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Asymmetric synthesis of alkylarylcarbinols via reaction of a chiral
pinanediol alkylboronic ester with arylmethyl chlorides *

George W. Kabalka,* Nan-Sheng Li and Su Yu
Departments of Chemistry and Radiology, The University of Tennessee, Knoxville, TN 37996-1600, USA

Abstract:  The reaction of arylmethyl chlorides with chiral pinanediol esters of alkyl-
boronic acids in the presence of lithium dicyclohexylamide affords chiral alkylarylcarbinols
in good stereochemical yields after oxidation. © 1997 Elsevier Science Ltd. All rights
reserved.

In recent years the reactions of &-haloboronate esters have been extensively investigated be-
cause of their utility in a wide variety of natural product syntheses.! Parallel studies involv-
ing the reaction of organoboranes with &-halomethy! anions,? o-substituted--halomethyl anions
such as o-trimethylsilyl-a-chloromethyllithium,® and «-chloroallyl lithium reagents* have also
proven synthetically useful. Matteson, for example, reported that the reaction of &-trimethylsilyl-
a-chloromethyllithium with pinanediol phenylboronate yielded the chiral o-trimethylsilylboronic
ester in 46% diastereomeric excess.*® In a continuation of our studies involving the reaction of (-
chloroaryl)methyl anions with organoboranes,’ we found that (-chloroaryl)methyl anions, generated
by deprotonation of the corresponding arylmethyl chlorides, react in situ with (15,25,3R,55)-(+)-
pinanediol butylboronic ester to give alkylarylcarbinols in good yields after oxidation (39-95%) and
with enantiomeric excesses up to 79% (Scheme 1). The enantiofacial selection on the carbanion
intermediate by the chiral boronic ester is not only interesting but provides an alternate method to the
synthesis of chiral alkylarylcarbinols which are often prepared by reduction of alkylarylketones® or
by the alkylation of aryl aldehyde with alkyl organometallic reagents.’
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Scheme 1.

The results of a study involving the reactions of (+)-pinanediol n-butylboronate with various
arylmethyl chlorides in the presence of lithium dicyclohexylamide are presented in Table 1. The
procedure is straightforward: under an argon atmosphere, lithium dicyclohexylamide (1 mmol)? is
added to a solution of the (+)-pinanediol ester of n-butylboronic acid (1 mmol)® and the arylmethyl
chloride (1 mmol) in THF (2 mL) at —78°C.!% After the reaction has proceeded for the indicated
time (Table 1) at —78°C, the mixture is allowed to warm to 0°C and then oxidized using H,O0,/OH~
to generate the desired n-butylarylcarbinols. The absolute configurations of the products (2) were
determined to be R by measurement of their optical rotation.

The reactions of other chiral n-butylboronic esters with (&-chlorophenyl)methyllithium
were also studied. The reaction of (1R,2R,3S,5R)-(—)-pinanediol n-butylboronic ester with (o-
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Table 1. (R)-n-Butylarylcarbinols (2) were prepared from (15,25,3R,55)-(+) pinanediol n-butylboronic ester and arylmethyl

chlorides
Entry | Product* ArCH,Cl Reaction Yield (%)° EE(%)°
Time®
1 2a PhCH,CI 0 min 72 71
2 2a PhCH,CI 10 min 77 72
3 2a PhCH,CI 60 min 73 71
4 2b CH3 10 min 39 55
CH,CI
5 2c CHs 10 min 64 79

e

6 2d 10 min 63 78
cm—@—cu—iﬂ

7 2e* 10 min 64 60

8 2f 10 min 68 45
OO

9 29 CH,CI 10 min 64 45

10 2h 10 min 69 69
CH,CI

CHLI

12 2j* !

* All reaction products exhibited physical and spectral characteristics in accord with literature values. ® Reaction
time at -78°C after adding lithium dicyclohexylamide. °©isolated yiekd. ¢ Determined by 'H NMR analysis of the
corresponding Mosher's esters. * Confirmed by HRMS.

F :
11 2i Cb—@— 10 min 95 36

10 min 71 64

chlorophenyl)methyllithium at —78°C for 10 min gave (S)-1-phenyl-1-pentanol in 75% chemical
yield and 70% optical purity after oxidation; the reaction using (1R,2R)-(—)-1,2-dicyclohexyl-
1,2-ethanediol n-butylboronic ester gave (R)-1-phenyl-1-pentanol in 70% optical purity. None of
the desired 1-phenyl-1-pentanol was formed in reactions using the chiral boronic ester prepared
from diethyl L-tartrate, presumably due to the higher acidity of the &-proton in the tartrate ester
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compared to the benzylic proton in benzyl chloride which precluded the formation of the prerequisite
(ot-chlorophenyl)methyllithium reagent.

Zinc chloride enhances both the chemical yield and the stereoselectivity of reactions involving
chiral boronic esters with dichloromethyllithium reagents by influencing which of the two chlorines
is displaced.! Not surprisingly, since there is only a single chlorine available, no improvement was
noted in the present case upon the addition of zinc chloride.

The enantioface selectivity brought about by the chiral boronic ester provides a useful degree of
enantioselectivity and is applicable to systems which might not tolerate the organometallic reagents
required in the Matteson reaction sequence (Table 1, entries 11 and 12)."" In addition, it offers the
intriguing possibility that boronic esters containing chirality in both the alkyl group and in the ester
might lead to enhanced diastereoselectivities via matched (versus mismatched) diastereochemical
pairings.'?
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