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Summary: The 3-methylenecephams underwent 1.3-dipolar cycloaddition reactions with
diazomethane to give spiropyrazolinocephams in a completely stereo- and regioselective manner.
Thermal breakdown of these 1-pyrazolines led to spirocyclopropane and vinyl derivatives.

3-Methylenecephams are well known and very useful members of the large family of
cephalosporin antibiotics. In the chemical literature one can find several, mostly reductive

pathways for their preparationl. More recently a new, enzymatic method also was developed in
our laboratory2. In this procedure the unsaturated tripeptide, L-a-aminoadipoyl-L-cysteinyl-D-
B.,y-didehydrovaline (1) was transformed to the corresponding 3-methylenccepham (2) by means
of isopenicillin N synthase (IPNS) (SCHEME 1).

SCHEME 1

Despite the several synthetic routes towards these compounds, their chemistry is not well
developed. Only their transformation into deacetoxy-32, O-alkyl-3P and halocephems3¢ is
described. However, the preparation of novel cephams yia cycloaddition reactions of the
exocyclic double bond have not been examined.

In this paper we describe the 1,3-dipolar cycloaddition reactions of the 3-methylenecephams
with diazomethane to give 3-spiropyrazolines and their subsequent transformation into 3-
spirocyclopropylcephams as well as 3- vinylcephams. :

When the 3-methylenecepham 3 (SCHEME 2) was allowed to stand with a large excess of
diazomethane in dichloromethane at 5 °C we found that the reaction proceeded to completion only
after one week. Based on this finding one can state that the reactivity of the exo double bond in 3-
methylenecephams towards diazomethane is very similar to that of the endo A3 double bond of 3-
cephems? and is in contrast to the highly reactive double bonds of 2-methylenecephemsS and 3-
vinylcephems6. This was not surprising in the light of the fact that the methyl ester of 3-
methylenecephalosporins could be prepared, without destruction of -the double bond? during the
transformation. The 200 MHz !H nmr spectrum of the reaction mixture revealed that two B-
lactams were formed in a ratio of approximately 10:1. These two products were purified by flash
column chromatography. Surprisingly, all of the physical daita showed that they differ only in
the nature of the ester functionality (6a and b). The minor product was a methyl ester
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indicating that an unexpected transesterification had taken place along with the cycloaddition
To the best of our knowledge no similar reaction has been reported to date.

(On
S

SLLie

VNH!

s 6a n=0 R=PNB
b n=0 R=Me

7a n=1 R=PNB
b n=1 R=Me

DMF,A
PNB= p-nitrobenzyl-
V = phenoxyacetyl-
SCHEME 2

In the 500 MHz !H nmr spectra of the cycloadducts 6a and b the two singlets characteristic of
the methylene hydrogens were absent and two new multiplet systems were seen. In the COSY
spectra  couplings were observed between the new hydrogens(5' and 4') indicating that the
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products cannot be "a-adducts"(5) but are "B-adducts"(6)(i.e. the new carbon-carbon bond is
formed in the B-position to C-3, at the methylene carbon), the 1-pyrazolines being formed in a
completely regioselective manner. The 500 MHz 13C nmr data corroborated this fact.

In order to determine the C-3 configurations of the molecules 6a and b n.O.e. experiments
were also carried out. Enhancement was observed at H-4 when the pyrazolino-4'-CH2 was
irradiated indicating the 3S configuration of the molcules. Hence compounds 6a and b are
formed by attack of diazomethane on the the less hindered a-face of the methylene group in a
completely stereoselective reaction.

In the cycloaddition reaction of 3-methylenecephalosporin  sulphoxide 4 and diazomethane
(5 °C, dichloromethane, one week) the pyrazolines 7a and b were formed in a ratio of 20:1
virually quantitatively. The sulphoxide was stable in solution, no spontaneous decomposition
taking place, unlike the case of the sulphide 3 where a large amount of decomposition occured.
The rate of transesterification was also slower, and hence less methyl ester was formed. However,
there was no significant difference between the reactivities of 3 and 4 towards diazomethane
unlike the case of different oxidation states of vinylcephems®. The PBrj reduction products of 7a
and b were identical to 6a and b ( 500 MHz !H nmr) indicating that they have the same 38
configuration.

The pyrazolines had considerable thermal stability. They did not decompose to cyclopropanes
even after refluxing for 8 days in toluene®. However, they underwent thermal breakdown after 8
hours reflux in DMF (150 0C). Unfortunately, the thermolysis of 6a gave only non B-lactam
decomposition products. In contrast, the reaction of 7a gave two new B-lactams. One of them was
the expected cyclopropane (9). The other product has an unusual structure, which based on 500
MHz !H and 13C nmr data is that of the open chain vinyl-cepham (11). The assignment of the
signals were supported by COSY, DEPT and 2D !H - 13C heterocorrelated experiments. The n.O.e.
data revealed that the molecule has 38 configuration. A possible mechanism to account for this is
a 1,2-hydrogen shift along with nitrogen elimination from the pyrazolino derivative 7a. A
similar transformation of pyrazolines was reported earlier in the case of the cycloadducts of
vinylphosphonates and  ethyl diazoacetale?. Compounds 8 and 10 were prepared by AcCl-KI
reduction of molecules 9 and 11.

Attempts o gain cyclopropane derivatives directly form the 3-methylenecephams
( CH2N2/Pd(OAc)2; CHaN2/UV light; CHBr3/t-BuOK; CH2Ph2/A) were not successful.

The biological evaluation of the free carboxylic acid derivatives of 6, 8 and 10 are in
progress. Details of the chemistry, structural elucidation and biological properties of these novel
cephalosporins will be published elsewhere.
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