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Abstract: 2-Aza-1,3-dienes, prepared in excellent yields from aldehydes and
readily available allylamine, were utilized to synthesize N-(l-propenyl)-
B-lactams. Oxidative cleavage of the N-protecting group produced N-unsubsti-
tuted B-lactams. 4-Acetoxy-3-phenoxy-2-azetidinone was synthesized in three
steps and 34% overall yield.

In connection with our studies on the stereo- and enantioselective synthesis of B—lact:ams,2 we
were interested in devising novel N-protecting groups for B-lactam synthesis, which can be
deprotected easily and under mild reaction conditions. N-Unsubstituted B-lactams are useful
and necessary intermediates for the preparation of a variety of B-lactam antibiotics and
related analogues.3 Although the Bose procedur:e4 has been widely explored for the synthesis
of B-lactams, only a few number of amines have been utilized.4'5

We wish now to report that commercially available allylamine 2 can be utilized® to synthesize
2-aza-1,3-dienes 4. We have explored the utility of these 2-aza-1,3-dienes 4 as novel precur-
sors for B-lactam preparation via the acid chloride-imine methodology. The resulting N-(1-
'propenyl)-B—lactams (Figure) were deprotected oxidatively in one or two steps. Although 2-
aza-1,3-dienes have found some utility as useful synthons for nitrogen containing
heterocycles,7 little attention has been paid to appreciate azadienes in B-lactam synt:hesis.8
The 2-aza-1,3-dienes 4a-4e utilized in our studies were prepared in quantitative yields in a
one flask, two step procedure (Scheme I).9 Reaction of allylamine 2 with several aldehydes 1
produced the imines 3, which were subsequently isomerized with 1,8-diazabicyclo [5.4.0] undec-
7-ene (DBU) in methylene chloride to yield the desired 2-aza-1,3-dienes. The dienes 4 were
obtained as a mixture of E and Z isomers, which could not be separated by chromatography or
distillation. Imines of type 3 obtained from enolizable aldehydes however, could not be
isomerized to the corresponding 2-aza-1,3-dienes 4.

The newly synthesized 2-aza-1,3-dienes 4 were subsequently investigated in the acid chloride
imine reaction to yield the expected &-lactams 5-10 in good to moderate yields (Figure).
Optimum yields in the g-lactam formation were observed when the 2-aza-1,3-dienes were freshly
prepared.

It is noteworthy that B-lactam formation proceeded exclusively with cis stereochemistry in all
cases observed. Recent reports have indicated that cis-stereoselectivity is favored in the
acid halide-imine method when the bulk of the N-substituent is increased!® and also when
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cinnamylidene Schiff bases are employed in the reaction.1!

N-vinyl derivatives of 8-lactams have previously been recognized as valuable precursors for N-
unsubstituted 8-lactams.}2 However, the N-vinyl substituents were usually synthesized by
multistep functional group transformations after B-lactam formation.

The advantage of our methodology lies then in the convergent approach to introduce the N-(1-
propenyl) group simultaneously with B-lactam formation, thus requiring only one or two steps
for the deprotection of the 8-lactam.

Deprotection of the N-(l-propenyl) B-lactams could be achieved in a two step sequence (Scheme
II). Wwhen B-lactam 5 was subjected to ozonolysis or treatment with osmium tetroxide and
sodium periodate, N-formyl g-lactam 1l was obtained in 70% yield. Subsequent oxidation with
potassium permanganate in tetrahydrofuran/water completed the deprotection to give the N-
unsubstituted g-lactam 12 in 87% yield.

The utility of our novel approach could also be demonstrated for the synthesis of N-unsubsti-
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(1) Oy, CH,CL,, -78°, Me,S or NalO,, 0s0,, THF-H,0, 14b, 25°C ; (b) KMnO,, THF-H,0, 4h, 25" C.

tuted 4-acetoxy-2-azetidinones, which are important building blocks for the synthesis of penem
and carbapenem antibiotics.13 simultaneous cleavage of the two double bonds in B-lactam 9
(scheme III) via ozonolysis produced the N-formyl-4-acetyl derivative 13 in 75% yield.
Treatment of B-lactam 13 with potassium permanganate yielded then the N-unprotected B-lactam
14 in 85% yield. Deprotection of B-lactam 9 in a one step sequence with potassium
permanganate in acetone produced the N-unsubstituted g-lactam 14 in 50% yield. The desired 4-
acetoxy-2-azetidinone 15 could be obtained through Baeyer-Villiger oxidation of 14 in 80%
yield. Thus, 4-acetoxy-2-azetidinone 15 could be synthesized in three steps in 34% overall
yield and in four steps in 43% overall yield from readily available 2-aza-1,3-diene 4c.

With this paper we have demonstrated the utility of 2-aza-1,3-dienes in the formation of N~
unsubstituted B-lactams.

Scheme III

50% o

() Oy, CH,Cl,, -78° C, Me,S; () KMaO,, THF:H,0, 4b, 25° C; (c) KM3O,, scetone, 16h, 25° C;
{4) mCPBA, CHy,COOC;Hy, refiux, Sh.
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