a water-soluble com-
pound, on sulfonation of pyrogallol, reaction of the sulfonated pyrogallol
with aminoacetaldehyde acetal, and dehydration.

H HyS04 H SOsH  1,NCH,CH(OEL),
B

[For references, see pp. 289-312.]
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A French patent?34 describes the condensation of o-sulfobenzalde-
hyde with 2, 4, 6-trichlorophenol to 3-(2, 4, 6-trichloro-3-hydroxyphenyl)-
3H-2, 1-benzoxathiole 1, 1-dioxide (51).

2, 4, 6-C1,CH,0H

OqH 13 ?
(//’\IKS 3 acid A
R/kcuo

Farrar, 125 in a study of mothproofing agents. prepared several chloro
derivatives by the condensation of ¢-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 POCl3.

1) sto,, 805 0,
, 3 hrs. s.. QH ¢l
SOsNa H g zo 25° 17 hrs, O ?
3) 80°, 2 nrs.
T
52 c1 ¢
H,50, SO4H FOC1l4
Ccl S 4
/ O’Na 120°, 24 hrs. \Q 100 1 hr
2Ry
\ CHOH
cl

[

Ruggli and Peyer 49%obtained 3, 3’ -bis-3H-2, 1-benzoxathiole 1,1-
dioxides (54) on brominating or chlorinating o, o' -disulfostilbenes at
100°% bromination at lower temperatures resulted in formation of the
sultone (55), which could be converted tq the disultone (54) by heating
or to a 3-benzal-3H-2, 1-benzoxathiole (56} on heating with alkali.
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Br, =
Y =CH No, 1007 0N NO,
20% |

S$—0 0—8
S03Na N303S 02 02
o 54
Br, 76'5
<60°
ozu—chBr N/ Noe s0% ko 2 CH NO,
! /
S03Na 0—3 S03H —8
02 02
55 56

Sachs, Wolff, and Ludwig410 prepared 3, 3-dimethyl-3H-2, 1-benzoxa~
thiole 1, 1-dioxide (57) by the treatment of N-ethyl-o-(2-hydroxy-2-
propyl)benzenesulionamide with fuming hydrochloric acid. They called
the product dimethylbenzylsultone.

O,
SO,NHC,H fuming HC1 s
@( 2NHC,Hg 150° 7 hra. [j \L
B . ek~ CH2
I(CHg)z N CHy
H 57
Mustafa and Hilny334 obtained 3, 3-diphenyl-3H4-2, 1-benzoxathiole 1, 1-
dioxide (58),t0 which they assigned the name sulfonylide, by elimination

of aniline from a-hydroxy-a, o -diphenyl-o-toluenesulfonanilide by
treatment with sulfuric acid.

1. Hy,80,4,room temp. 0,

S0,NHCgH
2 gllg 2. 1000 N
> CgHy + CgHsNHy
('Z(CGH_.,)z Cels
oH 58

A similar reaction carried out by Oddo and Mingoia,34! in which a-
hydroxy-a, a -dianilino-o-toluenesulfonamide was treated with acetic
anhydride, led to the preparation of 3, 3-dianilino-3H-2, 1-benzoxathiole
1, 1-dioxide (59).

0,
0 H
Qsognmz Ace ’AACO Z , 5%
| e NHCgHs + NH3
= (NHCgHg) NV NHCGH
g¥s572 6118
OH 59

Feist, Pauschardt, and Dibbern,126 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-3H-2, 1-benzoxathiole 1, 1-dioxide (60},the
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structure being deduced from its reactions. The alternative structure,
2-carbethoxythianaphthene-3-one 1, 1-dioxide (61), is a strong
possibility,

S0;H

@\ H;50,, $05 / f
\
COCHZCODC,H, ~COCHC 000, Hy

HZSOM 50,
A

0,
S

5. 5\0 ~—C00C, Hs
I — .
o CHCOOC,Hs
60

/ O3
L (CH31,804
g SO3H
2 -804CHg @
2 | COOH

COCH,COOC,Hy

That the acid ammonium?242,379 and potassium?>2 galts of o-sulfo-
benzoic acid yield a mixture of isomeric chlorides on treatment with
phosphorus pentachloride was not realized until Remsen380 postulated
this reaction course to account for the two products obtained on react-
ing the mixed chlorides with aniline.

0,
o 504K PCls sozu /s\
o PO O
™00 cocl ‘

63

[PhNHp PhNH,

\\» v
0,

( SO,NHCgHg /S\o
NHCgH
\:[(ONHL6H5 = J<NHLEHZ
59
The acid chloride (62) which melts at 76° was called the symmetrical
chloride and 3, 3-dichloro-3#-2, 1-benzoxathiole 1, 1-dioxide (63) which
melts at 21.5-22. 5° was called the unsymmetrical chloride. The two

chlorides are extremely difficult to separate, particularly without the
availability of refrigeration. It was fortuitous that the winter where
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Saunders?383 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 rates and give different products. 64 and 65. with ammonia.
Bucher®7 used this difference for preparing large samples of 62, as

63 reacted more rapidly to give ammonium o-cyanobenzenesulfonate
(65),

0,

S0,C1 NHg SN
slow reaction NH
CcoC1l

62 64

S NHy ~8O5NH,
@_/_4?((;1 fast reaction @
C1 ~UCN

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-34-2, 1-benzoxathiole
1, 1-dioxide (66) which was

PC1L
O,N S0.K s s
2 % 150°, 4-5 brs. ozn\(\ -
0
[ Icoou 80-90%

easily separated from the higher melting or symmetrical chloride.
This product undoubtedly was also obtained by Kastle 252 but not so
characterized. This reaction was also studied by Hollis, 222 Hender-
son, 299 and Holmes. 226 Hollis reported a quantitative yield of 66 by
thls reaction, Holmes ran the reaction with POC1, in a sealed tube at 135°
and obtained a 50% yield of 3, 3-dichloro-6- mtro 31 -2, 1-benzoxathiole
1, 1-dioxide (66). Henderson was concerned with getting good yields of
the symmetrical chloride for the preparation of sulfonephthaleins.

Because List and Stein292 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, Blanchard4? in-
vestigated the preparation of the chlorides from p-bromo-e-sulfobenzoic
acid. He was successful in converting the acid potassium salt to 6-
bromo-3, 3-dichloro-3H-2, 1-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

[For references, see pp. 289-312.] 105
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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 acid or anhydride to give a mixture and that phos-
phorus oxychoride gives only the unsymmetrical chloride. Phosphorus oxy-
chloride also reacts with 34#-2, 1-benzoxathiol-3-one 1, 1-dioxide to
give only the unsymmetrical chloride.

S $0,C1
5] 2
% c1 cocCl
) 0,

Karslake and Bond, 24? 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 Bond250
found that if 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, 415as 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 Vainshtein4042 compared the half-way poten-
tials of these two dichlorides with those of o-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 34-2, 1-benzoxathiole 1, 1-dioxides described in the literature
are listed in Table 3.

106



C 308 Ring Systems

TABLE 3. 3H-2, 1-Benzoxathiole 1, 1-Dioxides

0,
3
Yield M.p.
Substituent (%) (°C) Ref,
None 25 112-113 90, 292
— 113 162
90 — 188
3-Cl- - 114 160, 292
— 114-115.5 162
— — 133a
3-H,N- - - 160, 265
3-(3-HO-2, 4, 6-C1,CH-) —_ - 234
— 243-244 125a
3-(2-HO-3, 5, 6-C1,C gH-) - 233 (dec.) 125a
3-(HN=) - - 387
3-(C,H;0COCH=) — 140 126
3-(2, 4,5-Cl3C¢H,-)-6-Cl- - 230 125a
3,3-(C1-), 50 - 226
— 38 299
—_— 40 292,518
— 21.5-22.5 380, 389
3, 3-(CHz-), - 106-107 410
3, 3-(C,Hs-), - 91 410
3, 3-(CgHs-)g - 161-162 292
— 162-163 74,136, 334
_ 210 410
3, 3-(CH,NH-), —  >330 390
3, 3-(C,H;NH-), - 276 341
3, 3-(C4H;NH-), - 315 341
270-280 (dec.) 292
3,3-(0-CH3CzH/NH-), — 278 341
[For references,see pp. 289-312.] 107
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TABLE 3. 3H-2, 1-Benzoxathiole 1, 1-Dioxides (contd)

Yield M.p.
Substituent %) (°C) Ref.
3, 3-(2-HO-3,5-C1,C4H,-), 235-240 (dec.) 125a
3-(02NQ~C§I—)~6—02N- 20 290 (dec.) 405
S/
17
3—(02N—Q-CH-)~6—02N— — 179-180 405
S03CHy
3-(02NQCHBr-)—G-02N~ - 234-237 (dec.) 405
S0,Na
3—(0,N~Q—CHC1-)-6-02N- — - 405
SOgNa
:, 3-(C1-),-5-Br- 50 89-90 47, 48
3, 3-(C1-),-6-O,N- 50 - 226
90 56-57 388
100 57 69, 222
3, 3-(C4H;NH-),-6-Br- — —_ 47, 48
3, 3-[p-(CH3),NCgH,-1,-T-CHz- — - 266
3, 3-(2-HO-3,5-C1,C4H,-),-6-C1 — 255-265 (dec.) 125a
3, 3-(C1-),-5-CH3-6-0O,N- 46 83 (b.p. 212/10 mm.) 250
- 90 249
3,3-(CgHs;NH-),-5-CHy-6-O,N-  — 195 250
3-H,NCH,-5, 6, 7-(HO-), 35 - 213

(2) Properties and Reactions

34-2, 1-Benzoxathiole 1, 1-dioxides are crystalline, sharp-melting,
colorless compounds. The 3, 3-dichloro-substituted compounds are the
lowest melting of this group. The low melting point of 3, 3-dichloro-3H-
2,1-benzoxathiole 1, 1 -dioxide contributed to the difficulty experienced
at the turn of the century in its isolation and characterization. Zirn-
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giebl518 peported that the 3, 3-dichloride crystals are rhombic;
Scheiber and Knothe415 studied its ultraviolet absorption spectrum,

3H-2, 1-Benzoxathiole 1, 1-dioxide (47) is easily hydrolyzed by hot
water or alkaline media to o-sulfobenzyl alcohol.292 It is converted to
benzoic acid on heating with alkali; on fusion with potassium hydroxide,
some o-cresol is produced along with benzoic acid.184

0;

SO
@ H,0, A or OH~ @[ sl
—%
CH,OH
47
KOH, A @\
._______-—,._%
93x cooH
KOH fusion H
————GT"; + some
COOH CH,

3H-2, 1-Benzoxathiole 1, 1-dioxide is an alkylating agent towards salts,
phenolates, amides, amines, etc,188,194,202,204,220,291

S\ ©[503Na
C CH,R
R = B-C,oHs0—, CgHgCH,C00—, C)oH35CO0—, CH3CONH—, HS—,
CigHgsNH—, etc,
3-Chloro-3H-2, 1-benzoxathiole 1, 1-dioxide (48) is hydrolyzed with

hot water to o-sulfobenzaldehyde.1€2 Treatment of 3-chloro-3H-2,1-
benzoxathiole 1, 1-dioxide with ammonium hydroxide gives saccharin
(64) and with ammonia in an autoclave the 3-amino compound (67),

which is easily air oxidized to saccharin.160
0,

13
- 0,8 SO3H
Cl

48 20% NH,OH

s
100-1500 E I Y
T[m

0,
NHs, & s
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3, 3-Dichloro-3#-2, 1-benzoxathiole 1, 1-dioxide (63) reacts with water
about three times as rapidly as its higher melting isomer (62) to give
o-sulfobenzoic acid. 280 The 3, 3-dichloro derivative, however, 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

0
8
~ Hy0, A SO03H
¢y ———>
Cl COOH
63

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).47;
250,292,380,384,385

0,
S S0;NH
o NHs aNH4
el ——
Cl CN
63 68 o,
50,01 s
NH
O = Cr
cocl
62 64

Reaction with ammonium hydroxide, which proceeds slowly, gives the
same products.176.385,387-389.391 Remgen and his students devoted
considerable attention to the reaction of the two isomeric chlorides

with aniline, using this reaction as well as the reaction with ammonia to
elucida_te the structures_ 47948:209)250’292,380-332;339:392;452

0, 0,
S s
™ PhNH, ™~
> NHCgHs
€1 NHCgHy
63 59
> 02
50,C1 PhNH, AN 80;NHCgHy
—ts N-CeHs +
cocl 0 CONHCgH,
62

69
Le |
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 o, ¢-dianilino-

o-sulfobenzyl alcohol; it is not affected by prolonged boiling with 0.5 N
sodium hydroxide, 341

0, 1. KOH fusion

5 2wt H
0 - + CgHsNH
NHCgHg ehisNiz

NHCgHg COOH
20% KOH
59

reflux @soﬂ‘
—s
i(NHCSHS)z
H

Remsen?8? and Remsen and Clark390:393 paacted 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, 3-dialkoxy derivative (T0), which is readily hydrolyzed to o-chloro-
su]_fonylbenzoates_ 69,74,250,383,389

02 02
S
~ MeOH S\O HC1 80,C1
Cl > ocH, — >
C1 OCHs COOCH,
70

Phenols react similarly, 89,383,394 although unless a base is present a
sulfonephthalein (71) is formed. 250

Q2 PhOH
@fil NHg, KOH, or CgHgN @S%Ce“s
c1
c1 COOCgHs
0.
PhOH 5~
—> CgH OH
CoH4OH
71

3, 3-Dichloro-3H-~2, 1-benzoxathiole 1, 1 -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).136:222,292,380,383,385

0, 0y
Ny s
o CgHg, A1C1g ™ 50,CgHs
Cl —> CgHy —>
€1 CgHg COCgHs
63 58 T2
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Delisle?° obtained ¢-mercaptobenzoic acid on reducing the 3, 3-dichloro
compound with zinc and sulfuric acid.

0O,
S (Kl SH
Cl
Cl COOH
63

b. 3H-2,1-Benzoxathiol-3-one 1, 1-Dioxide
{1} Preparation

3H-2, 1-Benzoxathiol-3-one 1, 1-dioxide (73) was first prepared in
1889 by Remsen and Dohme,17% who treated o-sulfobenzoic acid with
phosphorus pentoxide at 130° and by Fahlberg and Barge, 125 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. Sohon444 prepared the anhydride by heating the
acid potassium salt of o-sulfobenzoic acid with phosphorus pentachlo-
ride and phosphoryl chloride. Mathews31! and Taverne455 obtained
the anhydride by heating o-sulfobenzoic acid. Cobb?4 obtained a 31%
yield of anhydride on heating the neutral potassium salt of o-sulfoben-
Zoic aeid with thionyl chloride; White and Acree>06 reported a 93%
yield on refluxing the acid ammonium salt of ¢-sulfobenzoic acid with
thionyl chloride. The White and Acree method, as modified by Clarke
and Dreger,?3 is a convenient method for the preparation. Vodak and
Leminger481,483 obtained an 85% yield of anhydride by refluxing the
acid ammonium salt of o-sulfobenzoic acid with phosphorus trichloride

in benzene.
@soax
COOH
40%|{PCly, [PCl, POClg
A
A 0, SOC1,, A
—_—> == S0;K
@503“ CH3COC1, A s 31% @ 8
PP { PClg, 180°
coon P20s, 130 0 FCls, COOK

T3

65-93%/80C1, B85%|PCly
1) Cglig reflux

@isosuu,
COOK
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In an attempt to prepare the symmetrical acid fluoride of ¢-sulfoben-
zoic acid or 3, 3-difluoro-3H-2, 1-benzoxathiole 1, 1-dioxide by heating
the symmetrical acid chloride of o-sulfobenzoic acid with zinc fluoride,
Davies and Dick®® obtained instead a small amount of the anhydride,

$0,C1
@[ ZnF, A
cocl

o-Sulfobenzoic acid undergoes dehydration and simultaneous substitu-
tion when treated with concentrated or fuming sulfuric acid and nitric
acid or a halogen. Thus, Stubbs452 obtained 5-nitro-3H-2, 1-benzoxa-
thiol-3-one 1, 1-dioxide (74) on heating ¢-sulfobenzoic ac:d with a mix-
ture of sulfurlc and nitric acids.

0,
SO4H s
—_%
COOH 0zN °
74

Twiss465 and Twiss and Farinholt466 prepared halogenated 3H-2, 1-
benzoxathiol-3-one 1, 1-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 717.

0,

S Hy804

1, H,SO,, 60% SOs, 60-70° I

SOsH o 1, 110-20° (2507165
3. 175° 1 0
coon 75%
5
I SOgNa
I COONa
0O,
1. H,50,, 60% SOy, 60-70° S<,
2. 1, 60-70°
3. 170° r
>
76
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€1 o,
1. H,50,, 60% 50,, 60-70° 5.
trace of I,
2. Cl,, 60-65°
Cl
1
1. HpS0,4, 60% 503, 60-70° €1 o,
trace of I, Cc1 S
2. Cly, 70-90°
3. 150-160° c1 0
C1
78

Price and Smiles364 reported the preparation of 1, 1-dichloro-3H-2,
1-benzoxathiol -3-one (79), 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 ¢-mercaptobenzoic
acid.

H S0,H
s Clg, CClq @_j: @ 2
COOH Trox COOH

The 1, 1-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 Fowkes180a,183 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 cempound (80}, which reacted with sulfonamides and
amides to give sulfimines (81) with subsequent rearrangement to benz-
isothiazolone oxides (82),

C1

SH S. *
O (O e
COOH - °
80
RNH,
RNH
* o
0N S
(e, —
0 0
81 82
Douglas and Farah,1982 from their study of this reaction, suggest that
the Price and Smiles product was probably o-chlorosulfinylbenzoyl
chloride, and not 79,
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TABLE 4. 3H-2, 1-Benzoxathiol-3-one 1, 1-Dioxides

O:
3 =p

Yield M.p.
Substituent %) (°C) Ref.
None 65 126-127 (b.p. 184-186/18 mm) 73

85 123-126 481, 483

93 — 506

31 — 74,185

80 - 110

- 118-119 125

— 124-125 90

- 128 379

— 129.5 444

- 130 311, 456
6-CHy- —_ 97 496
5-0,N- - 212 452
5,6-Br, - - 465
4,7-Br, 80 167-168 466
4,7-Cl, 45 121-122 466
5, 6-1, - - 465
4,7-1, 95 243-245 466
4,6,7-I4 65 287-288 466
4,5,6,7-Br, 15 216-217 465, 466
4,5,6,7-Cl, 67 158-159 465, 466
4,5,6,7-1, 75 300 (dec.) 465, 466

{For references,see pp. 289-312.] 115
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D'Silva and McClelland®®e postulated 3f -2, 1-benzoxathiol-3-one (83)
a8 an intermediate in the disproportionation of 2, 2'-dithiobenzoic acid
in the presence of acetic anhydride and potassium agcetate. The final
product was 3-hydroxy-2-acetyl-1-thianaphthene (86).

5- 5\0 SH  (CH3C0),0, CH3CO,K
v"""_# 0 - oy
COOH/ 2 COOH

83
s
O] 2 [0
CHCOOH CH,
84 85
s
COCH,
OH
86

Schinberg, Rupp, and Gumlich4242 cited this reaction as evidence for
free radical formation involving a mercaptyl radical. There is no evi-
dence, however, that 3H-2, 1-benzoxathiol-3-one (83) was formed.

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

(2} Properties and Reactions

3H-2, 1-Benzoxathiol-3-one 1, 1-dioxides are crystalline, sharp-melt-
ing, colorléss 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 34-2, 1-benzoxathiol-3-one 1, 1-dioxide has a bitter
taste, 262

The 3-one derivatives are quite sensitive to water. 73.110,379.444,
452,465,466 Mojst air converts 34-2, 1-benzoxathiol-3-one 1, 1-dioxide
to o-sulfobenzoic acid; 73:379 the reactionis violent when heat is ap-
plied to its mixture with water.110

0,
2o
COOH
Ammonia reacts with 34 -2,1-benzoxathiol-3-one 1,1~dioxide in ether 444
or benzenel25:4536 tg give ammonium o-sulfobenzamide. The same pro-
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duct is 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 anilines444 in benzene give the N-substituted-o-suifo-
benzamides.

NHg, CeHs
S\ @SOaNH,
: CONH,
3H-2, 1-Benzoxathiol-3-one 1, 1-dioxide reacts readily with alcohols,*10
161,444 guch as methanol, ethanol, and 2-ethylhexanol, to give the cor-
responding o-sulfobenzoate, Z-Ethylhexyl o-sulfobenzoate is claimed
to be useful as a dentrifice detergent.161

0,

s
~ MeOH SO0sH
0]
COOCH;

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

0. PhCONHz

s
Y CoM, A SO3H
+ CgHgCN
CooH

Phenylmagnesium bromide reacts with the 3-one to give «, o-diphenyl-
o-sulfobenzyl alcohol.7 4

2

PhMgBr phMgBr S503MgBr
CeHs
OMgByr (CgHg)y

EMgBr
H,0 @:503“
ey
(CgHslz
b

According to a German patent,330 the 3-one combines with alkylene-
diamines, phenylenediamines, ¢ -aminophenols, and o -aminothiophenols
to yield imidazoles, oxazoles, or thiazoles, which are intermediates for
dyes and pharmaceuticals.

NH
galigu " Nee
0 N//

[For references, see pp. 289-312.] u7
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3H-2, 1-Benzoxathiol-3-one 1, 1-dioxide reacts with PCl; to give a
mixture of the two chlorides and with POCl; to give a low yield of the
3, 3-dichloro derivative.74:136:444 Itg reaction with PCl; in a sealed
tube at 170° gives only the symmetrical chloride, 136

0, 0
s s -
Z R 2 T i g @y S0
| o T | ey !
x X €1 Xx“cocy
0,
s
POC1, ™o
> Cl
C1

The 3-one has been halogenated in fuming sulfuric acidto give the tetra-
chloro-, tetrabromo-, tetraiodo-, and diiodo-3¥#-2, 1-benzoxathiol-3-
one 1, 1-dioxides. 465 Phenolic compounds react with the 3-one, splitting
out water, to give sulfonephthaleins which are 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-
gulfobenzoic acid and its 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 or indicator name, such as phenol red
or bromophenol blue, which designates both the phenol moiety and the
color. Chemical Abstracts indéxes these compounds as sulfonephtha-
leins under the phenol name; such as phenolsulfonephthalein.

Depending upon the phenol and the condensation conditions, some sul-
fonephthaleins have the spiro(34-2, 1-benzoxathiole-3, 9'-xanthene)
structure (87).

Ly
SO

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.

The various sulfonephthaleins whose preparations have been described
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 3#-2, 1-benzoxathiole moiety, and ester, ether, oxide, or salt forma-
tion. Thus, the benzoate of bromophenol blue (from 3H7-2, 1-benzoxa-
thiol-3-one 1, 1-dioxide and 2, 6-dibromophenol) is listed as 2, 6'-
dibromophenol-, dibenzoate (88).

88

(1) Preparation

(a) Phenolsulfonephthalein (Phenol Red) (89). Remsen and Saunders383
in 1895 and List and Stein292 jn 1898 prepared phenolsulfonephthalein
(89) by heating phenol with the dichlorides of o-sulfobenzoic acid (62
and 63). Sohon444 prepared it in a relatively pure state by heating 34-
2, 1-benzoxathiol-3-one 1, 1-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,#9,185,385,394 The unsymmetrical chlo-
ride (63) reacts faster than does the symmetrical chloride (62). Ata
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° 295,367,444,508 or fusion temperatures437 for 6—24 hours.
According to Freas and Provine, 132 the best conditions for the reaction
between saccharin (64) and phenol are a temperature of 120° a reaction
time of up to 48 hours, the use 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
patent3602 claims the preparation of phenolsulfonephthalein and of o-
cresolsulfonephthalein by the condensation of saccharin with oleum
(20-25% SO4) at 130° and subsequent reaction of the reaction mixture
with the phenol in the presence of ZnCl, for 2-3 hours at 130-140°.
Lubs and Clarke on condensing phenol with the symmetrical chloride
used ZnCl, as the condensing agent. 294 Orndorff and Sherwood, 393 on

[For references, see pp. 289-312.] 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
ZnCl,, although not increasing the yield, did allow a shorter heating
time.

Csig @sozcl
1 LS
@_l c1 0400 Q‘\C\v"" COoCl
o o
63 X 15 iy 62

0, 0y
S PhOH PhOH s
~ ~
0 M2504, & NH

73 HO OH 64

(b) Cresolsulfonephthaleins (0-Cresol Red (90) and m -Cresol Purple
(91 or 92)). o-Cresolsulfonephthalein (80) has been prepared under es-

sentially the same conditions as used for phenolsulfonephthalein - a
reaction temperature of 130-140° without a catalyst?7,367,444 or at
105-123° with ZnC1,294.349,348 and 3 reaction time of up to 24 hours.

0z
0, B s
S
= ~ CHy 0
| e+ A O
2 Q >
HO ! ‘ OH
Hg CHg
90

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 prepared24¢ 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, m-cresol did not yield a
sulfonephthalein.

Orndorff and Purdy,348 on reacting m-cresol with 3H4-2, 1-benzoxa-
thiol-3-one, obtained two different products 91 or 92, depending upon
the condensation temperature.
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0;
S
0
-108°
105-1
H HO O CHg HyC ‘ ol
1

S 9
@: i . ZnClg
0
CH,

0
S
()
135°
= s
H3C O 5 O CHa
92

Cohen?7 called m -cresolsulfonephthalein meta-cresol purple. Orndorff
and Beach349? obtained a 20% yield of sulfonephthalein (93) from the re-
action of p-cresol with 3#-2, 1-benzoxathiol-3-one.

O
0, H sz
5% ZnCl,, 121-123°, =~ 7Y
ot 15 hrs. N
20% HsC CHy
O
93

On reacting p-cresol with the symmetrical chloride in the presence of
base, they obtained di-{p -cresyl)-o-sulfobenzoate (94) which on heating
at 170° in the presence of ZnCl, gave 9-(c0-sulfophenyl)xanthydrol (95)
which lost water on treatment with concentrated hydrochloric acid to
give p -cresolsulfonephthalein (93).

H
S0,C1 NaOH, 6 30-35° 50,0 CH,
+ 2 hrs,
5 =
oCl €00 O CHg
Ha

94
O
H
S03 Z s
OH ! 0
ZnGly, 170° concd. HC1 X
—_— ———
HyC O O CHjy HaC O O CHgq
(o] (4]
95 93

[For references, see pp. 289-312.]



Chapter 4

p-Cresolsulfonephthalein (93) is an unstable compound, giving a deep
blue color in alkaline solutions and a yellow to colorless color in neu-
tral and acid solutions.

o~Sulfobenzaldehyde reacts with o-cresol in the presence of 20% sul-
furic acid”?€ presumably through 96 as an intermediate,

SOsH
“ g
SO4H CHy CH
20% H,50 = -
+ 2 4 I H20
CHO ol >

(c) Xylenolsulfonephthalein (Xylenol Blue). Cohen’® obtained 3, 4-
xylenolsulfonephthalein from the reaction of 3, 3-dichloro-34-2, 1-ben-
zoxathiole 1, 1-dioxide with 3, 4-xylenol at 105-110° in the presence of
ZnCl,. This sulfonephthalein also has been prepared in poor yields (8%)
from the reaction of 3, 4-xylencl with saccharin in the presence of sul-
furic acid at 130-140°.240 A yield of 17. 5%24° was obtained from the
reaction of 3, 4-xylenol with the symmetrical chloride in the presence
of ZnCl, at 100-110°. It has been prepared also from 3, 4-xylenol and
34-2, 1-benzoxathiol-3-one 1, 1-dioxide.?7

(@) Thymolsulfonephthalein (97) (Thymol Blue). Lubs and Clarke<94
prepared thymolsulionephthalein (97) by heating thymol and the sym-
metrical chloride in the presence of ZnCl,,.

S0,C1 CH(CH3)y s
COCl CHg OH

(CH3)pCH~ = CH(CHZ)o

97

Lubs and Acree2?® prepared the sulfonephthalein by heating the sym-
metrical chloride with thymol for four hours at 140°, They used ZnCl,
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, at 100-110° 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 Cornwell346 the formation of thymolsul-
fonephthalein from thymol and the anhydride occurs in two stages.

S0,0H  CH(CHgly

O,
5 CH(CHg), @[
- °
@ﬁlo + ZnCly, 105-110 o .
CH3 OH
Hs
88

0,

S
99,
OH thymol

'q—_—_-'é CH3 ZﬂClz, 85%
?(CHy)zCH
(CHgl,CH

OH
99 97

The intermediate acid, 4'-hydroxy -5’ -isopropyl-2’ -methylbenzoylben-
zene-2-sulfonic acid (98), or its sultone form (99), then reacts with
another molecule of thymol at 856° in the presence of ZnCl,, to give the
sulfonephthalein. The tautomeric 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 of p-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 ZnCl; on the reaction of
3H-2, 1-benzoxathiol-3-one 1, 1-dioxide with thymol. A 55% yield was
obtained when the reaction was carried out at 105-110° in the presence
of ZnCl,. 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 ZnCl, and AICl; 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 AICl1; or SnCl,.

An B0% yield of thymolsulfonephthalein was obtained by Chrzaszczew-
ski, Kozinski, and Wronski?1 by the condensation of the ammonium salt
of o-sulfobenzoic acid with thymol in the presence of P,0, at 130-140°
for not more than 4 hours and steam distilling the thymeol at the end of
the reaction.

[For references, see pp. 289-312.} 123
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(e) Hydroquinonesulfonephthalein. Sohon44¢ described the condensa-
tion product of hydrogquinone and 34-2, 1-benzoxathiol-3-one 1, 1-di-
oxide obtained on heating the mixture at 130-135° as a dark brown
mass whose alkaline solutions were brown-yellow. Henderson,29? on
the other hand, was able to isolate only the ester from the reaction of
hydroquinone with 4-nitro-2-chlorosulfonylbenzoyl chloride at 120-135°
Orndorff and Shapiro320 questioned whether Sohon actually isolated
hydrogquinonesulfonephthalein. In their studies of the condensation of the
3-one and hydroquinone, a 20% yield was obtained by heating at 130°
for 18-24 hours; in the presence of ZnCl, the yield was only 5% in the
presence of H,80,, H;BO,4, or SnCl, only tarry material was obtained.
Its alkaline solutions were colored blue-purple and its neutral solutions
orange-red,

(f) Resorcinolsulfonephthalein (100). Remsen and Hays377 reported
the preparation of resorcinolsulfonephthalein (100) which they called
"sulfonfluorescein®, by the condensation of the 3-one with resorcinol.

175-185°

In a later paper Remsen and Linn378 stated that the product was not as
believed but the intermediate o~-(2, 4-dihydroxybenzoyl)benzenesulfonic
acid (101), 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).

SO3H gz
=
SO3NH4 1 D
A N\
coon O O
HO o OH
100
101

Fahlberg and Barge,125 on repeating the work of Remsen and Hayes,
but using ¢-sulfobenzoic acid or its ammonium salt, obtained the sul-
fonephthalein as red crystals and proposed various formulas for the
product. Blackshear4® 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. Jones243 simi-
larly reported the conversion of 6-(2, 4-dihydroxybenzoyl)-3-methyl-
benzenesulfonic acid to the corresponding sulfonephthalein, which he
called "p-methylsulfonfluorescein", and noted the difficulty of chara-
terizing the condensation products from resorcinol and 4-methyl-2-
sulfobenzoic acid.

Orndorff and Vose,344 on the other hand,reported that resorcinolsul-
fonephthalein is readily formed on heating the intermediate (101) at
160-170° for 2 hours; it was also obtained by heating the intermediate
with resorcinol at 160-170°

Contrary to Fahlberg and Barge,125 and White,592 Sohon444 and
Orndorff and Vose344 obtained the sulfonephthalein by heating 3H-2, 1-
benzoxathiol-3-one 1, 1-dioxide with resorcinol at 130-140°

Moale329 condensed resorcinol with 4-methoxy-2-sulfobenzoic acid
at 110-115° to the corresponding resorcinolmethoxysulfonephthalein
which he called "p-methoxysulfonefluorescein”

Sisley 439 prepared resorcinolsulfonephthalein by heating saccharin
and resorcinol at 150-180° with sulfuric acid. Monnet and Koetschet331
on hydrolyzing "resorcinolsaccharein® (102), obtained resorgineisul
fonephthalein (100), which they called "sulfurein”,

Oz 0

S\ S

SO e
H,0

—E—>

NGOG

10 1

2

()
l + NHs
o OH

00

Orndorff and Vose344 obtained a 52% yield of resorcinolsulfonephthal-
ein on heating saccharin and resorcinol with sulfuric acid at 135-140°

for seven hours.

Henderson299 prepared a sulfonephthalein by heating 4-nitro-2-
sulfobenzoic acid dichloride with resorcinol at 125°. Orndorff and
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 co-workersZ240 reported a 60% yield
of sulfonephthalein.

(g) Pyrocatecholsulfonephthalein (103 or 104) (Pyrocatechol Violet
and Pyrocatechol Green). Vodak and Leminger 82:38% prepared pyro-

catecholsulfonephthalein by fusing pyrocatechol and 3H#-2, 1-benzoxa-
thiol-3-one 1, 1-dioxide at 100-110°,

[For references,see pp. 289-312.] 125
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OH

100-~-110°
1.5 hrs,

or

It is 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 Fuchs®47 obtained the sulfonephthalein in a
series of reactions from ammonium o-sulfobenzoic acid and pyrogallol.

so3NHq S03NH,
190-1959
LOOH

HC1, EtOH

OH 9 OH

OR H H

A pyrogallol
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106 105

On heating 3H-2, 1-benzoxathiol-3-one 1, 1-dioxide and pyrogallol at
130-135° Orndorff and Fuchs obtained a 51% yield ¢f sulfonephthalein
both with and without ZnCl,; on heating the dichloride and pyrogallol
they obtained only the diester; on heating saccharin and pyrogallol with
concentrated sulfuric acid, a 20% yield of sulfonephthalein was obtained,

Whereas Sohon444 postulated the xanthene structure, (106), for the pro-
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.

Voddk and Leminger487 prepared pyrogallolsulfonephthalein by azeo-
tropic condensation of 34-2, 1-benzoxathiol-3-one 1, 1-dioxide with
pyrogallol using xylene, Adsorption spectra indicated the xanthene
structure (106).

(i) Hydroxyhydroquinonesulfonephthalein (108). Orndorffand Willard3s!
postulated that the formation of this sulfonephthalein (108) occurs
through the benzoyl intermediate (107) step they had observed for other
sulfonephthaleins.

100°
‘ [ 2 8 hrs HO @
soau (s’z\
|
on
d

HO

OH
107
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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 sulfonephthalem 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} o-Naphtholsulfonephthalein (109). Lubs and Clark2%4 reported
the preparation of o -naphtholsulfonephthalein (108) by the reaction of
o -naphthol with the dichloride,

s02<:1 ZnCl,
7o
coc1

(k) Salicylsulfonephthalein (110) (Salicyl Red), Hardenl75 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,

02
S

5\ COOH SnCl,
concd, H,so‘
HQ OoH
HOOC O O COCH

110

(1) Anilinosulfonephthaleins. Sohon44® 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,

N(CHjl,

Oz
(CHg) N O O N(CHg),
111
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The reaction with m-aminophenol was assumed to proceed to the xan-
thene structure (112).444

0, OH

s 0,
[ i: 130-138° S
+ ————-———9
KH, @ >
C
HZNQO:C “NH,

112

Sandmeyer's412 successive oxidation of sulfonated tetramethyldiam-
inodiphenylmethane and condensation of the hydrol with dimethylani-
line may have led to a sulfonephthalein (113).

0

(CHg),N SOgK (CHz)aN 5
\@: PhNMe, O
—_—t
cmou;——@——mcns)z
(CHg)yN ‘ O N(CHgl,
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 as an
indicator.

Kuhn and DeAngelis276 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,

02

S. ZnCl,
C1 + CgHgCH==NN(CHy)CgHy — 1 5
Cl

0

s
0
L
C{~CeHyN(CHy) N=CHCgHig

CgH4N(CHa}N==CHCgHg
114 6% 3

r @[SOI’H T+
5 —@-mcn,mna Cl™ + 2 CgHsCHO

»
E
i

,_ N(CHg3)NH, |

[For references, see pp. 289-312.] 129
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Most of the anilinosulfonephthaleins have been prepared by the reac-
tion of sulfonephthaleins, which is discussed in section IB-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 are listed in
Table 7.

(m) Halogenated Sulfonephthaleins. There are two methods for the
preparation of halogenated sulfonephthaleins: halogenation of sulfone-
phthaleins and condensation of moieties containing halogen. Halogena-
tion of sulfonephthaleins, which is discussed in section] 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, 1-dioxide
by Twiss465,466 made possible the preparation of a series of halogen-
ated sulfonephthaleins through condensation with phenols or halogenated
phenols, Thus, Boyd and Rowe®1 prepared iodo- and bromo-sulfone-
phthaleins through the iodination or chlorination of 3/7-2, 1-benzoxathiol~
3-one 1, 1-dioxide and condensation of the halogenated benzoxathiole
with a phenol.

0, I, or Br, X o
S~ H,SO,, §50; X 8
110-130°
O — X =1arBr
X
CgHgOH
SnCl,, A

-,
X
90,
X
SReW

Leminger and Voddk284 prepared ¢o-chlorophenol red in 37% yield by
heating a molten mixture of o-chlorophenol and 3H#-2, 1-benzoxathiol-
3-one 1, 1-dioxide.

HO
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0, %
AN 0 ~CLCgH,0H o l
« | (Lo 130-135°, 25 hrs, .
37% s
HO Xy OH
Cl 1

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 insectionl B-2¢(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 ethano! and sodium. 343 The monoammonium and barium
salts of m-cresolsulfonephthalein have been prepared348 as well as the
mono- and disodium salts of tetrabromophenolsulfonephthalein, 348

The monosodium salt of thymolsulfonephthalein, a brick-red compound,
is prepared by treating thymolsulfonephthalein 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 soluble in water, the solution having a red color.

Treatment of hydroquinonesulfonephthalein with sedium alcoholate
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.347

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

C.

OH n

115
(For references, see pp. 289-312,] 131
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(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 phosphate.42? 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, are 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-
hol,345 by reacting with methanol in the presence of methyl iodide and
sodium methylate347 and by reaction with diazomethane, 596

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

(d) Halogenation, Direct halogenation of sulfonephthaleins affects only
the pheénolic 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 as follows;

Tetrabromopher.ol- Phenoltetrabromo- Tetrabromophenoltetra-
sulfonephthalein sulfonephthalein bromosulfonephthalein

Halogenation is carried out by treating the sulfonephthalein with
halogen in glacial acetic acid175, 176, 243, 294, 295, 346, 377, 502, 506 or
in ethanol. 132, 347, 439 Kosheleva and Zimakova275¢ 275d chiorinated
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, 672 the uterus of pregnant dogfish con-

[For references, see pp. 289-312.] 141
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verts phenol red to bromophenol blue, This is the first example of
biological bromination observed in a vertebrate,

Bromination of phenolsulfonephthalein yields tetrabromophenolsul-
fonephthalein, 132,294,295,343,506 more commonly known as bromphe-
nol blue (119).

02

1>
Brg, ACOH,
HO g ‘ OH

The tetrabromo derivative (119) readily forms a mono- and disodium
salt, a monomethyl ether with methanol, a dimethy! ether with diazometh-
ane, and a dibenzoate; it does not react with aniline; it is hydrolyzed

with aqueous hydrochlonc acid, the hetero ring opening, to give the
sulfonate, 343,506

Bromination of phenoltetrachlorosulfonephthalein and of phenoltetra-
bromosulfonephthalein gives good yields of the corresponding tetrabro-
mophenol derivative.167 Dichlorophenol- and tetrabromophenol-
tetraiodosulfonephthalein and dibromo-¢-cresol-tetrachloro- and tetra-
bromosulfonephthalein have been prepared similarly,176,178 -Cohen?7
reported the preparation of tetrachloro- and tetrabromo-ov-cresolsul-
fonephthalein and dibromodichlorophenolsulfonephthalein, Sirokman and
Otvos438a 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-
tive243,377,502 3pnd no tetrabromo derivative as Sisley postulated, 439
The orientation of the bromine in 120 was not verified,

119

Bry, AcOH
—_—

2\0
A

ZoH

Iodination similarly gives the diodo derivative.344 The diodo and dibro-
mo derivatives form a diacetate on treatment with acetic anhydride, 344
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Treatment of resorcinolsulfonephthalein with phosphorus pentachlo-
ride yields a dichloride (121)344 or tetrachloride (122).243

0z 0.
R S R S
PClg
o OH ci o R-Hm
121

The dichlorodiphenyl compound (121} was also obtained on treating
resorcinolsulfonephthalein with benzoyl chloride.344 Diiodoresorcinol-
tetraiodosulfonephthalein also has been reported,178 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

123 colored salt
R SO3Na

c——-OH
/©\0/Na:;©\ 1

124 colorless salt

The dichloro- and diodosulfonephthaleins form essentially colorless
diacetates which probably have the sultone structure 344

[For references,see pp. 289-312.] 143
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Bromination of pyrogallolsulfonephthalein yields a dibromo deriva-
tive, which on reaction with banzoyl chloride gives a tetrabenzoate of
dibromopyrogallolsulfonephthalein.347 Bromination of hydroxyhydro-
guinonesulfonephthalein yields a dibromo derivative from which a
triammonium salt or tetraacetate can be prepared.351

Bromination of thymolsulfonephthalein yields dibromothymolsul-

fonephthalein (125), which is more commonly known as bromthymol
blue.346,349

0;
s

q/ \)

R

{CHglaCH_~ CH(CHy),
HO-"-~CHy H4C OH

Br r

125

The dibromo derivative forms a diacetate and a zinc salt.346
Bromination of salicylsulfonephthalein gives tetrabromosalicyl-
sulfonephthalein, more commonly known as salicyl purple.175

(e) Nitration. Nitration of phenolsulfonephthalein with sulfuric acid
and nitric acid affects only the phenolic part.2%4,245,338,506

0;
~ s
HNO3, HS04 0N O O NO,
OH
126

Actually, nitration of phenolsulfonephthalein gives a mixture of 3, 3'-
dinitrophenol- and 3, 3’, 5, 5’ -tetranitrophenolsulfonephthalein, Pure

3, 3’ -dinitrophenolsulfonephthalein has been synthesized by nitration of
phenolsulfonephthalein diacetate,338 Tetranitrophenolsulfonephthalein
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(126) is isolated as canary-yellow flakes which change to a shellac-like
material on heating above 200°, Its diammonium salt, however, is
stable.

Phenolnitrosulfonephthalein has been prepared by condensing 7-nitro-
3H -2, 1-benzoxathiol-3-one 1, 1-dioxide with phenol, 457

(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 i8 purple, but which is un-
stable and loses ammonia to give the monoammonium salt, a brownish
red product whose aqueous solution is orange-red.343 The phenolic
hydroxyl group is replaced by ammonia on heating phenolsulfonephthat-
ein in a sealed tube at 150°for 24 hours giving a 50% yield of anilinosul-
fonephthalein, 428,429 Bromination of anilinosulfonephthalein in glacial
acetic acid yields the tetrabromoanilinosulfonephthalein; refluxing the
anilinosulfonephthalein with acetic anhydride gives the N-acetyl deriva-
tive; treatment of anilinosulfonephthalein with henzenesulfonyl 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
N-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 at 100° for 12 hours in a sealed tube with propylamine,
isobutylamine, benzylamine, ethanolamine, m- and p -aminophenol, p -
phenylenediamine, and ¢-bromoaniline. 429

Phenolsulfonephthalein acetylated with acetyl chloride reacts with
2, 4-dichloroaniline, = -aminoacetophenone, p-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 glycinate, giving N-(carbethoxymethyl}- anilinosul-
fonephthalein, was carried out at 100° for 10 hours, 249

The reaction between phenolsulfonephthalein and aniline carried out
by refluxing the mixture gave a 96% yield of diphenylaminosulfone-
phthalein. Refluxing phenolsulfonephthalein with o~-toluidine, 2, 4-xylidine,
2, 4, 5-trimethylaniline, p-anisidine, and p -phenetidine gave 80-90%
yields of the corresponding diphenylaminosulfonephthalein. 429

0,

[For references,see pp. 289-312.]
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Heating phenolsulfonephthalein with (C,H;),NCH,CH,NH, for 3 hours
at 100° gave a 40% yield of N-{N'-diethylaminoethyl)-anilinosulfone-
phthalein. 429

Orndorff and Sherwood343 prepared anilinosulfonephthalein by heating
phenolsulfonephthalein with aniline 2 hours at 140-150°; dimethylaniline
did not undergo the‘reaction. Resorcinolsulfonephthalein similarly re-
acts with aniline, 343

0, 0
s s
é Y
“ )
- [ PhNH,
HO o X-"oH CgHsNH C o g NHCgH,

A series of diamino derivatives from resorcinolsulfonephthalein are
described in three British patents.218,2182,219 These were prepared
by heating resorcinolsulfonephthalein with POCl4 to give the dichloro
derivative (129) which in turn was treated with amines or anilines. The
diamino derivatives (130 and 132) on sulfonation yielded sulfonated dyes
which impart red to blue tints to wool and silk.

I \><j I POC1y, A
HO O O
0;
& S\o
\E RNH,
c1 o c1 NHR

130

RNH
l . 1020 95% HyS04

Sulfonated Dye
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Sulfonated Dye

Pyrogallolsulfonephthalein absorbs four moles of ammonia to give a
product which on heating at 200° gives a monoammonium salt. Pyrogallolsul-
fonephthalein reacts quantitatively with aniline to give a red product
whose empirical formula was given as C;gH,;0g8(CgH;NH;). This
salt was insoluble in the usual organic solvents but slightly soluble in
water and in alcohols. 347

Hydroquinonesulfonephthalein absorbs three moles of ammonia, the
product yielding a monoammonium salt.35¢ Thymolsulfonephthalein
absorbs one mole of ammonia to give a monocammonium salt and reacts
with aniline on heating to give an aniline salt.34é Thymolsulfonephthal-
ein is converted to an indicator (133) for chelatometric titration by
treating with sodium iminodiacetate and formalin. 275

HN(CH;COONa ),

ACOH
H(CHg);  27% HCHO
87%

CHyN(CH2COONa ), CHN(CH,COONe ),
133

[For references,see pp. 289-312.] 153
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Condensation of 7-amino-34-2, 1-benzoxathiol-3-one 1, 1-dioxide with
phenol gives phenolaminosulfonephthalein. 4°7 The amino- and anilino-
sulfonephthaleins which have been reported are 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.

0,

S
O () 503H
Zn dust, H,0 @
——————e CH OH
2
HO OH

134

Treatment of hydroxyhydroquinonesulfonephthalein with boiling formic
acid and zinc dust gave the reduced form which was called hydroxyhy-
droguinonesulfonephthalein. 321 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 at 200° gives the zinc salt of
sulfonegallein. 347

Thymolsulfonephthalein similarly on treatment with zinc dust and
beiling 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, 346 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, nitrafion, and sulfonation. Since none of these leads to substitution
in the benzoxathiole part of the molecule, it is presumed that neither
does mercuration. White,®98 gn 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,4H,,0,SNa{HgOH),; phenolsulionephthalein and
mercuric acetate in boiling sodium hydroxide solution for three hours
gave a dark brown powder whose empirical formula was Cy5H, o058
{HgOH),. These compounds were prepared for testing in genito-urinary
infections and syphilis.

The disodium salt of salicylsulfonephthalein on heating with mercury
acetate yielded monohydroxymercuri-salicylsulfonephthalein,175 a
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compound which showed germicidal activity against B. fyphosus and
Staphvlococcus aureus.

Dunning and Farinholt11! prepared the mono- and dihydroxymercuri
derivatives of resorcinolsulfonephthalein 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.181

(i) Preparation of Arsenates. Christiansen?? prepared p-arsenoben-
zeneazophenolsulfonephthalein (135 and 136) by reacting diazotized ar-
sanilic acid with phenolsulfonephthalein.

02

N.C1

1. NaOH, 0° 30 min,
2. vt

H203A5—®N—N O O N"N—QASO;;HZ

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 l»ypanocidal 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 sulfonephthaleins is generally assigned the 34-2, 1-benzoxa-
thiole structure. The effect of pH on the neutral structure has been

[For references,see pp. 289-312.] 155
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C,08 Ring Systems

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 s=—=H*+ +1I"

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, pX, which is the negative logarithm of the ionization constant.

H*) [17]
HI
—log K = pK = indicator constant
The pH range in which the color change occurs, the color transforma-

tion and the indicator constant are given in Table 8,

Between 1916 and 1919, Lubs and Acree, 29% White,502 and White and
Acree595,506 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.

o pe
Ne g otiiie hol

colorless, weak acid
sultone (lactoid) form

o] o
SO, LT

= K = jonization constant

yellow, monobasm salt

137 139
yellow, strong acid deeply colored
quinoid form dibasic salt

[For references,see pp. 289-312.] 159
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Conductivity measurements by White®04 substantiated the quinoid 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 are weak acids, the sulfone-
phthaleins are 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 as 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
-CsHS03H 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 (jonization) 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 6, 8-8. 4 for
phenolsulfonephthalein to 7. 2-8. 8 for o-cresclsulfonephthalein, 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, phenolpthaleins, aurines, fluoresceins, and related
compounds was advanced by White and Acree?30,505 35 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-cresolsulfonephthalein342 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,

Vodik and Leminger 481 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 reastion.

qso; 02 :: :SO;,H
Q\ B* H+ L
T Son-
0 H H HO OH
H H H H
141 142

-140
Violet anion Yellow sultone structure Red carbonium ion

Xylene
a

0,
9.
0
OH OH
143
Pyrocatechol green (143) dissolves in water with a brown color. Its

alkaline solution is intense green and its acid solution yellow. It does
not form metal complexes.

In a series of absorption spectra studies of sulfonephthaleins, Ramart-
Lucas368-375 pogtulated equilibria of the sultone form (144) with a
quinoid structure (146) and a carbinol form (145).

02
SO3B —Ha0 s SOgH
2

( I H,0 ( I

C—OH (o

HOAr ArOH
HOAr ArOH HOAr Ar'=0
145 144 146

Carbinol form Sultone form Three quinoid forms:

A,Band 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.] 161
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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, or B’, for
various media.

There apparently is no question concerning the quinoid structure of A.
The structures of B and B’ are 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 reported.5-7:54a,64,78,87,180,
275b,275¢,275d,276,309,321,397,398,458,459,471,474, 480, 520

Schwarzenbach and co-workers 428 explained the color changes of
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.

_ CISOE ] i qsog -
[ong pH 1.5 ¢t PH 7.9
OH HO~
HO 148
L.

147
- Red - Yellow -

+

C.

o
[_ 149
Red -
Kolthoff and Guss,274 in their studies on the ionization constants of
various sulfonephthaleins, visualized a similar change. Colichman78
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 sulfonephthaleins,3-7,278,355,411,474 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 Laidler52# gstudied 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

[For references,see pp. 289-312.] 163
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the rate constants and concluded that, in reactions of bromophenol blue,
the guinoid 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:

L OO T
e Hefpol L\/\/)_

150

_H+1[/+H+ -OH™ | +OH

@3%— c @(W
NedemeboWNeld e
OH HO X ont T 0 | o
154

153

Thus, in aqueous medium, three colored forms and one colorless form
are 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 and 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 153). The sultone 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 are insoluble in benzene.
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Blow and Rich%92 described the effect of pH on bromophenol blue by
the following series of structural changes:

so3
@l _ /
Z
156
Acid form pH <3 pH 5-10

r Br

157 158
pH 10-14 pH 5-10

According to this, the acid form (155) has a sultone ring and exists as
an- unchanged molecule with a yellow color which persists 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 its
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, reverts to

the blue form (156) within a day or 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 Fujii%54 separated the following sulfonephthal-
eins (R¢ values in parenthesis) by paper chromatography using 3%
sodium chloride solution as the developing agent: thymol blue (0. 37),
bromothymol blue (0. 37}, phenol read (0. 73}, bromophenol blue (0. 57),
bromocresol purple (0. 58), bromocresol purple (0. 73}, and phenol red
(0. T4).

Patti3®8 irradiated phenol red, bromocresol purple, and bromophenol

[For references,see pp. 289-312.] 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.

Franglen!3! 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 on Silene EF-Celite 535 was studied by Karabinos and
Hyde: 248 bromophenol blue, bromocresol green, chlorophenol red,
bromocresol purple, m -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. 226 Bromophenol blue has been successfully deter-
mined by virtue of the sharp thin blue line it gives in an ionographic
isoelectric apparatus.304

According to Doss and Gupta1982 bromocresol 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), equilibrivm 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

(a) Analytical. White593-505 and Lubs, Acree, and Clark7?2,295 ghow-
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 Lubs7? was extended by Cohen,75-77
Hardin, 177,178 and others. 62,64,293,300,305,343~345,413,429,506

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 1 g of indicator per liter of solvent, Al-
cohol is sometimes used to increase the golubility of the indicator.

[For references, see pp. 289-312.] 167
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Usually one to three drops of the indicator stock solution is used per
10 m1l solution in hydrogen ion determinations.

The more important sulfonephthalein acid-base indicators are thymol
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.

Bromocresol green, cresol red, and thymol blue have been used in
mixed indicators.515 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.

Cresol red, thymol blue, bromophenol blue, and bromocresol purple
have been recommended as indicators for the determination of hvdrogen
ion in colored and cloudy solutions, 251

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 silver ions and tellurium
ions with iodide ions.275,277,317-320,340,482 A gpecific 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.391 Tetrabromo-
phenol blue312 and iodophenol blue have been used in the potentiometric
titration of the halogens with Hg,(NQO3),. Sulfonephthalein dyes, such as
bromothymel blue and bromophenol blue, combine with organic bases,
such as cetyltrimethylammonium bromide or ephedrine hydrochloride,
to form complex addition compounds in colorimetric determinations. 24
229, 519 Auerbachi92 used bromothy molblue as a dye anion in the colori-
metric determination of germicidal quaternary ammonium salts in di-
lute solution and for the determination of alkaloids.

Kdrbl, Svoboda, and Terzijska2752 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, 8, 3’ ~-iminodipropionic acid, or N-{(2-carboxy-
ethyl)glycine. These derivatives exhibit hypochromic minimums at
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
in biochemicalanalyses.682,69b,94,182,184,209s,212,215,258d,324,434,509
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,16%,165b,305,401a byt they are of minor
importance compared to the use in acidimitry,
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(b) Dyes. According to three British patents granted to Farbwerke
Hoechst, 218,218a,218 gylfonated aminosulfonephthaleing 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 POCl5 to give the 3', 8'-dichloro derivative (160), which on reac-
tion with an aromatic amine, e.g., aniline, yields a dye (162) whose solu-
bility properties are improved by sulfonation.

Cl
159 160
ArNH,
100° ArNH;, MeOH
r. t,

several hrs.

2

AI'NHZ
Sulfona- _95% <95% 180,

o O O O O
ATNH NHAr NHAT

(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-
tion.61,176,210,260, 261, 352, 495

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 analysis.339:360 It has found use in the study of
muscle, 314 hypertension, 128 general paresis8, and the spleen.23%

Mercury derivatives of sulfonephthaleins have shown bacteriostatic
activity against B. fyphosus and S, aureus, 70,175,181

[For references, see pp. 289-312.] 169
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C. C308-C,-C,

1. 4, 7-Methano-3H-1, 2-benzoxathiole (163)

G ER,

163
(RRI 2222)

The parent compound is unknown. The primary compound of this ring
system is 3a, Ta-dimethyl-4, T-methano-hexahydro-3H-1, 2-benzoxathiole
2, 2-dioxide (164), the name used in Chemical Abstracts. It is more
commonly called camphenehydrato-r-sulfolactone or camphenesultone,

A variety of derivatives substituted in position 4 or 5 have been pre-
pared. These are listed in Table 11,

CHj

O~
0z

CHy
164

a. Structure

For quite some time there was doubt concerning the structure of this
sultone (164). Lipp and Holl, 282 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 104 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, S04 S0,
10 hrs. S
CH, 100° OAc
ee—> + i
40%
165 166 167
ACOH, HC1
OH™ | 9 hrs., 70°
73%
CH,SO3H
OH
168

170



C ;08 Ring Systems

Lipp and Holl were not able to oxidize 2-hydroxycamphane-w -sulfonic
acid to Reychler's3942 camphorsulfonic acid (169), although they found
the inverse reaction readily yielded two stereoisomeric 2-hydroxycam-
phane-w-sulfonic acids, an endo form (168a) and an exo form (168h),
from which they obtained the sultone.

H,S503H CH;803H Hgsosl‘l
OH
O Na + C2H50H
§02
o
168b ———>

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 tricyelene-w -sulfonic acid (170)
is formed as an intermediate.

H,SOH CH,SOzH
H
Heoo——

168 170

The tricyclene, through hydrolytic cleavage, is converted to camphene-
hydrato-z-sulfonic acid (171) in two optically active forms which, on
lactonization, yield the inactive sultone (164).

H,804H

s 250,H
3 E@ Qio)()g
164

It is not possible to designate the sultone configuration. Its formation
from active 2-hydroxycamphane-7-sulfonic acid may be explained
through the Wagner-Nametkin rearrangement. 438 According to Asahino,
Sano, and Mayekawa it it unlikely that camphene-z-sulfonic acid (172)

170

[For references,see pp. 289-312.] 171



Chapter 4

£1 £1/(°H20)ST ‘$E— $81

o1 OON-¥
g1 ‘01 ENOD-¥
1 8ET-9¢1 HO®OOHN-¥
£1°21  .92/(HOYAPE ‘91 0 '602-6 '80% ‘H? D00HN-b
2t (-09p)gcz 10H °HN-¥#
£1  .82/(HOIR)OE ‘ST SL-¥L
A 84-GL
01 HUN-¥
21 .52/(F1OHD)ST 56— 86e ZON-¥
682 9°0 0°8p1-C LT et gL
297 el 44
€21 ‘11 el 0% suoN
J9U Do/(uaatos) [ o]  (ww) (24) (Do) (%  jemusqng
d-g ‘dW  PISIX
Sn v
ol
oA

SOPIXOIQ-Z ‘g 2TOTYIeX0ZUQ- HE ‘T ‘[-0IPAYRXay-OueyIdw -, ‘p-1APPWIg-L ‘e "I1 ATGVL

172



C 408 Ring Systems

A[rejuapiose paldueysrajuy sraam s, dur om) asoy) Alqewnsatd ‘. p-£ET
SE PO SEM SAIBATISP-PON-G au3 jo "d'wt ayy, ‘89T Jo "d"ur ® PaND Ing SIAIJEATISD
-Paz110ZeIp pue -ouUTWE 3y} YSnoay) SAyeAlIap-ON-¢ oYy woly 3 pasedaad (21) ‘Jau  (®)

cI
44
(41
ell
21
T
21
£1
e1
€T
4 ¢
£1
4 ¢

#2/(F10HD)OE 82

£L1/(°H%0)81 91—
ST/(HOWA)EO 0T

91/86—

L61
061

891
981
8LI

g8
081-6LT
C61-161
002-661
681

9¢e

61

oy

001

114
114

H-9 ‘g
S.49 -
H?D00OHN-S
CHN-g
®ON-6

¢ HD0D0-¥
HO-¥
*u®o%00-¥
*uo00-+
CHNOOD-¥
1000-¥
HOOO-¥
NO-¥

173



Chapter 4

stereoisomers are intermediates, as in this case the sultone would be
a mixture of diastereomeric endo and exo forms and not racemic

CH, CH,
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 con~
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-7-sulfonic acid.

Frérejacque,}31® in preparing Reychler's acid (189), recovered from
the mother liquor two isomeric neutral compounds which he believed
were mixed camphor acetylsulfates. 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).

CH,SOsH
o OAc
H;50,, Ac,0 o, OAc N
173 169 174
CHy CH,SO03H
OAcC CH
Ac Ac 3
> —_— Oz

Hy

Ac

175 176 17

b, Preparation
(1) Sulfonation of Camphor

The sulfonation of camphor (178) 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),11,131b
The reduction of Reychler's acid (169) with sodium in alcoholic solution
by Lipp and Holl28° 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 atid 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 was isobornyl acetate (166). Asahino, Sano, and
Mayekawall considerably improved the yields, up to 50%, of sultone
(164) by treating inactive camphene with sulfuric acid and acetic anhy-
dride.

The action of sulfuric acid and acetic anhydride on nitrocamphenes
(178 and 179) is analagous to that on camphene.12

Ho8504, AcyO
OEN—I ICHZ 2 2:;0 °2 l ' @
178
Hy804, Acp0
20°
CHy
NO,
180 181

This reaction of nitrocamphene to give the nitrocamphenehydrato-rn-
sulfolactone (179 and 181} is probably accompanied by a rearrangement
similar to that observed for the hydration of camphene and probably
proceeds through 182 and 183 involving a methyl shift and ring closure.

+ CH,50,H
OZN<rﬂz _ 1804 02N U oy shift

178

o:u—(Icuzso,H 5 ‘(Eﬁ_)

183

The preparation of the sultone from nitrocamphene may be cited as con-
firmation of Asahino and co-workersl1~13 postulate that camphenehy-
drato-w-sulfonic acid (172) 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 sultone.13

{For references,see pp. 289-312.] 175
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OOH OOH
H,;80,, Ac,0
—_—>
H
CH, OCOCH,
H,SO0.H
184 185

On the other hand, active camphene-1-carboxylic acid (188), under the
same conditions, gave 23% of sultone (187), whose methyl and ethyl
esters had a measurable. rotation.13

H,80,, Ac,0 o
CHy
OO0H 00H
186 187

The conversion of camphene-1-carboxylic acid (186) to the sultone
(187) whereas camphene-4-carboxylic acid (184) undergoes the Wagner
rearrangement is in agreement with the behavior of o~ and g-methyl-
camphenes towards acids. 438 In Feneral, 1-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-1-carboxamide (188), on treatment with
sulfuric acid and acetic anhydride, to camphene-4-carboxamide-n-
sulfonic acid (189),13

ONH,
H,S0,, Acy0
i A4 CH,504H
CHg CH,
ONH,
188 188

(3) Sulfonation of Isoborneol and Borneol

Treibs and Lorenz 462 obtained camphenesultone (164) in 55% yield by
the sulfonation of isoborneol (190) by Reychler's method. A similar
treatment of borneol (180) 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 jon intermediate (192).

P — D —
: e3>
191 192

190
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@I;ID

¢. Reactions

Treatment of camphenesultone with 10% NaQH or Ba(OH}, solution

opens the sultone ring to give 2-hydroxycamphene-r-sulfonic acid
(193)_11,289

0, _ OH” OH
—> CH,SO03H
193

194

Sulfur dioxide evolves on thermally decomposing the sultone in the pre-
sence of zinc oxide to give camphene. 462

Zno
A CH,
02 — — > 50, + 0 +

194 165

In heated concentrated hydrochloric acid, the 4-aminosultone (195) is
attacked at the sultone ring to give 4-aminocamphene-r-sulfonic acid
(195a).12

conecd. HCL
a Ha
0, —= >
CH,803H + H,0

NH, NHy
195 195a
Helberger and Manecke,124 on treatment of the sultone with potassium

iodide in refluxing methyl ethyl ketone, found that the ring opened to
give 2-iodocamphene-r-sulfonic acid (186) in good yield.

O~ o Ki 1
2 61% CH2805K
196

104

The following reactions of the 4- and 5-nitrosultones (197 and 181)
were carried out by Asahino and Yamagucki,12

[For references, see pp. 289~312.] 177
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1. diazo
0
HzN

PdlC

Aczo

2 2

@@ (D?
@3} qp Lo
@ Q\P

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.10 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.13

50C1, 0
> 02 > 0q
OOH ORH,

205
Q._0
1. Na, MeOH
2, Brz
O
0, H* 0,
no amine, €< ——m—
COOR NHCOOCH,
207 206

178
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EP?; _NeNg @ﬁ) coned, HyS0, @02
oc1 NHp

204
@o concd. HpSO (ib
N

2. 5, Ta-Methano-7aH-1, 2 Benzoxathiole (211)

0
7 ]‘2
5/§ 3a 3

211
(RRI 2223)

200

The only representatives of this ring system are the 4-substituted-
3a-methyl-5, Ta-methano-hexahydro-TaH-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 12. 3¢-Methyl-5, 7Ta-methano-hexahydro-7aH-benzoxathiole
2, 2-Dioxides.

7
0
‘31 3
s CH
1 g

Substituent Yield M.p. (°C) le)p Ref.
4-(=CH,) 55 115-116 —12. 86(EtOH)/22° 12
4-(=0) 50 171, 2 417, 25(CgHg)/30° 12
4-(=NNHC gH 4-p-NO,) 230 12
4-CH,4 100 143 and 147 4. 93(EtOH)/25° 12

Asahino and Yamaguchil? obtained these sultones (214) on boiling 4-
amino-3a, Ta-dimethyl-4, 7-methano-hexahydro-1, 2, 3#~-benzoxathiole
2, 2-dioxide (212) with 10% HC1 solution, and diazotizing the resulting
4-aminocamphene-n-sulfonic acid (213).

[For references, see pp. 289-312.] 179
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dil, HC1 CH,
0 A NaNOg, AcOH 0,
——

0 —>
CH,SOzH
NH, NH, CH,
212 213 214

Schollkopf423b 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 sulfonic acid hydroxyl.
o CHzSO3H
b x
CH, 1. HNO, CH, 216
2. -N;
CH,S0,0H > 2
2

;H

¥

H o ~

e HO w CH,
215 =

213
0——50,

214

Treatment of the 4-aminosultone (212) in 30% HC1 solution with sodium
nitrite gave a hydrochloride of the 4-methylene-3z-methyl-5, 7Ta-me-~
thano-hexahydro-TaH-1, 2-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 (217),
melting at 143° and 147°

O
0, N___{'{_z %ojoz
H, Ha‘HS
217

214
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On ozonolysis, the 4-methylenesultone (214) cleaved into formaldehyde
and a ketosultone.

Hz
214 213 ‘

p~0,NCgH NHNH,
p-Nitrophenylhydrazone

3. 3, 5-Methanocyclopent[c][1, 2]oxathiole (219) or
6-Oxa-T-thiatricyclo[3. 2. 1, 13-8]nonane (220)

(RRI 2224)

Chemical Abstracts uses the tricyclo name for indexing. Compounds
in this ring system also have been called [2, 2. 1lbicycloheptane-3, 5-
sultones,

In the course of investigating the Diels-Alder reaction of cyclopenta-
diene with several phenylethene-1-sulfonates, Rondestvedt and Wygant399
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-p-nitrophenylethene-1-sulfonate (221) was
refluxed with cyclopentadiene in bromobenzene for one hour, 68% 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).

@ * ﬁHONOZ CgHsBr, reflux

CHS0,CH, 68% i
221

[For references, see pp. 289-312.] 181
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D

gll4NO;
+
sH4NO,

OqMe
222 223

1. OH™

60-65% |, HY, KBr,

Bz sHaNO2

o;
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] heptane-3, 5-sultone (224), melting
at 206-208°,

On recrystallizing the adduct 14 times, the yield of bromosultone was
93%. 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 sultone formation.

The basis for this conclusion was the quantitative yield of 2-bromo-
2-methyl-3-phenylpropene-1, 3-sultone obtained by Bordwell, Suter, and
Webber690a on treating 2-methyl-3-phenyl-2-propene-1-sulfonic acid
with bromine water (section I A-3a(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 8, y-or y, 6-unsaturated 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 j3, , ~unsaturated
acids only if a phenyl group is in the ,-position.

The adduct prepared by refluxing cyclopentadiene with methyl 2-phenyl-
ethene-1-sulronate yielded only 9% of 2-phenyl-6-bromobicyclo [2.2.1]
heptane-3, 5-sultone, melting at 114, 5-116. 5°. The adduct prepared
from a mixture of 2-phenylethene-1-sulfonyl chloride and cyclopenta-
diene in toluene at 45° for 31/2 days yielded 59% of the bromosultone. 400
The adduct prepared from a mixture of methyl 2-phenylethene-1-sulfon-
ate and cyclopentadiene in toluene at 45° for 3 days yielded only 1% of
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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 31/2 days yielded 74% of the bromosultone (224). 400

D. C408-C4-Cq

1. Naphth[1, 8-cd}-1, 2-oxathiole (225)

(RRI 2800)

The parent compound is unknown. It is well represented, however, by
numerous derivatives of its 2, 2-dioxide, commonly known as naphtho-
sultone, the cyclic ester of 1-naphthol-8-sulfonic acid, These componnds
have been indexed in Chemical Abstracts under 1-naphthol-8-sulfonic
acid sultone.

Naphthosultone (226) was first prepared by Mensching322 in 1885, It
was first characterized by Schultz427 in 1887 and the term "sultone"was
introduced by Erdmann!17 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, 85, 86, 117, 122,
135, 140, 236, 267, 322, 427, 448, 475, 476

Hy SOsH 0 502
1, Diazotization
2, Hy0, A
100%
226

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 Muir85 on pouring diazotized 1-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 3s

[For references, see pp. 289-312.] 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 displace-
ment of nitrogen by the sulfonate oxygen in the diazonium zwitterion to
account for the ease of ring closure,

(2) 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 patent3%
implies that the sultone was obtained as an intermediate on heating
naphtholsulfonic acid at uigh 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 patents26,27 claimed the preparation of naphtho-
sultone sulfonic acids by treating naphtholsulfonic acid with concentra-
ted sulfuric acid at 100°, fuming sulfuric acid in the cold, or with phos-
phorus pentoxide or oxychloride. Schetty4!7 converted 4-gubstituted
sodium 1-naphthol-8-sulfonates to 6-substituted naphthosultones by
treatment with boiling phosphorus oxychloride.

In studies on the chlorosulfonating action of chlorosvlfonic acid on
naphtholdisulfonic acids, Gebauer-Fuelnegg and Haemmerlel41 obtained
naphthosultone-7-sulfonyl chloride (227) on treating 1-napthol-3, 8-
disulfonic acid with chlorosulfonic acid; naphthosultone-8-sulfonyl chlo-
ride was obtained analogously from 1-naphthol-4, 8-disulfonic acid. Tn
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 PCl, as well as in the recrystallization step by
the splitting off of the carbethoxy group.

OH SO.H 0—80;

OO C1SOgH, 150° OO
s
HO4S C10,8

227

Spryskov and Aparyeva<446 on chlorosulfonating 1-naphthol-4, 8-disul-
fonic acid at 20° for 24 hours obtained 43-64% yields of naphthosultone-
6-sulfonyl chloride. They prepared the naphthosultone-7-sulfonic acid
by heating sodium 1-naphthol-3, 8-disulfonate with sulfuric acid; the
sultone was converted to the corresponding sulfonyl chloride by treat-
ment with chlorosulfonic acid at room temperature for 24 hours.
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The sulfonyl chiorides are important for the identification and purifi-
cation of aromatic sulfonic acids as well as for the preparation 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,
In 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 conipound was prepared analogously. The treatment of
sndium 1-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.

OH 3 0—-‘802
Cl,, concd, HCl
30° to BO°
OH 50,4 . 0—80,
NaCl0g, dil, HC1
OO 30° to 80° =
SOgH X SO4H
1
229

b. Properties

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.

¢. Reactions336
(1) Hydrolysis

Naphthosultones are relatively stable to alkalies in the cold; prolonged
treatment with aqueous sodium carbonate or sodium hydroxide in the
cold is without effect. Napthosultone is only scarcely attacked by boil-
ing aqueous ammonia. 117

{[For references,see pp. 269-312.] 185
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Treatment of naphthosultones with hot solutions of alkali or alcoholic

alkali yields the corresponding 1, 8-naphtholsulfonate
salt,26:42,117,135,147,148,247,308,475

0"""""802

dil. NaOH, A
226

Heating naphthosultone with ethyl alcohol and dilute ammonium hydr-
oxide half an hour at 130° gives ammonium 1, 8-naphtholsulfonate. 117

Alkali fusion of naphthosultonesulfonic acid (230) at 170-220° yields
the corresponding 1, 8-dihydroxynaphthalenesulfonic acid, 34,216

0——S0, OH OH
NaOH fusion
_—
OqH SO,H
230

Treatment of naphthosultone with dilute sulfuric acid opens the sul-
tone ring to give the corresponding 1. 8-naphtholsulfonic acid. 26

0—80, OH SO;H
== sto‘ Oe
—_—E 2
HO4S HO3S
227

On the other hand, treatment of naphthosultone with 98% sulfuric acid
gives 1-naphthol-4, 8-disulfonic acid236 and treatment with fuming
sulfuric acid (25% SO4) over several days gives 1-naphthol-2, 4, 8-
trisulfonic acid. 109

{2) Halogenation

Bromination of naphthosultone in cold acetic acid yields 6-bromonaph-
:hosultone (231).398 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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02

OgNa

According to a German patent, 151 bromination of naphthosultone with
bromine over a long period in the cold also gives 6-bromonaphthosul-
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
Erdmann17 yielded a chloronaphthosultone which was not characterized.
The reaction is somewhat ambiguous.

Allport and Bu'Lock?a prepared 6-iodonaphthosultone (231a) 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) (231b) which, on heating with
sodium hydroxide, gave the tetrahydroxy-1, 1'-binaphthyl (231c}, the
chromogen of Daldina concentrica, a fungus parasite found on ash.

0—80, 0 502
1. AcOH, Ha80,, I, Cu bronze
2, HNO,, 70° for 45 min. 220°
OO 81% - 24% >
231a

[For references, see pp. 289-312.] 193
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0—S0, OH OH
KOH Ny, !
240-310°
—_—
2 2
231b 231c

(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. 109 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 chromium. 221

Naphthosultone reacts with chlorosulfonic acid to yield naphthosultone~
6-sulfonyl chloride (232); sulfonated naphthosultones are converted to
the corresponding sulfonyl chlorides (233) (235)141,246,446 with chloro-
sulfonic acid.

0——S0, 80,
C150,H, 80° = [
—s
X
0,C1
226 232
0—S0, c[)-—soz
——
Na0;S €10,8
227 233
0—$0, 0——80,
——te s
Na03S S0;3Na €10,8 50,C1
234 235

Gebauer-Fuelnegg and Haemmerlel41 on reacting naphthosultone-6
or 7-sulfonyl chloride (232) (233) with aniline in ether solution failed
to obtain the corresponding anilides. An earlier German patent246
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
agueous ammonium carbonate yields 1-naphthol-8- sulfonamide.159 Simi-
larly, naphthosultone sulfonic acids react to give the corresponding 1-
naphthol-8-sulfonamide sulfonic acids.25,28,41,42,150,153,267,418

Naphthosultonesulfonyl chlorides react with dry ammonia in benzene
to give the corresponding 1-naphthol-3 (or 4), 8- disulionamide. 83,246,446
Treatment of naphthosultone-6-sulfonyl chloride (232) with ammonium
hydroxide for two days at room temperature yielded diammonium 1-
naphthol-4, 8-disolfonate . 446

The rate of reaction of naphthosultones with cold, aqueous ammonia418
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.

0‘—"502 0 '—’802 +~—— 80,
AN e
0 QO

Hy OzH
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 200° to give the sulfonamide; aryl sulfonates
substituted with electroun-attracting groups cleave with considerable
ease as do the similarly substituted naphthosultones. 452

(5) The Friedel-Crafts Reaction

Schetty acylated, aroylated, and sulfonated naphthosultone by a Friedel-
Crafts reactiontoyield the corresponding 6-gubstituted derivative, which
is useful as a dye intermediate,. 1437145,233,417 The following types of
halides were investigated: alkyl halides, aralkyl halides, aliphatic and
aromatic acid and sulfonyl halides, and substituted carbamyl 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.

[For references, see pp. 289-312.] 195
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Diphenylcarbamyl chloride undergoes the Friedel-Crafts reaction with
naphthosultone to give the amide (237) with some resin formation.

080, 0 S50,
AlClg, 135°
+ (CgHglgNCOCY =22 —== 5
55%
(CgHy)ZNCO
226 237

At temperatures above 135° the resinous material increases. Phenyl-
methylcarbamyl chloride reactg 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 are congiderably less reactive
or nonreactive; those substituted with electron-danating groups, such as
a methyl group, are more reactive.

These 6-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 1-paphthol-8-sulfon-
amide. The sultones, indifferent towards ammonia in the cold, react on
heating.

(6) With Grignard Reagents, Phenyllithium, and Lithium Aluminum
Hydride

Mustafa 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

o0— 02 OH 502R
— >
226 238

A 75% yield of 8-¢-butylsulfonyl-1-naphthol was obtained by refluxing
naphthosultone and {-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-phenylsulfonyl-1-
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—So0, H oS-
OO LiAlH,, reflux 2 hrg. | (& |
x 2
239

226

(7) With Sodium Amalgam

Sodium amalgam, similar to phenyllithium and organomagnesium com-
pounds, effects the opening of the hetero ring, 140

o—so2 OH S04
O
04H

(8) Halomethylation!46,418,420

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 é-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.

._.__.02

HCHO, HC1 7 N\
XY AcoOH, z-:c12 ZnC12 . Sloz
(«Hz' 0
HCl 2

226 242

Chloromethylnaphthosultone (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.] 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 golution
gives 4-methyl-1, 8-naphtholsulfonic acid.

The halogen in halomethylnaphthosultone is easily replaced by a
variety of groups. Thus, Schetty417 prepared 6-(p-tolylsulfonylmethyl)-
hydroxymethyl-, benzyl-, (2-hydroxy-5-methylbenzyl)-, (4~hydroxy-
benzyl)-, (2-hydroxybenzyl) -, (2-hydroxy-3, 5-dimethylbenzyl) -, and (4~
hydroxy-3-carbomethoxybenzyl)- 1, 8-naphthosultone.

Halomethylnaphthosultone does not react with cold, aqueous ammeonia.
This inactivity is explained in section I D-1c(4), Alkali acetate, sulfite.
alcoholate, phenolate, sodiomalonic acid, or potassium phthalimide do
not react without splitting the sultone ring.

The oxidation of 6-hydroxymethylnaphthosultone (242a) 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, i8 readily converted to the acid chloride (243)
from which various 6-amides (244) were prepared through reaction
with amines. 418

(l)“'”'"SOz 0—50;

>
Cro, s0C1,

= — >

CHZOH OO0H

242a

c[>-——soz ?——502

sman,
cocl (j:onalnz
243 244

(9) With Chloroform

Naphthosultone-6-sulfonic acid (248) reacts with chloroform and
sodium hydroxide on heating to open the hetero ring and to formylate
the naphthalene ring. 142

0—so0; OH SOH
R 1.CHClg, NaOH, & oyC
| 2.H"
N Z
SOl SO3H
245
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2. Naphth [1, 2-c ]-3-2, 1-oxathiole (246) and Naphth {2, 1-c]-1H-2,
3-oxathiole (247)

7129 HaCT 29
5 Scn, 3s
a 9
" 8
;e NS
246

Kaufmann and Zobel253 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——m{
o}
/(__,0 t:mu:d.tkhlzso‘1 HO LS oH
150 1807, 3 hrs, o | i
ke g Y 4 27
&3
0;

9 6
N\ 77/
249
0'—'C———NH
concd, Hy80,
150—180°L3 hrs.
50%
2

Both of these derivatives are analogous to the sulfonephthaleins. Spiro
(naphth [2, 1]-1H -2, 3-oxathiole-1, 9'-[3', 6' -dihydroxyxanthene}) (250)
wasg described as having a red color and green fluorescence.

Neither of these two ring systems has an entry in the Revised Index.

E. C,0-C;08-C,-C4 SPIRO [5, 7a-METHANO-TaH -1, 2-BENZ-
OXATHIOLE -4(5H), 2'-OXIRANE (251)

N
siigm
CHylsa
H 54
Hzcﬁ.‘.
251

{RRI 3957)
[For references,see pp. 289-312.] 199
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The only representative of this ring system is spiro [3a-methyl-5,
Ta-methanohexahydro-7aH -1, 2-benzoxathiole-4(5H )}, 2'-oxirane] 2, 2-
dioxide (253) which Asahina and Yamagutil? obtained in 46% yield as
two stereoisomers on treating 4-methylene~3a-methyl-5, 7Ta-methano-
hexahydro-TaH -1, 2-benzoxathiole 2, 2-dioxide (252) with perbenzoic
acid.

0\502 CeHsCO3H
" den

The two isomers melted at 172°, [o ]§3 — 14. 8°, and 153°, [@ ]#% — 8. 5°.

F. C508-C4-C4-Cq 6H-ANTHRA (1, 9-cd] -1, 2-OXATHIOLE (254)

The only representative of the ring system is the 6-hydroxy-2-monox-
ide derivative, and there i8 considerable question in the literature as to
whether this exists.

Fries' acid, anthraquinone-1-~sulfenic acid (256), is prepared by the
hydrolysis of methyl anthraquinone-1-sulfenate (255). Fries135a,135b
believed that the structure was 256a, but which in some reactions

S o5

O
256b
behaved as though it were 258b. Fries' acid, prepared in 1912, was the
only sulfenic acid known until Bruice and Markiw®62 prepared anthra-
quinone-1, 4-disulfenic acid, which was verified by Jenny241 who also
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prepared anthraquinone-1, 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 co-workers258a,258b gygpgested that the sulfenic acid
group in anthraquinone-1-sulfenic acid was stabilized through hydrogen
bonding (257). This explains the stability of anthraguinone-1-sulfenic
acid relative to the 2-sulfenic acid analog.

It does not explain, however, the failure to prepare fluorenone-1-sulfenic
acid. (258) by Kharasch and Bruice, 258¢

0 OH
LD
258

Lecher and Hardy282 suggested that anthraquinone- 1-sulfenic acid was
stabilized through the formation of the tetracyclic structure, 6-hydroxy-
anthra [1, 9-cd]-1, 2-oxathiole 2-monoxide (259).

5o

256a 259
Barltrop and Morgan,32 however, believed that the structure proposed
by Lecher and Hardy was untenable inasmuch as the infrared spectrum
of Frieg' acid showed both carbonyl and hydroxyl absorption. Barltrop

[For references, see pp. 289-312.] 201
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and ‘Morgan's infrared data also precluded the tautomeric oxanthrone
structure (260) proposed by Rylander, 406

Bruice and Sayigh, €6 on the basis of quantitative infrared spectra for
the carbonyl bands of methyl anthraguinone-1-sulfenate, dimethyl an-
thraquinone-1, 4-disulfenate, and methyl fluorenone-1-sulfenate in com-
parison with anthrone, anthraquinone, fluorenone, and 1-hydroxy and
1, 4-dihydroxy-anthraquinones, concluded that 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. C€408-Cg-Cg-Cq-Cq CHRYSENO (3, 4-¢]-1, 2-OXATHIOLE (261)

261

Wendler and Taub4972 reportedthe preparation of the homoandrostane
derivative of 1, 2-oxathiolane (263) by the treatment of 3a-acetoxy-
17a -hydroxy- 178 - methyl-p-homo-58-androstane-11, 17a-dione (262)
with methanesulfonyl chloride in pyridine.

CH4S0,C1
<CHs  CoHeN

OH 0°,16 hra,
-
30%

CH3CO, 262

——850, CsHsN
: ) reflux
CHy ————>

HO.

CH4CO;

263
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+
_CH807 @

CH3

CHJCO,

264

This compound, melting at 142-144° with decomposition, reacted with
refluxing pyridine to open the 1, 2-oxathiolane ring, giving 264.

IL 1,3-0XATHIA COMPOUNDS
A. Cg0S8 2H-1, 3-OXATHIOLE (265) AND 1, 3-OXATHIOLANE (266)

0.
2685 (RRI 133) 266

1. 2H-1, 3-Oxathiole

The parent compound is unknown. Schatzmann4!4 prepared the first
derivative in 1891 by refluxing S -phenacylthiocarbamic acid with dilute
nitric acid.

a1l WOy
0
CoHsCOCH,SCONH, 18 min. reflux  “e™s™] OT

267

The 5-phenyl-2H -1, 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-oxathicle nomenclature.

Tscherniac, 463 on reacting sodium thiocyanate and chloroacetone, ob-
tained a small yield of thiocyanoacetone. On treating this with hydro-
chloric acid he obtained what he called "hydroxymethylthiazole" or
" -inethylrhodin® as a by-product,

HC1
C1CH,COCHy + NaSCN — > CH3COCH;8CN ———>

cus—[;j—m °r CH,T;—u + Cﬂsﬁuﬂ
268

[For references, see pp. 289-312.] 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.

ﬁHCl HoN

s
— —NH NH ﬁ—ou
H B violantly CH ‘ 'N
3
quc1 /INH. 268a
+
CH;C=0 —NH;
o/

Tscherniac 463, 463a gyggested that the hydroxymethylthiazole, first
described by Hantzsch and Weberl74b 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-oxathjole is not produced by this reaction. Subsequent work by
others?7? supports Hantzsch.

In disagreement with Staudinger and Siegwart, 447 Schnberg, Mustafa,
Awad, and Moussa%24 guggest that the reaction of phenylbenzoyldiazo-
methane with thiophosgene leads to the 1, 3-oxathiole (270) rather than
to the 1, 2-oxathiole.

S\
c‘,ﬂﬁ——iu2 + s=cc1, [ csu,—-c N/cc1 } -Np
CgHg—C==0 csu,—-—c=o

Cetls e, om0 CGH,I 0\fo
CgHy l s CeHs |

269 270

2. 1, 3-Oxathiolane

Many derivatives of 1, 3-oxathiolane (366) are known. These are listed
in Tables 14, 15, 16, and 17. Oxathiolanes are the 4, 5-dihydro form of
1, 3-oxathiole, 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 oxathiclane 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 (272), and
2, 5-dione (273) are well known.
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3 O O
272 271 273

The 2-one has been called thioethylene carbonate; the 2, 5-dione anhydro-
(carboxythio) acid or anhydrocarboxy-2-mercaptoacetic acid; and the
5-one oxathiophanone and thiolactone.

Although 1, 3-oxathiolanes are not found in nature, Schneider and
Urede423 jsolated merosinigrin (275), which they postulated as contain-
ing this ring system, on treating sinigrin (274), a natural product, with
alcoholic potassium hydroxide.

HOIH;
,/,NC,H‘
HOCH l SC\OSOQOK KOH, MeOH
HO H 11%
274
HOIH,
HOCH 5
H NC’H' M Triacetate
275

a. Prepggation
(1) 1, 3-Oxathiolanes

(a) Reaction of Ketones or Aldehydes with g8-Mercaptoalcohols,
S,wl:berg;“l“»’MI prepared 1, 3-oxathiolanes by reacting acetone with a
g-mercaptoalcohol in the presence of P,0,.

HySH P05 O _CH,

sand, &  CHy CH

HOH + CO(CHyly —— ot 5 3
276

Hg

By this reaction, yields of 38-65% of oxathiolane derivatives, viz., 2, 2,
5-trimethyl- (278), 2, 2-dimethyl-5-hydroxymethyl-, and 2, 2-dimethyl-
5-chloromethyl-1, 3-oxathiolanes, were obtained.

1, 3-Oxathjolanes are conveniently prepared by the reactionofa 2-mer-
captoalcohol and an aldehyde or ketone in the presence of an acid cata-
lyst under refluxing condjtions with a large excess of an azeotropic
agent for taking off the water of reaction. Kipnis and Ornfelt263 em-
ployed a trace of hydrochloric acid as catalyst and benzene as the azeo-
tropic agent in their'preparation of 2-substituted-1, 3-oxathiolanes
(277) from mercaptoethanol and an aldehyde.

HC1, Et,0 o
H,8H C R
I + Reuo Cefereflux [ [T,
H,0H 50-77%
277

[For references, see pp. 289-312.] 205
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Dermer,?8b {n reacting merecuptoethanol with formaldehyde in the
presence of concentrated hydrochloric acid, obtaineda 70% yieldof 1, 3-
oxathiolane, He described this reaction as practically immediate and
quite exothermic. Evans, Fraser, and Owenl21 obtained a quantitative
yield of a bis-1, 3-oxathiolane, one melting at 78° (278) and the other at
145° (279), on condensing acetone with d/-1, 4-dithiothreitol (280) or
with 1, 4-dithicerythritol (281), respectively.

HSH CHg S
HOCH CH
(CHg),CO, HS0
HéOH 3/2C0, H850, CH
100% ><
Hgs“ S CH3
280 278
H
HgS oy
HCOH
(CHg),CO, H;50, Chy
HCOR >
100% CHy
HSH
2 s/ “CHy
281 279

The similarity of imidazolidines, dioxolanes, oxazolidines, and oxathio-
lanes in structure was shown by infrared absorption spectra by Berg-
mann, Meeron, Hirshberg, and Pinchas, 40 who used the condensation
product of methyl isobutyl ketone and mercaptoethanol in their study.
The condensation of 2, 3-dimercaptopropanol 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.

H,0H O T

Mg “SCHaCH(CHy)y
HSH + °‘=C<gu,cmcu,;2 — HS 5
CH,SH 282

On passing hydrogen chloride gas for one minute through a mixture of
3-hydroxy-2, 2', 3'-trimercaptodipropyl sulfide and acetone, Miles and
Owend25 gbtained the oxathiolane (283) in about 19% yield.

H H SH H

HCL
19% CHjy Hy CHy CHy

283

Inz—zncnzscna?ﬂ—-lﬂz + CH3COCH,

[For references,see pp.289-312.] 213
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On letting a mixture of 2, 3-dimercaptobutane-1, 4-diol and acetone
stand for one week in the presence of concentrated hydrochloric acid,
Flitt and Owen13¢ obtained a small yield of 4, 4'-bis(2, 2-dimethyl-1,
3-oxathiolane) (284) as a mixture of two isomers, one melting at 92-93°

d. HC1 i L L
CHy—CH—CH—CH, eone g@ ll>'<
] " , + (CHy),CO ._____....;, CHy CHg

OH H
284

and the other at 103-104°,

Marshall and Stevenson, 3092 in an attempt to prepare 2-benzoyl-2-
phenyl-1, 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 stereoisomeric structures were either
oxathianes (285) or oxathiolanes (286).

CHy0H, HC1
(CgHgCO), + HOCH,CHySH — 300, HCL

“5%8%“5 or Hsco‘s%?_—irca“s
285 286

On condensing benzoin with mercaptoethanol, Marshall and Stevenson30%a
obtained a mixture of 2, 3-diphenyl-5, 6-dihydru-p -oxathiin (287) and
2-phenyl- 2-phenylhydroxymethy1 -1, 3-oxathiolane (288); on prolonged
reflux, only the oxathiin was obtained.

CgHsCOCKOHCgHg + HOCHCH,SH
p-CHyCgH, SOgH

Cely
CgHsCH; reflux 1.5 hrs (OI [ Ofcuoucsﬂs
CeHs

287
same CeMs
5.5 hrs. reflux EOI
only
8§~ “CgHg

In studies on means for protecting the carbonyl group in various ace-
tophenones, Pinder and Smith362 prepared 2-methyl-2-phenyl-1, 3-
oxathiolane (289) in 59% yield by condensing acetpphenone and mercapto-
ethanol in dioxane with zinc chloride and anhydrous sodium sulfate.
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Ney804, ZnCl, o) CH
H;0H [ :
I Of :<CH3 24 hra. r. t, \fcan,
H,SH Cels 59% 5
289

Djerassi and Gorman!93 condensed various ketones with 3-mercapto-
ethanol in benzene 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 carbonyl compounds, gave yields of up
to 90% for the reaction of mercaptoethanol with ketones, such as acetone
and dibenzyl ketone.

Whereas Djerassi and Gorman were unable to condense benzophenone
with mercaptoethanol in the presence of p-toluenesulfonic acid and using
benzene for azeotroping off the water of reaction, Marshall and Steven-
son30% 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.

(b) By Other Reactions. Copenhaver&0,81 prepared 2-methyl-1, 3-
oxathiolane (200) by the reaction of mercaptoethanol and methyl vinyl
ether in the presence of p-toluenesulfonic acid. Presumably this reac-
tion occurs through addition of the mercaptan group across the double
bond followed by release of methanol and ring formation.

+
HSCH;CH,OH + CHz==CHOCHy —— >

CHg
OH
Hzf/ HCH; ~CHgOH CHg
HaC 8
290

Mercaptoethanol has been reacted with certain g-alkoxyacrylic esters
in the presence of bisulfate®3,84 to give 1, 3-oxathiolane-2-acetic ackd
esters (281) presumably through transetherification,

{C3Hy0)CHCH,COOC, Hy

NaHSO H;COOC, Hy
EtOH/n—EtOH + HSCH,CH,0H ——-"45 HOC,H,

CaHgOCH=CHCOOC,Hy CHzCHZOH

a 0\r-cu C00C
H
-CyHgOH [ s
s s

291

In the reaction of epichlorohydrin with thicacetic acid, 5-chloromethyl-
2-hydroxy-2-methyl-1, 3-oxathiolane (292) is believed to be an inter-
mediate 440 Jeading to g-acetylthiochlorchydrin,

{For references,see pp. 289-312.] 215
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H, 60° HpSCOCH,
{u >0 | chycosy 2RTE . Chon 60°
H,Cl CHpC1l
Clcu,ﬁgzs ;stu
——> CHOCOCH,
202 CH,C1

In treating bis(2-hydroxyethyl) sulfide with potassium hydroxide at
high temperatures in a nitrogen atmosphere, Georgieff and Dupré14?
obtained a mixture of 36% divinyl sulfide, 9-10% 2-methyl-1, 3-oxathio-
lane (280), 7-8% p-oxathiane (293), and 3. 5% 2-hydroxyethyl vinyl sul-
fide,

KOH

195-230°
N . CHy
S(CH,CHOH), N2 o (CH=CH),S +
290

HOCH,CH
+ + 2 2>S
s CHy=CH

293

These products were identified by means of infrared spectra and the
2-methyl-1, 3-oxathiolane (280) also was found to be identical with that
prepared by the reaction of mercaptoethanol and acetaldehyde in the
presence of 0. 7T N HCI in ether using benzene to azeotrope off the water
of reaction.

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

1, 3-Oxathiolan-2-one (294) is conveniently prepared by reacting mer-
captoethanol with phosgene in an ether solution at 0° and then at room
temperature for three days. 23

?H ok EtOH

2 r.t., 3 days ‘ O\ro
+ COClgy .t

CHg SH 2 >

56%
294

Reynolds39%,3% carried the reaction out at -15° using ethyl acetate as
the solvent and pyridine to take up the evalved hydrogen chloride. The
tetramer, (-CH,CH,8C00-)},, was a by-product.

Reynolds, Fields, and Johnson396® reported the synthesis of 1, 3~
oxathiolan-2-one in 70-77% yields by the acid-catalyzed intramolecular
transesterification of ethyl 2-hydroxyethythiolcarbonate.
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p-CH3CqH,SO3H

CgHg Teflux o]
cuoﬂscucuoa —!—i——-—-al o\f
28 e 70-77% + Cop

+ CoHgOH + (—CHyCHyS—)yp + CzﬂgoﬁOCHZCHgSH

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, ng5 1. 5104. No derivative has been re'ported.

In the liquid phase reaction of ethylene oxide with carbon disulfide at
150° in the presence of an amine catalyst, Durden, Stansbury, and Cat-
lette1128 postulated that 1, 3-oxathiolan-2-one (294) or 2-thione (285)
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-thione,
(O\CH, + C8y ———> "e:'n [‘ __\f ]
&
s S E . CS; + MegN S
\l; € [(CH3)aNCSCH,CH,E:) « 2 —2— | CHl,—CH,

Kok

E 0w, + cos Mo [EJ?’]

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

Bistrzycki with Brenken44 and with Traub4® extensively studied the
reaction of thiobenzilic acid with a variety of aldehydes and ketones for
the preparation of 1, 3-oxathiolan-5-ones (298). The reaction mixture in
acetic acid was heated or refluxed for half an hour to several hoyrs
while dry hydrogen chloride was passed through. Excellent yields, in
many case guantitative, were obtained.

~Oh R
(CG‘:’:E o o=c<f, _H0 c }ziﬁ_rw
206
Aldehydes condensed included fermaldehyde, acetaldehyde, chloral, benz-

aldehyde, p ~chlorobenzaldehyde, 0- and m -nitrobenzaldehyde, salicyl-
aldehyde, anisaldehyde, cinnamic aldehyde, tolualdehyde, cumylaldehyde,

[For references, see pp. 289-312.] 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 1, 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.

Schubert42€ obtained 2-benzoyl-1, 3-oxathiolan-5-one (297) on react-
ing mercaptoacetic acid with phenylglyoxal in acetic anhydride and
sodium acetate at room temperature.

H
OH OHI
-~ —
0==C + C4HyCOCHO 5 o-»c‘:/ HCOCgHs
&Hz-——sﬂ CHy~—
~Hy0 ozc/orcocﬁﬂ,

> L
207

Simmons4272,43Thobtained a 98% yield of 2-bis (chlorodifluoromethyl}-
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(CH3),

AcONa CF,C1
a4 i CF,C1
(C1F;C),C==0 + HSCH,COOH ——S2¥8 3

98%
298

This method of preparation is similar to that used by Jtnsson, whose
starting reactant was thiodiglycollic acid. This underwent oxidation and
ring closure244,245 tg give 299 on standing in a vacuum dessicator with
bromine.

Bry, H0 _CHCOOH -0
s(CH,co0H), —r22 820, o Hzcoou —2 CcooH

SN
I, 290

Larsson279,280 gimilarly started from the thioether to prepare the oxa-
thiolan-5-one (300).

H Et;0/HC1 CHy
o°c.
Hooc{scuzcoou —_ s 0"[_/i\fcoou
Hy 300

However, ring closure was not favored in the reaction of mercaptoace-
tic acid with pyruvic acid.
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Etz0/HC1
o°c. oH
HSCH,COOH + CH;COCOOH ————> CH3E<§E§:§&;H
00H

Fredgal33 condensed meso-dimercaptoadipic acid and acetone in the
presence of dry hydrogen chloride to obtain 29% of the bis(1, 3-oxathio-
lan-5-one)} (301).

HSfucoon
Hy Chg cna
+ 2 (CHg),CO —-————> Clig cn3
Hp cuzcn
ESCHCOOH 301

The racemic bis(l, 3-oxathiolan-5-one) was obtained in 10. 5% yield
from racemic dimercaptoadipic acid.

Littringhaus and Prinzbach227 obtained a 90% yield of 2-trichloro-
methyl-1, 3-oxathiolan-5-one (302) by the Dieckmann condensation of
ethyl thioglycolate with chloral and benzene as solvent in the presence
of concentrated H,S80,.

coned, Hy S04

HSCH,;COOC Hg + CC1,CHO w——-—-g—(-’——~——>

H o
c1 3cc:{ Eooc,n5 -C,HyOH o=[ 1* €Clg
H 5
A 2
302

Essentially these reactions, which involve the formation of hemimer-
captals or hemimercaptols, yield the oxathiolane through an acid cata-
lyzed inner esterification. 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 mefrcaptals and mercaptols with potassium persulfate and 1 ¥
sodium hydroxide for three hours in the cold, obtained oxathiolan-5-
ones (303).

CoHsCH(SCH;COOH), X25208) KO, °=[ OTCBHS

303

[For references,see pp. 289-312.] 219
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He postulated that the intermediate product in this reaction was 304.

Ceﬂg(fHSCHZCOONa
O0S03Na
304

He further postulated that the reaction could occur by one or more of
the following courses in neutral solution.

R
:;;>c:(scuzcoom2 + 2 KpS,0p + 2 Hy0 — > (xooccuzﬁ—-;zc:(R; + 4 KHSO,

o
CeH
CeHsCH(SCH,COOH), + K5;05 —> © 1 6% + (SCH,COOK), + 2 K,S0,

303

ﬁ;)uscnzcoomz + K;8;05 + H0 ——> (—SCH,COOK), + :l>c=o + 2 KHSO,
k 2

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 mercaptal-
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.

_ SCH,COOH 0

cattsGH ,_EH X O{ICGHS + HSCH,COOH
Scﬂz =0

)]

303

(—SCH,COOH),

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 esterification.
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CeHsCH(SCH,COOH), —120 5 ceusluscn,coon + HSCH,COOH

H

Hzon’ ligO l[o]
ﬁc,u, (~=SCH,COOH),

303

The nucleophilic attack of the carboxylic hydroxyl and displacement of
mercaptoacetic acid appears to be a reasonable course.

Holmberg obtained 2-methyl-2~phenyl-1, 3-oxathiolan-5~one from the
mercaptolacetic acid of acetophenone on heating.

A CHg
o:l,ﬂ,I(scxizcoom2 —2 50 | CgHs
Hs 305

Holmberg22® obtained 2-benzyl-1, 3-oxathiolan-5-one also by heating
the mercaptalacetic acid of phenylacetaldehyde.

CgHgC=CH + HSCH,COOH —> CgHsCH=CHSCH,COOH

) CHCgHs A
& CgHyCHaCHISCH,COOH),

The thermal reaction is best explained by the nucleophilic displacement
mechanism suggested above.

(4) 1, 3-Oxathiolan-2; 5-dione (306)

Analogously to the preparation of 1, 3-oxathiolan-2-one, the 2, 5-dione,
which melts at 68-70° with decomposition, is conveniently prepared by
the reaction of phosgene with mercaptoacetic acid.?1,92,423a

dioxane
IOOH + cocl, 3 hrs,, 60° 15 mm, ofTo

H,SH
306

No derivative has been reported.

(5) 1, 3-Oxathiolan-2-imines

The 1, 3-oxathiolan-2-imines reported in the literature are 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.] 221
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Liebermann and Voltzkow288,482 aggumed 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.

NHCgHy 160-170° /NCals
<——;s + cicHacoon 221705 & gliicoon —BEOH NCely
CoHs 0C, Hy

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 Johnson.509,501 Thys, the thiazole (308 or 309)

is the product of this reaction, not the oxathiolane (307).

NHR NHR ~EtC1
<=OS + C1CHzCOOH ——> C1<OSCH2COOH o2y
Cali5 CaHs

NHR
<—scuzcoou . LN
o

308R-H
308 r - CgHy

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 mechanism120,363 of
this reaction is:

lp-ozucsn‘coc 1

CHy O

H.I \sr=NC0C5H4N02
R

>

310
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Sergeev and Kolychev431,432 ghowed that ethylene oxide reacts with
thiocyanic acid to form 8 -thiocyanoethanol, which, on treatment with hy-
drochloric acid, yields the hydrochloride of 1, 3-oxathiolan-2-imine
311).

Ha\_ HCHS H,OH gC1, Et,Q ( NH-HC1
0 ——> —_—1ts

Hy” H,SCN a1
80°
: !
C1CH,CH8COCY — 3 5 C1CH,CH,SCNH,
P30y
C1CH,CH8CN

Proof that this product was isolated was established by the fact that g-
chloroethylthiourethan, obtained on heating the 3-oxathiolan-2-imine at
80° and also obtained from the reaction of C1CH,CH,SCOCI and NH,,
gave 3-chloroethyl thiocyanate on heating with phosphorus pentoxide.

Price and Kirk, %63 on reacting propylene oxide with thiocyanic acid
by the method of Wagner-Jauregg491s obtained a small amount of needle
like crystals which was shown to be N-carbamyl-5~methyl-1, 3~oxathio-
lan-2-imine (312), Wagner-Jauregg and Haring4%2 somewhat later re-
ported yields of-40-80% of 1, 3-oxathiolan-2-imines in the reaction of
the g-hydroxy thiocyanate with hydrochloric acid and yields of 80-90%
of the corresponding N-carbamyls on treating the 2-imines with potas-
sium cyanate.

s
CH;).«\_?<: BN CH,CHOHCHSCN ——> CHy
NCONH,
HC1 ° §
W
city % 312
[ Lnu-nc
s 1
313

In their studies on the reaction of epoxides with thiourea, Bordwell and
AndersonS € postulated an oxathiolane intermediate (314) to explain the
formation of episulfides.

[For references, see pp. 289-312.] 223
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+
r{zo—}ncxi, + (HyN)p€=8 —> H2N=(|:—S—CH21HCH3
NH, -

-

+
HN=f—S~—CHziHCH3 T H,N———f——s-—-CHzEHCH, + OH™
RHg H NH, H

+
0 NH ~NHg . ~NHy
CHy TNH: === CHy—CH C<Nﬂg T CHg—CH s\uuz
l s
314 l

CHy—CH
’ I S5 + (NHg)C=0
Hz

Emerson and Patrick114,113 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)-1, 3-oxathiolan-2-imine
(316) for which they reported no yield. Inasmuch as they reported a
yield of 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
reagonable to expect the 5-(2'-thienyl)-1, 3-oxathiolane rather than the
4-(2' ~thienyl)-1, 3-oxathiolane as the allylic nature would favor elimina-
tion at the carbon attached to the thiophene ring over that of the carbon
atom g to the thiophene ring. Using 5-chloro-2-~vinylthiophene, Emer-
son and Patrick obtained a mixture of 18% dithiocyanate and 32% 5-(5'-
chloro-2'~thienyl)-1, 3-oxathiolan-2-imine. Neither of the oxathiolan-
2-imines was characterized.

1. H0

s s
[| j_| CH=CH; gksCN, Br,, AcOH “ ”“IHSCN 2. Boiling EtOH
kit Bkl Bolokdedea”S >

H,SCN
315,
-

':s:' §"H°"Z="" ZHSCONR, ) E—[m o\rnn

2

In the reaction of ethyl 2, 3-epoxy-3-methylvalerate in acid media with
thiourea, Durden and Stansbury113 postulated the formation of an iso-
thiouronium salt which, on treatment with base, is cyclized to the 2, 2-
diamino-1, 3-oxathiolane (317) which was not isolated but decomposed to
form the episulfide.
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CyH50C0— Ht

C,HgOCOCHOH (NH,},C=S$
—i2

City [0 e ot —> ]
Colis”* CpHg” CoHg~
N Ca“s°¢°‘§§5f§s s e s
CoHy” STN“ CoHg”
H, H, N “NH,
317
TABLE 16, 1, 3-Oxathiolan-2-imines
Substituent Yield
%) M.p. (°C) Ref.
2-(HC1, HN=) 121. 5 431, 432
114-115 492
2-(HCl . HN=)-5-CH,4- 112-115 363
108-110 492
2-(HCl . HN=)-5-CICH,- 492
2-(HCl . HN=)-4-CgHg- 110-111 492
2~(HN=)-5-(2-thienyl)- 140-141 114, 115
2- (HN=)-5-(5-Cl-2-thienyl)- 32 145 114,115
2-(HCl . HN=)-4-CH,-5-C,H, - 492
2-(H,NCON=)-5-CH,4- 173-174 363
2- (HZNCON-_-)-S-CICHz- 144. 5-146.5 492
2-(H,NCON=)-5-C H, - 133-135 492
2-(H,NCON=)-4-C,H;-5-CH,- 156 492
2-(CgH;CON=)-5-CHq4~ 126 363
2-(p-O,NC¢H,CON=)-5-CH,- 16 158 and 171 363

(6) Spiro-1, 3-oxathiolanes

The various 2, 2-spiro-1, 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-1, 3-

[For references, see pp. 289-312. ] 225
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C 308 Ring Systems

oxathiolane (318) when benzene is used to azeotrope off the water of
reaction, 39,102 Using zinc chloride and anhydrous sodium sulfate at
room temperature results in a 42% yield.7®

HOCH, -~
Orov e =i (X
HSCH, 70%

318
(RRI 1224)
The Chemical Abstracts name for this particular compound is 1-oxa-
4-thiaspiro(4. 5]decane Other names given to this compound have been
2-pentamethylen-1, 3-thioxolane,33 cyclohexane-1-8piro-2'-(1",3'~
oxathiolane),238 and cyclohexanone ethylene hemithioketal, 103

Jaeger and Smith237 7239 gtudied the reaction of cyclohexanone-1, 2-
dione with mercaptoethanol using p-toluenesulfonic acid and azeotroping
off the water of reaction with benzene. They obtained the mono- (318)
and di- (320) spiro-1, 3-oxathiolane,

O,
o (] *8@
5 | 3

(RRI 2402)

The dispiro, or 1, 7-dioxa-4, 10-dithiaspiro [4. 0. 4. 4]tetradecane (320),
was obtained as two isomers.

Plieninger and Grasshof3622 prepared the bis(ethylene 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(ethylene hemithioketal).

HOCH,CH,SH
p~CH3CgH,SOgH
A, 12 hrs,

320a

HOCH,CH,SH
P-CHyCgH SOqH
130-5°, stirred

310a

[For references, see pp. 268-312.] 229
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Romo de Vivar and Romo4032 prepared several spiro-1, 3-oxathiolan-
5-ones by reacting a cyclic ketone with a-mercaptodiphenylacetic acid
in refluxing benzene using p-toluenesulfonic acid as the catalyst. From
cyclohexanone, cycloheptanone, cyclohexanedione, and isatin they pre-
pared spiro(4, 4-diphenyl-1, 3-oxathiolan-5-one-2, 1’-cyclohexane)
(331), spiro(4, 4-diphenyl-1, 3-oxathiolan-5-one-2, 1'-cycloheptanone)
(322), spiro(4, 4-diphenyl-1,3-oxathiolan-5-one-2, 1’ -cyclohexan -2'-
one) (323), and spiro(4, 4- dzphenyl -1, 3-oxathiolan-5-one-2, 3’ -oxindol)
(324).

‘Csﬂs'zI‘“SH O=o 2-CH3CeH(SOsH g,:,
+ CaqHg rofl sHly
OO e o% 331

6B%

CegHy

+ o -"""> CeHy
(O oi* -

G =

sHy

Coly 3:4
* 368

Hill, Martin, and Stouch,212b {n a study of the stereochemistry of hy-
droanthracenes, reacted mercaptoethanol with cis-anti-cis adduct of
p-benzoquinone and butadiene to give the bis-ethylene hemithioketal
(324a), which, on Raney nickel hydrogenolysis, yielded cis-anti-cis per-
hydroanthraquinone,

HOCH,CH8H
BFy-Et,0 Raney Ni
1 d‘y’, t. EtOH reflux
99!

Arth, Poos, and Sarrett10s,10b 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.
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Iﬂs HOCH,CH,SH iﬂs
CHyC==CH, dioxane CH,C==CH,
H,C00CH, NClz) HaSO4 CH,COOCH,

r.t.,, 3 days.
[0
§
20

Rosenkranz, Kaufmann, and Romo4%®, analogously to the reaction of
steroids with ethylene glycol and with dimercaptoethanol, reacted an-
drost-4-ene-3, 17-dione (325) with mercaptoethanol to formthe 17-cyclic
hemithioketal (326).

P

+ ngOH —Hzo
HoSH

338 | 326
(RRI 5565)

Romo, Rosenkranz, and Djerassi492 in a rather general study of this
reaction found that mercaptoethanol reacts readily in the presence of
zine chloride with unconjugated carbonyl groups to give the correspond-
ing cyclic ethylenehemithioketals., The 3-ketosteroids and 20-keto-
steroids, regardiess of the configuration of C-5, such as androstan-178-
ol-3-one acetate, etiocholan-173-0l-3-one acetate, estrone acetate,
androst-5-en-38-0l-17-one acetate, allopregnan-33-ol-20-one acetate,
and pregn-5-en-33-ol-20-one acetate, underwent this reaction. In the
presence of the A 4-3-keto moiety, a saturated carbonyl group, such as
at C-17 or C-20, could be attacked selectively when zinc chloride was
used as the condensing agent. Using p-toluenesulfonic acid, which is a
more drastic condensing agent, the bis(ethylenehemithioketal) was formed,
although in poor yield, from androst-4-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-
bonyl group in the presence of a A 4-3-keto moiety.

Romo, Rosenkranz, and Djerassi402 agsumed that the reaction of mer-
captoethanol with a A 4-3-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 A 4-3-ketosteroid is accompanied by a shift of the double bond was

[For references, see pp. 269-312.] 231
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considered unsclved in 1952.7 In the following year Djerassi and Gor-
man, 103 on the basis of earlier observations of Fernholz1262 which
indicated a shift of the double hond from the 4, $-position to the 8, 6-
position, concluded that a shift does occur.

L

(RRI 5563)
T [:) : i
327 328

B —Cy

s
329

Thelr 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 (329), 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 shift 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 330. They preferred the latter process.
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+ -H,0
Hy : /J::::t:f::r/
© HOCH,CH,§ HOCH,CH, S _

327 332 333
I
3

33

\ |

A0 — 0 =

B0 [0 [o

HpS

b + |

H

331

OH .
B0 4939

Inthe case of the mercaptole 329, onthe other hand, the S 2 reaction pre-

dominates over dehydration by virtue of the more strongly nucleophilic
sulfur,

Qﬁ) — ~m —> o
uzs

HZSH

Another method for the preparation of these ethylene hemithioketals
was Djerassi and Gorman's193 adaptation of the exchange method devel-
oped for ketals ("rans-ketalization") in which a nonvolatile ketone is
refluxed in benzene with 2, 2~dimethyl-1, 3-oxathiolane (334).

CHy o+
RyC=0 + cuy _ B n + CH3COCH,
334

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-33-ol-
17-one acetate, and 22a-spirost-4-en-3-one, yields of 20, 85, and 34%,
respectively, of the hemithioketals were obtained as compared with 93,
90, and 65%, respectively, by the benzene—p-toluenesulfonic acid method.

Djerassi and Gorman193 suggested the following mechanism for the
exchange reaction:

[For references, see pp. 289-312.] 233
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CHg

CH <cw
R,C==0 + CH, _ H* ¢ gt
2 $ —> CHa 3+ — + o=cZCHa
™ CHs
Ry .

HO
This mechanism implies that the oxygen in the hemithioketal is from
the ketone and not irom the original oxathiolane. Conseguently, 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-
S5-en-3-one, and dehydroepiandrosterone, Fieser127 treated the steroid
in acetic acid at 25° with boron trifluoride etherate as the condensing
catalyst and obtained yields of 82, 18, and 877%, 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, 211 on treating androst-4-en-3, 17-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 Romo4032 prepared spiro(4, 4-diphenyl-1, 3-oxa-
thiolan-5-one-2, 3'-178 -acetoxyandrostanone) with a -mercaptodiphenyl-
acetic acid in refluxing benzene using p-toluenesulfonic acid as catalyst.

COCH4
p-CHsCGHQSOSH
(Csﬂgiz?COOH + CgHg reflux
B e ]
SH 13%
COCH,

ceu;
Celly $

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 tu bases, but are completely

336
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hydrolyzed to the starting mercaptoalcohol and carbonyl compounds by
dilute acids.263

The structural similarity among imidazolidines, dioxolanes, oxazoli-
dines, and oxathiolanes as expressed by the infrared absorption spec-
trum has been pointed out. 49 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~! band, which
are characteristic for a free mercapto group.

Only one chloromethyloxathiolane has been reported, although two
have been postulated to be intermediates in reactions which conceivably
could have led to their preparations. This might imply the chlorometh-
yloxathiolanes are intrinsically unstable or that they are not reason-
able intermediates. Thus, in the reaction of epichlorohydrin with thiol-
acetic acid, Sjoberg440 obtained the acetate of 1-chloro-2-mercapto-
2-propanol, which, he believed, resulted from the intermediate oxathiol-
ane (337).

H CHaCOSH CH,SCOCH,4
Qo
" ;12 hrs. HOK 60°, 35 hrs,
76% E
CHzCl CH,C1
s><ou HySH
0" \cHs | 525  G(HOCOCH,
HyCl HpCl
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 Wynberg357 postulated that 2-chloromethyl-1,
3-oxathiolane (338) is an intermediate in the reaction of chloroacetal
and 2-mercaptoethanol to give dihydro-p-oxathiin (see Chapter 11,
section I A-86),

HOCH;CH,SH

C1CH,CH(OCHg), ___ﬂ__> lc1cu2~<o:l ]
37% s
338
o
— (] ==
S S

{[For references, see pp. 289-312, ] 235
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Although this is a likely mechanism, other equally reasonable mecha-
nisms could be postulated which do not require the oxathiolane to be an
intermediate, as in the following.

s
?fg “CHOCH; “#e
CH, iHZ \‘?0106
x
L H Cl

e
OCH;  CH,SH
Clcuz@ e beon < s
& [

$ﬁ;\CH2 *ﬁdb‘
CH, iHOCH3 g
LH CHj

According to Marshall and Stevenson, 3092 2-trichloromethyi-1, 3-
oxathiolane decomposes on distillation at 1 mm pressure and slowly
deliquesces on exposure to the atmosphere.

Pinder 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, 3~oxathiolane (339) into ethylbenzene and 1-ethylcyclohexa-
1, 4-diene (340).

2Hs
o CHa Na + MeOH
Tcﬁus 1iq. NHs, Et20 _  CgHgCH,CHy + some
219. T 22,
339 340

Eliel and Badding, 1132 on treating 2-phenyl-1, 3-oxathiolane (341) with
lithium aluminum hydride and aluminum chloride, obtained the thioether
(342).

LiAlH,

o AlC1
Colls 22023 5 CgHigCH,SCHCH,OH
883
k15] 342

Thus, the reaction of a carbonyl compound, such as benzaldehyde, with a
mercaptoethanol is a convenient method for the synthesis of thioethers
through the 1, §-oxathiolane.

Marshall and Stevenson302a gbtained 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 2-methyl-
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2-phenyl-1, 3-oxathiolane with hydrogen peroxide yielded only aceto-
phenone,

CH KMnoO,
[ Of 7, CHeCOCHg S“.i CHeCoC
3 a% 029 & —> CgHgCOCH,

343

Djerassi and Gormanl03 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.

R Rnney Ni -\R
E CHZ ——> RzC=0 + CH,==CH,

344

Dermer?6® 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.

() & Ll i

l‘/ +..~CH; SCH;CH,0H .
o ——> HOCH;CH,5CH,0CH,CH,8CH;

—_—
T

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-oxathiolane 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.

CHy CHy Q__cH,
CHy _HY CHy =— i‘\cu3

+
— > (CHg);CO + CHCHpSH ———3 H(—CH,CHyS—)H

[For references, see pp. 289-312.] 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,26b

Because of the activity of phenoxathiins as insecticides, anthelmintics,
and bactericides, Marshall and Stevenson3992 evaluated various 1, 3-
oxathiolanes. They were found to be inactive.

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

1, 3-Oxathiolan-2-imine hydrochloride 1345) is a solid which decom-
poses on melting. On treating with alkali, Sergeev and Kolychev431 gh-
tained ethylene sulfide polymers.

Eol:,m.ucl

345

/g

c1cn2cuzoc2—NHz NHj + (—CH,CH,5—),

or

p
€ 1CH,CH,SC—NH,

According to Emerson and Patrick115 5-(2-thienyl)- ana 5-(5-chloro-
2-thienyl)-1, 3-oxathiolan-2-imines (346) are useful as insecticiaes
and fungicides. On boiling with 25% aqueous sodium hydroxide ,114
ammonia evolves, and, on acidification of the residue, carbon dioxide
evolves.

o
R NH R nt RCH—CH, + CO,
- T alkall [ T" + NH, S Ny

346

Price and Kirk363 studied the mechanism of the reaction of epoxides
with alkali thiocyanates to give episulfigdes through the formation of
oxathiolanes. Their evidence supported Van Tamelen's mechanism, 473
which involves two Walden inversions, the first involving the frars open-
ing of the epoxide ring and the second the trans closing to the episulfide.
ring. This evidence was the isolation of the p-nitrobenzoyl derivative of
the oxathiolane-2-imine.
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ICN CHg

2 SCN~ CHg~___ - H

Hase g SO ey | —
H H _

/ lp-ozNCGH.COCI
CN

CH?Q";} G e [cul?i'_;(‘f:] CHF?
EOM

Wagner-Juaregg and Hiring, 492 in their studies of the reaction of
epoxides with HSCN, reported the following reactions of the several
1, 3-oxathiolan-3~imines they prepared.

R
Rni OTNC"N“z 120 5 HOCRR”CHR'SCONHCONH,
R’ HC1

s

C1CRR”CHR'SCONHCONH,
CNO | 80-90%
K ,[80 80 ]‘uzncom

AcOH

R s C1CRR"CHR'SCONH,
R” NH-HC1
R’ Na,CO5
C4HgNHCOCL R

R,,E[ NCONHC Hq
Rl

The 2, 2-diamino-1, 3-oxathiolane (347) which Durden, Stansbury, and
Catlette113 considered to result from the reaction of ethyl 2, 3-epoxy-
3-methylvalerate and thiourea could not be isolated because of its ready

decompuosition to the episulfide and urea.

czn,oﬂ E__( TecCHs L (w,N,c0
CHy NH, ——> C3Hs0 H C,Hg 2N 2
CoHg

347

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

1, 3-Oxathiolan-2-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 p-dithiane; with hy-
drogen peroxide in acetic acid solution it reacts to give carbon dioxide
and sulfuric acid. 23

[For references, see pp. 289-312.] 239
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On heating 1, 3-oxathiolan-2-one at 200°, ethylene sulfide is obtained
in yields of 80-88%.395,396 The ethylene sulfide is pure as obtained and

the only by-product is carbon dioxide.

0O N32C03
0 200° EH
_— z>S + CO
83% Ha 2

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 carbonate, 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).

(—CH,CH,86—0—),
349

Inasmuch as ethylene sulfide is difficult to store because of its tendency
to polymerize, 1, 3-oxathiolan-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-workers336a,336b tg gtudy 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.

R,NH, PhMe
l l — B 5 R,NCHCH,SH + CO,
33-83%
348

Amines used in this reaction include (C,Hg),NH, (n-C Hg),NH, n-

C HgNH,, C;H 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 product was the 2-mercaptoethyl carbamate from
n-butyl- and allylamines and the ethylmercaptoethanethiol from cyclo-
hexylamine,.
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CHoNH
\ro 4925 €, HgNHCO,CH,CH,SH

_CelyiNHz
NHCH,CH, S CH,CH,SH
348

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, R,N(CH,CH,S),H and R,NCO,(CH,CH,S) H.

(4) 1, 3-Oxathiolan-5-one

1, 3-Oxathiolan-5-ones are colorless solids, in general, the alkyl deri-
vatives being lower melting than the functional derivatives. They are
ingoluble 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,4% who prepared a variety
of 1, 3-oxathiolan-5-ones, reported the following reactions (illustrated
with 4, 4-diphenyl-1, 3-oxathiolan-5-one (350).

25% NH,OH, 100°

O ]
0
CsH;/_l 10 hrs. in Bube. ((oHg),CHCONH,

CgHs
350
5% NaOH
A ‘CsﬂslzICOOH
H
Zn + AcOH
A

(CgHg!2CHCOOH

CrO3/AcOH
A Cellesl 30,
H

> Cglg
351

The 4, 4-diphenyl-1, 3-oxathiolan-5-ones are 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 thiokenzilic acid.

According to Bistrzycki and Traub, 45 2-aryl-4, 4-phenyl-1, 2-cxathiol-
an-5-ones, such as 352, yield 9, 10-epithioanthracenes (353) on treat-
ment with concentrated sulfuric acid. Bistrzycki and Brenken, 44 who

[For references, see pp. 289-312.} 241
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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.

o CHy  H;S0,
Cglig ’

Cellg
352
/OH ngé,ou .
0=C CHg
Ce“sﬂ____é
CeHg ¢
Ve
HO
slis
'Hzo o CHa
TR |
353

These compounds are strongly triboluminescent, i. e., luminescent when
subjected to friction.

Larsson280,281 gtudied the alkaline hydrolysis of several substituted
5-o0xo0-1, 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,

zf00‘ 00~
PR T ’
j \fCOOH w—*e RCH—S8—CRY ___ 5 prcocoo™ + R?HCOO"
SH

H

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-1, 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.

r. .
0O LI
CeHg + HSCH,COOH  K,5,0;  CoHgCH(SCH,COOH)
ﬁ !‘ sHs 2 <F25920s  Colly 2 2

355

Simmons4372 described 2, 2-bis (chlorodifluoromethyl)-1, 3-oxathiolan-
5-one as 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 £

Unsubstd. large
2-CHq4 92
90
118
2, 4-(CH,), 41
38
48
50
2, 4-(C,H;), 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

1, 3-Oxathiolane-2, 5-dione (356) is quite water sensitive and must be
stored in a dry atmosphere. It hydrolyzes readily with evolution of
carbon dioxide, On treatment with aniline in dioxane at 10° carbon
dioxide is evolved in an exothermic reaction.21,22

o
CeHsNH L/O
o { 0 Lefse o Nué—CH,SH + CO,

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, 3-oxathiolane-

2, 5~dione. 4232

[For references, see pp. 289-312.] 243
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(0] ridine
0___!/ \1_:0 pYy A
I > (—8CHC0—),, + COy

357

(6) Spiro 1, 3-oxathiolanes (from cyclohexanones)

As Djerassi and Gormanl®3 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).103,106,402,403a

R CH,
>< Raney Ni. ch{o—-luz ~———3» R,C=0 + CH,==CH,
R s

358

This reaction has found extensive use in the steroid series.

The normal course of Raney nickel desulfurization of hemithioketals
(359), in acetone, as postulated by Djerassi, Gorman, and Henry, 106 in-
voives the formation of predominantly or exclusively the original ketone
and an alcohol derived from the mercaptoethanol moiety.

—0,
R R Ni, H, R—CHOH

—Es é + RyC=0
R'——s’ ‘R R—CHy

359

Jaeger and Smith238 reported that while Raney nickel desulfurization
in acetone may occur to regenerate the ketone (361),

HO R
/S—-—» HQ
| 0
o Mot —
360 361

(R = H or t,Hg)

it may occur also with formation of an ethyl ether (363).

0 [
57
SR
0~~
362 363

Desulfurization of the dihemithioketai 364 from cyclohexanedione led
predominantly to the cyclohexadiol.
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s Raney Ni
CH3C0CH3 + some
364

There is also a third path by which desulfurization can occur. Em-
ploying an atmosphere of nitrogen in the absence of water and oxygen-
containing solvents, ketones and hydrocarbons were obtiined, 106 the
hydrocarbons 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.

Ph—o, CH:,COCH:;
>O C6H5 "HOH C5H5iHOH CeHsCH
+
Ph—— ceuscnz CeHgCO causl;lu

11% %

To explain some of the products they obtained on Raney Ni desulfuri-
zation in ethanol, acetone, or benzene, Romo de Vivar and Romo403a
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.

; ‘T*Q @
C5H5 Ceﬂs c H5

CeHy

CoH
+ BE>C—C=0 ——> C6“5>c—‘c—o
Collg” 5

367

Table 19 lists the products from the desulfurization of 4, 4-diphenyl-
1, 3-oxathiolan-5-ones.

Cope and Farkas?? catalytically hydrogenciized the hemithioiketal
(368) of cyclohexanone with molybdenum sulfide at 240-260° to obtain
cyclohexane and cyclohexanethiol (also obtained when ruthenium was
used).

0, :
6 o
{:X::> +M053—"L9—"> 49% ¢
S5
368

[For references, see pp. 289-312.] 245
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240°

+ MoS; — =" 5 30% O—su
230°

+ Ru —_—> 32% SH

Bergmann, Lavie, and Pinchas3? found that lithium aluminum hydride
does not cleave the hemithioketal of cyclohexanone. Jaeger and
Smith237,238 consequently considered cyclohexane-1, 2-dione as a
potential intermediate for the synthesis of steroids through the protec-
tion of the carbonyl group against anionoid reagents.

H
0=
‘J LiAlH, é{j
g T > S
369

362
H CoHy
o]
C2H5MgBr S]
370
B C=CH POCl,
LiC=CH o collidine
Nits ] A
,,____% _____%
5
371
{  EtOH

\L {CHzCONH),Bg

OCHj4 OCH,

] el

5 7 ki
373 374

}{LiAl By
CHOHCH,4 HOHCHg

Raney Ni 0

C2His0 0 cHscocH, CoHs
— s

375

The plane of the oxathiolane ring in A 7,8 -g-ethynyl-1-o0xa-3-thiaspiro-
[4. 5]decane (372) is approximately at right angles to an annular double
bond in the a, 3-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 O-C-S angle to be 103. 5°, which is 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 «, 3- to 3, - (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 & 4-3-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 Badding!132 reported that the hemithiocketal of cyclohexan-
one, on treatment with lithium aluminum hydride and aluminum chlo-
ride, is converted to the thioether in good yields.

LiAlH,

-0
ALC1

{ —2 SCH,CH,0H

s 914

(T) Spiro 1, 3-oxathiolanes (from steroids)

The chemical properties and reactions discussed for spiro 1, 3-oxa-
thiolanes of cyclohexanones also holds true for those of the steroids.
Most important, of course, is the protection the 1, 3-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 nickel 103, 106,402,449 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 67% yield. 402 Oppenauer
oxidation of androst-5-en-33-ol-17-one-17-ethylenehemithioketal
(treatment with aluminum ¢-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-4-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

Djerassi, Batres, Romo, and Rosenkraz!02 converted allopregnan-3s-
ol-11, 20-dione acetate (376) to the 20-hemithioketal (377), reduced
this with lithium aluminum hydride to the hemithioketal (378) of allo-
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pregnane-33, 113 -diol-20-one, which on treatment with Raney nickel in
ethanol gave allopregnane-33, 118-diol-20-one (379), which they con-
sidered as a potential starting material for the synthesis of 17a -hy-
droxycorticosterone (Kendall's compound F).

COCHy

O?b -
AcO i 376

CHs

s

Tetrahydrofuran
LiAlH,
AcO 3 377
CH“o] COCH,
HO S Raney Ni H
CH3COCH,
A
: 378 HO :
HO i i 379

Another series of reactions in which the steroid oxo group was pro-
tected by the 1, 3-oxathiolane moiety is that reported by Mazur315,316
for dehydrocholic acid (380).

o

¥

“—COOH

380

Y.

: —COOH > Methyl ester
s o]
5 S
381

[For references, see pp. 289-312. ] 249
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cgs
L1AlH,
—_——ts

=] o

382

concd, H;S50,
———>

0 N0 OH

383

The final product, hexadecahydro-17-(5-hydroxy-a -methylbutyl)-10, 13-
dimethyl-15H -cyclopenta[a] phenanthrene-3, 7, 12-trione (383), and its
derivatives, according to Mazur,316 possess valuable pharmacological
properties for their effect on the cardiovascular system. 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, and 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, 196 Djerassi and Grossman, 197 Djerassi,
Shamma, and Kan, 198 and Romo de Vivar and Romo. 403 Desulfurization
of spiro(5-diphenylmethyl-1, 3-oxathiolane)-2, 3'-cholestane (384), pre-
pared from optically active mercapto-alcohol, in ethyl methyl ketone by
refluxing with Raney nickel for 24 hours led to 52% yield of 1, 1~
diphenylpropan-~2-ol and over 80% 3-cholestanone (385) and 3-cholestan-
ol. The diphenylpropancl 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-Q bond.

aHi7 alyq

HC1 soln,
reflux

PhyCH—T—0
: —[s' : 0 ;
384 385

+ Phy,CHCHOHCH,SH or [Ph,CHCHOHCH,S—I,
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Desulfurization of these spiro-1, 3-oxathiolanes of steroids in hydroly-
tic solvents, such as alcohols and ketones, thus yields chiefly the parent
steroid and the alcohol of the original S-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
B -mercaptoethanol, 108

sB17 N
CGHG ref lux
thcu—[o PhyCH— H2-0

cH2
CegHyn

+ (CgHg)aCHCHOHCH; + (CgHg)C=CHCH,

Fieser, 127 in his studies on the preparation of spiro-oxathiolanes 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-Derivatives

. S s
Steroid Se—o > C/0 > C/ 7 N
\ o N
Dehydroepiandro-
sterone acetate —23 —~313(~290) --389(-366) —351(—328)
Cholestanone 158 111(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 for the spiro-oxathiolanes. Thus, spiro [3H-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. C308-C308 7-OXA-2, 5-DITHIABICYCLO [2. 2. 1] HEPTANE (386)

~H
A T 1
HaCs L2
s’ 4 OSH, or Hjs i 2
c 5 a
H 386 / \cuz

(RRI 952)

These compounds are closely related to the p-dithianes (see Chapter
12, section MI A- 1j), the parent compound being the dehydration product
of p-dlthiane -2, 5-diol. Attempts have been made to prepare it by de-
hydrating the diol, but only resins were obtained. 232¢ Quite a few alkyl
derivatives, however, have been prepared. These are listed in Table 21.

Hromatka and Engel231,232 firgt characterized this heterocyclic class.
They concluded that the oily compound which Tscherniac%63 obtained as
a by-product from the hydrolysis of his " isomethylrhodin"” with concen-
trated hydrochloric acid was probably 1, 4-dimethyl-T-oxa-2, 5-dithia-
bicyclo[2. 2. 1}heptane (387). In repeating the earlier work, Hromatka
and Engel obtained the "isomethylrhodin" from thiocyanoacetoue and
potassium bisulfite; on treatment with 2NHCl, 1, 4-dimethyl-T-oxa-2,
5-dithia-bicyclo[2. 2. 1 heptane was obtained; on treatment with concen-
trated acid, however, only higher boiling fractions were obtained.

Chemical Abstracts uses the Baeyer bicyclic nomenclature. Most of
the workers in the field have used the 2, 5-endoxy-p -dithiane nomen-
clature.

1. Preparation

This class of heterocyclic compounds was discovered through studies
of the preparation of @ ~-mercaptoketones and elucidation of the struc-
tures of the resulting products, Hromatka and Engel 23! obtainedthe 1, 4-
dimethyl derivative in 35% yield on heating dimeric mercaptoacetone at
100° for 3 hours.

CHa 100°
>[ j( J hrs,
CH3

CHq

Hs

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 Fiecchi2! Jooked upon the cyclization of the o -

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 Haber23Zc obtained a 61% yield of
dihydroxy-p-dithiane from the reaction of chloroacetaldehyde and
sodium bisulfide at 0°, but were unable to convert it to the bicyclic com-
pound. Bthme, Freimuth, and Mudlas,51 in studying the solvolysis of
acetylmercaptoacetone with alcoholic hydrochloric acid, did not obtain
the expected thioacetic acid; instead, the reaction resulted in a 78% yield
of 387.

EtOH, KCl

t., 1 day

r
CH3COCH; + CH3COSCl ~——3> CH3COCH,SCOCH; 387

On treating 2, 5-dimethyl-7-phenyl-2, 5-dithia-7-aza[2. 2. 1] heptane
(388) with 10% hydrochloric acid, Bacchetti and Ferrati?2a obtained a
small amount of 387.

CgHgN
shis Ci,

10% HC1 387

Ha

388
Thiel, Schiifer, and Asinger, 461 on treating 2, 2, 4-trimethyl-3-thiazol-
ine with butyllithium in absolute ether, obtained a 6% yield of 387.

1. C4HpLi, Et,0

I \[<cu3 3. 0.5 N HC1
>

6%

CHj

389 s

Whereas these heterocyclic compounds have been obtained in reason-
ably good yields by heating a-mercaptoketones, excellent yields are
obtained on treating the o -mercaptoketone with dry HC1 at room tem-
perature 14,17,18a or by refluxing it in 15% hydrochloric acid for one
hour. 14,18 Using phosphorus pentachloride in the cold gave lower
yields. 14

rad

czﬂ5coiﬂcua PCly, ice/salt bath

H 54% CHg
dry HCl, room témp.
90%
15% HCl, reflux 2fls
0% 390

[For references, see pp. 289-312. ] 253
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Asinger, Thiel, and Sedlak82 ghtained two mercaptoketones from 2-

methylpentanone-3 which led to two different 7T-oxa-2, 5-dithia bicylo-
heptanes (391 and 392) on treatment with HCI gas followed by heating.

1. HCl gas, 2 hrs. CaHy
CoHsCOC(CHy), 2: 81 3.5 Brs.
33 CHs
H
Hg CHy
CHg

C,HsCOCH(CHy),

1. HC1 gas, 2 hrs. CH{CHy),
CHsCHCOCH(CHgl, 2: & 1.5Brs, _
97.5% 3
H
cuccusxz CHy

Excellent yields are also obtained on using 4N hydrochloric acid.4€0

CH(CHy)y
HSCH,COCH(CHy), 4 N HC1, 60% 3 hrs.
85%

CHICHy),
393

4 N HC1, 60° 3 hrs.
(CH;,)2IC0CH3 ! 89%’ gz:
H
Hy CHy

CH,

Rithlmann, Schripler, and Granies, 4050 in their studies on the addition
of o -mercaptoketones to allyl halides, found that 7-oxa-2, 5-dithiabicy-
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.

{CgH5CO},0,

-
- 3
CHyGHCOC,Hy 60-70° 4 hrs, C,yHg
. 80%
K,COj CHgy
60°, 4 hrs,
.__.__..__..J...——.> 2H5
41% CHay
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Asinger and Thiel, 16,460 jn studies on the reaction of ketones with
sulfur and ammonia, obtained alkyl thiazolines, which, on treatment with
2 N hydrochloric acid gave good yields of T-oxa-2, 5-dithiabicyclohep-
tanes. Undoubtedly the 43-thiazoline hydrolyzes to the a-mercaptoke-
tone, which then undergoes dimerization and dehydration in the presence
of acid.

s\]<cu3 2 N HC1
S, NH
CH3COCHy —2—3 9 == CHg 5 hrs., room temp,

o
CH,
[CH3COCH,SH] ——>
Hs

*Cﬂs
S, NH :[
CH3COC,Hy ~—Lrd > CH, Colts ___5

CH,
H
Icnacoiﬂc 3l —h,
H
H
3 CH,

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 Thiell62 obtained 395 in low yield along with 2, 4, 5-tri-
methyl-2-ethyl-A 3-thiazoline on stirring a mixture of 3-mercaptobutan~
one-2, butanone, 10% acetic acid, and aqueous ammonia at room tempera-
ture for € hours.

2. Struciure

According to Hromatka and Haber], 2322 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,

1] o]

[For references, see pp. 289-312.] 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. Properties and Reactions

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, 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 agqueous permanganate two stereoisomeric tetroxides were obtain-
ed: 7% melting at 236° and 6% melting at 260°. The infrared spectra of
the two stereoisomers were different.232a

The dimethyl dioxide on boiling in water decomposes to sulfur dioxide,
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

0
CHg Hz0, 100°
20, 100, CH,COCH,SH + CH4COCH; + SO,
0 — ﬁou
HONH,
Ha 2 > CHyCCH,SH
o
CH,
o, 20 2 cuycocH, + 2 s0,
Hs

0z

On treating the diethyl compound with mercuric chloride a mercury
complex, melting at 129-130° precipitates. 16 The 1, 4-diethyl-3, 6«
dimethyl compound similarly gives a precipitate melting at 66-72°.16

256



C;0S Ring Systems

C. C,08-C,O Furo[2, 3-d]-2H-1, 3-oxathiole (396)

O
gs 6 I 1;:\CH2
q 3é
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 11% yield the furo[2, 3-d]-1, 3-oxathiole derivative (398)-which they
called merosinigrin, melting at 192°. Treatment of merosinigrin with
acetic anhydride yielded the triacetate (399}, melting at 177°

f X
H
_0S03K
HOCH,CH CNC,Hs MeOH, KOH
s — e
11%
397

H

OH
HOCH én ©
2 FNCaHls ac,0, AcONa
$ —20 T R s Triacetate

398 399

D. C308-C; Cyclopenta-1, 3-oxathiolane (400}

Hy—CH—
& 1
H,¢ 5 2 CH,

4 3
Hy~CH~§

400

The only successful syntheses of members of this ring system are
those reported by Goodman, Benitez, Anderson, and Baker!63 by the con-
version of truns-1, 2-cyclopentanediol to frans-2-(phenylthiocarbamyl-
oxy )-cyclopentanol, which on reaction with cold thionyl chloride gave
the anil of cis-cyclopentano-1, 3-oxathiolane (401) with inversion.

[For references, see pp. 289-312. ] 257
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CgHsNCS ? soci,
<[2H CeHsCHy reflux QOANHCG’“ 0°, 24 hrs.
.——.——_——% R, >
H 31% OH 58%
50% AcOH
0 80° 4 hrs 0
R e
qs NCeHs 65% S 0
401
| MeOH MeOH
63% 57%:
3 &MeONa &MeONa

8H SH

The anil melted at 55-61° and its picrate at 117-122°. The infrared ab-
sorption frequency of the C=N bond in the anil appeared at 6. 12 y where-
as the C=NH absorption in its picrate and hydrochloride occurred at

6. 15 4. The anil was readily converted to cis-cyclopentano-1, 3-oxathio-
lan-2-one, b.p. = 62-65° at 1 mm, n§® = 1. 5264, which had a strong car-
bonyl band at 5. 76 u. The 2-one 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.

Van Tamelent?3 was unsuccessful in his attempt to prepare cyclo-
pentano-1, 3-oxathiolane from cyclopentene oxide, whereas he was suc-
cessful in preparing cyclohexano-1, 3-oxathiolane from cyclohexene
oxide. He attributed the failure to excessive strain in the five-member-
ed fused rings. Harding and Owenl?? were unsuccessful in their attempt
to prepare 2-mercaptocyclopentyl acetate by acid isomerization of S-
acetyl-2-mercaptocyclopentanol, in which they postulated the likelihood
of 2-hydroxy-2-methylcyclopentano-1, 3-oxathiolane as the intermediate,
similarly to the cyclohexane analog.

E. C,08-C,0 4H-PYRANO(3, 4-d]-2H-1, 3-OXATHIOLE (402)

LN
. ‘z?Hz
oiq ig

cH,
402

Baker, Hewson, Goodman, and Benitez, 3% on treating the thiourethan of
methyl 4, 6-0-benzylidene-a -p-glucapyranoside 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 was
considered to be highly probable from the characteristic infrared
absorption bands.
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SOC1
CgHg {0 0 —_—E

OCH, CHj

CgHsCH
F. CaOS'CG

1. 2H-1, 3-Bengoxathiole (405)

(RRI 1223)

Unsubstituted 2H-1, 3-benzoxathiole (405) has not been reported. This
system is best known as the 2-one or 2-imino derivatives and substitu-
ted 1, 3-2H -benzoxathioles which are listed in Table 22,

Friedlander and Mauthner134 prepared 2H-1, 3-benzoxathiol-2-imine
in 1904. Zinke and Arnold317 reported the preparation of 5-methyl-
2K -1, 3-benzoxathiol-2-one in 1917, which was next repeated by Kauf-
mann and Weber254a in 1929; Kaufmann254P® also reported the prepara-
tion of 5-methyl-2H-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.

OH KSCOEt
@0 dxazo 70 75° @
NH,.HC1 N,C1

{For references, see pp. 289-312.] 261
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A general method for the preparation of benzoxathiol-2-imines is by
thiocyanation of a phenolic compound. This reaction was first reported
by Kaufmann254% who reacted p-cresol with sodium thiocyanate and
bromine in methanol.

NaSCN, Br,

0
- s° l:uu
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,234b Werner298, 499 thiocyanated resorcinol,
phloroglucinol, orcinol, 4-chloro- and 4-bromoresorcinol, and 2, 6-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 ?-imino and thio derivatives also have been said to
stimulate plant growth,497

A French patent12? describes the reaction of resorcinol and phloro-
glucinol with copper thiocyanate to give the corresponding benzoxathiol-
2-imine, which, on treatment with dilute acid, was converted to the 2-
one. Kaufmann25$% formulated the reaction as follows:

=
i

408

The French patent, on the other hand, assumed that thlocyanation occur-
red para to one of the phenolic hydroxyls. To clarify this, Pantlitschko
and Benger358 nitrated the hydroxybenzoxathiol-2-one (409).

0
TO HNO3, H,50, 0 .r
—_—

0,N
H H

<£@= @1@
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HO
O/_ BNOy, BySO, \sro

413

e “Jé@

Hydrelysis 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-
droxyls. The mononitrohydroxybenzoxathiole (410}, on catalytic reduc-
tion followed by heating of the amina compound (417} with formic acid,
and heating the resulting product under vacuum gave (1, 3]- oxat!uolo[S
4-g)benzoxazol-T-one (419), Thus, mononitration gives only 410; no
411 could be isolated.

o o
TO Zn, HC1 = )/ \fo HCOOH, A
ol Ml “~ —1
QN HoN
H H
417

410

0
QLT" s
—
HCONH
H
418

The reaction of 3-resorcylic acid with copper thiocyanate was further
proof of the position of thiocyanation.

0
OH
CuSCN =my
> s
HOOC: HOOC
H H
420

Von Glahn and Stanley420,491 prepared 6-hydroxy-2E-1, 3-benzoxa-
thiol-2-imine by thiocyanation of resorecinol with potassium thiocyanate
in the presence of copper sulfate.

419
(RRI 23186)

(For references, see pp. 289-312.] 263
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Greenwood and Stevensonlé3 obtained a low yield of the 2-imine (421)
from the thiocyanation of diazotized o-aminophenol with copper thio-
cyanate.

OH OH CuSCN
NaSCN NH
GUENGEE N gty
NH, N1 15%
421

Greenwood and Stevensonl®3 condensed aliphatic aldehydes and ke-
tones with o-mercaptophenol in the presence of dry hydrogen chloride
to give a 40% yield of 2, 2-dimethyl- (422) and a 60% yield of 2-methyl-
2-ethyl-2H -1, 3-benzoxathiole from acetone and ethyl methyl ketone,
respectively; with acetaldehyde, they obtained a 33% yield of 2-methyl-
2H -1, 3-benzoxathiole.

1. : L.t
ou , g:y;({)(.l_, Z2hrs,. r. t OXC%
+ CHyCOCH, 2222 20 MAR. L CHy
T
sH a0
422

Attempts to extend this reaction to aromatic aldehydes and ketones did
not yield pure 2-aryl-2H-1, 3-benzoxathioles,

Djerassi, Gorman, Markley, and Oldenburg,195 on treating o-mercapto-
phenol with ethyl methyl ketone for two days in the presence of zinc
chloride, obtained a 67% yield of 2-methyl-2-ethyl-2H4 -1, 3-benzoxathiole.
Similarly, they obtained a T1% yield of 2-methyl-2-diphenylmethyl-2H-
1, 3-benzoxathiole (423) from o-mercaptophenol and diphenylmethyl
methyl ketone.

OH ZnCl, O CHy
+ (CgHg),CHCOCH, 2 5 CHICgHg)g
si 71% 8

423

Spiro (1, 3-benzoxathiole-2, 3-androstan-178-ol-17-acetate) (424) was
prepared in 28% 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.10%

0COCH,

OH

“ | ZnCl,, Na,S0,
p

N SH 28%
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OCOCH3

O
<j/—s ' 424

Zinke and Arnold517 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, 70-80% yield, was 5-methyl-2H-1, 3-benzoxathjol-
2-one (425).

(RRI 6611)

0COOC,H = 0CO0C,Hg &n + HCL
R 5 | EtOH reflux
> A —_—>
HaC S0gH HaC 50,C1
COOC,Hy
LT
H3C HyC SH
425

Kaufmann and Weber2542, 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).

H coci, OTO
@(zu
H H
426

Greenwood and Stevensonl€5 prepared 2H-1, 3-benzoxathiol-2-one
(427) in 63% yield by treating o-mercaptophenol with carbonyl sulfide
and the 2-thione (428) in 20% yield by treating o-mercaptophenol with
CsCl,,.

H 0
@O + cog 0:5 N NaOH @:l:o
63%
SH
427

[For references, see pp. 289-312. ] 269
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in,

428

Burton and David, 8 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-2H-1, 3-benzoxathiol-2-one
(431), presumably by way of the dihydroxyphenyl thiocyanate.

H + - H
NH,C1
sl SCN
: s —_—
H H
429

Ocenn /@C\fo

5 —_

H HO
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-2H-1, 3-benzoxa-
thiole,

In a study of merocyanine derivatives, Kiprianov and Timoshenko?64
obtained a benzoxathiole (433) on boiling 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.

oH ~NCgHs EtOH, A o
+ HC™ 615 2 5 CHNHC5H5
@SICOOH “NHCeHs — 404 l

432 433

Dittmar, Piitter, and Suckfiil192,100,368,366 prepared benzoxathiole
3, 3-dioxides by the reaction of benzoquinones with chloromethylsulfinic
acid.

1. C1CH3503H, aq. HC1

Qﬂ 70° 1 hr, m
2, OH™, 70°

[¢] » H 0,

Piitter3652 prepared 5-aminobenzoxathiole 3, 3-dioxide (434a) by the
reaction of p-nitrogsophenol with sodium chloromethanesulfinate.
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C1CH,50,Na
2 0 ag, NaOH
75-80°, 20 min. /@1\1
Z —_—t 0
HON HoN z

2

434a

Huisgen, Kdnig, Binsch, and Sturm233a reported the preparation of 2-
thio- (434c) and 2-anilino- (434b) 4, 5, 6, T-tetrachloro-2H-1, 3-benzoxa-
thiole by the 1, 3-addition of carbon disulfide or phenyl isothiocyanate,
respectively, to tetrachloro-o-quinonediazide at 130° or under photolysis,

1

Cc1
kv or 130°
———>

Cl~ N,

c1 o c1 o
\gzucaus Ts

Cl 63

434b 434c

Hydrolysis of the 2-anilino compound (434b) gave 2-hydroxy-3, 4, 5, 6-
tetrachlorothiophenol, aniline, and carbon dioxide. The thermolysis of
4, 6-dichloro-o-quinonediazide in the presence of CS, similarly yielded
5, 6-dichloro-2-thio-2H -1, 3-benzoxathiole.

b. Properties and Reactions

The 2H-1, 3-benzoxathjoles listed in Table 22 are, in general, solids at
room temperature and have relatively high boiling points. They are
stable to acid media. Thus, boiling 5-hydroxy-2H-1, 3-benzoxathiol-2-
one (431) in concentrated hydrochloric acid resulted in no change. 68
This compound was 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 ¥ NaOH solution in an atmosphere of nitrogen for
one hour followed by acidification with 2 N H,50,, a good yield of
mercaptohydroquinone resulted. 68,468,469

y 1. 2 N NaOH, boil H
| 2. 2 N H,80,
HO Xy HO SH

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. 134

[For references, see pp. 289-312.] 271
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The 2-imine is readily hydrolyzed to the 2-one by boiling with sodium
carbonate solution3536 and to the 2-thione by refluxing with glacial ace-
tic acid and hydrogen sulfide, 38

o
TNH oM™, A TO
- —2
a2%
H H
436

435
H,S, AcOH

O
3 hrs. reflux \fs
70%
H

437
The 2-imines and 2-thiones have been disclosed as being useful to stim-
ulate plant growth.4%7 Berg and Fiedler382:38b degcribed composi-
tions containing these compounds as being useful in the removal of dan-
druff and as skin lotions. Tronnier462a reported that 4-hydroxy-2H-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,

Mild oxidation of 2, 2-dimethyl-2H-1, 3-benzoxathiole gave the sulfoxide
with hydrogen peroxide and the sulfone with neutral potassium perman-
ganate.165

The 2H-1, 3-benzoxathiol-2-ones readily react with ammonia and pri-
mary and secondary amines to open the heterocyclic ring. Ouperoff-
Urne353 conducted the reaction in aqueous medium or in an organic sol-
vent such as acetone; an excess ¢f ammonia or amine was used.

o OH
\___0
i R RoNH ﬁ N
CHj S CHy SCN !
438

\RE

The steric effect of the alkyl group in the amine reactant is illustrated
in Table 23 for the reaction of 4-hydroxy-2H-1, 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
thiolcarbamates,

H
o N HO.
OH
/I W=0 CH3COCH, o
N —8 > i/ \ ﬁ
CHy N CHj —& CHj
438 "

5C—N N—
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TABLE 23. Reaction of 4-Hydroxy-2H-1, 3-benzoxathiole with

Amines
Amine % Yield of thiolearbamate
CH3NH, 100
C,H;NH, 75
(CH3),NH 100
(C,H;),NH 70

TABLE 24. Reaction of Hydroxy-benzoxathiol-2-ones with Amines

Benzoxathiol-2-one Amine % Yield of thiolcarbamate
5-CH, C,H;NH, 100

5-CHjy (CoHg),NH 85

4-OH C,H,NH, 75

4-OH (C,H;),NH 70

4, 6-(OH), C.,H NH, 55

4, 6-(OH), (CoHg),NH 30

The thiolcarbamates obtained are stated to be useful as coupling com-
pounds in the preparation of azo dyes and in the diazotype photographic
process for making heliographic papers of two components,354

The benzene ring of 2H-1, 3-benzoxathioles can be nitrated. Thus, ni-
tration of the 2-one with nitric acid (density of 1. 14) under reflux for
two and one-half hours gave what was believed to be 5-nitro-2H-1, 3-
benzoxathiol-2-one, 165 Nitration of 4-hydroxy-2H-1, 3-benzoxathiol-2-
one gave a 75% yield of 5, T-dinitro-4-hydroxy-2H-1, 3-benzoxathiol-2-
one,356

Treatment of 4-hydroxy-2H-1, 3-benzoxathiol-2-one (436) with chlorine
in acetic acid gave a 95% yield of 5, T-dichloro-4-hydroxy-2H-1, 3-
benzoxathiol-2-one (439).38 Treatment with concentrated hydrochloric

[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 -2H -benzoxathiol-2-one (440).38 These compounds are
claimed to exhibit bactericidal and fungicidal activity.

Cl
108
0 =0
Cl,, ACcOH é
93% C1
OH H
436 439
85% concd, HC1
AcOH, HC10,
0.
=0
c1 —s
H
440

The hydroxy-2H -1, 3-benzoxathiol-2-ones can be methylated356 with
silver oxide and methyl iodide to give the corresponding methoxy-2H-
1, 3-benzoxathiol-2-one or can be acetylated in almost quantitative yield
with acetic anhydride and a little 72% perchloric acid®8;356 to the cor-
responding acetoxy-2H-1, 3-benzoxathiol-2-one,

According to a U.S. patent 420 6-hydroxy-2H-1, 3-benzoxathiol-2-one
undergoes the Mannich réaction with formaldehyde and dimethylamine,
although the position of the dimethylaminomethyl group was not indicated.

HCHO H 0\\_
mo (CHa)aNH ojgﬁ‘g—o
(CHg}oNCH;
442

These compounds with diazonium salts are said to give two-component
diazo dyes.

2H -1, 3-Benzoxathiol-2-anilinomethylidine, on reacting with various
benzothioazoles yielded merocyanine dyes (443).
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Q.
CHCH
O;N—‘Czﬂs ‘]Q
I 443
R CH=CH—1/
N—-czus

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-2F -1, 3-benzoxathiole 3, 3-dioxides (446) dye wool
yellow to red shades in neutral and weakly acidic baths. Thesc dyes
are prepared by reacting an aromatic aldehyde with 4-amino-5-hydroxy-
2H -1, 3-benzoxathiole 3, 3-dioxide (445) in formamide in the presence of
potassium dichromate and glucose.

HO
c1 1. HCONH, 95°, 0,5 hr,
1 + 2. KzCrg0q, glucose
02 H
NH; 445
— 01 e
HO 0z
Cr complex
H,NH
Cl
L HO 46 J

According to another British patent,37b also to Bayer & Co., chromjum
and cobalt complexes of diazo dyes from the reaction of diazotized 3-
amino-4-hydroxybenzenesulfonamide and 5-(substituted 1-pyrazoyl)-
2H~1, 3-benzoxathiole 3, 3-dioxide are wool dyes.

2. Hexahydro-2H-1, 3-benzoxathiole or Cyclohexa-1, 3-oxathiolane
{447)

CHp O
Hzi/ HCH,
5
H _CH—
EUNCH,
447

[For references, see pp. 289-312.] 25
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The reaction through which episulfides are prepared by treating ep-
oxides with alkali thiocyanates has received attention by van Tamelen, 473
Bordwell and Anderson,56 Harding and Owen,17? 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.

0~ 0 . c
SCN™ IZN —
@0 — Is,cz-n — Ls — ji\()\c_" —7E }S
s-
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 are fused in the frans 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 {rans-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 #rans-cyclohexa-1, 3-oxathiolan-2-
imine (449) was readily prepared in 89% yield by saturating frans-2-
hydroxycyclohexyl thiocyanate with dry hydrogen chloride gas. The ac-
tion of an equimolar quantity of aqueocus sodium hydroxide on cyclohexa-~
1, 3-oxathiolan-2-imine followed by the slow addition of a second molar
quantity of base gave a 74% yield of cyclohexene episulfide.4?

OH 0.
HC1 NH.HCL NaOH
_ ——“—'3'89% ———— § + OCN™
S/C=N 74%

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 Owen!7? in their investigations of this reaction, treated
tosylated S-acetyl-2-mercaptocyclohexanol with calcium carbonate in
moist dioxane and obtained only #rans-2-mercaptocyclohexyl 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.

Ts N OH 0COCH,
‘ — ()scocua —_—> —
SCOCH; SCOCH; SH
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G. C508-C3;NO-C, 2H-1, 3-OXATHIOLO(5, 4-g | BENZOXA ZOLE (450)

1 2
s 3N
450
(RRI 2316)

Pantlitschko and Benger,356 in studying the constitution of 4-hydroxy-
2H-1, 3-benzoxathiol-2-one prepared by the thiocyanation of resorcinol,
obtajned 5-nitro-4-hydroxy-2H-1, 3-benzoxathjol-2-one on nitration.
Catalytic reduction or hydrogenation with zine and hydrochloric acid
gave the corresponding amino compound which, on heating with formic
acid, gave the N-formy! derivative (451). Heating the N-formyl deriva-
tive at 150° under vacuum gave [2H-1, 3]-oxathiolo([5, 4-g lbenzoxazo}-
7-one (452), melting at 186°.

HNOg, H,S50, 0 Zn, HC1 6

3 2

—_—i _—1 g
H H.

OH

H. C,08-C,0-C4 TE-PYRANO[2, 3-¢]-2H-1, 3-BENZOXATHIOLE

(453)
S
3 :EHz
8
HZZ )
453

Ziegler and Schaar318a reportedthe preparation of 8-benzyl-9-hy~
droxypyrano[2, 3-g}-1, 3-benzoxathiol-2, 7-dione (454}, melting at
236-240° (dec.), in 60% yield from the reaction of bis(2, 4-dichloro-
phenyl) benzylmalonate with 6-hydroxy-2H-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.] 27
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1
s
CgHgCH,CH(CO Cl)y + 0/@;] x
K

e.o:slzuo°, 90 min,

201
CHyCgHs
454
L C;08-C4-Cq
1. Naphth{l, 2-4][1, 3]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 naphthol1, 21, 3]th10xole {Chemical
Abstracts), 2-naphthylene-1-thiolcarbonate, 45! naphtho[1’, 2’ |[1, 3Joxa-
thiole, 165 thiolcarbonate of 2-hydroxynaphthalene, 464 Chemlcal
Abstracts has been using naphthll, 2}{1, 3]Joxathiole. The spiro com-
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]oxath101 2-one (456), prepared it in 85% yield from
the reaction of 3-naphthol with bromine and sodium thiocyanate in ace-
tic acid and treatment of the resulting 1-thiocyano-2-naphthol with zinc
dust or more conveniently by boiling the 1-thiocyano-2-naphthol in

SCN
Br,, AcOH H,S0,, ACOH
OO/ NaSCN, AcOH O OH 1611 15 o1l 15 min
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acetic acid with sulfuric acid for 15 minutes. McClelland and Smiles, 302
in preparing 7-bromonaphtho(1, 2-d][1, 3]Joxathiol-2--one from 6-bromo-
1-thiocyano-2-naphthol, used zinc in acetic acid for ring closure.

Tsukamoto, Hamana, and Baba464 obtained the 2-one in 85% vield from
the reaction of 1-mercapto-2-naphthol with phosgene in alkaline solu-

tion.
cocl, E
aq. NaOH
—~>

Greenwood and Stevensonl65 obtained 35% 2-methyl- and 42% 2, 2-

dimethylnaphth[1, 2-d][1, 3] oxathiole (457) on condensing 1-mercapto-
2-naphthol with acetaldehyde and acetone, respectively, in the presence
of dry hydrogen chloride,

CHy
SH Ecu,
on CH3COCHg
) e, ()
—_—
423

457

:F \;

The chemistry of the spiro derivatives of naphth[1, 2-d][1, 3 Joxathiole
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", 1someric with the original sulione. Hinsberg's "isosulfone”
was shown by Warren and Smiles493 in 1930 to be a sulfinic acid from
the reduction of the spiro|naphthalene-1(2H}, 2’'-naphth{1’,2'-d][1’, 3’ ]
oxathiole] (458) as intermediate.

458
(RRI 5828)

Hinsberg's "dehydrosulione"” was apparently the 2'-one (459} derivative
of the spiro sulfone and his "isosulfone" was the sulfinic acid (460).

[For references, see pp. 289-312. ] 279
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H o
. (s A
o'»““‘x\o’ O
v .._,6-
0“

0Oz D

b OO 90

459 460

xsre(cms _Ne,8

Warren and Smiles493 postulated that the oxidation of bis-1-(2-naph-
thol) sulfide with alkaline ferrmyamde removes two hydrogen atoms to
form spiro[naphthalene-1'(2’-one), 2-naphth(1, 2][1, 3 joxathiole] (461),
The spiro compound on reduction apparently yielded 2-hydroxy-2'-
mercapto-1, 1’ -bis(naphthyl) oxide and subsequent dehydration led to the
formation of dinaphtha-1, 4-oxathiin (462). (See Chapter 11, section
oI M).

O
- 7
A s

462

Lesser and Gad?85 treated bis~1-(3-carboxymethyl-2-naphthol) 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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CO0CH;, COOCH,
1, Ice cold, 20% NaOH
OH 2. Bry, 2-3 hrs,, 0
r. t. .
~ ()
I S
=
X COOCH, COOCH;

463

Stevenson and Smiles 45! prepared spiro[naphthalene-1'(2’-one), 2-
naphth[1, 211, 3]oxathiole] in 30% yield by treating 1-mercapto-2-
naphthol with bromine and reacting the resulting product with 1-bromo-
2-naphthol in carbon tetrachloride followed by treatment with pyridine,

H SBr
OH OH
SO e®
——

Br
w L
1. OO o
§;

0% O

461

The various naphth{1, 2-4][1, 3 Joxathioles which have been reported
are listed in Table 25 and the spiro derivatives in Table 25a.

b. Reactions

Naphth{1, 2-d][1, 3]oxathiol-2-one (456) is easily hydrolyzed on heat-
ing with alkali to give bis-1-(2-naphthol) disulfide;451,464 hydrolysis
with methanolic sodium carbonate gives a mixture of the sulfide and
disulfide of 2-naphthol; 464 it resists hydrolysis by acids,43? On treat-

ment with sodium alcoholate in alcohol, it yields ethyl 2-naphthol-1-
thiolcarbonate, 45t

456 COOC,H,

EtONa, EtOH OO OH
s

[For references, see pp. 289-312. 281
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e H
HGOH, aq. N32C03, A S'Hzo +
X 2

S

= OH

S~ :

Oupéroff-Urné353 prepared the thiolcarbamate from the reaction of
8-hydroxynaphth[l, 2-d][1, 3 Joxathiol-2-one (464) with diethylamine,
using an excess of amine in aqueous medium or in acetone.

ON(CyHg),

S—TO [
(CgHg)oNH_ HO OH
gestiineoull
/
464

Greenwood and Stevensonl65 oxidized 2, 2-dimethylnaphth[l, 2-4][1, 3]
oxathiole to the 1-monoxide by treatment with 30% H,0O, in acetic acid
and to the 1, 1-dioxide by treatment with permanganate 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-
[1, 2-d][1, 3]oxathiol-2~one is useful as an azo dye cumponent and as a
disinfectant.

2. Naphth{2, 1-2][1, 3]oxathiole (465)
07— CHy
e
465
(RRT 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, 1-d ][1, 3Joxathiol-2-one (466), melting at 132°,
from the treatment of 4-chloro-2-mercapto-1-naphthol in toluene with
phosgene.

282



C308 Ring Systems
TABLE 25. Naphth[l, 2][1, 3loxathioles

Yield M.p. B.p.
Substituent %) (°C) (°C) (mm) Ref.
2-{0=) 85 106 451

85 107 464
7-Br-2-(0=) 167 302
4-HO-2-(0=) 199 498, 499
8-HO-2-(0=) 212 353
2-CH,- 35 74 3 165
2,2-(CH4-), 42 136 2.5 165
2, 2-(CHg-), 1-oxide 134 165
2,2-(CH3-), 1, 1-dioxide 155 165

TABLE 25a. Spiro[naphthalene-1(2H), 2'-naphth{1’, 2'-d][1’, 3’}
oxathiolanes|

Yield
Substituent (%) M.p. {°C) Ref.
None 30 155 451
1’, 1'-dioxide 50 245 494
3, 4'-(CH,C00-), 245-246 285
4, 5'—(CH3COO-)2 8 188-189 287

[For references, see pp. 289-312.] 283
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o
OH o
CgHsCHg, 2 N NaOH
SH cocl, | ==
56% P
1 1
466

They called the product 4-chloro-1-naphthol-2-thiclcarbonate; Chemi-
cal Abstracts indexed it under 2-g-naphthothioxolone.

Huisgen, Ktinig, Binsch, and Sturn2332 presumably prepared 2-thio-
naphth (2, 1-d ][1, 3 Joxathiole (466a) by the thermolysis of naphthoquinone
{1, 2)-2-diazide in the presence of carbon disulfide.

4] (o] o~
= N2 1300 ; +
4——-——_} " <—-«-—-——-—.——->
=

Several patents assigned to Bayer37 99 100,365,366 phetween 1954 and
1957 described the preparation of 5-hydroxynaphth(2, 1-d ][, 3 Joxa-
thiole 3, 3-dioxide (467), melting at 268°, from the reaction of 1, 4-naph-
thoquinone with chloromethylsulfinic acid.

2 7
1, Aq, HC1, 50-70° ‘. ~S0;
O‘ + CI1CH,SO0,u 2. Aq. NaOH, 80° | _

O OH
467

The product was described as being useful as a dye intermediate. Ina
1958 British patent to Bayer,372 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-hydroxynaphth-

(2, 1-d ], 3 Joxathiole 3, 3-dioxide (467) and treating this product (467a)
with a potassium dichromate-glucose alkaline solution.
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?*——1 2C1 1. Aq. NaOH, 0° for 10 win.

0, OH 2. NazC0y
OO + 3. 0.5° overnight

OH 0, NH(CHy)30H

g

0, SO,NH(CHy)g0H 1. Aq. NaOH

2, K2Cr20-,
= 3, Glucose
> (1 complex
OH A
467a

On reaction with chloroform in aqueous alkali, the 4-carboxaldehyde
(468), melting at 251°, was obtained; 37,422 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.

? Cl
CH
0, 3

OO 2 aq. NaOH

OH

2,4-HyN(CH380,)CgH308

0
loz NaK chrome salicylate
HCONK
OO 2 Cr complex
CHO
OH

468

The coupling of 5-hydroxynaphth[2, 1-d ][1, 3 Joxathiole 3, 3-dioxide with
various diazo compounds yielded azo derivatives whose chromium com-
plexes were said to be suitable as dyes.

£\ /

OH
469

- 1
z 0, OH 0z
* * ’ N=N
c1
467

t
Ei_; Cr complex

[For references, see pp. 289-312. ] 285
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Muller disclosed in a German patent3312 az0 dyes such as from the
coupling of 467 and tetrazotized bianisidine.

J C308-C308-C,-Cy4 3a, 6a-EPOXYDICYCLOYENTA-p-DITHIANE

SO

47

Asinger, Thiel, Usbeck, Grobe, Grundmann, and Tréinkner18b reported
the preparation of 3a, 6a-epoxydicyclopenta-p-aithiane (470), boiling at
111-114°, 0. 05 mm, n£% = 1. 6086, by the treatment of 2-mercaptocyclo-
pentanone with 2 ¥ HC1 and distilling. On treatment of the epoxy com-~
pound with 2 N HC1 at 70°, they obtained dicyclopenta-p-dithiin (471).

SH 1. 2 NHC1,7 hrs,
room temp.

s
2. Distn,
o sin > o
61%
s
2 N HC1 s
_—>
70°
s

471

K. C508-C30S-C4-Cq 2K, 5aH-4a, 9a-EPOXYTHIANTHRENE (472)

S
ag\ﬁw ' 2eH,
YA
~
s
" 472

472

Asinger, Thiel, and Kaltwasser15 reported the preparation of perhydro-
4a, 9a-epoxythianthrene (473), 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
N 1, dil, HC)
S + NH, C[/>© 2. steam distn.
2
S
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OH
8 s
-0
s s
H
473

Asinger, Thiel, Usbeck, Grtibe, Grundmann, and Trinkner18t reported
the preparation of the perhydroepoxythianthrene (473), melting at
194-196° 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°,

dil, HC1 concd, HC1
qo Alhr,distil Ozﬂga.sm-s CKJO
SH

473

25 %lKMno., AcOH
0,
5
S
G,

475

L. C308-C,-C4-Cg-Cg Spirofcyclohexane-1, 8’ [1H ]Jcyclopenta 7, 8]
perhydrophenanthro[3, 2-4]-[1, 3 Joxathiole ] (4'76)

Hp

476

(RRI 6610)

Djerassi, Gorman, Henry, Markley, and Oldenburg1?5,106 prepared the
spiro [cyclohexane-1, 8’ -cyclopenta [7, 8 Jperhydrophenanthro {3, 2-4 }-
(1, 3 Joxathiolane (477), melting at 161-163°, [o |5 = 65°, from the reac-
tion of cyclohexanone with 23-mercaptocholestan-33-0l in the presence
of anhydrous sodium sulfate and freshly fused zinc chloride.

IFor references, see pp. 289-312.] 287
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Caly7

Nag80y, 2nCly
75%
sl
S
!
477

On desulfurization with Raney nickel in refluxing acetone for five hours,
the spiro compound (477) yielded 64% cyclohexanone, 60% cholestan-33-
ol, and 21% cholestan-3-one.106 The expected A 2-cholestene was not
obtained.
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