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a b s t r a c t

Stereoselective construction of all-carbon quaternary stereocenters by allylboration of chiral aldehydes is
described. Sugar-derived aldehydes were allylated with geranylboronate or nerylboronate to provide g-
adducts possessing quaternary stereocenters with high diastereoselectivity. The reaction was applied to
the synthesis of a fragment of (þ)-vibsanin A.

� 2016 Elsevier Ltd. All rights reserved.

1. Introduction

All-carbon quaternary stereocenters are found in many phar-
maceuticals and bioactive natural products. For example,
(þ)-hyperforin (1),1 (�)-hyphenrone A (2),2 and (þ)-vibsanin A (3)3

have a common structural motif including an asymmetric quater-
nary stereogenic center (Fig. 1). To synthesize such complex com-
pounds, it is essential to develop a practical method for
constructing the quaternary stereocenter. However, this remains
a challenge due to steric factors and the difficulty of asymmetric
induction.4 One approach uses 3,30-disubstituted allylmetal re-
agents. Although much research has focused on developing ster-
eoselective carbonyl allylation reactions,5 the construction of an
asymmetric quaternary stereocenter by these reactions is still
challenging.6 Denmark and co-workers have reported a solution to
this problem using allylic trichlorosilanes.7We also reported a zinc-
mediated Barbier-type allylation of sugar-derived aldehydes in
aqueous media (Scheme 1a).8

Thus, the reaction of D-glyceraldehyde acetonide 4 (prepared
from D-mannitol in two steps)9 and geranyl chloride (5) in the
presence of zinc powder preferentially provides g-adduct 6-C,

which contains an all-carbon quaternary stereocenter with (R)-
configuration, in accordance with the b-chelation/six-membered

Fig. 1. Structures of (þ)-hyperforin, (�)-hyphenrone A, and (þ)-vibsanin A.
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model. Recently, we achieved the first total synthesis of (þ)-vib-
sanin A (3) by using the Barbier-type allylation (Scheme 1b).10 In
our total synthesis, we needed to use ent-4 as a substrate for the
Barbier-type allylation because an (S)-configured quaternary
stereocenter was required for the natural enantiomer of 3. Com-
pound ent-4 was prepared from L-ascorbic acid in five steps,11

taking more time and effort than preparation of 4. To achieve the
synthesis of 3 from 4, we aimed to develop a stereochemically
complementary method to the zinc-based Barbier-type allylation,
this time using the allylboration reaction where chelation of the
aldehyde would not be possible because of the limited co-
ordination shell of boron.12

There are only limited examples of allylboration in the syn-
thesis of optically active compounds bearing all-carbon quater-
nary stereocenters. Although Szab�o and co-workers recently
reported catalytic asymmetric allylboration in the synthesis of
quaternary stereocenters,13,14 most methods use chiral allylboron
reagents as chiral sources.15 Herein, we describe the construction
of all-carbon quaternary stereocenters by allylboration of chiral
aldehydes with achiral 3,30-disubstituted allylboronic esters,
thereby extending the approach to lower fragment 7 of (þ)-vib-
sanin A (3) (Scheme 1c).

2. Results and discussion

The allylboration reaction was investigated with readily avail-
able sugar-derived aldehydes, also used in the Barbier-type allyla-
tion,8 and with pinacol allylboronic ester 8 or 9 as substrates.
Geranylboronate 8 was prepared from geraniol according to the
convenient procedure developed by Szab�o and Aggarwal.16 Ner-
ylboronate 917 was also prepared from nerol by a similar method.18

These 3,30-disubstituted allylboronic esters were configurationally
stable, and equilibrium between E- and Z-isomers was not observed
at room temperature.

As shown in Table 1, the reaction of 4 with 8 in CH2Cl2 at 0 �C to
room temperature provided g-adducts 6-AeD with high stereo-
selectivity and complete regioselectivity (entry 1). The g-adducts
were separated into (3R)-isomers 6-A/6-B (4R/4S¼9:1) and (3S)-
isomers 6-C/6-D (4R/4S¼1:5) by column chromatography in yields
of 5% and 71% from 8, respectively. In this case, (3S,4S)-isomer 6-D
was obtained as the major product.19 Thus, the synthesis of the
chiral building block with (4S)-configuration was achieved in three
steps from D-mannitol, which is a more concise route than Barbier-
type allylation of ent-4. By using 9 instead of 8, the reaction pref-
erentially produced (3S,4R)-isomer 6-C, which is the epimer of 6-D
at the quaternary stereocenter (entry 2). The stereoselectivity was
slightly lower than in the reactionwith 8, but was still good. In both
cases (entries 1 and 2), the stereochemical outcomes were the
opposite of the Barbier-type allylation using the corresponding allyl
chlorides (Scheme 1).8 Products 6-D and 6-C possessing a quater-
nary carbon are inseparable, although the two diastereomers can
be separated at a later stage.10 Therefore, they are expected to be
useful chiral building blocks for natural product synthesis.

Scheme 1. (a) Zinc-mediated Barbier-type allylation, (b) our total synthesis of
(þ)-vibsanin A, and (c) this work.

Table 1
Allylboration of D-glyceraldehyde derivative 4

Entry Allylboronate AþB CþD

Yielda A/Bb Yielda C/Db

1 8 5% 9:1 71% 1:5
2 9 6% 1:8 66% 4:1

a Yield from 8 or 9.
b Ratio was determined by 1H NMR analysis.
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