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Treatment of 3-ketoandrostanes or 3-keto-A4-androstenes successively with ethyl oxalate, methyl iodide and alkoxide 
Alternately 2cr-methyl androstanes mere synthesized by hydrogenation of 2-hydroxy- 

A 
yielded the 2o-methyl derivatives. 
methylene-3-ketoandrostanes 
number of the described compounds were found t o  have favorable anabolic-androgenic ratios. 

Direct alkylation of 3-ketoandrostanes yielded mainly the 22-dimethyl derivatives. 

As part of a systematic study of the effects of 
alkyl substitution on biological activity in the 
androstane and 17a-alkylandrostane series we have 
prepared androstane and 19-norandrostane deriv- 
atives with alkyl substituents a t  C-1,2 C-Z,3 
C-44-6 and C-6.7~~ Such an approach may offer 
insight into the steric requirements for biological 
activityg of steroids. 

This paper is concerned with the synthesis and 
activity of a number of 2-methyl, 2,2-dimethyl 
and 2-hydroxymethylene steroid derivatives, some 
of which already have been reported in a prelimi- 
nary communication.3 

2-Monomethyl and 2-Hydroxymethylene Deriva- 
tives.-The 2-monomethyl testosterone derivatives 
were prepared by two general methods. Conden- 
sation of testosterone or methyltestosterone or 
their 4,5-dihydroallo derivatives with excess ethyl 
oxalate gave the enolic 2-ethoxyoxalates as amor- 
phous solids.1° Condensation was in general ef- 
fected in benzene solution with an excess of sodium 
hydride as the base. Alkylation of the ethoxy- 
oxalates with methyl iodide in acetone solution in 
the presence of potassium carbonate gave the cor- 
responding 2-methyl-2-ethoxyoxalates which under- 
went reversal of oxalate condensation with al- 
coholic alkoxide to give the 2a-methyltestosterone 
(la, Ib) or dihydrotestosterone (IIa, IIb) deriva- 
tives. Krhile yields in the testosterone series were 
of the order of 40%, the reactions proceeded poorly 
with the 4,5-dihydro compounds yielding only 10 
to 2OY0 of the requisite 2-methyl compounds. 

More convenient for the preparation of the di- 
hydrotestosterone derivatives was a sequence 
involving condensation a t  C-2 with ethyl formate. 
The 2-hydroxymethylene derivatives thus ob- 
tained were hydrogenated” in methanol solution 

(1) Paper CIV, A. Bowers and H. J. Ringold, THIS JOURNAL. 81, 

( 2 )  H. J. Ringold, G. Rosenkranz and F. Sondheimer, i b i d . ,  78, 

( 3 )  H. J. Ringold and G. Rosenkranz, J .  Ovg. Chem., 21, 1333 

(4) H .  1. Ringold and G. Rosenkranz. i b i d . ,  22,  602 (1957). 
( 5 )  F. Sondheimer and Y .  hfdzur, T H I S  J O C R X A L ,  7 9 ,  290(j (11357). 
( t i )  J. A. Hartman, .4. J. Tomasewski and A. S. Dreiding, i b i d . ,  78. 

(7) H. J. Ringold, E. Batres and G. Rosenkranz, J .  Org.  Cheiit., 22, 
99 (1957). 

(8) hf. Ackroyd, W. J. Adams, B. Ellis, V. Petrow and I. .4. Stuart-  
XX’ebb, J. Ciiem. SOC., 4009 (1957). 

(9) For the specificity of enzyme and coenzyme-steroid interactions 
see P. I. hlarcus and P. Taialay, Pvoc. R o y .  SOL. ( L o n d o i i ) ,  144B, 110 
(1955) and A. Munck, J. F. Scott and L. L. Engel, Bioci i im Uiophys.  
A c t a ,  26, 397 (1957). 

(10) The  preparation of 2or-methyl cortical hormones by this route 
has been described by J. A. Hogg, F. H. Lincoln, R. W. Jackson and 
W. P. Schneider. THIS JOURNAL, 77, 6401 (1955). 

(11) C/. Y. Abe, T. Harukawa, H. Ishikawa, T. Sl ik i ,  11. Sumi  and 
T. Toga, ibid., 76, 2567 ( i953) .  
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over a palladium-carbon catalyst a t  one to three 
atmospheres pressure and room temperature, 
presumably yielding as an intermediate the 
thermodynamically unstable 2B-methyl (axial) 
derivatives.I2 Passage of a benzene solution of 
the total hydrogenation mixture over alkaline 
alumina gave the 2a-methyl (equatorial) deriva- 
tives IIa and IIb in ca. 50% over-all yield. Hydro- 
genation of the diacetate or dipropionate rather 
than the free 2-hydroxymethy1enedihydrote~to~- 
terone offered no particular advantage. 

2a-Methyldihydrotestosterone (IIa) was also 
OH OH 
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F1g 1 
obtained by catalytic hydrogenation of the 3- 
cycloethylene ketal (V) of 2a-methyltesterone in 
methanol solution over a palladium-carbon catalyst 
thus interrelating the two series. 

m’hen i t  was found that a number of members 
of this series, particularly the dihydrotestosterone 
derivatives, exhibited interesting anabolic as well 
as anti-tumor activity and that furthermore the 
intermediate 2-hydroxymethylene-l7a-methylan- 
drostan-17B-ol-3-one (IVb) was particularly strik- 
ing as a potent oral anabolic agent with minimal 
androgenic activity, our study was expanded to 
include the preparation of other potentially bio- 
logically interesting 2-hydroxymethylene deriva- 
tives. Thus by conventional means 17 a-methyl- 
testosterone, 17a-methyl-19-nortestosterone and 
17 a-methyl- 19-norandrostan- 17p-ol-3-one were 
also converted to the crystalline 2-hydroxymethyl- 
ene compounds, IIIb, IIIa and IVa. 

It was of further interest to prepare the 2a- 
methyl-17a-alkyltestosterone derivatives where 

(11) The isolation dnri indepcndent preparation of 28 meth, landru- 
btdnes uill be Lhe subject of d further communicdtion 



the 17-alkyl group was ethyl, vinyl and ethynyl. 
For this purpose, the aforementioned ethylene 
ketal (V) of 2a-methyltestosterone was oxidized 
with pyridine-chromium trioxide to the 17- 
ketone VI which was converted to the 170-ethynyl 
derivative VI1 by reaction with potassium acety- 
lide. Acid hydrolysis regenerated the A4-3- 
ketone system yielding 2a-methyl-17a-ethynyl- 
testosterone (VIII). Catalytic hydrogenation of 
VI11 over a palladium-calcium carbonate catalyst 
in  pyridine solution stopped with the absorption of 
one molecular equivalent of hydrogen and gave 

drogenation of VI11 in dioxane, over the same 
catalyst, interrupted a t  two moles, gave 201- 
methyl-17a-ethyltestosterone (X). I t  was found 

201-methyl-170-vinyltestosterone (IX). HY- 

0 - H O - E m  0 

1 ~ H ) ,  I’d-L 

Fig. 2. 

that VI11 could be synthesized alternatively by 
condensation of 17a-ethynyltestosterone with ethyl 
oxalate, followed by alkylation at  C-2 with methyl 
iodide and ethoxide reversal of oxalate conden- 
sation. 

2 wllfethyl- 17 a-ethylandrostan- 17fi-ol-3-one (IIe) 
was prepared from 17cr-ethylandrostan-17fi-ol-3- 
one, condensation with ethyl formate yielding the 
2-hydroxymethylene derivative which was then 
hydrogenolyzed as in the other cases furnishing 
the desired IIe. 

Previously we reported the synthesis of 6fi- 
niethylandrostan-17/3-01-3-0ne.7 This compound, 
by ethyl formate condensation and hydrogenation 
of the intermediate hydroxymethylene compound 
gave 2a,6~-dimethylandrostan-17fi-ol-3-one (XI). 

2,Z-Dimethyl Derivatives.-The 2,2-dimethylan- 
drostane derivatives IIc and IId were prepared by 
direct alkylation of androstan-17P-ol-3-one (or its 
esters) and of 1 Sa-methylandrostan- 17/3-01-3-one. 
Treatment of the former with excess methyl 
iodide and potassium t-butoxide in t-butyl alcohol 
a t  room temperature gave, after chromatographic 
separation, the 2,2-dimethyl derivative IIc in 
about 50% yield and approximately 10% of the 
2-monomethyl derivative IIa. Superior yields of 
IIc were obtained by alkylation of dihydrotestos- 
terone propionate, followed by saponification, 
whereupon alinost a GOYo yield of IIc was obtained 
by direct crystallization. The direct alkylation 
of l7a-methyldihydrotestosterone proceeded sat- 
isfactorily yielding 2,2 ,  li’a-triniethyldihydrotestos- 
terone (IId). 

0- 
X 

Fig. 3. 

I t  was necessary to establish that dimethylation 
had indeed occurred a t  2,2‘. This was readily 
demonstrated by bromination-dehydrobromination 
experiments conducted with the 17-acetate (IIc 
acetate) of 2,2-dimethyldihydrotestosterone. Ti- 
tration with bromine in acetic acid showed the 
uptake of just two moles of bromine and gave a 
crystalline dibromo compound (XII). Collidine 
dehydrobromination yielded a compound still con- 
taining one bromine atom and with an ultraviolet 
maximum a t  262 mp, log E 4.07, characteristic of a 
4-bromo-A4-3-ketone,13 establishing that this coni- 
pound (XIII) is 2,2-dimethyl-4-broniotestosterone 
acetate. Bromination of IIc acetate with one 
equivalent of bromine gave 4-bromo-2,2-dimethyl- 
dihydrotestosterone acetate (XIV) which was con- 
verted by collidine dehydrobromination to 2,2- 
dimethyltestosterone acetate (XV), A,,, 240 inp> 
log E 4.i9. 

Biological Activity.-As reported in our prelimi- 
nary communication, a number of these com- 
pounds were found by Huggins and Mainzer14 
to be potent inhibitors of the development 

Fig. 4 

(13) J. I. Shaw and R. Stevenson, J .  Chem. Soc., 3319 (19%); D. N.  
Kirk, D. K. Patel and V. Petrow, ib id . ,  627 (1956); H. J. Ringold, 1%. 
Uatrrs, 0. Mancera and G. Rusenkranz,  J. Org Chem., 21, 1432 ( lnXi , .  

(11) C. Huggins and K. Maimer,  J. Erpti .  M e d . ,  105, ,IS5 (1957). 
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of a transplantable rat mammary tumor. This 
activity was particularly marked in the case 
of 2a-methyldihydrotestosterone (IIa) and 2a, 
17a-dimethyldihydrotestosterone (IIb), both com- 
pounds being more effective than testosterone or 
dihydrotestosterone. One possible explanation of 
the increased activity of the 2a-methyl- compounds 
lies in the known in vivo conversion of androgens to 
estrogens, the C-2 unsubstituted compounds 
being converted in some degree to the highly potent 
estrone or estradiol which have a tumor stimulatory 
eff ect14 partially counteracting the anti-tumor 
effect of the androgens. The 2-methyl-derivatives, 
if they do undergo such in vivo aromatization, are 
converted to much weaker estrogens, %methyl- 
estrone for example being only 1/200 as active16 as 
estrone. 

In  the seven day anabolic-androgenic assay with 
21-day old castrate male rats, l7 subcutaneous route, 
2a-methyldihydrotestosterone propionate (IIa pro- 
pionate) exhibited approximately 2 x the anabolic 
and 0.5X the androgenic activity of testosterone 
propionate, as measured by levator ani, prostate 
and seminal vesicle response. la Unesterified 2a- 

OAc OAc 

0/+=(411 \ O+XI,I Br 
Br Br 

OAc 

O W  

?Ac IIc acetate 

Br A'v 
Fig. 5 

methyldihydrotestosterone (IIa), 2a,l7a-dimethyl- 
dihydrotestosterone (IIb) and 2-hydroxymethyl- 
ene-17a-methyldihydrotestosterone (IVb) were 
found in the experimental animal to be potent 
orally active anabolic agents exhibiting only rela- 
tively weak androgenic activity.la 

Experimentallg 
2a-Methyltestosterone (Ia),-In a nitrogen atmosphere, a 

mixture of testosterone (50 9.) in anhydrous thiophene-free 
benzene (1 l.), ethyl oxalate (50 ml.) and sodium hydride (15 
9.) was stirred for 4 hours. The precipitated sodium salt of 

(15) For leading references see R. Dorfman and R. A. Shipley, 
"Androgens," John Wiley and Sons, Inc., New York, N. Y., 1956, p. 89. 

(16) J. Iriarte and H. J. Ringold, Tetrahedron, 3, 28 (1958). 
(17) L. G. Hershberger, E. G. Shipley and R .  K. Meyer, Proc. SOC. 

Ex9er.  Bid.  and M e d . ,  83, 175 (1953). 
(18) Bioassays by Dr. R. Dorfman, The  Worcester Foundation and  

The  Endocrine Laboratories, hladison, Wis. 
(19) Melting points are uncorrected. Unless specified otherwise, 

rotations were determined in chloroform and ultraviolet absorption 
spectra in 96% ethanol. Thanks are due A. Mijares for able technical 
assistance and Dr. L. Throop for determinations of rotations and spec- 
tra.  

the 2-ethoxyoxalate and the exccss sodium hydride was fil- 
tered, washed with benzene, then hexane, and dried for 
several hours in vacuo. The product was cautiously added 
in portions to  a stirred ice-cold hydrochloric acid solution 
(100 cc. 357, acid-2 1. ice-water) liberating the free eth- 
oxyoxalate which was extracted with methylene dichloride, 
the extract washed with water,dried and evaporated. The 
residue was taken u p  in 1.1 liters of acetone, finely powdered 
anhydrous potassium carbonate (50 g.) and methyl iodide 
(150 ml.) were added and the mixture boiled under condenser 
for 48 hr. The filtered solution was evaporated almost to 
dryness, water was added, the oily residue extracted with 
methylene dichloride and the extract washed with 1% so- 
dium hydroxide, water, dried and evaporated to  dryness. 
The residue was dried at 90' for 2 hr. in vacuo (1 mm.) and 
then treated with the solution of sodium ethoxide prepared 
from 5 g. of sodium and 500 ml. of absolute ethanol. The 
solution was allowed to  stand for 48 hr. at room temperature 
and then poured into 5 1. of water. \L ithout neutralization, 
the mixture was extracted with methylene dichloride (oc- 
casionally emulsions formed during extraction and it was 
necessary t o  add salt), the  organic extract was washed with 
water to  neutrality, dried and evaporated. The residue was 
taken up in benzene and chromatographed on 2 kg. of ethyl 
acetate-washed alumina (1-1. eluate fractions). Acetone- 
hexane crystallization of the benzene-ether (9 : 1) fractions 
gave 19.07 g. (367,) of 2a-methyltestosterone (Ia), m.p. 
149-153". The  analytical specimen from the same solvent 
exhibited m.p. 155-167', [a]D +116", Amax 242 mp, log c 
4.19. 

Anal. Calcd. for C:OHJOOZ: C,  79.42; H, 10.00. Found: 
C, 79.33; H ,  10.28. 

2a-17~u-Dimethyltestosterone (Ib).-l7~u-Methyltestos- 
terone (5 g.) was treated successively with ethyl oxalate, 
methyl iodide and sodium ethoxide as described for Ia. The 
residue, af ter  chromatography on 250 g. of neutral alumina 
and acetone-hexane crystallization of the benzencether 
(9: 1) fractions gave 1.96 g. (37%) of 2a,l7a-dimethyl- 
testosterone (Ib), m.p. 150-152", [ a ] ~  +182', Xma. 240 
m r ,  log E 4.21. 

Anal. Calcd. for CZIH~ZOZ: C, 79.69; H, 10.19. Found: 
C ,  79.68; H, 10.03. 

2~-Methylandrostan-17p-ol-3-one (IIa). (a) By Oxalate 
Sequence.-Androstan-17~-ol-3-one (50 g.) in anhydrous 
thiophene-fwe benzene (600 cc.) was condensed with ethyl 
oxalate (50 cc.) in the presence of 11.5 g. of sodium hydride 
as described for Ia. The product, after treatment with 
methyl iodide and then sodium ethoxide as described above, 
was purified by chromatographic separation on 1 kg. of alka- 
line alumina (500-ml. eluates). The benzene-ether (9: 1) 
fractions were crystallized from acetone-hexane yielding 9 .O 
g. (17%) of 2a-mcthyl-dihydrotestosterone (IIa) ,  m.p. 149- 
153'; analytical sample from ether, m.p. 152-154', [ a ] ~  
+32" (ethanol). 

Anal.  Calcd. for CzoHazOt: C, 78.S9; H ,  10.60. Found: 
C, 78.70; H ,  10.77. 

(b) By Hydrogenation of 2-Hydroxymethylene Deriva- 
tive.-A mixture of androstan-17~-01-3-one (50 g.) in anhy- 
drous thiophene-free benzene (400 CC.), ethyl formate (20 
ml.) and sodium hydride (15 g.) was stirred for 8 hours under 
nitrogen .'O The sodio salt of the resultant 2-hydroxymetliyl- 
ene derivative and the excess hydride were filtered, washed 
with benzene, then hexane and dried in vacuo. Cautious 
precipitation in excess ice-cold dilute hydrochloric acid gave 
the crude free 2-hydroxymethylenedihydrotestosterone 
which was filtered, washed with water and air-dried. The 
product (50.5 9.) was hydrogenated for 24 hr. in methanol 
(750 ml.) over 20 g. of prehydrogenated lOy0 palladium- 
carbon catalyst at 25' and 570 mm. pressure (hydrogen up- 
take 9 liters). The mixture was filtered, the catalyst 
washed with hot methanol and the  combined solutions evap- 
orated to dryness. The residue, taken up in one liter of 
benzene, was absorbed on 1.5 kg. of alkaline alumina in a 
column and then eluted by passage of 15 liters of benzene. 
Evaporation of the extract and crystallization from acetone- 
hexane yielded 22.7 g. (43%) of I Ia ,  m.p. 146-150'; one 
recrystallization raised the meltit1g point to  that  of the an- 

(20) This procedure for ethyl formate condensation is a minor modi- 
fication of the method used in the case of testosterone and choleste- 
none hy F Weisenborn, D. Remy and T. Jacobs, THIS JOURNAL, 76, 
552 (1954). 
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aly-tical sample with wliicli this sainplc was identical in all 
respects. 

(c) By Hydrogenation of Za-Methyltestosterone Cyclo- 
ethylene Ketal.-The ketal V (130 mg.) was hydrogenated 
for 5 hr. a t  25' and 570 nim. in 20 ml. of methanol over 120 
mg. of prehydrogenated 1070 palladium---carbon catalyst 
(uptake 8 ml.). The  filtered solution, after the  addition of 
xa te r  (5 ml.) and concentrated hydrochloric acid (1 ml.), was 
boiled for 30 minutes, concentrated in oacuo and precipitated 
with water. Filtration and crystallization from acetone- 
hexane gave 40 mg. of authentic I Ia ,  m.p. 150-152'. 

Z~~-Methylandrostan-17p-ol-3-one 17-Propionate (IIa 
Propionate).--4 solution of 1 g. of IIa, 3 .3  ml. of propionic 
anhydride and 1.1 ml. of pyridine after being heated for 2 hr. 
a t  90' was cooled and treated with 50 ml. of water. The  
mixture was heated t o  hydrolyze excess anhydride, then 
cooled and extracted with methylene dichloride, the extract 
being washed successively with dilute hydrochloric acid, 
bicarbonate and water. Evaporation and crystallization of 
the residue from hexane gave 900 mg. of I Ia  propionate, m.p.  
126-130°, [a]D t24'. 

41znl. Calcd. for C23H360d: C, 76.61; H ,  10.07. Found: 
C,  76.48; H, 10.01. 

IIa Phenylpropionate.--"a-~Ietliyldihydrotestosterone ( 1 
8.) in 5 cc. of cold pyridine was treated witn 0.8 g. of phenyl- 
propionyl chloride and the solution then allowed to  stand for 
18 hr. a t  room temperature and finally heated for 30 minutes 
at 90.' The cooled solution was worked up as in the case of 
the propionate and the  residue chromatographed on 50 g. of 
neutral alumina, the  hesane-benzene (1  : 1 and 2 :  3) frac- 
tioris yielding after crystallization from acetone-hexane, 740 
rng. of phenylpropionate, m.p. 132-135', [ a ] D  +33', Amax 
254 mp and 2 j8  mp, log e 2.33 and 2.38. 

Anal. Calcd. for C2gHmOa: C,  79.77; H, 0.23. Found: 
C, 79.50: H, 9.12. 

IIa Cyclopenty1propionate.-Cyclopentylpropioiiyl chloride 
was substituted for phenylpropionyl chloride in the prepara- 
tion above. Chromatography and methanol-water crystal- 
lization of the  hexane-benzene ( 3 :  1) fractions gave 2a- 
iiiethylandrostan-17fl-ol-3-one cyclopentglpropionate, m.p.  
96-100", [ a ] D  $34". 

Anal.  Calcd. for CssHi4Oj: C, 78.45; H, 10.34. Found: 
C, 78.70; H, 9.95. 

2~,l7~-Dimethylandrostan-l7~-01-3-one (IIb). (a) By 
Oxalate Sequence.-l~a-Methylandrostan-17fl-ol-3-one (10 
g.) was condensed with excess ethyl oxalate exactly as de- 
scribed for Ia. Acidification of the sodium salt of the 2- 
ethoxyoxalate gave an amorphous solid which was filtered, 
washed, dried and treated successively with methyl iodide 
and sodium ethoxide as in Ia .  The  crude product (4.0 g.) 
remaining after reversal of oxalate condensation was chro- 
matographed on 300 g. of neutral alumina. Crystallization 
o f  the benzene-ether (19 : 1) fractions from ether-hexane 
gave 0.89 g. (9yc) of I Ib ,  n1.p. 151-154', [ a ] D  +8'. 

Anal. Calcd. for C?1HB102: C ,  79.19; H, 10.76. Found: 
C, 79.29; H, 10.82. 

(b)  By Hydrogenation of 2-Hydroxymethylene Deriva- 
tive.-lia-Methylandrostan-17p-ol-3-one (20 g.) in anhy- 
drous thiophene-free benzene (700 ml.) was treated with ethyl 
formate (40 ml.), sodium hydride (12 g.) and the mixture 
stirred for5 hr.  undernitrogen. The  sodio salt of the hydroxy- 
inetliylene derivative was filtered, washed first with benzene, 
then hexane and dried in oacuo. Precipitation in dilute cold 
hydrochloric acid liberated crude 2-hydroxymeth~-lene-l7a- 
nietIiylandrosta1i-li~-ol-3-otle (11-b) (20 g.). The  filtered, 
washed and dried product was added to  700 ml. of methanol 
containing 16 g. of pre-hydrogenated 5Yc palladium-carbon 
catalyst and the product hydrogenated a t  25" and 570 mm. 
Hydrogen uptake (1.8 molar equivalents) ceased in 2 hr.,  
tlic solution was filtered and concentrated to  dryness. The 
r c 4 u c  (negative ferric chloride test) was purified by chroma- 
t<~graphy on 950 g .  of alkaline alumina. The  betizelie-ether 
( ! I  : 1 )  fractions crystallized from acetone-hexane to  yield 
I I .Of\ g. ( 5 5 ~ c )  of I Ib ,  m.p. 147-151'. 

2-Hydroxymethylene-17~-methylandrostan-17~-o~-3-one 
(IVb) .-Ethyl acetate crystallization of the crude 2-hy- 
drox!-iiietliylene derivativc above (preparatiotl of IIb part 
(b)) gave pure I \%,  m.p. 178-180", [W!D 1-38", hmnn. 28.7 
nip, log E 3.99. 111 :I number of ruiis tlic average yield of 
purified material IKI\ (jtj(,~i . 

d l m I .  Calcd. for C21H3?Oj: C, 75.80; 1-1, 9.70. 1;ountl: 
C ,  75.71; H, 9.64. 

IVb enol acetate, hexane crl  stallizatioii, in.1). 14 L-14So, 
[ a ] ~  +27" ( c t h a n i ~ l ~ ,  hmnx 255 mp, log E 4.09. Ami. 
Calcd. for C23Ha404: C, 73.76; H, 9.15. Found: C, 73.49; 
T T  fin- 
11, Y . W t .  

IVb enol propionate, hexane cr~-stallization, 1n.p. 135', 
[ a ] ~  +2G (ethanolj, A m a x .  257 nip, log e 4.11. . l m I .  
Calcd. for C L ~ H ~ P , ~ ~ :  C, 74.19; H, 9.34. Found: C, 73.74; 
H ,  9.14. 

IVb enol benzoate, :icetotie-water erystallizatioii, 111.p. 

Calcd. for C1SH3601: C ,  77.03; H ,  8.31. Found: C, 77.37. 
188-190°, [m]D =k O o ,  hmSx. 250 mp, log E 4.19. / l ? Z U l .  

H, 8.06. 
2-Hydroxymethylene-l7~-methyl-l~-nortestosterone (III- 

a).-17cu-Methyl-19-nortestosteronezl was coiitleiiscd with 
ethyl formate as described above. Crystallizatioii fri 1iii 

acetone-ether gave the analytical specinien of IITa, 11i.p. 

and 3.75. 

C, 75.b2; H, 8.63. 
2-Hydroxymethylene-17~~-methyltestosterone (IIIb) \S:IS 

prepared from 17a-11ietl1yltestosterolie and ethyl forinate as 
described above; analytical sample froin acetone-ether, 1ii.p. 
179-18l0, [ a ] ~  +6", 251 and 309 m p ,  log E 4.07 aiitl 
3.73. 

A n a l .  Calcd. for CziH;oOa.1/2Ca1160: C, 75.16; H ,  9.25. 
Found: C, 74.81; H, 9.08. 

2-Hydroxymethylene-1 7 ~ m e t h y l -  lg-norandrostan-173- 
01-3-one ( Iva)  mas prepared from 17a-rntthyl-lR-iioraii~Iri~- 
stan-17/3-ol-3-one22 and ethyl format? as described above. 
Crystallization from methanol yielded pure IVa, r1i.p. 195- 
197', [ a ] D  + 9 j o ,  Amex. 281 lilp, log e 3.96. 

d m l .  Calcd. for C?d~?,Oa: C ,  72.43; Ii, 9.50. I'ountl: 
C, 74.87; H ,  9.5. 

2~-Methyl-3-cycloethylenedioxy-A~-androsten-l7~-ol (Vj.  
--1 mixture of 2CY-metli?-ltestosterotle (Ia) ( 2  g.),  ethl-lene 
glycol (20 nil.), benzene (100 i d .  j and )-toluenesulfonic 
acid.1HZO (200 1ng.j XLS boiled for 22 lir. with coritiiiuoui 

The cooled solution, after potassium 
s evaporated to dryiicih. CrJ-stallizx- 
om acetone-hexane yielded 1.1 g. of i', 

1n.p. 173-177', and asecoiitl crop of 400 mg., 1n.p. 164-171". 
Recrystallization from the same solvent gave the pure ma- 
terial, m.p .  17%178', [ a j ~  +41" (pL-ridine), no sclcctivc 
absorptioii iii the ultraviolet. 

AmZ. Calcd. for C?2H3JOU: C, 76.26; 1-1, 9.89. I~uulitl: 
C, 76.11; H, 9.78. 

2~-Methyl-3-cycloethylenedioxy-A~-androsten-l7-one 
(VI),-L\ stirred solution of 1.5 g. of I-, in 20 cc. of pyridine 
was cooled t o  10" and treated uuder nitrogen, with 000 rng. 
of chromium trioxide. The  mixture was then allowed to 
stand at room temperature for 18 hr. before being dilutctl 
with 100 ml. of ethyl acetate and filtered. The  filtrate w:is 
evaporated to dryness in ~ ' ( I C Z L O  and the residue chroinato- 
graphed on 20 g. of alkaline alumina. The  hexane-benzeiqe 
(1 : 1) fractions were crystallized from acetone-hexane yieltl- 
ing the  17-ketone VI (930 nig.), m.p. %01-210°. A% ~ a I l l J ~ 1 ~  
crystallized from acetonc to constant melting point exliib 
ited m.p. 206-210". [ D I D  $51" (pyridine). 

.-lml. C;ilcd. for C.rH,?Oi: C, 7G.70; H. 9.36. Foiiii(1: 
C, 76.92; H ,  9.3s. 
2~-Methyl-l7~-ethynyl-3-cycloethylenedioxy-A~-androsten- 

178-01 (VII) .--A solution of the preceding ketal-ketone 1.1 
(2.0 9.) in 45 ml. of anhglrous benzene was added, under 
nitrogen, to  the solution prepared from dissolving 2 g. of 
potassium in 40 ml. of t-amy1 alcohol. A slow current of 
purified acetylene was passed through the solution for 30 
hours, whereupon the solution was poured into ice-water and 
extracted with benzeue. Evaporatioll of solvent and chro- 
matographic separatioii of the residue on 100 g. of alkaliiie 
alumina gave iu the hcs:me-l~enzetie ( 2 : 3 )  fractions 510 nig. 
of 17a-ethynyl coinpound 1-11. The atial>-tical sample, froni 
acetone-hexane mclted n t  221-22i0, [ a ] ~  -63' (pyridine). 

( ? I )  C .  Djerairi ,  I.. hliramontes,  G, Ko ienkranz  and  F. Sondheimer 

( 2 2 )  A Bolvers. H. Ringold cmd I<. I .  nor fnmn.  ~bz',1., 79, 1 5 Z l i  

146-147', [ n ] D  -7Jo, Amax. 252 Ill/* 311d 303 iilp, log E 4.06 

d,lnu!. Calcd. for CS,JI~,Od: C ,  75.95; I-I 

____..~_ 

THIS J O U R K A L ,  76, 1092 ( I W k ) .  

(1937). 
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Anal. Calcd. for C24H&,: C, 77.80; H ,  9.25. Found: 
C ,  77.85; H,  9.31. 

2a-Methyl-17~1-ethynyltestosterone (VIII). (a)  By 
Hydrolysis of VI1.--A solution of 100 mg. of ketal V U ,  me- 
thanol (3  ml.), water (1 ml.) and concentrated hydrochloric 
acid (0.2 ml.) was allowed to  stand for 18 hours a t  25" and 
then precipitated with water yielding 50 mg. of &-methyl- 
1701-ethynyltestosterone, m.p.  172-177". Crystallization 
from acetone-hexane raised the m.p. to  175-178", [ a ] D  
+So, Amax. 240 mp, log a 4.19. 

Anal. Calcd. for Cs2Hau0.: C,  80.93; H, 9.26. Found: 
C, 81.02; H ,  9.33. 

(b) From 17~~-Ethynyltestosterone.-.% mixture of ethy- 
nyltestosterone (5 g.), benzene (150 ml.), anhl-drous te- 
trahydrofuran (100 ml.), ethyl oxalate (10 ml.) and sodium 
hydride (2 g.) was stirred for 5 .5  hours under nitrogen. 
IVork-up in the usual manner followed by alkylation 
(methyl iodide, potassium carbonate, acetone) and sodium 
ethoride treatment as already described yielded2.5 g. of semi- 
crl-stalline material. Chromatography on 250 g. of neu- 
tral alumina yielded in the hexane-benzene ( 1  : 9)  fractions 
(acetone-hexane crystallization) 1.03 g. of YIII ,  m.p. 174- 
1 T o ,  identical with the product obtained in (a)  and a second 
crop of 440 mg., m.p. 169-175'. 

2~-Methyl-l7a-~inyltestosterone (IX) .-The ethynyl coin- 
pound \-I11 (1.0 g.) was added to a mixture of 250 mg. of 
pre-hydrogenated 10% palladium-calcium carbonate cata- 
lyst in 35 ml. of pyridine and hydrogenated a t  25' and 57'0 
mm. until 96 nil. (1 molar equivalent) of hydrogen had been 
absorbed. The  solution was filtered, evaporated to  dryness 
in ~ C U O  and the product crystallized from acetone-hexane 
yielding 680 mg. of I X ,  m.p. 157-162'. The anaolytical 
specimen from the same solvent melted a t  159-162 , [ a ] D  
+89", AmSx 240 mp, log e 4.20. 

Anal. Calcd. for CT2H3202: C, 80.43; €1, 9.88. Found: 
C, 80.54; H ,  9.60. 

2~1-Methyl-l7~~-ethyltestosterone (X).-Compound VRI 
( 1  g.) was hydrogenated at 25' and 570 mm. over 200 mg. of 
pre-hydrogenated 5% palladium-carbon catalyst in 100 ml. 
of dioxane (freshly distilled from Kaney nickel). The hy- 
drogenation was interrupted after the uptake of 200 ml. 
(1.5 hr.), the solution filtered, evaporated to  dryness in 
z'aczm, and the product crystallizetl from acetone-hexane, 
yielding 600 mg. of X, m.p. 139-143'. Further crystalliza- 
tion raised the m.p.  to 141-143", [ u ] D  +88", A,,,. 240 mp, 
log E 4.21. 

Anal. Calcd. for C~iH~102:  C, 79.95; H, 10.37. Found: 
C ,  79.95; H ,  10.23. 

2~-Methyl-l7~-ethylandrostan-17p-ol-3-one (IIe).-lia- 
Ethyl-androstan-17p-01-3-0ne~~ (3.5 g.) was condensed with 
ethyl formate in the usual manner yielding 3.3 g. of crude 2- 
hydroxymethylene derivative. This product in 150 nil. of 
methanol was hydrogenated over 1.42 g. of pre-hydrogenated 
107, palladium-carbon catalyst at 25" and 570 mm. Hy- 
drogen uptake was extremely slow with the absorption of 
only 97 ml. in 3 hours; therefore the hydrogenation vessel 
was heated to  and kept a t  45' whereupon an  additional 400 
ml. of hydrogen was absorbed in 2 hours. The mixture was 
filtered, the solvent evaporated and the residue chromato- 
graphed on 100 g. of alkaline alumina. The  benzene-ether 
(8: 2) fractions were crystallized from acetone-hexane, 
yielding 1.43 g. of I Ie ,  m.p. 128-131°, [ a ] D  +e". 

Anal. Calcd. for G2H,609: C, 79.46; H, 10.91. Found: 
C, 79.69; H, 10.85. 
2~,6p-Dimethylandrostan-l7p-ol-3-one (XI).-6p-Methyl- 

androstan-17~-ol-3-one7 (0.8 9. )  in 50 ml. of benzene was 
treated with 1 ml. of ethyl formate and 0.3 g. of sodium 
hydride. The mixture, after stirring for 5 hours under ni- 
trogen, was filtered, washed with hexane and dried in  uacuo. 
Precipitation of the sodio salt in dilute hydrochloric acid 
yielded 730 mg. of crude 2-hydroxymethylene-6p-methyl- 
anrlrostan-l7@-ol-3-one, which was hydrogenated in 50 ml. 
of methanol over 1.6 g. of pre-hydrogenated palladium-car- 
bon catalyst. Hydrogen uptake ceased with the absorption 
of 92 ml. (theor. a t  25",  570 mm., 144 nil. for 2 equiv.). 
The  solution was filtered, evaporated and the residue chro- 
matographed on 35 g. of alkaline alumina, the benzene- 
ether (7: 3) fractions, after crystallization from acetone- 

( 2 3 )  L .  Ruzicka, P. LIeister and V. Prelog, He/: ' .  Cliim. Ac ta ,  30, 867 
(1917). 

hexane, yielding 230 mg. of X I ,  m.p. 1T7-180"; analytical 
sample, m.p. 181-183", [ m ] D  $-go. 

Anel. Calcd. for C21H3402: C,  79.19; H, 10.76. Found: 
C,  79.33; H ,  10.53. 

2,2-Dimethylandrostan-17p-ol-3-one (IIc). (a )  By 
Alkylation of Dihydrotestosterone .-To the solution of 
potassium t-butoxide prepared from 2 g. (3 equiv.) of potas- 
sium in 100 ml. of t-butyl alcohol mas added 5 g. of andro- 
stan-li@-ol-3-one. The  mixture was stirred under nitrogen 
for 30 minutes whereupon solution was complete and 6.4 ml. 
(6 equiv.) of methyl iodide was added dropwise and the reac- 
tion stirred an additional 4 hours. U-ater (100 ml.) and ace- 
tic acid to  neutrality were added and the mixture concen- 
trated in 'r'acuo. The resultant semi-solid gum was filtered, 
washed with water and chromatographed on 300 g. of neu- 
tral alumina. The hexaiie-benzene (1 : 4) fractions were 
pooled and crystallized from acetone-water yielding 2.34 g. 
(4306 j of 2,2-dimethylandrostan-17@-01-3-one ( I Ic ) ,  m.p.  
128-133", while the benzene fractions :-ielded 510 mg. (10%) 
of 2a-methylandrostan-l7~-ol-3-one ( I Ia ) .  A purified sam- 
ple of I Ic  melted a t  134-136', [a]D +72". 

Anal. Calcd. for C ~ I H S ~ O ~ :  C, 79.19; H, 10.76. Found: 
C,  78.84; H ,  10.43. 

IIc acetate,24 methanol-water crystallization, m.p. 138- 
140°, [ a ] ~  +56". Anal. Calcd. for C2&h0.i: c ,  76.62; 
H ,  10.07. Found: C, 76.68; H, 10.14. 

IIc propionate, methanol-water crystallization, m.p. 66- 
67",, [ a ] D  +47". Anal. Calcd. for CNH&: C,  76.96; H, 
10.23. Found: C,  76.78; H ,  10.19. 

IIc coyclopentylpropjonate, hexane rrystallization, m.p. 
131-132 , [ a ] D  +80 . Anal. Calcd. for C?9H4S0,j: C, 
78.68; H ,  10.48; 0, 10.84. Found: C, 79.21; H ,  10.60; 
0, 10.51. 

(b) By Alkylation of Dihydrotestosterone Propionate .- 
A solution of 10 g.  of androstan-lT~-ol-3-one propionate in 
80 ml. of anhydrous t-butyl alcohol was added under nitro- 
gen to  the solution of potassium t-butoxide prepared from 4.5 
g. (4  equiv.) of potassium and 150 ml. of t-butyl alcohol. 
Methyl iodide (14.4 ml., 8 equiv.) was added dropwise with 
cooling and the mixture stirred for 4 hours under nitrogen a t  
26-30'. %7ater and acetic acid were added as in (a), the 
solution was concentrated and the residue, a gum, taken up 
in 500 ml. of ethanol. Potassium hydroxide ( 5  g.) was 
added, the solution was then boiled for 3 hours to hydrolyze 
the 17-propionate, neutralized with acetic acid and concen- 
trated. II'ater mas added, the residue extracted with 
methylene dichloride, the extract washed, dried and con- 
centrated. Crystallization from acetone-hexane gave 5.6 g. 
(Sly0)  of IIc, m.p.  130-133", identical with the,product ob- 
tained in (a ) .  

2,2,17~-Trimethylandrostan-17p-ol-3-one (IId).-liw 
Methylandrostan-lT@-ol-3-0ne (10 9.) was condensed with 3 
equiv. of potassium t-butoxide and 6 equiv. of methyl iodide 
exactly as described for IIc, preparation (a) .  The reaction 
product was chromatographed on 500 g. of neutral alumina, 
the hexane-benzene (1  :4) fractions yielding, after crystalli- 
zation from acetone-hexane, 3.5 g. (325,) of 2,2-17a-tri- 
methylandrostan-1i~-ol-3-one ( I Id) ,  m.p. 114-116', while 
the benzene fractions yielded 1.4 g. of impure 201, 17cx-di- 
methyl-androstan-l~@-ol-3-one ( I Ib) ,  m.p. 125-130'. Pure 
I I d  was obtained by acetone-hexane recrystallization, m.p. 
117-120", [ e ] D  +53". 

Anal. Calcd. for C21H3602: C ,  78.69; H, 11.32. Found: 
C,  78.92; H, 11.12. 

2,2-Dimethyl-4,4-dibromoandrostan-17p-ol-3-one Acetate 
(XII).-.\ solution of 1 g. of 2,2-dirnethylandrostan-l7fl-o1- 
%one acetate ( I Ic  acetate) in 15 ml. of glacial acetic acid was 
treated dropwise a t  25' with bromine in acetic acid (100 
mg./ml.) until a permanent bromine color persisted for a t  
least 15 minutes. Uptake stopped with the addition of 9 
ml. (2.02 equiv.). The solution was poured into water and 
the crude XI1  (1.34 g.) ,  m.p. 165-168', was filtered, washed 
and dried. Crystallization from acetone-methanol yielded 
920 mg. (647;) of XII, m.p. 174-177' dec. The same prod- 
uct was obtained by 24-hour treatment of I Ic  acetate with 
3 equivalents of bromine; analytical sample, m.p. 180-181 a 

dec., [ a ] ~  $100'. 
Anal. Calcd. for C2:IHslBr20:: C, 53.29; H, 6.61; Br, 

30.84. Found: C,  53.60; H ,  6.83; Br ,  30.15. 

(24) Esters of 1Ic  were prepared by Dr. J. Zderic of these iabora- 
tories. 
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2,2-Dimethyl-4-bromotestosterone Acetate (XIII).-Di- 
bromo compound XI1 (820 mg.) was heated in boiling y- 
collidine ( 5  ml.) for 40 minutes. The  cooled mixture was 
diluted with ethyl acetate, washed with dilute sulfuric acid 
and the solution evaporated. Methanol-acetone crystalli- 
zation of the residue yielded 2,2-dimetliyl-4-bromotestos- 
terone acetate (XIII), m.p. 151-153", [ a ] D  +82", Amax 262 
mp, log e 4.07 

Anal. Calcd. for C23H33BrOs: Br, 18.27. Found: Br, 
17.92. 

2,2-Dimethyl-4-bromoandrostan-17p-ol-3-one Acetate 
(XIV).-IIc acetate (700 nig.) in glacial acetic acid (10 ml.) 
was brominated with one equivalent of bromine (310 mg. in 
3.1 ml. of acetic acid), uptake being complete in 5 minutes. 

IYater precipitation gave the  crude 4-bromo compound 
XIV which was crystallized from acetone-hexane t o  yield 

470 mg. (55yc) of XIV, m.p. 112-134" tlec.; a i c d ~  tical s i n i -  
ple, 111.p. 146-148" dec., [ a ] ~  $13" (etliaiiol). 

Anal. Calcd. for C23HJjBr03: C, 62.87; 13, 8.02; Br, 
18.19. Found: C,62.59; H, 7.8G; Br, 15.47. 

2,2-Dimethyltestosterone Acetate (XV).-Treatment o f  
420 mg. of XIV with 2 ml. of boiling *,-colhdine for 1.5 houri 
followed by ethyl acetate dilution and sulfuric acid waih 
yielded an oil with Amax 240 mp, log e 4.03. The  product, in 
hexane (25  ml.], was absorbed on 20 g. of neutral alumina 
and then eluted with 50-ml. portions of hexane. Fractions 
6 t o  13 were recrystallized from acetone-hexane, furnishing 

A m l .  Calcd. for C13H,,0,: C, 77.03; 11, 9.36. Fountl: 
Xv, 111 p. 171-173', [ e ] D  4-44', Amax 240 m,u, log E 4.19. 

C, 77.23; H ,  9.81. 
APARTADO POSTAL 2679 
~ I ~ X I C O ,  I). F. 
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Steroids. CVI. Synthesis of 70-Methyl Hormone Analogs 
BY JOHN A. ZDERIC, HCMBERTO CARPIO AKD €I. J. RIXGOLD 

RECEIVED ACGUST 6, 1958 

The  preparation of iP-methylcortisone aia addition of methyl Grignard reagent to  7-ketocortisonc bisethylene ketal ace- 
The resulting addition product after hydrolysis and dehydration provided the corresponding $-methyl- 

Alternately iP-methylcortisone was prepared 
Hydride 

The  synthesis of 

ta te  is described. 
A4v8-dienone which upon hydrogenation was converted to  ip-methylcortisone. 
by  hydrolysis of the coupling product of methyl Grignard reagent with 7-bromocortisone bisethylene ketal acetate. 
reduction of the Grignard coupling product followed by  acid hydrolysis led to  T~-methylhydrocortisone. 
78-methyltestosterone by  addition of methyl Grignard to  7-ketotestosterone ethylene ketal acetate is also described. 

Previous reports from this Laboratory and others 
have described the substitution of methyl groups at  
position 2,2 4,3 64 and 115 of the steroid nucleus as 
well as position l6 in the 19-norsteroid series. 

In continuation of the general program directed 
toward the relationship of structural modification 
to biological activity we fiow report the preparation 
of some 7-methyl analogs in the testosterone and 
cortical hormone series. 

Although no 7-methyl-A4-3-ketones have been 
previously reported, the 7-methylene and 7-methyl- 
7-hydroxy derivatives of cholesterol have been pre- 
pared7 by the addition of methyl Grignard reagent 
to the corresponding 7-ketone. In  our present 
work this general method was utilized, but as will 
be seen the method became impractical in the 
preparation of the 7-methylcorticoids, forcing em- 
ployment of an alternate route. 

Starting with cortisone bisethylene ketal acetate 
(Ia) the Lenhard and Bernstein procedure* was used 
to prepare the unstable 7-bromo compound Ib  

(1) Paper CV, H .  J. Rinqold, E. Batres, 0. Halpern and E. Xeco- 
echea, THIS JOURXAI,, 81, 427 (1959). 

(2) (a) J .  A. Hogg, F. H.  Lincoln, R. W, Jackson and W. P. Schnei- 
der, ibid., 1 7 ,  6401 (1955); (b) H.  J. Ringold and G. Rosenkranz, J. 
Ovr.  Chem., 21, 1333 (1956). 

(3) H.  J. Ringold and G. Rosenkranz, ;b id , ,  22, 602 (1957). 
(4) (a) G. B. Spero, J. I,. Thompson, B. J. Magerlein, A. R .  Hanze, 

H. C .  Murray, 0. K. Sebek and J .  A. Hogg, THIS JOURNAL, 18,  6213 
(1056); (b) H. J. Ringold, E. Batres and  G. Rosenkranz, J. Oug. 
Chem., 22 ,  99 (1957); (c) G. Cooley, B. Ellis, D. I\i. Kirk and  V. 
Petrow, J. Chcm. Soc., 4113 (1957), and preceding papers; (d) A. 
Bowers and H.  J .  Ringold. THIS JOURNAL, 80, 3091 (1958). 

(5 )  (a) H. J. Ringold, E. Batres and J. A. Zderic. Tetrahedron, 2, 1G4 
(1958); (bl G. S. Tronken and J. A. Hogg, ibid., 2, 306 (1958). 

(6) (a) 11. J. Rinxold, G. Rosenkranz and F. Sondheimer, THIS 
JurrRxAl,, 78, 2177 (1960): (b) c. Djerassi, A. E. Lippman and J .  
Grossman, ibid., 7 8 ,  2479 i l 9X) .  

(7)  B. Bonn, I. M. Heilbron and  F. S. Spring. J .  Chrm. SOL., 1274 
(1936). 

(8) R. €I. Lcnharri anti S. Bernstein, TIIIS J o u n N . i l . ,  78, '390 (1 '33)j .  

which was then hydrolyzed and oxidized to form 7- 
ketocortisone bisethylene ketal acetate (IC) in over- 
all yields of 50 to 60% based on Ia. Reaction of 
this 7-keto compound with methylmagnesium bro- 
mide proceeded in tetrahydrofuran solvent a t  room 
temperature and after 5-6 hours appeared almost 
complete on the basis of ultraviolet spectroscopy. 

Treatment of the resulting 7-methyl-7-hydroxy 
compound Id with a methanolic acetone solution of 
perchloric acid directly yielded 7-methyl-A6-dehy- 
drocortisone (IIa). The use of perchloric acid 
catalyst for hydrolysis of the two ethylene ketal 
groups with concomitant dehydration of the 7-hy- 
droxy groups invariably gave better yields of the 
dienone IIa  than the methanol-sulfuric acid ketal 
hydrolysis m e t h ~ d . ~  

The hydrogenation of the dienone IIa  to 7p- 
methylcortisone (IIIa) was carried out under a 
variety of conditions, but in no case could a com- 
pletely selective reduction of the As-double bond be 
achieved. When the reductions were stopped after 
one mole of hydrogen had been consumed, the prod- 
uct was a three-component mixture of IIa, IIIa and 
presumably 7~-methyldihydroallocortisonc which 
we did not attempt to obtain pure. Only by using 
1.2 moles of hydrogen for the reduction was the 
dienone totally reduced and even so chroniatog- 
raphy and recrystallization did not yield a coin- 
pletely pure sample of 7p-methylcortisone. On the 
basis of the ultraviolet maximum the above product 
was estimated to be only 80% pure. 

The preparation of pure 7~-rnethylcortisone 
(IIIa) was accomplished by our second general route 
which involved the coupling of methylmag- 
nesium bromide and 7-bromocortisone bisethyl- 
ene ketal acetate (Ib). The product of this reaction 

((1) b' 5 Allen S l3cinsteiri and R I i l t c l l  r b t d ,  76, 0110 (1954) 


