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5.6 at 300 v for 22 hr also showed ouly one spot (developed with
Panly reageut). For analysis a sample was dried over P,O; at
100° 4n parno; o loss in weight of approximately 1000 wax ol
served.

Anal. Caled for C45H70N1201253: C, 522, H, ()82, N, 16.2.
Found: C, 51.9; H, 6.87; N, 15.9.
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The synthesis, stereochemistry, and biological activities of 16-0xa, 16-aza-, and 17-0xa-D-homo steroids and
related seco steroids derived from estrone 3-methyl ether, (= )-13-ethyl-3-methoxygona-1,3,5(10)-trien-17-one,

and 14-isoequilenin are presented.

Stamler, Marmiston, Oliver, and others? have pre-
sented evidence that estrogens play a significant role in
human female resistance toward atherosclerosis by
virtue of their ability to alter serum lipid concentra-
tions. However, the effect of estrogens on secondary
sex characteristics is an obvious deterrent to any thera-
peutical value they may have in man. At our labora-
tories, there has been a consistent effort to obtain a
substance which might mimic estrone (1a) or 178-
estradiol (1b) in its ability to alter blood fat patterns in
animals without affecting the reproductive organs.
A program which began with the investigation of new
ring-D seco steroids related to some estrogenolic acidg,* =
an example of which is doisynolic acid (8), led to the
synthesis of 16-oxaestra-1,3,5(10)-triene-3,17-diol  3-
methyvl ether (14b), a substance which, in the rat, has
significant effects on blood lipids and which is devoid of
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(1) Presented in part at thie 2nd International Congress on Hormonal
Steroids, Milan, ltaly, May 1966; J. S, Baran, Fzcerpta Med., 111, 387
(19686).

(2) For leading references see J. Stamler in “Atherosclerosis and Its
Origin," M. Sandler and G. H. Bourne, Ed., Academic Press 1nc., New York,
N. Y., 1963, p 231.

(3) The related estrogenolic acid, T=methylbisdeliydrodoisynolic acidt (8),
is a potent estrogen in the mouse and a weak estrogen in man.s 1t waz
reasoned that steroids related to 2 and 8 might still have pronounced effects
on the lipid metabolism in man without estrogenic effects especially if they
affected the lipid metabolism of animals with little or no effects on the repro-
ductive organs.

(4) K. Miescher, Chem. Rev., 43, 367 (1948).

(3) K. Miescher, Recent Progr. Hormone Res., 8, 47 (1948); P. M. F.
Bishop, G. C. Kennedy, and G. Wynn-Williams, Lancet, 2858, 764 (1948).

estrogenic effects at screening levels.® The synthesis
and stereochemistry of 14b and related seco and hetero
steroids are described presently.

Synthesis and Stereochemistry —The synthesis began
with the ozonolysis of the enol acetate 4a followed by
hydrolysis to the aldehyde acid 5a (Scheme I). The
next synthetic step, the internal enol esterification be-
tween the reactive alkyl aldehyde and carboxyl groups,
was without precedent and required study. Typical
conditions” which have been used for the conversion of
v- and é-ketocarboxylic acids to enol lactones or alde-
hydes to enol acetates gave only polymer or a low yield
of the acetoxy lactone 11a. Treatment of 5a in meth-
anol with p-toluenesulfonic acid led to the methoxy
lactone 11b.2  However, rapid, azeotropic distillation
of water from a dilute solution of 5a in toluene con-
taining p-toluenesulfonic acid gave a good yield of the
enol lactone 6a. Ozonolysig of the enol lactone 6a fol-
lowed by hydrolysis yiclded 7a. Reduction of the al-
dehyde acids 5a and 7a with sodium borohydride fol-
lowed by acidification produced the six-membered ring
lactone 9a and the hydroxy acid 8a, respectively.
Azeotropie distillation of water from a toluene solution
of 8a containing a catalytic manount of p-toluenesulfonic
acid yielded the lactone 9b. Cleavage of the methyl
ethers 9a and 9b with potassium hydroxide in ethanol®
at 200° followed by treatment with strong acid gave
the phenolic derivatives 17-oxa-D-honmwoestrone (9d)
and 16-oxaestrone (9e), respectively. The lactones
9a and 9b, when reduced with lithium aluminum hy-
dride, yielded the diols 12a and 12b, respectively, and.
when reduced with diisobutylaluminum hydride! in
toluene at —60°, yielded the hemiacetals 14a and 14b,
respectively (Scheme II). When cach was dissolved
in methanol containing strong acid, a corresponding
mixture of methyl ethers was obtained which was

(6) R. E. Ranney and ). 8. Baran, Felerqtion I’roc.. 25, 387 (1066).

(7) See preparation of 6a in the Experimental Section.

(8) Tle assignment of configuration to the C-16 hydrogen is based on its
nmr spectrum. The half-line width for the C-16 hydrogen is about 3 cps
which would be associated with a coupling of an equatorial C-16 liydrogen
atom with the C-15 hydrogen atoms; see N. S. Bhacca and D, H. Williams,
“‘Applications of NMR Spectroscopy in Organic Chemistry,"” Holden-Day,
Inc., San Francisco, Calif., 1964, p 51.

(9) G. P, Mueller and R. May, J. dm. Chem. Soc., T1, 3313 (1949).

(10) (a) J. Schmidtlin and A, Wettstein, Angew. Chem. Intern. Ed. Engl..
3, 240 (1964); (b) J. S, Baran, J. Org. Chem., 80, 3564 (1965).
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separated by chromatography on baste alumina into
the 17-oxa-D-homo-17a-0l 17a-methyl ethers 14d and
14e and 16-oxa-17-0l 17-methyl ethers 14f and 14g.
respectively. When 14g was cleaved with potassium
hyvdroxide in ethanol at 220° to 15a and the product
was hydrolyzed, 15b was obtained.

The assignment of configuration to the methyl ethers
derived from 14a and 14b is based on estimates of their
molecular rotations according to the methods of
Whiffen!' and Brewster'? using the experimental
values 249 for 13a and 128 for 13b. The ethers 13a
and 13b were obtained by dehydration of the diols
12a and 12b, respectively. Heuce, for the six-mem-
bered ring hemiacetal methyl ethers, the observed Mbp
values of 4342 and of —33° must correspond to the
caleculated values for isomers 14d (caled Mp +354°)
and 14e (caled Mn —6°), respectively. Likewise, for the
five-membered ring hemiacetal methyl ethers the ob-

(11) 1. H. Whiffen, Chem. Ind. (London), 964 (18956).
112) ). I, Brewster, ,J. Am. Chem. Soc., 81, 3475, 5483 (105Y).
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served Mbp values of +241 and of —102° must cor-
respond  to the 16-oxa-178-methoxy denivative 14f
(caled Mp 317°) and 16-0xa-17 a-methoxy derivative
14g (caled Mvp —61°), respectively. '

Reeently, Listowsky, e al.,'* have studied optieal
rotatory dispersion (ord) curves of aldopyranoses to
135 my and have formulated rules similar to the oetant
rule for ketones which predict the stereochemistry of
anomerie aldopyvranoses and their ethers from trends in
their ord curves.  Although no ord curves of aldofura-
noses are known, if the analysis of these authors for
aldopyranoses ix applied to the anomerie 16-oxa-17-
methoxy cthers, negative trends should be ohserved for
the ord curves of the 17 e-methoxy isomer and positive
trends for the 178 tsomer.’®  Since 14g is preponderant
in an equilibriun mixture of cthers and readily avail-
able by crystallization, it was couverted to 20a by the
sequence 14¢ — 19a — 20a. The methyl ether 19a
could be hydrolyzed to 19b in aqueous tetrahydro-
furan with strong acid. The 16-oxaestrane analog 20b
was similarly obtained {rom 13b via 19¢.  Figure 1 de-

113) la estimatiag 1be wolecndar rotacions of tlie 16-oxa steroids, calewla
1ions were based or an average of the contributions to two ring D conforma-
tions used by Brewster in predicting the rotatory effects of substituents iu
ring D of steroids.l? Thus, tle calculated values for 14f and 14g differ from
Xie Mp of 13b by [-+0.8C(OH, — 1053] or +189° and |—0.8C(OH) + 103]
ur — 1899, respectively.

114 1. Listowsky, G, Avigad, and &, Englard, /. ‘tw. Chem. So¢., 87, 1765
1065y,

¢14) Note thiat Brewscer's treatment when applied t¢ e anomors 14f am!
14g relative ¢o 18b also predicts the same trends.
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picts the expected strong negative trend to 200 my for
the ord curve of the 17 a-methoxy isonier 20a relative to
unsubstituted derivative 20b. It isevident from inspec-
tion of the curves in Figure 2 for 14f and 14g to 280 mu
that they follow trends predicted for each isomer.
The weak rising curve for the hemiacetal in solution
can be best explained by contributions largely from the
17 -0l in equilibrium with the hydroxyaldehyde form.:

H

_-

20a. R=".0cy,
b, R=H;

Lemieux, et al.,' has shown that in the nmr spectra
of anomeric aldopyranoses the axial hydrogen at the
glycosidic carbon atom absorbs at a higher field than
the equatorial counterpart. The fact that the C-17a
axial hydrogen (230 ¢ps) in the nmr spectrum of 14d
absorbs at higher field than its less shielded counterpart,
the C-17a equatorial hydrogen (246 cps) in 1de, is
consistent with the assignment of the configurations
of these epimers by rotation studies. It is interesting
that in the nmr spectra of the furanoses exemplified
by the anomers 14f and 14g the C-17« hydrogen (270
cps) absorbs at higher field than its counterpart, the
C-178 hydrogen (275 cps).

Measurement of the relative contribution of C-13
methyl absorption in the nmr spectra of mixtures of
epimers equilibrated with strong acid indicated that the
ratio of 14d to 14e was about 1:2 and in 14a the ratio
of the 17a8- to 17ac-hydroxy epimer was about 2:1.
The product of the reduction of lactone 9a with diiso-
butylaluminum hydride mutarotates in strong acid
solution from 53 to 81°. This observation indicates
that relatively more 17aca-hydroxy isomer is present in
the reduction product than at equilibrium.

Physical and chemical evidence for the crystalline
five-membered ring hemiacetal 14b indicates that in the
crystalline form it is present only as the hemiacetal; in
solution the hemiacetal 14b exists predominantly as the
17 @-0l in equilibrium with about 5-109%, of the hydroxy-
aldehyde form 16.% Reaction of the hemiacetal
14b with acetic anhydride in pyridine gave s mixture
of acetates in which was present about 829 of the ace-

116) Using the data in Figure 2 and the ord curve to 280 mu of 17, solu-
tions to simultaneous equations for the percentage of each component that
contrilytes to the ord curve of 14b show that the per cent of the 17 a-0),
178=01, and hydroxy aldehyde form in solution are about 60, 30, and 10,
respectively.

(17) R. V. l.emieux, R. K. Knullnig, H. J. Bernstein, and W. A. Schneider,
J. Am Chem. Soc., 80, 6098 (1958).
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Figure 1.—Optical rotatrny dispersion cnrves of 20a and 20b in
methanol at 25°.
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Figure 2.—Optical rotatory dispersion anves of 13b, 14b, 14f,
and 14g in dioxane at 25°.

tate of the hydroxyaldehyde form 17 and 169 of the
hemiacetal acetate 18.

Strain is evident in the five-membered ring hemiacetal
14b from its ability to exist and react in the hydroxy-
aldehyde form. As the reactivity of the carbonyl
group at C-1 in 25 decreases, the effect of ring strain
becomes more pronounced. Thus, the closely related
carbonyl homologs 23¢, 23e, and 23¢g are in the ketonic
form (in solution only)} to the extent of about 67, S8,
and 909, respectively, whereas the relatively strain-
free 17-oxa~-D-homo derivative 23a is in only the hemi-
acetal form. The compounds under discussion were
prepared by the synthetic path outlined in Scheme II1.
Thus, the lactones 9a and 9b, when treated with meth-
vlimaguesium bromide in ether in equivalent or excess
amounts, vielded the diols 21a and 21b, respectively,
which after acylation and dehydration with thionyl
chioride and pyridine yielded erude 22a and 22b,
respectively. The mixture of 22a and 22b was sub-
jected without purification to ozonolysis followed by
hydrolysis to give 23a and 23¢, respectively. Attempts
to obtain a vinyl ketone by addition of vinylmagnesium
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chioride to the iactone 9b gave only 24, the product »f
conjugate addition of vinvlmagnesium chlortde to the
itermediate vinvl ketone.  Reduetion of the unsat-
urated ketone 24 with hydrogen i the presence of
palladinm on chareoal gave 25b.  When the hemiace-
tals or ketones 23a, 23¢, 23e, and 23g were diszolved in
methanol eontainiug p- toluenesulfonic acid , the corre-
spanding methyl ethers 23b, 23d, 23f, and 23h were
obtained. Tho 11(\1;;1ti\‘(\ rotations and =singlets for
three protons of the C-13 methyl group about 38 cpx in
their nmr spectra provide evidence that they most

lkely possess the 17e-methoxy  coufiguration (ride
supia), the bulkicr alkyl group being i the C-17

equrrtorial confignralion.

The reluctance with which 1the lactone 9b ix formed
and the ability of the hemiacetal 14b to exist in the
hdroxyvaldehyde form provide indirect evidence for the
C-De-frans ring junection in these eompounds derived
from 7a.  Although enuversion of 6a to 7a was expected
t proceed without isomerization of the equatoral
aldehyde group at C-14, confirmatory evidence for this
<upposition was accumilated by the following expert-
ment=.  Oxidation of the diol 12b with chromice acid
proceeded at the least hindered carbon atom to yvield
the lactone 26, If 26 possesses the C=-D-frans stereo-
chemistry, it would be expected to ephmerize to the more
stahle ers tsomer.™  When 26 was refluxed with potas-
stum -butoxide in t-butyl aleohol, the expected isomer-
ization to 27 oceurred in high vield.  Reduetion of the
eis-lactone 27 with lithinm aluminum hydride afforded
28 (Scheme V).

spectral evidence for the (
1-oxacstrone methyl ether

“Dielyap s ving junction m

(9b) wis provided by the

1RGN R Van e awl OO Djerasst, . s Chiein, Soc., 89, 1331 110670,
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reduction of 9e to the hexahydro derivative' 29 and
determination of its ord curve. The positive Cotton
effeet exhibited by the lactone 29 in IMigure 3 ix in
agreement with the prediction »»f the lictone-sector
rule.®

The syuthests of the It-oxa analogs derived ifrom
+=-13-ethyvl-3-methoxygona-1,3,5(10)-trien-17-onc  and
Id-izoequilenin (30) followed paths deseribed for the
<vnthesis of 14b. Thus, 14¢ was obtained from 4b
via the sequence fhrmulated in Schemes I and IT, whereas
35 wax obtained in like muuner zza the sequence of
reactions formulated in Scheme V.o In Scheme V, the
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C-D-cis ring junction is assumed b, remain intact.
Indirect evidence which supports this conclusion is (1)
the instant formation of the laetone 34 upon acidifica-
tion of the salt of the hydoxy acid, and (2) the existence
of 35 only in the hemiaeetal form which contrasts with
observations obtained with 14b and 14e. Dreiding
models indicate that in the steroid nucleus when the
A and B rings are avrmatie, a great deal of strain exists

i1 Tl coduer i of 28 3% assimuml pg pegreed vis from die o face: see
1. . Counsell, Terhedior, 18, 202 (19611,

(201 J. P. Jenning, W. Klyne, amd P. M. Scopes, J. Cuwem, Soc., 7211
L1065,
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Fignre 3.—Optical rotatory sispersion curve of 29 in methanol
at 25°.

in the trans-fused C-D ring. Evidence for this con-
clusion was obtained when, in contrast to 30, equilenin
3-methyvl ether failed to form a 17-enol acetate when
refluxed with isopropenyl acetate in the presence of
strong acid.

16-Azaestrone 3-methyl ether (10a) was prepared by
reductive amination of the aldehyde acid 7a with
Raney nickel and ammonia to the amino acid 8¢ fol-
lowed by heating of the amino acid at its melting point.
Alkylation of the potassium salt of 10a with methyl
iodide gave the N-methyl lactam 10b. Conversion of
the amino acid 8¢ with nitrous acid to the lactone 9b
establishes that the stereochemistry at C-14 remains
unchanged in the transformation of 7a to 8e.

Biology —Compounds were tested orally for their
ability to lower serum cholesterol levels in adult male
rats treated with propylthiouracil.?’ Compounds which
exhibited hypocholesterolemic activity were tested for
their estrogenic activity by injection using estrone as a
standard in the mouse uterine growth assay.*?

The compounds which exhibited activity at a dose
less than 5 mg/kg in the hypocholesterolemic assay are
listed below with the dosage required for hypocholes-
terolemic activity and per cent estrogenic activity of
estrone in parentheses: 5a (2 mg/kg, 0.069;), 7a (0.2, 3),
8a (1, 0.01), 14db (MED, 0.4, <0.01), 15b (1, <0.01),
32 ( <1,0.4), 10a (2, <0.01).

The compounds which exhibited hypocholestero-
lemic activity at 10 mg/kg are listed below with their
per cent estrogenic activity of estrone in parentheses:
9b (<0.019;), 9d (<0.019,), 12b (0.03%), 13a, 14a
(<0.01%,), 17 (<0.019%,), 9e (<0.019%,).

Compounds 8a, 9b, and 14b showed no activity in
the rat vaginal-smear assay? at 1 mg, whereas 10a
showed 0.253% the activity of estrone.

(21) R. 1. Cownsell, P D, Klimsaa, R, 1L Ranovey, sl D, 1L, Cosk, /.
Med. Pharm. Chein., 8, 720 (1962),

(22) R. A. Edgren, Proc. Soc. Kxptl. Biol. Med., 92, 569 (1956),

(23) J. D. Biggers and P. J. Claringhold, J. Endocrinol., 11, 277 (1954).
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Compounds 19a and 19b exhibited no anti-desoxy-
corticosterone acetate, anabolic, androgenic, proges-
teronelike, or antiestrogenic activity.

Experimental Section?*

(+£)-17-Acetoxy-13-ethyl-3-methoxygona-1,3,5(10)-triene
(4b)—When 11 g of (=)-13-ethyl-3-methoxygona-1,3,5(10)-
trien-17-one® was substituted for estrone 3-methy! ether in the
preparation of 4a, the crude product which was obtained was

nrified by column chromatography on 750 g of silica gel in
enzene. Elntion of the colimn with 247, EtOAc¢ in benzene
ielded 2.3 g of ¢rnde 4b, mp 126-136°. Crystallization from
MeOH gave pure 4b, mp 135-136°, hnax 2.67 .
Anal. Caled for CoHxOs: C, 77.61; H, 8.29. Fonnd: C,
77.67; H, 8.36.
trans-2-Carboxy-1-formylmethyl-2-methyl-1,2,3,4,4a,9,10,10a-
octahydrophenanthren-7-ol 7-Methy! Ether (5a).—A solution of
104 g of 17-acetoxy-3-methoxyestra-1,3,5(10),16-tetraene in
600 m! of CH,Cl, was placed in a 3-1. three-necked flask equipped
with a stirrer.  While the flask was cooled in a Dry Ice-2-propanol
bath, ozone, which was generated at 110 v and a flow rate of 0.08
ft3/min, was passed through the stirred solittion. After the
absorption of ozone, as measured by an ozone meter, rose to a
constant rate in abont 2.75 hr, the sohittion was flushed with
oxygen, then nitrogen. The flask was then equipped with a
water-cooled condenser, and while stirring vigorously 110 g of
powdered Zn and 300 m! of HOAc were added. After 5 min, the
cooling bath was removed and replaced with a water bath which
was heated slowly. When the temperature of the bath rose to
about 32° a vigorous exothermic reaction ensiied. After the
luitial, exothermic reaction snbsided, the mixtire was heated at
90° for 25 min, cooled to 20°, and diluted with 800 m! of CHCls.
The filtrate was washed with three 2-1. portions of H,O and once
with 3¢ aqueous NaHCO;, dried (MgS0,), and distilled to dryness
in vacuo. The residue in 300 ml of pyridine and 150 ml of H,0
was heated on the steam bath in an atmosphere of nitrogen and
slowly diluted with 1200 ml of 109 aqueons K;CO;. The sohi-
tion was heated on the steam bath for another 25 min, and about
800 g of ice was added. The solution was washed with three
950-ml portions of CHsCl:-Et,0 (18:3) and added with vigorous
stirring to 205 ml of concentrated HCI and 300 g of ice. The
oily precipitate gradually solidified into granular crystals which
were collected by filtration, washed with water, and dried ¢n vacuo.
The crude product (80 g, mp 154-157°) was recrystallized from
ether and petroleitm ether to give pure 5a: mp 156-158°; [a]D
+79°; Amax 3.66, 5.79, and 5.88 w.
Anal. Caled for CisHzO4: C, 7212, H, 7.65.
C, 71.85; H, 7.57.
3-Methoxy-17-0xa-D-homoestra-1,3,5(10),15-tetraen-17a-one
(6a).—A mixture of 6 g of p-toluenesulfonic acid hydrate and
4.5 1. of toluene was distilled until the water was removed. As
the toluene was distilled, 20 g of 5a in 500 ml of toluene was
added over 1.5 hr; 2.5 L. of toluene wag collected over 1 hr.
The volume of the reaction solution was maintained at 4.5 1. by
addition of dry toluene. The solution was concentrated in vacuo
without external heating until it became cool. It was washed
with 1 1. of aqueous NaHCO;, dried (MgS0,), and distilled to
dryness. The residue (17.0 g) yielded, upon trituration in ether,
10.0 g of crude product, mp 140-144°. Several crystallizations
from acetone gave pure 6a: mp 158°; [a]D —109°; Amax 5.63
(s), 6.02 (w), and 6.18 (s) p.
Anal. Caled for C19H22031 C, 76.48; H, 7.43.
76.31; H, 7.78.
When catalysts such as HeSO4 AcONa-Ac,O, and AcCl were
used, a very low yield of 6a or polymeric material was obtained.
When 5a was refluxed with isopropeny! acetate in the presence

Found:

Found: C,

(24) The author wishes to thank Dr. R. T. Dillon and staff for the analy-
ses, spectra, and rotations, and Dr. E. G. Daskakis and staff for the chroma-
tography reported. ‘The infrared spectra and rotations in a 1%, solution at
25° were determined in CHCl;, unless otherwise specified. The nmr spectra
were determined in CDCl; on a Varian Model A-60 spectrometer at 60 Mec,
with tetramethylsilane as an internal standard. Melting points are cor-
rected. Davison silica gel, 60-200 mesli, was ased for eclomn cliromarogra-
pliy and silica gel G (Merck AG) was used for thin layer chromatography.

(25) H. Smith, et al., Exzperientia, 19, 394 (1963).

(26) W. S. Johnson and W. F. Johns, J. Am. Chem, Soc., 79, 2007 11957).
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»i p=tolnenesnlfonic acid, the crude product which was obtained
i1 309, vield after chromatography on Fluorosil melted at 130~
161° and was different from 6a. Its infrarved spectrim (A 5.68
w) indicated that it was probably the aceroxy lactone 11a.

trans-2-Carboxy-1-formyl-2-methy!-1,2,3,4,4a,9,10,10a-octa-
hydrophenanthren-7-0l 7-Methyl Ether (7a).---Ozonolvsix ol
6. g »f 6a according to the procedure putlined above for 1the
preparation »f 5a yielded 5.4 g of aldelivde wid, mp 175-180°,
which npon erystallization from ether and petroleam ether (Lp
B0-68°) gave 4.2 g »f produtet, mp 187-108°. Rerrvstallization
from ether (charcoal) gave 7a, nip 100-101°, Jajp +88°,

Annl. Caled for CuHypOyr C) 7100 H, T35 Fowanl: €,
T1.53: 1, 7.8,

{runs-2-Carboxy-1-hydroxymethyl-2-methyl-1,2,3,4 42,9,10,10a-
octahydrophenanthren-7-ol 7-Methyl Ether (8a).—To a =olution
of 4.0 g of NaBHy in 100 ml of FtOIT was added gradually
(stirring) 4.2 g of 7a, mip 187-180°.  After 10 min, the solid
which precipitated was dissolved by the addition of 200 ml of
H.0. The slution was stirred for 30 min, diluted with 600 1l
»f 1,0, and acidified t» pIl 2 with dilute TICL  The precipitate
was eollected, washed with water, and dried at 60° y» vacio.
The crnde produet (4 g), mp 156-160° dec, was recrystallized
foomn acetone and petrolenm ether: wmp 163-165° dee, [alv
+65.5°.

Andal. Caled for CpllyO C) 71020 H, 7.05.
.67 H, 7.67.

3-Methoxy-17-0xa-D-homoestra-1,3,5(10 j-trien-17a-one (9a}.
—~~When 5.0 g of 5a was rednced with 5.0 g of NaBH. according to
the procedure outlined frn the preparation ot 8a, 3.75 g of the
crude laetoue, mp 160-163°, was obtained.  Crystallization from
AMeOH gave pure 9a, mp 167-168°, [afp +86.5°,

Anal. Caled for CrHaOy C, 0307 T, x.00.
To.64; 11, 784,

3-Methoxy-16-oxaestra-1,3,5(10)-trien-17-one (9b).—-A 1mix-
ture of 1.0 g of 8a, 100 mg of p-toluenesulfonic acid, and 400 ml
of benzene was distilled until 100 ml of distillate was eollected.
The solition was conled, washed with aqueons NaHCOj, and
diztilled to dryness. The crystalhne residue (980 mg) melted
163-165°.  Crystallization from wretone gave pure 9b, mp 170
171°, Tay +66°.

Anal. Caled for CleO,: € 0540 H, 7.74.
75.27; M, 7.0.

( 4z )=13-Ethyl-3-methoxy-16-exagona-1,3,5(10)-trien-17-one
(9¢).-—-When 2.5 g »f 4b was substitnted for 4a in the preparatbm
of 5a, the crde crystalline aldehivde ncid 8b O\, 3.66, 5.758,
587, aud 6.21 ) was obtained. The emde 8b, substituted for
5a in the procedire for the preparation of 6a, gave 850 mg of
ennl lactone b, mip LI8-120°, Aoy 5.70 w. When the crude 6b
wax ozouized according to the procedure for the preparation of
7a and the product 7b wax treated aceording to the procednres
deseribed for the preparation of 8a aud 9a, respectively, a crnde
lactone was pbtained which when recrystallized {1 MeOTI
gave 350 mg »f 9¢, mp 136-157°. Crystallization from MeOlT
gave pire 9¢, mp 147-140°, Xy 562w

Anal. Cabal for (fwllgy( )y: (B Tv)".— 1, =.05.
TN, N200

3-Hydroxy-17-0xa-D-homoestra-1,3,5(10)-trien-17a-one
(9d).—~A solution of 3.0 g »f 9a and 14.0 g of KOIT in 80 ml of
15775 FtOAD was placed in a steel bamb equipped with a Teflon
liner and a stiring bar and was heated in a Parr bonib at 200--220°
for 24 hr with stirring. The mixture was acidified with 4 17
HCL, emcentrated by distillation, cooled to 5°) and stirred for
S0 b1, The precipitate was collected, washed with water, and
dried i racuo at 80°. Tt was recrystallized fimn acetone to give
2.0 g, mp 2740-280°, jalv +85° (pyridine).

dnal. Caled for O a0y € 7549, T, 7.74.
PE TR S S

3-Hydroxy-16-oxaestra-1,3,5(10)-trien-17-one (9e).—When
1.5 g »f 9b was treated with 7.0 g of KOH and 40 ml of 9577
EtOIl aenling to the provedure ymtlined for the preparation
of 10a, 1.4 g of 9e, mp 260 270°%, was oltaiped. Crvstallization
from acetone gave pure 9e, mp 282 254° [wjp 4+ 50.5° (pyridine),

Anal. Qaled for CplleOe O 7407 11, 740, Found: O,
75315 T, T4,

Altermatively, 6 Hnt ol Acst) was added dropwixe with stiiviog
e 21 mil of caamentrated T While the sohitioe was reflnxed,
5.0 g ot 9b wix added over 1 min. The mixticee was stirred it
refliux for 5anin, canled rapidly ta 20°, aud ponrved with stirring
itoice-water.  The precipitate was washed with water and dried
' vaeno at 80°. The crude product (2.8 g), mp 277-284°, wax

Foamwl: .

Fannd:

s

Found:

Foand:

Found: (),
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recrystallized Yrom acetnne 1o give 150 g of e 9e, mp 282
2847,

3,16 v-Dimethoxy-17-0xa-D-homoestra-1,3,5{ 10)-trien-17a-one
t11bi. Taa sidutv of 1.0 g of 53a in 3 ml of Met)H was added
25 mg ol petolurnesnltonic acid hivshrates  After sever:d muites
the provipitate which appeared was evdlected by filtration, washel
with cobl MeOI! aod then echeyr, andsined. The aude prodie
GO0 mg bmelted at 144 160°0 Crysiallization CTLCL apd MeOl
pave pare b anp 169-171°%: {aly 161°; nmre peaks at ¢
(C-15 wmethyly 212 (Ca1tg methoxy i 225 105 methoxyy, B30
sriplet, half=line widdn 5 epsi (C=16¢ hyvdrogen prps.

o Colod G CollaO €0 72700 11, 7o
T2.06; 11, ST

reins-1- 2-Hydroxy jethyl-2-hydroxymethyl-2-methyl-1,2,3 4,-
4a,9,10,10a-octahydrophenanthren-7-o0l 7-Methy! Ether (12a}.
A mixtire,d 50 g of 9a, 1.0 g of TIAI,, and 175 ml ol tetra-
livdrofiran CTHIFF) was stirred at room temperainre for 1 and
Ailnted with 200 ml of ether, Then, 1 mb ot 11O, 0.75 ml of 20¢;
aquesns NaOH, apd 5.6 ml of 1LO was added dpwise and
cantionsly with vigorons =tirring tor 1 hr. The mixtare was
filiered, and the filhate was distilled 1o dryvness. Cryxtallization
of the crade product gave 4.0 g of pure diol, mp 147°, 1ol +104°,

Anal. Caled {or CollaOy O 74096 11 920, Fomd: C,
oot L oo,

[rins=1,2-Bishydroxymethyl-2-methyl-1,2,3 4,4a,9,10,10a-octa-
hvdrophenanthren-7-o0l 7-Methyl Ether (12b).--When 5.0 g of
9b wax redied with LIAl, necording o the procedure deseribed
for the preparatbar of 12a, 4.0 g pure dicl, mp 147°, tedy
4 17°, wus adasined.

el Coled T O
PE TV B R R T i

3-Methoxy-17-oxa-D-homoestra-1,3,5(10)-triene (13a. - A
ol ol R0a my of 12a, 400 mg of p-thnenesulfonie siebl hyve
drate, awd 600 ml of bowzene was distilled =lowly over 2.5 i,
while 300 1l «f benzene was rollected. "The sohition was cooled,
waslied with aqueons NallCO;, and distilled 1o dryvpess. The
rexidne wias pirified by eohinn chromatography o 48 g of siliea
gel i benzene,  Flution of the colmwn with benzene-LEtOA«
(98:21 vielded 547 mg ol 13a.  Reerystallization foan IO-
MeOTIl gave pare 13a, mp 95° v +£102° niy peak ot G2
(‘l!,\,

dund. Caled Tor CudlaOa O
Y057 1L DN

3-Methoxy-16-0xaestra-1,3,5(10)-triene (13b). - A nuxinre s
350 mg ol 12b and 220 myg »f wethauesnltouy!l auhvdride in 2
wl of pyridine was <tirred at room temperature for 16 hr, dilnted
with water, ol extracted with C1,Cle. The organic solntion
wis witzhed with 100 ml of 0.5 A7 TICL then with H.O and
aquenns NaHCO,, dried  (MgRO,), and distiled 1o dryness.
The residue was pivified by cohann chromatography on 20 ¢ of
silica gel i1 benzene.  Elntion with benzene-1ttOAe (09:2) gave
238 mg of erade prodnet. Recrvatullization  (1560-MeOll)
gave 13b, mp 106- 107°, [a]v +47.5° umr peak at 55.5 3 11
Ca13 methyleeps,

Dod. Caled tor ClllaOa 0 0570 H 88K
b 1L vor

3-Methoxy-17-0xa-D -homoestra-1,3,5(10)-trien-17a-ol (14a..
o LS g ol 9ain 90 ml of tilinene cooled i a Dry Tee-2-propanol
Latll onuder adogen) was added  dropwise with stirring 2
<olutiog of 25C0 diizobntylaluminum hvlride in tolnene. The
solution was =tirred {or 1 hr and ponred with vigorons stirring
o somixtnre «f 100 gt ice, 100 ml of Ha0O, and 50 ml of HOA,-
After the ire melted, the organie layer was separated, washed
twice with 11O aud then with agneons NallCOy, dried (Mg=0),3,
apd distilled to divnesz @n veeo. The erude, ervstilline prodina
weighed 1.6 g\ ‘hie laver cliromatogram elnted with 15
F1OA» i1 bewzene 1hdicated that only the hemiacetal  wus
present. The erple prodnet had [a]p 4-53° Jdioxane-1.0
4010 and felu =x1° ddioxane-11.0 4:1, HC added).  Cryss
tallizatione Trom 1560 and hexane alter equilibratiomn with stong
aeid gave s sampbe: mp 1A% [y +70°0 e peaks at 57 and
GES 1015 vethvls iy ratio of abont 201, respeetively), 227
(-3 ietloay s, 25000 e UN1T (C=1Tne and =8 hydrogens, re-
spectivelyy eps: A, 2740 295w (hydmxylt and no eurbonyl
shsorpton barals,

dow. Csled D o000 )
ST T R S P

3-Methoxy-16-0xaestra-1,3,5(10)=trien-17-0l (14b).- U~y
ioselintion of 7.2 & of 9b in 400 ml of roluene and 35 ml o] 25¢
diisobntylabmimun hydride in tohiene and following the pro-

o
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(
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cedure described for the preparation of 14a, 7.0 g of crystalline
product, mp 127-133°, was obtained. Crystallization from
acetone and hexane gave 14b: mp 139°; [«]p +10.5°; [a]lD
4+13.5° (dioxane-H:0 4:1); Anax 2.73, 2.94 (hydroxyl), and
5.79 u (weak, aldehyde); AEZ 2.97, 3.05 u (hydroxyvl) and uo
carbonyl absorption; nmr peaks at 55 (C-18 methyl), 68 (very
weak, C-18 methyl), 226.5 (C-3 methoxy), 300.5 and 303.5
(C-178 hydrogen) cps. The rotation was unchanged over 1 hr
after 1 drop of concentrated HCI was added to the solution of
the lactol in aqueous dioxane.

Anal. Caled for CisHuOs: C, 74.97; H, 839. Found: C,
75.23; H, 8.32.

(#%)-13-Ethyl-16-0xagona-1,3,5(10)-trien-17-0} (14¢).—When
1.0 g of 9¢ was reduced accordinug to the procedure for the prepara-
tion of 14b, 800 mg of 14¢ was obtained. Crystallization from
acetone-hexane gave pure 14¢: mp 174-176°; Apay 2.78, 2,95,
5.85 u (weak): hoox 2,98, 3.08 u; nmr peaks at 58 (triplet, C-18
methyl), 312.5 and 313.5 (doublet, C-17 hydrogen) cps.

Anal. Caled for CioHy05: C, 75.46; H, 8.67. Fouund: C,
75.39; H, 8.64.

3,17a8-Dimethoxy-17-oxa-D-homoestra-1,3,5(10)-triene (14d)
and 3,17aa-Dimethoxy-17 - oxa-D -homoestra-1,3,5(10) - triene
(14e).—A solution of 4.25 g of 14a, mp 135-141°, and 100 mg
of p-toluenesulfonic acid hydrate in 100 ml of MeOH was con-
centrated by distillation to about 30 ml, then cooled. The crystal-
line product was collected by filtration, washed with cold MeOH,
and dried. It weighed 3.7 g, mp 103-104°. The nmr spectrnm
in CDCI; exhibited peaks at 61.5 and 56 cps indicating the pres-
euce of isomers at C-17a iu the ratic of about 2:1. Separation of
the 17aa~ and ~8-methoxy isomers was accomplished by colunm
chromatography of 3.7 g of the mixture in beuzene solution on
430 g of Woelm basic alumina (activity 1). Development of the
column was followed by nmr spectroscopy. Elution of the column
with benzene yielded the 17ae-methoxy isomer (mp 87-88°) and
then a mixture of isomers, which was chromatographed again
to yield additional 17aa-methoxy isomer and 600 mg of the 17aa-
niethoxy isomer (mp 168-169°). Crystallization of each crude
fraction from methanol containing a trace of pyridine gave ana-
Iytical samples of 14e: mp 93-94°; [a]D —10.5°; umr peaks at
61.5 (C-13 methyl), 204 (C-17aa methoxy), 224.5 (C-3 methoxy),
246 (C-17a8 hydrogen) cps; and 14d: mp 174-175°; [a]D
+108.5°; nmr peaks at 56 (C-13 methyl), 208.5 (C-17a8 me-
thoxy), 224.5 (C-3 methoxy), 230 (C-17aa hydrogen) cps.

Anal. Caled for CyHyO;3: C, 75.90; H, 8.92. Found for
14d: C, 75.90; H, 9.13. Found for 15b: C, 75.78; H, 8.80.

3,173-Dimethoxy-16-oxaestra-1,3,5(10)-triene (14f) and 3,17 -
Dimethoxy-16-oxestra-1,3,5(10)-triene (14g).—A solution of
3.0 g of 14b and 20 mg of p-toluenesulfonic acid hydrate i1 150
ml of MeOH was concentrated by distillation to 30 ml in 15 min
and cooled. The crystalline precipitated was collected, washed
with MeOH, and dried. The critde product (1.5 g, mp 38-102°)
was recrystallized from CH,Cl; and MeOH to give 14g: mp 108-
109°; [a]p —34°; nmr peaks at 55 (C-13 methy!l), 203.5 (C-17«
methoxy), 227 (C-3 methoxy), 270 (C-178 hydrogen) cps.

Anal. Caled for CsHp0;5: C, 75.46; H, 8.67. Found: C,
75.79; H, 8.87.

A 500-mg sample of the mother liquors containing the 17a-
and 178-methoxy isomers was separated by preparative thin
layer chromatgraphy using 8 X 8 in. plates coated with 200 u
of aluminum oxide G (Brinkmann) aud developing the plates
with benzene. The plates were spotted with phosphomolybdic
acid in EtOH to ideutify the desirable fraction. The slower
moving alumina fraction was collected and extracted with 200 ml
of benzene-EtOAc (19:1) for 30 min at room temperature. The
organic extract, when distilled to dryness, yielded 45 mg of crude
product. Crystallization from ether and hexane gave pure 14f:
np 142-144°; [a]p +79.5°; nmr peaks at 54.5 (C-13 methyl),
210 (C-173 methoxy), 226 (C-3 methoxy ), 275 (C-17a hydrogen)
cps.
Anal. Caled for CioHpOs: C, 75.46; H, 8.67. Found: C,
75.00: H, 8.54.

When 3 mg of 14f was heated for several minutes in MeOH
containing 1 mg of p-toluenesulfonic acid, a thin layer chromato-
gram of the product indicated that an equilibrium mixture of 14f
and 14g was obtained.

17a-Methoxy-16-oxaestra-1,3,5(10)-trien-3-0l (15a).—A mix-
ture of 0.3 g of 14g, 9 g of KOH, and 50 ml of 959, EtOH was
placed in a Teflon liner in a hydrogenation bomb equipped with
u stirring bar and was heated with stirring at 225° for 24 hr.
The reaction mixture was distilled to dryuess in vacuo. The
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residue was dissolved in 50 ml of H;O. The solution was acidified
to pH 5 with HOA¢ and extracted with CHCl;, The CHCl;
extract was washed with H,O and aqueous NaHCO; dried
(MgS0.), and distilled to dryness. The product was recrystal-
lized twice from ether-hexane to yield 1.7 g of 15a: mp 146-
146.5°; Mnax 2.73, 2.8 .

Anal. Caled for C;sHuOs: C, 74.97; H, 8.39.

74.93; H, 8.29.
16-Oxaestra-1,3,5(10)-triene-3,17-diol (15b)..—A solution of
2.0 g of 15a 11 40 ml of 1 3/ HCI and 300 ml of THF was distilled
slowly over 35 min until 100 ml of distillate was collected. The
solution was neutralized with aqueous NaHCO; and extracted
with CHCL. The CHCL; extract was separated, dried (MgSO,),
and distilled to dryness. The product was recrystallized from
ether and CHCL; to give 500 mg of pure material: mp 165-168°;
[alp +8.5° (dioxane); ALY 3.00 (broad), 3.79 (weak), 6.18 u;
nmr (deaterioacetone) peaks at 33 and 65 (C-13 methyl; ratio
abonut 4:1, respectively), 565 (0.2 H, aldehyde) cps.

Anal. Cﬁlﬂd for C],‘Hz:Ogi C, 7442, H, 8.08.
74.48; H, 8.08.

trans-1-Acetoxymethyl-2-formyl-2-methyl-1,2,3,4,4a,9,10,10a-
octahydrophenanthren-7-0! 7-Methyl Ether (17).—A solution of
1.7 g of 14b, 8 ml of pyridine, and 4 ml of Acy() was kept at 100°
for 2 hr, cooled, and slowly diluted with ice and H,O. Tritura-
tion of the oil which precipitated yielded crystals which were
collected by filtration and dried. The crude product, a mixture
of 17 and 18, weighed 1.6 g and had umr peaks at 58 and 65
(0.16 H and 0.82 H, respectively, C-13 methyl), 118 and 125
(acetate), 354 (0.18 H, C-17 hydrogen, 16¢) cps. Recrystalliza-
tion of the mixture from acetone-hexane—ether gave 1.0 g of pure
18: mp 117°; [a]p +77.5°; nmr peaks at 65 (C-13 methyl),
114 (acetate), 226 (C-3 methoxy), 223-268 (multiplet, 2 H
methyleneoxy), 564 (1 H, aldehyde) cps.

Anal. Cal()d for CsoHQeO4I C, 72.7()} I{, 7.93.
72.44; 11, 7.86.

17a-Methoxy-16-oxaestr-4-en-3-one (19a).—To a solution of
15 ml of t-butyl aleohol, 100 ml of THF, and 300 m! of redistilled
NH; was added with stirring a solution of 10 g of 14g in 700 ml
of tetrahydrofuran followed by sufficient Li (about 1 g) to keep
the solution blue for 1 hr. Methanol was added to destroy
excess Li, and the solution was distilled to dryness. The residue
was warmed on a steam bath with 200 ml of MeOH-4 M HCI
(95:5) for 30 min in a nitrogen atmosphere, carefully neutralized
with aqueous NaHCOQ;, and concentrated by distillation. The
product was collected by filtration, dried, and recrystallized twice
from acetone-hexane to yield 3.5 g of 19a: mp 154-156°; [a]D
—54°; Amax 239 mu (e 16,700); nmr peaks at 57 (C-13 methyl),
202 (C-17a methoxy), 270 (C-178 hydrogen) cps.

Anal. Caled for CiHp0s: C, 74.44; H, 9.03.
74.54; H, 9.26.

17-Hydroxy-16-oxaestr-4-en-3-one (19b).—A solution of 2.5 g
of crude 19a, 150 ml of THF, and 50 ml of 0.5 M HCI was cou-
centrated by slow distillation to 100 ml over 45 min, cooled,
nentralized with aqueous NaHCO;, and extracted with CHCl,,
The CHCl; was dried (MgSO,) and distilled to dryness. The
residue was purified by column chromatography on 100 g of
silica gel in benzene. Elution of the column with benzene-
EtOAc (5:1) gave 1.3 g of crude 19b. Crystallization from ether
gave an analytical sample: mp 124-126°; [a]pD —35.0°; Apax
2.78, 2.93, 5.80 (weak), 5.97 u.

Anal. Caled for C:HO;5: C, 73.88; H, 8.75.
73.94; H, 8.78.

16-Oxaestr-4-en-3-one (19¢)—Compound 13b (1.2 g) was
substituted for 14g in the procedure described for the preparation
»f 19a. When the solution of the conjugated ketone in MeOll
and HCl was nentralized with bicarbouate, a crystalline pre-
cipitate was obtained, collected by filtration, and dried 7n vacuo.
Crystallization of the product (1.0 g) gave 800 mg of pure 19¢,
mp 121-125°, Amax 238.5 mu (e 16,200).

Anal. Caled for C;7H0s: C, 7842; H, 9.29. Found: C,
78.24; H, 9.21.

17 «-Methoxy-16-0xa-5a-estran-38-0l (20a).—To a solution of
20 ml of t-butyl alcohol, 70 m!l of THF, and 200 ml of redistilled
NH; was added with stirring a solution of 3.5 g of 19a in 50 ml
of THF followed by sufficient L1 wire to keep the solution blue for
1 hr. The excess Li was destroyed with MeOH, and the mixture
was slowly distilled to dryness. The residue was extracted with
CHCI; and HyO. The organic layer was separated, dried (Mg-
20y4), and distilled to dryness. The residue was purified by
column chromatography on 150 g of alumina. Elution with

Foid: C,

Found: ¢,

Found: C,

Fouud: C,

Found: C,
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benzene-1StOAr (10:1) yielded 700 mg of emmde produet, wp
130-135° Crystallizatbn from acetone-hexane gave 20a:
142-143° Jaln —=76.0°% Ay 2,76, 2,00 u (hycdhroxyD): unr
peaks at 53 (C-133 methyl), 266 (C-178 hydrogen) c¢ps.

Anal. Caled for CiaHyOy: C, 73.43: T, 1027, Foind: (.
w720 1, 1024

16-Oxa-5a-estran-33-0l (20b).-—~When 350 mg »f 19¢ was

snbxtituted for 19a in the procedure fov the preparation of 20a,
300 mg of ernde alechol, mp 150-152°, was obtained.  Crystal-
lization from acetone~hexane gave 20b, mp 155-158° N«
DNT

Anal. Caled for CallyOy: G, 70220 1,
TTOG 1T, 1058,

{runs=1-(2-Hydroxy jethyl-2.(1-hydroxy-1-methyl)ethyl-2-
methyl-1,2,3,4,4a,9,10,10a-octahydrophenanthren-7-0l 7-Methyl
Ether (21a).—~When 4.0 g of 9a wax treated with methvimag-
nesimm bromide according to the procedure desceribed for the
preparation of 21b, 4.3 g of 21a wax obtained. Recrystallization
from ether gave pure 21a, mp 125-129°,

el Caled fir CyHwOy: €, 75860 H, 0.70.
T6.02:0 1,009,

{rans-1-Hydroxymethyl-2-(1-hydroxy-1-methyl)ethyl-2-meth-
y1-1,2,3,4,4a,9,10,10a -octahydrophenanthren-7 -0l 7-Methy!l
Ether (21b).--A solution of 2.1 g of 9b, 20 ml of 3 3/ methyl-
magvesini bromide in ether, and 100 mi of THEF was stirred at
25° Tor 3 1o and ponred carvefnlly with =tirring into 250 ml of
satirated agquesns NILCL The ceparated, agneous layer was
waxlied with three 75-ml portions »f CH.Cl.. The combined
organic extrart was washed with =aturated agueonsx NH,Cl,
dried (MgR0y), and distiled to dryvuess.  The residne, when
tritnrated i ether, vielded 1.5 g of diol, mp 163-165°. Cry=tal-
lization from ether gave 21b, mp 166-160°, [a]np —0°.

Anal. Caled by CoHpO)y: C, 7586 T, 950, Fohand:
To.620 1, 048,

3-Methoxy-17a3-methyl-17-0xa-D-homoestran-1,3,5(10)-17aa-
ol (23a).- When 4.1 g of 2la was acvlated, then dehvdrated
arentding tu the procedure deseribed for the preparation of 22b,
5.7 g of rrnde 228 Mo 578, 6,11, 6.19 1) was pbtained. Tt was
ozonized and hydmlyzed according to the procednre described
for the preparation of 23¢ to yield 3.3 g of 23a ax amorphons
prodint. The ermde prodnet was purified by polimne chroma-
1ography o silica gel (250 g) in benzene.  Flution of the colunm
with 10 and 207, FtOAe In benzene gave 1.7 g of crvxtalline
prodint: Aax 2,78, 2.90 4. Recerystallization from ether—hexane
give 23a: mp 105-106°: [a)p +7° nmr peaks at 62 (C-13
wethyl), 79 (C-17 methyl) ¢p=.

Anal. Caled Hor Co Oy C,
75.50: H, X80,

3.17a-Dimethoxy-173-methyl-17-0xa-D-homoestra-1,3,5(10 )-
triene (23b).--When 2 solution of 1.7 g »f 23a in 20 ml of NeO)H
wis warnled i 10 min, concentrated, and cooled, the crystalline
prohut which appeared was collected aud dried; yield 650 mg,
mp 10C-105°  Rerervstallization  from MeOH-CH,Cla  gave
23b: i 11812070 Jolp —14.5° nmre peaks at 62 {C-13
wetlivl:, 71 0738 methyll, 105 (C-17@ methoxy) eps.

danl. Caled for CollaOy: C0 06320 H, 09050 Found: )
Te.050 1, DR

3-Methoxy-17-methyl-16-oxaestra-1,3,5(10)-trien-17-0l (23c)
or (ryns-2-Acetyl-1-hydroxymethyl-2-methyl-1,2,3,4,4a,9,10,10a-
octahydrophenanthren-7-o0l 7-Methyl Ether (25a).—A solution
ol 3.5 g of 21b i 10 wil of pyridine and 5 ml of Acy() was left at
mom toperptnre for 20 Iy then blilmed with 200 ml of HaO,
aned exten-ted with CHCL. The CHCL was washed successively
witl exress 1T N HCL HaO, sl aquents Nal{CO)y, dried (MgSO,5,
andd distilled to deviess. The crnde movoacetate nnae 2.7, 2.8,
207 w50 g, was dissolved in 15 mlb of pyridine. ‘T'o the resnlting
sohithn was added with <tirring at =152, 2.0 g of SOCL i 10
vl of pyridine.  After 5 i, the <olution was diluted with 200
il ol CHCL. The CHCL, washed with satnrated aqueons Na-
HCOy, dried (Mg=O3, and distilled to deyuess in varo, vielded
3.2 g of 20D i 50T 6010, 6.2, 6,35 w) which was used withont
farther purification.  Ozone, which wis generated in a Welsbach
vzone generator set at R0 v and a How rate of 0.04 3 /min, was
passed throngh a =ohition of 3.2 g of ernde 20b in 70 ml of CHa( 1.,
cooled 1y a Dry Tee-2-propanol bath for 15 min.  The solution
was Hished with pitegen, then <tirred at reflux for 5 min with
2ot Zuond S mlol HOA: The mintire was dilnted with CHCs,
and the Diltrate wis washed with 110 then agqneons NallCo,,
dried (Mg=O)yp), and distilled to dryness, ‘The residae (2.1 g:
Newx 20X 500 @) was warmed in HaO-MeOTT containing 3 g of

10.67. Found: C.

Found: 11,

THhul: H, 892, Fomwdd: C.

Joun 8. Banran

\'(11. 10

KOH for 5 min under vitrogen,  ‘The solntion was aciditied with
agneons HCland extracted with CHCl;. The CHCL; was washed
with NalICO,, dried (MgS04), and distiled to diyness. Tl
residne, 2.0 g, was dissolved 1 bruzene aud pirified by colmng,
rlvomatography v 150 g of silien gel. Ebdion with benzene
EtOAC19: 1) vielded 350 nig of 23¢ (25a5, mp 118-125°. Crystal
lization foan aretone and petrolemn ether gave an analvioal
sumpler mp 122-123°0 [a]b 443%0 Aay 2278, 200, 520, 6.21
i nmn peaks at 32 and 725 C-13 methyl, ratio ~1:2, respectively s,
Ny O methyl, weak), 135 amethybabonyls 2260 « 23
methoxy) ep=.

Arnal. Caled for CudlsOe O
ISR § I
3,17a-Dimethoxy-17-methyl-16-oxaestra-1,3,5(10 )-triene (23d).
A mixture of 1.9 g of 28¢ and 25 mg of p-toluenesulfonic acid
hydrate in 25 ml of CH.CL and 20 ml of MeOH was ameentrated
Ly slow dixtillation, The eryvstalline precipitate was collected
and rearyvstallized twice from CHLCL-MeOH containing a trace
nf petolienesulfouic acid to give 1.55 g of prodnet, mp 165-170°
Another cryvstallization (charenaly gave 23d: mp 1631667,
[alp —2x° mmnr peaks at 52 (C-13 methyl), 77 (C-17 methyly,
197 «C-17 methoxy ) eps.

dnal. Caled o Cadda)y: C
76.16. H, 9.02.

3-Methoxy-173-(3-buteny!)-16-0xaestra-1,3,5(10)-trien-17 a-ol
(23e) or !rans-2-(3-Butenyl)carbonyl-1-hydroxymethyl-2-
methyl-1,2,3,4,4a,10,10a-octahydrophenanthren-7-0l 7-Methyl
Ether (24).--A solution of 3.0 g of 9b, 50 ml of 3 M vinyhuag-
nesiut chloride in THEF (M and T Corp.), and 3 ml of TIHF
was stirred fnitrogen atmosphere) tor 3 hr and poured gradually
with stirring isto a mixture of 100 ml of Ha0O and 600 g of ice.
Acidification with 25 ml of HOAc gave, by filtrathon and drving
i ewo, 3.8 g of prosduct which was purified by colummn eliroma-
trgraphy sm 240 g of silica gel in benzene. Elntion »f the rolm
with benzene-ltOAe¢ (19:1) yvielded about 2.5 g prodoet, nip
106-109° Recrystallization from ether-acetone gave ¢ analyi-
Teal =aniple: mp 108-110°: [a]v +113°0 Ao 274 5.8%, 6.08
o ARTO206, G0N, 6.2, 6.33 wo nnr peaks at o4 s ~0.12 11,
C=13 methyh, 65 1 ~058 L, C-13 methyly, 295-315 Guultiples,
3 HL vinyl ivdmgenss ¢ps,

A, Caled for CoHye: €
T, 020 1L RTS, 9,06,

3,17a-Dimethoxy-173-(3-butenyl)-16-oxaestra-1,3,5(10)-triene
(23f).—Wlien 50 mig of 24 wax methylated according to the pu-
cednre described for the preparation »f 23d, 1t yielded 45 mg of
23 mp 108-110%; jwlv — 15° nmr peaks at 5.5 (C=13 methvl;,
195 (C-17 @ methoxy ), 295-311 (multiplet, 3 H, vinyl hydrogens)
('l).\.

daad. Caled {or CoyHeO;: )
TT40; H, 882
3-Methoxy-17-(3-butyl)-16-0xaestra-1,3,5(10)-trien-17-0! (23g)
or [{rans-2+(3-n-Butyl)carbonyl-1-hydroxymethyl-2-methyl-1,2,-
3,4,42,9,10,10a-octahydrophenanthren-7-0l 7-Methy! Ether (25b).

Amixture of 300 mg of 24, 100 g of 50 Pd-CaCO), and 40
ml of EtOAe absabed 1 equiv of hvdrogen in 45 min.  ‘T'he
mixture was filtered, and the filtrate was distilled o dryvpess.
The produet (275 mg, wp 100-102°7 when recrystallized from
acetone-hexane melted at 106-108°: [a]v +40° Mew 2,77,
588w ART2.06 4, no carbouyl; nm peaks at 54 and 72 t~1.]
I and 0.9 T, respertively) eps.

And. Cabed for CoaleOg O, 76,700 Ho 956,
T6.60: H, 0035,

3,17a-Dimethoxy-173-(n-butyl)-16-o0xaestra-1,3,5(10)-triene

(23h).—When 75 mg of 28g was methylated acenrding ts the
procedure deseribed for the preparatimn of 23d, 530 mg of posdnet,
mp 125-126°, wax pbtained.  Rerrvstallization from CHLCL
MeOH gave 283h: myp 126-127° jolp —14.5°0 mmr penks at
55 (C-13 methyl), 105 (C=17a methoxy) eps.

Adnal. Caled b CyllyOp G, 77050 H, 9.56.
T2 11, 076,

3-Methoxy-16-oxaestra-1,3.5(10)-trien-15-one (26).-- A ho1

soltntion o 20U pig »f 12 1 25 vl of aeetone wasroolel, ol D26
ml ot 8 N agpreons chramnie asd 4 1S00 was added with stirrmg,.
After 5 nun, the mixtuce was diluted with 0.5 ml of 2-propanol,
then with HaO) mntil a crvstalline precipitated appeared. The
prodipet (225 mg, myp 1571380 recrystallized Trone MeOH gave
26, mp 481407, {o] v +25.5°, M 5,04 w

dnol. Caled for CollaO €, 75490 H T4

200 H, 70T

o400 1, X070 Pound: ()

(

o0 M, Ro20 Foawl: )

Ol )RS3 Found: O

o400 1, 905 Foand: .

IFomnd: ()

o ()

FFomd O
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3-Methoxy-16-o0xa-143-estra-1,3,5(10)-trien-15-one (27)—A
mixture of 200 mg of 26, 200 mg of potassium t-butoxide, and 20
ml of ¢-butyl alcohol was stirred at reflux (nitrogen atmosphere),
cooled, and acidified with 2 ml of 4 M HCl. The solution was
evaporated to dryness, and the residue was triturated with H,O,
collected by filtration, and dried. The product (195 mg) melted
at 148-1354°, A mixture melting point with 26 was 116-124°.
Recrystallization from CH,Cli-MeOH, gave 27, mp 161°, [«]|D
+200°, Amax 5.67 . :

cis-1,2-Bishydroxymethyl-2-methyl-1,2,3,4,4a,9,10,10a-octa-

hydrophenanthren-7-0l 7-Methyl Ether (28).—When 750 mg of
27 was reduced according to the procedure described for the
preparation of the diol 12a and the crude product was triturated
in acetone—ether, 710 mg of 28, mp 178-180°, was obtained;
after recrystallization from acetone, mp 180-181°, [«]Dp +140°.
A mixture melting point with 12b was 130-133°,

Anal. Caled for CisHyOs: C, 74.44; H, 9.03. Found: C,
74.28; H, 8.87.

38-Hydroxy-16-0xa-5«,10a-estran-17-one (29).—A mixture of
450 mg of 9e, 500 mg of ruthenium oxide catalyst, and 50 ml of
dioxane was shaken with hydrogen at 1040 psi (maximum) at
104° for 7 hr and cooled. The mixture was filtered, and the
filtrate was distilled to dryness in vacuo. The residue was
purified by column chromatography on 61 g of silica gel in
benzene. Eluion with benzene-EtOAc (19:1) gave 232 mg of
product. Crystallization from acetone-hexane gave an analytical
sample, 80 mg, mp 204-205°, Anax 3.64 .

Anal. Caled for CyHyOs: C, 73.62; H, 9.47.
73.34; H, 9.41.

17-Acetoxy-3-methoxy-143-estra-1,3,5(10),6,8,16-hexaene (31).
—A solution of 15 g of 14«isoequilenin 3-methyl ether,?” 800 ml of
isopropenyl acetate, and 4 g of p-toluenesulfonic acid was
distilled for 6 hr (400 ml of distillate). After 4 days at 25°, it
was concentrated to about 30 ml and diluted with ether. The
ether was washed with aqueous NaHCO;, dried (MgS0.), and
distilled to dryness., The residue was dissolved in 500 ml of
cyclohexane and filtered through 300 g of Fluorosit (60-100
mesh). The Fhiorosil was washed with 1.2 1. of cyclohexane.
The ey clohexane was distilled to dryness. The residue, triturated
with MeOH, yielded a first crop of enol acetate (6 g, mp 85-87°).
Two recrystallizations from MeOH-CH,Cl; gave 31, mp 92—
93°, [a]D +229°.

Anal. Caled for CyHO;: C, 78.23; H, 6.88. Found: C,
78.29; H, 6.84.

cis-2-Carboxy-1-formylmethyl-2-methyl-1,2,3 4-tetrahydro-

phenanthren-7-0l 7-Methy! Ether (32).—When 3.2 g of 31 was
ozonized according to the procedure for the preparation of 5a,
2.5 g of crude aldehyde acid, mp 169-171°, was obtained. Crys-

Found: C,

tallization from acetone gave 32: mp 173-174°; [a]D —7°
(dioxane); Aee 2.88, 3.03, 5.76, 5.85, 6.21 p.
Anal. Caled for CyHyO,: C, 73.06; H, 6.45. Found: C,

72.81; H, 6.57.

3-Methoxy-17-0xa-D-homo-143-estra-1,3,5(10),6,8,15-hexaen-
17a-one (33)..—When 8.2 g of 32 was substituted for 5a in the
preparation of 6a, a crystalline product was obtained which was
purified by column chromatography on 630 g of silica gel in
benzene. Elution of the column with benzene-EtOAc (98:2)
gave 7 g of enol lactone, mp 184-189°; from acetone-hexane,
mp 184-187°, [a]D +344°.

Anal. Caled for CyHis0;: C, 77.53; H, 6.16. Found: C,
77.35; H, 5.96.
3-Methoxy-16-0xa-145-estra-1,3,5(10),6,8-pentaen-17-one (34).
—When the enol lactone 33 was substituted for 6a in the prep-
aration of 7a and 9a, 900 mg of 34, mp 184-186°, was obtained.

(27) A. Butenandt, A, Wolff, and P. Karlson, Ber., T4, 1308 (1941).
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Crystallization of the crude product from acetone-hexane gave
34, mp 184-186°, [a]D +228°, Auax 5.67 4.

Anal. Caled for C:H;305: C, 76.57; H, 6.43. Found: C,
76.29; H, 6.34.

3-Methoxy-16-0xa-143-estra-1,3,5(10),6,8-pentaen-17-o0l (35).
—When 1.1 g of 34 was substituted!for 9b in the preparation of
14b, and the product was recrystallized from acetone-hexane,
390 mg of 35 was obtained: mp 183-183°; [alp +106.5°;
Amax 2.78, 2.95 p (hydroxyl); nmr peak at 69 (3 H, C-13 methyl).

Anal. Caled for CisHyO;: C, 76.03; H, 7.09. Found: C,
70.79; H, 6.232.

trans-1-Aminomethyl-2-.carboxy-2-methyl-1,2,3.4,4a,9,10,10a-
octahydrophenanthren-7-ol 7-Methy! Ether (8¢) and 3-Methoxy-
16-azaestra-1,3,5(10)-trien-17-one (10a).2—A mixture of 10 g of
7a, 3 teaspoonsful of Raney nickel (W-2), 325 ml of concentrated
NH,0H, and 650 ml of MeOH was shaken at 860 psi (maximum)
(72°) for 8 hr in a 2-l. Parr bomb, cooled, and filtered. The
filtrate was concentrated by distillation. The amino acid 8e,
which was collected by filtration and dried, weighed 7.5 g and
nielted at 140-144° (gas evolution). A solution of 7.5 g of 8¢ in
400 ml of xylene was coucentrated by distillation over 45 min;
200 m! of xylene was collected. The solution was then distilled
to dryness. The residue, triturated in acetone, yielded 3.25 g of
product, mp 190-200°. Crystallization from acetone gave 10a:
mp 210-212°; [a] D +70.5°; Amax 2.91, 3.10, 5.88, u.

Anal. Caled for CsHxNO,: C, 75.75; H, 8.12; N, 4.91.
Found: C, 76.09; H, 8.20; N, 4.91.

Hydrochloride of 8c.—A solution of 300 mg of 10a and 10 ml
of concentrated HCl was refluxed for 1 hr and cooled. The
crystalline precipitate which was collected by filtration and
washed with water weighed 100 mg, mp 208-210°. Trituration
in acetone gave an analytical sample, mp 212-214°.

Anal. Caled for CisHyCINO;s: C, 63.61; H, 7.71; Cl, 10.43;
N, 4.12. Found: C, 63.59; H, 7.83; CI, 10.67; N, 4.38.

N-Methyl-3-methoxy-16-azaestra-1,3,5(10)-trien-17-one (10b).
—A solution of 400 mg of 10a, 100 mg of NaH in mineral oil
(55%), and 200 ml of dry toluene was refluxed for 45 min. Then
10 ml of Mel was added. The mixture was refluxed for 30 miu,
cooled, washed with H,0, dried (MgSO;), and distilled to dryness.
Trituration in ether yielded 320 mg of 10b, mp 165-170°; from
acetone-hexaue, mp 174-176°, [a]D +46.5°, Amax 5.88 p.

Anal. Caled for CoHyxNO.: C, 76.3; H, 843; N, 4.68.
Found: C, 76.11; H, 8.48; N, 4.60.

Conversion of 8c to 9b with Nitrous Acid.—To 400 mg of 10a
in 10 ml of HyO-HOAc (1:1) was added gradually with stirring
at 25° 400 mg of NaNOQO,, After 15 min, the solution was diluted
with H,O and extracted with CHCL. The CHCl; was washed
with H.O, dried (Mg80,), and distilled to dryuess. The residue
was refluxed with 10 mg of p-toluenesnlfonic acid in 200 ml
of beuzene. The benzene was concentrated to 100 ml by distilla-
tion, washed with aqueous NaHCO;, dried (MgS80,), and distilled
to dryness. The residue, when triturated in MeOH, yielded 30
mg of crystalline prodnet whose mixture melting point with 9b
and infrared spectrum (KBr disk) was indistinguishable from
those of 9b.
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(28) R. W, Kierstead, A. Faraone, and A. Boris, J. Med. Ckem., 10, 177
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