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suspension of 119 (2.1 mmol) in 50 mL of THF at ~78 °C under
nitrogen. After stirring at —78 °C for 12 h, the yellow solution
is partitioned between brine and pentane. The aqueous layer
is washed with pentane, and the pooled organic layers are
concentrated after drying over NagSOy4. The oily residue was
purified in the manner described in Table I. From 0.440 g of
cyclohexanone, 0.395 g (58%) of pure 3, 0.086 g (18%) of 4, and
0.071 g (16%) of cyclohexanone were obtained.

The entries in Table I imply some limitations of this se-
quence. The reaction works well for aldehydes as illustrated
by examples IV and V. The isolated yields of dihydroarene
oxides from aldehydes are low owing to mechanical losses
during purification. With certain cyclic ketones the selectivity
is also good. Acyclic ketones have failed, as yet, to undergo
epoxyannelation, providing only products analogous to 4.11
To further define the limitations of this process we have ex-
amined the substituent effects of the cyclohexanone enolate
structure upon the course of this reaction. The methyl cyclo-
hexanone enclate generated from cleavage of 1-(trimethylsi-
Ivloxy)-2-methylcyclohexene yields only products similar to
4. The kinetic enolate from 2-methylcyclohexanone affords
some of the desired dihydroarene oxide accompanied by
products such as 4 derived from both the kinetic enolate and
from the isomeric, methyl-substituted enolate. Clearly enolate
equilibration competes favorably with oxirane formation.
Finally, as expected. 4-substituted cyclohexanones (methoxy
or tert-butyl) behave as the parent ketone to provide epoxides
in comparable isolated yields (see Table I, ref a, b, d). Thus,
this sequence transforms aldehyde and nonhindered, cyclic
ketone enolates into dihydroarene oxides in about 50% yield.
Both structures of types 3 and 4 are novel products from
vinyl!! or butadienylsulfonium? salts.

Although we have examined this reaction in detail, we will
defer most comments about the mechanism until a full paper.
We observe products arising from ~30% 1,4 addition of eno-
lates to 1. The product distribution depends upon tempera-
ture and solvent. For example, treatment of 2 as described
above at 0 °C rather than ~78 °C affords a 3 to 4 ratio of 1.5:1,
while use of tert-butyl alcohol/tert-butoxide as the solvent/
base at ambient temperature provides a 3 to 4 ratio of 1:4.

The dihydroarene oxides formed in this process are not
available by the other common methods, including intramo-
lecular Darzens condensations,® aromatic reduction followed
by epoxidation,'c or cycloaddition-epoxidation.lc We believe
this sequence will find application in several syntheses and
are continuing our studies of 1, 3, and related species.
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Stereoselective Synthesis of
7-Thia-16-0xa-143-estrones

Summary: An efficient and stereoselective synthesis of
3-methoxy-7-thia-16-oxa-143-1,3,5(10),9(11)-estratetraen-
17-one was achieved by an application of the Diels—-Alder re-
action between 7-methoxy-4-vinylthiaisochromene with ci-
traconic anhydride, followed by reduction of the Diels-Alder
adduct with NaBH,.

Sir: Although much attention has been devoted to the syn-
thesis of heterocyclic steroids! in view of their biological in-
terests, there are few works on the synthesis of thia steroids.?
An interest in a synthesis of thia estrogens led us to the
preparation of 3-methoxy-7-thia-16-oxa-1443-1,3,5(10),-
9(11)-estratetraen-17-one (12) in order to obtain physiological
active steroidal derivatives. A short synthesis of 7-thia-16-
oxa-14(3-estrone analogues was realized by an application of
the Diels—-Alder reaction of 7-methoxy-4-vinylthiaisochro-
mene. Herein we wish to report the results of our studies.
First, we explored the Vilsmeier reaction of 7-methoxy-
thiaisochromene (1)3 with dimethylformamide-phosphoryl
chloride at 60 °C for 2 h to yield 4-formyl-7-methoxythiaiso-
chromene (2),%% mp 75-76 °C, in 90% yield. The Wittig reac-
tion of 2 with methylenetriphenylphosphorane derived from
methyltriphenylphosphonium bromide® by treatment with
n-BuLi in THF at room temperature gave 7-methoxy-4-
vinylthiaisochromene (3)5 in 90% yield. The Diels—-Alder re-
action of this sulfur-substituted 1,3-diene was extended for
formation of C and D rings of a steroidal system. Treatment
of 3 with maleic anhydride in benzene at 60 °C for 5 h yielded
the adduct (4), mp 202-205 °C (acetone), in 65% yield. Char-
acteristic structural data for 4 are given below: 'H NMR (ac-
etone-dg) 6 2.34-3.10 (4 H, m), 3.57 (1 H, d, J = 14 Hz), 3.76
(3H,s),391 (1 H,d,J = 14 Hz), 422 (1 H,d, J = 3 Hz),
6.36-6.56 (1 H, m), 6.72-6.88 (2 H, m), 7.43 (1 H,d,J = 8 Hz);
mass spectrum 302 (M*). Doublet signals at 6 4.22 (Jg 14 = 3
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Hz) attributable to Cg-H indicates a cis relationship between
Cs-H and Cy4-H. Therefore, of two possible structures, the
product was assigned to the endo adduct (4) and a formation
of an alternative exo adduct (5) was not observed. Conversion
of 4 to 3-methoxy-7-thia-16-0xa-18-nor-145-1,3,5(10),-
9(11)-estratetraen-17-one (6; 24%) was well effected by re-
duction with NaBH," in THF at room temperature accom-
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panied by formation of the A89 isomer (7; 10.4%); these were
separated by preparative TLC.8 In order to ascertain their
structures, reduction of 4 was carried out with NaBDy to yield
the corresponding Cy5-deuterated product 8 and 9.8 Complex
signals at 6 2.88-3.12 attributable to C14-H in 6 was changed
to a quartet by deuteration of C,5-Hs. Retention of cis relation
between Cg-H and Cy4-H in 6 was supported by the splitting
pattern of signals at 6 4.00 (1 H, d, Jg,14 = ~2 Hz) due to Cs-H.
Therefore, the position of the carbonyl group and the relative
configuration at Cg, Cy3, and Cy4 of the product are shown as
in 6 (Scheme I). This sequence was applied to a synthesis of
3-methoxy-7-thia-16-0xa-148-1,3,5(10),9(11)-estratetra-
ene-15,17-dione (10) by the use of citraconic anhydride as
a dienophile in the Diels—Alder reaction of 3. The reaction
proceeded with high regioselectivity to give 10, mp 181-183
°C (CHCIl3-n-hexane), in 62.5% purified yield,? without for-
mation of the 18-nor-14-methyl isomer (11). The structure of
10 was supported by the following spectral data: THNMR
(CDCly) 6 1.72 (3 H, s, 18-CH3), 2.8-3.2 (3H, m, C4-H and
Clz-Hg), 3.44 (1 H, d, J = 16 HZ, Cs-H), 3.70 (1 H, d, J8,14 =
2 Hz, Cg-H), 3.74 (1 H, d, J = 16 Hz, C4-H), 3.78 (3 H, s,
OCHy), 6.36-6.52 (1 H, m, Cy;-H), 6.62 (1 H, d, J2,4 = 4 He,
C4-H),6.76 (1H,dd, J1,2 = 8,J34 = 4 Hz, Cy-H), 7.36 (1 H,
d, J1,2 = 8 Hz, C;1-H); IR (CHCl3, cm™1) 1840, 1760 (C=0);
mass spectrum 316 (M*). Since allyl coupling /5 1; was not
observed by the decoupling method, Cg-H was found to couple
with only C14-H with 2 Hz. This fact indicates that Cg-H and
C14-H takes cis relationship. Reduction of 10 with NaBH4
afforded two products, which were separated by preparative
TLC.® The first product was assigned as the expected
3-methoxy-7-thia-16-oxa-143-1,3,5(10),9(11)-estratetraen-
17-one (12; 36%) and the second one as the 15-oxo isomer (13;
17%). The same reaction with NaBD, gave the corresponding
deuterated products 14 and 15,® which were significantly
important for assignment of their structures. Characteristic
spectral assignment of 12 and 13 were given as follows: 12 1H
NMR (CDCly) 6 1.46 (3 H, s, 18-CHj3), 2.30-2.76 (3 H, m,
C12-H2 and C14-H), 3.46 (1 H, d, J&M =~32 HZ, CS-H), 3.74 (3
H, S, OCH‘;), 3.80 (2 H, S, Cs-Hz), 394, 4.30 (2 H, each t, J14'15
= J1515 = 8 Hz, Cy5-Hy, disappeared in 14), 6.02-6.18 (1 H, m,
Cn-H), 6.58 (1 H, d, J2,4 =4 HZ, C4-H), 6.72 (1 H, d d, J1,2 =
8, J2,4 =4 HZ, CQ-H), 7.30 (1 H, d, Jl,g =8 HZ, CI-H); 13 I1H
NMR (CDCl3) 6 1.48 (3H, d, 18-CHay), 3.44, 3.72 (2 H, each d,
J =14 HZ, Cs~H2), 3.72 (3 H, S, OCHq), 3.82 (1 H, d, J3'14 =~2
Hz, Cg-H, overlapped with signals at ¢ 3.90, but observed in
15),3.90,4.22 (2 H, each d, J = 10 Hz, C7-Hs, disappeared in
15), 6.24-6.40 (1 H, m, C11-H), 6.62 (1 H, d, J2_4 =4 HZ, C4-H),
6.74 (1 H, d d, JLQ = 8, J2y4 =4 HZ, CQ-H), 7.36 (1 H, d,Jl‘Q =
8 Hz). It is apparent that both of 12 and 13 take cis relation-
ship between Cs-H and Ci4-H from the splitting pattern of
signals due to Cg-H as shown above. Thus total synthesis of
3-methoxy-7-thia-16-0xa-143-1,3,5(10),9(11)-estratetraen-
17-one (12) was achieved in a few steps.
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New Synthesis of Cortico Steroids from 17-Keto
Steroids: Application and Stereochemical Study
of the Unsaturated Sulfoxide-Sulfenate
Rearrangement

Summary: An efficient synthesis of hydrocortisone acetate
from a biodegradation product of S-sitosterol is described
which makes use of the sulfenate-sulfoxide rearrangement
to define the stereochemistry at C-17.

Sir: Cortico steroids are produced commercially by chemical
degradation of deoxycholic acid, diosgenin, and stigmasterol.!
The possibility of a much cheaper and readily available raw
material arose with the finding that the side chain saturated
sterols can be biodegraded to androst-4-ene-3,17-dione,? but
even more important for cortico steroid production was the
discovery that the abundant soya bean derived sterols, sitos-
terol and campesterol, can be degraded by a mutant of Mi-
cobacterium fortuitum to 9a-hydroxyandrost-4-ene-3,17-
dione (1).3 Compound 1 is an ideal starting material for a
cortico steroid synthesis because the A ring is fully function-
alized, the C ring is functionalized as the 9a-hydroxy group,
and the 17-ketone provides a handle to elaborate the side
chain,

We report here an efficient synthesis of the cortico steroid
hydrocortisone acetate (14), a synthesis which features the
unsaturated sulfoxide-sulfenate rearrangement to stereo-
selectively introduce the dihydroxyacetone side chain at the
C-17 position of 1.4 The dihydroxyacetone side chain is not
only common to a wide variety of cortico steroid antiinflam-
matory drugs, but is also a structural component in adri-
amycin, a potent antitumor agent.

Elimination of the 9«-hydroxy group from 1 by the usual
methods of thionyl chloride-pyridine and bromine-SOq—
pyridine gave mixtures of the A9 and A3® jsomers, pre-
sumably because trans-diaxial elimination can occur from
either side. Preparation of the very hindered 9«-acetate or
9ce-tosylate required harsh conditions and gave low yields. The
9a-benzenesulfinate 2 (mp 111-113 °C),5 however, could be
prepared quantitatively under mild conditions® (benzene-
sulfinyl chloride,’ pyridine, 20 °C, 45 min). Paralleling sulf-
oxide eliminations,® this group could be removed by pyrolysis
(GLC at 220 °C or refluxing xylene), but the elimination was
most efficient (90%) under specially designed acidic conditions
(silica gel, p-toluenesulfonic acid, CHClj3 reflux for 3 h). Both
conditions selectively produced androst-4,9(11)-diene-
3,17-dione (3) with the near exclusion of the A3%(® isomer.

The two carbons of the dihydroxyacetone side chain were
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introduced exclusively at C-17 by reaction of 3 with dipotas-
sium acetylide® in THF (3 was added to a THF slurry of
acetylide, obtained by reacting 2 equiv of KOC(CHj)z and 1
equiv of acetylene at 25 °C; 90% yield of 4, mp 246-250 °C).10
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