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6,16-Dimethylated Steroids. IV. 4,4-Dimethyl Analogs' 
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Alkylation of the 3-pyrrolidyl enamines of 6a,l(>ff-diniethyl-17a-hydroxyprogesterone and tia,16a-dimethyl-
progesterone has provided the corresponding 4,4-dimethyl-5-pregnene analogs. The former was also obtained 
by direct alkylation of t7a,203-isoproj)ylidenedioxy-(ia,f6a-diinetliyl-4-pregnen-3-one followed by hydrolysis 
to tlie 17a,20/3-diol (7) and oxidation to the 20-ketone (4b). The 1 7a-acetate (4c) gave an unexpectedly high 
response in the Clauberg assay for oral progestational activity. 

In previous papers of this series,13 we have described 
a series of 0,10a-dimethylprogesterones variously sub
stituted at positions 17 and 21. The 0,10a-dimethyl-
17«-acetoxyprogesterones and their 21-fluoro deriva
tives were shown to possess unusually high oral pro
gestational activity. 

We now wish to report the synthesis of several 4,4.-
(i, lOa-tctramethyl-o-pregnene analogs, one of which. 
4,4,0.10a-tetramethyl-.Vpregnen-17a-ol-.x20-dione 17-
acetate (4c), showed an unexpectedly high response 
in the oral Clauberg assay. This latter substance 
constitutes the first reported example of a 4,4-dialkyl-
ated .Vpregnen-.'.-one exhibiting .significant biological 
activity. 

Xumerous reports have been issued describing syn
theses of 4,4-dimethyl-o-androsten-:]-ones and 4.4-
dimetiiyl-l«)-nor-.")-androsten-3-ones.4 In the preg
nane series, only 4,4-dimethyl-o-pregTiene-o,20-dione,a 

and 4.4-di.nethyl-!)a-fluoro-lli?,17a,21-trihydroxy-o-
pregnene-.*>,20-dione5 have been described. 

Although significant biological activity is reported for 
various of the 4,4-dimethy]-o-androsten-:}-ones,"•'''>6 

no biological activity has yet been reported for any 
4,4-diinethyl-")-pregiieii-')-ones. In all instances, the 
4,4-dimothyl-o-eii-o-one compounds were prepared 
by direct mcthylation of tlie parent 4-en-H-ones by the 
method first described by Woodward, et al.~ 

The initial preparations of the 4,4-dimethyl steroids 
reported herein proceeded by way of alkylation of the 
appropriate o-pyrrolidy] enamines. 0a,10a-Dimethyl-
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progesterone (la) on treatment with pyrrolidine in 
methanol1* gave excellent yields of the o/'-dien-o-amine 
(2a). Alkylation with methyl iodide in absolute 
methanol afforded a mixture of 4,0a, lOa-trimethyl-
progesterone and 4,4,0. lOa-tetrametlrvl-o-pregnene-o,-
20-dione (4a) from which the latter was separated 
readily by chromatography. This alkylation to a 4,4-
dimethyl-o-en-o'-oiie is analogous to the perchloryl 
fluoride 4,4-difluorinatioii of enamines reported by 
Xakanishi, <•[ al? 

Treatment of 0a, 1 Ga-dimethyl-17a-hydroxyproges-
terone (lb) or its 17a-acetate (lc) with pyrrolidine in 
methanol gave mixtures of the corresponding o-en-
amines (2b or 2c) and starting material from which 
separation of the diamine was difficult. The desired 
:5-enamine (2b) was prepared in excellent yield, how
ever, by treatment of G.d.lGa-dimethylpregnane-oa,-
17a-diol-3,2()-dione (3a) or its .la-acetate (3b)3 with 
pyrrolidine in methanol. Concomitant rapid elimina
tion of the oa-oxygen functions occurred tinder the 
basic reaction conditions. 

Direct alkylation of the 8-enamine (2b) with methyl 
iodide in methanol gave the 4,4.G,lGa-tetramethyl-.)-
pregnen-17a-ol-'),20-dione (4b) admixed with 4,0a,-
1 Oa-trimethyl -17a- hydroxyprogesterone. Separation 
proved to be difficult. The mixture was. therefore, 
acetylated in the usual manner10 and chromatographed. 
The tetramethyl 17a-acetate (4c) was isolated in a pure 
state but the trimethyl 17a-acetate could not be freed 
of impurities. 

An alternate route to the tetramethyl-17-oxygcnated 
compounds proceeded from 17a,20/i-isopropylidene-
dioxy-0«, l(ia-dimetliyl-4-pregnen-.'J-one (5).3 Direct 
alkylation with methyl iodide in /-butyl alcohol contain
ing potassium /-butoxide11 again gave a mixture of the 
trimethyl and tetramethyl compounds. The tetra
methyl compound (6), however, predominated and was 
separated readily. Hydrolysis of tlie 17a-,20/j-iso-
propylidenedioxy group was accomplished by treatment 
with refluxing aqueous acetic acid. The 17a,20fi~ 

•8) !•'. W. l leyl and M . b . Uerr , ,/. Am. Chem. Sac, 75, 191.8 (Il)5:li; M. 
lb Her r and b . W. l leyl, Cid., 75 , 51127 (lllfiii). T h e procedures descr ibed 
in tiiis paper represent modificat ions of the original p rocedure ci ted. b n -
doub ted ly , c rys ta l l iza t ion of the enamine from tiie react ion mix ture sufficed 
to shift the epuii ihr iunt in favor of tlie p roduc t t hus obv ia t ing the necess i ty 
of using a wate r - immisc ib le solvent such as benzene for azeol ropic separa
tion of the w aler formed 

(li S. X a k a n i s h i . l i . b . Morgan , and K. V. Jensen, (diem. hut. ' L o n d o n a 
1 bid ( 11)601. 

(10) R. li. Tu rne r . ./. Am. Cliem. Soe., 74, 4220 (19,52); 75, (1489 (195;i); 
l i uangWIin lon lb Wilson, X. b . Wendler , and I I . Tishler . ihid., 74, 5394 
; 19521. 

l b See part iculardy re-f. 4i for a lucid discussion of the mechan i sm of this 
react ion. 
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glycol (7) was then oxidized in good yield with either 
8 N chromic acid-sulfuric acid reagent12 or with N-
bromosuccinimide in acetone813 to 4,4,6,16a-tetra-
methyl-5-pregnen-17a-ol-3,20-dione (4b). Acetyla-
tion of the tetramethyl-5-pregnene afforded the 17 a-
acetate (4c) identical with that prepared via alkylation 
of the enamine. 

4a, R = H 
b , R = OH 
c, R = OAc 

C(CH3)2 

H 3 C ^ C - O H 

4b 

H3C CH3 CH3 
7 

The oral progestational activity of 4c was estimated 
by the Clauberg method on immature estrogen-primed 
rabbits.u The data obtained are as follows. 

Level, mg. 

0.075 
0.75 
7.5 

Response 

0 . 8 + 
1 .5+ 
3 . 8 + 

Since the data do not give the normal response curve, 
no meaningful comparison of the activity of 4c with 

(12) K. Bowden, I. M. Heilbron, E. R. H. Jones, and B. C. L. Weedon, 
J. Chem. Sac, 39 (1946); A. Bowers, T. G. Halsall, E. R. H. Jones, and A. 
J. Lemin, ibid., 2548 (1953). 

(13) E. W. Cantrall and S. Bernstein, U. S. Patent 3,019,219 (Jan. 30, 
1962). 

(14) Bioassays by Endocrine Laboratories, Madison 1, Wis. 

any standard substance, e.g., ethisterone, can be given. 
The response at the 0.075-mg. level, however, is par
ticularly interesting for a compound of this structure. 

Experimental15 

3-(N-Pyrrolidyl)-6a,16a-dimethylpregna-3,5-dien-20-one(2a). 
—A solution of 3.42 g. of 6a,16a-dimethylprogesterone ( l a ) 
in 20 ml. of absolute methanol containing 1 drop of pyrrolidine 
was heated to boiling and then 1.5 ml. of pyrrolidine was added. 
The mixture was boiled gently for 5 min. during which a crystal
line solid separated. The mixture was cooled in ice; the solid 
was separated by filtration, washed with cold methanol, and 
dried in vacuo at room temperature to give 3.665 g. (92.7%), 
m.p. 144-146° dec , [«] 2 5D - 2 4 . 9 ° ; X^'5.87, 6.11, and 6.23 M.16 

Anal. Calcd. for CnHuNO: C, 81.97; H, 10.45; X, 3.54. 
Found: C, 81.25; H, 10.22; N, 3.14. 

4,4,6,16a-Tetramethyl-5-pregnene-3,20-dione (4a).—The en
amine (2a) (2.85 g.) in 250 ml. of absolute methanol was treated 
with 50 ml. of methyl iodide and the solution heated under reflux 
for 40 hr. The mixture was concentrated in vacuo to ca. one-half 
the original volume, 10 ml. of 10% aqueous sodium hydroxide solu
tion added, and this mixture heated under reflux for 10 min. The 
solution was then concentrated in vacuo to about 50 ml. and di
luted with water (2000 ml.). The crystalline solid which sep
arated was removed by filtration, washed to neutrality with 
water, and dried in vacuo to give 2.15 g., m.p. 78-84°. A 1.84-g. 
portion was chromatographed over 60 g. of Florisil (column pre
pared in hexane). The fractions eluted with methylene chloride 
were combined, 450 mg., m.p. 112-115°, no selective absorption 
in the ultraviolet. Recrystallization from methanol afforded 
223 mg., m.p. 114-115°, [a] 25D +10° , \ £ * 5.84 and 5.87 ». 

Anal. Calcd. for C25H3802: C, 81.03; H, 10.34. Found: 
C, 80.12; H, 10.03. 

Further elution of the column with methylene chloride-ether 
(8:2) gave 972 mg. of solid, m.p. 70-86°, Xmax 250-251 m/j (e 
900). Attempts to separate the 4,6a,16a-trimethylprogesterone 
from this mixture failed. 

3-(N-PyrrolidyI)-6a,16a-dimethylpregna-3,5-dien-17a-oI-20-
one (2b) —A suspension of 5 g. of 6/3,16a-dimethylpregnane-
5a,17a-diol-3,20-dione (3a) in 30 ml. of absolute methanol was 
heated to boiling and 1.5 ml. of pyrrolidine added. The solid 
quickly dissolved. The mixture was heated for 2 min., then 
quickly cooled in ice, and the crystalline solid separated by filtra
tion. After washing with cold methanol and drying in vacuo 
the product weighed 5.726 g., m.p. 151-160° dec. Recrystal
lization from absolute methanol afforded 3.102 g. (56.8%), m.p. 
188-190° dec , [a]**D - 1 4 8 ° ; X^'2.86, 5.89, 6.08, and 6.22 M. 

Anal. Calcd. for C2,H4iN02: C, 78.78; H, 10.04; N, 3.40. 
Found: C, 78.24; H, 9.95; N, 3.50. 

Treatment of the oa-acetate (3b) with pyrrolidine in meth
anol under the above conditions gave material identical in all 
respects with that prepared above. Treatment of l b with pyr
rolidine in benzene in the presence of p-toluenesulfonic acid8 

gave only recovered starting material. Treatment of 6a, 16a-
dimethyl-17a-acetoxyprogesterone (lc) with pyrrolidine in meth
anol also gave a mixture of the 3-enamine 17-acetate (2c) and 
starting material. 

4,4,6,16a-Tetramethyl-5-pregnen-17a-ol-3,20-dione 17-Ace
tate (4c). A. From the Enamine 2b.—A solution of 3.0 g. of 
the enamine (2b) in 250 ml. of absolute methanol and 50 ml. of 
methyl iodide was heated under reflux for 64 hr. The solution 
was evaporated in vacuo to ca. 100 ml., poured into ice-water, and 
the resulting suspension acidified to pH 2 with hydrochloric acid. 
After standing for 1.5 hr., the product was extracted with methyl
ene chloride. The extracts were washed to neutrality with 
water, dried, and evaporated to dryness in vacuo to give 2.510 g. 
(89%), m.p. 135-148°; Xmax 250-251 m M (e300) ; X™; 2.98, 5.88, 
6.04, and 6 . 1 8 M-

The crude product (2.5 g.) was dissolved in 20 ml. of glacial 
acetic acid and the solution treated with 4 ml. of acetic anhydride 

(15) All melting points were determined in capillaries on a Hershberg 
apparatus (Eck and Krebs, Inc., New York) using Anschiitz thermometers. 
Rotations were observed in chloroform at ca. 1% concentration, ultraviolet 
spectra in 95% ethanol. Infrared spectra were determined using a Beck-
mann Model IR-5 spectrophotometer. 

(16) Attempts to reerystallize this material resulted in partial decompo
sition. Therefore, the physical data above are on the "crude" product. 
The material was also carried on without further purification. 
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and 0.50 g. of p-toluenesulfonie acid monoliydrate. The mixture 
was stored at room temperature for 16 hr.. then diluted with 
water, and the product extracted with methylene chloride. The 
combined extracts were washed with water, 5C'C aqueous sodium 
bicarbonate solution, saturated sodium chloride solution, dried, 
and evaporated to dryness in vacuo to give 2.875 g. of solid prod
uct, m.p. 90-110°. Chromatography over 100 g. of Flnrisil 
(column prepared in hexane) and elution with methylene chlo
ride-ether (9:1) gave 478 mg., m.p. 90-1070, no selective ab
sorption in the ultraviolet. Rechromatography of this material 
over 30 g. of Florisil (column prepared in benzene) and elution 
with benzene-ethyl acetate (19: 1) gave 184 mg.. m.p. 150-155.5°. 
Crystallization (3 times) from aqueous methanol provided the 
sample for analysis, m.p. 154-155..")°, no selective absorption in 
the ultraviolet, \™'x 5.75, 5.85, and 8.01 n, [al'-5i> - 4 2 ° . 

Anal. Calcd. for 0«H4„(),: C, 75.00: H. 9.41. Found: C, 
75.62; H, 9.39. 

B. From the 17a,20/3-Diol (7).— To a solution of 1.0 g. of 
the tetramethyl diol (7) in 120 ml. of acetone and 35 ml. of water 
was added 2.0 g. of N-bromosuccinimide and the mixture stored 
at room temperature for 17 hr. Dilution with water gave crys
talline material which was removed by filtration, washed 
thoroughly with water, and dried in vacuo to 986 mg. (97'< ) of 
crude 4b, m.p. 91-103°; \™[ 2.87, 5.85, 5.99, and 6.26 M. 

Acetylation of 900 mg. of this crude product was carried out 
by treatment with 30 ml. of acetic acid, 9 ml. of acetic anhydride, 
and 360 mg. of p-toluenesulfonic acid monoliydrate at room tem
perature for 18 hr. Dilution with water afforded 978 mg. (98 ' , ) 
of crude acetate, m.p. 98-104°. This material was ehroma-
tographed over 30 g. of silica gel (column prepared in benzene). 
The fractions eluted with benzene-ethyl acetate (19: I and 9 : 1 ! 
were combined, yield, 792 mg. (79.5':,.). Recrystallization of a 
100 mg. portion from aqueous methanol gave 80 mg., m.p. 154-
155°, undepressed on admixture with the material prepared from 
the 3-enamine, and with identical infrared spectra in KRr. In 
addition, the mass spectrum17 showed a parent peak at m/c = 
428 corresponding to C2-H40O4. 

17«,20(3-Isopropylidenedioxy-4,4,6,16a-tetramethyl-5-preg-
nen-3-one (6).—A 12-g. portion of 17a,20/3-isopropylidene-
dioxy-6ff,H)a-dimethyl-4-pregnen-3-one (5) (m.p. 167-169°. 
Ia]26D —5.7°) was dissolved with stirring in 360 ml. of i-butyl 
alcohol containing 7 g. of potassium. The mixture was stirred 
for 5 hr. in a nitrogen atmosphere and then 30 ml. of methyl iodide 
was added. Stirring under nitrogen was continued for 10 min. 
and the mixture stored at room temperature for 16 hr. After 
dilution with 300 ml. of water, the excess methyl iodide was re
moved in vacuo. Further dilution with water followed by ex
traction with ether gave 12.31 g. (96'/r) "{ crude 6, m.p. 144 
155°, no selective absorption in the ultraviolet. The mass spec
trum17 showed a strong parent peak at m/c - 428 corresponding 
to C28H4103. 

A 1.5-g. portion was chromatographed over 30 g. of silica gel 
(column prepared in benzene). The fractions eluted with ben
zene-ethyl acetate (19:1) were crystallized from hexane-acetone 

(17) Fo r a descr ip t ion of the a p p a r a t u s ami procedures used for the mas* 
s p e c t r o g r a p h s analyses , see L. Pe t e r son , Anal. ('hem., 34, 1781 (1(102). 

to give the sample for analysis, 906 mg., m.p. 190-191'', [<t\'"Jr> 
-78.N 0 ; \,™' .-,.XG, 6.S2, 6.91, 7.26, 7.87. S.25, N.45, 9.12, 9.25. 
9.66, 9.92, and 11.52 ,u, no selective absorption in the ult raviolet 
The mass spectrum17 again showed the strong parent peak ai 
m/c = 428. 

Anal. Calcd. for C,,H4403: C, 78.45: H, 10.35. Found: 
C, 78.22: H, 10.32. 

4,4,6,16«-Tetramethyl-5-pregnene-17a,20(3-diol-3-one (7). 
A suspension of 10.0 g. of 6 in 350 ml. of acetic acid and 200 ml. 
of water was heated under reflux for 2 hr. During this time the 
solid slowly dissolved. The solution was diluted with water and 
the solid which separated was removed by filtration, washed thor
oughly with water, and dried /// vacuo to give 8.56 g, (93.5 ' , ), 
m.p. 96-107°, Chromatography over silica gel (elution with 
9:1 benzene-ethyl acetate) followed by crystallization from 
methanol (twice) gave the sample for analysis, m.p. 142 143°, 
[«]-:,o - 4 1 °: x!,)"x

r 2.X5, 5.SX, 6.85, 7.22, 9.00,0.75, 9.98, and 10.23 
li. no selective absorption in the ultraviolet. 

Anal. Calcd. for (V.Hi„(>:(: C. 77.27: H, 10.38. Found: C. 
77.10: H, 10.51. 

4,4,6,16a-Tetramethyl-5-pregnen-17a-ol-3,20-dione (4b). 
A solution of 300 mg. of the 17a,20/3-dio! (7) in 40 ml. of acetone 
was cooled 1o 10° and dry nitrogen passed through the solution for 
several minutes. Then under a nitrogen atmosphere', 0.3 ml. of 
8 A' chromic acid reagent (5.4 g. of chromium trioxide. lx ml. of 
water, and 4 ml. of concentrated sulfuric acid) was quickly added 
and the mixture stirred for 3 min. The excess oxidizing agent was 
destroyed by quickly adding a slurry of 400 mg. of sodium bisulfite 
in 7 ml. of water. After 1 min. additional, the mixture was 
poured into ice-water and the product extracted with ether. The 
extracts were washed with water, dried, and evaporated to dry
ness in vacuo to give 285 mg. (95.5',') of crude 4b, m.p. I 77 -180°. 
Recrystallization from hexane-acetone gave 208 mg. (69.7' r :, 
m.)). 181-182°, la]-*!) —73°, no selective absorption in the ultra
violet, A^i' 2.S7, 3.00, 5.94, 6.05, and 6.19 M-'* The mass spec
trum17 showed a strong peak at m/c — 380 corresponding to 4,4,0,-
l6(v-tetramethvl-5-pregnen-l 7a-ol-3,20-dione (4b), 

Anal. Calcd. for (VH : i , 0 : rH,0 : C, 74.21; 11,9.97. hound: 
C, 74.27: II, 9.S5.1" 

Chromatography of the mother liquors of the preceding 
sample gave a small amount of additional material. The pres
ence of a small amount of 4,4,0,16a-tet,ramethyI-5-androsteiie-
3,1 7-dione was also indicated by infrared analysis. 
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{18l T h e infrared spec t rum together with the analys is indica te tha t I his 
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