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spontaneously or by the evaporation of some of the petrol- 
eum ether, the heavy viscous liquid was mainly compound 
111. A small quantity of I1 also was isolated from it by taking 
up the oil in chloroform and diluting with petroleum ether. 
Removal of the solvents led to product 111. 

Anal .  Calcd. for C12H&12N02: C1, 25.0; N, 4.93. Found: 
C1,24.85; N, 4.52. 

Compound I11 was also prepared by reacting equimolar 
quantities of I and epichlorohydrin a t  room temperature in 
chloroform solution for 2 days. 

Anal. Found: C1,26.2; N, 4.72. 
Compound I11 was soluble in alcohol, chloroform, arid 

dioxane, but insoluble in petroleum and ethyl ethers. At- 
tempts to vacuum-distill compound I11 resulted in decom- 
position. A micro boiling point determination resulted in no 
definite b.p. up to 165' at 2.5 mm. pressure; and a solid 
brown resin resulted. 
A hydrochbride (m.p. 176175') was formed when HC1 gas 

was passed into a chloroform solution of 111 and allowed to 
cool. Thc solid was crystallized from chloroform or dioxane. 

Anal.  Calcd. for C12Hp&12NO~~HC1: ionic C1, 11.08. Found: 
ionic C1,11.13. 

Dehydrochbrination of I .  To 0.1 mole of 1 in dioxane were 
added 30 g. of commercial sodium orthosilirate paste. After 
the suspended silicate was stirred, the temperature rose to 
40', and wa8 maintained for 1 hr. a t  55-60'. The silicates 
and chlorides were removed by filtration and the solvent re- 
moved under vacuum. The yield of crude epoxide was 
12.3 g. (79%) as determined by titration with hydrobromic 
acid.10 Over 50y0 of the yield was lost during vacuum dis- 
tillation due to polymer formation. The distilled epoxide, 

(10) A.  ,J. Durbetaki, Anal.  Chem., 28, 2000 (1956). 

b.p. 90" (3.5 mm) was a clear mobile liquid ( d i e  0.9934). The 
product was water-soluble (pH 8) and polymerized in water 
on standing to form a soft deformable solid. It self-poly- 
merized on standing a t  room temperature in a few days to a 
clear, colorless resin, soluble in acetone. 

Anal .  Calcd. for N-( 2,3-eposypropy1)c~clohexylamine 
(IV): oxirane oxygen, 10.3; N, 8.92. Found: oxirane oxygeri _ _  . , .  . -  
10.6; N, 8.8. 

When HC1 was Dassed into an ether solution of IV. rom- 
pound I1 was fornkd (m.p. 155'). I t  should be noteh that 
an amine-epoxide such as IV requires two equivalents of 
HBr in Durbetgki's osirane nicthod.10 

Dehydrochbrination of 111. When 0.1 mole of 111 wae 
dehydrochlorinated,* an 827; conversion to epoxide based 
on oxirane oxygen analyses was obtained. Vaeuum distilla- 
tion at 126-128' at 4 mm. resulted in the formation of N,N- 
bis( 2,3-epoxypropyl)cyclohexylamine. 

Anal.  Calcd. for C12H21KO2: oxirttne oxygen, 15.1; N, 6.6. 
Found: oxirane oxygen, 14.9; N, 6.44. 

The product was a colorless mobile liquid which yellowed 
slightly on exposure to air, but did not polymerize on stand- 
ing. The distilled product (d:4 1.0403) was largely insoluble 
in water (pH 7 ) .  The polymers formed on distillation werc 
acetone- and methanol-solublc. 
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The synthesis and propertics of some I-phcnylcycloalkyl derivatives in the three-, five- and sis-membered ring systems are 
reported. Thcse materials constitutc intermediates in a useful conversion of acids with a-quaternary carbon centcrs into P- 
sutmtituted acctaldehyde derivatives. 

During our investigation of the synthesis and 
peroxide-induced, liquid-phase decarbonylation of 
some 1-phenylcycloalkylacetaldehydeu2 we have 
had occasion to prepare a number of I-phenylcy- 
cloulkyl derivatives, heretofore unreported, which 
(.onstitUte intermediates in a new interesting al- 
dehyde synthesis. 

The transformation of the known 1 -phenylcyclo- 
alkylcarbonitriles (I) into their corresponding 
acid chlorides 111 follows established routes.a 

The sequence is illustrated in formulas I-VII. 

( 1 )  An Arthur Schmidt Pre-doctoral Fellow, 1957-58. 
(2) Paper prcscnted at  the Fall Chemistry Conference of 

the American Chemical So&ly, Kansas City, Mo., Novem- 
ber 14, 1958. 
(3) Among many references to these substances are: 

(a) F. Case, J .  Am. Chrm. Soc., 56, 715 (1934); (b) A. W-. 
Weston, J .  ilm. Chem Soc., 68, 2345 (1946); and (c) R. 15. 
Lyle and G. G. Lyle, J .  A m .  Chem. Soc., 74, 4061 (1952). 

In  an effort to construct the aldehyde side chain 
via the acids I1 by the RoPenmuiid method, the 
attempt,ed homologation of these acids. by the 
Arndt-Eistert sequence4 failed. The formation of 
t,he a-methoxy ketones (IV) by the catalyzed 
interaction of methenol and the diazo ketones de- 
rived from 111 proceeds quite satisfactorily.6 
Jn these reactions the customary6 use of excess 
diazomethaiie is advisable. Otherwise, subsequent 
reaction of the diazo ketone with the methanol 
is immediate, with little or no boron trifluoride 

(4) W. E. Bachmann and W. S. Struve, Org. Reactions, 
1,38 (1942). 
(5) The method of M. S. Newman and P. F. Bed, 111, 

. I .  Am. Chrm. Soc., 72, 5161 (1950). 
(6) W. J. Hickinbottom, Reactions of Organic corn- 

p o u d ~ ,  Second 15tlition, Longmans, Green and Co., London, 
1948, p. 259. 

______ 



1) CH*N, 2) Cl-lsOlI(BFa) 

( V W  
n = 2,4,5 
m = 2,5 

TABLE I 
1-~'II~NYI~(!YCLOALKYL METHOXYMICTIIYL KETOSES (Iv) 

Analysesa __ 
Yield Calcd. Found 

n (yo) 13.P.("C.) Mm. n:P d:O c H C H 

2b 88 96- 97 0 .8  1 ,5290 1.103 75.70 7.41 75.56 7.32 
4c 70 88- 90 0 . 2  1.5310 1.070 77.03 8.31 76.90 8.13 
5* 73 122-125 0 . 4  1 ,5364 1 ,078 77.57 8.68 77.48 8.66 

a All combustion analyses by Galbraith Laboratories, Knoxville, Tenn. ' 2,4-Dinitrophenylhydra&one, m.p. 178-179". 
Anal. Calcd. for Cls&.N4Os: N, 15.12. Found: N, 14.85. 2,4Dinitroplienylhydrazone, m.p. 145.5-146.5'. Anal. Calcd. for 
c:2&N40j: N, 14.10. Found: N, 14.06. 2,4-Dinitrophenylhydrazonc m.p. 169.5-170.5". Anal. Calcd. for C Z ~ H ~ ~ N I O ~ :  N, 
13.59. Found: N, 13.60. 

catalysis needed, and the a-methoxy ketone 
product is less pure.' The propertics of these a- 
methoxy kctones arc given in Table I. 

The reduction of the a-methoxy ketones IV to 
t,he corresponding alcohols V by means of lithium 
aluminum hydride proceeds acccptably in the 
cyclopropyl and cyclohexyl compounds. The at- 
tempted reduction of IV (n = 4) in the normal 
fashion, howevcr, leads to much recovered ketone. 
When longcr reaction times arc employed, an ap- 
parent reductivc displacement of the methoxyl 
function occurs and :L mixture of V (n = 4) with 
the methyl carbinol (V-A) results. Reduction of 
a-mct,hoxy ketones to the corresponding alcohols 
with lithium aluminum hydride appears to bc un- 
reported previously. Thero are, therefore, no 
prccedents for reductive displacement of the 
methoxyl function in such reactions.* The re- 
activity of these substaiiccs to such reductive 

(7) We have observed spectrophotometrically and by the 
Reilstcin test that these products have a minor contaminant 
containing chlorine, presumably the a-chloro ketone. Such 
a substance may he methnnolyzed subsequently to  the slight 
extent sufficient for proton catalysis of the methanol-diazo 
krtone reaction. 

(8) Similar displacemcntu have hcon obscrvcd in the re- 
duction of a-alkoxy acids and a-halo kctones with lithium 
aluminum hydride. Sec N. G .  Gaylord, Reduction with Cmn- 
p lez  Metal Hydrides, Intcrscience Publishcrs, Inc., New 
York, 1956, p. 044 and pp. 904-7. 

displacement may be rationalized in that the tran- 
sition state for such a process would bc stabilized 
through the interaction of the developing p-  
orbital of the carbon atom undergoing attack with 
the pi-orbital of thc adjacent carbonyl group, as 
shown in the following: 

,CEHS 

CHOH 
I 

(CIIZ),C, 

( V - A )  CI13 

Analogous mechanisms havc been proposed for the 
great reactivity of a-halo ketones in nucleophilic 
displacement reactions.9 Various attempts to  
separate this mixture of alcohols failed and no 
analytical sample of V (n = 4) was obtained. For 
this reason, the investigatioii of the substituted 
cycloperityl compound was not carried further 
in any detail (see Experimental Part). The proper- 
ties of the alcohols V are given in Table 11. The 

(9) See the discussion of E. L. l+Cliel with several references 
in Steric Efects in Organic Chemistry, John Wiley and Sons, 
Ncrv York, 1956, pp. 103-6. 
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TABLE I1 
( 1-1'HENYLCYCLOALKYL)METHOXYMETHYLCARBINOLS (\') 

(CH2),C<CEHa 
CHOHCHZOCH3 

Anal vses 
Yield Calcd. Found 

n (%) B.P.('C) Mm. ?by d:' C H C H 

2 93 94- 96 1 .0  1.5330 1.082 74.96 8.39 74.83 8.42 
4 87' 95- 96 0 . 5  1.5329 1.066 . . .  . .  . .  
5 64 119-121 0 .3  1.5431 1.070 76.88 9.47 76:99 9.62 

Crude. 

formal dehydration step proceeding from the 
methoxycarbinols V to the vinyl (enol) ethers VI 
was achieved at length by the Chugaev method.1° 
Because of the pinacolyl character of the carbinols, 
acid-catalyzed dehydration was not attempted 
since i t  was considered likely to involve phenyl 
group migration and to result in a mixture of re- 
arranged unsnturntcd ethers. Similarly, conversion 
of the carbinols to halides in normal fashion (e. g., 
using the phosphorus halides), followed by dehy- 
drohalogenation of the 0-halo ethers" was also 
avoided because rctropinacol rearrangements 
seemed probable in the halide-producing step. 
The new method for such reactions due to Sornmerl2 
was not successful. The transformation of the 
carbinols to p-toluenesulfonate derivatives was 
moderately successful, but detosylation or conver- 
sion to halides by nucleophilic displacement re- 
actions failed under a variety of conditions. Py- 
rolysis of the V-acetates on glass helices at 500- 
525", according to the technique of BaileyILS 
led to extensive charring with little acetic acid 
elimination, although enol ether is detectable in 
the pyrolysate. Relevant to this point is the fact 
that the methoxyl function does not activate 
adjacent methylene hydrogens (indeed i t  may 
deactivate them) to elimiiiation in acetate pyroly- 
ses.14 While the Chugaev method was carried 
through in a detailed manner only in the cyclo- 
hexyl (n = 5) substance the elimination succeeds 
in both the ring compounds used, as evidenced by 
the good yield of appropriate aldehyde 2,Pdinitro- 
phenylhydrazone directly from the crude enol 
ether VI (sce Table 111). The Chugaev dehydra- 
tions on cy-methoxycnrbinols appear to be the first 
such reported and constitute a novel entry to 
substituted acetaldehydes when the elimin a t' ion 
is prevented in the other direction by a quaternary 

(10) D. J. Cram, ref. 9, pp. 305-9. 
(11) (a) W. M. Lauer and M. A. Spielman, J. Am. Chem. 

Roc., 53, 1533 (1931); (t)) W. H. Puterbaugh and M. S. 
Newman, J .  Am. Chem. Soc., 79,3469 (1957). 

(12) L. H. Sommer, H. D. Blankman, and P. C. Miller, 
J. Am. Chem. SOC., 76,803 (1954). 

(13) W. J. Bailev and H. It. Golden, J .  Am. Chem. Soc., 
75; 4780 (1953). " 

648 (1956). 
(14) W. J. Bailey and L. Nicholns, J .  Org. Chem., 21, 

TABLE I11 
~-PIIENYLCYCLOALKYLACETALDEHYDE (VII )  

2,4-DINITROPFIEXYLHYDRAZONES 

Analyses 
Yield Calcd. Found 

m (%) M.P.("C.) I\: N 

2u 51 115.5-116.6 16.46 16.41 
5b.C 90 163-164 14.65 14.53 

a Yield from crude enol ether. Enol ether, b.p. 105-107' 
a t  0.5 mm., n y  1.5409, d:' 0.960. Anal. Calcd. for CJ-ItaO: 
C, 83.26; H, 9.34. Found: C, 83.30; HI 9.11. Aldehyde, ob- 
tained by a route Boon ta be reported, b.p. 112-113' a t  0.5 
mm., ny 1.5395, d:' 1.080. Anal. Calcd. for Cl,H,,O: C, 
83.14; HI 8.95. Found: C, 82.95; HI 9.09. Oxidizes readily in 
air to l-phenylcyclohexylacetic acid (85'%), m.p. 85-86'. 
Anal. Calcd. for ClrHlaOz: C, 77.03; H, 8.31. Found: C, 77.36; 
H, 8.31. G. F. Woods, et al., J. Am. Chem. Soc., 74, 5126 
(1952), report m.p. 85-86'. 

carbon site. The acid-catalyzed hydrolysis of the 
enol ethers VI is inordinately slow, most likely 
for steric reasons. l6 Nonetheless, slow conversion 
to the aldehydes VI1 is shown by the development 
of the 5.8-5.9~ band (C=O stretch) in the in- 
frared spectrum of the hydrolysis products. This 
production of carbonyl substances from the enol 
ethers incidentally affords evidence that the re- 
actions in this sequence take place without rear- 
rangement, as does the identity of the aldehyde 2,4- 
dinitrophenylhydrazone (VII, m = 5) produced 
via this route with that obtained in another way. l6 

The value of the sequence reported here would be 
greater if a practical route for the regeneration of 
these aldehydes from their 2,4-dinitrophenylhy- 
drazones were available. The technique given in the 
literature" for analogous ketone regeneration fails 

(15) Essentially instantaneous hydrolysis of enol ethers 
under acidic conditions is usually observed. Cf. ref. l l (a) .  
The use of the ''rule of six" of M. S. Newman, J. Am. Chem. 
SOC., 72, 4783 (1950), although not directly applicable to 
these compounds, does indicate such structures to be 
hindered about the enol ether double bond. 

(16) J. W. Wilt and H. Philip (Hogan), F. S. C., J. Org. 
Chem., 24,441 (1959). 

(17) J. Demaecker and R. H. Martin, Nature, 173, 266 
(1954). 
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here. Nevertheless, the synthesis does allow the 
construction of an acetaldehyde grouping from a 
"homologous" mid of lower carbon content. 

EXPERIMENTAL 

All melting points and boiling points arc uncorrected. The 
former were determined on a Fisher-Johns block. Infrared 
spectra were obtained on a Perkin-Elmer Model 21 Infrared 
Spectrophotometer using sodium chloride optics. Since 
several preparations of most of the reported compounds were 
carried out, only representative procedures are described 
below. Individual preparations varied in slight detail in some 
caaes. 

I-Phenylcycloalkylcarbonitriles (I). The three nitriles were 
prepared by the method of West0n:3~ I-phenylcyclopropyl- 
carbonitrile (63y0, b.p. 80' a t  1 mm.); I-phmylcyclopentyl- 
carbonitrile (45y0, b.p. 127' at 3.5 mm.); I-phenylcyclohexyl- 
carbonitrile (49%, b.p. 144-146' a t  3.5 mm.). 

~-PhenylcycloallcanecarbozyEic acids (11). The three acids 
were obtained in nearly quantitative yield by the hydrolysis 
of the above nitriles with potassium hydroxide in diethylene 
glycol ( 190°, 3-4 days), followed by acidification:80 l-phen- 
yLyclopropanecarboxylie acid, m.p. 87.548" ( l i t e ra t~re3~ 
m.p. 86-87'); I-phenykyclopentanecarboxylic acid, m.p. 
155-156' (literatures" m.p. 158-159'); I-phenylcyclohexanc- 
carboxylic acid, m.p. 121-122' (literatureab m.p. 121'). 

I-Phenylcycloalkanncarboxylic acid chlorides (111). Treat- 
ment of the acids (11) with fresh thionyl chloride in the 
usual fashion gave the acid chlorides as follows: I-phenyl- 
cyclopropanecarboxylic acid chloride (93%, b.p. 96-97' at 
0.8 mm.); 1-phenylcyclopentanecarboxylic acid chloride 
(9170, b.p. 73-74' a t  0.3 mm.); I-phenylcyclohexanecrbox- 
ylic acid chloride (850j0, b.p. 126-127' a t  2 mm.). While I11 
(N = 2,5) are known compounds,*b 111 (n = 4) appears to  
be new. Because these materials decomposed readily on 
standing no analysis was attempted on I11 (n = 4). 

I-Phenylcycloalkyl methoxymethyl ketones (IV). Into a cold 
(0-2") solution of diazomethane (0.25-0.30 mole) in ether 
(250 ml.), prepared in the usual manner from nitrosomethyl- 
urea, was added dropwise with stirring a solution of the ap- 
propriate acid chloride (0.10 mole) in an equal volume of 
ether. The mixture  as stirred in the cold until the evolution 
of nitrogen subsided (6-8 hr.). The yellow solution was 
washed with sodium bicarbonate solution (5%), dried over 
sodium sulfate and the ether removed. The crude diazo ke- 
tone wae used directly in the next step. 

Methanol (200 ml.) was added to the diazo ketone in one 
portion. Occasionally, if the diazo ketone had traces of 
acidic impurities present, nitrogen evolution occurred a t  this 
point. The purity and yield of the product in such instances 
suffered somewhat. Ordinarily, however, there was little 
reaction of the methanol with the diazo ketone on mixing. 
Boron trifluoride etherate (1.5 ml.) was next added and the 
mixture allowed to stand with stirring a t  room temperature 
overnight. Nitrogen evolution waa normally 90-100% of 
theory. Excess methanol was removed by distillation and 
the crude methoxy ketone collected by a simple Claisen head 
vacuum distillation. The crude ketones were of excellent 
grade and were used subsequently as such, though the 
analytical samples were heart cuts of a column distillation. 
The materials exhibited normal C=O bands (5.75-5.85 p )  
and 0-CH? hands (6.86-6.90 p )  in their infrared spectra. 
The properties of the methoxy ketones are given in Table I, 
together with their readily prcpared 2,4-dinitrophenylhydra- 
zone derivatives. 

(I-Phenylcycloalky1)methoxymethylcarbinols (V). A solu- 
tion of the appropriate methoxy ketone (IV) (0.25 mole) in 
dry ether (50-75 ml.) was added dropwise with stirring into 
a suspension of lithium aluminum hydride (2.66 g., 0.07 mole) 
in dry ether (100-1.50 ml.) held a t  0'. Stirring was continued 
for an hour, followed by reflux for another 1-2 hr. Isolation 

of the carbinol wm achieved in the customary manner using 
dilute hydrochloric acid (5%) in the work-up. The proper- 
ties of the carbinols are given in Table 11. The alcohols (V) 
showed a broad -0-13 band (2.8-2.9 p )  and retained the 
methoxyl band in their infrared spectra. V (n = 4), as 
usually prepared, had a C=O (5.75 p )  peak present from 
unreduced ketone. Gencrally, however, the methoxy ke- 
tones could be entircly reduced in 3-hour reduction timcs. 
While thc products V (n = 2,5) were blank in the C-methyl 
region (7.23-7.26 p ) ,  V (n = 4) invariably showed a moder- 
ately strong C-methyl peak (7.24 p )  in addition to the afore- 
mentioned peaks. The appearance of this C-methyl ab- 
sorption peak was evidence for the reductive displacement 
of the methoxyl function (see text of paper). The mixture of 
V (n = 4)  with the C-methyl contaminant (assumed to be 
V-A) proved tcnacious. Fractional distillation on available 
columns failed to separate the components. Various reduc- 
tion times, periods of reflux, etc., gave mixtures of varying 
methylcarbinol contamination (C-methyl absorption in- 
tensity), but no method was found to remove V-A or to pre- 
vent its formation. Combustion analyses indicated 30-4070 
methylcarbinol (assuming a binary mixture). No derivatives 
of any of the alcohols (V) were obtained. Attempts to pre- 
pare various urcthans, benzoates, and sulfonates gave oils. 
In  the case of V (n = 2), rapid decomposition of the deriva- 
tives into dark tar was noticed. 

I-Phenylcycloalkylacetaldehyde enol methyl ethers (VI). 
The S-methyl xanthate esters of the carbinols (V) were ob- 
tained by the method of Alexander and Mudrak,18 with the 
excellent modification of using phenyllithium to obtain the 
alkoxide salt developed by Weinstock and Bordwell The 
xanthate esters were obtaincd aa deep yellow-orange oils. 
Solidifiration of the xanthates did not occur. To establish 
the conditions for these eliminations, thc pyrolysis of the 
cyclohexyl substance was investigated more thoroughlv 
than the others. A typical pyrolysis is described. The crude 
S-methyl xanthate obtained from V (n = 5) (30 g., 0.127 
mole) was heated a t  190-195" (Wood's metal bath tem- 
perature) for 4.5 hr. vented into concentrated sodium hy- 
droxide solution. Distillation under reduced pressure gave 
the crude enol ether (VI, m = 5 )  (1'7.5 g., 647& b.p. 95-135" 
a t  1 mm.). This material was taken up in ether, washed re- 
peatedly with dilute (5%) sodium hydroxide, water, and 
then dried. The ether was removed from the dried extract 
and the enol ether distilled under vacuum. Its properties 
are given in Table 111. The enol ether8 (VI) so obtained were 
colorless to pale yellow oils with a faint odor. A strong C=C 
peak a t  6.05 p with no trace of carbonyl absorption (5.7- 
5.9 p )  characterized their infrared spectra. 2,4Dinitro- 
phenylhydrazone derivatives of their respective aldehydes 
(VII) were readily obtained in good yield upon treatment 
with the reagent in phosphoric acid-ethanol.20 The yields 
and properties of these latter substances are given in Table 
111. 

Attempted hydrolyses of the enol ethers (VI) to the aldehydes 
(VII). The rates of these hydrolyses were followed by the 
gradual diminution of the C = C  peak of VI (6.05 p )  and the 
concomitant appearance of the C=O peak of the aldehydcxs 
(5.8-5.9 p )  as the time of refluu wm Icngthened. The hy- 
drolyses were quite slow, considering the usually rapid hy- 
drolysis of such ethers in acid.11a Thus, a mixture of VI 
(m = .5) (11 3 p., 0.052 mole), concentrakd hydrochloric 
acid (1.8 ml.), water (12 ml.) and ethanol (9570, 25 ml.) 
was refluxed with stirring for 1 hr. The mixture was then 
poured over ice and extracted with ether. The extracts were 

(18) E. R. Alexander and A. Mudrak, J. Am. Chem. SOC., 
72, 1810 (1950). 

(19) J. Reinstock and F. G .  Bordwell, J .  Am. Chem. 
Soc., 77. 6706 (1955). 

(20) G. D. Johnson, J .  Am. Chem. SOC., 73, 5sg8 (1951). 



washed until neutral with dilute base and water, dried, aldehydes were not obtained. 1-Phenykyclohexylacetalde- 
and freed of ether. Distillation of the residual oil gave a series hyde (1711, m = 5) has been obtained pure, however, via 
of fractions (8.1 g., b.p. 85-110" a t  0.4 mm.), all of which another routelE and its infrarcd spectrum was comparable to 
showed both C=C and C=O bands in the infrared. Other that of thc aldehyde prepared in this work, with slight con- 
hydrolyses involved reaction times as long as 12 hr. with tamination by the enol ether evident. 
Girard-T reagent work-up. While such measures decreased 
the enol ether content of 1711, analytically pure samplcs of the CHICAGO 26, ILL. 
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cis-9,lO-EpoxyoctadecanoI and cis-9,lkpoxyoctadecyl acetate have been hydrogenated in ethanolic solution employing 
palladium-carbon catalyst. Examination of the reaction products established the fact that ncarly equal proportions of the 
9- and 10-hydroxy isomers were formed in both cases. These results are in marked contrast, to the preferential formation of 
methyl 10-hydroxyoctadecanoate encountered previously during the catalytic reduction of methyl 9,lO-epoxyoctadecanoate. 
The difference in results obtained with the two esters is attributed to the relative position of the oxirane center with respect 
to the acyl and alkoxy1 oxygen atoms of the estcr. 

Investigations conducted in this laboratory2 
and elsewhere3~* into the catalytic hydrogenation 
of the 9,lO-epoxyoctadecaonates have shown 
that the reaction products consist principally of 
one positional isomer. Reduction of methyl cis- 
9,l0-epoxyoctadecanoate1 for instance, results in 
the formation of methyl 10-hydroxyoctadecanoate 
with little or no attendant formation of the 9- 
isomer. 

The results obtained in our previous investiga- 
tion suggested that the reaction proceeded by an 
ionic mechanism involving the preferential attack 
of a hydride ion on the ninth carbon-oxygen bond of 
an oxonium ion intermediate.5 The specificity of 
the reaction was attributed to the influence exerted 
a t  both the oxirane center and the catalyst surface 
by the electrophilic -COO- group. 

To obtain further information regarding the 
nature of this reaction we have now investigated 
the catalytic reduction of both cis-9, IO-epoxyocta- 
decanol and cis-9,lO-epoxyoctadecyl acetate. These 
epoxides were hydrogenated in ethanolic solution 

(1) One of the laboratories of the Southern Utilization 
Research and Development Division, Agricultural Research 
Service, U. S. Department of Agriculture. 

(2) C. H. Mack and W. G. Bicltford, J. Orq. Chem., 18, 
686 (1953). 

(3) I. G. V. Pigulevskii and Z. Ya. Rubashko, J. Gen. 
Chem. (U.S.S.R.), 9, 829 (1939), Chem. Abstr., 34, 378 
(1940). 

(4) J. Ross, A. I. Gebhart, and J. F. Gerecht, J .  Am. 
Chem. Soc., 71,282 (1949). 

(5) It was concluded that the ninth carbon atom of the 
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