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ROUTES TO BICYCLO (X.3.0] RING SYSTEMS:
STEREOSELECTIVE SYNTHESES OF CIS AND TRANS-8-METHYLHYDRINDANS

Peter R. Bernstein and Gilbert Stork
Chemistry Department, Columbia University,New York, N.Y.10027

Conjugate additions to 3-alkyl-2-methyl-l-acetylcyclopentenes via diethyl
aluminum cyanide and via lithium divinylcuprate lead with good or essentially
complete stereoselectivity, respectively, to cis 2~cyano-3-alkyl- and trans
2-vinyl-3-alkyl-l-acetyl-2methylcyclopentanes. The latter may be useful
precursors of trans [X,3,01 bicyclic systems such as trans hydrindanes.

We wish to report an approach to the stereoselective synthesis of [X.3.®
bicyclic systems such as A, 11n which the junction to the cyclopentane ring can
be either cis or trans. As examples, we now record synthesis of angularly
methylated B.3.d bicyclic ring systems (hydrindanes) from a common acyl-
cyclopentene.

LI

Steric control 1s achieved by the stereoselective construction of a cyclo-
pentane suitably functionalized for cyclization to the bicycdlic structure
(Scheme 1)? Treatment of enone l3with Et2A1CN4produces, in quantitative yield,
an 80:20 mixture of the i1someric ketonitriles 2 and i,respectlvely.5 The major
isomer 2 has the cis stereochemistry of the cyano and methallyl groups which
1s required for the construction of a cis bicyclic system. This was proved by
the synthesis of a known hydrindane. Ketalization of ketonitrile 2 ,Greductlon
of the resulting cyanoketal with DIBAL H, and hydrolysis gave aldehyde 5 (86%,
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a) EtzAlCN, benzene:THF [2°3], 0°+25°C, 7 hrs.; b) HOCHZCHZOH, p-toluenesulfonic acid, benzene, A; «¢)

DIBAL H, -78°C+25°C; d) 10% HOAc; e) 0504(St)-NaIO4, ether-water, 25°C, 18 hrs.; f) potassium t-butoxide
ether, 25°C, S min.

bp. 120° C/0.05mm) . Reaction of 5 with OsO4—NaIO47led to ketoaldehyde 6 (94%)8
which, on treatment with potassiumt butoxide, was cyclized to yield hydrin-
dencne 7 (98%). 9

Conversion of hydrlndenone 7 to the known cis-la-acetyl- SB—methylhydrlndané
8 (outlined in Scheme 2) %onflrmed the cis ring junction, thereby proving that

ketonitrile 2 results from conjugate addition cis to the C,-methallyl substi-

3
tuent.
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a) HZ’ Pd/CaCOs, THF; b) NaBli,, MeOH, 25°C; c) MsCl-pyridine, 0°C; d) DBU, dio;;ne, A; e) H+, acetone, 25°C.

4

While this route led to a cis-hydrindane, it is the less stable trans-
isomer which is of greater interest. The latter isomer is found naturally as
the C,D ring of steroids and has proven to be more difficult to synthesize.
Cuprate addition to enone 1 which, in contrast to cyanide addition, is uncom-
plicated by possible equilibration following addition could be expected to
lead to the trans-bicyclic systems.lzlndeed, we found that treatment of enone
1 with lithium divinylcupratelgffords ketone 9 (77%)%4 Prior to conversion of
ketone 9 to a trans-hydrindane, confirmation of the indicated stereochemistry
was obtained by direct chemical correlation with ketonitriles 2 and 3
(Scheme 3). This was accomplished by Wittig condensation of aldehyde 5 (derived
from 2 ) with triphenylphosphinemethylide followed by deketalization to afford
ketone 10 (70%). Ketones 9 and 10 were isomers, but equilibration of their
C,-acetyl groups with NaOMe revealed that the two compounds were not solely

1

isomeric at C A similar reaction sequence on ketonitrile 3 (the Nagata

reactions's minor product) afforded only a mixture of the two Cl—acetyl isomers
of ketone 9, in 35% overall yield. With the relative C2, 03 stereochemistry
of ketone 9 thus substantiated the route to trans annulated cyclopentanes is
clear;and for most purposes (e.g. C/D ring of steroids), the stereochemistry of

the Clacetyl group is not particularly relevant. We have nevertheless deter-
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mined it for the sake of completeness. For both the cis and trans 1 [a,B8] -

acetyl-SB-methylhydrindanelend for the equilibrium mixture of ketones derived

from 10 (vide supra) we noted that the chemical shifts (§) of the quaternary

methyl groups ("H NMR) were 0.33+ O.4ppm further upfield for the isomer in

which the methyl and acetyl groups are cis. Application of this observation

to the equilibrium mixture of ketones derived from 9 (vide supra), revealed

that the major isomer produced in the cuprate reaction had the indicated stereo-~

chemistry.15
Transformation of ketone 9 to a trans-hydrindane system ( Scheme 4) starts

by reduction of 9 with DIBAL H and acetylation of the resulting alcohol to

SCHEME 3
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a) lithrumdivinylcuprate , ether:THF:DMS [10:1:1.5], -78°C-0°C; b) Ph3P=CHZ, ether, 25°C; ¢) H*, acetone.

iy

afford acetate 11 (90%).1bSelective cleavage of the C,-methallyl group in 11

3
with OsO4—NaIO47followed by ozonolysis furnishes impure ketoaldehyde 12 (75%).

Treatment of this ketoaldehyde with NaOMe results in simultaneous aldoli-

17

zation and deacetylation affording, after chromatography, trans-hydrindenone
18

14 (50%).
SCHEME 4

a) DIBAL H, toluene, 0°C; b) ACZO, pyradine, 25°C; c) 0504(5t)-NaIO4, ether-water, 25°C; d) 03, CHZCIZ,
-78°C, e) In, 30%HOAc, f) NaOMe, ether, 25°C.

The above sequence is obviously applicable to the synthesis of [x.3.0]
ring systems in general.
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A similar sequence utilizing protection of the ketome as an ethylene ketal
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17. Oxidative cleavage of diene 9 with O, results in a complex mixture of products

18 IR(film) 3640-3200(OH

which contains only a small amount of the desired keto-aldehyde.

3060 (w), 1680(s), 1600(w), 1120(m); NMR(CDCl;) & ppm.
(d, 10Hz, 1H), 3.80(m, 1H), 2.65-2.25(mm, 2H)> 2.24-
.0-1.3(mass, 5H), 1.20(d, 6.2Hz, 3H), 0.97(s, 3H); MS

)
7.71(d, 10Hz, 1H), 5.8
2
2% (10%0, 195(100), 182(20).

2.04(mass, 2ZH [OH]),
(C.I.-methane) 223 P

+
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