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Summary: The aldimines derived from (15,2S)-2-amino-1-phenyl-1,3-
propanediols as chiral starting materials were used to prepare cis-p-lac-
tams (3, 4) via the Staudinger-reaction. High diastereoselectivity was
reached only with large silyl protecting groups. The 6 oxazine derivative
was obtained when using butyryl chloride as ketene precursor.

The enantiospecific construction of g-lactams continues to be an a-
rea of high interest. Beyond carbapenems, monobactams and other B-lactam
antibiotics, 2-azetidinones serve as efficient intermediates for a varie-
ty of other products!?®:®. One of the possible approaches to 2-azetidin-
ones is the Staudinger-reaction, a formal cycloaddition between an acyc-
lic imine and a ketene. Considerable effort has been devoted to find ap-
propriate ways for inducing chirality into this reaction.!® Approaches
include the use of chiral ketene precursors and different substitution
patterns of Schiff-bases' aldimine carbon.?:?® However, relatively little
is known about the influence on diastereoselectivity of chiral amines
used in the Schiff~base component. Although the chiral carbons attached
to the N-atom of a Schiff-base are not in the proximity of the reactive
aldimine carbon, asymmetric addition was observed in the case of L-thre-
onine derivatives,* especially if bulky protective groups were used.?

We have been interested in examining chiral Schiff-bases for the in-
duction of asymmetry and we used as our starting material the readily a-
vailable 1S5,28-2-amino-1-phenyl~-1,3~-propanediols 1a and b (the enantiomer
of the former known as the base moiety of chloramphenicol).

After conventional silylation with trimethylsilyl chloride 1a and
1b were converted to the aldimines 2 by reacting with cinnamic aldehyde
(CH,Cl,, r.t., overnight). Without isolation, 2 wupon reaction with
phthalimidoacetyl chloride and excess triethylamine (-60 °C to r.t., 12
hr) followed by the removal of silyl groups (EtOH - 2N HCl) gave
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B-lactams 3a (m.p. 110-1 °C, v 1728, 1395 cm !)® and 4a (m.p. 207-11 °C,
v 1725, 1390 cm~!) in a ratio of 2.5:1. Similarly 3b (m.p. 170-2 °C, v
1720, 1390 cm~!, MS (EI) 468 (M*, 0.2%), 281) and 4b (m.p. 184-6 °C, v
1728, 1395 cm~!) were also obtained, the separation of the 1latter
diastereomers was easier (Si0O,, toluene - ethyl acetate 5:1, = 50.6 %).
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If butyryl chloride was used in place of phthalimidoacetyl chloride,
the reaction yielded only a small amount of the desired 5 (~5%, MS: 351
(M*, 0.3%), 281; v 1740 cm~ '), and about 15% of oily 6 could be isolated
from the complex mixture. The latter showed no characteristic 'H-NMR pat-
tern of coupled g-lactam protons, instead the simultaneous presence of an
ethyl and propyl groups was observed. It is obviously a diadduct.®:® The
2~-H proton of the oxazine ring is coupled only with the cinnamyl g8 proton
(6.03, 4, 2-H, J= 5.6 Hz; 6.28, 4dd, B-H, J=5.6 and 15.9 Hz:; 6.76, 4, a-H,
J=15.9 Hz), thus, excluding the possibility of diadducts of other types.°®
The mass spectrum (MS: 421 (M*, 0.8%), 371, 350, 314, 281, 131) exhibits
a stepwise cleavage under electron impact to regenerate 2b, R’=H.

As the conformation of the acyclic chiral propanediol moiety is not
fixed, a more rigid cyclic intermediate 2¢ was prepared by using the di-
methylsilyl protecting group. However, there was little influence on the
steric course of the cycloaddition, the ratio of 3b to 4b was 3:1.

The use of the bulky dimethyl-tert-butyl protecting group has a more
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pronounced effect as 3b formed in a ninefold excess (isolated as its oily
bis-Me,‘'BuSi-ether in 62 % yield and converted to the free 3b with CH3CN
- 5% HF (r.t., 3 h) in near guantitative yield).

In the 'H-NMR spectra (CDCl;) of 3 and 4 there is a characteristic,
well resolved pattern of 3-H, 4-H, vinyl~-a-H and vinyl-g-H protons, e.g.:

3-H 4-H vinyl-B vinyl -a

3b 5.58 (d, 5.2 Hz) 4.79 (4d, 5.2, 9.1 Hz) 5.92 (dd, 9.1, 15.9 Hz) 6.58 (d, 15.9 Hz)
4b 5.48 (d, 5.0 Hz) ~4.1 (overlayed dd) 6.04 (dd, 9.0, 15.8 Hz) 6.21 (d, 15.8 Hz)

According to the coupling constants the 3 and 4 protons are cis in
both compounds and the configuration of C¢HsCH=CH- is E. Worthy of note
is the considerable upfield shift of 4-H in 4b suggesting the spatial
proximity of the C-1’ phenyl group.

Fig. 1.

For visual clarity, the

phthalyl moiety is omit-

ted, as well as some
minor NOE data.

A NOE experiment on 3b showed that 3-H, 4-H and B-H are on the same
side of the molecule; the negative NOE between 3-H and B-H indicates a
nearly collinear arrangement of these protons (see fig 1. for an MM2 re-
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fined plot of 3b), i.e. the 3-p direct NOE interaction is negligible com-

pared to the 3-4-f indirect path. The spatial arrangement of the propan-

diol moiety is supported by the observed 3 % enhancement between o-H and
2’-H, and, in turn, by the stabilizing effect of a possible H-bond inter-

action between the p-lactam carbonyl and 3/-OH. In this conformation the

1’-phenyl group is above the p-lactam plane without affecting the 4-H and
B-H protons. Hoﬁever, in the case of 4b these protons are close enough to
the 1’-phenyl ring to experience the upfield shift mentioned above due to
the diamagnetic shielding of the aromatic ring. The NOE signals of 4b for
3-H, 4-H and B-H are practically the same as those in 3b, but lack a 2’-H

- o=H interaction.
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