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Abstract: A successful trapping of l-azetin-4-one with siloxydienes as cyclocondensation
adducts is described.

Recent advances in the displacement reactions of 2-azetidinone 1 at the 4-position with
carbon nucleophiles1 have made a significant contribution to the development of new synthetic
approaches to carbapenem antibiotics such as thienamycinz. Among these methods, the Lewis
acid mediated displacement reaction of 4-acetoxy-2-azetidinone 1 (X=0Ac) with silylenolethers
as carbon nucleophileslc’1d was of particular interest to usB. In this type of reaction, the
azetinone 3 has been postulated as a reactive intermediate based on the stereochemical outcome
of the reaction. The involvement of the azetinone 3 as an intermediate had previously been
proposed in similar substitution reactionsA. However, no report of a succsssful experiment to

trap this reactive intermediate 3 as a cycloadduct has so far appearedlb’s.
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{244] Cycloaddition of dienes to activated imines have been well documentatedé.
Recently, Danishefsky and Kerwin reported / the Lewis acid catalyzed cyclocondensation of
non-activated imines with a siloxydiene to give hetero Diels-Alder adducts under mild
conditionsg. In view of their results it is reasonable to assume that azetinone 2, generated
from 4-acetoxyazetidinonme 1 (X=0OAc), might be trapped as a cyclocondensation adduct using a
proper siloxydiene in the presence of a Lewis acid.

Here we wish to report the isolation of the cyclocondensation adducts from the zinc

chloride mediated reaction of 4-acetoxy-2-azetidinone with siloxydienes. The siloxydiene 5a,
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lc,1d,3

derived from methyl vinyl ketone, was subjected to ZnCl2 mediated reaction with

4-acetoxy-2-azetidinone &9 (Scheme 1). 1In CH2012 at room temperature or in refluxing CH3

the reaction, as anticipated, gave a cyclocondensation adduct gglo as well as an expected

CN,
displacement product 7a. Trimethylsilyl trifluoromethanesulfonate (Me3SiOTf) as a catalystlb
in place of ZnCl2 failed to give any cyclocondensation adduct 6a, producing only a
4-substituted azetidinone 7a in low yield. Three other silyoxydienes, Sb-5d, were also
subjected to the ZnCl2 mediated reaction with 4-acetoxy-2-azetidinone 4. The siloxydiene 5b,
derived from EEEEE-pent—B—en-Z—onell, also successfully trapped the azetinone 3 as a
cycloadduct to give 4B-methyl-carbaceph-2-em ghlo as a major stereoisomer. The
stereoselectivity, observed here, may be explained by the endo addition of the imine to the
siloxydiene6 or a stepwise mechanism through a chair-like transition state.12 The other two
siloxydienes 5¢ and 5d did not give any cyclocondensation adducts. These results are

summarized in the Scheme 1.

SCHEME 1
OSiMe;¢-Bu OSiMe,R’ iMe,¢-Bu iMe;t-Bu
/",,'J 4 OAc N 5 Rz
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(o) ‘ o H R'
RZ
at
4 5a—5d Ja—1d
A 2 3
conditions* yield of (%)*
6 z
1 .2 3
a:R" =R"=H, R™=Me ZnClz/CHZClz,rt 16 37
ZnClz/CHBCN, reflux 18 75
Me,Si0Tf/CH,.C1, rt 0 18
1 2 3 3 2772,
b: R'=H, R"=R"=Me ZnClZ/CHBCN, reflux 20 47
c: R1=H, R2=Ph, R3=tBu ZnClZ/CHZClz,rt 0 72
d: R1=R2=R3=Me ZnClZ/CH3CN, reflux 0 48

*1 Siloxydienes 5a, 5b and 5d were prepared from the corresponding ketones by
the method of Jung 14and siloxydiene 5c was prepared by the method described
in ref. 3.

*2 Typically, 4 (1 mmol) and 5 (1.5-2.0 mmol) in CH2C12 (10 mL) were treated
with EnCl2 (0.5 mmol, fused) or Me_,SiOTf (0.2 mmol).

3
*3 Isolated yield after column chromatography on silica gel.
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The structural and stereochemical assignments of the cycloadducts, 6a and 6b, were made based
on the analysis of their ir spectra and 350-MHz lH nmr spectralo which included homonuclei
decoupling experiments. The trans-stereochemistry of the B-lactam in adducts, 6a and 6b, was
readily established from the H6—H7 coupling constant of 1.3 Hle. The gresence of the
trimethylsilylenolether moiety in 6a and 6b was evident based on their "H nmr spectra which
exhibited the trimethyl group at 0.18-0.19 ppm as a siglet and vinyl proton (H=3) at 4.76-4.82
ppm as a multiplet.

The assignment of the structure and stereochemistry of cycloadducts, 6a and 6b, was
further supported by their transformation to bicyclic ketomes, §310 and §E10, respectively and

by the complete analysis of their 360-Miz 1H nmr spectralo including decoupling studies.

OSiMe;t-Bu
1
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THF o N
4
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Similar cycloadducts were also obtained from the #ZnCl, mediated reaction of the parent

4-acetoxy-2-azetidinone 1 (X=0OAc, R=H) with siloxydieies, 5a and 5b.

To our knowledge this is the first demonstration that the much postulated reactive
intermediate, l-azetin-4-one 3, has been trapped as a cyclocondensation adduct with
siloxydienes.

Notwithstanding the low yield, this reaction, the formation of a cyclocondensation adduct,
provides a unique one-step process to a carbacephem/carbacepham ring system from

4-acetoxy-2-azetidinones.
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