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A~~,~Dimethylbme~~xy4-Jila-I-tetralone (2) was prepared by a modified literature procedure and 
converted lo 3-methoxy-6,~dimethyl~s~~s~-1,3,5(10),8,1~pentaen-17~-yl acetate (Se). Catalytic hydrogenation 
of Se gave 3-methoxy+dimethylbsilaestra-13,5( l0),8-tetraen-17/I-yl acetate (6b), and its l4-iso- and A”‘(‘“)y”’ 
isomers, the proportions varying with the catalyst and solvent. Reduction of 6b with lithium-liquid ammonia, and 
Odemethylation, gave 6,MimethyMsilaestradiol (8b). Reduction of the 3-methyl ether of 8b with lithium-liquid 
anunonia+butanol and hydrolysis afforded 3-keto-6,6dimelhyI-6-silaestr-l(I0)-en-l7~-ol (15), which was 
catalytically reduced lo its I,lOadibydro derivative 17. The 5,6 Si-C bond of 8b, IS and their derivatives was cleaved 
by boron tribromide, aq. ethanolic hydrogen fluoride, and other reagents, providing a series of 5,6secc-6$i-dimethyl- 
bsilasteroids. X-ray crystallographic analysis of 17 and the 17acthynyl derivative of I5 confirmed the 
stereochemical assignments. None of the compounds which were subjected to uterotropic, anti-uterotropic, or 
postcoital assays, showed significant activity. A partially completed synthesis of bsilaestradiol(21a) is descnid. 

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 .&steroids 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 triakiylsilyl 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 report6 
described the synthesis of 6,6 - dimethyl - 6 - silaestra - 
1,3,5(10),8 - tetraen - 178 - 01 @a), which proved to be only 
weakly estrogenic. However, because of the uncertain 
stereochemistry at C-14 and the presence of the 
89double 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& group on the hormonal activity. 

We have now synthesized a number of 6,6dimethyM- 
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 Csilasteroids with functional groups attached 
to silicon have been defined. 

Synthetic procedures 
6,6 - Dimethyl - 6 - silaestra - 1,3,5(10),8,14 - pentaen - 

178 - 01 (Sb). As Barcza recognized: the total synthesis 
of the estrane ring system pioneered by Ananchenko and 

+Because of the inability of silicon to form stable p. double 
bonds, and the ready cleavage of o- and fi-silyl ketones,” this 
synthetic route cannot be used to introduce silicon in any other 
petition of the estrane skeleton. 

SThe procedures used for the preparation of compounds 2-S are 
the same as those reported by Barczat however, since yields and 
spectroscopic properties have not been published, this informa- 
tion is included in the experimental section. 

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

2 was obtained by a modification of Barcza’s proce- 
dure.6 Commercially available dimethylchlorosilane was 
treated with m-methoxyphenylmagnesium bromide, to 
give IP in 86% yield. Chloroplatinic acid catalyzed 
addition of la to acrolein diethyl acetal gave the terminal 
adduct lb, with no evidence of the non-terminal adduct 
lc. Oxidation of lb with Jones’ reagent, followed by 
saponification. gave the carboxylic acid Id in 58% from 
la. This yield was increased to 72% when the less 
expensive ally1 acetate was substituted for acrolein 
diethyl acetal, and the adduct le was saponified and 
oxidized with Jones’ reagent. Cyclization of Id using 
phosphorus pentachloride-stannic chloride gave the 
silatetralone 2 in 92% yield. 

The construction of the C and D rings of 5b was then 
accomplished by the standard procedure,b’ i.e. 2+3+ 
4+Sa. 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 l7-keto group of 5a with sodium 
horohydride gave sb which, on acetylation, gave k in 40% 
overall yield from 2. 

6,6-Dimethyl-Gsiloestrudiol (8b). The conversion of SC 
to 8b first required reduction of the 14, 15 double bond lo 
introduce the bans C/D ring juncture. Barcza6 reported 
that this could be accomplished by hydrogenation of Sb 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 Sb or k under the 
same conditions gave mixtures of three dihydro products. 
The PMR spectrum of the mixture derived from 5c 
showed C-18 Me resonances at S 0~84,0+90 and 099, 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, in methylene chloride at 25°C. Surprisingly aryl-silicon 
and the olefinic double bond must therefore be tetrasub- bond cleavage occurred to the exclusion of O-demethyla- 
stituted, i.e. Au’*’ or A’. The former was preferred on the tion, despite the fact that 0-demethylation of an 
basis of a one proton triplet at 8 3.49, which was assigned acyclic analog 9 was effected without such a complication. 
to the allylic and benzylic 9a-proton coupled to the Partial aryl-silicon bond cleavage also occurred to some 
methylene protons. The structures of 6b and 6c were extent using pyridine hydrochloride (2OtP, 2hr), while 
assigned on the basis of Zurcher’s studies,” which have lithium iodidecollidine accomplished neither O- 
established that the C-18 methyl resonance of a bans C/D demethylation nor aryl-silicon cleavage. However, 8h 
steroid is generally at higher field relative to the cis C/D could be obtained in excellent yield by treatment of 8s 
analog. with methylmagnesium iodide (180“, 2 hr).” 

The low yield of the trans product 6b using 5% 
Pd/CaCOa 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 bCnzene (85% yield). 

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

The next step in the synthesis was reduction of the 8.9 
double bond of 6h, 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- 
silaneltrifluoroacetic 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 (uide 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 (I- and /?-face reduction of the 8.9 double 
bond. This supported the assigned trans B/C structure of 
8~ although it did not differentiate between trans-anti- 
trans and trans-syn -trans BCD stereochemistry. 

Conversion of 8a to the 6,6dimethyl_6_siIa analog of 
estradiol (8b) was tirst attempted using boron tribromide 

6,6-Dimethyl-6-siIa analogs of 3-keto steroids. Birch 
reduction of 6b with lithium in liquid ammonia in the 
presence of t-butanol gave the A”‘0’3dien-3-ol ether 11 as 
the major product. The structure of 11, which is isomeric 
with the A2*“‘) dien-3-al-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 = 3 Hz, I-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 
&. 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 silanol14a as a by-product confirmed 
that some silicon-carbon cleavage had occurred. 

Hydrolysis of 11 with oxalic acid iu>q. methanol gave 

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

x PECWR -Imm 
cAmtx*z WLVW TLta ?b (trmlm) _e k.ir) 7 

51 PdbCO, mbno1 10 ala 42 25 33 

51 PdlSrcO, ?.rtano2 30 * 41 13 46 

51 PdlC P.thm01 30 * 55 0 45 

5X PdlC bzum. 10 mill IS 0 15 

32 PdlC Ltbanol/0.22 Pipwldia. 65 Ifn 36 5 59 

5% PdlC Etf,.m1/21 Pi9wldim. 1 hr 39 2 60 

51 PdlC rrhMo1/202 PipaidlM 3br b5 2 53 

5% PdlC Itbnoll22 P,ridin. 7hr 34 7 59 

51 PdtC Pycidlsm m PUCZIDB 

5X PdfC Ethnoll2l Tri.thyl..im 3.5 llr 33 26 52 

5% PdlC Ktbmll2X Pyrmlidina ItI? 40 3 57 

ml2 IlthUW2 5br 13 27 60 

Pf02 Ethmoll2X P,ridin. 24 hr 110 lyclIc6l 

Pt02 Ac.tie kid Jhr 0 

I 

'b 100 

m3P)3Paa ItOll 24 br muL4c21m 
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the expected &y-unsaturated ketone 15. Surprisingly, all 
attempts to isomer& 15 to the conjugated A’3-ketone 
using acidic or basic catalysts were unsuccessful; either 
15 remained unchanged or complex mixtures were 
obtained. The 17acthynyl derivative of 15 was obtained 
by conversion of 11 to the 3,3dimethoxy ketal wittr 
methanol~p-toluenesu~o~c acid, Oppenauer oxidation to 
the IFketone, and treatment with lithium acetylide 
ethylenediamine. Regeneration of the 3-keto group with 
oxalic acid in aq. 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 
ring junctures in the skeleton.M 

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 I,10 double bond. 
This stereochemistry appeared to be dictated by the 
distorted conformation of the B ring of 15 which leads to 
shielding of the p-face by the MelSi group. A discussion 
of the effects of the 6,6-dimethyld-sila group on the 
conformation of the tetracyclic steroid skeleton will be 
presented elsewhere.m 

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

S,~Secu-6,6-dimethyl-6-silusferoids. It has recently 
been reported that seco steroids can exhibit significant 
estrogenic activity.24 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 Ma, which was formed during oxidation of 
11 with chromium trioxide-py~dine, was obtained in 
much better yield by treatment of 18a 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 10s with aq. 
ethanolic hydrogen fluoride at 50” for I8 hr. 

Employing this direct method, the fluorosilanes 18a, 18b 
and 19 were prepared from 8b, lob 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 aLa have measured rates of perchloric 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 hydrofluoric acid, 
boron t~bromide, and other reagents noted in this paper. 

~io~ogicu~ activity of 6,6-di~ef~y~~si~asteroids. Com- 
pounds k, 6b, 7, Sb, lob, 140, 14b, 16, HIa, 18b and 19 
were screened for estrogenic, antiestrogenic, and post- 
coital activity. No significant estrogenic or antiestrogenic 
activity was observed using doses Id-l@ times that of an 
estradiol standard. Compounds %b and 18b exhibited 

post-co&al activity in rat, but only at 10 mg/kg. Compound 
19 showed only weak androgenic activity. 

This lack of sienificant hormonal activity might be 
attributed to any of a number of factors, including (I) 
rapid metabolic degradation, (2) steric inhibition of 
complexation with the uterine receptor protein(s) due 
either to the gemdimethyl substihtents on silicon or to 
conformational changes in the total steroid skeleton 
resulting from the longer Si-C bonds (1*84-l-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 oitro, and found to be 0*3,0+1 and <O-01%, 
respectively, relative to estradiol (100%). 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,m although dimef~yfa- 
rim of the &position has much less of an effect on 
anabolic and progestational activity, e.g. norethisterone 
and its 6,6dimethyl derivative have comparable progesta- 
tional activity.s 

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 SiH2 
group,’ relative to the CH2 group, protection of the 
(i-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 ethanot in the presence of Pd on C 
and hydrogen,‘0 i.e. 

)SiBzz t H*/EtOH 5 )Si(OEth 2 )SiH2. 

Accord~~y, the synthesis of 6,~i~~yl~s~aes~adiol 
(21b) was initiated. Using the same sequence empioyed in 
the 64dimethyl series, the synthesis of the dibenzyl 
analog of f 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&ilasteroids, create substantial synthetic 
obstacles. 

t?xPiwmmAL 

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-l&I, using TMS as an 
internal standard: chemical shifts are expressed in 6 units. Mass 
spectra were determined using an Associated Electrical Industries 
MS-902 instrument. UV absorption spectra were obtained using a 
Gary 14 spectrophotometer. Gas liquid chromatograpbic analysis 
was carried out using either Varian Model 1400 or Hewlett- 
Packard Model 700 instruments with columns containing 3% 
SE-30 OII Varipmt, and 2% OV-17 on Gaschrome G, respectively. 
MiatmnaIyxs were carried out by Micro-Tech Laboratories, 
Skokie. Illinois. ChromAR was obtained from Mallinckrodt, St. 
Louis. MO. 

AU reactions were carried out under an atmosphere of dry, 
oxygen-free nitrogen. 
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la: R = H 
b: R = CHXHXH(OEt), 
c: R = CHMeCH(OEtX 
d: R = CH,CH,COOH 
e: R = CHICH2CH20Ac 
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b: R = a-CkCH, B-OH 
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HO 

21s: R=H 
b: R=Bz 
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Dimcihyf-m-methoxypkrnylsilane (in). A soln of dimcthyl- 
cMorosil~e (94-O g, l+lO mol) in 400 ml ether was added dropwise 
(I hr) to a s&cd suspension of m-mct~xyp~nylm~csium 
bromide (I.05 mol) in 1 I ether at room temp. After refiuxing for 
3 hr the mixture was cooled and hydrolyzed with 600 ml water and 
1 I 1 N HCI. The two layers were separated and the aqueous layer 
extracted with ether (2 x Hx) ml). The combined organic phases 
were washed with water and dried (NaZSO,). ~st~lation of the 
crude product in ltacuo afforded 142 g (86%) of the silanc in; b.p. 
102-105” (22 mm); IR (liquid film) 2115 (SCH), 1600 (aromatic 
C=C) cm-‘; NMR (CDCI,) 6 3.80 (s, 3. OCH,), 4.42 (m, I, *SiIj), 
682-1.36 (m, 4, A@). (Found m/e: 166.081. Required for 
CH,,SiO: m/r 166~081). 

3-r(rn-Methoxyplunyi)dimcthylsilyf)ptopionic acid (id). Ac- 
rolcin dicthvl acetal (I69 II. O-840 mall was SIOWIY added (1 hr) to a 
stirred mix&c of ia (l??g, 0,825 &ol) and chloroplatinic.acid 
(I.3 ml, 0.1 N 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 uacuo at 
room tcmp to give 214g of crude lb; IR (liquid film) 1600 
(aromatic C=C) cm-‘; NMR (CDCI,) S O-76 (m, 2. =SiC&-CH,f, 
1.17 (t, 6, J=EHz, OCH,CIj,), I.60 [m, 2, -CH,-CIj,-CH- 
(OEM, 3.53 Iq, 4, J = 8 Hz, @‘Xj,CH,l,], 3.80 (s, 3,OCH,).44O(t, 
1, J = 6 HZ, -CH&Xj-(OEt)& 6*llO-7.36 (m, 4, A@). The mass 
spcctrumof lbshowcda wcakmolecularion.(Found: (M+-IS) m/e 
281.158. Required for &H,,SiO, (M’-15): m/e 281.157). 

Jones’ reagent (8 N, 600 ml, 4.80 mol) was added (2 hr) to a 
stirred soln of the crude lb (214 g, 0.123 mol) in 2 I 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 UUCIIO at 
ff-Y, diluted with one 1 of ice-water, and extracted with cold ether 
(3 x I I). The combined ether phases were shaken succcssivefy 
with water and NaCl aq, and dried (Na,SO.). Evaporation of the 
solvent in uacuo yielded a crude mixture (249 g) of-ester and acid, 
which was saponified with KOH (I mol) in 75% aoucous EtOH 
(2 I) at room &mp for 2 hr. After removal of EtOH ‘in uacuo the 
mixture was diluted with water (500 ml) and the neutral material 
extracted with ether. Acidification of the aqueous phase, followed 
by extraction with ether yielded 125 g of the acid id. Distillation of 
the crude product in t&uo afforded I IO g (58%) of a low melting 
solid; b.p. 130-136” (0.025 mm) [reported’ I(#p (0.15 mm)]; IR 
(liquid film) 3600-2500 (free and bonded OH), 1705 (C=O) cm-‘: 
NMR (CDCI,) 6 1.09 (m, 2, Si-C&CHt), 2.12 (t, 2, J = 8 Hz, 
SXXXHXOOHI. 3.19 Is. 3.OCH& 6.82-7-36 Im. 4. ArHI. 8.56 - _- 
(br s, 1, COOl$ ‘The I&; spectrum of id iaiicd’ to &bw a 
molecular ion. (Found: (M’-IS) m/e 223.079. Required for 
CIIHoSiO, (M’-15): m/e 223.079). 

In an alternative procedure, ally1 acetate (58.0 g, O-580 mol) was 
added dropwise to a stirred, cooled (l(P) mixture of la (84.3g, 
0*508 mol) and 0.5 N chloroplatinic acid in isopropanol(2 ml), and 
stirring was continued at room tcmp for 18 hr. At the end of this 
period more catalyst (0.1 ml) was added and the reaction was 
completed by heating at w for 3 hr. Removal of the excess ally1 
acetate yielded the crude it (134g. 99%). which was saponified 
(25”, 18 hr) with KOH (42 g) in 15% aqueous EtOH. After removal 
of EtOH in oucuo, the mixture was diluted with water and the 
product extracted with CHCI, (750 ml). Evaporation of the dried 
(Na2S0,) CHCI, extract gave the desired alcohol (100%) which 
was oxidized to the acid id (12%) with Jones’ reagent by the 
procedure described above. 

CMeftroxy-4,4-dimethyl4sila-I-tetralone (2). The silatc~~onc 
2 was prepared as a low melting solid in 92% yield following the 
literature procedure;“” b.p. lOS_lW (0.025 mm) [reportedb 87 
(O-05 mm)]; IR (liquid film) 1640 (00) cm-‘; UV (MeOH) 225 nm 
(c 16,100), 277 (15,400); NMR (CDCI,) 6 1.18 (m, 2, C-3). 2.88 (m, 
2, C-2). 3.85 (s, 3, OCHJ), 6@-&% (m, 2, Ar@, 8.07 (d, 1, 
J = 10 Hz, C-8). (Found mla: 220.092. Required for CIIH,SiOX: 
mfe 220.092). 
1.1 - Dimethyf - 4 - hydroxy - 7 - merhoxy - 4 - vinyl - 1,2,3,4 - 

tetrahydro - I - silanaphthalene (3). The title compound was 
obtained in approximately 90% purity and immediately converted 

to the more stable isothiuronium salt following the literature 
ProuxlUrC.’ 

1 .l - Dimethyl - 4 - (2’ - (1’J” - dioxo - 2” - me&y1 - cyciopenta - 
2” - yl)ethylidenc] - 7 - methoxy - l&3,4 - tefrahydn, - 1 - 
sLnaphthalene (4). A mixture of the preceding crude 
isothiionium acetate (O-21 mol, assuming 100% purity) and 91-g g 
(OX?0 mol) of 2-mcthylcyclopentanc-1,3dionc in I.23 1 of 
t-&OH and 205 ml water was rcBuxed for 19 hr. The oily residue 
(66.5 g). obtained by following the report& isolation procedure, 
was purified by elution from silica gel (2 kg) with bcnzeuc 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 looO,4@% bcnzcnc-CCL) of a small sample of this oil; 
IR (CCL) 1760 (shoulder), 1725 (C=O) cm-‘; UV (MeOH) 259 nm 
(e. 33.500); NMR (CDCI,) 6 090 (m, 2, C-2), l-16 (s, 3, C-2”). 3.79 
(s, 3, C-l), 540 (1, I, J = 6H2, C-l’), 6.74-1.24 (m, 3, ArIi). 
(Found: m/e 342.164. Required for &&SiO,: m/e 342.165). 
3 - Mcthoxy - 6,6 - dimethyl - 6 - silaestra - 1,3,5(10),8.14 - 

penfaene - 118 - yl acetate (SC). The title compound k was 
prepared in three steps*‘* from the secostcroid 4. it was purified 
by cryst~li~tion from methanol in 40% yield; m.p. 137-139”; IR 
(Ccl,) 1740 (C=O), 1590 (aromatic C=C) cm-‘; UV (MeOH) 
235nm (E 12,800), 301 (c 22,400); NMR (CDCI,) 6 1~00 (s, 3, 
C-18). 1.26-2.00 (m, 4, C-7, C-12), 2.08 (s, 3, OCO-CH,), 
2~362.96 (m. 4, C-l 1. C-16). 3.80 (s. 3.OCH.l. 5.04 It. I. J = 9 HZ. 
C-17), 5.57 (br 1, 1, C-15); &8&;*43.(rn. J,-‘kru). i&&d m/e; 
368.180. Required for C&H&ZiO,: rule 368*181). 

Catalytic kydrogenakn of k. The catalytic hydrogenation of 
k was first carried out using 1Od1g 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% SE30 on 
Variport) and the structures of the products were confirmed by 
NMR. The results are summarized in Table 1 (uida supra). 

(a) Preparation of 4b. A soln of k (5.15 g) in benzene (40 ml) 
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 (CHCI,) 1730 
00). 1600 (aromatic C=C) cm-‘; UV (MeOH) 220nm (sh, c 

15.400). 279 (13,ooO); NMR (CDCI,) 6 0.84 (s, 3, C-18), 2.02 (s. 3, 
OCO-CH,). 2*l2-2*76 (m, 3, C-11, C-14). 3.78 (s. 3. GCH,). 4.76 
(t. 1, J = 8 Hz, C-17), 6.76-7.34 (m. 3, Ark). (Foind: m/e 370.1%. 
Required for CIZHIOSiOJ: m/e 370.1%). 

(b) Prepararion of 7. A soln of SC (25Omg) in glacial AcOH 
(IO 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 (llJ3mg, 73%); m.p. NM-106"; IR (CHCI,) 1730 
(C=O), 1600 (aromati; C=C) cm-‘; UV (MeOH) 227 nm (sh. c 
13,600), 2%4 (2200): NMR (CDCI,) 6 0.90 (s, 3, C-18)‘ 3.49 (br t, 1, 
J = 7 Hz, C-9),4-69 (br t, 1, J = 8 Hz, C-11). The rcm~nder of the 
NMR spectrum was identical with that of 6b. (Found: m/e 
370.1%. Rcauircd for &HaiO,: m/e 310.1%). 

(c) Preparation of 6c. Attempts to prepare an’analytically pure 
sample of 6c were unsuccessful. The structure of 6c was 
established by GC-MS and an NMR spectrum of the enriched 
mother liquors of ~s~ll~tion of 6b and 7, which showed an 
enhancement of the C-18 methyl signal of 6c at 6 098. 

3 - Methoxy - 6,6- dimethyl - 6- silaestra - 1,3,5(10)- t&n - 178 - 
01 (Se). Li ribbon (40 mg, 5.1 mmole) was added to a stirred soln 
of 6b (300 mg. 0.810 mmole) in dry THF (5 ml) and ammonia 20 ml) 
at -33”. After IOmin, the deep blue color of the mixture was 
discharged with sat ~monium chloride and the ammonia was 
evaporated with a stream of N2. Water (ca 10ml) was added, and 
the mixture was extracted with benzene (IOml). The residue 
(268 mg) from the dried organic phase was saponified with KOH 
(112 mg) in 75% aqueous EtOH (4 ml) at room tcmp (1 hr). After 
removal of EtOH in uacuo. the mixture was diluted with water 
(5 ml) and extracted with CHCI, (2 x 10 ml). Cry&&&ion of the 
crude product from hexane gave 8a (139 mg, 51%); m.p. 103-107”; 
IR (CHCI,) 3600 (OH), 1595 (aromatic C=C) cm“; UV (MeOH) 
222 nm (sh, c lO,OOO), 282 nm (3000). 290 (2700); NMR (CDCI,) 6 
0.72 (s, 3, C-18), 2.26 (m, 1, C-9), 3.70 (1, 1, J = 8 Hz, C-17). 3.18 
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(s, 3, OCH,), 6.83 (dd, I. J = 9, 3 Hz, C-2), 6.96 (d, I, J = 3 Hz, 
C-Q 7.37 (d, 1. J = 9 Hz, C-l). (Found: m/e 330.202. Required for 
CloH&Ol: m/e 330.202). 

3 - Hydmxy - 6.6 - dimethyl - 6 - siloestra - I ,3,5( 10) - ttien - 178 - 
01 (Sb). Solvent was removed from an etheral soln (5 ml) of 
Me&I and 8s (250 mg, 0.757 mmol) by a stream of N2 and the 
mixture was heated at.l7&180” for 3 hr. It was then hydrolysed 
with ice-water (IO ml) and 0.5 N HCI (8 ml) and extracted with 
CHCI, (2 x 20 ml). 

The crude product (230mg) from the dried (NaZSO.) CHCI, 
phase was purified by preparative TLC (silica gel, 10% acetone in 
CHCI,) to give gb (161 mg, 68%) as an amorphous white solid (m.p. 
95-98”). Although homogeneous by TLC (silica gel, 4% MeOH in 
CHCI,) and GLC (TMS ether), attempts to crystallize this 
compound were unsuccessful; IR (CHCI,) 3600 (OH), 1595 
(aromatic C=C) cm-‘; UV (MeOH) 222nm (sh, c 9300). 282 
(2700). 291 (sh, 2400); NMR (CDCI,) 8 0.74 (s. 3, C-18), 3.72 (t, I, 
J = 8 Hz, C-17). 6.74 (dd, I, Jc,,, = 6 Hz, Jc*, = 2 Hz, C-2), 6.89 
(d, I, J = 2 Hz, CA), 7.30 (d, I, J = 6 Hz, C-l). (Found: C, 71.92; 
H. 9.13; m/e 316.185. Required for CIPH1.Si02: C, 72.10; H., 8.92; 
m/e 316.186). 

3 - Mefhoxy - 6,6 - dimerhyl - 6 - silaestra - 1,3,5(10) - trien - I7 - 
one (]@a). A soln of crude & (89Omg. 2.70 mmol), distilled 
aluminum isopropoxide (778 mg, 3.65 mmol). and cyclohexanone 
(3.8 ml) in dry toluene (IO0 ml) was refluxed for I hr. The mixture 
was waled (5(P). 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, (2x lOOmI), 
and the organic phase was dried (N&O.). 

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 5OOmg (57% from 6b) of 100. 

An analytical sample was prepared by crystallization from 
hexane: m.p. 101-104”; IR (CHCI,) 1730 (GO), 1595 (aromatic 
C-C) cm-‘; UV (MeOH) 222nm (sh, c 9100), 283 (2400), 290 
(2200); NMR (CDCI,) 8 0.77 (s. 3, C-18), 2.07-246 (m, 3, C-9, 
C-16). 3.70 (s, 3, OCH,), 6.76 (dd, I, J = 8, 3 Hz, C-2). 6.89 (d, I, 
J = 3 Hz, C-4). 7.28 (d, I, J = 8 Hz, C-l). (Found: m/e 328.186. 
Required for C&l,Si02: m/e 328.186). 

In an alternative procedure, a solution of & (52 mg, 0.16 mol) in 
CHXb (2 ml) was added to a stirred mixture of 00, (%mg, 
O*% mmol) and pyridine in CH& (2 ml). After stirring for 25 min 
at room temp, the soln was decanted from the residue and the 
solvent removed in uacuo. The residue was taken up in ether and 
washed with dilute aqueous base, brine and dried (Na*SO.). 

Two products 1C (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 - silo - l7a - ethynylestra - 
1,3$(10) - trien - 178 - of (lob). A mixture of 101 (200mg, 
0.609 mmol) and lithium acetylidc+thylenediamine complex 
(1.3 g. I3 mmol) in anhyd dioxane (I2 ml) was stirred vigorously at 
room temp (I.5 hr). The mixture was cooled to 0”. saturated 
ammonium chloride (2 ml) added, and then water (40 ml). The 
resulting mixture was extracted with CHCI, (3 x 20 ml) and the 
organic phase dried (NalSO,) and concentrated. The crude residue 
(202 mg) was purified by preparative TLC (silica gel, 5% acetone 
in CCL) to give 1Ob (I I9 mg, 56%). 

An analytical sample was prepared by crystallization from 
hexane; m.p. 130-131”; IR (CHCI,) 3595 (OH). 3300 (C=CH), 1595 
(aromatic CPC) cm-‘; UV (MeOH) 222 nm (sh, c Ssoo). 283 (2300). 
290 (2000); NMR (CDCI,) 6 0.84 (s, 3, C-18). 2.15 (m, I, C-9). 2.58 
(s, 1, C=CH). 3.78 (s. 3, OCH,), 6.83 (dd, 1, J = 8.3 Hz, C-2). 6.% 
(d, I. J = 3 HZ, C-4). 7.37 (d, I, J = 8 Hz, C-l), (Found: C. 74.22: 
H, 8.52; m/e 354.202. Required for C,H,,!!GOl: C, 74.55, H, 8.53; 
m/e 354.202). 

3 - Methoxy - 6,6 - dimethyl - 6 - silaestra - l(lO).3 - dien - 178 - 
01 (11). Li ribbon (I50 mg, 217 mmol) was added to a stirred soln 
of 6b (500 mg, I.35 mmol) in dry THF (5 ml), t-BuOH (5 ml), and 
ammonia (25 ml) at -33”. After 1 hr. the deep blue color of the 
mixture was discharged with saturated ammonium chloride and 
the ammonia was evaporated with a stream of N1. Water (20 ml) 
was then added and the mixture extracted with CHCI, (2 x 20 ml). 

Evaporation of the dried CHCI, phase gave crude ll(460 mg) as a 
foam. 

A sample was puritied by continuous preparative TLC (silica 
gel, 4% acetone in CCL, 3hr). Crystallization of 11 was not 
successful; IR (CHCI,) 3610 (OH), 1675.1645 (C-c) cm-‘; NMR 
(CDW 6 0.84 (s. 3. C-18),2.15 (m, I. C-9). 2.80 (m, 2, C-2), 3.52 
(s, 3, NH>). 3.64 (1, I, J = 8 Hz. C-171.4.57 Id. I. J = 4 Hz. C-4). 
5.38 (1. I. J=3Hz, C-l). (Found: m/e 332.iIj. Requirid fdr 
CloHdiOl: m/e 332.217). 

6,6 - Dmethyl - 6 - sila - 178 - hydrvxy - estr - I(I - 3 - one 
(15). A soln of crude 1 I (490 mg. I.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 rmrn temp for I hr. it 
was again cooled, neutralized (saturated NaHCO,) and Me-OH 
removed in uacuo. The aqueous phase was extracted with EtOAc 
and the extract was dried (NaZSO,) and concentrated. The ketone 
15 (218 mg, 4% 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 (CHCI,) 
3600 (OH), 1710 (GO) cm-‘; NMR (CDCI,) 8 0.74 (s, 3, C-18), 
2.3g2.91 (m, 5. C-2, C-4, C-9), 3.65 (1, I, J = 8 Hz, C-17), 540 (1, 
I, J = 3 Hz, C-l). (Found: m/e 318.202. Required for CIPH,&i02: 
m/e 318.202). 

3,3 - Dimethoxy - 6.6 - dimethyl - 6 - silaestr - l(l0) - en - 178 - 
ol. A soln of 11 (0.89 g, 2.8 mmol) and anhyd p-toluenesulfonic 
acid (6 mg, 0.04 mmol) in dry MeOH (50 ml) was stirred at rmm 
temp for 2 hr. The mixture was then cooled and neutralized with 
sat NaHCO, (I ml). The residue obtained by the removal of 
solvent in uacuo was taken up in CHCI, (5OmI) and shaken 
successively with water and brine. Evaporation of the dried 
(Na2S0.) CHCI, phase gave the ketal (1.02, 10046) as a foam. 

Although homogeneous by TLC (silica gel. 4% MeOH/CHQ), 
attempts to crystallize this compound were unsuccessful; IR 
(CHCI,) 3600 (OH) cm-‘; NMR (CDCI,) 8 0.74 (s, 3, C-18). 
I%-2.34 (m, 2, C-l), 3.16 (s, 3, OCH,), 3.23 (s, 3, OCH,). 364 (1. 
I, J=8 Hz, C-17), 5.31 (m, I, C-l). (Found: m/e 364.244. 
Required for CI,HHSiO,: m/e 364.244). 

3.3 - Dimethoxy - 6.6 - dimethyl - 6 - silaeslr - l(l0) - en - I7 - one. 
A soln of the above crude ketal (l.O2g, 2.8Ommol), distilled 
aluminum isopropoxide (780 mg, 3.65 mol), and cyclohexanone 
(3.9 ml) in dry toluene (100 ml) was refluxed for I hr. The mixture 
was then cooled (50”). Rochelle salt (8OOmg) in water (4Oml) 
added, and the resulting mixture steam distilled until the distillate 
was clear. It was then extracted with CHCI, (2 x 200 ml). The 
crude product (I .Ol g) from the dried (NalSO.) CHCl, phase was 
purified by elution from basic alumina (activity III, l2Og) with 
CCL. 50% CHCI, in CCL, and CHCI,, to give 676mg (67% from 
11) of the desired ketone as a foam. 

Although homogeneous by TLC (silica gel, 40% MeOH/CHCI,), 
attempts to crystallize this compound were unsuccessful; IR 
(CHCI,) 1730 (GO) cm-‘; NMR (CDCI,) 8 0.86 (s, 3, C-18), 
2.0&240 (m, 4, C-4, C-16). 3.16 (s. 3, OCH,), 3.23 (s, 3, OCH,), 
5.32 (m, I, C-l). (Found: m/e 362.227. Required for C2,HYSi03: 
m le 362.227). 

3.3 - Dimethoxy - 6,6 - dimethyl - 6 - silo - 17~ - ethynylestr - 
l(l0) - en - 178 - oL A mixture of the preceding ketone (400% 
1, IO mmol) and lithium acetylideethylene diamine complex (2.4 g, 
24 mmol) in anhyd dioxane (24 ml) was stirred vigorously at room 
temp for 2.5 hr. 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 CHCI, (3 x 30 ml) and 
the organic phase dried (NalSO,). 

The residue (411 mg) from the organic phase was pm&d by 
elution from basic alumina (III, 4Og) with CCL, followed by 5@% 
CHCI, in Ccl., to give 210mg (49%) of the desired ethvnyl 
compound as a foam! IR (CCL)3605 (OH). 3300 (-GCH) cm-‘; 
NMR (CDCI,) 8 0.79 (s. 3. C-18). 2.10-2.24 (m. 2. C-4). 2.50 (s. I. 
-C&H), 3.10 (s, 3, &H,), 3.18 (s, 3, O&j, i.26 (A, I, d-l,: 
(Found: m/e 388.243. Required for CuHwSiO,: m/e 388.243). 

6.6 - Dimethyl - 6 - silo - 17~ - ethynyl - 178 - hydroxy - l(l0) - 
estren - 3 - one (16). A soln of oxalic acid (231 mg, 2.57 mmol) in 
water (6.3 ml) was added to a cc&d (ii bath) soln of the 
preceding ketal(210 mg, 0.541 mmol) in THF (20 ml). The mixture 
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was stirred at rmm temp for 6 hr. It was then cooled and 
neutralized with sat NaHCO, aq and the THF removed in uacuo. 
The aqueous phase was extracted with CHCI, (2 x 25 ml). 

The residue (168 mg) from the dried (Na2S0.) CHCI, extracts 
was purified by preparative TLC (ChromAR-I&IO, 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 (CkCH), 1710 (GO) cm-‘; NMR (CDCI,) 6 0.86 (s, 3. 
C-IS), 2.56 (s, I, C&H), 268-294 (m, 2, CA). 5.41 (1, I, J = 3 Hz, 
C-l). (Found: C, 73.55; H, 899: m/e 342.202. Required for 
CI,H,.,Si02: C. 73.62; H, 8.84, m/e 342.202). 

6,6 - Dimefhyl - 6 - sila - 178 - hydroxy - IO - isoestran - 3 - one 
(17). A soln of I5 (I95 mg) in EtOAc (5 ml) was added to a 
suspension of prereduced 5% Pd on C (203mg) in the same 
solvent (20 ml) and stirred under H, for I8 hr. The mixture was 
filtered through celite and the solvent evaporated in DUCUO to give 
a white foam (181 mg). 

Preparative TLC (ChromAR-SOO, 7.5% acetone in CCL) 
afforded 64mg (33%) of pure I7 which crystallized as needles 
from ethyl acetate; m.p. W-191”; IR (CHCI,). 3400 (OH), 1710 
(C=O) cm-‘; NMR (CDCI,) 6 0.71 (s, 3, C-IS), 3.84 (1, I, J = 8 Hz, 
C-17). (Found: m/e 320.217. Required for CIPH3#02: m/e 
320.217). 

5.6 - Seco - 3 - methoxy - 6,6 - dimethyl - 6 - hydroxy - 6 - 
silaeslra - 1,3,5(10) - ken - 17 - one (Ma). A soln of I M boron 
tribromide in CHICI, (51 pl, 0.05 mmol) was added to a cooled 
(dry ice) soln of lOa (I7 mg, 0.05 mmol) in the same solvent (3 ml). 
After 4 hr at this temp, the mixture was poured into water (IOml) 
containing 2N HCI (2 ml). The aqueous phase was extracted with 
CHX& (IOmI) and the latter extract dried (Na,SO.) and 
evaporated in uacuo to afford l7mg of crude Ma. 

Preparative TLC (ChromAR-5OO, 5% acetone in benzene) 
yielded pure 14a (II mg, 62%) as an oil; IR (CHCI,) 3590, 3660 
(OH), In5 (C=O). 1610 (aromatic C=C) cm-‘; UV (MeOH) 223, 
277.283 nm; NMR (CD& CHICll as a reference) 8 -0.085 [s, 3, 
=Si(CH,),), -0.055 (s, 3,ai(CI&h], I.02 (s, 3, C-IS), I@-2.26(m, 
3. C-9, C-16). 3.78 (s. 3, OCH,). 6.80-7.16 (m, 4, ArH). (Found: 
m/e 346.197. Reauired for C,H,SiO,: m/e 346.197). 

5,6 - Seco - 3 - kelhoxy - 6.6 - dimethyl- 6 - fluoro - 6 - silaestra - 
I ,3,5( IO) - ken - I7 - one ( I4b). A soln of IOa (75 mg, 0.23 mmol) 
in a mixture of abs EtOH (IO 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 uacuo to afford 71 mg (89%) of 
l4b as an oil of 98% purity (GLC); IR (CHCI,) 1730 (C=G), 1610 
(aromatic C=C) cm-‘;UV (MeOH) 224 nm (c 8333); NMR (CDCI,, 
CHXI, as a reference) 6 -0.03 (m. 6. =Si(CH&l. 0.65 (m. 2. C-7). 
I.03 (s, 3, C-IS), 3.78 (s, 3, kH,), 6.767118 (m, 4, Ar-H). 
(Found: m/e 348,192. Required for CmH29Si02F: m/e 348.192). 

5.6 - Seco - 3 - hydroxy - 6.6 - dimethyl- 6 - fluoro - 6 - silaestra - 
1,3,5(10) - trien - 178 - ol (I&). A soln of 8b (130m8, 
0.411 mmol) in EtOH (17ml) and 50% aqueous HF (17ml) was 
heated at 50” for 6 hr. It was then poured into ice-water (100 ml) 
and extracted with benzene (2 x 100 ml). Evaporation of the dried 
(Na,SO,) organic phase gave I& (126 mg, 92%) as an amorphous 
white solid, m.p. 168-170“. 

Although homogeneous by TLC (ChromAR-MO. IS% acetone 
in CCL) and GLt?(TMS ether), attempts to crystallize 18a were 
unsuccessful: IR (KBr) 1510. 1610 (aromatic C=C) cm-‘: UV 
(MeOH) 223 nm (c 7500). 277 (kOO), 285 (sh, 1400); NMR (CDCI,) 
6, 0.88. (s. 3, C-IS), 3.72 (1, 1, J = 8 Hz, C-17), 6.72 (d, 2, J = 9 Hz, 
C-2, C-4), 7.02 (d. 2. J = 9 Hz, C-l, C-5). (Found: m/e 336.191. 
Required for &HRSiOIF: m/e 336.191). 

5.6 - Seco - 3 - merhoxy _ 6.6 - dimerhyl - 6 - puoro - 6 - silo - l7a - 
efhhynyleslra - 1,3,5(10) - ken 178 - 01 (Mb). A soln of IOb 
(1 I4 mg, 0.322 mmol) in a mixture of abs EtOH (I5 ml) and 5096 
aqueous HF (I5 ml) was heated at 50” for I8 hr. The mixture was 
poured into ice-water (50 ml) and extracted with benzene 
(2~6Oml). The extract was dried (Na,SO,) and evaporated in 
uacuo to afford l20mg (99%) of l8b as an oil of 98% purity 
(GLC). IR (Ccl,) 3595 (OH), 3300 (-CkCH), I590 (aromatic C=C) 
cm-‘; UV (MeOH) 224nm (E 8145); NMR (CDCI,) d 0.6 (m, 2, 
C-7). I.0 (s, 3, C-IS), 2.6 (s, I, -C=CH), 3.77 (s, 3, OCH,), 6.7-7.2 

(m, 4, C-l, C-2, CA, C-5). (Found: m/e 374.208. Required for 
CnH,,4i02F: m/e 374.208). 

5,6 - Seco - 6,6 - dimethyl - 6 - ~9uom - 6 - silo - 178 - hydroxy - 
eslm - l(l0) - en - 3 - one (19). A soln of I5 (18Omg. 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 I50 ml). Evaporation of the dried 
(Na,SO,) organic phase gave I9 (189mg. 98%) as an oil, 
homogeneous by TLC (ChromAR-SOO, 15% acetone in CCL) and 
GLC-flMS ethdr): IR (CCL) 3610 (OH), 1720 (C=G) cm-‘; NMR 
(CIXI,) 8 0.78 (s. 3. C-18). 2.90 (d. 2. J = 2 Hz. C-2). 3.66 (1. 1. 
J = 7 Hi, C-l7),.5.5j (1, I, J = 3 H_z; C-l). (Found: i/e 338;207. 
Required for CIPH,,Si02F: m/e 338.207). 

Dibenzylchlorosilanc. This compound was prepared from 
trichlorosilane and knzylmagnesium bromide in 53% yield 
following a reported pr&edure;” b.p. 123-125” (0.02mm); IR 
(liauid film) 2165 (Si-H). 1600.1495 (aromatic C=C) cm-‘. (Found: 
kie 246.0628. Required for C,,H,,‘SiCI: m/e 2460632). 

m-Merhoxyphenyldibenzylsilone. This compound was prepared 
from m -methoxyphenylmagnesium bromide and diknzyl- 
chlorosilane in 83% yield; b.p. 150-156” (0.025 mm); IR (liquid 
film) 2125 (Si-H), 1495, 157~1600 (aromatic C=C) cm-‘; NMR 
(CDCI,) 6 2.37 Id. 4. J = 4 Hz. (C.H.CH,Mi=l. 368 Is. 3. OCH,). _... 
4.45 [tv 1, J =4’Hz,‘(CaH,CH,j,SiHAr], 6*8l-j.28 (I& 14, Arfij: 
(Found: m/e 318.1442. Required for C,,H,,SiO: m/e 318~1440). 

3 - [(m - Methoxyphenyl)dibenzylsilyl]propanol. A mixture of 
m-methoxyphenyldibenzylsilane (102.5 8.0.331 mol), ally1 alcohol 
(20.3 g, 0.35 mol). potassium acid phthalate buffer (pH5, 25 ml), 
chloroplatinic acid (1.92ml. 0.5 M in iPrOH). and t-BuOH 
(450 ml)W was stirred at room temp. Additional amounts (192 ml. 
0.5 ml) 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 uacuo. The 
aqueous phase was extracted with CHCI,. Concentration of the 
dried (NalSO,) CHCI, phase gave the desired alcohol (120~) in 
quantitative yield as an oil homogeneous by GLC and TLC; IR 
(liquid film) 3580 (OH), 1600, 1490 (aromatic C=C) cm-‘. NMR 
(CDCI,) 6 0.72 (m. 2. =SiCH,CH,CH,OHL 148 (m. 2. 
=SiC&CHICH20fi), 2.3; [s, 4, (c,&CH$S~i, 3.46 (1,’ 2. J = 
6Hz. :SiCHXHXI&OH), 3.70 (s, 3, OCH,), 6.8k7.26 (m, 14, 
ArI$. The mass spectrum of this product failed to show a molecular 
ion. [Found: (M-IS) m/e 361.163. Required for C2,H1,Si01: (M-15) 
m/e 361.1621. 

3 - l(m - Merhoxypheny/)dibenzyMy/]propionic 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-methoxyphenyldibenzylsilane; IR 
3@30-2550 (free and bonded OHi,- 1765 (C=O); 1490, I500 
(aromatic C=C) cm-‘: NMR (CDC1.I 6 1.12 fm. 2. zSiCHXHI-). 
2.14 (1.2, J = 8 Hz, SiCHX&COO?I), 2.38 [;, 4, (C&C-I&)&; 
3.72 (s, 3, OCH,). 6.82-7.34 (m, 14. ArII), 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 CI,H,,SiO,: (M-2) 
m/e 388.149). 

6 - Methoxy - 4.4 - dibenzyl - 4 - sila - I - terra/one. This 
compound was prepared in 75% yield using the procedure 
described for the preparation of 2; m.p. 95-96” (ether); IR (KBr) 
1655 (C=O) cm“; UV (MeOH) 224 nm (c 33.300), 253 (6200), 258 
(8100). 276 (13,700): NMR (CDCI,) 6 I.04 (m, 2, C-3). 2.36 [m, 6. 
C-2 and (CIH,CI&Si=], 3.70 (s. 3, OCH,), 6.72-7.24 (m, 13, ArH). 
8.05 (d, I, J = 9 Hz. C-8). (Found: m/e 372,154. Required for 
CuHuSiOl: m/e 372.154. 

I,1 - Dfbmryf - 4 - hydroxy - 7 - methoxy - 4 - oinyl - 1.2.3.4 - 
rermhydro - I - 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). 

I ,I - Dibenzyl - 4 - 12’ - ( 1”,3’ - dioxo - 2’ - methylcyclopenta - 2” - 
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yl)cthylidene - 7 - methoxy - 1,23,4 - tetrahydro - 1 - 
silanaphrhalenc. 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-1006, 1% aceto& in-benzene); IR(CHC1,) 1760 (sh), 
1720 (C=G) cm-‘: UV (MeOH) 218 MI (r 32.6tHB. 263 (10300). 293 
(63OOj; NhfR (&Cl,) 6 080 (m, 2, C-2). I& (s; 3, C-2$, 3.72 (s, 
3, C-7), 5.24 (1. 1, J = 6 Hz, C-l’), 6.70-7.34 (m, 13, A$). (Found 
m/e 494.228. Required for C,,HwSiO,: m/e 494.228). 

3 - Methoxy - 6,6 - dibcnzyl - 6 - silaestra - 1,3,5(10),8,14, - 
pentacne - 178 - yl acetate. This compound was prepared from the 
preceding sew-steroid in three steps6.” (25% yield). It was 
purified by preparative TLC (silica gel, 20% acetone-CHCl,) and 
obtained r&-an-oil; IR (CH&) 1738 (C=G), 1600, 1490 (aromatic 
C=C) cm-‘: UV (MeOH) 22Onm (r 33.800). 307 (16900): NMR 
(CD&, 8 6.93 (s,3. C-HI), 1.2&l& (In, 4, C-7, C112), 2107 ($3, 
CH,COr), 2.26 (s, 2, C&C&), 2.39 (s, 2, CdI,CHz), 2.20-2.74 
(m, 4, C-11, C-16), 3.78 (s, 3, GCH,). 4.96 (1. 1, J = 8 Hz, C-17), 
544 (br t, 1, C-IS), 6.72-7.38 (m, 13, ArH). (Found: m/e 520.243. 
Required for C&&&O,: m/e 520.243). 

3 - Mcthoxy - 6.6 - dibenzyl - 6 - silarstra - 1,3,5(10),8 - tetraenc - 
178 - yl acetutr A soln of the preceding pentaene (200mg) in 
EtOH (2Oml) 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 H1 until one equiv of H1 was absorbed (2 hr). The 
NMR spectrum of the crude mixture indicated the presence of the 
desired nroduct and its Au”’ isomer (1: 1). Partial purification (ca 
90%) was effected by continuous TLC (silica gel,-15% acetone- 
carbon tetrachloride, 2 hr). Attempted crystallization of the oily 
products was unsuccessful. A’3s’“‘-Tetraene; IR (CHEh) 1730 
(C=G), 1600, 1490 (aromatic C=C) cm-‘; UV (MeOH) 220 nm (c 
3O,ooO), 288 (10,tklO); NMR (CDCI,) 8 0.72 (s, 3, C-18), 284 (s, 3, 
GC&CH,), 2.24 (s, 2, CdI,CH& 240 (s, 2, CJIEH,), 2.12-3.70 
(m, 3, C-II, C-14), 3.77 (s, 3, GCH,), 466 (t. 1, J = 8 Hz, C-17). 
6.767.26 (m, 13, ArH). (Found: m/e 522.259. Required for 
C,.H,SiO,: m/e 522.259). 

A’.‘W’o’sc”‘-Tetraene; IR (CHfl*) 1730 (C=G), 1600, 1498 
(aromatic C=C) cm-‘; UV (MeOH) 220 nm (c 28,OMl), 280 (5,000); 
NMR (CDCI,) 8 088 (s, 3, C-18) 284 (s, 3, OCG-CH,), 2’24 (s, 
2, C&CHI), 2.31 (br s, 2, C,H,CH,), 2.12-248 (m, 4, C-II, C-15) 
340 (br t-J = 8 Hz, C-9), 3.62 (s,3, OCH,), 466 (br 1, 1, J = 7 Hz, 
C-171.640 Id. 1. J = 3 Hz. C-4). 6.80-7.24 (m. 13. ArH). (Found: 
m/e 522.259. ‘Required for C,‘H,SiO,: mie 5221259i 

Biological actiuity. 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, 084,088,0~16 pg, or 
0.4, 0.8, I.6 pg) were tested simultaneously on ten animals per 
group. Antiestrogenicity was determined similarly, using an 
estradiol (0.32 pg) standard and SC administration. Postcoital 
activity was determined by SC administration of a 8xed daily dose 
of the steroid to 10 animals on days O-4 of pregnancy. Autopsy 
was performed on day IO. 

Using these protocols, the following bsilasteroids were 
screened for estrogenicity (E), antiestrogenicity (AE), and 
post-co&al (PC) activity: Se, E (SC, or), AE: 6b. E (SC, or), PC; 7, 
‘E (SC, or), PC; Eb, E (SC); lob, E (or), PC; Ma, E (SC), AE; 14b. 
E (SC), AE. PC; 16, PC; l&, E (or): Mb, E (or), PC; 19, E (or). 
No significant activity was observed. Compound 19 showed weak 
androgenic activity in rat. 
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