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PREFACE 

Within the last 25 years allene chemistry has progressed from intermittent exper¬ 

imental investigations of physical and chemical properties to development of modem 

methodologies that provide synthetically useful applications of the allene function 

to a variety of desirable intermediates and natural products. This veritable explosion 

of allene chemistry is evidenced by weekly reports appearing in the current chemical 

literature. 

The purpose of this book is to describe the synthesis of a variety of functionalized 

allenes and their applications to the preparation of a variety of interesting chemical 

intermediates and natural products. Various synthetic approaches to a particular 

allene are discussed to make available to the chemist the optimal conditions for the 

desired results. Our aim is to demonstrate synthetic uses of allenes in almost all 

areas of organic synthesis with the hope of making the reader aware of alternate 

and sometimes superior avenues for an approach to a target compound. Consequently 

this book is geared for the organic chemist (whether in an industrial or academic 

environment) who is interested in the construction of complex molecules and natural 

products. We feel that this book will be a valuable addition to the chemist’s library. 

To this end we dedicate our efforts. 

The authors wish to thank Rosalie Piegario and Jean McCarthy for efficiently 

typing the manuscript, and Honora Lukas for assistance in the drawing of the 
structures. 

Gary M. Coppola 

Herbert F. Schuster 

East Hanover, New Jersey 

August 1984 

Vll 



' ^ * 
N 

' 



CONTENTS 

Abbreviations xv 

CHAPTER 1 

Allenes: An Introduction 1 

1.1 Historical, 1 

1.2 Structure and Spectra, 2 

1.3 Optical Properties and Chirality, 4 

References, 7 

CHAPTER 2 

Alkyl, Aryl, and Cyclic Allenes 

2.1 Terminal Allenes, 9 

2.1.1 Elimination Reactions, 9 

2.1.2 Addition to Acetylenes, 12 

2.1.3 Reactions of 1,1-Dihalocyclopropanes, 20 

2.2 Internal Allenes, 24 

2.2.1 Allenes from the Addition of Grignard Reagents 

to Acetylenes, 26 

2.2.2 Allenes from the Addition of Organocuprates 

to Acetylenes, 28 

2.2.3 Addition of Organolithium Reagents 

to Vinylacetylenes, 30 

2.2.4 Optically Active Allenes, 31 

2.2.5 Miscellaneous Preparations, 36 

2.3 Cyclic Allenes, 38 

2.3.1 Sixteen-Membered Rings, 39 

2.3.2 Fifteen —» Eleven-Membered Rings, 40 

9 

IX 



X CONTENTS 

2.3.3 Ten-Membered Rings, 41 

2.3.4 Nine-Membered Rings, 43 

2.3.5 Eight-Membered Rings, 44 

2.3.6 Seven-Membered Rings, 47 

2.3.7 Six-Membered Rings, 49 

2.3.8 Bicyclic Allenes, 50 

References, 52 

CHAPTER 3 

Additions to Allene Hydrocarbons 57 

3.1 Hydrogenation, 57 

3.2 Electrophilic Additions, 61 

3.2.1 Addition of Acids, 62 

3.2.2 Addition of Halogen, 64 

3.2.3 Oxymetallation Reactions, 66 

3.2.4 Addition of Boron Electrophiles, 70 

3.2.5 Addition of Carbenes, 73 

3.2.6 Oxidation of Allenes, 76 

3.3 Nucleophilic Additions, 78 

3.4 Miscellaneous Additions, 79 

References, 85 

CHAPTER 4 

Allenes Containing Unsaturated Substituents 89 

4.1 Vinyl Allenes (1,2,4-Trienes), 89 

4.1.1 Synthesis, 89 

4.1.2 Chemical Reactivity, 96 

4.2 Higher Vinylogous Allenes; Allylic Allenes (1,2,5-Trienes), 105 

4.2.1 Hydrocarbons, 105 

4.2.2 Alcohols, 108 

4.3 1,2,6-Trienes, 111 



CONTENTS 

4.4 Acetylenic Allenes, 114 

4.4.1 Conjugated (C=C=C—C=C), 114 

4.4.2 C—C=C—C=C—C—C, 118 

4.4.3 C=C=C—C=C—C=C, 119 
4.4.4 c=C=C-C~C=C 122 

4.5 Diallenes, 125 

References, 128 

CHAPTER 5 

Hydroxy and Oxo-Substituted Allenes 

5.1 Alcohols, 132 

5.1.1 a-Allenic Alcohols, 132 

5.1.2 |3-Allenic Alcohols, 145 

5.1.3 y-Allenic Alcohols, 152 

5.1.4 8-Allenic Alcohols, 152 

5.2 Allenic Aldehydes and Ketones, 153 

5.2.1 a-Oxo-Allenes, 153 

5.2.2 p-Oxo-Allenes, 163 

5.2.3 y-Oxo-Allenes, 172 

References, 174 

CHAPTER 6 

Allenic Acids and Their Derivatives 

6.1 Allenic Acids and Esters, 179 

6.1.1 Allene Carboxylic Acid Derivatives, 179 

6.1.2 Allene Acetic Acids and Esters, 196 

6.2 Allenic Amides, 201 

6.3 Allenic Nitriles, 204 

References, 208 



CONTENTS 

CHAPTER 7 

Hetero-Substituted Allenes 

7.1 Oxygen, 212 

7.1.1 Addition Reactions, 213 

7.1.2 a-Lithiation, 215 

7.1.3 y-Lithiation, 220 

7.1.4 Acetoxyallenes, 224 

7.2 Sulfur (and Selenium), 226 

7.2.1 Allenic Sulfides, 226 

7.2.2 Allenic Sulfoxides, 231 

7.2.3 Allenic Sulfones, 235 

7.2.4 Allenic Sulfinates and Sulfonates, 240 

7.2.5 Anions Derived from Thioallenes, 241 

7.3 Nitrogen, 244 

7.4 Phosphorus, 247 

7.5 Silicon, 252 

7.6 Boron, 259 

7.7 Addenda, 261 

References, 263 

CHAPTER 8 

Haloallenes 

8.1 Fluoroallenes, 268 

8.2 Chloroallenes, 268 

8.2.1 Preparation, 268 

8.2.2 Chemical Reactivity, 270 

8.3 Bromoallenes, 272 

8.3.1 Natural Occurrence, 272 

8.3.2 Preparation and Reactions, 273 

8.4 Iodoallenes, 280 

References, 283 



CONTENTS 

CHAPTER 9 

Cycloaddition Reactions of Allenes 

9.1 Allene-Allene Dimerizations, 286 

9.2 Allene-Ketene Cycloadditions, 291 

9.3 Allene-Olefin Cycloaddition Reactions, 298 

9.4 Allene-Enone Photochemical Cycloadditions, 305 

9.5 Heterocycles by Way of Allene Cycloadditions, 317 

References, 326 

CHAPTER 10 

Miscellaneous Reactions of Allenes 

10.1 Organometallic Allenes, 331 

10.1.1 Lithium, 331 

10.1.2 Silver, 332 

10.1.3 Titanium, 336 

10.2 Claisen Rearrangements, 337 

10.2.1 Oxy-Claisen, 337 

10.2.2 Thio-Claisen, 340 

10.2.3 Amino-Claisen, 343 

References, 343 

Index 



- K >* ** 

> 



ABBREVIATIONS 

Ac Acetyl 

AIBN Azobisisobutyronitrile 

Ar Aryl 

9-BBN 9-Borabicycyclo[3.3.1 ]nonane 

BTA Benzyltriethylammonium chloride 

Cp Cyclopentadiene 

CSI Chlorosulfonyl isocyanate 

DDQ 2,3-Dichloro-5,6-dicyano-l,4-benzoquinone 
DIB AH Diisobutylaluminum hydride 

DMAP 4-Dimethylaminopyridine 

DME Dimethoxyethane 
DMF N,N-dimethylformamide 
DMSO Dimethyl sulfoxide 

DPIBF 1,3-Diphenylisobenzofuran 

ee Enantiomeric excess 

HMPA Hexamethylphosphoramide 

FDA Lithium diisopropylamide 

FDCA Lithium dicyclohexylamide 

FTMP Lithium 2,2,6,6-tetramethylpiperidide 

MCPBA m-Chloroperoxybenzoic acid 

MSA Methanesulfonic acid 

NBS N-bromosuccinimide 

PCC Pyridinium chlorochromate 

PNPBA p-Nitroperoxybenzoic acid 

PPA Polyphosphoric acid 

PTSA p-Toluenesulfonic acid 

PTSH p-Toluenesulfonyl hydrazide 

Py Pyridine 

TBS r-Butyldimethylsilyl 

TBTH Tri-ft-butyltin hydride 

TCNE Tetracyanoethylene 

TEA Triethylamine 

THF Tetrahydrofuran 

THP 2-Tetrahydropyran 

TMEDA N ,N ,N' ,N' -tetramethylethylenediamine 

TMS Trimethylsilyl 

Ts /?-Toluenesulfonyl (Tosyl) 



XVI ABBREVIATIONS 

Throughout this book the empirical formula for straight chain alkyl substituents is 

written without the n preceeding. For example, «-butyllithium is C4H9Li. All other 

branched alkyl groups have the corresponding letter included (/, t, s, etc.). 

V, 



— ALLENES IN — 
ORGANIC SYNTHESIS 





CHAPTER ONE 

ALLENES: 
AN INTRODUCTION 

1.1. HISTORICAL 

Allenes comprise that class of compounds characterized by a 1,2-diene grouping. 

In 1887 Burton and Pechmann1 prepared the first allenic acid, but it was not until 

1954 that Jones confirmed its structure.2 As a result of the mistaken belief that such 

a cumulated system would be unstable, allenes were mostly regarded as chemical 

curiosities. This, as well as insufficient methodology available for their syntheses, 

hindered the growth of allene chemistry. 

CH. 

1 

The first naturally occurring allene, pyrethrolone (1), was isolated by Staudinger 

and Ruzicka3 in 1924. It was not until 1952 that a second naturally occurring allene, 

mycomycin (2), was isolated and characterized.4 Subsequently, nearly 20 allenic 

metabolites were found in the Basidomycete fungi.5 Allenes have also been found 

in higher organisms such as brown algae6 and the seed oil of the Chinese tallow 

tree.7 Most recently, several interesting haloallenes have been isolated and char¬ 

acterized from the red alga Laurencia okamurai Yamada.8 

At present allenic compounds are being synthesized and chemically transformed 

HCSC —CSC - CH=C=CH-CH = CH-CH=CH -CH C00H 

2 

1 



2 ALLENES: AN INTRODUCTION 

in a wide variety of ways. The strange and curious have become the familiar and 

useful. 

1.2. STRUCTURE AND SPECTRA 

This section briefly summarizes the spectral properties associated with the allenic 

structure to familiarize the reader with their intrinsic characteristics. An extremely 

thorough review presenting detailed physical properties of allenes has recently been 

published9 and is an excellent source for additional information. Selected excerpts 

from that review are blended into this section. 
A TT-bond, as in olefins, results from the overlapping of the two parallel p- 

orbitals of each sp2-hybridized carbon atom of the alkene. In the case of the cu¬ 

mulated 1,2-diene system, the central carbon is now sp-hybridized with two sets 

of orthogonal p-orbitals available for bonding with the remaining p-orbitals of the 

two terminal sp2-carbon atoms of the diene. For maximum overlap to occur between 

these p-orbitals, the resulting ir-bonds must be orthogonal to each other, as shown 

in Figure 1. Since the a and b groups attached to the trigonal carbon lie in a plane 

at right angles to the plane of the adjacent TT-bond, their planes are also orthogonal 

to each other.10 Hence there is a lack of conjugation owing to this perpendicular 

orientation of the -rr-bonded electrons in the two double bonds. The allene bond 

acts as a insulator between conjugated systems. However, each double bond of the 

allene portion will conjugate with a 7r-system directly attached to it. The correlation 

of the ultraviolet absorption of mycomycin (2) and some model compounds with 

this theory has been demonstrated.4 

For the identification of allenes, the infrared spectrum is most useful. There are 

two significant bands; the first at 1950-1960 cm-1 is due to an antisymmetrical 

stretching vibration, whereas the second at 850 cm-1 is a result of the torsional 

motion of the allenic terminal methylene.11 The absence of the second band is good 

evidence for the lack of a terminal allene group. The examination of the infrared 

spectra of 58 allenic compounds provides the following useful correlations11: 

1. The asymmetric stretch at 1950 cm-1 appears as a doublet when the allene 

group is terminal and substituted with an electron-withdrawing group, such 

as an ester, amide, or ketone. 

2. The intensity of this absorption band decreases with increasing substitution 

of the allene with electronically similar groups and is not greatly affected 

by groups with different electronic substituents. 

Figure 1. Orthogonal bonding of allene orbitals. 
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3. The substitution of fluorine atoms for hydrogen in allenes shifts the asym¬ 

metric stretch to longer wavelengths.12 

Proton magnetic resonance spectroscopy ('H-nmr) is very useful for establishing 

the presence of an allene as well as providing information on the substituents attached 

to the' allene. The chemical shifts of some alkylated allenes are shown in Table 

1.1.13 
When an allene is substituted by a halogen atom, an upfield shift occurs both 

in the proton on the same carbon atom as the halogen and in the proton at the other 

terminal position.14 A phenyl ring results in a downfield shift of the proton on the 

same allene carbon atom as the phenyl ring.15 The allenic protons of cyclic allenes 

are shifted slightly downfield from those of the acyclic systems.16 

Carbon-13 nuclear magnetic resonance spectroscopy (13C-nmr) provides an ex¬ 

cellent method for the structural analysis of allenes. In general, for allenes bonded 

to a nonfunctionalized carbon, the central sp-hybridized carbon is found at extremely 

low field, in the range of 201-220 ppm.17 Table 1.2 illustrates typical shifts for a 

variety of substituted allenes. 

Most recently, an empirical method for the calculation of carbon-13 chemical 

shifts of allene carbons has been developed.19 Using a multiple linear regression 

Table 1.1. ‘H-NMR Chemical-Shift Data for Simple Allenes" 

H CH_ 
\ / 3 

a C=C = C 
/ \ 

H Hb 

c d 
H CH CH_ 
\ / 2 3 

a C =C —C 
/ \ 

H H 
b 

I II 

H ChL 
\ / 3 

a Crr CrrC c 
/ \ 

H CH3 
/ 

H 
/ a 

C=C 
\ 

H 
a 

CH 

c 
3 

III IV 

Compound 

Chemical Shifts, 8 (ppm) 

(TMS Standard) 
Jhh (Hz) 
(4-bond) 

Jh,CH3 

(5-bond) a b c d 

I (1,2-Butadiene) 4.49 4.94 1.58 — 6.67 3.47 

II (1,2-Pentadiene) 4.54 5.03 1.95 0.99 — — 

III (3-Methyl-1,2-butadiene) 4.40 — 1.62 — — 3.15 

IV (2,3-Pentadiene) 4.89 — 1.56 — 6.35 3.20 

"Reprinted from Reference 13 with permission from John Wiley & Sons. 
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Table 1.2. 13C-NMR Shifts of Substituted Allens'1 * 

/a 3 Y\ 

R2 R4 

Substituents 

Chemical Shifts 

(TMS Standard) 

R, R 2 R3 r4 Ca C(3 Cy 

H H H H 74.8 213.5 74.8 
ch3 H H H 84.4 210.4 74.1 

H H ch3 ch3 72.1 207.3 93.4 
ch3 ch3 ch3 ch3 92.6 200.2 92.6 
c2h5 H H H 91.7 208.9 75.3 
sch3 H H H 90.0 206.1 81.3 
och3 H H H 123.1 202.0 90.3 
c6h5 H H H 94.5 210.3 78.7 
Br H H H 72.7 207.6 83.8 

COOH H H H 88.1 217.7 80.0 
CN H H H 80.5 218.7 67.2 

ch2sch3 H H H 88.6 210.5 76.1 
H H ch3 sch3 80.1 203.6 99.9 
H H /-c3h7 sc2h5 80.8 201.9 110.0 

c6h5 QH5 c6h5 c6h5 113.6 209.5 113.6 

"See Reference 18. 

'Reprinted from Reference 18 with permission from John Wiley & Sons, Inc. 

computer program (Algol-60), a set of substituent parameters was calculated for a 
number of most commonly occurring groups. 

1.3. OPTICAL PROPERTIES AND CHIRALITY 

As early as 1875 van’t Hoff predicted that unsymmetrically substituted allenes 

should exist in two enantiomeric forms.20 This has been confirmed by resolution 

of an allenic acid with a variety of alkaloids,21 by synthesis with dissymmetric 

catalysts22 23 and reagents,24,25 and by use of reactions of active compounds con¬ 
taining asymmetric atoms.26-29 

Asymmetric allenes contain no element of symmetry and can be represented in 
general by three cases30: 

1. The ends of the allenic group bear three or four different types of achiral 
substituents as in 3 and 4. 
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\ 
C-C = C 

/ V 

a 
\ 

/ 
b 

3 4 

2. The allene possesses a chiral substituent as in 5. 

H 
\ 

c = c= 

5 

3. The allene contains two chiral substituents as in 6 or 7. 

a 
a 

6 7 

Allenes containing a C2 proper axis of rotation are defined as “dissymmetric” and 

occur when30: 

1. Both ends of the allene group bear two different achiral groups, 8. 

2. The substitution on different carbons of the allene is by two configurationally 

and structurally identical groups, each containing one or more chiral cen¬ 

ters, 9. 

a 
> 

c = c=c 
/ V 

b b 

H H 

c = c = c 

avc/ V J\ «Ah 
b b 

8 
9 

Both asymmetric and dissymmetric allenes can exist in two enantiomeric forms. 

The configurational symbol for each enantiomer is assigned on the basis of the 

Cahn, Ingold, and Prelog31 nomenclature. Consider, for example, allene 10. If 
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HOOC H 

c= c=c 

C4H9 CH3 

10 10a 

viewed from the end of the molecule with a rotation of 90° about its longitudinal 

axis, projection 10a results. The substituents located on the vertical axis take 

precedence over groups on the horizontal axis, with the order of precedence being 

CH3 > H > COOH > C4H9 

Therefore, owing to the counterclockwise direction, allene 10 is assigned the (S)- 

configuration.30 

Compounds containing asymmetric carbon atoms are known as “centroasym- 

metric or centrodissymmetric.”30 The determination of the absolute configuration 

of chiral allenes involves chemical correlations of the centrodissymmetric molecules 

of known configuration. For example, the stereospecific synthesis of (R)-( + )-l- 

chloro-3,4,4-trimethylpenta-1,2-diene (13) is correlated with (S)-( + )-3-hydroxy- 

3,4,4-trimethylpent-l-yne (11) through a cyclic SNi mechanism 12.26,33,34 

CH 

4^11 
3 

tiiM.I'UuCOOH 

H 

HO C = CH 

ch3X N1-ci,H9 

soc 

0 
W 
s —C1 

A V* 
V ,v'C=CH 

c*V 

CH3X X t-CkHs 

CH, 
3, Cl 
\ / 
C- c—c 

✓ \ 
1-C^Hg H 

11 12 13 

HC SC, .OH 

ct 
ch3/Vh 

UC^CHO 
HC = C 0 

V 
CH^ H 

14 

CHi_C3H7 CH, C = CH 
3 \ r 

yC, CH. 
/ / 3 
H 0-CH = C 

\ 

CH3 

15 

CH 
3 
\ 

C=C = C' 
/ V 

H H 

CH0 
I 

/<CH3>2 

16 
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Another configurational correlation developed by Jones27 is based on knowledge of 

the stereochemistry involving the transformation of a centrodissymmetric compound 

into an asymmetric chiral allene. This is illustrated by the stereospecific Claisen- 

type rearrangement of the enol ether 15, derived from acetal 14. If the acetal is 

dextrorotatory, then the allene 16 must be the (R)-( —) configuration. 

The assignment of absolute configuration to allenic compounds can be accom¬ 

plished by chemically transforming the allene, through stereospecific reactions, into 

derivatives, whose absolute configuration can easily be determined.35,36 The Lowe- 

Brewster rule37,38 relates the absolute configuration of a chiral allene to the sign of 

its rotatory power at the sodium D-line. The rule states that if the most polarizable 

substituent of a chiral allene is placed uppermost on the vertical axis of projection 

17 and the more polarizable of the two rear substituents on the horizontal axis is 

to the right, a clockwise screw pattern of polarizability will be obtained and the 

enantiomer will be dextrorotatory; if the more polarizable of the two rear substituents 

is on the left side, the allene will be levorotatory. 

A 

Y MIIMII^Iimill X 

B 

17 

The rule is useful in predicting the absolute configuration of many chiral synthetic 

and “natural” allenes; however, (+ )-l ,2-cyclononadiene does not conform because 

the phase relationships between the induced dipoles along each C—C bond are 

such that the Aj —» B2 allene transition has an overall positive rotational strength.39 

One highly successful determination of absolute configuration by physical meth¬ 

ods is accomplished by observing the ultraviolet and circular dichroism spectra of 

an allene and applying the coupled-oscillator method.40 Recently a sector rule for 

the absolute configuration of chiral allenes has been developed39 from circular 

dichroism data of some chiral allenes with established configuration and the static 

and dynamic coupling theory of optical activity. The stereochemical configuration 

is predicted on the basis of the Cotton effect associated with the lowest energy 

absorption band of the allenic chromophore (220-250 nm). 
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CHAPTER TWO 

ALKYL, ARYL, 
AND CYCLIC ALLENES 

Allenic hydrocarbons serve as extremely useful precursors in the synthetic endeavors 

of the organic chemist. Allenes and their unique chemistry have been successfully 

applied to the preparation of pharmaceuticals, dyes, and elastomers as well as highly 

complex and strained molecules synthesized specifically for the investigation of 

their physical properties and reactivities. Appropriately substituted allenes which 

contain no element of symmetry are asymmetric. Reactions using these optically 

active substrates usually result in the transfer of chirality to the respective products 

and are therefore desirable in transformations leading to natural products. 

Various examples of reactions using these starting materials are presented in 

subsequent portions of the book. Therefore, this chapter is devoted to the methods 

most amenable to the preferential, if not exclusive, formation of alkyl, aryl, or 

cyclic allenes over their acetylenic isomers. Several of the earlier examples are 

presented to keep the allene chemistry in perspective with the more modern meth¬ 

odologies and to demonstrate how their syntheses have progressed from those 

accepting virtually inseparable isomeric mixtures to elegantly orchestrated molecular 

manipulations generating pure allenes in reasonable yield. Several excellent reviews 

containing more detailed presentations including the historical aspects of the de¬ 

velopment of allenes and their chemistry are listed at the end of this chapter. 

2.1. TERMINAL ALLENES 

2.1.1. Elimination Reactions 

In considering the allene structure, a reasonable approach for the construction of 

the propadiene framework would be the elimination of HX from a suitably substi¬ 

tuted alkene as shown in equation (1). Classically, transformations such as these 

have been performed by base-induced dehydrohalogenation of appropriate haloal- 

kenes. The initial step of the reaction requires that the proton a to the leaving group 

be removed, therefore vinyl halides are more conducive to allene formation than 

9 
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are the corresponding allylic halides (where vinylic deprotonation occurs less read¬ 

ily). 
Since the reaction requires the use of a strong base (usually in excess), the 

method suffers from competing side reactions which render the allenic product 

severely contaminated and in relatively low yield. As shown in equation (2) the 

contaminant is usually an acetylene. Its formation can also be rationalized by the 

base-promoted elimination of HX initiated by terminal vinylic deprotonation. An¬ 

other source of the acetylene may be attributed to the base-catalyzed isomerization 

of the allene after its formation.1112 Usually the allene and the isomeric acetylene 

have similar boiling ranges and are extremely difficult to separate by distillation. 

However, the acetylene may be removed from the mixture by extraction with 

aqueous silver nitrate.13 

Fluoride ion may also be used as a promoting base for the elimination of halogen 

from a vinyl halide such as 1, and the resulting p-nitrophenylallene (2) is isolated 

in excellent yield.14 

1 2 

A generally reliable method for the preparation of allenes is the reductive elim¬ 

ination of two vicinal halogen atoms from a 1,3-dibromoalkene with zinc (equation 

4).15,16 An important feature of the reaction is that the position of the olefin remains 

intact, however, a possible drawback of the method is the multistep sequence 

required to prepare the necessary dibromoalkene. 

R 
Zn / 

R - C2H5, C3H7, /-C3H7,vC4H9, 1-C4H9 
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The fragmentation of 2-chloroalkyl-2-enylphosphonic acids in the presence of 

sodium hydroxide (equation 5) affords 1,2-alkadienes in moderate yields.17 

R = C3H7, C5H„, C7H15 

(5) 

Elimination reactions involving the O-trifluoroacetyl (triflate) group are also 

suitable for the preparation of allenes, and, as shown in equation (6), the conversion 

can be realized by heating a vinyl triflate in quinoline at 100°C.18 The only limitation 

is that Rj or R2 cannot be H because elimination of triflate from an alkene containing 

a vinyl proton produces the isomeric acetylene as the major product. 

R 
2 

H 
OCOCF. 

CH. 

quino 1ine 

100' 

R. 

R, 

X 
( 

/ 
C —C=CH. (6) 

R, R2 Yield (%) 

CH3 CH3 70 

C2H5 CH3 85 

With the advent of lithium dialkylamides elimination reactions can be performed 

at much lower temperatures and with stoichiometric proportions of the base. Re¬ 

cently Posner19 described a method for terminal allene formation by way of sulfoxide 

elimination from 2-alkenyl aryl sulfoxides. Treatment of sulfoxide 3 with LTMP 

at — 100°C affords the steroidal allene 4 in 60% yield; none of the corresponding 

acetylene is formed. 

3 4 

Chan20’21 has taken advantage of the high affinity of the silicon and fluorine atom 

for each other to promote elimination of X from the vinylsilane illustrated in equation 
(8). The order of reactivity of the fluoride salt is R4N+F“(R = alkyl) > CsF > KF, 



12 ALKYL, ARYL, AND CYCLIC ALLENES 

which may be a function of their solubilities in organic solvents. The rate of 

elimination is also governed by the nature of the silyl group. Allene formation is 

five times faster with a triphenylsilyl alkene than with the corresponding trimeth- 

ylsilyl derivative. Additionally, the leaving group X exerts some influence on the 

rate of reaction as evidenced by the faster elimination of chlorine in comparison to 

a triflate group. Allenes prepared by this route are usually isolated in moderate 

yield, but in the case of phenylallene the conversion is quantitative. 

2.1.2. Addition to Acetylenes 

Propargylic rearrangement reactions have been a valuable asset in gaining entry 

into the propadiene system. One such transformation is a displacement reaction 

which can generally be categorized as an SN2' reaction and is depicted in equation 

(9). In the presence of a strong base, such as an organometallic, the reaction can 

also proceed through a carbenoid species generated by a elimination. The reaction 

may be complicated by a competing direct substitution of the propargylic substrate 

by way of an SN2 pathway (equation 10) which ultimately results in the formation 

of mixtures containing both allenic and acetylenic products. The nature of X requires 

that it must function as a suitable leaving group, and generally a halogen, hydroxyl, 

acetate, or tosylate is employed. The nucleophile Y may be represented by a hydride 

or organometallic species. 

Y'\ 

x 

Y ^ — 

5= 

— R (10) 

In reactions where a hydride source is employed (usually lithium aluminum 

hydride), allenes can be generated from either primary, secondary, or tertiary pro- 

pargyl halides. 3-Methyl-1,2-butadiene (6) is formed in high yield, with only traces 
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of acetylenic contamination, by the treatment of 3-chloro-3-methyl-l-butyne (5) 

with LiAlH4.22’23 The method, although fairly general, is limited by the inherent 
instability of tertiary acetylenic halides. This is demonstrated in the conversion of 

1-ethynylcyclohexanol (7) to pentamethylene allene (9) where the low yield is a 
direct result of the preparation of 8.22 

CH_ 
I 3 

C 1 -C-C = CH 
1 
CH 

LiAlH, 

85% 

CH. 

CH 

NC=C = CH0 

3 

(11) 

15% yield(2 steps) 

Secondary propargyl bromides are readily converted to monosubstituted allenes 

(equation 13). Early investigators24 used ether as the medium for their reactions, 

and conversions could only be described as moderate with products being contam¬ 

inated to the extent of 10% with the corresponding 1-alkyne. However, if a higher¬ 

boiling ether such as triethyleneglycol dimethyl ether is used as the solvent, the 

allene can be distilled directly from the reaction mixture in yields exceeding 95%.25 

Br 

RCHC=CH LlAlH4 s, RCH=C=CH2 (13) 

R= CH3, C2H5, T~C3H7 

Primary propargyl bromides are unsatisfactory in this type of transformation 

because the allene is usually produced as the minor component of the reaction 

mixture, the major portion of which is the corresponding 2-alkyne.24 

An alternate method for the conversion of 3-haloalkynes to allenes is that orig¬ 

inally pioneered by Ginsburg26 27 which employs zinc-copper couple in ethanol. 

Mechanistically, the reaction presumably proceeds through an organozinc inter¬ 

mediate (equation 14) which is subsequently protonated by the solvent. The method 

has the advantage of producing allenes contaminated with only very minor quantities 

of acetylenes.24,28,29 
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X 
I 

RCHC = CH 
Zn/Cu^ 

ZnX 
I 

RCHC—CB * rch = c = ch2 (14) 

X R Yield (%) 

Cl C3H7 71 

Br C4H9 77 

Crabbe and co-workers30 have used a somewhat similar approach to prepare the 

allenyl steroid 11 which serves as a useful precursor to the pregnane and cortico¬ 

steroids. When 10 is refluxed in diglyme in the presence of zinc dust, the reduction 

is accompanied by rearrangement and elimination to give 11 in 86% yield. 

10 

11 

(15) 

Propargyl bromide is susceptible to 1,3-substitution by the nucleophilic attack 

of a Grignard reagent as shown in equation (16). When one equivalent of n- 

octylmagnesium bromide is allowed to react with propargyl bromide at — 40°C in 

ether, 1,2-undecadiene is isolated in 90% yield.31 The high yield and stoichiometry 

of the reactants favors an SN2' mechanism over a pathway involving a carbenoid 

intermediate (where two equivalents of the alkylmagnesium halide are required). 

c8H 1 7 
M g B r 

RMgBr 

srr 
B r 

A 

C 8H 1 7 
(16) 

The method can also be extended to include propargylic ethers (equation 17). 

In general, the ether function is less suitable as a leaving group, and higher reaction 

temperatures (>100°) and longer times are required to effect the conversion. How¬ 

ever, the addition of a catalytic amount of cuprous bromide (10 mole %) accelerates 

the reaction and allows the conversion to proceed at room temperature within a 

one- to two-hour period.32 The addition of cuprous bromide to the Grignard reagent 

presumably leads to the formation of an organocuprate species which is the active 
participant in the reaction.33 
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EEC R 1 

R, 

R 2 Mg B r / 
C H „ = C —C 

^ \ 
R 

Yield (%) 

CuBr 

r2 

H C7Hi5 70 

H c8hI7 78 

H /-C5Hi i 80 

H c6h5 65 

ch3 C,H„ 81 

ch3 c8H17 84 

ch3 c6h5 82 

CsHn c2h5 70 

The tendency of organocuprates to initiate SN2' reactions in propargylic com¬ 

pounds is remarkably high. When the cuprate is prepared from at least equimolar 

quantities of cuprous bromide and an organomagnesium halide, reaction with a 

propargylic substrate (e.g., tosylate) affords allenes (equation 18) in 80-90% yield 

with less than 5% acetylenic contamination. However, when the CuBr/RMgX ratio 

is decreased, the amount of the acetylenic component increases.34 

TsOCH2C=CH iRCV.gr.:_M?Br]> CH=C=CHR 08) 

R= C^Hj., 1-naphthyl, 2-thienyl 

Copper(I) methyltrialkylborates (12) induce 1,3-substitution in propargylic hal¬ 

ides and afford 1,2-alkadienes 13 by the transfer of an alkyl function from the boron 

atom to the allene framework. A competing transfer of the methyl group attached 

to the boron produces significant quantities of the methyl-substituted allene 14 at 

the expense of the desired product 13. The reported yields of the reaction range 

from 31 to 59%.35 

XCH2C = CR 
[R1 BCHjCu 

2 l 
/ 

CH_ 
/ 3 

CH0~C —C + CH0— C-C 
2 \ 2 \ 

R R 

(19) 

12 13 14 

X= Cl, Br 

R= H, C6H5 

R' C5H11’ C8H17’ C^H9 
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Since the organocuprate methodology is primarily used in the synthesis of internal 

allenes, the mechanistic implications as well as the effect of the organocuprate 

species and leaving group on the ultimate yield of the allenes are discussed in the 

internal allene section of this chapter. 
A convenient route to terminal allenes, developed by Sato and co-workers,36 

involves a hydroalumination of a 1-olefin followed by treatment with propargyl 

bromide in the presence of a catalytic amount of cuprous chloride (equation 20). 

Since many 1-alkenes are readily available, this reaction offers an attractive method 

for the simple preparation of a wide variety of terminal allenes. It should be noted 

that the allenes are virtually free of all by-products and their purity usually exceeds 

99%. 

LIA1H, HC=CCH Br 

CH„—CHR -Li A1 (CH CH R) , ---> K (20) 
TiC1 ^ H CuC1 

R Yield (%) 

H 88 

C3H7 76 

C4H9 80 

This method possesses an additional advantage in that a second site of unsatu¬ 

ration in the olefinic starting material remains unaffected by the hydroalumination 

step, and therefore a propadiene with an isolated double bond can be synthesized 

as illustrated by the two examples in equations (21) and (22). The only requirement 

is that the additional olefinic site cannot be monosubstituted. 

Propargyltrimethylsilanes, upon electrophilic attack of H + , furnish terminal al¬ 

lenes (equation 23) by way of a cationic transition state. The silanes remain intact 

under mildly acidic conditions (glacial acetic acid) and require the stronger trifluo- 

roacetic acid for a smooth conversion to the allene.37 When the analogous reaction 

is performed under basic conditions (sodium ethoxide), a mixture of 2-nonyne and 
1,2-nonadiene is formed in a ratio of 1.5:1. 
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1 
Si(ch3)3 

R si (ch3)3 -> RCH = C—CH, 
60% 

(23) 

'R= C6H13 

Olefin-acetylene cyclizations that contain a tosylate initiator and a propargyl- 

silane function as a terminator group lead to exocyclic allenes. The presence of a 

trimethylsilyl group directs cyclization toward five-membered ring formation by (3 

stabilization of the intermediate 15, which then fragments to the allenic structure.38 

Solvolysis of tosylate 15 proceeds, in this case with acetic acid, and affords allene 

17 as the only cyclic product. 

Johnson,39 in a truly amazing reaction, has applied this methodology in a spec¬ 

tacular one-step polyene cyclization of the propargyl silane 18. Treatment of 18 
with trifluoroacetic acid at — 35°C results in the isolation of the steroidal type allene 

19 in 58% yield where the only impurity is a small amount of the cis C/D ring 

fusion. 

Anionotropic rearrangements, where the leaving group is induced to migrate by 

a negatively charged species in close proximity or directly attached to an acetylene, 

generally do not lend themselves to the preparation of alkyl allenes in a high state 

of purity. However, rearrangements involving alkynylboranes do produce terminal 

allenes in excellent yields and almost free of acetylenes. 
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The addition of a trialkylborane to the lithio derivative of propargyl chloride 

(equation 26) results in the initial formation of an ate complex 20. Spontaneous 

rearrangement and alkyl group migration generates the boron-substituted allene 21, 

which upon protonation with acetic acid furnishes the desired allene in 73-77% 

yield.40 

R3B 
L i C =CCH2C 1 --- 

rch = c=ch2 
ChLCOOH 

R 

20 

1 
R 
\ 

C=C = CH 
/ 

R-B 
\ 

R 

(26) 

21 

Alternately, the hydroboration of l-chloro-2-alkynes with either disiamylborane 

or dicyclohexylborane furnishes the unsaturated chloroorganoborane 22 which, upon 

treatment with aqueous sodium hydroxide, undergoes a [3-elimination to give the 

monosubstituted allene in high yields (equation 27).41 

R' BH 
RC = CCH2C1 ---> 

22 

(27) 

RCH-C—CH2 

In rearrangements of the acetylenic system, the prototropic rearrangement is the 

least favorable for the preparation of alkyl allenes. The basic conditions required 

for the allene formation also promote further isomerization leading to a 2-alkyne 

or regeneration of the starting 1-alkyne.42 This process, however, is more applicable 
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Table 2.1. Terminal Allenes Prepared from Boron-Substituted Alkynes (Method A, 
Equation 26) or Alkenes (Method B, Equation 27)fl 

H 
\ 

C— C —CH_ 
/ 2 

R 

R Method Yield, % Reference 

C4H9 B 64 (83) 41 

t—C4H9 B 65 (92) 41 

C6Hl3 A 73 40 

C2H5-CH-C3H7 A 74 40 

A 75 40 

Cr 
% 

A 76 40 

- CH a ! A 

B 

77 

72 (93) 

40 

41 

CeH5 B 73 (91) 41 

“The table lists isolated yields. Those in parenthesis denote the actual yields of the reaction as determined 

by glpc analysis. 

for the preparation of arylallenes. The novel o-dipropadienylbenzene (24) and 2,3- 

dipropadienylnaphthalene (26) are readily obtained by the isomerizations of 23 and 

25 with potassium f-butoxide in ether at — 78°C.43 

25 26 
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2.1.3. Reactions of 1,1-Dihalocyclopropanes 

Dihalocarbenes react with alkenes to give 1,1-dihalocyclopropanes by way of in¬ 

sertion into the double bond. Doering and LaFlame44 first investigated the action 

of sodium and magnesium on such systems and found that allenes are generated in 

varying yields. Other researchers have successfully employed zinc,45 chromium(II) 

chloride (Hiyama’s reagent),46 copper (O)-isonitrile complex,47 sodium triethylbo- 

rohydride,48 Grignard reagents,49 phenyllithium,50 and alkyllithium reagents51 to 

effect the conversion. In general, 1,1-dibromocyclopropanes are preferred over the 

corresponding dichloro analogs51 with best results being obtained if ft-butyllithium 

or methyliithium is employed as the base (equation 30). An overwhelming advantage 

of this method over the others previously mentioned is the complete absence of 

acetylenic by-products. A variety of terminal allenes prepared by these methods 

are listed in Table 2.2. 

Table 2.2. Terminal Allenes Prepared from 1,1-Dibromocyclopropanes 

Rl Nv)/\^Br 

R2 Br 

Rl R2 

\ 
v r — C^CH2 

Yield, % Reference 

R2 

Reagent 

ch3 H CH 3Li 92 52 

ch3 ch3 Na[(C2H5) 3 BH] 42 48 

C3H7 H Mg 62 44 

Na 64 44,45 

_t- C 4 H 9 H Cu(0) (C6HnNC)n 58 47 

C6H 1 3 H Na 87 45 

Zn 61 45 

Cu(0) (CgHuNCJn 50 47 

C 1 0 H 2 1 H C 2H 5MgBr 44 49 

O- H Mg 30 53 

c6h5 H CrCl 2 62 46 

CH 3Li 82 51 

C6H 5 C6H5 CH 3Li 43 51 
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:CBr2 

rch=ch2 - 

C H 3 L i 

-> rch=c~ch2 (30) 

Okamura,54 in his studies on vitamin D (calciferol) and its analogs, successfully 

employed this methodology to synthesize its C/D ring fragment (equation 31) which 

ingeniously contains the allene moiety in the proper position for further elaboration 

to the desired products. 

« 

ii 

A generally accepted mechanism for this type of transformation (equation 32) 

involves the initial formation of an a-bromolithium intermediate (by metal-halogen 

exchange) which subsequently eliminates lithium bromide to generate a carbene. 

Rupture of the cyclopropane ring gives rise to the allenic structure.55 

In cases where the dibromocyclopropane is sterically crowded as in 27, both 1- 

f-butyl-l-methylallene (28) and 1-r-butylbicyclo [1.1 .Olbutane (29) are formed in 

a combined yield of 70% (3:2 ratio).56 

29 
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The formation of the bicyclobutane can be rationalized by the steric repulsion 

exerted on the geminal methyl and t-butyl groups, which may widen the angle 

between the two. This would force the CH from the methyl group into a favorable 

orientation for insertion of the carbene. This mechanism is somewhat supported by 

an analogous reaction with the 2-methyl-2-neopentylcyclopropane which gives only 

10-20% of the bicyclobutane system. Further reduction in the size of the groups 

(e.g., 2,2-diethyl) results only in allene formation. 

Another cyclopropane system suitably functionalized to favor carbene insertion 

reactions is the ether 30. When this is treated with methyllithium at - 30 to - 32°C, 

the major volatile product isolated from the reaction mixture is the 3-oxabicy- 

clo[3.1.0]hexane (32), which is formed from insertion into the CH bond a to the 

oxygen (the allene 31 only represents 5% of the mixture). Higher reaction tem¬ 

peratures (25-35°) still favor 32 (48%), but now larger quantities of the allene 31 
are produced (32%).57 

32 

Dibromocyclopropanes that have an isolated olefinic site attached to the 2- 

position (e.g., 33) produce allenes of type 34 upon reaction with methyllithium 

at — 78°C. When n — 1, 1,2,5-hexatriene is the only product isolated (46% yield), 

however, as the number of carbons between the cyclopropane ring and olefin 

increases, the positioning of the double bond becomes more favorable for the 

insertion of the carbene into the alkene. When n — 2 (the optimum distance), 

an 85% yield of a mixture of 1,2,6-heptatriene (34, n = 2) and tricy- 

clo[4.1.0.0]heptane (35) (52:48 ratio) is produced. The ratio of allene can be 

increased to 84:16 by performing the reaction at 0°C. Extending the carbon linkage 

to three methylene units, reaction at —78° provides an 85% yield of a mixture of 

1,2,7-octatriene (34, n = 3) and tricyclo[5. E0.0]octane (36) in a ratio of 90:10, 

and finally, when n = 4, only 1,2,8-nonatriene (34, n — 4) is isolated in 80% 
yield.58,59 
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35 36 

Scheme 1 

Bisdibromocyclopropylalkanes (37) are converted in good yields to the diallenic 

systems 38. When n = 3 or 4, the only products isolated are 1,2,7,8-nonatetraene 

(83%) and 1,2,8,9-decatetraene (86%). Reducing the alkane bridge to two meth¬ 

ylene units places the intermediate carbene 39 in a position to insert into the more 

substituted double bond on the preformed allene and results in the formation of a 

mixture of 1,2,6,7-octatetraene (38, n - 2) and 5-methylenebicyclo [4.1.0.0] hep¬ 

tane (40) in a ratio of 68:2858 (71% total yield). 

39 

Scheme 2 

40 



24 ALKYL, ARYL, AND CYCLIC ALLENES 

2.2. INTERNAL ALLENES 

Allenes that bear substituents in both the 1 and 3 positions serve as useful inter¬ 

mediates in organic synthesis. This nature of substitution, in addition to the or¬ 

thogonality of the cumulated double bonds of the propadiene framework enables 

the molecule to exist in two possible enantiomeric configurations. The enrichment 

or asymmetric synthesis of either antipode furnishes intermediates with potential 

for the preparation of chiral molecules. 
In the previous discussion on the preparation of terminal allenes, it was shown 

that the primary by-product of many of the reactions is an isomeric acetylene. 

Various reactions producing internal allenes, in addition to forming acetylenic im¬ 

purities, may be further complicated by prototropic rearrangement of the allene to 

a 1,3-diene system.60 In general, the methods discussed previously are not reex¬ 

amined in detail in their applications to internal allene preparations, although several 

of the reactions have been extensively studied in order to provide optimal yields 

of allenes and they deserve additional discussion. Selected examples of various 

transformations leading to a variety of internal allenes are listed in Table 2.3 at the 

end of this section. 

Table 2.3. Alternate Preparations of Internal Allenes 

Substrate Reagent(conditions) Product Yield, % reference 

Br Br 

OAc 

CH3MgI 

CH 
3 

bb bb 

bb 

120 

CH 
3 

CH 
3 

P+(C6H5>3 

coo" 
heat CV=<CH3 

CH3 CH3 
30 121 



Table 2.3. (Continued) 

Substrate Reagent(conditions) Product Yield, % reference 

CX 
P (CgH,.)^ 

heat 

COO 

36 121 

Cl Cl 

Cl Cl 

Zn 

C6H5, 

• 77 123 

Br Br 

C6H5 
CrCl 

CH. 

C6H5 \= 
CH. 

58 46 

TsNHN 

C6H5 

CH^ catechol borane 

C6H5 

#=\ 
CH. 

84 124 

C6V v A12°3 
C H J 

6 5 (run on a column) 

C6H5 
=\ 74.5 125 

C6H5 

C6H5" 

C6H5 

A12°3 
C H J 

6 5 (run on a column) 

C.Hr C.Hr 
6 5\ / 6 5 

X—• =\ 83.5 

C6H5 

126 

(C6H5)3P /C6H5 145-160' 

0 ' C,-Hr 0.2mm 
b 5 

C\ . C6H5 

)=•=< 
CH_ C6H5 

64 127 

c6h 

5>= p(c6h5)3 o=c=cx 

C,Hc 
/ 6 5 

C6H5 C6H5 

C6H5 C6H5 

C6H5 C6H5 

100 128 

Br Br 

CH^L i 

CH 

•^ . CH. r 
82-93 129, 130 

r= ch3, c2h5, i-c4h9, 

C6H5 

25 
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2.2.1. Allenes from the Addition of Grignard Reagents to Acetylenes 

The history of the reaction of Grignard reagents with propargyl derivatives is fraught 

with inconsistencies, and a wide variety of mechanisms have been proposed to 

explain the product distributions obtained from various reactions. Although these 

mechanistic proposals are not considered at this time, Pasto, et al.61 have conve¬ 

niently summarized them and offer a clarification of the mechanism for the reaction 

of terminal propargylic chlorides with alkyl Grignard reagents. 

The action of an alkylmagnesium halide on a tertiary propargyl chloride in the 

absence of a transition metal catalyst affords mixtures of allene (41) and alkynes 

(42 and 43) along with varying amounts of 1,3-dienes61,62 (equation 35). If the 

reaction is performed in refluxing ether,, the allene 41 is produced as a minor 

component of the mixture while the acetylene 42, the primary product, accounts 

for as much as 75% of the total. Lowering the temperature to 0°C shifts the 

distribution in favor of the allene, but 42 still forms in significant quantities (up to 

40%). 

l. Cl D M Y R, R, I fLMgX 1 / 3 i 
R,-CC=CH — -> C— C —C + R -C-C = CH + CHC = CR~ 

1 I / \ 1 I / 3 
R, R, H R 

41 

2 

42 

R, 

43 

(35) 

X= Br, + 1 ,3-dienes 

As shown in equation (36), the use of an acetate function as the leaving group 

introduces a tertiary propargyl alcohol (44) as an additional by-product of the 

reaction (up to 30%) at the expense of the desired allene. It can be rationalized as 

forming by way of direct attack of the organometallic on the acetoxy group. A 

limitation of this reaction is that or R2 cannot be a proton, and conditions require 

that ether (at reflux temperature) be used as the solvent. Deviations from these 

conditions usually result in the quantitative recovery of the starting material.62 

The allene content of the mixture can be increased by the addition of certain 

metals or their salts. The introduction of either four equivalents of magnesium 

bromide,63,64,65 one equivalent of magnesium iodide,66 or 6 mole % of cobalt(II) 

chloride66 into the acetate solution prior to the addition of the organomagnesium 

halide allows the allene 41 to be isolated in 50-70% yield along with 5-15% of 

acetylenes 42 and 43. In the case of magnesium iodide, if larger quantities of salt 

R 

0 Ac 
I 

-CC =CH 
I 

R _ Mg I 
-1—-> 41 + 42 + 43 + 

OH 
I 

R -CC = CH 
' I 

(36) 

44 
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are employed, mixtures of alkylallenes 41 and iodoallenes 45 result until the ratio 

reaches 4 moles of magnesium iodide per mole of acetate. At this point only 45 is 

produced as the allenic component of the reaction mixture.67 In these types of 

reactions, Grignard reagents derived from secondary halides perform less satisfac¬ 

torily than those of primary halides, with iodides giving better results than bromides. 

In a study of reactions of propargyl halides with Grignard reagents, inconsis¬ 

tencies were found regarding the amount of allenes, alkynes, and 1,3-dienes formed. 

Some reactions produce mixtures of all three whereas others afford only the allene. 

The anomalous results were traced to two different sources of magnesium used to 

prepare the Grignard reagents. The reactions producing large quantities of allenes 

result from catalysis due to minor amounts of transition metals present in the 

magnesium.61 When various transition metals are purposely added to the reaction 

mixture prior to the introduction of the organomagnesium halide, a tremendous 

acceleration of the rate of the reaction occurs, and high yields of allenes uncon¬ 

taminated with alkynes are obtained.68,69 The catalytic efficiency decreases in the 

sequence Fe > Co > Ni > Cu. In reactions catalyzed with iron, both terminal and 

nonterminal propargyl halides react with primary or secondary Grignard reagents 

in the presence of 5 x 10“5 M ferric chloride to produce allenes in excellent yield. 

Ferric acetonylacetonate may also be used in place of ferric chloride. In a separate 

report70 [Pd°], which is generated in situ by the reduction of palladium chloride 

with diisobutylaluminum hydride in the presence of triphenylphosphine, is also 

shown to be an effective catalyst in these types of reactions. Again, allenes are 

produced virtually free of acetylenes. 

R1 •\ ' 
c=c = c 

/ \ 
R2 

1 R3MgI 
■ R1 

X 
i 

-CC = H 
1 
R2 

R MgY R R 
\ / 3 

c — c—c (37) 

H 11 M9l2 (catalyst) / \ 
r2 H 

45 41 

R, R 2 r3 X Y Catalyst Yield (%) Reference 

H CH3 CsH17 Cl Cl [Pd°] 62 70 

ch3 ch3 c8h17 Cl Cl [Pd°] 77 70 

ch3 ch3 c4h9 Cl Br FeCl3 90 69 

—(ch2)5— ch3 Cl Br FeCl3 84 69 

H CH3 c4h9 Cl Br FeCl3 80 68 

ch3 ch3 c»h17 OAc I MgBr2 64 65 

—(CH2)5— ch3 OAc I Mgl2 50 67 

In a high-yielding reaction, propargylic alcohols can be converted directly to 

allenes in a one-pot procedure by sequential treatment with l-ethyl-2-fluoro-4,6- 

dimethylpyridinium tetrafluoroborate (which provides the intermediate 2-propar- 
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gyloxypyridinium salt 46) followed by a Grignard reagent in the presence of a 

catalytic amount of copper(I) iodide71 (equation 38). Either primary, secondary, or 

tertiary Grignard reagents are acceptable and afford acetylene-free allenes in 77- 

99% yields. 

k 

46 (38) 

C6H5’ CH2CH2C6H5’ C8H17 

H, 

C4H9’ i"C24H9’ C6H11 

R^MgBr 

'f 

C = C 
/ 

H R 
3 

2.2.2. Allenes from the Addition of Organocuprates to Acetylenes 

Organocopper reagents are extremely versatile in 1,3-substitution reactions of pro- 

pargylic substrates. Early investigations into such reactions favor propargyl acetates 

and lithium dialkylcuprates (R2CuLi) as the primary reactants72 73 (equation 39, 

X - OAc). 

I [R,CuY]M 
R. -CC=CR_---> 

1 I 3 
R„ 

1 1 K / 3 
C — C — c 

/ \ 

1 
'\ / 3 

C = C-C 
/ \ 

H 

+ 

47 48 

R-CCSCR, 
l 3 

OH 
I 

R -CC = CR_ 
1 I 3 

R2 

(39) 

49 50 

0 
II 

x= Cl, OAc, OTs, 0C00CH OSCH 
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In addition to the desired allene 47, a nonalkylated or “reduced” allene 48 is 

sometimes formed and can amount to as much as 50% of the allenic hydrocarbon 

fraction. Crabbe and co-workers74 have suggested the copper(III) intermediate 51 
as a likely precursor to allenes 47 and 48. A 1,2-shift which effectively transfers 

an R from copper to the allenic skeleton results in the formation of 47, whereas 

hydrolytic protonation of 51 affords 48. In separate reports, both Landor75 and 

Pasto76 postulate a it complex such as 52 as an alternate transition state leading to 

the formation of 47. 

Thermal considerations are crucial in the product distribution of 47 and 48. 
Reaction temperatures between — 10° and +22° favor the 1,2-shift and give 47 
with less than 5% contamination of 48. The “reduced” allenes can be preferentially 

formed by performing the reaction at — 50° then quenching with IN HC1 at — 75°C.77 

Manipulation of the organocopper reagent, the leaving group of the acetylene, 

the steric bulk at either Rj or R3, or the solvent causes significant changes in the 

total product distribution in equation (39). The most dominant factor in determining 

the site of displacement leading to allenes 47 or acetylenes 49 is the nature of the 

organocopper reagent. In general, homocuprates R2CuMgX tend to generate 49, 
whereas alkylheterocuprates (RCuBr)MgX or the complex organocopper species 

[CH3Cu • LiBr • MgBrI] favor allene formation (“reduced” allenes 48 very rarely 

occur with these reagents).78,79 The solvent of choice in these reactions is THF, 

whose polarity favors very high yields (>90%) of allenes 47. Similar reactions 

performed in ether produce significant amounts of 49 at the expense of 47.79 

The leaving group appears not to alter dramatically the distribution of displace¬ 

ment products generated by way of attack on the propargylic structure but instead 

influences the relative proportion of 50 formed in the reaction.78* 

Steric considerations also play an important role in allene/alkyne product ratios. 

Increasing the bulk at R3 enhances SN2 displacement leading to the formation of 

49, whereas increasing the size of R] limits access to the propargylic site, therefore 

invoking an SN2' process which favors 47. The constraints, however, can be cir¬ 

cumvented by the use of [CH3Cu • LiBr • MgBrI] in THF which provides allene 

47 exclusively regardless of steric factors78 (e.g., R3 = r-C4H9). 

An alternate route which allows the conversion of propargyl alcohols directly to 

^Reprinted with permission from Journal of Organic Chemistry, 45, 4740 (1980). Copyright (1980) 

American Chemical Society. 
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allenes in a one-pot procedure is shown in equation (40) and involves an in situ 

generation of the heterocuprate. The reaction is general and completely regiospe- 

cific, furnishing allenes from either primary, secondary, or tertiary propargyl al¬ 

cohols regardless of steric influences.80 

OH 

CH 
C.H 

a,b CH 

4 9 c ,d 

C6H5 C6H5 

C?P+(C'.H9)3 

C4H9 82% 

ch3Cu n(ch3)c6h5 

%=•=< C' 
' H^ CH. 

c4H9 
m 

C6H5 

(a) CH3L i ; (b) Cul; (c) CH3L i ; (d) (C^) 3P+N (CH^ C^ I 

2.2.3. Addition of Organolithium Reagents to Vinylacetylenes 

Conjugated enynes are susceptible to 1,4-addition of organolithium compounds and 

furnish internal allenes in good yields81 (equation 41). At temperatures below - 30°C 

extremely clean reactions ensue and only allenic hydrocarbons are obtained re¬ 

gardless of the nature of the organolithium. The initially formed allenyllithium 

intermediate82 53 is protonated by the addition of water to give the product. The 

anion 53 can also be treated with a variety of other electrophiles to furnish highly 

diversified propadienes and is presented in chapters that deal with those specifically 

functionalized allenes. 

Li ch2r2 
ch2r2 

(41) 

53 

R1 R2 
Yield, % referen 

CH3 C2H5 
72 81 

C2H5 -’C3H7 80.5 81 

C2H5 i-C4H9 
52 81 

l-Cf,H9 C4H9 
70 83 

ch3 
C6H5 25 84 

CH3 
^YCH2 

80- 84 
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2.2.4. Optically Active Allenes 

Optically active allenes can be obtained in various states of enantiomeric purity by 
two basic methods: 

1. Resolution of a racemic mixture of the allene. 

2. Asymmetric synthesis from chiral intermediates. 

The least efficient of the two is the resolution method. A simple one-step procedure 

for such a process involves a kinetic resolution, by way of partial asymmetric 

hydroboration of an excess of the racemic mixture, which leads to recovery of 

allenes with induced optical rotations. One of the most versatile reagents developed 

for such transformations is (+ )-5,ym-tetraisopinocamphenyldiborane85 (54) which 

is derived from the hydroboration of (- )-a-pinene86 (equation 42). 

The resolution using ( + )-54 is generally performed at 0°C in diglyme with a 

twofold excess of the racemic allene. The (S)-allene enantiomer is the more reactive 

of the two, therefore, leaving the unreacted portion of the allene mixture optically 

enriched (from 4 to 25%) with the (—) enantiomer of R configuration85,87,88 (equation 

43). Increasing the size of the groups attached to the allene framework results in 

attaining substantially higher ee with the optical purity decreasing in the order 1,3- 

dipropylallene > 1,3-diethylallene > 1,3-dimethylallene.89 Resolutions using an 

analogous borane reagent derived from (+ )-a-pinene result in an excess of the (S)- 

allene.87,89 

(+) - 54 

(-) - 54 

(R)-(-) 

(S)-(+) 

m 

R = CH3, C2H5, C3H7, r-C4H9, C6H5 
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A potential drawback to the described resolution method is the irreversible con¬ 

sumption of half of the allene (assuming complete recovery of the unreacted portion 

of the mixture). In the case of an extremely valuable allene intermediate, this may 

not be a satisfactory choice. An alternate approach is to induce asymmetry in the 

allene-forming reaction either by using chiral starting materials or optically active 

reagents. 

The asymmetric reduction of racemic propargyl bromide 55 can be accomplished 

with chromium(II) chloride (Hiyama’s reagent) modified by the addition of a pro¬ 

tonic chiral auxiliary [A*H, such as ( —)-menthol or ( — )-borneol] along with 

varying amounts of HMPA.90 91 The optically enriched allene results from an en- 

antioselective intramolecular protonation of the organochromium intermediate 56. 
When ( — )-menthol is used in the absence of HMPA, a 50:50 mixture of 57 and 

58 is obtained, with the allene portion being enriched 12.2% in the (S)-( + ) 

enantiomer. Introduction of HMPA augments the allene segment of the mixture, 

however, the direction of optical rotation is changed to give an excess of the (R)- 

( —) enantiomer (maximum 15.6% ee). Employing (-)-borneol only produces an 

excess of the (R)-( —) allene (maximum 22.5% ee). 

C rC 12 

-> 
JL 

A H 

HMPA/THF 

C6H5 

A H- (-)-menthol, (-)-borneol 

X, Y= THF, HMPA 

and 

56 

C,HrC = CCH0CH_ 
o p l 3 

(R)-(-) - 57 (S) •-( + )- 57 58 

A*H HMPA/Cr 
Yield (%) Ratio Enantiomer 

(57 + 58) (57:58) (% ee) 

(— )-Menthol 0 64 
(— )-Menthol 1 86 
(— )-Menthol 2 77 
(— )-Menthol 3 41 
(— )-Borneol 0 46 
(— )-Borneol 3 39 
(- )-Borneol 5 39 

50:50 (S)-( +) (12.2) 
76:24 (S)-( +) (2.7) 
73:27 (R)-(-) (8.6) 

100:0 (R)-(-) (15.6) 
55:45 (R)-( -) (14.7) 
65:35 (R)-(-) (22.5) 
80:20 (R)-(-) (20.7) 

Material trom equation (44) reprinted in part with permission from C. Vemiere, B. Cazes and J. Gore, 
Tetrahedron Lett., 103 (1981), Pergamon Press. 
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Optically active N-mtroso-N-(trans-2,3-dipheny\cyc\opropy\) urea (59) is readily 

converted to (S)-( + )-l,3-diphenylallene (61, 70% enantiomerically pure) by treat¬ 

ment with lithium ethoxide in heptane.92,93 A likely mechanism involves a concerted 

collapse of the initially formed diazocyclopropane (60) and subsequent fission of 

the resulting cyclopropylcarbenoid species.94 

(-) - 59 60 61 

Chiral 3-decyn-2yl derivatives (62a-d) when treated with aluminum hydride 

reagents give high yields of 2,3-decadiene (63) (equation 46).95* The use of hydroxy, 

tertiary amine, or bromide as the leaving group X (compounds 62a, 62c, and 62d) 
produces the allene in a preferred syn mode of substitution, the degree of which 

increases with temperature. Alternately, the mesylate 62b with lithium trimethoxy- 

aluminum hydride produces the (S)-allene by way of an anti displacement which 

is more preferred at lower temperatures. The percent ee of the optically active 

allenes produced by this reaction is fairly high and generally falls between 70 and 

80%. 

(S) - 63 

(46) 

hydride reagents: A1H3, LiAlH4, LiAlH4—A1C13, LiAlH4—A1C13—LiCl, LiAlH- 

(OCH3)3 

Chiral allenes are also obtained in high yield from organocuprate-induced 1,3- 

substitution of optically active propargylic derivatives such as acetates,74 methane 

sulfinates,96 or mesylates97 (equation 47). Enantiomeric purities of the allenic prod- 

* Reprinted with permission from ref. 95. Copyright 1979, American Chemical Society. 
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ucts are generally 65-80% (35-60% ee) and in the case of (R)-( - )-l ,3-diphenyl- 

allene,96 88%. Highest ee’s are obtained when reaction times are kept relatively 

short (less than 15 minutes).97 Longer contact times with the organocopper reagent 

result in considerable racemization of the allene.98 

o 
ii 

X= OAc, 0SCH3, 0S02CH3 

The difficult resolution of the chiral propargylic substrate presents a potential 

problem in the production of synthetically useful quantities of the enantiomeric 

allene. Pirkle and Boeder99 circumvent this situation by converting a racemic pro- 

pargyl alcohol to a mixture of diastereomeric carbamates by reaction with (R)-l- 

(l-naphthyl)ethylisocyanate (64). The mixture is readily separable into its enan¬ 

tiomers 65 and 66 by chromatography, and each reacts with lithium dialkylcuprates 

to give the (R) or (S)-l,3-dialkylallenes (60-80% ee) in high yields. 

Early investigations into the mechanism of the transformation illustrated in equa¬ 

tion (47) led to the belief that for nonsteroids the substitution preferentially proceeds 

by an anti mode96 whereas steroids prefer syn addition.79100 Recently, however, 

Vermeer101 has shown that reactions in the steroid series also proceed by an anti 

R=r' = CH3, C2H5 R=R/= C.H 
^ 9 

Scheme 3 

R= C2H5, R. = C1)H9 
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displacement, a violation of the Lowe-Brewster rules. The allenic steroid 68, 
prepared from mestranol methane sulfinate (67), was elucidated unambiguously by 

X-ray analysis. 

Further corroboration for this selectivity is furnished from reactions of C-8 

propargylic esters (69 and 71) which are derived from Grundmann’s ketone, a 

C/D steroidal fragment originating from Vitamin D3.102 Treatment of either 69 or 

71 with lithium dimethylcuprate in ether furnishes allenes 70 or 72 by way of an 

anti 1,3-substitution. 

Therefore due caution should be exercised when surveying literature reports on 

stereospecific organocuprate-induced allene syntheses in steroidal or steroidlike 

series that suggest syn substitution103 when in actuality the anti mode is preferred. 

o o 
ii y 

R= CC6H Ac, SCH 
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2.2.5. Miscellaneous Preparations 

Lithium dialkylcopper reagents serve as useful alkylating agents for direct replace¬ 

ment of halogen atoms attached to the allene skeleton104 105 (equation 51). 

R 1 

R 
2 

(R3)2CuLi 

-> 

51-87% 

X= Br, I 

R1, R2= H, ch3, c2h5, c3h?, t_-c4H9 

R3= C2H5’ *"4^9 

(51) 

Monosubstituted allenes such as 1,2-undecadiene (73) can be lithiated regio- 

specifically at the terminal position to give 75. Subsequent treatment with methyl 

iodide furnishes 2,3-dodecadiene (76) in 93% yield. Alternately, the same lithio- 

allene 75 can be generated by the action of one equivalent of n-butyllithium on 1- 

bromo-1,2-undecadiene (74). Similar treatment with methyl iodide gives 76 in 90% 

yield.106 

•=A 
C8H17 

73 
C.H.Li 

R 9 
--> 

CgR. 

Li 

75 

ch3i 

-> (52) 

CSH17 

76 

74 

When l-bromo-3,3-disubstituted allenes are treated with two equivalents of an 

organolithium reagent, an allenic carbene (77) is generated which can be intercepted 

with olefins to produce dialkylvinylidenecyclopropane derivatives107 (78) (equation 

53). Higher carbene conversions are obtained by the base-promoted elimination of 

ch3 

)=,=\ 
R Br 

R= CH3, C2H5 

R 

2 C6H5Li 

R, — R4 = H, alkyl, aryl 

catalyst 78 
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hydrogen chloride from a 3-chloro-l-alkyne. Aqueous sodium or potassium hy¬ 

droxide is generally employed, and catalysts such as quaternary ammonium salts108-110 

(phase transfer conditions) or crown ethers111 markedly influence the rate of the 

reaction. 

The interestingly substituted 1,1-dimetallated olefin (79), formed in greater than 

90% yield by the addition of a 1:1 complex of trimethylaluminum and Cl2TiCp2 

to 1-heptynyldimethylalane,112 reacts with aldehydes (at - 30°C) or ketones (at 0°C) 

to give allenes 80 in good yield.113 

c h7 ai(ch.)9 
3 /y / 3 l 

c—C 
/ \ 

CH TiCp Cl 

0 
II , 

R-C-R 
C3H7 

\ 

CH. 
/ 

c=c=c 
/ 

\ 
(54) 

79 80 a, R, r' = (CH2) 83% 

b, R= C&H , R;= H 67% 

Propargyl acetates, when sequentially treated with ft-butyllithium and a trialkyl- 

borane at —78°, produce an allenic borane 81 by way of an alkyl migration similar 

to that illustrated in equation (26). Protonation of 81 with dry acetic acid results 

in the formation of an allene (82), whereas addition of water gives an acetylene 

exclusively (83).114 

Rj , R2= alkyl, alkenyl, C^H,. 33 

An effective method for allene synthesis, previously discussed in the terminal 

allene section of this chapter, is the base-promoted rearrangement of 1,1-dibromo- 

cyclopropanes (e.g., equation 32). This methodology can also be applied to the 

synthesis of internal allenes, however, a curious result appears. The treatment of 

84a, 84b, or 87 with methyllithium gives the expected allenes 85 and 88 in good 

yields.51 115,116 When the identical reaction is performed using the tetramethyl de- 
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rivative 84c, only 1,2,2-trimethylbicyclobutane (86) is produced in quantitative 

yield.117118 It appears that extremely subtle steric differences inhibit cyclopropane 

fission of the carbene intermediate (leading to the allene) and favor carbene insertion 

into an alpha CH bond (affording 86).119 

2.3. CYCLIC ALLENES 

The incorporation of the propadiene unit into a cyclic system (89) creates a topo¬ 

logically interesting moiety which enables the chemist to perform stereoselective 

transformations on the allene portion of the molecule. Depending on the size of 

the ring and its conformation, the carbon chain bridging the 1 and 3 positions of 

the propadiene effectively shields one side of the allene, therefore directing chemical 

reactions from the unencumbered face. 

The smallest ring that can accommodate a propadiene unit in a relatively strain- 

free environment is a nine-membered ring. As the size of the ring is decreased, 

deformation of the allene function is necessary to relieve the subsequent ring strain. 

The first mode of deformation consists of bending the allene linkage at the central 

carbon atom thereby reducing the angle 0 from the normal value of 180° (Figure 

2). The second mode of deformation retains the linearity of the allene function 
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Figure 2. Modes of deformation of strained cyclic allenes. (Reprinted in part with permission from 

reference 131. Copyright 1974 American Chemical Society.) 

(0 = 180°) but requires one of the methylene groups of the bridging chain to twist 

causing the angle 4> to diminish from its theoretical value of 90°.131 In the case of 

seven- or eight-membered rings, both the bending and twisting mode may occur. 

Initially, cyclic allenes were synthesized as laboratory curiosities to study their 

physical characteristics. As preparative allene methodology became more sophis¬ 

ticated and reliable, many of these techniques were applied to the cyclic systems, 

and synthetically useful quantities of cyclic allenes became available for chemical 

manipulations. 

This section presents cyclic allenes starting with the larger stable rings and 

proceeds sequentially to the smaller rings of limited stability. 

2.3.1. Sixteen Membered Rings 

The novel monocyclic bisallene 91 can be conveniently prepared by the method 

perfected by Skattebol.52 The treatment of cyclotetradeca-1,8-diene with dibrom- 

ocarbene gives the tetrabromotricyclohexadecane derivative 90, which is debrom- 

C H 3 L i 52% 
(59) 

91 
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Table 2.4. Simple Monocyclic Allenes Prepared from 1,1-Dihalocyclopropanes 

<CHA~J :CXz * (cfT^h _* Oi 
(CH2 n f, (60) -*■ Cy2 n y ̂ x 

n X Reagent Yield (%) Reference 

12 Cl C4H9Li 80 133 

11 Cl C4H9Li 79 133 

10 Cl CH3Li 86 133 

10 Br CH3Li 76 134 

10 Br NaCH2SOCH3 46 134 

10 Br CrS04 85 135 

8 Br C4H9Li 89 136 

7 Br C4H9Li 78 136 

7 Br Na/Al203 64 137 

6 Br Na/Al203 44 137 

6 Br CH3Li 90 138 

6 Br Mg 59 139 

6 Br CrCl, 100 46 

6 Br NaCH2SOCH3 66 140 

inated with methyllithium at — 30°C to give the product.51,52 Compound 91 is of 

interest because of its ability to undergo intramolecular transannular cyclization 

upon reaction with iron carbonyls.132 

2.3.2. Fifteen —> Eleven-Membered Rings 

Throughout the cyclic allene series, the reductive dehalogenation of 1,1-dihalo- 

cyclopropanes proves to be one of the most effective methods for generating such 

species (equation 60). The procedure has been successfully applied to the synthesis 

of nearly all the stable ring sizes down to 1,2-cyclononadiene. Table 2.4 includes 

various reagents used to effect the conversions and also includes 1,2-cyclodecadiene 

and 1,2-cyclononadiene for the purpose of comparison. 

Analogs that contain additional olefinic sites in the ring can also be synthesized 

by this two-step method; l,2,6Z,10E-cyclotridecatetraene (92) from 1E,5Z,9E- 

dodecatriene,134,135 and 1,2,7-cycloundecatriene (93) from lZ,6Z-cyclodecadiene.141 

Only two low-yielding syntheses are reported for the formation of 1,2-cyclo- 

dodecadiene (95). Dehydrohalogenation of 1,2-dichlorocyclododecane (97) with 

92 93 
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alcoholic sodium hydroxide at 120-150°C furnishes pure cyclododecyne (96) in 

70% yield. If the reaction is performed at 180°C a mixture of 95 and 96 is produced 
(ratio 28:72) as a result of isomerization of 96.42 Alternately, the base-catalyzed 

rearrangement of the A-nitroenamine 94 affords a similar mixture of 95 and 96 
(ratio 19:81).143 The use of either pyridine (100°, 2 hr) or DMAP (30°, 24 hr) does 

not significantly change the ratio of the products. 

2.3.3. Ten-Membered Rings 

Several classical approaches have been used in the synthesis of 1,2-cyclodecadiene 

(98). Among them are the treatment of 1-chlorocyclodecene with either potassium 

hydroxide144 or sodium amide,137 and the dehalogenation of l-bromo-2-chlorocy- 

clodecene with sodium.145 The yields of allene are moderate at best (39-60%), and 

contamination with the isomeric cyclodecyne represents up to 40% of the product 

mixture. However, the unwanted acetylene can be removed easily by extraction 

with aqueous silver nitrate.144 

A noteworthy preparation of 98 involves a regiospecific dehydrobromination of 

c/s-3-bromocyclodecene with potassium r-butoxide in DMSO (equation 62). The 

cyclic allene, which forms at room temperature in 5 minutes, is isolated in 78% 

yield and is 95% pure.146 

t-C,Ho0K 
-49 
-^ 

DMSO (62) 

98 

Cyclic ten-membered allenes that contain isolated double bonds are readily pre¬ 

pared from the appropriately unsaturated cyclononene by reaction with dibromo- 

carbene then with methyllithium147 (equations 63 and 64). 
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This method can be shortened to one step by employing methodology developed 

by Untch.148 The treatment of a fourfold excess of lZ,5Z-cyclononadiene with one 

equivalent of carbon tetrabromide and two equivalents of methyllithium at — 65°C 

furnishes 1,2,6-cyclodecatriene (99) in 60% yield.149 

99 

A 10-membered ring can accept two propadiene units in three possible isomeric 

positions. The symmetrical 1,2,6,7-cyclodecatetraene (101) is prepared in low yield 

by the action of methyllithium on 100.5152 The stereochemical nature of this mol¬ 

ecule enables it to exist in either a meso or dl configuration.150 In practice, the 

reaction outlined in equation (66) affords the meso isomer, and its structure is 

substantiated by X-ray analysis. The two allenic linkages exert some degree of 

strain in the ring which causes a small amount of bending at their central carbon 
atoms (0 = 174°).151 Introduction of additional unsaturation into the system (e.g., 

102) results in the direct isolation of naphthalene which presumably forms by way 

of the cyclodecahexaene 103 (equation 67).150 

102 103 

Analogous reactions of 104 and 106 furnish 1,2,5,6-cyclodecatetraene (105. 
equation 68) and 1,2,4,5-cyclodecatetraene (107, equation 69).152 Bisallene 107. 
however, is thermally unstable, and only bicyclo[6.2.0]deca-l,7,9-triene (108) is 
isolated in good yield.153 
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2.3.4. Nine-Membered Rings 

The most popular cyclic allene employed in chemical manipulations is 1,2-cyclo- 

nonadiene (109). Its high-yielding synthesis from readily available cyclooctene is 

amenable to large-scale preparation138 148 (equation 70). Its formation can also be 

realized by the dehydrohalogenation of 1-chlorocyclononene with either sodium 

amide in ammonia,137 potassium hydroxide,144154 or sodium on alumina,137 however, 

yields are generally lower, and cyclononyne is also formed as a by-product. 

Several derivatives of 109 have been prepared by the methods mentioned before. 

These include 1-methyl-1,2-cyclononadiene (110) from 1-methylcyclooctene,155 bi- 

cyclo[7.1.0]deca-4,5-diene (111) from bicyclo[6.1.0] cyclonon-4-ene,156 1,2,6-cy- 

clononatriene (112) from either 1,5-cyclooctadiene,148 157 9,9-dibromobicy- 

clo[6.1.0]non-4-ene51,140 or 1,9-dibromocyclonona-l ,5-diene,158 1,2,5,7- 

cyclononatetraene (113) from the dibromocarbene adduct of 1,4,6-cycloocta- 

triene,152 and 1,2,5-cyclononatriene (114a) and its 7-methoxy analog 114b from 

the appropriate dibromobicyclononenes.152 
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R 

114 a, R= H 

b, R= OCH3 

With the exception of 113, allenes 109-114 are stable at room temperature. 

Compound 113 is relatively unstable and slowly dimerizes at 0°C with a half-life 

of 10-20 minutes, to 115.152 In comparison, 109 requires heating at 130° for 18 

hours to effect nearly quantitative dimerization to 116.159,160 

115 116 

Optically active 1,2-cyclononadiene can be obtained by a kinetic resolution by 

way of partial asymmetric hydroboration with ( + )-54.88,161 The resulting ( +En¬ 

antiomer, of 15% optical purity, has the R absolute configuration.162,163 Alternately, 

partial resolution of racemic 109 can be accomplished by complexation with 

[(C2H4)PtCl2(Y)l where Y represents either optically active a-methylbenzylamine 

or p-nitro-ct-methylbenzylamine.164 Fractional crystallization of the diastereomeric 

platinum complexes 117 (Scheme 4) followed by decomposition with sodium cy¬ 

anide furnishes either enantiomer of 109 with an optical purity of 44%. 

Both enantiomers of 109 are available in high optical purity by asymmetric 

synthesis. The decomposition of (— )-l 18 with lithium ethoxide at 0°C gives (S)- 

( —)-109 whose rotation of [a]25D-159° corresponds to an optical purity of ap¬ 

proximately 93%.165 By a shorter overall route, (S)-( —)-109 can be obtained in 

two steps by the treatment of (+ )-m2/is-cyclooctene with bromoform and potassium 

f-butoxide to give (— )-l 19 which, upon reaction with methyllithium at 0°, affords 

the product in 89% yield with an optical purity of 85-88%.164,165 The optical yield 

can be increased to greater than 96% by performing the reaction at — 78°, however, 

the yield of allene is reduced. By similar transformations, (— )-fra«s-cyclooctene 

is converted to (R)-( + )-109 with comparable optical activity.164 

2.3.5. Eight-Membered Rings 

The strained 1,2-cyclooctadiene system (121) borders on the limit of stability. The 

methyllithium-induced a-elimination of 8,8-dibromobicyclo[5.1.0]octane (120) at 

0° forms a mixture containing approximately 8% of 121 which can be detected (by 

infrared spectroscopy) immediately after quenching the reaction mixture with water.166 
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109 (-)-118 

[(C2H4)PtCl2(Y)] 

NaCN 

[(C9H14)PtC12(Y)] - 

117 

LiOC2H5 

V 

(S) - (-) - 109 (R) - (+ ) -109 

(-)-119 

Scheme 4 

(+)-119 

If the mixture is allowed to stand, the stable allene dimer 122 can be isolated in 

32% (Scheme 5). If 121 is generated by the interaction of 120 with sodium on 

alumina, the reaction takes a different course. When held on the solid surface of 

the alumina, 121 rearranges internally to give 123 instead of following the normal 

dimerization route.137 

123 

Scheme 5 
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Thermolysis of rrarcs-l-ethynyl-2-vinylcyclobutane at 460°C produces a mixture 

of bicyclooctadienes 125 and 126 presumably from the transient 1,2,5-cycloocta- 

triene (124).167 

Analogous pyrolyses of trans-1,2-diethynylcyclobutanes (127) at 430°C yields 

a mixture of 1,2-dihydropentalenes (129, major product) and bicyclo[4.2.0]octa- 

1,5,7-trienes (130) by way of 1,2,4,5-cyclooctatetraene (128).168 

127 

R= H, CH3 

Photoirradiation of the sodium salt of 2,3-homotropone /?-toluenesulfonylhydra- 

zone (131) in THF results in the isolation of dimer 133 as the sole product. Thermal 

decomposition of 131 in the presence of 1,3-diphenylisobenzofuran gives the Diels- 

Alder adduct (134) of 1,2,4,6-cyclooctatetraene (132)169 (Scheme 6). 

Na 
I 

134 

Scheme 6 
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The hydrolysis of 1,8-di(trimethylsilyl)-3Z,5Z-octadiene-l,7-diyne (135) with 

aqueous sodium hydroxide in ethanol at room temperature produces benzocyclo- 

butadiene dimer (139) in high yield (Scheme 7). The initial conversion of 135 to 

136 occurs within a few seconds then proceeds through 1,2,4,5,7-cyclooctapentaene 

(137). Further cyclization of 137 then gives benzocyclobutadiene (138) which spon¬ 

taneously dimerizes to the observed product.170 

2.3.6. Seven-Membered Rings 

The 1,2-cycloheptadiene homolog 143 possesses enough ring strain to preclude its 

isolation or detection. When 143 is generated (Scheme 8) by dehydrohalogenation 

of 140 (X = Cl, Br) with either sodium amide137171 or potassium f-butoxide172,173 

in the absence of a trapping agent, its dimer 144 is isolated in good yield. In the 

presence of 1,3-diphenylisobenzofuran172 or cyclopentadiene,174 the [4 + 2] cy¬ 

cloadducts 145 and 148 are formed in 54% and 85% yields, respectively. In the 

reaction of 7,7-dibromobicyclo[4.1.0]heptane (141) with methyllithium, the steric 

constraints are such that intramolecular insertion of the intermediate carbene into 

the CH bond of the 2-position is favored over ring opening, and tricy- 

clo[4.1.0.02’7]heptane (146) is formed in 45% yield.175 176 Alternately, when 141 is 

adsorbed on alumina impregnated with sodium, internal reorganization of the ini¬ 

tially formed 1,2-cycloheptadiene occurs producing 147 in 50% yield.137 

In contrast to the carbene insertion pathway which leads to the formation of 146, 
it is apparent that steric factors alone do not dictate the course of the reaction. The 

interaction of the methoxy derivative 149 with methyllithium favors the cyclopro¬ 

pane fission route leading to 1-methoxy-1,2-cycloheptadiene (150) with its dimer 
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151 being isolated in 85% yield.177 Acidic hydrolysis furnishes the interesting 

diketone 152. 

A variety of other transient seven-membered allenes 153-157 have also been 

reported and follow. They have been isolated either as their dimers or trapped as 

[4 + 2] or [2 + 2] cycloadducts by reaction with dienes or olefins. 

R 

R= H, CH3 

181 ,182 
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The highly strained 2-methylbicyclo[3.2.0]hepta-l,4,6-triene (160) is readily 

formed by flow pyrolysis of 158 at 350°C.184 This remarkably stable bicyclic system 

(the only isolable product from the reaction) is conjecturally formed by internal 

dimerization of the bisallene 159. 

(74) 

2.3.7. Six-Membered Rings 

The 1,2-cyclohexadiene system is the smallest ring size in which any products 

relating to its intermediacy have been isolated. The constraints imposed by such a 

ring size result in a bent allene whose most stable geometry would be approximately 

0 = 120° and 4> = 0° (Figure 2). This will introduce s-character into the p orbital 

of the central allene carbon which is perpendicular to the bending axis and therefore 

weaken that it bond.131 The actual structure of 1,2-cyclohexadiene has been the 

Scheme 9 
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topic of several studies. INDO-MO calculations suggest the allene may be consid¬ 

ered as an allyl cation with an anion located at the central carbon in the in-plane 

sp* orbital,131 however, the formation of chiral Diels-Alder adducts indicate that it 

may exist as a somewhat twisted bent allene185 where ()> 0°. 
1,2-Cyclohexadiene (163), available from the dehydrohalogenation of 1-haloal- 

kenes (161, Scheme 9) with potassium r-butoxide, is readily trapped with 1,3- 

diphenylisobenzofuran to give the [4 + 2] adduct 167.186 187 In the absence of a 

trapping reagent the dimer 164 is isolated in 7% yield. Competitive formation of 

1-r-butoxycyclohexene by nucleophilic attack of butoxide at the central allene carbon 

is responsible for the low yield of 164. In THF the yield of 1-f-butoxycyclohexene 

can reach as high as 63%.188-190 
The preferred method for the generation of 163 is the reaction of 6,6-dibro- 

mobicyclo[3.1.0]hexane (162) with methyllithium. In contrast to the formation of 

146, no products derived from a carbene insertion pathway are observed and 163 
is produced exclusively.176 When 1,2-cyclohexadiene is generated in refluxing ether, 

164 is formed, whereas at — 80°C the tetramer 165 predominates (61% yield by 

glpc analysis, 34% isolated).55191 At — 15°, 163 can be trapped with cyclopenta- 

diene, furan, or styrene to give the respective adducts 166 and 168 in good yields.192193 

2.3.8. Bicyclic Allenes 

The incorporation of a propadiene unit into a system where it is mutually shared 

endocyclically by two rings constitutes a bicyclic allene. To date, only one example 

of a stable allene fitting into this category has been reported194 (Scheme 10). The 

o 

172 . 173 

Scheme 10 



CYCLIC ALLENES 51 

insertion of dichlorocarbene, under phase transfer conditions, into bicyclo[10.8.0]- 

eicos-l(12)-ene (169) provides the dichlorocyclopropane derivative 170 in high 

yield. The treatment of 170 with /t-butyllithium furnishes (±)-bicyclo[10.8.1]- 

heneicos-l(21),12(21)-diene (171) in 5% yield. An analogous reaction with ( —)- 

spartiene-modified butyllithium affords ( + )-(R)-171 (9% yield). In addition to 

spectral elucidation of 171, its ozonolysis to 1,10-cycloeicosanedione (172) and 

hydrogenation to 173 adds support to its structural integrity. To circumvent the 

awkward nomenclature associated with these gyrochirally symmetrical molecules, 

the interesting name [8][10]screw[2]ene has been proposed for 171.194 

When 9,10-octalin (174) is subjected to similar manipulations (equation 75), only 

the highly strained tetracyclo [5.3.01,6.06,11]undecane (176) is formed, presumably 

by an intramolecular carbene insertion into one of the CH bonds in position 2.195 

The treatment of 11,11-dichloro-l ,6-methano[10]annulene (177) with methylli- 

thium in the presence of 1,3-diphenylisobenzofuran gives a 65% yield of 180. This 

1:1 adduct may arise from a Diels-Alder addition to the initially formed unstable 

bicyclic allene 178 to give 179 followed by internal cyclization to the observed 

product.196 

R= C,Hc b D 

180 
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CHAPTER THREE 

ADDITIONS TO 
ALLENE HYDROCARBONS 

The ability of allenes to enter into reactions as either a nucleophile or an electrophile 

provides the chemist with a variety of methods for the preparation of synthetic 

precursors or desired end products. The accessibility to an attacking species of the 

cumulated diene system of allenic compounds lead to facile addition reactions. 

When reagents react with an allene by a mechanism involving charged intermediates, 

the polarization of the allene is represented as 1 where the central carbon atom is 

electrophilic in nature.8 However, the allene framework is so delicately balanced 

that small changes in steric or electronic factors greatly affect the orientation of 

addition. 

8~ 5+ 
CH2=C=CH2 

1 

In an interesting study of methoxymercuration of methylated allenes, Waters and 

Kiefer9 show that the ratio of electrophilic attack of the reagent depends on the 

degree of alkylation (see Table 3.1). As the allene is progressively methylated, the 

character of the central carbon atom changes from electrophilic to nucleophilic. 
This chapter serves as an introduction to various types of additions to allenes 

that lead to synthetically interesting and useful substances. Only reactions of alkyl 

and cyclic allenes are presented here. Additions to allenes containing a specific 

functional group are discussed in the respective chapter dealing with that class of 

allene. 

3.1. HYDROGENATION 

Catalytic hydrogenation of allenes to the parent hydrocarbons has been a useful 

technique for structural characterization.1011 In the presence of Adams catalyst 

(platinum oxide) the uptake of two equivalents of hydrogen occurs rapidly, and the 
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Table 3.1. Electrophilic Attack in Methoxymercuration of Allenes 

R, 0 R-j lNa 3 Y/ 3 
C — C — c 

/ \ 
R„ R. 

R, r2 r3 r4 (3-Attack (%) a + y Attack (%) 

H H H H — 95 

H H H ch3 60 35 
H ch3 H ch3 93 — 

H H ch3 ch3 84 — 

ch3 ch3 ch3 ch3 90 — 

totally saturated hydrocarbon is isolated.11-14 In contrast, when the reduction is 

performed over palladium, the addition of hydrogen occurs in a distinct stepwise 

manner: the first equivalent adds very rapidly; the second equivalent then adds 

slowly.1516 With terminal allenes the regioselectivity of such hydrogenations favors 

addition to the less substituted double bond but, as seen in equation (1), complete 

stereospecificity is not assured.17 

CH 
3n 

C=C = CH 
/ 2 

H 
Pd/Al203 

CH, CH_ 
3 \ / 3 

C=C 
/ \ 

H H 

CH, H 
3n / 

C = C 
/ \ 

H CH 

c2h5ch=ch2 (1) 

3 

53% 7% ko% 

In cyclic systems catalytic hydrogenation occurs in a stereospecific fashion owing 

to the blocking of one face of the allene linkage by the bridging methylene chain. 

This allows the molecule to contact the surface of the catalyst from the less hindered 

side, and, as shown in equation (2), only the c/s-isomer is formed.18 This trans¬ 

formation can also be effected in quantitative yield by a chemical reduction using 
diimide.19 

H /Pd/C 
—-3> 

76% 
(2) 

The regio- and stereospecific reduction of terminal allenes can be accomplished 

by partial homogeneous hydrogenation using chlorotris(triphenylphosphine) rho¬ 

dium catalyst. In the hydrogenation of 1,2-nonadiene (2), only reduction of the less 

substituted double bond occurs and furnishes- cA-2-nonene (3) in 90-95% yield 
based on the allene consumed.20 
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C6H13 
C,H._CH = C=CH0 

6 13 2 RhCl[(C6H ) ] 

CH- 
X / 3 

C=C 
/ \ 

H H 

(3) 

2 3 

Reversed regiospecificity, where the more highly substituted double bond of the 

allene is reduced, can be achieved by a hydroalumination with DIB AH followed 

by aqueous hydrolysis21 (equation 4). When 1,2-decadiene (4) is subjected to these 

conditions, 1-decene (5) is produced in 83% yield and is 96% pure (the remaining 
4% is represented by the totally saturated rc-decane). 

C^H j j-CH— C —CH2 1. DIBAH 
-> 
2. H20 

4 

* C8Hi7CH = CH2 

5 

(*0 

The action of sodium-ammonia on acyclic terminal allenes produces fra/w-olefins 

in high yields (usually contaminated with less than 7% of the corresponding cis- 

olefin) (equation 5).22 Internal allenes, unless symmetrically substituted, afford a 

statistical mixture of regioisomers. For example, the reduction of 2,3-nonadiene 

gives an 85% yield of a mixture of trans-2-nonQne (49.2%) and trans-3-nomnQ 

(47.9%) with less than 3% contamination of the corresponding ds-isomers.23 

H 
/ Na/NH 

R. H 
k / \ f"1 R2 

L — i —l 
\ 

r2 

r ^ L— L 
/ \ 

H CH2R2 

+ L — 6 
/ \ 

H H 

R, r2 Yield (%) trans (%) CIS (%) 

c5H„ H 77 96.8 2.5 

QHb H 80 92.8 7.2 

c,h7 C3H7 82 96.6 3.4 

The monoterpene dihydromycene (8) is readily prepared by this method and is 

outlined in Scheme 1. The reduction of the vinylcyclopropane 6 leads initially to 

the divinylcyclopropane 7. Subsequent 1,4-addition of an electron followed by 

cyclopropane ring opening provides the observed product 8.24 

In cyclic systems, the steric constraints imposed upon the molecule result in the 

formation of a ds-cycloolefin. However, as shown in equation (6), as the size of 
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Na/NH3 

11 

the ring becomes progressively larger, the ratio of the rrans-cycloolefin increases 

proportionately.25 The values in parenthesis are the percentages obtained when the 

reaction is performed in the presence of a proton donor such as ethanol. 

Na/NH 
- ■ ■ > 

80-90% 
(6) 

n cis (%) trans (%) 

6 100(100) 0(0) 
7 100(66) 0(34) 
8 73(45) 27(55) 
9 75(46) 25(54) 

10 50(17) 50(83) 
11 27(14) 73(86) 

The method can be conveniently applied to the stepwise homologation of cyclic 

olefins. In equation (7) the reduction of 1-methyl-1,2-cyclononadiene (9a) gives 

ds-l-methylcyclononene (10a) in 85% yield. Treatment of 10a with carbon tetra- 

bromide and methyllithium furnishes 1-methyl-l,2-cyclodecadiene (9b), then re¬ 

duction of 9b produces cd-l-methylcyclodecehe (10b) in 80% yield.26 The prep- 
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aration of cis,cis-cyclic dienes can analogously be accomplished by the allene/ 

reduction/allene methodology (equation 8) which starts with cis,cis- 1,5-cyclooc- 

tadiene and sequentially proceeds to 11 —» 1227 —> 13 —» 1428 —> 15 and ends with 

cis,cis-1,6-cycloundecadiene (16).29 

Na/NH. 
-—A—^ 

a, n = 1 

b, n = 2 

CH. 

(7) 

(CH2)n 

(CH2>m 

Na/NH 
3 

CBr 

C H 3 L i 

11; n=2 , m=2 

13; n=3 , m=2 

15; n=3, m=3 

12; n=3, m=2 (84%) 

14; n=3, m=3 (76%) 

16; n=3, m=4 (95%) 

(8) 

3.2. ELECTROPHILIC ADDITIONS 

Allenes lacking an activating functionality are highly susceptible to electrophilic 

substitution reactions. In the addition of an electrophilic reagent X8+Y8“ to an 

allene, the electrophile X+ may attack the terminal carbon of the cumulated system 

to give a vinyl cation 17. The stereospecificity in various reactions suggest that 

bridged ions 18 also may be initially formed. Alternately, attack at the central 

carbon gives rise to an allyl cation 19 (Scheme 2). To maximize electron delocal¬ 

ization and achieve allylic resonance stabilization, the nonplanar ion 19 must rotate 

90° about the cr bond and consequently form the planar species 20. 
The use of chiral allenes is of great assistance in determining which of the 

charged species 17-20 is operative in the mechanistic pathway. If planar allylic 

intermediates 20 are formed to any extent prior to the product-forming step, the 

products are expected to be racemic. If, however, the initially formed nonplanar 

intermediates 18 or 19 react to form products faster than they can interconvert to 

20, optically active products could result.5 



62 ADDITIONS TO ALLENE HYDROCARBONS 

optica1 ly 
active 
products 

racemic 
products 

Scheme 2. Reprinted from ref. 5 with permission from the author and John Wiley & Sons. 

3.2.1. Addition of Acids 

The addition of HX to allene obeys Markovnikov’s rule to give 2-halopropenes 

and/or 2,2-dihalopropanes (equation 9). The addition of hydrogen bromide occurs 

at a markedly faster rate than that of hydrogen chloride.30 

CH2=C=CH2 
HX \ 

> C=CH, 

CH. 
/ 

X 
I 

CH,-C-CH- 
3 i 3 

(9) 

The hydrobromination of monosubstituted terminal allenes (e.g., 1,2-hexadiene) 

behaves analogously as shown in equation (10). However, when 3-methyl-l,2- 
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butadiene is subjected to the same reaction conditions, the anti-Markovnikov product 

l-bromo-3-methyl-2-butene is isolated as the principal constituent of the reaction 

mixture31,32 (equation 11). Symmetrically substituted allenes give products derived 

from both modes of addition.33 

C H Br 

ChL —C —HBr > \ = CHC H? (10) 
2 \ / 3 / 

H CH3 

Solvent has a profound effect on the regioselectivity of the addition of hydrogen 

bromide to allenes. When a solution of 1,2-cyclononadiene in ether or petroleum 

ether is treated with hydrogen bromide/acetic acid at room temperature, cis-1- 

bromocyclononene (21) is obtained in high yield as the sole product. In the absence 

/ ■> LIB r \ / ■> 

CH =C=C —~ > C —C (11) 
2 \ / \ 

CH3 BrCH2 CH3 

of ether, only ds-3-bromocyclononene (22) is obtained.34 In a similar manner, 1,2- 

cyclodecadiene is converted to ds-3-bromocyclodecene in 75% yield. 1,2-Cyclo- 

tridecadiene, however, produces a mixture of 1-bromocyclotridecene and 3-brom- 

ocyclotridecene in a ratio of 45:55.35 

22 

The addition of hypochlorous acid to allene hydrocarbons introduces both a 

chlorine and a hydroxyl substituent into the resulting olefinic product (equation 13). 

The chlorine atom becomes fixed to the central allene carbon while the hydroxy is 

attached to the more substituted terminal carbon.36 Reactions involving monosub- 

stituted terminal allenes produce minor amounts (less than 10%) of the regioisomeric 

primary alcohols, and nonsymmetrical 1,3-disubstituted allenes give a 50:50 mix- 
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ture of alcohols resulting from hydroxyl substitution on either of the terminal carbon 

atoms of the allene. 

ci 

A HOC 1  
R 1 r 

c ^ \ /R2 c ^ — C 
\ 

R3 

1 lNR 
H oh R3 

Ri r2 Yield (%) 

ch3 H ch3 60 

H ch3 ch3 85 

ch3 ch3 ch3 72 

Allenes are readily converted to ketones in good yields by hydration with aqueous 

sulfuric acid (equation 14). The keto group, formerly the central allene carbon, 

may be derived from the tautomerism of an initially formed enol. 

\ / "2S°b 
C ~ C —c —-—- 

/ \ 
H R 

R.ChL H 
1 2\ / 

c=c 
/ \ 

HO R, 
60-78% 

0 
II 

R CH CCH R 04) 

Ri R 2 Reference 

H c3h7 10 

ch3 c,h7 37 

ch3 CH2CH(CH3)CH3 37 

H ch2ci 38 

-(CH2),„- 39 

-(CH2)„- 39 
-(CH2)i2- 39 

3.2.2. Addition of Halogen 

The addition of halogens to allenes proceeds rapidly and can be controlled so that 

the reaction may be terminated after one equivalent of the reagent is absorbed. 

Terminal allenes preferentially add bromine across the more substituted double 
bond.31 

i R, •\ / 3 
c = c=c 

/ \ 
o H 

B r. 
Br 

CHC 1 Rlx / 
>C 

R. ' 
2 B r 

\ / 3 
c = c 

\ 
H 

(15) 
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R, r2 r3 Yield (%) Reference 

H H H 77 40 

c3h7 H H 50 31 

ch3 H ch3 100 41 

ch3 ch3 H 42 31 

The addition of iodine, however, produces vinylic iodides with opposite regiose- 

lectivity (equation 16). For example, when 3-methyl-1,2-butadiene (23a) is treated 

with an equimolar quantity of iodine, 1,2-diiodo-3-methyl-2-butene (24a) is isolated 

in 95% yield.42,43 

R 
\ 

/ 
R 

c = ch2 
CHC 1 

R I 
' / 

c = c 
/ \ 

R CH I 

23 24 a, R=CH3 

b, R=C0Hc 
2 5 

(16) 

Upon halogenation, internal allenes that are 1,3-disubstituted can form cis- or 

trans-monoadducts, depending on the structure of the allene and the nature of the 

electrophile. If the halogen approaches the allene from above the plane (or less 

hindered side) of the terminal R group, the ds-isomer will be formed (Figure 3). 

On the other hand, approach on the same side as the R group will produce the 

trans-isomer.44 

The orientation and stereochemical outcome from the addition of various halo¬ 

gens to optically active 2,3-pentadiene gives some insight into the possible mech¬ 

anism of the reaction. Bromine, bromine chloride, and iodine add to (R)-( —)-2,3- 

pentadiene (25) to give a mixture of optically active trans- and ds-dibromopentenes 

28 and 29 with the major adduct being the trans-isomer45 46 (Scheme 3). Halogen- 

ations with iodine tend to racemize the chiral allene. 

Evidently, steric effects do not play a major role in influencing the course of 

the reaction as evidenced by the preferential formation of the trans-isomer by way 

of attack from the more hindered side of the allene. The retention of optical activity 

in the products 28 and 29 suggest that they are derived from a nucleophilic attack 

of Y“ on the initially formed nonplanar halonium ions 26 and 275 (Scheme 3). 

When the allene is incorporated into a cyclic system, the trans side attack is 

hindered by the bridging methylene chain [Figure 3, R,R' = (CH2)6], and therefore 

cis adduct 

Figure 3. Directions of approach of an electrophile leading to cis or trans 

trans adduct ISOmerS. 
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CH. 

c = c=c 
/ 

CH. 

25 

CH 
XY 3\ xff 

C = C I 
/ ^C. 

H 

CH. 

26 

CH. X 
3s / 

C-C H / \ 
H C, 

;"ch3 

+ 

+ 

CH 

H 

3 /V"CH3 

\=c'\ 
/ 

27 

.H 
CH- cf 

3\ / ''Qtf 

C = C L 3 
/ N 

H X 

28a, X=Y=6 r (83:17) 

28b, X=Br, Y=C1 (72:28) 

28c, X=I, Y=C1 (85:15) 

29a, X=Y=B r 

29b, X=B r , Y=C 

29c, X=l, Y=C1 

Scheme 3 

only cis-products are produced. When treated with bromine, 1,2-cyclononadiene 

gives a mixture of ds-2,3-dibromocyclononene (30) and cis-\ ,4-dibromocyclon- 

onene (31) in a 40:60 ratio.47 48 The major product 31 is speculatively produced 

by a transannular 1,5-hydride shift.44 

Halogenation of allenes in protonic solvents (acetic acid40 or methanol44-46) result 

in the displacement of the developing allyl halide by the solvent. In iodination 

reactions the regioselective formation of the ensuing iodoallylic ethers can be ma¬ 

nipulated as illustrated in Scheme 4.42 The diiodoalkene 24a, whose preparation is 

illustrated in equation (16), is converted to the primary ether 33 by reaction with 

potassium alkoxide. Compounds 33 are produced with less than 3% contamination 

with isomeric 32. Pretreatment of the allene 23a with mercuric acetate prior to the 

iodination step affords 3-alkoxy-2-iodo-l-alkenes (32) as the major product, usually 

contaminated with 5-15% of 33. 

3.2.3. Oxymetallation Reactions 

Symmetrically substituted allenes are particularly suited for oxymetallation reac¬ 

tions. These additions are regiospecific and afford an organometallic with the metal 
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CH 
3\ 

C=C = CH. 

CH 
/ 

Hg(OAc)2 / 2 I2 

ROH 
CH 

CH 

I 
\ 
C=CH. 

3V 
^ I 

3 OR 

Method A 

23a 32 

CH, I 
3v / 

c—c 
/ \ 

CH3 CH2I 

ROK 
CH. 

CH. 

/ 
C — c 

/ \ 
CH2OR 

Method B 

24a 33 

Scheme 4 

R Method Yield (%) 

ch3 A 76 
c2h5 A 84 

/-c3h7 A 72 
CH, B 90 
c2H5 B 74 

/-c3h7 B 90 

bonded to the former central carbon of the allene and with nucleophilic attack of 

the oxygenating species at the terminal carbon.49 In acyclic systems the stereo¬ 

selectivity of the addition favors trans-adducts even though the nucleophile must 

approach from the sterically unfavorable side (see Figure 3). When chiral allenes 

are used, the optical activity is retained in the product, therefore suggesting the 

intermediacy of a ir-complex 34.50,51 

R 
\ 

C 
/ 

H 

R J 
\ /+M. 
C=C vjj 

H 4 "" R 
H 

, R MX 
R OH \ / 
-> C — C p 

H C‘ 
1 
or/H 

(18) 

34 

Methoxymercuration of (R)-( — )-2,3-pentadiene (25) with mercuric acetate in 

methanol gives a high yield of an 87:13 mixture of trans- and cA-3-acetoxymercuri- 

4-methoxy-2-pentenes (35) which can be converted to the 3-chloromercuri derivative 

36 by treatment with aqueous sodium chloride.46,50 

In cyclic systems the formation of ^ra^s-adducts would require an approach of 

the reagent from inside the ring. This geometric constraint consequently directs the 

addition of the electrophilic mercury to occur from the unencumbered face, thereby 
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CH0 H 
3v > 

C=C = C 
/ 

H CH. 

Hg(OAc) 

ch3oh 

CH0 HgOAc 
3n / 

c —c 

CH 
NaCl 

/ \ >H 93% overa11 
H 

CH 
OCH. 3 

, HgC 1 
3\ / 

C—C 
/ \ >H 

H CH- 

OCH. 

(19) 

25 trans-35 36 

favoring cis products. However, as the size of the ring becomes progressively larger, 

the steric influence diminishes and the preferred trans mode of addition once again 

is observed. Addition of mercuric chloride to 1,2-cyclononadiene and 1,2-cyclo- 

decadiene gives the respective cA-isomers, whereas analogous reactions with 1,2- 

cycloundecadiene and 1,2-cyclotridecadiene produces the frans-products.52-54 

A variety of allylically oxygenated cis-cyclononenes are readily available from 

1,2-cyclononadiene using the previously described oxymercuration procedures. The 

organomercuri function is sufficiently labile that its removal can be accomplished 

under mild conditions. When 1,2-cyclononadiene is treated with mercuric acetate 

in ethanol, cA-2-acetoxymercuri-3-ethoxycyclononene (37) is produced. When the 

reaction is performed in the presence of boron trifluoride etherate, the reaction 

medium is sufficiently acidic that cleavage of 37 occurs in situ, and cA-3-ethoxy- 

cyclononene (38) is isolated directly in high yield55 (Scheme 5). By similar rea¬ 

soning, reaction with either mercuric acetate56 or mercuric sulfate57,58 results in the 

direct isolation of cA-3-cyclononenyl formate (39). Hydrolysis with potassium 

hydroxide or barium hydroxide gives ds-3-hydroxycyclononene (40) in high yield. 

Enantiomeric cA-3-acetoxycyclononenes 43 and 45 are selectively prepared from 

optically active 1,2-cyclononadiene (41) by taking advantage of alternate modes of 

addition to mercury, thallium, or lead ^-complexes 34 [R,R = (CH2)6j. 

Scheme 5 
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Hg(OAc)2 

HgOAc ^- 
ch3cooh 

OAc 

(S)-(-)-42 (S)-(-)-41 

Pb(OAc)^ 

ch3cooh 

38% 

> 

OAc 

(R)-(+)-44 

* 

T1(OAc), 

NaBH^ 

V 

8A% CH C00H 

f 3 

28% 

v 

Ni(OAc)2 

NaBH^ 

(S)-(+)- 43 (S)-(-)-46 (R)-(-)-45 

Scheme 6 

Acetoxymercuration59 or thallation60 of the allene double bond occurs principally 

by antarafacial addition to give the respective organometallics 42 and 46 (Scheme 

6). Reduction of either compound with sodium borohydride affords (S)-( 4- )-cis-3- 

acetoxycyclononene (43). Acetoxyplumbation with lead tetraacetate proceeds by 

suprafacial addition to give the organolead intermediate 47. Under the reaction 

conditions the metal is lost by an anti elimination, and (R)-( + )-3-acetoxycyclon- 

onyne (44) is isolated. Hydrogenation in the presence of nickel boride catalyst 

produces (R)-( — )-3-acetoxycyclononene (45).49 
In contrast to most oxymercurations, the reaction of 1,2,5,8-cyclodecatetraene 

(48) and 1,2,5-cyclodecatriene (51) with mercury salts gives only rearranged prod- 

OAc 
H ; 

+ (20) 

48 49 50 
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ucts.61’62 The treatment of 48 with mercuric acetate (or mercuric sulfate) in acetic 

acid furnishes nearly a statistical mixture of cis,syn-decalin-2-yl acetate (49) and 

tricyclo[4.4.0.02,4]deca-5,8-diene (50) (equation 20). When the reaction is per¬ 

formed in 60% aqueous acetone, the ratio shifts dramatically in favor of 49 (88% 

of the product mixture). A similar reaction of 51 with mercuric chloride only gives 

tricyclo[4.4.0.02-4]dec-5-ene (52) in good yield (equation 21). 

HgC 12 

ch3cooh 

in 

> 

51 

3.2.4. Addition of Boron Electrophiles 

The hydroboration of allenes generally follows the regioselectivity obtained for that 

of oxymercuration reactions. Electrophilic attack of the boron on the terminal carbon 

of the allene is predominant when the terminal carbon atom is unsubstituted, whereas 

attack on the central carbon is preferred with internal allenes.63 Although the steric 

or electronic nature of the allene can control the product distribution, the regio- 

chemical outcome of the reaction can be manipulated by prudent selection of the 

hydroborating reagent. Disiamylborane or dicyclohexylborane exhibits preferential 

substitution on the central allene carbon to form vinylboranes. In contrast, 9-BBN 

exclusively forms allylboranes by way of attack at the terminus of the allene linkage64 

(equation 22). 

R, R 2 r3 r4 Yield (%) 

ch3 H H H 74 
CH, ch3 H H 92 
ch3 H ch3 H 72 
CH, CH, ch3 CH, 94 

Allylboranes can be used for the addition of any allyl group to carbonyl-con¬ 

taining compounds. This useful synthesis of homoallylic alcohols serves as an 

interesting alternative to Grignard type allylations64 65 (equation 23). 
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0 
II 

R2-C-R3 
HO-C 

t 

R0 R, 
I2 I 1 

C-CH—CH0 
I L 

R3 h 

(23) 

In reactions involving 9-BBN, the only instance in which the appearance of any 

vinylborane is observed is with 1,2-cyclononadiene (equation 24). In this case the 

reaction is not regiospecific, but the ratio remains overwhelmingly in favor of the 

allylborane 53. 

53 54 

Borane Reagent %53 %54 Reference 

9-BBN 83 17 64 

Disiamylborane 17 83 66 

Catechol borane 0 100 67 

The monohydroboration of cyclic allenes with catechol borane is characterized 

by the exclusive formation of cyclic vinylboranes 54 or 55 (equation 24 and Scheme 

7).67 The borane 55 can either be oxidized with hydrogen peroxide to give the cyclic 

ketones 56, or protonated with acetic acid to produce the cycloolefins 57. When 

n= 6,7,10 55 56 

57 

Scheme 7 
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n = 6 or 7 only the cis olefins are isolated, however in the case of 1, 2-cyclotri- 

decadiene (n = 10) a 76:24 mixture of cis- and rra«v-cyclotridecene is produced. 

Allenes are susceptible to electrocyclic reactions with allylboranes to form boron 

heterocycles. When allene is heated with triallylborane at 150°, 3-allyl-7-methylene- 

3-borabicyclo[3.3. l]nonane (58) is obtained in 60% yield68 69 by way of a series of 

intramolecular insertion reactions illustrated in Scheme 8.70 

By modifying the allene or borane, substituted borabicyclononanes 59 and 60 
are readily prepared69 (equations 25 and 26). 

CH 
/ 

CH„— C~ C 
2 \ 

3 
+ (CH2=CHCH2)3B 

1^0° 

66% 

60 
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OH 

1 . CO 

2. H202 

75% 

Scheme 9 

R= H, X=H 

R= CH^, X= H 

R= H, X= CH3 

Compound 58-60 can be additionally transformed into 1-boraadamantanes (62) 
by sequential treatment with methanol (to form the 3-methoxy derivatives 61) then 

tetraethyldiborane (Scheme 9). Complexation with ether furnishes the 1-boraada- 

mantane etherate 63 which, upon carbonylation followed by oxidation, results in 

the formation of 1-hydroxyadamantane derivatives 64.69 71 These unusually substi¬ 

tuted carbocycles are not readily available by standard synthetic transformations. 

In contrast to the reaction outlined in equation (26) the interaction of triallylborane 

with l-chloro-3-methyl-l ,2-butadiene (65) only produces 1 -allyl-5-(3-buten-1 -yl)- 

2-chloromethylene-3,3-dimethyl-l-boracyclopentane (66) in high yield (equation 

27).69,72 

3.2.5. Addition of Carbenes 

Carbenes, which are electrophilic in nature, readily add to the allene framework to 

give alkylidenecyclopropane derivatives 67 (equation 28). Singlet dihalocarbenes 

predominantly, if not exclusively, add to the double bond that contains the most 

electron-donating groups. With alkylallenes this represents the more substituted 

double bond. In contrast, triplet carbenes (e.g., methylcarboethoxycarbene) gives 
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cyclopropanes that appear to arise from addition to the less substituted double 

bond.73,74 

(28) 

R, r2 r3 r4 X : CX2 Source Yield (%) Reference 

H H H H Cl C6H;HgCCl2Br 64 75 

ch3 H ch3 H Br CHBr3/r-C4H9OK 87 76 

ch3 ch3 H H Br CHBr3/r-C4H9OK 75 76-79 

ch3 ch3 H H Cl CHCl3/r-C4H9OK 49 78, 79 

ch3 ch3 H H Cl CHCl3/NaOH/BTA 88 80 

ch3 ch3 ch3 H Br CHBr3/r-C4H9OK 78 76, 78, 79 

ch3 ch3 ch3 ch3 Cl CHCl3/r-C4H9OK 73 81 

H -(CH2)6- H Br C6H5HgCBr3 100 82, 83 

-(CH2)3- -(CH2) '3“ Br CHBr3/(-C4H„OK 89 84 

Dihalocyclopropane derivatives 67 can be converted to cumulenes 68 by reaction 

with an organolithium base (equation 29). The oxygen sensitive 1,2,3-trienes are 

formed in good yield and are quite stable when stored as ether solutions under 

nitrogen. 

X X 

67 68 

R, Rj r4 X Yield (%) Reference 

ch3 ch3 H H Br 75 79 

ch3 c2h5 H H Br 75 79 

ch3 ch3 ch3 ch3 Cl 100 81 
H -(CH2)6- H Br 93 82 

-(CH2)3- -(CH2)3- Br 69 84 

C,HnLi or CH_Li 
b 3 3 

R. R- 
N / 3 

C=C=C=C 
/ ' 

R2 r4 

(29) 

When allenes are treated with an excess of a dihalocarbene, reaction occurs at 
V, 

both double bonds and spiropentanes 69 are produced (equation 30). Dehalogenation 

of 69 with methyllithium affords cumulated tetraenes.81,84 
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69 

R, R 2 r3 r4 X : CX2 Source Yield (%) Reference 

H H H H Cl CHCl3/NaOH/BTA 34 80 

ch3 ch3 H H Cl CHCl3/NaOH/BTA 70 80 

ch3 ch3 ch3 ch3 Cl CHCl3/NaOH/BTA 90 80 

-(CH2)3- -(CH,)3- Br CHBr3/r-C4H9OK 21 84 

The use of Simmons-Smith reagent to effect the monocyclopropanation of allene 

hydrocarbons is of limited synthetic value. However, employing a 4-6 molar excess 

of the reagent results in dicyclopropanation to give spiropentanes 72 in moderate 

yield85 86 (Scheme 10). If the alkylidenecyclopropanes 71 are desired, the most 

efficient route for their preparation involves reaction of the allene with dibromo- 

carbene then debromination of 67 with tri-/i-butyltin hydride. When one equivalent 

of the hydride reagent is used, the monobromocyclopropane 70 can be isolated in 

good yield.76,87 

67 

Scheme 10 

70 Rj-R^= H, alkyl 
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3.2.6. Oxidation of AHenes 

Allenes are susceptible to oxidation by peracids (equation 31). The resulting allene 

oxides are extremely reactive molecules and generally react further to give a complex 

mixture of products.88 Isolable allene oxides such as 74, however, can be generated 

if the allene bears bulky substituents. Thus 1,3-di-r-butylallene (73a),89 1,1-di-r- 

butylallene (73b),90 and 1,1,3-tri-f-butylallene (73c),91 when treated with either m- 

chloroperbenzoic acid (MCPBA) or p-nitroperbenzoic acid, afford allene oxides 

74a-74c. Upon heating, compounds 74a and 74b isomerize to cyclopropanones 

75a and 75b.89-90 
Allene oxides are valuable synthetic intermediates and have been the topic of a 

recent review.7 When generated in situ in the presence of a trapping agent, a variety 

R= CH3, J_~C3H7 , 

C j qH2 , cyclohexyl 

R= C10H2I’ C6H5 

R= c6h5. P-ch3c6H5 

X= CH2, 0, NC00CH, 

78 

Scheme 11 



ELECTROPHILIC ADDITIONS 77 

of useful products are produced (Scheme 11).92 Alkyl-substituted allene oxides react 

with cyclopentadiene to give the substitution products 76. In contrast, generation 

of aryl-substituted allene oxides in the presence of a diene gives exclusively the 

cycloadducts 78. The products arise from an initial rearrangement of the allene 

oxide to a cyclopropanone followed by cycloaddition with the diene. When gen¬ 

erated in tht presence of methyl acrylate, alkyl or aryl substituted allene oxides 

undergo regiospecific cycloaddition, affording in each case a 2,4-disubstituted cy- 

clopentanone 77 in moderate yields.93 

The introduction of either a corticoid or pregnane side-chain into a steroid can 

be accomplished by oxidative manipulations of an allene function attached to the 

steroidal skeleton (Scheme 12). When 79 is treated with osmium tetroxide-pyridine 

followed by cleavage of the osmate ester with sodium sulfite and potassium bicar¬ 

bonate, the 17a, 21-dihydroxyketosteroid 80 is obtained in moderate yield. 

Alternately, when 79 is allowed to react with MCPBA buffered with disodium 

phosphate, only the pregnane derivative 81 is formed (presumably through a 17,20- 

allene oxide). Mild base hydrolysis of the 17a-chlorobenzoate 81 furnishes the diol 

82.94 
The reaction of allenes with a stoichiometric quantity of ozone proceeds by an 

unknown mechanism to give two carbonyl fragments, derived from the terminal 

allene carbons, and carbon monoxide derived from the central atom95 (equation 32). 

Ozone also functions as an oxygen transfer reagent with sterically hindered allenes 

to afford cyclopropanones by way of an initially formed allene oxide.90,96 The 

81 

Scheme 12 
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reaction shown in equation (32) can also be effected with singlet oxygen. The 

transformation is believed to proceed through an unstable tetraoxaspirocycloheptane 

intermediate 83.97 

R 
\ 
c=c = c 

R 
/ 

2 

\ 
C=Q + 0 

R 4 

(32) 

J LJ 1 3 

D 1 
2 0 — 0 

83 

An interesting application of allene ozonolysis is demonstrated in the two-step 

conversion of tetracyclic allene 84 to the steroidal enedione 85. The overall sequence 

shown in equation (33) proceeds in 46% yield.98 

3.3. NUCLEOPHILIC ADDITIONS 

Allene hydrocarbons are not susceptible to nucleophilic addition reactions unless 

the allene skeleton is activated with an electron-withdrawing group. One notable 

exception is the reaction of 2,4-dimethyl-2,3-pentadiene (86) with indole derivatives99 

(equation 34). The transformation is regiospecific giving high yields of the ter¬ 

minally substituted adducts 87. The reaction, however, is not general and is limited 

only to the illustrated reactants. 

The base-catalyzed cyclization of o-allenylphenol (88, R = H) affords 2-methyl- 

benzofuran (89) by way of an intramolecular nucleophilic addition of phenoxide 
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to the central allene carbon100 (equation 35). The reaction can be catalyzed with 

either aqueous alkali or triethylamine and furnishes the observed product in 60% 

yield. When the reaction is performed with oallenylphenyl acetate (88, R = OAc) 

in the presence of sodium methoxide, 89 is isolated in 81% yield. 

(35) 

88 

R= H, OAc 

89 

The generation of oallenylphenols can also be accomplished by a Claisen rear¬ 

rangement of a phenylpropargyl ether. Refluxing a solution of 1,4-bis-(/?-chloro- 

phenoxy)-2-butyne (90) in diethylaniline gives tetracycle 92, which is postulated 

to arise from the intermediacy of 91.101 

3.4. MISCELLANEOUS ADDITIONS 

The acid-catalyzed cyclization of oallenylphenols leads to the formation of chro- 

mene heterocycles. Reaction of homocuprate 93 with 3-acetoxy-3-methyl-l-butyne 

followed by acidic workup results in the formation of 5-hydroxy-2,2-dimethyl- 

7-pentylchromene (96) in 70-80% yield. The conversion is believed to proceed by 

way of initial formation of the allene 94, then subsequent ring closure of the allylic 

cation 95 (Scheme 13).102 This methodology can be conveniently applied to the 

synthesis of cA-cannabinoids. Thus when 93 is allowed to react with dehydrolinalool 
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OTHP 

OH 

C5HH 

96 

acetate, 3,4-ds-A‘^-tetrahydrocannabinol (98) is obtained in 20% overall yield. 

This procedure is particularly useful since no other isomeric tetrahydrocannabinols 

are formed. 

The addition of formaldehyde to allene in the presence of aqueous sulfuric acid 

results in the formation of 2,4,10,12,15-pentaoxadispiro[5.1.5.3]hexadecan-7-one 

(99) by way of a Prins reaction.103 

CH2=C=CH2 
CH20 

H2S04 
62% 

99 
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Allene can also be induced to undergo reactions with amines or active methylene 

derivatives when catalyzed with transition metals (equation 38). The resulting 1,3- 

dienes 100 or 101, formed from a condensation of two molecules of allene with 

one of reactant, are usually isolated in high yields.104 In these reactions the Pd(0) 

complex bis(triphenylphosphine)-(maleic anhydride)palladium is used most fre¬ 

quently because of its high solubility and stability in air. 

<r 

RNHR 

12-84% 
CH2=C = CH2 

100 

R, R = alkyl, "(CH2^ n~ 

rch2r' 

-> 
28-86% 

R, r'= CN, cooc2h5, coch3 

The dodecatrienylnickel complex 102 absorbs one equivalent of allene to give 

the bis-TT-allyl intermediate 103. Carbonylation of 103 with carbon monoxide fur¬ 

nishes a mixture of three products 104-106 (Scheme 14). Compound 106, which 

represents only 4-5% of the total reaction mixture, is readily hydrogenated to (±)- 

muscone (107).105 Although the sequence gives a low overall yield of the natural 

product, it is worth mentioning because of its exceedingly simple synthesis. 

Phase transfer catalyzed reactions of allenes with acetylcobalt tetracarbonyl afford 

unsaturated hydroxy ketones 109 in moderate yields106 (equation 39). The initial 

step of the reaction is the generation of the 2-acetyl-Tr-allylcobalt tricarbonyl com¬ 

plex 108. Regiospecific attack by hydroxide at the more substituted terminal carbon 

on the complex, after decomplexation, gives the observed products 109. 

R1 C0CH3 

-> R2^^ (39) 
OH 

109 

R, R2 Yield (%) 

C8H17 H 43 

CH3 CH3 23 

-(CH2)5- 40 

-(CH2)6- 38 

0H 

1N CH3COCo(CO)2} 

/C C CH2 Cl6H33N(CH3)3+Br 

108 
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In the presence of suitable enophiles, alkylallenes are highly reactive substrates 

in Alder ene reactions by virtue of the energetically favorable bond reorganization 

that such reactions entail107 (e.g., 110 in Scheme 14). In liquid sulfur dioxide. 

2,4-dimethyl-2,3-pentadiene (86) undergoes an ene addition with the solvent to 

give 3-(2,4-dimethyl-1,3-pentadienyl)sulfinic acid (111).108 Diethyl azodicarboxy- 

late analogously reacts with 86 to give 112 in high yield. However, with the 

powerfully enophilic 4-phenyltriazolinedione, 86 rearranges to 2,4-dimethyl-1,3- 
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CH 
3 \ /CH3 

C ~C — C 
\ 

CH 3 

H ^ S=0 
// 

O 

h2c(3 ^ 

110 

A 

so. 

chq ch^ 
A / J 

C — c = c 

CH 
/ 

CH. 

C2H500CN=NC00C2H5 

94% 

86 

112 

pentadiene (113) prior to capture by the enophile, and only the Diels-Alder adduct 

114 is obtained.107 

In the scope of synthetic applications, the addition of radicals to allenes generally 

does not represent a useful process. The product distribution is highly dependent 

on the substituents attached to the allene, the nature of the attacking radical, and 

the reaction conditions.5 Under kinetic control, fluorine, bromine, trimethyltin, and 

benzenethiyl radicals are relatively nondiscriminating and give mixtures of products 

derived from both central and terminal carbon attack (central attack becomes more 

favored with increasing methyl substitution on the allene). In contrast, CX3 radicals 

regiospecifically attack the terminus of the allene framework regardless of the nature 

of X (F, Cl, or H).109 

Sulfonyl radicals, on the other hand, exclusively give products derived from 

central attack on allenes bearing one or more alkyl or aryl substituents.109-111 Pho¬ 

tolysis of a mixture of an aryl or alkylsulfonyl iodide in the presence of a twofold 

molar excess of an allenic hydrocarbon rapidly (15-20 minutes) produces the sul- 

fonyl-substituted allyl iodides 115 in high yields (equation 40). It is interesting to 
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note that addition of tosyl iodide to allenes capable of producing cis- or trans-allylic 

iodides occurs in a stereospecific fashion and gives only a single isomer. 

k / 3 
c = c=c 

/ \ 
H 

vv 

hv 

k / 
C=C 

/ \ 

r 
CHI 

S02R4 

115 

kO) 

R. R 2 Rj r4 Yield (%) Reference 

ch3 H H p-ch3c6h4 73 109 

ch3 ch3 H p-ch3c6h4 97 111 

ch3 ch3 H ch3 100 111 

C6H5 H H c6h5 94 111 

c6h5 H H c2h5 92 111 

ch3 H ch3 p-ch3c6h4 82 109 

H -(CH2)6- p-ch3c6h4 80 109 

Areneselenosulfonates also readily undergo free-radical addition to allenes in a 

regiospecific manner (equation 41). The arylsulfonyl group adds to the central 

carbon of the allene, and the phenylseleno group becomes attached to the less highly 

l k k / 3 
C — C— c 

/ \ 
, H 

ArSCLSeC/H,. 
1 op 

hv 
100% 

R, CHSeC^-H 
k / 6 5 

C = C 
/ \ 

F*2 S02Ar 

116 

H2°2 
70-98% 

OH 
i 

R — C — C —CHR 
1 I l 

R2 SO Ar 

0SeC,Hc 
i 6 5 

R - C —C = CHR 
1 I I 

R^ S02Ar 

118 117 

Rj» R2 ’ R3= H’ alkyl, C^H,- 

Ar= p_-tolyl 

k 1) 
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substituted of the two terminal carbons.112 Oxidation of the phenylseleno group in 

116 with hydrogen peroxide results in a [2,3] sigmatropic rearrangement to selenate 

117 which, upon hydrolysis, furnishes (3-arylsulfonyl allylic alcohols 118. 
In an interesting study, Hart113 has investigated the intramolecular addition of 

radicals to allenes. The addition of 119 to a refluxing solution of tri-«-butyltin 

hydride'and AIBN in benzene (over a period of 7 hours) results in the generation 

of radical 120. Internal capture of the radical by the allene gives a separable mixture 

of l-azabicyclo[3.3.0]octan-2-ones 121 and 122 (equation 42). Increasing the dis¬ 

tance of the allene from the pyrrolidone by one methylene unit (123) gives 6-methyl- 

l-azabicyclo[4.3.0]non-6-en-2-one (124) as the only cyclization product along with 

deselenated starting material 125 (equation 43). 

(42) 

TBTH 

AIBN 

0 

+ 

O 

121 (53%) 122 (18%) 

+ 

125 (26%) 

(43) 
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CHAPTER FOUR 

ALLENES CONTAINING 
UNSATURATED 
SUBSTITUENTS 

Allenes which contain either alkenyl, alkynyl or allenyl substituents are accessible 

by a variety of synthetic methods. Because these substituents interact with the allene 

portion of the molecule to affect its chemical reactivity, these derivatives lend 

themselves to very interesting and useful synthetic transformations. It is the purpose 

of this chapter to introduce these synthetic approaches and to describe the appli¬ 

cability of these allenes to the synthesis of complex molecules and natural products. 

4.1. VINYL ALLENES (1,2,4-TRIENES) 

4.1.1. Synthesis 

1,2,4-Pentatriene (2), the smallest molecule that contains a cumulenic and conju¬ 

gated vinyl functionality, was first prepared in 70% yield by treating trans-5-chloro- 

3-penten-l-yne (1) with zinc-copper couple in butanol3 (equation 1). This ene- 

allene is distillable but decomposes slowly at room temperature. It can, however, 

be stored at — 40°C for several months. 

C1CH2CH = CHC = CH 

1 

A more general approach for the preparation of substituted vinylic allene hy¬ 

drocarbons is illustrated in Scheme 1. Two methods are shown, each proceeding 

from a common starting material (3).4,5,6 When chloropentenynes 3 are allowed to 

react with magnesium in ether at 0°C, the corresponding terminal ene-allenes 4 are 

Zn-Cu 
CH=CH_ 

/ 2 

35-40' 
CH_—C—C 

2 \ 

(1) 

H 

89 
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Scheme 1 

obtained in moderate yields (Table 4.1). Internal vinylallenes 5 can be generated 

by the treatment of 3 with methylmagnesium iodide in refluxing ether. This con¬ 

version requires 3-4 hours for completion and gives 2,3,5-trienes 5 uncontaminated 

with enynes. This reaction, however, lacks generality with respect to the organo- 

magnesium halide. Grignard reagents other than methylmagnesium iodide do not 

produce conjugated ene-allenes. 

Bromoenynes of type 6 are readily converted to allenes 7 or 8 (Scheme 2) by 

treatment with two equivalents of Hiyama’s reagent [prepared in situ from the 

reduction of chromium(III) chloride with lithium aluminum hydride]. Primary bro¬ 

mides only produce allenes 7, whereas secondary bromides provide allene 8 and 

its isomeric acetylene 9. The addition of HMPA to the reaction significantly in¬ 

creases the overall yield as well as the ratio of allene formed7 (see tabular list 

accompanying Scheme 2). 

Table 4.1. Preparation of Allenes 4 or 5 (Scheme l)4 5 6 

R. r2 r3 Allene Type Method Yield (%) 

H H H 4 A 31 
H H ch3 4 A 40 

ch3 H H 4 A 47 
ch3 ch3 H 4 A 55 

H H H 5 B 22 
H H ch3 5 B 50 

ch3 H H 5 B 52 
ch3 ch3 H 5 B 75 
ch3 ch3 ch3 5 B 78 

-(CH2)4- ch3 5 " B 48 
ch3 -(CH2)4- 5 B 55 



VINYL ALLENES (1,2,4-TRIENES) 91 

)“ = 
Br 

\\ 

R^H 

CrC 12 

R =C-,H, r 
1 7 15 

r2=ch3 
c 

R,=H 
HMPA 
-> 

R2 R3 

7 r2=ch3, r3=h L>0% 

R2,R3= (CH2)i4 30% 

7 15X 
CH. 

+ c7h|5- 

CH. 

Scheme 2 

HMPA (ml)a % 8 % 9 Overall Yield (%) 

0 76 24 85 

0.5 80 20 95 

1.0 90 10 95 

2.0 >95 <5 97 

“1 ml HMPA = 6.0 x 10 3 mole (reaction at 10 3 mole) 

Vinyl allenes are also accessible from an SN2' reaction of organocuprates with 

suitably functionalized propargyl derivatives. Treatment of 3-acetyl-l-penten-4-yne 

(10) with a lithium dialkylcuprate in ether affords a mixture of ene-allene 11 and 

conjugated eneyne 12 in moderate yield10 (equation 2). 

OAc 

10 

F^CuL i 

-20° 

9> + RCH2CH = CHC=CH (2) 

11 12 

R % 11 % 12 Overall Yield (%) 

CH3 94 6 42 

C4H9 80 20 60 

C8H17 90 10 52 

This methodology has been used successfully in the synthesis of methyl (E)-2,4,5- 

tetradecatrienoate (16), the sex pheromone produced by the male dried bean beetle, 

Acanthoselides obtectus. The key intermediate 14 (Scheme 3) is obtained in 25% 

yield from the reaction of acetal 13a with lithium dioctylcuprate.10 Alternately, the 
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(CgH17)2CuLi 
-> 

13 a R=Ac 

b r=so2ch3 

C8H17 

15 

(a) 1-C^HgLi; (b) Cul; (c) HCHCCOOCHg 

Scheme 3 

c8H 

OCH. 

severa1 

steps 

reaction of methanesulfonate 13b with the heterocuprate [C8H,7CuBr]MgBr • LiBr 

gives 14 in 90% yield (contaminated to the extent of 10% with its isomeric acet¬ 

ylene).11 The acetal group of 14 can then be elaborated to the methyl ester 16 by 

hydrolysis followed by oxidation of the resulting aldehyde with manganese dioxide. 

A particularly elegant approach to 16 has been devised by Michelot and Lin- 

strumelle.12 1,2-Undecadiene (15), when treated with r-butyllithium, is regioselec- 

tively lithiated at the terminal position. Subsequent addition of cuprous iodide results 

19 
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in the formation of a lithium diallenylcuprate, which then undergoes addition with 

methyl propiolate to produce 16 in excellent yield. 

Mixed vinyl cuprates such as 17 react with tertiary acetates or primary and 

secondary tosylates to give vinyl allenes 18 or 19 in excellent yields13 (equation 

3). Primary acetates fail to react under these conditions. With hindered cuprates, 

the only product is the p-enyne arising from direct substitution of the tosyl group.13 

Organolithium reagents (with the exception of methyllithium) add in a 1,4 fashion 

to conjugated dienynes 20 to give vinyl allenes 2114,15 (equation 4). The addition 

occurs only at the unsubstituted vinyl group and always at its terminus. Aromatic 

and heterocyclic organolithium reagents behave similarly.16 

20 21 

R= alkyl, aryl, naphthyl, 2-pyridyl 

The base-catalyzed prototropic rearrangement of 4-alken-l-ynes provides a useful 

entrance into the vinyl allene skeleton.17 Deutsch and Snider18 ingeniously use this 

concept to prepare a key intermediate for the preparation of the hexalin portion of 

compactin (27), a fungal metabolite isolated from strains of Penicillium 

brevicompactum19 and Penicillium citrinum20 (Scheme 4). When 22 is treated with 

26 
Scheme 4 
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potassium r-butoxide at 40°C for 12 hours, a mixture containing 50% of the desired 

ene-allene 23 plus conjugated enynes and unreacted starting material is obtained. 

Oxidation to the enone 24 is effected with pyridinium chlorochromate. An intra¬ 

molecular Diels-Alder reaction produces the exo adduct 25 which contains three 

of the four contiguous stereocenters present in the natural product. Reduction of 

the ketone to the alcohol 26 with L-selectride introduces the fourth center. 

Terminal vinyl allenes 28 can be regioselectively lithiated at the terminal allenic 

carbon with r-butyllithium. Alkylation on the same carbon with alkyl iodides, allyl 

bromides, or propargyl bromides furnishes internal vinyl allenes 29 generally in 

50-80% yield21 (Scheme 5). Optimum yields are realized utilizing a 1:1 mixture 

of ether/THF in the presence of an equimolar quantity of HMPA. Lithio vinyl 

allenes also react with electrophiles such as aldehydes, ketones, or epoxides to give 

allenic alcohols 31 and 32 in good yields.22 Alcohols 31 are also accessible from 

the base-catalyzed isomerization of propargyl alcohols 30.23 
Magnesium derivatives of vinyl allenes, prepared from 5-halo-3-en-l-ynes 33,5 

behave differently in reactions with carbonyl-containing compounds (Scheme 6). 

Aliphatic aldehydes and ketones produce p-acetylene-(3-ethylenic alcohols 34 in 

good yields.24 Reactions with a,p-unsaturated carbonyls initially gives alcohols 35. 
Refluxing these alcohols in diglyme for 2 hours gives the interesting enyne carbonyls 

36 by way of a Cope rearrangement.25 

As shown in Scheme 5, internal a-hydroxy vinyl allenes are readily accessible 

by two routes. The hydroxyl functionality, however, can also be incorporated in 

the vinyl portion of the molecule or on the other terminal carbon of the allene unit. 

R 

29 
28 

RI , F*2 , R^=H , alkyl 

R^= alkyl, allyl, 

0 c5h] ]cscch2 
II 

R 31 R] ,R2=(CH2)/+ 32 

Scheme 5 
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33 

R1,R2,R3=H,CH3 

X=C 1 ,Br 

35 (R3=CH3) 

Scheme 6 

36 (R^H.CH ) 

Primary propargyl bromides 37 (R[ = H), when condensed with aldehydes or 

ketones in the presence of Hiyama’s reagent, produce only terminal a-hydroxy 

vinyl allenes 38 in 50-75% yield.7 Secondary propargyl bromides 37 (R = C7H15) 

give mixtures of 38 and 39 (equation 5). The addition of HMPA to the reaction 

mixture favors the formation of the allene, but the effect is not as pronounced as 

that for vinyl allene hydrocarbons (see Scheme 2). 

Ene-allenes with an alcohol substituent situated a to the vinyl moiety are easily 

prepared by the reduction of allenyl propargylic alcohols or acetates with lithium 

aluminum hydride.26 The method has been incorporated in a relatively short synthesis 

of methyl (E)-2,4,5-tetradecatrienoate (16) (Scheme 7).27 The key step in the se¬ 

quence is the stereospecific reduction of yne-allene 41 with lithium methoxyalu- 

minum hydride to give exclusively the trans-alcohol 42. Manganese dioxide oxi¬ 

dation of 42 furnishes aldehyde 43, which is the same intermediate produced from 

the hydrolysis of acetal 14 (Scheme 3). The conversion of 43 to 16 follows Corey’s 

method28 for the stereospecific oxidation of allylic alcohols to allylic esters. 
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CqH.^-CHC^CH 
o I / I 

0S02CH3 

40 

HC=CCH20H 
-—=> 
t~CiHqNH0 
— 492 

CuC 1 

50% 

C8H 17 % ,0H 

41 

LiA1H3(0CH3) 

-> 
SOX 

42 43 

Scheme 7 

> 16 

Other approaches to the synthesis of vinyl allenic hydrocarbons are listed in 

Table 4.2. 

4.1.2. Chemical Reactivity 

Vinyl allenes can be regiospecifically epoxidized with peracids on the vinyl portion 

of the molecule (equation 6). The ratio of cis and trans-epoxides corresponds to 

the isomer ratio of the corresponding vinyl allene.36 As shown in Scheme 8, a- 

allenic epoxides 44 can be readily converted to a- and (3-allenic alcohols, 46 and 

48, vicinal allenic diols 47, and enynols 45.37 

peracid 

Scheme 8 

46 

R=H, CH3, C2H5, i‘C3H7 
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Table 4.2. Alternate Methods for Preparing Vinyl Allenic Hydrocarbons" 

Substrate Reagent (conditions) P roduct Yield ,% reference 

CH2= CHCH2C=CH NaOH, CH OH (reflux) ch2=c=ch-ch=ch2 80 29 

, CH, 

/// > 3 Br H , t-CAH90K 

CH. 

43 30 

CH 
3 Li 

C6H13 
, Pd[P(C6H5)3]A 

CH. 

CH. 

C6H13 

80 31 

(C6H]3CH = CH)2CuLi HC=CCH2Br (-30°, 2hr) 
C6H13 

10 32 

TsOCH CHjMgC1 , CuBr (-30°) 

CH. 

80 8 

%^och3 

CH3 

CjHgMgBr, CuBr 

(ether, THF) 

CH. 

c2h5 
73 

C H 3 L i f 

K 

// 
33 

Br 

Br 

C H 3 L i CD 94 34 

—~C4H9 \ 
C=C —C 

/ \ 
H M 

C/,Hq I 
\=_/ . Pd[P(C6H5)3]A 

1-C4h9 
_ C.H 

w-#—w 9 
98 35 

M= MgC1, Cu, ZnC 1 

"Only one example for each method is given. Additional examples are provided in the references cited. 

If the allene portion of the vinyl allene bears an alkyl substituent on either 

terminal carbon, peracid oxidation leads to the preferential formation of conjugated 

cyclopentenones 50 (equation 7).38-41 If an optically active allene is used, the 

chirality is transferred to the resulting cyclopentenone presumably by means of a 

(„2S + „2a + „2.) process.42 
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PNPBA 
or 

H2°2/C6H5CN 

R 

0 

+ R3 (7) 

Overall 

R, r2 r3 % 50 % 51 Yield (%) Reference 

H H ch3 100 0 60 38 

H H c3h7 100 0 60 38 

c,h7 H H 95 5 55 38 

(CH3)3Si ch3 H 100 0 60 41 

Mechanistically, the formation of cyclopentenones can be explained by the initial 

formation of an allene oxide 52 which subsequently isomerizes to a vinyl cyclo- 

propanone 53. The illustrated electrocyclic transformation then leads to 50 Scheme 

9).38 

Scheme 9 

50 

Compounds in the jasmone series are particularly suited for synthesis using this 

vinyl allene —> cyclopentenone methodology. Dihydrojasmone (55a) and dehydro- 

jasmone (55b) are prepared in good yields by such a transformation. 

Bicyclic enones 58 and 60, key intermediates for the synthesis of macrocyclic 

ketones such as exaltone and muscone, are readily obtained by oxidation of ene- 

allenes 57 and 59 with m-chloroperbenzoic acid44 (Scheme 10). 
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54 
55a R= CH2CH=CHC2H5 (65%) 

55b. R= CH2C = CC2H5 

An interesting alternative for the preparation of cyclopentenones is the 

acetoxymercuration45 or acetoxythallation,841 of vinyl allenes (equation 9). These 

reactions proceed rapidly and afford products that are easily purified. The demet¬ 

allation step is particularly favorable and is spontaneous in acetic acid. Table 4.3 

illustrates the generality of this reaction in the synthesis of jasmone analogs. Note 

that the third entry is dihydrojasmone (yield, 54%). 

59 

Scheme 10 

60 

A third method for transforming vinyl allenes into cyclopentenones involves 

photoepoxidation with molecular oxygen in the presence of a sensitizer (biacetyl).45 

The reaction generally produces cyclopentenones in approximately 50% yield (di¬ 

hydrojasmone, 35%); however, the reaction fails with o-vinyl allenic alcohols or 

ethers. 

Hg(OAc) 

or 

T1(OAc) 
3 

RA R3 

R 

h 
(9) 
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Table 4.3. Cyclopentenones by Way of Acetoxymercuration or Acetoxythallation of 

Vinyl Allenes" (Equation 9) 

R. r2 r3 r4 

Yield (%) 

Hg(OAc)2 T1(OAc)3 

H C5Hu H H 70 60 

ch3 c5h„ H H 50 68 

H c5h„ ch3 H 54 45 

H QHn H ch3 78 — 

ch3 QHn ch3 H 79 61 

H H -(CH2)4- — 36 

H ch3 -(CH2)4- 75 60 

ch3 ch3 -(CH2)4- 49 44 

“Source: Ref. 8. 

Reactions of vinyl allenes with singlet oxygen take a different course. Dye- 

sensitized photooxidation leads to A-4-tetrahydropyran-3-ones (61) in moderate 

yields.46 

Ri R2 R3 Yield (%) 

C4H9 H H 55 

C5Hn CH3 H 48 
C2H5 -(CH2)4- 65 

do) 

An interesting property of vinyl allenes is their ability to participate in Diels- 

Alder type [4 + 2] cycloadditions as the diene component of the reaction. The 

mechanism of the reaction requires that the allene must adopt a cisoid conformation 

prior to the interaction with the dienophile.47 Moreover, if the R substituent is not 

-* 
<- 

R R 

T ransoid Cisoid 
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Scheme 11 

hydrogen, the vinyl geometry must be trans to alleviate steric compression in the 

cisoid conformation. The stereochemistry associated with the products suggests a 

concerted process. 

When the parent compound 2 is allowed to react with various dienophiles, a 

variety of methylene cyclohexenes are obtained (Scheme 11), some of which are 

readily aromatized.3 

Nonsymmetrical dienophiles such as a,(3-unsaturated ketones react with vinyl 

allenes to produce mixtures of regio- and stereoisomeric adducts, the ratio of which 

depends on the substitution pattern on the ene-allene (equation ll).47,48 

Total 

R, r2 r3 Yield (%) % 62 % 63 % 63a % 63b 

H H H 60 28 72 — — 

H ch3 H 75 20 80 — — 

H H ch3 40 21 79 — — 

ch3 H H 50 0 100 75 25 

ch3 ch3 H 75 0 100 80 20 

ch3 H ch3 35 0 100 100 0 
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Scheme 12 

Vinyl allenes are also capable of undergoing thermal [1.5]sigmatropic hydrogen 

shifts to 1,3,5-triene systems.49 This is elegantly applied to the efficient construction 

of the 1,3,5-hexatriene moiety of the 1-hydroxy vitamin D system 65.50-56 The 

thermal rearrangement of vinyl allene 64 involves a suprafacial [1.5]sigmatropic 

hydrogen shift from C19 —» C7 by way of either of two competing pathways (Scheme 

12).53,54 One path leads to the desired 7E manifold 65, whereas the other path leads 

to the 7Z manifold in which the primary [1.5] product is not observed because of 

subsequent antarafacial [1,7]sigmatropic shifts.54 The major influence in migration 
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preference is attributed to the relative orientation of the Cl hydroxyl group in the 
A-ring and the trajectory of the migrating C19 hydrogen.5154 Substitution at C3 of 
the A-ring by a methyl55 or gem-dimethyl52 has no significant effect on this migra¬ 
tion. 

Changing the distance between migrating hydrogen termini, C19 and C7, for 
the [1.5]sigmatropic shift as in the A-nor analog 68, results in a failure to arrange 
under the optimal conditions defined for the six-membered cases.55 

Replacing the C3 carbon of the A-ring with a sulfur atom results in a significant 
change in the [1.5]sigmatropic migration. Normally the (3-hydroxy allene 69a leads 
to the 7E vitamin 70a, but in the case of the thia analog 69b, it is the epimeric 
la-hydroxy allene that leads to 7E product 70b (equation 12). This presumably is 
due to the additional ir-system perturbation by the allylic sulfur.56 

[1.51 
-:> 

H 

69a x=CH2 (R1=H, R2=0H) 

69b x=S (Rj=0H , R2=H) 

70a X=CH2 (R1=H , R2=0H) 

70b X=S (R1=0H , R2=H) 

(12) 

Introduction of the allene moiety into higher-order polyenes as found in the 
vitamin A series provides further application of the [1.5]sigmatropic rearrangement 
of vinyl allenes to the preparation of retinoids whose stereochemistry is difficult to 
obtain by standard synthetic reactions. Thus thermal isomerization of 71 results in 
a low yield of the highly hindered 9-cis , 11 -cis , 13-cA-retinol 7257 (equation 13). 
Similarly, 73 rearranges to a mixture of 11-cA-retinol 74 and 11,13-d/cA-retinol 
75 along with products derived from the competitive Z-manifold migration58 (equa¬ 
tion 14). Although yields are generally low and the products are thermally unstable, 
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this method still allows rapid access to certain hindered 1 1-ds-retinoids in sufficient 

quantity for further studies.59 

The isomeric ds-diene-allene 78 does not undergo the anticipated antarafacial 

[1.7]sigmatropic shift. In fact, 78 is nonisolable and undergoes spontaneous six- 

electron electrocyclization to the drimatriene 79. The conversion from the propar- 

gyloxy derivatives 76 and 77 is extremely efficient and affords 79 in good yield.60 

o 
H 

77 

R Yield (%) 

c4h9 77 

r-C4H9 79 
QH, 60 

SOC6H5 80 
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4.2. HIGHER VINYLOGOUS ALLENES: 
ALLYLIC ALLENES (1,2,5-TRIENES) 

4.2.1. Hydrocarbons 

The inherent reactivity of this class of ene-allenes affects their syntheses, diversity, 

and reactivity. The condensation of allenyl magnesium bromide with allylic halides 

gives a mixture from which 1,2,5-trienes can be chemically separated.61-63 However, 

this reaction has not been extended to more general cases. The thermal Cope-type 

rearrangement of l-alken-5-yne 80 affords 1,2,5-hexatriene (81) which, under the 

reaction conditions, cyclize further to 3- and 4-methylene cyclopentenes.64 

The Wittig reaction of (3-allenic aldehydes 82 (equation 17) provides one of the 

best ways to synthesize a variety of 1,2,5-trienes in approximately 50% yield.65,66 

Triorganoalanates 84a or triorganoborates 84b exhibit enhanced reactivity toward 

electrophiles and can be used to synthesize allylic allenes 85 in good yields con¬ 

taminated with only a very minor amount of acetylene side products67 (equation 

18). 

Ci+Hg-CSC-CH2M~(R)3Li + 

84a M= A1(J_-C4H9)3 

84b M= B(s_-C4Hg) 3 

M r2 r3 X Yield (%) 

A1 H H Br 78 

B H H Br 74 

A1 ch3 ch3 Br 84 

B ch3 ch3 Br 84 

A1 c4h9 H Cl 76 

(18) 
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Table 4.4. Alternate Preparations of AHylic Allenes 

Substrate Reagent (conditions) Product Yield,% reference 

CH 3 Li (-78°) 
46 68 

CH2=CHCH2MgBr (110°) 80 69 

(CH3) 3Si -C=C-CH2Cu C00C2H5 (-78°-*--20°) 70 

CH2=CHCH2MgBr/CuBr 80 82 

Additional examples of allylic allene preparations are found in Table 4.4. 
Allylic allenes, when oxidized with p-nitroperbenzoic acid, produce bicy- 

clo[3.1.0]hexane-2-ones (86) or propiolactones 87 (Scheme 13), the ratio of which 

depends on the substitution of the ene-allene and the solvent used (Table 4.5).71-73 

Methylene chloride tends to favor 87, whereas methanol gives almost exclusively 

86. 
The initial step in the transformation is the formation of an allene oxide which 

then rearranges to the isomeric cyclopropanone. Subsequent cyclization by way of 

an electrocyclic process, as illustrated in Scheme 13, provides the observed bicy¬ 

clohexanones 86. If the cyclopropanone is further oxidized by a Baeyer-Villiger 

Table 4.5. Distribution of Cyclic Products for the Peracid Oxidation of Allylic 

Allenes (Scheme 13)fl 

R, R2 r3 r4 Solvent % 86 % 87 % 88 

ch3 H H H CH2C12 0 35 0 
C3H7 H H H ch2ci2 0 80 0 
ch3 ch3 H H ch2ci2 0 80 0 
ch3 ch3 H H ch3oh 100 0 0 
ch3 c2h5 H H ch2ci2 50 50 0 
ch3 c2h5 H H ch3oh 90 10 0 
ch3 c2h5 H ch3 ch2ci2 35 60 0 

—(CH2)5- H H ch2ci2 25 40 0 
ch3 H c2h5 H ch2ci2 0 0 50 

"Source: Refs. 71-73. 
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type process, either 87 or 88 can be formed depending on which of the cyclopropane 

bonds migrates to the oxygen. When R3 = H, the a bond migrates to give lactones 

of type 87, whereas when R3 — alkyl, the b bond migrates to give the isomeric 

88. 

Substituted propenyl allenes 89 are interesting intermediates in photochemical 

reactions. Upon irradiation, these allenes can lead to 90 by way of a di-Ti-methane 
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rearrangement, or to bicyclo[2.1.0]pentanes (housanes) 91 by a symmetry allowed 

[2 + 21 intramolecular cycloaddition. In practice, the di-ir-methane route is sup¬ 

pressed and housanes are overwhelmingly formed.74 75 In the case of 89b, the 

conversion is extremely facile and proceeds in 70% yield.76 

4.2.2. Alcohols 

Considerable effort has been directed to the synthesis of a variety of ene-allenic 

alcohols. Propargylic bromides condense with a,(3-unsaturated aldehydes or ketones 

in the presence of Hiyama’s reagent to give a-allenic alcohols 92 (equation 20). 

The selectivity of this reaction depends on the substitution of the bromide, the 

structure of the carbonyl, and the presence of HMPA in the reaction mixture.77 

(20) 

These alcohols have also been prepared by the reaction of trialkylboranes with 

lithium chloropropargylide (93) followed by treatment of the intermediate 94 with 

aldehydes at room temperature.78 This reaction, however, lacks generality.67 

Alcohols of this type can react with either dimethylamino-1 -ethoxy-1 -ethylene 

(95a)79’80 or 1-ethoxyethylene (95b)81 to produce the corresponding vinyl ethers 96, 
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which undergo a thermal [3.3]sigmatropic rearrangement to give a mixture of vinyl 

allenes 97 and conjugated trienes 98 (equation 22), the ratio depending on the nature 

of the allene substitution. 

(22) 

R, r2 r3 r4 R % 97 % 98 

H H H H N(CH3)2 61 39 
ch3 ch3 H H N(CH3)2 87 13 

c2h5 ch3 H H N(CH3)2 100 — 

H H ch3 ch3 N(CH3)2 13 87 

H H c2h5 c2h5 N(CH3)2 24 76 

H H H H H 77 23 

H H ch3 H H 59 41 

ch3 H H H H 81 19 
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99 

103 

Scheme 15 

The acid- or base-catalyzed rearrangement of the allene cyclopropane 99, pre¬ 

pared by the addition of dimethyl allene carbene to isoprene, leads to a variety of 

products possessing a terpenoid carbon skeleton (Scheme 14).83 

The addition of thiophenol to 99 occurs in a regioselective manner to produce 

a 2:1 mixture of cis- and trans-divinyl cyclopropanes 100 and 101.84 The ds-isomer 

100 spontaneously undergoes a Cope rearrangement in situ at 25°C to give the 1,4- 

cycloheptadiene 102 while the trans-isomer 101 requires heating at 160° for 3 hours 

to effect the conversion (Scheme 15). Subsequent hydrolysis of 102 leads to kara- 

hanaenone (103), the odoriferous constituent of Japanese hop and Cypress oil 

Cupressus sempervirens.85,86 

4.3. 1,2,6-TRIENES 

The 1,2,6-triene system is ideally set up to undergo a Cope rearrangement. The 

simplest member of this family, 1,2,6-heptatriene (104), can be rearranged to 3- 

methylene-1,5-hexadiene (105) by thermal87 as well as photosensitized88 processes. 

104 105 
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When incorporated into a cyclic system [e.g., 1,2,6-cyclononatriene (106)], the 

isomerization, whether thermal89 or photochemical,88 proceeds analogously and 

affords 2,3-divinylcyclopentene (107).9091 This intermediate can be trapped as its 

Diels-Alder adduct when allowed to react with dienophiles such as maleic anhydride 

or dimethyl acetylene dicarboxylate (Scheme 16). Compound 109 spontaneously 

aromatizes to 110 when allowed to stand overnight.89 Such an approach may be 

useful for the synthesis of indanes not easily available by standard methods. 

One of the more synthetically applicable transformations involving 1,2,6-trienes 

is their participation in cationic TT-cyclizations to produce carbocyclic ring systems92 

(Scheme 17). The regiochemical outcome of the reaction is dictated by the substi¬ 

tution of the terminal allenic carbon. Unsubstituted allenes undergo electrophilic 

cyclization exclusively at the terminal carbon, whereas terminally methylated allenes 

undergo attack at the central carbon. In all cases, the ds-fusion is observed. Thus 

when 111a is treated with anhydrous formic acidv the cyclic formate 112 is produced, 

which can be subsequently hydrolyzed to ds-9-methyl-A7-2-octalone (113). Anal¬ 

ogous treatment of 111b results in the formation of the five-membered ring products 
114 and 115 (ratio 2:1). 
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111b, R=CH3 

HCOOH 
(r=ch3) 

lh% 

OH 

114 115 

Scheme 17 

113 

A similar transformation can be performed on the enone 116. However, better 

yields are obtained with the use of trifluoroacetic anhydride in trifluoroacetic acid 

rather than formic acid. In the case of 116b, the reaction produces a 4:1 mixture 

of 118 and 119. 

116a- R=H 

116b, R=CH. 

86% 

(R=ch3) 

1. (cf3co)2o/cf3cooh 

2. hydrolysis 

80% 

OH 

+ 

117 

119 118 

Scheme 18 
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a-Ethylenic-p'-allenic alcohols (123) are readily accessible by three separate 

routes. Two of the three involve the addition of an organocopper reagent93’94 to a 

(3-hydroxy-y-ethylenic alcohol 120 or 121; the third is an attack of an allenyl lithium 

122 on a vinyl epoxide.95 Heating the alcohols 123 in diglyme causes them to 

undergo a [3.3]sigmatropic rearrangement that leads to y-dienic aldehydes and 

ketones 124 in moderate yields94 (Scheme 19). 

120 121 

62-74% 33-45% 

F^MgX 

CuBr 

122 

R1 R2 R3 
Yield, % 

H H 
C2H5 

H 52 

H H 
C2H5 

ch3 70 

CH^ H 
C2H5 CH3 

58 

CH3 
ch3 H H 40 

ch3 ch3 H ch3 30 

Scheme 19 

4.4. ACETYLENIC ALLENES 

4.4.1. Conjugated (C—C=C—C=C) 

A number of natural allenes contain, as an important structural feature, the con¬ 

jugated alleneyne linkage. The structure of the biologically active metabolite, Sco- 
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rodonin (125), isolated from the mushroom Marasmius scorodonius, exhibits such 

a system.96 

C1CH. 

\ 

* 
>-■ 

,vCH„0H 

125 

The simplest representative in this class of compounds, 1,2-pentadiene-4-yne 

(127), is prepared in 60% yield by the reductive elimination of 3-chloro-l ,4-pen- 

tadiyne (126) with activated zinc in n-butanol.3 

ci 
i 

HC = C-CH-C=CH 
Zn 

ch2=c=ch-c=ch (2k) 

126 127 

In the presence of aqueous sodium hydroxide, 1,4-nonadiyne (128) readily iso- 

merizes to l,2-nonadiene-4-yne (129).97 At temperatures exceeding 100°C, the 

allene undergoes a thermal [2 + 2] cycloaddition to a short-lived dimer 130 which 

is easily trapped with maleic anhydride. 

HC = C-CH2-C=C-C1+H9 
NaOH ch9=c=ch-chc-c,h 

V 9 

128 129 

130 
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Table 4.6. Allenynes 134 from Coupling Reactions of Allenes with Acetylenic 

Derivatives (Scheme 20) 

R. r2 r3 X Method Yield (%) 

H H ch2oh I A 45 

c3h7 H ch2oh Br A 51 

ch3 ch3 ch2oh Br A 33 

r-C4H9 ch3 ch2oh Br A 62 

r-C4H9 ch3 c4h9 Br A 82 

c2h5 ch3 —C=CH Br A 25 

H H c6H5 H B 89 
ch3 ch3 c6h5 H B 90 
uC4H9 H Si(CH3)3 H B 77 
r-C4H9 H 

X
 

u
 

u
 

III u
 H B 75 

A more general route to allenynes consists of coupling allenes with an appropriate 

ethynyl compound (Scheme 20). Two methods produce consistently good results. 

Method A involves the reaction of allenic halides 131 with acetylenes (usually 

alcohols) in the presence of cuprous bromide and an organic base (either aqueous 

ethylamine or f-butylamine).98,99 The larger the substituent R on the haloallene, the 

higher the yield of product (see Table 4.6). An alternate approach (Method B) is 

a cross-coupling reaction of monoallenylcopper(I) derivatives 133 with 1-iodo-l- 

alkynes.100 The reaction is highly regioselective and produces allenynes 134 in 74- 

90% yields. An interesting feature of both methods is that no prototropic rearrange¬ 

ment to diynes is observed. 

R. H 
K / 

C=C —c 
/ \ 

X 

131 

HC = C-R iuBr > nc=c~ch-c=c-r. 
3 DMF ' / 

R2 

Method A 
134 

W 

R, H 
•\ / 

c=c = c 
p / N.. 
R9 L i 

CuBr 
R. H 

■\ / 

C— c~c 
/ \ 

R2 Cu 

Method B 

132 133 

Scheme 20 
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Allenynes containing a hydroxy group a to the acetylene function are easily 

prepared by the condensation of a propargyl alcohol with a propargyl halide in the 

presence of a catalytic amount of cuprous chloride and a suitable base101102 (equation 

26). The reaction occurs by initial formation of a copper acetylide which then adds 

to the propargyl halide in an SN2' fashion. The base (ammonium hydroxide, hy- 

droxylamine, or r-butylamine) is necessary to neutralize the liberated hydrochloric 

acid as well as to aid in the formation of the copper complex. The reactivity of the 

complex depends upon its solubility. With alkynes bearing a-hydrophilic groups, 

aqueous or alcoholic solvents are favored, whereas for hydrocarbon substituents, 

DMF or DMSO is required. The halide reactivity follows the order Cl > Br §> I 

with tosylates being almost as effective as chlorides. 

OH 

I 
-C-C—CH 

I 
R„ 

CuC 1 
+ HC = C-C-X 

base 
(26) 

R, r2 R, r4 Base Yield (%) 

H H H H NH4OH 60 
H H ch3 H r-C4H9NH2 50 

ch3 H ch3 H NH4OH 50 
ch3 ch3 ch3 ch3 ;-c4h9nh2 70 

The more complex alcohols represented by skeletal systems 136, 137, and 138 
are also easily prepared in 50-90% yields by this method.103 

CH20H 

136 

138 
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An interesting transformation involving the skeletal system 137 is its behavior 

toward various hydride-reducing reagents. The product obtained from the reduction 

of these derivatives depends on the type of hydride used, the solvent employed, 

and the length of the reaction time.104,105 The treatment of the methylated derivative 

139 with lithium methoxyaluminum hydride in THF at 70°C for less than 3 hours 

results in the formation of trans-vinyl allene 140. Prolonged reaction time allows 

a second addition of hydride to occur to give the conjugated tetraene 141. When 

lithium aluminum hydride is used in ether at 55° for 20-30 hours, the divinyl 

cumulene 142 is obtained in 64% yield104 (Scheme 21). 

Scheme 21 

142 

A similar reduction of 138 with lithium methoxyaluminum hydride in THF for 

2 hours results in the formation of divinyl allenols 143 in 55-72% yield.104 

4.4.2. C=C=C—C=C—C=C 

Skeletal systems containing an allenic unit in which the conjugation is extended 

through both the triple bond of the acetylene and the double bond of the ethylene 

function are readily accessible by the coupling process described in equation (26).103 
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The reduction of 144 with lithium methoxyaluminum hydride in THF at 80°C 

provides the p-diallenol 146 by means of nucleophilic addition of hydride to the 
ethylene bond, as shown in 145 (equation 28).105-107 

146 

In those cases where the olefin is substituted (e.g., 147, R=CH3) the results 

are affected by the choice of reducing agent as well as the time of the reaction 
(equation 29).105 

147 148 

R Hydride Source Time (hr) Yield (%) 

H LiAlH4 10 76 

H LiAlH3OCH3 2 55 

CH3 LiAlH4 10 22 

ch3 LiAlH3OCH3 2 68 

It should be kept in mind that structures 138-146 represent only the basic 

skeletons and that a wide variety of substitution patterns are available for each one. 

These can be found in the references cited. 

4.4.3. C=C=C—C=C—C=C 

Allene diynes are a unique class of compounds. Their complexity suggests that 

structures like this would represent chemical curiosities posing a synthetic challenge 

to the organic chemist as well as an interesting system of conjugation for study by 
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the physical chemist. Amazingly enough, this functional grouping occurs in nature 

and is an important structural feature of fungal metabolites such as mycomycin 

(149),108,109 nemotinic acid (150a) and nemotin (151a),110 odyssic acid (150b) and 

odyssin (151b), and others,111 many of which possess antibiotic activity. 

a, R=H 

b, R=CH3 

Synthetically, the allenediyne system can be constructed by two basic coupling 

procedures: the first involves the reaction of allenic or propargylic bromides with 

1-butadiynylzinc chloride in the presence of 0.5-2.0 mole % of tetra- 

kis(triphenylphosphine)palladium (equation 30).112,113 

R, Br 
\ / 

I 

C = C = CH- C = C —C = CH 
/ 

152 

Rj , R2= H, CH3 

(30) 
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When the 1-butadiynylzinc chloride is reacted with a-acetylene epoxide 153 
under palladium(O) catalysis, followed by several standard chemical conversion 

steps, the fungal metabolite (±)-2,3-octadiene-5,7-diyne-l-ol (154) is obtained in 

a 30% overall yield.114 

HC = C 

\7 

153 

1. (CH3) 3S i (C = C)2ZnCl 

pd [p(C6H5)3]4 

2. H30 
+ 

(CH3)3Si-C=C-C=C-CH = C=CH-CH2OH 

1. AgN03/THF/H20 

HC=-C-C=C-CH=C = CH-CH0OH *—TTT 
2 2. NaCN 

154 

(31) 

The second procedure is an extension of the coupling reaction illustrated in 

Scheme 20. An allenic bromide is reacted with 1-trimethylsilylbutadiyne in which 

the terminal acetylene of the resulting allenediyne 155 is protected by a stabilizing 

trimethylsilyl group (equation 32).115 Landor115 has applied this method to the 

synthesis of 154 and (±)-5,6-undecadiene-8,10-diyne-l-ol (156) (Scheme 22 and 

Scheme 23, respectively). 

R 
1 \ 

C = 

R 
/ 

2 

Br 
/ 

C=C 
\ 

H 

HC = C-C = C-Si (CH3)3 
-> 

CuBr/(CAHg) N/DMF 

10% 

\ 
C= C — CH — 

/ 
C=C- C=C-Si (CH3)3 

155 

(32) 

R 

\=C— CH- -C=C—C = CH 
NaOH 

<-- 
ch3oh 
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CH2=CH-C = CH BrCH„CH—C=CHBr Na°AC a AcOCH CH = C = CHBr 

-20° 2 CH3C00H 

1. Na2C03 

2. (CH3)3SiC1 

HC = C-C=C-Si (CH3)3 

CuBr/(CZjH9)3N 

18% 

(CH3)3SiOCH2CH = C=CHBr 

y 

(CH3)3SiOCH2CH=C = CH- C = C-C = C-Si (CH3)3 

NaOH 

ch3oh 

60% 

HOCH2CH=C = CH—C = C —C = CH 

154 

Scheme 22 

4.4.4. C=C=C—C—C=C 

Nonconjugated allenynes are readily accessible by a cross-coupling reaction between 

copper(I) 1-alkenyltrimethylborates 157 and excess propargyl bromide (equation 

33). This method provides a new synthetic entry to 1,2,7-alkatriene-5-ynes 158 by 

way of a hydroboration-type process.116 
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HC = C —C=C-Si (CH3)3 

CuBr/(C/(Hg)3N 

12% 

(ch3)3sici 

y 

(CH3)3SiO(CH2)iiCH=:C=:CHBr 

(CH3)3SiO(CH2)ZjCH = C=:CH —C=C —C = C-Si (CH3)3 

NaOH 

ch3oh 

HO(CH2)/tCH = C = CH- C=C —C = CH 

156 

Scheme 23 

Ri r2 Yield (%) 

c4h9 H 54 

c5h„ H 55 

C6H13 H 40 

c2h5 c2h5 71 

(33) 

Acetylene alkenylidene cyclopropane 159, when treated with boron trifluoride 

etherate in methanol, leads directly to the head-to-tail terpenoid allene-acetylene 

160 in 50% yield.83 
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)=.= : % 

Y 

bf3 *(C2H5)2° OH 

(34) 

160 

159 

Propargylic allenes containing an a-hydroxy function are readily obtained by an 

anionic [2.3]sigmatropic rearrangement of (3,f3'-alkynyl ethers 161 with rc-butyl 

lithium/TMEDA in DMSO (equation 35).117 

# % 

161 

C,HQLi 
,A 3 

TMEDA 

OH 

162 

(35) 

R=CH3 64% 

R= (CH ^) 3S i 52% 

X-C-C =CH 

i-c^y 

163 

CH20H 

Scheme 24 
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To date no synthetic utility has been associated with such systems, although they 

present some interesting possibilities. 

4.5. DIALLENES 

Attempts to prepare diallenes by various coupling reactions118121 have usually led 

to a mixture of isomers, generally in moderate yields, except in certain phenyl- 

substituted cases.119121 However, the coupling reaction of propargylic bromides or 

acetates with an allenylzinc chloride 163 in the presence of 0.5-2.0 mole % of 

Pd[P(C6H5)3]4 leads to conjugated diallenes 164 in high yields.112113 A similar re¬ 

action with acetylenic epoxides provides (3-diallenols 165 also in high yields114 

(Scheme 24). 
In a somewhat general synthetic method, conjugated me so-diallenes 168 are 

prepared from trans-dienes 166 by dibromocarbene addition followed by a stereo¬ 

specific ring opening of 167 with methyl lithium.122 

168 

The manner of substitution is important in determining the products obtained. With 

1,1'-dimethyl-2,2,2',2'-tetrabromocyclopropyl cyclopropane (169), the only prod¬ 

uct observed is 1,2-dimethylfulvene (170).123 

Br 

169 
170 
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Exocyclic diallenes such as 172 can also be prepared by this method.124 

171 

1 .CHBryt-C^OK (-35°) 

2. CH^Li/ether (-35°) 

172 

(38) 

The reaction of sulfur dioxide with conjugated diallenes takes place at room 

temperature with the formation of methylene sulpholenes (173) in good yields125,126 

(equation 39). 

(39) 

R R' Yield (%) 

ch3 ch3 85 
ch3 /-C4H9 74 
CH, c6H5 78 
c6h5 c6h5 73 

a,w-Diallenes (175) are prepared from a,w-bis(2,2-dibromocyclopropyl) alkanes 

(174) by reduction with methyl lithium127 (equation 40). 
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The length of the bridging chain is a factor in the outcome of the reaction. When 

n = 2, the proximity of the intermediate carbenoid species 177 is such that com¬ 

petitive formation of tricyclo[4.1.0.04,6]heptane (176) (by insertion of the carbene 

into the more substituted allene double bond) is observed. 1,2,5,6-Heptatetraene 

(diallenylmethane, 175 R = H, n — 1) cannot be prepared by this method.128 

177 

Some of these a,o)-diallenes undergo a thermal Cope rearrangement by means 

of a diradical mechanism. Thus heating 1,2,6,7-octatetraene (178) at 310°C under 

0.2 torr pressure results in the formation of 3,4-dimethyl-1,5-hexadiene 179.129-131 
The cyclic bisallene 180 rearranges to 181 under similar conditions.132 

(42) 

Halogen-substituted diallenes have also been prepared in good yields. When the 

diol 182 is treated with concentrated hydrobromic acid in acetic acid for 30 minutes, 

l,l,6,6-tetraphenyl-3,4-dibromo-l,2,4,5-hexatetraene (183) is produced in 80% 

yield as colorless plates.133 When this is heated with zinc dust in methanol, 1,1,6,6- 

tetraphenyl hexapentaene (184) is obtained, whereas heating for 30 minutes with 

mercuric acetate in various alcoholic solvents affords the diynes 185 in good yields. 

Treatment with phosphorus tribromide in acetic acid yields l,4,6,6-tetraphenyl-3- 

bromofulvene (186) (Scheme 25). 
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Scheme 25 

REFERENCES 

Reviews 

1. I. Z. Egenburg, Russ. Chem. Rev., 47, 470 (1978). 

2. H. Hopf in S. Patai, Ed., The Chemistry of Ketenes, AUenes and Related Compounds, Wiley- 

Interscience, New York, 1980, p. 793. 

Articles 

3. E. R. H. Jones, H. H. Lee, and M. C. Whiting, J. Chem. Soc., 341 (1960). 

4. J. P. Dulcere, M. L. Roumestant, and J. Gore, Tetrahedron Lett., 4465 (1972). 

5. J. P. Dulcere, J. Gore, and M. L. Roumestant, Bull. Soc. Chim. Fr., 1119 (1974). 

6. J. Gore and J. P. Dulcere, J. Chem. Soc., Chem. Commun., 866 (1972). 

7. F. Delbecq, R. Baudouy, and J. Gore, Nouv. J. Chem., 3, 321 (1979). 

8. R. Baudouy, F. Delbecq, and J. Gore, Tetrahedron, 36, 189 (1980). 

9. G. Balme, M. Malacria, and J. Gore, Tetrahedron Lett., 1 (1979). 

10. C. Descoins, C. A. Henrick, and J. B. Siddall, Tetrahedron Lett. 3777 (1972). 

11. H. Kleijn, H. Westmijze, K. Kruithof, and P. Vermeer, Rec. Trav. Chim. Pays-Bas, 98, 27 (1979). 

12. D. Michelot and G. Linstrumelle, Tetrahedron Lett., 275 (1976). 

13. R. Baudouy and J. Gore, J. Chem. Res., (S), 278 (1981). 

14. A. A. Petrov, V. A. Kormer, and T. V. Yakovleva, Zh. Obshch. Khim., 30, 2238 (1960). 

15. A. A. Petrov, Yu. I. Porfir’eva, and V. A Kormer, Zh. Obshch. Khim., 31, 1518 (1961). 

16. L. N. Cherkasov and Kh. V. Bal’yan, Zh. Obshch. Khim. 2, 1751 (1966). 

17. J. Grimaldi and M. Bertrand, Bull. Soc. Chim. Fr., 947 (1971). 



REFERENCES 129 

18. E. A. Deutsch and B. B. Snider, J. Org. Chem., 47, 2682 (1982). 

19. A. G. Brown, T. C. Smale, T. J. King, R. Hasenkamp, and R. H. Thompson, J. Chem. Soc., 

Perkin Trans. I, 1165 (1976). 

20. A. Endo, M. Kuroda, and Y. J. Tsujita, Antibiotics, 29, 1346 (1976). 

21. R. Baudou,y, F. Delbecq, and J. Gore, Tetrahedron Lett., 937 (1979). 

22. R. Baudouy, F. Delbecq, and J. Gore, J. Organomet. Chem., 177, 39 (1979). 

23. M. Bertrand, C. R., 247, 824 (1958). 

24. M. L. Roumestant, J. R Dulcere, and J. Gore, Bull. Soc. Chim. Fr., 1124 (1974). 

25. M. L. Roumestant, R Place, and J. Gore, Tetrahedron Lett., 677 (1976). 

26. J. Gore and R. Baudouy, Tetrahedron Lett., 3361 (1973). 

27. R. Baudouy and J. Gore, Synthesis, 573 (1974). 

28. E. J. Corey, N. W. Gilman, and B. E. Ganem, J. Am. Chem. Soc., 90, 5616 (1968). 

29. J. Grimaldi and M. Bertrand, Bull. Soc. Chim. Fr., 947 (1971). 

30. J. Gore and A. Doutheau, Tetrahedron Lett., 253 (1973). 

31. T. Jeffrey-Luong and G. Linstrumelle, Synthesis, 738 (1982). 

32. F. Naf, R. Decorzant, W. Thommen, B. Willhalm, and G. Ohloff, Helv. Chim. Acta, 58, 1016 

(1975). 

33. R. B. Reinarz and G. J. Fonken, Tetrahedron Lett., 4591 (1973). 

34. D. E. Minter, G. J. Fonken, and F. T. Cook, Tetrahedron Lett., 711 (1979). 

35. K. Ruitenberg, H. Kleijn, J. Meijer, E. A. Oostveen, and P. Vermeer, J. Organomet. Chem., 

224, 399 (1982). 

36. M. Bertrand and J. Gore, C. R. Acad. Sci., Paris, Ser. C., 265, 196 (1967). 

37. J. Grimaldi and M. Bertrand, Bull. Soc. Chim. Fr., 973 (1971). 

38. J. Grimaldi and M. Bertrand, Tetrahedron Lett., 3269 (1969). 

39. J. Grimaldi and M. Bertrand, Bull. Soc. Chim. Fr., 957 (1971). 

40. M. Bertrand, J. P. Dulcere, J. Grimaldi, and M. Malacria, C. R. Acad. Sci., Paris, 279, 805 

(1974). 

41. J. P. Dulcere, J. Grimaldi, and M. Santelli, Tetrahedron Lett., 3179 (1981). 

42. M. Bertrand, J. P. Dulcere, and G. Gil, Tetrahedron Lett., 4403 (1977). 

43. M. Malacria and M. F. Roumestant, Tetrahedron, 33, 2813 (1977). 

44. M. Bertrand, J. P. Dulcere, G. Gil, and M. F. Roumestant, Tetrahedron Lett., 1845 (1979). 

45. M. Malacria and J. Gore, J. Org. Chem., 44, 885 (1979). 

46. M. Malacria and J. Gore, Tetrahedron Lett., 5067 (1979). 

47. M. Bertrand, J. Grimaldi, and B. Waegell, Bull. Soc. Chim. Fr., 962 (1971). 

48. M. Bertrand, J. Grimaldi, and B. Waegell, J. Chem. Soc., Chem. Commun., 1141 (1968). 

49. L. Skattebol, Tetrahedron, 25, 4933 (1969). 

50. M. F. Hammond, A. Mourino, and W. H. Okamura, J. Am. Chem. Soc., 100, 4907 (1978). 

51. P. Condran, Jr. and W. H. Okamura, J. Org. Chem., 45, 4011 (1980). 

52. A. Mourino, S. Fewicka-Piekut, A. W. Norman, and W. H. Okamura, J. Org. Chem., 45, 4015 

(1980). 

53. P. Condran, Jr., M. F. Hammond, A. Mourino, and W. H. Okamura, J. Am. Chem. Soc., 102, 

6259 (1980). 

54. G. A. Feyes and W. H. Okamura, J. Am. Chem. Soc., 104, 6099 (1982). 

55. J. M. Gerdes, S. Fewicka-Piekut, P. Condran, Jr., and W. H. Okamura, J. Org. Chem., 46, 5197 

(1981). 

56. A. Haces and W. H. Okamura, J. Am. Chem. Soc., 104, 6105 (1982). 



130 ALLENES CONTAINING UNSATURATED SUBSTITUENTS 

57. C. G. Knudsen, S. C. Carey, and W. H. OJcamura, J. Am. Chem. Soc., 102, 6356 (1980). 

58. J. Sueiras and W. H. Okamura, J. Am. Chem. Soc., 102, 6255 (1980). 

59. R. A. S. Chandraratna and W. H. Okamura, J. Am. Chem. Soc., 104, 6114 (1982). 

60. W. Reischl and W. H. Okamura, J. Am. Chem. Soc., 104, 6115 (1982). 

61. L. Miginiac-Groizeleau, Ann. Chimie, 6, 1071 (1961). 

62. L. Miginiac-Groizeleau, Bull. Soc. Chim. Fr., 1449 (1963). 

63. G. Pfiffer, Bull. Soc. Chim. Fr., 776 (1962). 

64. W. D. Huntsman, J. A. DeBoer, and M. H. Woosley, J. Am. Chem. Soc., 88, 5846 (1966). 

65. J. Grimaldi, M. Malacria, and M. Bertrand, Bull. Soc. Chim. Fr., 1720 (1965). 

66. R. Faure, M. Malacria, J. Grimaldi, M. Bertrand, and E. J. Vincent, C. R. Acad. Sci., Paris, 

Ser. C., 280, 1243 (1975). 

67. N. R. Pearson, G. Hahn, and G. Zweifel, J. Org. Chem., 47, 3364 (1982). 

68. L. Skattebol, J. Org. Chem., 31, 2789 (1966). 

69. J. J. Eisch, J. H. Merkley, and J. E. Galle, J. Org. Chem., 44, 587 (1979). 

70. B. Ganem, Tetrahedron Lett., 4467 (1974). 

71. J. Grimaldi, M. Malacria, and M. Bertrand, Tetrahedron Lett., 275 (1974). 

72. J. Grimaldi, M. Malacria, and M. Bertrand, Bull. Soc. Chim. Fr., 1725 (1975). 

73. J. Grimaldi, M. Malacria, and M. Bertrand, Bull. Soc. Chim. Fr., 1731 (1975). 

74. D. C. Lankin, D. M. Chihal, G. W. Griffin, and N. S. Bhacca, Tetrahedron Lett., 4009 (1973). 

75. D. C. Lankin, D. M. Chihal, N. S. Bhacca, and G. W. Griffin, J. Am. Chem. Soc., 97, 7133 

(1975). 

76. W. Kudrawcew, B. Frei, H. R. Wolf, and O. Jeger, Heterocycles, 17, 139 (1982). 

77. P. Place, C. Vemiere, and J. Gore, Tetrahedron, 37, 1359 (1981). 

78. G. Zweifel, S. S. Backlund, and T. Leung, J. Am. Chem. Soc., 100, 5561 (1978). 

79. M. Huche, C. R. Acad. Sci., Ser. C., 275, 383 (1972). 

80. M. Huche and P. Cresson, Bull. Soc. Chim. Fr., 2040 (1974). 

81. P. Cresson, C. R. Acad. Sci., Ser. C., 279, 2040 (1974). 

82. C. Cahiez, A. Alexakis, and J. F. Normant, Synthesis, 528 (1978). 

83. L. Crombie, P. J. Maddocks, and G. Pattenden, Tetrahedron Lett., 3479 (1978). 

84. P. M. Cairns, L. Crombie, and G. Pattenden, Tetrahedron Lett., 1405 (1982). 

85. Y. Naga and M. Kotake, Tetrahedron Lett., 1645 (1968). 

86. J. Gamero, P. Buil, R. Robertet, D. Joulain, and R. Tabacchi, Perfum. Flavor, 3, 3 (1978). 

87. H. M. Frey and D. H. Lister, J. Chem. Soc. (A), 26 (1967). 

88. H. R. Ward and E. Karafiath, J. Am. Chem. Soc., 91, 522 (1969). 

89. K. G. Untch and D. J. Martin, J. Am. Chem. Soc., 87, 4501 (1965). 

90. J. A. Deyrup and M. Betkouski, Tetrahedron Lett., 1131 (1973). 

91. H. M. Frey and A. M. Lamont, J. Chem. Soc. (A), 1592 (1969). 

92. K. E. Harding, P. M. Puckett, and J. L. Cooper, Bioorganic Chem., 7, 221 (1978). 

93. A. Doutheau, G. Balme, M. Malacria, and J. Gore, Tetrahedron Lett., 1803 (1978). 

94. A. Doutheau, G. Balme, M. Malacria, and J. Gore, Tetrahedron, 36, 1953 (1980). 

95. G. Balme, A. Doutheau, J. Gore, and M. Malacria, Synthesis, 508 (1979). 

96. T. Anke, J. Kupka, G. Schramm, and W. Steglich, J. Antiobiot., Tokyo, 33, 463 (1980). 

97. W. J. Gensler and A. Whitehead, J. Org. Chem., 38, 3843 (1973). 

98. C. S. L. Baker, P. D. Landor, and S. R. Landor, J. Chem. Soc., 4659 (1965). 

99. C. S. L. Baker, P. D. Landor, and S. R. Landor, Proc. Chem. Soc., 340 (1963). 



REFERENCES 131 

100. K. Ruitenberg, J. Meijer, R. J. Bullee, and P. Vermeer, J. Organometal. Chem., 217, 267 (1981). 

101. A. Sevin, W. Chodkiewicz, and P. Cadiot, Tetrahedron Lett., 1953 (1965). 

102. A. Sevin, W. Chodkiewicz, and P. Cadiot, Bull. Soc. Chim. Fr., 913 (1974). 

103. R. Baudouy and J. Gore, Bull. Soc. Chim. Fr., 2153 (1975). 

104. Ibid., 21.59 (1975). 

105. Ibid., 2166 (1975). 

106. R. Baudouy and J. Gore, Tetrahedron Lett., 1593 (1974). 

107. J. Gore and R. Baudouy, Tetrahedron Lett., 3743 (1974). 

108. W. D. Celmer and I. A. Solomons, J. Am. Chem. Soc., 74, 1870 (1952). 

109. Ibid., 74, 2245 (1952). 

110. J. D. Bu’Lock, E. R. H. Jones, P. R. Leeming, and J. M. Thompson, J. Chem. Soc., 3767 

(1956). 

111. R. E. Bew, J. R. Chapman, E. R. H. Jones, B. E. Lowe, and G. Lowe, J. Chem. Soc. (C), 129 

(1966). 

112. K. Ruitenberg, H. Kleijn, C. J. Elsevier, J. Meijer, and P. Vermeer, Tetrahedron Lett., 1451 

(1981). 

113. K. Ruitenberg, H. Kleijn, H. Westmijze, J. Meijer, and P. Vermeer, Rec. Trav. Chim. Pays-Bas, 

101, 405 (1982). 

114. El. Kleijn, J. Meijer, G. C. Overbeek, and P. Vermeer, Rec. Trav. Chim. Pays-Bas, 101, 97 

(1982). 

115. P. D. Landor, S. R. Landor, and J. P. Leighton, Tetrahedron Lett., 1019 (1973). 

116. N. Miyaura, T. Yano, and A. Suzuki, Bull. Chem. Soc. Jap., 53, 1471 (1980). 

117. M. Huche and P. Cresson, Tetrahedron Lett., 367 (1975). 

118. H. Hopf, Angew. Chem., Internat. Ed., 9, 732 (1970). 

119. F. Toda and Y. Takehira, J. Chem. Soc., Chem. Commun., 174 (1975). 

120. F. Ghera and S. Shoua, Tetrahedron Lett., 3843 (1974). 

121. F. Coulomb-Delbecq and J. Gore, Bull. Soc. Chim. Fr., 541 (1976). 

122. K. Kleveland and L. Skattebol, Acta Chem. Scand., B29, 191 (1975). 

123. L. Skattebol, Tetrahedron, 23, 1107 (1967). 

124. P. Blickle and H. Hopf, Tetrahedron Lett., 449 (1978). 

125. K. Kleveland and L. Skattebol, J. Chem. Soc., Chem. Commun., 432 (1973). 

126. K. Kleveland and L. Skattebol, Acta Chem. Scand., B29, 827 (1975). 

127. L. Skattebol, J. Org. Chem., 31, 2789 (1966). 

128. K. J. Drachenberg and H. Hopf, Tetrahedron Lett., 3267 (1974). 

129. L. Skattebol and S. Solomon, J. Am. Chem. Soc., 87, 4506 (1965). 

130. W. R. Roth, M. Heiber, and G. Erker, Angew. Chem., Int. Ed., 12, 504 (1973). 

131. W. Grimme and H. J. Rother, Angew. Chem., Int. Ed., 12, 505 (1973). 

132. E. V. Dehmlow and G. C. Ezimora, Tetrahedron Lett., 4047 (1970). 

133. M. Higashi, F. Toda, and K. Akagi, Chem. Ind., London, 491 (1969). 



= CHAPTER FIVE = 

HYDROXY AND 
OXO-SUBSTITUTED 

ALLENES 

Allenic hydrocarbons can be functionalized with oxygen substituents in virtually 
any position. Nuclear hydroxy allenes are nothing more than the enol tautomer of 
acrolein derivatives. The equilibrium, however, lies so far to the right that the 
allene structure is not present in any significant quantity. When the tautomerism is 
frozen in the allenic form by substitution on the oxygen, stable allenic ethers result, 
and these are discussed in Chapter 7. 

R H 
\ / 

c = c=c 
/ \ 

H OH 

R H „ \ / 
* c= c 

/ \ 
H CHO 

Moving the hydroxy substituent away from the nucleus to the a-position and 
beyond results in allenic alcohols that are stable and isolable. Since allenic alcohols 
and aldehydes (or ketones) are interconvertible by oxidative or reductive methods, 
they are both presented in this chapter. 

5.1. ALCOHOLS 

5.1.1. a-Allenic Alcohols 

Allenic alcohols are readily synthesized using the same general reaction types 
employed for the preparation of alkylallenes. Ally lie alcohols 1 are converted to 
gcm-dibromocyclopropylcarbinols 2 by treatment with dibromocarbene. Reduction 
with /t-butyllithium gives allenic alcohols 3 in moderate yields. 

132 
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R. H 
k / 

c=c p 
/ \ / R3 

R0 
2 i k4 

OH ' 

H 

C = 
/ 

C 
\ 

C~~ OH 
/ 
3 R 

(1) 

1 2 3 

Ri R 2 r3 r4 Yield (%) Reference 

ch3 ch3 H H 43 3,4,5 

ch3 ch3 ch3 H 44 3, 4, 5 
ch3 ch3 ch3 ch3 65 3, 4, 5 

H —(CH2) 6 H 58 3, 6 

Cyclic allylic alcohols 4 can be resolved as their camphanate esters. Sequential 

treatment with dibromocarbene followed by methyllithium gives a mixture of the 

diastereomeric allenic alcohols 5 and 6 which are readily separable by chromato¬ 

graphic techniques (equation 2). It is interesting to note that 6 is easily oxidized to 

the cycloallenone 7 with manganese dioxide, whereas 5 remains unchanged.7 

n=5,7,9 

One of the most versatile and widely used methods for allenic alcohol synthesis 

is the Sn2' addition of hydride (from lithium aluminum hydride) to propargylic 

alcohols 8 (equation 3). One particular advantage of this reaction is the variety of 

functionalities capable of behaving as a suitable leaving group (X). The most 

commonly used X groups are chlorine,8,9 alkyl ether derivatives,10-12 THP-oxy,11,13-17 

nitro,18 and quaternary ammonium salts19-21 (see Table 5.1) 

H 

X OH 
I I 

R - C-C = C—C- R, 
1 I « 

R2 R3 

LiAlH, 0 H\ 
A1 

X X 
0 

R2 R3 

R. H 
k / 

C — C —c 
/ \ 

R„ C-OH 
2 /\ 

R3 

(3) 

8 9 

3 
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TABLE 5.1. a-Allenic Alcohols Prepared from Hydride Addition to Propargylic 

Alcohols (Equation 3) 

R, R2 R 

H H 

CH3 H 

H H 

QH5 H 

—(CH2)5— 

ch3 c2h5 

ch3 ch3 

C3Hv H 

ch3 c2h5 

H H 

H H 

H 

H 

H 

H 

CH3 

H 

H 

H 

H 

H 

H 

H 

X Yield (%) Reference 

Cl 68 8 

Cl 72 9 

N(CH3)3 84 19 

och3 70 10 

och3 97 10 

och3 98 10 

no2 93 18 

OTHP 95 15 

OTHP 73 15 

OTHP 82 13 

OTHP 72 11, 13 

Mechanistically, the transformation proceeds by initial formation of an O-alu- 

minum species 9 which then internally delivers hydride, followed by an own- 

selective 1,2-elimination of X. For THP-oxy derivatives this anti elimination 

is nearly exclusive (>95%).22 When an asymmetric propargyl derivative such 

as 10 is employed, the chirality is almost completely transferred to the alcohol 11 
(>90% ee). Chiral allenic alcohols are additionally prepared from racemic propargyl 

alcohols containing an optically active quaternary ammonium derivative as the 

leaving group, however, the asymmetric induction is substantially lower.20,23 

OTHP 
f 

CH ~ C-C = C~CHo0H 
3 k 2 

H 

LiAlH^ 

50% 

CH. H 
\ / 

c=c=c 
✓ \ 

H CH OH 

(s)-H-io (R)-(-)-11 

(0 

Several naturally occurring compounds are readily accessible by using the pro¬ 

pargyl alcohol-^ a-allenic alcohol conversion as a key step in their syntheses. 

( —)-Methyl (E)-2,4,5-tetradecatrienoate (15) is an allenic sex attractant produced 

by the male Dried Bean Beetle (Acanthoscelides obtectus). Its synthesis in racemic 

form is outlined in Scheme l.24 The aldehyde 14 is relatively unstable, and spectral 

monitoring of the reaction mixture in the oxidation step is essential for optimum 

yield. An interesting alternate synthesis of 13 has recently been reported in one 

step from 1-undecyne by reaction with formaldehyde/dimethylaluminum chloride 
complex.25 
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OTHP 
I 

CQH, - C-C=C — CH.OH 
0 1/ | ^ 

H 

12 

L i A1 H ^ 
> 

C8H17n / 
c = c=c 

/ \ 
H CH OH 

13 

Mn02 

0 

(CH 0) PCH COOCH C8H17n /H 
-^— ---^ C=C=C H 

/ \ / 
H C = C 

/ \ 
H COOCH 

14 

15 

Scheme 1 

C8H17n 
C=C —C 

/ 

/ \ 
CHO 

The defense mechanism of the large, flightless grasshopper, Romalea microptera, 

responds by secreting a froth from respiratory openings on its thorax.26 A major 

component of the secretion is a conjugated allenic ketone called “grasshopper 

ketone” (19). Its synthesis has been accomplished in both racemic27-29 and optically 

active30 form. The penultimate step in the sequence (Scheme 2) involves the for¬ 

mation of allenic triol 18 from either epoxide 16 or diol 17. Selective oxidation of 

the a-allenic alcohol with manganese dioxide furnishes the natural product. 

17 

Scheme 2 
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The unnatural isomer of grasshopper ketone, 23, is available from a biogenetic- 

type synthesis starting from 7-fra/rt-3-hydroxy-(3-ionol (20b; Scheme 3). In the 

presence of singlet oxygen, 20b produces allenic triol 22 by way of an hydroper- 

oxide-type intermediate 21b. ’1 Evidently, attack of singlet oxygen occurs trans to 

the hydroxy group at C-3.29 

In an analogous transformation (3-ionol (20a) is oxidized by singlet oxygen to 

the diol 24.32 Subsequent treatment with acetic acid furnishes (3-damascone (25).33 

The addition of organometallics to propargyl alcohol derivatives (8) result in the 

formation of allenic alcohols of type 26 (equation 5). The competitive formation 

of allene 26 versus its isomeric acetylene 27 can be biased to favor, if not exclusively 

X OH 
I t 

Ri~ c —c=c—c—R4 

R2 R3 

8 

R.MgX \ 7R5 
—2-* C= C — C 

/ ' 
R C-OH 

/ \ 
26 R3 R4 

+ R, - 

,5 OH 
I l 
c — c = c — c- R, 
l I 1 

R2 R3 

27 

(5) 

(R])2CuLi 

0 
/\ /Ri, 

R„- C = C— C —C 4 
2 I \ 

R, R. 

28 

X= Cl, OCH^, OTHP, OAc, CH^S020, OSCH^, quaternary ammonium 
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produce, the allene by varying the organometallic reagent in conjunction with 

prudent selection of reaction conditions. When Grignard reagents are used, the 

temperature, quantity of reagents, and order of addition strongly influence the 

proportion of the allene formed34,35 (up to 90% of 26 can be obtained). 

The nature of the leaving group X also has an effect on the 26:27 ratio. Sub¬ 

stitution reactions of 8 (X = OCH3,OTHP) with alkyl Grignard reagents in the 

presence of cuprous iodide afford mixtures of 26 and 27 where, in some cases, the 

acetylene represents the major component.36 The use of acetate or methanesulfinate 

as the leaving group with lithium dimethylcuprate37 or [R5CuBr]MgX • LiBr38 as 

the organometallic reagent furnishes excellent yields of the allenic alcohol with no 

contamination with the acetylene. 

An interesting application of this type reaction is the synthesis of a lower-chain 

allenic prostaglandin (32). The preparative sequence 29 —> 32 is illustrated in 

Scheme 4.39 

Scheme 4 

Allenes 26 can alternately be obtained by the addition of organocopper reagents 

to a-acetylenic epoxides 28.40,41 When lithium dialkylcuprates are used, acetylene- 

free allenic alcohols are produced in 30-75% yield. 
The ability of allenic alcohols to enter into reactions in an inter- or intramolecular 

fashion makes them valuable intermediates for the preparation of synthetically useful 

substances. In the presence of aqueous acid, secondary and tertiary a-allenic al¬ 

cohols isomerize to give a,p-unsaturated ketones (33) in good yields (equation 6). 

Primary alcohols give mixtures containing both 33 and a,p-unsaturated aldehydes 
34.42.43 use 0f suifuric acid results in the enhancement of the ketone portion of 

the mixture, whereas phosphoric acid favors the aldehyde. 
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H H 
\ / 
c=c—c 

/ \ 
R. C-OH 

1 / \ 
r2 R3 

H R, 
+ V / 3 

H ^ C = C 

R.CH.C R9 
1 211 2 

or 

0 

33 

\ 

/ 
C^CHCHO (6) 

R]CH2 

34 

acids: H^O^, CH^OOH, 

Ri R 2 R, Yield, 33 (%) Reference 

H H C2H5 75 44 

H ch3 ch3 95 45 

H —(CH,) — 80 45 

—(CH2)6— H 81 6 

In the presence of mercury(II) or silver(I) ions, a-allenic alcohols 26 cyclize to 

produce 2,5-dihydrofurans 35 in moderate yields (equation 7). In mercury-assisted 

cyclizations, only primary alcohols (R3 = R4 = H) are converted to furans.42 46 

Secondary or tertiary alcohols give only a, p-unsaturated ketones similar to 33. This 

limitation can be easily circumvented by employing silver(I) salts.47 Silver tetra- 

fluoroborate is the catalyst of choice when 26 is functionalized in the 8 position. 

However, when the 8 position is unoccupied (R] = R2 — H), silver nitrate is 

required to obtain complete cyclization. 

(7) 

Metal 

R, r2 r3 r4 Rs Salt Yield (%) Reference 

H H H H ch3 HgSO., 47 42, 46 
ch3 ch3 H H H Hg(OAc)2 49 46 
ch3 ch3 /-C3H7 H H AgBF4 61 47 

H H i-C3H7 CH, H vAgN03 57 47 
H H —(CH2). -- H AgN03 60 47 
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Unsymmetrically substituted 2-butyne-l,4-diols can be monoacetylated at the 

less hindered hydroxyl group with acetic anhydride in pyridine. When acetate 36 
(prepared in this fashion) is treated with silver perchlorate, the dihydro-3(2H)- 

furanone enol acetate 38 is obtained in excellent yield. The transformation can be 

explained by initial silver(I)-catalyzed isomerization of 36 to allenyl acetate 37 
followed by a silver(I)-assisted cyclization.48 Oxidation of 38 with DDQ affords a 

quantitative yield of bullatenone (39). 

By a similar sequence of reactions (equation 8), geiparvarin (41), a furanone 

possessing antitumor activity, is prepared from 40 in 61% yield.48 

The oxidation of a-allenic alcohols with peroxybenzimidic acid results in the 

direct formation of 3-furanones (43) by way of an intermediate allene oxide49 

(equation 9). The efficiency of the reaction depends on the degree of functional¬ 

ization of the a-carbon. Primary alcohols afford a negligible amount of product, 

whereas tertiary alcohols give quantitative conversions. 
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R, R2 Yield (%) 

H H 10 

CH3 H 60 

CH3 CH3 100 

Protected alcohols, when subjected to analogous conditions, react by a 1,4- 

migration of the oxygen function to give a,(3-unsaturated ketones50 (equations 10 

and 11). 

R. H 
/ 

C=C-C rH 
/ \ /H 

R C * 

H2°2-C6H5CN 

\ 
CH. 

(C H 3) 3 S i 0 3 

44 

(10) 

45 

R]= R2= CH3 62% 

R]= CH3, R2= C2H5 75% 

In the case of allenic acetate 46, the intermediate 47 eliminates acetic acid to 

give dienone 48 in 72% yield. 

The electrophilically induced cyclization of a-allenic alcohols with phenylselenyl 

chloride produces derivatives of 3-phenylseleno-2,5-dihydrofuran (49) in high yields51 

(equation 12). Reactions involving terminal allenes proceed at a much slower rate 

than with internal allenes, however, the rate (and yield) can be increased by the 

addition of triethylamine to absorb any HC1 that is generated. 
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R. H 
/ 

c=c = c 
/ \ 

R2 c-oh 

R 
/\ 

3 

C,H SeC1 b 9 

70-98% (12) 

R1> R2, R3, R4= H, CHr C2H5, i-C3H7, t-C^ 

Conjugated dienes 50 are readily accessible from 3 by the SN2' addition of 

hydride52,53 (equation 13). The reaction is usually performed in refluxing THF to 

sustain a reasonable rate for the complete consumption of 3 (3 hours). 

H 

\ —C~{f 

R 
/ \/R3 

OH 

LiAlH, 

THF 

R. H 
’\ / 

C-C-c 

r / / ^c/R3 
r2 ( ^r>c\ 

H—A 1 0 KL 

/ \ 
H H 

R. R. 
K / 3 

C=CH-CH=C (13) 
/ \ 

R„ R, 

50 

R, R2 R3 R4 Yield (%) 

H H —(CH2)5— 75 

CH3 CH3 C2H5 C2H5 70 

Mono- or disubstituted 1,3-dienes (51) can be obtained by the addition of Grig- 

nard reagents to either a-allenic alcohols or ethers (equation 14). In reactions 

involving allenyl ethers, high temperatures and long reaction times (40 hours) are 

required for complete conversion. 

/ 1 
CH„— C~C 

1 \ 

CH20R 

R2MgX 

90-100° > 

X= Cl , Br 

51 

(14) 

R R, r2 Yield (%) Reference 

H H ch2ch=ch2 100 54 

ch3 ch3 ch3 77 55 

ch3 ch3 c2h5 71 55 
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A much milder and more efficient process for the preparation of conjugated 

dienes is the reaction of an a-allenyl sulfinate with an organocopper(I) reagent 

(equation 15). The transformation is usually complete within 30 minutes at a tem¬ 

perature below 25°C. In this manner the natural product myrcene (53) is obtained 

from 52 in 90% yield.56 

H 
/ 

\ 
CH 0SCH_ 

2 II 3 
0 

52 

(15) 

Symmetrically 2,3-disubstituted-1,3-dienes can be formed directly from pro- 

pargyl disulfinate 54 without the isolation of the initially generated allene 55 (equa¬ 

tion 16). 

o 
ij 

0 2[RCuBr]MgC1-LiBr 

ch3soch2c=cch2osch3 

54 

R 
/ 

CH2=C = C^ 

CH.OSCH. 
2 II 3 

0 

55 

R- 0 14^3 ’ — C3H7 ’ 

R 

R 

56 

1 -Hydroxy-2,3-butadiene (57), when allowed to react with triethyl orthoacetate 

at elevated temperatures, undergoes a Claisen orthoester rearrangement by way of 

58 to produce dienyl ester 59 in high yield (Scheme 6). Amide analogs of 59 are 

also available from a-allenic alcohols by reaction with either N,N- 

diethylaminopropyne57 or 1-dimethylamino-l-ethoxyethylene.58 Ester 59 serves as 

a vital intermediate in the synthesis of two closely related natural products. Ipsenol 

(61) and ipsdienol (62), the principal components of the aggregation pheromone of 

Ips confusus (a bark beetle in ponderosa pine),59’60 are readily synthesized in two 

steps from 59. Conversion of the ester function to an aldehyde is achieved quan¬ 

titatively by reduction with DIB AH. Treatment of this common intermediate (60) 
with either isobutylmagnesium bromide or 2-methylpropenylmagnesium bromide 

affords the desired sex attractants, each in 60% yield61 (Scheme 6). 

80-95% (16) 

4 
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H CH3C(0C2H5)3 

CH =C = C - 
2 \ 

CH20H 

57 

59 60 61 

62 

Scheme 6 

A convenient synthesis of 3,4-bis[methylene]hexanedioic esters (65) from 2- 

butynediol (63) makes use of a double Claisen orthoester rearrangement (equation 

17) in which one of the mechanistic intermediates is allenic alcohol 64. These 

unusually substituted dienes are obtained in good yield by heating 63 with an excess 

of an orthoester at 110°C in the presence of a catalytic quantity of propanoic acid.62 

H0CH2-C = C — CH20H 

63 

R]R2CH(OR3)3 

A 

Vi 
C~ C00R, 

/ 3 
CH_=C=C 

z \ 
CH OH 

64 

Rl R2 R3 
Yield, % 

R]R2CH(OR3)3 

H H 
C2H5 

51 
\ ( 

CH _ H CH, 88 
3 3 

Cl H 
C2H5 

87 

CH3 
ch3 

C2H5 
b7 C00R3 

C6H5 
H 

CH3 
89 

C00R3 

(17) 

65 
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Tetrasubstituted 2-alkyne-l ,4-diols (66), when heated at 140-150°C in the pres¬ 

ence of a catalytic amount of pivalic acid, regioselectively produce butenolides 

67.63 Under the reaction conditions, the initially formed allenic alcohol presumably 

rearranges to a 1,3-diene where subsequent lactonization gives the observed product. 

Nickel peroxide selectively oxidizes disubstituted allenic alcohols 68 to the cor¬ 

responding a-carbonyl derivatives 69. The oxidation is usually performed in ether 

at room temperature utilizing 2.5-3 equivalents of the reagent. This method appears 

to be superior to manganese dioxide oxidations, where up to 30 equivalents of the 

reagent are required for complete conversion.6465 When the reaction is performed 

in the presence of ammonia, primary allenic amides 70 are directly obtained.66 

69 

\ / 
c= c=c 

/ ' 
R2 conh 

(19) 

70 
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R, r2 r3 Yield, 69 (%) Yield, 70 (%) 

ch3 ch3 H 90 60 
—(ch2> — H 75 55 

ch3 ch3 ch3 89 — 

—(CH,)5— ch3 74 — 

5.1.2. p-AHenic Alcohols 

A generally reliable method for the preparation of (3-allenic alcohols is the addition 

of hydride (lithium aluminum hydride) to hydroxy enynes as shown in equation 

(20). When the reduction is performed with chiral reducing agents such as lithium 

bismenthyloxyaluminum hydride67 68 or lithium aluminum hydride-3-O-benzyl-l ,2- 

O-cyclohexylidene-a-D-glucofuranose complex,69 optically active products are ob¬ 

tained. The former gives (+ )-|3-allenic alcohols, whereas the latter produces ( —)- 

alcohols. 

HC = C-C =C 
\ 

CHR 
l 
OH 

LiAlH, 
H 

H-Al—0 
I 
H 

/ 
^ CH0=C=rC 

2 \ 
CH-CHOH 
I I 

R2 R3 

(20) 

R, R 2 r3 Yield (%) Reference 

H H H 83 70, 71 

ch3 H H 60 72 

H H ch3 68 70 

ch3 ch3 H 60 72 

ch3 ch3 ch3 60 72 

Equations (21)73 74 and (22)6,72’75 77 illustrate the method’s applicability for the prep¬ 

aration of exocyclic allenic alcohols. 

63% threo 

37% erythro 
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(+ )-Marasin (72), an antibiotic isolated from the culture medium of Aleurodiscus 

roseus,78 contains a (3-hydroxy allene as part of its skeletal arrangement. Its synthesis 

is readily accomplished by the asymmetric reduction of 2-nonene-4,6,8-triyn-l-ol 

(71) with a fourfold excess of lithium bismenthyloxyaluminum hydride68 (equation 

23). The enantiomeric (- )-marasin can also be obtained from 71 by reduction with 

lithium aluminum hydride-3-O-benzyl-l ,2-O-cyclohexylidene-a-D-glucofuranose 

complex.69 Marasin is unstable toward aqueous alkali and cyclizes to isomarasin 

(73).79 

73 

Laballenic acid (78a) and lamenallenic acid (78b) are two closely related allene- 

containing natural products isolated from the seed oils of Leonotis nepetaefoliam 

and Lamium purpureum,81 respectively. Both compounds have been synthesized 

(Scheme 7) utilizing the aforementioned methodology. The key allenic alcohols 75 
required for their syntheses are prepared in 63% and 81% yields from the lithium 

aluminum hydride reduction of alkenynol 74. Bromination with triphenylphosphite 

dibromide gives 76, which upon treatment with diethyl sodiomalonate furnishes 

77. Hydrolysis followed by decarboxylation leads to the formation of the natural 

products 78a and 78b.82,83 
In the pyrethrin family of insecticides, (+ )-/nms-chrysanthemic acid (83) is a 

vital intermediate for preparing derivatives of the naturally occurring esters. The 

route outlined in Scheme 8 represents a simple stereoselective synthesis of racemic 

83 from readily available starting materials. The first step assembles all the required 

carbon atoms of the chrysanthemic acid skeleton. The reaction of 3-methyl-2-butene- 

l-ol (79) with the allene carbene 80 (generated from 3-chloro-3-methyl-l-butyne 

and potassium r-butoxide) produces 2,2-dimethyl-3-(2-methyl-l-propenylidene)- 

cyclopropylmethanol (81) in moderate yield. Regioselective reduction of 81 with 

sodium in liquid ammonia gives a high yield of chrysanthemyl alcohol (82) as a 

3:1 mixture of trans and cd-alcohols. Oxidation of 82 with chromium trioxide in 

pyridine produces an aldehyde that, upon addition of water, is further oxidized to 

the product 83.84 
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(C6H50)3PBr2 
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LiAlH, 

OH 

74 75 

R 
Br 

ch2(cooc2h5)2 

NaOC2H5 

C00C2H5 

00C2H5 

76 77 

NaOH 
-- 

78 

a 

b R= 

Scheme 7 

C11H23 

-(ch2) 
8~\_ CH 

3 

Solvolysis reactions of allenic tosylates generally produce mixtures containing 

four or more products and therefore are not normally suitable as useful synthetic 

transformations. However, solvolytic cyclizations of selected acyclic p-allenic tos¬ 

ylates do give respectable yields of products with potential synthetic utility (equa¬ 

tion 24). The course of the reaction depends upon the R, substituent of the allene 

Scheme 8 
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84. The treatment of 84 (R, = H) with water/calcium carbonate85’86 or acetic acid/ 

sodium acetate87 88 furnishes cyclopropylketones 85 in 70-80% yield. When R2 or 

R3 are alkyl, mixtures of cis and trans isomers are obtained. Under analogous 

conditions, alkyl-substituted allenes 84 (e.g., R, = CH3) produce methylenecy- 

clobutanols 86 in 70-75% yield.8687 89 90 Whenever R2 and R3 are different, an 

apparent exchange of positions between them occurs during the cyclization, and 

both isomers 86a and 86b are obtained. 

84 
RI= alkyl 

-5, 
V ^3 V 

86a 
1 86b 

p-allenic alcohols 87 are readily cyclized to 5,6-dihydro-2H-pyrans (88) under 

the influence of silver(I) salts or boron trifluoride (equation 25). These reactions 

are extremely clean, with less than 5% of other products being formed. 

Ri r2 r3 r4 r5 Catalyst Yield (%) Reference 

ch3 CH, H H H AgBF4 85 47 

ch3 c2h, H H ch3 AgN03 63 47 

c3h7 H H H H AgNO, 69 47 
ch3 ch3 ch3 ch3 H BF3,2H20 60 91 
—(CH2)5— ch3 ch3 H BF3,2H20 60 91 

ch3 ch3 ch3 ch3 ch3 BF„2H20 60 91 
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Silver nitrate assisted cyclization of allene diols 89 produces either dihydropyrans 

90 or tetrahydrofurans 91 (equation 26). The product distribution depends on the 

substitution pattern of the allene. When R, is alkyl, only dihydropyrans 90 are 

produced, whereas when R, is hydrogen, competitive cyclization of both the p- 

and y-alcohol chains gives a statistical mixture of 90 and 91.92 

The addition of bromine or NBS to 2,2-dimethyl-3,4-hexadien-l-ol (92) results 

in the formation of the 3-bromodihydropyran 93 (equation 27). Bromine gives 93 
in 48% yield; NBS increases the yield to 70%. Addition of 2,4-dinitrobenzenesul- 

fenyl chloride to 92 gives the 3-thiodihydropyran derivative 94 in good yield.93 

When optically active 92 is employed, the chirality is transferred to the product 

94, therefore suggesting an episulfonium ion intermediate. 

94 

The selective oxidation of p-allenic alcohols with peroxybenzimidic acid fur¬ 

nishes either y- or 5-lactones depending on the substitution pattern on the allene 

skeleton. When the allene is methylated in the 3 position (95), butyrolactone de¬ 

rivatives 96 are produced in greater than 80% yield by way of the mechanistic 

pathway outline in Scheme 9.94 
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96 

Scheme 9 

Analogous reactions with cyclohexyl analogs 97, 99, and 101 afford fused y- 

lactones 98, 100, and 102, also in excellent yields94,95 (equations 28, 29, 30). 

(28) 

(29) 

(30) 
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Allenes with no substituents in the 3 position (e.g., 103), when subjected to the 

same oxidation conditions, cyclize by a concerted mechanism (see Scheme 10) to 

give tetrahydropyranones 104.49 Tertiary alcohols are favored for highest yields 

(equation 31). 

The introduction of a trimethylsilyl function into the 3 position of the allene 

(105) enhances both the epoxidation and lactonization steps owing to the localization 

of the negative charge on the carbon bearing the silicon atom. After the initial 

allene oxide —> cyclopropanone isomerization, cyclization (as outlined in Scheme 

10) gives rise to silyl S-lactones 106 in quantitative yield.96 When the alcohol 105 
is chiral, the optical activity is transferred to the product, therefore indicating a 

concerted mechanism. 

105 

> 

CH30H 

-> 

Scheme 10 

R -R^= H, alkyl 
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5.1.3. Y-Allenic Alcohols 

Allenes having a hydroxyl substituent three carbons removed from the propadiene 

unit are easily prepared using techniques previously discussed in this chapter. Two 

general methods that give consistently good results are organocuprate-induced SN2' 

displacement of THP-oxy-protected propargyl mesylates,97 and the alkylation of an 

appropriately substituted allenyl lithium with the THP ether of 3-bromo-l -pro¬ 

panol.97’98 Acidic hydrolysis of the y-THP-oxy allenes then furnishes the desired 

alcohols 107. Introduction of R4 into the system can be accomplished by oxidation 

of the alcohol to the y-aldehyde with either pyridinium dichromate97 or Collins 

reagent,72 97 followed by reaction of the aldehyde function with an organomagnesium 

halide. 
In the presence of aqueous silver nitrate, alcohols 107 are converted to 2-vi- 

nyltetrahydrofuran derivatives 108 in very good yields97 (equation 32). In cases 

where R, and R2 are not equal the stereochemistry around the vinyl group of the 

product has the E configuration. Cyclization of secondary alcohols (107, R4 H) 

produces mixtures of diastereomers. 

108 

Ri R 2 r3 r4 Yield (%) 

H H ch3 H 75 

H H ch3 ch3 95 

CH3 ch3 H H 95 

CH, ch3 H ch3 40 

H c3h7 H H 68 

5.1.4. 8-Allenic Alcohols 

2-Alkenyl tetrahydropyrans are valuable components found in perfumes. They can 

be easily synthesized by the silver- or mercury-assisted intramolecular cyclization 

of 8-allenic alcohols (equation 33). The facility of the reaction is affected by the 

nature of the substitution on the allene. Terminal or monosubstituted allenes cyclize 

readily in the presence of silver nitrate, however, when both R, and R2 are alkyl, 

the use of silver nitrate gives only poor yields of 109 (35-40%). In these cases, 

the yields can be increased with mercuric trifluoroacetate catalysis. Where 

Rj = R3 = H and R2 = C2H5, the cyclization exhibits a high degree of stereo¬ 

selectivity and produces almost exclusively (96%) the E-isomer.99 
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Ag+ or 
* 

109 

(33) 

Ri r2 r3 Metal Salt Yield (%) 

H H H AgN03 95 
H c,h5 H AgN03 90 

c2h5 c4h9 H Hg(OCOCF3)2 80 
ch3 c4h9 CH3 Hg(OCOCF3)2 70 

Other approaches to the synthesis of allenic alcohols are listed in Table 5.2. 

5.2. ALLENIC ALDEHYDES AND KETONES 

The substitution of the allene linkage with a carbonyl function confers upon the 
system properties different from those of allene hydrocarbons. The electron-with¬ 
drawing nature of the carbonyl group activates the propadiene unit therefore making 
it susceptible to nucleophilic attack at the central carbon atom. In addition, the 
proximity of the carbonyl substituent renders the system capable of cyclization 
subsequent to the reaction of the allene nucleus. 

5.2.1. a-Oxo-Allenes 

According to classical synthesis, the formation of a-oxo-allenes should be attainable 
by the dehydrohalogenation of (3-haloenones. Recently a high-yielding approach to 
acetylallene (111, R = CH3) using this strategy was reported113 and entails the 
dehydrobromination of (E)-2-bromo-4-oxo-2-pentene (110) with triethylamine 
(equation 34). Analogous reactions starting with (3-chloroacrolein derivatives pro¬ 
duce a-allenic aldehydes.114 

o 
I! 

CH C-R 
3v / 

C=C 
/ \ 

Br H 

110 

(c2h5)3n 

0 
II 
c- R 

15% 

(r=ch3) 

/ 
-> ch2 = c = cx 

111 

CrO. 

100% 

OH 
I 

HC = C-CH CHR 

112 (R= C2H5, C H ) 

(34) 

An alternate approach to simple allenic ketones is the oxidation of homopro- 
pargylic alcohols 112 with chromium trioxide in sulfuric acid.115116 As long as the 



Table 5.2. Alternate Methods for Preparing Allenic Alcohols" 

Substrate Reagent, conditions Product Yield ,% Reference 

a-A11enic A1cohols 

BrCH2C=CC5H] ] 

ch3c~cch2i 

HC = CCH2Si (CH3)3 

0 

, CrC12 , 25° 

C^CHO , SnC12 , 0° 

CH3CH0 , (C4Hg)/)N+F 

95 100 

78 101 

79 102 

65 103 

1. (c2h5)3b / 02 

2. H20 

1. LiAlH^ 

2. I2 (sol id) 

C2H5 

\=( 
ch2oh 

53 104 

97 105 

CaC03 / dioxane / H.O 

80° 

61 106, 107 

N-NHTs 

58 108 

(3- Allenic Alcohols 

0 
L i A1 H ^ 100 110 

154 
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Table 5.2. (Continued) 

Substrate Reagent, conditions Product Yield,% Reference 

"Only one example is shown for each method. In most cases each literature reference provides several 

derivatives. 

starting acetylene is not substituted with a phenyl group, the conversion is almost 

quantitative, with only traces of the isomeric P-acetylenic ketones being formed. 

The oxidation of 4-hydroxy-1-phenyl-1-heptyne forms an equilibrium mixture of 

a-allenic and p-acetylenic ketones. When the mixture is treated with triethylamine 

at room temperature, the acetylene portion completely isomerizes to the allenic 

ketone.115 

Conjugated allenic 3-oxo-5,10-secosteroids 115 are irreversible inhibitors of the 

enzyme A5-3-ketosteroid isomerase of Pseudomonas testosteroni. The framework 

(a) PTSH / CH^COOH (90%); (b) KOH (96%); (c) Jones [0] (53%) 

Scheme 11 
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for these compounds is generated by a Tanabe-Eschenmoser fragmentation of 3(3,17(3- 

diacetoxy-5(3,1 Op-oxidoestran-6-one (113)117 (Scheme 11). After hydrolytic depro¬ 

tection and oxidation, the resulting 5,10-secoestr-5-yne-3,10,17-trione (114) is 

readily isomerized with triethylamine (25°C, 30 minutes) to give a 7:3 mixture of 

(4R)-5,10-secoestra-4,5-diene-3,10,17-trione (115a) and its (4S)-isomer 115b.118119 
The interaction of allenyl lithium or allenyl Grignard reagents with N,N-dimeth- 

ylamides affords oxo-allenes in good yields (equation 35). The lithium derivatives 

of 116 are preferred because no isomeric acetylenes are formed. These lithiated 

allenes 116 are prepared either by regioselective metallation of allene hydrocarbons 

with n-butyllithium or LDA, or by metal-halogen exchange of haloallenes with n 

or f-butyllithium.120 

o 
(5 R M 

RK / 3 R,C-N(CH )2 
C = C = C -2-> 

/ \ 
r2 m 

116 

M= Li, MgBr 

Ri r2 r3 r4 Metal Yield (%) Reference 

ch3 ch3 H H Li 78 120 

ch3 ch3 H ch3 Li 75 120 

CsH17 H H ch3 Li 62 120 

ch3 ch3 c4h9 H Li 86 120 
ch3 ch3 c4h9 ch3 Li 83 120 

ch3 H ch3 c6h5 MgBr 40 121, 122 

R R. 
k / 3 

C = C=C 
/ \ 

R„ C-R, 
2 II 4 

0 

(35) 

117 

A variety of additional synthetic strategies have been applied to the preparation 

of conjugated allenic ketones, and they are briefly outlined in Scheme 12. 

l 
, !-C2,HqLi k / 

R — C — C=CCH„0Si (CH,)„ -—-> C=C=C=C 

Li 
H2° 

2 i 
OCH. 

3 3 / \ 
OSi (ch3)3 

118 119 
(36) 

R. H 
k / 

C— c —C 
/ \ 

R0 CSi(CH,)- 
1 II 3 3 

0 

R. H 
k / 

c=c=c 
\ 

R, 
/ 

CHO 

R| , R2= alkyl 

120 121 
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LDA 

49-61% * 

(C6H5} 

R^COCl 
■4- 

A1 C1 3 

45-60% 

ref. 124 

HC = CCH2Si (CH3) 3 

ref. 125 

ref. 128 

Scheme 12 

a-Lithiated (trimethylsiloxy)butatrienes (119) are generated by 1,4-elimination 

of methanol from siloxyalkynes 118. Upon aqueous hydrolysis, mixtures of allenic 

aldehydes 121 and trimethylsilyl ketones 120 (separable by distillation) are formed. 

The ratio of 120:121 is solvent dependent. If the reaction is performed in ether/ 

pentane, ketones 120 are isolated in 40-60% yield, whereas in THF/pentane, 

aldehydes 121 can be isolated in 25-70% yield.130 

Mild acid hydrolysis of conjugated ethoxyenynes 122 provides an efficient route 

for the preparation of (3-diketones (equation 37). The reaction proceeds through an 

a-allenic ketone intermediate 123, and in cases where R] = H these intermediates 

are isolable.131 

o o 
ii ii 

R1CH2C-CH2-C-R2 

(37) 

124 
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Treatment of ethoxyenynols 125 with cold dilute perchloric acid furnishes hy¬ 

droxy allenones 126 in good yield132 (Scheme 13). When compounds 126 are 

hydrolyzed with IN perchloric acid at room temperature, P-diketones of type 127 
are obtained. The progress of the reaction is followed with infrared spectrometry, 

and the reaction is terminated upon the disappearance of the allene band. Under 

more forcing conditions, allenones 126 are converted directly to 5,6-dihydro-4- 

pyranones 128 by treatment with 20% phosphoric acid at 80°C.133 

/0C2H5 

R0 -C— C = C-CH=C 
2 I \ 

OH R3 

125 

127 

Scheme 13 

Flash vacuum thermolysis of p-keto-trimethylsilyl enol ethers 129 afford either 

a-allenic ketones 130 or furan derivatives 131, depending on the contact time in 

the reactor. When the reaction is performed in 10~3 seconds at 800°C, good yields 

of 130 are obtained in the pyrolyzate. Longer contact times only produce furans 

131 resulting from an intramolecular rearrangement of 130.134 

R-i R2 R3 

ch3 ch3 h 

cf3 h h 

c6h5 h h 

—(CfL)4— H 

—(CH2)4— ch3 

Yield 131 (%) 

40 

50 

36 

48 

50 

V, 
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The unstable cyclic allenic ketone 2,3-cyclononadienone (133), can be prepared 

by two methods (Scheme 14). Irradiation of 2-ethynylcycloheptanone (132) gives 

133 as the major product.135 Alternately, treatment of 134 (R = H) with methyl- 

lithium at — 45°C followed by hydrolysis of the ketal group with MSA gives 133, 
although in a somewhat lower yield.136 A similar reaction of 134 (R = CH3) at 

— 90° provides approximately 8% optical induction to give (+) — 133. Compound 

133 is readily converted to 1,3-cyclononanedione (135) by addition of methanol 

followed by hydrolysis of the intermediate enol ether. It can also be trapped as the 

Diels-Alder adduct 136 by treatment with cyclopentadiene.135 

Scheme 15 outlines an efficient route for the synthesis of 2,6,10,10-tetramethyl- 

l-oxaspiro[4.5]deca-3,5-diene (140), a key intermediate in the synthesis of thea- 

spiranes and vetispiranes.137 Base-catalyzed isomerization of acetylene 137 furnishes 

6,7-dehydro-a-ionone (138) which upon reduction with lithium aluminum hydride 

gives 6,7-dehydro-o-ionol (139). Intramolecular electrophilic cyclization then pro¬ 

duces the desired product. 

139 
Scheme 15 

140 
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Under base catalysis, alcohols add nucleophilically to the central carbon atom 

of allenic ketones to give (3,Y-alkoxyvinyl .ketones 141, which then spontaneously 

isomerize to the a,p-enones 142138’139 (Scheme 16). Acid hydrolysis of 142 furnishes 

P-diketones 143. Thermolysis of the corresponding allyl enol ethers results in the 

migration of the allyl group to give C-allyl-P-diketones 144 in 98% yield. 

143 144 

Scheme 16 

Aliphatic and aromatic primary or secondary amines react vigorously with a- 

allenic ketones to produce aminovinyl ketones 145 in moderate yield115140 (equation 

39). 

R. H 
/ 

c=c=c 
/ \ 

H C- R, 
II 
0 

H 
I 

R-N-R 

20-100% 

RicV 0 
II 

C = CHC -R, 

R-Nx 
I 
R 

1 

2 

R= 

= H, alkyl, C^H 

= alkyl, C^H,. 

H, alkyl, , 
o b 

145 

(39) 

The action of hydrazine on allenic ketones results in the formation of 3,5- 

disubstituted pyrazoles (146) by means of cyclization with the carbonyl group.141 

Monosubstituted hydrazines give mixtures of pyrazoles 147 and 148 the ratio of 

which depends on the nature of the R' substituent (Scheme 17). Methylhydrazine 
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produces a 91:9 ratio of 147 and 148, whereas phenylhydrazine gives a 55:45 

mixture.140 Hydroxylamine analogously forms mixtures of isoxazoles 149 and 150.142 

H 
/ 

CH =c = c 
2 \ 

c- R 
II 
0 

R= CH3, C2H5, 

c3H7> i"C3H7 

149 

Scheme 17 

+ 

+ 

148 

The addition of trivalent phosphorus reagents to allenic ketones allows entry into 

the exomethylene 1,2-oxaphospholene ring system 151143144 (equation 40). The 

reaction can accept a wide variety of substituents on the phosphorus with X being 

OCH3, OC6H5, SCH3, N(CH3)2, CH3, C6H5, CN, or CH=CH2. 

H 
/ 

CH_— C — C 
2 \ 

x-p(och3)2 

C -R 
II 
0 

R= CH3# J_“ ^ 3 H 7 » l"C4Hg, CH2C 1 

(40) 

The behavior of allenic ketones is similar to a,p-unsaturated ketones in their 

reactivity towards organometallics. Organomagnesium halides and organolithium 

reagents add in a 1,2-fashion to produce a-allenic alcohols.145146 Organocopper 

reagents react as expected by a conjugate mode of addition to give p,y-unsaturated 

ketones as the major product.147148 The mild reaction conditions are conducive for 

the isolation of the p,y-isomer contaminated with only minor amounts of the isom- 

erized a,p-unsaturated ketones. 
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A useful application of this methodology is the simple, high-yielding synthesis 

of ipsenol (62) and ipsdienol (63) (equation 41). The addition of lithium divinyl- 

cuprate to allenones 152a and 152b furnishes ketones 153a (95%) and 153b (85%), 

respectively. Reduction of the carbonyl group with sodium borohydride in aqueous 

methanol at 0°C gives the desired products in high yield.120 

/ (CH =CH)2CuLi 

CH =C=C ---> 
2 \ 

C- R 
II 
0 

152 a R= CH2CH(CH3)2 

b ch-c(ch3)2 

NaBH ^ 

3^-351 > 

153 62 (a) 

63 (b) 

a-Allenic ketones behave as excellent dienophiles in Diels-Alder reactions. The 

orthogonal geometry of the substituents of the keto allene induce high regio- and 

stereoselectivities in reactions with unsymmetrical dienes. The out-of-plane sub¬ 

stituent Rj on the allene (see Figure 4) directs the approach of the conjugated diene 

from the less hindered side, which therefore produces a Z stereorelationship at the 

exocyclic double bond of the product 154149 (Scheme 18). 

These reactions exhibit a high degree of ^^-selectivity. With piperylene 

(R4 = R5 = H, R6 = CH3), only one adduct having the relative cA-configuration 

(154) is formed. In reactions involving isoprene (R4 = CH3, R5 = R6 = H), the 

addition leads to a mixture of geometrical isomers in which the 1,4-disubstituted 

cyclohexene always predominates. This ratio can be further enhanced to favor the 

1,4-isomer by the use of a Lewis acid (zinc chloride). 

155 (R3= C2H5, C3H7, j_-C3H7) 

X= CH2 , > 94% 

X= 0, 60-65% 
Scheme 18 
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R4 

Figure 4. Approach of reactants leading to regio- and stereoselec¬ 

tive orientation of adducts in Diels-Alder reactions. 

Reactions with cyclopentadiene are rapid even at room temperature and give 

norbomene derivatives 155 (X = CH2) in excellent yield. Furan, however, requires 

4 hours at 80-90°C to complete the conversion.109150151 

The cycloaddition of diazomethane with acetylallene (111) gives pyrazole de¬ 

rivatives 157 that arise from a series of isomerizations shown in Scheme 19.152 If 

the reaction is carried out at 0°C with one equivalent of diazomethane, a mixture 

of 156 (R = H) and 157 is formed. With an excess of reagent at room temperature 

only 157 is isolated. When disubstituted diazoalkanes are used, only pyrazoles of 

type 156 are produced because the geminal disubstitution in the ring precludes 

further isomerization. 

H 

CH = C=C7 
2 \ 

CH2N2 

COCH. N —N 

156 157 

Scheme 19 

5.2.2. P-Oxo-AIlenes 

A wide variety of P-allenic aldehydes and ketones are available in good yield from 

a Claisen rearrangement of propargyl vinyl ethers (equation 42).68,153-156 Highest 

conversions are usually obtained by generating the propargyl vinyl ether in situ and 

then performing the rearrangement at 80-150°C. The method is applicable for the 

preparation of a variety of allenyl ketosteroids.157-159 
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(3-Ketoallenes are particularly sensitive to base and undergo facile isomerization 

to conjugated dienones. The nature of the base dictates the stereochemistry of the 

product. For example, when 6-methyl-4,5-heptadiene-2-one (158) is treated with 

aqueous alkali, an 86:14 mixture of trans and m-dienones 159 and 160 is formed160 

(equation 43). Similar transformations are also effected with sodium methoxide.161 

However, when heated in ethanol in the presence of aluminum oxide, 159 isomerizes 

predominantly to the cA-dienone 160 (91.6:8.4 ratio).162 

(43) 

Pseudoionone (163), a key intermediate for the commercial production of vitamin 

A, is particularly suited for synthesis using the aluminum oxide isomerization 

technique. The requisite allenyl ketone 162 is readily prepared by heating dehy- 

drolinalool with isopropenyl methylether. Treatment with aluminum oxide furnishes 

cA-isomers 163 with 93% purity.162163 

Furfuryl phenyl selenides (164), when treated with /z-butyllithium or metallic 

lithium, experience a facile ring-opening reaction of the furan ring to give a mixture 

of allenyl ketone 166 and conjugated dienone 167164 (Scheme 20). The initial driving 

force of the reaction is a lithium-selenium exchange to generate a furfuryllithium, 

which then opens to the enolate of the allenyl ketone. A second equivalent of base 

is required for completion of the reaction owing to the highly acidic nature of the 

allenic hydrogen. Quenching the resulting dianion 165 with water produces a 
V. 
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161 162 

A1 2°3 
85% m 

mixture of 166 and 167 that, upon treatment with /?-toluenesulfonic acid, is con¬ 

verted in high yield (75-95%) to 167. 

166 
\ PTSA / 

167 

R- Ci+Hj> C6H 13 ’ C8H17 ’ C10H21 
Scheme 20 

Macrocyclic ketones are useful intermediates in the synthesis of 15- to 17- 

membered ring musk ketones and lactones. Allenyl-substituted cyclododecanone 

168 can be ring expanded by two or four carbon atoms according to the reactions 
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170 171 

Scheme 21 

illustrated in Scheme 21.156 Irradiation of 168 for five days results in the formation 

of ketodiene 169 by way of a 1,3-acyl migration. Reaction of 168 with vinylmag- 

nesium bromide affords 170, which upon thermolysis undergoes a Cope rearrange¬ 

ment to give the 16-membered dienone 171 in good yield. 

The treatment of dibromocyclopropane 172 with /7-butyllithium results in the 

formation of p-allenic ethylene ketals 173165’166 (equation 45). Deprotection with 

perchloric acid in dioxane gives the corresponding ketones 174 in good yield.110 

172 173 174 

The interesting monocyclic allenic diketone, 3,8,9-cycloundecatriene-l,6-dione 

(177), can be prepared by the treatment of 175 with methyllithium at — 10°C 

followed by hydrolysis with dilute sulfuric acid167 (Scheme 22). Under similar 

conditions diol 178 is converted to 179, however, when hydrolyzed with 80% 

sulfuric acid in ether, only the furanophane 180 is obtained. 

In exploring the limits of these types of reactions, Garratt168,169 has successfully 

converted the tetrabromide 181 to a diastereomeric mixture (1:2) of racemic 182a 
and meso 182b (Scheme 23) that could be separated by chromatography. The 

hydrolysis of either 182a or 182b furnishes the respective diones 183. 



0 

178 179 

Scheme 22 

0 

180 

0 

183a 

Scheme 23 

183b 

167 
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Allenic diketals 182 can be ring expanded to produce the novel monocyclic 

dicumulenedione 186 according to the series of reactions outlined in Scheme 24.170171 

When a mixture of racemic 182a and meso 182b is allowed to react with dibromo- 

carbene, a mixture of four bis adducts (only one is shown as 184) is produced. 

Treating this mixture with methyllithium at - 10°C gives a solution of 185 which 

remains stable for several days under these conditions. Hydrolysis of diketal 185 
with concentrated sulfuric acid at 0°C for one minute gives the crystalline dione 

186 which is stable at room temperature either in solution or in the crystalline state. 

Reduction of 182 with sodium in liquid ammonia at — 78°C gives the crystalline 

diketal 187 plus three additional minor isomers. Conversion of 187 to 3,4,10,11 - 

cyclotetradecatetraene-l,8-dione (188) (mixture of racemic and meso) is effected 

by the three-step sequence shown in equation (46).169 

When treated with methyllithium in refluxing ether, 182 is converted to tricycle 

190 in moderate yield169 (equation 47). The rearrangement presumably proceeds by 

way of initial formation of an allenic anion which then undergoes an intramolecular 

cyclization as shown in 189. 
In protic solvents propynylammonium salts 191 and 193 rearrange under base 

catalysis to give a-amino-(3-ketoallenes 192 and 194 in good yields172 173 (equations 

48 and 49). Bases such as sodium carbonate, sodium methoxide, sodium hydroxide, 

and sodium hydride are most frequently used and produce consistent results. 

Heating allene 192 (R = C6H5) at 55°C for 9 hours results in the formation of 

furan 195 by way of an intramolecular nucleophilic addition of the enol tautomer 



0 

191 

R= CH3 ’ C6H5 

192 

169 
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to the central carbon of the allene (equation 50). In the case where R = CH3 the 

formation of the furan requires a reaction temperature of 138°C. Furans 195 are 

rather unstable and decompose on exposure to light and air. 

R= CH_, C,Hc 
5 d i> 

Azabicyclo[3.3.l]nonane derivative 196, when treated with sodium hydride in 

DMSO, rearranges in nearly quantitative yield to 198. Under these reaction con¬ 

ditions, the intermediate allene 197 is not isolable and proceeds directly to 198. 
However, 197 can be obtained in low yield by reaction of 196 with aqueous sodium 

hydroxide. Analogous treatment of 197 with sodium hydride in DMSO furnishes 

198. 

196 197 198 

Allenes 192 and 199 undergo various reactions and are summarized in Scheme 

25. Both 192 and 199 rearrange to their respective conjugated dienes 200 when 

treated with sodium methoxide in DMSO. The diene 200 (R — COCH3) is unstable 

under the reaction conditions, and only the hydroxycyclopentenone 202 is obtained. 

On the other hand, 200 (R = COOCH3) is stable to the reaction medium and is 

isolable. Subsequent treatment with hydrochloric acid hydrolyzes the enamine and 

produces the a-ketoester 201. Prolonged exposure to concentrated hydrochloric acid 

results in the formation of lactone 203. 
(3-Allenic aldehydes 204 react with primary amines to form allenyl Schiff bases 

205. When reduced in situ with potassium borohydride, allenic amines 206 are 

obtained generally in 50-80% overall yield.174 

2-Amino-4,5-hexadienoic acid (209, Rj = R2 = R3 = H) is an unusual natu¬ 

rally occurring amino acid isolated from the mushroom Amanita solita?ia.]1> Its 

synthesis, as well as several of its derivatives, has been accomplished by Landor176 

according to the three-step procedure outlined in Scheme 26. Substrates with a 
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C6H5 

(ch3)2n 

192, R= C0CH3 

199, R= C00CH3 

NaOCH. HC1 

(R= C00CH3) 

k0% 

201 

50% (R= C0CH3) HC 82% 

proton a to the allene function (R2 = R3 = H) are not suitable for preparative 

scale reactions because 3,4-dienals rearrange to 2,4-dienals in the presence of base. 

However, when the a position is disubstituted (R2 = R3 = CH3), the isomerization 

process is blocked and the conversion proceeds in good yield. 

204 

HCN (R5=H) 

205 206 

R1 .R^Rj.Rjj* alkyl 

207 208 209 

Rj= H, CH3, C3H? 

R2=R3= H or CH3 

Scheme 26 
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212 

A 
pentane 

(R= CH3) 

Scheme 27 

Photoirradiation of (3-allenic ketones 210 (Scheme 27) gives a variety of products, 

the distribution of which depends on the solvent employed (only the major products 

are shown).177 In hydrocarbon solvents, enol ethers 212, 213, and 215 are produced 

by way of cyclization followed by a 1,5-hydride shift. On T-sensitization in acetone, 

spirodioxetane 211 is formed in high yield, and in alcoholic solvents acetals 214 

are produced. 

5.2.3. Y-Oxo-AHenes 

5,6-Heptadien-2-one (217), synthesized from 216 by standard procedures, contains 

an isolated carbonyl and allene group suitably located to undergo an intramolecular 

Patemo-Biichi reaction. When photolyzed in petroleum ether, 217 is converted to 

l-methyl-3-methylene-2-oxabicyclo[2.2.0]hexane (218) by way of an intramolec¬ 

ular [2 + 2] cycloaddition between the ketonev and the internal double bond of the 
allene.178 

When 217 is allowed to react with N-methylhydroxylamine, the bicyclic isox- 
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r~\ 
0 0 

217 

216 

CI^NHOH 

\K 

hv 
-> 
9 n 

218 

219 

Scheme 28 

azolidine 220 is formed.179 Undoubtedly the initial step in the reaction is the for¬ 

mation of nitrone 219, which then undergoes an intramolecular 1,3-dipolar cy¬ 

cloaddition with the terminal double bond of the allene to produce the observed 

product. 

y-Allenic aldehydes 224 are readily accessible from (3-aldehydes 221 by ho¬ 

mologation using a Horner-Wittig reaction. Acid hydrolysis of 222a gives 224a in 

225 224 

Scheme 29 
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85 % overall yield from 221a. Analogous treatment of222b gives a mixture of products. 

This can be circumvented by the oxidation of 222b with PCC followed by reduction 

of the ester 223 with DIB AH to give 224b in 76% overall yield from 221b (Scheme 

29). Thermolysis of aldehydes 224 affords cyclopentenols 225 as a result of an 

intramolecular hetero-ene cyclization. The conversion 224b —> 225b can also be 

accomplished quantitatively by the chromatography of 224b on silica gel.180 

When the hetero-ene synthesis is performed with optically active aldehyde 226, 
the chirality is transferred to the product 227.181 

(S)-(+)"226 (S)-(-)-227 
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CHAPTER SIX 

ALLENIC ACIDS AND 
THEIR DERIVATIVES 

Allenes that are functionalized by carbon-containing electron-withdrawing groups 

such as carboxylic acid derivatives or nitriles exhibit enhanced reactivity toward 

nucleophiles. This property makes them excellent candidates as precursors in syn¬ 

thetic manipulations. The functional group attached to the allene also serves as a 

convenient handle for further elaboration or cyclization to produce a variety of 

complex acyclic, carbocyclic, or heterocyclic molecules. 

6.1. ALLENIC ACIDS AND ESTERS 

6.1.1. Allene Carboxylic Acid Derivatives 

The syntheses of allenic acids and esters of this type are numerous, and the literature 

is replete with various preparations. We discuss only those methods that present 

the widest range of generality. The remainder are listed in Table 6.1 at the end of 

this section. 

A simple synthesis of allene carboxylates (3) is shown in equation (1). Ketenes 

undergo a Wittig reaction with either phosphoranes 1 or phosphonates 2 at room 

temperature or below to produce esters 3 in good yields. An advantage of this 

procedure over some of those listed in Table 6.1 is that no isomeric acetylenes are 

formed. 

/R3 

<C6H5>3P=\ 
COO^H 

1 

0 *3 
II I 

(C H 0)2P- CHCOOC H 

R R 
\ / 3 

C= C= C 
/ \ 

R2 cooc H5 

(0 

179 
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allene R, r2 r3 route yield, % reference 

3a H H H ‘ A 64 1 

3b H H ch3 A 71 1,2 
3c Si(CH3)3 H H A 85 3 
3d c6h5 ch3 ch3 B 67 4,5 
3e ch3 c2h5 c6h5 B 74 4 

3f cooc2h5 cooc2h5 ch3 A 62 6 

The ketene need not be synthesized prior to the reaction but can be generated 

in situ by the action of triethylamine on an acid chloride. Consequently, when 

either the phosphonium salts 4 or the phOsphoranes 5 are allowed to react with an 

acid chloride in the presence of triethylamine at room temperature, allenic esters 6 

are obtained in moderate yields. The list of compounds in equations (1) and (2) 

represents only selected examples from many reported in each literature reference. 

(C^H^)^P—CHCOOR^ Br 

4 

/R3 

(C6H5>3P=Cn 
COOR^ 

( 

/ 
CHCOC 

TEA 

R. R, 
1\ / 3 

C = C = C 
/ \ 

r2 coor^ 

(2) 

5 

allene R. r2 r3 r4 yield, % reference 

6a H H H ch3 40 7 
6b ch3 H H ch3 58 7 
6c H H ch3 c2h, 59 2,8 
6d ch3 H ch3 c2h5 66 9 
6e ch3 ch3 ch3 c2h5 42 2 
6f H H — (CH2)2— 37 10 

6g Pht H ch3 c2h5 42 11 

0 

0 

The oxidation of 3,4-disubstituted-5-pyrazolones (8) provides another general 

route to 2,3-alkadienoic esters. The transformation can be effected with oxidizing 
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agents such as thallium(III) nitrate12-14 (48-70% yields) or lead(IV) acetate15 (60- 

76% yields). The only limitation of the reaction is that R2 cannot be a proton. If 

R2 — H, then the isomeric 2-alkynoic esters are produced. 

The pyrazolones 8 can be generated in situ by the addition of hydrazine to a 

methanol solution of the p-ketoester 7, then the allene is produced by subsequent 

addition of the oxidizing agent. This one-pot procedure (equation 3) formally rep¬ 

resents a dehydration of the (3-ketoester 7. 

o 
II 

R, CHLCCHC00R 
1 2 I 

7 8 

Rj > R2= a1kV% (CH2^n 

Nucleophiles add to allenic esters at their central carbon atom. Sodium eth- 

anethiolate reacts smoothly with ethyl 2,3-butadienoate (3a) to give the noncon- 

jugated ester 9 in high yield16 (equation 4). 

H 
/ 

CH =c=c 
2 \ 

C00C H 

C^SNa 

30% 

/C2H5 
CH. = C 

2 \ 
ch2cooc2h5 

3a 9 

Allene carboxylates can be easily converted to (3-ketoesters by the two-step 

procedure shown in equation (5).17 Piperidine adds readily to allenes 10 to form 

enamines 11 which, upon acidic hydrolysis, furnish the P-ketoesters 12 in 69-94% 

overall yields. 

R]CH2 

G 
H 

C00C2H5 

h,s<v H 
———* R.CHoCCHC00CoH 

1^1 lb 
R0 

11 12 

(5) 

R|, R2= alkyl 

The addition of azide ion to allenic esters results in the formation of p-azido- 

crotonates 13. Photolysis of 13 in benzene, leads to a 4:1 mixture of azirene 14 
and ketenimine 15 (Scheme 1) which are separable by chromatographic techniques. 

Azirenes 14 are remarkably stable and can be stored under nitrogen at room tem¬ 

perature for several months. These azirenes rapidly absorb one equivalent of hy¬ 

drogen at atmospheric pressure to give p-aminocrotonates (16).18 
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/ 
CH =C = C 

2 \ 
COOC2H5 

NaN. 

thf-h2o 

CH 
3 R 

X N COOC2H5 

13 

hv 93% 

CH COOC2H5 

X «■ 
Pt/C THF 

NH. 

CH 3X_/ / 
>^T^C00CoH. + CHnN=C = C 

'2 5 3 \ 
COOC2H5 

16 14 15 

Scheme 1 

Ethyl 2-methyl-2,3-butadienoate (3b) reacts with 2-aminothiazole (17) at the 

heterocyclic nitrogen atom to produce 5,6-dimethylthiazolo[3,2-a]pyrimidin-7-one 

(18) in 53% yield19 (equation 6). 

(6) 

Pyridinium methylides (19) combine with allenic esters to give indolizines 20 
according to the mechanism outline in Scheme 2. 

=( 
+ 

C00C2H5 

R, , R2= H, CH3 

R3= h, cn 

R,= CN, C0CH- k 3 

O1 R 

19 

-R C00C H 

CH„R. ^-u U-f, 21 H shift 

2 5 

CHR. 

20 

Scheme 2 
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Grignard reagents added at room temperature to 1,2-heptadiene-3-carboxylic acid 

(21) to generate the dianionic species 22. Protonation with dilute HC1 furnishes the 

(3,y-unsaturated acids 23, whereas carbonation affords malonic acid derivatives 24 
(equation 7).20,21 

COOH 

21 

H 
+ 

-> 
79-96% 

CO 
2 

54-90% 

R 

COOH 

23 (R= t_-C4Hg, C6H5, 

C6H5CH2} 

(7) 

R 

COOH 

COOH 

24 (R= C2H5, i-C3Hy, t_-CjH , C6H5CH2) 

An extension of this type of reaction involves the use of an organocuprate in 

place of the Grignard reagent. These additions proceed very rapidly at — 90°C and 

are stereospecific. An interesting application of this concept is the synthesis of 

lavandulol (27) (Scheme 3), a naturally occurring monoterpene found in lavender. 

The addition of lithium dimethylcuprate to 3a occurs almost instantaneously to 

generate the ester enolate 25. Alkylation of 25 with prenyl bromide gives 26 which, 

upon reduction with lithium aluminum hydride, furnishes the product in approxi¬ 

mately 50% yield from 3a.22 

26 
Scheme 3 

27 
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The addition of electrophiles to 2,3-aIkadienoic esters occurs at the double bond 

in the 3,4-position to yield crotonate derivatives. Thus, when bromine is allowed 

to react with 3a at room temperature, ethyl 3,4-dibromocrotonate (28) is obtained 

(equation 8). The product consists of a mixture of stereoisomers with the E isomer 

predominating.2324 

COOC2H5 CC 1 ^ 

Br 

)=\ 
BrCH2 C00C2H5 

3a 28 

(8) 

An analogous addition of bromine to allenic acids produces bromobutenolides 

29 as the consequence of a bromolactonization reaction.25 27 The bromine-free 

butenolides 30 can be prepared by either the acid-catalyzed cyclization of allenic 

acids or the base hydrolysis of allenic esters4’26,28,29 (Scheme 4). 

29 

H 
+ 

30-68% 

v 

NaOH 
-6-- 

30 

Rj-R^= H, alkyl , C^H^. 

Scheme 4 

>=•=( 
C00C2H5 

Under Lewis-acid catalysts, 2,3-butadienoic esters undergo [2 + 2] cycload¬ 

dition reactions with olefins at the terminal allene double bond to give cyclobu- 

tylideneacetate derivatives 31.30,31 The transformation is stereospecific with respect 

to the alkene (equation 9) but produces a mixture of isomers about the exocyclic 

double bond. The E isomer always predominates, and the ratio can reach as high 
as 93:7. 
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R R 

w 

—k/' 
coor' 

(E)~31a 

(9) 

R R yj 
-I^COOR' 

Lewis Acid= A1C 13 , C2H5A1 C 12 VC'_,3,D 

The activating influence that a carboxylate function exerts upon the allene frame¬ 

work makes these compounds excellent candidates as dienophiles in Diels-Alder 

reactions. The specific site of activation by the electron-withdrawing group is the 

2,3-double bond of the allene, and it is this portion of the molecule that enters into 

reactions with 1,3-dienes. 

With cyclopentadiene, allenic acids and esters undergo a thermal [4 + 2] cy¬ 

cloaddition to afford norbornene derivatives 32 as a mixture of endo (32a) and exo 

(32b) products (64:36).14,32 The addition of a Lewis-acid catalyst allows the reaction 

to be performed at lower temperatures while increasing the yield and endo selectivity 

(86:14). The methyl esters of 32 have been used successfully in the synthesis of 

(±)-(3-santalene (33)33 (Scheme 5). 

+ 

COOR 

R= H, CH3> C2H5 

o COOR 

32b 

(a) H2 (98%) 

(b) LDA, ICH2CH2CH=C(CH3)2 (95%) 

(c) LiAlH^ (96%) 

(d) PCC (87%) 

(e) N2Hv KOH (85%) 

32a 

a - e 

Scheme 5 
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Analogous thermal Diels-Alder reactions of 2-alkyl allenic acids or esters such 

as 6a violate the Alder endo rule and produce the exo adduct 34b as the major 

product (ratio 34a/34b = 40:60).34 In the presence of aluminum chloride, the endo 

selectivity is enhanced and the endo I exo ratio increases to 76:24.14 

The endo acid 34a, upon treatment with formic acid at 90°C, undergoes an 

interesting acid-catalyzed lactonization to give the tetracyclic lactone 35. This lac¬ 

tone is a useful synthon for sesquiterpenes related to tricyclene and has been used 

in a total synthesis of teresantalol (36)35 (Scheme 6). 

C00R 

R= H, CH3 

34a 34b 

(a) C^H^SNa; (b) CH^; (c) LiAlH^; (d) Raney Ni 

Scheme 6 

6-Alkoxy-2-pyrones (e.g., 40) are key molecules for the preparation of tetracyclic 

intermediates in the synthesis of 11-deoxyanthracyclines. They can be regiospe- 

cifically synthesized (Scheme 7) by a Diels-Alder reaction of allenic ester 37 with 

2-trimethylsiloxybutadiene. The initially formed product 38 is converted to the 

glutaconic half-ester (39) by the following series of reactions: (1) acetylation of the 

hydroxy group with acetic anhydride; (2) oxidation of the TBS ether to the acid 

with Jones reagent; and (3) treatment with triethylamine to move the double bond 

into the ring. Cyclization of 39 with refluxing acetic anhydride then gives the pyrone 

40 in nearly quantitative yield.36 Reaction of 40 with juglone produces the anthra- 

cycline tetracycles. 
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OTBS 

Scheme 7 

Methyl 2,3-alkadienoates 41 react with 1 ,l-dimethoxy-3-trimethylsiloxy-l ,3- 
butadiene (42) in refluxing benzene to give adduct 43 in good yield. These adducts 

rearrange under the influence of /?-toluenesulfonic acid or sodium methoxide to give 

6-substituted-4-hydroxy-2-methoxybenzoates 4437 (equation 10). 

44 
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An elegant application of this methodology is demonstrated in the synthesis of 

lasiodiplodin (48), a plant-growth inhibitor and antileukemic agent isolated from 

either Lasiodiplodia theobromae38 or Euphorbia splendens.39 The intramolecular 

Wittig condensation of 45 generates the interesting cyclic allene, dodeca-2,3-dien- 

11-olide (46), in 42% yield. Heating 46 with 42 at 80°C for 4 hours produces the 

Diels-Alder adduct 47 which, when isomerized with sodium methoxide, furnishes 

racemic 48 (Scheme 8). A parallel sequence starting from (R)-45 gives the naturally 

occurring ( +)-(R)-48 in complete yields.37 

CH^ONa i2% 

Although the propadiene unit can be functionalized by as many as four ester 

groups,6 symmetrical allenic diesters possess the greatest potential in intermolecular 

reactions. 

Dimethyl 2,3-pentadienoate (50), “glutinic ester,” is readily prepared from 

diethyl acetone-1,3-dicarboxylate in three steps as outlined in equation (ll).40 Di¬ 

ethyl phosphorchloridate may be substituted for the phosphorus pentachloride in 

the first step.41 

o 
ii 

H C 00CCH CCH C00C H 
a ,b ,c 
-> 

37% 

49 

(a) PC 1 ^; (b) H2S0/t, Ch^OH; (c) TEA 

^COOCH 

If 
Ch^OOC 

(11) 

50 
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By virtue of the double activation of the allene nucleus by the two ester groups, 

nucleophiles add to the central carbon atom with great ease (Schemes 9 and 10). 

Anilines react with 50 in boiling methanol to give enamine 51.42,43 Cyclization in 

odichlorobenzene (180°C) furnishes the quinolone 52. The enamine 51 (R' = CH3) 
derived from N-methylaniline requires polyphosphoric acid at 100° to effect the 

cyclization to 52 (R = H, R' — CH3, 71% yield). o-Phenylenediamine reacts with 

50 at room temperature to give the 1H-1,5-benzodiazepinone 54 directly.42,44 

2-Aminothiazole attacks 50 with the heterocyclic nitrogen atom to produce the 

thiazolo[3,2-a]pyrimidin-7-one (53) after ring closure. Pyrazolopyridine 55 is ob¬ 

tained in low yield from 50 and the ylid derived from 1-aminopyridinium iodide.19 

Methyl 2,3-pentadienoate (50) also reacts with phenols to afford a variety 

of chromene (59), chromone (57, 58, 61), and coumarin (60) derivatives43 

(Scheme 10). 

Scheme 9 



190 ALLENIC ACIDS AND THEIR DERIVATIVES 

o._a 

CH2C00H 

60 

CH2C00CH3 

C00CH3 

0 

61 

Scheme 10 

In reactions of 50 with molecules containing both sulfur and nitrogen nucleo¬ 

philes, the sulfur atom adds in preference to the nitrogen. o-Aminothiophenol (62) 
gives thioenol ether 63 which cyclizes at 200°C to the 1,5-benzothiazepinone 64 
(equation 12). Thiourea also reacts with 50 on the sulfur, and the resulting inter¬ 

mediate then cyclizes with the nitrogen to form thiazinone 6542 (equation 13). 

(13) 

65 

Allene 1,3-dicarboxylates are such potent feceptors toward Michael additions 

that even enamines add to them under the influence of an organic base. Diethyl 
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2,3-pentadienoate (66) reacts with fra/is-(3-aminocrotonate derivatives or monoen- 

amines of (3-diketones in the presence of one equivalent of triethylamine to give 

a-pyridones 67 in moderate yields45 (equation 14). 

R, R2 Yield, % 

ch3 COOC2H5 70 

CCH3(OC2H5)2 cooch3 36 

ch3 coch3 48 

Condensing enamino diester 68 with 66 at room temperature gives the pyridone 

triester 69 which is an important intermediate in the synthesis of the antitumor 
alkaloid campthothecin (70)46 (equation 15). De-A,B-campthothecin (73) can be 

prepared from 71 as shown in equation (16).47 

11 steps 

V 

(15) 

71 72 73 
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An alternate approach to campthothecin utilizes imine 74 as one of the primary 

reactants48 (equation 17). The transformation 74 -> 75 probably proceeds by re¬ 

action of 50 with small amounts of the enamine tautomer of 74. This route offers 

the advantage of directly furnishing the desired 5-unsubstituted pyridone, which in 

equations (15 and 16) requires a vigorous pyrolytic decarboxylation to achieve. 

CH 00C 

C2H5° 

V 
CH. 

oc2h5 

50 

TEA 

37% 

9 steps 
-> 70 (17) 

74 75 

Allenic diesters readily undergo [4 + 2] Diels-Alder cycloadditions with con¬ 

jugated dienes and have been employed in several natural product syntheses. The 

initial step in the synthesis of fulvoplumierin (77), an antibacterial orange pigment 

isolated from the bark of Plumiera acutifolia and Plumiera rubra var. alba,49 

involves the condensation of 50 with butadiene. The resulting adduct 76 was then 

transformed to the desired product by a sequence of seven synthetic manipulations50,51 

(equation 18). 

Adducts such as 78, obtained from the reaction of 66 with substituted 1,3-dienes, 

can be efficiently dehydrogenated with sublimed sulfur in boiling decalin to give 

diethyl homophthalates 79 (equation 19). Dienes that contain functional groups that 

do not exhibit strong electronic effects produce mixtures of regioisomeric homo¬ 

phthalates after dehydrogenation.52 However, if the reaction is performed at room 

temperature in the presence of a Lewis acid (aluminum chloride), predominantly 

one regioisomer can be obtained (e.g., reaction with isoprene). 

66 

60-95% 
74-96% -oc 

COOC2H5 

09) 

CH2C00C2H5 

R= H, CH3, OSi(CH3) , C00C2H5 

78 79 
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Homophthalate derivative 80 can be obtained directly from the Diels-Alder 

reaction of 50 with siloxydiene 42 (benzene, reflux, 1 hour).53 

The plant-growth inhibitor lunularic acid (84), which appears to occur in all 

liverworts and fresh water and marine algae, has been conveniently synthesized 

(Scheme 11) by way of a [4 + 2] cylcoaddition reaction of 1-methoxy-l ,3-cy- 

clohexadiene (81) with 50.54 Dimethyl 3-methoxyhomophthalate (82) is directly 

produced from the reaction and is easily converted to the natural product in four 

steps. 

(a) NaOH; (b) anisole, PPA (8l% yield); (c) H^/Pd/C (100%); (d) BBr^ (63%) 

Scheme 11 

Heterocyclic dienes also form [4 + 2] cycloadducts when condensed with allenic 

diesters. If furan is allowed to react with 66 (either at 50°C for 62 hours or at room 

temperature for 1 hour with A1C13 catalysis), high yields of oxabicycloheptene 85 
are obtained.55,56 Exposure of 85 to boron trifluoride in methylene chloride affords 

diethyl 3-hydroxyhomophthalate (86) in 51% yield. In the presence of excess po¬ 

tassium hydride, the heteroatom bridge of adduct 85 can be induced to undergo 

(3-elimination to produce the benzofuranone 87 in moderate yield57 (Scheme 12). 
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66 

Scheme 12 

Adduct 85 has also been used as a key intermediate in the synthesis of show- 

domycin (90), a C-nucleoside possessing antibiotic and antitumor activity (Scheme 

13).56 

85 

88 

0. 

70% 

Scheme 13 

The ease of ozonolysis of 88 to the p-ketoester 89 establishes that allenic diesters 

such as 50 or 66 can function as a carboalkoxyketene equivalent in the Diels-Alder 
reaction. 
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4-Carboethoxyoxindoles (92) are valuable precursors for the synthesis of ergot 

alkaloids. These intermediates are readily prepared in two steps as shown in equation 

(21).57 The azabicyclo[2.2. ljheptene 91, which is available from a Diels-Alder 

reaction of an A-acetylpyrrole with 66, experiences (3-elimination of the heteroatom 

bridge (analogous to 85 —> 87) when treated with 4-5 equivalents of potassium 

hydride. 

KH 
> 

92 R=H, 60-75% 

R=CH , 55% 

(21) 

Table 6.1. Alternate Syntheses of Allenic Acids and Esters 

Substrate Reagent (conditions) Product Yield, % 

HC=C-CH2C00C2H5 
K2C°3 

CH2= C = CHC00C2H 

CH2 — C = CHL i 1. C02 (-78°) CH2=C = CHC00H 

2. k2co3 

CH3C=C-COOCH3 1 . 

2. 

Li ICA CH2=C=CHCOOCH3 

92 

62 

60 

ch3c = ccooch3 

c6h13c=ccooh 

Si(CH,) 

1 . LDA 

2. CISi (CH3)3 C00CH3 

NaNH2 

ko 

100 

c5h] 1c=ccooch3 

1 . Mnl_3 

2. A1203 

3. (NH4)2Ce(N02)6 

C4H9 

C00CH3 

71 

Reference 

58 

59 

60 

61 

62 

63 
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Table 6.1. (Continued) 

Substrate Reagent (conditions) Product Yield, % Reference 

C/4H9C = CCH2B'(1-Ci4Hg)3Li 1. C02 = ,=K 
ci,H9 

COOH 
2. Na0H/H202 

76 64 

Cl 
I 

(CH ) OC = CH 

CH. 

N i (CO) ^ 

CH. COOH 

34 65 

ch3oc 
“< 

c2h5 

C00C2H5 

(C6H5^PBr2/TEA 
C2H5 

C00C2H5 

53 66 

C.H 0 
6 5 Mi 

/PCH2COOCH3 

CH30 

0 
II 
c 

NaH 

♦ =\ 40 
COOCH. 

67 

3 3 

1. 680' 

2. H30 

CH. CH 
3 

COOH 

43 68 

6.1.2 Allene Acetic Acids and Esters 

Three general methods are available for the preparation of allenyl acetic acids or 

esters, and each has been incorporated into a natural product synthesis. 

Propargyl alcohols undergo a Claisen-type rearrangement when heated with 4- 

7 equivalents of an orthoester in the presence of a catalytic amount of propionic 

acid. The resulting allenic esters 93 are distilled directly from the reaction mixture 

and are isolated in moderate yield.69-73 This method provides a full range of sub¬ 

stitution at any position on the molecule (equation 22). 

Methyl (E)-(-)-2,4,5-tetradecatrienoate (95), the sex pheromone produced by the 

male dried bean beetle, has been synthesized in racemic74 and optically active form.* * * * 7" 

The key intermediate in each route is ethyl 3,4-tridecadienoate (94) which is readily 

obtained in high yield using the method in equation (22). The required one-carbon 

chain elongation and introduction of the a,(3-unsaturation is shown in Scheme 14 

for the preparation of the naturally occurring enantiomer. It is interesting to note 



1 

R_C — C = C — OH 
3 i 

FU 

r4ch2c(oc2h5)3 

+ 

I 
OC9Hc 

I 5 
R--C = C —C“0 —C = CHR, 

3 I k 

R 
\ / 3 

C-C = C 
/ \ 

CHCOOC.H 
I 2 5 

R4 

93 

(22) 

H 

C0H. ..C— C=CH 
o 1 7^ 

OH 

Ri r2 r3 r4 yield, % 

H H H H 34 

ch3 ch3 H H 63 
ch3 ch3 ch3 H 61 

ch3 ch3 H ch3 59 

ch3c(oc2h5). 
i 

_CH2C00C2H 

H+ 
881 

r h / 
u 8M17 H 

a, b, c 
-> 

94 

(a) DIBAH; (b) TsCl; (c) NaCN; 

(d) NaOH; (e) CH^; (f) LDA, C^SeSeC^; 

(g) NalO^ 

(R) - 95 

Scheme 14 

197 
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that the rotatory power of the synthetic material exceeds (125-127%) that of the 

natural product. 
The copper enolate species 97, derived from the treatment of the corresponding 

lithium enolate of ethyl acetate with cuprous iodide, reacts cleanly in an SN2' fashion 

with methanesulfonate 96 at -78°C to give ethyl 3,4-decadienoate (98) (equation 

23). No isomeric acetylene (from an SN2 pathway) is formed. The reaction is 

catalytic in copper and proceeds at a comparable rate with only 0.2 equivalents of 

cuprous iodide. 

0S0 CH 

I ^ 
C5HnCH—C = CH + 

96 

0 Cu+ 
I 

CH =C0C H-> 
Z Z b 76% 

97 

CH2C00C2H5 

98 

Ethyl (2E,4Z)-decadienoate (99), a component of the odoriferous principle of 

the Bartlett pear,76 can be obtained from 98 by a kinetically controlled base-catalyzed 

reconjugation (equation 24). The predominant geometry of the newly generated 

a,(3 double bond is the E configuration, while the y,8 double bond consists of a 

mixture of 4Z (99) and 4E (100) isomers (ratio 2:1). 

NaOC2H5 

98 -> 

Such a result can be rationalized by visualizing the enolate (Figure 5) presumed 

to be the intermediate in the reconjugation. Approach of the proton to the central 

allene carbon would be expected to occur from the less hindered side (cis) opposite 

the bulky R group, thereby affording the Z geometry at the y,8 bond. The config¬ 

uration of the a,(3 double bond is determined by the more stable rotamer of the 

a,(3 bond in the extended enolate. The conformation having the bulky groups in 

an s-trans configuration is more stable and affords the observed E geometry.7; 

A superior method for the generation of the 2E,4Z geometry in dienoic esters 

is the thermal treatment of (3-allenic esters with alumina catalyst (equation 25). 

Consequently, when esters 101 are heated with 4-7 equivalents of alumina in 

refluxing benzene (2-5 hours), the desired reconjugated esters 102 are produced 

(trails) H 

v&SUS? 
‘W'O °0 

H (cis) 

Figure 5. Trajectory of protonation leading to either 4Z or 4E 

dienoic esters. (Reprinted from ref. 77 with permission from the 

authors. Copyright 1978 American Chemical Society.) 
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with 91-100% stereoselectivity.78 Note that entry 4 is the same natural product 

synthesized in equation (24). 

101 102 

2E,4Z 

Allene R R' Yield (%) Geometry (%) 

102a ch3 ch3 57 100 

102b c,h5 ch3 82 96 

102c c3h7 ch3 80 96 

99 c5h„ c2h; 82 100 

102d CsH17 ch3 87 91 

A plausible first step in the reaction may be the coordination of the carbonyl 

oxygen of 101 to the alumina surface followed by a proton shift to produce an 

enolate intermediate. A subsequent pseudointramolecular approach of the proton to 

the central allene carbon from the less hindered side generates the 4Z geometry 

(Figure 6). Elimination of the enolate from the alumina surface (curved arrows) 

produces the thermodynamically more stable 2E geometry.79 

The trans,cis-butadiene geometry appears in a host of naturally occurring sub¬ 

stances, and 2E,4Z-dienoates 102 provide an easy entry to these products (Scheme 

15).79 The reduction of methyl (2E,4Z)-heptadienoate (102b) with lithium aluminum 

hydride gives (2E,4Z)-heptadienol (103, R = C2H5) in 84% yield. Oxidation of 

103 with manganese dioxide affords (2E,4Z)-heptadienal (104a, 81 % yield), a flavor 

component of tomatoes.80 A similar sequence of reactions starting from 99 produces 

(2E,4Z)-decadienal (104b, 57% overall yield), a flavor component of groundnuts 

and carrot root.81 The acetate of 103 (R — C2H5) can be converted, in four steps, 

to (7E,9Z)-dodecadienyl acetate (105), the sex pheromone of the European grape¬ 

vine moth Lobesia botrana.82 An analogous coupling with an eight-carbon Grignard 

reagent furnishes bombykol (106), the sex attractant of Bombyx mori.S3M 

Figure 6. 2E,4Z-Dienoic esters 102 from alumina-catalyzed rear¬ 

rangement of p-allenic esters. (Reprinted with permission from ref. 

79. Copyright 1982 American Chemical Society.) 
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LiAlH. 
-—> 

coor' 

102 (99) 

CHO 

104a, R=C2H5 

104b, R=C5Hn 

(ch2)5ch2oac (ch2)8ch2oh 

105 106 

(a) CH3COCI, Py; (b) THPO(C5Hn)MgCl, Li2CuCl4; (c) CH3COOH; (d) CH3C0C1; (e) CH3C0C1, 

HMPA; (f) C2H5OCH(C8H17)MgBr, Cul; (g) H30 + 

CH3 

Scheme 15 

An interesting five-carbon homologation leading to 3,4-alkadienoic acids em¬ 

ploys an Sn2' reaction of P-ethynyl-(3-propiolactone (107) with Grignard reagents 

in the presence of cuprous iodide catalyst.85 The reaction appears to be general, 

and good yields are obtained with primary, secondary, and tertiary Grignard reagents 

as well as aromatic, vinylic, and allylic reagents. 

This regioselective reaction is useful in assembling the carbon skeleton of pel- 

litorine (110), an insecticide isolated from Anacyckus py rethrum roots. The action 

of ft-amylmagnesium bromide on 107 produces 3,4-decadienoic acid (108) in high 

109 33% 

Schemed 

110 



ALLENIC AMIDES 201 

yield. Isomerization of 108 to 2,4-decadienoic acid (109) is effected with aqueous 

potassium hydroxide (E,Z:E,E = 41:59). The desired E,E isomer can be produced 

in preponderance (22:78) by equilibrating the 109 mixture with thiophenol and 

AIBN. The treatment of (2E,4E)-109 with thionyl chloride followed by isobuty- 

lamine gives the natural product 110 (Scheme 16). 

a-Dimethyl-p-allenic acids (111), when treated with boron trifluoride, form 

8-lactones 112 in essentially quantitative yield86 (equation 26). The Lewis acid po¬ 

larizes the 4,5-double bond of the allene making it susceptible to nucleophilic attack 

by the oxygen of the acid. Alkyl groups are favorable for Rj and R2 because they 

stabilize the incipient positive charge at the terminal carbon atom of the allene. 

6.2. ALLENIC AMIDES 

Tertiary allenic amides are most easily prepared by the reaction of propargyl alcohols 

with amide acetals in refluxing hydrocarbon solvents (equation 27). When form- 

amide acetals are employed, allenic carboxamides 113 are produced in good yields.87,88 

The reaction appears to be highly sensitive to steric bulk around the nitrogen with 

diethylformamide acetals (R = C2H5) producing more consistent results than their 

dimethyl counterparts (R = CH3). Substituents are preferred at R3 but are not 

essential. 

When analogous reactions are performed with dimethylacetamide acetals, only 

allenyl acetamides 114 are produced as a result of a Claisen rearrangement involving 

the carbon-carbon triple bond of the initially formed intermediate.89,90 
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1 

H0C-C=CR_ 
I 3 
r2 

/“( 
0C2H5 

0C2H5 

)=*=( / 
, CON 

113 

(27) 

K. K. 

,< 

R0 CH CON 
2 2 \r 

114 

R Ri R2 r3 

Yield 

113 (%) 
Yield 

114 (%) 

c2h5 —(CH,) — H 50 — 

c2h5 —(CH2)5— ch3 92 — 

ch3 —(CH2) — ch3 72 — 

c2h; ch3 ch3 c6h5 84 — 

c2h; c8hI7 h ch3 93 — 

ch3 ch3 ch3 c3h7 — 81 
ch3 H H Si(CH3)3 — 80 
ch3 ch3 h Si(CH3)3 — 86 

ch3 ch3 ch3 Si(CH3)3 — 59 

An alternate route for the preparation of allenyl acetamides is the condensation 

of propargyl alcohols with ynamines (115; equation 28).91 The reaction is accelerated 

in the presence of a catalytic amount of boron trifluoride, and the products 117 are 

produced by means of a Claisen-type rearrangement involving an intermediate such 
as 116. 

Allenic amide 118 is readily converted to butenolide 119 upon treatment with 

aqueous formic acid. In the presence of iodine in aqueous THF, 118 undergoes 

hydrolytic iodolactonization to produce iodobutenolide 120.90 

2,4-Dimethyl-2,3-pentadienoic acid frA-N,N-diethylamide (122) is prepared in 

nearly quantitative yield by an unusual cycloaddition of diethylaminopropyne (121) 

with carbon dioxide.92 The reaction is extremely rapid and is complete within one 
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1 

H0CHC = CR, + r3c=c-n(c2h5)2 

115 

BF. 

R, , R2= H, CH3 

r3= ch3, c6h5 

60-85% (28) 

v 

117 

CH. 

CH. 

o-<: 
CON(C_Hr) 

118 

HCOOH 

CH. 

(29) 

hour at — 60°C or 15 minutes at room temperature. Mechanistically, the initially 

formed four-membered [2 + 2] cycloadduct rearranges to the ketene 123 which 

then reacts with another molecule of 121 to give the product. The suggested mech¬ 

anism was confirmed by independently synthesizing ketene 123 and reacting it 

with 121.93 Thermolysis of 122 under vacuum produces the novel 6-amino-a- 

pyrone 124. 
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CO. 
CH. 

(C2H5)2NC = CCH3 
95% (c2h5)2noc 

CH. CH 

121 A_r_/ ^ ^ ■ 0 — c — c 

con(c2h5)2 
95% 

\ 
C0N(C2H5)2 

121 122 123 

180° ko% 

'2 5 2 

CH. 

Scheme 17 

Secondary and primary allenic amides are quite rare. The sensitivity of the 

activated allene nucleus reduces the variety of amide-forming reactions that the 

system will tolerate. Both types of amides, however, can be prepared from allenic 

nitriles 125 (equation 30). Alkaline hydrogen peroxide reacts with 125 exother¬ 

mically to give primary amides 126 within a few minutes. Similarly, a Ritter reaction 

of 125 gives rise to allenic r-butylamides 127.94,95 

R 
1 \ 

C~ 

H 
/ 

C— c 
\ 

CN 

125 

h 
R jV R2= H, alkyl 

R. H 
'\ / 

C=C=C 
/ \ 

R2 C0NH2 

126 

C=C = C 
/ \ 

R CONH-t-C^H 

(30) 

127 

6.3. ALLENIC NITRILES 

Cyanoallenes (130) are readily prepared from propargyl alcohols (128a) or allenic 

bromides (129) as shown in equation (31). Tertiary acetylenic alcohols are converted 

to 130 by treatment with 1.5 equivalents of cuprous cyanide, one equivalent of 

potassium cyanide, and 2.5 equivalents of 48% hydrobromic acid in the presence 
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of a catalytic quantity of copper. Under similar conditions, secondary acetylenic 

alcohols do not react. The transformation can be explained by the initial formation 

of an acetylenic bromide (128b) followed by an SN2' displacement by cyanide ion. 

When the reaction is performed with tertiary propargyl halides 128b as the starting 

material, more by-products are produced at the expense of 130. 
Sterically hindered and polysubstituted allenic nitriles cannot be obtained by the 

foregoing method but are easily obtained from bromoallenes (129) by treatment 

with anhydrous cuprous cyanide at 100-120°C.96,97 

l 

x-c-c=ch 
i 
*2 

CuCN/KCN 

Cu/HBr 

30-75% 

R. H 
'\ / 

C = C = C 
_ / ' 

CuCN 

b0-30% 
CN 

R. H 
k / 

C = C=C 
\ 

R, 
/ 

Br 

(31) 

128 a , X= OH 

b, X= Br 

130 
129 (R1 , R2= H, alkyl) 

(R],R2= alkyl) 

Allenic nitriles, like other activated allenes, are susceptible to nucleophilic attack 

at the central carbon atom by such nucleophiles as alkoxides,98 thiolates,16 xan- 

thates,98 and amines.99,100 

With amines, unconjugated (131) or conjugated (132) enamino nitriles can be 

obtained quantitatively by regulating the reaction conditions. When stoichiometric 

quantities of cyanoallenes and primary or secondary amines are allowed to react at 

temperatures between —33 and 0°C, only the nonconjugated nitriles 131 are pro¬ 

duced. These nitriles can be converted to the conjugated form 132 by briefly heating 

the reaction mixture at 150-200°C. Either 131 or 132 is easily hydrolyzed with 

dilute acid to the (3-ketonitrile 133. 

R. H 
K / 

c=c=c 
/ \ 

R2 CN 

H 
I 

R-N-R 

R CH„CN 
\ / 2 

c—c 
/ \ 

R„ N —R 
2 / 

R 

or 

R. — CH 

C=CHCN 

R-N 
/ 

I 
\ 

Lj , R2= H , alkyl 131 132 

HC1 52-81% (32) 

R. 0 
k 'I 

CHCCH.CN 
/ 2 

R2 

133 
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Bifunctional amines such as hydroxylamine or hydrazine react with cyanoallenes 

as in equation (32) and then spontaneously cyclize with the nitrile to directly produce 

either 5-aminoisoxazoles 13498 or 5-aminopyrazoles 135101102 in essentially quan¬ 

titative yield (equation 33). The intermediate enaminonitriles cannot be isolated 

except in the case of phenylhydrazine.103 

134 135 

When 4,4-dialkylallenyl nitriles are heated with 2-aminopyridine or 2,3-diami- 

nopyridine, 4-iminopyrido[l,2-a]pyrimidines (136) are isolated as their monohy¬ 

drates. However, when 4-monoalkylallenyl nitriles are allowed to react with 

2-aminopyridine in a similar fashion, only anhydrous 2-iminopyrido[l,2-a]pyrimidines 

(137) are formed (equation 34). 3-Hydroxy-2-aminopyridine gives 2-imino deriv¬ 

atives 137 with either mono or dialkylallenyl nitriles.104 

136 (R3= H, NH2) 

(34) 

137 (R3= H, OH) 

In such additions where the amine reagent possesses another nucleophilic site 

removed by two carbon atoms (e.g., ethylenediamine, 2-aminoethanethiol, etha- 

nolamine, and oaminophenol), the reaction with cyanoallenes follows another 

course (Scheme 18). After initial addition to t\\e allene to give 138, a second Michael 

addition to the enamine takes place (in preference to reaction with the nitrile) to 

form an unstable imidazolidine 139. At this point, the molecule eliminates aceto- 
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141 

Scheme 18 
140 

nitrile to generate imidazolines, oxazolines, or thiazolines (140), usually in excess 

of 80% yield.101’102’105 106 If aromatic bifunctional amines are used, the corresponding 

benzo derivatives 141 are produced. 

If reactions with 2-aminoethanethiol are performed in the presence of two equiv¬ 

alents of sodium ethoxide, the elimination of acetonitrile from 139 is suppressed 

and only thiazine derivative 142 is formed (equation 35).107 

HSCH2CH2NH2 

-—-> 177 - 
NaOC2H5 J 90-9^% 

Rj , r2= alky1 142 

(35) 

Allenic nitriles are inherently unstable and slowly dimerize to cyclobutanes 143 
when kept at room temperature for extended periods of time. They can be distilled 

in vacuo at temperatures less than 100°C with little or no dimerization, however, 

if retained between 100-130°C (2-4 hours), quantitative conversion to 143 takes 

place. At room temperature the sy/t-isomer 143a predominates whereas elevated 

temperatures produce an excess of the anti-isomer 143b108109 (equation 36). 

143a 143b 
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Cyanoallene undergoes a [2 + 2] cycloaddition with l-(N-morphol- 

ino)cyclohexene to give l-(N-morpholino)-(E)-7-cyanomethylene-cw-bi- 

cyclo[4.2.0]octane (144).110111 It is also such a potent dienophile that it enters into 

Diels-Alder reactions exothermically with either cyclopentadiene or 2,5-dimethyl- 

furan to afford adducts 145 in high yield98 (equation 37). 
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CHAPTER SEVEN 

HETERO-SUBSTITUTED 
ALLENES 

Allenes bearing hetero substituents are extremely useful substrates in organic syn¬ 

thesis. The direct substitution of a hetero atom on the allene framework confers 

upon the system an electronic bias that allows the molecule to react in a regioselective 

manner. The latent functionality represented by these systems can be easily trans¬ 

formed into their respective functional groups by simple manipulations with standard 

reagents, under fairly mild conditions. 

7.1. OXYGEN 

Oxygenated allenes are the most versatile of the heteroallene family. They are 

susceptible to both nucleophilic and electrophilic substitution and are readily hy¬ 

drolyzed under acidic conditions to give carbonyl-containing compounds. Therefore 

these allenes serve as excellent masked aldehydes or ketones. 

OR 
/ 

CH =C=C 
2 \ 

R 

H 

C- R 
II 
0 

(1) 

Alkoxyallenes are easily prepared by the two basic methods shown in equation 

(2). Propargyl ethers (1) can be isomerized to their corresponding allenic ethers in 

70-95% yield by treatment with either potassium r-butoxide2’3 at 70°C or with 

sodamide in liquid ammonia.4 Alternately^ allenes 2 are produced by an SN2' 
addition of an organocuprate to propargyl acetal 3.5 

212 
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R. H 
base x / 

R.-C = CCHo0Ro — > C=C=C 
12 2 / \ 

H 0R2 

1 

Method A 
2 

RIMgBr 

- 
CuBr 

OR 
2 

HC = C-CH 

I 
OR 

2 

Method B 
3 

(2) 

Allene R, R 2 Method Yield (%) Reference 

a H ch3 A 82 2 

b H c2h5 A 85 2 

c H c4h9 A 91 2 

d H r-C4H9 A 66 6 

e c4h9 c2h5 B 78 5 

f r-C4H9 c2h5 A 96 4 

7.1.1. Addition Reactions 

Under acid catalysis, methoxyallene (2a) adds alcohols at the oxygenated (a) carbon 

to give acetals 4.7 

OR 

CH =CH-CH (3) 
2 I 

OR 

4 R= CH , 73% 

R= C2H 80% 

Thiophenol, on the other hand, adds to 2a at the terminal carbon in a highly 

exothermic reaction to give the E-adduct 5 almost exclusively.8 Compound 5 can 

then be converted to the (E)-y-methoxyallylboronate 6 which, when reacted with 

aldehydes, is an excellent diastereoselective reagent for the preparation of methoxy 

homoallylic alcohols 7 (Scheme 1). 

H 
/ 

CH.= C=C 
2 \ 

ROH 

OCH. 
PTSA 

2a 

H 

ch3o 

\ 
C=C:=CH 

/ 

2a 

C6H5SH CHm ^ SC,Hc 
-^ 3 o 5 

HBFA(C2H5)20>'20° 

65% 

severa1 

steps 
> 

Scheme 1 

7 
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Triphenylphosphonium bromide also adds to 2a at the terminal carbon to give 

8 in 68% yield. Treatment of 8 with ^-butyllithium produces ylid 9, which reacts 

with simple carbonyl compounds in a normal Wittig fashion to give methoxybu- 

tadienes 10. These may be isolated as such or can be hydrolyzed in situ with 

aqueous acid to give the (E)-a,(3-unsaturated aldehydes 11.9 This facile one-pot 

procedure is an extremely useful three-carbon homologation technique. 

H 
/ 

CH2= c— 

(C6H5)3P-HBr 

OCH. 
Br 

OCH. 

C4H9Li 

’50 

2a 8 

<c6H5>3 
p<^\<^0CH3 

9 

10 

Scheme 2 

11 

Under the influence of catalytic amounts of copper(I) halides, Grignard reagents 

add to 2a in a 1,3 fashion to give 1-alkynes in high yields10 (Scheme 3). When 

similar reactions are performed with a twofold excess of preformed homocuprates 

or heterocuprates, a mixture of isomeric adducts 13 is obtained, the Z-isomer always 
predominating.11 

H 
/ 

CH0=C = C 
2 \ 

OCH 

2a 

RMgX 

80-90% 

rch2c=ch 

12 

RCH„ OCH 
2 \ / 

c=c 
/ \ 

H H 

3 

(Z)-13 

+ 

Scheme 3 

H 0CH- 
\ / 3 

C = C 
/ \ 

RCH2 h 

(E)-13 
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Ethoxyallene (2b) can participate as a dienophile in a hetero Diels-Alder reaction 

with acrolein derivatives to produce exomethylene-2,3-dihydropyrans (14) in mod¬ 

erate yield7 (equation 4). 

\ 

0C2H5 

RCH ~ CH-CHO 

2b 

(4) 

14 R=H, 

R=CH3> 19% 

7.1.2. a- Lithiation 

One of the more interesting properties of alkoxyallenes is their ability to be regio- 

selectively metallated at either the a or y positions. These anions exhibit a high 

degree of nucleophilic character and react with a wide variety of electrophiles. The 

a-lithiation of methoxyallene (2a) is easily accomplished with H-butyllithium at 

— 30°C. The latent carbonyl functionality that is transferred to the product makes 

this lithiated species an excellent acyl anion equivalent. 

OCH- 
/ 3 

CH=C=C 
2 \ 

Li 

0 
II 

© 

15 

Ethereal solutions of 15 react smoothly with alkyl bromides or iodides to give 

16, provided that a sufficient quantity of THF is added.2 Dimethyl disulfide reacts 

with 15 at a much faster rate and affords 17 in good yield.7 In the presence of 

tetrakis[triphenylphosphine]palladium, 15 can be arylated with iodobenzene to pro¬ 

duce 18 (R = C6H5). Subsequent acidic hydrolysis furnishes phenyl vinyl ketone 

(19, R = C6H5) in 42% overall yield.12 Transmetallation of 15 to zinc (with zinc 

chloride) followed by reaction with aryl or alkenyl halides in the presence of Pd[0] 

catalyst provides a general route to a-aryl or alkenyl allenic ethers 18 (R = aryl, 

CH2CH=CH2).13 Hydrolysis then gives the corresponding vinyl ketone derivative 

19 in 27-84% yields (from 15). 
a-Chloroethers react exothermically with 15 to produce 4-ethoxy-3-methoxy- 

1,2-alkadienes (20) in high yields (equation 5). The treatment of 20 with 2 equiv- 
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[Pd] 

OCH 
/ 3 

CH. = C=C 
2 \ 

R 

16 (R= C3H?, C4Hg, CH2C6H5) 

OCH. 
/ 3 

CH_ = C= C 
2 \ 

sch3 

17 

OCH. 
/ 3 

\ 
R 

H2SO/4 
H 

/ 
CH =C 

2 \ 
C-R 

0 

18 

Scheme 4 

19 

alents of potassium amide in liquid ammonia results in a 1,4-elimination of ethanol 

to give 3-methoxy-3-alken-l-ynes (21) in excellent yields.14 

15 

R 
I 

C 1 -CHOC.H,. _u _ 
_ 2 ■> LH2~ 

78-85% 

OCH. 
/ 3 

\ 
CHOC.H 
I 2 
R 

knh2 
--—> 
82-92% 

HC=C 

OCH 

I j 
-C = CHR 

21 

20 (R= H, CH3, C2Hg) 

(5) 

B-alkyl-9-borabicyclo[3.3. l]nonanes (22) form ate complexes (23) when allowed 

to react with 15 (equation 6). The addition of acetic acid to these complexes results 

in the formation of 1 -alkyl- 1-methoxycyclopropanones 24.15 

24 

R = alkyl , ejco-norbomyl, /ra«.9-2-methylcyclohexyl 
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When 15 is treated with trimethylchlorosilane, 1-trimethylsilyl-l-methoxyallene 

(25) is produced in 81% yield1617 (equation 7). 

OCH- 
/ 3 

CH2= c=c^ 

C1Si(CH3)3 
CH2=C=C^ 

OCH, 
/ 3 

Li Si (ch3)3 

15 25 

(7) 

By an analogous procedure, alkoxyallene 26 is converted to the silyl derivative 

27 which is a key intermediate for the preparation of a whole family of interesting 

silyl ketones 28-31 (Scheme 5).18 In certain instances when the trimethylsilyl group 

in 27 is replaced by r-butyldimethylsilyl, the conversion to silyl ketones proceeds 

in dramatically higher yields. 

Solutions of 15 are sufficiently nucleophilic to react with carbonyl-containing 

compounds to give carbinols 32 in high yields. Acid-catalyzed hydrolysis of these 

intermediates furnishes the unsaturated ketols 33 (Scheme 6).7 If the hydroxyl group 

in 32 is converted to a methanesulfinic ester (34), reactions with organohetero- 

cuprates lead to the formation of 3-methoxy- 1,3-dienes (35). These can be hydro¬ 

lyzed to a,(3-unsaturated ketones 36.19 

MCPBA bl% 
Y 
0 0 
II II V 

CH^C—CS i (CH3)3 

31 

Scheme 5 
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34 

R, R] , R2= H, alkyl , 

H2S04 
10-30% 

R 
2 

Scheme 6 

36 

Carbinols 32, when treated with potassium hydride in the presence of dicyclo- 

hexyl"18-crown-620 or potassium r-butoxide in DMSO,21 undergo an unusual cycli- 

zation to produce methoxydihydrofurans 37 (equation 8). Mild acid hydrolysis then 

furnishes dihydrofuran-3(2H)-ones (38), a relatively rare class of compounds, in 

42-94% overall yield. 
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Scheme 7 

This methodology has been successfully applied to the synthesis of primary 

helical molecules based upon the tetrahydrofuran ring system.22 The treatment of 

cyclopentanone with 15, followed by cyclization with potassium r-butoxide (18- 

crown-6), then hydrolysis, gives the spirodihydrofuranone 39 in 82% overall yield. 

Repetition of the spiroannulation procedure on 39 affords 40, which can be se¬ 

quentially converted to cyclopentyl[4] helixane (42) as shown in Scheme 7. 

a-Haloketones react with 15 to produce allenehalohydrins 43. When these in¬ 

termediates are treated in situ with potassium hydroxide, allenic epoxides 44 are 

formed in moderate yields. Further treatment of 44 with potassium r-butoxide in 

DMSO results in the formation of either furan derivatives 45 or dihydrofurans 46 
depending on the substitution at R3 (Scheme 8). Yields generally vary from 35 to 

87%.23 

45 

Scheme 8 

46 
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7.1.3. 7-Lithiation 

In the preceding section, the remarkable ease of a-lithiation of alkoxyallenes made 

these carbanions desirable intermediates of great synthetic utility. If alkoxyallenes 

can be similarly lithiated in the y-position, they can be employed as a homoenolate 

equivalent, a highly desirable synthon in organic synthesis. 

H OR 
\ / _ 

C = C = C — ©CH=CH-CH0 
/ \ 

Li H 

The regioselectivity in lithiation of alkoxyallenes can be changed to favor the 

y-position by increasing the steric bulk of the alkoxy group in conjunction with 

increasing the size of the lithiating reagent. Consequently, when r-butoxyallene 

(2d) is treated with lithium dicyclohexylamide in THF at — 55°C, the allene is 

terminally lithiated to an extent of 90-95%. Alkylation with rc-butyl iodide gives 

47 which, when hydrolyzed with sulfuric acid, furnishes (E)-2-heptenal (48) in 

80% overall yield.24 

0t-C.HQ 
/ - b 3 

CH2=C=^ 
LDCA 

"7 

H 

H Ot-C.Hq 
\ / ~ b 3 

c — C — c 
/ \ 

Li H 

C,H I 
b 3 

2d 

H Ot-C,H0 
\ / ~ b 3 

C= C = C 
/ \ 

CAH9 H 

H2S0A 
H CHO 
\ / 
c=c 

/ \ 
C*H9 H 

47 

Scheme 9 

48 

An alternate method for y-lithiation of alkoxyallenes is to functionalize the 

a-position so as to preclude any lithiation at that site. An extremely useful allene 

for this purpose is 1-trimethylsilyl-l-methoxyallene (25). When 25 is treated with 

n-butyllithium1 7 or r-butyllithium,16 it is smoothly metallated to give the lithio species 

49. Alkylation with «-butyl iodide produces 50 which can suffer two modes of 

hydrolysis. Desilation of 50 with tetrabutylammonium fluoride followed by mild 

acid hydrolysis gives 48 in high yield. Alternately, the trimethylsilyl ketone 51 is 

obtained when 50 is treated with trifluoroacetic acid17 (Scheme 10). 
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51 

Scheme 10 

48 

Exposure of 49 to ^-decanal gives the alcohol 52 which, when subjected to mild 

acid hydrolysis, furnishes the 2-trimethylsilyl furan 53 in 25% overall yield. The 

furan 53 can then be transformed to tetrahydrocerulenin (54) according to the series 

of reactions outlined in Scheme 11.16 

0CH3 rcho 
-> 

c • ( ru \ 97 'O Si(CH^) 

49 52 

JX 
0 

53 

Si (ch3)3 

54 (R= C9H19) 

Scheme 11 
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Alkoxyallenes bearing an alkyl substituent in the a-position can also be y-lithiated 

and alkylated to produce internal alkoxyallenes 55. Acid hydrolysis generates pure 

(E)-a,(3-unsaturated ketones in good yields (equation 9).12,24 

1. c4yi 
-——=> 

2. R2X 

X= Br, I 55 56 

(9) 

Ri r2 Yield (%) 

ch3 c4h9 89 

c2h5 c5h„ 66 

c4h9 ch3 86 

c4h9 c6h5 78 

Various propargyl esters, when metallated with either ft-butyllithium25-27 or t- 

butyllithium28 produce the y-lithiated species 57. Exposure of 57 to a variety of 

alkylating agents gives the terminally disubstituted allenic ethers 60 in good yields. 

Treatment of 57 with aluminum reagents such as diethylaluminum chloride or 

triisobutylaluminum results in the formation of the aluminum allene 58, which 

reacts rapidly at — 78°C with aldehydes to produce the allenic alcohols 59. Acid 

hydrolysis then furnishes 2,3-disubstituted furans 6128 (Scheme 12). 

R]C=CCH20CH3 
W 

V 
Li 

(c2h5)2aiC1 

OCH. 

57 

r2x 80-100% 

)=.=N 
OCH. 

(C2H5)2A1 
>= 

OCH. 

58 

R3CH0 

OH 

OCH. 

60 

R,= C6H5, CH 3 , CSH]] , Si (CH3)3 

R2= alkyl , Si(CH3)3 

R3= C^H,-, C^H11 , geranyl 

59 

30-89% 

'X} 
R3 X0' 

61 
Scheme 12 
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In a similar transformation, lithium 4-(2-tetrahydropyranyloxy)-2-butynolate (62) 
is quantitatively metallated with r-butyllithium to give 63. Methanol protonates the 

allenyl anion to afford 64 (R = H), while reaction with alkyl halides yields the 

corresponding alkylated derivatives. Further treatment of 64 with t-butyllithium 

generates an a-lithiated species that can also be alkylated to give 65. Acid hydrolysis 

of either 64 or 65 furnishes 3- or 3,5-disubstituted furans 66 (Scheme 13). The 

entire multistep reaction sequence can be performed in one flask.29 

t — C.HQLi 
- 4 9 

LiOCH2C= CCH20THP 

62 

Li 

y= 
L i 0—' 

R j X 

OTHP 
63 

66 

Scheme 13 

R\ R2 Yield, % 

C6H13 H 67 
CH2C6H5 H 39 

C6H13 CH3 55 

Allenic dianions are not easily generated except in special cases.25 30,31 For ex¬ 

ample, the treatment of the phenylpropargylic ether 67 with 2 equivalents of 

ft-butyllithium at -75°C leads to the formation of the dilithiated allene 68. Dianion 

68, which is stable up to - 50°, can be monoalkylated on the 7-carbon, bisalkylated 

at the 7- and a-positions, or selectively monoalkylated in the 7-position followed 

by a second monoalkylation in the a-position (Scheme 14). 
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C6\ 

(CH 3)?S i 

)=•=( 
.OCH. 

si (ch3)3 

C6H5 

CH. 

OCH. 

>=•=< 

C6H5C = CCH2OCH3 

67 

C6H5 

CH. 

(ch3o)2so2 

70% 

C6H5 
OCH. 

)=•=( 
Li Li 

68 

C^Br 
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Scheme 14. Reprinted from ref. 30, with permission from the authors and Pergamon Press, Copyright 

1971. 

7.1.4. Acetoxyallenes 

Acetoxyallenes (70) represent another variety of oxygenated propadienes possessing 

synthetic utility. They are readily prepared by a silver32-34 or copper ion 35 catalyzed 

SNi' rearrangement of propargyl acetates 69 (equation 10). The use of silver per¬ 

chlorate or silver tetrafluoroborate in methylene chloride results in the formation 

of 70 in yields ranging from 46 to 70%. In the cases where R, = R2 = CH3 and 

R3 = H, cuprous chloride in benzene furnishes the corresponding allenyl acetate 

in quantitative yield. 

R. OAc 
k / 

70 

R|-R^= H , alkyl 

Under alkaline hydrolysis conditions, acetoxyallenes are converted to a,(3-un- 

saturated carbonyl derivatives. This transformation has been successfully applied 

to the synthesis of citral and dihydrocitral36 (Scheme 15). When the hydrolysis is 

performed in acetone, a,|3,y,8-unsaturated ketones are produced (e.g., pseudoio- 
none 74a and pseudoirone 74b). 

I1 
Ac0-C-C=C-R3 -Aa-. °r Cu > 

R, 

69 
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Scheme 15 

The allene portion of the steroidal acetoxyallene 75 can be transformed into a 

corticoid chain ((3-configuration) by peracid oxidation in the presence of disodium 

hydrogen phosphate.37 The intermediate 17a-chlorobenzoate 76 is then converted 

to the triol 77 by mild alkaline hydrolysis. 

OH 

V 

CH OH 

i 2 
c=o 

Scheme 16 
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7.2. SULFUR (AND SELENIUM) 

In addition to oxygen, the other members of the group VI elements that have been 

successfully attached to an allene framework are sulfur, selenium, and tellurium. 

Of these three, sulfur is the most versatile owing to the variety of oxidation states 

the sulfur atom is capable of attaining. 

7.2.1. Allenic Sulfides 

Allenic sulfides, selenides, or tellurides are prepared by the base-catalyzed proto¬ 

tropic rearrangement of their propargyl derivatives 7838’39 (equation 11). Generally, 

catalytic amounts of either potassium or sodium alkoxides are used to promote the 

isomerization. The efficiency of the reaction depends on the base and follows the 

order r-C4H90 ^/-C3H70_>C2H50 _>CH30_ with the potassium counterion being 

superior to sodium and lithium.40 

R-CSC-C-XR, 
I 3 

78 

.^-R^= H» alkyl, 

base 
'1 R9 

c=c=c 
/ \ 

H XR 
3 

79 

X= S, Se, Te 

(11) 

In a similar type transformation, l,6-dithiacyclodeca-3,8-diyne (80), when treated 

with potassium r-butoxide, rapidly rearranges to the bicyclic thiophene 82 (equation 

12). The conversion presumably proceeds through the diallene 81.41 

The Sn2' displacement reaction by thiocyanate or selenocyanate anion on 3- 

bromo-3-methyl-l-butyne (83) results in the formation of 3-methyl-1,2-butadienyl 

thiocyanate (84a) or its selenium analog 84b. When 84 is exposed to lithium 

methoxide in THF (8 hours), l,l,4,4-tetramethyl-lH,4H-thieno[3,4-c]thiophene 
(85a) or its diselenium derivative 85b is obtained42 (equation 13). 
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In certain reactions 3-methyl-1,3-butadienyl phenyl sulfoxide (89) can be con¬ 

sidered as an isoprenic carbonium ion equivalent. This synthetically useful inter¬ 

mediate is available in three steps from the reaction of 3-chloro-3-methyl-l-butyne 

(86) with either thiophenol (under phase transfer conditions)43 44 or phenylthiocopper 

trimethylphosphite complex in TMEDA.45 The resulting allenic sulfide 87 can be 

cleanly isomerized to 88 when heated for 2 hours in vym-tetrachloroethane. Sub¬ 

sequent oxidation with a peracid or sodium metaperiodate then gives 89. The 

reaction of 89 with 90 followed by deprotection and hydrolysis, furnishes a mixture 

of the (E)- and (Z)-tagetones 91 (ratio 55:45) in 50% overall yield from 8943 (Scheme 

17). 

?H’ 
HC = C-C-C1 

I 
CH. 

86 

C,HrSH 
o b 

70% 

3 

CH. 

CH. 

SC6H5 65' 

92% 
SC6H5 

87 

NalO, 

88 

70% 

CN I 

Li 

0C H 
2 5 

90 

2. NaOH 

91 

^^S^C6H5 
II 
0 

89 

Scheme 17 

Allenic sulfides are not only prone to isomerization under thermal conditions 

(as shown by the 87 —» 88 conversion), but also under acid or base catalysis as 

shown in Scheme 18. The addition of 100 mg of picric acid to 0.4 mole of 92 at 

room temperature exothermically produces the 1,3-diene 93.46 Terminal allenic 

sulfides rearrange to 2-alkynyl thioethers (e.g., 94) in the presence of 1 equivalent 

of potassium amide,47 however, when the corresponding internal allenes 92 
(R[ = alkyl) are treated with 2 equivalents of potassium amide, 1,3-enynes 95 are 

produced in excellent yields.48 
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picric acid 

SCH 

I ^ 
CH2=CH -C = CHCH3 

93 

sc9h£. 

I z * 
HC = C-CHC2H5 

94 

HC=C~CH=CHR] 

95 

Scheme 18 

Artemisia ketone (99), a naturally occurring monoterpene, is easily synthesized 

by way of an allenic sulfide intermediate (equation 14). The requisite allene 98 is 

formed from the reaction of dimethylallene carbene 96 with methyl 3-methyl-2- 

butenyl sulfide (97). Hydrolysis of 98 with mercuric chloride in aqueous acetonitrile 

furnishes the natural product in good yield.49 

(HO 

The ability of vinylacetylenes to undergo 1,4-addition of nucleophiles makes 

them attractive candidates for the preparation of group VI substituted allenes. Lith¬ 

ium alkyls add to the terminus of alkylthiovinylacetylenes 100 to give internal 

allenic thioethers 101.50 The analogous alkylselenovinylacetylenes (100, X = Se) 

suffer attack at the selenium atom. Secondary amines react with vinylacetylenic 

selenides and tellurides in the presence of catalytic amounts of cuprous chloride to 

form derivatives 102 in moderate yields. The l-alkylseleno-4-dialkylamino-l ,2- 

butadienes (102, X = Se) are readily cleaved by sodium in liquid ammonia at the 



SULFUR (AND SELENIUM) 229 

R,X-C = C-CH=CH, 

100 (r1=ch3, c2h5) 

H 
l 

R2-N-R2 

CuC 1 

R] X 

X=Se, Te 

31-58% 

R, 
/ 

CH.N 
2 \ 

R, 

102 

R2= C2H5’ ’ 

R2Li 

(X=S) 

67-80% 

Na/NH 
3 

(X=Se) 

50% 

0 
v_y 

R,S 

CH2R2 

101 (R2=C3Hy, C^Hg, C5Hn) 

A 
-> HC = CCH2CH2N^ 

103 

Scheme 19 

carbon-selenium bond to give 4-dialkylamino-l-butynes 103 by way of a Favorskii 

rearrangement51 (Scheme 19). 

Allenic sulfonium salts are susceptible to the addition of nucleophiles and are 

useful intermediates in organic synthesis. Dimethylpropadienylsulfonium bromide 

(105) is conveniently prepared by the treatment of propargyl bromide with dimethyl 

sulfide. The initially formed dimethyl-2-propynylsulfonium bromide (104) readily 

isomerizes to 105 under neutral conditions (5 hours) or in the presence of an 

equimolar amount of triethylamine (5 minutes).52 Compound 105 adds acids at the 

central carbon to give the vinyl esters 106 that are useful as acylating agents for 

amines and alcohols. The entire acylation procedure can be carried out in one flask 

starting from propargyl bromide. 

(CH ) S CH3s 
HC = CCH_Br -——> ©S—CH9C=CH 

2 / L 
ch3 

104 

R= ch3, c6h5, ch2c6h5, p-cic6hv 

C,HrC0NHCHo 
6 5 2 

105 

RC00CH3 

TEA 

0 

(15) 

106 
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Sulfonium salt 105 also reacts with (3-ketoesters, p-ketosulfones, or p-diketones 

in the presence of 1 equivalent of sodium ethoxide to give furan derivatives 107 
in good yields (equation 16). Again, the entire sequence can be performed as a 

one-pot procedure.53 

105 

+ 

0 
II 

R CCH R 

NaOC2H5 

R, R2 Yield (%) 

ch3 cooc2h5 86 

ch3 coch3 89 

c6h5 coc6h5 72 

ch3 so2c6h4ch3 78 

(16) 

Dimethylallene carbene (96) reacts with disulfides to give allenic dithioacetals 

108 (equation 17). When solutions of 108 are filtered through silica gel, they 

efficiently isomerize to conjugated ketene dithioacetals 109.44,54 

CH. 

CH. 

RS-SR 

81-84% 

S i 0, 

93-95% 

96 108 (R= CHr CgH ) 

SR 

SR (17) 

109 

114 

113 
v. 

Scheme 20 
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2-(2-Furyl)-2-lithio-l,3-dithiane (110), while stable at — 78°C, rearranges at 

— 20°C to form the interesting allene dithioacetal 111 (Scheme 20). Quenching the 

anion 111 with trimethylchlorosilane followed by aqueous workup produces the 

cA-unsaturated aldehyde 114 in quantitative yield. The addition of crotonaldehyde 

to 111 results in the formation of 112, apparently by means of a Diels-Alder reaction 

followed by elimination of water.55 

7.2.2. Allenic Sulfoxides 

Allenic sulfoxides (117) are readily prepared by a [2,3]sigmatropic rearrangement 

of sulfenic esters (116) of propargyl alcohols 115 (equation 18).56-58 The esters 116 
are rarely isolable and spontaneously isomerize to give the allene. 

OH 
1 
C-C =C-R 

R, SCI 
A 

i 
70

 

_
1

 

— \_A 
1 i 

R2 
base 

T 
R2 

L ^r3J R2 R3 

115 116 117 

e: triethy1 amine, pyridin e 

R. R 2 r3 r4 Yield {%) Reference 

H H H o-no2c6h4 96 56 

ch3 H H p-CH3C6H4 75 56 

c6h5 H H CC13 90 56, 59 

ch3 ch3 H c6H5 48 57 

—(CH2)5 — H p-ch3c6h4 84 56, 57 

H H ch3 p-c h3c6h4 82 56 

In an analogous transformation, 4-acetoxy-2-butyne-l-ol (118), when treated 

with benzenesulfenyl chloride in the presence of diisopropylethylamine, gives 119 
in 70% yield60 (equation 19). 

o 
ii 
S-C,Hr 

C,H SCI / 65 
HOCH C = CCH OAc -—-^ =•=/ 09) 

base '—OAc 

118 119 
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When the scope of the reaction is extended to include 2-butyne-l ,4-diol (120), 
a double [2,3]sigmatropic rearrangement occurs to produce 2,3-di(phenylsulfinyl)- 

1,3-butadiene (121) directly in 76% yield61 (equation 20). 

Owing to the activating influence of the sulfoxide group, the allene skeleton 

becomes susceptible to nucleophilic attack at its central carbon atom. The addition 

of equimolar amounts of diethylamine56 or piperidine62 to allenic sulfoxides results 

in the formation of enamines 122 that can be easily converted to (3-keto sulfoxides 

123 upon acid hydrolysis (equation 21). Overall yields range from 50 to 86%. 

R),R2= H, alkyl, CgH,. 

(21) 

125 (X= 0, S) 124 

Scheme 21 
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When the amine is used as the solvent, the reaction proceeds further and produces 

enamines 124, as shown in Scheme 21.57 Addition of alkoxides or thiolates to 

allenic sulfoxides in alcoholic solvents at elevated temperatures affords vinyl ethers 

or thioethers 125 by the same mechanistic pathway. 

The interestingly substituted butadiene derivative 126 can be prepared in a one- 

pot procedure by the sequential treatment of 118 with triethylamine, benzenesulfenyl 

chloride, and two equivalents of diethylamine60 (equation 22). 

H0CH2C = CCH20Ac 

118 

1 . C.HrSCl/TEA b b 

2. (C2H5)2NH 

93% 

0 

<^S-'C6H5 

126 

(22) 

In contrast to the formation of vinyl ethers 125, sodium alkoxides (one molar 

equivalent) add to allenic sulfoxides at room temperature to give a,(3-unsaturated 

sulfinyl enol ethers. Under these stoichiometric proportions, primary and secondary 

allyl alcohols add to allenyl phenyl sulfoxides to form adducts 127 (Scheme 22). 

Distillation of 127 from zinc carbonate induces Claisen rearrangement and elimi¬ 

nation of benzenesulfenic acid to produce dienones 128.63 

128 

Scheme 22 
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Corticosteroids, an important class of antiinflammatory agents, possess a dihy- 

droxyacetone side chain at C-17. An efficient synthesis of hydrocortisone acetate 

(133) makes use of the conjugate addition of sodium methoxide to the steroidal 

allenic sulfoxide 129. The resulting enol ether 130 is then elaborated to the desired 

product according to the route shown in Scheme 23.64 

Methyllithium nucleophilically attacks the sulfur atom of allenic sulfoxides and 

affords a stereospecific route to sulfur-free allenes. The steroidal allene 134 is 

rapidly converted to 137 upon treatment with 4 equivalents of methyllithium at 

— 78°C for 10 minutes65 (equation 23). The driving force for such a reaction is 

that, in the initial intermediate 135, the lithioallene 136 is a much better leaving 

group than is either methyl or phenyllithium. 

Analogously, the transformation, when performed on the steroidal C/D ring 

fragment 138, gives rise to the formation of only the (6R)-allene 13966 (equation 
24). 
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138 139 

Allene sulfoxides are also susceptible to attack by electrophilic reagents (Scheme 

24). The cyclohexylallene 140 adds electrophiles such as benzenesulfenyl chloride 

or bromine to the allene double bond furthest from the hetero atom. The resulting 

alkoxysulfonium halides are then hydrolyzed to the ethylene derivatives 141 or 142, 
which possess an intramolecular hydrogen bond. In the presence of mercuric oxide, 

140 adds water to the A2,3-bond to give 143.57 

o 
ii 
sc6h5 

143 

Scheme 24 

7.2.3. Allenic Sulfones 

Proceeding to the next oxidation state, allenic sulfones exhibit properties similar 

to those of the previously discussed sulfoxide derivatives. Obvious methods for 
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their preparation are the oxidation of an allenic sulfide67 or sulfoxide,62 or the base- 

catalyzed isomerization of a propargyl sulfone68 (equation 25). 

R=H, 72% 

R=CH3, 36% 

S°2C6H5 

R 
(R=H) 

88% 

hc = cch2so2c6h5 (25) 

However, a shorter and more direct route involves a thermal [2,3]sigmatropic 

rearrangement of a propargyl arenesulfinate 144 (Scheme 25). The driving force 

for the sulfinate —» sulfone isomerization is the formation of the strong sulfur- 

oxygen bond in the developing sulfonyl group.69 

The reaction can be performed either under neutral conditions by heating 144 
in chlorobenzene at 130°C,70,71 or in the presence of 2,6-lutidine in refluxing etha¬ 

nol.69,72 A potential drawback to the base-catalyzed method occurs when a-monosub- 

stituted propargyl esters (144, R, = H) are used; further [1,3]prototropic shift can 

occur to give propargyl sulfones 146. In fact, when internal allene 145 
(R, = H,R2 = R3 = CH3) is chromatographed on a column of alumina, complete 

isomerization to 146 occurs.71 

This isomerization is interesting because of its direct contrast to the alumina- 

promoted conversion of propargyl sulfone to allene in equation (25). It appears that 

in this series the thermodynamic stability follows the order 

R—O^C—CH2S02R > RCH=C=CHS02R > HCeeeC—ch2so2r. 

146 (R2=CH3,C6H5) 

Scheme 25 

145 
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R, r2 r3 Yield 145 (%) Reference 

H H ch3 80 70 
ch3 ch3 H 99 69 
H ch3 ch3 46 71 

By taking advantage of the strong activation of the allene system by the sulfonyl 

group toward nucleophilic addition, racemic sulfonyl allenes can be partially re¬ 

solved by reaction with a deficiency of an optically active amine.73 The treatment 

of 147 with (+ )-a-methylbenzylamine (2:1 ratio) results in the formation of en- 

amine 148 with the recovered 147 being enriched in the (R)-enantiomer to the extent 

of 70%. 

Allenes 147 also react with (- )-ephedrine to produce 1,3-oxazolidines 149 in 

high yield.74 The reaction occurs in a stereospecific fashion and proceeds by way 

of initial formation of a conjugated enamine followed by cyclization (on the same 

carbon) with the hydroxyl group. 

Further examples of additions of simple nucleophiles to sulfonyl allenes are 

summarized in Scheme 27.68 75,76 In reactions with sodium methoxide, the isolated 

product is dependent on the concentration of the base. When 0.0IN methanolic 

sodium methoxide is used, 2-methoxy-3-phenylsulfonylpropene (150) only is pro¬ 

duced, whereas at higher concentrations 150 slowly isomerizes to 151. 
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S02Ar 

Ar==C6H5 ’ —~CH3C6HA 

NaOCH. OCH. 

30% 

C6H5SH 

TEA 

RCOONa 

33-67% 

S02Ar 

150 

Scheme 27 

0 
II 

0-C-R 

S02Ar 

ch3q 

S02Ar 

151 

153 (R=CH3, C6H5) 

Organocuprates add stereospecifically to allenic sulfones in a conjugate fashion. 

Takayama77 has taken advantage of this selectivity to introduce the appropriate alkyl 

side chain in a stereoselective synthesis of cholesterol (158). The key step in the 

synthesis is the addition of lithium dimethylcuprate to the steroidal allene 154 to 

produce only the (Z)-allyl sulfone 155 (mixture of epimers at C-22). Intermediate 

155 is then elaborated to cholesterol by the series of transformations shown in 

Scheme 28. 

Scheme 28 

158 
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The unusual diallenic sulfone 160 is readily prepared by the reaction of 3- 

hydroxy-3-methyl-l-butyne with sulfur dichloride.78 The transformation involves a 

double [2,3]sigmatropic rearrangement that proceeds through sulfinate 159. Upon 

exposure to a variety of reagents, 160 undergoes many interesting reactions illus¬ 

trated in Scheme 29. 

81 
163 

Scheme 29 
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7.2.4. Allenic Sulfinates and Sulfonates 

3-Hydroxy-1-butyne, when treated with sulfur dichloride at — 78°C, affords the 

sulfinate 165 in 80% yield. Because of the mechanistic nature of the conversion, 

the use of a chiral propargyl alcohol produces 165 in optically active form. Reaction 

of the enantiomers of 165 with electrophiles such as bromine or methanesulfenyl 

chloride gives optically active y-sultines 16683 (equation 26). 

CH 
3 

HC=C-CH0H ch3^. > 

0 CH 
II 
s 

3 

0 
% 

165 

I E 
+ 

E= Br, 87% 

E=SCH3, 35% 

(26) 

The bromination of simpler sulfinate esters 167 proceeds analogously (equation 

27). Oxidation of the resulting sultines 168 with w-chloroperbenzoic acid produces 

sultones 169.82 

Sulfonating agents such as trimethylsilyl chlorosulfonate react with propargyl 

silylalkynes (170) to give allenic trimethylsilylsulfonates 171 in good yields84 85 
(equation 28). 

c1so s1 (ch ) 
(CH3)3SiCH2-C = C-R ---——> 

170 
R=H , 85% 

R 

so3si(CH3)3 

(28) 

R=Si(CH3)3, 80% 

171 
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7.2.5. Anions Derived from Thioallenes 

a-Metallated allenyl thioethers (173) can easily be generated by the action of an 

alkali metal amide on either a 1-alkynyl thioether21,47,86 (172) or an allenic sulfide87 
(174) (equation 29). 

MNH 
r1ch2-c=c-sr2 -_> 

172 

M= Li, Na 

(29) 

173 174 

As shown in Scheme 30, such metallated allenes react with a variety of elec¬ 

trophiles to give interesting products of potential synthetic utility. Quenching the 

anion 173 with alkyl halides results in the formation of the cx-alkylated allenic 

sulfides 175 in yields ranging from 67 to 89%.47,86 In the presence of a catalytic 

amount of picric acid, sulfides 175 isomerize to the conjugated dienes 176 (as a 

mixture of isomers). 

As expected, 173 reacts with aldehydes and ketones to give the allenic alcohols 

177 in yields of up to 78%.87 Upon treatment of these alcohols with 3 equivalents 

of potassium amide in liquid ammonia, (E)-enyne alcohols 179 are obtained (64- 

82%) as a result of elimination of alkane thiol. Alternately, exposure of 177 to 

hydrochloric acid in wet acetonitrile affords the interesting (3,y-unsaturated ketones 

178.88 

'1 CH_Ri 

)=•=< 
- ' SR, 

175 

R^CH2X 

«- 

173 

(r2=h) A (r2=h) 

176 

CH^S-SCH^ 

-> 

180 
44,54 

Scheme 30 
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When the anion 173 is allowed to react with ethylene oxide, (3-allenic alcohols 

181 are produced in good yields.21 Treatment of 181 with a catalytic amount of p- 

toluenesulfonic acid affords dihydropyran derivatives 182.89 If Rj = H, 182a is 

isolated in 54% yield. However, when Rj = C3H7, a mixture of 182a and 182b 
(ratio 60:40) is obtained in 91% yield. 

Using the 173 —» 182 technology, one can synthesize the natural product atlan- 

tone (186), isolated from the essential oils of Cedrus atlantica and C. deodara,90 

from phenylthioallene 183, as shown in Scheme 31.91 The low yield in the mercury 

hydrolysis step is a result of retro-aldol condensations. 

PTS A 

186 185 

Scheme 31 

Allenes that contain both ether and thioether functionalities behave as masked 

(3-ketoaldehydes. Either group can be selectively hydrolyzed, as shown in equation 

(301, to release the desired substituent.92 

CH30H 

188 187 189 

(30) 

The treatment of l-methylthio-3-methoxypropyne (190) with lithium diethyla¬ 

mide results in the generation of lithioallene 191. This anion can be alkylated in 

good yield with alkyl halides to provide the requisite allene 187. Acid hydrolysis 

of 187 produces a,(3-unsaturated aldehydes 189 in 80-85% yield. In all cases the 

(C2H5)2NLi 

CH3SC=CCH2OCH3 --> (31) 

190 

191 187 
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Z-isomer is preferentially formed. Alternately, the mercury-assisted hydrolysis of 

187 with 2 equivalents of mercuric chloride in methanol gives p-ketoacetals 188 
in 42-55% yield. 

Allene 187 can be deprotonated a to the methoxy substituent to give 192 by 

treatment with /7-butyllithium or LDA below — 60°C. Reaction with a slight excess 

of an aldehyde or ketone produces alcohols 193 that, when subjected to catalytic 

acid hydrolysis, form dihydrofuranones 194 in 67-93% yields (Scheme 32). The 

entire sequence 190 —> 187 —» 193 —> 194 can be carried out in one flask. 

193 194 (R= CH3, C2H5; r'-CH , C^) 

Scheme 32 

Allenic carbanion 196 is readily generated from l-methylthio-3,3-diethoxypro- 

pyne (195) by treatment with lithium diethylamide at — 78°C. Alkylation with 

primary alkyl halides provides ketene acetals 197 in high yields. The addition of 

halides other than primary results in the formation of elimination products.93 Allenes 

197 are useful as masked P-ketoesters which can be released by sequential acid 

hydrolysis (to produce p-methylthioacrylates 198) then mercury hydrolysis to give 

the p-ketoester 199 (Scheme 33). 

0C2H5 (C2H5)2NL• Li 

ch3s- 
oc2h5 )=*=( 

oc2h5 

CH3S oc2h5 

195 
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CH3S 

•0C2H5 PTSA 

0C2H5 
1 00% )=* 

197 

CH3S COOC2H5 

198 

RX 
80-90% 

HgC 1 2 

CH^OH > 

100% 

0 
II 

R-C-CH C00CH 

199 
Scheme 33 
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Anion 196 also reacts with aldehydes and ketones to give the rather unstable 

alcohols 200. When exposed to p-toluenesulfonic acid, these alcohols lactonize to 

the (3-methylthiobutenolides 201. The overall yield for the sequence shown in 

equation (32) ranges between 70 and 92%. 

7.3. NITROGEN 

This section discusses only allenes with amino functionalities directly connected to 

the propadiene framework. These types of compounds are of special interest because 

of their enaminelike structure which is of great synthetic value. 

Aminoallenes (203) are generally prepared by the base-catalyzed isomerization 

of 2-propynylamines 202 (equation 33). The conversion can be effected with a 

dispersion of potassium amide on alumina, however, the reaction depends on the 

basicity of the nitrogen to which the propargyl group is linked. When the amine 

contains alkyl substituents, the resulting allene 203 rearranges further to N,N- 

dialkylmethyl ynamines 204.94 When the amine is represented by heterocycles such 

as pyrrole, pyrazole, or imidazole, the isomerization can be stopped at the allene 

stage to give the corresponding propadienyl-substituted heterocycle in 20-40% 
yields.95 

R 
/ 

HC=CCH0N 
2 \ 

R 

base 

\ 
I 

/ 
> ch2=c-=cn 

N -R R 
/ 

-3* CH,-C = C-N^ (33) 

H 

202 203 204 

R= alkyl, 

Dialkylaminoallenes are accessible on a preparative scale from the 202 —» 203 
rearrangement by using potassium t-butoxide in THF or potassium f-butoxide/r- 

butanol in HMPA. With these catalysts, allenic amines are consistently isolated in 

greater than 85% yield and are contaminated only to a minor extent with 204.96 
The alkylation of 2-pyrrolidone with propargyl bromide gives only l-(propa- 

dienyl)-2-pyrrolidone (206), which presumably arises from the base-catalyzed iso¬ 

merization of 205')7 (Scheme 34). When 206 is allowed to react with pyrrolidine 



NITROGEN 245 

in the presence of sodium methoxide, 207 is produced. The formation of 207 is 

not a result of the addition of pyrrolidine to any of the allenic carbons, but rather 

to the pyrrolidone carbonyl followed by ring scission and recyclization. 

207 

Scheme 34 

206 

Propargyl quinazolone 208, upon treatment with sodium ethoxide in absolute 

ethanol, isomerizes to the 3-propadienyl quinazolone 209. If 96% ethanol is used 

as the reaction medium, oxazole 210 is obtained98 (equation 34). 

CH0 

208 209 210 

Under strongly basic conditions, such as those encountered in a phase-transfer 

system, 5-hydroxymethyl-3-methyl-l-propargylpyrazole (211) is converted to the 

pyrazolooxazine 21399 (equation 35). The transformation probably proceeds by the 

base-catalyzed rearrangement of 211 to its allene isomer 212 followed by intra¬ 

molecular nucleophilic addition of the alcohol to the central allene carbon. 

211 
212 213 
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The thermal isomerization of allylpropynyl amines 214 provides direct access 

to substituted biphenyls.100 As shown in Scheme 35, the transformation is possibly 

initiated by a [3,3]sigmatropic rearrangement to give the allene 215, which sub¬ 

sequently isomerizes, cyclizes, and then aromatizes (by loss of dimethylamine) to 

give 216 (58-95% yields). 

Scheme 35 

y-Lithio aminoallenes 218 are generated by the isomerization of 2-propynylam- 

ines 217 with ft-butyllithium at — 76°C.101 The allene 219 can be obtained by 

protonation with methanol at 0°. Hydrolysis of allenes 219 with aqueous acetic acid 

proceeds quantitatively to give a,p-unsaturated aldehydes 222 in overall yields 

ranging from 68 to 88%. Methylation of 218 with dimethyl sulfate gives the alkylated 

allene 221 that, after hydrolysis, furnishes the methylated unsaturated aldehydes 

220 (overall yield, 86%). 

R 

%H9L! 
—-—> 

217 X= CH2, 0 

R= C6H5’ CA 

CH.COOH 
^— 

218 

(ch3q)2so2 

(x=0) 
\K 

R 

221 

Scheme 36 

220 222 
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The diacetylenic diamine 223, when treated with /?-butyllithium at — 10°C, 

instantaneously and quantitatively rearranges to the cyclopentene derivative 224.102103 

The mechanism (Scheme 37) involves the cyclization of an initially formed allenic 

carbanion followed by a [1,5]sigmatropic hydrogen shift. In the presence of acids, 

224 immediately forms a black polymer. 

n(ch3)2 

n(ch3)2 

223 

C.HQLi 
9 

100% 

N(CH_) 

n(ch3)2 

/-N(CH3}2 

n(ch3)2 

n(ch3)2 

n(ch3)2 

Scheme 37 

7.4. PHOSPHORUS 

The importance of organophosphorus compounds has long been recognized in the 

field of synthetic organic chemistry. It was only a matter of time until the phosphorus 

atom and the allene unit were joined and the chemistry of the resulting phosphoal- 

lenes investigated. 

A generally reliable method for the preparation of phosphoallenes is the reaction 

of a propargyl alcohol with a trivalent phosphorus chloride in the presence of an 

organic base such as pyridine, triethylamine, N-methylmorpholine, or methyllithium 

(equation 36). The initially formed intermediate 225 undergoes a pseudo-Claisen- 

type rearrangement, usually at temperatures less than 25°C, to form the pentavalent 

phosphoallene 226.104-113 

R -C=C-C-0H 
I 

3 

X2PC1 

base 
(36) 

X= , 0-a1ky1 , Cl 

225 226 
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Allenic phosphonates (227), which are obtainable in 62-87% yield by this proc¬ 

ess, can be converted to (3-ketophosphonates (229) by nucleophilic addition of 

diethylamine followed by acid hydrolysis of the resulting enamines 228114 (Scheme 

38). ’ 

)=.=( 

(c2h5)2nh 

n(c2h5)2 

P(°C2H5)2 

0 

R2 p<os2h5)2 

0 

227 
228 

n(c2h5)2 

0 

H 
+ 

Ri r2 R3 Yield 229 % 
V 

H H H 59 0 
ii 

H ch3 H 71 riW 
H H ch3 68 T 

R2 R3 ch3 ch3 H 78 

(CH2)5— H 80 
229 

Scheme 38 

0 
il 
P OC H ) 

Alcohols add exothermically to 3-methyl-1,2-butadienylphosphonates (230) in 

the presence of sodium ethoxide or triethylamine to produce enol ethers 231 as the 

only product (equation 37). The nonconjugated position of the double bond was 

established by ozonation of the addition products.115116 

(37) 

In this manner dihydrojasmone (235) can be synthesized as outlined in Scheme 

39.117 The addition product obtained from the reaction of sodium ethoxide with 233 

is directly hydrolyzed with dilute HC1 to give the diketophosphonate 234. Treatment 

with sodium hydride gives the desired product by means of an intramolecular Wittig 
reaction. 

Nucleophiles such as sulfides,118 dialkyl hydrogen phosphites,115116 and anions 

derived from active methylene compounds118 also add readily to phosphonate 230 
and are summarized in Scheme 40. 



C1P(0C2H5)2 

TEA 
88% 

> 

233 

0 

235 

NaH 
<- 

60% 

1 . NaOC„H5 

2. HC1 

Scheme 39 

234 

CH 

CH 

NaOC2H5 

0 

0 
II 

hp(or)2 
-> 
62-82% 

230 

236 (r'= alkyl) 

0 

0 

237 (R= alkyl) 

238 R}= COOC2H5, CN, 

coch3, po(oc2h5)2 

r2= h, c2h5, c3h? 

Scheme 40 

249 
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Lithium dialkylcuprates add in a 1,2-fashion to allenic phosphine oxides 239 to 

give adducts 240 as the principal product119-122 (equation 38). 

)=•=( 
«2 P(C6H5)2 

0 

239 

R]-R3= H, CH3,(CH2)5, C6H5 

(R4)2CuL.i 

16-95% 
(38) 

240 

Allenyl phosphonates are also susceptible to electrophilic substitution reactions. 

The addition of benzenesulfenyl chloride to dimethyl propadienylphosphonate (241, 
Rj = R2 = H,R = CH3) at 15-16°C affords the acyclic monoadduct 242.123 How¬ 

ever, when the terminal carbon of the allene is disubstituted, a cycloaddition of the 

reactants occurs to produce 4-thio-l,2-oxaphosphol-3-ene 2-oxides (243) in 63- 

82% yields by way of an episulfonium ion124 (Scheme 41). 

C.HrSCl 
D P 

-> 
R1“R2“H 

R =CH3 

Cl 

242 

R3SC1 

v 

H 
/ 

C 
\ 

P (OR) 
II 
0 

■> 

Scheme 41 

0 

OR 
R 

2 

243 

R1 , R2= CH3, C2H 

R3= alkyl , 

Allenes 241, when treated with gaseous HC1, produce 2-alkoxy-l,2-oxaphos- 

phol-3-ene 2-oxides (244), generally in good yields.125 Halogenation of 241 provides 

the corresponding 4-halo derivatives 245.82,126-129 Alternately, the 4-chloro heter¬ 

ocycles 246 can be obtained by the reaction" of equimolar amounts of 241 and 

sulfuryl chloride. With 3,3-disubstituted derivatives of 241, the reaction proceeds 
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at 8-10°C, but with monosubstituted compounds heating (30-40°C) is required to 
effect the conversion.130 

HCl 

P (OR) 

241 

70-85% 

9-91% 

75-81% 

Cl 

, ^2= alkyl, CH^CH^ 

Scheme 42 

The halogenation of (3-methyl-1,2-butadienyl)phosphonic dichloride (247) pro¬ 

ceeds analogously and rapidly produces tetrahalooxaphosphol-3-ene 248 in essen¬ 

tially quantitative yield.131 By exposing 248 to varying amounts of water, alcohols, 

or hydrogen sulfide, oxaphosphol-3-ene 2-oxides 249-252 are obtained132 (Scheme 

43). 

250 251 

Scheme 43 

252 
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Addition of water to 247 results in the formation of allenyl phosphonic acid 253. 
In the presence of aqueous 2M HC1, 253 cyclizes cleanly to the relatively unstable 
5,5-dimethyl-2-hydroxy-1,2-oxaphosphol-3-ene 2-oxide (255; half-life 10.3 hours 

at 66°C). Alternately, 255 can be prepared from 247 by treatment with gaseous 

HC1 (25 days), to give 254, followed by hydrolysis with aqueous dioxane (60% 

overall yield from 247)'13 (Scheme 44). 

7.5. SILICON 

Silylallenes, a relatively new class of compounds in the field of organic chemistry, 

have only recently found applicability as useful molecules in organic synthesis. 

Several interesting routes leading to functionalized allenyl silanes have been re¬ 

ported, however, the products suffer from contamination with varying amounts of 

their isomeric acetylene derivatives. 133-136 Within the last few years, methods have 

been developed to minimize the amount of acetylene formation in such preparations. 

Trimethylsilylallene (258), the simplest member in the family, can be synthesized 

by an interesting approach illustrated in equation (39).137 The treatment of tosylhy- 

drazone 256 with 8 equivalents of sodium cyanoborohydride in DMF/sulfolane/ 

hexane results in the formation of propargyl diazene 257. A concerted [l,5]sigmatropic 

rearrangement then furnishes the allene 258 free of any acetylenes. 

NNHTs 

II 
HC-C =C-S i (CH3) 3 

NaBH-CN 

---- 
8k% 

N— NH 

I 
CH2-C=C-Si (CHv3)3 

H 
/ , . 

> CH2=C=C^ (39) 

Si (ch3)3 

256 257 258 
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The dimethyl analog 260 is readily obtainable in essentially quantitative yield 

from the desilation of l,3-bis(trimethylsilyl)-3-methyl-l-butyne (259) with trifluo- 

roacetic acid (0°C, 5 minutes)138 139 (equation 40). However, the generality of this 

method has yet to be demonstrated. 

CH 
3 

(CH3)3Si-C-C = C-Si (CH3)3 

CH3 

259 

CF C00H 
-2-> 

35% 

CH. 

CH 
y==0'=\ 
/ XSi 

m 
Si(ch3)3 

260 

To date, the most versatile approach for the preparation of silylallenes is a 1,3- 

addition of an organoheterocuprate to a trimethylsilyl propargyl mesylate (equation 

41). Conversions are in excess of 85%, and only in selected cases (where R3 = t- 

C4H9 or C6H5) are any acetylenes produced.140141 

o 
ii 

l 
[R3CuBr]MgX 

CH3S0 —C-C = C-S i (CH )g 

R, 

r 

^    m -—^ 
Si (CH3)3 

(41) 

261 262 

Rr R2= H, CH3,^-C4Hg, (CH2)n (n=4,5,6) 

R3= CH3, C2H5, C3H7(n,0, C4Hg(n,£,0, C^ 

X= Cl, Br 

Trimethylsilylallenes can be oxygenated to give either a,(3-acetylenic ketones 

264 or propargyl alcohols 265142 (equation 42). Allene 263, when stirred under an 

oxygen atmosphere, forms propargylic hydroperoxides. Subsequent treatment with 

Collins reagent affords ketones 264 (43-74% yield) contaminated with 2-9% of 

265 and 10-15% of the corresponding desilated ketones. Alternately, oxygenation 

of 263 in the presence of boronic anhydride (B203) gives alcohols 265 as the major 

product (41-53% yield) contaminated with 5-32% of 264. 

2 , 
RCH=C = CHSi (CH J_ —- _D >■ R-C-C=C-Si (CH ) 

3 3 CrO -2Py 3 3 
3 

263 264 

OH 
I 

+ R-CHC = C-Si (CH ) (42) 

265 

R= alkyl, cyclopentyl 

Cyclopentenes are important intermediates in the synthetic pursuit of prosta¬ 

glandins, steroids, and other natural products. Danheiser141 143 has ingeniously de¬ 

veloped a one-step [3 + 2] approach to cyclopentene derivatives by way of a 

(trimethylsilyl)cyclopentene annulation. The reaction involves the combination of 



Table 7.1. (Trimethylsilyl)cyclopentenes Prepared According to the Reaction Shown 
in Equation (43)" 

ALLENE 

R1 R2 R3 ENONE PRODUCT [R=Si(CH3)3] Yield,% 

254 
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Table 7.1. (Continued) 

ALLENE 

R1 R2 R3 ENONE PRODUCT [R=Si(CH3)3] Yield,% 

“Reprinted in part from refs. 141 and 143 with permission from the authors. Copyright 1981 American 

Chemical Society. 

a trimethylsilylallene with an enone in the presence of titanium tetrachloride (equa¬ 

tion 43). 

A unique feature of this reaction is its capacity to regiospecifically generate five- 

membered rings substituted at each position and functionally equipped for further 

synthetic elaboration. This high stereoselectivity is a result of the preferential su- 

prafacial addition of the allene to the electron-deficient olefin. Table 7.1 provides 

selected examples of this highly efficient transformation. 

(43) 
Y 
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Propargyl anion equivalents are potentially useful synthons in the preparation of 

acetylenic compounds. Unfortunately, metallated derivatives of this type are in 

equilibrium with their allene tautomer (equation 44) and combine with electrophiles 

to produce both allenic and acetylenic products. 

Ri R? k / l 
c=c=c (44) 

© \ 
R3 

266a 266b 

R,-C = C-C© 

Trimethylsilylallenes can be used as a synthetic equivalent of 266a. They react 

regiospecifically with ketones, aldehydes, and acetals in the presence of titanium 

tetrachloride to give homopropargylic alcohols 267 or ethers (equation 45).137 In 

reactions with allenes where Rj = H, the products are accompanied by minor 

amounts of (trimethylsilyl)vinyl chlorides. 

(CH3)3Si R2 

0 
II 

Vc-r4 

TiClv-78° 

49-89% 

267 

(45) 

In a somewhat similar study, Yamamoto144 investigated analogous reactions using 

metallated trimethylsilylallenes. These reactions exhibit enhanced diastereoselection 

and produce threo-$-acetylenic alcohols 269 or, in the case of R = OTHP, erythro- 

a,p-acetylenic diols (after hydrolysis) (equation 46). In all cases titanyl allenes 

1. t-C.H Li 

(CH ) Si-C=C-CH R -_-^ 

2. TiO_-0C H )k 

It" I Si 

L Ti 
n 

268 

Rj= CH3, OTHP 

R2= cyclohexyl, 

r2cho 

(-78° to -100°) 

hl-13% 

(ch3)3Si OH 

(46) 

269 
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(268) are superior to the corresponding lithium, magnesium, or zinc derivatives 

and provide stereochemical purities in excess of 90%. 

The high stereoselectivity exhibited by the reaction can be rationalized by in¬ 
voking a transition state such as 270. 

270 

Bis-l,3-disilylpropynes (271) are rapidly metallated with t-butyllithium (-78°)145 

or ft-butyllithium (- 20°C)146 to generate allenyl lithio derivatives 272. These anions 

react with aldehydes to give Z- or E-enynes, the ratio of which depends on the size 

of the silyl group, the counter ion, or reaction conditions (Scheme 45). The formation 

of Z-enynes 275 is favored, and transmetallation to magnesium (273) or titanium147 

increases the ratio dramatically. In contrast, when the reaction is performed in the 

presence of 5 equivalents of HMPA, trans-znyms 274 are obtained with E/Z ratios 

in the range of 20:1 to 10:1 (R = /-C3H7).146 

W1 
R3SiCH2C=C-SiR3-^-> 

271 

R3Si 
/=* 

Li 

=( 
MgBr, MgBr 

SIR. 
SiR. 

R3Si 

272 

r'cho 

HMPA 
60-65% 

r'cho 

273 

53-96% 

/_// 
— SiR. 

C 
— SiR. 

(E)-274 (Z)-275 

Enyne Product Distribution for R' = Cyclohexyl145 

R Metal Yield 274 + 275 (%) E/Z Ratio 

ch3 Li 69 1:8 

ch3 MgBr 84 1:20 

c,h5 Li 88 1:10 

c2h5 MgBr 96 1:23 

t-C4H9(CH3)2 Li 55 1:12 

r-C4H9(CH3)2 MgBr 75 1:30 

Scheme 45 
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The interaction of propargylic tosylates or acetates with the Grignard derivative 

of chloromethyltrimethylsilane in the presence of copper (/) ions leads to the for¬ 

mation of a-(trimethylsilyl) allenes 276148 (equation 47). 

I1 (CH ) SiCH2MgBr V / 2 

ro-c-c=c-r2 -—— -> C—C— 

H Cu+ H CH2Si (CH3)3 

50-85% 
276 

R" T5’ ^ Rr R2= H, alkyl , C6H5 

(^7) 

In the presence of a slight excess of boron trifluoride-acetic acid complex, these 

allenes are protodesilated to give, 1,3-dienes149 (Scheme 46). Allene 277a is trans¬ 

formed to 2-pentyl-1,3-butadiene (278) within 30 minutes at — 78°C. Within the 

same time span but at —40°C, 277b is converted to (Z)-l,3-nonadiene (279). 
Prolonged reaction times result in partial isomerization to the trans-diene. Allene 

277c, however, leads to a mixture of (E)- and (Z)-2-pentyl-l,3-pentadienes 280, 
with the Z-isomer predominating. 

(Z)-280 (76%) 

Scheme 46 

Allene 277a also reacts with nonyl aldehyde in the presence of titanium tetra¬ 

chloride to give the a-hydroxydiene 281 in 56% yield148 (equation 48). 
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■=< 
C5H11 

CgH^CHO 

TiCl 
CH2Si(CH3)3 

4 

-78° 

277a 

:8H17 

(48) 

7.6 BORON 

Allenic boranes 282 have been introduced briefly in Chapter 2 (equation 26) as 

precursors for the preparation of terminal allene hydrocarbons. The allenes are 

stable at — 78°C, however, at room temperature they rearrange to the thermody¬ 

namically more stable propargylic boranes 283 (Scheme 47). These organoboranes 

react with aldehydes to produce either homopropargylic alcohols (284) or a-allenic 

alcohols (285). 
The most remarkable feature of the reaction is that the alcohol formed depends 

specifically on the temperature at which the organoborane is maintained prior to 

its reaction with the aldehyde. Addition of the aldehyde to the organoboron inter¬ 

mediate at — 78°C produces, after oxidative workup, nearly exclusively 284. If the 

organoborane is first brought to room temperature and then treated with the aldehyde 

at — 78°C, alcohol 285 is obtained essentially free of contamination by the corre¬ 

sponding homopropargylic alcohol 284.150151 

ClCH2-C = C-Li 
-90' 

r2b 
>=•= 

25' 

282 

R-C=C-CH2BR2 

283 

1. R/CH0,-78c 

2. [0] 75-89% 

1. R'CHO,-78' 

2. [0] 
73-86% 

Scheme 47 
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A similar approach to the synthesis of (3-hydroxyacetylenes makes use of allenyl- 

boronates 286 (equation 49). 152~155 

286 287 

(49) 

A particularly exciting aspect of this method resides in those reactions employing 

optically active allenylboronates. Such chirally modified borate esters enantiose- 

lectively condense with aldehydes to provide homopropargylic alcohols with high 

enantiomeric excesses (60 to >95%).156 Thus, when allenylboronic acid157 (288) 
(pyrophoric) is treated with a ( + )- or (— )-dialkyltartrate at 25°C (14 hours) fol¬ 

lowed by an aliphatic aldehyde at — 78°C (12-24 hours), the (S)- or (R)-alcohol 

287 is obtained in 42-85% yield (Scheme 48). 

RCHO 

(+)-tartrate or 
OH 

(S)-287 

HC = CCH2Br 

1. A1 
-> 
2. B(OCH-), 

j j 

3. H20 2 

288 

RCHO 

(-)-tartrate 

Scheme 48 

R 

OH 

(R)-287 

The high optical induction in these reactions can be rationalized by the molecules 

adopting the relatively noncrowded transition state 289. 
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ROOC 

289 

7.7 ADDENDA 

1-Trimethylsilyl-l-methoxyallene (25), upon treatment with an alkyllithium reagent, 

undergoes selective y-lithiation that reacts wholly in the allenyl form (see Schemes 

10 and 11). On the other hand, reaction of 25 with lithium diisopropylamide causes 

isomerization to the lithio acetylene 290. Addition of an aldehyde or a ketone to 

this anion leads to the formation of the propargyl alcohol 291 in high yields. If the 

alkoxide of 291 is allowed to stand in dry DMSO, the corresponding 1-methoxy- 

l-alken-3-yne (292) is obtained (E/Z ratio approximately 75:25). However, under 

the influence of 0.1 equivalent of potassium hydride in DMSO, 291 is readily 

converted to 2-methoxy-2,5-dihydrofurans (293)161 (Scheme 49). 

CH0=C=C 
2 \ 

0CH_ 
/ 3 LDA 

si (ch3)3 

OCH. 

I ' 
LiC=C-CH 
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0 
II 

-C-R, 

81-95% 
Si (CH3)3 

OH ?CH3 
i I 

R,-C-C=C-CH 

1 f I 
R2 Si (CH_) 

3 3 

25 290 291 

KH/DMSO 

56-87% 

r]-c = c-ch=choch3 

292 
0CH3 

Rj, R2= H, alkyl, C6H5, (CH2)n (n=5,6,7) 

Scheme 49 



Table 7.2. Allenes as Acyl Anion Equivalents 

ALLENE 
HYDROLYSIS or 
OXIDATION REAGENT SYNTHON REFERENCE 

(CH3}3Si\ O-t^C^Hg 

(ch3)3Si 
)=•={ 

. ' L! 
h3o 

(CH3)3SI_ c © 

(ch3)3S i 
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H3° 
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3. C© 

CH 
44,54 

CH3S. .Li 

)='=( 
OCH. 

H3° 
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Table 7.2. (Continued) 

ALLENE 
HYDROLYSIS or 

OXIDATION REAGENT SYNTH0N REFERENCE 

CH,S 0CoH_ )=•=( 
Li ' 0C2H5 

1 . PTSA 

2. HgCI2/CH30H 

0 
II 

©C v<^^C00CH3 93 

C6H5 

u o 
ch3cooh 

C,H ^=\ 
CH0 

101 
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CHAPTER EIGHT 

HALOALLENES 

This chapter discusses those allenes that are directly bonded to one of the four 

common halogens. The reasonable stability of these allenes, as well as the ability 

to synthesize them in good yields and with high purity, makes this class of allenes 

synthetically exciting. 

8.1. FLUORO ALLENES 

Although all possible simple fluoroallenes have been prepared,1-3 their synthetic 

utility has not been explored. Spectroscopic studies6 as well as several addition 

reactions7-11 constitute the extent of their development so far. 

8.2. CHLOROALLENES 

8.2.1. Preparation 

Chloroallenes have a limited synthetic utility. They easily dimerize to derivatives 

of 1,2-dimethylene cyclobutanes 1, 2, and 3.12-20 

\ 
H 

Cl. CRR CRR 
/ Cl CRR' 

W' 

CHC1 Cl 
r v / 

CRR 

(1) 

CRR 

1 2 3 

Chloroallenes have been prepared from propargylic alcohols by treatment with 

concentrated hydrochloric acid in the presence of either cuprous and ammonium 

chlorides,21 or calcium chloride.22,23 The addition of 3-r-butyl-4,4-dimethyl-1-pen- 

tyne-3-ol (4) to an ice-cold slurry of calcium chloride and concentrated hydrochloric 

acid provides l-chloro-3,3-di-t-butylallene (5) in 83% yield after workup23 (equa¬ 
tion 2). 

268 
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- p 9 

HO-C-CErCH 

I 
—"C4H9 

—-C4H9t H 
/ 

83% 
cz:c—C 

/ \ 
t,-C4H9 c 

(2) 

Primary,24 secondary,25 and tertiary21 propargylic halides also undergo a cuprous 

chloride catalyzed rearrangement reaction to chloroallenes in 50-60% yields. In a 

stereochemical study of the conversion of 3-chloro-3-phenyl-l-propyne (6) to 1- 

chloro-3-phenyl-l ,2-propadiene (7) by means of a tetrabutylammonium chloride 

stabilized cuprous chloride rearrangement, it was found that anti attack of the 

negative nucleophile is preferred26 (equation 3). 

C6H5 

H 
s 
*C—C=CH 

I 
Cl 

6 

CuC 1. 

- J > r\ ^ 
C6H5^C“C=C—H 

Cl 

H, Cl 
/ 

C6H5 

't-C-C 
/ \. 

(3) 

Chloroallenes can also be prepared by treating the corresponding propargylic 

alcohols with thionyl chloride in the presence of pyridine,27,28 triethylamine,29,30 or 

ether solvents.31-33 Stereospecificity is observed when the reaction is performed in 

boiling dioxane without a base. This suggests an SNi' rearrangement of an inter¬ 

mediate chlorosulfinate.32 Thus (R)-( — )-3,4,4-trimethyl-l-pentyne-3-ol (8) is con¬ 

verted to (S)-( — )-l-chloro-3,4,4-trimethyl-1,2-pentadiene (10) by means of the 

chlorosulfinate (9)33~35 (equation 4). 

OH 

t-C.H — i-C=CH 
— b 3 | 

CH3 

S0C1 

—^ 

Cl CH 
\ / 3 
x C—C —C {b) 
/ \ 

H T-c/4H9 

8 9 10 

This stereospecificity is very sensitive to the reaction conditions. Racemization 

occurs if the thionyl chloride is impure or if water is present in the dioxane. Refluxing 

after addition is complete also leads to racemization.33 Sterically hindered tertiary 

propargylic alcohols generally provide better yields of chloroallenes,27 28 whereas 

aromatic propargylic alcohols tend to yield chloroallenes that often dimerize under 

the reaction conditions.36,37 
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R 
1 H 

\=C=/ 

R, 
R3CH(C00C2H5)2 'x 

NaOC2H5 R, 

H 
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— C C00C_H c 

V 2 5 
/ \ 

R3 C00C2H5 

Rj , R2 = CH3, C2H5, 

R3 - c2h5 
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21 

X 
I! 

HLNCNH. 

NaOC2H5 
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\ 1 r3 8 

r; 

H 

22a X = 0 

22b X = S 

Scheme 2 

8.3. BROMOALLENES 

8.3.1. Natural Occurrence 

The numerous secondary metabolites of the red algal genus Laurencia include 

obtusallene (23),43 isolaurallene (24),44 and okamurallene (25),45 all of them novel 

nonterpenoid C15 bromoallenes. 

/ 

\ 
Br 

23 24 

25 
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8.3.2. Preparation and Reactions 

1-Bromoallenes can be prepared in excellent yields from the reaction of concentrated 

hydrobromic acid with either secondary or tertiary propargylic alcohols in the 

presence of a cuprous bromide-copper catalyst46-50 (equation 8). 

\ / 
czzcrzc (8) 

/ \ 
R2 Br 

Ri R 2 Yield (%) 

H ch3 37 

H /-c3h7 43 

ch3 ch3 65 

ch3 f-C4H9 81 

r-C4H9 r-C4H9 70 

—(CH,)5— 45 

r 
H0-C-C=CH 

I 
R2 

HBr 

CuBr/ Cu 
4 

Bromoallenes are characterized by a sharp allene band at 1950 cm-1 (5.1 |x)46,47 

in the infrared spectrum. Most bromoallenes are mobile, slightly lachrimogenic 

liquids that are reasonably stable when stored at low temperatures.49,51 

Certain bromoallenes are also produced in good yields with high regioselectivity 

when propargylic tosylates are treated with CuBr2Li. This is a simple procedure 

performed under mild, neutral conditions. Complexation of the reagent with the 

triple bond appears to be the determinant factor to promote the substitution52 (equa¬ 

tion 9). 

Rr~ C-C2C-R 
1 l 

0S0 R 

CuBr/LiBr 

THF 

R 
1 R-5 

\=c=c/3 

R2 Br 

(9) 

R R, r2 R, Yield (%) 

p-c6 h4ch3 H c3h7 H 70 

ch3 ch3 ch3 H 65 

ch3 H C6H5 H 71 

ch3 H cju Qh5 74 

Such a method is used to complete the stereoselective synthesis of (±)-panacene 

(28),53 a potent feeding deterrent of sharks and other predatory fish, isolated from 

the sluglike gastropod mollusk Aplysia brasiliana54 (Scheme 3). 
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c,d ,e 

63% 

(a) 

(c) 

TMSC~CLi/THF; (b) 

HPLC; (d) MsCl/TEA; 

(C 4H9)4NF/THF; 

(e) LiCuBr^ 

Scheme 3 

28 

Ethyl 4-bromobutadienoate (30)55 can be quantitatively prepared from ethyl 3,4- 

dibromo-2-butenoate (29) by the action of excess triethylamine in either ethanol at 

room temperature or in refluxing diethyl ether38 (equation 10). 

BrCH2C = CHC00C2H5 

Br 

TEA 

100% 
* 

Br 

/ 
=C 

\ 
C00C H 

(10) 

29 30 

A general method for the preparation of the isomeric a-bromoallenic esters has 

been developed involving the reaction of an acid chloride with a carboxybromo- 

methylene triphenylphosphorane. Treatment of methyl-2-propynyl ether (31) with 

1 equivalent of ft-butyllithium followed by freshly distilled r-butyl glyoxylate (32) 
gives the a-hydroxyacetylenic ester 33 that is converted into the bromoacetylenic 

ester 34 with carbon tetrabromide-triphenylphosphine. Rearrangement to the a- 

bromo allenic ester 35 is effected with basic alumina40 36 (Scheme 4). 
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31 32 33 
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Scheme 4 

Michael addition of 4-mercaptoazetidine-2-one (36) with 35 followed by an 

intramolecular N-alkylation provides an entry to the 2-alkylidenepenam esters (37)56 
(equation 11). 

H 

a-Substituted bromoallenes are accessible in good yields from the cleavage of 

a silicon propargylic carbon bond with bromine. At — 78°C the cleavage occurs, 

followed by a rearrangement to give the 3-bromoallenes 38-4057 59 (equation 12). 

(CH3)3SiCH2CSC-R 

Br 
/ 

CH — C—C 
2 \ 

R 

(12) 

38) R = 
C6H13 58% 

39) R = si(CH3)3 95% 

40) R = 
(CH2)3COOCH3 76% 76% 
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The stereospecific total synthesis of 11(R)-HETE (42) by way of a coupling 

reaction of 40 with the acetylenic diene 41 illustrates a beautiful application of these 

bromoallenes to a challenging synthesis59 (Scheme 5). 

83% 

C00H 

Scheme 5 

A very elegant biomimetic brominative cyclization of the hydroxyenyne 43 has 

been applied to a second synthesis of (±)-panacene (28). A 1:1 mixture of 28 and 

1-epibromopanacene (44) results, presumably by way of competitive anti and syn 

(to the OH group) attack of the bromonium ion on the enyne unit of 43.60 
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Allenic amino acids (46) can be prepared from the reaction of 1-bromoallenes 

with diethyl formamidomalonate (45) presumably by means of an allenic carbene 

insertion mechanism (Scheme 6).6i 

l H 
\c_ _ / 
/C^c—c 

R2 B r 

NaH 
* 

\ 
( crcrc: 

NHCHO 
I 

HCC00C_Hr 
I 2 5 
cooc2h5 

45 

R 
1 H 
\ _ / 

czrcizc 

46 

COOH 

NH. 

1. NaOH 

2. HC1 

R 
H 

R, 

\ / 
c=c—C C00CoHc 

/ \ / 25 

/ \ 
NH 
I 
CHO 

cooc2h5 

Scheme 6 
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Interestingly, when 1-bromoallenes react with such nucleophiles as amines or 

thioacetates, an allene-acetylene rearrangement occurs that affords high yields of 

functionalized acetylenes 47 and 4851 (equation 14). 

RCH / 
CZLC“C 

/ \ 
H Br 

RCH.CHCSH 

2I 
nr]r2 

47 

RCH_CHC=CH 

2I 
SAc 

48 

(14) 

The reaction of l-copper(I) derivatives of alkyl alkane phosphonates 49 with 1- 

bromoallenes constitutes a useful general synthesis of dialkyl 2,3-alkadiene phos¬ 

phonates 5062 (equation 15). 

R j 0 

/^CH2R2 

R,° 0 

1 . 

2. 

C4HgLi 

Cul 
H 
\ 

R, 0 C = C 
1 \ / 

PCHR0 
/II 2 

R j 0 0 

c/3 

3- 

H R, 

C —C —c 
/ \ 

B r CH^ 

\ 
CH 

49 50 

R, r2 r3 Yield (%) 

ch3 H ch3 40 

c2h5 H H 65 

c2h5 H ch3 73 

c2h5 ch3 ch3 69 

The 1,4-elimination of hydrogen bromide from 1-bromoallenes 51 in the presence 

of either dry cuprous cyanide or cuprous iodide (or bromide) in DMF provides a 

good route to alkenynes 52. Both the cis and trans geometries are usually obtained, 

with the trans predominating63 (equation 16). 

R H 
V ^ 
Tire—(V 

,r/ V 
R3m" >H 

R2 

CuCN 

Br 

\ 
-y c—c=ch 

R2“"Cf 
R 

3 

(16) 

51 

or 

Cul 

52 
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Allenic bromides can also be treated with lithium dialkyl cuprates at low tem¬ 

perature for the preparation of allenic hydrocarbons 53.64,65 Alternately, these allenes 

can be prepared from the reaction of Grignard reagents with 1-bromoallenes in the 

presence of a catalytic amount of palladium chloride, triphenyl phosphine, and 

DIBAH in THF at room temperature.66 Good yields and high allenic purity are 

usually obtained. Aryl, vinyl, 1-alkynyl allenes, and diallenes are also accessible 

by means of (tetrakis-triphenylphosphine) palladium-promoted reaction of an allenic 

bromide with appropriate organozinc halides67 (Scheme 7). 

H 
•\ / 

c=c=c 
/ ' 

Br 

(R3)2CuLi 

R^ZnC1 

Pd[P(C6H5)4] 

80-95% 

Scheme 7 

\ / 
c = c=c 

53 

The hydroalumination of 1 -alkenes followed by treatment with bromopropadiene 

provides a convenient method for preparing terminal acetylenes 54 in moderate 

yields68 (equation 17). 

TiCl, 
RCH —CH_ --—} 

Z LiAlH^ 

4CH2n C—CHBr 
l i « i \tn2un2^ ^ 
-7 

CuC 1 

R Yield, % 

H 43 

C3H7 49 

c4h9 50 

CH 3CH=CHCH 2 52 

CH2=CCH2CH2 55 

ch3 

0- 54 

r(ch2)3c=ch 

54 

07) 
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Substituted dibromoallenes 55, upon heating with an amine, provide pyrroles 

56 or more interestingly, 2-alkoxymethyl pyrroles 57.6970 

\ R2NH2 
CZTCZZCHCH0Br --— -> 

„ / L 30-40% 
Br 

55a R = H 

55b R = R'0CH2- 

-U 
( 
R2 

56 R = H 

57 R = R'OCH - 

(18) 

8.4. IODOALLENES 

Although iodoallenes have not been used in synthesis as extensively as bromoal- 

lenes, new methods for their synthesis will undoubtedly provide more opportunities 

for studying these interesting allenes in synthetic applications. 

Iodoallenes can be synthesized by the addition of l-alkyl-2-propynols 58 to a 

solution of triphenyl phosphite methiodide 59 in DMF (equation 19). An SNi' 

mechanism is suggested to explain their formation. In most cases the iodoallenes 

are distilled directly from the reaction mixtures. These iodoallenes are reasonably 

stable over a period of several weeks.71 

R-(jH-C=CH 

OH 

58 

R = alkyl , HCSC-, 

However, l,l-dialkyl-2-propynols 60 do not react with 59 for steric reasons. In 

these cases treatment of 60 with 45% hydriodic acid in the presence of copper(I) 

iodide provides good yields of 1,l-dialkyl-3-iodoallenes 61.72 

,/C C \j (20) 

61 

R = CH3 61% 

R = C2H5 65% 

R 
I 

H0-C-C=CH 
I 
R 

HI/Cu/CuI 
■> 

+ 
(C H5)3PCH3l“/ DMF R^ 

59 _V /C~C —(19) 

50-100° 7 H I 

20-70% 

60 
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When propargylic acetates 62 are treated with methylmagnesium iodide in the 

presence of an excess of magnesium iodide, moderate yields of iodoallenes are 

obtained.73-75 However, the presence of considerable amounts of unwanted products 

makes this method synthetically unattractive. A preferred method is to treat 62 with 

lithium dialkylcuprate reagents followed by iodine addition to the intermediate 63. 

In this way, optically active iodoallenes are prepared easily from optically active 

acetates76 (Scheme 8). 

o 
II 

l 

CH,C0-C-C=CH 
3 I 

62 

CH3MgI/MgI2 

20-43% 

R' CuLi 

Scheme 8 

4 

R, H 
\ _ _ / 
'C —c~c 

r2" \ 

r2/DME 

60-70% 

1 H 
\ / 

CZIC3C, 
/ '<5. 

R2 'CuR1 

63 

An unusual synthesis of iodoallenes involves the cleavage of propargylic tin 

compounds 64 with iodine77 (equation 21). 

(C,Hc) _Sn-CHC=CH 
o 3 3 | CH2C12 

R 
\ 

c 
/ 

H 

/ 
\ 

I 

64 R = H 80% 

R = CH3 70% 

(21) 

Iodoallenes can be used in the same reactions as bromoallenes with the advantage 

that they provide greater reactivity. When treated with lithium dialkylcuprates at 

low temperature, iodoallenes provide good yields of the corresponding allenic hy¬ 

drocarbons.64’65 Iodoallenes also couple with terminal acetylenes in the presence of 

cuprous ions and a suitable amine base to provide moderate yields of allenynes78 

(equation 22). 
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R R^ZTCZTCHI 

R. 
H 

R, 

\ _ / 
crrczrc 

/ \ 
3 

(22) 

1 
\ __c_ 

/ 

H 
/ 

C 
\ 

CSC- CH R 

An elegant stereocontrolled synthesis of the irreversible eicosanoid biosynthesis 

inhibitor, 5,6-dehydroarachidonic acid (70) uses both 3-iodo-l ,2-octadiene (66) and 

methyl 5-iodo-5,6-heptadienoate (68) to introduce the appropriate carbon segments 

of the molecule (Scheme 9). Each iodoallene is prepared from the corresponding 

propargyl trimethylsilane by treatment with iodine-silver tetrafluoroborate in meth¬ 

ylene chloride at — 78°C.58,59 

(a) 

(e) 

I2/CH2C12; 

CuI/(CH3)2S; 

(b) disiamy1borane/THF ; (c) 

(f) / 
ch~cz:c^ 

(CH1)3COOCH3 

CH3C00H; (d) Cz+HgLi ; 

68 
Scheme 9 
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Similarly, 8,9-dehydroarachidonic acid (75) is prepared from (lZ,4Z)-l-iodo- 

1,4-dodecadiene (71) and methyl (5Z)-8-iodo-5,8,9-decatrienoate (72), prepared by 

> coupling 5-trimethylsilyl-3-pentynylidenetriphenylphosphorane (73) with methyl 4- 

formylbutyrate (74) followed by iodination with iodine-silver tetrafluoroborate79 
! (Scheme 10). 

Wwc5h" 

71 

1. C4HgLt 

2. Cul/ (CH3)2S 

/ 
3. CH0 —C—C _ 

2 

72 

C00CH. 

y csHil 

(ch2)3cooch3 
75 

(CH3)SiCH2C=CCH2CH=P(C6H5)3 

73 

0HCCH2CH2C00CH3 

74 

Scheme 10 

The interesting ethyl 4-iodobutadienoate (77) can be quantitatively prepared from 

76 by stirring in ethanol at room temperature with excess triethylamine.38 To date, 

no synthetic utility has been associated with this allene. 

\ / 

TEA/C^OH /C~C=C\ ^ 
-> I X00C2H5 

77 

I-CH^C-CH-COOC^H, 
,2 2 5 

Cl 

76 

REFERENCES 

1. A. P. Zens, P. D. Ellis, and R. Ditchfield, J. Am. Chem. Soc., 96, 1309 (1974). 

2. A. T. Blomquist and D. T. Longone, J. Am. Chem. Soc., 79, 4981 (1957). 

3. W. H. Knoth and D. D. Coffmann, J. Am. Chem. Soc., 82, 3873 (1960). 



284 HALOALLENES 

4. T. L. Jacobs and R. S. Bauer, J. Am. Chem. Soc., 81, 606 (1959). 

5. R. E. Banks, R. N. Haszeldine, and D. R. Taylor, J. Chem. Soc., 978 (1965). 

6. J. R. Durig, Y. S. Li, C. C. Tong, A. P. Zens, and P. D. Ellis, J. Am. Chem. Soc., 96, 3805 

(1974). 

7. R. E. Banks, R. N. Haszeldine, and D. R. Taylor, J. Chem. Soc., 5602 (1965). 

8. R. E. Banks, A. Braithwaite, R. N. Haszeldine, and D. R. Taylor, J. Chem. Soc. (C), 454 (1969). 

9. R. E. Banks, M. G. Barlow, W. R. Deem, R. N. Haszeldine, and D. R. Taylor, J. Chem. Soc., 

981 (1966). 

10. R. E. Banks, W. R. Dean, R. N. Haszeldine, and D. R. Taylor, J. Chem. Soc. (C), 2051 (1966). 

11. R. E. Banks, R. N. Haszeldine, and T. Myerscough, J. Chem. Soc., Perkin Trans. I, 2336 (1972). 

12. E. V. Dehmlow, Tetrahedron Lett., 4283 (1969). 

13. R. Maurin, C. Piscot, and Z. Charrouf-Chafchaouni, Tetrahedron Lett., 2425 (1980). 

14. G. Kobrich and E. Wagner, Angew. Chem. Int. Ed., 7, 470 (1968). 

15. A. Roedig and N. Detzer, Angew. Chem. Int. Ed., 7, 472 (1968). 

16. Ibid., 7, 471 (1968). 

17. P. Capdevielle and J. Rigaudy, Tetrahedron, 35, 2093 (1979). 

18. Ibid., 35, 2101 (1979). 

19. A. Roedig and H. Niedenbruck, Chem. Ber., 90, 673 (1957). 

20. R. Maurin, G. Leandri, and M. Bertrand, Bull. Soc. Chim. Fr., 530 (1971). 

21. G. F. Hennion, J. J. Sheehan, and D. E. Maloney, J. Am. Chem. Soc., 72, 3542 (1950). 

22. C. K. Tseng, K. G. Migliorese, and S. I. Miller, Tetrahedron, 30, 377 (1974). 

23. J. K. Crandall, W. W. Conover, J. B. Komiu, and W. H. Machleder, J. Org. Chem., 39, 1723 

(1974). 

24. G. M. Mkryan, N. A. Papazyan, G. B. Arseny an, E. A. Avetisyan, V. F. Zhurba, and A. A. 

Nazaryan, J. Org. Chem. USSR, 7, 2562 (1971). 

25. T. L. Jacobs, E. G. Teach, and D. Weiss, J. Am. Chem. Soc., 77, 6254 (1955). 

26. O. J. Muscio, Jr., Y. M. Jun, and J. B. Philip, Jr., Tetrahedron Lett., 2379 (1978). 

27. A. N. Patel, J. Org. Chem. USSR, 13, 1902 (1977). 

28. Y. R. Bhatia, P. D. Landor, and S. R. Landor, J. Chem. Soc., 24 (1959). 

29. C. W. Shoppee, J. C. Craig, and R. E. Lack, J. Chem. Soc., 2291 (1961). 

30. T. Toda, N. Shimazaki, H. Hotta, T. Hatakeyama, and T. Mukai, Chem. Lett., 523 (1983). 

31. T. L. Jacobs and D. M. Fenton, J. Org. Chem., 30, 1808 (1965). 

32. S. R. Landor and R. Taylor-Smith, Proc. Chem. Soc., 154 (1959). 

33. R. J. D. Evans, S. R. Landor, and R. Taylor-Smith, J. Chem. Soc., 1506 (1963). 

34. R. J. D. Evans and S. R. Landor, Proc. Chem. Soc., 182 (1962). 

35. R. J. D. Evans and S. R. Landor, J. Chem. Soc., 2553 (1965). 

36. T. Nagase, Bull. Chem. Soc. Jap., 34, 139 (1961). 

37. P. D. Landor and S. R. Landor, J. Chem. Soc., 2707 (1963). 

38. J. Tendil, M. Vemy, R. Vessiere, Bull. Soc. Chim. Fr., 565 (1977). 

39. R. Vessiere and M. Vemy, C. R. Acad. Sci. Paris, 261, 1868 (1965). 

40. M. Vemy and R. Vessiere, Bull. Soc. Chim. Fr., 2210 (1967). 

41. Ya. I. Ginzburg, J. Gen. Chem., 10, 513 (1940). 

42. S. R. Landor, P. D. Landor, and P. F. Whiter, J. Chem. Soc., Perkin Trans. I, 1710 (1977). 

43. P. J. Cox, S. Imre, S. Islimyeli, and R. H. Thomson, Tetrahedron Lett., 579 (1982). 

44. K. Kurata, A. Furusaki, K. Suehiro, C. Katayama, and T. Suzuki, Chem. Lett., 1031 (1982). 



REFERENCES 285 

45. M. Suzuki and E. Kurosawa, Tetrahedron Lett., 3853 (1981). 

46. T. L. Jacobs and W. F. Brill, J. Am. Chem. Soc., 75, 1314 (1953). 

47. D. K. Black, S. R. Landor, A. N. Patel, and P. F. Whiter, Tetrahedron Lett., 483 (1963). 

48. Y. Pasternak, C. R., 257C, 2121 (1963). 

49. S. R. Fandor, A. N. Patel, P. F. Whiter, and P. M. Greaves, J. Chem. Soc. (C), 1223 (1966). 

50. S. R. Fandor, B. Demetriou, R. J. Evans, R. Grzeskowiak, and P. Davey, J. Chem. Soc., Perkin 

Trans. II, 1995 (1972). 

51. M. V. Maurov, E. S. Voskanyan, and V. F. Kucherov, Tetrahedron, 25, 3277 (1969). 

52. M. Montury and J. Gore, Syn. Commun., 10, 873 (1980). 

53. K. S. Feldman, C. C. Mechem, and L. Nader, J. Am. Chem. Soc., 104, 4011 (1982). 

54. R. B. Kinnel, A. J. Duggan, T. Eisner, and J. Meinwald, Tetrahedron Lett., 3913 (1977). 

55. M. Vemy and R. Vessiere, Bull. Soc. Chim. Fr., 2585 (1968). 

56. N. F. Osborne, J. Chem. Soc., Perkin Trans. I, 1429 (1982). 

57. P. Bourgeois and G. Merault, J. Organomet. Chem., 39, C44 (1972). 

58. T. Flood and P. E. Peterson, J. Org. Chem., 45, 5006 (1980). 

59. E. J. Corey and J. Kang, J. Am. Chem. Soc., 103, 4618 (1981). 

60. K. S. Feldman, Tetrahedron Lett., 3031 (1982). 

61. D. K. Black and S. R. Landor, J. Chem. Soc. (C), 283 (1968). 

62. P. Savignac, A. Breque, C. Charrier, and F. Mathey, Synthesis, 830 (1979). 

63. P. M. Greaves, S. R. Landor, and D. R. J. Laws, J. Chem. Soc. (C), 1976 (1966). 

64. M. Kalli, P. D. Landor, and S. R. Landor, J. Chem. Soc., Chem. Commun., 593 (1972). 

65. M. Kalli, P. D. Landor, and S. R. Landor, J. Chem. Soc., Perkin Trans. I, 1347 (1973). 

66. T. Jeffery-Luong and G. Linstrumelle, Tetrahedron Lett., 5019 (1980). 

67. K. Ruitenberg, H. Kleijn, C. J. Elsevier, J. Meijer, and P. Vermeer, Tetrahedron Lett., 1451 

(1981). 

68. F. Sato, H. Kodama and M. Sato, Chem. Lett., 789 (1978). 

69. E. S. Voskanyon, M. V. Maurov, and V. F. Kucherov, Izv. Akad. Nauk. SSSR, Ser. Khim., 1836 

(1968); C.A. 70, 3709 (1969). 

70. M. V. Maurov, A. P. Rodionov, and V. F. Kucherov, Tetrahedron Lett., 759 (1973). 

71. C. S. L. Baker, P. D. Landor, S. R. Landor, and A. N. Patel, J. Chem. Soc., 4348 (1965). 

72. P. M. Greaves, M. Kalli, P. D. Landor, and S. R. Landor, J. Chem. Soc. (C), 667 (1971). 

73. F. Coulomb-Delbecq and J. Gore, Bull. Soc. Chim. Fr., 541 (1976). 

74. J. P. Dulcere, J. Gore, and M. L. Roumestant, Bull. Soc. Chim. Fr., 1119 (1974). 

75. F. Coulomb and J. Gore, J. Organomet. Chem., 87, C23 (1975). 

76. J.-M. Dollat, J.-L. Luche, and P. Crabbe, J. Chem. Soc., Chem. Commun., 761 (1977). 

77. M. S. Simo, A. Jean, and M. Lequan, J. Organomet. Chem., 35, C23 (1972). 

78. C. S. L. Baker, P. D. Landor, and S. R. Landor, Proc. Chem. Soc., 340 (1963). 

79. E. J. Corey and J. Kang, Tetrahedron Lett., 1651 (1982). 



CHAPTER NINE 

CYCLOADDITION 
REACTIONS OF ALLENES 

The ability of allenes to undergo either inter- or intramolecular cycloaddition re¬ 

actions with a variety of unsaturated functionalities provides the synthetic chemist 

with a convenient route for the construction of complex ring systems. The appli¬ 

cation of these kinds of reactions to the synthesis of natural products has greatly 

increased the value of these reactions in preparative organic chemistry. 

9.1. ALLENE-ALLENE DIMERIZATIONS 

Thermal homocyclization or oligomerization of allene either in the gas phase4 or 

neat6,8,9 leads to 1,2-dimethylenecyclobutane (1) and higher oligomers, such as 2, 
3, and 4, that are derived from further cycloaddition reactions of l.5 7 Only when 

the reaction is performed in benzene with careful control of temperature and con¬ 

centration does this reaction offer some synthetic utility. Codimerizations between 

different allenic species can be achieved by using an excess of the less reactive 

allene; otherwise, the dimer of the more reactive species results.10 Sensitized pho¬ 
toreactions yield a complex mixture of products.11 

3 4 

286 
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1,2-Cyclononadiene (5) dimerizes with a high degree of stereoselectivity31213 to 

give a quantitative yield of three isomers 6, 7, and 8 in a ratio of 6.3:62.5:31.2 

(equation 2). Although this seems to indicate the possibility of a concerted [tt2s + 7T2a] 

symmetry-allowed cycloaddition, studies with secondary deuterium isotope effects 

suggest that the reaction may proceed through a two-step nonsynchronous process 

in which each step is stereospecific.14 

8 

The regioselectivity of the cyclodimerization also depends on the nature of the 

allenic substitution. Chloroallene dimerizes in a head-to-head manner,15 whereas 

1,1-difluoroallene16 and 3,3-dimethyl-1-cyanoallene17 dimerize in a head-to-tail manner, 

a result not rationalized by either a [tt2s + u2a] concerted or a nonconcerted process18 

(equation 3). 

11 
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The stereochemistry obtained from these dimerizations shows that both of the 

vinyl R groups of the product have a strong preference for orientation in an inward 

direction 12. This result suggests that the electrocyclization occurs by a conrotatory 

ring closure. In fact, the reaction can accommodate R groups such as mesityl19 and 

retain the syn relationship. Only when R is represented by an adamantyl group20 

does a change in stereochemistry occur. In this case, the adamantyls are oriented 

as shown in structure 13. 

Substituents on the allene that will eventually reside on the cyclobutane ring 

favor a trans relationship, although this is not exclusive.15,21 

The application of second-order PMO theory to the cyclodimerization of allenes 

predicts a concerted [tt2s + (tt2s + tt2s)] mechanism in which the regio- and ster¬ 

eoselectivity is consistent with experimental observations.18 

Intramolecular allene dimerizations have some interesting synthetic potential. 

The thermolysis of 1,5-hexadiyne (14) at 350° affords 3,4-dimethylenecyclobutene 

(16) in 85% yield, presumably by way of a conrotatory ring closure of 1,2,4,5- 

hexatetraene (15).22,23 Although stable at room temperature, 15 quantitatively iso- 

merizes to 16 at 150°C.24 This also occurs when 15 is treated with cuprous chloride 

in liquid ammonia, although the yield drops to 40%25 (equation 4). 

The thermal rearrangement of l,2-bis-(3-phenyl-2-propynyl)-benzene (17) with 

basic aluminum oxide results in a 55% yield of rra«5-l,2-diphenylnaph- 

tha[b]cyclobutane (19) probably by way of the diallene 18.26 
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When odipropargyl benzene (20) is treated with potassium r-butoxide in 

f-butanol at - 78°C, the unstable but isolable diallene 21 is formed. Bubbling oxygen 

through an ethereal solution of 21 produces the peroxide 23 in 78% yield, presum¬ 

ably from the 2,3-naphthoquinodimethide (22).27 

The antiaromatic 8ir-electron system, 1,2-bis(trimethylsilyl)benzocyclobutadiene 

(25), can be cleanly prepared by flash vacuum pyrolysis of 24 in a quartz tube at 

650°/0.001 ton*. This substance is remarkably stable but extremely reactive, es¬ 

pecially toward oxygen. Hydrogenation smoothly converts 25 to the dihydro de¬ 

rivative 26. Angular addition occurs when 25 is treated with dimethylacetylene 

dicarboxylate to afford the crystalline 27. This can be converted to naphthalene- 

1,2-dicarboxylic acid anhydride (28) by treatment with a 1:1:1 mixture of CF3COOH/ 

H2S04/CC1428 (Scheme 1). 
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C = — SiMe. 

—siMe-, 

24 

Scheme 1 

Cyclopropanes 29,29 epoxides 30,30,31 or thiaepoxides 3132 undergo thermal rear¬ 

rangement to the corresponding cyclic diallenes 32, which then spontaneously 

undergo electrocyclic ring closure to bicyclic 3,4-bis-methylenecyclobutenes 33, 
although in poor yields (equation 7). 

29 x = ch2 

30 x = o 

31 X = S 

The base-catalyzed rearrangement of bis(3-phenyl-2-propynyl)sulfide (34), ether 

(35), or N-methylamine (36) leads to novel heterocyclic ring systems 37 in moderate 

yields.33 The naphthalenie systems 38 can be obtained when 37 is treated with base 

under more vigorous conditions. A diradical mechanism can be invoked to explain 
these results33-35 (Scheme 2). 
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/ C6H5 l-C^HgOK 

V_ =. _R t-C4H90H 

34 X=S 

35 X=0 

36 X=NCH3 

X R Yield 37, % 

s 
C6H5 

50 

0 
C6H5 

5b 

NCH3 
c6H5 

-- 

0 H 20 

Scheme 2 

9.2. ALLENE-KETENE CYCLOADDITIONS 

Thermal cycloaddition reactions of allenes with ketenes provide the chemist with 

a practical route to a,p-ethylidene cyclobutanone derivatives 39. When either the 

allene or ketene is functionalized by one or more substituents, the stereochemistry 

of the product cannot be controlled, and the reaction furnishes a mixture of isomers.36 

+ 

\ / 

ft 

ft 
o 

» 

39 

VO 

(8) 
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Allenes, particularly those that have a, high electron density at the central sp 

carbon,38 exhibit greater chemical reactivity toward cycloaddition reactions.18 Ke- 

tene reactivity follows the increasing order ketene < butylethylketene < 

dimethylketene < diphenylketene.43 

The cycloaddition product results from the nucleophilic central allene carbon 

combining regiospecifically with the central ketene carbon atom. In the case of 

partially resolved chiral allenes, the cycloaddition leads to optically active products. 

Thus a 1,3-disubstituted allene of R-configuration produces cyclobutanones in which 

the newly formed asymmetric carbon also has an R-configuration, regardless of 

whether the adduct is pure E or Z, or a mixture.41,42 To explain these results, 

mechanisms such as a concerted [tt2s + Tra]41,44-46 and a diradical intermediate38,47,48 

are proposed. However, neither of these mechanisms adequately explains all of the 

experimental results. In acyclic allenes, the retention of configuration at the newly 

formed asymmetric center, regardless of the olefin geometry, is not consistent with 

a single concerted mechanism. Solvent effects are not sufficiently large to satisfy 

the criteria for a dipolar mechanism,49 whereas the large negative entropy change 

observed for the reaction seems to indicate some sort of a concerted process.36 

All experimental results seem to agree well with a general mechanism involving 

the 4tt electrons of the 1,2-dienes in a [tt2s + (tt2s + tt2s)] process leading to the 

formation of a bisallylene kind of transition species 40 where the two diagonal sp 

carbon atoms of the reaction partners can bond together. Disrotatory ring closure 

results in bond formation of the second carbon of the ketene with either allene 

carbon three to give 41 or carbon one to give 42.36 

C3 

R 

>nm h 

R 

Z-3 (R) 42 

Scheme 3. Reprinted from ref. 36 with permission from the authors 

Alkylidene cyclobutanones 43 substituted in the three position thermally iso- 

merize to the analogous hydrocarbons 45 by way of the orthogonal diallylic diradical 
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44. Retention of configuration at the migrating C4 carbon and antarafacial inter¬ 

vention of the allylic group result in the observed stereochemistry.50,51 

If there is no substitution at C3, then 46 undergoes a [1.5] sigmatropic rear¬ 
rangement to the conjugated cyclohexenone 47 in 35% yield.5153 

The cycloaddition of dimethylketene with a variety of exocyclic allenes 48 results 

in a mixture of two products 49 and 50 whose ratio depends on the ring size.36,39,53 

n Temperature (°C) Yield (%) 

1 50 68 

2 120 75 

3 120 72 

5 120 60 

49 

76 

30 

49 

50 

24 

70 

51 

100 

Ratio 
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In the case of 2,2-dimethyl-1,1-dimethylvinylidene cyclopropane (51), only the 

spiro product 52 is obtained in 60% yield.39 

Heating either the conjugated methylene cyclobutanones 49 or the cycloalkyli- 

dene cyclobutanones 50 results in the formation of bicyclo[4.n.O] alkenones (53).51-53 
Table 9.1 illustrates these results. 

Table 9.1. Bicyclo[4.n.0]alkenone (53) Synthesis" 

Reprinted from refs. 51 and 53 with permission from the authors. 
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When dimethylketene reacts with 1,2-cyclononadiene (5), a single product 54, 
possessing the bicyclo[7.2.0] undecane system, is obtained in 85-90% yield.39,44 

The steric hindrance provided by the hexamethylene chain directs the cyclo-addition 

exclusively from the less hindered side.36 Partially resolved (S)-5 translates to a 

(3S)-configuration in the product.44 

Through a series of standard functional group manipulations, 54 is easily trans¬ 

formed to dihydro-5,6-norcaryophyllene 5554 (Scheme 4). 

(a) HS(CH2)2SH, BF3. (C2H5)20; (b) RaNi; 

(c) B2H6; (d) H202; (e) CrC^; 

(f) t^C^ONa/DMSO; (g) (^5) 3P=CH2 

55 

Scheme 4 
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The cycloaddition of dimethylketene with bicyclo[7.1.0]-4,5-decadiene (56) pro¬ 

vides an entry to the stereoselective total synthesis of (+ )-isocaryophyllene (57). 
The 4,5-double bond of the product is protected as a cyclopropane to make the 

necessary chemical transformations55 (Scheme 5). 

(a) LiAlH4(95%); (b) TsCl/C6H6(84%); (c) LiAlH4(94%); (d) Carbowax 20M, 150°(90%); 

(e) B2H„; (f) Cr03(77%); (g) 360°/7hrs(80%); (h) (C6H5)3P=CH2(72%). 

Scheme 5 

As the ring size of the cycloallene increases, the stereospecificity of the cy¬ 

cloaddition decreases because the steric constraints are reduced by the increased 

flexibility of the methylene chain. Consequently, 1,2-cyclododecadiene (58) reacts 

with dimethylketene at 120°C to afford a mixture of the trans-59 and cA-60 cy¬ 

cloadducts in a ratio of 55:45. An R-configuration in the starting allene produces 

an R-configuration at C3 in both products.39,42 

Symmetrically and unsymmetrically substituted allenes also react with chloro- 

sulfonyl isocyanate (61) to form (3-lactams 63, containing an exocyclic double 

bond, and 2-carboxamido-1,3-butadiene derivatives 6456 (equation 16). A concerted 

mechanism is disallowed in this case.57 The results, however, suggest a two-step 

1,2-dipolar cycloaddition where 61 adds electrophilically to the central allene carbon 

to generate an allyl-type stabilized transition state 62. Cyclization of this zwitterion 
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leads to 63, whereas proton transfer from carbon to nitrogen produces the butadiene 
64 _ 56,58 

Table 9.2 shows a variety of such products. Reduction of the TV-chlorosulfonyl- 

P-lactams 63 with benzenethiol and pyridine in acetone60 affords the lactams (R = H) 

in reasonable yields.56 

p-Tolylsulfonyl isocyanate 65 (R = Ts) analogously reacts with tetramethyl- 

allene to give only 3-isopropylidene-4,4-dimethyl-l-(/?-tolylsulfonyl)-2-azetidinone 

(66). On the other hand, replacement of the tosyl moiety with a trichloroacetyl 

Table 9.2. Product Distributions of CSI Addition to Allenes 

NH.OC 
2 \ 

\ /c: 
H R 

2 

63 64 

R, r2 r3 r4 63 

Yield (%) 

64 

ch3 ch3 ch3 ch3 73 22 
ch3 ch3 ch3 H 37° 25* 

H ch3 ch3 H — 31 

ch3 ch3 H H 23 36 

—(CH2)5— H H 40 32 

H c6h5 H c6h5 63 — 

—(CH2)6— H H 89 — 

a\3% cis: 87% trans. 

*29% cis:l\% trans. 
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group results in a facile [4 + 2] cycloaddition to afford_cycloadduO=£Z, which 

readily rearranges to 2-isopropenyl-3-methyi-iV-(trichloroacetyl)-crotonamide (68)59 

(Scheme 6). 

67 

Scheme 6 

9.3. ALLENE-OLEFIN CYCLOADDITION REACTIONS 

The thermal cycloaddition of olefins with allenes provides the synthetics chemist 

with a route to substituted methylenecyclobutanes 69 (R groups omitted for clar¬ 

ity).1,3 

II 
+ ii (17) 

69 

The usefulness of this reaction is governed by three factors that either help or 

hinder the reaction.61 

1. The olefin must be sufficiently electron rich for a smooth reaction to occur 

and follows the increasing order: 1,2-dialkyl < 1,1,2-trialkyl < 1,1,2,2- 

tetraalkyl ethylene. Both 1-alkenes and cyclohexene do not react. 

2. Steric hindrance due to large bulky groups on the olefin hinders cycload¬ 
dition. 

3. The tendency of the alkene to undergo cationic polymerization . 

The stereochemistry about the alkene is retained in the cycloaddition.62 The 

reaction of 1,1-dimethylallene with dimethyl fumerate affords two cycloadducts 70 
and 71 (ratio 11.5:1) in which >99% of the rrtms-relationship is retained.63 
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H COOCH 
\ / 3 
c=c 

/ \ 
CH 00C H 

08) 

Optically active R-( — )-l,3-dimethylallene reacts with acrylonitrile to produce 

four stereoisomers in approximately equal proportions, all having the R-configu- 

ration at C2.64 

Unsymmetrically substituted allenes undergo cycloaddition reactions in a regio- 

selective manner. Reaction takes place predominantly at the less substituted double 

bond of the allene. A monosubstituted allene, such as 1,2-pentadiene, reacts with 

maleic anhydride to give a mixture of 72 and 73, with 72 being formed as the major 

product. Alternately, 1,1-dimethylallene affords only a single product 7465,66 (equa¬ 

tion 20). 

74 
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Various mechanistic interpretations have been advanced to explain these re¬ 

sults.67-70 However, in most cases the [tt2s + iT2a] concerted process is insufficient 

to explain the chemoselectivity and relative reactivity of the allenes.70 PMO cal¬ 

culations suggest that a six-electron process should be favored over a four-electron 

process.17 A study of the cycloaddition reaction of substituted allenes with 1,1- 

dichloro-2,2-difluoroethane reveals that the steric interactions that occur in the 

transition state effect both the rate of reaction and the chemoselectivity, thus in¬ 

dicating that the cycloaddition may occur by means of a two-step diradical inter¬ 

mediate.62,71 

Electron-deficient allenes exhibit a polarity similar to that of ketenes, whose 

cycloadditions to olefins are either a concerted or two-step reaction proceeding by 

way of dipolar intermediates. 

A 
/ 

\ 
A 

+ * 

R V 
C— C 
+ \ 

A 

A 

A = electron withdrawing group 

Consequently, 1-benzenesulfonylallene (75) reacts with aminoisobutenes to give 

methylene cyclobutanes 76, which are formed by reaction with the 1,2-double bond 

of the allene.72 

/ 
CH0—C—C 

2 \ 

s °2C 6H 5 

CH3 nr 
\ / 2 

c~c 
s \ 

CH H 
& 

NR, 

(21) 

S02C6H5 

75 76 

R = CH3, -(CH2)4- 

On the other hand, l-(N-morpholino)-cyclohexene (77) reacts with 1-cyanoallene 

at the 2,3-double bond affording l-(N-morpholino)-(E)-7-cyanomethylene-ds-bi- 

cyclo[4,2.0]octane (78). Treatment with mild base gives 4-methyl-5,6,7,8-tetra- 
hydrocarbostyril (79).73 

77 
79 
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Reactions giving methylenecyclobutanes can also be performed in the 

presence of Lewis acid catalysts. The order of reactivity is 

C2H5A1C12 > GaCl3 > AlBr3 > A1C13 > FeCl3.61 A vinyl cation, formed by com- 

plexation of the Lewis acid to the double bonds of allenes, is electronically similar 

to ketene and is expected to undergo a stereospecific [tt2s + ira] cycloaddition. 

With methyl 2,3-butadienoate (80), cycloaddition occurs regiospecifically at the 

3,4-double bond of the allene to afford a mixture of cycloadducts in moderate yield. 

The (E)-isomer 81 predominates.74 For additional examples see Table 9.3. 

H 

CH “C—C 
2 \ 

C00CH. 

(ch3)2c— c(ch3)2 

C2H5A1C12 

80 60% 
C00CH- 

81 3 

C00CH. 
(23) 

82 

The reaction of allenes with acetylenic enophiles seems to proceed by a [2 + 2] 

cycloaddition mechanism. In the reaction of benzyne with allenes, hydrogen ab¬ 

straction predominates except in cases of electron-rich allenes, and even then yields 

are too low for any synthetic utility.75 

When 2,2,3,3-tetramethylisobutylidenecyclopropane (83) or 2-phenyl- 

isobutylidenecyclopropane (84) react with chlorocyanoacetylene in benzene at el¬ 

evated temperatures, the interesting spiro-cycloadducts 85 and 86 are formed ex¬ 

clusively.76 

86a (38%) 86b (2k%) 
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Table 9.3. Adducts from the Cycloaddition of 80 with Alkenes under C2H5A1C12 

Catalysis" _ 

A1kene 

c4H9 
/~ch2 

H 

Yield, % (ratio) Adducts 

65 

C, H 
4 9 

C00CH 
3 

CH, CH , 

3 

/“C\ 
H H 

77(1^:1) > 
C00CH 

3 

COOCH. 

CH \ 
/ \ 

H CH 
3 

90(1 .27:1) > 
C00CH 

3 

C00CH 
3 

CH CH 

3\ / 
C“C 

/ \ 
CH3 h 

3 

65(3.1 :1) 

C00CH. 

jv ^ C00CH 
3 

CH, CH 

\ _/ 3 

/C~S\ 
CH3 CH3 

C2H5 
\ 

C=ICH 
/ 2 

C2H5 

60(12.5:1) 
■> 
COOCH 

3 

C2H5 

C2H5 

48(7.7:1) 

COOCH. 

^fOOCH3 

lA. COOCH 
3 

"Reprinted from ref. 74 with permission from the American Chemical Society, Copyright 1980. 

One of the most synthetically interesting and useful allene cycloaddition reactions 

has been applied to the synthesis of paracyclophane derivatives. This reaction 

involves a [4 + 2] Diels-Alder cycloaddition of 1,2,4,5-hexatetraene (biallenyl) 

(15) with an electron-poor acetylenic enophile where 15 behaves as the 4-electron 

partner in the reaction. The initially formed p-xylylene intermediate 87 reacts with 

itself to produce the [2.2] paracyclophanes 8877-80 (equation 25). 
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15 
87 

88 

R Yield 88 (%) 

COOCH3 47 

COOC2H5 30 

COOCH(CH3)2 37 

COOC(CH3)3 20 

COOH 5 

COOCH2CH(CH3)2 28 

COOCH2C(CH3)3 24 

CN 37 

cf3 21 

R 

(25) 

Unfortunately, an analogous reaction with methyl propiolate results in the for¬ 

mation of all four possible disubstituted [2.2] paracyclophanes 89-92, which must 

be chromatographically separated.79 

91 92 
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The tetrasubstituted esters 93 can be conveniently converted to the bis-anhydride 

94 that serves as starting material for the preparation of the bis-imides 95 or the 

anthraquinophane (96)80 (Scheme 7). 

R00C 

R = H {33%) 

R = CH3 (98%) 

R = C6H5 (88%) 

Scheme 7 

An unusual extension of this reaction involves the cycloaddition of dimethyl 

acetylene dicarboxylate with l,2-bis(vinylidene)cyclobutane (97) to afford in 7.5% 

yield the interesting benzocyclobutenophane (98).81 

R = C00CH3 
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The interesting [2.2.2] (1.2.4)-cyclophane (100) can be prepared in good yield 

from dimethyl [2.2] paracyclophane-4,13-dicarboxylate (99) (prepared in 5.4% 

yield after chromatographic separation of the products in equation 2679).82 

9.4. ALLENE-ENONE PHOTOCHEMICAL CYCLOADDITIONS 

The photochemical [2 + 2] cycloaddition of allene with a variety of a,(3-unsatu- 

rated ketones or aldehydes results in a regioselective formation of cjco-methylene 

cyclobutanes that can undergo facile functional group manipulation reactions. 

When cyclohexenone (101, n = 2) is irradiated in the presence of excess allene 

at low temperature, a 55% yield of 8-methylenebicyclo[4.1.0]octan-2-one (102) is 

obtained as the major product (equation 29). This head-to-head cycloadduct is 

controlled by the geometry of the intermediate TT-complex resulting from the n-ir* 

excited state of the enone and the polarity of the allene, since the sp-hybridized 

carbon is more electronegative than the sp2-hybridized carbon.83 A similar reaction 

is observed with 2-cyclopentenones.83,84 In both cases the ring fusion is cis. 

The irradiation of 3,4-dimethylcyclohexenone (103) with an excess of allene 

yields the transoid adduct 104 as the major product85 (equation 30). With the 

unsubstituted octalone 105, the allene adduct 106 is obtained stereospecifically in 

95% yield86 (equation 31). 
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(31) 

Such observations lead to the establishment of an empirical rule for the prediction 

of the configuration of such photocycloadditions between allene and a,(3-unsaturated 

carbonyls. It is postulated that the preferred configuration of the excited state 

determines the configuration of the major photocycloadduct. It is assumed that the 

geometry of the excited state is trigonal at the a-carbon and pyramidal at the (3- 

carbon, thus establishing an additional chiral center in the excited state. It is this 

chirality that dictates the more stable of the two possible epimeric configurations.86-87 

As illustrated by the indene aldehyde 107, the preferred excited state configu¬ 

ration is cisoid at the ring junction88 to produce the cA-adduct 108 (equation 33). 

On the other hand, the bicycloenone 109 has a transoid ring junction preference 
to afford adduct 110 in 75% yield.89 
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The methylene cyclobutanes resulting from these photocycloaddition reactions 

are extremely versatile intermediates which are easily transformed into more de¬ 

sirable and useful functionalities. For example, in the presence of /?-toluenesulfonic 

acid, bicyclo[4.1.0]-oct-7-en-2-one (111) undergoes an acid-catalyzed rearrange¬ 

ment to afford either bicyclo[3.2. l]octene (112) or bicyclo[2.2.2]octene (113)90 
(Scheme 8). 

BF3*(C2H5)2° 

R = H 

115 

Scheme 8 

116 
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The isopropenyl group can be introduced to an a,(3-unsaturated ketone by re¬ 

fluxing 111 in benzene with boron trifluoride etherate. Yields vary from 25 to 95% 

depending on the substrate.91 Treatment of 111 with mercuric perchlorate in acetone 

produces the diketone 115 which under the reaction conditions leads to bicyclic 

ketone 116 by way of an intramolecular aldol condensation.92 

Stereospecific introduction of an acetaldehyde or methyl ketone constitutes an¬ 

other excellent synthetic use for these methylenecyclobutanes. The treatment of 

cycloadduct 106 with ozone93,94 or 0s04/NaI0495,96 results in the formation of ketone 

117 which, when reduced with sodium borohydride, leads to a cyclobutanol that 

undergoes a retro-aldol reaction to 118. Alternately, epoxidation of ketalized 106 
with peracid followed by lithium borohydride reduction gives a tertiary alcohol that 

also undergoes a retro-aldol reaction to produce the methyl ketone 119.97-101 In 

118 

Scheme 9 
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both cases, a further aldol reaction to a new bicyclic system usually occurs under 

the reaction conditions (Scheme 9). 

The application of this cycloaddition to the synthesis of complex natural products 

gives this method its greatest value. Atisine (123), the principal alkaloid of the 

rhizomes of A. heterophyllum wall,102 is a C-20 diterpenoid alkaloid that can be 

synthesized from the a,(3-unsaturated enone 120.95 Irradiation of 120 in the presence 

of a large excess of allene for 18 hours affords photoadduct 121 in 80% yield.96 

Ketalization followed by Os04/NaI04 oxidation and sodium borohydride reduction 

proceeds as previously described to give the aldol product 122. Further chemical 

transformations lead to 123. The related skeleton system of veatchine (124) is 

accessible by further elaboration of 121 (Scheme 10). 

123 
Scheme 10 
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123 
Scheme 10 
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The first synthesis of the hexacyclic aconite alkaloid talatisamine (127), isolated 

from Aconitum variegatum,m x(n incorporates the photochemical cycloaddition of 

allene to enone 125, which is then transformed to an atisine type intermediate 126. 
A biogenetic rearrangement yields racemic 127105 (Scheme 11). 

127 

Scheme 11 

Chasmanine (131), a C-19 delphinine-type alkaloid,104 can be stereospecifically 

synthesized by the photochemical cycloaddition of allene to 128. Rearrangement 

and proper functionalization yields racemic 131.106-109 Model studies93,94 indicate 

that the preferred excited state of the cyclohexane ring annelated to the bicyclo- 

heptene system adopts the cis configuration. Therefore this directs the allene mol¬ 

ecule to add to the sterically more hindered endo face to give the observed stere¬ 
ospecificity.87 

12-epi-Lycopodine (134), a diastereoisomer of the naturally occurring alkaloid, 

lycopodine, is easily accessible from an inter-110,111 or intramolecular100 addition of 

an allene to either 132 or 133 (Scheme 13). s 

The alkaloid annotinine (137) can be synthesized by employing the photoaddition 

of allene to the tricyclic enone 135.97 This occurs quantitatively with the stereo¬ 

chemistry being determined by a diaxial preference in the excited state3 thus af- 



CH?~ C~CH? 

hv 

128 

131 130 

Scheme 12 

Scheme 13 
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fording the trans-product.101 Standard chemical transformations then provide 13798 "101 

(equation 35). 

135 

The sesquiterpene ishwarane (140)112 and the diterpene 

both possess a tricyclo[3.2.1.02,7Joctane system 138. Both 

trachylobane (142)113 
are obtained from the 

138 

regio- and stereospecific addition of allene to either enone 139 or 141 (equations 

36 and 37). Subsequent elaboration of the exomethylene cyclobutane then leads to 

the products. 

l-Hydroxy-7-methylene bicyclo[3.2.l]octane (145), a ring system common to 

gibbanes, is obtained from 1-cyclopentene-l-carboxaldehyde (143) according to the 

series of reactions outlined in equation (38).114 
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143 144 145 

(a) LiAlH^ (69%); (b) TsCl/pyridine (80%) ; (c) NaOAc/AcOH (46%); 

(d) LiAlH^. 

Actual application of this method to the synthesis of (±)-steviol methylester 

(148) results in a low yield of product.115 

Isophyllocladene (151) and phyllocladene (152) occur in the leaf oils of various 

conifers.116 The photoaddition of allene to ( + )-A8(14)-podocarpen-13-one (149) pro¬ 

ceeds as expected to give adduct 150. Refluxing 150 in benzene in the presence of 

a large amount of /?-toluenesulfonic acid results in a 50% yield of 151. Wolff- 

Kishner reduction of 151 followed by bromination with N-bromosuccinimide then 

zinc-acetic acid reduction affords 152117 (Scheme 14). 

152 
Scheme 14 
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In a model study for the synthesis of germacranes, the p,y-unsaturated enone 

153 adds vinyl magnesium bromide to afford 154 in 79% yield. This undergoes a 

consecutive oxy-Cope cyclobutene rearrangement to provide 162b (5:1 cis/trans 

mixture). Photolysis gives a photostationary state consisting of a 10:1 mixture of 

trans and cis isomers. Thus in this fashion an enriched mixture of cis 162b or trans 

162a isomers can be established118 (Scheme 15). 

hv 

162b 

Scheme 15 

KH 

18-Crown-6 

7U 
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The photochemical addition of allene to 2-ethoxycarbonyl-7,7-dimethylbicy- 

clo[3.3.0]oct-l-en-3-one (163) provides adduct 164 in 83% yield. Elaboration through 

a fragmentation sequence gives 7,7-dimethyl-1 -(carbomethoxymethyl)-2-methylene- 

bicyclo[3.3.0]octan-3-one (165) which, when converted to the acid, fails to lactonize 

to pentalenolactone E (166). Instead, the 7-lactone 167 is produced in 78% yield119 

(Scheme 16). 

If the scope of the reaction is extended to include the prostaglandin nucleus, the 

regiospecificity inherent in the photoaddition vanishes. When PGA2-methyl ester 

(168) is irradiated in the presence of allene, almost a statistical mixture of adducts 

169 and 170 is produced120 (equation 40). 

OH 

170 

In addition to the synthetic value of the intermolecular photocycloaddition of 

allene to conjugated carbonyls, an intramolecular photocyclization offers the op¬ 

portunity for extending this reaction even further. 

Irradiation of the keto allene 171 in cyclohexane at room temperature for one 

hour results in a 95% yield of cycloadduct 172, which can be easily converted to 

the spiro system 173.121-123 

(4i) 

171 173 
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The synthetic potential of this reaction is shown for the synthesis of a [4.4.3]- 

propellane (176).122 Irradiation of 4a-(3,4-pentadienyl)-4,4a,5,6,7,8-hexahydro-2- 

(3H)naphthalenone (174) yields a single adduct 175 in quantitative yield. Ozonol- 

ysis to an unstable 1,3-diketone followed by decomposition with hydrochloric 

acid in THF results in the formation of 9-carboxy[4.4.3]propellan-2-one (176)122 

(equation 42). 

The regiospecificity obtained in these intramolecular additions is a function of 

chain length between the enone and the allene. The molecule can accommodate two 

or three methylene units (e.g., 133, 171, 174) and retain regiospecificity. However, 

when the length is increased to four methylenes, as in 3-(5,6-heptadienyl)-2-cy- 

clohexen-l-one (177), a mixture of cycloadducts (178 and 179) is obtained in an 

85:15 ratio.122 

A new annelative two-carbon ring expansion of fused a,(3-unsaturated ^-lactones 

that incorporates an intramolecular [2 + 2] photoaddition has been successfully 

applied to the synthesis of compounds bearing structural similarities to the A/B 

rings of the fusicoccin and ophiobolane natural products.124125 Irradiation of 3-(3,4- 

pentadienyl)-4,5,6,7-tetrahydro-l(3H)-isobenzofuranone (180) in p-xylene results 

in a mixture of fused adduct 181 and bridged adduct 182. Treatment of 181 with 

sodium ruthenate in water results in the efficient conversion of the lactone to a keto 

acid. Esterification with diazomethane produces methyl 6-methylene-2-oxotricy- 

clo[5.4.0.0’ 5]undecane-7-carboxylate (182) in 75% yield. Reductive fragmentation 

with lithium in liquid ammonia and THF followed by equilibration of the isomeric 

mixture with sodium methoxide in refluxing methanol affords a single conjugated 

ester, methyl 2,3,3a,6,7,8,9,9a-octahydro-4-methyl-1 -oxo-1 H-cyclopentacyclo- 

octane-5-carboxylate (183) in 72% yield (Scheme 17). 
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1 . Li/NH3 

2. NaOCH3 

9.5 HETEROCYCLES BY WAY OF ALLENE CYCLOADDITIONS 

Although numerous heterocyclic systems are available through the cycloaddition 

reaction of allenes with hetero-olefinic systems, the synthetic utility is limited by 

low yields and product mixtures. Nevertheless, there is considerable opportunity 

for the development of this reaction, and for this reason various useful applications 

are discussed. 

Carbonyl compounds in an excited state add to allenes to give 2-alkylidene 

oxetanes 184, which occasionally react further, forming 1,5- and 1,6-dioxospiro- 

[3.3]heptanes, 185 and 186 respectively126-128 (equation 44). In some cases the ox¬ 

etanes undergo further photoisomerization to cyclobutenones.127 128 The addition 
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giving the oxetane is highly selective owing to the preference of an intermediate 

biradical in which allylic stabilization is favored over an alternate vinylic radical.128 

All the cycloaddition products arise from an initial attack by the oxygen of the 

carbonyl n,it* state on the central allene carbon.126 

R 

185 186 

Thiones 187 in their n,ir* triplet state also react with allenes to give a thietane 

188, as well as the nucleophilic addition product 189129 (equation 45). It is interesting 

to note that when the reaction is performed thermally (R = C6H5), only 189 is 

produced in quantitative yield.130 

193 
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Triplet xanthanethione 190 undergoes a photochemical [2 + 2] and [4 + 2] 

cycloaddition with various allenes giving rise to thietanes 191 and 192 and to 

thiopyranes 193, respectively131 (equation 46). The reaction appears to occur by 

way of attachment of the sulfur atom to the central allene carbon atom with ultimate 

formation of an allylic biradical that undergoes ring closure to form either thietanes 

or thiopyran. 

The thermal reaction of 190 with allenes results in the same cycloadducts. 

Because of this similarity between the photochemical and thermal cycloaddition 

reactions a common intermediate is suspected.131132 

The 1,3-cycloaddition of benzonitrile oxide (194a)133 or acetonitrile oxide (194b)134 
with allene results in the initial formation of 195 which reacts further with another 

molecule of 194 to form the spiro bis-isoxazole 196. Treatment of 196 with sodium 

ethoxide followed by dilute hydrochloric acid yields the oxime 197, which upon 

acidic hydrolysis, affords the corresponding ketone 198. (This compound may also 

be obtained directly from 198 by treatment with 30% hydriodic acid.) Oxidation 

of 196 with potassium dichromate in sulfuric acid provides the 5-carboxyisoxazole 

199 (Scheme 18). 

R-CJEr N 

194 

a) R = C6H5 

b) R = CH3 

R 

199 

C00H H- 
0 
II 

CH„CR 

.+ 

198 

1 . NaOC2H5 

2. HC1 

NOH 
M 

CH CR 

197 

Scheme 18 
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Interestingly, the reaction of 194a with bromoallene results in a 41% yield of 

5-bromomethyl-3-phenylisoxazole (200)135 (equation 47). 

C^C^N-K) 

CH2 = C = CHBr 

> 

194a 

200 

With substituted allenes, the possibility of attack at either the a,(3-double bond 

or the (3,7-double bond exists. The cycloaddition occurs preferentially at the a, 13- 

double bond when the substituent on the allene is electron withdrawing (e.g., 

COOCH3,136 C.6H5137’138) and at the (3,7-double bond when the substituent is electron 

donating such as phenoxy.139 When the product contains an unsubstituted exome¬ 

thylene, further cycloaddition occurs to produce the dimer 201138 (Scheme 19). 

ArC^N^ 

+ 

CH2~ cuchr 

Scheme 19 
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Nitrones 202 behave as 1,3-dipoles in thermal cycloaddition reactions.140 With 

allenes, nitrones undergo an initial [tt4s + tt2s] cycloaddition to the less hindered 

double bond of the propadiene. This provides a regioselective bias in which the 

oxygen atom of the dipole bonds to the more hindered end of the dipolarophile. 

The resulting isoxazolidine 203, however, is unstable and, in the case of N-aryl 

substituents141 undergoes internal rearrangement to the pyrrolidin-3-one (204). The 

transformation occurs by way of heterolysis of the N-0 bond, ring opening, rotation 

around the 4,5-bond, and then C-N bond formation. In N-alkyl substitution, de- 

stabilization of the zwitterionic intermediate (the nitrenium ion) by the alkyl group 

allows for a competitive reaction to occur. This involves an additional nitrone 

molecule and consequently forms a substituted piperidin-4-one (205) along with 

206142 (Scheme 20). 

A 

crrN 
/ N 
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+ CH^LCHC 

H R 

A r = 

206 

CH. 

C2H5 

C6H] 1 

202 

C6H5 ’ WH2 

\ 
R. = H, CH. 

% 205 % 206 

35 

20 

20 

20 

60 

'6 5 

R] = H, A r = C6HZtCH2 

Scheme 20 
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In contrast to these results, the reaction of C,N-diphenylnitrone 207 with allene 

affords 208 and 209. Subsequent spontaneous nitrogen-oxygen bond cleavage in 

208 to the diradical 210 results in the observed products 211 and 212. In the absence 

of an N-aryl substituent in 207, no 212 is formed143 (Scheme 21). 

\ / 6H5 
C 

N 
/ * 

C6H5 ° 

207 

CH2~ CZICH2 

^ill 

C6H5 

210 

Scheme 21 

l,3-Diphenyl-2-azallyllithium (213) undergoes a 1,3-cycloaddition with aryl- 

allenes to provide a general synthetic method for arylmethylenepyrrolidines (214), 
a new class of five-membered heterocycles144 (equation 48). 

L i 501 

213 
214 

The 1,3-dipolar cycloaddition of diazomethane with allenes affords 4-methylene- 

1-pyrazoline (215) in almost quantitative yield.145146 This product is sensitive to 

water, heat, light, and oxygen and is best handled under vacuum.147 Gas-phase 

pyrolysis of 215 results in a quantitative conversion to methylenecyclopropane 

(217), a process believed to involve the formation of the 1,3-diradical trimethylene 

methane (216)146,147 (equation 49). 
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CH ~ NZTN 

+ 

CH23 CUCH 

Diazomethane adds selectively to the a,[3-double bond of allenic esters and 

ketones and to the (3,y-double bond of allenic ethers and thio ethers.148 However, 

the orientation depends on the degree of substitution at the y-carbon atom of the 

allene. 

Ethyl 2-methyl-2,3-butadienoate (218) reacts with an excess of ethereal 2-di- 

azopropane at 0°C to afford 3-ethoxycarbonyl-4-methylene-3,5,5-trimethyl-1-pyra- 

zoline (219) in 98% yield. In contrast, the y,y-disubstituted allenes do not produce 

219 heterocycles but rather the isomeric 3-alkylidene pyrazolines as a result of 

addition of 2-diazopropane to the (3,y-unsaturated bond. This reversed regioselec- 

tivity is due to the severe crowding of the alkyl groups that occurs in the transition 

state.149 Thus ethyl 4-methyl-2,3-pentadienoate (220) reacts with 2-diazopropane 

affording 3,3-dimethyl-4-ethoxycarbonyl-5-isopropylidene-l-pyrazoline (221) in 96% 

yield150 (Scheme 22). Tetramethyl allene with two eclipsing interactions in the 

transition state shows very low reactivity toward cycloaddition reactions. 

\ h 
.czczc 
/ \ 

R_ C00C Hc 
2 2 5 

Scheme 22 
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Methyl 2,3-butadienoate (222) reacts with 2-diazopropane to give 4-methylene- 

A2-pyrazoline (224) as the result of a rapid tautomerization of the initial adduct 

223. Because of the activated ^-double bond, 224 can react further with diazo¬ 
propane to give 5,5-dimethyl-3-methoxycarbonyl-2-pyrazohne-4-spiro-3,-(5',5'- 

dimethyl-r-pyrazoline) (225)150 (Scheme 23). 

H 
/ 

CH 

cooch3 

(ch3)2cz:n~n 

222 223 

61 % 

V 

225 

(CH3)2C~N“N 

<—- 

90% 

Scheme 23 

The photolysis of these 4-alkylidene-A1-pyrazoline-3-carboxylates, such as 219, 
leads to two possible alkylidenecyclopropanes, 226 and 227, possibly by way of 

216151,152 (Scheme 24). 

By the use of such an approach, it was determined that the proposed structure 

for the sex attractant of the American cockroach was not correct.153,154 

The thermal intramolecular cycloaddition of allenyl azine 229, generally prepared 

by a Wittig reaction of the corresponding 2-(alkylidenehydrazono)propylidene phos- 

phorane 228 with substituted ketenes, affords moderate yields of pyrazolo[5,1-c]- 

1,4-oxazines (230)155 (equation 50). 
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On the other hand, allenyl azine 231 affords only 2-methyl-4-phenyl-4,9-di- 

hydropyrazolo[ 1,5-b]-isoquinoline-9-carboxylic acid ethyl ester (232) in 80% yield. 

Subject to the nature of the substituents introduced by way of the ketenes, both 

oxazines and isoquinolines may be isolated as a mixture or pure.155 
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CHAPTER TEN 

MISCELLANEOUS 
REACTIONS OF ALLENES 

This chapter is concerned with those synthetically useful allene reactions that do 

not belong to any of the previous chapters. Only those reactions of practical synthetic 
value are discussed here. 

10.1. ORGANOMETALLIC ALLENES 

Moreau provides an excellent review on the preparation, properties, and reactivities 

of the many allene-metal compounds.1 Although these are interesting from a chem¬ 

ical viewpoint, they have as yet found little synthetic use. 

10.1.1. Lithium 

Lithium allenes are easily generated and can be used for a variety of synthetic 

applications. Many of these have been discussed in previous chapters. Lithium 

allenes can function as nucleophiles for the synthesis of quinolines. The reaction 

of 3-methyl-1,2-butadienyl lithium (2) with phenyl isothiocyanate (1) in THF at 

— 70°C produces the allenyl thiocarboximidate (3) which can be thermally cyclized 

to 2-methylthioquinoline (5a). When 3 is treated with an alkyllithium, the resulting 

lithium allene can be alkylated with alkyl halides to obtain 4. Upon thermal cy- 

clization, 5b is obtained. Yields range from 60 to 80%3 (Scheme 1). 

Lithium-metal exchange occurs easily to provide allene-metal intermediates not 

easily accessible by direct allene-metal interactions.1 Metallation of l-methoxy-2- 

butyne (6) with n-butyllithium at - 70°C followed by the addition of one equivalent 

of zinc chloride generates the very reactive and unisolable organozinc intermediate 

7. Reactions of 7 with cyclohexenone affords the acetylenic alcohol 8 in 95% yield 
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5a y H 

5b R3= alkyl 

Scheme 1 

as a 65:35 mixture of diastereomers. Subsequent reduction provides either the 

trans-olefin 9 or the ds-olefin 10. A modified oxy-Cope rearrangement of 9 provides 

the diastereomeric ketones 11 that have been successfully applied to the synthesis 

of (±)-£ryt/*r6>-juvabione (12)4 (Scheme 2). 

10.1.2. Silver 

Allenyl silver(I) compounds 15 are prepared in situ by the addition of alkyl silver(I) 

lithium bromide complexes 14 to butenynes 13.5,6,7 However, a more general and 

convenient preparation of 15 uses the fact that allenyllithium compounds are easily 

accessible and readily undergo metal exchange. Thus deprotonation of the allenic 

hydrocarbon 16 with n-butyllithium and subsequent treatment with silver bromide 

provides 156 (equation 1). 

CH 

\\ 
RCH 

C — C= CH 

R 
/ 

RAg-LiBr -J4 

THF/HMPA 
/c-c-\ « 

RCH, 

1 . C,HnLi 
4 9 

1 
Ag 2. AgBr 

^CZTCIZCH. (1) 
/ 2 

1 

13 15 16 



CH3OCH2C=CCH3 
1. C^Li 

2. ZnC1 

CH_OCH~C.ZZC 

3 \nC, 

>r 

Scheme 2 

333 



334 MISCELLANEOUS REACTIONS OF ALLENES 

Allenyl silver compounds 15 afford allenic hydrocarbons in 70-90% yield when 

protonated.8 They also react with a variety of electrophiles, preferrably at the 

terminal end without significant isomerization to the propargyl system.5 Reaction 

with carbon dioxide provides nearly pure allenyl carboxylic acids in excellent yields5 

(Scheme 3). 

RCH, 

RCH / 
R. 

2\ 

/c=c=\ 
Ag 

15 

^cztczich2 

RCH2 H 

>-c-\ 
R. C00H 

1 
17 

R]= J_-C3H7 , 85% 

R| = i"CZtHg> 90% 

RCH 

\ / 

18 

E+ - Z" E+ in 18 

BrCN Br 

ch3sso2ch3 ch3s 

CH2=CHCH2Br ch2=chch2 

(CH3)3SiCl (CH3)3Si 

NBS Br 

NCS Cl 

The reaction of 15 with carbon disulfide provides a facile approach to (3,y- 

unsaturated y-dithio lactones 22, presumably by way of the silver salts 19 and 20.6 7 
Alternately, 22 may be prepared from the corresponding allenyllithium intermediates 

by treatment with carbon disulfide followed by the addition of silver bromide. In 

the latter case, the lithium salt 21 is stable and isolable6 (Scheme 4). 

The silver nitrate or mercuric chloride promoted cyclization of secondary y- 

allenic (23), and 8-allenic amines (24) provides an excellent method for the synthesis 

of 2-alkenylpyrrolidines (25) and 2-alkenylpiperidines (26), respectively, in good 

yields and exclusively with the E-configuration. Silver catalysis usually provides 

better yields than does mercury catalysis9 (equation 2). 



RCH 

R 

\_/ 
c—cizc 

r ■ \ 
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RCH, 
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\ 
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AgBr/H 
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50-76% 

E 
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RCH. 

* :ti 

22 

+ 
E = H, Cl 

\ l / 
C—CJll NHR 

/ V X 3 
R2 (CH2)n 

23 n=3 

24 n=4 

or 

7 

25 n= 1 

(2) 

26 n=2 

Yields 

R. r2 Rs n Hg+2 Ag + 

H H c,h7 3 70 95 

H H ch2c6h5 3 52 79 

H H c„h5 3 70 82 

ch3 ch3 c3h7 3 70 71 

ch3 ch3 ch2c6h5 4 52 79 

H H c3h7 4 55 95 

H H ch2c6h5 4 54 89 

c2H5 H c3h7 4 50 76 

c2h; H ch2c6h5 4 35 94 
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10.1.3. Titanium 

A general synthesis of substituted allenes that allows the preparation of a variety 

of structural types of these products is available by way of the titanium metallocycle 

28. The reaction of the titanacyclobutane 27 with one equivalent of a 1,1-disub- 

stituted allene (terminal allene) produces a quantitative yield of 28 as a single 

regioisomer. When a benzene solution of 28 is treated with one equivalent of a 

ketone, a good-to-excellent yield of substituted allene is formed10 (equation 3). 

C6H6/RT 

\ A 
R„ Rr- 

29 

(3) 

A1]ene Carbonyl Product Yield, % 

ch2~cztch2 

(ch3)2 

58 

80 

53 

55 

Reprinted with permission from S. L. Buchwald and R. H. Grubbs, J. Am. Chem. Soc., 105, 5490 

(1983). Copyright 1983 American Chemical Society. 
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10.2. CLAISEN REARRANGEMENTS2 

10.2.1. Oxy-Claisen 

Both aliphatic and aromatic propargyl ethers undergo the Claisen rearrangement. 

Aryl propargyl ethers 30 undergo a thermal [3.3] rearrangement at 200°C to the 

allene intermediate 31. Subsequent tautomerization, a [1.5] hydrogen shift, and 

finally an electrocyclization provides the corresponding 2H-l-benzopyran (3-chro- 

mene) 3211 (equation 4). 

The contribution of the electronic character of /rara-substituents to the relative 

rate of rearrangement is greatly outweighed by the degree of substitution at the 

propargyl carbon.12 In raeta-substituted propargylic ethers, both the 5- and 7-sub- 

stituted 3-chromenes are obtained. Both electron-donating and electron-withdrawing 

groups appear to have an adverse effect upon the yield of product.13 Such mixtures 

make meta-substituted derivatives synthetically unattractive. 

The thermal rearrangement in the presence of certain bases produces benzo- 

furans.14 In 33, the ratio of products is strongly solvent dependent and can be 

directed to give mostly 34 (with DMF), equal amounts of 34 and 35 (in DMSO), 

or predominantly 35 (in xylene)15 (equation 5). 

The novel heterocycle furo[3,2-b]pyrone (37) is produced in high yield from the 

thermal rearrangement of 2-propynylkojate (36)16 (equation 6). 

36 37 
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Central nervous system active compounds can be prepared by the Claisen rear¬ 

rangement of alkyl propargyl ethers of caprolactams 38. 6,6-Dimethyl-4-(2-pro- 

pynyloxy)-2,5,6,7-tetrahydro-lH-azepin-2-one (38) rearranges readily to the allene 

39, which cyclizes to 4017 (equation 7). 

Dutadrupine (42), a novel alkaloid isolated from Dutaillyea drupacea (Ruta- 

ceae)18 depends on a Claisen rearrangement of the propargyl ether 41 as a key step 

in its synthesis. The rearrangement occurs in refluxing acetone19 (equation 8). 

A similar reaction, also occurring at only 70°C, is used to prepare the acridone 

alkaloid acronycine (44),20 isolated from the bark of Acronychia baueri Schott21 

(equation 9). 

The naturally occurring antibiotic 4-hydroxy-2-vinyl-2-buten-4-olide (46) is pre¬ 

pared by way of the Claisen rearrangement of 3-carboxy-2-propynyl vinyl ether 

(45). This is an example of an aliphatic propargylic ether rearrangement.22 23 
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Silver tetrafluoroborate exerts a significant catalytic effect on the Claisen rear¬ 

rangement. Reactions normally performed at elevated temperatures (160-200°C) 

can now be carried out at 20-80°C. There is a solvent effect. Rearrangement of 

30 (R = H) in chloroform results in the formation of 32 in 49% yield, whereas, 

in benzene a 3:1 mixture of 2-methylbenzofuran (47) and 32 is obtained24 (equa¬ 

tion 11). 

Interestingly, 2,6-disubstituted propargylic phenols 48 undergo an intramolecular 

Diels-Alder reaction to 49 under thermal conditions11 but rearrange in the presence 

of silver tetrafluoroborate in benzene at room temperature to 3-allenylphenols 5024 
(equation 12). 

49 48 
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10.2.2. Thio-Claisen 

Like propargylic ethers, the thioethers also undergo thermal [3.3] rearrangements 

providing a variety of sulfur heterocycles. Thermolysis of 2-propynyl phenylsulfide 

(51) in quinoline at 200°C yields a mixture containing 2-methylbenzo[b]thiophene 

(52) and phenyl allenyl sulfide (53). At higher temperatures, 2H-thiachromone (54) 
is also obtained,25 but such a mixture is not synthetically useful (equation 13). 

Heating the 4-quinolyl propargyl sulfide (55) at 200°C in dimethylaniline pro¬ 

duces 2-methylthieno [3,2-c] quinoline (57) in 80% yield, presumably by way of 

the allenic intermediate 5626 (equation 14). 

The novel heterocyclic compounds 2H,7H-thiopyrano[2,3-b]thiopyran (59) and 

2H,7H-dithiopyrano[2,3-b:3',2'-d]thiophene (61) are prepared by way of a thio- 

Claisen rearrangement of the propargylic sulfides 58 and 60, respectively.27 

58 
v. 

59 
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An unusual ortho-Claisen rearrangement occurs when aryl 2-propynyl sulfoxide 

62 is heated under reflux in carbon tetrachloride. A quantitative yield of 63 is 

obtained. Treatment of 63 with 20% potassium hydroxide at room temperature 
affords 64 in 90% yield.28 

62 R= £-chlorophenoxy 

By this method phenyl 2-propynyl sulfoxide 65 produces the corresponding 

benzo[b]thiophenes 67 by way of the intermediates 66.29 

R= H, CH3 
X= C^S, C2H50, ho 

Condensed thiophenes 70 are formed when naphthyl 2-propynyl sulfoxides (68) 
are heated in a suitable protic solvent, such as benzenethiol, ethanol, or acetic acid. 

Heating in dioxane at 100°C quantitatively affords the hemithioacetals 69 which 

can be transformed to 70 by treatment with the previously mentioned protic solvents29 

(Scheme 5). 
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R= H, CH3 

X= C^S, C^O, AcO 

Scheme 5 

The thio-Claisen rearrangement can also be done with aliphatic thioethers. The 

thermal rearrangement of propargyl vinyl sulfide (71) produces a high yield of 

a-thiopyrane (72).30 

CH„—CHSC„Hc 

1. 2Li/NH3 (1) 

\ o HMPA 
> 

2 2 5 -■ -^ 

2. HC=CCH2Br Pyridine Is J 
115°/ 80% 

71 72 

Rearrangement of 73 at elevated temperatures produces first the allenic dithio 

ester 74, which can cyclize either to 2H-thiopyrane derivatives 75 or to a substituted 

thiophene 76. The formation of 75 is accelerated by the addition of triethylamine, 

whereas traces of acid favor 7631 (equation 20). 
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10.2.3. Amino-Claisen 

N-propargylaniline does not undergo the Claisen rearrangement.32 However, the 

thermal rearrangement of N-propargylaniline N-oxides (77) provides a general route 

for the synthesis of 3-(substituted methyl) indoles 78-8033 (equation 21). 

CH2C6H5 

77 

R= H, CH 
3 

X= Cl , 0CH3 , H 

00% 

RT 

Nu 

78 Nu= CgH S 

79 Nu= N. 

80 Nu= CN 

(21) 
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1.2- Bis-(trimethylsilyl)benzocyclobutadiene, 289 

1.3- Bis-(trimethylsilyl)-3-methyl-1 -butyne, 253 

1,2-Bis-(vinylidene)cyclobutane, 304 

Bombykol, 199 

1-Boraadamantanes, 73 

( — )-Bomeol, 32 

Boronic anhydride, 253 

Bromoallenes, 36, 279, 320 

1-Bromoallenes, 277 

1,4-hydrogen bromide elimination of, 278 

infrared spectra of, 273 

preparation of, 273 

reaction with alkyl alkane phosphonates, 278 

reaction with Grignard reagents, 279 

reaction with nucleophiles, 278 

a-substituted, 275 

3-Bromoallenes, 275 

(3-Bromoallenes, 147 

a-Bromoallenic esters, 274 

l-Bromo-2-chlorocyclodecene, 41 

ds-3-Bromocyclodecene, 41, 63 

cw-3-Bromocyclononene, 63 

1-Bromocyclotridecene, 63 

3-Bromocyclotridecene, 63 

Bromoenynes, 90 

1 -Bromo-3-methyl-2-butene, 63 

3-Bromo-3-methyl-l-butyne, 226 

5-Bromomethyl-3-phenylisoxazole, 320 
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1-Bromo-l ,2-undecadiene, 36 

Bullatenone, 139 

1.2- Butadiene, 20 

1.2- Butadiene-4-ol, 134 

Claisen orthoester rearrangement of, 142 

2.3- Butadienoic acid, 195 

ethyl ester, 179, 195 

addition of bromine to, 184 

cuprate addition to, 183 

methyl ester, 180, 195, 301, 324 

1-Butadienylzinc chloride, 120, 121 

Butenolides: 

4-alkenyl, 144 

4-bromo, 184 

4-iodo, 202 

3-methylthio, 244 

rc-Butoxyallene, 213 

t-Butoxyallene: 

y-lithiation of, 220 

preparation of, 213 

l-t-Butoxy-3-lithioallene: 

alkylation of, 220 

as homoenolate equivalent, 220 

f-Butylallene, 19, 20 

1 -r-Butylbicyclo[ 1.1.0]butane, 21 

3- t-Butyl-4,4-dimethyl-l-pentyne-3-ol, 268 

r-Butylglyoxylate, 274 

n-Butyliodide, 220 

n-Butyllithium, spartiene modified, 51 

1- r-Butyl-l-methylallene, 21 

2- Butyne-l,4-diol, 143, 232 

Butyrolactones, 149 

Campthothecin, 191, 192 

m-Cannabinoids, 79 

Caprolactams, 338 

4- Carbethoxyoxindoles, 195 

2- Carboxamido-1,3-butadienes, 296 

Carboxybromomethylenetriphenylphosphorane, 
274 

5- Carboxyisoxazole, 319 

9-Carboxy[4.4.3]propellan-2-one, 316 

3- Carboxy-2-propynylvinyl ether, 338 

Catechol borane, 71 

Chasmanine, 310 

Chiral allenes, cycloaddition reactions of, 

- 292 

Chirality, transfer of, 97 

2- Chloroalky 1-2-enylphosphonic acids, 

fragmentation of, 11 

l-Chloro-2-alkynes, hydroboration of, 18 

3- Chloro-l-alkynes, in carbene formation, 36, 

37 

Chloroallenes, 73, 268-272 

dimerization of, 287 

from propargylic alcohols, 269 

rearrangements of, 269 

Chlorocyanoacetylene, 301 

1-Chlorocyclodecene, 41 

1 -Chloro-1 -(cycloheptatrien-7-yl)-3,3- 

diphenylallene, 271 

1-Chlorocyclononene, 43 

1 -Chloro-3,3-di-t-butylallene, 268 

l-Chloro-3-methyl-l ,2-butadiene, 73 

3-Chloro-3-methyl-l-butyne, 13, 227 

3-Chloro-l ,4-pentadiyne, 115 

tra«5-5-Chloro-3-pent-l-yne, 89 

l-Chloro-3-phenyl-l ,2-propadiene, 269 

3-Chloro-3-phenyl-l-propyne, 269 

Chlorosulfonyl isocyanate, 296 

N-Chlorosulfonyl-(3-lactams, reduction of, 297 

(R) -( +)-l-Chloro-3,4,4-trimethyl-1,2- 

pentadiene, 6 

(S) -( —)-1 -Chloro-3,4,4-trimethyl-1,2- 

pentadiene, 269 

Chlorotris(triphenylphosphine)rhodium, 58 

Cholesterol, 238 

(+ )-tra«5-Chrysanthemic acid, 146 

Chrysanthemyl alcohol, 146 

Citral, 224 

Claisen rearrangement, 7, 79, 163, 196, 201, 

233 

orthoester, 142 

double, 143 

pseudo, 247 

thio, 342 

Codimerizations, 286 

Compactin, 93 

Cope rearrangement, 127, 166 

Copper (I)-l-alkenyltrimethylborates, 122 

Copper (I) methyltrialkylborates, 15 

Corticosteroids, 14, 77, 225, 234 

Crotonaldehyde, 231 

18-Crown-6, 219 

Cyanoallenes, 204, 300 

Cyclic allenes, 38-50 

cis,cis-Cyclic dienes, 61 

Cyclization: 

biomimetic brominative, 276 

cationic tt, 112 

electrophilic, 112 

olefin-acetylene, 17 

polyene, 17 

[2 + 2]Cycloaddition: 

vof 2,3-butadienoic esters, 184 

of cyanoallene, 208 
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intramolecular, 108, 172 

photochemical, 305, 319 

intramolecular, 316 

stereospecific, 301 

thermal, 115 

[4 + 2]Cycloaddition, 298, 321 

intramolecular, 271 

photochemical, 319 

see also Diels-Alder reaction 

Cycloadditions: 

allene-ketane, 291 

1.2- dipolar, 296 

1.3- dipolar, 319, 322 

1.2- Cyclodecadiene, 40, 41 

hydroboration of, 71 

hydrobromination of, 63 

1-methyl, 60 

oxymercuration of, 68 

reduction of, 60 

lZ,6Z-Cyclodecadiene, 40 

1,2,5,8-Cyclodecatetraene, 41 

oxymercuration of, 69 

1,2,6,7-Cyclodecatetraene, 42 

1.2.5- Cyclodecatriene, 41 

oxymercuration of, 69 

1.2.6- Cyclodecatriene, 42 

Cyclodecanone, 71 

Cyclodecene, 71 

1.2- Cyclododecadiene, 40, 296 

reduction of, 60 

Cyclododecyne, 41 

1.10- Cycloeicosanedione, 51 

1.2- Cycloheptadiene, 47 

1-bromo, 48 

dimer of, 48 

1-methoxy, 47, 48 

1,4-Cycloheptadiene, 111 

1.2.4.6- Cycloheptatetraene, 48 

1.2.9.10- Cyclohexadecatetraene, 39 

1.2- Cyclohexadiene, 49 

dimer of, 49 

tetramer of, 49 

1.2- Cyclononadiene, 40, 43, 295 

asymmetric synthesis of, 44 

bromination of, 66 

dimerization of, 44, 287 

hydroboration of, 71 

hydrobromination of, 63 

4- hydroxy, 133 

5- hydroxy, 155 

1-methyl, 43 

reduction of, 60 

4-one, 133, 159 

optically active, 7, 44, 68 

oxymercuration of, 68 

reduction of, 58, 60 

resolution of, 44 

lZ,5Z-Cyclononadiene, 42 

Cyclononanone, 71 

1,2,5,7-Cyclononatetraene, 43 

dimerization of, 44 

1.2.5- Cyclononatriene, 43 

1.2.6- Cyclononatriene, 43, 112 

Cyclononene, 58, 71 

c«-3-Cyclononenyl formate, 68 

1.2- Cyclooctadiene, 44 

dimer of, 45 

1.5- Cyclooctadiene, 43 

cis,cis-isomer, 61 

1.2.4.5- Cyclooctatetraene, 46 

1.2.4.6- Cyclooctatetraene: 

Diels-Alder adduct of, 46 

dimer of, 46 

1.2.5- Cyclooctatriene, 46 

1.4.6- Cyclooctatriene, 43 

( + )-tran5-Cyclooctene, 44 

(-)-trans-Cyclooctene, 44 

1.2- Cyclopentadecadiene, 40 

Cyclopentadiene, 47, 208 

Cyclopentanone, 219 

2-alkyl-4-carbomethoxy, 76 

formation of, 98 

spiroannulation of, 219 

1 -Cyclopentene-1 -carboxaldehyde ,312 

2-Cyclopentenones, 305 

Cyclopentylallene, 19 

Cyclopentyl[4]helixane, 219 

[2.2.2] [1.2.4]-Cyclophane, 305 

Cyclopropanones, 76 

Cyclopropylallene, 20 

1.2- Cyclotetradecadiene, 40 

reduction of, 60 

Cyclotetradeca-1,8-diene, 39 

3,4,10,11-Cyclotetradecatetraene-l ,8-dione, 

168 

1.2- Cyclotridecadiene, 40 

hydroboration of, 71 

hydrobromination of, 63 

4-hydroxy, 133 

4-one, 133 

reduction of, 60 

Cyclotridecanone, 71 

1,2,6Z, lOE-Cyclotridecatetraene, 40 

Cyclotridecene, 71 

1,2,-Cycloundecadiene, 40 

4-hydroxy, 133 
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1,2,-Cycloundecadiene (Continued) 

4-one, 133 

reduction of, 60 

cis,cis-\,6-Cycloundecadiene, 61 

1,2,7-Cycloundecatriene, 40 

3.8.9- Cycloundecatriene-l ,6-dione, 166 

(3-Damascone, 136 

De-A,B-campthothecin, 191 

2E,4Z-Decadienal, 199 

1.2- Decadiene, hydrogenation of, 59 

2.3- Decadiene, (R)- and (S)-enantiomers, 33 

2.4- Decadienoic acid, 201 

3.4- Decadienoic acid, 200 

cA,syn-Decalin-2-yl acetate, 70 

n-Decanal, 221 

1.2.8.9- Decatetraene, 23 

1-Decene, 59 

Dehalogenation, of chloroallenes, 270 

5.6- Dehydroarachidonic acid, 282 

8.9- Dehydroarachidonic acid, 283 

6.7- Dehydro-a-ionol, 159 

6.7- Dehydro-a-ionone, 159 

Dehydrojasmone, 98 

Dehydrolinalool, 164 

Dehydrolinalool acetate, 79, 80 

Demetallation, 99 

3 (3,17(3-Diacetoxy-5 [3,10(3-oxidoestran-6-one, 

156 

Dialkyl 2,3-alkylidene phosphonates, 278 

1,3-Dialkylallenes: 

(R) -enantiomer, 31, 32, 34 

(S) -enantiomer, 31, 32, 34 

Dialkylaminoallenes, preparation of, 244 

4-Dialkylamino-l-butynes, 229 

l,l-Dialkyl-3-iodoallenes, 280 

N,N-Dialkylmethyl ynamines, 244 

1,1 -Dialky 1-2-propynols, 280 

Diallenes, 23, 125 

a,co, 126 

conjugated, 125 

meso, 125 

reaction with sulfur dioxide, 126 

cyclic, 39, 42, 43, 46, 49, 127 

diketo, 167, 169 

exocyclic, 126 

sulfur containing, 226 

(3-Diallenols, 119 

preparation of, 125 

Diazomethane, cycloaddition of, 322, 323 

Diazopropane, 323, 324 

Dibromoallenes, reaction with amines, 280 

7.7- Dibromobicyclo[4.1 .Ojheptane, 47 

6,6-Dibromobicyclo[3.1 .OJhexane, 50 

9,9-Dibromobicyclo[6.1.0]non-4-ene, 43 

8.8- Dibromobicyclo[5.1 .Ojoctane, 44 

Dibromocarbene, 125 

1.9- Dibromocyclonona-1,5-diene, 43 

m-l,4-Dibromocyclononene, 66 

cA-2,3-Dibromocyclononene, 66 

1.1- Di-r-butylallene, 76 

1.3- Di-r-butylallene, 76 

3.4- Dichloro-3-butenoate, 270 

1.2- Dichlorocyclododecyne, 40 

11,11 -Dichloro-1,6-methano[ 10]annulene, 51 

Dicyclobutylallene, 38 

Dicyclohexylallene, 25 

Dicyclohexyl-18-crown-6, 218 

Dicyclopropylallene, 24 

Diels-Alder reaction, 83, 100, 159, 162, 195, 

231, 302 

of allenic diesters, 192 

of allenic esters, 185, 186 

of cyanoallene, 208 

hetero, 215 

intramolecular, 94, 339 

'y-Diene carbonyl compounds, 114 

1.3- Dienes, 81, 141, 171 

3-alkylthio, 241 

2- aminomethyl derivatives, 81 

2,3-disubstituted, 142, 143 

(Z)-isomer, 258 

3- methylthio, 228 

from a-silylallenes, 258 

Diethyl acetone-1,3-dicarboxylate, 188 

1.3- Diethylallene, 31 

Diethylaminopropyne, 202 

Diethylformamidomalonate, 277 

Diethylhomophthalates, 192 

Diethyl 3-hydroxyhomophthalate, 193 

Diethyl 2,3-pentadienoate, 190, 191 

1.1- Difluoroallene, dimerization of, 287 

1.1- Dihalocyclopropanes, 20 

Dihydrocitral, 224, 225 

2.3- Dihydro-3-furanones, 218, 243 

2.5- Dihydrofuranones, 3-hydroxy, 171 

2.5- Dihydrofurans, 138 

3-acetoxy, 139 

2- methoxy, 261 

3- phenylseleno, 140 

Dihydrojasmone, 98, 99, 248 

Dihydromycene, 59 

Dihydro-5,6-norcaryophyllene, 295 

1.2- Dihydropentalenes, 46 

5.6- Dihydropyran, 4-alkylthio, 242 

5.6- Dihydro-4-pyranones, 158 
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5.6- Dihydro-2H-pyrans, 148, 149 

3-bromo, 149 

1.2- Diiodo-3-methyl-2-butene, 65 

3-Diketones, 157, 160 

a,3-unsaturated, 158 

Dimerization, intramolecular, 288 

1,1 -Dimethoxy-3-trimethylsiloxy-1,3-butadiene, 

187 

Dimethylacetylene dicarboxylate, 112, 289, 304 

1.1- Dimethylallene, 298, 299 

1.3- Dimethylallene, 31 

(R)-enantiomer, 299 

Dimethylallene carbene, 36, 60, 111, 147, 228 

230 

Dimethylamino-1 -ethoxy-1 -ethylene, 108 

7.7- Dimethyl-1 -(carbomethoxymethyl)-2- 

methy lenebicyclo- [3.3.0]octan-3 -one, 

315 

3.3- Dimethyl- 1-cyanoallene, dimerization of, 

287 

3.4- Dimethylcyclohexanone, 305 

2.2- Dimethyl-1,1 -dimethylvinylidene 

cyclopropane, 294 

1.2- Dimethylenecyclobutanes, 268, 286 

3.4- Dimethylenecyclobutene, 288 

Dimethylketene, 293, 295, 296 

3.3- Dimethyl-4-ethoxycarbonyl-5- 

isopropylidene-l-pyrazoline, 323 

1.2- Dimethylfulvene, 125 

Dimethyl fumarates, 298 

2.5- Dimethylfuran, 208 

2.2- Dimethyl-3,4-hexadien-l-ol, 149 

3.4- Dimethyl-1,5-hexadiene, 127 

5.5- Dimethyl-3-methoxycarbonyl-2-pyrazoline-4- 

spiro-3-(5' ,5'-dimethyl-1 -pyrazoline), 

324 

2.2- Dimethyl-3-(2-methyl-l-propenylidene) 

cyclopropylmethanol, 146 

Dimethyl[2.2]paracyclophane-4,13- 

dicarboxylate, 305 

2.4- Dimethyl-1,3-pentadiene, 82, 83 

2.4- Dimethyl-2,3-pentadiene, 78, 82 

Dimethyl 2,3-pentadienoate, 188 

addition of nucleophiles to, 189 

2.4- Dimethyl-2,3-pentadienoic acid, bis-N,N- 

diethylamide, 122 

3-(2,4-Dimethyl-1,3-pentadienyl)sulfinic acid, 

82 

Dimethyl propadienylphosphonate, 250 

Dimethyl propadienylsulfonium bromide, 229 

6.6- Dimethyl-4-(2-propynyloxy)-2,5,6,7- 

tetrahydro-lH-azepin-2-one, 338 

Dimethyl-2-propynylsulfonium bromide, 229 

1,1'-Dimethyl-2,2,2', 2'-tetrabromocyclopropyl 

cyclopropane, 125 

5,6-Dimethylthiazolo[3,2-a]pyrimidin-7-one, 182 

1.5- Dioxospiro[3.3]heptanes, 317 

1.6- Dioxospiro[3.3]heptanes, 317 

1,1-Diphenylallene, 20 

(R) -enantiomer, 33 

(S) -enantiomer, 34 

1.3- Diphenyl-2-azallylithium, 322 

1.3- Diphenylisobenzofuran, as trapping agent, 

46, 47, 50, 51 

trans-l,2-Diphenylnaphtha[b]cyclobutane, 288 

C,N-Diphenylnitrone, 322 

2.3- Di(phenylsulfinyl)-1,3-butadiene, 232 

o-Dipropadienylbenzene, 19 

2.3- Dipropadienylnaphthalene, 19 

o-Dipropargylbenzene, 289 

1.3- Dipropylallene, 31 

1.6- Dithiacyclodeca-3,8-diyne, 226 

2H ,7H-Dithiopyrano[2,3-b,3', 2' -d]thiophene, 

340 

1,8-Di(trimethylsilyl)-3Z,5Z-octadiene-1,7- 

diyne, 47 

Divinylallenols, 118 

Divinylcumulene, 118 

2.3- Divinylcyclopentene, 112 

Divinylcyclopropanes, 111 

2.3- Dodecadienal, 135 

2.3- Dodecadiene, 27, 36 

7E,9Z-Dodecadienyl acetate, 199 

lE,5Z,9E-Dodecatriene, 40 

Drimatriene, 104 

Dutadrupine, 338 

Enamino nitriles, 205 

Ene-allenes, 89 

Ene reactions, 83 

a,(3-Enones, 160 

Enophiles, acetylenic, 301, 302 

1.3- Enynes: 

addition of organolithium reagents to, 

30 

from lithiated silyl allenes, 257 

1-methoxy derivatives, 261 

Enynols, 96 

( —)-Ephedrine, 237 

1-Epibromopanacene, 276 

12-Epi-lycopodine, 310 

Epoxidation, with peracids, 96 

Esters: 

(3-keto, 181 

a, (3-unsaturated, 3-methylthio, 243 

(3,y-unsaturated, 181 
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Ethoxy allene: 

in hetero Diels-Alder reaction, 215 

preparation of, 213 

2- Ethoxycarbonyl-7,7-dimethylbicyclo[3.3.0]oct- 

l-en-3-one, 315 

3- Ethoxycarbonyl-4-methylene-3,5,5-trimethyl-1 - 

pyrazoline, 323 

ds-3-Ethoxycyclononene, 68 

1-Ethoxyethylene, 108 

4- Ethoxy-3-methyl-l ,2-butadiene, 22 

Ethyl 4-bromobutadienoate, 274 

Ethyl 2,3-butadienoate, 181 

Ethyl 4-chloro-2,3-butadienoate, 270 

Ethyl (2E,4Z)-decadienoate, 198, 199 

Ethyl 3,4-decadienoate, 198 

Ethyl 3,4-dibromo-2-butenoate, 274 

Ethyl 3,4-dibromocrotonate, 184 

a-Ethylenic-(3'-allenic alcohols, 114 

1- Ethyl-2-fluoro-4,6-dimethylpyridinium 

tetrafluoroborate, 27 

a,|3-Ethylidene cyclobutanone, 291 

Ethyl 4-iodobutadienoate, 283 

Ethyl 2-methyl-2,3-butadienoate, 183, 

323 

Ethyl 4-methyl-2,3-pentadienoate, 323 

Ethyl 3,4-tridecadienoate, 196 

2- Ethynylcycloheptanone, 159 

1- Ethynylcyclohexanol, 13 

P-Ethynyl-P-propiolactone, 200 

trans- l-Ethynyl-2-vinylcyclobutane, thermolysis 

of, 46 

Exaltone, 98 

Exomethylene-2,3-dihydropyrans ,215 

Favorski rearrangement, 229 

Flash vacuum thermolysis, 158, 289 

Fluoroallenes, 268 

Fulvoplumierin, 192 

Furan: 

3-acetyl derivatives, 230 

3-carboalkoxy derivatives, 230 

3-dimethylamino derivatives, 170 

2,6-disubstituted, 222 

3,5-disubstituted, 158, 223 

3-methoxy-2-methyl derivatives, 219 

3-substituted, 223 

3-sulfonyl derivatives, 230 

2-trimethylsilyl derivatives, 221 

3- Furanones, 139 

Furfuryl phenyl selenides, 164 

Furo[3,2-b]pyrone, 337 

2- (2-Furyl)-2-lithio-1,3-dithiane, 231 

Fusicoccins, 316 

Geiparvarin, 139 

Germacranes, 314 

Grasshopper ketone, 135 

Grundmann’s ketone, 35 

Haloallenes, displacement by organocuprates, 36 

5-Halo-3-en-l-ynes, 94 

Head-to-tail terpenoids, 123 

(2E,4Z)-Heptadienal, 199 

1.2- Heptadiene, 19 

2.3- Heptadiene, 27 

1.2- Heptadiene-3-carboxylic acid, 183 

(2E,4Z)-Heptadienol, 199 

5.6- Heptadien-2-one, 172 

3-(5,6-Heptadienyl)-2-cyclohexen-1 -one ,316 

1.2.5.6- Heptatetraene, 127 

1.2.6- Heptatriene, 22 

(E)-2-Heptenal, 220 

1-Heptynyldimethylalane, 37 

11(R)-HETE, 276 

1.2- Hexadiene, 20 

1.5- Hexadiyne, 288 

1.2.4.5- Hexatetraene, 288, 302 

1.2.5- FIexatriene, 22, 105 

Hiyama’s reagent, 20, 32, 90, 95, 108 

Homoallylic alcohols, 70, 71 

Homocyclization, thermal, 286 

Homopropargylic alcohols: 

from allenic boranes, 259 

optically active, 260 

oxidation of, 153 

from trimethylsilyl allenes, 256 

Homer-Wittig reaction, 173 

Housanes, 108 

Hydroalumination, 16, 59, 279 

Hydrocortisone acetate, 234 

Hydrogenation, of alkylallenes, 57 

catalytic, 58 

homogeneous, 58 

(3-Hydroxyacetylenes, 260 

1-Hydroxyadamantanes, 73 

3- Hydroxy-1-butyne, 240 

cA-3-Hydroxycyclononene, 68 

5-Hydroxy-2,2-dimethyl-7-pentylchromene, 79 

l-Hydroxy-2,3-dodecadiene, 135 

(3-Hydroxy-y/-ethylenic alcohols, 114 

7-rrans-3-Hydroxy-|3-ionol, 136 

4- Hydroxy-2-methylbenzoates, 6-substituted, 

187 

3-Hydroxy-3-methy 1-1 -butyne, 239 

1 -Hydroxy-7-methylenebicyclo[3.2.1 joctane, 

312 
v. 

5- Hydroxy-3-methyl-1 -propargylpyrazole, 245 
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5-Hydroxy-1,2-pentadiene, 145 

4-Hydroxy-1 -phenyl-1 -heptyne, 155 
(S)-( -t-)-3-Hydroxy-3,4,4-trimethylpent-l-yne, 6 

ot-Hydroxyvinylallenes, 94 
4-Hydroxy-2-vinyl-2-buten-4-olide, 338 

Iminopyrido[l,2-a]pyrimidines, 206 
Indanes, 112 

Indolizines, 182 

INDO-MO, 50 

Iodine-silver tetrafluoroborate, 282, 283 
1- Iodo-l-alkynes, 116 

Iodoallenes, 27, 36, 280-283 

optically active, 281 

(1 Z,4Z)-1 -Iodo-1,4-dodecadiene ,283 
3-Iodo-l ,2-octadiene, 282 
(3-Ionol, 136 

Ipsdienol, 142, 162 
Ipsenol, 142, 162 

Ishwarane, 312 

(+ )-Isocaryophyllene, 296 
Isolaurallene, 272 

Isomarasin, 146 

Isomerization: 

of alkylallenes, 18 

of allene oxides, 76, 77, 98, 106, 150 
of a-allenic alcohols, 137 

of allenic sulfides, 227, 241 

of allenyl acetic esters, 198 

of allylpropynyl amines, 246 

base catalyzed, 94 

of cyclododecyne, 41 

of 1,2-cycloheptadiene, 47 
of 3,4-dienoic acids, 201 

of ketene dithioacetals, 230 

of P-ketoallenes, 164 
of monoacetoxy-2-butyne-l,4-diols, 139 

of propargylic ethers, 212 
of propargyl selenides, 226 

of propargyl sulfides, 226 

of propargyl sulfones, 236 

of 2-propynylamines, 244, 246 

sulfinate —» sulfone, 236 

of sulfonylallenes, 236 
of 1-trimethylsilyl-l-methoxyallene, 261 

Isophyllocladene, 313 

Isoprene, 60, 111 

2- Isoprenyl-3-methyl-N- 
(trichloroacetyl)crotonamide, 

298 
3- Isopropylidene-4,4-dimethyl-1 -{p- 

tolylsulfonyl)-2-azetidinone, 

297 

Isoxazoles, 161 

5-amino, 206 
Isoxazolidines, 321 

Jasmones, 98 
Juglone, 186 

( + )-erythro-Ju\abionQ, 332 

Karahanaenone, 111 
Ketene acetals, 243 
Ketene dithioacetals, 230 

P-Ketoesters, 243 
Ketones: 

a,(3-acetylenic, 253 
P,y-alkoxyvinyl, 160 

allenic, 135 
aminovinyl, 160 

cyclopropyl, 148 
a-hydroxy, 217, 218 

macrocyclic, 165, 166 
silyl, 217, 221 
a,p-unsaturated, 137, 138, 217, 222, 224 

(3-siloxy, 140 

a,p,y,8-unsaturated, 164, 224, 233 

P,7-unsaturated, 161, 241 
vinyl, 216 

P-Ketonitriles, 205 
P-Ketophosphonates, 248 
P-Ketosulfoxides, from allenic sulfoxides, 232 

Laballenic acid, 146 

P-Lactams, 296 

8-Lactones: 
3,3-dimethyl, 201 
4-trimethylsilyl, 151 

Lameallenic acid, 146 
Lasiodiplodin, 188 

Lithiated allenes, 94, 165 

alkoxyallenes, 215, 243 
alkyl, 30, 36, 152 

amino, 246 
methylation of, 246 

as nucleophiles, 331 
thioallenes, 241, 242, 243 
transmetallation to magnesium, 257 

3-Lithio-1 -alkoxyallenes: 

alkylation of, 222 
transmetallation to aluminum, 222 

1 -Lithio-1 -methoxyallene: 

arylation of, 215 
reaction with carbonyls, 217 
reaction with a-haloketones, 219 

Lithium aluminum hydride, 95, 118 
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Lithium aluminum hydride-3-O-benzyl-1,2-0- 

cyclohexylidene-a-D-glucofuranose 

complex, 145, 146 

Lithium bismenthyloxyaluminum hydride, 145, 

146 

Lithium borohydride, 308 

Lithium chloropropargylide, 108 

Lithium dialkyl cuprates, 281 

addition to allenic phosphine oxides, 250 

reaction with bromoallenes, 279 

reaction with iodoallenes, 281 

VLithium dicyclohexylamide, 220 

Lithium diethylamide, 243 

Lithium dimethyl cuprate, 35, 137, 183, 238 

Lithium dioctyl cuprate, 91 

Lithium-metal exchange, of organometallic 

allenes, 331 

Lithium methoxyaluminum hydride, 95, 118 

Lithium 4-(2-tetrahydropyranyloxy)-2- 

butynolate, 223 

Lithium tetramethylpiperidide, 11 

Lowe-Brewster rule: 

assigning absolute configuration, 7 

violation of, 35 

Lunularic acid, 193 

Maleic anhydride, 112, 115, 299 

Malonic acid derivatives, 183 

Manganese dioxide, 92, 95 

( + )-Marasin, 146 

(-)-Marasin, 146 

(-)-Menthol, 32 

4-Mercaptoazetidin-2-one, 275 

Mercuric perchlorate, 308 

Metallated allenes, 156 

silyl, 256 

3-Methoxy-3-alken-l-ynes, 216 

Methoxyallene: 

acyl anion equivalent, 215 

addition to, 213 

addition of Grignard reagents to, 214 

addition of triphenylphosphonium bromide to, 

214 

alkylation of, 215 

a-lithiation of, 215 

preparation of, 213 

Methoxybutadienes, preparation of, 214 

l-Methoxy-2-butyne, 331 

1 -Methoxycyclopropanones, 1 -alkyl ,216 

3-Methoxy-1,3-dienes, 217 

Methoxy dihydrofurans, 218 

Methoxy homoallylic alcohols, preparation of, 

213 

2-Methoxy-3-phenylsulfonylpropene, 237 

6-Methyl-1 -azabicyclo[4.3,0]non-6-en-2-one, 85 

2-Methylbenzofuran, 339 

2-Methylbenzo[b]thiophene, 340 

2- Methylbicyclo[3.2.OJhepta-1,4,6-triene, 49 

3- Methyl-l,2-butadiene, 12, 19 

hydrobromination of, 63 

iodination of, 65, 66 

Methyl 2,3-butadienoate, 324 

2- Methyl-2,3-butadienoic acid: 

ethyl ester, 180, 182 

reaction with 2-aminothiazole, 182 

3- Methyl-1,3-butadienyl phenyl sulfoxide, 227 

3-Methyl-1,2-butadienyl phosphonates, 248 

3-Methyl-1,2-butadienylphosphonic acid, 252 

3-Methyl-l,2-butadienylphosphonic dichloride, 

251 

3-Methyl-1,2-butadienyl thiocyanate, 226 

3-Methyl-2-butene-l-ol, 146 

3-Methyl-2-butenyl sulfide, 228 

c«-l-Methylcyclodecene, 60 

ds-l-Methylcyclononene, 60 

1- Methylcyclooctene, 43 

2- Methyl-2,3-dodecadiene, 27 

5- Methylenebicyclo[4.1.0.0]heptane, 23 

8-Methylenebicyclo[4.1.0]octan-2-one, 305 

Methylenecyclobutanes, 298, 300 

from Lewis acid catalysis, 301 

Methylenecyclobutanones, 294 

Methylenecyclohexenes, 101 

3- Methylenecyclopentene, 105 

4- Methylenecyclopentene, 105 

Methylenecyclopropane, 322 

3- Methylene-1,5-hexadiene, 111 

4- Methylene-1-pyrazoline, 322 

4-Methylene-A2-pyrazoline, 324 

Methylene sulpholenes, 126 

Methyl 4-formylbutyrate, 283 

Methyl (2E,4Z)-heptadienoate, 199 

6- Methyl-4,5-heptadien-2-one, 164 

Methyl (5Z)-8-iodo-5,8,9-decatrienoate, 283 

Methyl 5-iodo-5,6-heptadienoate, 282 

Methylmagnesium iodide, 90, 281 

1 -Methyl-3-methylene-2- 

oxabicyclo[2.2.0]hexane, 172 

Methyl 6-methylene-2-oxo-tricyclo[5.4.0.01 5]- 

undecane-7-carboxylate, 316 

2-Methyl-2-neopentylcyclopropane, 22 

Methyl 2,3,3a,6,7,8,9,9a-octahydro-4-methyl-l- 

oxo-1 H-cyclopentacyclooctane-5- 

carboxylate, 316 

cw-9-Methyl-A7-2-octalone, 112 

2-Methyl-2,3-pentadiene, 38 
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2-Methyl-4-phenyl-4,9-dihydro-pyrazolo[l ,5-b] 

isoquinoline-9-carboxylic acid, ethyl 

ester, 326 

Methyl propiolate, 93, 303 

Methyl-2-propynyl ether, 274 

Methyl (E)-( — )-2,4,5-tetradecatrienoate, 91, 95, 

134, 196 

4-Methyl-5,6,7,8-tetrahydrocarbostyril, 300 

(3-Methylthioacrylates, 243 

1 -Methylthio-3,3-diethoxypropyne, 243 

1 -Methylthio-3-methoxypropyne, 242 

2- Methylthioquinoline, 331 

3- Methyl-1 -trimethylsilyl-1,2-butadiene, 253 

l-(N-Morpholino)-(E)-7-cyanomethylene-cw- 

bicyclo[4.2.0]octane, 208, 300 

1- (N-morpholine)-cyclohexene, 300 

Muscone, 81, 98 

Mycomycin, 1, 120 

Myrcene, 142 

Naphthalene, 42 

Naphthalene- 1,2-dicarboxylie acid anhydride, 

289 

2.3- Naphthoquinodimethide, 289 

(R)-1 -(1 -Naphthyl)ethylisocyanate, 34 

Naphthyl 2-propynyl sulfoxides, 341 

Nemotin, 120 

Nemotinic acid, 120 

Nitrones, in 1,3-dipolar cycloadditions, 321 

p-Nitroperbenzoic acid, 106 

p-Nitrophenylallene, 10 

N-Nitroso-N-(tran5'-2,3- 

diphenylcyclopropyl)urea, 33 

1.2- Nonadiene, 16, 19 

(Z)-l,3-Nonadiene, 258 

1.2- Nonadiene-4-yne, 115 

1.4- Nonadiyne, 115 

1.2.7.8- Nonatetraene, 23 

1.2.8- Nonatriene, 22 

c/s-2-Nonene, 58 

2- Nonene-4,6,8-triyn-l-ol, 146 

2-Nonyne, 16 

Norbornene derivatives, 163 

Obtusallene, 272 

(± )-2,3-Octadiene-5,7-diyne-1 -ol, 121 

9,10-Octalin, 51 

1.2.6.7- Octatetraene, 23, 127 

1.2.7- Octatriene, 22 

n-Octylmagnesium bromide, 14 

Odyssic acid, 120 

Odyssin, 120 

Okamuranene, 272 

One pot reactions, 27, 30, 229, 233, 243 

Ophiobolanes, 316 

Organocuprates, 14, 33, 183 

addition to acetylenes, 28 

conjugate addition to allenic sulphones, 

238 

Organoheterocuprates, 29, 30, 214 

addition to propargyl mesylates, 253 

Organohomocuprates, 29 

3-Oxabicyclo[3.1.0]hexane, 22 

1.2- Oxaphosphol-3-ene: 

5-exomethylene, 161 

tetrahalo, 251 

1.2- Oxaphosphol-3-ene 2-oxide, 251 

2-alkoxy, 250 

5,5-dimethyl-2-hydroxy, 252 

4-halo, 250 

4-thio, 250 

1.3- Oxazolidines, from sulfonyl allenes, 237 

Oxidation: 

of allenic sulfides, 236 

of allenic sulfoxides, 236 

of 3,4-disubstituted-5-pyrazolones, 180 

sultine —» sultone, 240 

y-Oxoallenes, 172 

Oxygenated allenes, 212-225 

(±)-Panacene, 273, 276 

[2.2]Paracyclophanes, 302 

Patemo-Biichi reaction, 172 

Pellitorine, 200 

1.2- Pentadiene, 299 

2.3- Pentadiene: 

methoxymercuration of, 67 

optically active, 65 

2.3- Pentadienoic acid, methyl ester, 180 

2.3- Pentadien-l-ol, 134 
4a-(3,4-Pentadienyl)-4,4a,5,6,7,8-hexahydro-2- 

(3H)-naphthalenone, 316 

3-(3,4-Pentadienyl)-4,5,6,7-tetrahydro-l-(3H)- 

isobenzofuranone, 316 

1,2-Pentadien-4-y ne ,115 

Pentalenolactone E, 315 

Pentamethylene allene, 13 

2,4,10,12,15- Pentaoxadispiro[5.1.5.3] 

hexadecan-7-one, 80 

1,2,4-Pentatriene, 89 

2-Pentyl-1,3-butadiene, 258 

2-Pentyl-l,3-pentadiene, (E)- and (Z)-isomers, 

258 

Peroxybenzimidic acid, 149 

PGA2-methyl ester, 315 

Phase transfer reactions, 37, 51, 81, 227, 245 
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Phenylallene, 19, 20 

Phenylallenyl sulfide, 340 

2- Phenylisobutylidienecyclopropane, 301 

Phenylisothiocyanate, 331 

Phenyl 2-propynyl sulfoxide, 341 

Phenylthiocopper trimethylphosphite complex, 

227 

Pheromones, 134, 142, 196 

Photoepoxidation, 99 

Phyllocladene, 313 

( + )-a-Pinene, 31 

( —)-a-Pinene, 31 

Piperidin-4-ones, 321 

( + )-A8,14-Podocarpen-13-one, 313 

Pregnane steroids, 14, 77 

Prins reaction, 80 

1-Propadienylimidazole, 244 

1-Propadienylpyrazole, 244 

1- Propadienylpyrrole, 244 

1 -(Propadienyl)-2-pyrrolidone, 244 

reaction with pyrrolidine, 244, 245 

3- Propadienyl-4-quinazolone, 245 

N-Propargylaniline, 343 

N-Propargylaniline N-oxide, 343 

Propargyl bromide, 14, 229, 244 

Propargylic acetates, 281 

Propargylic hydroperoxides, 253 

Propargyl trimethylsilanes, 282 

Propargyl vinyl sulfide, 342 

[4.4.3]Propellane, 316 

Propiolactones, 106 

2- Propynyl kojate, 337 

2-Propynyl phenyl sulfide, 340 

2-Propynyl sulfoxide, 341 

Pseudoionone, 164, 224 

Pseudoirone, 224 

Pyrazoles, 161, 163 

5-amino, 206 

Pyrazolo[5,1 -c]-1,4-oxazines, 324 

Pyrethrolone, 1 

a-Pyridones, 191 

a-Pyrones,6-diethylamino, 203 

Pyrroles, 280 

Pyrrolidin-3-one, 321 

2-Pyrrolidone, alkylation of, 244 

4- Quinolylpropargyl sulfide, 340 

Rearrangement: 

acid catalyzed, 307 

aliphatic propargylic ether, 338 

alkynylboranes, 17 

allene —» acetylene, 278 

allene oxidecyclopropanone, 150, 151 

amino-Claisen, 343 

biosynthetic, 310 

Cope, 94, 105, 111, 127, 271 

di-TT-methane, 107, 108 

oxy-Claisen, 337-339 

oxy-Cope: 

cyclobutene, 314 

modified, 332 

prototropic, 24, 93, 236, 290 

[1.5]sigmatropic, 102, 103, 247, 252, 293 

[1.7]sigmatropic, 102, 104 

[2.3] sigmatropic, 85, 231, 232, 236, 239 

[3.3] sigmatropic, 109, 114, 246, 337 

thermal: 

of cyclopropanes, 290 

of epoxides, 290 

of thiaepoxides, 290 

thio-Claisen, 340-343 

“Reduced” allenes, 29 

Reduction: 

asymmetric, 32 

Wolff-Kishner, 313 

Reductive fragmentation, 316 

Retinoids, 103, 104 

9-cis, 11 -cis, 13-m-Retinol, 103 

11-m-Retinol, 103 

11,13-di-m-Retinol, 103 

Retro-aldol reaction, 242 

Ring closure: 

conrotatory, 288 

distrotatory, 292 

electrocyclic, 290 

Ritter reaction, 204 

Rule, empirical for photocycloaddition, 306, 307 

|3-Santalene, 185 

Scorodonin, 114, 115 

[8][10]Screw[2]ene, 51 

(4R)-5,10-Secoestra-4,5-diene-3,10,17-trione, 

156 

Showdomycin, 194 

Silver perchlorate, 224 

Silver tetrafluoroborate, 224, 339 

Silylallenes, 252 

oxygenation of, 253 

as propargyl anion equivalent, 256 

reaction with enones, 254, 255 

Simmons-Smith reagent, 75 

SNi' reaction, 6, 224, 269, 280 

Sn2 reaction, 29 

Sn2' reaction, 12, 14, 15, 29, 117, 141, 152, 

198 
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of propargyl acetals, 212 

of propargyl alcohols, 133 

of propargyl bromides, 205, 226 

Sodium cyanoborohydride, 252 

Sodium ruthenate, 316 

Spiro bis-isoxazoles, 319 

Spirocycloadducts, from chlorocyanoacetylenes, 

301 

Spiropentanes, 74 

Stereochemistry: 

of 1,2,6,7-cyclodecatetraene, 42 

in Diels-Alder reactions, 162 

in homopropargylic alcohol formation, 256, 

257, 260 

of halogenation of internal allenes, 65 

in hydrogenation of allenes, 58, 59 

in isomerization of allenyl acetic esters, 199 

of oxymetallation of allenes, 67 

Steric factors: 

in allene-alkyne ratios, 29 

in isomerization of allene acetic esters, 199 

of methoxy mercuration of methylated allenes, 

57 

(±)-Steviol methyl ester, 313 

3-(Substituted methyl)-indoles, 343 

Sulfinyl enol ethers, a,p-unsaturated, 233 

Sulfonyl allenes, 238 

Sultines, 240 

Sultones, 240 

Tagetones, 227 

Talatisamine, 310 

Tanabe-Eschenmoser fragmentation, 156 

Teresantalol, 186 

Terminal acetylenes, from allenyl boranes, 37 

Tetracyclo[5.3.01,606’11 ]undecane, 51 

3,4-cis-A1,2-Tetrahydrocannabinol, 80 

Tetrahydrocerulenin, 221 

Tetrahydrofurans, 149 

2-vinyl, 152 

A-4-Tetrahydropyran-3-ones, 100 

Tetrahydropyran-3-ones, 151 

Tetrahydropyrans, 2-alkenyl, 152 

(+ )-sym-Tetraisopinocamphenyldiborane, 

31 

Tetrakis(triphenylphosphine)palladium, 120, 

125, 215 

reaction with allenic bromides, 279 

Tetramethylallene, 78, 297 

2,2,3,3-T etramethy lisobuty lidenecyclopropane, 

301 

2,6,10,10-Tetramethyl-l -oxaspiro[4.5]deca-3,5- 

diene, 159 

1,1,4,4-Tetramethyl-lH,4H-thieno[3,4-c] 

thiophene, 226 

1.4.6.6- Tetraphenyl-3-bromofulvene, 127 

1.1.6.6- Tetraphenyl-3,4-dibromo-l ,2,4,5- 

hexatetraene, 127 

1.1.6.6- Tetraphenylhexapentaene, 127 

2H-Thiachromone, 340 

Thietanes, 318, 319 

Thiophenes, 341 

substituted, 342 

Thiophenol, 213, 227 

addition, 111 

a-Thiopyrane, 319, 342 

2H-Thiopyrane derivatives, 342 

2H,7H-Thiopyrano[2,3-b]thiopyran, 340 

Titanacyclobutane, reaction with terminal 

allenes, 336 

p-Tolylsulfonyl isocyanates, 297 

Trachylobane, 312 

1.1.3- Tri-r-butyl allene, 76 

Tricyclo[4.4.0.024]deca-5,8-diene, 70 

Tricyclo[4.4.0.02,4]dec-5-ene, 70 

Tricyclo[4.1.0.0]heptane, 22 

Tricyclo[4.1.0.02,7]heptane, 47 

Tricyclo[4.1.0.04,6]heptane, 127 

Tricyclo[3.2.1.02’7]octane, 312 

Tricyclo[5.1.0.0]octane, 22 

1.2- Tridecadiene, 20 

1.2.3- Trienes, 74 

Trifluoroacetic anhydride, 113 

1.2.2- Trimethylbicyclo[ 1.1.0]butane, 38 

(R)-( - )-3,4,4-Trimethyl-l-pentyne-3-ol, 

269 

Trimethylsilyl allene, 252 

a-(Trimethylsilyl)allenes, 258 

1-Trimethylsilylbutadiyne, 121 

1 -Trimethylsilyl-1 -methoxyallene ,217 

a-lithiation of, 220 

5-Trimethylsilyl-3-pentynylidenetriphenyl- 

phosphorane, 283 

Triorganoalanates, 105 

Triorganoborates, 105 

Triphenylphosphite dibromide, 146 

Triphenylphosphite methiodide, 280 

1.2- Undecadiene, 14, 92 

a-lithiation of, 36 

(± )-5,6-Undecadiene-8,10-diyne-1 -ol, 123 

1-Undecyne, 134 

(3,y-Unsaturated y-dithiolactones, 334 

Valence tautomerization, 271 

Veatchine, 309 
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Vicinal allenic diols, 96 

Vinylcyclopropanone, 98 

Vinylmagnesium bromide, 314 

Vitamin D: 

C/D ring fragment, 21, 35 

1-hydroxy, 102 

Wittig reaction, 324 

with ketenes, 179 

intramolecular, 188, 248 

Xanthanethione, 319 

p-Xylylene intermediate, 302 
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