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Estratrien-17-one and its 3-methyl and 4-methyl derivatives have been converted into a number of new 17- 
*\tbstituted estratrienes lacking the usual phenolic oxygen function in the A-ring. 2-Xethylestratrien-17-one 
and 3-methylestratrien-17-one, previously unknown, were prepared by known methods from estrone and 19- 
nortestosterone, respectively. The 3-desoxy- and A-ring-methylated 3-desoxyestratrienes are far less potent 
ebtrogens than the 3-phenols, being closer in this respect to the 3-methyl ethers, based on a moiise uterine growth 
as.ay. In  lowering of the plasma cholesterol-phospholipid ratio in cholesterol-fed cockerels, a known effect of 
the natural estrogens, removal of the phenolic hydroxyl has little or no effect. Replacement with an A-ring 
methyl group at  position 2, 3, or 4 lowers this lipid-shifting potency, though this effect is not as great as the de- 
crease in estrogenicity. 

I n  view of the linown low incidence of coronary 
atherosclerosis in premenopausal women and a possible 
direct relationship to estrogenic hornione levels,' it 
seemed desirable to prepare some simple 3-desoxyestra- 
trienes for phariiiacological testing. 

3-Desoxyestrone and 3-desoxyestradiol have been 
shown to have weak estrogenic activity and normal 
estrogenic dose-response curves at  high dose levels. * 
I t  was hoped that suitable analogs would retain desir- 
able antiatherogenic properties3 with loss of the un- 
desirable feminizing effects of this class of compounds. 

Reduction in the plasma cholesterol-phospholipid 
ratio is achieved with estrogens and is associated with 
inhibition of coronary lesions in cholesterol-fed cock- 
erels.3 Also, in rats, a serum lipid elevation is observed 
with estradiol benzoate4 and this niay be due to in- 
creased phospholipids. Efficacy of estrogens in clinical 
states related to atherosclerosis and associated with 
hypercholesteroleiiiia has also been observed, though 
the treatment also resulted in undesirable estrogenic 
side effects5 

I t  was the intent of this study to find compounds 
which would lower the plasma cholesterol-phospholipid 
ratio, but lack altogether, or have only very weak, es- 
trogenic activity. 

A second point of interest concerned whether coni- 
pounds for evaluation would be inipeded estrogens, 
that is, have shallow estrogenic dose-response curves. 
This point has not as yet been thoroughly studied, 

(1) (a) D. L. Cook in 'Drugs Affecting Lipid Metabolism," S. Garat t ini  
and R.  Paoletti, Ed., Elserier Publishing Co., Amsterdam, 1961, and refer- 
ences therein, (b) D. L. Cook, D. W. Calhoun, and R. A. Edgren, Arch. 
Intern. Pharmacodyn.. 135, 91 (19621, and references therein. 

(2) C .  Huggins and E. V. Jensen, J. Ezptl. Med.. 102, 336 (1955). 
(3) R. Pick, J. Stamler, S. Rodbard, and L. K. Katz,  Ctrculatzon, 6, 276 

11952). 
(4) H. G .  Loeb, Proc. Soc. Ezptl. Bzol. .Wed., 49,  340 (1942). 
( 5 )  E. hl. Russ, H. A. Eder  and D. P. Barr ,  Am.  J. .Wed., 19, 4 (1956). 

though it' is probable that, for reasonable hope of 
clinical utility, weak estrogens with desirable lipid- 
shifting properties should also be impeded estrogens. 
The latter property is shown by 16a-niethylestriol 3- 
methyl ether'IBa and this is in agreement with previous 
studies on structural requirements2 and with other 
studies in our laboratories.6a Clinical trials with this 
compound and with 16a-chloroestrone 3-methyl ether 
have shown diminished, though occasionally significant, 
feminizing effects at the dose levels which were used.'a,6a 

In  passing, it should be noted that the designation of 
estrogenic side effects as occurring in the male is prob- 
ably determined by the intensity of such effects rather 
t'han simply by their presence or absence. It is known 
that estrogens are produced by the human inale and 
that they are present in the general circulation. There- 
fore, effects which are especially noted with large doses 
of estrogen are normally operative in sonie degree. 
Considering the sensitivity of recently developed es- 
trogen assays,6b it may be possible to make correlations 
between the incidence of vascular disease in  males and 
average individual estrogen levels. 

Pharmacological Results.-Cholesterol and phospho- 
lipid were determined's8 in a short-term t>est using 
cholesterol-fed cockerels.' The estrogenic potency was 
obtained by a modification of the method of Rubin, et 
al., utilizing uterine growt>h measurements in ~ i i i c e . ~ . ~ ~  

(6) (a) V. A.  Drill, R.  A. Edgren, and D .  L. Cook in "Hormones and 
Atherosclerosis," hcademic Press Inc , New York. N. T., 1989, and refer- 
ences therein; (b) S. Ichii, E. Forchielli, W. H. Perloff, and R. I. Dorfman, 
Anal. Biochem., 5 , 4 2 2  (1963). 

(7) A.  Zlatkis, H. Zak, and  A. 3. Royle, J .  Lab. Clin. 41ed.. 41, 186 (1953). 
(8) W. RI. Sperry, Ind .  Eng. Chem. Anal. Ed.. 14, 88 (1942). 
(9) R. A.  Edgren, Proc. Sor.  Ezptl. Biol. Med., 92,  569 (1956). 
(10) (a) B. L. Rubin, A. S. Dorfman, L. Black, and R. I. Dorfman, 

Endocrinology, 49,  429 (1951). (h)  For fuller discussions of the methods 
and their applications see: D. L. Cook. R. A .  Edgren, and F. J. Saunders, 
ib id . ,  62, 798 (1968); G. Lugaro, iU. V. Farina, G. Gerali, and A .  Corbellini, 
Ital. J. Biochem., 12, 393, 413, 422 (1963). 
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" The top figure for each wmpoinid is tlie relative lowering of the plasma cholesterol-phoapliolipid ratio (lipodiatic activity) i l l  cho- 
b The middle figure for each compound represents the relative eotrogenic 

The bottom figure is the ratio of lipid shifting (lipodiaticl 
A high ratio is theoretically desirable, representing a lowering of cholesterol-phospholipid which i* greater 

lesterol-fed cockerels: estrone = 100: see ref. I, ea, 7 ,  and S. 
potrncy by mouse Ilterine assay; estrone = 100; see ref. 1, 6a, 9, and 10. 
1 o estrogenic- activit. (a: b). 
rehit ive to  estrogenicity than the lowering ohserved with estrone: estrone = 1. 

Table I gives the results obtairicd for series of 3- 
desoxy-, 3-desosy-3-methyl-, X-desoxy--l-methyl-, and 
3-drsoxy-2-niethylestratrienes with varying substitu- 
tioii a t  C-17. Included for comparison are some 3- 
oxygenated estrogens, related 17-substituted deriva- 
tives, and their 3-methyl ethers. Some of the data for 
the 3-oxygenat rcl compounds have preriously been re- 

The lipodiatic*'-rstrogeiiic ratio (a : b ;  see footnote  
for Tablr I) for the standard (estrone) is arbitrarily 
assigiicd a value of 1. This ratio increases by a factor 
of 10 for the 3-methyl ether of estrone and by factors of 
13 and 19. respectively, for the 3-desoxy and 3-methyl 
coiiipouiids. The 3-methyl coinpounds, however, show 
a significant lowering of both the lipodiatic and estro- 
genic, aciivit i ~ s .  Th119, tio desired separation of effects 

ported.' f a  

(11) T h e  term lipodiatic was suggested liy Dr. H. 1%'. Sause of the Diri' 
'ion of Chemical Research, G. 11. Pearle arid Co. I t  is derived from the 
t i i o  Greek a o r d s .  lipos (fat) and diaito (regulate). In man the lipodiatic 
action of an  estrogen usiially incliides a reduction in  plasma cholesterol. 
i'liolesterol-pliospliolipiii ratios, and @-lipoproteins and an increase in a- 
lipoproteins. Sur11 alterations in plasma lipids should be beneficial if the 
lipid composition of plasma everts a n  influence on tlie development of 
a i  ti+?roscleroeii. 

is associated with these structural changes at posi1ioii 
3. 

With ~-methyle~tra- l ,8 ,3(10)- t r ie~l- l i -o~ie~ lowcring 
of the plasina cholesterol-phospholipid ratio is less thaii 
that observed with estrone by a factor of G-7. T l i c ~  
effect on estrogenic activity, however, is a reduvtioti i i i  

response by a fartor of 1000 (soinpared to  ('StrCJllt'. 

Thus, of the 17-keto coinpounds in Table I,  the  highcei 
lipodiatic-estrogenic ratio occurs with 4-methyl su1)- 
stitution. ? r ~  been in Table I, this ratio appears I O  tx, 
generally greatw for 4-niethyl compounds thati for t 111. 

other desoxy derivatives. 
3-Desoxy coinpounds of Table I which have lipo- 

diatic-estrogenic ratios that may compare favorably 
with the 4-methy1 series are the 3-desoxy-17-vinyl coni- 
pound and the 2-methylestratrieiies. The latter hawk 
potericies too low IO iiialie practical a coniplete evaluatioii 
of their lipodiatic-estrogenic ratios. I t  is possible, how- 
ever, to predict to some degree what iiiight be expected 
for these values based on removal of the phenolic hy- 
droxyl group froiii 2-inethylestrone. This coinpound is 
ai1 intermediate in the preparation of 2-methylestratri- 
e l m  (see under Syithetic ATethods) and was also es- 
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amined pharmacologically. The three values (lipodiatic, 
estrogenic, and their ratio) corresponding to Table I are 
28yG, 1.2$,, and 23 for 2-inethylestrone. If removal of 
the phenolic hydroxyl has an effect of the same order of 
niagnitude as for estrone, then the values for 2-methyles- 
tratrien-li-one would be approximately 30y0, O.lyc, and 
300. The lower lipodiatic and estrogenic indices in Table 
I (<5 atid <0.01, respectively) suggest that the 2-methyl 
group has an effect additional to  its effect in 3-oxygen- 
ated structures, possibly steric interference with bio- 
logical reosidation at position 3. 

Synthetic Methods.-In the preparation of estra- 
trienes uiisubstituted in the -\-ring, the 3-oxygen atom 
of either estrone or estradiol was removed by reduction 
of the diethyl phosphate ester with lithium in liquid 
ammonia. l 2  Estradiol proved to be more convenient 
than estrone for this sequence, since the latter led to 
only partial reduction of the 17-keto function. 

Preparation of the phosphate ester was carried out 
by reaction of the appropriate phenoxide anion with 
diethyl chlorophosphite, shown in Chart I, to give the 

(12) G. I T .  Kenner and ?i. R. Kllllams, J .  Chem. Soc., 522 (1955). 

esters Ia and Ib  which were isolated and characterized. 
This method of preparation was more successful in 
these cases than the method of generating diethyl 
chlorophosphite in situ.'* Subsequent removal of the 
ester group and acetylation or oxidation gave I1 and 
1 1 1 2 9 1 3  whose syntheses by other methods have been 
described.13 

Reduction of the diethyl phosphate ester of l-hy- 
droxy-4-inethylestra-1,3,5(lO)-trien-17~-01 (V) and the 
dienol-benzene rearrangement l4 of 1,4androstadiene- 
3,170-diol provided useful routes to the 4-methylestra- 
trienes YIa-c.14a315 

3-?\Iethylestratrienes were prepared from 19-nortes- 
tosteroneI6 by the route shown below (Chart 11). Puri- 

OR 

CH3 
VIIIa, R = H 

b,R=Ac 

5 

Xa, R = CECH 
b, R = C=CH, 
c,R=CHzCHa 

IX 

fication of the alcohol VIIIa was accomplished through 
its acetate which was isolated by direct crystallization. 

The ketones IX, 111, and TTIc (Chart I) served as 
starting materials for preparation of the various 17- 
substituted derivatives, Xa-c, IT'a-d, and VIIa-d, 
respectively. 

Finally, it was desired to prepare soiiie 2-niethylestra- 
trienes since this series was of interest for 'both pharma- 
cological and chemical comparisons. The latter inter- 
est arose in recognition of the possibility of Wagner- 
nIeerwein-type shifts in the preparation of VIII. 
Ultraviolet spectral properties of 1,2,3- and 1,2,+tri- 
alkylated benzenes are significantly different l7 and the 
data for T'III require assignment of the 2- or 3-position 
to the inethyl group. Though position 2 was an un- 
likely possibility under the conditions of preparation 
and isolation of VIIIb, comparison with an authentic 
2-methyl isomer was indicated. The series was entered 
by removal of the 3-oxygen, through the phosphate 
ester as for I1 and T'I, from 2-methy1estradioL18 

(13) (a) E. Caspi, E. Cullen, and P. I<. Grayer, i b i d . ,  212 (1963); (b) 
E.  Hecker, Chem. Be?., 96,977 (1962). 

(14) (a) If. J. Gentles, J. B. L\loss, H. L. Herzog, and E .  B. Hershberg, 
J .  Am.  Ckem. Soc.,  80, 3702 (1958); (b) H. Dannenberg and H. Neumann, 
Ann. Chem., 646, 148 (1961). 

(15) H. Dannenberg and C .  H. Doering. 2. Physiol. Chem., 311, 84 
(1958). 

(161 A .  J. Birch, J .  Chem. Soc.. 367 (1950). 
(17) "Organic Electronic Spectral Data." AI. J. Kamlet, Ed. ,  Inter- 

science Publishers. Inc., Xew York, K. T.. 1960: fur  example, see the 1.2,3- 
and 1.2,4-trimethylbenzenes or the 5- and 6-methyltetralins. 

(18) (a) T. L. Pat ton.  J .  O r g .  Chem., 2 5 ,  2148 (1960); (b) J. Iriarte and 
H. J. Ringold. Tetrahedron, 3 ,  28 (1958); (c) D. H. Peterson, L. M. Reineke. 
H. C. Murray,  and 0. I<. Sebek. Chem. I n d .  (London). 1301 (1950). 



,2rctylatioii and oxidation gave S I l b  arid r \rliic*li ~ v c ~ i ~  
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Experimental"] 
Estrone Diethylphosphate (1b).l1-To 4.0 g. (:1.4( ( es(.ess) 

sodium hydroxide in 20 nil. of water uiitier nitrogen WVRS added 3 0  
g. I J f  estrone and 120 nil. of ethand. The mixture was stirred 
until the estrone dissolved and \vas then cwoled in :in i r e  bath. 
IXethyl c~hloropho.;phitezZ (22.4 g., lit.; excehs) wa. added drorj- 
n.i\e to the stirred, ice-cold sohitioil river :i period elf 20 mill .  

'I'he reacAtion mistlire wa5 allowed to warm to room tetnperntiire. 
:tiid stirring was ~ontiiiued for 3 hr. 

The reaction niixtiire was pztrtitiotied between ether  j200 rill. 1 
:itid water (50 ml.), and the layer5 w r e  neparated. The ether 
wliition wa. extracsted three time- with m t e r  and dried ( ?;a2- 
so4), and the ether w a s  removed to  give 44 g. [ i f  :I rtrlorles- oil 
\vhich rrystallized on standing. Chromatograph>. of 1.4 g. of 
this material on 35 g. of silica gel in benzene and t)eiizeiie-ethyl 
:tr*et:ite mixtiires gave a small amount of estrone i i i  10'; ethyl 
:r[,et:tte-tieti~eiie. Further elution with 10, 15, and 20' et>hyl 
acsetate-beiizene gave 730 mg. of the phosphate eiter. 
lization from ether-pebrolenm ether (b.p. ii0--71 ) gave 500 
mg. Of pnre estrone diethyl phosphate ( Ib) :  
:'.i5, 6.22, 6.32, 7.8.5, 9.0-9.2, and 10.15-103 pi  A,,,, 269 niw ( e  
OS7)  and 276.5 mp ( e  913); [ a ] ~  +llQ.3". 

.lnaZ. Calcd. for C Z Z H ~ ~ O ~ P :  C, 65.(Jl: H. 7.6<1. Foiiild: 
C", 64.64; H, 7.36. 

Estradiol 3-Diethylphosphate (Ia).21)'3 A.--TIJ a n  ice-cold 
solution of 1.0 g. of estrone 3-diet'hylphosphate (111') in 5 nil. of 
ethanol was added a solution of 0.5 g. of NaRHd in 2 nil. of water 
:ind 3 ml. of ethanol. After 5 min., the reaction niixlure \vas 
poured into ether and extracted three times with xvater. After 

ing and concentration of the ether solution, crystallization 
ocaciirred to give 340 mg. of prodiict: 1n.p. 113.5-115.5°; A::: 
2.88, 6.2,  6.3fi; X2HC13 7.88 and 9.64,~ (both broad): [.ID +57.0". 

A n d .  Calcd. for CZ~HSL~J': C, 64.69: H,  S.14. Foiind: 
C, 64. i6:  H, 8.11. 

A second crop of 400 mg., n1.p. 112.11-1 13.S0, \vas obtained 
from the filtrate. I t s  infrared spectriim was idetiticd with that 
o f  the first crop. 

B.-To 30 g. of estradiol siispended in 50 nil. of ethanvl inider 
nitrogen was added 13.2 ml. of R.5 .Y KOH with stirring. 
The resdting soliitioii was cooled in an ice liath aiid 21.85 g. of 

Rec 

1n.p  67-68': 

(10) I n  the latter.  there is a diatirict difference in tlie splitting pattern 
for the aromatic protons of corresponding 2- and 3-metliyl-3-desoxyestra- 
trienes. This appears in the apparent multiplicity and resolution of hands. 

120) A11 ultraviolet spectra ne re  run in methanol and rotations uere  taken 
in chloroform unless otherwise indicated. Chemical shifts of tlie n.1n.r. 
bands were determined in deuteriochloroform and  are expressed as 6. or 
parts per million less than the field rerillired for tetramethylsilane resonance 
ulien determined as an internal standard.  The authors wish to thank Dr. 
R. T. 1)illon of the analytical di\-ieion of G. I). Searle and Co. for til? analyti- 
ra l  and  optical da t a  reported and Ilr .  1:. G .  Ilaskalakis and staff for the 
IJaper and column clirornatograpii~-. 

lmra. 11. dawai. and 1. C'liuman, 1.. S. Patent  Y.O81,31ti 

( 2 2 )  G. 11. Steinberg, J .  Oig. Che 16, 6 3 i  (1980). lye wish to exurees 
oiir appreciation to 3 l r .  James 31. lilatter for preparation of yenerouq 
(illantities of this reagent. 

; 2 3 )  .\, IT. Goldkamy, I Patent ?,!41i,763 (.\ugust 2 .  ldt30). 

(I ,  h3.74: H, 5.7s. 
17a-Ethvlestra-1.3.5( lO)-trien-17~3-ol ~ l V c ) . - - l 7 ~ - l ~ ~ t l 1 v 1 i v l -  
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the presence of 100 mg. of 107' palladium on carbon (uptake, 
102.6 ml.; theory, 100 ml.). The catalyst was filtered off, 
and the filtrate was diluted with approximately 1 vol. of water to 
give 240 mg. of IVc: m.p. 109.5-111.5"; A:::'a 2.74 and 6.7 
p ;  A,,, 265.8 ( e  486) and 273 ( E  488); [ a ] ~  4-57.9"; 6 = 0.88, 
1.0, 1.11 (C-21), 0.91 (C-lS), 2.8-3.0 (C-6), 7.08, 7.12, 7.23 
(C-1 to  C-4), and 1.20 (0-H, removed on DzO exchange) p.p.m. 

Anal. Calcd. for C2oHZ8O: C, 84.45; H, 9.92. Found: 
C, 84.62; H, 10.00. 

17a-Vinylestra-1,3,5( 10)-trien-17p-ol (IVb).23-A solution of 
1.16 g. of lia-ethynylestra-1,3,5( lO)-trien-lip-ol (IVa) of 80% 
purity (ca.  20'3, 17-ketone) in 14 ml. of pyridine was treated with 
hydrogen and 200 mg. of 5% Pd-CaC03.26 After an uptake of 
75 ml. of hydrogen (theory 81 ml,), the reaction mixture was fil- 
tered, and the solvent was removed. Chromatography over 100 
g. of silica gel gave fractions of the desired product totaling 
400 mg. (m.p. range 103-107') on elution with 757' benzene- 
petroleum ether (b.p. 60-71 "). Recrystallization from petroleum 
ether gave a mixture of prisms and matted needles. The latter 
melted a t  75-80' and resolidified in prisms; the total melting 
point sample melted a t  10.3-109 '. Repeated recrystallization 
with slow cooling gave 129 mg. of prisms: m.p. 109-111'; 
m.m.p. 99-109" with I V c ;  A:::" 2.75 and 6.7 p ;  A,,, 266 mp 
( E  522) and 283.5 mp ( E  452); [a]n +58.8"; 6 = 0.95 (C-18), 
2.8-3.0 (C-6), 5.04, 5.08, 5.25, 5.33 (C-21, 2 protons), 5.92, 6.10, 
6.21, 6.38 (C-20, 1 proton), 7.08, 7.12, 7.23 (C-1 to C-4)p.p.m. 

ilnal. Calcd. for C20H260: C, 85.02; H, 9.29. Found: C, 
85.16; H, 9.14. 

17~-Methylestra-l,3,5(10)-trien-17p-ol (IVd).-An initial 
unsuccessful attempt to prepare this material from 600 mg. of the 
17-ketone using methyllithium in tetrahydrofuran gave, after chro- 
matography, 200 mg. of a mixture containing approximately 207' 
of the starting ketone. This was combined d h  210 mg. of the ke- 
tone and re-treated with 10 ml. of 3 M ethereal methylmagnesium 
bromide and 15 ml. of benzene a t  reflux. After 5.5 hr., the re- 
action was quenched with water, benzene was added, and the 
benzene layer was extracted with water and saturated ?TH,Cl 
solution. The benzene soliition was dried, solvent was removed, 
and the residue (450 mg.) wa.5 crystallized from petroleum ether 
(b.p. 28-38') to give 110 mg. of 11-d as fine, matted needles: 
m.p. 108.5-111.5°; A::: 2.98, 3.4, 3.48, 3.53, 6.7, 7.27, and 

Anal. Calcd. for C19H260: C, 84.39: H, 9.69. Found: 
13.43 p. 

C, 84.67; H, 9.81. 
The residue from the filtrate was rweatedlr recrrstallized from 

ether-petroleum ether (b.p. 28-38") t'o give an addit,ional39 mg. 
of product, m.p. 108-112"; the infrared spectrum was identical 
with that of the first crop. 

4-Methylestra-1,3,5( lO)-trien-l7@-01 (VIa).-This compound 
was prepared a t  various times by ( a )  the lithium in liquid am- 
monia reduction12 of the diethyl phosphate ester of l-hydroxy- 
4-methylestra-l,3,5(10)-trien-li-one,27 in 42% yield over-all; 
(b )  the dienol-benzene rearrangement of 1,4-androstadiene-3,17@- 
diol,J4* in 54% yield: and (e )  the YaBH4 reduction of 4-methyl- 
estra-1,3,5( 10)-trien-17-o11e~~* (TIC), in 96% yield. The com- 
pound crystallized from cyclohexane as colorless needles, m.p. 
115-116.5", [ a ] ~  +63.0" 

4-Methylestra-1,3,5( lO)-trien-17p-o1 Acetate (VIb).-Acetyla- 
tion of 4-met~hylestra-1,3,5(10)-trien-17@-01 (TIa) with 1 : 1 
acetic anhydride-pyridine on the steam bath for 0.5 hr. gave the 
acetate in 86% yield as colorless prisms (from ethyl acetate- 
ethanol), m.p. 178.5-181.5' (lit.15 m.p. 174-176"), [ a ] ~  +34.4". 

4-Methylestra-l,3,5( lO)-trien-17-one (Vie).-This compound 
was prepared both by t,he chromic acid oxidat'ion of 4-methyl- 
estra-1,3,5(10)-trien-17@-01 (Vla)  in 86TC yield, and by the dienol- 
benzene rearrangement of li-ethglenedioxy-1,4-androstadien-3- 
one141 in 58'3 yield. The compound crystallized from ethyl 
ncetate-ethanol as colorless prisms,m.p. 183.5-185', [ a ] ~  +143.5' 
(lit.i4R m.p. 184.6-186", [aln +146'). 

17a-Ethynyl-4-methylestra-l,3,5( lO)-trien-17p-o1 (VIIa).- 
1~:tliynylation of 4-niethylestra-l,3,5( lO)-t,rien-li-one (VIr ,  5.37 
g., 0.02 mole) q-as carried out by a procedure analogous to one used 
by Colton, ef ~ 1 . ~ ~  The crude product was chromatographed over 
540 g. of silica gel. Elution of the column with benzene gave 
:$.I6 g. of TIIa in frac+iotis melting i n  the range 135.5-139'. 

m.p. 114-116", [ a ] ~  +66'). 

(26 )  L. Ruzicka and P. Muller, I€&. Chim. Acta, 22,  755 (1939). 
( 2 7 )  A. S. Dreidina and 1. Voltman, J .  Am. Chem. Soc., 76,  537 (1954). 
(28) F. E. Colton, L. K. Kysted, B. Riegel, and A. L. Raymond,  ibid. .  

79, 1123 (195i). 

Recrystallization from petroleum ether (b.p. 60-70') gave fine 
colorless needles, n1.p. 138-139", [ @ I D  -4.0°, A,,, 263 mp ( E  

235). 
i lna l .  Calcd. for C21H260: C, 85.66; H, 8.90. Found: 

C, 85.91; H, 8.80. 
17~-Allyl-4-methylestra-1,3,5(lO)-trien-17p-o1 (VIIb).-4- 

hIethylestra-1,3,5(10)-trien-17-one (VIc, 2.15 g., 8 mmoles) 
was treated with the Grignard reagent prepared from 10.0 g. of 
allyl bromide after the manner of Colton, et  ~ 1 . ~ 8  Direct crystal- 
lization of the crude product from methanol gave 1.49 g. of fine 
colorless needles of VIIb, m.p. 115-116", [ a ] ~  +71.2", A,,n 263 
mp ( e  235). 

Anal. Calcd. for CWHWO: C, 85.11; H. 9.74. Found: C. 
84.81; H, 9.90. 

4,17a-Dimethylestra-1,3,5( lO)-trien-17p-o1 (VIIc).-A solu- 
tion of 1.07 g. (4 mmoles) of 4-methylestra-1,3,5( lO)-trien-li-one 
(VIc) in 50 ml. of tetrahydrofuran was added to 15 ml. of 3 df 
ethereal methylmagnesium bromide in 50 ml. of tetrahydrofuran. 
The mixture was heated under reflux for 3 hr. and then worked 
up using saturated KH&1 solution. The crude product was 
chromatographed over 85 g. of silica gel. Elution of the column 
with 5% ethyl acetate in benzene gave 72 mg. of TIC followed by 
0.798 g. of S l I c  in fractions melting in the range 150-160". 
Recrystallization of the latter from methanol gave colorles, 
needles, m.p. 162-163", [a10 +46.0", A,,, 263.5 mp ( E  244). 

dnal .  Calcd. for CJoH28O: C, 84.45; H, 9.92. Found: C, 
84.51; H, 9.87. 

17a-Ethyl-4-methylestra-1,3,5( lO)-trien-17p-ol (VIId).-lia- 
Ethynylestra-l,3,5( lO)-trien-lip-ol (VIIa, 1.03 g., 3.5 mmoles) 
in ethanol was reduced a t  atmospheric pressure and room tem- 
perature in the presence of 5% palladium on carbon (uptake: 
109yc yield). The catalyst was filtered o f f ,  and the filtrate was 
evaporated to dryness. Recrystallization from methanol gave 
0.75 g. of fine colorless needles of VIId melting, after being dried 
in vacuo a t  64" overnight, a t  114.5-115", [ a ] ~  +37.1°, A,,, 263 
mp ( e  245). 

Anal. Calcd. for CZIH~OO: C, 84.51: H, 10.13. Found: 
C, 84.17: H, 9.90. 

17B-Acetoxv-3-methvlestra-l.3.5~10)-triene iVIIlb).23--Sixtv . .  . . 
grams of 1 ip-<ydroxy-i9-norandrost-4-en-3-one 'was dissolved & 
a mixture of tetrahydrofuran (40 ml.) and ether containing suffi- 
cient CH2C12 to dissolve the solid. The solution (800 ml.) was 
boiled down to 600 ml. to remove most of the methylene chloride. 
This was added over 1.5 hr. to a refluxing, 3 X ethereal methyl- 
magnesium bromide solution with rapid stirring. After an addi- 
tional 3 hr., the reaction mixture was cooled and extracted three 
times with saturated NHdCl solution. The ether layer was 
dried, and the solvent w'as removed to give 64 g. of residue. The 
infrared spectrum showed 5 1 0 %  of urireacted ketone (5.98 p ) .  
Glacial acetic acid (500 ml.) and 20 g. of 10% palladium on char- 
coal were added, and the reaction mixtiire was stirred and brought 
rapidly to reflux. After 30 min. the mixture was cooled and 
filtered and the acetic acid was removed by distillation iinder 
reduced pressure. The residue was treated with 100 ml. of 
pyridine and 75 ml. of acetic anhydride for 2 hr. on the st-am bath. 
After treatment with Darco, addition of ice and water gave 60 g. 
of material. Two recrystallizations from methanol and one from 
acetone-methanol gave 14.07 g. of TIIIb,  m.p. 125.5-128'. 
Chromatography of the residue from the combined filtrates over 
silica gel gave an additional 9.5 g. of VIIIb on elution with SO$;, 
benzene-petroleum ether (b.p. 60-71 "). Recrystallization from 
methylene chloride-methanol gave 8.5 g. of VIIIb. The melting 
point and infrared spectriim were identical with that of the ma- 
terial obtained above: 5.77 and 7.9 p ;  A,,, 269 mp ( E  718) 
and 278 mp ( E  804); ["ID +53.Oo. 

Anal. Calcd. for C21H2802: C, 8 0 . 3 :  H, 9.03. Found: 
C, 80.29: H, 8.67. 

A mixtiire melting point with an at it hen tic^ sample of the 1- 
methyl isomer of m.p. 126.c%12T.5029 was 108.5-113.5"; with the 
%methyl isomer, 98.5-121 '. 

3-Methylestra-1,3,5( 10)-trien-178-01 (VIIIa j.- I i@-AI,ctosy- 
:~-methylestra-1,3,5( lO)-triene (VIIIb, 300 mg.) in 10 ml. of meth- 
anol and 3 ml. of 8.5 AY aqueous KOH was heated under reflux for 
7.5 min. The reaction mixture tvas poured into ether and, after 
two extractions with water, the ether solution wts dried :inti the 

(29) The authors wish to thank Professor 13. llannenberg of t he  N a y -  
Planck Inst i tut  fiir Riocliemie for authentic samples of lip-acetoxy-1- 
methyl- and 17P-acetoxy-4-methylestratrienes for comparison (see ref. 14b). 




