A Trans-Stereoselective Synthesis of
3-Halo-4-alkyl(aryl)-NH-azetidin-2-ones
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Conrotatory ring closure of 1-halo-3-aza-4-alkyl-1,3-dienes in refluxing toluene gives rise to 3-halo-4-aryl-2-azetidinones in satisfactory yields.
Dehalogenation of the resulting f-lactams by tris(trimethylsilyl)silane furnished 3-unsubstituted azetidinones, valuable intermediates in the

synthesis of biologically active compounds.

The utilization of 2-aza-1,3-dienes for preparation of the sulfonamide$have been reported. New procedures for the

B-lactam ring was explored by our grodin this paper we

synthesis of 3-halo-4-substitutgdlactams are welcomed

report a transstereoselective synthesis of 3-halo-4-arylaze- since these compounds allow a faster and easier synthesis

tidin-2-ones and 3-halo-4-[1-(triialkylsilyloxy)alkyl]azetidin-
2-ones.

of substituteds-lactams, which are known to be useful
compounds with potential applications Adactamases or

o-Halo-lactams are versatile synthons in constructing a inhibitors of 3-hydroxy-3-methyl glutarate coenzyme A

wide variety of functionalized lactanisMajor transforma-
tions directed at the £halogen center include reduction,

metalation, alkylation, and replacement by azide. Notable

routes too-halof3-lactams are cycloaddition of haloketenes
to imine® and thermal decomposition oNf(dihaloacetyl)-
piperidinyllphenyl mercury. More recently, a nickel-
promoted cyclization routea catalytic Hunsdieckérand a
synthesis of 3-hal@-lactams from a,8-unsaturatedN-
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synthase, human leukocyte elastase, poliovirus, and human
rhinovirus C3-proteinase.

Following our published general protocol on the synthesis
of the S-lactam ring using a two-step Staudinger reacfion,
we synthesized azadiedestarting fromN-(trimethylsilyl)-
arylmethanimine2'®'! and a-haloacetyl chloride3 in the
presence of TEA as bas&ldentification of4 and the relative
stereochemical assignments were obtainedtldyNMR
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spectra Refluxing 4 in toluene overnight resulted in the || GGG

formation oftransg-lactam5 as single stereoisomeds(4 Table 2. Synthesis of Azetidinones andd-5
= 1.5-2.5 Hz) (Scheme 1 and Table 1). The presence of

Entry Azadiene fLactams Yield Ratio 5/d- 5
QTIPS ({ IPS OTIPS
cl R Cl,,
. l'* )™ ﬂ ® s
Scheme 1 TMSO 0 59 H od_sg‘H
X OTIPS OTIPS OTIPS
H R j 3 cl cl cl,
)( LHvDsA ) cocl 2 I j;“ L 65 5248
0o /N - TBDMSO 4h o 5h TBDMS [0} d 5hTBDMS
1 TMSCI TMS TEA OTBDMS OTBDMS OTBDMS
X Br. Br \'\ Br,,,’
3 I g j/jN L 43 50050
‘ TMSO 44 0’5 H O'yg.5 H
PhCH OTBDMS QTBDMS QOTBDMS
TMSO . s cl H\/ a L o,
X=Cl, Br 4 BJN j/:,h N 28 56/44
R=Ph, p-CI-Ph, p-NO,-Ph, p-MeQO-Ph TMSO 4 O 5 H O g.5H
-CH(OTIPS)CHg, -CH(OTBDMS)CHg; OoTIPS OoTIPS QTIPS
-CH(OTBDMS)CH,CHj cl c cl,
-CH(OTIPS)CH(CHg), -CH(OTBDMS)C(CHy)s, 5 ll j;,‘q N 69 6634
-CH(OTIPS)Ph, -CH(OTBDMS)Ph TMSO o H [o] H
4k 5k d-5k
QTIPS OTIPS QTIPS
Br. Br,,,v
. . ) . 6 lIN );\ N 53 52/48
EWG or EDG in the para-position of the aromatic ring of ™so’, o gt
the imine substituents does not have any effect on the It grooms - qreows
. . . g I,
stereochemical outcome of the reaction (Table 1, entries , l,/\ﬁ ): Kﬁ )r—/\ﬁ o roms
. . N N
3—6). As a matter of fact no cistereoisomer was detected Mo o
in the crude reaction mixture. oTIPS 0T|Ps oTIPS
o . . . - al,
Appllggtlon of this protogol t(N-trlmethyIs!IyI.aIkyI imines o l, );‘ f Ph 5 s
2 containing a stereogenic center in the imine moiety once TMSO O e
again results in the formation of the sdtans-azetidinones oTIPS OTIPs oTIPS
5 and d-5 through the azadiend. Of the four possible . Brl s ); B e -
stereoisomers only the two traisomers were obtained TMSO 4°N OdSI\:;H
(Scheme 1 and Table 2). The ratio of the isomers were OTBDMS OTBDMS OTBDMS
determined byH NMR spectroscopy, and separation of the Br (Lph Br. oh
10 lIN );\ N 39 5050
TMSO 4 5p od_sp‘H

Table 1. Synthesis of Azetidinones products by flash chromatography on silica gel yielded the

pure isomers. The traronfiguration was established Byl

Entry Azadiene pLactams® Yield NMR spectroscopy, and the relative configuration of the
Br (Ph Brg__oPh p-lactams was determined by comparison with previously
! ]JN )/:,L 40 prepared similar compounds. No particularly appreciable
™SO 9 s effect was obtained on the facial stereochemical outcome
¢ (Ph Cl__oPh when changing the steric requirement of the trialkylsilyl
2 ]J j/jN 37 groups directly linked to the enolic oxygen as well as to the
so” O gp M ethereal oxygen (Table 2, entries 2, 3, 9, and 10).
Br Ph-pNO, Bry  Ph-pNO; A useful modification of the so-obtaing@Hlactams has
3 lle );L 35 been achieved with a new dehalogenation procedure by
so” o H means of the recently developed tris(trimethylsilyl)silahe.
o PhopNO; Cly Ph-pNO; Treatment of.a-haloallzet?dinon%. in tpluene with com-
4 ]JN( )/:L 31 mercially available tris(trimethylsilyl)silan& (100°C, 2 h)
TMSO o g H in the presence of AIBN furnished the 3-unsubstituted

azetidinone¥ in good yields (Scheme 2 and Table 3).

Ph-pGl Cly Ph-pCl
l'( ; * |
N\
TMSO H
c Se Scheme 2
Ph-p-OMe Cl Ph-p-OMe
6 l\( 55 S|Me3
™SO N LN X R MesSi- S|—H 6 R
4f °© 5f H SIM63 );‘
N o N
a: Racemic mixture. For the sake of simplicity only o ‘y Toluene, 100°C H
one enantiomer has been reported. 5 7
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s antibiotics as well as Monobactams inhibiting the human

Table 3. Synthesis of Azetidinoneg cytomegalovirus proteaséWork in this direction is ongoing.
Entty_ Starting Product Vield In this paper we have reportet_j a new gp_plicati(_)n of our
Ph two-step protocol for the synthesis of azetidinone ring by [2
1 5a N 79 + 2] reaction. Although the final yields are not very high
O 7a H (the yields in azetidinone reported are based on the starting
Ph-p-NO, . . . .
74 aldehydes), they can be considered satisfactory taking into
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account the three-step process. The isolation and stereo-

Q
~
T

Ph-p-Cl o chemical identification of the neutral intermediatésind
8 % )/:N( the elaboratiot of 3-haloazetidinones to 3-unsubstituted
a H - .
7 bhpOMe azetidinone by a new dehalogenation procedure confers an
4 st ! 67 extra interest to this contribution.
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