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Enantioselective conjugate addition of boronic acids to enones catalyzed

by O-monoacyltartaric acidsw
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We have found that O-monoacyltartaric acids catalyze

asymmetric conjugate addition of boronic acids to enones with

good enantioselectivity, and the 3,5-di(tert-butyl)benzoyl group

provides the best results among the acyl groups examined.

Enantioselective 1,4- and 1,2-additions of boronic acids to

a,b-unsaturated carbonyl compounds, aldehydes, ketones, or

imines constitute effective C–C bond forming reactions

in organic synthesis.1 Although numerous efficient chiral

transition metal catalysts are known, few organocatalysts

(chiral biphenol derivatives,2–4 thioureas,5 and secondary

amines)6 have been successful in these transformations. Herein

we report a class of chiral catalysts, O-monoacyltartaric acids

1 (Fig. 1),7 capable of activating boronic acids.8

Because a-hydroxycarboxylic acids are suitable scaffolds

for boronic acids,9 we hypothesized that they may activate

boronic acids. Thus, we initially examined the activity of

L-tartaric acid (10 mol%) for the conjugate addition of

(E)-styrylboronic acid (3a) to chalcone (2a) (eqn (1)). The

reaction in refluxing dichloromethane (0.05 M relative to 2a)

for 24 h gave the desired product 4a in 89% yield with 25% ee.

However, without L-tartaric acid under the same conditions,

4a was obtained in 31%. Changing the solvent to toluene

effectively suppressed the non-catalyzed reaction to 5% yield,

whereas the presence of L-tartaric acid resulted in a similar

yield and selectivity as the reaction in dichloromethane

(97%, 24% ee).

ð1Þ

Using toluene, we then examined the activity of other tartaric

acid derivatives (10 mol%). For comparison, all reactions were

conducted in toluene at 50 1C for 24 h. Protecting either the

two carboxyl groups or the two hydroxy groups of L-tartaric

acid significantly decreased the activity [dimethyl L-tartrate

(6%, 0% ee), O,O-dibenzoyl L-tartaric acid (14%, 4% ee)]. On

the other hand, an acceptable enantioselectivity (45% ee) was

obtained with O-monobenzoyl L-tartaric acid (1a), but the

yield was low (23%). Upon further examination, the addition

of methanol (2 equiv. relative to 3a) at a higher concentration

(toluene, 0.3 M) improved both the yield and selectivity

(38%, 59% ee; see Table 1, entry 1). Methanol suppressed

the non-catalyzed reaction (6%) because 4a was obtained in

35% yield in the absence of both 1a and methanol.10

Under conditions using the methanol additive, various

monoacylated L-tartaric acids11 were investigated (Table 1).

1- and 2-Naphthoyl groups improved the chemical yield and

selectivity (entries 2 and 3). Additionally, meta-substitution

provided a superior selectivity compared to ortho- and

para-substitution of the methyl substituent in the benzoyl

group (entries 4–6). 3,5-Dimethylbenzoate 1g was more

selective than monomethylated 1e (entry 7). Introducing

electron-donating methoxy groups at the 3,5-positions

significantly decelerated the reaction (entry 8), whereas

electron-withdrawing trifluoromethyl groups exhibited a

higher activity (entry 9). Moreover, bulkier alkyl substituents

at the 3,5-positions increased the selectivity (entries 7, 10 and

11). These results suggest that not only the electronic effect but

also the steric bulkiness of the substituent plays an important

role for the activity and selectivity of the catalyst. Meanwhile,

varying the reaction temperature with catalyst 1k did

not improve the selectivity (entries 12 and 13). Among the

O-monoacylated L-tartaric acids (1a–k) tested, 3,5-di(tert-

butyl)benzoate 1k gave the best results (entry 11).

Fig. 1 O-Monoacyltartaric acids 1.

Table 1 Enantioselective conjugated addition of 3a to 2a catalyzed
by O-monoacyltartaric acid 1a

Entry R in 1 %yield of 4a %ee of 4ab

1 Ph (1a) 38 59
2 1-naphthyl (1b) 86 69
3 2-naphthyl (1c) 41 70
4 o-tolyl (1d) 63 64
5 m-tolyl (1e) 51 70
6 p-tolyl (1f) 58 62
7 3,5-Me2C6H3 (1g) 77 80
8 3,5-(MeO)2C6H3 (1h) 22 73
9 3,5-(F3C)2C6H3 (1i) 81 79
10 3,5-iPr2C6H3 (1j) 74 82
11 3,5-tBu2C6H3 (1k) 92 87
12c 1k 41 87
13d 1k 90 86

a Unless otherwise noted, reactions were carried out using

chalcone (2a) (0.3 mmol), (E)-styrylboronic acid (3a) (0.36 mmol),

O-monoacyltartaric acid (10 mol%), and methanol (0.72 mmol) in

toluene (1 mL) at 50 1C for 24 h. b All cases gave the (S)-isomer. c At

40 1C. d At 60 1C.
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Then the reactions of other enones with boronic acids were

examined using catalyst 1k (Scheme 1). Although methyl

ketone-type enone 2b afforded adduct 4b in a low yield for

reactions with styrylboronic acid (3a), phenyl ketone-type

enones 2a and 2c–f showed good reactivities to give adducts

4a and 4c–f with good enantioselectivities (81–88% ee),

respectively. Enone 2e, which possessed p-MeOC6H4 as the

R2 group, reacted more smoothly than p-NO2-substituted

enone 2f.12 Furthermore, the effect of other boronic acids

was examined for the reaction with chalcone (2a). Although

alkenylboronic acid 3b was much less reactive than 3a, furan-

and benzofuranboronic acids 3c and 3d13 showed acceptable

reactivities to give adducts 4h and 4i with good selectivities,

respectively. These findings suggest that the enantioselectivity

depends on the structure of boronic acids rather than that of

enones. However, further studies are necessary to elucidate the

precise mechanism.14

In summary, we have demonstrated for the first time that

O-monoacylated tartaric acids, particularly 3,5-di(tert-butyl)-

benzoyl derivative 1k, are effective enantioselective catalysts for

the asymmetric conjugate addition of boronic acids to enones.

Further investigations to improve the catalytic activity and to

extend the applicability to other reactions are underway.
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