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Abstract: The diastereoselective synthesis of S-lactams by the Staudinger reaction was examincd
using chiral imines, derived from substituted 1-phenylethylamines. Among them, 1-(2,6-
dichlorophenyl)ethylamine was found to be a new and efficient chiral auxiliary, and the corresponding
cis-p-lactams were obtained 1 good to excellent yields with high diastereoselectivity.

p-Lactams are precursors of biologically and clinically important antibiotics such as penicillins and
thienamycins, and a number of accounts and articles have been published ! The asymmetric synthesis of -
lactam ring systems is worthwhile objective, and the Staudinger reaction is the most extensively developed
method (Scheme 1).
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Scheme 1

In recent years, we have been designing and resolving new types of artificial chiral auxiliaries,23 and
found that optically pure erythro-2-amino-1,2-diphenylethanol (ADPE) showed effective asymmetric induction
in several organic reactions.3 The Staudinger reaction was also tried using a chiral imine, derived from optically
pure ADPE and aldehydes. However, since the attempt resulted in a low diastereoselectivity, we focused on the
utilization of other artificial chiral compounds. Usually, the asymmetric Staudinger reaction, controlled by a
chiral N-substituent on imines (R%), is difficult to achieve high diastereoselectivity, because of the relatively long
distance between the chiral auxiliary and the reaction centers, and only a few particular examples of high
stereoselection have been reported.4 Recently, Georg and Wu have reported a B-lactam synthesis using N-(1-
naphthy]ethyl)imines.5 However, the method was also poor in generality, high diastereoselectivity was
observed only for restricted imine substrates. Here, we would like to describe the widely applicable and highly
diastereoselective Staudinger reaction using a simple 1-phenylethylamine derivative as a chiral auxiliary on
‘mmeit first, in order to find out a suitable chiral auxiliary, imines 1 were prepared from 1-arylethylamine
derivatives® and benzaldehyde The Staudinger reaction of 1 with phenoxyketene was performed under usual
conditions (CH2Clz, 0 °C). The results are summarized in Table 1. As can be seen from Table 1, the reaction
with an imine, derived from 1-phenyl- or 1-(1-naphthyl)ethylamine, gave a mixture of cis-p-lactams 3 and 4
with almost no diastereoselectivity (entries 1 and 2). However, upon introducing a substituent at the ortho-
position of the phenyl group of 1-phenylethylamine, the diastereoselectivity was slightly improved (entries 3-8).
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Table 1. The Asymmetric Staudinger Reaction Using 1-Arylethylamines as Chiral Auxiliaries

entry Ar tme/h  yield/ % 3:4°
1 Ph 30 83 58 : 42
2 1-Naphthyl 3.0 86 59: 41
3 2-MeCgH, 40 92 65:35
4 2-PhCgH, 40 87 62:38
5 2-MeOCgH, 6.0 97 68 - 32
6 2-FCgH, 8.0 83 60: 40
7 2-CICgH, 6.5 87 71:29
8 2-BrCqH, 4.0 91 63:37
9 2,6-Cl,CgH3 3.0 94 83:17

* Determined by HPLC.

Among the ortho-substituted 1-phenylethylamines, ortho-chloro derivative gave the best result (entry 7). On the
basis of these results, we employed 1-(2,6-dichlorophenyl)ethylamine” as a chiral auxiliary (entry 9) to achieve
the highest diastereoselectivity. The stereochemical assignment of the diastereomers for each reaction was made
by HPLC and/or NMR comparison with those obtained by the reaction of entry 9; the relative configuration of
major product 3 (Ar=2,6-Cl,C¢H3) was determined by X-ray crystallography 8

In order to rationalize the dramatic inprovement of stereoselectivity by introducing chlorine substituents,
we calculated transition states for the reaction of imine 1 (Ar=Ph, 2,6-Cl,C¢H3) with phenoxyketene based on
the semi-empirical MO calculational method reported by Cossio ef al.9 In the case of the non-substituted
derivative (Ar=Ph), free energy difference (AAG?*) between two diastereomeric transition states was 0 13
kcal'mol-! at 273 K, which corresponds to a diastereoselectivity of 56 : 44. On the other hand, the calculation
for the dichloro-substituted derivative (Ar=2,6-Cl,CgH3) resulted in AAG* = 0.66 kcal-mol-! at 273 K to give a
diastereoselectivity of 77 : 23. These results are in good agreement with the observed values (Table 1) The

Figure 1. Calculated transition state structures for the Staudinger reaction of 1 (Ar=2,6-Cl,C¢H3)
with phenoxyketene leading to a) the major product and b) the minor product.
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larger energy deference between the dichloro-substituted transition states would be explained by an electrostatic
attractive interaction between the chlorine and the partially positive charged nitrogen (distance: 3.06 A)% in the
transition state leading to the major product (Fig. 1a). In the transition state of higher energy (Fig. 1b), this
effect was suppressed (distance: 3.23 A) due to a steric repulsion between the ketene hydrogen and the chlorine
(distance: 2.72 A).

Next, the effects of solvent and temperature were examined using imine 1 (Ar=2,6-Cl2C¢H3). The effects
were not so large as that of the substituent on the nitrogen of the imine, although the reaction in a non-polar
solvent, such as toluene or hexane, provided somewhat higher stereoselectivity but in lower chemical yield.
From the viewpoints of chemical yield, diastereoselectivity, and suppression of the concomitant formation of
by-products, we chose propionitrile as a solvent and carried out reactions at 0 °C.

Under the optimized reaction conditions, various S-lactams were synthesized using imines 5 having 1-
(2,6-dichlorophenyl)ethyl group on the nitrogen. The results are shown in Table 2 In each case, a [2+2]
cyclization reaction proceeded smoothly to give the corresponding mixture of cis-p-lactams 6 and 7, and no
trans-isomer was detected as reported for the usual Staudinger reaction. The good yield and high
diastereoselectivity were maintained, even when an electron-donating or withdrawing group was introduced on
the aromatic ring of the aldehyde moiety (entries 2 and 3). As well as aromatic imines, olefinic and aliphatic
imines having no a-proton also gave satisfactory results (entries 4 and 5). Thus, the present method was found
to have wide applicability in the Staudinger reaction.
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Table 2. The Asymmetric Staudinger Reaction of N-[1-(2,6-Dichlorophenyl)ethyl]imines

entry R yield/ % 6:7°
1 Ph 89 85:15
2 4-MeOCgH, 76 88 : 12
3 4-C|C6H4 83 85:15
4  PhCH=CH 60  88:12
5 'Bu 56  91: 9

# Determined by HPLC,

A representative procedure of the Staudinger reaction giving a mixture of S-lactam 6 and 7 .(R=Ph) is as
follows. To a mixture of triethylamine (0.42 mmol) and imine 5 (R=Ph) (0.30 mmol) in propionitrile (3 mL)
was added dropwise a solution of phen(?xyacetyl chloride (2) (0.36 mmol) in propionitrile (2 mL) und.er argon
at 0 °C, and the reaction mixture was stirred for 3 h at the same temperature. After being quenched with water
(ca. S mL), the reaction mixture was extracted with CH2Cl3 (3 x 15 mL), and the combined organic layers were
dried over NazSO4. After removal of the solvent, the resulting crude product was purified by P'.I"LC on s?lica
gel (15% AcOEt/hexane) to give a mixture of two diastereomers of S-lactam 6 and 7 (R=Ph) m'89% yield.
Each f-lactam had cis-configuration on the lactam ring, and no frans-isomer was detected. The diastereomer
ratio was determined to be 85.15 by HPLC.
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In conclusion, we developed a new artificial chiral auxiliary, 1-(2,6-dichloropheny!)ethylamine, which

was effective in the Staudinger reaction with high stereoselectivity and high yield. The method would provide a
useful route for the synthesis of optically active f-lactams.
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