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STERZOCHEMICAL CONTROL IN THE CONSTRUCTION OF VICINALLY SUBSTITUTED CYCLOPENTANES AND
CYCLOHEXANES. INTRAMOLECULAR CONJUGATE ADDITION OF p-KETOF_STER ANLONS .

Gilbert Stork*, Jeffrey D. Winkler, and Nicholas A. Saccomano

Department of Chemistry, Columbia University, New York, New York 10027

Abstract: The intramolecular addition of B-ketoesters to unsaturated enones and esters
produces vicinally substituted carbocycles with high stereoselectivity.

We have recently reported that the intramolecular addition of an aldehyde to a conjugated
enone can be controlled by the proper choice of reaction conditions to give vicinally substi-
tuted cyclopentanes with high s+ereose|ecfivi+y.] The very small number of highty
stereoselective methods which can serve this purpose prompts us to report further results on the
scope of +his reaction.

Systems in which a ﬁ—kefoesfer undergoes intramolecular addition to an unsaturated system
appeared particularly suitable for this study for several reasons. The starting materials are
very readily prepared, the stereochemistry of the products is easily ascertained, and the two
ester groups of cyclized products such as 5 can be selectively hydrolyzed. Most important to
our mechanistic concerns, we expected that the enolates of ﬁ—ke*oesfers would have a much more
easily controlled geometry than the aldehydes that were the object of our original studies.

Cyclization of 1 was found to be guite non-selective in polar media leading to 2 and 3 in
which the cis to trans ratio varies from ca. 1:1 (potassium t-butoxide in t-butanol) to ca. 3:1

. . . X . 2 ..
(sodium methoxide in methanol) in favor of cis-3.” Similarly, compounds 4 and 7 aiso produced

ca. 1:1 mixtures of cyclopentanones (5 and E)S and cyclohexanones (8 and 2),4 respectively

5
(potassium t-butoxide in t-butanol).

Scheme |
0 0
CH CH 0
3 CH
X
P n < n n
d g 5 d 7
1 n=1, X=Me 2: n=1, X=Me 3: n=1, X=Me
4: n=1, X=0Me 5: n=1, X=0Me 6: n=1, X=OMe
7: n=2, X=OMe 8: n=2, X=OMe 9: n=2, X=OMe

In very sharp contrast to this rather uninteresting resuit, we have found that the cyclic

metal chelate of 1 (catalytic sodium hydride in benzene, 15 minutes at room temperature} gives &
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90% yield of trans-2. None of the cis isomer 3 could be detected. Reaction of 4 under the same
conditions produced a 22:1 ratio of 5 to its cis isomer 6 (isolated yield of 5, 85%).
Simitarly, the cyclization of 7 resulted in a 30:1 ratio of 8 to its cis isomer 9 (isolated
yield of 8, 88%).

We believe that the high stereoselectivity of the reaction is the result of the orientation
of the acceptor chain away from the chelate ring, stabilizing transition state B leading to 2,

. 6

5, and 8, respectively.

Scheme 11|
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The syntheses of the cyclization substrates 1, 4, and 7 are outlined below (Scheme i11).
7 o)
Alkylation of the dianion of methyl acetoacetate with 3-bromopropene (tetrahydroturan, 0 C)
atforded ketoeste~ 10, which was methylated (KZCOS’ Mel, acetone) to furnish ketoester 11 in
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68% overall yield. Ozonolysis of 11 (CHZCIZ’ -78°C) followed by treatment with 1-triphenyl-
phosphorany! idene-2-propanone or methyl 2-(triphenylphosphoranylidene)acetate (benzene, room
temp.) yielded substrates 1(68%) and 4(81%), respectively. Compound 7 was similarly prepared in
35% overall yield from methyl acetoacetate and 4-bromobutene. It is interesting to note that
the mono-substituted P-ke‘foesfer is compatible with both the ozonolysis and the Wittig reac'hon.
The stereochemistry of 2 was estab!ished by conversion to the trans-tused hydrindenone 13
(Scheme 1V), identical with an authentic sample of 13 prepared by another rou+e.1 The config-
urations of compounds 5, 6, 8, and 9 were also shown to be as depicted in Scheme | by conversion

. . . 1
to known compoundsg, identical to authentic samples prepared by independent routes.
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Scheme |V

|
o}

Finally, we draw attention to an important distinction between two classes of
intramolecular addition of an anion to a Michael acceptor: In one class, the electrophilic
unsaturation is in a ring; in the other it is noT.11 The first class normally leads to
cis-fused bicyclic systems. By contrast, we have shown that trans-fused bicyclic systems are

the eventual result of this second new class of these intramolecular conjugate additions.
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