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The erythro-3-alkyl-2-hydroxypropionate unit in (4) is predominantly obtained via the reaction of
but-2-enylstannane (2a) with glyoxylate esters (3) while the threo-isomer (5) is preferentially produced via
9-but-2-enyl-9-borabicyclo[3.3.1]nonane (2b); the former reaction has been applied to the enantioselective

synthesis of verrucarinolactone (6).

The diastereo- and enantio-selective synthesis of the 2-alkyl-
3-hydroxypropionate unit in (1a) has received wide attention
and a number of excellent methods have been reported.! On
the other hand, diastereo- and enantio-selective methods for
synthesising the 3-alkyl-2-hydroxypropionate unit in (1b)
seem to be inadequate despite its frequent occurrence in many
important natural products.? We report an allylic organo-
metallic solution to this problem (equation 1) and its applica-
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tion to the enantioselective synthesis of verrucarinolactone
(6). The reaction of the but-2-enyl organometallic compounds
(2) with the glyoxylate esters (3) was examined and the results
are summarised in Table 1.

The erytiro-isomer (4) was obtained predominantly via
(2a) and the selectivity was enhanced with increasing steric
bulk of the ester groups. In contrast, the t/ireo-isomer (5) was
produced preferentially via (2b) and again the selectivity was
enhanced with increasing steric bulk. Although the rfireo-
selectivity was not high (3:1 at most), the erytiro-selectivity
exhibited with the Pr! group appeared to be suitable for
further synthetic applications. We chose verrucarinolactone
(6),* the left half of the macrocyclic portion of verrucarin A,
as the target molecule.

It was thought that (2a) would attack the carbonyl group
of the glyoxylate ester of 8-phenylmenthol (7)® from the si-
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BBN = 9-borabicyclo[3.3.1]nonan-9-yl.

Table 1. Reaction of but-2-enyl organometallic compounds (2)
with (3).2

Product ratio/ 9%

2) (3)(R) Solvent (4) erythro  (5) threo
(2a) Me CH,CI, 75 25
Bu® CH,Cl, 80 20
Pri CH,Cl, 90 10
(2b) Me Et,O 40 60
Bun Et,O 30 70
Pri Et,O 25 75

a All reactions were carried out on a 1 mmol scale as previously
described.® Total yields (isolated) were in the range 75—859%
for (2a) and 80-—909, for (2b). ® By g.l.c. (CW 6000, 5%, 2 m).
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(6) (trans) (6)-epimer (cis)
i, BF;-OEt,, CH,Cl,, —78 °C, 809%¢; ii, BH;SMe,, hexane;
NaOH-H,0,, 709%; iii, p-MeCsH,SO;H, CH,Cl,, 30—35 °C,
24 h, 609,. R* == 8-phenylmenthyl.

face, since the phenyl group would block the attack from the
re-face. Thus, it is clear that (8a) and (8b) result from attack
at the si-face of (7), and (8¢) and (8d) from attack at the re-
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face of (7). The aldehyde proton of (7) appeared at & 8.37
(CCl,, Me,Si) owing to the shielding of the aromatic ring.
The reaction of (7) with (2a) in the presence of one equivalent
of BF;-OEt, afforded (8a) as a major product; (8a): (8b): (8c)
4 (8d) = 84:9:7. The ratio of these four diastereoisomers
was determined by g.l.c. (DC 550, 10%, 3 m) and 'H n.m.r.
analysist (CCl,, Me,Si); (8a), §0.72 (3H, d, J 6.9 Hz),
0.8—2.2 (18H, m), 247 (1H, d, J 5.4), 3.02 (H, dd, J 5.4 and
3.0), 4.80 (3H, m), 5.60 (1H, m), and 7.20 (5H, m); (8b),
0.8—2.2 (21H, m), 243 (1H, d, J 5.3), 298 (I1H, dd, J 5.3
and 2.4), 478 (3H, m), 5.57 (IH, m), and 7.20 (5H, m);
(8¢) + (8d), not separable. Hydroboration—oxidation of the
mixture of these isomers (8) gave the diol (9) in 70% yield,
which in turn was treated with toluene-p-sulphonic acid.
The usual work-up afforded white crystals, m.p. 93—94 °C,
1H N.m.r. spectroscopy showed a ratio of (6) to its epimer of
90:10; the methyl proton of (6) resonated at & 1.21, while
that of its epimer resonated at 6 1.02. Recrystallization from
ether gave pure (6), m.p. 101—102 °C, [a]3° —8.82° (10 cm
cell, ¢ 0.57, CHCl,), 919 enantiomeric excess. The similar
reaction with (2b) gave (8b) as the major product, though the
selectivity was low in comparison with the selectivity via
(2a); (8a):(8b):(8c) + (8d) = 30:52:18.% The simple pro-
cedure and high levels of enantio- and diastereo-selectivity
attainable with (2a) may provide a practical method for the
asymmetric synthesis of (6).
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