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prepared by a transesterification procedure.24 
Mono-testosterone succinate has been previously 
describedz3 and the free carboxyl group was esteri- 
fied by metathesis of the silver salt of the acid with 
methyl iodide. 

 EXPERIMENTAL^^ 
The acid chloiides which were not commercially available 

were synthesized according to methods described in the 
literature: acrylyl chl0ride,~7 p-chlorocrotonyl chloride,28 
tert-butylacetyl chloride.20 The acid chloride of a,a-dibenzyl- 
acetic acid was prepared using thionyl chloride (75%), b.p. 
130-132' (1 mm.). 

Testosterone p-chloropropaonate. A solution of 24 g. of 
testosterone in 200 ml. of pyridine and 800 ml. of toluene 
was adtled dropwise 1% ith stirring and continued cooling a t  
-10" to a rolution of 70 ml. of 0-chloropropionyl chloride 
in 600 nil. oi toluene. After stirring at  Yoom temperature for 
24 hours, 350 Inl. of water was added. The toluene layer was 
separated and processed by successively washing with water, 
dilute hydrochloric acid, dilute bicarbonate, and water; it 
was dried with magnesium sulfate, filtered, and the filtrate 
was concentrated zn vacuo. The solid residue of the product 
mas dried in mcuo a t  80". 

=Indrostan-l7-p-ol-3-one-~-iodopropionate. One gram of 
androstan-lT-~-ol-3-one-p-bromopropionate \vas dissolved 
in 5 nil. of acetone and 50 ml. of a 15% acetone solution of 
sodium iodide VI as added. After 2 days the sodium broniide 
formed was filtered off, and 100 ml. of water was added. 
Upon standing, crystals of the product formed which \\ere 
separated and dried in vacuo. 

Testosterone acrijlate. (By dehydrohalogenation of testo- 
sterone 8-bromopropionate). A solution of 1 g. (2.36 mmolcs) 
oi testosterone p-bromopropionate and 0.42 g. (2.36 mmoles) 
of phenylhiguanidc in 135 ml. of hot ethanol was concen- 
trated on thc steam-bath to the initi:ition of crystallization, 
and cooled. Filtration afforded 0.8 g. of a crystalline mixture 
T\ hich was e\tracted with tn  o successive 40-ml. portions of 
boiling heptanc. The cooled heptane extract yielded 0.39 
g. (48% ) of testosterone xrylate which melted a t  158-160' 
and which did not deprcss the melting point of the product 
obtained from testosterone and acrylyl chloride. The residue 
from the heptane extraction was identified as phenyl- 
biguanide hydrohromide.*3 

Testosterone acrylate polymer. A solution of 1 g. of testo- 
sterone acrylate in 5 ml. of boiling propanol was treated 
with three successive 1-ml. portions of 2095 hydrogen 
peroxide a t  0, 5,  and 15 minutes and refluxed for 2 hours. 
After cooling, thc oily insoluble mass of product separated 
and \vas solidified by trituration with ethcr. The product 
vas  insolubl(~ in n nide variety of typical solvents except 
chloroform, but could not be purified. 

We could not polymerize testosterone acrylate by ultra- 
violet light, nor through the use of benzoyl peroxide.30 

Testostcrove acetoacetate. A solution of 2 g. of testosterone 
and 6.12 g. of ethyl acetoacetate was maintained a t  100" 

(24) 13ntler, Cummings, and Vogel, J .  Am. Chem. SOC., 

( 2 5 )  9oc. pour l'ind. chcm. a Bde, Sviss Patent 105,775 

(26) l'uiihcation, yields, and melting points of thc com- 

(27) Stemnel, Gross, and Mariella. J .  Am. Chem. Soc., 

73, 4103 (1951). 

(LInv If;, (938); ('hetn. dbstr . ,  32, 7217 (1938). 

pounds described in this section :me indicated in Table I. 

72; 2299 ( i isoj .  
(28) Shriner and Keyser, J .  Am. ChenL. Sac., 60, 287 

(1938). 
(29) Homeyer, Whitmore, and Wallingford, J .  AWL Chem. 

(30) l k m e l ,  TT'eil, Wakefield, and Fairbanks, J .  A m  
Soc., 5 5 ,  4211 (1933). 

Cheiir. Soc ., 75, 2326 (1%3). 

and 200 mm. for 10 hours. The excess of the reactant thcn 
was removed by distillation leaving a viscous residue which 
crystallized on treatment with methanol-water. 

Methyl ester of monotestosterone succinate. The silver salt 
of monotestosterone succinate was prepared from an 
equivalent amount of the sodium salt of the acid and silver 
nitrate in water in 82.3y0 yield. The reaction mixture of 0.8 
g. of the silver salt and 1 ml. of methyl iodide in 48 ml. of 
methanol after standing 48 hours in the dark, was separated 
from the formed silver iodide by filtration. Evaporation of 
the filtrate yielded an oil which crystallized on standing. 

Testosterone p-(.A'-piperidano)propionate. A solution of 4 g. 
of testosterone p-chloropropionate in 100 ml. of xylene \vas 
treated with 5 ml. of piperidine and refluxed for 2 hours. 
On cooling, 1.15 g. (90yo) of piperidine hydrochloride was 
separated and the filtrate was concentrated to :t syrupv 
residue. Crystallization was induced by trituration with 
ether. 

Acknowledgment. We are grateful to S. Kobrin for 
evaluation of the androgenic response of the com- 
pounds reported in this series, and to A. Lawrence 
for his technical assistance in the preparation of the 
compounds. 

RESEARCH LABORATORIES 
U. S. VITAMIN CORPORATION 
YONKERS I, NEW YORK 

Stereochemistry. of Reduction of 
2-Me thylcyclopentanone 

JEAN B. UhlL.4ND A N D  BETTYE iv. \S'ILLIAUS' 

Received June 8, 1 9 3  

The reduction of unsymmetrical ketones to  sec- 
ondary alcohols produces an asymmetric carbon 
atom and when the ketone already contains an 
asymmetric center, the problem arises as to which 
epimer will be formed in larger amounts. Generaliza- 
tions concerning the steric course followed in the 
reduction of ketones by the commoii methods have 
been made by Barton.2 Unfortunately some of these 
generalizations appear to be based on experiments 
in which it mas assumed that the more soluble epi- 
mer mas obtained in pure form by fractional crys- 
tallization. The purpose of the present research was 
to compare in a quantitative manner the stereo- 
chemistry of the common methods of reduction 
using a single simple model compound. 2-Methyl- 
cyclopentanone, which is reduced to a mixture of 
cis- and trans-2-methylcyclopentanol, was selected 
as this model compound since the preparation and 
proof of configuration of these alcohols, as well as  a 
quantitative procedure for analyzing the mixtures, 
have recently been de~cribed.~ The results of these 
reductions are summarized in Table I. 

(1) Abstracted from a thesis submitted by Bett? e FV. 
J$'illiams in partial fulfillment of the requirements for the 
degree of Master of Arts, 1956. 

(2)  Barton, J .  Chem. Soc., 1027 (1953). 
(3) Umland and Jefraini, .I. - 1 ~ .  C'hent. S o c ,  78, 2788 

( I  956). 
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TABLE I 
ISOMERIC C:o~irosITIoN OF MIXTURES OF cis- A N D  trans- 
2-3fETHYLCYCLOPENTANOL FROM REDUCTION O F  Z-hfETHYL- 

CYCLOPENTBSONE 

Reducing Agent 
r ,  

</6 > 

trans 

Large excess of solid sodium borohydride added to solu- 
tion of ketonc in aqueous methanol. Ketone added to 
water solution of small excess of sodium borohydride. 
CReaction misture worked up as soon as reduction was 
complctc. Rcf. 3. 

It has frequently been stated that reduction with 
sodium and alcohol affords a mixture of alcohols of 
the same composition as is obtained by direct equil- 
ibration arid hence can be employed to measure the 
relative stability of epimers.* cis- and trans-2- 
il/Iethylcyclopeiitanol n-ere equilibrated with alu- 
minum isopropoxide in refluxing isopropyl alcohol. 
Equilibrium was approached from both the cis and 
the trans sides; composition-time curves are shown 
in Fig. 1. From Fig. 1 the composition of the equilib- 

l o o  r - r  

I I d 
I O  2 0  3 0  40 

TIME, HRS. 

40 L - 1  
0 

F ~ G .  1 .--~QUILIBEATIOX O F  Cis- AND tTUnS-2-kIBTHYL- 
CYCLOPENTANOL WITH BLU~~IXCJI  ISOPAOPOXIDE IK RCFLUX- 
ING ISOPROPYL ALCOHOL. 

riuni mixture n-as estimated to be 58% trans-2- 
methylcyclopentanol. Therefore, in this case a t  
least, reduction with sodium and alcohol does not 
afford a mixture of alcohols of the same composition 
as is obtained by direct equilibration and, indeed, 
gives a rather misleading idea of the relative stabili- 
ties of the two ison~ers.~ 

In  agreement with Barton’s generalizations so- 

(4) See, for example, Dauben and Jiu, J .  Am. Chern. Soe., 

( 5 )  A similar case has been reported by Hiickel [Huckel, 
76, 4426 (1954) arid Ref. 2.  

dnn.,  533, 1 (193 i ) i .  

dium borohydride, sodium and alcohol, catalytic 
hydrogenation in neutral medium, and lithium alu- 
minum hydride all give a preponderant amount of 
the more stable trans isomer whereas aluminum iso- 
propoxide affords a larger amount of the less stable 
cis isomer. In  this connection i t  is interesting to note 
that the preponderant product formed in the re- 
duction of the acyclic ketones studied by Cram6 
can be predicted by Barton’s generalizations, in- 
cluding the results of the reduction of 3-cyclohexyl- 
2-butanone with aluminum isopropoxide which are 
inconsistent with Cram’s “Rule of Steric Control of 
Asymmetric Ind~c t ion” .~  

The composition of the product obtained by so- 
dium borohydride reduction was the same under 
two very different sets of experimental conditions 
and is siniilar to that obtained by lithium aluminum 
hydride reduction in accord with the observations of 
Cram and Greene7 and Dauben, Illicheli, and East- 
ham8 on other systems. Reduction hy means of so- 
dium and moist ether gives almost the same steric 
result as is obtained by reduction iyith sodium and 
alcohol. 

Since equilibration of cis- and trans-2-methyl 
cyclopentanol occurs under the conditions used for 
reduction n-ith aluminum isopropoxide, material 
containing an even higher proportion of the cis 
isomer could probably be obtained by isolating the 
product prior to the completion of the reduction and 
this appears to be the most suitable method for the 
preparation of cis-2-methylcyclopentanol. Cata- 
lytic hydrogenation in acid medium, which is also 
said to  afford a preponderant amount of the less 
stable epimerj2 gave negligible yields of 3-methylcy- 
clopen tanol. 

EXPERIMENTAL 

d-Jlcth yl~yclopentanonc. 2-RIethylc~.clopent:tiione WLLS pre- 
pared as described by Umland and Jefraim.3 It was purified 
immediately before reduction by fractionation with :t Holz- 
man column, b.p. 137.0’ (752 mni.), n y  1.4340 (lit.3 b.p. 
137.5’ (761 mm.), n y  1.4341). 

Anulyais of mzxt7rres of czs- and trans-2-methylcyclopentanol. 
The isomeric composition of mixtures of cas- and tmns- 
2-mcthylcyclopentano1 obtained by reduction of 2-methyl- 
cyclopentanone mas determined, as described by Umland 
and J e f ~ a i m , ~  from tho melting point of the 3,s-dinitro- 
benzoate derivative by means of the binary melting point 
diagram using mixture melting points with czs- and trans- 
2-methylcyclopentyl 3,5-dinitrobenzoates to find out 
whether the sample m s  on the czs or t7ans d e  of the 
eutectic. This method of analpis has I m n  sliomn, by annl- 
ysis of .;ynthetic mixtures of czs- and trans-2-methylcyclo- 
pcntmol, to have an nccuracy of =!=21:.3 To show that the 
samples contained only czs- ant1 tmns-2-xiieth~lcyclo~,entyl 
3,5-dinitrohcnzoatcs and were not contaminatcd with other 
substances, materials for the mixture melting point dcter- 

(6) See Crurn, ElhafeL, arid Xyquist, J .  Am. (‘hciti.  Soc., 

( 7 )  Cram and Greene, J .  A m .  Chew. Soc., 75, 6005 

(8) Dauben, Micheli, arid Eastham, J .  Llm. Cheni. Soc.. 

76, 22 (1954) and previous papers in this series. 

(1953). 

74, 38.32 (1952). 
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minations were weighed with an accuracy of 1 p.p.h.; the 
isomeric composition of the mixture was calculated from 
the weight and isomeric composition of the sample as deter- 
mined by analysis and the a-eight of pure cis or trans 3,s- 
dinitrobenzoate used and this calculated composition was 
compared with the composition determined from the melt- 
ing point of the mixture. The calculated compositions agreed 
with the observed compositions within 1% which is well 
within experimental error. For example 8.83 mg. of 3,s- 
dinitrobenzoate containing 23.5y0 of the trans isomer by 
analysis was mixed with 1.00 mg. of pure trans 3J-dinitro- 
benzoate to give a mixture calculated to contain 31% of 
the trans isomer. This mixture melted a t  73.4" corresponding 
to  31% trans. The temperature reported is that a t  which 
t.he last solid disappeared. 

Reduclion of 2-inethi/lcyclopentnnonc. A 2.0-g. sample 
(0.020 mole) of 2-mcthylcyclopentanone vias reduced except 
where otherwise noted. All products were dried over potas- 
sium carbonate arid distilled at  ca. 35 mm. (b.p. <80°) to 
avoid t,he possibility of acid-catalyzed or thermal isomeriza- 
tion. Yields are included for compariPon only and are not 
representative of those obtainable on a preparative scale. 
d. Sodiunr borohydride. A large excess (eight fold) of solid 

sodium borohj-dricle was added to :L solution of t,he ketone 
in 2S7;, :tqiieous inct~lit~iiol ttccording to the procediire of 
Cram antl G~ecne7 for the reduetioil of L-( - )-3-cyclohexvl- 
2-butanone. From 1.28 p. (0.013 mole) of 2-methylcyclo- 
pentanone n 67(,',; yield of 2-nieth~lcyclopentanol was 
obtained n-hich Contained 73% of the trans isomer. 

Rediiction was also carried oiit by :drling the ketone to 
a small (3,576) excess of sodium borohydride in water. In 
this lvay a 755v0 yield of' 2-methylcyclopcntunol containing 
i 4yc  of the trans isomer v-as obtained. 

B. Sodiziin rrnd alcohol. 2-~Iethylcyclopentsnone \vas re- 
duced with sodium and alcohol according to the procedure 
described by Dauben, Tweit, antl Rlannerskantz@ for the 
reduction of trans-1-decalone except that the reaction mix- 
ture was cooled in  an ice-salt bath diiririg addition of the 
sodium and then was stirred overnight while cooling con- 
tinually. -4 56% yield of 2-methylcyclopentanol which con- 
tained 867, of' the trans isomer was obtained. The product 
af a duplicate experiment contained 88% of the trans isomer. 
The low yield vias probably due to base-catalyzed condensa- 
tion of the original ketone; that it Tvas not, caused by selec- 
tive destruction of one stereoisomer of the product was 
shown by subjecting mixtures of cis- and trans-%methyl- 
cyclopentanol of known isomeric composition to the re- 
action conditions. The compositions nere not changed. 

C. Sodium and moist ether. Reduction with sodium and 
moist ether was carried out essentially according to the pro- 
cedure of Vogello for the preparation of methyl n-butyl 
carbinol. An 82% yield of 2-methylcyclopentanol contain- 
ing 90% of the trans isomer was obtained. The product of a 
duplicat,e experiment contained 91% of the trans isomer. 
D. Aluminunt isopropoxide. The modified procedure of 

hlacbeth and Mills11 for ketones which condense readily 
was used for the reduction of 2-methylcyclopentanone with 
aluminum isopropoxide. When the reaction mixture was 
worked up as soon as reduction m s  complete, a 39% yield 
of 2-methylcyclopentano1 which contained 24% trans-2- 
methylcyalopentanol was obtained from 3.0 g. (0.031 mole) 
of 2-methylcyclopentanone. A duplicate experiment gave 
identical results. In this case the low recovery of material 
was due to loss at some time in the isolation of the product, 
probably by evaporation during distillation of the relatively 
Luge amounts of isopropyl alcohol. This loss did not involve 
:my fractionation of stereoisomers. When a 2.0-g. sample of 
2-methylcyclopentanol of known isomeric composition was 

(9) Dauben, Ta-eit and Riannerskantz, J .  Am. Chem. 
Soc., 76, 4420 (1954). 
(10) T'ogel, A l'ext-book of Practical Organic Chemistr?l, 

2nd ed., T,ongmaiis, Green and Co., London, 1951, p. 2.56. 
(1 1 ) hl:wIiCt.h :id Rlills, .T. Chem. Soc., 2G46 (1940). 

- 

subjected to the isolation procedure, a 43cjo recovery of 
material of unchanged isomeric composition was obtained. 

When the reaction mixture was refluxed for ten hours 
after reduction was complete the product contained 3770 
trans-2-methylc~-clopentanol. 

E.  Catalytic hydrogenation. 2-Xieth~-lc~ clopentanone (1.5 
g., 0,015 mole) mas hydrogenated without solvent a t  room 
temperature and 60 p.s.i. gage pressure with 0.08 g. of 
hdams platinum oxide catalyst in a Parr Series 3190 cata- 
lytic hydrogenation apparatus. Since the theoretical amount 
of hydrogen was too small to make :in observable dif- 
ference in pressure, shaking was continued for five days to 
insure complete reduction. After removal of the catalyst by 
filtration the product was distilled and a 70% yield of 2- 
methylcyclopentanol containing 71 trans-2-methylcyclo- 
pentanol was obtained. The product of a duplicate experi- 
ment contained 72Yc of the trans isomer. 

Hydrogenation of 3.0 g. (0.031 mole) of 2-niethylcyclo- 
pentanone in purified12 glacial acetic acid for a period of 
three weeks did not result in complete reduction. The cata- 
lyst was removed by filtration and the reaction mixtiire was 
addcd to 570 ml. of 2.5 W sodium hydroxide. After refluxing 
for one hour to saponify any 2-niethylcyclopentyl acetate 
formed, the alcohol was removed by azeotropic distillation 
with water. The distillate was saturated with potassium 
carbonate and extracted with ether. The almost riegligihle 
amount of 3,5-dinitrobenzoate derivative which was ob- 
tained from the product melted at 101.5-104.0" indicating 
that condensation had occurred. 

Equilibration of cis- and tians-B-~,iethylc?/clopc~ztanol. A 
solution of 3.0 g. (0.031 mole) of 2-methylcyclopentanol and 
1 microdrop of 2-methylcyclopentanone13 in 15 ml. of dry1& 
isopropyl alcohol was refluxed with 44 ml. of 0.75 *If alumi- 
num isopropoxide in dry isopropyl alcohol. Ahont 50% of 
the material was recovered regardless of time. Data are 
summarized in Fig. 1. 

Attempted equilibration with sodium apparently led to 
condensation. Starting from the trans side the melting point 
of the 3,5-dinitrobenzoate derivative first decreased and 
then increased; individual results were not reproducible. 

C.4RR IdABORATORY 
A ~ O U S T  HOLYOKE COLLEGE 
SOCTH HADLEY, ~VASSACHUSETTS 

(12) Bruce and Ralls, Org. Syntheses, Coll. Vol. 11, 191 
(1943). 

(13) The presence of a carbonyl compound is a ncceshary 
rondition for effecting equilibration [Doering and Aschner, 
J .  Am. Chem. Soc., 71, 838 (1949) I. 

(14) Isopropyl alcohol was dried by refluxing with and 
distilling from calcium oxide. 
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This paper describes the synthesis and the prop- 
erties of some dithiol sebarates. A litcrature searvh 
revealed that previous to this study only cyclohesyl 
and 2-methyl cyclohexyl dithiol sebacates wero 
prepared.l These compounds were formed by the 
addition of dithiol sebacic acid to the appropriate 
olefin. 

(1) Curinen, .Towmd of App1ic.d Chcnti.sfr~l (Tmulon), 2, 
353 (1052). 


