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Abstract—The optically active nine-membered azalactam, (S)}-(-)-
1,5-diaza~4-phenylcyclononan-2-~¢one has been prepared starting with
optically active (S)-{-)-B-phenyl-B-alanine methyl ester and
2-methoxypyrroline. Other studies with chiral esters of trans-

cinnamic acid and piperidazine are reported.

In recent years there has been considerable interest in developing synthetic
routes to macrocyclic spermine- and spermidine-derived alkaloids.1 We have
previously described synthetic routes to azalactams such as (+)-celacinnine

and (+}-dihydroperiphylline, involving condensation of a B-lactam with a cyclic
imino ether and/or conjugate addition of a piperidazine to esters of

2,3 We now

a,B-unsaturated carboxylic acids and successive ring expansion.
describe studies on the use of these metheds in the synthesis of an optically
active nine-membered azalactam which is a key intermediate in the total synthesis
of (S)-(-)-celacinnine.?**

Optically active (8)}-(-)}-B-phenyl-f-alanine methyl ester (1)5 was heated with
Z2-methoxypyrroline (2) at 130 °C for 7 h to give the condensation product
(S)-(+)-3 (76%) ([alZ® +61.1° (c 2.5 in CHCI)®. After reductive ring
expansion of ($)-(+)-3 with 3 equiv. of NaBH;CN in acetic acid,” the nine-
membered azalactam (S)-(-)-4 (31%) ([alZ® -134° (c 0.94 in CHC1;)) was obtained
along with (8)-(-)-§ (328) ([a1}> -27° (c 1.4 in CHC1DE.  (8)-(-)-5 ([a1 2
-27° {¢ 1.5 in CHC]SJ) was also prepared by simple reduction of (S)-(+)—§ with
NaBH, in methanol. (Scheme 1)
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In addition, from the deuterium labeled experiment (NaBD3CN/CH3COOD) outlined

in Scheme 2, two deuterium atoms were observed at the 6-position of the nine-
membered azalactam (+)-4-d,. No deuterium was found at the C-4 benzylic
position.g These results show that one may retain chirality during the reductive

cleavage and prepare chiral celacinnine without substantial racemization by this

route.
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Optically active nine-membered azalactam (4) could alsc be prepared by conjugate
addition of the piperidazine 7 to chiral esters of trans-cinnamic acid (6)
followed by a reductive ring expansion of 8 using Na/NH3 (Scheme 3). Thus far,
this method has shown only a small enrichment of one enantiomer by an asymmetric

induction effect.
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Table 1. Conjugate Addition of Piperidazine 7 to Chiral Esters of
trans-Cinnamic Acid 6.
Entry Ester 6 Reaction conditions Condensation product 8
Solvent Temp. Time Yield/s? [a]ﬁ5 (CHC1;}
(°C} (days) (deg.)
1 ba Cellg 80 2 56 -18.4
2 6a CeHg 80 2 52 ~16.0
3 6a CeHe 25 6 31 -21.0
4 6a CH4OH 65 2 42 -0.3
5 6a CHMgI® 25 1 80 0
6 6b C6H6 80 2z 51 +15.4

a) Isolated yield.
b) The reaction was carried out in ether {20 ml} - HMPA (5 ml) using

magnesium salts of 7 (20 mmol) and 6a (10 mmol) at room temperature.

In a typical procedure, a benzene sclution (10 ml) of piperidazine 7 (30 mmol)

10 (15.9 mmol) was stirred

and 1,2:5,6-diisopropylidene-D-glucosyl cinnanate fa
for 2days under benzene-reflux conditions to give the condensation preduct

(-)-8 (8.8 mmol; 56%) ([G]IZ)5 -18.4° (¢ 7 in CHC13))11 after silica gel column




chromatography (ethyl acetate as an eluent) of the crude reaction mixture
(Table 1, entry 1). The N-N bond of (-)-8 was readily cleaved (Na/NHs)2 to
afford the nine-membered azalactam (-)-4 (70%) ([u]%s -16.8° (c 5.2 in CHClS))Tz.
In a similar manner, a benzene solution (6 ml) of 7 (16.3 mmol) and (-}-menthyl
cinnamate 2Q13 (10 mmol) was refluxed for 2 days to give (+)-8 (5.1 mmol; 51%)

(IuJ§5 +15.4° (c 4.7 in cnc13))‘4

(Table 1, entry 6). The nine-membered azalactam
(+)-4 (80%) ([alZ® +14.4° (c 2.1 in CHC13))'> was obtained by reduction (Na/NH,)
of (+)-8. The results, showing only a modest enantiomeric excess in the formation
of 4, serve to permit the assigmment of absolute configuration of (-)-2 as § and
(+)-4 as R,

The absolute configuration and enantiomeric excegs (% ee) of 4 formed by
asymmetric conjugate addition were determined in comparison with authentic nine-
membered azalactam (S)-(-)-4 ([u}g5 -134°) (Scheme 4). According to the above
results, the enantiomeric excess of 4 is 11 to 13% ee.

Application of these procedures to a total synthesis of optically active

(S8)-{-)-celacinnine is in progress.
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