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Abstract: The asymmetric aldol reaction of the boron dienolate derived from chiral o, -
or B, y-unsaturated imide followed by the siloxy-Cope rearrangement is shown to provide
the ¥,6-anti- or -syn -, B-unsaturated imide as the main product.
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The creation of a chiral center remote from the chiral auxiliary is a challenging problem in organic
synthesis. In the preceding communication,' we described a general, efficient solution to this problem which
relies upon the combination in tandem of the asymmetric induction via the allylation of chiral lithium dienolates
with the asymmetric transmission via the Cope rearrangement to afford the y-chiral o,f-unsaturated acid
derivatives in high enantiomeric purities.  As an extension of this strategy, we wish to report another
asymmetric induction / transmission sequence which involves the asymmetric aldol reaction of a chiral
dienolate derived from imides 1a and 1b followed by the oxy-Cope rearrangement of the aldol adducts,
eventually providing the y,3-anti- (3a) or -syn-o, B-unsaturated imide (3b) in a highly stereocontrolled fashion
(Scheme 1).2‘3 The key to the success is the combined use of the chiral boron dienolate in the asymmetric
aldol process and the siloxy-Cope variant as the asymmetric transmission process.
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At first, the aldol reaction of the lithinm dienolate of 1a* with crotonaldehyde was found to give a
mixture of the aldol diastereomers in the ratio of 28:40:32.°> In contrast, the use of the boron dienolate®
afforded the (E, E, syn)-aldol (2a)’ with a 99% “stereopurity™>® in 90% yield. A similar reaction of 1b* gave
the (Z, E, syn)-isomer (2b) with a slightly lower stereopurity (Z, 84.5%) in 70% yield. Unfortunately, the
oxy-Cope rearrangements (N -methyl—2—pyrrolidone,9 180 C) of 2a and 2b resulted in very low yields of 3a
(44%) and 3b (27%) due to the considerable retro-aldol reaction that occurred. . However, the siloxy-Cope
variant'’ (toluene, 210 <C, 15 min) of 2a followed by hydrolysis (aq. HCI, THF) was found to afford 98%
yield of the anti-isomer (3a) 7 with 99% stereopurity.  This means that the siloxy-Cope rearrangement
proceeds with almost complete asymmetric transmission through the usual chair-like transition states. A
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similar rearrangement of 2b afforded 98% yield of the syn isomer (3 b)’ with 83% stereopurity. Overall, the
asymmetric aldol / siloxy-Cope sequence outlined here permits ready access to 7,d-dichiral o,B-unsaturated
acid derivatives in enantio- and diastereo-enriched forms, which are otherwise difficult to obtain.

As a matter of course, the present methodology is applicable to the asymmetric synthesis of 8-chiral o, B-
unsaturated acid derivatives as have recently been illustrated by Black and co-workers using a different chiral
auxi]iary.3 Depicted below is our own example where the aldol reaction of 1¢ with crotonaldehyde gave 2¢’
as an essentially single stereoisomer, and its oxy-Cope rearrangement proceeded smoothly in N-methyl-2-
pyrrolidone (180 °C, 15 min) to afford, after Jones oxidation, acid 4" in 94% de.’
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In summary, we have demonstrated that the asymmetric aldol reaction of the chiral boron dienolate of 1

followed by the siloxy-Cope rearrangement effects the net remote asymmetric induction, thereby allowing the
stereocontrolled preparation of the v, 8-dichiral o, B-unsaturated acid derivatives (3a-b). Synthetic application

of the present method is underway in our laboratories.
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