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Sumsrary: trans-Hydrindanediones (1, 3, and 15) have been synthe- 
sized in short steps through stereoselective introduction of 
vinylsilane units onto the cycloalkenones 5 OK 10 followed by 
AgBF4-mediated internal acylation of the vinylsilane moiety. 

We report here two of our syntheses of functionalized trans-hydrindanes (1, 3, 

and 15) that we have developed in conjunction with the projected steroid synthesis.' 

These approaches rely, in common, on an intramolecular acylation reaction of vinyl- 

silanes 2 as the crucial ring forming reaction. The first approach, as shown in 

Scheme I, utilizes the reaction for the C ring construction, and the second one for 

the D ring formation. 

scheae I. 

The central assumption on which we based our synthesis was that the transforma- 

tions A and B should be possible via the cyclization of the acid chlorides derived 

from the acids 2 and 4, respectively. The virtue of the vinylsilane route is that 

the ring forming operation leaves an olefin at a specifically desired position, which 

would be useful for the eventual introduction of substituents at C-8 and C-20. 

Interests have also been focused on the geometry of the d17,20-unsaturation in 3, 

since the E-isomer shown should become a viable precursor to the biologically impor- 

tant vitamin D derivatives through C-20 stereoselective introduction of the side 
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scheme II. 

C 
-L a: cat. CuI 

p 
MS, THF: 

BrCH COO Bu/HMPA 
b: TMSC /NaI/CH3CN 1 
c: ref. 7 

The synthesis of trans-hydrindane-3,6-dione 1 started from the cyclopentenone 5 

(Scheme II). This compound was treated with 1.03 equiv of E-2-trimethylsilylvinyl- 

magnesium bromide (6)4 in THF at -78 to -55 'C for 3.5 h, followed by alkylation with 

E-butyl bromoacetate (2.5 equiv) in the presence of 2.5 equiv of HMPA (initially 

at -78 'C, then 18 h at room temperature) to afford the keto ester 7 in 72% yield.5 

Dealkylative ester hydrolysis with chlorotrimethylsilane (TMSCl)/NaI in acetonirile6 

afforded the acid 2 in 74% yield: The corresponding acid chloride cyclizes to the 

desired 1 under Lewis acid catalysis.2n7 Although this route is short and quite 

efficient, the stereoselectivity with respect to the C,D-ring juncture was only 9:1.8 

We therefore explored the second possibility. 

scheme III. 

LDA; BrCH2COOtBu/THF 
MeMgBr (1.2 eq); 2N HCl 
12 (M = MgBr)/CuI 
TMSCl/NaI/Et3N/CH CN 
Collidine/DMF/(CO 1)7; 3 
AgBF4/CH3N02 

L 

pTsOH 

The second route (Scheme III) utilized Stork's sequence' to prepare the enone 

10. Thus, the lithium enolate of 8 was alkylated with tert-butyl bromoacetate and 

then allowed to react with methylmagnesium bromide followed by acidic workup (81% 

overall). Although the E-1-trimethylsilyl-1-propenyl metal reagent llwas to be - 

added onto the enone 10 in order for the preparation of 3, we could not find any 

conditions to achieve this goal. Both lithium and magnesium reagents (11: M = Li or 

MgBr) obtained from the corresponding Z-bromide (11: M = Br)l' in the presence of a 

variety of stoichiometric and catalytic copper salts either failed to react with this 

quite unreactive enone or reacted after isomerization to the Z-reagent 12 to afford 

the Z-adduct 13 in stead of 3. The Z-Grignard reagent 12 (M = MgBr)," on the other 

hand, underwent clean addition in the presence of CuI and excess dimethylsulfide 
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@MS) to afford 13 (75%) with at least 97% stereoselectivity." The stereoselection 

with respect to C-14 (steroid numbering) must be the desired one in the light of 

literature precedents.12 The dealkylative conversion of the ester to the acid 14 was 

achieved in 78% yield as before. The crucial cyclization of 14 was performed first 

by conversion to the acid chloride in the presence of collidine, followed by treat- 

mentof the crude acid chloride with 2.5 equiv of AgBF4 in nitromethane. The reac- 

tion was stereospecific, giving the z-enone 15 in 71% yield as a solid (mp 49--50 

OC). The cyclization reaction performed with TiC14 initially gave 15 in high yield, 

which rapidly isomerized to a readily separable 1:lmixture of 3 and 15.12 Since 

quantitative conversion of 15 to such an isomeric mixture can be achieved smoothly 

under mild acidic conditions, 14 the desired 3 could also be obtained pure after a few 

chromatography/isomerization cycles. 

The experimental procedure for the preparation of 15 follows: 15 

The Keto Ester 13. A mixture of CuI (11.9 g, 62.2 mmol) DMS (9.60 ml, 131 
mmol) in 50 ml of dry THF under nitrogen was cooled to -70 'C and the Grignard 
reagent 12 (M = MgBr) (0.43 M THF solution, 128 mmol) was added during 25 min. After 
stirring for 15 min at -60 'C, the mixture was cooled to -70 ', and the enone 10 
(7.80 g, 34.8 mmol) in 20 ml of THF was added during 7 min. After 70 min at -65 'C, 
the mixture was poured into a stirred solution of NH4C1. Extractive workup followed 
by chromatography gave 13 (8.88 g, 75%). 

The Acid 14. A mixture of the keto ester 13 (1.38 g, 4.07 mmol), NaI (2.45 g, 
16.3 mmol), Et3N (2.40 ml, 17.2 mmol), and TMSCl (2.00 ml, 15.8 mmol) in 7 ml of 
acetonitrile was heated at 70 'C for 20 min. After extracted workup was obtained the 
title acid (0.90 g, 78%). 

The Hydrindanedione 15. To a mixture of the acid 14 (0.19 g, 0.67 mmol), DMF (3 
micro l), collidine (0.11 ml, 0.81 mmol) in 0.8 ml of methylene chloride at 0 OC was 
added oxallyl chloride (70.4 micro 1, 0.87 nuaol). After 2.5 h, volatile material was 
removed in vacua and the dark residue was diluted with hexane and filtered. The 
filtrate was concentrated and then added to AgBF 
nitromethane at0 'C. 

4 (0.33 g, 1.71 mmol) in 1.4 ml of 
After 1.5 h at room temperature, the product was isolated by 

usual aqueous workup to obtain 93.2 mg (71%) of 15. 
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