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Letters
Conjugate reduction of aryl acrylates with tributyltin hydride in the
presence of magnesium bromide diethyl etherate
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Abstract—The conjugate reduction of aryl acrylates performed with tributyltin hydride in the presence of magnesium bromide
diethyl etherate in dichloromethane gave the corresponding saturated esters in moderate to high yields. The reduction of
a-methylene-c-benzyloxycarboxylic acid esters proceeded syn-selectively, but a-methylene-b-oxycarboxylic acid esters afforded
reductive elimination products under the reaction conditions.
� 2004 Elsevier Ltd. All rights reserved.
Organotin hydrides are effective for the conjugate
reduction of a,b-unsaturated aldehydes and ketones.1

However, the reagents undergo radical addition reaction
to a,b-unsaturated carboxylic acid alkyl esters.1d;2

Recently, Wu et al. have reported the radical-mediated
conjugate reduction of N-(a-arylacryloyl)oxazolidinones
with tributyltin hydride.3 We now report the conjugate
reduction of aryl acrylates with tributyltin hydride in the
presence of MgBr2ÆOEt2 and the chelation controlled
1,3-asymmetric induction.4–6 The conjugate reduction
with the mild and neutral organotin reagent is of interest
from the point of view that the reduction of aryl acryl-
ates would proceed chemoselectively without affecting
the unsaturated bond such as isolated double bond
C@C and alkyl acrylate moieties.7;8 Furthermore, the
chelation controlled diastereoselective reduction would
be an alternative to catalytic hydrogenation being used
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commonly for the diastereoselective reduction of acrylic
acid esters.9

During the investigation on the diastereoselectivity in
the alkyl radical addition to a-methylene-c-oxycarb-
oxylic acid esters,4d we found that the reaction of phenyl
ester 1a with isopropyl iodide gave the conjugate
reduction products 2a (21%, syn:anti¼ 1:1) together
with radical adducts 3a (40%, syn:anti¼ 2.8:1) (Scheme
1 and Table 1, entry 1).10 The reaction of 1a performed
without isopropyl iodide gave 2a in 51% yield with a
diastereomer ratio syn:anti¼ 1.5:1 (entry 2).5 Entry 3
shows that 2 equiv of n-Bu3SnH are required to attain
high yield. The reaction proceeded without Et3B, a
radical initiator, and gave 2a in 65% yield (entry 4):11

this indicates that the conjugate reduction should pro-
ceed through an ionic mechanism. The Lewis acid
CO2Ph

OMe

Ph CO2Ph

OMe

CO2Ph

OMe

Ph CO2Ph

OMe

syn-2a

syn-3

anti-2a

anti-3

id.

l: nagano@cc.ocha.ac.jp

mail to: nagano@cc.ocha.ac.jp


Table 1. Reduction of 1a with n-Bu3SnH
a

Entry n-Bu3SnH

(equiv)

Lewis acid

(3 equiv)

Et3B

(equiv)

Yield of 2a

(%)

1b 2 MgBr2ÆOEt2 1 21

2 2 MgBr2ÆOEt2 1 51

3 1.2 MgBr2ÆOEt2 1 45

4 2 MgBr2ÆOEt2 0 65

5 2 MgBr2 0 42

6 2 MgI2 0 39

aDiastereomer ratio of 2a: syn:anti¼ 1.5:1.
b The reaction was performed with i-PrI to give 3a (40% yield;

syn:anti¼ 2.8:1).
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MgBr2ÆOEt2 was indispensable for the reduction1c and
in fact, a complex mixture was yielded in the absence of
Table 2. Conjugate reduction of aryl acrylates 1b–l with n-Bu3SnH in the p

Substrate 1 Product 2 (yield/%

R CO2Ph R CO2Ph

1b R = H 2b  (25)
1c R = Me 2c  (66)
1d R = PhCH2CH2 2d  (87)

Ph
CO2Ph

Ph
CO2Ph

OR OR
syn

1e R = H 2e  (25; syn:an
1f R = MOM 2f  (0)

R CO2Ph R CO2

syn

1g R = n-C7H15 2g  (87; syn:an

1h R = Ph 2h  (56; syn:an

CO2Ar CO2

1i Ar = Ph 2i (14; conver
(49) a

1j Ar = p-O2NC6H4 2j (32; conver
(40) a

1k Ar = 1-naphthyl 2k (41; conver
(74; conver

CO2Ph
no reaction

x

1l 2l

OBnOBn

aReaction time: 27 h.
the Lewis acid. However, the use of MgBr2 or MgI2 as
Lewis acid gave 2a in lower yield (entries 5 and 6).
Mg(ClO4)2, ZnCl2, Yb(OTf)3, and LiClO4 were ineffec-
tive. The reduction of 1a using Ph3SnH instead of
n-Bu3SnH did not proceed.

Under the optimized reaction conditions (Table 1, entry
4), we next carried out the reduction using various aryl
acrylates 1b–l (Table 2).10;11 The reduction of phenyl
acrylate 1b gave 2b in poor yield due to the dimerization
of 1b. The yields in the reduction of a-substituted
acrylates 1c12 and 1d were 66% and 87%, respectively,
but b-hydroxy-a-methylenecarboxylic acid ester (Baylis–
Hillman adduct) 1e6 afforded 2e (syn:anti¼ 2.2:1)9 and
the reductive dehydroxylation product 413 in 25% and
resence of MgBr2ÆOEt2
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21% yields, respectively. In the case of the corresponding
MOM ether 1f, the a,b-unsaturated ester 4 was yielded
exclusively in 96% yield. The reduction of benzyl ethers
1g and 1h proceeded in good yields with high syn-
selectivities.5 In contrast to the methyl ether 1a (Table
1), the benzyl ethers showed higher diastereoselectivity.

Although the reduction of a-substituted acrylates pro-
ceeded in moderate to high yields as mentioned above,
the reduction of phenyl crotonate 1i12 was sluggish and
gave 2i in only 14% yield. A longer reaction time (27 h)
was required to increase the yield of 2i (49%). p-Nitro-
phenyl crotonate 1j gave 2j in 32% yield, but in this case
only a slight increase of yield was observed even after
27 h of the reaction. Further improvements were
observed for the reduction of 2-naphthyl crotonate 1k,
although the reaction was not completed even after 27 h.
The reduction of aryl crotonates (¼ nonterminal olefins)
is very slow because the access to b-reaction center is
hindered. With phenyl sorbate 1l, no reaction occurred.

The LUMO energy of phenyl acrylates is lower than
that of the corresponding alkyl acrylates (semiempirical
AM1 calculations).7;14 Furthermore, the coordination of
the carbonyl oxygen atom of phenyl acrylates to the
Lewis acid lowers their LUMO energy. The synergistic
effects lowering the LUMO energy of acrylates may
accelerate the conjugate reduction. The higher reactivity
of p-nitrophenyl crotonate 1j and 2-naphthyl crotonate
1k compared to phenyl crotonate 1i is due to the LUMO
energies of 1j and 1k being lower than that of 1i.

In summary, the phenyl esters of a-substituted acrylic
acids (¼ terminal olefins) were reduced with tributyltin
hydride in the presence of magnesium bromide diethyl
ether to give the corresponding saturated esters in
moderate to high yields. However, the b-substituted
acrylic acids (¼ nonterminal olefins) were less reactive.
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