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Stereoselective Reduction of a-Cyclopropyl Ketones and o-Cyclopropyl Aldols.
Stereo-directing Effect by o-Trimethylsilyl Group
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Department of Chemistry, Keio University, Hiyoshi, Yokohama 223, Japan

Summary:  Stereoselective reduction of a-chiral a-cyclopropyl ketones and o-
cyclopropyl aldols is described.  Introduction of trimethylsilyl (TMS) group to the
a-position of ¢yclopropyls leads to virtually complete stereoselection to give the
stereo-defined f-cyclopropyl alcohols and 2-cyclopropyl-1,3-diols.

The stereochemical issue of the nucleophilic addition to e-chiral carbonyl compounds, known as the
Cram problem, has long attracted interests from various standpoints.l) Theoretically, several transition
state models have been proposed to understand and predict the sense of #-facial selection including the
original Cram model?® and the elaborated descendants by Felkin,2b) Anh,29) and Houk.2d) Synthetically,
on the other hand, much efforts have been devoted to finding out the suitable substrates or reagents which
enable the high stereoselectivity.

We wish to add here a novel example of the substrate structure which allow the highly Cram-selective
reduction, that is, the a-chiral cyclopropyl carbonyl compounds A which are now readily obtainable by the
stereospecific 1,2-rearrangements as described in the preceding paper.®

In our systematic study on the reduction of o-chiral -vinyl carbonyl compounds C (Eq. 2)# there was
documented the large stereo-directing effect of o-TMS group (R = TMS in C) which dictates the nucleophilic
attack to C highly selective leading to D4} The effect is so large that the selectivity holds for a large variety
of substrates possessing the substructure of C. Through the present study, the same tendency turned out to
be true for the homologous cases, i.e. the cyclopropyl cases (Eq. 1), and the complete Cram-selectivity by
introducing the TMS substituent in A (R = TMS) is also the subject of the present communication.
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First, we examined the reduction of a-cyclopropyl ketone, prepared by the pinacol-type
rearrangement.?  Ketone 1 was reduced with LiBEt3H in THF at -78 °C where the anti/syn ratio was 78 /
225 Thus, the cyclopropyl group exerts the stereochemical bias in favor of the Cram-type reduction in 4/1
level of selectivity. The bias is further reinforced by the introduction of ¢-TMS substituent as can be clearly
recognized in the reduction of 4, which gave anti-alcohol 5 as the sole detectable product.5®
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These stereochemical features could be understood by the Felkin-Anh type
model (Fig. 1) and the introduction of the TMS group (R = TMS) strongly
encourages the reactions to occur via this transition state. Considering the
pseudo-n character of the cyclopropyl bonds, the factor of orbital interaction
between those of the cyclopropyl and carbonyl may be involved in stabilizing
this transition state as pointed out by Anh,2¢) although the extent is not clear. H- ~ R

Next, we turned our attention to the reduction of a-cyclopropyl aldols of H C.H,,
general formula E (also obtainable via 1,2—rearrangement).3) The effect of 1,3~
chelate must be considered as an additional factor in these cases. Relevant to
the reduction of a-substituted S-hydroxy carbonyl compounds, we proposed
the hydrogen-bond chelate model, where the aldol itself E is the entity which undergoes the hydride attack
rather than the metal aldolate. The model served well for explaining the stereochemical features of the
reduction of a-vinyl aldols with LiBEt3H.4¢)
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When the model is applied to the reduction of a-cyclopropyl aldols, following stereochemical
predictions are available: The model for the reduction of anti aldols can be depicted as T1 which predicts
that the preferred stereochemical course depends on the relative size of the C(1)- and C(2)-substituents. On
the other hand, in the case of syn aldols, the top face in Ty is uniformly open for the hydride attack where
the effects of two substituents (C(1), C(2)) work cooperatively. ~ With these predictions in mind, we
attempted the reduction of six substrates 7, 10, 13 (series a and b) and the isomeric compositions of the
products were examined.
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In the event, the reduction of a-cyclopropyl aldols with LiBEtsH proceeded in good accordance with

these expectations.

Aldol 7a was reduced to syn-diol 8a exclusively without the formation of anti-isomer 92 In contrast,
the reduction of 7b without the TMS substituent proceeded in virtually non-stereoselective manner to give a
mixture of 8b and 9b.5
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HO, CgHy; _ LBEGH HO g A3 CoHrr 4 HO( 1 A\ 3-CoMir

in THEF, -78 °C B

© OH OH
7 8 9
a: R = Me,Si >99 <1
b:R=H 60 40

In the case of 1,2-anti-aldols 10, an impressive reversal of the n-facial selection was observed
withjwithout the TMS substituent. In the case of 10a with the &-TMS substituent, the reduction led to the
2,3-syn-isomer 11a exclusively. In sharp contrast, reduction of 10b showed the reversed facial selectivity to
afford 2,3-anti 12b in high, if not exclusive, selectivity.®) From these results, the stereochemistry of the
products depends on the balance of steric biases of the cyclopropyl group and the benzyloxymethyl group.
The trajectory a in Ty is favored for 10a (R = TMS), while the attack from b in T is favored in the case of 10b
®R=H).
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On the contrary, the reduction of 1,2-syn-aldols 13 proceeded in 2,3-syn-selective manner either in the

presence of the TMS group (13a) or in its absence (13b) leading to 14a and 14b, respectively. The trend can
be well understood by considering the model Tz.
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These stereochemical features of the reduction of g-chiral a-cyclopropyl aldols are, as a whole, quite
similar to those of the reduction of a-vinyl aldols.4)

The stereochemistries of 1,3-diols are based on the TH NMR (400 MHz) of their carbonate derivatives
and the extensive correlation to the authentic samples?) by 1TH NMR (400 MHz), GLC, and HPLC. The
stereochemically pure samples of 2,3-syn-1,3-diols (8b, 11b, 14b) were obtained by desilylation of their
TMS-homologs (8a, 11a, 14a) in high yields, respectively.®
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In summary, the reduction of chiral a-cyclopropyl ketones and ¢-cyclopropyl aldols described herein,
provides a useful synthetic method of stereo-defined alcohols and 1,3-diols possessing cyclopropyl group
with rigorous selectivity. The stereo-directing effect of &-TMS group is quite versatile in this context, which,
if necessary, may be removable in high yield.

The synthetic methods for the cyclopropane-containing compounds are now increasing the importance
in relation to the synthesis of biologically active compounds.? Further work along these lines is in progress.
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