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ABSTRACT

Addition of organocuprates, generated in situ using an excess of a 1:2 mixture of CuI·DMS and Grignard reagent, to N-enoyl oxazolidinethiones
in the presence of excess TMSI gave preferentially the anti diastereomer where the addition took place when the conformation of the substrate
was syn-s-cis. The reaction was investigated with indene-based and three different phenyl glycine derived oxazolidinethiones.

Conjugate addition of active methylene compounds, the
Michaelreaction, isoneofthemostfundamentalcarbon-carbon
bond forming reactions in organic chemistry.1 Organocuprate
additions to R,�-unsaturated carboxylic acids attached to
chiral oxazolidinones have been well studied. The asym-
metric 1,4-addition of organocuprates to chiral R,�-unsatur-
ated N-acyl-4-phenyl-2-oxazolidinones was initially reported
by Hruby in 1993.2 Appropriate reagents and conditions have
been found to achieve diastereoselective additions of orga-
nocuprates to N-enoyl oxazolidinones.3 When the conforma-
tion of the N-enoyl oxazolidinone is anti-s-cis, the syn
addition product is obtained, and when the conformation is
syn-s-cis, the anti addition product is then obtained (Figure
1). The conjugate addition of organocuprates to chiral

N-enoyl oxazolidinones has been employed in the syntheses
of several natural products.4

Thiazolidinethione and oxazolidinethione chiral auxiliaries
are becoming more popular because of their highly diaste-
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Figure 1. anti-s-cis and syn-s-cis conformations of N-enoyl
oxazolidinones.
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reoselective aldol reactions and particularly in the more
troublesome acetate aldol reaction.5 In addition, these
auxiliaries have shown to be directly displaced by different
nucleophiles. N-Acyl derivatives can be easily prepared from
coupling of the auxiliary with a carboxylic acid or with an
acyl chloride.6

Palomo et al. have shown that N-enoyl oxazolidinethiones
undergo a Lewis acid-promoted intramolecular Michael
addition with high diastereoselectivity to yield �-sulfanyl
imides.7,8 Kataoka et al. have shown that N-cinnamoyl
oxazolidinethiones can react with benzaldehydes in the
presence of BF3·OEt2 in a tandem Michael-aldol reaction.9,10

Other rearranged products can also be obtained during the
preparation of N-enoyl oxazolidinethiones when employing
sodium hydride and the corresponding acid chloride.11

Despite the interest in asymmetric transformations with chiral
oxazolidinethione auxiliaries, no report has yet appeared of
conjugate addition of organocuprate nucleophiles.12 Herein,
we describe reaction conditions to carry out this reaction.

We surveyed different reaction conditions and found that
Grignard reagents added stereoselectively to N-crotonoyl
indene-based oxazolidinethione 1 in THF at low temperature
(Table 1). Poor diastereoselectivity was observed when the
organocuprate reagent was prepared using 6 equiv of
Grignard reagent and 3 equiv of CuBr·DMS (entry 1). The
diastereoselectivity greatly improved when an equimolar
mixture of CuBr·DMS and Grignard reagent was employed
in a 6-fold excess (entry 2). Addition of TMSI as a Lewis
acid improved slightly the yield of the addition without
affecting the diastereoselectivity (entry 3). Increasing the
amount of Grignard reagent and adding the Lewis acid was
also beneficial (entry 4). Better results were obtained when

an excess of Grignard reagent was added in the presence of
TMSI (entries 5 and 6). X-ray single-crystal analysis of the
major diastereomer (2) established unambiguously the rela-
tive stereochemistry of the newly formed stereocarbon.13

More reproducible results were obtained when using 3
equiv of CuBr·DMS, 6 equiv of Grignard reagent, and 3
equiv of Lewis acid.14 These conditions were used with other
Grignard reagents (Table 2). We obtained similar results

when phenylmagnesium bromide was used instead of the
p-tolyl Grignard reagent (entries 1 and 2). To our surprise,
low yields and poor diastereoselectivities were obtained when
methylmagnesium bromide was used as the Grignard reagent
and added to the N-cinnamoyl and the N-(4-methylcin-
namoyl) oxazolidinethiones (entries 3 and 4). Others have
also observed lower yields and diastereoselectivities when
N-cinnamoyl derivatives are employed.3a

We decided to explore other chiral oxazolidinethiones with
only a phenyl group on C4 to compare the effect of having
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Table 1. Conjugate Addition to N-Crotonoyl Oxazolidinethione 1

entry CuBr Grignard TMSI yielda (%) 2:3b

1 3 6 0 68 2:1
2 6 6 0 58 95:5
3 3 3 3 65 95:5
4 3 6 3 65 95:5
5 3 4.5 3 70 98:2
6 6 6 6 62 95:5
a Isolated total yield of two diastereomers. b As determined by 1H NMR

peak integrations with crude products.

Table 2. Conjugate Addition to N-Crotonoyl Oxazolidinethionea

entry N-enoyl Grignard yieldb (%) anti:sync

1 1 R ) Me R′ ) Ph 76 (2b:3b ) 95:5)
2 1 R ) Me R′ ) p-Tol 70 (2a:3a ) 95:5)
3 4 R ) Ph R′ ) Me 45 (3b:2b ) 1:1)
4 5 R ) p-Tol R′ ) Me 30 (3a:2a ) 3:1)
a See Supporting Information for actual structures of products in the

table. b Isolated total yield of two diastereomers. c As determined by 1H
NMR peak integrations with crude products.
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an aromatic ring locked in the indene-based oxazolidineth-
iones and others with free rotation or different angle of the
phenyl ring. For this purpose, three other oxazolidinethiones
and their N-enoyl derivatives were prepared (Tables 3 and

4). Addition of organocuprates to N-crotonoyl derivative 6
was very good when using aromatic Grignard reagents
(entries 1 and 2), but lower yield and higher diastereoselec-
tivity were observed for the ethyl Grignard (entry 3). Lower
yields and diastereoselectivities were obtained with N-
cinnamoyl derivatives 7 and 8 and small size Grignard
reagent (entries 4 and 5). Very good diastereoselectivity but
low yield were observed for the N-pentenoyl derivative and
methyl Grignard (entry 6).

When the phenyl ring on the oxazolidinethiones was
flanked by the gem-dimethyl or a gem-diphenyl substituent,
we observed in general very good diastereoselectivities and
reaction yields (Table 4). Kanemasa and Onimura have
reported the effect of 4-chiral 2,2-dialkyloxazolidines on the
shielding of the diastereotopic acryloyl face.15 Only when
the p-tolylmagnesium bromide was employed in the addition
to N-crotonoyl oxazolidinethione 12, a low diastereoselec-
tivity was always observed (entry 3). X-ray crystallographic
analysis of addition product 20d confirms the relative
stereochemistry on the newly created carbon. The ortep
drawing of 20d shows the C-4 phenyl ring perpendicular to
the oxazolidinethione ring. We conclude this conformation
of the phenyl ring is important to achieve high diastereose-
lectivities.

In summary, we have found reaction conditions for the
diastereoselective addition of organocuprates to N-enoyl
oxazolidinethiones and studied the impact of the phenyl

substituent on C4 on the yield and diastereoselectivity. In
general, better diastereoselectivities were obtained with the
C4-phenyl oxazolidinethione chiral auxiliaries. We found that
by addition of the organocuprate, prepared using a 1:2
mixture of CuI·DMS or CuBr·DMS and Grignard reagent,
in the presence of excess TMSI, the N-enoyl oxazolidineth-
ione adopts a syn-s-cis conformation during the transition
state, and the addition takes place on the less hindered side
of the unsaturation, delivering preferentially the anti-addition
product. This reaction should be valuable in the synthesis
of many natural products.
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Table 3. Conjugate Addition to N-Enoyl Phenylglycine-Derived
Oxazolidinethionea

entry N-enoyl Grignard yieldb (%) anti:sync

1 6 R ) Me R′ ) Ph 70 (10a:11a ) 90:10)
2 6 R ) Me R′ ) p-Tol 93 (10b:11b ) 80:20)
3 6 R ) Me R′ ) Et 52 (10c:11c ) 95:5)
4 7 R ) Ph R′ ) Me 40 (11a:10a ) 80:20)
5 8 R ) p-Tol R′ ) Me 36 (11b:10b ) 2:1)
6 9 R ) Et R′ ) Me 30 (11c:10c ) 98:2)

a See Supporting Information for actual structures of products in the
table. b Isolated total yield of two diastereomers. c As determined by 1H
NMR peak integrations with crude products.

Table 4. Conjugate Addition to N-Enoyl Phenylglycine-Derived
Oxazolidinethionea

entry N-enoyl oxazolidinone Grignard yieldb (%) anti:sync

1 12 R ) Me, R′ ) Me R′′ ) Et 85 (20a:22a ) 98:2)
2 12 R ) Me, R′ ) Me R′′ ) Ph 70 (20b:22b ) 90:10)
3 12 R ) Me, R′ ) Me R′′ ) p-Tol 70 (20c:22c ) 60:40)
4 13 R ) Me, R′ ) Et R′′ ) Ph 72 (20d:22d ) 98:2)
5 13 R ) Me, R′ ) Et R′′ ) Me 70 (22a:20a )92:8)
6 14 R ) Me, R′ ) Ph R′′ ) Me 80 (22b:20b ) 98:2)
7 15 R) Me, R′ ) p-Tol R′′ ) Me 80 (22c:20c ) 98:2)
8 14 R ) Me, R′ ) Ph R′′ ) Et 80 (22d:20d ) 98:2)
9 16 R ) Ph, R′ ) Me R′′ ) Et 75 (21a:23a ) 93:7)

10 16 R ) Ph, R′ ) Me R′′ ) Ph 80 (21b:23b ) 98:2)
11 16 R ) Ph, R′ ) Me R′′ ) p-Tol 80 (21c:23c ) 98:2)
12 17 R ) Ph, R′ ) Et R′′ ) Ph 75 (21d:23d ) 92:8)
13 17 R ) Ph, R′ ) Et R′′ ) Me 75 (23a:21a ) 96:4)
14 18 R ) Ph, R′ ) Ph R′′ ) Me 80 (23b:21b ) 98:2)
15 19 R ) Ph, R′ ) p-Tol R′′ ) Me 85 (23c:21c ) 90:10)
16 18 R ) Ph, R′ ) Ph R′′ ) Et 80 (23d:21d ) 98:2)

a See Supporting Information for actual structures of products in the
table. b Isolated total yield of two diastereomers. c As determined by 1H
NMR peak integrations with crude products.
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