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Lewis acid Mg(ClO4)2, combined with NBS, in CH3CN or EtOAc provided mild and fast bromination
of 1,3-dicarbonyl compounds. In particular, this protocol could be applied to the R-monobromination
of R-unsubstituted â-keto esters. Similar Lewis acid catalysis was also extended to the R-chlorination
and iodination of 1,3-dicarbonyl compounds with NCS and NIS, respectively.

Introduction

R-Bromination of 1,3-dicarbonyl compounds is an
important transformation,1 as the resulting R-brominated
products are highly versatile intermediates in organic
synthesis.2 The most commonly used reagents for this
transformation include bromine,3 N-bromosuccinimide
(NBS),4 and cupric bromide.5 The reaction conditions of
these methods are in general highly acidic or basic. In
terms of availability and ease of handling, N-bromosuc-
cinimide is a superior brominating reagent. However, in
our investigation of Lewis acid-catalyzed atom-transfer
radical cyclization reactions,6 we found some olefinic
R-bromo â-keto esters, especially R-monobromo â-keto
esters from R-unsubstituted substrates, could not be
conveniently prepared by bromination of â-keto esters
with NBS following literature procedures.4 This led us
to search for a new R-bromination method. It is known
that the chelation of Lewis acids to the two carbonyl
groups of a â-keto ester substrate promotes the enol
formation and thus changes the electronic property of the

R-carbon.7 Recently, Togni et al used Ti-TADDOLate to
catalyze enantioselective R-halogenation of R-substituted
â-keto esters.8 We thus investigated the use of Lewis
acids in R-bromination of â-keto esters. Here we report
that NBS combined with the Lewis acid Mg(ClO4)2 can
afford mild and fast R-bromination of a wide range of
functionalized 1,3-dicarbonyl compounds. In addition,
this method can be applied to the R-chlorination and
R-iodination of 1,3-dicarbonyl compounds,9,10 thereby
providing useful building blocks for organic synthesis.11,12

Results and Discussion

I. Lewis Acid-Catalyzed r-Bromination of r-Sub-
stituted â-Keto Esters. R-Bromination reactions of
R-monosubstituted â-keto esters 1a-1f were conducted
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in the presence or absence of Lewis acids in various
solvents at room temperature (Table 1). Substrates 1a
and 1b were first examined in order to find an optimal
condition. It was found that while Lewis acids Mg(ClO4)2,
Yb(OTf)3, and LiClO4 all catalyzed the bromination
reaction in Et2O, Mg(ClO4)2 turned out to be the best
catalyst for both 1a and 1b in term of yields and reaction
rates (entries 1 and 4). With Mg(ClO4)2 as the Lewis acid,
it was found that solvents such as CH3CN and EtOAc
gave higher yields than Et2O (entries 2, 3 vs 1). In the
presence of 0.3 equiv of Mg(ClO4)2, R-bromination of 1a
conducted in CH3CN was completed within 1 h, and
product 2a was isolated in 98% yield (entry 2). Therefore,
Mg(ClO4)2/CH3CN or EtOAc was employed as the cata-
lytic system for the R-bromination of other substrates
1c-1f (entries 6-10). It was interesting to find that,
although the starting materials 1c-1f could be consumed
within 1-2 h without Lewis acids in CH3CN, the isolated
yields of the expected R-bromo products were low and
complicated side products were formed. With the cataly-
sis of Mg(ClO4)2, the yields of bromination products
increased dramatically from 6-25% to 65-86%. This
indicated that Lewis acid not only accelerated the R-bro-
mination reactions but also reduced the side reactions.

II. Lewis Acid-Catalyzed r-Monobromination of
r-Unsubstituted â-Keto Esters and Amides. R-Mono-

bromination of â-keto esters without R-substituents has
been a challenging problem, since some R-monobromi-
nated â-keto esters were reported to be unstable upon
storage and readily disproportionated to dibrominated
and debrominated products. 5c,13,14 Hoffman et al. have
investigated the reaction conditions in order to improve
the yields and ratios of monobrominated products of
â-keto esters without R-substituents. 13 We found that,
by using NBS combined with a catalytic amount of Mg-
(ClO4)2 in CH3CN or EtOAc, the yields of R-monobromi-
nated products of R-unsubstituted â-keto esters could be
dramatically increased (Table 2). For substrates 3a and
3b, the ratios of mono- to dibrominated products in-
creased from around 1:1 in the absence of Lewis acid to
more than 10:1 in the presence of Lewis acid, and yields
of monobrominated products 4a and 4b also increased
from 13-40% to about 80% (entries 1-3), although the
change was less significant for â-keto ester 3c (entry 4).
The advantage of this mild bromination system was also
evident in the R-bromination of some substrates such as
3d. 3d could not be brominated with bromine or other
reagents under highly basic conditions, because it con-
tains an R,â-unsaturated ester group, which is prone to
intramolecular Michael addition reaction. In contrast, 3d
could be brominated with the aid of a Lewis acid in high
yields (entry 5). In general, the effect of Lewis acids was
less significant for â-keto amides 3d and 3e, because the
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TABLE 1. Lewis Acid-Catalyzed r-Bromination of
r-Substituted â-Keto Estera

entry substrate solvent time
conversion

(%)b
isolated

yield (%)b

1 1a Et2O 3.5 h 100 (26) 81 (17)
2 1a CH3CN 1 h 100 (25) 98 (20)
3 1a EtOAc 4.5 h 100 (14) 90 (10)
4c 1b Et2O 1 h 95 (58) 76 (14)
5 1b CH3CN 1 h 100 (100) 76 (6)
6 1c CH3CN 40 min 100 (3) 86 (3)
7 1d CH3CN 1 h 100 (100) 65 (17)
8 1d EtOAc 1 h 100 (59) 80 (24)
9 1e CH3CN 1 h 100 (78) 80 (25)

10 1f EtOAc 40 min 100 (24) 86 (10)
a Unless otherwise indicated, all reactions were carried out with

0.5 mmol of substrate in 10 mL of solvent in the presence of
Mg(ClO4)2 (0.3 equiv). b The numbers in parentheses represent the
results obtained in the absence of Mg(ClO4)2. c Mg(ClO4)2 (1.0
equiv) was added.

TABLE 2. Lewis Acid-Catalyzed r-Monobromination of
1,3-Dicarbonyl Compoundsa

entry substrate solvent time
yield of
4 (%)b ratio of 4:5b

1 3a CH3CN 1 h 75 (22)c 10.3:1 (0.6:1)c

2 3a EtOAc 1 h 85 (45)c 14.8:1 (1.5:1)c

3 3b CH3CN 40 min 80 (13)d 11.9:1 (0.8:1)d

4 3c CH3CN 40 min 96 (69)d e
5 3d CH3CN 1 h 87 (81)d e
6 3e CH3CN 30 min 91 (89)d e
a All reactions were carried out with 0.5 mmol of substrate in

10 mL of solvent in the presence of Mg(ClO4)2 (0.3 equiv). b The
numbers in parentheses represent the results obtained in the
absence of Mg(ClO4)2. c Determined by using NMR. d Determined
by isolation. e Only product 4 was isolated.
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corresponding bromination reactions with NBS in CH3-
CN was complete within a short period of time in good
yields, even without any Lewis acid (entries 5 and 6).

We found that some R-monobrominated â-keto esters
disproportionated during column purification on silica
gel. Among 4a-c, 4a was the easiest one to dispropor-
tionate, but 4c would not. R-Monobrominated â-keto
amides 4d and 4e were also stable during column
purification.

III. Lewis Acid-Catalyzed r-Chlorination and
Iodination of â-Keto Esters. We also tested the pos-
sibility of using Lewis acids to catalyze R-chlorination and
R-iodination of â-keto esters with NCS and NIS, respec-
tively. Substrates 1a and 1c were thus halogenated with
NCS or NIS under the catalysis of Mg(ClO4)2 in CH3CN
or EtOAc (Table 3). Compared to those without Lewis
acid, the R-halogenation reactions in the presence of Mg-
(ClO4)2 were much faster and the isolated yields were also
much higher. Within the same reaction time, the yields
increased from 9-34% to 84-99% with Lewis acid
catalysis.

Conclusion

In summary, we have developed a general method for
mild R-halogenation of 1,3-dicarbonyl compounds using
the Lewis acid Mg(ClO4)2 combined with N-halosuccin-
imide. This method is very chemoselective, as it can

tolerate an olefinic CdC bond and other sensitive func-
tional groups. Thus, it allows convenient access to a
variety of R-halogenated 1,3-dicarbonyl compounds, which
are important intermediates in organic transformations.
It will be interesting to extend this Lewis acid catalysis
to the catalytic enantioselective R-halogenation reactions
when proper chiral ligands are employed. 8,15

Experimental Section

Preparation of Substrates. Substrates 1b, 1d-1f, 3b,
and 3e were prepared according to literature procedures.16

Typical Procedure for the Lewis Acid-Catalyzed r-Bro-
mination of 1,3-Dicarbonyl Compounds. To a stirred
solution of substrate 1d (106 mg, 0.5 mmol) in EtOAc (10 mL)
was added Lewis acid Mg(ClO4)2 (34 mg, 0.15 mmol) at room
temperature. Solid NBS (98 mg, 0.55 mmol) was added to the
above mixture 5 min later. When the reaction was finished,
the reaction mixture was diluted with Et2O, washed with
water, and then dried over MgSO4. After concentration, the
crude product was purified by flash column chromatography
using EtOAc/n-hexane as eluents to give 2d (116 mg, 80%) as
a colorless oil: analytical TLC (silic gel 60), 10% EtOAc in
n-hexane, Rf ) 0.50; 1H NMR (400 MHz, CDCl3) δ 5.09 (dd, J
) 4.1, 9.6 Hz, 1H), 4.28 (q, J ) 7.1 Hz, 2H), 2.87 (m, 1H), 2.71
(m, 1H), 2.32 (q, J ) 7.3 Hz, 2H), 1.99 (s, 3H), 1.69 (s, 3H),
1.31 (t, J ) 7.1 Hz, 3H); 13C NMR (100 MHz, CDCl3; DEPT) δ
200.7 (C), 168.6 (C), 133.4 (C), 122.6 (C), 63.3 (CH2), 63.3 (C),
38.5 (CH2), 25.9 (C), 25.7 (C), 23.6 (CH2), 17.9, 14.1; IR (CHCl3)
2987, 1749, 1724, 1264 cm-1; LRMS (EI, 20 eV) m/z 291 (M+

- H, 14), 289 (M+ - H, 15), 211 (7), 153 (100); HRMS (EI) for
C12H18BrO3 (M+ - H) calcd 289.0439, found 289.0415.
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TABLE 3. Lewis Acid-Catalyzed r-Chlorination and
Iodination of â-Keto Estersa

entry substrate X solvent time
conversion

(%)b

isolated
yield

6 or 7 (%)b

1 1a Cl CH3CN 1.5 h 100 (17) 99 (16)
2 1a Cl EtOAc 4.5 h 100 (11) 96 (10)
3 1a I CH3CN 7.0 h 100 (26) 85 (20)
4 1a I EtOAc 5.5 h 100 (44) 84 (34)
5 1c Cl CH3CN 2 h 100 (11) 86 (9)
6 1c I CH3CN 15 min 100 (17) 86 (14)
a All reactions were carried out with 0.5 mmol of substrate in

10 mL of solvent in the presence of Mg(ClO4)2 (0.3 equiv). b The
numbers in parentheses represent the results obtained in the
absence of Mg(ClO4)2.
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