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The route from cyclohexanone to desoxyandrosterone has been outlined in a 
previous paper (1). The synthesis of 9-methyl-1-decalone described there has. 
been improved and several new intermediates have been isolated. The unsatu- 
rated Reformatsky ester (I), prepared from 2-methyl-2-carbomethoxycyclo- 
hexanone and methyl y-bromocrotonate, was not dehydrated by boiling acetic 
anhydride. Thionyl chloride, however, followed by alcoholic potassium hydrox- 
ide, yielded 2-methyl-2-carboxycyclohexylidenecrotonic acid (111). Its ultra- 
violet absorption spectrum (curve 1) with a maximum at 270 mp (log e = 4.4) 
indicated that the diene system was conjugated with the carboxyl group (2). 
Catalytic reduction of the diene acid gave y-2-methyl-2-carboxycyclohexane- 
butyric acid (IV) which proved to be the cis form. The distilled unsaturated 
Reformatsky ester (I) absorbed one mole of hydrogen in a few minutes. Alkaline 
hydrolysis of the product afforded crystalline y-2-methyl-2-carboxy-l-hydroxy- 
cyclohexanebutyric acid (V). The dimethyl ester of V was dehydrated and 
hydrolyzed by treatment with thionyl chloride and alcoholic potassium hydrox- 
ide. The product was catalytically hydrogenated to IV. 

A 90% yield of cis-9-methyl-2-carbomethoxy-l-decalone was obtained from 
the dimethyl ester of IV by the Dieckmann method when the solvent was distilled 
from the mixture during the reaction. Hydrolysis and decarboxylation pro- 
ceeded quantitatively to yield cis-9-methyl-1-decalone. The cyclic ketone was 
formed in 41% yield when IV was treated with boiling acetic anhydride and the 
product was pyrolyzed. 

The formation of the dimethyl ester of IV from cis-2-methyl-2-carboxycyclo- 
hexaneacetic acid (m.p. 163-164”), whose configuration had been established 
recentliy,3 proved that IV  had the cis configuration. The acetic acid side chain 
was lengthened by two successive Arndt-Eistert reactions, and the resulting di- 
methyl ester of IV was converted to  cis-9-methyl-1-decalone. This synthesis 
furnishes confirmatory evidence for the previously assigned configurations of the 
9-methyl-1-decalones. 

A new synthesis of y-2-methyl-AI-cyclohexenebutyric acid consisted in con- 
densing 2-methylcyclohexanone with methyl y-bromocrotonate and zinc, hydro- 

1 Presented by Pi. E. Bachmann before the Chemical Societies in Basel, Zurich, and 
Geneva, Switzerland, May 8-16,1947, under the auspices of the American-Swiss Foundation 
for Scientific Exchange. 

2 From the Ph.D. dissertation of Andre S. Dreiding, 1947. 
8 Davis, Ph.D. dissertation (1942) in  “Summaries of Theses,” Harvard Graduate School, 

1946. The diacid (m.p. 158-163’) was synthesized by adding butadiene t o  citraconic an- 
hydride, hydrogenating and hydrolyzing the product, and carrying out an Arndt-Eistert 
reaction on the secondary acid group. 
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the unsaturated acid with a mixture of acetic anhydride and acetic acid con- 
taining a small amount of zinc chloride. The best results were obtained when 
the reaction was conducted at  relatively low temperatures.* The reduction of 
the octalone to cis-9-methyl-1-decalone was carried out as has been described (3). 

4 This method of Fieser and Hershberg had been employed by several investigators for 
ring closure onto aromatic rings. Recently Johnson and co-workers, J .  Am. Chem. Soe., 
67,1360 (1945), employed this mixture at reflux temperature for the preparation of unsatu- 
rated five-membered ring ketones. Under these conditions we obtained only 20-35% yields 
of three of our four six-membered ring ketones in  contrast t o  the 7596% yield obtained at 
lower temperatures. 
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cis-9-Methyl-1-decdone with methyl 7-bromocrotonate and zinc gave the 
unsaturated Reformatsky ester, which was hydrogenated and subsequently dehy- 
drated and hydrolyzed to y-9-methyl-A1-l-cis-octalinbutyric acid (VII) .K Cycli- 
zation by the zinc chloride-acetic anhydride method afforded cis-1-keto4b- 
methyl.-A4a~10a-dodecahydrophenanthrene (IX)6* in 84% yield. In accord with 
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FIG. 1. ULTRAVIOLET ABMRPTION SPECTRA 
Curve 1 : 111, 2-methyl-2-carboxycyclohexylidenecrotonic acid. 
Curve 2: IX, cis-l-keto-4b-methyl-~~~~*~a-dodecahydrophenanthrene. 
Curve 3 : X, l-keto-A4~-~08-dodecahydrophenanthrene. 
Curve 4: Xa, l-keto-l,2,3,4,9,1O-hexahydrophenanthrene. 
Curve 5: XIII, cis-l-keto-2,4b-dimethyl-A~~-~~*-dodecahydrophenanthrene. 
Curve 6: XV, cis-~,4b-dimethyl-A~~~*~~-dodecahydro-1-phenanthrylideneace~c acid. 

the proposed structure, the ketone showed the characteristic absorption spectrum 
(maximum at 247 mp; log E = 4.0; curve 2) of ar,@-unsaturated ketones (4). 

The same cyclization method applied to  the corresponding desmethyl unsatu- 
rated acid VI11 yielded the unsaturated cyclic ketone X, identical with that 

6 The prefix cis refers t o  the configuration between the rings (A and B rings for the poly- 
cyclic compounds). 

6 While this paper was being written, the abstract of a paper by Banerjee, Science and 
Culture, 12, 508 (1947); Chem. Abstr., 41, 6557 (1947), appeared describing the preparation 
of this ketone by another method. We have also learned from Professor J. W. Cook that  
he and his co-workers have prepared the ketone through the use of methyl r-bromocro- 
tonate. 
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obtained by the stannic chloride method (1). The structure X received confir- 
mation from the ultraviolet absorption spectrum (maximum at 247 mp; log E 

= 3.9; curve 3) (4, 5) .  A similar cyclization of 7-3,4-dihydro-l-naphthalene- 
butyric acid (1) gave 1-keto-1 ,2,3,4,9,10-hexahydrophenanthrene (Xa) in 
nearly quantitative yield (5).  The unsaturated cyclic ketone showed the strong 
absorption maxima (curve 4) at 232 mp (log E = 4.1) and at 300 mp (log E. = 4.1) 
characteristic of the triply conjugated system : benzene ring-double bond- 
keto group (4).' 

The unsaturated ketone IX reacted smoothly with dimethyl oxalate in the 
presence of sodium methoxide. Pyrolysis of the crystalline glyoxalate (XI) gave 
the 0-keto ester, cis-l-keto-2-carbomethoxy-4b-methyl-A4a~1oa-dodecahydrophen- 
anthrene (XII), which on methylation gave cis-l-keto-2-carbomethoxy-2,4b- 
dimethyl-A4~-10a-dodecahydrophenanthrene (XIV). Decarboxylation of the acid 
derived from (XIV) afforded cis-1-keto-2, 4b-dimethyl-A4a-10a-dodecahydro- 
phenanthrene (XIII), whose absorption spectrum (maximum at 247 mp; log E 

= 4.1; curve 5 )  showed it t o  be an a,@-unsaturated ketone (4). The ketone was 
transformed into the unsaturated acid, cis-2, 4b-dimethyl-A4a-10a-dodecahydro-l- 
phenanthrylideneacetic acid (XV) through the Reformatsky reaction. The 
ultraviolet absorption spectrum (maximum at 280 mp; log E = 4.4; curve 6) 
showed it to beana,p,r,d-diene acid(2),inagreementwiththeproposedstructure 
XV. This acid, as well as XI11 and XIV should prove useful for preparing the 
desoxyandrosterone structure. 

We are indebted to the Monsanto Chemical Company for a grant which was 
used to provide support for Andre Dreiding during this investigation. 

EXPERIMENTAL 

Dimethyl ester of y-%methyl-d-carbozy-l -hydroxycycEohexanecrotonic acid ( I ) .  %Car- 
bomethoxycyclohexanone was prepared according t o  the method described for the  corre- 
sponding ethyl ester (6) ; an equal volume of absolute methanol was used t o  dissolve the 
dimethyl oxalate. The second distillation of the keto ester was carried out with a six-inch 
column; b.p. 95-107" (30 mm.); yield, 43y0. The keto ester was methylated by the proce- 
dure described for the ethyl ester (7); yield, 90%; b.p. 69-72' (0.4 mm.); n: 1.4570. 

A mixture of 20 g. of 2-methyl-2-carbomethoxycyclohexanone, 10 g. of methyl 7-bromo- 
crotonate, and 20 g. of cleaned zinc (20 mesh) in 50 cc. of anhydrous ether and 50 cc. of dry 
reagent benzene was heated nearly t o  the boiling point. A few small crystals of iodine were 
added and allowed to  rest on the zinc without agitation. Within a few minutes the iodine 
color disappeared and a white cloud rose from the zinc a t  the point where the iodine had at-  
tacked i t .  This indicated the s tar t  of the reaction, which proceeded with slight evolution 
of heat as an additional 46 g. of methyl 7-bromocrotonate was added slowly over a period of 
about two hours. The mixture was kept refluxing for four hours more. Fresh zinc was 
added in 5-g. batches at hourly intervals during the first three hours. The complex was 
dissolved by the addition of 25 cc. of glacial acetic acid. When the solution was clear, i t  was 
decanted from the excess zinc into ice-cold water. The zinc salts were removed by extrac- 
tion with ten 50-cc. portions of 1% ammonium hydroxide. The crude Reformatsky ester, 
obtained by concentrating the solution, was distilled through a two-inch fractionating 
column, b.p. 135-145" (0.05 mm.); yield, 26.66 g. (84%); nz 1.4900. 

7 Wilds and co-workers, J. Am. Chem. SOC., 69, 1985 (1947), have recently examined the 
ultraviolet absorption spectra of a series of compounds with related structures, including 
this ketone. Our results are in  agreement. 
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Anal. Calc'd for Cl,H22O5: C, 62.20; H, 8.20. 
Found: C, 62.87; H, 8.49. 

2-Methyl-2-carboxycyclohexylidenecrotonic acid (ZZZ). A solution of the unsaturated 
Reformatsky ester (I) (1.5 g.) in 5 cc. of ether was added dropwise t o  a chilled mixture of 
1.4 cc. of pure thionyl chloride, 0.8 cc. of pyridine, and 5 cc. of ether. After one hour a t  
O", the precipitated pyridine hydrochloride was dissolved by the addition of small pieces 
of ice. The excess of thionyl chloride in the organic layer was decomposed by extraction 
with a sodium bicarbonate solution until no more carbon dioxide was evolved. The solvent 
was removed and the residual oil refluxed for ten hours in  a solution of 2.5 g. of potassium 
hydroxide in 17 cc. of absolute methanol. Some methanol was removed in uacuo, and the 
residue acidified with cold dilute hydrochloric acid. The crude acid precipitated as a cream 
colored solid; yield, 0.98 g. (82%), m.p. 196-206'. Recrystallization from aqueous methanol 
yielded colorless short needles, m.p. 205.5-u)7" (softening a t  195') 

Anal. Calc'd for CI2Hl6O4: C, 64.27; H, 7.19. 
Found: C, 64.53; H, 7.06. 

Refluxing the Reformatsky ester (I) in  acetic anhydride for one hour did not remove 
water from the molecule, as evidenced by the fact that  the product absorbed only one mole 
of hydrogen on catalytic reduction. Whether esterification of the hydroxyl group had taken 
place was not determined. 

-y-2-Methyl-d-carboxy-l-hydroxycyclohexanebutyric acid (V). A solution of 24.5 g. of 
the  Reformatsky ester (I) was hydrogenated in  methanol in the presence of 0.20 g. Adams' 
catalyst. Within five minutes, one mole equivalent of hydrogen wm consumed. The 
catalyst was removed by filtration and the solvent removed in a stream of dry air. The 
residual colorless oil (24.8 g.) was used in part directly for the dehydration described in 
(a) of the next experiment. 

A portion was distilled at 130-135" (0.2 mm.). A mixture of 2.5 g. of this distillate, 25 
cc. of 40% potassium hydroxide, and 50 cc. of methanol was refluxed for one and one-half 
hours. Some of the methanol was removed in a stream of dry air, and the residual solution 
was acidified with cold dilute hydrochloric acid. An oil precipitated which solidified on 
standing in the cold for several days; weight, 1.52 g. (68'%), m.p. 63-69'. Recrystallization 
from 20% acetic acid afforded elongated colorless prisms, m.p. 73'; yield, 1.25 g. For analy- 
sis, a sample was recrystallized from 50% ether-petroleum ether (b.p. 60-75'); m.p. 77.5'. 

A n d .  Calc'd for ClzH200s: C,  58.90; H, 8.25. 
Found: C, 59.06; H, 8.16. 

The hydroxy acid (V), m.p. 73", with diazomethane, yielded the dimethyl ester, which 
was evaporatively distilled at 130-132" (0.2 mm.), nbJ 1.4519. Dehydration of the latter 
could not be accomplished by mild methods. Thus, treatment, for one hour, of the ester 
with acetic anhydride or dry hydrogen chloride gas in boiling benzene and subsequent 
saponification resulted only in recovery of the hydroxy acid (V). 

When the hydroxy acid (V) was pyrolyzed at 220' for thirty minutes and the product 
subjected t o  evaporative distillation in vacuo, an oil distilled at 110-130' (0.8 mm.). This 
was dissolved in the minimum amount of hot 50y0 aqueous methanol and treated with Norit. 
After filtration and cooling, fine colorless plates of -y-2-methyl-A~-cyclohexenebutyric acid 
precipitated, m.p. 39". On recrystallization from the same solvent, i t  melted a t  45.5-46" 
[reported (3c), 44'1. Neutral equivalent: 182 (requires 182). It combined rapidly with 
bromine in  carbon tetrachloride. 

(a) From the saturated hydroxy 
ester (dimethyl ester of V). To a cold solution of 10 cc. of dried pyridine in 35 cc. of anhy- 
drous ether was added 18 cc. of thionyl chloride (Emtman Kodak, white label, is sufficiently 
pure). A colorless precipitate dissolved on swirling and a clear yellow solution resulted. 
'To thiai was added dropwise, with swirling and cooling, a solution of 20 g. of the hydroxy 

8 The ultraviolet absorption spectrum of the compound was taken in  dilute alcoholic 
solution with a Beckman spectrophotometer. The oximes absorbed in  the same region as 
the corresponding ketones. 

cis-:~-Z-Methyl-2-carboxycyclohexanebutyric acid (ZV). 
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ester (dimethyl ester of V) in 35 cc. of anhydrous ether. After the first few drops, a pyridine 
salt precipitated. The addition required about fifteen minutes, after which the solution 
was half filled with a fluffy white precipitate. The mixture was allowed t o  stand for one 
'hour a t  0". It was poured on cracked ice and, after all the solid had dissolved, the aqueous 
layer was discarded. The excess thionyl chloride in the organic layer was decomposed by 
the  cautious addition of sodium bicarbonate solution. When no more carbon dioxide was 
evolved, the solution was extracted with 10% sodium carbonate and water. After drying 
and filtering, the solvent was removed in  a stream of dry air. The residual pale yellow oil 
was refluxed in  a solution of 240 cc. of 18% methanolic potassium hydroxide for twelve hours. 
About half of the methanol was removed in a stream of dry air and replaced by water. The 
resulting clear amber solution was heated on a steam-bath for two hours and acidified cold 
by pouring i t  into a cold mixture of 150 cc. of 10% hydrochloric acid and 50 cc. of ether. 
The aqueous layer wits drawn off and extracted again with ether. The combined organic 
layers were washed with water, dried, and concentrated. The crude unsaturated acid was 
obtained as a viscous oil; yield, 16.2 g. 

The above mentioned oil was dissolved in 150 cc. of glacial acetic acid and shaken under 
30 lbs. of hydrogen at room temperature in the presence of 0.2 g. of Adams' catalyst for 
twenty-four hours. Only a small amount of hydrogen was consumed and 0.2 g. of fresh 
catalyst was added. After further hydrogenation for twenty-four hours, almost the the- 
oretical amount of hydrogen had been taken up. Continued hydrogenation with an addi- 
tional batch of 0.2 g. of fresh catalyst caused the reduction to  reach completion. The 
catalyst was filtered off and the colorless filtrate was concentrated in  a stream of dry air on 
a steam-bath. The residual colorless oil was dissolved in 100 cc. of methanol, and 100 cc. 
of water was added. The mixture was heated in the presence of charcoal, filtered, and al- 
lowed to  cool slowly. On seeding and scratching, cis-7-R-methyl-2-carbozycyclohezane- 
butyric acid (ZB) crystallized in colorless rhombs; yield, 11.92 g. (71%, based on the crude 
hydroxy ester, and 59'7& based on 2-methyl-2-carbomethoxycyclohexanone) ; m.p. 106-110°. 
This sample was used for the cyclization experiments described below. A portion, recrys- 
tallized from 50% aqueous methanol, melted at 111.6112" [reported (1) 104-112°]. 

From the mother liquors, 3.35 g. of an oily acid was obtained. It was not characterized 
with certainty; it could, however, be cyclized by the methods described below t o  a cam- 
phoraceous ketone. 

(b )  From the diene acid ( I I I )  . A solution of 0.26 g. of the diene acid (111) in 5 CC. of glacial 
acetic acid was shaken under one atmosphere of hydrogen at room temperature in the pres- 
ence of a trace of Adams' catalyst. Two mole equivalents of hydrogen were absorbed in  
twenty minutes. No break after the consumption of one mole could be observed. The 
catalyst and solvent were removed and the cis-acid (IV) crystallized from aqueous meth- 
anol; yield, 0.42 g. (sa%), m.p. 108-110'. After recrystallization from the same solvent, 
i t  melted a t  111.6112" [reported (1) 104-112"]. Hydrogenation of the diene acid in the 
form of its sodium salt in aqueous solution with Adams' catalyst also yielded only the 
cis-acid (IV), m.p. 111.5-112". 

( c )  I n  form of its dimethyl ester through an Arndt-Eistert reaction. The dimethyl ester 
of cis-j3-2-methyl-2-carboxycyclohexanepropionic acid (7) (1.05 g.) was half-hydrolyzed 
and the product subjected t o  an Arndt-Eistert reaction according t o  the procedure de- 
scribed for the lower homolog (7) .  I n  this manner the dimethyl ester of cisr-2-methyl-Z- 
carboxycyclohexanebutyric acid (IV) was obtained. It was evaporatively distilled, b.p. 
105-110" (0.02 mm.); yield, 0.62 g. (56%). When this ester was cyclized according to  the 
Dieckmann method, described below, 0.31 g. (77%) of cis-9-methyl-1-decalone was ob- 
tained. The melting points, mixed melting points, and crystalline forms of the oxime and 
of the 2,4-dinitrophenylhydrazone showed that  this sample of the ketone was identical 
with the one obtained by the method involving the methyl 7-bromocrotonate Reformatsky 
reaction. 

(a) By a Dieckmann condensation on the dimethyl ester of I V .  
The procedure described here represents a modification and improvement of the one re- 

cis-9-Methyl-idecalone. 
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ported (1). The dimethyl ester (27.97 9.) was made from 25.6 g. of the diacid (IV) [m.p. 
106-110°; this sample was made by the method described in (a) of the previous experi- 
ment] with diazomethane and distilled; b.p. 124-125' (0.4 mm.). Dry sodium methoxide, 
made from 6.15 g. of clean sodium, was covered with a solution of the ester in 45 cc. of dry 
reagent benzene. The flask, which was kept filled with nitrogen, was fitted with a goose- 
neck tube and a receiver. Heat was supplied a t  such a rate that  the benzene distilled into 
the receiver a t  a very slow rate. After five hours of heating, the residual light-brown cake 
was treated with a chilled mixture of 150 cc. of water and 40cc. of glacial acetic acid. The 
oil which separated was taken up in ether, washed with sodium bicarbonate solution and 
water, dried, and concentrated. The residual cis-9-methyl-2-carbomethoxy-l-decalone was 
a pale yellow oil, sufficiently pure for the next step. I n  some runs, i t  was evaporatively 
distilled, b.p. 90-100" (0.4 mm.). The distillate was a colorless oil which gave a purple 
color with alcoholic ferric chloride. 

The crude keto ester was heated up slowly in a solution of 230 cc. of glacial acetic acid, 
130 cc. of concentrated hydrochloric acid, and 30 cc. of water in an atmosphere of nitrogen. 
When the temperature of the solution reached 90-95", the decarboxylation started, pro- 
ceeded very vigorously for twenty minutes, more slowly for another twenty minutes, and 
then ceitsed. The mixture was diluted with an equal amount of water, saturated with salt, 
and extracted with ether. The ethereal solution was washed with 10% sodium hydroxide 
solution until all the acidic material was removed and then with water. After i t  was dried, 
the solvent was removed and the residue distilled; b.p. 68-70' (0.2 mm.); yield, 16.23 g. 
(go%), n: 1.4890. On acidification of the alkaline extracts, 2.65 g. of cis-y-2-methyl-2- 
carbomethoxycyclohexanebutyric acid (monomethyl ester of IV) was obtained as an oil. 
I t  was evaporatively distilled at  110-120" (0.3 mm.). This accounted for the 10% of the 
diester which did not cyclize, and which was half-hydrolyzed under the conditions of the 
decarboxylation. It was re-esterified and made t o  undergo the Dieckmann reaction, hy- 
clrolysin, and decarboxylation. In  this manner an additional 1.65 g. of cis-9-methyl-l- 
decalone was obtained, increasing the yield to  17.88 g. (99%). 

( b )  13y the action of acetzc anhydride on the diacid ( I V )  and pyrolysis of the product.9 A 
solution of 1 g. of the cis-dibasic acid (IV) in 10 cc. of acetic anhydride was refluxed for two 
hours. The acetic acid and anhydride were distilled a t  atmospheric pressure, the residue 
was heated a t  200" for twenty minutes, and the crude product was distilled a t  215-22-5". 
The yellow distillate was heated in 10 cc. of glacial acetic acid, 4 cc. of concentrated hydro- 
chloric acid, and 1 cc. of water for one hour. The solution was cooled, saturated with salt, 
and extracted with ether. The acidic material was removed by extraction with alkali and 
water. Colorless ketone was obtained by evaporative distillation a t  60-70" (0.08 mm.); 
yield, 0.31 g. (41'%). Its oxime melted a t  114-115". 

Methyl y-2-methyl-1-hydroxycyclohexanecrotonate (ZI) .  The Reformatsky reaction be- 
tween 10 g. of 2-methylcyclohexanone and 20 cc. of methyl y-bromocrotonate in the pres- 
ence of 10 g. of granulated zinc was conducted in the manner described for the reaction on 
the 2-cctrbomethoxy derivative. The crude oil was fractionally distilled through a two- 
inch column, b.p. 112-116" (0.02 mm.); yield, 15.03 g.(800j0). The colorless distillate de- 
colorized bromine in carbon tetrachloride. 

Anal. 

Methyl ester of y-2-methyl-1-hydroxycyclohexanebutyric acid (VZ). A solution of 13 g. 
of the above Reformatsky ester (11) in 50 cc. of absolute methanol was shaken in the pres- 
ence of 0.1 g. of Adams' catalyst under 30 lbs. of hydrogen at room temperature. The 
theoretical amount of hydrogen was consumed in thirty minutes. The colorless solution 
was filtered and concentrated i n  vacuo a t  room temperature. The residual hydroxy ester 
was distilled through a two-inch column a t  85-95" (0.05 mm.) ; weight, 11.8 g. (90%). The 

Calc'd for C12H2003: C, 67.82; H, 9.47. 
Found: C, 67.21; H, 9.24. 

9 Kon, Linstead, and Simon, J. Chem. SOC., 814 (1937) cyclized this acid (prepared in 
non-crystalline form by another method) by pyrolyzing i t  with barium oxide. 
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colorless distillate did not affect a solution of bromine in carbon tetrachloride. A small 
fraction was cut a t  90" (0.05 mm.) for analysis. 

Anal. Calc'd for ClzHzzOt: C, 67.25; H, 10.35. 

y-2-Methyl-AI-cyclohexenebutyric acid. A mixture of 9.1 g. of the above hydroxy ester 
and 20 g. of powdered fused anhydrous potassium acid sulfate was heated on a steam-bath 
under nitrogen for thirty minutes. The unsaturated ester, isolated by ether extraction, 
was distilled through a small fractionating column, b.p. 72-76' (0.02 mm.); yield, 7.48 g. 
(91%). It immediately decolorized aqueous potassium permanganate. 

A solution of the above distillate in 20 cc. of 50% potassium hydroxide and 50 cc. of meth- 
anol was refluxed for one hour in an atmosphere of nitrogen. Some of the methanol was 
removed in vacuo and the solution was acidified with chilled dilute hydrochloric acid. The 
yellow oil which partially solidified was extracted with ether and, after drying and removal 
of the solvent, was distilled i n  vacuo with slight decomposition, b.p. 110-115" (0.05 mm.) 
yield, 4.95 g. (72%). A portion of the viscous distillate was dissolved in hot aqueous 
methanol. On cooling, colorless plates appeared, which, after several recrystallizations, 
melted at 45-46' (3c). The acid instantly decolorized bromine in carbon tetrachloride 
and aqueous potassium permangante. 

O-Methyl-f-octalone. A solution of 3.74 g. of the above unrecrystallized acid in 37 cc. 
of acetic anhydride and 7.5 cc. of a 5% solution of fused anhydrous zinc chloride in glacial 
acetic acid was allowed to  stand a t  room temperature for forty-eight hours and then heated 
on a water-bath a t  70-80" for thirty minutes. The wine red solution was diluted with ether 
and extracted with ice-cold 5% sodium hydroxide solution until all the anhydride was de- 
composed and the acid was removed. The ketone, obtained by removal of the solvent, 
was evaporativelydistilledat7@80° (0.2mm.) ;yield, 2.53g. (75%). The oxime,m.p.95-95.5" 
[reported (3a) 99-100" for this oxime or its isomer with the double bond in the alternative 
position], was prepared in 72% yield, and the semicarbazone, m.p. 227.5-229" [reported, 
226-227" (3a), 222-223" (3b), and 228-229" (3c)], in 75% yield. The pure ketone was re- 
generated b y  acid hydrolysis of the semicarbazone in 88% yield; b.p. 70-75" (0.2 -.).a 
The ultraviolet absorption spectrum showed no maximum in the region of 220-340 mp, 
and the intensity of absorption in that  region was low (log E < 3). This showed that  the 
unsaturation was not conjugated with the keto group. 

Methyl 7-9-methyl-1-hydroxy-1 -cis-decalincrotonate. A mixture of 5 g. of cis-9-methyl- 
1-decalone, 2.5 g. of methyl y-bromocrotonate, and 5.5 g. of clean zinc turnings in 15 cc. 
of anhydrous ether and 15 cc. of dry reagent benzene was heated. Before the solution 
started to  boil, a few small crystals of iodine were added and were allowed t o  rest on the 
zinc without agitation. Within a short while, the reaction started, as evidenced by the 
disappearance of the iodine color and the rising of a white cloud from the zinc. The reac- 
tion became slightly exothermic and remained so while an additional 7.5 g. of methyl 
7-bromocrotonate was added slowly from a dropping-funnel. When the reaction was well 
under way, stirring was started at moderate speed. The addition of bromo ester took about 
three hours; after this, the solution was kept refluxing for another two hours. During the 
reaction, batches of 2.5 g. of fresh zinc were added a t  hourly intervals. The yellow complex 
was decomposed by the addition of excess glacial acetic acid. Cold,water and ether were 
added and the organic layer was washed with as many portions of 1% ammonium hydroxide 
as needed t o  remove the zinc salts, and then with water. From the ethereal solution was 
obtained 8.8 g. of the crude Reformatsky ester. I t  contained some unreacted ketone, as 
will be shown below. I n  some experiments i t  was distilled with some decomposition, b.p. 
160-170° (0.1 mm.). For the continuation 
of the synthesis a purification was not necessary; the unreacted ketone could be recovered 
at a later stage. 

y-!3-Methyl-A'-f -cis-octaEinbutyTic acid (VI I )  . The crude Reformatsky ester (8.8 g.) 
was catalytically reduced in 35 cc. of absolute methanol at room temperature under one 
atmosphere of hydrogen in the presence of 0.2 g. of Adams' catalyst. The solution was 

Found: C, 67.25; H, 9.91. 

The distillate was a slightly yellow viscous oil. 
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filtered, the solvent was removed, and the oily residue was heated with 20 g. of powdered 
fused anhydrous potassium acid sulfate in an atmosphere of nitrogen for one hour on a 
steam-bath. The product, which was isolated by use of ether, and a solution of 13 cc. of 
40% potassium hydroxide and 2.5 cc. of methanol were refluxed for one and one-half hours 
on a steam-bath under nitrogen. The solution was diluted with water, saturated with salt ,  
and exixacted with ether. From the ethereal solution 1.95 g. (39%) of unreacted cis-9- 
methyl-1-decalone was recovered; after evaporative distillation at 0.4 m. i t  gave the same 
yield of Reformatsky product as did the starting ketone. The alkaline solution was acidi- 
fied with cold dilute hydrochloric acid. The unsaturated acid (VII) was extracted with 
ether, and the ethereal solution was washed with water, dried, and concentrated in vacuo 
at room temperature; yield of pale yellow oil, 3.14 g. This crude acid wa8 usually used 
directly for the cyclization. I n  some experiments i t  was evaporatively distilled at 143- 
150" (0.02 mm.). The distillate was a colorless viscous oil which resisted attempts a t  
crystallization. It decolorized both bromine in  carbon tetrachloride and aqueous potas- 
Hium permanganate slowly. The p-bromophenacyl ester crystallized in fine colorless needles 
from aqueous ethanol, m.p. 67-69". 

Anal. Calc'd for CzsHzoBrOS: C, 63.74; H, 6.74; Br, 18.44. 
Found: C, 63.17; H, 6.85; Br, 18.97. 

cis-l-Ket0-4b-methyl-A~~-~~~-dodecahydrophenanthrene (ZX). A solution of 3.14 g. of the 
crude unsaturated acid (VII) in 43 cc. of reagent acetic anhydride and 8.6 cc. of a 5y0 solu- 
tion of anhydrous fused zinc chloride in glacial acetic acid was allowed to  stand a t  room 
temperature under nitrogen for twenty hours. The wine red solution was heated a t  70" 
for one hour. Ether was added and the acetic anhydride was decomposed by extraction 
with chilled 5% sodium hydroxide. From the alkaline extracts a small amount of uncy- 
clized acid could be recovered. The crude ketone (IX), obtained from the ethereal solu- 
tion, was evaporatively distilled a t  105-115" (0.2 m.); yield, 2.44 g. (84y0).* The colorless 
distillate decolorized aqueous potassium permanganate solution slowly. The derivatives 
were obtained by standard methods. The oxime crystallized from aqueous methanol in 
clusters of colorless needles, m.p. 134-135.5". 

Anal. Calc'd for C16H2aNO: C, 77.20; H, 9.95; N,  6.00. 
Found: C, 77.01; H ,  9.72; N, 6.33. 

The semicarbazone crystallized from methanol in clusters of colorless prisms, m.p. 
229-231 O . 

Anai!. 

The R,Q-dinitrophenylhydrazone crystallized from ethyl acetate in scarlet threads, m.p. 
228.5-229.5". 

Anai'. 

i-Ket0-A4~-~~~"-dodecahydrophenanthrene ( X ) .  The crude unsaturated acid (VIII) (1) 
(2.5 g.) was cyclized in the manner described for IX. The crude ketone was evaporatively 
distilled at 80-100" (0.05 mm.) ; yield, 1.42 g. (62%). The scarlet 2,4-dinitrophenylhy- 
draaone, after recrystallization from ethyl acetate, melted a t  229-230" d.  [reported (1) 
215-216' d.]. The oxime, m.p. 142-145", was prepared in 88% yield. A small portion, 
recrystallized from dilute methanol and then from petroleum ether (b.p. 65-70'), formed 
glistening elongated prisms, m.p. 171.5-173.5'. 

Calc'd for ClsHzrNsO: C, 69.78; H ,  9.15. 
Found: C, 69.82; H ,  9.63. 

Calc'd for C ~ ~ H P C N ~ O , :  C, 63.30; H ,  6.58; N, 14.06. 
Found: C, 63.10; H ,  6.46; N, 13.91. 

Anal. 

The pure ketone was obtained from a boiling (three hours) solution of 0.31 g. of the 
oxime (m.p. 144-146') in 3.8 cc. of 15% hydrochloric acid and 10 cc. of ethanol. The ketone 
was ext,racted and evaporatively distilled a t  100-109" (0.05 mm.);8 yield, 0.28 g.  (90%). 

Cyclization of 7-3,&-dihydro-l -naphthalenebutyric acid by acetic anhydride and zinc chlo- 
ride. The acid (1) (0.66 9.) was cyclized in the manner described for IX. The crude 
I-keto-l,R, 3,4,9,1O-hexahydrophenanthrene ( X u )  was evaporatively distilled at 90-100" 

Calc'd for C1;HZlNO: C, 76.66; H ,  9.65; N, 6.39. 
Found: C, 76.81; H ,  9.22; N,  6.40. 
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(0.02 mm.); yield, 0.58 g. (96%). The d,Q-dinitrophenylhydrazone, m.p. 23&-242", was 
obtained in  quantitative yield. After two recrystallizations from ethyl acetate, it formed 
fine magenta needles, m.p. 259-260'. 

Anal. Calc'd for Cd&N,Oa: C, 63.48; H, 4.80; N, 14.81. 
Found: C, 63.27; H, 4.88; N, 14.77. 

The oxime crystallized from aqueous methanol in stout colorless needles, m.p. 142- 
143' [reported, 140.5-141.5' ( l ) ,  141.5-142' (8) 1. The semicarbazone, after recrystalliea- 
tion from aqueous methanol, melted a t  254r258" d. [reported (8) 257-258'1. The crystal- 
line ketone waa obtained by hydrolyzing 0.31 g. of the oxime (m.p. 142-143') in  3.8 cc. of 
15% hydrochloric acid and 10 cc. of ethanol on a steam-bath for three hours under nitrogen. 
The ketone waa extracted with ether, evaporatively distilled (at 85-95' and 0.02 mm.; 
yield, 0.25 g.) and recrystallized twice from ether-petroleum ether; m.p. 48-49'8 [reported 
48-49" ( l ) ,  49-50' @ ) I ;  yield, 0.20 g. (65%). 

cis-Methyl l-k~to-Qb-methyl-A4~-~~a-dodecahyd~o-d-phenunthrenegZyoxalate ( X I ) .  Dry so- 
dium methoxide (from 0.25 g. of sodium) and l g. dimethyl oxalate were suspended in 56 
cc. of dry benzene. A solution of 0.82 g. of the unsaturated ketone (IX) in 4 cc. benzene was 
added dropwise while the mixture was kept under nitrogen at 0". After standing a t  room 
temperature for two hours, the solution was treated with cold water, a little 5% sodium 
hydroxide, and ether. The aqueous layer was drawn off and the organic layer extracted 
with some more alkali. From the ethereal solution, about 3% of unreacted ketone could be 
recovered. The combined alkaline layers were washed with ether and acidified with cold 
10% hydrochloric acid. The precipitate was taken up in ether and, after concentrating, 
a golden viscous oil was obtained; yield, 1.10 g. (95%). The glyoxalate solidified upon 
standing in  the cold; i t  was placed on a Riichner funnel, pressed, and washed with a few 
drops of cold methanol; m.p. 75-78'; weight, 1 g. From the mother liquor, another 0.08 g. of 
solid glyoxalate was obtained by evaporating and treating with a few drops of methanol; 
total yield, 1.08 g. (94%). A sample crystallized from absoiute methane1 in elongated 
cream colored prisms, m.p. 76.5-77.5'. 

Anal. Calc'd for ClaH2r04: C, 71.03; H, 7.95. 
Found: C, 71.24; H, 8.04. 

The glyoxalate gives a dark red-brown color with alcoho!ic ferric chloride. It is insolu- 
ble in sodium bicarbonate but soluble in 5% sodium hydroxide Eolution. When an alkaline 
solution of the glyoxalate was allowed t o  stand at room teinperatcre for several days, the  
parent ketone (IX) precipitated. 

cis-2-Carbomethoxy-1 -keto-2, 4b-dimethyl-A4~-10a-dodecch~dro?;henanti4rcne (XI? ' ) .  A mix- 
ture of 0.61 g. of the glyoxalate and 2 g. of powdered glass (9) was slowly heated in a test- 
tube under an atmosphere of nitrogen. At a bath temperature of 158" the evolution cf 
carbon monoxide started and continued until the temperi,ture had renched 170" after ten 
minutes. During the next three minutes the bath temperature rose t o  175" but no addi- 
tional gas was evolved. Exactly the theoretical amount (48 cc. ai  22") of gas was collected 
in a gas burette. The gas burned with a dull blue flame. The residue was taken up in  ether 
and the ethereal solution washed with 5% sodium hydroxide sollition t o  remove any un- 
reacted glyoxalate. After removal of the ether, the keto ester (XII) was obtained as a 
dark viscous oil; yield, 0.53 g. 

This oil, dissolved in  4 cc. of dry benzene, was added to  a cold solution of 0.47 g. of SO- 

dium methoxide in  6.0 cc. anhydrous methanol. Methyl iodide (1.8 cc.) was added and the 
mixture was allowed t o  stand a t  0" for one hour. $nother 0.8 cc. of methyl iodide was added 
and the solution again allowed to  stand at 0" for one-half hour and then a t  room temperature 
for fifteen hours. The solution, which was now neutral to  moist litmus paper, was concen- 
trated and water, ether, and salt were added. The ethereal solution was washed with 5% 
sodium hydroxide and water, dried, and filtered through a. small column of activated alu- 
mina. The filtrate was concentrated and the residue evaporatively distilled a t  125-135' 
(0.05 mm.) ; yield, 0.55 g. (87%). The colorless viscous keto ester (XIV) slowly decolorized 
aqueous potassium permanganate. 

It gave a green color with alcoholic ferric chloride. 
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cis-2 -Keto-$, 4b-dimethyl-A4s-108-dodecahydrophenanthrene (XI IZ )  . For the decarboxyla- 
tion, 0.235 g. of the methylated keto ester (XI) was dissolved in a solution of 5 cc. of 20% 
l~otassium hydroxide and 10 cc. of methanol. The mixture was refluxed under nitrogen for 
fifteen hours. After cooling, i t  was diluted with water, saturated with salt and extracted 
with et8her. The crude ketone was evaporatively distilled at 90-100' (0.02 mm.); yield, 
0.177 g. (94%) .8 The colorless oil slowly decolorized aqueous potassium permanganate. 
The oxime, which formed readily, crystallized from methanol with a little water in color- 
less rhombs; m.p. 196-197". 

Anal. Calc'd for ClsHzrhTO: C, 77.68; H,  10.19; S, 5.66. 
Found: C, 78.02; H, 9.99; N, 5.86. 

The 2,4-dinitrophenyZhydrazone, which formed more sluggishly than with the two lower 
homologs (IX and X),  crystallized from methanol-ethyl acetate in  fine scarlet needles, 
m.p. 159-161'. 

Anal. Calc'd for CaHe8N404: C, 64.06; H ,  6.84; K, 13.58. 
Found: C, 64.30; H, 6.72; N,  13.30. 

cis-~,~b-Dimethyl-A48~~~s-dodecahydro-i-phenanthrylideneacetic acid ( X V )  . A mixture of 
0.12 g. of the unsaturated ketone (XIII), 0.3 g. of cleaned granulated (20 mesh) zinc, and 
0.1 cc. of methyl bromoacetate in  1.5 cc. of ether and 2.0 cc. of reagent benzene was heated 
t o  reflux with a crystal of iodine. The Reformatsky reaction started after ten minutes. 
Reflux was continued for twenty-four hours during which time four equal portions of fresh 
zinc and methyl bromoacetate were added. The yellow complex was decomposed with 
acetic acid and water. The Reformatsky ester was purified by extraction with 1% ammo- 
nium hydroxide solution. The crude product was treated with 0.18 CC. of thionyl chloride 
in  benzene in the presence of 0.12 cc. of pyridine at 0". After an hour, the excess thionyl 
chloride was decomposed by the addition of ice and extraction with sodium bicarbonate 
solution. The solvents were removed in vacuo, and the residue was refluxed in 4 cc. of 
10% methanolic potassium hydroxide for five hours. Extraction with ether afforded 0.03 
g.  of unreacted ketone (XIII)  . The alkaline solution was acidified cold and extracted with 
ether. The ethereal solution was dried and concentrated. Gpon addition of a few drops of 
a,bsolute methanol, the crude residue crystallized; yield, 0.08 g.  (57%) ; m.p. 188-194'. 
It crystallized in almost quantitative yield from glacial acetic acid in clusters of colorless 
leaflets,* m.p. 212-213' (soon after melting, the clear liquid evolved bubbles). 

Anal. Calc'd C18Hza02: C, 78.79; H,  9.55. 
Found: C, 78.97; H, 9.54. 

The acid immediately decolorized aqueous potassium permanganate. 
All analyses were performed by Micro-Tech Laboratory, Skokie, Ill. 

SUMMARY 

The Reformatsky reaction with methyl y-bromocrotonate was applied to cis- 
9-methyl-l-decalone and 2-methylcyclohexanone. From the products, 6 ,  e- 
unsaturated acids were obtained. These and two others were cyclized by zinc 
chloride-acetic anhydride to unsaturated ketones in good yields. Evidence for 
the structure of some of these ketones was obtained by demonstrating by their 
ultraviolet absorption spectra, that the double bond was located a,@ t o  the keto 
group. In the same manner, two doubly unsaturated acids were shown to  be 
a, p , y , &diene acids. 

Several important intermediates for the synthesis of the desoxyandrosterone 
structure, containing the first three rings and functional groups for the attach- 
ment of the fourth ring, were synthesized. 

ANN ARBOR, MICHIGAN 
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