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Abstract—4,4-Dimethyl-6-methoxy-4-sila-1-tetralone (2) was prepared by a modified literature procedure and
converted to 3-methoxy-6,6-dimethyl-6-silaestra-1,3,5(10),8,14-pentaen-178-yl acetate (S¢). Catalytic hydrogenation
of 5c gave 3-methoxy-6,6-dimethyl-6-silaestra-1,3,5(10),8-tetracn-178 -yl acetate (6b), and its 14-iso- and A=~
isomers, the proportions varying with the catalyst and solvent. Reduction of 6b with lithium-liquid ammonia, and
O-demethylation, gave 6,6-dimethyl-6-silaestradiol (8b). Reduction of the 3-methyl ether of 8b with lithium-liquid
ammonia-t-butanol and hydrolysis afforded 3-keto-6,6-dimethyl-6-silaestr-1(10)-en-178-0l (15), which was
catalytically reduced to its 1,10a-dihydro derivative 17. The 5,6 Si-C bond of 8b, 15 and their derivatives was cleaved
by boron tribromide, aq. ethanolic hydrogen fluoride, and other reagents, providing a series of 5,6-seco-6,6-dimethyl-
6-silasteroids. X-ray crystallographic analysis of 17 and the 17a-ethynyl derivative of 15 confirmed the
stereochemical assignments. None of the compounds which were subjected to uterotropic, anti-uterotropic, or
post-coital assays, showed significant activity. A partially completed synthesis of 6-silaestradiol (21a) is described.

A wide variety of aza-, oxa- and thiasteroids, isoelec-
tronic with the natural steroidal hormones, have been
synthesized in the last decade as part of an intensive
search for new contraceptive agents.'” In contrast, little
work on silasteroids has been carried out, despite the fact
that silicon is in the same periodic group as carbon and
forms tetrahedral derivatives.” There are numerous
examples of attachment of triaklylsilyl groups to extra-
annular sites of steroids, sometimes leading to enhanced
hormonal activity,** but only one report of the replace-
ment of an annular carbon by silicon. This single report®
described the synthesis of 6,6 - dimethyl - 6 - silaestra -
1,3,5(10),8 - tetraen - 178 - ol (6a), which proved to be only
weakly estrogenic. However, because of the uncertain
stereochemistry at C-14 and the presence of the
8,9-double bond and the 3-OMe group in 6a, it is not
possible to draw any conclusions about the effect of the
introduction of the Me,Si group on the hormonal activity.

We have now synthesized a number of 6,6-dimethyl-6-
silasteroids which are more closely related to estradiol
and known contraceptive agents, established their
stereochemistry, and determined their hormonal activity.
Several 5,6-seco-6-silasteroids have also been synthes-
ized, and some of the problems associated with the
synthesis of 6-silasteroids with functional groups attached
to silicon have been defined.

Synthetic procedures

6,6 - Dimethyl - 6 - silaestra - 1,3,5(10),8,14 - pentaen -
178 - ol (Sb). As Barcza recognized,’ the total synthesis
of the estrane ring system pioneered by Ananchenko and

tBecause of the inability of silicon to form stable p. double
bonds, and the ready cleavage of a- and B-silyl ketones,' this
synthetic route cannot be used to introduce silicon in any other
position of the estrane skeleton.

$The procedures used for the preparation of compounds 2-5 are
the same as those reported by Barcza;® however, since yields and
spectroscopic properties have not been published, this informa-
tion is included in the experimental section.

Torgov,” and Hughes and Smith,’ can be readily
adaptedt to 6,6-dimethyl-6-silasteroids by initiating the
synthesis with the tetralone 2.

2 was obtained by a modification of Barcza’s proce-
dure.® Commercially available dimethylchlorosilane was
treated with m-methoxyphenylmagnesium bromide, to
give la in 86% yield. Chloroplatinic acid catalyzed
addition of 1a to acrolein diethyl acetal gave the terminal
adduct 1b, with no evidence of the non-terminal adduct
lc. Oxidation of 1b with Jones' reagent, followed by
saponification, gave the carboxylic acid 1d in 58% from
1a. This yield was increased to 72% when the less
expensive allyl acetate was substituted for acrolein
diethyl acetal, and the adduct le was saponified and
oxidized with Jones' reagent. Cyclization of 1d using
phosphorus pentachloride-stannic chloride gave the
silatetralone 2 in 92% vyield.

The construction of the C and D rings of §b was then
accomplished by the standard procedure,’* i.e. 23—
4-5a. The cyclization-dehydration step, 4—5a was
sensitive to the amount of acid used, apparently because
of aryl-silicon bond cleavage,”® and was best carried out
using a catalytic amount of anhydrous p-toluenesulfonic
acid in refluxing benzene.

Reduction of the 17-keto group of Sa with sodium
borohydride gave Sb which, on acetylation, gave 5c in 40%
overall yield from 2.

6,6- Dimethyl -6-silaestradiol (8b). The conversion of S¢
to 8b first required reduction of the 14, 15 double bond to
introduce the trans C/D ring juncture. Barcza® reported
that this could be accomplished by hydrogenation of 5b in
the presence of 5% Pd/CaCO, in ethanol. However, his
product was an oil and no proof of stereochemistry was
offered. In our hands, hydrogenation of 5b or 5c under the
same conditions gave mixtures of three dihydro products.
The PMR spectrum of the mixture derived from 5¢
showed C-18 Me resonances at § 0-84, 0-90 and 0-99, in
the ratio 42:33:25. These were assigned to 6b, 7 and 6c,
respectively, after separation of 6b and 7 as pure
crystalline solids.
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The PMR spectrum of 7 showed no olefinic protons,
and the olefinic double bond must therefore be tetrasub-
stituted, i.e. A" or A®. The former was preferred on the
basis of a one proton triplet at § 3-49, which was assigned
to the allylic and benzylic 9a-proton coupled to the
methylene protons. The structures of 6b and 6c were
assigned on the basis of Zurcher’s studies," which have
established that the C-18 methyl resonance of a trans C/D
steroid is generally at higher field relative to the cis C/D
analog. ’

The low yield of the trans product 6b using 5%
Pd/CaCO, prompted a search for more stereospecific
hydrogenation conditions. The use of amines as co-
solvents was evaluated because of the report” that they
inhibit double bond migration and so should minimize the
formation of 7. In fact the reverse effect was observed
(Table 1) and 6b was best obtained using 5% Pd on carbon
in bénzene (85% yield).

The next step in the synthesis was reduction of the 8,9
double bond of 6b, to produce the trans-anti-trans BCD
ring stereochemistry. In the synthesis of natural steroids
this has been accomplished by three different methods,
(1) alkali metal-ammonia reduction,” (2) triethyl-
silane/trifluoroacetic acid reduction," and (3) acid
catalyzed conversion to the A™'"-isomer followed by
catalytic reduction." The latter two methods proved to be
inapplicable to 6b, for none of the desired product 8a
could be detected under these conditions. This result
appeared to be a consequence of the sensitivity of the
allyl-silicon and aryl-silicon bonds of 6a to acid-promoted
cleavage (vide infra). Cleavage of these carbon-silicon
bonds also occurred using potassium, sodium, or lithium
in liquid ammonia," although with the latter metal 8a
could be isolated in 51% yield.

Hydrogenation of 6a in the presence of 5% Pd on
carbon gave no 8a, but two different products. These were
presumed to be the two possible cis-B/C isomers of 8a
produced by a- and 8-face reduction of the 8,9 double
bond. This supported the assigned trans B/C structure of
8a although it did not differentiate between trans-anti-
trans and trans-syn-trans BCD stereochemistry.

Conversion of 8a to the 6,6-dimethyl-6-sila analog of
estradiol (8b) was first attempted using boron tribromide
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in methylene chloride at 25°C. Surprisingly aryl-silicon
bond cleavage occurred to the exclusion of O-demethyla-
tion, despite the fact that O-demethylation of an
acyclic analog 9 was effected without such a complication.
Partial aryl-silicon bond cleavage also occurred to some
extent using pyridine hydrochloride (200°, 2 hr), while
lithium iodide-collidine accomplished neither O-
demethylation nor aryl-silicon cleavage. However, 8b
could be obtained in excellent yield by treatment of 8a
with methylmagnesium iodide (180°, 2 hr)."”

The 6,6-dimethyl-6-sila analog of mestranol (10b), a
potent oral contraceptive agent, was obtained from 8a in
56% yield by Oppenauer oxidation to the 17-ketone 10aand
ethynylation with the ethylenediamine complex of lithium
acetylide.

6,6-Dimethy!-6-sila analogs of 3-keto steroids. Birch
reduction of 6b with lithium in liquid ammonia in the
presence of t-butanol gave the A''®*-dien-3-ol ether 11 as
the major product. The structure of 11, which is isomeric
with the A**'”-dien-3-ol-ether produced by Birch reduc-
tion of estradiol 3-methyl ether, was unequivocally
established by its PMR spectrum which showed two
olefinic protons at 84-57 (d, J =4 Hz, 4-CH) and 5-38 (t,
J=3Hz, 1-CH). This change from the normal
stereochemistry of Birch reduction of the aromatic A ring
is not surprising in view of the report that reduction of
p-bis(trimethylsilyl)benzene affords a diene 12 which is
isomeric with the diene 13 obtained from p-xylene." This
change in the stereochemistry has been attributed to
stabilization of the alternate radical anion by silicon
d-orbital conjugation."

Compound 11 proved susceptible to rearomatization,
and approximately 50% conversion to 8a occurred after
24 hr at room temperature. When 5% palladium on carbon
or platinum" were added to promote this aromatization,
at least two other products were observed in addition to
8a. These by-products probably arose from silicon-carbon
cleavage during the aromatization process. Rearomatiza-
tion, along with oxidation of the 17-OH group, could also
be accomplished with chromium trioxide-pyridine. In this
case, isolation of the silanol 14a as a by-product confirmed
that some silicon-carbon cleavage had occurred.

Hydrolysis of 11 with oxalic acid in gq. methanol gave

Table 1. Catalytic hydrogenation of 14,15-double bond of 5¢

X PRODUCT COMPOSITION
CATALYST SOLVENT TDE 6b (trans) sc (cin) 7
ST Pa/Caco, Ethanol 10 atn 42 25 33
5% ra/fsco, Ethanol 30 mtn a 13 %
3 Pa/C Ethanol 30 win ss 0 a3
X ra/c Benzens 10 min #s 0 15
s1 Pa/C Ethanol/0.2X Piperidine 45 win 36 5 59
s pa/C Ethanol/2% Piparidine 1nr 38 2 60
53 Pd/C Behanol/20% Piperidine 3 br & 2 53
s% Pa/C Xthanol/2% Pyridine 7hr % 7 59
% pa/c Pyridine KO REACTION
sz pa/c Ethanol/2% Triethylamine 3.5 nr n 16 3
5% ra/c Ethanol/2% Pyrroltdine 1ar 40 3 57
Pe0, Ethanol s br 13 27 0
r0, Ethanol/2T Pyridine 24 br HO REACTION
Peo, Acetic Actd 3hr 0 k) 100
(Ph,P) ,BhCL Eeom 24 br o assce1om
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the expected B,y-unsaturated ketone 15. Surprisingly, all
attempts to isomerize 15 to the conjugated A'-3-ketone
using acidic or basic catalysts were unsuccessful; either
15 remained unchanged or complex mixtures were
obtained. The 17a-ethyny! derivative of 15 was obtained
by conversion of 11 to the 3,3-dimethoxy ketal withr
methanol/p-toluenesulfonic acid, Oppenauer oxidation to
the 17-ketone, and treatment with lithium acetylide
ethylenediamine. Regeneration of the 3-keto group with
oxalic acid in aqg. tetrahydrofuran then gave 16.

The unknown stereochemistry of the A/B ring juncture
of 11, 15 and 16 was determined by X-ray crystallographic
analysis of 16. This showed the 5 proton was alfa, and also
confirmed the stereochemical assignments of the other
ting junctures in the skeleton.”

Hydrogenation of 15 using 5% Pd on carbon in ethyl
acetate gave a dihydro product 17, and X-ray crystallog-
raphic analysis™ established that this was A/B cis isomer
derived from a-face reduction of the 1,10 double bond.
This stereochemistry appeared to be dictated by the
distorted conformation of the B ring of 18 which leads to
shielding of the B-face by the Me.Si group. A discussion
of the effects of the 6,6-dimethyl-6-sila group on the
conformation of the tetracyclic steroid skeleton will be
presented etsewhere.”

The cis A/B ring juncture of 17 suggested that the
A’-enol would be preferentially formed on enolization of
the 3-keto group™ and, consequently, dehydrogenation
with dichlorodicyanoquinone™ or palladium chloride”
would provide a route to the A*.3-keto functionality of the
natural steroids. However, while evidence of a,8-
unsaturated ketone formation (vm,, 1670cm™) was
obtained, both reagents gave inseparable mixtures of
products.

5,6-Seco-6,6-dimethyl-6-silasteroids. It has recently
been reported that seco steroids can exhibit significant
estrogenic activity.” This report, coupled with the lability
of the 5,6 bond of the 6-silasteroid system, prompted the
synthesis of a number of 5,6-seco derivatives.

The silanol 14a, which was formed during oxidation of
11 with chromium tripxide-pyridine, was obtained in
much better yield by treatment of 10a with boron
tribromide. The fluorosilane 14b was initially obtained by
treatment of 14a (or the corresponding disiloxane) with
aq, ethanolic hydrogen fluoride.” It was then found that
this compound could be obtained directly and in
quantitative yield by ring cleavage of 10a with aq.
ethanolic hydrogen fluoride at 50° for 18 hr.

Employing this direct method, the fluorosilanes 18a, 18h
and 19 were prepared from 8b, 10b and 15, respectively.

Since acyclic arylsilanes (e.g. 9) are inert to ethanolic
hydrogen fluoride, the reactivity of the above 6-
silasteroids must be related to their cyclic structure.
Eaborn et al® have measured rates of perchioric acid
cleavage of acyclic and cyclic arylsilanes and reported
that the rate of cleavage of 20 was 87 times greater than
that of phenyltrimethylsilane. This result was discussed in
terms of relief of ring strain in the transition state.
Presumably this effect is responsible for the exceptional
reactivity of the 6-silasteroids towards hydrofiuoric acid,
boron tribromide, and other reagents noted in this paper.

Biological activity of 6,6-dimethyl-6-silasteroids. Com-
pounds Sc, 6b, 7, 8b, 10b, 14a, 14b, 16, 18a, 18b and 19
were screened for estrogenic, antiestrogenic, and post-
coital activity. No significant estrogenic or anti-estrogenic
activity was observed using doses 10°~10° times that of an
estradiol standard. Compounds 8b and 18b exhibited
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post-coital activity in rat, but only at 10 mg/kg. Compound
19 showed only weak androgenic activity.

This lack of significant hormonal activity might be
attributed to any of a number of factors, including (1)
rapid metabolic degradation, (2) steric inhibition of
complexation with the uterine receptor protein(s) duc
either to the gem-dimethyl substituents on silicon or to
conformational changes in the total steroid skeleton
resulting from the longer Si-C bonds (1:84-1-88 A) in ring
B, and (3) the electronic effect of the silicon atom on ring
A functional groups.

The binding affinities of 8b, 18a and 19, for the estrogen
specific acceptor protein of the rat uterus” were
measured in vitro, and found to be -3, 0-1 and <0:01%,
respectively, relative to estradiol (1009%). This suggests
that a steric or an electronic effect, rather than metabolic
instability, is responsible for the absence of estrogenicity
in these compounds. It is relevant to note that introduc-
tion of a Me group in the 68 position of estradiol is known
to drastically reduce estrogenicity,” although dimethyla-
tion of the 6-position has much less of an effect on
anabolic and progestational activity, e.g. norethisterone
and its 6,6-dimethyl derivative have comparable progesta-
tional activity,”

Recognizing the possible deleterious effect of the
6-methyl substituents on hormonal activity, the synthesis
of the exact silicon analog of estradiol, i.e. 21a, was
explored. Because of the greater reactivity of the SiH;
group,’ relative to the CH, group, protection of the
6-position during the synthesis was necessary. Work in
this laboratory had established that the benzyl group is an
excellent silicon protecting group, stable to acids and
moderate bases, and many oxidizing and reducing agents
yet readily cleaved in ethanol in the presence of Pdon C
and hydrogen,” i.c.

\a: Pd \\ . H \ .
/SIBZz + H,/EtOH — /Sl(OEt), —_— /Sle.

Accordingly, the synthesis of 6,6-dibenzyl-6-silaestradiol
(21b) was initiated. Using the same sequence employed in
the 6,6-dimethyl series, the synthesis of the dibenzyl
analog of S¢ was accomplished. Unfortunately, lack of
regiospecificity in subsequent steps, and the inability to
effect purification by crystallization or elution chromatog-
raphy, forced curtailment of this work.

The paucity of silicon protecting groups, plus the
increased reactivity of the Si-C bond evident in the 6,6-
dimethyl-6-silasteroids, create substantial synthetic
obstacles.

EXPERIMENTAL

M.ps were determined using a Kofler-hot-stage microscope and
are uncorrected. IR spectra were measured with a Perkin-Elmer
267 Spectrophotometer. Unless otherwise mentioned, NMR
spectra were recorded on a Varian Model A-100, using TMS as an
internal standard; chemical shifts are expressed in & units. Mass
spectra were determined using an Associated Electrical Industries
MS-902 instrument. UV absorption spectra were obtained using a
Cary 14 spectrophotometer. Gas liquid chromatographic analysis
was carried out using either Varian Model 1400 or Hewlett-
Packard Model 700 instruments with columns containing 3%
SE-30 on Variport, and 2% OV-17 on Gaschrome G, respectively,
Microanalyses were carried out by Micro-Tech Laboratories,
Skokie, Illinois, ChromAR was obtained from Mallinckrodt, St.
Louis, Mo.

All reactions were carried out under an atmosphere of dry,
oxygen-free nitrogen.
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Dimethyl-m-methoxyphenylsilane (1a). A soln of dimethyl-
chlorosilane (94-0 g, 1-00 mol) in 400 ml ether was added dropwise
{1hr) to a stirred suspension of m-methoxyphenyimagnesium
bromide {1-05 mol) in 11 ether at room temp. After refiuxing for
3 hr the mixture was cooled and hydrolyzed with 600 ml water and
111N HCL. The two layers were separated and the aqueous layer
extracted with ether (2 x 500 ml). The combined organic phases
were washed with water and dried (Na,SO.). Distillation of the
crude product in vacuo afforded 142 g (86%) of the silane 1a; b.p.
102-105° (22 mm); IR (liquid film} 2115 (Si-H), 1600 (aromatic
C=C) cm™'; NMR (CDCl;) & 3-80 (s, 3, OCH,), 4:42 (m, 1, =SiH),
6:82-7-36 (m, 4, ArH). (Found mje: 166-081. Required for
C.H,.Si0: m/e 166-081).

3-[(m-Methoxyphenyl Ydimethylsilyl Jpropionic acid (1d). Ac-
rolein diethyl acetal (109 g, 0-840 mol) was slowly added (1 hr)toa
stirred mixture of 1a (137 g, 0-825 mol) and chloroplatinic acid
(1-:3ml, 0-1N in isopropanol). The exothermic reaction was
maintained at 25° using a water bath. After stirring for an
additional 0-5 hr, the unchanged acetal was removed in vacuo at
room temp to give 214g of crude Ib; IR (liquid film) 1600
{aromatic C=C) cm™'; NMR (CDCL) § 0-76 (m, 2, =SiCH~CH,),
1117 {t, 6, J=8Hz, OCH,CH,), 160 [m, 2, -CH,-CH,CH-
(OEY),),3-53([q,4,] = 8 Hz,(OCH,CH,).], 3-80 (s, 3, OCH,), 4-40 (1,
1, J = 6 Hz, -CH,~CH—(OE1),}, 6:80-7-36 (m, 4, ArH). The mass
spectrum of 1b showed a weak molecular ion. (Found: (M*-15) m/e
281-158. Required for C.sH,sSi0; (M™-15): m/e 281-157).

Jones’ reagent (8N, 600 ml, 4-80 mol) was added 2hr) to a
stirred soin of the crude 1b (214g, 0-723mol) in 21 acetone
(distilled from KMnO,) keeping the temp of the mixture below 5°.
The excess reagent was destroyed by the dropwise addition of
isopropanol (230 ml) and stirring for an additional 5 min at 0°. The
mixture was concentrated to one-third its volume in vacuo at
°-5°, diluted with one | of ice-water, and extracted with cold ether
(3x 11). The combined ether phases were shaken successively
with water and NaCl aq, and dried (Na,SO.). Evaporation of the
solvent in vacuo yielded a crude mixture (249 g) of ester and acid,
which was saponified with KOH (1 mol) in 75% aqueous EtOH
(21) at room temp for 2 hr. After removal of EtOH in vacuo the
mixture was diluted with water (500 ml) and the neutra] material
extracted with ether. Acidification of the aqueous phase, followed
by extraction with ether yielded 125 g of the acid 1d. Distillation of
the crude product in vacuo afforded 110 g (58%) of a low melting
solid; b.p. 130-136° (0-025 mm) [reported® 108° (0-15mm)]; IR
(liquid film) 3600-2500 (frec and bonded OH), 1705 (C=0) cm™;
NMR (CDCL) 8 109 (m, 2, Si-CH~CH.,), 2-12 (1, 2, =8 Hz,
SiCH,CH.COOH), 3-79 (s, 3, OCH,), 6:82-7-36 (m, 4, ArH), 8-56
(br s, 1, COOH). The mass spectrum of 1d failed to show a
molecular ion. (Found: (M*-15) m/e 223-079. Required for
C,,H,sSi0; (M*-15): m/e 223-079).

In an alternative procedure, allyl acetate (58-0 g, 0-S80 mol) was
added dropwise to a stirred, cooled (10°) mixture of 1a (84-3 g,
0-508 mol) and 0-5 N chloroplatinic acid in isopropanol (2 mi), and
stirring was continued at room temp for 18 hr. At the end of this
period more catalyst (-1 ml) was added and the reaction was
completed by heating at 50° for 3 hr. Removal of the excess allyl
acetate yielded the crude le (134 g, 99%), which was saponified
(25°, 18 hr) with KOH (42 g) in 75% aqueous EtOH. After removal
of EtOH in vacuo, the mixture was diluted with water and the
product extracted with CHCl; (750 ml). Evaporation of the dried
(Na,S0,) CHCI, extract gave the desired alcohol (100%) which
was oxidized to the acid 1d (72%) with Jones' reagent by the
procedure described above.

6-Methoxy-4 ,4-dimethyl-4-sila-1-tetralone (2). The silatetralone
2 was prepared as a low melting solid in 92% yield following the
literature procedure;*'* b.p. 105~107° (0-025 mm) [reported® 87°
(0-05 mm)]; IR (liquid film) 1640 (C=0) cm™'; UV (MeOH) 225 nm
(e 16,100), 277 (15,400); NMR (CDCl,) & 1-18 (m, 2, C-3), 2:88 (m,
2, C-2), 3-85 (s, 3, OCH;), 6-84-6:96 (m, 2, ArH), 807 d, 1,
J =10 Hz, C-8). (Found m/e: 220-092. Required for C,;H . Si0;:
mie 220-092).

1,1 - Dimethyl - 4 - hydroxy - 7 - methoxy - 4 - vinyl - 1,2,3,4 -
tetrahydro - 1 - silanaphthalene (3). The title compound was
obtained in approximately 90% purity and immediately converted
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to the more stable isothiuronium salt following the literature
proceduse.®

1,1 - Dimethyl - 4 - (2’ - (1",3" - dioxo - 2" - methyl - cyclopenta -
2" - yl)ethylidene} - T - methoxy - 1234 - tetrahydro - 1 -
silanaphthalene (4). A mixture of the preceding crude
isothiuronium acetate (0-21 mol, assuming 100% purity) and 91-8 g
(0-820 mol) of 2-methylcyclopentane-1,3-dione in 1231 of
t-BuOH and 205 m! water was refluxed for 19 hr. The oily residue
{66-5 g), obtained by following the reported® isolation procedure,
was purified by elution from silica gel (2 kg) with benzene and then
5% acetone in benzene, to give 42:7 g (61%) of 4 as an oil.

An analytical sample of 4 was prepared by preparative TLC
(ChromAR 1000, 40% benzene-CCL) of a small sample of this oil;
1R (CCL) 1760 (shoulder), 1725 (C=0) cm™*; UV (MeOH) 259 nm
{e 13,500); NMR (CDCL) 5 0-90 (m, 2, C-2), 1-16 (s, 3, C-27),3-79
{s, 3, C-7), 5-40 (1, 1, J=6Hz, C-1'), 6:74-7-24 (m, 3, ArH).
(Found: m/e 342-164. Required for C,oH2Si0s: m/e 342-165).

3 - Methoxy - 6,6 - dimethyl - 6 - silaestra - 1,3,5(10),8,14 -
pentaene - 178 - yl acetate (8¢). The title compound Sc was
prepared in three steps®’® from the secosteroid 4. It was purified
by crystallization from methanol in 40% yield; m.p. 137-139°; IR
(CCL) 1740 (C=0), 1590 (aromatic C=C} em™"; UV (MeOH)
235nm (e 12,800), 307 (e 22,400); NMR (CDCl;) 5 1:00 (s, 3,
C-18), 1-26-2:00 (m, 4, C-7, C-12), 2:08 (s, 3, OCO-CH,),
2:36-2-96 (m, 4, C-11, C-16),3-80 (s, 3, OCH,), 5-04 (1,1, = 9 Hz,
C-17), 557 {br 1. 1, C-15), 6-80-7-43 (m, 3, ArH). (Found m/e:
368-180. Required for C..H:sSi05: m/e 368-181).

Catalytic hydrogenation of S¢. The catalytic hydrogenation of
¢ was first carried out using 10'mg of the compound, 5 mg of the
catalyst and 3 ml of the solvent. In each case the composition of
the reaction mixture was determined by GLC (250°, 3% SE-30 on
Variport) and the structures of the products were confirmed by
NMR. The results are summarized in Table 1 (vida supra).

(a) Preparation of 6b. A soln of 5¢ (5:75g) in benzene (40 mi)
was added to a suspension of 10% Pd on C (2:9g) in the same
solvent (200 ml) and stirred under a H, until one equiv of H, was
absorbed (20 min). Filtration, evaporation, and crystallization
from MeOH gave 6b (3-74 g, 66%); m.p. 92-94°; IR (CHC};) 1730
(C=0), 1600 (aromatic C=C) em™'; UV (MeOH) 220nm (sh, ¢
15,400), 279 (13,000); NMR (CDCl,) & 0-84 (s, 3, C-18), 2-02 (s, 3,
0CO-CH,), 2:12-2+76 (m, 3, C-11, C~14), 3-78 (s, 3, OCH,), 4-76
(t,1,J =8 Hz, C-17), 6:76-7-34 (m, 3, ArH). (Found: m/e 370-196.
Required for C:,H1,Si0y: m/e 370-196).

(b} Preparation of 7. A soln of 5¢ (250 mg) in glacial AcOH
(10 ml) was added to a suspension of Pt (125 mg) in the same
solvent (4 ml) under H, and stirred until one equiv of H, was
absorbed (2 hr). Filtration, evaporation, and crystallization from
MeOH gave 7 (183 mg, 73%); m.p. 104-106°; IR (CHCl,) 1730
(C=0), 1600 (aromatic C=C) cm™'; UV (MeOH) 227 nm (sh,
13,600), 284 (2200); NMR (CDCl,) & 0:90 (s, 3, C-18), 349 (br ¢t, 1,
J=7Hz, C-9),4-69 (brt, 1, J =8 Hz, C-17). The remainder of the
NMR spectrum was identical with that of 6b. (Found: m/e
370-196. Required for C,H305i0,: mfe 370-196).

(c) Preparation of 6c. Attempts to prepare an analytically pure
sample of 6c were unsuccessful. The structure of 6¢ was
established by GC-MS and an NMR spectrum of the enriched
mother liquors of crystallization of 6b and 7, which showed an
enhancement of the C-18 methyl signal of 6¢ at 5 0-98,

3- Methoxy - 6,6 - dimethyl - 6 - silaestra - 1,3,5(10) - trien - 178 -
ol (8a). Li ribbon (40 mg, 5-7 mmole) was added to a stirred soln
of 6b (300 mg, 0-810 mmole) in dry THF (5 ml) and ammonia 20 mi)
at -33°, After 10 min, the deep blue color of the mixture was
discharged with sat ammonium chloride and the ammonia was
evaporated with a stream of N;. Water (ca 10 ml) was added, and
the mixture was extracted with benzene (10ml). The residue
(268 mg) from the dried organic phase was saponified with KOH
(112 mg) in 75% aqueous EtOH (4 ml) at room temp (1 hr). After
removal of EtOH in vacuo, the mixture was diluted with water
{5 ml) and extracted with CHCl, (2 x 10 ml). Crystallization of the
crude product from hexane gave 8a (139 mg, 51%); m.p. 103-107°;
IR (CHC},) 3600 (OH), 1595 (aromatic C=C) cm™"; UV (McOH)
222 nm (sh, e 10,000), 282 nm (3000), 290 (2700); NMR (CDCl,) &
0-72 (s, 3, C-18), 2-26 (m, 1, C-9), 3-70 (t, 1, J = 8 Hz, C~17), 3-78
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(s, 3, OCH,), 683 (dd, 1,1=9, 3Hz, C-2), 696 (d, 1, J =3 Hz,
C4),7-37(d, 1,J =9 Hz, C-1). (Found: m/e 330-202. Required for
C20H10Si0,: m/e 330-202).

3- Hydroxy - 6,6 - dimethyl - 6 - silaestra - 1,3,5(10) - trien - 178 -
ol (8b). Solvent was removed from an etheral soln (5ml) of
MeMgl and 8a (250 mg, 0-757 mmol) by a stream of N, and the
mixture was heated at.170-180° for 3 hr. It was then hydrolysed
with ice-water (10m!) and 0-5N HCI (8 ml) and extracted with
CHCl, (2 x 20 ml).

The crude product (230 mg) from the dried (Na,SO,) CHCl,
phase was purified by preparative TLC (silica gel, 10% acetone in
CHCl,) to give 8b (161 mg, 68%) as an amorphous white solid (m.p.
95-98°). Although homogeneous by TLC (silica gel, 4% MeOH in
CHClL,) and GLC (TMS ether), attempts to crystallize this
compound were unsuccessful; IR (CHCl,) 3600 (OH), 1595
(aromatic C=C) cm™'; UV (MeOH) 222nm (sh, € 9300), 282
(2700), 291 (sh, 2400); NMR (CDCl,) 5 0-74 (s, 3, C-18), 3-72 (t, 1,
J=8Hz, C-17),6:74 (dd, 1, J¢,.c, = 6 HZ, Jc,c, = 2 Hz, C-~2), 6-89
(d,1,J=2Hz,C4),7-30(d, 1,J =6 Hz, C-1). (Found: C, 71-92;
H, 9:13; m/e 316-185. Required for C,sH2Si0,: C, 72:10; H, 8-92;
mle 316-186).

3- Methoxy - 6,6 - dimethyl - 6 - silaestra - 1,3,5(10) - trien - 17 -
one (10a). A soln of crude 8a (890 mg, 2-70 mmol), distilled
aluminum isopropoxide (778 mg, 3-65 mmol), and cyclohexanone
(3-8 ml) in dry toluene (100 mi) was refluxed for 1 hr, The mixture
was cooled (50°), Rochelle salt (820 mg) in water (39 ml) added,
and the resulting mixture steam distilled until the distillate was
clear. The mixture was then extracted with CHCI, (2 x 100 ml),
and the organic phase was dried (Na,SO.).

The crude product (890 mg) was purified by elution from silica
gel (40 g) wity 1% acetone in CCL, and then 3% acetone in CCl,, to
give 500 mg (57% from 6b) of 10a.

An analytical sample was prepared by crystallization from
hexane; m.p. 101-104°; IR (CHCl,) 1730 (C=0), 1595 (aromatic
C=C) ¢cm™'; UV (MeOH) 222nm (sh, ¢ 9100), 283 (2400), 290
(2200); NMR (CDCl,) 8 0-77 (s, 3, C-18), 2:07-2:46 (m, 3, C-9,
C-16), 3-70 (s, 3, OCH,), 6:76 (dd, 1, J =8, 3 Hz, C-2), 6-89 (d, 1,
J=3Hz, C4), 728 (d, 1, J=8 Hz, C-1). (Found: m/e 328-186.
Required for CyHsSi0,: m/e 328-186).

In an alternative procedure, a solution of 8a (52 mg, 0-16 mol) in
CH.Cl: (2 ml) was added to a stirred mixture of CrO, (96 mg,
0-96 mmol) and pyridine in CH.Cl. (2 ml). After stirring for 25 min
at room temp, the soln was decanted from the residue and the
solvent removed in vacuo. The residue was taken up in ether and
washed with dilute aqueous base, brine and dried (Na,SO.).

Two products 10a (21 mg, 40%) and 14a (2 mg, 4%) were isolated
by the preparative TLC of the crude mixture (silica gel, 5%
acetone in CCL).

3 - Methoxy - 6,6 - dimethyl - 6 - sila - 17a - ethynylestra -
1,3,5(10) - trien - 178 - ol (10b). A mixture of 10a (200 mg,
0-609 mmol) and lithium acetylide-¢cthylenediamine complex
(1-3 g, 13 mmol) in anhyd dioxane (12 ml) was stirred vigorously at
room temp (1-5hr). The mixture was cooled to 0°, saturated
ammonium chloride (2 ml) added, and then water (40 ml). The
resulting mixture was extracted with CHCl, (3 x20ml) and the
organic phase dried (Na,SQ,) and concentrated. The crude residue
(202 mg) was purified by preparative TLC (silica gel, 5% acetone
in CCL) to give 10b (119 mg, 56%).

An analytical sample was prepared by crystallization from
hexane; m.p. 130-131°; IR (CHCl,) 3595 (OH), 3300 (C=CH), 1595
(aromatic C=C) cm~’; UV (MeOH) 222 nm (sh, € 8800), 283 (2300),
290 (2000); NMR (CDCl,) & 0-84 (s, 3, C-18), 2-15 (m, 1, C-9), 258
(s, 1, C=CH), 3-78 (s, 3, OCH.), 683 (dd, 1,J = 8, 3 Hz, C-2), 6-96
(d, 1,J =3 Hz, C4), 7-37 (d, 1, J =8 Hz, C-1), (Found: C, 74:22;
H, 8:52; m/e 354-202. Required for C;H»Si0,: C, 74-55, H, 8-53;
mle 354-202).

3 - Methoxy - 6,6 - dimethyl - 6 - silaestra - 1(10),3 - dien - 178 -
ol (11). Li ribbon (150 mg, 217 mmol) was added to a stirred soln
of 6b (500 mg, 135 mmol) in dry THF (5 ml), t-BuOH (5 ml), and
ammonia (25 ml) at —33°. After | hr, the deep blue color of the
mixture was discharged with saturated ammonium chioride and
the ammonia was evaporated with a stream of N,. Water (20 ml)
was then added and the mixture extracted with CHCI, (2 x 20 m}).
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Evaporation of the dried CHCI, phase gave crude 11 (460 mg) as a
foam.

A sample was purified by continuous preparative TLC (silica
gel, 4% acetone in CCL, 3 hr). Crystallization of 11 was not
successful; IR (CHC,) 3610 (OH), 1675, 164S (C=C) cm™'; NMR
(CDCl) 8 0-84 (s, 3, C-18), 215 (m, 1, C-9), 280 (m, 2, C-2), 3-52
(s, 3, OCH,), 3-64 (, 1, =8 Hz, C-17),4-57 (d, 1, } = 4 Hz, C~4).
5-38 (t, 1, J=3Hz, C-1). (Found: m/e 332-217. Required for
C20H1:8i0.: mfe 332:217).

6,6 - Dimethy! - 6 - sila - 178 - hydroxy - estr - 1(10)en - 3 - one
(15). A soln of crude 11 (490 mg, 1-47 mmol) in MeOH (35 ml) was
added to a cooled (ice bath) soln of oxalic acid (530 mg, 4:2 mmol)
in water (7 ml). After stirring the mixture at room temp for 1 hr, it
was again cooled, neutralized (saturated NaHCO,) and MeOH
removed in vacuo. The aqueous phase was extracted with EtQAc
and the extract was dried (Na,SO,) and concentrated. The ketone
15 (218 mg, 49% from 6b) was isolated from the residue by
continuous preparative TLC (silica gel, 10% acetone in CCL, 2 hr),
and crystallized from ether-hexane; m.p. 136-139°; IR (CHCl,)
3600 (OH), 1710 (C=0) cm™'; NMR (CDCl,) & 0-74 (s, 3, C-18),
2-38-2-91 (m, 5, C-2,C4,C-9),3:65(, 1,J =8 Hz, C-17), 5-40 (t,
1,1 =3Hz, C-1). (Found: m/e 318-202. Required for C,sH,Si0,:
mfe 318:202).

3,3 - Dimethoxy - 6,6 - dimethyl - 6 - silaestr - 1(10) - en - 178 -
ol. A soln of 11 (0-89g, 2-8 mmol) and anhyd p-toluenesulfonic
acid (6 mg, 0-04 mmol) in dry MeOH (50 ml) was stirred at room
temp for 2 hr. The mixture was then cooled and neutralized with
sat NaHCO, (1 ml). The residue obtained by the removal of
solvent in vacuo was taken up in CHCl, (50 ml) and shaken
successively with water and brine. Evaporation of the dried
(Na;SO,) CHCI, phase gave the ketal (1-02, 100%) as a foam.

Although homogeneous by TLC (silica gel, 4% MeOH/CHCl,),
attempts to crystallize this compound were unsuccessful; IR
(CHCI,) 3600 (OH) cm™'; NMR (CDCl;) & 0-74 (s, 3, C-18),
1-96-2-34 (m, 2, C4), 3-16 (s, 3, OCHS,), 3-23 (s, 3, OCH,), 3-64 (t,
1, J=8Hz, C-17), 5:31 (m, 1, C-1). (Found: m/e 364-244.
Required for C;,H1.Si0;: m/e 364-244).

3,3- Dimethoxy - 6,6 - dimethyl - 6 - silaestr - 1(10) - en - 17 - one.
A soln of the above crude ketal (1-02g, 2-80 mmol), distilled
aluminum isopropoxide (780 mg, 3-65 mol), and cyclohexanone
(3-9 ml) in dry toluene (100 ml) was refluxed for 1 hr. The mixture
was then cooled (50°), Rochelle salt (800 mg) in water (40 ml)
added, and the resulting mixture steam distilled until the distillate
was clear. It was then extracted with CHCl, (2 %200 ml). The
crude product (1-01 g) from the dried (Na,SO.) CHCI, phase was
purified by elution from basic alumina (activity III, 120 g) with
CCL, 50% CHCI, in CCls, and CHCl,, to give 676 mg (67% from
11) of the desired ketone as a foam.

Although homogeneous by TLC (silica gel, 40% MeOH/CHCl,),
attempts to crystallize this compound were unsuccessful; IR
(CHCL,) 1730 (C=0) ¢m™'; NMR (CDCl;) & 086 (s, 3, C-18),
2-00-2-40 (m, 4, C—4, C-16), 3-16 (s, 3, OCH,), 3-23 (s, 3, OCH,),
§-32 (m, 1, C-1). (Found: m/e 362-227. Required for C;,H..SiO;:
mie 362:227).

3,3 - Dimethoxy - 6,6 - dimethyl - 6 - sila - 17a - ethynylestr -
1(10) - en - 178 - ol. A mixture of the preceding ketone (400 mg,
1-10 mmol) and lithium acetylide-ethylene diamine complex (2:4 g,
24 mmol) in anhyd dioxane (24 ml) was stirred vigorously at room
temp for 2-5hr. The mixture was cooled to 0° and the complex
decomposed with sat ammonium chloride (4 ml) and water (60 ml).
The resulting mixture was extracted with CHCl, (3 x 30 ml) and
the organic phase dried (Na,SO.,).

The residue (411 mg) from the organic phase was purified by
elution from basic alumina (II1, 40 g) with CCl,, followed by 50%
CHCl,y in CCl, to give 210mg (49%) of the desired ethynyl
compound as a foam; IR (CCL,) 3605 (OH), 3300 (<C=CH) cm~";
NMR (CDCl,) 6 0-79 (s, 3, C-18), 2:10-2-24 (m, 2, C-4), 2-50 (s, 1,
~C=CH), 3-10 (s, 3, OCH,), 3-18 (s, 3, OCH,), 5-26 (m, 1, C-1).
(Found: m/e 388-243, Required for C:,H,.Si0:: m/e 388-243).

6,6 - Dimethyl - 6 - sila - 17« - ethynyl - 178 - hydroxy - 1(10) -
estren - 3 - one (16). A soln of oxalic acid (231 mg, 2-57 mmol) in
water (6-3ml) was added to a cooled (ice bath) soln of the
preceding ketal (210 mg, 0-541 mmol) in THF (20 ml). The mixture
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was stirred at room temp for 6hr. It was then cooled and
neutralized with sat NaHCO, aq and the THF removed in vacuo.
The aqueous phase was extracted with CHCI, (2% 25 ml).

The residue (168 mg) from the dried (Na.SO,) CHCI, extracts
was purified by preparative TLC (ChromAR-1000, 3% acetone in
CCl,), followed by crystallization from methylene chloride-
hexane, to give 16 (71 mg, 39%); m.p. 223-226°; IR (CHCI,) 3600
(OH), 3300 (C=CH), 1710 (C=0) cm*; NMR (CDCl,) & 0-86 (s, 3,
C-18),2:56 (s, 1, C=CH), 2-68-2-94 (m, 2, C4), 5-41 (t, },] =3 Hz,
C-1). (Found: C, 73-55; H, 8:99; m/e 342-202. Required for
C1 H1oSi0;: C, 73-62; H, 8:84, m/e 342:202).

6,6 - Dimethyl - 6 - sila - 178 - hydroxy - 10 - isoestran - 3 - one
(17). A soln of 1§ (195mg) in EtOAc (5ml) was added to a
suspension of prereduced 5% Pd on C (203 mg) in the same
solvent (20 ml) and stirred under H; for 18 hr. The mixture was
filtered through celite and the solvent evaporated in vacuo to give
a white foam (181 mg).

Preparative TLC (ChromAR-500, 7-5% acetone in CCL)
afforded 64 mg (33%) of pure 17 which crystallized as needles
from ethyl acetate; m.p. 189-191°; IR (CHCl,), 3400 (OH), 1710
(C=0) cm™'; NMR (CDCl;) & 0-71 (s, 3, C-18),3-84 (1, 1,] =8 Hz,
C-17). (Found: m/e 320-217. Required for C,oH,,Si0,: m/e
320-217).

5,6 - Seco - 3 - methoxy - 6,6 - dimethyl - 6 - hydroxy - 6 -
silaestra - 1,3,5(10) - trien - 17 - one (14a). A soln of 1 M boron
tribromide in CH,Cl, (51 pl, 0-05 mmol) was added to a cooled
(dry ice) soln of 10a (17 mg, 0-05 mmol) in the same solvent (3 ml).
After 4 hr at this temp, the mixture was poured into water (10 mi)
containing 2N HCl (2 ml). The aqueous phase was extracted with
CH,C!; (10ml) and the latter extract dried (Na,SO.) and
evaporated in vacuo to afford 17 mg of crude 14a.

Preparative TLC (ChromAR-500, 5% acetone in benzene)
yielded pure 14a (11 mg, 62%) as an oil; IR (CHCl;) 3590, 3660
(OH), 1735 (C=0), 1610 (aromatic C=C) cm™’; UV (MeOH) 223,
277, 283 nm; NMR (CDCl,, CH.C); as a reference) § —0-085 (s, 3,
=Si(CH.,).], ~0-055 (s, 3,=Si(CH,).}, 1-02 (s, 3, C-18), 1-89-2:26 (m,
3, C-9, C-16), 3-78 (s, 3, OCH;), 6-80-7-16 (m, 4, ArH). (Found:
mle 346:197. Required for C,oH;0Si0,: m/e 346-197).

5,6 - Seco -3 - methoxy - 6,6 - dimethy! - 6 - fluoro - 6 - silaestra -
1,3,5(10) - trien - 17 - one (14b). A soln of 10a (75 mg, 0-23 mmol)
in a mixture of abs EtOH (10 ml) and 50% aqueous HF (7 ml) was
heated at 50° for 20 hr. The mixture was poured into ice-water
(50 ml) and extracted with benzene (2 X 60 ml). The extract was
dried (Na,SO,) and evaporated in vacuo to afford 71 mg (89%) of
14b as an oil of 98% purity (GLC); IR (CHCl,) 1730 (C=0), 1610
(aromatic C=C) cm™'; UV (MeOH) 224 nm (e 8333); NMR (CDCl,,
CH.CI, as a reference) § —0-03 (m, 6,=Si(CH,)], 0-65 (m, 2, C-7),
1-03 (s, 3, C-18), 3-78 (s, 3, OCH,), 6-76-7-18 (m, 4, Ar-H).
(Found: m/e 348:192. Required for C»oH:SiO,F: m/e 348-192).

5,6 - Seco -3 - hydroxy - 6.6 - dimethyl - 6 - fluoro - 6 - silaestra -
1,3,5(10) - trien - 178 - ol (18s). A soln of 8b (130 mg,
0-411 mmol) in EtOH (17 ml) and 50% aqueous HF (17 ml) was
heated at 50° for 6 hr. It was then poured into ice-water (100 mi)
and extracted with benzene (2 x 100 ml). Evaporation of the dried
(Na,S0.) organic phase gave 18a (126 mg, 92%) as an amorphous
white solid, m.p. 168-170°.

Although homogeneous by TLC (ChromAR-500, 15% acetone
in CCL) and GLC (TMS ether), attempts to crystallize 18a were
unsuccessful; IR (KBr) 1510, 1610 (aromatic C=C) cm™'; UV
(MeOH) 223 nm (e 7500), 277 (1600), 285 (sh, 1400); NMR (CDCl,)
5,088, (s, 3, C-18),3-72 (1, 1,] =8 Hz, C-17),6:72 (d, 2, } = 9 Hz,
C-2, C4), 7-02 (d, 2, ] =9 Hz, C-1, C-5). (Found: m/e 336-191.
Required for C,;H»Si0,F: m/fe 336-191).

5,6- Seco -3 - methoxy - 6,6 - dimethyl - 6 - fluoro -6 - sila - 17« -
ethynylestra - 1,3,5(10) - trien 178 - ol (18b). A soln of 16b
{114 mg, 0-322 mmol) in a mixture of abs EtOH (15 ml) and 50%
aqueous HF (15 ml) was heated at 50° for 18 hr. The mixture was
poured into ice-water (50 ml) and extracted with benzene
(2x 60 ml). The extract was dried (Na,SO.) and evaporated in
vacuo to afford 120 mg (99%) of 18b as an oil of 98% purity
(GLO). IR (CCL,) 3595 (OH), 3300 (-C=CH), 1590 (aromatic C=C)
cm™'; UV (MeOH) 224 nm (e 8145); NMR (CDCl,y) 8 0-6 (m, 2,
C-7),1-0 (s, 3, C-18),2+6 (s, 1, -C=CH), 3-77 (s, 3, OCH,), 6-7-7-2
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(m, 4, C-1, C-2, C4, C-5). (Found: m/e 374-208. Required for
CxH;,Si0.F: m/e 374-208).

5,6 - Seco - 6,6 - dimethyl - 6 - fluoro - 6 - sila - 178 - hydroxy -
estra - 1(10) - en - 3 - one (19). A soln of 15 (180 mg, 0-566 mmol)
in EtOH (24 ml) and 50% aqueous HF (24 ml) was allowed to stand
at room temp for 0-5 hr. It was then poured into ice-water (150 ml)
and extracted with benzene (2 x 150 ml). Evaporation of the dried
(Na,SO,) organic phase gave 19 (189mg, 98%) as an oil,
homogeneous by TLC (ChromAR-500, 15% acetone in CCL) and
GLC (TMS ether); IR (CCL) 3610 (OH), 1720 (C=0) cm™*; NMR
(CDCl,) 8 0-78 (s, 3, C-18), 2-90 (d, 2, J =2 Hz, C-2), 3-66 (t, 1,
J=7Hz, C-17), 5:55 (t, 1, ] = 3Hz, C-1). (Found: m/e 338-207.
Required for C,sH,,SiO-F: m/e 338:207).

Dibenzylchlorosilane. This compound was prepared from
trichlorosilane and benzylmagnesium bromide in 53% yield
following a reported procedure;” b.p. 123-125° (0-02 mm); IR
(liquid fitm) 2165 (Si-H), 1600, 1495 (aromatic C=C) cm ™. (Found:
m/e 246-0628. Required for C, H,sSiCl: m/e 246-0632).

m-Methoxyphenyldibenzylsilane. This compound was prepared
from m-methoxyphenylmagnesium bromide and dibenzyl-
chlorosilane in 83% yield; b.p. 150-156° (0-025 mm); IR (liquid
film) 2125 (Si-H), 1495, 1570-1600 (aromatic C=C) ¢cm™'; NMR
(CDCl,) 6 2-37 [d, 4, ) = 4 Hz, (C{H,CH.).SE], 368 (5, 3, OCHy),
4-45 [t, |, ] =4 Hz, (C,H,CH,),SiHAr], 6-81-7-28 (m, 14, ArH).
(Found: m/e 318-1442. Required for C,,H;,Si0O: m/e 318-1440).

3 - [(m - Methoxyphenyl)dibenzylsilyl)propanol. A mixture of
m-methoxyphenyldibenzylsilane (102-5 g, 0-331 mol), allyl alcohol
(20-3 g, 0-35 mol), potassium acid phthalate buffer (pHS, 25 ml),
chloroplatinic acid (1-92ml, 0-5M in iPrOH), and t-BuOH
(450 ml)** was stirred at room temp. Additional amounts (1-92 ml,
0-5 mi) of chloroplatinic acid were added to the reaction mixture
after 25 and 90 hr, respectively.

After stirring for 96 hr, t-BuOH was removed in vacuo. The
aqueous phase was extracted with CHCl,. Concentration of the
dried (Na,SO.) CHCI, phase gave the desired alcohol (120 g) in
quantitative yield as an oil homogeneous by GLC and TLC; IR
(liquid film) 3580 (OH), 1600, 1490 (aromatic C=C) cm~', NMR
(CDCl,) 8 072 (m, 2, =SiCH,CH.CH,OR), 148 (m, 2,
=SiCH,CH,-CH,0H), 2-37 [s, 4, (CéHsCH.).Si=), 3-46 (1, 2, ] =
6 Hz, =SiCH.CH,CH,0H), 3-70 (s, 3, OCH,), 6-80-7-26 (m, 14,
ArH). The mass spectrum of this product failed to show a molecular
ion. [Found: (M-15) m/e 361-163. Required for C,;H,5Si0,: (M-15)
mle 361:162).

3 - [(m - Methoxyphenyl)dibenzylsilylpropionic acid. This
compound was obtained as an oil in 58% yield by oxidation of the
preceding alcohol with Jones’ reagent. Its purity was verified by
conversion to its methyl ester, followed by TLC and GLC
analysis.

The desired acid was also obtained in 27 and 41% yields,
respectively, by hydrosilylation of ethyl acrylate and acrolein
diethyl acetal with m-methoxyphenyl-dibenzylsilane; IR
3600-2550 (free and bonded OH), 1705 (C=0), 1490, 1500
(aromatic C=C) cm™"'; NMR (CDCl,) 6 1:12 (m, 2, =SiCH.CH,),
2-14(t,2,] = 8 Hz,=SiCH.CH.COOH), 2-38 s, 4, (CcHsCH,),Si=],
372 (s, 3, OCH,), 6-82-7-34 (m, 14, ArH), 8-0 (br s, 1, COOH). The
mass spectrum of this carboxylic acid failed to show a molecular
ion. (Found: (M-2) m/e 388-149. Required for C,,H,.Si0s: (M-2)
m/e 388-149).

6 - Methoxy - 4,4 - dibenzyl - 4 - sila - 1 - tetralone. This
compound was prepared in 75% vyield using the procedure
described for the preparation of 2; m.p. 95-96° (ether); IR (KBr)
1655 (C=0) cm™'; UV (MeOH) 224 nm (e 33,300), 253 (6200), 258
(8100), 276 (13,700): NMR (CDCl;) § 1-04 (m, 2, C-3), 2-36 [m, 6,
C-2 and (C.H.CH.,Si=], 370 (s, 3, OCH,), 6:72-7-24 (m, 13, ArH),
8:05 (d, 1, J=9Hz, C-8). (Found: m/e 372:154. Required for
C2.H..Si0;: mje 372:-154.

1,1 - Dibenzyl - 4 - hydroxy - 7 - methoxy - 4 - vinyl - 1,2,3,4 -
tetrahydro - | - silanaphthalene. This compound was obtained by
treatment of the preceding tetralone with vinyl magnesium
chloride. The crude product immediately was converted to its
isothiuronium acetate without purification (c.f. the preparation
of 3).

1,1 - Dibenzyl -4-(2' - (1",3" - dioxo - 2" - methylcyclopenta - 2" -
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yDethylidene - 7 - methoxy - 1234 - tetrahydro - 1 -
silanaphthalene. This compound was obtained as an oil (63%
yield) by the procedure described for the preparation of 4. An
analytical sample was prepared by preparative TLC
(ChromAR-1000, 1% acetone in benzene); IR (CHCl,) 1760 (sh),
1720 (C=0) cm™"; UV (MeOH) 218 nm (¢ 32,600), 263 (10,900), 293
(6300); NMR (CDCl,) 6 0-80 (m, 2, C-2), 1-07 (s, 3, C-2, 3-72 (s,
3,C-N, 524, 1, =6Hz, C-1'), 6:70-7-34 (m, 13, ArH). (Found
m/e 494-228. Required for C,;HSiOs: m/fe 494-228).

3 - Methoxy - 6,6 - dibenzyl - 6 - silaestra - 1,3,5(10),8,14, -
pentaene - 178 - yl acetate. This compound was prepared from the
preceding seco-steroid in three steps®™'® (25% yield). It was
purified by preparative TLC (silica gel, 20% acetone-CHCl;) and
obtained as an oil; IR (CH,CL.) 1730 (C=0), 1600, 1490 (aromatic
C=C) cm™"; UV (MeOH) 220nm (e 33,800), 307 (16,900); NMR
(CDCl,) 8 093 (s, 3, C-18), 1-26-1-68 (m, 4, C-7, C-12), 2-07 (s, 3,
CH,COz), 2:26 (s, 2, CsHsCHa), 239 (s, 2, CeHsCHa), 2-20-2-74
(m, 4, C-11, C-16), 3-78 (s, 3, OCH,), 4:96 (1, 1, J =8 Hz, C-17),
5-44 (brt, 1, C-15), 6:72-7-38 (m, 13, ArH). (Found: m/e 520-243.
Required for CiH3Si0y: m/le 520-243).

3 - Methoxy - 6,6 - dibenzyl - 6 - silaestra - 1,3,5(10),8 - tetraene -
178 - yl acetate. A soln of the preceding pentaene (200 mg) in
EtOH (20ml) containing 0-3% piperidine was added to a
suspension of 5% Pd on C (125 mg) in the same solvent (10 ml) and
stirred under H, until one equiv of H, was absorbed (2 hr). The
NMR spectrum of the crude mixture indicated the presence of the
desired product and its A*'¥ isomer (1:1). Partial purification (ca
90%) was effected by continuous TLC (silica gel, 1-5% acetone-
carbon tetrachloride, 2 hr). Attempted crystallization of the oily
products was unsuccessful. A'>*'®2.Tetraene; IR (CH,Cl,) 1730
(C=0), 1600, 1490 (aromatic C=C) cm™'; UV (MeOH) 220 nm (e
30,000), 280 (10,000); NMR (CDCl,) & 0-72 (s, 3, C-18), 2:04 (s, 3,
OCO-CHy,), 224 (s, 2, CeHsCHo), 2:40 (s, 2, CH,CH3), 2-12-3-70
(m, 3, C-11, C-14), 3-77 (s, 3, OCH,), 4-66 (1, 1, J = 8 Hz, C-17),
6:76-7-26 (m, 13, ArH). (Found: m/e 522-259. Required for
C3.H3Si0;: mle 522-259).

AP0 Tetrgene; IR (CH,Cl) 1730 (C=0), 1600, 1490
(aromatic C=C) cm™'; UV (MeOH) 220 nm (e 28,000), 280 (5,000);
NMR (CDCl,) 5 0-88 (s, 3, C-18), 2:04 (s, 3, OCO-CH,), 2°24 (s,
2,CHsCH.), 231 (brs, 2, C4HsCH,), 2:12-2-48 (m, 4, C-11,C-15),
340 (br t,] =8 Hz, C-9), 3-62 (s, 3, OCH,), 4-66 (br t, 1,J =7 Hz,
C-17), 6-40 (d, 1, ] = 3 Hz, C-4), 6-80-7-24 (m, 13, ArH). (Found:
mfe 522:259. Required for CsHySi0s: m/fe 522-259).

Biological activity. Female Sprague-Dawley rats were emp-
loyed, and the steroids in sesame oil were administered orally (or)
and/or by subcutaneously (sc) injection. Estrogenicity was
determined by uterotropic assay using estradiol (sc) or ethynyles-
tradiol (or) as standards. At least three dose levels of the unknown
and three dose levels of the standards (sc, 0-04, 0-08, 0-16 ug, or
0-4, 08, 1:6 ug) were tested simultaneously on ten animals per
group. Antiestrogenicity was determined similarly, using an
estradiol (0-32 ug) standard and sc administration. Post-coital
activity was determined by sc administration of a fixed daily dose
of the steroid to 10 animals on days 04 of pregnancy. Autopsy
was performed on day 10.

Using these protocols, the following 6-silasteroids were
screened for estrogenicity (E), antiestrogenicity (AE), and
post-coital (PC) activity: 8¢, E (sc, or), AE; 6b, E (sc, or), PC; 7,
E (sc, or), PC,8b, E (sc); 10b, E (or), PC; 14a, E (sc), AE; 14b,
E (sc), AE, PC; 16, PC; 18a, E (or): 18b, E (or), PC; 19, E (or).
No significant activity was observed. Compound 19 showed weak
androgenic activity in rat.
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