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Diastereoselective Conjugate Addition of Cyclic Hydrazine to Optically Active
Vinyl Sulfoxide. A Novel Synthesis of Optically Active Azalactams

Haruo MATSUYAMA,* Nobuhiro ITOH, and Nobumasa KAMIGATA
Department of Chemistry, Faculty of Science, Tokyo Metropolitan University,
Fukazawa, Setagaya-ku, Tokyo 158

Optically active (R)-(+)-1,5-diaza-4-phenylbicyclo[4.3.0]nonan-
2-one (5) was prepared in high optical purity by diastereoselective
conjugate addition of piperidazine to optically active (E)-(S)-1-
(methoxycarbonyl)-2-phenylviny p-tolyl sulfoxide, followed by
successive reduction of p-tolylsulfinyl group. Nine-membered
azalactam was obtained by reductive cleavage of N-N bond of S§.

Recently, much attention has been focused on the stereoselective synthesis of
interesting natural compounds utilizing optically active sulfoxides.])  We have been
interested in the conjugate addition of cyclic hydrazine to optically active vinyl
sulfoxide for synthesis of optically active nine-membered azalactam, which is a key
intermediate in the total synthesis of natural celacinnine.?) We report here a new
sequence for the synthesis of optically active azalactams (Scheme 1).
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Piperidazine (2) (1 mmol) was allowed to react with (E)-(S)-1-(methoxy-
carbonyl)-2-phenylvinyl p-tolyl sulfoxide (1) 3) (0.p. 93%) (0.5 mmol) in THF (10
cm3) at room temperature for 1.5 h to afford the bicyclic adduct, 1,5-diaza-3-(S)-p-
tolylsulfinyl-4-phenylbicyclo[4.3.0]nonan-2-one (3). The reduction of 3 with
diphosphorous tetraiodide®) gave cis-4 (49%)5) as the major product and trans-4
(2%) as the minor product. Similarly, (§)- and (R)-1 were allowed to react with 2
under several conditions, and the results are summarized in Table 1. When the
reaction was performed in methanol, trans-4 (25%) and cis-4 (39%) were obtained
(Entry 3). After removal of p-tolylthio group of 4 by reduction (25%) with Raney-Ni
in ethanol, the absolute configuration and optical purity (o.p. %) of 5§ were determined
in comparison with the authentic compounds.6) The bicyclic compound (+)-5
obtained from (§)-1 and 2 has (R)-configuration with 82% o.p. (stereoselectivity 88%)
(Entry 1), on the other hand, the enantiomer having opposite absolute
stereochemistry, (S)-(-)-5 with 50% o.p. (stereoselectivity 52%), was formed starting
with (R)-1 and 2 (Entry 4). The reaction of (S)-1 and 2 was carried out in the
presence of ZnClp, however, the optical purity (86%) of (R)-5 obtained was similar to
that of the reaction in the absence of ZnCly (Entry 5).

Table 1. Conjugate Addition of Piperidazine (2) to Vinyl Sulfoxides 1

Vinyl Product 4 from 1 Product § from 4

Entry?) sulfoxide Solvent Yield/%®) [a]p®) Yield/%?) [a]lp©) (0.p.%)d)

1 (§)-1  THF cis-4 49  +171 (R)-5 25 +120 (82)
trans-4 2 -18 --¢)

2 (R)-1 THF cis-4 55  -189 (S)-5 25 71 (48)
trans-4 3 +19 --e)

3 ($)-1 MeOH cis-4 39 4202 (R)-5 19 +120 (82)

trans-4 25 -20 (R)-5 20 +120 (82)
4 (R)-1 MeOH cis-4 4 -236 --€)

: trans-4 28 +24 (5)-5 25 -74 (50)

5 (s)-1 THFD cis-4 56 +202 (R)-5 25 +127 (86)
trans-4 4 -19 -e)

a) The optical purity of vinyl sulfoxides 1 was determined by HPLC analysis using a
chiral column (BakerbondTM Chiral Phase (DNBPG); solvent, hexane: i-PrOH= 95: 5;
(R)-1-first eluted): (S)-1, 93%; (R)-1, 96%. b) Isolated yield. c) deg.; solvent:
chloroform. d) The optical purity was determined in comparison with the authentic
compound (S)-(-)-5: [a]lp -147° (o.p. 100%) (Ref. 6). e) The reduction of 4 did not be
performed. f) ZnClp (1 equiv.) was added.
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On the basis of stereochemistry of (R)-5 obtained from (S§)-1, the mechanism of
asymmetric induction may be explained as follows: the preferred non-chelate
conformation of (S)-1 will be expected to be that one in which the dipoles of the
carbonyl and sulfinyl groups are oriented in opposite directions, as shown in Fig. 1.7)
The selectivity of diastereoface in conjugate addition of nitrogen nucleophile might be
controlled by the hydrogen bonding interaction between sulfoxide (S)-1 and
piperidazine (2). Piperidazine attacks on P-carbon atom of (S)-1 from si-face,
followed by protonation of carbanion from the same face, and successive cyclization of
hydrazine with ester to afford selectively cis-3 in aprotic solvent, THF. In methanol,
protonation of carbanion can take place from both faces to give trans-3 and cis-3.
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Fig. 1. Proposed mechanism in the conjugate addition of 2 to (E)-(S)-1.

The reductive cleavage of N-N bond of (R)-§, [a]p +102° (¢ 1.7, CHCl3) (o.p. 69%),
with sodium in liquid ammonia gave nine-membered azalactam, (R)-1,5-diaza-4-
phenylnonan-2-one (6), [alp +90° (¢ 0.5, CHCI3) (0.p. 67%), in 77% yield.8)

This asymmetric synthesis of optically active azalactams utilizing optically active
sulfoxide is a simple and useful process, and the application of this method for the
synthesis of the natural polyamine alkaloids is in progress.
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Cis-1,5-diaza-3-p-tolylthio-4-phenylbicyclo[4.3.0]nonan-2-one (4): [a]p +171° (c
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CDCl3) 6 3.98 (1H, d, J= 7.8 Hz, S-CH), 4.19 (1H, d, J= 7.8 Hz, CgH5-CH); IR (neat)
1675 cm-l (C=0); MS m/z 338 (M%), 215, 173, 131, 124, 103, 91, 77. Trans-4:
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26, 85 (1987); The calculated value of optically pure (S)-(-)-5 is [a]lp -147°. (R)-
(+)-5: IR (CDCl3) 1675 cm-1 (C=0); HRMS: Calcd for C13H16N20: 216.1263. Found:
miz 216.1283 (M™).
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Authentic nine-membered azalactam (§)-(-)-6, [a]lp -134° (¢ 0.94, CHCl3), was
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and 2-methoxypyrroline (Ref. 6).
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