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The asymmetric halo aldol reaction (AHA) using Evans oxazolidinones as chiral auxiliaries has been established for tandem 1-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 importart@©bond and to the Morita-Baylis—Hillman (MBH) adduct$® by
formation reactions in organic chemisfry® Recently, halo treatment with tertiary amines or other organic bases.
aldol reactioR® has become an active topic because the Meanwhile, halo aldol reaction serves as a key step of the
resulting halo aldols can be converted to a variety of extendedmechanism of the MBH-type reaction promoted by metal
aldols by using §2 substitutions with different nucleophiles  halides. We recently developed the Ti@tediated MBH
reaction without the direct use of any Lewis bases. This
* Corresponding authors. Fax: 806-742-1289. reaction was unambiguously confirmed through halo aldol
TTo whom X-ray analysis data should be addressed. Department of reaction in which halo aldols were isolated wherns-

Chemistry, University of Arizona, Tucson, AZ 85721.
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Scheme 2 Table 1. Results of EfAll-Mediated AHA Reaction
o fe) HO 0
0 o 0 OH 0 O
EtAll (1.0 eq) SEt AN EtAH
©)kH N ﬁsm B G o Ar)LH N\):IO — ArMN\):/O
PR " opR
64 % .
entry® Ar yieldb de%°
So far, an effective asymmetric halo aldol reaction for the 1 O 1 91 >95

formation of X—C(sp’)/C(sp)—C(sp) bonds has not been

well documented. In the past two years, we have attempted 2 2 80 >95
to render such an asymmetric halo aldol reaction, but the

success has bee_n very limited. In thi§ report, we are plegsed 3 Me@_ 3 85 =95
to report our preliminary results of this asymmetric reaction

using Evans oxazolidinone auxiliaries. The reaction is Me@_ 4 03 ~o5
represented in Scheme 3, and the results are summarized in 4 Mé -

Table 1.
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a Preliminary results showed that 85% yield an@i5% de were obtained
for aliphatic phenylacetaldehydePurified yields after column chroma-
tography.¢ Determined by!H NMR analysis of crude products. Values

The present AHA reaction was achieved by performing -95e, mean only one isomer was observed.

the slow addition of the solution of diethylaluminum iodide
(1.3 equiv) into the mixture ofy,[-unsaturatedN-acyl-4-
phenyl-oxazolidinone and aldehyde (2.0 equiv) in dichloro-  The absolute stereochemistry of the asymmetric induction
methane stirring at-20 °C under the protection of nitrogen  was determined by the X-ray crystal analysis of a sample of
gas. The reaction proceeded to completion within a period (4S,2R,3S)-3-(2-iodomethyl-3-hydroxy-3-phenyl-1-oxo-

of 20 h at this temperature as revealed by thin-layer propyl)-4-phenyl-2-oxazolidinone. The crystals were obtained
chromatography?® after recrystallization using a cosolvent consisting of di-

(8) For the MBH reaction without the direct use of any Lewis bases 3.6, 8.7 Hz, 1H), 3.28 (ddl = 9.8, 9.8 Hz, 1H), 3.05 (dd] = 4.3, 9.8 Hz,
see: (a) ref 6a. (b) Li, G.; Gao, J.; Wei, H.-X.; Enright, ®irg. Lett.2000 1H), 2.96 (d,J = 7.6 Hz, 1H).Compound 2.'H (CDCls;, 300 MHz): 6
2, 617. (c) Basavaiah, D.; Screenivasulu, B.; Rao, Je¥ahedron Lett. 7.87—7.65 (m, 4H), 7.50 (m, 3H), 7.18 (m, 1H), 7-66.92 (m, 4H), 5.46
2001, 42, 1147. (d) Pei, W.; Wei, H.-X.; Li, GJ. Chem. Soc., Chem. (dd,J = 3.5, 8.6 Hz, 1H), 5.06 (m, 1H), 4.97 (di= 7.5, 7.5 Hz, 1H),
Commun2002,17, 1856. (e) Pei, W.; Wei, H.-X.; Li, GJ. Chem. Soc., 4.69 (dd,J = 8.6, 8.6 Hz, 1H), 4.17 (dd] = 3.5, 8.6 Hz, 1H), 3.37 (dd,
Chem. Commur2002 2412. For the MBH reaction using the combinations J = 9.6, 9.6 Hz, 1H), 3.19 (d] = 8.1 Hz, 1H), 3.14 (ddJ = 4.3, 9.6 Hz,
of Lewis acids and Lewis bases, see: (f) Uehira, S.; Han, Z.; Shinokubo, 1H). Compound 3.1H (CDCls, 300 MHz): 6 7.33 (m, 4H), 7.19-7.10

H.; Oshima, K.Org. Lett. 1999, 1, 1383. (g) Yagi, K.; Turitani, T.; (m, 3H), 5.51 (ddJ = 3.3, 8.6 Hz, 1H), 4.85 (m, 1H), 4.73 (m, 2H), 4.25
Shinokubo, H.; Oshima, KOrg. Lett.2002,4, 3111. (h) Shi, M.; Jiang, J. (dd,J = 3.3, 8.6 Hz, 1H), 3.26 (dd] = 11.1, 11.1 Hz, 1H), 3.01 (dd,=
K.; Cui, S. C.; Feng, Y. SJ. Chem. Soc., Perkin Trans.2D01, 390. 4.2, 9.6 Hz, 1H), 2.86 (d] = 7.5 Hz, 1H).Compound 4.'H (CDCls, 300
(9) For pioneering work on the application of,&tl for C(sp®)—C(sp) MHz): ¢ 7.32 (m, 3H), 7.21-7.03 (m, 5H), 5.53 (dd,= 3.3, 8.7 Hz,
bond formations: (a) Taniguchi, M.; Hino, T.; Kishi, Yetrahedron Lett. 1H), 4.88 (m, 1H), 4.73 (dd] = 8.7, 8.7 Hz, 1H), 4.67 (dd] = 7.5, 7.5
1986 27, 4767. (b) Itoh, A.; Pzawa, S.; Oshima, K.; Nozaki,Bull. Chem. Hz, 1H), 4.26 (ddJ = 3.3, 8.7 Hz, 1H), 3.25 (dd] = 9.8, 9.8 Hz, 1H),
Soc. Jpn1981,54, 274. 2.99 (ddJ=4.2,9.8 1H), 2.76 (d) = 7.5 1H).Compound 5.*H (CDCls,

(10) The representative experiment is demonstrated by the preparation300 MHz): 6 7.62—7.47 (m, 7H), 7.37—7.23 (m, 7H), 5.52 (dd+= 3.4,
of productl in Table 1. Into a dry vial was loaded freshly distilled 8.2 Hz, 1H), 4.94 (m, 1H), 4.83 (dd,= 7.6, 7.6 Hz, 1H), 4.73 (dd] =
dichloromethane (2.0 mL), benzaldehyde (0.03 mL, 0.30 mmol),cafid 8.7, 8.7 Hz, 1H), 4.25 (dd] = 3.6, 8.7 Hz, 1H), 3.34 (dd] = 9.9, 9.9 Hz,
unsaturatedN-acyl-4-phenyl-oxazolidinone (33 mg, 0.15 mmol). The 1H), 3.13 (ddJ= 4.5, 9.9 Hz, 1H), 3.00 (d] = 7.5 Hz, 1H).Compound
resulting mixture was protected by nitrogen gas, cooled-20 °C, and 6.1H (CDCl, 300 MHz): 6 7.36—7.17 (m, 7H), 6.84 (dl = 8.7 Hz, 2H),
stirred for 10 min. A solution of diethylaluminum iodide (1 M in toluene, 5.52 (dd,J = 3.3, 8.5 Hz, 1H), 4.87 (m, 1H), 4.73 (m, 2H), 4.26 (dd+
0.20 mL, 0.20 mmol) was then added into the above mixture dropwise via 3.3, 8.5 Hz, 1H), 3.82 (s, 3H), 3.25 (dd~= 9.8, 9.8 Hz, 1H), 3.02 (dd]
a syringe at the rate of 0.1 mL/h. The resulting homogeneous yellow mixture = 4.2, 9.8 Hz, 1H), 3.83 (dJ = 7.3 Hz, 1H).Compound 7.*H (CDCls,
was stirred for 20 h at-20 °C. The reaction was finally quenched by 1 N 300 MHz): ¢ 7.33 (m, 3H), 7.26—7.15 (m, 4H), 7.06 (m, 2H), 5.46 (dd,
aqueous HCI (5.0 mL). The dichloromethane layer was separated, and the= 3.3, 8.5 Hz, 1H), 4.84 (m, 2H), 4.70 (dd= 8.7, 8.7 Hz, 1H), 4.24 (dd,
aqueous layer was extracted with dichloromethanex(%.0 mL). The J=3.3,8.7 Hz, 1H), 3.32 (dd] = 9.5, 9.5 Hz, 1H), 3.16 (dd] = 4.6, 9.5
combined organic layers were dried over anhydrous sodium sulfate and Hz, 1H), 3.17 (dJ = 6.0 Hz, 1H).Compound 8.'H (CDCls, 300 MHz):
concentrated. Purification was carried out by column chromatography (1:4 6 7.51 (dJ = 8.1 Hz, 2H), 7.33 m 5H), 7.01 (d#l= 1.5, 7.8 Hz, 2H), 5.45
(v/v) ethyl acetate/hexane) to give prodd¢c62 mg (91% yield) as a white (ddJ = 3.5, 8.6 Hz, 1H), 4.91 (m 2H), 4.70 (di= 8.6, 8.6 Hz, 1H), 4.25
solid. 'H (CDCls, 300 MHz): ¢ 7.33—7.26 (m, 8H), 7.15—7.12 (m, 2H), ddJ=3.5,8.9 Hz, 1H), 3.37 (dd = 9.8, 9.8 Hz, 1H), 3.32 (d = 8.6 Hz,
5.50 (dd,J = 3.6, 8.7 Hz, 1H), 4.98 (m, 1H), 4.74 (m, 2H), 4.24 (dd= 1H), 3.23 (dJ = 5.1, 9.8 Hz, 1H).
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Figure 1. X-ray Structure of a Halo Aldol Product.

such coordination allows enolateto remain chelated during
chloromethane and hexane (vAv1:1) at 0°C for a period the aldol reaction. According to a similar model proposed
of one month. The data collected in Table 1 shows that goodPY Heathcock the reaction proceeds through an open
to excellent yields (80—93%) have been obtained for all transition stateQ). Thls_ mechanism hypothe3|s can account
aldehydes examined. Excellent diastereoselectivity has beerfOr the observed anti diastereochemistry and chirality of halo
achieved for all of these cases. Essentially, only one isomer@ldol adducts. _ _ o
was observed for each example, as revealedrbNMR An excess of diethylaluminum iodide proved to be
analysis of crude products. Both yields and diastereoselec-Necessary to achieve high yields and diastereoselectivity. The
tivity are not effected by different substitutions on aromatic extra diethylaluminum iodide acts as the Lewis acid catalyst
rings for substituted aromatic aldehydes. Although only for activating the aldehyde electrophiles. It seems that enolate
aromatic aldehydes were employed at this stage, aIiphaticA has a lower activity at Ipw temperatures than nonhaloge-
aldehydes also showed promise in terms of both yields and nated boron enolates, which were well documented by Evans
diastereoselectivity. and Heathcock? In those systems, unactivated aldehydes

Besides 4-phenyl-oxazolidinone, Oppolzer's sultam-at- €an carry out the aldol rea_ction smoothly to give syn aldol
tachedo, B-unsaturatedi-acyl substrate was also used as the @dducts instead of the anti aldols in our system.
substrate but resulted in partial success. Modest diastereo- N Summary, the first effective asymmetric halo aldol
selectivity (~2:1) and decreased yields:§0%) were ob- reaction has been.esta.bllshed usingAlttas both a.halogen_
tained from a more complex mixture of products generated. Source and a Lewis acid. Among the Evans auxiliary series,
In addition, o, 8-unsaturatedN-acyl-4-isopropyl-oxazolidi- 4-phenyl-oxazolidinone was found to be the best in control-
none substrate also resulted in a good yiel®@%), but ling the diastereochemistry. Good to excellent yields and
the diastereoselectivity was decreased to 1.8:1. Meanwhile,comp|ete diastereoselectivity have been achieved. The trans-
when enantiomerically pure 4-benzyl-oxazolidinone was formations of halo aldols into other important products will
employed as the chiral auxiliary, results similar to those from P& carried out in our laboratories.
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 EtAIl to the a,f-unsaturatedN-acyl-4-isopropyl-oxazo-
lidinone to generate the aluminum enolat.(The Michael-
type addition for the formation of this enolate intermediate
could be accelerated by the coordination of carbonyl oxygen OL027344+
of aldehyde to the aluminum center to further free the iodine (11) Walker, M. A; Heathoook, C. 1. Org. Chem199L,56, 5747

H . H . alker, M. A.; Heathcock, C. . Org. em ,00, .
anion. Before the aIQoI reaction occurs, aldehyde is coordi- (12) Evans, D. A.- Bartrolli, J.: Shih, T. L%_ Am. Chem. Soc981.
nated onto Lewis acid EAll to form speciesB. Importantly, 103, 2127.
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