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B. Potassium acetate method. A mixture of 1.049 g. of 22- 
ketocholesteryl tosylate (VII), 1.5 g. of fused potassium 
acetate and 50 ml. of methanol was heated under reflux for 
4.5 hr. After working up as described for procedure A,  
above, the crude oil was chromatographed on alumina. 
Elution with 1:4 benzene-hexane furnished 605 mg. (77%) 
of the i-ether as an oil, [CY]= $26" to +30° (chloroform). 
Further elution with 1: 1 benzene-hexane and benzene gave 
128 mg. of oil that was probably the normal ether, [CY]D 
- 29 ' (chloroform). 

99-Ketocholestery acetate (IX). A sample of Gp-methoxy- 
3,5-cyclocholestan-22-one (107 mg., [CY]D $26") and 10 
ml. of glacial acetic acid were heated under reflux for 5 hr. 
The mixture was diluted with mater to give 108 mg. of mate- 
rial having m.p. 144-150'. Crystallization from ethanol gave 
71 mg.; m.p. 150.5-152.5'; [CY]? -61' (chloroform). There 
M-as no depression upon mixing with an authentic sample of 
22-ketocholesteryl acetate. 

Attempted conLterston of 6p-methoxy-3,6-cyclocholestan-~2- 
one to 6p-n~etho.t.y-3,6-cyclocholestane. Two grams of sodium 
was dissolved in 10 ml. of methanol and 15 ml. of 85% hr- 
drazine hydrate and 1.041 g. of the keto i-ether ( [a15 
+30.1") in 20 ml. of methanol were sealed in a tube.* The 
mivture rras heated a t  200" & 10" for 12 hr. The product 
was extrackd with ether-hexane, the solvent was removed, 
and the resulting oil was chromatographed on alumina. 
Elution with hexane gave 167 mg. of oil, [a]y f43" (chloro- 

form). (An additional 812 mg. of oil m-as obtained in subse- 
quent elutions.) 

The first eluate (167 mg., above) was heated under reflux 
for 5 hr. with 15 ml. of acetic acid. The 156 mg. of precipi- 
tate recovered was chromatographed on alumina and eluted 
with hexane. One fraction of 91 mg. had a specific rotation, 
[CY]: -52" (chloroform) and a following fraction of 36 mg. 
had a rotation of [CY]: -47'. Both fractions were oils and 
their structure is uncertain, since cholesteryl acetate has the 
m.p. 115-116" and [CYID -47.4O.I' 

Essentially the same results were obtained when the 
Huang-Minlon procedure was used.' 

Stability of the i-ether structure was shoim by subjecting 
1.0 g. of 6p-methoxy-3,5-cyclocholestane t o  the reduction 
conditions of H~ang-Rlinlon.~ Chromatography and crys- 
tallization from acetone-methanol furnished 485 mg. of 
purified starting material, m.p. 78-79", [CY] +54.0' 
(chloroform). Stol16 reported m.p. 79", [ a ] D  $51.8". 
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17-Ethylenedioxy-6a,7~~-osidoestrone acetate (IV) was transformed into Bp-methyl-7~u-hydroxyestrone (VI) and thence by 
collidine treatment of its 3-benzoate-7-mesylate (VIII) into 6-methyl-6-dehydroestrone (X). Catalytic hydrogenation pro- 
vided 6p-methylestrone (XIII)  while reduction with sodium borohydride led to 6p-methylestradiol (XV). Introduction of a 
6p-methyl group into estrone or estradiol was found to be associated with a drastic decrease in estrogenic activity. 

Introduction of a methyl group in position 6 of 
steroids belonging to the androgenic, progestational, 
and cortical hormone series3 usually results in an 
increase in biological activity. The only group of 
hormones which have so far not been investigated 
in this respect are the estrogens and the present 
paper deals with the preparation of some 6-methyl- 
nted estrogenic hormones. 

The most commonly employed route to 6- 
methyl steroids has been the conversion of a As- 
olefin to the corresponding 5aJ6a-epoxide followed 
by opening with a methylmagnesium Grignard 
reagent. 3 , 4  The ready availability of 6-dehydro- 
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estrone (1)s and 6-dehydroestradiol (11)s led us to 
employ the same path, the key intermediate being, 
17-ethylenedioxy-6ar,7a-oxidoestrone 3-acetate 
(IV) ; its preparation (I-+II-+III+IV) and stereo- 
chemistry (by transformation to 7a-hydroxy- 
estrone) have already been reported in an earlier 
paper from this Laboratory.' Treatment of the 
ketal-epoxide I V  with methylmagnesium bromide 
provided 17-ethylenedioxy-6p-methyl-7a-hydroxy- 
estrone (V),* while cleavage of the ketal to 60- 
methyl-7a-hydroxyestrone (TI) was accomplished 
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with p-toluenesulfonic acid in acetone ~olu t ion .~  diol (XV). Estrogenic assay12 (by injection) in 
The 7a-hydroxy group was removed by con- mice using uterine weight increase as the criterion 
verting 60-methyl-7a-hydroxyestrone (VI) via its and estrone as the standard indicated that XI11 
3-benzoate VI1 to  the 3-benzoate-7-mesylate VI11 1 

and XV possessed only about 500 the estrogenic and heating. the latter with r-collidine. The re- _. 

sulting 6-methyl-6dehydroestrone benzoate (IX) activity of estrone. 

HO & -  
I ,  R = O  

11, R=<OH 
-H R, 

XIII.  R = H ;  R1 0 
XIV. R = C&,CO;RI  = 0 

OH 

.H 
XV. R = H ;  Rt = ( 

IV 

1 

CH3 

'OI 
IX. 

XI. R = H ;  RI = ,, /OH VI. R Ri H ;  Rz =: 0 

R = C6H&O; RI = 0 

' 0  
X. R = H;Ri  = O  V. R = R = H ;  R) = 

.H VII. 
VIII. 

R = C&CO; RI = H ;  RP = 0 
R = CeH5CO; R1 = CHISOi; Rt = 0 OH 

XII. R = CsH5CO; RI = 
'.H 

was saponified to  6-methyl-6-dehydroestrone (X) , 
which exhibited the characteristic triple ultra- 
violet absorption maxima a t  222, 262, and 305 
mp associated with the 6-dehydroestrogen chromo- 
phore.5*6V1O Reduction of X with sodium borohy- 
dride provided 6-methyl-6-dehydroestradiol (XI) 
which was characterized further as the 3-mono- 
benzoate XII. 

Hydrogenation of 6-methyl-6-dehydraestrone (X) 
proceeded smoothly to yield 60-methylestrone 
(XIII), the 0-orientation being assigned to the 
methyl group by assuming hydrogenation from 
the less hindered a-side, l1 while further reduction 
with sodium borohydride led to  6P-methylestra- 
(9) G. Rosenkranz, J. Pataki and C. Djerassi, J .  Org. 

Chem., 17,290 (1952). 
(10) It is interesting to note that the methyl substituent 

had essentially no effect upon the position of the three 
maxima. 
(11) That this assumption is also valid in the presence of 

an aromatic ring A is evidenced by the course of the hydro- 
genation of 7-ketoestrone enol acetate [ref. 7 and W. H. 
Pearlman and 0. Wintersteiner, J .  Biol. Chem., 132, 605 
(1940)]. 

EXPERIMENTAL la 

17-EthyZenedioxy-6~-methyl-rcr-hydroxyestr~ne (V) .  To a 
solution of 2.0 g. of 17-ethylenedioxy-6cr,7cu-oxidoestrone 3- 
acetate (IV)' in 200 cc. of dry ether and 10 cc. of dry ben- 
zene was added 20 cc. of an ethereal solution of methylmag- 
nesium bromide (Arapahoe Chemicals, Inc., Boulder, Colo.) 
and the mixture was heated under reflux for 30 min. After 
pouring into dilute hydrochloric acid solution, the organic 
solution was dried, evaporated, and the residue recrystallized 
from ethyl acetate to give an average yield of 60% of satis- 
factory material, m.p. 226-229'. The analytical sample of 
V crystallized from ethyl acetate as colorless crystals, m.p. 

Anal. Calcd. for Ct1H@O4: C, 73.23; H, 8.19; 0, 18.58. 
Found:C,72.62:H,8.11;0,18.64. 

GIS-Melhy1-7ol-hydroxyestrone ( V I )  and derivatives. A solu- 
tion of 1.38 g. of the ketal V and 100 mg. of ptoluenesul- 
fonic acid in 100 cc. of acetone and 30 cc. of water was heated 
under reflux for 30 min. and then poured into aqueous so- 
(12) We are indebted to Dr. R. I. Dorfman, Worcester 

Foundation for Experimental Biology, Shrewsbury, Mass., 
for the bioassays. 
(13) Melting points are uncorrected. Unless noted other- 

wise all rotations were measured in dioxane solution. We are 
indebted to Dr. L. Throop and staff for all rotation and spec- 
tral measurements. 

235-237") [ol]D &o', 280 mp, log E 3.32. 
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dium bicarbonate solution. Extraction with ethyl acetate 
and concentration afforded 1.22 g. of crystals, m.p. 206- 
208', raised upon further recrystalhation to m.p. 218-220', 

Anal. Calcd. for ClsH240,: C, 75.97; H, 8.05. Found: 
C, 76.17; H, 7.85. 

The 3-monobenzoate VII was prepared by adding dropwise 
0.6 cc. of benzoyl chloride to 0.38 g. of 6p-methyl-7a-hy- 
droxyestrone (VI) in 30 cc. of cold 5y0 aqueous potassium 
hydroxide and shaking vigorously. Extraction with ethyl 
acetate, thorough washing with sodium bicarbonate solu- 
tion and water, drying, and concentration yielded the 
monobenzoate (0.37 g.) m.p. 220-223', which was used in 
the next step. The analytical sample exhibited m.p. 230- 

Anal. Calcd. for C~6HZ804: C, 77.20; H, 6.98; 0, 15.82. 
Found: C, 77.28; H, 6.91; 0,1538. 

To a solution of 0.36 g. of the benzoate VI1 in 10 cc. of 
pyridine was added dropwise at  0' 1 cc. of methanesulfonyl 
chloride and 10 cc. of pyridine and after standing a t  room 
temperature overnight, the mixture was diluted with ether 
and washed well with dilute sulfuric acid, bicarbonate solu- 
tion, and water. The dry ether solution was concentrated 
to incipient crystallization and after chilling, 0.20 g. of Sp- 
inethgl-7a-hydroxyestrone .%benzoate 'I-mesylate (VIII), m.p. 
148-150' (dec.), was collected. Decolorization with Norit 
in hexane-benzene solution followed by recrystallization 
from chloroform furnished the analytical specimen, m.p. 
156-158' (dec.), [cY]D $79' (chloroform). 

Anal. Calcd. for C27H300BS: C, 67.20; H, 6.27; 0, 19.89; 
S, 6.64. Found: C, 67.68; H, 6.40; 0, 19.61; S, 6.32. 

6-MethylG-dehydroestrone (X). A solution of 0.77 g. of the 
3-benzoate-7-mesylate VI11 in 50 cc. of -pcollidine was 
heated under reflux for 1 hr., cooled, diluted with ether, and 
washed well with dilute hydrochloric acid and water. 
Evaporation of the dried ether solution, decolorization with 
Norit in hexane-benzene solution and recrystallization from 
methanol led to 0.48 g. of 6-methyld-dehydroestrone S-benz- 
oate (IX), m.p. 142-145'. The analytical sample, prepared 
from the same solvent, showed m.p. 153-156', [LY]D -57". 

Anal. Calcd. for C26H2803: C, 80.80; H, 6.78. Found: C, 
80.89; H, 7.16. 

Saponification of the benzoate I X  was performed by heat- 
ing it under reflux for 1 hr. with 1% methanolic potassium 
hydroxide Holution and recrystallization from ether. The 
analytical specimen of 6-meUlyld-dehydroestrone (X) ex- 
hibited m.p. 218-220°, [Q]D -67', A::" 222, 262, and 305 
mp, log E 4.37,3.83 and 3.42 mM. 

[ a ] D  +110', xE" 280mp, log € 3.41. 

232'7 [ a ] D  +lolo.  

Anat. Calcd. for ClOH2201: C, 80.81; H, 7.85. Found: 
C, 80.30; H, 7.84. 

6-Methyl-8-dehydroestradiol (XI). To a solution of 0.6 g. of 
6-methyl-6-dehydroestrone (X) in 50 cc. of methanol was 
added 0.7 g. of sodium borohydride dissolved in 50 cc. of 
water. After standing for 3 hr., acetic acid was added to 
neutrality, the mixture was concentrated, extracted with 
ethyl acetate, and the crude product chromatographed on 
30 g. of silica gel. Elution with benzene-ether ( 4 : l )  and 
recrystallization from ether-hexane gave 0.40 g. of colorless 
crystals, m.p. 197-199', [ a ] D  -135', A::' 221, 262, and 
304 mp, log e 4.35, 3.86, and 3.45. 

Anal. Calcd. for ClgH2102: C, 80.24; H, 8.51. Found: 
C, 79.85; H, 8.32. 

Schotten-Baumann benzoylation (as described above for 
VI) and recrystallization from ether provided 6-methyld- 
dehydroeslradiol 3-monobenzoate (XII), m.p. 169-170', 

Anal. Calcd. for C~H2803: C, 80.38; H, 7.26; 0, 12.36. 
Found: C, 79.81; H, 7.22; 0, 12.64. 

Gp-Methylestrone (XIII). The hydrogenation of 0.86 g. 
of 6-methyl-6-dehydroestrone (X) in 80 cc. of ethyl acetate 
was conducted at  room temperature and atmospheric pres- 
sure in the presence of an equal weight of pre-reduced 10% 
palladized charcoal catalyst. Hydrogen up-take (correspond- 
ing to one equivalent) ceased within 30 min. and filtration 
of the catalyst, evaporation of the solvent, and recrystalli- 
zation from ethyl acetate provided 0.84 g. of Gp-methyles- 
trone (XIII), m.p. 219-222'. Repeated recrystallization 
furnished the analytical specimen, m.p. 225-226', [ a ] D  

+121', 
Anal. Calcd. for C,~H2~02: C, 80.24; H, 8.51; 0, 11.23. 

Found: C, 79.94; H, 8.51; 0, 11.27. 
6p-Methylestrone benzoate (XIV) was obtained by heating 

a sample of XI11 with benzoyl chloride in pyridine solution 
for 30 min. on the steam bath and recrystallization from 
ether; m.p. 146-150', [ a ] D  $98". 

Anal. Calcd. for C2eH2803: C, 80.38; H, 7.26; 0, 12.36. 
Found: C, 80.01; H, 7.14; 0, 12.58. 

Gp-Methylestradiol (XV). The reduction of 6p-methyl- 
estrone with sodium borohydride was performed exactly as 
described above for X and after recrystallization from ether- 
hexane yielded 78% of pure 60-methylestradiol, map. 174- 

Anal. Calcd. for C1gH2602: C, 79.68; H, 9.15; 0, 11.17. 

APT. POSTAL 2679 
MEXICO, D. F. 

[ a ] D  -98'. 

281 mp, log E 3.32. 

l76', [ a ] D  +50', A:' 281 mp, log E 3.29. 

Found: C, 79.20; H, 9.44; 0, 11.59. 


