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g/1. at pH 6. Thus, this metabolite of tolbutamide,
as well as the carboxy metabolite, is very soluble at
normal urinary pH values. Both IT™ and ITI'® have
been reported to have no hypoglycemic activity.
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The reaction of estra-4,9(10)-dien-3-ones with peraecid affords 9e,10«-oxide compounds in high yield. Upon
treatment of the oxides with base or acid, A%CV-estradiols or ethers of these diols, respectively, are obtained.
With pyrrolidine the oxides rearranged to yield 3-pyrrolidinoestra-1,3,5(10)-trien-9«-ols and 3-pyrrolidinoestra-

1,3,5(10),9(11)-tetraenes.

The reaction of various estra-4,9(10)-dien-3-ones!
with peracids results in the preparation of mono-
epoxides in high yield. Because of the importance of
several estrenes or 19-nor steroids in various biological
areas, including anabolic? and ovulation inhibition,?
an investigation of the structure, the chemistry, and
the pharmacology of these epoxides was undertaken.

The epoxidation of double bonds in a variety of dif-
ferent positions in the steroid nucleus gives oxides
whose resultant stereochemistry is frequently attributed
to steric factors alone. The epoxidation of the 5(10)
double bond of estrenes results in almost exclusive
formation of 38,108-epoxides. On the other hand,
the 9(11) double bond of a number of steroids on
epoxidation affords 9e,11a-oxides. A recent example
of epoxidation of a possible incipient 9(10) double
bond of an estrene was found to yield a 93,108~epoxide.?
This case, however, was not clearly an epoxidation of
a 9(10) double bond and could also be the result of
B-face attack of peracid at C-10. The reaction of a
9(10) double bond with peracid could then be an indi-
cation of the steric factors operating in this system.
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The epoxides in this report, which were obtained by
reaction of the estra-4,9(10)-dien-3-ones and m-chloro-
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The pharmacology of these compounds is summarized.

perbenzoic acid in about 809 yield, were found to
possess 9,10« stereochemistry indicating a-face attack
by the peracid.® This epoxidation was carried out with
the compounds indicated.

The stereochemistry of the epoxides was not readily
apparent using the available physicochemical methods.
While the compounds IT gave ORD curves similar to
that of 10a-testosterone,” the effect of oxides at this
position in relation to the absorbing chromophore
was not known. Further, the conformational mobility
of the A ring could also interfere with interpretations
of these spectra. The nmr spectra were similarly
equivocal showing a broadened 4-vinyl proton?® with no
pronounced shifts of the positions of the 18-methyl
protons when compared to the spectrum of the ap-
propriate 19-nortestosterone. Thus, chemical trans-
formations were uecessary in order to complete the
stereochemical agsignment.

Compound ITa was treated with excess lithium
aluminum hydride, and the resultant product in turn
was treated with manganese dioxide to reoxidize the
allylic hydroxyl grouping. The substituted 19-nor-
testosterone compound obtained was an e,8-unsatu-
rated ketone as evidenced by its ultraviolet spectrum.
“xamination of its ORD spectrum indicated stereo-
chemistry identical with that of 19-nortestosterone,
namely 9¢,108. It has been demonstrated that the
108-hydroxy grouping does not alter the shape and di-
rection of the ORD curve* and similar behavior would
be expected for the C-9 hydroxyl substitution.

The kunown estra-4-ene-108,178-diol-3-one* was pre-
pared. Although this gave a similar ORD curve.
its physieal constants differed considerably. Thus
IIIa must have the alternate estra-4-ene-9«,178-diol-3-
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one structure, and the oxide, in turn, must have the
9a,10« stereochemistry.

The other epoxides IIb and IIc showed no signifi-
cant differences in their nmr spectra, except for the
added methyl and ethynyl proton peaks, and ORD
spectra with those of ITa; thus by analogy to IIa these
epoxides also possess the 9¢.10a stereochemistry. It
is interesting to note that although «,5-oxido ketones
led to an inversion of signs in applying Octant rule
principles,® the present oxides do not appreciably modify
the ORD curves of the stereochemically related «,8-
unsaturated ketones.

The 9e,10a-epoxides were found to be relatively
readily available intermediates for a variety of interest-
ing transformations. The epoxides react rapidly
under both acidic and basic conditions. This reac-
tivity can be demonstrated by adding a few drops of
dilute potassium hydroxide solution to an ethanolic
solution of Ila. Determination of the ultraviolet
spectrum of an aliquot sample shows the presence of a
typical A-ring phenoxide species. Addition of dilute
mineral acid at this point with subsequent ultraviolet
determination revealed the presence of still another
chromophore, the A?9(V-estratrien-3-0l chromophore.
Addition of acid alone to the original sample did not
result in any reaction under these mild conditions.
Attempts to isolate the intermediates to the A%(U-
estradiols, presumably the 9a-hydroestradiols, were
not successful,

These pilot studies of chemical changes as evidenced
by the ultraviolet spectra can be readily transformed
to preparative-scale syntheses. Treatment of the
epoxide ITa with potassium hydroxide in methanol and
subsequent isolation of the product results in a good
yvield of the A%1D-estradiol (IV) (see Scheme I).
Treatment of ITa with acid in methanolic perchloric
acid, on the other hand, yields the A®*(D-estradiol 3-
methyl ether (V). Other ethers can be obtained by
using different alecohols as solvent.

The 9a,10a-epoxides can be further treated with
various organic amines, particularly with pyrrolidine,
in order to obtain 3-amino-substituted aromatic A-
ring steroids.®® Reaction under mild conditions leads
to the 9a-hydroxyamines VI, while more vigorous
treatment such as a longer reaction time results in
formation of the corresponding 9(11)-unsaturated com-
pounds (VII). The 9a-hydroxy compounds can also
be dehydrated under mild acid treatment. This de-
hydration can be readily followed by changes in the
ultraviolet spectrum with the prominent maximum
shifting from about 259 to about 294 mu. Because of
apparent air oxidation, these latter compounds are most
conveniently handled as their acid salts.
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The facile base-catalyzed reaction can be explained
by epoxide opening with hydroxide ion and subsequent
aromatization. A more likely mechanism involves
enolate formation, opening of the epoxide to form a
stabilized carbonium ion at C-10, and finally proton loss
resulting in the phenolate species. These changes can
occur as stepwise or concerted processes (Scheme II).

ScreEME 11

The 9a-hydroxy phenoxide anion has been observed
in the ultraviolet studies, but the phenol eluded isola-
tion under a variety of different conditions. Under
neutral conditions the phenol has been prepared.!!
Reaction under acid conditions can be explained in a
similar sequence of reactions.!?
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The pharmacology of these compounds was of some
interest.  Compound ITa had anabolic activity ap-
proximately equal to that of testosterone with dimin-
ished androgenieity when studied by subeutancous ad-
ministration in the levator wm assay.’®  Surprisingly.
the 17e-methyl derivative, 1Ib, showed no oral ana-
bolie activity at up to 3-mg total dose.  The 17a-ethy-
nylestrene Ile was found to have weak progestational
activity with a relative poteney of one-tenth of 17q-
ethynyl-19-nortestosterone.? The  pyrrolidinoestra-
1,3,5(10)-triene-9¢,178-diol VI showed weak utero-
trophic activity (<0.0019 of estradiol) by subeutanc-
our admimstration in the 3-day mouse assay.'* The
dehydrated VII was devoid of estrogenie activity at the
doses studied, up to 200-mg total dose. Additional
biological studies are currently under way,

Experimental Section

9,10-Oxidoestra-4-en-173-0l-3-one (Ila).-—-To a sohition of
1.0 g of estra-4,9(10)-dien-178-0l-3-one in chloroform was added
0.86 g of m-chloroperbeigonic acid. After standing at room
femperature for 2 hr, the solution was poured into slightly
acidie Nal solution. A slight exeess of solid sodium thiosulfate
wax added to destroy the iodine color aud the mixture was ex-
tracted thoraughly with CH.CL. The combined nonaqueous
solution was washed succeessively with NayCO, and NaCl sohi-
tions.  After drying (Nn.804), the solvent wns evaporated under
reduced pressure and the residiie was recrystallized from ethyl
ether-petroleum ether to give 0.77 g (7477 vield) of oxide:® mp
148-140°; AR 243 my (e 13,4505 ORD (¢ 0.44, diaxane),
[blpe —1030° (T, [dlge: —507° (1), [dlma +1230° (P), [¢]us
+2180° (P), [¢]as +2110° (1), [@]uan +400°,

17 «~Methyl-9«,10x-0xidoestra-4-en-17 3-o0l-3-one (IIb) was
nrepared in a similar fashion in 7797 vield, mp 196-198°, AL
244 miy (e 13,250).

Anal. Caled for C]t)l{ga()ai (f, 7‘)40, 1{, 8.07.
75,015 H, &8 46,
17x~Ethynyl-9«,10«-0xidoestra-4-en-173-0l-3-one (Ilc) was
prepared as above in 777 vield and had mp 230-233°, ALY
243 mp (e 13,100).
Anal. Caled for CuHwoOs:r C,
C,76.68; H,7.65.

Estra-4-ene-9«,173-diol-3-one (IlIla).—-9a,10a-Oxidoestra-4-
en-178-ol-3-o1e (0.2 g) in dry tetrahydrofurau (THF) was stirred
at reflux with (.18 g of LiAIH; After the usual work-up the
prochicts were extracted into chloroforni-THF. The combined
solution was washed with NaCl solution and dried (Na.S0,),
and the solvent wax evaporated under vacuum. The erude
residile was dissolved in chloroformn and treated at reflux with
stirring with 2.0 g of MnO, overuight. The solids were filtered
aff and the solveut was evaporated under rediiced pressure. The
crude residile was dissolved in 106, CHCl-ethyl ether and
chromatographed on 30 g of neutral Grade T alumina.  Crystal-

Found: C,

76.80; H, 7.74 Found:
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{ine material was obtained with CHCl; as ehient in fractions
31-3G.  After the fractions were combined, the niaterinl was
recrystallized from ethyl ether, mp 101-193°, AEUM 242 my
(e 133,%00).
Anal. Caled for CellgOg C, 74,44 11, 9.03,
74.42: 1,007,
Estra-4-ene-103,173-diol-3-one.-—Following essentially the
puhlished procedure,* the 108-hydroxy compound was prepared
hy epoxidation of 0.4 g af estra-5(10)-en-17g-ol-3-one witht m-
chloroperbenzoic ncid.  The 58,108-epoxide (1).1 g, nip 201--204°)
was hydrolyzed in 15 ml of 597 KOH in methanol, yielding after
appropriate work-up a produer with myp 200-212°, AB2H 235
g (e 13,1907,

Estra-1,3,5(10),9(11)-tetraene-3,173-diol (IV).—The Y9a,10a-
oxido compound 1a (0.1 g) was dissolved in 20 ml of 59, KOH
in methaual and the sohution was maintained at reflux for 1 hr.
It wax then poured into 120 ml of 547 HCI, and the mixture was
extracted thoronghly with several portions of CH,Clh. The
comibined nonaqueons sohition was washed with saturated NaCl
salition and dried (Na,S04), and the solvent was evaporated
nnder redneed pressure. The residue was recrystallized from
methanol-water yielding 0.07 g (7497 yield) of naterial, mp
188-180°, 10 A0 263 i (e 16,700).

Estra-1,3,5(10),9(11)-tetraene-3,173-diol 3-Methy! Ether (V).

Inasmall flask was placed 0.1 g of Tla in 2 ml of reageut meth-
anol aud 1 drop of 707, HCH)p was added.  After standing at
roonl temperature for 24 hr, the solutian was poured inta excess
cold water und extracted tharoughly with ethyl ether. The
combined ethereal solution wax washed suecessively with NaHCO,
and NaCl solutions.  After dryiug, the solveut was evaporated
under reduced pressure and the residue was recrystalliged fram

Found: ¢,

17,700,
Anal. Caled for CrlleasO2: €, %0.24; 11, 8.50,
C, 80.07; 11, 8.8 (after drying).
3-(1-Pyrrolidino)estra-1,3,5(10)-triene-9«,173-diol (VI).
Using a Dean-Stark trap, 0.1 g of TIa in 30 mnl of dry benzeue,
A ml of pyrrolidine, and 10 mg of p-tohienesulfonic acid was
heated nt reflux overnight. The ~olveut was evaporated under
vicuun aud the residue was tnkell up in ether. After washiug
the latter sohition successively with NaHCO; and NaCl sohi-
tions, it was dried (Na,R804). The solution was then filtered
und cancentrated to vield 0.071 g (60C7) of material, mp 158-
160°,  AFO 230 iy (e 22,950),  The nmr spectrum contained
o vinylprotons,
Anal. Caled for CunHaNOg: G, 77.37;
Found: C,77.48; 1, 9.08; N, 4.35.
3-(1-Pyrrolidino)estra-1,3,5(10),9(11 )-tetraen-173-0l Hydro-
chloride (VII).-—-The 9a-hydraxy compound VI (0.3 g) was dis-
solved in 20 ml of reagent methanol, and then 6 drops of con-
centrated HCI was added.  After standing at room temperatire
overnight, ether was added while cooling in an ice bath to give
0.19 g (607 vield) of product, mp 185-190° dec¢, AES" 205 mu
(e 26,800).  Apparently, becanse af the weakly basie nature of
this compound, the hydrochloride must dissoclate in ethanol
sohition since the altraviolet spectrum of the free base was ob-
tained.
Anal. Caled for ColaNO-HCL: C, 73.40;
3.80. Found: €, 73.40; H, 8.55; N, 3.50.

Found:

i, 9.15; N, 410,

i1, 8.40: N,
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