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Cyclobutene Cephems 
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Summary: The cephalosporin triflate (1) reacts with a 
wide variety of olefins and acetylenes in the presence of 
a base to give 2,3-fused cyclobutane and cyclobutene 
derivatives, respectively. 

Cephalosporin triflates have recently become extensively 
used intermediates for the synthesis of carbon-carbon 
bonds at  C(3) of the cephalosporin nucleus. These 
triflatesl readily undergo palladium-catalyzed Stille cross- 
coupling reactions with a wide variety of organostannanes2 
and have also been shown to react with organo~uprates.~ 

We were interested in applying the asymmetric Heck 
olefination methodolo& to the cephalosporin triflate (1). 
Treatment of 1 with 2,3-dihydrofuran and diisopropyl- 
ethylamine in benzene in the presence of palladium acetate 
and (R)-BINAP gave rise to a mixture of two isomeric 
products (1.81 ratio, 73 76 isolated yield). Detailed NMR 
studies showed the products to be the fused cyclobutane 
adducts 2 and 3, and not the expected Heck product. 
Performing the reaction in CHzClz and without the 
transition metal catalyst resulted in the formation of the 
same products (eq 1).6*e 
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pMB - pmethoxybenzyl (Eq 1) 

This reaction has proved to be extremely general. A 
wide variety of olefins were reacted with the triflate (1) 
in the presence of ’PrzNEt to give fused cyclobutane 
products in moderate to good yields (Table I). In some 
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cases the use of a large excess of olefin was required to 
obtain acceptable yields. 

There are a number of regio- and stereochemical features 
to this reaction which should be highlighted: in the case 
of terminal olefins the substituent is always found adjacent 
to the C(2) position of the cephalosporinnucleus and, when 
only one isomer is observed, this substituent is on the 
8-face (compounds 8 and 9); the proton at  C(2) is always 
found on the a-face of the molecule. 

The reaction of 1 with acetylenes has also been inves- 
tigated and shown to result in the formation of fused 
cyclobutenes (Table 11). Again, in the case of terminal 
acetylenes, the substituent is found adjacent to C(2). 
However, in some cases (entries 1 and 41, isomeric mixtures 
are now obtained at  C(2) of the cephalosporin nucleus. 

The stereochemistry of the cycloaddition products was 
determined by NOE difference experiments. Character- 
istically, strong NOE’s were observed from H(6) to H(2) 
when the latter was on the a-face. When H(2) was on the 
&face a stronger NOE was observed between H(2) and 
the amide proton than between H(2) and H(6). H(6) is 
known to be on the a-face while the amide a t  C(7) is on 
the &face. 

We have shown that 1 equiv of base is required for the 
reaction to proceed to completion. This presumably effects 
a formal elimination of trifluoromethanesulfonic acid to 
produce a reactive species that then undergoes a cycload- 
dition. Six-membered cyclic allenes (19) have been 
proposed as intermediates in the formation of the bicy- 
clooctenes 20 (eq 2).’ The possibility of the bicyclic allene 
21 as an intermediate is being investigated. 

X =  CH, or 0 19 

ws> PhCH,CONH 

21 CO,PMB 

The cycloaddition reaction that we have described is 
amenable to the rapid production of numerous analogues 
bearing a wide range of functionality. Current studies on 
the scope and mechanism will be reported later. 
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Table I. Reaction of 1 with Olefinsa 
olefin equiv used products (ratio) yield, % 

PhCONHE$ t\ Ph t P h C O N H E +  (€8:44) 

0 0 
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7 
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Ph+b 
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0 
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54 5 

PhCH""NHg& 

0 
C0,pMB 

10 

88 C 

76 

0 Reaction conditions: triflate 1 (1 equiv), alkene, *PrzNEt (1 equiv), CHzClz, 15 min. * The benzamide derivative was used to simplify the 
NMR of the products 6 and 7. trans-2-Butene condensed into solution at -10 OC prior to adding base. 

Table 11. Reaction of 1 with Acetylenecl. 
acetylene eauiv used products (ratio) yield, % 
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a Reaction conditions as in Table I. 
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