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Abstract - Metal-catalyzed thermal decomposition of dmroketones &-z 
afforded different subst~tuted cephems, whose format~on can be rationalized by 

asummg different maction pathways. Possible rnechanwnr are proposed, and 

the effect o f  various 4-thio-substltuents on the decomposition of these diaza- 

ketones are summarised. 

The exploitatcon of  diaroketones1 derwed from 4-thloazetcdin-1-ylacetlc acids, for the preparation of nove l  

0-lactam structures has been the subject of a number of recent reports from thls and other laboratories. 

Dependmg upon the nature o f  the thm substituents, metal catalyzed thermal decomposition of these 

dcazoketones afforded elther carbapenamsl and/or oxapenams2", which possess mteresting bmlogical 

4 
activlt les . 

Carbapenarn Oxapenarn Cephern - 

Olda and coworkersZ reported the tsolatmn of only 3-onocepharn~, when dlaroketone 2, abtamed from the 

correspondmg 4-ethy l th ioaret~d~non-1-y lacet i i  acld ($1, was subjected to slmliar decompositmn condctmns. 

Thelr observat>m confirmed our results of an analogous mvestqat~on undertaken with other 5-alkyl and 5- 

acyl substltuents. i t  is the purpose of thks carnmunicatmn t o  present our results on the carbene insertcan 

react lms o f  z-2 here. 



Whereas the 4-ethylthio dlazoketone 2 gave the c e p h e m ~ ~ ,  the corresponding 4-&t-butylthlo derivatkve 

6 3b faled to yield any identifiable products, despite the possibility of smilar 5-ylide formation wlth ,. 
subsequent elimination of  isobutene via a Relro-Ene resction (Scheme I). However, treatment of the 4- 

benzylthio diemketone 2 under the decomposition conditrans dld give a bicyclic 8-lactam7 in 25 % yleld. 

CYs 

Scheme I 

The drsappearence of the S-benryl group together with the presence of an 0-benzyl signal in  the 'H NMR 

spfftrum suggested structure 3 for the product. Formation of 2 can best be explamed by the init ial 

reaction of the carbene wlth the sulfur atom to provide the y l i d e i 2 ;  this undergoes a [Z.31 s~gmatropic 

rearrangementB, yielding intermediate 6', which converts into 2 by yet another 13.31 shlft (Scheme 11). 

- - 
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Compound;, w h ~ h  could have been derived from' via prototropic aromatizatlon, could not  be isolated '. 
The presence of a p-methoxy group in the phenyi rlng (,ld), dld not alter the course of the reactmn and 

cephem Lb was obtamed i n  similar yield. 

6 
Our attention was then turned to the thlaacyl rubstituents . Heating d!sroketanei_e i n  benzene gave a single 

1 isolable product (20 96). The H NMR spectrum reveals the presence of a chelated hydroxyl proton at 16 

7 ppm . Structure ,8. is proposed for the compound. Mechanlstbcaily, it3 f o r m a t m  could best be ratlonalwed by 

dlrect acyl-migratlan of the y ladea followed by enolizatlon (Schemc 111). 

Scheme I11 

When we examined the behaviour of diazoketone if under slmllar conditmns, two isomertc products were 

~solated (17 % and 40 %). The 'H NMR spectrum of the minor component is very similar t o  that of cephem 

5, wi th the exception of an oiefinic proton a t  lower field; ~ t s  IR spectrum shows the characteristics of s - 
dlthiocarbonic 0,s-ester, which is also evident from the presence of a signal a t  212 ppm in the "C 

10 spectrum . This would be i n  agreement with structure 10. The major lsorner does not show any 

characteristic C-5 absorption1', and !to 13c spectrum is devmd of the down-field signal (as i n  lJ). instead, 

another signal appears a t  196 ppm, which we attributed to the carbon of a dithiocarbon~c 5,s-ester. On the 

1 
other hand, the H NMR spectra of both isomers seem to be qulte similar; we tentatively propose structure 

11 for this compound whlch could be formed after rearrangement from under the reaction condmons. 

12 Slmlier xsnthate-dithlocsrbonate transformstions have been documented i n  the ltterature . 

I f  decomposttm of  Af proceeded s i m h r i y  to that of c ,  one would expect % as the major product; this, 

however, was never observed. Consequently, a different mechnanism might be operative. For instance, 

attack of the carbene a t  the thione-sulfur atom could lead to a highly stabilized carbanium ion such as& 

Formation of the C - 0  bond to give C not only establwhes the em-carbonate moiety as in the ftnal 

product(=), but also would generate a bridgehead olefin. Subsequent dissociatton would release strain and 

generate rw i t t e r i ong ,  which could collapse to gwe the 10 (Scheme IV). 



11 - Ila - 

Scheme I V  
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In summary, i t  has been shown that meta l  catalyzed decornpositmns o f  dmroketanes der~ved from 1I-thia- 

substituted azetidlnon-1-ylacetic acids provrde access to a large variety o f  functionalized b l c y c l i ~  O- 

lactarns, as shown in Scheme V. 
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t R = acyl / ma carbapenarnC L 
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C- PA X = OH 3 4 R '  

Oxapenam 
A = a r y l ,  

R = b e n z y l  n e t e r o a r y l  

a. present communication 
b .  reference 2 
c .  r e f e r e n c e  1 and j 

Scheme V 
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1 J = 9 Hz).?: !r(CH2CI2) 1770 cm- ; n r n r ( C D ~ l + S  2.30 (s, 3), 2.92 (dd, 1, 3 = 1.5, 16 Hz), 3.53 (ddd, 1, 

J = 1.5, 4, 16 Hz), 3.80 (dd, 1, J = 1.5, 19 Hz), 4.39 (d, 1, J = 1 9  Hz), 4.82 (dd, 1, J = 1.5, 4 Hz), 16.0 (br, 
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9. When the reaction was performed in s - b u t a n o l ,  only about 5 % of the c e p h e m l  was isolated and 

about 20 O/o of the m - b u t y l  e t h e r ~ i  was also obtained. 
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