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ABSTRACT

The asymmetric halo aldol reaction (AHA) using Evans oxazolidinones as chiral auxiliaries has been established for tandem I−C/C−C bond
formations. The new asymmetric reaction provides a practical approach to a variety of halo aldols of a non-Evans type that cannot be easily
synthesized by other methods. Excellent diastereoselectivity (>95%) and yields (80−93%) have been obtained for eight examples.

The aldol reaction is among the most important C-C bond
formation reactions in organic chemistry.1-4 Recently, halo
aldol reaction5,6 has become an active topic because the
resulting halo aldols can be converted to a variety of extended
aldols by using SN2 substitutions with different nucleophiles

and to the Morita-Baylis-Hillman (MBH) adducts7,8 by
treatment with tertiary amines or other organic bases.
Meanwhile, halo aldol reaction serves as a key step of the
mechanism of the MBH-type reaction promoted by metal
halides. We recently developed the TiCl4-mediated MBH
reaction without the direct use of any Lewis bases. This
reaction was unambiguously confirmed through halo aldol
reaction in which halo aldols were isolated whenR,â-
unsaturatedN-acyl benzoxalinone was employed as the
Michael acceptor (Scheme 1).5a A similar mechanism also

exists in the Et2AlI-promoted MBH-type processes.8d,e,9The
later reaction greatly extended the scope of the TiCl4-based
system (Scheme 2).

* Corresponding authors. Fax: 806-742-1289.
† To whom X-ray analysis data should be addressed. Department of

Chemistry, University of Arizona, Tucson, AZ 85721.
(1) (a) Evans, D. A.; Nelson, J. V.; Taber, T. R.Topics in Stereochemistry

1982, 13, 1. (b) Heathcock, C. H. InComprehensiVe Carbonion Chemistry;
Buncel, E., Durst, T., Eds.; Elsevier: New York, 1984; Vol. 5B, p 177. (c)
Kim, B. M.; Williams, S. F.; Masumune, S. InComprehensiVe Organic
Synthesis; Trost, B. M., Fleming, I., Heathcock, C. H., Eds.; Pergamon:
Oxford, 1991; Vol. 2, Chapter 1.7, p 239.

(2) For several recent reviews, see: (a) Nelson, S. G.Tetrahedron:
Asymmetry1998,9, 357. (b) Mahrwald, R.Chem. ReV.1999,99, 1095. (c)
Arya, P.; Qin, H.Tetrahedron2000,56, 917.

(3) (a) Parmee, E. R.; Tempkin, O.; Masumune, S.; Abiko, A.J. Am.
Chem. Soc.1991,113, 9365. (b) Corey, E. J.; Cywin, C. L.; Roper, T. D.
Tetrahedron Lett.1992, 33, 6907. (c) Evans, D. A.; Kozlowski, M. C.;
Murray, J. A.; Burgey, C. S.; Campos, B. T.; Staples, R. J.J. Am. Chem.
Soc.1999,121, 669. (d) Denmark, S. E.; Stavenger, R. A.; Wong, K.-T.;
Su, X. J. Am. Chem. Soc.1999,121, 4982.

(4) Asymmetric catalytic reductive aldol reaction: Taylor, S. J.; Duffey,
M. O.; Morken, J. P.J. Am. Chem. Soc.2000, 122, 4528. Zhao, C.-X.;
Bass, J.; Morken, J. P.Org. Lett.2001,3, 2839.

(5) Three-component halo aldol reaction: (a) Wei, H.-X.; Caputo, T.
D.; Purkiss, D. W.; Li, G.Tetrahedron2000,56, 2397. (b) Kataoka, T.;
Kinoshita, H.; Kinoshita, S.; Iwamura, T.; Watanabe, S.Angew. Chem.,
Int. Ed. 2000,39, 2358. (c) Wei, H.-X.; Gao, J.; Li, G.Tetrahedron Lett.
2001, 9119.

(6) (a) Li, G.; Wei, H.-X.; Caputo, T. D.Tetrahedron Lett.2000,41, 1.
(b) Li, G.; Wei, H.-X.; Karur, S.Molecules2000,5, 1408. (c) Han, Z.;
Uehira, S.; Shinokubo, H.; Oshima, K.J. Org. Chem.2001,66, 7854. (d)
Shi, M.; Jiang, J.-K.; Feng, Y.-S.Org. Lett.2000,2, 2397.

(7) For reviews regarding the MBH reaction see: (a) Ciganek, E.Org.
React. 1997, 51, 201. (b) Basavaiah, D.; Rao, P. D.; Hyma, R. S.
Tetrahedron1996, 52, 8001. For a review regarding the synthesis of
â-branched MBH adducts, see: (c) Li, G.; Hook, J.; Wei, H.-X. InRecent
Research DeVelopments in Organic & Bioorganic Chemistry; Transworld
Research Network: 2001; Vol. 4, p 49.

Scheme 1

ORGANIC
LETTERS

2003
Vol. 5, No. 3

329-331

10.1021/ol027344+ CCC: $25.00 © 2003 American Chemical Society
Published on Web 01/09/2003



So far, an effective asymmetric halo aldol reaction for the
formation of X-C(sp3)/C(sp3)-C(sp3) bonds has not been
well documented. In the past two years, we have attempted
to render such an asymmetric halo aldol reaction, but the
success has been very limited. In this report, we are pleased
to report our preliminary results of this asymmetric reaction
using Evans oxazolidinone auxiliaries. The reaction is
represented in Scheme 3, and the results are summarized in
Table 1.

The present AHA reaction was achieved by performing
the slow addition of the solution of diethylaluminum iodide
(1.3 equiv) into the mixture ofR,â-unsaturatedN-acyl-4-
phenyl-oxazolidinone and aldehyde (2.0 equiv) in dichloro-
methane stirring at-20 °C under the protection of nitrogen
gas. The reaction proceeded to completion within a period
of 20 h at this temperature as revealed by thin-layer
chromatography.10

The absolute stereochemistry of the asymmetric induction
was determined by the X-ray crystal analysis of a sample of
(4S,2′R,3′S)-3-(2′-iodomethyl-3′-hydroxy-3′-phenyl-1′-oxo-
propyl)-4-phenyl-2-oxazolidinone. The crystals were obtained
after recrystallization using a cosolvent consisting of di-
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7.87-7.65 (m, 4H), 7.50 (m, 3H), 7.18 (m, 1H), 7.05-6.92 (m, 4H), 5.46
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MHz): δ 7.32 (m, 3H), 7.21-7.03 (m, 5H), 5.53 (dd,J ) 3.3, 8.7 Hz,
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2.99 (dd,J ) 4.2, 9.8 1H), 2.76 (d,J ) 7.5 1H).Compound 5.1H (CDCl3,
300 MHz): δ 7.62-7.47 (m, 7H), 7.37-7.23 (m, 7H), 5.52 (dd,J ) 3.4,
8.2 Hz, 1H), 4.94 (m, 1H), 4.83 (dd,J ) 7.6, 7.6 Hz, 1H), 4.73 (dd,J )
8.7, 8.7 Hz, 1H), 4.25 (dd,J ) 3.6, 8.7 Hz, 1H), 3.34 (dd,J ) 9.9, 9.9 Hz,
1H), 3.13 (dd,J ) 4.5, 9.9 Hz, 1H), 3.00 (d,J ) 7.5 Hz, 1H).Compound
6. 1H (CDCl3, 300 MHz): δ 7.36-7.17 (m, 7H), 6.84 (d,J ) 8.7 Hz, 2H),
5.52 (dd,J ) 3.3, 8.5 Hz, 1H), 4.87 (m, 1H), 4.73 (m, 2H), 4.26 (dd,J )
3.3, 8.5 Hz, 1H), 3.82 (s, 3H), 3.25 (dd,J ) 9.8, 9.8 Hz, 1H), 3.02 (dd,J
) 4.2, 9.8 Hz, 1H), 3.83 (d,J ) 7.3 Hz, 1H).Compound 7. 1H (CDCl3,
300 MHz): δ 7.33 (m, 3H), 7.26-7.15 (m, 4H), 7.06 (m, 2H), 5.46 (dd,J
) 3.3, 8.5 Hz, 1H), 4.84 (m, 2H), 4.70 (dd,J ) 8.7, 8.7 Hz, 1H), 4.24 (dd,
J ) 3.3, 8.7 Hz, 1H), 3.32 (dd,J ) 9.5, 9.5 Hz, 1H), 3.16 (dd,J ) 4.6, 9.5
Hz, 1H), 3.17 (d,J ) 6.0 Hz, 1H).Compound 8.1H (CDCl3, 300 MHz):
δ 7.51 (dJ ) 8.1 Hz, 2H), 7.33 m 5H), 7.01 (ddJ ) 1.5, 7.8 Hz, 2H), 5.45
(dd J ) 3.5, 8.6 Hz, 1H), 4.91 (m 2H), 4.70 (ddJ ) 8.6, 8.6 Hz, 1H), 4.25
dd J ) 3.5, 8.9 Hz, 1H), 3.37 (ddJ ) 9.8, 9.8 Hz, 1H), 3.32 (dJ ) 8.6 Hz,
1H), 3.23 (dJ ) 5.1, 9.8 Hz, 1H).
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Scheme 3

Table 1. Results of Et2AlI-Mediated AHA Reaction

a Preliminary results showed that 85% yield and>95% de were obtained
for aliphatic phenylacetaldehyde.b Purified yields after column chroma-
tography.c Determined by1H NMR analysis of crude products. Values
>95% mean only one isomer was observed.
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chloromethane and hexane (v/v,∼1:1) at 0°C for a period
of one month. The data collected in Table 1 shows that good
to excellent yields (80-93%) have been obtained for all
aldehydes examined. Excellent diastereoselectivity has been
achieved for all of these cases. Essentially, only one isomer
was observed for each example, as revealed by1H NMR
analysis of crude products. Both yields and diastereoselec-
tivity are not effected by different substitutions on aromatic
rings for substituted aromatic aldehydes. Although only
aromatic aldehydes were employed at this stage, aliphatic
aldehydes also showed promise in terms of both yields and
diastereoselectivity.

Besides 4-phenyl-oxazolidinone, Oppolzer’s sultam-at-
tachedR,â-unsaturatedN-acyl substrate was also used as the
substrate but resulted in partial success. Modest diastereo-
selectivity (∼2:1) and decreased yields (<60%) were ob-
tained from a more complex mixture of products generated.
In addition, R,â-unsaturatedN-acyl-4-isopropyl-oxazolidi-
none substrate also resulted in a good yield (∼80%), but
the diastereoselectivity was decreased to 1.8:1. Meanwhile,
when enantiomerically pure 4-benzyl-oxazolidinone was
employed as the chiral auxiliary, results similar to those from
its isopropyl counterpart were obtained. Obviously, the
rigidity of Evans’ 4-phenyl-oxazolidinone auxiliary is re-
sponsible for the excellent diastereoselectivity for the current
asymmetric reaction.

The working hypothesis of this reaction is proposed as
shown in Scheme 4. The initial step involves the addition
of Et2AlI to the R,â-unsaturatedN-acyl-4-isopropyl-oxazo-
lidinone to generate the aluminum enolate (A). The Michael-
type addition for the formation of this enolate intermediate
could be accelerated by the coordination of carbonyl oxygen
of aldehyde to the aluminum center to further free the iodine
anion. Before the aldol reaction occurs, aldehyde is coordi-
nated onto Lewis acid Et2AlI to form speciesB. Importantly,

such coordination allows enolateA to remain chelated during
the aldol reaction. According to a similar model proposed
by Heathcock,11 the reaction proceeds through an open
transition state (C). This mechanism hypothesis can account
for the observed anti diastereochemistry and chirality of halo
aldol adducts.

An excess of diethylaluminum iodide proved to be
necessary to achieve high yields and diastereoselectivity. The
extra diethylaluminum iodide acts as the Lewis acid catalyst
for activating the aldehyde electrophiles. It seems that enolate
A has a lower activity at low temperatures than nonhaloge-
nated boron enolates, which were well documented by Evans
and Heathcock.12 In those systems, unactivated aldehydes
can carry out the aldol reaction smoothly to give syn aldol
adducts instead of the anti aldols in our system.

In summary, the first effective asymmetric halo aldol
reaction has been established using Et2AlI as both a halogen
source and a Lewis acid. Among the Evans auxiliary series,
4-phenyl-oxazolidinone was found to be the best in control-
ling the diastereochemistry. Good to excellent yields and
complete diastereoselectivity have been achieved. The trans-
formations of halo aldols into other important products will
be carried out in our laboratories.

Acknowledgment. We gratefully acknowledge the
National Institutes of Health, General Medical Sciences
(GM-60261), and the Robert A. Welch Foundation (D-1361,
D-1460) for generous support of this work.

Supporting Information Available: X-ray analysis data
in CIF format. This material is available free of charge via
the Internet at http://pubs.acs.org.

OL027344+

(11) Walker, M. A.; Heathcock, C. H.J. Org. Chem.1991,56, 5747.
(12) Evans, D. A.; Bartrolli, J.; Shih, T. L.J. Am. Chem. Soc.1981,

103, 2127.

Figure 1. X-ray Structure of a Halo Aldol Product.

Scheme 4
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