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SYNTHESIS OF NOVEL CEPHEM DERIVATIVES
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Abstract - Metal-catalyzed thermal decomposition of diazoketones Je-3f
afforded different substituted cephems, whose formation can be raticnalized by
assuming different reaction pathways. Possible mechanisms are proposed, and
the effect of various 4-thio-substituents on the decomposition of these diazo-

ketones are summarised.

The exploitation of dlazoketones}- derived fram 4-thioazetidin-1-ylacetic acids, for the preparation of novel
B-lactam structures has been the subject of a number of recent reports from this and cther laboratories,
Depending upon the nature of the thio substituents, metal catslyzed thermal decomposition of these
diazoketones afforded either carbapenamsl and/or Uxapenamsz’j, which possess interesting biological

. 4
activities .
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Oida and CDWDl‘ker‘s2 reported the isolation of only J-oxocepham 2, when diazoketone 3a, obtained from the
corresponding 4-ethylthioazetidinon-1-ylacetic acid (‘j_g), was subjected to similar decomposition conditions,
Their observation confirmed our results of an analogous investigation undertaken with ather S-alkyl and S-
acyl substituents. It 1s the purpose of this communication to present our results on the carbene insertion

reactions of 3b-31 here.
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a R'= CHZCH3

R‘
b R'= C(CH3)3
N ¢ R'= CH,Ph
d R = CH,Ph-p-0CH;
CHN 4 COOH e R'= COCH,

f R = C(S)SCH:’:CH3

Whereas the d-ethylthio diazoketone 2= gave the cephem’%s, the corresponding 4-tert-butylthio derivative
3!)6 failed to yield any identifiable products, despite the possibility of similar S-ylide formation with
"~

subseguent elimination of isobutene via a Retro-Ene reaction (Scheme I). However, treatment of the 4-

benzylthio diazoketone 3¢ under the decornposition conditrons did give a bicyelic B-lactam7 n 25 % yield.
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The disappesrance of the S-benzyl group together with the presence of an O-benzyl signal in the lH NMR
spectrum suggested structure 2a for the product. Formation of 2a can best be explained by the initial
reaction of the carbene with the sulfur atom to provide the ylide _éz; this undergoes a [2.3] sigmatropic

rearrangementa, yielding intermediate §', which converts into 2a by yet another [3.3] shuft {Scheme 1I).
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Compound 7, which could have been derived from §' via prototropic aromatization, could not be isolated 9.

The presence of a p-methoxy group in the phenyl ring (3d), did not alter the course of the reaction and

cephem 3b was obtained in similar yield.

Our attention was then turned to the thioacyl substituentss. Heating dlazoketone}@ in benzene gave a single

isolable product (20 %), The 1

H NMR spectrum reveals the presence of a chelated hydroxyl proton at 14
pprn-]. Structure 8 is proposed for the compound. Mecharustically, its formation could best be rationalized by

direct acyl-migration of the yhde 3, followed by enolization (Scheme I11).
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When we examined the behaviour of diazoketone 3f under similar eonditions, two isomeric products were

1salated (17 % and 40 %). The lH NMR spectrum of the minor companent is very similar to that of cephem

2y with the exception of an olefinic proton at lower field; its IR spectrum shows the characteristics of a

13C

dithiocarbonic O,5-ester, which is also evident from the presence of a signal at 212 ppm in the
spectrumm. This would be in agreement with structure 10. The major 1somer does not show any
characteristic C=5 absorptianll, and Its DC spectrum 1s devoid of the down-field signal (as in 10). Instead,
another signal appears at 196 ppm, which we attributed ta the carbon of a dithiocarbomc §,5-ester. On the
ather hand, the lH NMR spectra of both isomers seem to be guite similar; we tentalively propose structure
11 for this compound which could be formed after rearrangement from A0 under the reaction conditions.

Similar xanthate-dithiocarbonate transformations have been documented in the lnteraturelz.

If decomposition of 3f proceeded simtlarly to that of 2c, one would expect 11a as the major product; this,
however, was never observed. Consequently, a different mechnanism rught be operative. For instance,
attack of the carbene at the thione-sulfur atom could lead to a highly stabilized carbonium jon such as B.
Formation of the C-O bond to give C not only establishes the enol-carbonate moiety as in the final
product(s), but also would generate a bridgehead olefin. Subsequent dissociation would release strain and

generate zwitterion [3, which could collapse to give the 10 (Scheme IV).
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In summary, 1t has been shown that metal catalyzed decompositions of diazoketones derived from 4-thia-

substituted azetidinon-l-ylacetic acids provide asccess to z large variety of functionalized bicyelic B-
lactams, as shown in Scheme V.
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