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Cycloalkeneacetic Acids in the Perkin Reaction1 
RY ERWIN SCIIWENK AND DOMENICK PAPA 

We have been interested for somc time in the 
condensation of cyclohexaneacetic acid with 
aromatic aldehydes as the simplest approach to 
the synthesis of a-cyclohexylcinnaniic acid and 
its derivatives. As far as could be determined 
from a survey of the literature, cyc1oa:l:ylacetic 
acids have apparently not been used in the Perkin 
reaction. 

The first attempts a t  the synthesis of a-cyclo- 
hexylcinnamic acid from cyclohexaneacetic acid 
(I) and benzaldehyde were rnatle in accordance 
with the general procedure for the preparation of 
a-aryl substituted cinnamic acids. . In the course 
of these studies various reaction conditions were 
tried which have been used as modifications of 
Oglialoro's interpretation of the Perkin synthesis. 
From numerous experiments, including some 
which were carried out with aldehydes much more 
reactive than benzaldehyde, none of the desired 
a-cyclohexylcinnamic acids was 

X rather different result was obtained when in 
place of cyclohexaneacetic acid (1) the Ai-cyclo- 
hexeneacetic acid (11) was used. This unsatu- 
rated acid in the form of the sodiuni or potassium 
salt readily underwent the Perkin reaction and 
good yields of cy-( ~'-cyclohexenyl)-ciilnamic acid 
were obtained. This observation parallels that 
reported for y-phenylbutyric acid (111 I and 
y-phenylisocrotonic acid (11"). Ender the condi- 

CHz-COOII 
I 

CHzCHzCHzCOOH CH-CII - CHjCOOH 
I11 I \ .  

tions of the Perkin reaction, y-plieiiylbutyric 
acid gives only 14% of a-(/3phenylethyl)-cin- 
nainic acid after fourteen days a t  whereas 
its uiisaturated analog, y-phenylisocrotonic acid, 
readily undergoes the Perkin condensation in good 

: I )  Presented i n  abstract  before the Division of Org.ii,ic Chemi i  
t ry ,  Ainericaii Cl ic~r i icd l  Suciety hieeting, X e w  York,  hv l i t r~mhr r  I I 
1941. 

( 2 j  "Orgauic Keactions," T h e  Perkius Keacti<,n, Vol I ,  J o h n  
Wiley and Soni,  Inc., New York, X. Y . ,  1942, IJ 224 
(3) T h e  only conderisntim products isolated from lhcac ek ixn  

rnents were cinnaniir : i < , i < l +  v.t-~ich wt IC cjirr:iined i n  y ie id i  of ; c ~ ~ ~ > r ~ , x i  

mately 1&1575. 
(4) Rupe,  A n n . ,  396, I lJu, *I1 [191;). 

 yield^.^ As in the case of the cyclohexeneacetic 
acid, the p, y-double bond in phenylisocrotonic 
acid exerts an activating influence on the methyl- 
ene hydrogens. 

This new modification of the Perkin synthesis 
seems to be of general applicability, since other 
cycloalkeneacetic acids have been found to readily 
undergo condensation with aldehydes. For ex- 
ample, A'-cyclopentene- (V) and 3,3,5-trimethyl- 
A'-cyclohexeneacetic acid (VI) also give good 
yields in this condensation. Surprisingly, the 
isomeric cyclohexylideneacetic acid likewise gave 
good yields, the reaction product being identical 
with that obtained from A1-cyclohexeneacetic 
acid. It must, therefore, be assumed that cyclo- 
hexylideneacetic acid (VII) rearranges to A'-cy- 
clohexeneacetic acid (11) in the course of the re- 
action and thus provides the two necessary 
methylene hydrogens for the condensation. Other 
cycloalkylideneacetic acids, such as a-tetralidene- 
acetic acid (VIII) and cyclopentylideneacetic 
acid (1x1, likewise reacted smoothly. 
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-111 of the preliniinary experiments on the 
cycloalkene and cycloalkylidene acetic acids 
were carried out with the anhydrous potassium 
salts of the acids. These metal salts are quite 
disagreeable to prepare because of their hygro- 
scopic and soapy character. This difficulty was 
overcome by making use of the observations of 
Kalnin6 and of Bakunin and Peccerillo' who, 
after making extensive studies of the Perkin re- 
action in the preparation of a-aryl substituted 
cinnamic acids, concluded that in the presence of 
nietallic salts or organic amines, the condelis a t' 1011 
of the frec aryl acetic acids and aromatic alde- 
hydes proceeds quite well. In particular, alkali 
acetates, such as potassium acetate, and tertiary 

K',) ' l 'h~e le ,  ihid., 306, 154 (i89'l) 
((i) P. Kainin, I Ie lu .  Chim. A d a ,  11, 977 (1928~ .  
( 7 )  Bakuniri and Peccer~llo, Gilzz. Chim. I t d ,  66, 1115 (1935) 
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aliphatic amines, such as triethylamine, have 
been reported to be excellent catalysts for the 
condensation of two reactive components. It has 
been found possible to bring about the Perkin 
condensation of cycloalkeneacetic acids and aro- 
matic aldehydes with either of these two sub- 
stances in yields approximately equal to or better 
than those obtainable by using the alkali salts of 
the acids. Triethylamine proved to be more 
effective as a catalyst in the condensation of 
cycloalkene acetic acids than either potassium 
acetate or the potassium salts of the acids. 

Since acetic anhydride may be used for the de- 
hydration of cycloalkanol acetic acids, i t  was of 
interest to determine whether or not the usual 
reaction conditions would effect the concurrent 
dehydration and condensation of cyclohexanol- 
acetic acids. The anhydrous potassium cyclo- 
hexanol-1 acetate and benzaldehyde in acetic an- 
hydride afforded none of the Al-cyclohexenyl- 
cinnamic acid. However, in the presence of tri- 
ethylamine or potassium acetate as catalysts, the 
free cyclohexanol-1-acetic acid and benzaldehyde 
gave a fairly good yield of the condensation prod- 
uct. Since large amounts of acetic acid are known 
to have a deleterious effect on the course of the 
Perkin synthesis,s triethylamine was used in an 
amount sufficient to neutralize not only the cyclo- 
hexanolacetic acid but also the acetic acid which 
resulted from the dehydration. Attempts to dis- 
till out of the reaction mixture acetic acid which 
results from the dehydration of the cycloalkanol- 
acetic acid proved unsuccessful. 

Using the conditions for the condensation of the 
cycloalkanolacetic acid, it  has been found possible 
to condense ethyl cyclohexanol-1-acetate with 
benzaldehyde. The yields obtained by this pro- 
cedure were rather poor and this reaction was not 
further investigated. 

The arylcycloalkeneacrylic acids described in 
this paper were subjected to hydrogenation stud- 
ies, the results of which have not as yet been pub- 
lished. I t  may be pointed out here that these 
compounds resist hydrogenation in a low-pressure 
hydrogenatorq but are readily reduced with 
Ranev's alloy and aqueous alkali.lO~ll 

Experimental 
Preparation of Intermediates 

1. Ethyl cyclohexanol-1-acetate was prepared coti- 
venieritly in 4-mole quantities according to the procedure 
( ~ f  Natelsoii and Gottfried.lZ In place of the zinc foil, as 
,icgpested by these authors, it  has been found that granular 
Linc, purified by washing rapidly with 2yo hydrochloric 
acid followed by water, alcohol, and absolute ether, gives 
consistently good yields of the product with a minimum 

(8) "Organic Reactions," The Perkin Reaction, Vol. I,  John 

(0) Compare W. Baker and H. Sdnsbury, J .  SOC. Chem.  I n d . ,  61, 

(10) Schwenk, Papa, Whitman and Ginsberg, J .  Om. Chem., 9, 

(11) Schwenk and Papa, ibid. ,  in press 
( I ? )  Nnlplson xnd Gnttfried, 1"1$ J O U R N A J . ,  61, 970 (1939). 

Wiley and Sons, Inc., New York, N. Y . ,  1942, p. 239. 

192 (1043). 

l i . 5  (1944). 

amount of inconvenience; average yield, 70Cj,, b. p. 88-92' 
(2-3 mm.)lb 

2. Ethyl cyclopentanol-1-acetate was prepared from 
cyclopentanone via the Reformatsky reaction; yield, 
55%; b. p. 89-93' (4 mni.). 

3. 6-Methoxy-a-tetralideneacetic acid was obtained 
from 6-metho~y-a-tetralone~~ and ethyl bromoaceate via 
the Reformatsky r ea~ t i0n . l~  The hydroxy ester split out 
water on distillation, even wheii the distillation was con- 
ducted in a low vaccum. The distillate, which boiled a t  
166-170" (1 mm.). was EaDonilied and the crude acid after 
recrystallization 'from pitroleurn ether melted a t  80 '. 

Anal. Calcd. for CI~HIIOS: C, 71.52; H, 6.47. Found: 
C, 71.35; H, 6.67. 

Since the elimination of water can take two courses, the 
product obtained is either 6-methoxy-3,4-dihydro-a- 
naphthaleneacetic acid or the isomeric 6-rnethoxy-a- 
tetralideneacetic acid. It has been found that the acid 
which is obtained readily hydrogenated with Raney's 
alloy and aqueous alkali to the known 6-methoxy-a- 
tetralylacetic acid melting at 84'.l6 On the basis of our 
reduction studies with cyclohexene- and cyclohexylidene- 
acetic acid,lO it has been assumed that its structure cor- 
responds to  the tetralidene compound. 

Cyclohexeneacetic acid was prepared by a modifica- 
tion of the procedure of Natelson and Gottfried.12 Anhy- 
drous hydrogen Chloride was bubbled thr:ugh ethyl cyclo- 
hexanol-1-acetate while heating a t  100 . The reaction 
product was then fractionated, and that portion which 
came over between 80-82" (2 nim.) was collected. The 
distillation residue was again treated with hydrogen chlo- 
ride and the fractionation repeated; average yield, 80%; 
b. p. 80-82" (2 mm.). 

Cyclohexylideneacetic acid was obtained from ethyl 
cyclohexanol-1-acetate by refluxing with acetic anhydride16 
for three hours, followed by saponification with alcoholic 
potassium hydroxide; yield, 68%; m. p. 90-92" from 
petroleum ether. 

Cyclohexaneacetic acid was obtained by reducing 
the cyclohexylideneacetic acid with nickel-aluminum 
alloy and aqueous alkali.Io 

Cyclohexanol-1-acetic acid resulted from the ethyl 
ester by saponification with alcoholic potassium hydroxidc; 
recrystallized from petroleum ether, m. p. 64-65". 

Cyclopetiteneacetic acid was obtained from ethyl 
cyclopentanol-1-acetate by dehydration with thionyl 
chloride. The dehydration product was contaminated 
with cyclopentylideneacetic acid and only aker nulnerous 
recrystallizations from petroleum ether was the pure cy- 
clopenteneacetic acid obtained. I t  melted a t  50-51 '.I7 
Rather poor yields of this preparation were obtained be- 
cause of the unlimited solubility of the acid in all the sol- 
vents which were tried. 

9. Cyclopentylideneacetic acid resulted from cyclo- 
pentanol-1-acetic acid on dehydration with acetic ail- 
hydride. Recrystallization from petroleum ether gave 
the pure acid melting a t  60-61°.17 When this substance 

4. 

5. 

6. 

7. 

8. 

(12a) This description of a modified procedure was received on 
June 18, 1945 while the article was in press. 

(13) The 6-methoxy-a-tetralone was prepared from tetralin 1 ) i  
sulfonation, alkali fusion, and oxidation in accordance with tlir 
known methods (Schroeter, A n n . ,  416, 119 (1922); Burnop, Nll iu i t  
and Linstead, J .  C h e m .  Soc., 731 (1940)). It has beell recomrnendcd 
that the oxidation mixture be steam distilled lor twenly hnuri wit11 

Yugerhealed ';team in order to  secure good yieltla or pwrr U-meiI~3\?- 
u tetralone. However, it was found that by siruply dilutii i~ t t i v  

chromic acid oxidation with an equal volume of butyl ether and thtu 
diluting with ten volumes of water, excellent separation of the 6-  
methoxy-a-tetralone is effected. The yield of purified ketone by this 
procedure is 65-700Jo. 

(14) Burnop, Elliott and Linstead, J .  Chem. Soc., 731 (1940); J. 
Hoch, Bull. SOL. chim., [ 5 ]  6 ,  273 (1938). 

(15) Haberland, Ber. ,  69, 1350 (1936), gives m. p. 57' for this com- 
pound. 

(16) Cvtn1,nre "Orguoic Reactions," Vol. I ,  John Wile? and S~IIS ,  
Inc., New York, N. Y . .  I!J42. pp. ] : { - - I4  

(17) 1I:trcling .ind I i . ~ v ~ ~ r 1 1 ~ ,  . I .  ( ' I I P W  \ c a r .  , 97, + ! I O  I I ' l l l l j  
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was recrystallized from petroleum ether, i t  was necessary 
to freeze the petroleum ether solution in an acetone- 
carboii dioxide mixture in order to precipitate the acid. 

10. 3,3,5-Tri111ethylcyclohexanone was prepared in 
81% yield by the chromic acid oxidation'* of the commer- 
cially available 3,3,5-trimcthylcyclohexanol. 

11. Ethyl 3,3,5-trimethylcyclohexanol-l-acetate was 
obtained from 3,3,5-trimethylcyclohexaiione and ethyl 
broinoacetate in  accordance with the usual Refomlatsky 
procedure, using a mixture of benzene and toluene as sol- 
vents; average yield, 58'7;; b. p. 125-129' (10 mm). The 
ester, without further purification, was saponified with 
alcoholic alkali arid the 3,3,5-trimethylcyclohexanol-1- 
acetic acid, which was isolated in the usual manner, melted 
a t  109-114". Recrystallized from water, the acid melted 
at  115.,5-110.6". 

A,nal. Calcd. for CllHm03: C, 65.95; 13, 10.08, neut. 
equiv., 200. Found: C, 66.11; H, 10.26, neut. equiv., 
200.8. 

12. The anhydrous potassium salts of the cycloalkyl- 
and cycloalkeneacetic acids were prepared by dissolving 
the acids in methyl alcohol, adding a concentrated solution 
of potassium hydroxide in methanol until faintly alkaline 
to phenolphthalein, and evaporating to dryness. The 
cakes of potassium salts were then ground up in a mortar 
and dried a t  110'. 

Procedures for Condensations 
The two following methods were used for condensing the 

cycloalkene and the cycloalkylideneacetic acids with 
aromatic aldehydes: 

(a) The condensations were carried out in an atmosphere 
of nitrogen in a three-necked flask equipped with stirrer, 
thermometer, and condenser carrying a calcium chloride 
tube, One-tenth of a mole of the anhydrous potassium 
salt of the cycloalkene- or cycloalkylideneacetic acid, 0.1 
mole of aldehyde, and 0.5 mole of acetic anhydride were 
heated a t  100-110 a (internal temperature) for approxi- 
mately twelve to fifteen hours. The reaction mixture was 
then cooled to 60°, and the excess acetic anhydride cau- 
tiously decomposed with water. After pouring the mix- 
ture on ice, the semi-solid product was extracted with 
ether. The ether extracts, after washing free of acetic 
acid, were extracted with 5y0 NaSC03. The sodium 
carbonate extracts were freed of ether and while hot were 
neutralized with hydrochloric acid. The neutral solution 
was treated with decolorizing carbon, heated for one-half 
hour, filtered and acidified. The crude condensation 
products were usually sufliciently pure for further syn- 
thetic work. However, they may be purified further by 
recrystallization from an aqueous solution of acetone or 
alcohol. The ether-sodium carbonate method of purifica- 
tion has been applied to all the condensation products in 
order to remove the small amounts of decarboxylated ma- 
terial which are formed in.the reaction. 

(b). One-tenth of a mole of the cycloalkene- or cyclo- 
alkyltdeneacetic acid, 0.1 mole of aldehyde, 0.1 mole of 
anhydrous triethylamine, and 0.5 mole of acetic an$ydride 
were heated for ten to fifteen hours a t  105-110 . The 
reaction mixture was then worked up as described under 
method (a). Under similar conditions, it has been found 
that anhydrous potassium acetate will also promote the 
condensation of these acids with aromatic aldehydes. 

Condensation Products 
The letters (a) and (b) following the percentage yields 

indicate the condensation procedure which was used. 
1. a-( Ai-Cyclohexeny1)-cinnamic acid was obtaincd 

from AI-cyclohexeneacetic acid and benzaldehyde, yield 
42% (a); 5570 (b). Recrystalli2ed from a mixture of 
acetone and water, m. p. 156-157 . Calcd. for ClsHlsOl: 
C, 78.90; H, 7.07. Found: C, 78.60; H, 7.16. This sub- 

(18) The procedure of L. T. Sandborn for the oxidation of men- 
thol was applied to this trimethylcyclohexmoI i"0rgonic Syntheses " 
Coll. Vol. I ,  2nd ed., John Wiley and Sons, Inc., New York, N. V . .  
11. 1401. 

stance was also obtained from the isomeric cyclohexylidene- 
acetic acid, yield 44% (a); 53% (b). 

2. a- ( A1-Cyclohexenyl)-phydroxycinnamic acid was 
obtained from A'-cyclohexeneacetic acid and p-hydroxy- 
benzaldehyde; yield 62y0 (a) ; 6!% (b); recrystallized 
from acetone-water, m. p. 194-195 . Calcd. for ClbHlsOa: 
C, 73.73; H, 6.61. Found: C, 73.43; H, 6.78. Using 
the cyclohexylideneacetic acid, yield 54% (a) ;. 62% (b). 

The CY-( A'-cyclohexeny1)-p-hydroxycinnamic acid also 
has been obtained by condensing cyclohexanol-1-acetic 
acid with p-hydroxybenzaldehyde. Fifteen and eight 
tenths grams (0.1 mole) of cyclohexanolacetic acid, 12.2 g. 
(0.1 mole) of p-hydroxybenzaldehyde, 30 g. (0.3 mole) of 
triethylamine, and 53 g. (0.5 mole) of acetic anhydride were 
heated for ten to fifteen hours a t  105-110" (internal tem- 
perature). The reaction mixture was then worked up as 
described under (a), and the crude yield of the substituted 
cinnamic acid amounted to 13.7 g. (56%) melting at 184- 
188". Recrystallization from acetone and water gave a 
melting point of 194-195'. When the amount of tri- 
ethylamine used was only that required for the condensa- 
tion, then the yields obtained were of the order of 30-50~0. 

3. a-( AWyclopenteny1)-p-hydroxycinnamic acid was 
prepared from A'-cyclopenteneacetic acid and p-hydroxy- 
benzaldehyde in a yield of (a); recrystallized from 
acetonewater, m. p. 183' (dec.). Calcd. for cuH140I: C, 
73.01; H, 6.12. Found: C, 72 49; H, 6.12. The cyclo- 
pentylideneacetic acid gave a 36% yield (a). 

a - (6 - Methoxy - 3,4 - dihydro - a - naphthyl) - p- 
hydroxycinnamic acid resulted from the condensation of 
6-methoxy-a-tetralidene acetic acid with p-hydroxybenz- 
aldehyde in a crude yield of 4770 (b) ; recrystallized from a 
mixture of acetone and water, m. p. 186' (dec.). Calcd. 
for (&H&: C, 74.54; H, 5.64. Found: C, 74.44; H, 
5.41. 

5. a-( AI-Cyclohexeny1)-piperonylacrylic acid was pre- 
pared from A1-cyclohexeneacetic acid and piperonal, using 
triethylamine as the condensation catalyst. It was ob- 
tained in a crude yield of 66%, melting a t  170-175". Re- 
crystallization from a mixture of acetone and water gave 
pale yellow needles melting a t  186187'. Calcd. for 
ClsHlsO,: C,70.15; H, 5.93. Found: C,70.55; H, 5.74. 

6. a-( A~-Cyclohexenyl)-3,4-dimethoxycint1amic acid 
was prepared from AI-cyclohexeneacetic acid, veratralde- 
hyde and tri$thylarnine, in a crude yield of 56% melting 
a t  180-186.5 . Recrystallization from a mixture of ace- 
tone and water .gave long, pale yellow iiecdles melting a t  
190-191'. Calcd. for Cl7H&: C, 70.83; H, 6.94. 
Found: C, 70.66; H, 7.22. 

a-( A~-Cyclohexenyl)-p-nitrocinnarnic acid was ob- 
tained by the condensation of AI-cyclohexeneacetic acid, 
P-nitrobenzaldehyde and triethylamine. The crude con- 
densation product was obtained in a yield of 54% and 
melted at  134-144'. After two recrystallizations from a 
mixture of benzene and petroleum ether, the substance 
was obtained in the form of brilliant, yellow needles melt- 
ing at 183-184". Calcd. for ClbH180,N: N,  5.13. Found: 
N, 5.14. 

CY-( AI-Cyclohexenyl)-3-pyridylacrylic acid was ob- 
tained from 3-pyridinealdehyde,iB AI-cyclohexcneacetic 
acid, and triethylamine. The crude condensation product 
was obtained in a yield of 52(r0 and melted a t  147-152'. 
Recrystallization from a mixture of methanol and water 
gave a product which separated in long, fine white needles, 
m. p. 159.5-160'. Calcd. for C14H1602N: C, 73.32; H, 
6.59. Found: C, 72.93; H, 6.50. 

a-( A1-Cyclohexeny1)-furylacrylic acid was prepared 
from freshly distilled furfural, Ai-cyclohexeneacetic acid, 
and triethylyine. The yield of crude product was 56%, 
m. p. 142-146 . Recrystallized from a mixture of acetone 
andowater, the substituted acrylic acid melted a t  151.5- 
152 . Calcd. for ClrHl4Os: C, 71.52; H, 6.47. Found: 
C, 70.85; H, 6.37. 

a - (3,3,5 - Trimethyl - Ai - cyclohexenyl) - p * hy- 
droxycinnamic acid was prepared from 3,3,5-trimethyI- 

4. 

7. 

8. 

9. 

10. 

(19) M. Hartman and W. Bosshard, Hclo. Chim. Acta. I C ,  %I.. 
(1941) 
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A'-cyclohexeneacetic acid and fi-hydroxybenzaldehyde in 
a crude yield of 49% melting at 172-178" (b). From 
3,3,5-trimet~ylcyclohexanol-l-acetic acid the yield of con- 
densation Droduct was 38% : recrvstallized from aaueous 
methanol,' m. p. 181-18z'0. Caictl. for C18H220i: C, 
75.48; H, 7.75. Found: C, 75.00; H, 7.82%. 

Acknowledgment.-The authors wish to ex- 
press their appreciation to Miss Hilda Hankin, 
Miss Anna Strauss, and Mr. Peter Hirschler for 
their technical assistance. 

Summary 
Cycloalkeneacetic acids have been found 

to readily undergo the Perkin condensation with 
aromatic aldehydes in good yields. 

2. The isomeric cycloalkylideneacetic acids 
likewise give good yields in the Perkin reaction. 
The condensation of these acids must be pre- 

1. 

ceded by a shift of the double bond into the 
alicyclic ring. 

3. The condensation of these acids can be car- 
ried out by using the alkali metal salts of the 
acids or by using the free acids with molecular 
proportions of triethylamine or anhydrous- potas- 
sium acetate as catalysts. The yields which were 
obtained by these two modifications were of 
approximately the same order, those condensa- 
tions in which triethylamine was used giving 
usually slightly better yields. 

I t  has been found that the cycloalkanol-l- 
acetic acids likewise undergo the Perkin condensa- 
tion with aromatic aldehydes, the condensation 
being preceded by the dehydration of the tertiary 
alcohol. 
BLOOMFIELD, NEW JERSEY RECEIVED MAY 15, 1945 

4. 

[CONTRIBUTION FROM THE CHEMICAL LABORATORY OF SMITH COLLEGE] 

A Low Pressure Method for Wolff-Kishner Reduction 

BY MILTON D. SOFFER, MARY BARNS SOFFER AND KENNETH w. SHERK 

The best established general methods for the 
direct conversion of carbonyl compounds to their 
methylene analogs are the Clemmensen reduction 
and the reaction of Kishnerl and W O M . ~  While 
both of these methods usually give good results, 
certain  limitation^^^^^^ in the Clemmensen re- 
action, particularly in the case of high molecular 
weight aliphatic ketones3s4 have led to a renewed 
interest3 in the alternative method. One dis- 
advantage of the latter is that it usually is carried 
out in the presence of a volatile alcohol, imposing 
the requirement of a high-pressure apparatus3v6*' 
or the disadvantage o€ a bomb-tube* technique. 

In the present work, the use of a large amount 
of a non-volatile solvent provides a feasible 
mcthod for effecting large scale conversions in the 
liquid phase and obviates the requirement for any 

rl)  Kizhner. J Rxss. P h , s . - C h c ~ ~ .  So r... 43, 582 (1911);  C. A . .  6, 

( 2 )  \VOIR. Awn , 394, 86 (1912) .  
(3) Herr,  Clarke, Rowland. Whitmore and Schiessler, "Higher 

Hydrqcarlmns I I I .  The  WoltT-Kishner Reaction." Ahstracts of 
Tapers. 107th meeting, American Chemical Society, April 4th.  194.1. 

(1) Piescr. " ihperiments  in Organic Chemistry," D. C. Heath 
and Co. ,  New York, 1041, p. 420. 

( 5 )  Martin,  THIS JOURNAL. 68, 1438 (193G); The  Clemmcnsen 
Reduction, "Organic Reactions," John Wiley and  Sons, Inc., New 
York, 1942, p .  1.55. 

(6) High pressure catalytic hydrogenation is open to  the same 
objection and  is fur ther  limited because the reaction normally pro- 
ceeds to  the methylene stage only in the case of aryl carbonyl com- 
pounds [Adkins, "Reactions of Hydrogen," t he  University of Wis- 
consin Press, Madison, M'is., 1937; Fieser aud  Hershbery, THIS 
J O U R N A L ,  19, 1028, 2331 ( 1 3 3 i ) l .  T h c  last limitation also applies 
t o  the low pressure method of I'apn. Scliwenk and W'hitman involving 
nickel-aluminum and aqueous alkali [J. O r g .  Chain.,  7 ,  587 (1942)l. 

(7) A very promising alternative method involving low-pressure 
hydrogenolysis of a n  intermediate carbonyl thiacetal has been re- 
ported recently by Wollroni anti Karabinos [THIS JOURNAL. 66, '309 
(1944) 1. 

( 8 )  Fieser. ref. 4. D. 424 

347 (1912) 

special apparatus. Our experiments were con- 
fined to reactions in solution which appeared to be 
more general and direct than the variations in- 
volving alkaline fusion9 of the dry hydrazone1Sl0 or 
semicarbazone.ll*l* The reactions were usually 
carried out by refluxing a mixture of the carbonyl 
compound and a solution of sodium and excess 
hydrazine hydrate in mono-, di- or triethylene 
glycol. The temperature of the reaction mixture 
could be varied by changing the proportion of 
excess hydrazine in relation to the amounts of the 
less volatile glycol and its sodium derivative. 
The desired substance was easily isolated as the 
only water insolublc reaction product. Good 
yields were obtained with a series of representa- 
tive ketones, and the method has already been 
used in another laboratory, as an improvement 
over the Clemmensen alternative, for successful 
reduction of two aliphatic keto acids, i. e., 5-keto- 
8-niethylnonanoic acid and 5-keto-10-methylun- 
decanoic a ~ i d . ~ ~ , ~ ~ ~  
(9) These methods d o  not  require pressure apparatus  but  involve 

the isolation of the  intermediate carbonyl derivatives. 
(IO) Rabe and  Jantzen, Bcr., 54, 928 (1921). 
(11) Cook and Linstead, J .  C/fe?ii. Soc.. 'JDG (1934). 
(12) Kuzicka and Goldberg, H c l ~ .  Ckiiri. A d a .  18, (572 (1935), 

used sodium benzylate in benzyl alcohol t u  decompose the semi- 
carbazone. 

(13) The  yields obtained by  reaction in diethylenr glycol were 
92 and  SO%, respectively. Private commiinication from Dr. I.. F. 
Fieser, Harvard University, who will report full experimental details 
later. 

(13a) Since this paper was submitted the method has been applied 
with excellent results to the rediiction of itnother keto-acid in the 
course of a separate work iu this Laboratory. 10-Keto-12-phenyl- 
dodecanoic acid, m. p. 7 2 O ,  gave 12-phenyldodecanoic acid. m. p. 60-  
60.5',  in quant i ta t ive yield by similar trealment a t  171)' for ninety 
hoiira. Although we have not  nttempted t o  deterniinr the minimum 
decompoaition times for these reactions, i t  nppetirs t ha t  >hotter hcut- 
ing periods would s u 5 c e  in moat cases.-(Reci.i\,e,l June 28. 194.5.) 


