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Alkenylidenecyclopropanes have been synthesized in moderate yields by reactions of derivatives of ethynylcarbinols with 
base in the presence of olefins. A reaction scheme involving y-elimination to give alkenylidene carbenes is proposed. Evi
dence for the formation of diarylvinylidene carbenes as intermediates in the formation of tetraarylhexapentaenes is given. 

Ethynyldialkylcarbinyl chlorides undergo very 
slow solvoiysis in aqueous ethanol a t room tem
pera ture . 2 _ s In acidic solution, isomerization of 
the chlorides to chloroallenes can occur.5 In the 
presence of base, these tert iary acetylenic halides 
undergo a replacement reaction which is kinetically 
of second order.2-4^6 The products are the unre-
arranged tert iary acetylenic ethers. Since a bi-
molecular displacement on the tert iary halide ap
pears highly unlikely, the following mechanism was 
advanced2 

0H9 
R J C C = C H >- R2CC=Ce 

! I 
Cl Cl 

- c i e © 
R2CC=Ce > [R8CC=Ce •< > R 2 C=C=C:] 

Cl 

© C2H5OH 
[R 2CC=Ce^ > R 2 C=C=C: ] -> R2CC=CH 

I 
OC2H6 

The rate-determining step of the reaction is pre
sumed to be the loss of chloride ion from the acetyl
enic anion. Evidence in support of this scheme is 
found in the observations tha t the first step is re
versible and very fast in comparison to the over-all 
rate of reaction,6 and that no second-order reaction 
is observed when the ethynyl hydrogen is replaced 
with an alkyl group.4 Additional evidence for the 
reaction sequence was obtained by the direct 
alkylation of amines with the tertiary acetylenic 
chlorides8 

RsCC=CH + R'jNH —>- R2CC=CH 
I I 
Cl R 2 N 

The purpose of the present work was to obtain 
more information concerning the nature of the 
highly unsaturated intermediate represented by 
the resonance hybrid I. 

© 

[R2C-C=CO •< ^ R 2 C=C=C: ] (I) 
The addition of carbenes to olefins7 has become the 
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ing of the American Chemical Society, St. Louis, Mo., March, 1961. 

(2) G. F. Hennion and D. E. Maloney, J. Am. Chem. Soc, 73, 4733 
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(3) A. N. Pudovik, J. Gen. Chem., U.S.S.R., 21, 14C2, 1811 (1031); 
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(4) A. Burawoy and E. Spinner, J. Chem. Soc., 3752 (1D54). 
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(1957). 
(6) The results of deuterium exchange studies of Shiner and Wilson; 

private communication from Professor V. J. Shiner, Jr. 

most widely investigated reaction of carbenes, and 
has been shown to afford information concerning 
the electronic s t a t e 8 - 1 1 and relative react ivi ty 1 2 - 1 4 

of the divalent carbon intermediates. Accordingly, 
this paper presents the demonstration of the reac
tion of I with olefins, and the following paper16 

describes the stereochemistry and relative rates of 
the olefin addition reactions. 

Results and Discussion 
Dialkylvinylidene Carbenes.—The addition of 

3-chloro-3-methyl-l-butyne (II) to a slurry of 
potassium i-butoxide in styrene resulted in the 
formation of a hydrocarbon, Ci3Hi4, in 4 8 % yield. 
The hydrocarbon was assigned the structure of l-(2-
methylpropenylidene)-2-phenylcyclopropane ( I I I ) 
on the basis of spectroscopic and chemical evidence. 
The infrared spectrum of I I I showed strong absorp
tion at 2020 c m . - 1 which may be at t r ibuted to the 
allenic group.18 No evidence of additional un-
saturation other than the aromatic ring was seen. 
The presence of the cyclopropane ring was suggested 
by absorption at 1030 c m . - 1 "-18 The ultraviolet 
spectrum of I I I showed only strong end absorption 
with no maximum, thus demonstrating the absence 
of a conjugated alkenyl benzene. The nuclear 
magnetic resonance (n.m.r.) spectrum of I I I showed 
absorption due to the aromatic hydrogen at r20 = 
2,91, methyl hydrogens a t T = 8.28, benzylic hy
drogen split into a quar te t centered at r = 7.25, and 
the methylene hydrogens each split into partially 
resolved quartets centered a t - = 8.16 and 8.60. 
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(11) K. R. Kopecky, G. S. Hammond and P. A. Leemakers, ibid., 
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(16) L. J. Bellamy,"The Infra-Red Spectra of Complex Molecules," 

John Wiley and Sons, Inc., New York, N. Y., 1954, pp. 32-53. 
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strong absorption in this region with the exception of the allene derived 
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ring. This along with other compilations19 of spectra of cyclopropane 
hydrocarbons suggests that the absorption in this region (1020-1030 
cm. - 1) is a satisfactory diagnostic for cyclopropane hydrogen in 
hydrocarbons. 
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C6H6CH-
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-CCOOC2Hs 
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OH 

KOH 
CJI6CO(CH2)8CH(CH8)2 

1, NaOCH, 

The two meth)4ene hydrogens would be expected 
to be split into quartets since they are non-equiv
alent and would split each other as well as be split 
by the benzylic hydrogen. The situation is analo
gous to that of styrene oxide.21 The combined 
spectral da ta are consistent only with the structure 
I I I . 

Hydrogenation of I I I in 9 5 % ethanol over palla
dium-on-carbon gave o-methyl-l-phenylhexane (IV) 
in 8 9 % yield. Compound IV was synthesized inde
pendently by a Wolff-Kishner reduction of 5-
methyl-1-phenyl-l-hexanone. The two products 
had identical infrared spectra, and a mixture of 
their diacetamido derivatives gave no melting point 
depression. The diacetamido derivatives were pre
pared by the standard procedure22 of nitration, 
reduction and acetyiation. The pure diamide was 
obtained from I I I in 0 1 % yield. The other possible 
products of hydrogenation, 2,4-dimethyl-l-phenyl-
pentane and 5-methyl-2-phenylhexane, were also 
synthesized. The diacetamido derivatives of these 
hydrocarbons were shown to be different from that 
of IV. Hydrogenation of I I I could not be stopped 
without ring opening. There was no diminution in 
the rate of absorption of the third equivalent of 
hydrogen. When the hydrogenation was inter
rupted after the absorption of two equivalents of hy
drogen, an examination of the infrared spectrum of 
the crude product indicated a complex mixture. A 
similar, facile ring opening during hydrogenation 
has been observed with methyleneeyclopropane;23 

and hydrogenoiysis of the cyclopropane ring appears 
to be a general reaction for vinyl- and alkylidene-
cyclopropanes.24 The ease of ring hydrogenoiysis 
suggests a conjugate addition of hydrogen, and the 
direction of ring opening may be rationalized along 
lines similar to those proposed by Ullman.24 Addi
tion of hydride ion to I I I would be expected to give 
a carbanion-metal complex of either structure A or 
B. Either species should very readily undergo 
ring cleavage to give the less-strained, benzylic 
carbanion A ' or B ' . Fur ther hydrogenation would 
lead ultimately to IV. 

Ozonolysis of I I I in ethyl acetate solution pro
duced a complex mixture of products. Acetone 

(21) J. D, Roberts, "Nuclear Magnetic Resonance,1' McGraw-Hill 
Book Co., Inc., New York, N. Y., 1959, pp. 48-49. 

(22) V. N. Ipatiefl and L. Schmeriing, J. Am. Chem. Soc, 69, 1056 
1937). 

(23) ] . T. Gvagsou, K. W. Greenlee, J. M. Derfer and C. E. 
Boord, ibid., 76, 3344 (1953). 

(24) E. F. Ullman, ibid., 81, 5386 (1959). 

OH 

i 
+ C4HoCH2CHCCH2CH2CJi, 

I j 

I COOH 

VII COCOOH 

was obtained in 6 5 % yield and CO2 in 0% yield. 
Traces of benzaldehyde and malonic acid were also 
identified, bu t the major product was an intractable 
oil. Most of the oil was soluble in dilute aqueous 

of 

>• C J I S C H 2 C H 2 C C O O H 

VI 

sodium hydroxide giving the red color typical 
aldol condensation products 

/ C H 2 (M 1 H 

(",,".fU 
\/ 

CH, 

Ozonolysis of I I I in 

CH3 
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C6H6CH-T-C-' C6H 

CH3 

(M)-1 

'KCHjCH: 

B' 

-CH, 

• M > - < -

CH3 

ethanol proved to be more useful. Traces of CO2 

were obtained when the ozonolysis was performed 
at 0°, while there was no evidence for CO2 formation 
a t —80°. Acetone was obtained in 7 3 % yield and 
ethyl l-hydroxy-2-phenylcyclopropanecarboxylate 
(V) in 4 0 % yield. Compound V could have been 
contaminated by small amounts of an isomer, ethyl 
benzylpyruvate, but no 2,4-dinitrophenylbydrazine 
derivative could be obtained from V. 

The structure of V was established by its reaction 
with sodium methoxide to give benzylpyruvic acid 
(VI) and the aldol condensation product V I I . 
Compound VI was oxidized with hydrogen peroxide 
to give (3-phenylpropionic acid, and the structure of 
VII was confirmed by independent synthesis.26 

Benzylpyruvic acid has previously been obtained 
as the major product from the reaction of 2-hydroxy-
3-phenyl-2-cyclobutenone (VIII) with base.26 I t 
was suggested20 tha t V I I I underwent a benzilic 
acid-type rearrangement to give the anion of 1-
hydroxy-2-phenylcyclopropanecarboxylic acid ( IX) 
which in turn ring opened in base to give the anion 
of VI. 

The ring opening of V to give VI is analogous to the 
known conversion of cyclopropanol to propionalde-
hyde.27 

The a t tack of ozone on I I I represents a preferen
tial a t tack on the double bond bearing the methyl 

(25) J. Bougalt, Compt. rend., IBS, 477 (1912). 
(26) L. Skattebgl and J. D. Roberts, / . Am. Chem. Soc, 80, 4085 

(1958). 
(27) J. K. Magrane, Jr., and D. L. Cottle, ibid., 61, 484 (1942); 

G. W. Stahl and D. L. Cottle, ibid., 66, 1782 (1943). 
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,CH2 

C6H5 = 0 C6H5CH- - CCOf I 

OH ! 
OH 

VIII O 

C6H5CH2CH2CCO; 

IX 

VI 

groups. The a t tack at this position is favored at 
least by a factor of 3:1 in tha t acetone was isolated 
in 7 3 % yield. The formation of V may be ration
alized by the Criegee mechanism of ozonolysis28 

as is shown. 

I l l- C0H5CH C = C 

[ .CH2 

: / \ 
C6H5CH --C=O-

,0 ,CH3 

0 " - 0 ^ -CH, 

o o° 
o-c 

.CH;. 

'CH;, 

C2H5OH 

,CH, 
.0C2H5 

C6H5CH- - C = C 

V0 

HO^ 
The addition of bromine and thiophenol to I I I 

gave oils which could not be crystallized. Upon 
standing, the bromine adduct evolved hydrogen 
bromide and blackened. There was no reaction 
between I I I and maleic anhydride. 

The scope of the reaction of I I with bases in the 
presence of olefins has not been extensively studied, 
but alkenylidenecyclopropanes have been obtained 
from cyclohexene, 2-methyl-l-butene, 2-methyl-2-
butene, 1-hexene, 2,3-dimethyl-2-butene and cis 
and trans-2-butene.15 The yields of allenes were 
10-50%, bu t these are not optimum. Yields could 
probably be increased by using a higher ratio of ole
fin to I I and by using potassium /-butoxide com
pletely free of/-butyl alcohol. Potassium/-butoxide 
is the preferred base for the reaction. Sodium 
hydride dispersion in mineral oil was ineffective 
while butyll i thium reacted wTith the alkenylidene
cyclopropanes, and only poor yields of the allenes 
could be obtained. 

With the exception of l-(2-methylpropenylidene)-
2,2,3,3-tetramethylcyclopropane (X), the alkenyli
denecyclopropanes obtained from I I and olefins are 
colorless liquids which air oxidize rapidly. Com
pound X is a low melting, air-stable solid which is 

(CHJ2K 

(CH,)..1, 

.CH3 

--c=c 
CH3 

characterized by extremely simple infrared and 
n.m.r. spectra. All of the alkenylidenecyclopro
panes exhibit the characteristic allenic infrared 
absorption at 2020 ± 20 c m . - 1 . This region is at 
slightly higher frequency than the frequency range 
normally cited16 for allenes (1960-1980 cm. - 1 ) . I t 
is generally true that force constants of double 
bonds attached to a cyclopropane ring are increased 
above their acyclic values. Thus, a shift to higher 
frequencies has been observed for the double bond 
stretching frequency of methylenecyclopropane.23 

The frequency shift should not be as large with the 
allenes, for the stretching vibration of the allenic 
group involves mainly the motion of the central 
carbon atom. As a consequence, the compression 
of bond angles should not be as large with the 
alkenylidenecyclopropanes as it is with the alkyli-
denecyclopropanes. The shift above acyclic values 
is seen to be about 40 c m . - 1 in the case of the allenes 
as compared with a shift of 100 cm." 1 for the olefins. 

The spectrum of the alkenylkieuecyclopropane 
obtained from cyclohexene is unusual in that there is 
a doublet at 2(K)O and 2030 cm. - 1 . The splitting-
is not a result of the presence of two conformational 
isomers, for the relative intensities of the two bands 
were unaffected by temperature changes. The 
splitting is probably a result of Fermi resonance, 
although the coupled frequencies could not be de
termined from the spectrum. Splitting of the allenic 
band has been observed previous!}"2" and was sug
gested to be characteristic of an allene to which is 
at tached a carboxyl, amide or ester group. The use 
of such a diagnostic would appear to be hazardous. 

The formation of the alkenylidenecyclopropanes 
is most simply rationalized by the formation of the 
carbene I and its addition to the olefin.s0 Addi
tional evidence for such a reaction course is given 
in the following paper.15 

Diarylvinylidene Carbenes.—When acetic an
hydride is added dropwise to a stirred slurry of 
powdered potassium hydroxide and duiryle thymi-
carbinols in ether, tetraarylhexapentaenes are 
formed in good yields.31 The reaction sequence 

(C2Hi)2O 
(CH3CO)2O > 

Ar2O =.C-=C=---C=CAr 

(28) P. S. Bailey. Chem. Revs., 58, »25 (195S) 

Ar 2 C-C=CH -j- KOH -} 

OH 

suggested by Cadiot3 1 appeared unlikely in compari
son with one involving carbenes, so the reaction was 
reinvestigated. An exothermic reaction ensues 
upon the addition of a solution of the acetate of 
diphenylethynylcarbinoi in styrene to a slurry of 
potassium /-butoxide in styrene at —5°. The 
product was chromatographed on Florisil to give I -
diphenylvinylidene-2-phenylcyclopropane (XI) in 
2 5 % yield and l , l ,4,4-tetraphenyl-2-butyn-l ,4-
diol in 4 4 % yield. Formation of the lat ter product 
is not unexpected since it has been shown32 to be 
formed from diphenylethynyl carbinol and base. 

(29) J. H . W o t u a n d W. B . Celmer , J. Am. Chem. S.ic. 74 . !Mill 
(1952). 

(30) T h e i somer iza t ion of 11 t o ( C H a ) S C = C = C H C l , allium;,!: 
possible u n d e r t h e react ion condi t ions , is no t believed t o be an n\tt-r 
media t e reac t ion . R e a c t i o n s of t h e chloroaUene a n d base h a \ e be ;n 
s tud ied , 3 a n d h a v e been shown to differ in k ind from those of I I . 

(31) P . Cad io t , Ami. Chim., [UI] 1, 214 :195(i). 
(32) A. J. Zakharovi i , J. Gen. Chem US.S.R, 11 , 939 ( 1 9 1 I j ; 

C. A., 37, 355 (1943). 
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(C6Hs)2CC=CH + KOZC4H3 + C8H5CH=CH2 — > 

OCOCHs 
CH2 

/ \ 
C6H5CH C=C=C(C6H6)2 + (C8H5)2CC=CC(CaH,02 

! i 
XI OH OH 

The structure of X I was confirmed by its infrared, 
ultraviolet and n.m.r. spectra. In the infrared, X I 
shows absorption due to the allenic group at 2000 
c m . - 1 . The ultraviolet spectrum of X I in ethanol 
showed absorption at 286 mji (e 1.8 X 104) and a 
shoulder at 225 mju_ (e 2.5 X 104). 1,1-Diphenyl-
ethylene has a maximum at 250 mn (<= 0.9 X 104). 
The n.m.r. spectrum of X I in deuteriochloroform 
provides unequivocal proof of its structure. In 
addition to the aromatic hydrogens (r = 2.72 for 
CeH5 on the cyclopropane ring and r = 2.83 for C6-
H5 on the allenic carbon), the spectrum consists of 
three quar te ts of approximately equal area. The 
quar te t for the benzylic hydrogen is centered at r = 
6.88 and the /3-hydrogens are centered at T = 7.8(J 
and 8.17. 

The most satisfactory explanation for the forma
tion of X I is the formation of diphenylvinylidene 
carbene and its addition to styrene 
(C6Hs)2CC=CH + (-C4H9OG — > 

I 
OCOCH, 

(C 6 H 5 ) ,CCE=CG + i-C4H3OH 

OCOCH3 

(C6Hs)2CC=CQ — > CH3CO2G + [(C6Hs)2CC=CQ -<-s-

OCOCH3 

(C6Hs)2C=C=C:] 

[(C6Hs)2CC=Ce -<—> 
(C6Hs)2C=C=C:] + C6H5CH=CH2 — > 

CH2 
/ \ 

C6H5CH C=C=C(C6Hs)2 

XI 

Formation of the hexapentaene X I I most likely 
occurs by reaction of the carbene with anion of the 
acetylenic acetate 

[(C6Hs)2CC=C ^-^ C6H5C=C=C:] + (C6Hs)2CC=CG 

OCOCH3 

O r e 
(C6H5I2C-C=C-C=C=C(C6HO2', - * 

-ToCOCH3 

(C6HO2C=C = C = C=C = C(C6HO2 > CHaC0P 
XII 

The reaction of the carbene with the acetylenic 
anion is reasonable in that alkenylidene carbenes 
are electrophilic species.15 The direct dimerization 
of carbenes in solution appears to be an extremely 
unlikely reaction which probably does not occur to 
any significant extent.33 

Dimerization reactions of carbenes in solution 
have been suggested by many workers; bu t in most 
cases al ternate mechanisms are not only possible, 
but are more probable. This is particularly true 

(33) W. Kirmse, Angeiv. Chem., 71, 537 (1959). 

when nucleophiles are present in solution.34 A 
recent example is given35 in the explanation for the 
observed second-order kinetics for the reaction of 
alkali with 4-nitrobenzyl chloride to give 4,4'-di-
nitrostilbene. The suggested35 reaction scheme in
cluded the rate-determining formation of 4-nitro-
phenylmethylene followed by its rapid dimeriza
tion. Since the anion derived from the 4-nitro
benzyl chloride will be present in greater concen
tration than the carbene, and since the carbene is an 
electrophilic reagent, the following sequence seems 
more probable353 

In contrast to reactions in solution, the dimeriza
tion of carbenes in the vapor phase is probable and 
has been observed for CH2,36 CF2,37 CF3CH3 8 and 
C3F7CH.38 

Vinyiidene Carbene.—The tertiary acetylenic 
halides or esters are more favorable systems for 
the formation of allenyl carbenes than are primary 
halides, because bimolecular nucleophilic displace
ment reactions are sterically hindered.39 Elimina
tion of halide ion from anions of the type R 2 C(X)-
C==C e should decrease in ease in the series R = 
CeH5, alkyl, hydrogen. The differences in rate of 
loss of halide ion, however, should not be as great 
as are those encountered in unimolecular or bi
molecular /3-elimination reactions of neutral halides, 
because in the transition state the extent of positive 
charge formation on the carbon bearing the leaving 
group will be much less in the acetylenic anion 
series. The simpler propargyl systems would be 
expected to react with nucleophiles by S N 2 or 
S N 2 ' mechanisms. Indeed, the absence of a deu
terium isotope effect in the reaction of propargyl 
bromide with methoxide ion40 indicates the prob
able absence of a 7-elimination reaction. 
HC=CCH2Br + CH3OG — > HC=CCH2OCH3 + BrQ 
(D) (D) 

I t has been suggested41 tha t the reaction of phen-
othiazine, propargyl bromide and sodium hydride in 
dimethylformamide to give N-(l-propynyl)-phen-
othiazine proceeds by way of the allenyl carbene. 
This appears surprising in that the mode of reaction 

(34) J. Hine and A. M. Dowell, Jr., J. Am. Chem. Soc, 76, 2688 
(1954). 

(35) S. B. Hauna, Y. Iskander and Y. Riad, J. Chem. Soc, 217 
(1961). 

(35a) NOTE ADDED IN PROOF.—4,4'-Dinitrostilbcnes also are products 
of the a-elimiuation of 4-nitrobenzyIdimethylsulfonium tosylate. The 
sulfur isotope effect suggests that the carbene is formed and reacts with 
anion rather than carbene; cf., C. G. Swain and E. R. Thornton, J. 
Am. Chem. Soc,, 83, 4033 (1961). 

(36) W. F. Ross and G. B. Kistiakowsky, J. Am. Chem. Soc, 56, 
1112 (1934). 

(37) R. D. Chambers, H. C. Clark and C. J. Willis, ibid., 82, 529S 
(1960). 

(38) R. Fields and R. N. Haszeldine, Proc Chem. Soc, 22 (1960). 
(39) No SN2 reaction is observed for the tertiary halides (CH3)t-

CClCssCR when R is an alkyl group; cf. ref. 4. 
(40) Unpublished work of T. L. Jacobs and W. Maya; private com

munication from Professor Jacobs. 
(41) H. E. Zaugg, L. R. Swett and G. R. Stone, / . Org. Chem., 23 

1389 (1958). 
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of the dimethylallenyl carbene with amines5 would 
lead one to expect the isomeric N-(2-propynyl)-
phenothiazine. More conclusive evidence for the 
formation of a carbene from propargyl bromide has 
been obtained in this work. 

When propargyl bromide is added to a stirred 
slurry of potassium ^-butoxide in styrene at 25° a 
moderately exothermic reaction ensues. No vinyli-
denecyclopropane has been isolated, but 1-ethynyl-
2-phenylcyclopropane (XIII) has been obtained in 
8% yield. The infrared and n.m.r. spectra of XIII 
indicate that it is a mixture of cis and trans isomers. 
The structure of XIII was established by hydra
tion to l-acetyl-2-phenylcyclopropane (XIV)42 and 
cleavage of XIV with sodium hydroxide and bro
mine to 2-phenylcyclopropanecarboxylic acid. 
HCs=CCH2Br + C H 6 C H = C H , + KOiC4H9 — > 

CH, 
/ \ 

C6H5CH C H C = C I I 
CII2 XI I I 

HgSO4 / \ NaOH 
=*- C6H6CH CHCOCH, > 

HjO e Br2 

XIV CH5 

/ \ 
C6H6CH CHCOOH 

Compound XIII might have been formed in a 
variety of ways, but the two most likely paths ap
pear to be: (1) the formation of a vinylidenecyclo-
propane by way of a vinylidene carbene and a re
arrangement of the allene to XIII in the basic 
medium; (2) an a-elimination reaction to form 
propargylene10 which would add to styrene to give 
XIIL The allene-acetylene isomerization reaction 
is well-known,43 but, alternatively, the a-elimina
tion of primary halides to give carbenes has recently 
had ample illustration.44-'17 

Preliminary evidence that the reaction proceeds 
at least in part through path 1 has been obtained in 
the reaction of propargyl bromide, potassium t-
butoxide and cw-2-butene. The products resulting 
from the addition of the base to a mixture of the 
halide and olefin include allenic and acetylenic hy
drocarbons. The lability of the allene has, to 
date, precluded its separation and identification. 

Experimental48 

Materials.—3-Chloro-3-methyl-l-butyne was prepared by 
the method of Hennion and Nelson.6 The chloride was re-

(42) J. Novak, T. Ratusky, V. Sneberg and F. Sorm, Chem. Lisly, 
51, 479 (1957); C. A., 61, 10S08 (1957). 

(43) T. L. Jacobs, R. Akawie and R. G. Cooper, J. Am. Chem. Soc, 
73, 1273 (1951). 

(44) W. Kirmse and W, von E. Doering, Tetrahedron, 11, 200 
(1900). 

(45) I,. Friedman and J. G. Berger, J. Am. Chem. Soc, 82, 5758 
(1900); 83, 492 (1961); 83, 500 (1961). 

(46) G. L. Closs and L. E. Closs, Tetrahedron Letters, 24, 2« (1900). 
(47) P. S. Skell and A. P. Krapclio, J. Am. Chem. Hoc, 83, 754 
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distilled immediately before use, b.p. 75-76°, »2 5D 1.4143. 
Propargyl bromide (AIdrich) was distilled before use (b.p. 
83°, W25D 1.4899). Potassium /-butoxide was prepared by 
the method of Johnson, et a/.,49 the excess alcohol being re
moved by codistillation with benzene. This technique gives 
a 1:1 complex of alkoxide and alcohol. Cyclohexene (East
man Kodak Co.) was washed with aqueous sodium hydro
xide, dried, and distilled under nitrogen through a spinning-
band column; »2 6D 1.4438. Styrene (Eastman Kodak Co.) 
was used without purification. The other olefins used were 
analyzed by vapor phase chromatography: 2-methyl-l-
butene (Phillips), 99 4 % ; 2-methyl-2-butene (Matheson), 
95%; 1-hexene (Phillips), 99 + %; and tetramethylethylene, 
9 8 % . 

l-(2-MethyIpropenylidene)-2-phenylcyc!opropane (III) .— 
A flask containing styrene (80 g.) was flushed with dry nitro
gen for 30 minutes, and potassium i-butoxide (37.2 g., 0.20 
mole of 1:1 complex with tf-butyl alcohol) was added. The 
slurry was stirred and cooled to —10°. 3-Chloro-3-methvi-
1-butyne (20.6 g., 0.20 mole) was added over a 30-minute 
period with the temperature maintained at —10 to 0°. 
The mixture became dark red-brown during the addition. 
Stirring was continued for 3 hours. Excess styrene and l-
butyl alcohol were removed under reduced pressure. Pen-
tane (250 ml.) was added to the residue, and it was filtered. 
The solid was washed three times with 50-mi. portions of 
pentane, and the combined filtrates were distilled through a 
semi-micro spinning-band column." The allene (10.3 g., 
0.96 mole, 48%) distilled at 78-80° at 0.5 mm., »25D 1.5717-
1.5722. The initial distillate was colorless, but it yellowed 
slightly upon exposure to air. 

Anal. Calcd. for CnHi4: C, Sl.76; H, 8.30. Found: 
C, 61.71; H, 8.29. 

Hydrogenation of III.—The allene (3.40 g., 0.020 mole) 
was hydrogenated at atmospheric pressure in 95% ethatiol 
(40 ml.) with 5 % palladium-on-carbon (0.12 g.) as catalyst. 
Hydrogen absorption was quantitative (1.34 i. at SJ.JL.P., 
0.0598 mole). After removal of the catalyst, the solution 
was distilled through a 3-inch concentric tube, tantalum 
wire, spiral column to give 3.13 g. (0.178 mole, 8 9 % yield) 
of 5-methyl-l-phenylhexane (IV), b .p . 55-58° at 1.0 mm,, 
» » D 1.4836. 

Anal, Calcd. for G I H J 0 : C, 88.55; H, 11.45. Found: 
C, 88.05; H, 11.74. 

The diacetamido derivative of III was prepared aotording 
to the procedure of Ipatieff and Sehmerling.22 After two 
recrystallizations from 9 5 % ethanol the diamkie melted at 
205-206°, reported51 206.5-207°, yield 6 1 % . 

Anal. Calcd. for C 1 7 H M N 2 O 3 : C, 70.31; H, 9.03; N, 
9.65. Found: C, 70.21; H, 8.87; N, 9.49. 

Alternate Synthesis of IV.—The Friedel-Crafts reaction 
of the acid chloride of 5-methylhexanoic acid,62 benzene and 
aluminum chloride gave 5-methvl-l-phenyl-l-hexanone in 
62% yield (b.p. 73-75° at 1.5 mm., n*j> 1.5072; semicar-
bazone, m.p. 143.5-144.5° from 50% ethanol; reported'3 

b.p . 145-148° at 18 mm., nxD 1.5067; semicarbazone, m.p. 
144-145°). 

(48) Boiling points are uncorrected. Analyses are by Spang Micro -
analytical Laboratory, Ann Arbor, Mich., and by the Central Re
search Department, Physical and Analytical Division. 

(49) W. S. Johnson, B. Bannister and R. Pappo, J. Am. Chem. Soc, 
78, 6331 (1956). 

(50) R. G. Nester, .4 MaJ. Chem., 28, 278 (1950). 
(51) G. L. Goerner, H. I.. Muller and J. L, Curbin, J . Cr;. Chem., 24, 

1561 (1950). 
(53) Th. Curtius and W. Sieber, J. prakl. Chem., 125, 158 

(1930). 
(53) W. M. I-auer and M. A. Spielman. J. Am. Chem. Soc. OB, 4B2.'i 

(1933). 
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The ketone was reduced by the Huang-Minlou variation of 
the Wolff-Kishner reaction.64 The ketone (2.75 g., 0.01145 
mole) was heated at 200° for 3 hours with 1.17 g. of 8 5 % 
aqueous hydrazine, 1.8 g. of potassium hydroxide and 25 ml. 
of triethylene glycol. Water and excess hydrazine were 
collected in a Dean-Stark t rap. The cooled solution was 
neutralized with dilute hydrochloric acid and extracted with 
ether. The combined ether extracts were dried over an
hydrous sodium sulfate and distilled to give 5-methyl-l-
phenylhexane (IV), 1.99 g., 0.0113 mole, 78% yield, b.p. 
54-56° at 1.0 mm., K35D 1.4838. The diacetamido deriva
tive melted at 205-206°. A mixture with the sample pre
pared above also melted at 205-206°. The preparation of 
IV by this reaction sequence has recently been reported," 
b.p . 111-114° at 17 mm., K25D 1.4823, m.p. of diacetamido 
derivative 206.5-207°. 

S-MethyI-2-phenylhexane.—The hydrocarbon was pre
pared essentially according to the method of Klages.66 The 
Grignard reaction between acetophenone and isoamyl 
bromide gave 5-methvl-2-phenvl-2-hexanol, b .p . 79-80° a t 
0.5 mm., MKD 1.5036 "(reported"66 b .p . 135-137° at 15 mm., 
«1SD 1.50596) in 54% yield. Dehydration was accom
plished by heating the alcohol (7.90 g., 0.041 mole) in 60 ml. 
of benzene with 0.61 g. of p-toluenesuifonic acid under a 
water separator. When evolution of water ceased, the ben
zene solution was washed with aqueous potassium carbonate 
solution and with water. After drying the benzene solution 
over anhydrous sodium sulfate, the solvent was removed. 
The crude olefin was hydrogenated in ethanol solution using 
palladium-on-carbon catalyst. Distillation of the hydro-
genation product gave 6.17 g., 8 5 % , of 5-methyl-2-phenyl-
hexane, b .p . 93-95° at 7 mm., re25D 1.4829, reported51 b .p . 
223°. 

Preparation of the diacetamido derivative in the usual 
way gave material of m.p. 185-186° after two recrystalliza-
tions from 60% ethanol. 

Anal. Calcd. for CnH26N2O2: C, 70.31; H, 9.03; N, 
9.65. Found: C, 70.30; H, 9.24; N, 9.33. 

2,4-Dimetbyl-l-phenylpentane.-—2,4-Dimethyl-l-phenyl-2-
pentanoF was dehydrated by heating 4.05 g. (0.021 mole) 
of the alcohol with 0.2 g. of £-toluenesulfonic acid in 30 ml. 
of benzene under a water separator. When water evolution 
ceased, the benzene solution was washed with aqueous potas
sium carbonate solution and water and dried over anhydrous 
sodium sulfate. The benzene was removed under reduced 
pressure and the crude olefin was hydrogenated in ethanol 
solution over palladium-on-carbon. Distillation of the 
hydrogenation product gave 2,4-dimethyl-l-phenylpentane, 
2.16 g., 59%,b.p. 102-104° at 11 mm., «2 5D 1.4839. 

Anal. Calcd. for Ci1H20: C, 88.55; H, 11.45. Found: 
C, 88.47; H, 11.61. 

The diacetamido derivative was prepared, and it melted at 
202-204° after two recrystallizations from 50% ethanol. 

Anal. Calcd. for Ci7H26N2O2: C, 70.31; H, 9.03; N, 
9.65. Found: C, 70.12; H, 9.18; N, 9.39. 

The melting point of a mixture of this diamide with the 
diacetamido derivative of 5-methyl-l-phenylhexane was 
depressed; the mixture melted at 193-197°. 

Ozonolysis of III in Ethanol.—The allene I I I (8.53 g., 
0.050 mole) was ozonized at 0° in absolute ethanol (125 ml.). 
A barium hydroxide trap was used to collect any carbon 
dioxide evolved. About 0.056 mole of ozone was consumed. 
Only 0.29 g. (0.0015 mole, 3 % yield) of barium carbonate 
was produced. The ethanol solvent was removed from the 
ozonolysis residue under reduced pressure and collected in a 
trap at —70°. Addition of an aqueous ethanolic solution of 
2,4-dinitrophenyihydrazine followed by removal of most of 
the solvent yielded acetone 2,4-dinitrophenylhydrazone, 
m.p. 125-126°, 7.32 g., 0.032 mole, 6 5 % yield. 

The ozonolysis residue gave a negative test for peroxide 
(potassium iodide) and was distilled. Distillation yielded 
unchanged allene, b .p . 70-85° at 1.0 mm., 0.49 g., and 
ethyl l-hydroxy-2-phenylcyclopropanecarboxylate (V), b .p . 
110-113° at 1.0 mm., 4.18 g., 0.020 mole, 40% yield, W26D 
1.5355. 

Anal. Calcd. for Ci2H14O,: C, 69.88; H, 6.84. Found: 
C, 70.19; H, 6.89. 

(54) Huang-Minion, J. Am. Chem. Soc, 68, 2487 (1946). 
(55) A. Klages, Ber., 36, 2633 (1902). 
(56) P. Schorigen, ibid., 41, 2711 (1908). 
(67) H. Pines and J. T. Atrigo, J. Am. Chem. Sac. 79, 4958 (1957). 

There was a distillation residue of 4.58 g. The infrared 
spectrum of V showed sharp hydroxyl absorption at 3420 
c m . - 1 and the ester carbonyl at 1730 cm. - 1 . Absorption at 
1025 c m . - 1 can probably be attributed to eyclopropyl hydro
gen, although other bands are present in this region. The 
spectrum was completely consistent with the assigned struc
ture. 

Hydrolysis of V.—The ester (2.20 g., 0.011 mole) was 
added to a solution of sodium methoxide prepared from 0.38 
g. of sodium and 20 ml. of methanol. After standing for an 
hour at room temperature, the solution was acidified and 
extracted with three 25-ml. portions of ether. The combined 
ether solutions were extracted with dilute sodium bicarbon
ate solution. Acidification of the bicarbonate solution 
yielded a hydroxy acid (VII) , m.p. 159.5-160° dec. after 
recrystallization from 3:1 benzene-petroleum ether, 1.48 g., 
0.0083 mole, 76% yield. 

Anal. Calcd. for C20H20O6: C, 67.40; H, 5.66; neut. 
equiv., 178. Found: C, 67.56; H, 5.74; neut. equiv., 179. 

The infrared spectrum of VII showed broad OH absorp
tion at 3350 and 3250 c m . - 1 and carbonyl absorption at 1770 
and 1720 cm. - 1 . The identification of VII as 3-benzyl-4-
carboxyl-4-hydroxy-2-oxo-6-phenylhexanoic acid was con
firmed by its synthesis from benzylpyruvic acid.2* A mix
ture of VII with the authentic sample decomposed at 159-
160°. The infrared spectra of the two samples were identi
cal. 

The mother liquor from the recrystallization of VII was 
examined, and another acid which was slightly soluble in 
petroleum ether was obtained. The material was crystallized 
from water to given an oily solid, m.p. 36-40°, 0.15 g., 8%. 
The solid was benzylpyruvic acid (reported58 m.p. 46-48°). 
Oxidation of the keto acid (0.32 g.) in 3 ml. of acetic acid 
with 1 ml. of 30% hydrogen peroxide gave /S-phenylpropionic 
acid, m.p. 47-48° from petroleum ether. A mixture with an 
authentic sample also melted at 47-48°. 

7-(2-Methylpropenylidene)-bicyclo[4,l,0]heptane.—A 
mixture of cyclohexene (33.6 g.) and potassium <-butoxide 
(18.6 g. of a 1:1 complex with /-butyl alcohol) was stirred 
under nitrogen at —10°; II (10.3 g.) was added dropwise so 
that the reaction temperature was maintained between —10 
and 0°. The mixture was stirred for 20 minutes after addi
tion, pentane (100 ml.) was added, and the mixture was 
filtered. The filtrate was distilled through a spinning-band 
column, and the allene was collected at 84-87° at 12 mm., 
«2 5D 1.5215-1.5218, 3.85 g., 26% yield. 

Anal. Calcd. for CnHn: C, 89.12; H, 10.88. Found: 
C, 89.27; H, 10.89. 

The infrared spectrum of this allene was unusual in one 
respect. A doublet was present in ,the allene region. There 
were peaks at 2000 and 2030 cm."1 , 

l-( 2-M ethylpropenylidene) - 2 - ethyl - 2 - methylcyclopro-
pane.—2-Methyl-l-butene and the acetylenic chloride under 
similar conditions gave a 36% yield of the allene, b.p. 77-
78.5° at 45 mm., n25D 1.4780-1.4790. 

Anal. Calcd. for Ci0Hi6: C, 88.16; H, 11.84. Found: 
C, 88.27; H, 11.87. 

l-(2-Methy!propenylidene)-2-butylcyclopropane.—1-
Hexene and the acetylenic chloride gave a 12% yield of the 
allene, b .p . 84-87° at 44 mm., M25D 1.4801-1.4815. 

Anal. Calcd. for C n Hi 8 : C, 87.92; H, 12.08. Found: 
C, 87.51; H, 12.09. 

1 -(2-M ethylpropenylidene )-2,2,3-trimethylcyclopro-
pane.—2-Methyl-2-butene and the acetylenic chloride gave a 
2 3 % yield of the allene, b .p . 67-70° at 46 mm., M25D 1.4736-
1.4747. 

Anal. Calcd. for C I 0 H I 6 : C, 88.16; H, 11.84. Found: 
C, 87.84; H, 11.92. 

l-(2-Methylpropenylidene)-2,2,3,3-tetramethylcyclopro-
pane.—Tetramethylethylene and the acetylenic cliloride 
gave a 47% yield of the allene, b .p . 80° at 55 mm., m.p. 
48.6-49.3°. 

Anal. Calcd. for CnHi8: C, 87.92; H. 12.08. Found: 
C, 87.51; H, 12.25. 

Diphenylethynylcarbinol.59—Higher yields of the carbinol 
are obtained by using lithium acetylide rather than potas-

(58) W. Wislicenus and M. Miinzesheiiuer, Ber., 81, 551 (1898); 
W. Wislicenus, ibid., 31, 3133 (1898). 

(59) Procedure o/ A. Logothetis; private communication from Dr. 
Logothetis. 
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sium acetylide as described60 in the published procedure. 
Liquid ammonia (600 ml.) containing 0.2 g. of ferric chloride 
was stirred while lithium wire (4.0 g.) was added in portions. 
When hydrogen evolution ceased, acetylene was passed 
through solid carbon dioxide-acetone and alumina traps into 
the reaction for 2 hours. A solution of 91 g. of benzophenone 
in 300 ml. of ether was added dropwise over 2 hours while 
acetylene was still being passed through the solution. The 
mixture was allowed to evaporate overnight. The residue 
was distributed between ether and aqueous ammonium 
chloride. The ether solution was dried and distilled. The 
alcohol (95 g., 87%) was collected at 121-127° at 0.5 mm., 
m .p. 45-46 °. Recrystallization from heptane gave material, 
m.p. 47-48° (reported60 m.p. 49°), yield 85.1 g. (78%). 

Diphenylethynylcarbinyl Acetate.—The preparation of 
the acetate is given because it represents a considerable im
provement over the published31 procedure. A suspension of 
sodium hydride (2.70 g. of 5 3 % dispersion in mineral oil) in 
100 ml. of benzene was stirred while diphenylethynylcarbinol 
(12.5 g., 0.06 mole) was added. The mixture was heated at 
reflux for 30 minutes, then cooled in ice. Acetic anhydride 
(6.20 g.) was added, and the mixture was stirred for 30 
minutes. The precipitated sodium acetate was filtered and 
the filtrate was concentrated to give 10.88 g. (73%) of the 
crude acetate (m.p. 72-77°). Recrystallization from hexane 
gave 9.3 g. of acetate, m.p. 78.6-80°. This material could 
be purified by sublimation to give material of m.p. 80 .3-
81.8°, reported31 m.p. 80-81°. 

Tetraphenylhexapentaene.—The cumulene was prepared 
by adding a solution of diphenylethynylcarbinyl acetate 
(2.50 g.) in 5 ml. of ether to a slurry of potassium i-butoxide 
(1.20 g.) in 10 ml. of ether. The dark reaction product was 
distributed between water and ether. The red cumulene 
remained suspended and was collected by filtration. The 
crude material (1.06 g.) was purified by dissolving in hot 
chloroform and precipitating with acetic acid. This proce
dure gave 0.86 g. (50%) of cumulene, m.p. 202-205° dec. 
(reported31 m.p. 204-206° and 290-302061). The absorption 
spectra are in agreement.61 We obtained Xmax 487 m/i (e 
7.7 X 104), a shoulder at 430 mM (e 2.4 X 104J, X 367 nui (e 
1.2 X 104), X 288 van (e 3.3 X 104), X 273 Im4 (e 3.3 X 104), 
and X 253 m/i (t 4.8 X 104). 

l-Diphenylvinylidene-2-phenylcyclopropane (XI).—A 
solution of diphenylethynylcarbinyl acetate (2.50 g., 0.010 
mole) in 15 ml. of styrene was added dropwise to a stirred 
slurry of 1.7 g. of potassium i-butoxide (alcohol-free) in 15 
ml. of styrene. Reaction temperature was maintained be
tween 0 and 10° while the mixture was stirred for 30 minutes. 
All volatile materials were removed under reduced pressure. 
The residue was distributed between ether and water. The 
ether-soluble material was chromatographed on Florisil. 
The allene X I was eluted with pentane. The crude allene 
was crvstallized from methanol to give material of m.p. 91.2-
91.8° after softening at 89.4° (0.73 g., 25%). 

Anal. Calcd. for Co3Hi8: C, 93.84; H, 6.16. Found: 
C, 93.34; H, 6.38. 

The allene absorption of XI was at 2000 c m . - 1 in the in
frared. The ultraviolet spectrum of X I in ethanol showed 
absorption at 286 mji (e 1.8 X 104) and a shoulder at 225 
m/i (e 0.9 X 104). The n.m.r. spectrum of XI in deuterio-
chloroform showed the aromatic hydrogens at T = 2.72 and 
2.83, the benzylic hydrogen split into a quartet centered at 

(60) K. N. Campbell, B. K. Campbell and L. T. Eby, J. Am. Ckem. 
Soc. 60, 2882 (1938). 

(61) R. Kuhn and K. Wallenfels, Ber., 71, 783 (1938). 

T = 6.88, and the methylene hydrogens split into quartets 
centered at T = 7.80 and 8.17. 

The chromatogram yielded crystalline material when 
eluted with ether. The crude material (1.35 g.) upon re
crystallization from benzene gave tetraphenyl-2-butyn-l,4-
diol, 0.86 g., 44%, m.p. 195-196°, reported62 m.p. 193°. 

Anal. Calcd. for C28H22O2: C, 86.12; H, 5.68. Found: 
C, 86.33; H, 5.92. 

l-Ethynyl-2-phenylcyclopropane (XIII).—A slurry of 
potassium /-butoxide (37.8 g.) in styrene (83 g.) was stirred 
under nitrogen. Propargyl bromide (24 g.) was added drop-
wise while the temperature was kept at 25-30°. The mix
ture was stirred for 2 hours, pentane (200 ml.) was added, 
and the mixture was filtered. A small amount of hydroquin-
one was added to the filtrate, and it was distilled through a 
spinning band column; XI I I was collected at 81-83° at 8 
mm., 2.35 g., 8%, M25D 1.5501. The infrared spectrum of 
X I I I showed absorption at 3280 (acetylenic CH), 2120 ( C = 
C) and 1030 c m . - 1 (cyclopropyl hydrogen). There was no 
allenic absorption. 

Anal. Calcd. for CnH10: C, 92.91; H, 7.09. Found: 
C, 93.01; H, 7.18. 

A mixture containing XI I I (1.42 g.) in 6 ml. of 70% aque
ous acetic acid with one drop of sulfuric acid and 0.02 g. of 
mercuric sulfate was stirred at 60-70° for 3 hours. The 
heterogeneous mixture became nearly homogeneous after 
30 minutes. The warm mixture was filtered and the filtrate 
was neutralized with 10% aqueous sodium carbonate solu
tion. The oil which separated could not be crystallized. 
Half of the oil was used to form a semicarbazone which 
melted at 132-134° alone and at 132-135° in mixture with 
the semicarbazone of l-acetyl-2-phenylcyclopropane.42 The 
remaining portion of oil was stirred in 15 ml. of 20% aqueous 
sodium hydroxide solution containing 1.0 g, of bromine. 
After 24 hours an oily acid was separated. The acid was 
crystallized from water; m.p. 89-90°, reported m.p. 90°,42 

93°63 for 2-phenylcyclopropanecarboxylic acid. 
Propargyl Bromide and cis-2-Butene.—A solution of n-

butyllithium (0.10 mole) in hexane was added to 50 ml. of 
decahydronaphthalene. The hexane was removed in a 
stream of dry nitrogen. The decahydronaphthalene solution 
was added dropwise to a solution of 12 g. (0.10 mole) of pro
pargyl bromide, 28 g. of ci's-2-butene and 50 ml. of decahy
dronaphthalene. The mixture was stirred for an hour with 
the temperature maintained at 25-30°. Water was added 
and the hydrocarbon layer was separated and dried over 
anhydrous magnesium sulfate. Rapid distillation through a 
short Vigreux column gave a fraction, b.p. 68-85° (3.25 g.). 
The infrared spectrum of this cut showed the presence of 
both allenic and acetylenic unsaturation. Redistillation of 
this cut through a spinning-band column gave 1.35 g. of 
material, b .p . 84-85°. The infrared spectrum of this 
material showed acetylenic CH (3300 cm."1) , C = C (2130 
cm. - 1 ) , allene (1970 cm. - 1 ) and cycloprop3d hydrogen (1025 
cm. - 1 ) . Vapor phase chromatographic (v.p.c.) analysis in
dicates that the cut is largely composed of three hydro
carbons. These have not been completely separated. The 
intensity of the allenic absorption in the infrared is increased 
in one of the v.p.c. cuts. 
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