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Estratrien-17-one and its 3-methyl and 4-methyl derivatives have been converted into a number of new 17-

substituted estratrienes lacking the usual phenolic oxygen function in the A-ring.

2-Methylestratrien-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
estrogens than the 3-phenols, being closer in this respect to the 3-methyl ethers, based on a mouse uterine growth

aAssay.

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.

In view of the kuown low incidence of coronary
atherosclerosis in premenopausal women and a possible
direct relationship to estrogenic hormone levels,! it
seemed desirable to prepare some simple 3-desoxyestra-
trienes for pharmacological testing.

3-Desoxyestrone and 3-desoxyestradiol have been
shown to have weak estrogenic activity and normal
estrogenic dose-response curves at high dose levels.?
It was hoped that suitable analogs would retain desir-
able antiatherogenic properties® 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.? Also, in rats, a serum lipid elevation is observed
with estradiol benzoate* and this may be due to in-
creased phospholipids. Efficacy of estrogens in clinical
states related to atherosclerosis and associated with
hypercholesterolemia has also been observed, though
the treatment also resulted in undesirable estrogenic
side effects.?

It 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 com-
pounds for evaluation would be impeded 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," 8. Garattini
and R. Paolettl, Ed., Elsevier Publishing Co., Amsterdam, 1961, and refer-
ences therein; (b) D. L. Cook, D. W, Calhoun, and R. A, Edgren, Arch.
Intern. Pharmacodyn., 185, 91 (1962), and references therein.

(2) C. Hugglns and E. V. Jensen, J. Ezptl. Med., 102, 335 (1955).

(3) R. Pick, J. Stamler, S. Rodbard, and L. N. Katz, Circulation, 6, 276
(1952).

(4) H. G. Loeb, Proc. Soc. Exptl. Biol. Med., 49, 340 (1942).
(53) E. M. Russ, H. A, Eder, and D. P. Barr, Am. J. Med., 19, 4 (1955).
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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-methylestriol 3-
methyl ether® and this is in agreement with previous
studies on structural requirements? and with other
studies in our laboratories.® 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.!#%2

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
than simply by their presence or absence. It is known
that estrogens are produced by the human male 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 some degree,
Considering the sensitivity of recently developed es-
trogen assays,® 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’™® in a short-term test using
cholesterol-fed cockerels.! The estrogenic potency was
obtained by a modification of the method of Rubin, et
al., utilizing uterine growth measurements in mice. %19

(6) (a) V. A. Drill, R, A. Edgren, and D, L. Cook in "Hormones and
Atherosclerosis," Academic Press Inc., New York, N. Y., 1959, and refer-
ences therein; (b) S. Iehli, E. Forchielli, W. H. Perloff, and R. 1. Dorfman,
Anal. Biochem., 5,422 (1963).

(7) A. Zlatkis, B. Zak, and A. J. Royle, J. Lab. Clin. Med., 41, 486 (1953).

(8) W. M. Sperry, Ind. Eng. Chem. Anal. Ed., 14, 88 (1942).

(9) R. A. Edgren, Proc. Soc. Exptl. Biol. Med., 92, 569 (1956).

(10) (a) B. L. Rubin, A. S, Dorfman, L. Black, and R. I. Dorfman,
Endocrinology., 49. 429 (1951). (b) For fuller discussions of tlle methods
and their applications see: D. L. Cook, R. A. Edgren, and F. J. Saunders,
ibid., 63, 798 (1958); G. Lugaro, M, V. Farina, G. Gerali, and A. Corbellini,
Ital. J. Biochem., 12, 393, 413, 422 (1963).
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“ 'The top figure for each compound is the relative lowering of the plasma cholesterol-phospholipid ratio (lipodiatic activity) in cho-
» The middle figure for each compound represents the relative estrogenic

lesterol-fed cockerels; estrone
potency by mouse nterine assay; estrone
to estrogenic activity (a:b),

100; see ref. 1, 6a, 7, and 8.
100; see ref. 1, 6a, 9, and 10, < The bottom figure is the ratio of lipid shifting (lipodiatic}
A high ratio is theoretically desirable, representing a lowering of cholesterol-phospholipid which is greater

relutive to estrogenicity than the lowering observed with estrone: estrone = 1.

Table 1 gives the results obtained for series of 3-

desoxy~, 3-desoxy-3-methyl-, 3-desoxy-4-methyl-, and
3-desoxy-2-methylestratrienes with varying substitu-
tion at C-17. Included for comparison are some 3-
oxygenated estrogeus, related 17-substituted deriva-
tives, and their 3-methyl] ethers. Some of the data for
the 3-oxygenated compouuds have previously been re-
ported. 1.2

The lipodiatic!'-estrogenic ratio (a:b; see footnotes
for Table I) for the standard (estrone) is arbitrarily
assignied 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
compounds. The 3-methyl compounds, however, show
a significaut lowering of both the lipodiatic and estro-
genic activities, Thus, 1o desired separation of effects

(11) The terin lipodiatic was suggested by Dr. H. W, Sause of the Divi™
sioll of Chemical Research, G, D, Searle and Co. It Is derived from tlie
two Greek words, lipos (fat) and diaito (regulate}). In man the lipodiatic
action of an estrogen usitally includes a reduction in plasma cholesterol,
cliolesterol-phiospholipid ratios, and g-lipoproteins and an increase in a-
lipoproteins. Such alterations in plasma lipids should be beneficial if the
lipid composition of plasma exerts an inflience on tlie development of
atherosclerosis.

is associated with these structural changes at position
3.

With 4-methylestra-1,3,5(10)-trien-17-oue, lowering
of the plasma cholesterol-phospholipid ratio is less than
that observed with estrone by a factor of 6-7. The
effect on estrogenic activity, however, is a reduection in
response by a factor of 1000 compared to estrone.
Thus, of the 17-keto compounds in Table I, the highoest
lipodiatic—estrogenic ratio occurs with 4-methyl sub-
stitutionn,  As seen in Table I, this ratio appears (o be
generally greater for 4-methyl compounds than for the
other desoxy derivatives.

3-Desoxy compounds of Table I which have lipo-
diatic—estrogenic ratios that may compare favorably
with the 4-methyl series are the 3-desoxy-17-vinyl co-
pound and the 2-methylestratrienes. The latter have
potencies too low to make practical a complete evaluation
of their lipodiatic-estrogenic ratios. It is possible, ow-
ever, to predict to sonme degree what might be expected
for these values based on removal of the pheuolic hy-
droxyl group from 2-methylestrone. This compound is
au intermediate in the preparation of 2-methylestratri-
enes (see under Synthetic Methods) and was also ex-
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amined pharmacologically. The three values (lipodiatic,
estrogenic, and their ratio) corresponding to Table I are
289, 1.29,, and 23 for 2-methylestrone, If removal of
the phenolic hydroxyl has an effect of the same order of
magnitude as for estrone, then the values for 2-methyles-
tratrien-17-one would be approximately 309, 0.19, and
300. The lower lipodiatic and estrogenicindicesin Table
I (<5 and <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 reoxidation at position 3.

Synthetic Methods.—In the preparation of estra-
trienes unsubstituted in the A-ring, the 3-oxygen atom
of either estrone or estradiol was removed by reduction
of the diethyl phosphate ester with lithium in liquid
ammonia.'? 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. W, Kenner and N. R. Williams, J. Chem. Soc., 522 (1955).
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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 #n situ.!? Subsequent removal of the
ester group and acetylation or oxidation gave II and
111213 whose syntheses by other methods have been
described. 3

Reduction of the diethyl phosphate ester of 1-hy-
droxy-4-methylestra-1,3,5(10)-trien-178-0l (V) and the
dienol-benzene rearrangement!4 of 1 4-androstadiene-
3,178-diol provided useful routes to the 4-methylestra-
trienes Vla-c Ha1

3-Methylestratrienes were prepared from 19-nortes-

tosterone'® by the route shown below (Chart II), Puri-
CHagrr I1
OH OR
1. CH3MgBr
2.Pd-C. HOAc
s 8.Ac;0. pyridine ¢,
VIIIa,R=H
b,R=Ac
OH 0
<R
D
CH; CH;
Xa,R=C=CH IX
b,R=C=CH.
c, R= CHcha

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

The ketones IX, III, and VIe (Chart I) served as
starting materials for preparation of the various 17-
substituted derivatives, Xa—-c¢, IVa-d, and VIla-d,
respectively.

Tinally, it was desired to prepare some 2-methylestra-
trienes since this series was of interest for both pharma-
cological and chemical comparisous. The latter inter-
est arose in recognition of the possibility of Wagner-
Meerwein-type shifts in the preparation of VIII.
Ultraviolet spectral properties of 1,2,3- and 1,2,4-tri-
alkylated benzenes are significantly different!” and the
data for VIII require assignment of the 2- or 3-position
to the methyl 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 II and VI, from 2-methylestradiol.!

(13) (a) E. Caspl, E. Cullen, and P. If. Grover, 7bid., 212 (1963); (b)
E. Hecker, Chem. Ber., 95,977 (1962).

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

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

(16) A, J. Birch, J. Chem. Soc., 367 (1950).

(17) "'Organic Electronic Spectral Data,'" M. J. Kamlet, Ed., Inter-
science Piblishers, Inc., New York, N. Y., 1960; for example, see the 1,2,3-
and 1,2,4-trimethylbenzenes or the 5- and 8-methyltetralins.

(18) (a) T. L. Patton, J. Org. Chem., 28, 2148 (1960): (b) J. Iriarte and

H. J. Ringold, Tetrahedron, 8, 28 (1958); (c) D. H. Peterson, L. M. Reineke.
H. C. Murray, and Q. K. Sebek, Chem. Ind. (London), 1301 (1950).
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Acetylation and oxidation gave XIIb and ¢ which werce
shown to be different from VIITb and IX by melting
poit behavior and by comparison of infrared and
n.nbr. speetra.!?

OH R
CH; CH;,
RO HO
XIa,R=H XIlaR=
b, R= (C2H50)2PO H/
AcO
bR=
-
¢,R=0

Experimental®

Estrone Diethylphosphate (Ib).2'—To 4.6 g. (3.4¢, excess) of
sodium hydroxide in 20 ml. of water under nitrogen was ndded 30
g. of estrone and 120 ml. of ethanol. The mixture was stirred
until the estrone dissolved and was then cooled in an ice bath.
Diethyl chlorophosphite?? (22.4 g., 179/ excess) was added drop-
wize to the stirred, ice-cold solution over a period of 20 min.
The reaction mixture was allowed to warm to room temperature,
and stirring was contimted for 3 hr.

The reaction mixture wax partitioned between ether (200 ml.)
and water (50 ml.), and the layers were separated. The ether
solution was extracted three times with water and dried (Nas-
R0y). and the ether was removed to give 44 g. of u colorless oil
which erystallized on standing.  Chromatography of 1.4 g. of
thix material on 35 g. of silica gel in benzene and benzene-ethyl
acetute mixtures gave u small amount of estrone in 109 ethyl
acetate-benzene. Further elution with 10, 15, and 20¢; ethyl
acetate-benzene gave 730 mg. of the phosphate ester. Recrystal-
lization from ether-petrolenm ether (b.p. 60-71°) gave 500
nmg. of pure estrone diethyl phosphate (Ib): m.p. 67 68°; ApHOs
5.75, 6.22, 6.32, 7.85, 9.0-9.2, and 10.15-10.3 u&; Anax 269 my (e
087) and 276.5 mu (€ 913); [a]D +110.3°,

Anal. Caled. for CoHuO:P: €, 65.01; H, 7.69.
C, 64.64; H, 7.36.

Estradiol 3-Diethylphosphate (Ia).21.23 A, —To un ice-cold
solution of 1.0 g. of estrone 3-diethvlphosphate (I} in 5 ml. of
ethanol was added a solution of 0.5 g. of NaBH. in 2 1l. of water
and 3 ml. of ethanol. After 5 min., the reaction mixture was
poured into ether and extracted three times with water. After
drying and concentration of the ether solution, crystallization
oceurred to give 340 mg. of product: m.p. 113.5-115.5°; AEF!
2.88,6.2, 6.34; ASH9® 7,88 and 9.64x (both broad): [a]p +57.0°,

Anal. Caled. for CeH::O:P: €, 64.69; H. 8.14. Found:
C,64.76; H, 8.11.

A second crop of 400 mg., m.p. 112.0-113.5°
from the filtrate.
of the first crop.

B.—To 30 g. of estradiol suspended in 30 ml of ethanol under
nitrogen was added 13.2 ml. of 85 N KOH with stirring.
The resulting solution was cooled in an ice bath and 21.85 g. of

Found:

, was obtained
Its infrared spectrum was identical with that

(14) In the latter, there is a distinct difference i1l the splitting pattern
for tlie aromatle protons of corresponding 2- and 3-methyl-3-desoxvestra-
trienes. This appears in the apparent multiplicity and resolution of bands.

¢20) All ultraviolet spectra were rin in methahol and rotations were taken
in clioroform unless othierwise indicated. Chemical shifts of the n.in.r.
bands were determined in deuteriocliloroform and are expressed as 8, or
parts per million less than thie field re.ired for tetramethylsilane resonance
wiien determined as an internal standard. The authors wish to thank Dr.
R. T. Dillon of the analytical division of G. ). Rearle and Co. for the analyti-
cal and optical data reported and Dr. E. G, Daskalakis and staff for the
paper and column clhiromatography.

(21) K. Sakakibara, M. Sawai, and I. Chuman, U. S. Patent 3,081,316
(Narch 12, 1963).

{22) G. M. Steinberg, J. Org. Chem., 16, 637 (1950). We wisli to express
our allpreciation to Mr. James M. Relilatter for preparation of generous
fuantities of this reagent.

231 A, H. Goldkamp, U. 8. Patent 2,947,763 (Augist 2. 1260).
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diethyl chlorophosphite wus added n approxinuiets 5 e,
with <tirving.  After an additional 5 min. the reactian nuxoure
{pH co. 71 was ponred into ether and extracted three 1imes witl
witer,  The ether solution wax dried, wnd ibe <olvent was re-
moved to give 30 g of a light wnber oil. Tt infrared spectram
wins exsentinlly identical with that of theuaterial obiained iy the
borobydride vedaction A abevern Tos: materint was ised
direetly 1o the following experiment.

Estra-1,3,5/10)-trien-17g-01 (Ila}.2%  I"ifty grauns of estradiol
s-diethyl phosphate 1L in 50 ml o ether was diluted 1o ap-
proximutely 300l with liguid smunonia,  Portionwise addition
of lithim to the reaction mixture while stivring requived 2 equiv.
of lithiwu (1.7 g.; 10 produce a transient blhue caloration.  The
NH; was ullowed 1o evaporate, and (he residue in ciher was ox-
tracted twice withh water, twice with 10¢, HaS0h twice wiith
Claigen’s alkali, and finally twice with water.  The ether layver
wis dried, and the ether was removed 1o give 22 g, (784, o
erude })ln(l(l(l Resvystallization from ether-peirolenm ether
chipe 283871 gave 150 g, mep. HH=117.5° dlit s 109-1109
An analytically pure <ample of nup. 11711857 had ;i ow(‘nlmll\
identical infraved spectrum | KBr pellor VAR 0 T2 TS, T
TAG m N 260 mu1e H01) and 2735 mu e .)1—1 fadn ANOTE

Anad, Caled, for CRH O €0 os4.320 H, 9440 Found:
COR4014: H, 082

178-Acetoxyestra-1,3,5(10)-triene (IIb).—lstru-1.3,5010}-
trien-178-01 (Ila, 590 mg.) was heated with 3 ml. of pyridine and
2l of acetic anhydride on the stewin bath for 1 hr. The re-
action mixtitre was cooled and diluted witl water 1o give 665 g,
of ernde product. Reerystallization from methanol gave 610

mg. ol 17g-ncetoxyesirn-1,3,5(10)-triene (I1b): mp. 1221247
A 576 avd 7.9 40 Ay 266 M te 327 and 2730 mu fe 5161

folp +51.4°.

Anal. Caled. for
C, 80390 H, 0028,

Estra-1,3,5(10)-trien-17-one (II1).2* A.--To an ice-cold soh:-
tion of 2.24 g. estra-1,3.5(10)-trien-173-0l (ITa) in 20 ml. of ace-
tone was added 2.3 ml. 1557 excess) of .V chromium frioxide in
NN H.S0,24% dropwise with =tirring,  After 4 min., dilution
with water gave 1 which wax collected, washed with water
and cold methanol, and dried to give 2,02 g., m.p. 136-139° (lit.1*
135-1367%  The infrared spectrim was identienl with that of
materinl obtained in B.

B.—Dstra-1,3,5(10)-trien-17g-0) (Ila, 350 mg.) m 4 ml of
aeetie acid was treated with a sohttion of chramium trioxide
in 2wl of water. After stirring for 45 min., dilttion with
witer gave 340 mg. of produet, mup. 133-13%°. Recrystallization
from ether-petrolenm ether (b.p. 25-38°1 gave 270 mg. I ax
transparent prisms: nup. 137-142°; AT BTD wn Apas 206 Dlu
fead3)and 275 mu (e 5041 |a)p +163.0°,

Anal, Caled. for CuHaO: 0 S4.09:
83,02 H 82T

17a-Ethyny1estra 1,3,5(10)-trien-173-0l (IVa;.*3—Potussinn
(4 g.) was dissolved in approximately 50 ml. of {-muyl aleohol by
heating 1 a nitrogen atmosphere. Excess solvent was removed
from the hot solution in a stream of nitrogen until potassium (-
amylate began to eryvstallize frow the solution at reflux.  After
cooling with stirring, 15 ml. of anhydrous ether was added, and
tlie cold mixture was saturated with acetvlene with rapid stirring.
‘Then 3.0 g. of extra-1,3,53(10)-trien-17-one was added and a slow
stream of neetylene was pussed through the cold reaction mixtare
for T.5 hr.  After 16 hr. at 0-3°, =aturated NH.Cl solution was
added, nud the product was izolated in ether after extraction with
NH.Cl =olution, 3 ¢ HCl, and water. The ether wux removed,
and 1 benzeve =olution of the residue wax chromatographed over
300 g, of stlien gel (60-200 mesh).  FElution with benzene gave
fractions of the desived proditet with melting point= in the range
of 120-125°.  Reerystallization from ethehpetrolenm ether (b.p.
$0-71°) gave 2.13 g of IVu: nrp. 123.5-123.5°; Agh® 2.75
and 3.02 g1 Npay 265.8 mu e 512) and 272.8 mp (e 3l41 |ajp
S.A4R°,

Anal. Caled. for CoHaO: €, 8567 H, S.64.

C, 8574 H, 808
17«-Ethylestra-1,3,5(10)-trien-173-0l (IVe).—!17a-Ethynyl-

estra-1,3,5( 10)-trien-178-cl (IVa, 610 mg., in 15 ml. of ethaiol)

was redueed at atmospheric pressure and room temperature in

CoaaOar Oy 0490 M, S78 FPowd:

H, ~.72.

Fonnd:

Found:

24y 17, Djerassi. R. R, lngle, and A, Bowers, J. Org, Chem.. 21, 1317
19561,

5 K. Dowden. 1. M. Dedbrou, 110 R L Jones, and 3. €. L Woedun
dLChem, Sar,. 39 11046),
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the presence of 100 mg. of 109, 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 IVe: m.p. 109.5-111.5%; ASE 274 and 6.7
4 Amax 265.8 (¢ 486) and 273 (¢ 488); [alD +57.9°; & = 0.88,
1.0, 1.11 (C-21), 0.91 (C-18), 2.8-3.0 (C-6), 7.08, 7.12, 7.23
(C-1 to C-4), and 1.20 (O-H, removed on D,0 exchange) p.p.m.

Anal. Caled, for CypHuxO: C, 84.45; H, 9.92. Found:

C, 84.62; H, 10.00.

17-Vinylestra-1,3,5(10)-trien-178-0l (IVb).23—A solution of
1.16 g. of 17a-ethynylestra-1,3,5(10)-trien-178-0l (IVa) of 80%
purity (ca. 209 17-ketone) in 14 ml. of pyridine was treated with
hydrogen and 200 mg. of 59, Pd-CaCO;.2¢ 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 75% benzene—
petroleum ether (b.p. 60-71°). Recrystallization from petroleum
ether gave a mixture of prisms and matted needles. The latter
melted at 75-80° and resolidified in prisms; the total melting
point sample melted at 105-109°. Repeated recrystallization
with slow cooling gave 129 mg. of prisms: m.p. 109-111°;
m.m.p. 99-109° with TVe; A2 2,75 and 6.7 &) Amax 266 mu
(e 522) and 283.5 mu (e 452); [a]p +58.8°; 8 = 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.

Anal. Caled. for CoHos0: C, 85.02; H, 9.29. Found: C,

85.16; H, 9.14.

17x-Methylestra-1,3,5(10)-trien-178-0! (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 209,
of the startingketone. This was combined with 210 mg. of the ke-
tone and re-treated with 10 ml. of 3 M ethereal methylmagnesium
bromide and 15 ml. of benzene at 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 NH.Cl
solution. The benzene solution was dried, solvent was removed,
and the residue (450 mg.) was crystallized from petroleum ether
(b.p. 28-38°) to give 110 mg. of IVd as fine, matted needles:
m.p. 108.5-111.5°; A% 208 3.4, 3.48, 3.53, 6.7, 7.27, and
13.43 w.

Anal. Caled. for CHy0: C, 84.39;
C, 84.67: H, 9.81,

The residue from the filtrate was repeatedly recrystallized from
ether—petroleum ether (b.p. 28-38°) to give an additional 39 mg.
of produet, m.p. 108-112°; the infrared spectrum was identical
with that of the first crop.

4-Methylestra-1,3,5(10)-trien-173-0l (VIa).—This compound
was prepared at various times by (a) the lithium in liquid am-
monia reduction!? of the diethyl phosphate ester of 1-hydroxy-
4-methylestra-1,3,5(10)-trien-17-one,?” in 429, yield over-all;
(b) the dienol-benzene rearrangement of 1,4-androstadiene-3,178-
diol, in 549 yvield; and (c¢) the NaBH, reduction of 4-methyl-
estra-1,3,5(10)-trien-17-one!® (VIe), in 969 yield. The com-
pound crystallized from cyclohexane as colorless needles, m.p.
115-116.5°, [a]p +63.0° (lit.!s m.p. 114-118°, [«]D +66°).
4-Methylestra-1,3,5(10)-trien-173-0l Acetate (VIb).—Acetvla-
tion of 4-methylestra-1,3,5(10)-trien-178-0l (VIa) with 1;1
acetic anhydride-pyridine on the steam bath for 0.5 hr. gave the
acetate in 869 yield as colorless prisms (from ethyl acetate—
ethanol), m.p. 178.5-181.5° (lit.16 m.p. 174-176°), [a]D 4-34.4°.
4-Methylestra-1,3,5(10)-trien-17-one (VIc).—This compound
was prepared both by the chromic acid oxidation of 4-methyl-
estra-1,3,5(10)-trien-178-0l (VIa) in 869, vield, and by the dienol-
benzene rearrangement of 17-ethylenedioxy-1,4-androstadien-3-
one'# in 58% yield. The compound crystallized from ethyl
acetate—ethanol as colorless prisms, m.p.183.5-185°, [a|D +143.5°
(lit. 14 m.p. 184.5-186°, [a|D +146°).
17a-Ethynyl-4-methylestra-1,3,5(10)-trien-173-0l (VIIa).—
Ethynylation of 4-methylestra-1,3,5(10)-trien-17-one (VIe, 5.37
g., 0.02 mole) was carried out by a procedure analogous to one used
by Colton, et al.2® The crude product was chromatographed over
540 g. of silica gel. Elution of the column with benzene gave
3.16 g. of VIIa in fractions melting in the range 135.5-139°.

H, 9.69. Found:

(26) L. Ruzicka and P. Muller, Helv. Chim. Acta, 22, 755 (1939).

(27) A. 8. Drelding and A, Voltman, J. Am. Chem. Soc., T6, 537 (1954).

(28) F. B. Colton, L. N, Nysted, B. Riegel, and A. L. Raymond, ibid..
79,1123 (1957).
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Recrystallization from petroleum ether (b.p. 60-70°) gave fine
colorless needles, nm.p. 138-139°, [a]p —4.0° Amax 263 mpu (e
235).

Anal. Caled. for CyHyO: C, 85.66;
C, 85.91; H, 8.80.

17-Allyl-4-methylestra-1,3,5(10)-trien-178-0l (VIIb)—4-
Methylestra-1,3,5(10)-trien-17-one (VIe, 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 al.2® Direct erystal-
lization of the crude product from methanol gave 1.49 g. of fine
colorless needles of VIIb, m.p. 115-116°, [a]D +71.2° Apa.x 263
mu (e 233).

Anal. Caled. for CHyxO: C, 85.11; H, 9.74. Found: C,

84.81; H, 9.90.

4,17a-Dimethylestra-1,3,5(10)-trien-178-0l (VIIc)—A solu-
tion of 1.07 g. (4 mmoles) of 4-methylestra-1,3,5(10)-trien-17-one
(VIc) in 50 ml. of tetrahydrofuran was added to 15 ml. of 3 M
ethereal methylmagnesium bromide in 50 ml. of tetrahydrofuran.
The mixture was heated under reflux for 3 hr. and then worked
up using saturated NH.Cl 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 VIc followed by
0.795 g. of VIIc in fractions melting in the range 150-160°.
Recrystallization of the latter from methanol gave colorless
needles, m.p. 162-163°, [a]D +46.0°% Apax 263.5 mu (e 244).

Anal. Caled. for CoH0: C, 84.45; H, 9.92. Found: C,

84.51; H, 9.87.

17a-Ethyl-4-methylestra-1,3,5(10)-trien-173-0l (VIId).—17 a-
Ethynylestra-1,3,5(10)-trien-178-0l (VIIa, 1.03 g., 3.5 mmoles)
in ethanol was reduced at atmospheric pressure and room tem-
perature in the presence of 59, palladium on carbon (uptake:
1099 yield). The catalyst was filtered off, 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 at 64° overnight, at 114.5-115° [a]p +37.1° Ap.x 263
meu (e 243),

Anal. Calcd. for Cz(HgoO: C, 84(-)1. H, 10.13.

C, 84.17; H, 9.90.
173-Acetoxy-3-methylestra-1,3,5(10)-triene (VIIIb).23—Sixty
grams of 178-hydroxy-19-norandrost-4-en-3-one was dissolved in
a mixture of tetrahydrofuran (40 ml.) and ether containing suffi-
cient CH,Cl; 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 M 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 NH.Cl solution. The ether layer was
dried, and the solvent was removed to give 64 g. of residue. The
infrared spectrum showed 5-109% of unreacted ketone (5.98 x).
Glacial acetic acid (500 ml.) and 20 g. of 109 palladium on char-
coal were added, and the reaction mixtiure was stirred and brought
rapidly to reflux. After 30 min. the mixture was cooled and
filtered and the acetic acid was removed by distillation under
reduced pressure. The residue was treated with 100 ml. of
pyridine and 75 ml. of acetic anhydride for 2 hr. on the stsam 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 VIIIb, 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 60¢;
benzene—petroleum ether (b.p. 60-71°). Recrystallization from
methylene chloride-methanol gave 8.5 g. of VIIIb. The melting
point and infrared spectrum were identical with that of the ma-
terial obtained above; ASEO? 5.77 and 7.9 u: Amax 269 mu (e 718)
and 278 mu (e 804); [a]Dp +33.0°.

Anal. Caled. for CotHx0s:
C, 80.29; H, 8.67.

A mixture melting point with an authentic sample of the 1-
nmethyl isomer of m.p. 126.5-127.5°2° was 108.5-113.5°; witl the
2-methyl isomer, 98.5-121°.

3-Methylestra-1,3,5(10)-trien-178-0l (VIIIa).—178-Acetoxy-
3-methylestra-1,3,5(10)-triene (VIIIb, 300 mg.) in 10 ml. of meth-
anol and 3 ml. of 8.5 N aqueous KOH was heated under reflux for
75 min. The reaction mixture was poured into ether and, after
two extractions with water, the ether solhition was dried and the

H, 8.90. Found:

Found:

C, 80.73; H, 9.03. Found:

(29) Tlie authors wish to thank Professor H. Dannenberg of the Max-
Planck Institut fir Biochemie for autlientic samples of 178-acetoxy-1-
methyl- and 178-acetoxy-4-methylestratrienes for comparison (see ref. 14b).
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solvent was removed to give 240 mg. of an oil.  Crystals (n.p.
46-52°) could be obtained from aqueous methanol or methanol
(nm.p. 61-70°) with considerable loss of material. The oil had an
infrared spectrum identical with that of the crystalline naterial
whicl, after drying under reduced pressure for 24 L. at 40°,
gave an aualysis corresponding to n hemisolvate: ASHY® 2,75,
2.9, 6.2, T.11, 7.22, 743 10 Apmax 269 mp (e 730) and 278 mu Te 811,

Anel. Caled. for CaHsO-0.0H.0: ¢, SLo7: H, 9.74.
Ouled. for 5eHaO-0.5CH,OH: ¢, 8177 H, 9.550 Found:
C, BL.70; H, 0.47.

3-Methylestra-1,3,5(10)-trien-17-one (IX). -~Chromium triox-
ide reagent?:® (0.352 ml.) was added dropwise with stirring to
a solution of 8RO mg. of S-methvlestra-1,3,5{10)-trien-17 -0l
(VIILa) in 4 ml of acetone.  Dilution witlt water gave crvstalline
materinl which was twice recrytallized from methuol 1o give 156
mg. of IN: m.p. 174-181°: AHDS 5 Thand 720 1 Amay 20D N te
T51) and 278 mp (e 829). Paper chromatography did not show
any impurity: § = 0.8 (C-1%, 5 protons), 228 (3-unethvly,
27505 (C-6), 6.95, T.04, 716, 728 (A-H, 55 protonst p.p..

Anal. Caled. for () 0:,0: ¢, 85.02:0 1, 001, Found:
85010 H, 0.1

Isolation of the prodnet sn bebzene afier extraetion wirh ilile
NaHCO; and dilute HCL gave muterial of <lightly higlier melting
point (179-182.5%) after recryvstallization. T'be infrared =pec-
trum was identieal with the material deseribed above: [w|p
+1061.4°.

17 w-Ethynyl-3-methylestra-1,3,5(10)-trien-17 3-0l (Xa).——The
reaction was carried out using I'N with conditions as described
for ethvnylation of TIT.  The eritde product from 2.05 g, of the
17-ketone was chromatographed over 300 g. of silica gel in ben-
zene. This gave fractions melting in the range of 121-123°,
Rearystallization from methanal-water gave 2.4 g. of Xa: nwup.
3.5-123.5% ST 0 76 and 3.02 40 s 269 mu (e 704) and
278 my (e SO o +5.5°.

Awnal, Caled, for CoHxO: €O 85660 Ho 800
C, 8592, H, 807,

17 x-Vinyl-3-methylestra-1,3,5(10)-trien-17 3-01 (Xb .-~ Reduc-
tion of 700 mg. of Xa was carried out aus described above for the
veditetion of 1Va to IVDh., The hyvdrogen uptake was 58 ml.
(enled., 56.1 mli. Direct ervstallization from aqueous methanol
gave 600 mg. of Xb: nup. 05 96°; A 275 md 10.8 1 gy 269
me (e 718) and 277.8 mp e 814y [alp +£57.4°%; 6 sume ax IVDH
for C-18, (=6, C-20, and C-21 plus 2.29 (C-3 methyl, 3 protons
and 6.88, 7.01, 7.12, 7.23 (Ar--H, 3 protops) p.p.1u.

Anad. Caled, for CoHeO: () N30S0 W, 9.52,
(, 83.20; H, 9.57.

17 «-Ethyl-3-methylestra-1,3,5(10)-trien-1738-01  (Xc).---Re-
duction of 700 mg. of 17-ethyvnyl-3-methyvlestra-1,3,5(10)-trien-
178-01 { Xa) in ethanol in the presence of 5% palladium on char-
coul required 1144 ml. of hydrogen (caled., 112.4 wl.).  After
crvstullization by dilution with water, the product was nir dried
and then dried under rednced pressure at 57 and 78° to give 570
mg.: m.p. 96-97° (gradual change of ervstal fornr above 60°: it
melted immediately when placed on the block at 80°, then
resolidified): ASEE® 274, 6.2, 6.65, 6.82, 7.24, 1027 u: lalp
+351.4°: 8 C-18, C-21, und C-6 as in IVe pls 2.28 (C-3 metlivl,
Jprotons) and 6.89, 7.0, 7.13, 7.23 (Ar-H. 3 protons) p.p.n.

Anal. Caled. for CaHs(: C. S4.51: H, 1051, Found:
(', 84.58; H, 9.96.

2-Methylestrone.-—This compound was prepared by the
method of Patton®™ and had m.p. 2206.5-233° (lit.18 233, 221
225, and 243-244°%) ASEOT 275, 575, T.26 10 Ay 280-285 mipg

Le 2645) [1i1. 1800 283 my (e 2565, 2650)].

FFound:

Found:
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Anal. Caled. for CplaOs: €0 S024; U, K51,
C, 70090 H, 854

2-Methylestradiol (XIa).-—2-Methylestrone (5.71 g.) was dis-
solved in 50 . of tetralivdrofuran and 50l of ethanol by warn-
mg. The solution was cooled to room temperature and a1 solu-
tion of ¥ g. NaBH: i 25 mil. of water was prepared and added
with swirling.  After 10 min,, the reaction mixture was poured
onto ice, water was added, and the <olid wax collected.  After
air dreyving, it weighed 6.0 @0 nups [685 171.5° (hieoy (82805,
[85-186, and 184186 AYEY 2 74 0nd 7.25 w.

2-Methylestradiol 3-Diethylphosphate Ester (XIb).--2-NMethyl-
estradiol (5.94 ¢.) was suspended in 10 ml. of cthianol and dis-
solved by addition of 2,64 ml of 3.5V KOH with sGirring. After
cooling in an e bath, 4.4 g. of diethyl ehlorophosphite was
added over 5 it and stirring was continued for an mlditional 5
ain. The mwaction mixiure was poured into ether and extracted
three thnes with water.  The cether solittion was dried and the
solveni was removed 10 gve 742 20 of 0 viseons pasie; A8
274, 785 (broad), ood 9.6 g ibroad .

2-Methylestra-1,3,5(10)-trien-173-0l iXlla). 'I'bhe above
phosphate exter (XTa, 7.4 g.) was stirred with e 30 1l of N1
while 0,25 ¢ of lithinoy was adiled portianwise over 1 br. Maost
of the mmmonia had evaporated to leave a paste whicl was solu-
bilized Dy addinon ol 25l of ether and 50 ml. of ammonia.
Additional Tithiuv 10235 g.) was added over 1 hir, ¢a iransiem
blue color was preduced), wnd the ammonia and etber were
remaved,  The residhie was translerred with etber and dilnte
H.=0¢  After <baking, 1the layvers were =epuarnted and the ether
laver was extrancted twice with 4 NV NaOH and twiee with warer.
Deving and removal of the ether gave 3.3 g. of ernde Nlla, which
solidified on =tanding: m.p. ca. 101-120° (opaque melti: a0
200,02 and T2 s N 27200 m e D43 27N (12750, and 282
284 1=h

173-Acetoxy-2-methylestra-1,3,5(10)-triene [ XIIb).- -The

erude aleohol {XTTa, 660 mg.) was treated with 3 wl. of pyridine
and 3 ml of acetiec anhvdride overnight.  Dilution with water
and cooling gave an ol which solidified on standing and was
collected. 1t was clromatographed over 100 g of neitral alu-
mina hr ether. Froon the fivs¢ 0051 1 there was obtained 410
mg. of produet, wep. D1 1O Two rerrystallizations iron
wethanol gave 180 e of X1 wp. 1005111590 A
576G, T27, 702, 062 k0 Ay 209 Mg e YO rmd 27N mp 1e NG5
& o= 1LRG, 2005, 2051, 4640, 7.0, and Vo popa.

Anal, Caled. for Cullata: Coos00750 L 9005,
(' 8085 HL 9,06,

Mixture meliing poipt= tht.2 t25%1 with the t-merhyl i=omer
and the Joneihyl i=omer were 95-108.5° and 98.5-121° respec-
tively.

2-Methylestra-1.3,5(10)-trien-17-one { Xllc).— Tle crude aleo-
bol (XITu, 1.5 g.) in weetone was oxidized with 1.5 ml of clwo-
miwn trioxide reagent 18 V' by 8V H.SO020 2 Tee aal water
were added avd the <olid wus collected fm.p. 104-116°, viscons
melty. It wias chromatographed over 106 g of neutral alamina i
ether 1o give material of m.p. 136-149°  One reervstallization
from nethanol raised the melting point to 140-151° and a second
recryvstullization gave 540 mg., nup. 140.5--152.5° (fine needles
which appenred to resolidify in plates as melting proceeded):
ACHCE 5 74 and 7.25 w0 Ay 260 e (e 741 und 278 my (e N33
& = 000 TC-180, 2232 (2-methy], 3 protonsy, 7.05 and 717
(A=, 3 protons! p.p.ow

Anal. Caled. for CullaO: O
¢, 85.25; H, 807

Found:

Pennd:

5020 H, 9.0t. FPaand:



