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7 (CDC13) 6.73. On admixture with IIIb, the melting 
point was depressed more than 25'. 

Anal. Calcd. for C13H21NOS2: C, 57.52; H, 7.80; N, 
5.16; S, 23.63. F o ~ n d Z ~ ~ ~ 3 :  C, 57.5; H, 7.9; N, 5.1; S, 
23.6. 

trans-Decalin-9-carboxamide (IIIc).-A mixture consist- 
ing of 285 mg. (1.05 mmoles) of trans-thioketal IIIb, m.p. 
161-162', 3.0 g. of Raney nickel and 20 ml. of absolute 
ethanol was refluxed for a period of 12.5 hr.z4 The mixture 
was cooled, Raney nickel was removed by centrifugation and 
washed thoroughly with hot absolute ethanol, and the 
combined reaction solution and washings were evaporated 
to dryness. An ether solution of the residual oil was centri- 
fuged to remove turbidity and evaporated to dryness, 
affording 178 mg. (947,) of crude trans-amide IIIc, n1.p. 
115-121", with an infrared spectrum which differed from 
that of the cis isomer. Repeated recrystallization from 
ethyl acetate-cyclohexane yielded 89 mg. (477,) of colorless 
prisms, m.p. 127-128" (reportedz5 125126'); AE:y3 2.82 

Anal. Calrd. for CllHlgNO: C, 72.88; H, 10.56; N, 7.73. 
Foundzz: C, 72.5; H, 10.3; N, 7.3. 

cis-Decalin-9-carboxamide (IIc).-Reaction conditions 
were similar to those used with the trans-thioketal IIIb. 
Reaction of 84 mg. (0.31 mmole) of czs-thioketal IIb, m.p. 
161-162", with 1.0 g. of Raney nickel in 5 ml. of absolute 
ethanol yielded 48 mg. (86%) of a crystalline residue, m.p. 
128.5-130", devoid of infrared absorptions characteristic of 
the trans isomer. After several recrystallizations from 
cyclohexane, 32 mg. (577,) of analytically pure cis-amide 
IIc  was obtained as colorless prisms, m.p. 131-132"; X::y3 

p, 2.92, 5.97, 6.31. 

2.82p, 2.92, 6.01, 6.32. 
Anal. Calcd. for CllHlsNO: C, 72.88; H, 10.56; N, 7.73. 

Found**: C, 72.7; H, 10.3; N, 7.6. 
trans-Decalin-9-carboxylic Acid (IIId).-To 49 mg. (0.27 

mmole) of trans-amide IIIc, m.p. 128-129", in 0.5 ml. of 

(24) F. Sondheimer and D. Rosenthal, J. Am. Chem. SOC., 80, 3995 

(25) W. Dauben, R. Tweit ,  and R. MacLean, J. Am. Chem. Soc., 
(1958). 

7 7 ,  48 (1955). 

coned. sulfuric acid was added dropwise 0.5 ml. of a solution 
of 1 g. of sodium nitrite in 5 ml. of water.2e After addition 
was complete the solution was heated on a steam bath for 5 
min., cooled, diluted with 20 ml. of water, and extracted with 
three 75-ml. portions of ether. The ether extracts were 
washed 1%-ith water, dried with sodium sulfate, and evapo- 
rated to dryness to afford 44 mg. (90'%) of a pale yellow crys- 
talline residue, m.p. 133-136", which lacked infrared absorp- 
tion a t  11.26 p characteristic of the cis isomer. After re- 
crystallization from aqueous ethanol, 28 mg. (58%) pure 
trans-acid IIId was obtained as white platelets, m.p. 136.5- 
137" (reportedll 135"); X;::" 3.4 p (sh), 3.7 (broad), 5.90, 
10.28. On admixture with an authentic sample,11 there was 
no melting point depression. The infrared spectrum of a 
chloroform solution was rich in detail, identical in all 
respects with that of the authentic sample, and quite dif- 
ferent in the 7-12-p region from that of the cis isomer. 

cis-Decalin-9-carboxylic Acid (IId).-The cis-acid IId 
was prepared in the manner described above for the trans 
isomer. From 30 mg. (0.17 mmole) of cis-amide IIc, m.p. 
129-130.5", was obtained 32 mg. (10070) of crude solid IId 
devoid of the 10.28 p infrared band characteristic of IIId. 
One recrystallization from aqueous ethanol yielded 15 mg. 
(50%) of white plates, m.p. 117-121', and further recrystal- 
lization raised the m.p. to 123-124' (reported" 122'); 
A:::'3 3.3 p (broad), 3.8 p (broad), 5.90. A mixture melting 
point with an authentic sample" was undepressed, although 
when mixed with the trans acid IIId the melting point was 
depressed more than 20". The solution infrared spectrum 
was identical with that of the authentic sample. 
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The unsaturated diketone IV has been prepared from the succinoylation product (VIIT) of m-cresyl methyl ether. Wolff- 
Kishner redurtion gave the arid X; this was converted into the methyl ketone X I  which was in turn transformed into the 
ketal XII,  then submitted to the Birch reduction followed by acid hydrolysis. The resulting unsaturated diketone IV 
waa treated under basic conditions in order to effect an intramolecular Michael condensation. The major product was 
shown to be the keto1 XV arising from the cis-fused diketone XIV. 

Friedmann and Robinson' have studied in a pre- 
liminary manner an ingenious scheme for synthesiz- 
ing the steroid nucleus containing an 11-keto group. 
The approach consisted of a Michael condensation 
of an appropriate donor species with the bicyclic 

(1) C. A. Friedmann and R. Robinson, Chem. Ind., 777, 1117 
(1951). 

ketone I, followed by an intramolecular aldol reac- 
tion to produce the tricyclic intermediate 11, and 
finally an intramolecular Michael condensation to 
complete ring D. The product was a complex mix- 
ture, and although no evidence has been advanced 
for the structure or stereochemisty of this product, 
i t  was presumed to contain the steroidal compound 
111. 
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The last stage of this synthetic sequence, ie., I1 
+ 111, is of special interest, particularly from the 
stereochemical point of view, and the aim of this 
present work was to test the feasibility of this stage 
in a model system. We therefore undertook the 
preparation of the unsaturated diketone IV in 
order to determine if it would undergo the intra- 
molecular Michael reaction to yield V which repre- 
sents the C/D portion of 11-keto progesterone. 

CH3 
1 

I V  v 
In  connection with another objective Barton, 

Campos-Seves, and Scott2 have now provided 
an answer to the question through their investiga- 
tion of the cyclization of the tricyclic substance VI, 
which afforded the 13-is0 structure VI1 (with the 
unnatural C/D cis configuration). Since our study 
(which was in essence completed before the Barton 
disclosure) provides confirmatory although some- 
what different results, we are recording our observa- 
tions herewith. 

H 
HO HO A u 

A I  

V I  VI1 

For the preparation of the unsaturated diketone 
IV, it was planned to start with the keto acid VIII. 
On examining the literature, me discovered that the 
Friedel-Crafts succinoylation of m-cresyl methyl 
ether had already been described several times3 as 

(2) D. H. R. Barton, A. S. Campos-Neres, and 4. I. Scott, J .  
Chem. Soc., 2698 (1957). 

(3) ( a )  W. H. Bentley, H. D. Gardner, C. Weizmann, and C .  V. 
Temperly, J. Chem. Soc., 1624 (1907). (b) X. W. Rosenmund and 
D. Shapiro, Arch. Pharm., 272, 313 (1934). (c) R. D. Desai and 
M. A. Wali, PTOC. Indian Acad. Sci., 6 8 ,  144 (1937). (d) D. K. Dutta 
and P. Bagchi, Sci. and Culture (Calcutta), 17, 137 (1951). 

giving a crystalline keto acid, melting points 
ranging from 131' to 138'. The structure VI11 
was assigned to this product, but no evidence had 
been given to exclude the isomeric structure IX 
which would result from substitution para to the 
methyl instead of the methoxyl group. The latter 
structure was arbitrarily assigned to a minor prod- 
uct, m.p. 124-126', isolated in 4Oj, yield by Dutta 
and B a g ~ h i . ~ ~  In our hands the succinoylation of 
m-cresyl methyl ether in nitrobenzene-tetrachloro- 
ethane solution afforded in 70% yield a mixture of 
two products in the ratio of about 2: 1. The pre- 
dominant product after purification melted at  130- 
133' and evidently corresponded to  that previously 
regarded as VIII. The other isomer after purifica- 
tion melted at  121-123.5' and was undoubtedly the 
same as that described by Dutta and Bagchi. 

\ COCH~CHZCOOH CH3 XIocH3 COCHzCHiCOOH cH30acH3 
IX VI11 

The structures of the keto acids were proved by 
oxidation with sodium hypobromite. The 133' iso- 
mer afforded 2-methyl-4-methoxybenzoic acid, m.p. 
174.5-175' (reported,4 176O), and the 123' acid was 
thus converted into 4-methyl-2-methoxybenzoic 
acid, m.p. 103-104' ( r e p ~ r t e d , ~  103'). The latter 
product was compared in mixed melting point ex- 
periments with authentic material produced by the 
Reimer-Tiemann reaction of m-cresol followed by 
methylation and oxidation by silver oxide. It was 
thus shown that the previously assumed structures 
were correct. 

XI CH3 n 
CH30qCH~CHzCHICCH3 O\ P 

XI1 

The keto acid VI11 was treated by the Huang- 
Minlon modification of the Wolff -Kishner reaction5 
to give in 86% yield the previously known3c reduc- 
tion product, m.p. 91.5-93'. The formerly pre- 
sumed fitructure of this substance thus was proved 
to be -y-(2-methyl-4-methoxyphenyl)butyric acid 
X. This acid was converted, by the di-t-butyl 

(4) C .  Schall, Ber., 12, 816 (1879). 
(5) Huang-Minlon, J .  Am. Chem. Soc., 68, 2487 (1946). 
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malonate synthesis,6 into the corresponding methyl 
ketone XI in 87% yield. Treatment of this oily 
product with ethylene glycol in the presence of acid 
afforded the oily ketal XI1 in 94% yield. The ketal 
was then reduced with lithium and alcohol in am- 
monia' and, without isolation, the resulting enol 
ether was submitted to  acid hydrolysis. The oily 
product, isolated in 80% yield, was evidently a mix- 
ture containing a large proportion of the desired 
unsaturated diketone IV as shown by the ultra- 

235 mb ( E  11,700). violet spectrum, A,,, 
The most likely major contaminant was the p,r- 
unsaturated isomer which, however, was considered 
to be as useful as the a,p-tautomer in the next stage. 

The intramolecular Michael condensation was 
carried out in t-butyl alcohol solution containing 
10% potassium t-butoxide, and the course of the 
reaction was followed by ultraviolet spectroscopy. 
The absorption maximum a t  235 mp disappeared 
within a few minutes and after thirty minutes a 
crystalline product, m.p. 106.5-108', was isolated 
in 75% yield. 

95% CZHKOH 

0 0 

XIV xv 
Compositional analysis and molecular weight 

determinations were in accord with the structure V; 
however, the infrared spectrum of the 108' sub- 
stance exhibited strong absorption a t  2.98 p, indi- 
cating the presence of a hydroxyl group. This 
conclusion was confirmed by conversion of the 108' 
compound into a crystalline mono-3,5-dinitro- 
benzoate. The 108' compound also exhibited 
ketonic absorption a t  5.9 p in the infrared spectrum, 
and its ready conversion into a crystalline mono- 
oxime confirmed the ketol structure. 

Molecular models show that there is only one 
reasonable structure for this ketol, namely XV 
which is derived from the cis-fused hydrindane sys- 
tem XIV by an intramolecular aldolization. It is 
to be noted that the trans-fused product could not 
undergo an intramolecular aldol condensation. 

CH2 w 
XVI 

The alternative bridged ring structure XVI may 
be excluded by the infrared spectrum which shows 

( 0 )  G. S. Fonken and W. S. Johnson, J. A m .  Chem. Soc., 74, 831 

(7) A. L. Wilds and N. A. Nelson, J .  A m .  Chem. Soc., 76,  4360 
(1952). 

(1953). 

no appreciable absorption in the 11-p region char- 
acteristic of a terminal methylene group, and by the 
KhfR spectrum which shows no vinyl proton ab- 
sorption. 

The failure of the substance VI1 to form a bridged 
ring ketol of the type XV may be due to a desta- 
bilization of such a structure (in the case of VII) 
by the 1,3-diaxial interaction between the C-19 
methyl and C-21 methylene groups. 

The failure of the unsaturated diketones IV and 
VI to yield trans-fused products shows that this 
method of forming a steroidal ring D has a serious 
stereochemical drawback, and i t  may be concluded 
that the product of Friedmann and Robinson most 
probably contained little, if any, of the natural 
product. 

Experimental 
Succinoylation of m-Cresyl Methyl Ether.-This proce- 

dure was adapted from that for the succinoylation of ben- 
zem8 A solution of 87 g. of m-cresyl methyl ether and 75 g. 
of succinic anhydride in 800 ml. of tetrachloroethane and 200 
ml. of nitrobenzene ww cooled to  0" in an ice-salt bath; 
then 200 g. of anhydrous aluminum chloride was added with 
stirring over a period of 1 hr., during which time the tem- 
perature was not allowed to rise above 5" .  After the addi- 
tion wm complete, the mixture was allowed to stand for 2 
days a t  12", and then poured onto ice and 250 ml. of hydro- 
chloric acid. The organic layer was separated and extracted 
repeatedly with dilute ammonium hydroxide solution. 
Acidification of the alkaline extracts with hydrochloric 
acid gave a light gray crystalline mixture which was re- 
crystallized from 4 1. of water (Pr'orit). The colorless 
product thus obtained amounted to 110 g., m.p. 104.5- 
120.5". A combination of mechanical separation and 
repeated recrystallizations from acetone showed this 
mixture to contain two products, one needles, n1.p. 130-133", 
and the other prisms, m.p. 121-123.5", in a ratio of about 2: 1, 
respectively. The higher melting isomer has been @re- 
viously described as melting at  131-132°,~1330,aband 135'.Sd 

The 133" isomer was oxidized according to the procedure 
for the preparation of 0,p-dimethylglutaric acid from 
menthone.9 The product obtained after three recrystalliza- 
tions from benzene melted at  174.5-175' (reported for 2- 
methyl-4-methoxybenzoic acid,4 m.p. 176'). 

Similarly the 123" isomer yielded a crude oily oxidation 
product which upon recrystallization from benzene was ob- 
tained as needles, m.p. 103-104' (reported,4 103O), unde- 
pressed on admixture with authentic 2-methoxy-4-methyl- 
benzoic acid. 

Succinoylation by the procedure of Desai and Wali30 
appeared to give a higher proportion of the higher melting 
isomer VIII. Thus from 250 g. of m-cresyl methyl ether 
and 200 g. of succinic anhydride, there was obtained after 
recrystallization 270 g. (60y0 yield) of material, m.p. 133.5- 
136", which was employed in the next stage of the synthesis. 

y-( 2-Methyl-4-methoxypheny1)-butyric Acid (X).-The 
following procedure is an adaptation of that described for 
the reduction of p-( 4-methoxy-1-naphthoy1)propionic acid.'O 
A mixture of 200 g. of the aforementioned keto acid VIII, 
m.p. 133.5-136", 900 ml. of diethylene glycol, 168 g. of 85% 
potassium hydroxide, and 90 ml. of 95% hydrazine hydrate 
was boiled under reflux (atmosphere of nitrogen) for 1.5 hr., 
then allowed to distill until the temperature of the solution 

(8) L. F, Somerville and C .  F. H. Allen, Org.  Synthsass, Coll. Vol. 

(9) W. T. Smith and G. L. McLeod, O w .  Syntheess, 81,40 (1951). 
(10) R. Hirsohmann and W. S. Johnson, J .  A m .  Chem. Soc., 78,  

11, 81 (1943). 

326 (1951), 
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reached 205". Heating was continued for an additional 2 
hr. (internal temperature 205-215'), then the dark mixture 
was cooled, diluted with 200 ml. of water, and then 250 ml. 
of dimethyl sulfate was added slowly with stirring while the 
temperature was maintained below 30'. Sodium hydroxide 
was added from time to  time in order to  maintain the 
reaction mixture alkaline. After all of the dimethyl eulfate 
was added, the mixture was heated under reflux for 1 hr. 
The solution was cooled and added slowly with stirring to  a 
mixture of excess hydrochloric acid and ice. The crystalline 
acid which separated was dried and recrystallized from 
petroleum ether (b.p. 60-68' ) to give 171 g. (85.5% yield), 
m.p. 91.5-93" (reported,3~ 92"). 

5-( 2-Methyl-4-methoxyphenyl)pentanone-2 (XI).-A mix- 
ture of 52.0 g. of the aforementioned acid X, m.p. 91-93', 
125 ml. of anhydrous benzene and 23 ml. of thionyl chloride 
(Eastman Kodak Co., White Label grade) was heated under 
reflux for 1.5 hr.; then the solvent was removed under 
reduced pressure. A 50-ml. portion of benzene was added 
to  the dark residue and the solvent removed again under 
reduced pressure. This treatment was repeated once more 
in order to insure complete removal of excess thionyl chlo- 
ride. 

According to a previously described procedure,B 136 g. of 
di-t-butyl malonate in 600 ml. of anhydrous benzene was 
converted to the sodio derivative by refluxing for approxi- 
mately 3 hr. with 16 g. of sodium hydride. The mixture 
was cooled to  about 60', and a solution of the crude acid 
chloride (see above) in 100 ml. of anhydrous benzene was 
added with stirring over a period of about 5 min. The mix- 
ture was heated under reflux with stirring for 1 hr. and then 
allowed to cool. After standing overnight the viscous 
orange-brown solution was treated with excess of cold 1 : 1 
aqueous hydrochloric acid. The organic layer was washed 
with water, then concentrated under reduced pressure. 
The residual oil was dissolved in 20 g. of acetic acid and 20 g. 
of monochloroacetic arid and heated a t  140-150' for 4 hr. 
During the early part of the heating period vigorous evolu- 
tion of gas (isobutylene and carbon dioxide) was observed. 
The dark reaction mixture was diluted with benzene, then 
washed with water, 5% sodium hydroxide solution, again 
with water, and dried over anhydrous sodium sulfate. 
The residue obtained upon evaporation of the solvent was 
fractionally distilled through a short Vigreux column, and 
the ketone was thus obtained as a colorless liquid, b.p. 
122-125' (0.7-0.8 mm.), n25~ 1.5165. The yield was 44.8 g. 
(87%). 

Anal. Calcd. for ClaH1802: C, 75.69; H, 8.79. Found: 
C,  75.6; H, 8.75. 

The 2,4-dinitrophenylhydrazone was obtained as orange 
crystals from absolute ethanol-ethyl acetate, m.p. 99.5- 
101.5'. 

Anal. Calcd. for Cl~H~~OsN, :  C, 59.06; H, 5.74. Found: 
C, 59.4; H, 5.8. 

2-Ethvlenedioxv-5-~2-methvl-4-methox4rphenyl)pentane 
(XI).-According t o  the usual procedure11 amixture of 20.6 
g. of the aforementioned ketone XI, 62 ml. of ethylene glycol, 
and 1 g. of p-toluenesulfonic acid in 1.5 1. of benzene was 
allowed to  reflux in a system cont,aining a water separator. 
After 5 hr. there was no evidence of further reaction, and 
the mixture was cooled, then washed with 5% sodium hy- 
droxide solution, followed by water, and finally dried over 
anhydrous sodium sulfate. The residue obtained on evapo- 
ration of the solvent was fractionally distilled through a 
short Vigreus column. The portion boiling a t  140-143' 
(1  mm.) amounted to 23.4 g. (947, yield), T L ~ D  1.5122. 

(11) E. J. Salmi, Ber., 71B, 1803 (1938). 

Anal. Calcd. for C15H220a: C, 71.97; H, 8.86. Found: 
C, 72.1; H, 8.7. 

3-Methyl-4-(4-ketopentyl)-2-cyclohexenone (IV).-.4c- 
cording to the Wilds procedure7 ti total of 20.8 g. of lithium 
wire was added with stirring over a period of about 10 min. 
to a solution of 25.0 g. of the aforementioned ketal XI1 in 
75 ml. of anhydrous ether and 2.5 1. of anhydrous ammonia. 
After the addition was complete, the dark blue mixture was 
stirred for 20 min., then absolute ethanol was added drop 
by drop until the blue color disappeared. This stage re- 
quired approximately 2 hr. About 1 lb. of ether was 
added, and the mixture evaporated slowly to dryness over a 
steam bath. The grayish-white residue was treated with 
ether and ice water. The aqueous layer was extracted with 
ether and the combined organic layers were washed with 
water and dried over anhydrous sodium sulfate. The residue 
obtained upon removal of the solvent under reduced pres- 
sure was dissolved in 75 ml. of 0.2 N hydrochloric acid in 
1:1 aqueous ethanol, and the solution was heated under 
reflux for 1 hr. The mixture was cooled, diluted with water, 
and the aqueous layer extracted with ether. The combined 
organic layers were washed with water and dried over an- 
hydrous sodium sulfate. The residue obtained upon re- 
moval of the solvent under reduced pressure was distilled 
through a short Vigreux column to yield 15.5 g. of colorless 
liquid, b.p. 132-143" (0.8-0.9 mm.), n25~ 1.4930-1.5000, 

Further distillation did not Lw 
effect any apparent separation of this mixture which \+as 
used directly in the next experiment. 

I-Methyl-tricyclo [3.3. 1.22t~]undecan-5-ol-3-one (XV).- 
A solution of 6.4 g. of the crude diketone IV in 5 ml. of an- 
hydrous t-butyl alcohol was added dropwise to a solution of 
0.13 g. of potassium in 15 ml. of anhydrous t-butyl alcohol. 
The rate of addition was controlled so as to  maintain the 
reaction mixture a t  room temperature. After the addition 
was complete (5-15 min.), the solution was allowed to stir 
a t  room temperature for 0.5 hr. The mixture was acidified 
with 1:l hydrochloric acid, water was added, and the 
mixture extracted with ether. The combined ether layers 
were washed with water and dried over anhydrous sodium 
sulfate. The yellow solid obtained upon removal of the 
solvent was triturated with 2 ml. of cold ether and the 
resulting sticky product was recrystallized from petroleum 
ether (b.p. 60-68") to give 4.8 g. of rolorless material, m.p. 

5.92; A:: C2H'oH 282.5 mp ( E  20); NRfR spectrum at 60 mega- 
cycles (carbon tetrachloride solution) (tetramethi 7 1: -ilane 
internal standard): 3 protons a t  62 C.P.S. (unsplit CHI); 2 
protons a t  144 c.p.s. (CH? alpha to  carbonyl); 1 H at 932 c.p 8. 
(OH). The molecular weight was determined by E. RIeier, 
on a Meclirolab Model 301A osmometer: Calcd. 194, 
Found: 192 (in butyl acetate), 197 (in benzene). 

Anal. Calcd. for Cl2HI8O2: C, 74.19; H, 9.34. Found: 
C, 74.2; H, 9.5. 

The oxime was obtained as colorless crystals from dilute 

5 mp ( e  11,700). 85% CZHIOH 23 

106.5-108", >::: 2.95 /I (OH), 5.90 (C-0); X:fp8 2.95 p, 

ethanol, m.p. 170.5-173'. 
Anal. Calcd. for ClzHt902?T: C, 68.86; H, 9.15. Found: 

C, 68.9; H, 9.3. 

crystals from absolute ethanol, m.p. 169-171". 

C, 59.2; H, 5.2.  

The 3,5-dinitrobenzoate was obtained as pale yellow 

Anal. Calrd. for C10H200,N2: C, 58. i6;  13, 5.19. Found: 
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