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A NOVEL DIASTEREOSELECTIVITY IN THE ALDOL REACTION OF CYCLIC KETENE SILYL ACETALS WITH COBALT-COMPLEXED AND
UNCOMPLEXED PROPYNALS
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The aldol reaction of seven-membered ketene silyl acetal (9) with cobalt-complexed propynals
afforded the erythro isomer in a highly stereoselective manner, while the high threo selectivity
could be realized with uncomplexed simple propynals.
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The aldol reaction of enolsilanes with aldehydes in the presence of Lewis acid (Mukaiyama reaction)1)
has become one of the most popular tools for constructing of a framework with 1,3-dioxygen
functiona]ity.2*4) But so far, very little information®+6) on the stereochemistry of the Mukaiyama reaction
is available in spite of its broad utility in organic synthesis.1_4)

Recently we introduced the cobalt—complexed propyna17) into the aldol condensation with silyl enol
ethers, where the erythro isomer was predominantly obtained irrespective of the stereochemistry of the
starting silyl enol ethers. We report here a novel diastereoselectivity in the aldol reaction of cyclic
ketene silyl acetals (7-9) with cobalt-complexed propynals (1-3) and uncomplexed simple propynals (4-6).

The aldol reaction of cyclic ketene silyl acetals (7-9) with cobalt-complexed propynals (1-3) was
carried out in methylene chloride at -78°C in the presence of titanium tetrach]oride8) to give the aldol
productsg) after decomplexation with cerium ammonium trinitrate (CAN)1O) in methanol at 0°C. Several
representative results obtained under the standard condition]]) are summarized in Table I. On the other
hand, the aldol reaction with uncomplexed propynals (4-6) under the same condition without treatment with
CAN also provided the condensation productsg) as shown in Table II.
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Table I. Aldol Reaction of Cyclic Ketene Silyl Table II. Aldol Reaction of Cyclic Ketene Silyl

Acetals with Cobalt-Complexed Propynals Acetals with Uncomplexed Simple Propynals

Entry Aldehyde Ketene silyl Aldol Yie]d(Z)a) Entry Aldehyde Ketene silyl Aldol Y1e1d(%)a)
acetal product E:Tb) acetal product E:Tb)

1 1 7 10 74(80:20)6) 1 4 7 10 84(50:50)C)
2 3 7 11 77(87:13)¢) 2 6 7 11 56(48:52)C)
3 1 8 12 55(80:20) 3 4 8 12 90(20:80)

4 2 8 13 87(80:20) 4 5 8 13 83(36:64)

5 1 9 14 77(92:8) 5 4 9 14 91(5:95)

6 2 9 15 88(95:5) 6 5 9 15 88(22:78)

7 3 9 16 87(92:8) 7 6 9 16  87(6:94)
a) Yields of products isolated, after decom- a) Yields of products isolated after flash
plexation, by flash chromatography. b) E=erythro, chromatography. b) E=erythro, T=threo. Determined
T=threo. Determined by 400 MHz TH-NMR spectra by 400 MHz TH-NMR spectra unless otherwise

unless otherwise stated. c) Ratio of each pure stated. c) Ratio of each isomer isolated by flash
isomer isolated by flash chromatography. chromatography.

The erythro isomer was stereoselectively obtained in the reaction of cyclic ketene silyl acetals (7-9)
with cobalt-complexed propynals regardless of the size of the ring in cyclic acetals. Especially in the
case of seven-membered acetal (9), a high erythro selectivity could be attained (entry 5-7) as shown in
Table I. Table II indicates several significant features. i) Five-membered acetal (7) did not show any
characteristic stereoselectivity at all (entries 1,2). i) Six-membered acetal (8) gave the threo isomer in
a moderate se]ectivity]z) (entries 3,4). iii) The threo isomer was obtained in a highly stereoselective
manner in the case of seven-membered acetal (9)13)(entr1es 5 and 7). Thus, the threo selectivity was greatly
enhanced with the increase of the size of the ring in cyclic acetals. It is noteworthy that the remarkable
contrast in the diastereoselectivity between the cobalt-complexed and uncomplexed propynal occurred in the
case of seven-membered acetal (9), where the former showed a high erythro selectivity whereas the latter
afforded the threo isomer in a highly stereoselective manner.

The mechanism for the erythro selectivity in the reaction of the cobalt-complexed propynal with the
cyclic ketene silyl acetal could be tentatively rationalized in terms of the modified synclinal transition
state!?) via acyclic cationic species. On the other hand, the threo selectivity in the reaction between
seven— (and six-) membered acetal and the uncomplexed simple propynal might be explained by the six-membered
chair-like transition state proposed previously by Chan.6a) However, it is still hard to explain the fact
that the threo/erythro ratio was surprisingly improved by changing the size of the ring in cyclic ketene
silyl acetals from five to seven.

In summary, our newly developed procedure can provide stereoselectively not only the erythro, but also
the threo isomer from the same cyclic ketene silyl acetal simply by changing the aldehyde counterpart from
the cobalt-complexed to the uncomplexed propynal. The synthesis potentiality of this procedure is further
enhanced by the fact that the triple bond has been well proved to be the versatile precursor for various
functionalities.

Further studies on the mechanistic aspect as well as an application for the synthesis of a natural

product is currently under active investigation.
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