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Abstract: Highly efficient and stereospecific construction of asymmetric
quaternary carbons via the alkylation of y-alkyl-y,6-epoxy acrylates with (CH3)3Al
is described. © 1998 Elsevier Science Ltd. All rights reserved.

Stereoselective construction of asymmetric quaternary carbon atoms is not only challenging but also
very important in organic synthesis, particularly in natural product synthesis since a variety of biologically
active natural products containing quaternary carbon atom(s) have been found in nature and in most cases
only one enantiomer of them has been known to exhibit biological activity. Much efforts have been devoted
in this decade to development for the stereoselective construction of quaternary carbon atoms including
asymmetric and chiral ones. !

We have reported the regio- and stereo-specific methylation of v,8-epoxy acrylates with (CH3)3Al
in the presence of water? and recently developed the methodology to the stereospecific internal alkylation of
terminal y,8-epoxy acrylates with trialkylaluminum.3 We have also demonstrated the usefulness of the new
methodology in the synthesis of biologically active natural products, inter alia polypropionate-derived
antibiotics.4 In connection with acyclic stereocontrol by the use of y,8-epoxy acrylates, we anticipated that
the reaction of y-alkyl-y,8-epoxy acrylates with trialkylaluminum in the presence of water should occur
regio- and stereo-specifically at the y-position as well yielding an asymmetric quaternary carbon at the y-
position. We report here an efficient and stereospecific method for construction of asymmetric quaternary
carbons by using the alkylation of y-alkyl-y,8-epoxy acrylates with (CH3)3Al in the presence of water.

Initially we prepared ethyl rrans-7-benzyloxy-4,5-epoxy-4-methyl-2-heptenoate (1) as a model
compound and investigated its methylation reaction with (CH3)3Al. Thus, treatment of 1 with (CH3)3Al
(2 M solution in hexane, 10 equiv.) in CHCly in the presence of water (6 equiv.) at -30 °C for 1 h,
followed by aqueous workup, gave the expected compound 2 as a single product, in which a methyl group
was regioselectively introduced at the y-position, in 98% isolated yield (Scheme 1). Similarly, the reaction
of the analogous cis-epoxy unsaturated ester 3 with (CH3)3Al under the similar conditions (-30 °C, 1.5 h)
gave exclusively the same product 2 in 95% yield. No any other product was detected in these reactions.’
These results demonstrate that the methylation of y-alkyl-y,8-epoxy acrylates with (CH3)3Al proceeds
cleanly and regioselectively at the y-position as well as those of y,8-epoxy acrylates,2, 3 even faster than the
latters.

On the contrary, it was found that the reaction of ethyl trans-S-benzyloxy-2,3-epoxy-2-
methylpentanoate (4), the compound lacking a double bond of 1, with (CH3)3Al under the similar
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Scheme 1

conditions (-30 °C, 2 h) produced exclusively the compound §, in which a methyl group was
regioselectively introduced at the less-substituted carbon atom of the epoxide with inversion of
configuration, in 76% yield (Scheme 2). We also examined the reaction of ethyl trans-4,5-epoxy-4-
methyl-2-pentadecenoate (6), a substrate that bears no ether oxygen atom in the left chain of the epoxide
function, with (CH3)3Al and found that 6 required longer reaction time and resulted in formation of 7 in
lower yield (58%), along with several by-products (Scheme 2).
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These results unambigously demonstrate that an acrylate moiety is critical for the control of the

regioselectivity in the reaction and the chelation of the aluminum reagent by the oxygen atoms of the epoxide
and the ether moiety plays key roles for the achievement of extremely high y-regioselectivity (Fig.1), as is
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seen in the reactions of 1, 3, and the previous examples.2

In turn, we investigated the stereoselectivity in the reactions of y-alkyl-y,8-epoxy acrylates with
(CH3)3Al, namely whether those reactions occur stereospecifically at the y-position with net inversion of
configuration, as the reactions of v,5-epoxy acrylates with (CH3)3A1,2: 3 or not. To this end, treatment of
ethyl trans-7-benzyloxy-4,5-epoxy-4-cthyl-2-heptenoate (8) with (CH3)3Al (10 equiv.) in CH,Cly in the
presence of water (6 equiv.) at -30 °C for 2 h, gave the syn compound 99 as a single product, in which a
methyl group was stereospecifically introduced at the y-position with net inversion of configuration, in 96%

yield (Scheme 3). Similarly, the reaction of the analogous cis-epoxy unsaturated ester 10 with (CH3)3Al
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products was confirmed by !H NMR :
and 13 which were derived from 9 and 11 by catalytic hydrogenation, respectively (Scheme 4).
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The major advantage of the method described here is that alkylation occurs stereospecifically and

with complete diastereoselectivity at the y-position and not to produce any stereoisomer concerning an
asymmetric quaternary carbon atom whose separation may be extremely difficult. The present method
should provide a powerful tool in organic synthesis including natural product synthesis. Further studies of



the alkylation of y,8-epoxy acrylates and the application of these methodologies to the synthesis of natural

products are in progress.
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Hz, 1H), 4.51 (s, 2H), 4.18 (q, J = 7.2 Hz, 2H), 3.59-3.77 (m, 3H), 1.60-1.76 (m, 2H), 1.53 (q,
J =175 Hz, 2H), 1.29 (t, J = 7.2 Hz, 3H), 0.99 (s, 3H), 0.81 (t, J = 7.5 Hz, 3H); 13C NMR
(67.5 MHz, CDCl3) § 166.5, 154.1, 137.5, 128.3, 127.6, 127.5, 120.6, 76.9, 73.3, 69.9, 60.1,
44.7, 31.1, 29.1, 17.6, 14.3, 8.3; IR (necat) 3500, 2970, 2937, 2879, 1735, 1718, 1647, 1496,
1454, 1367, 1309, 1271, 1244, 1184, 1095, 1039, 999, 952, 736, 698 cm-1.



