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1,2)
In the previous communications, we reported the facile syntheses of a

novel class of cephalosporins, 3-methylenecepham derivatives, by an electro-
chemical reduction or chromium(II) salts reduction of cephalosporanic acids.
This communication describes some aspects of chemical reactlons of these
compounds and also the establishment of the stereochemistry at position 4.

Esterification of Ia by the conventional treatment with diazomethane gave
the 3-methylenecephan methyl ester (Ib), m.p. 145-147°C, IR (KBr)s 1765 cm~l
(B—lactam), NMR (g, 100 Mc, CDClB): 3.17 and 3.68 (two doublets, 2H, 2-CHz),
5.10 (singlet, 1H, 4-CH), 5.21 (broad doublet, 2H, C=CH,), 5.39 (doublet, 1H,
6-CH), 5.69 (doublet of doublet, 1H, 7-CH). Oxidation of Ib with m-chloro-
perbenzoic acid in dichloromethane provided a B—sulfoxide* (I1), m.p. 188~
190°C, IR (KBr)s 1770 om™ " (g-lactsm), NMR (s, 100 Me, CDCl;)s 3.67 (doublet,
2H, 2-CH,), 5.19 (singlet, 1H, 4-CH), 5.40 and 5.69 (two singlets, 2H, C=CH,),
5.97 (doublet of doublet, 1H, 7-CH).

The treatment of TI with pyridinel’?)

afforded 3-methyl-3-cephem §-sulfox-
ide (Iva), m.p., 213-215°C, IR (KBr): 1760 cm~l (p-lactam), NMR (&, 100 Mc, dg-
DMSO)s 2.03 (singlet, 3H, 3-CH,), 3.71 (singlet, 2H, 2-CH,), 4.91 (doublet, 1H,

6-CH), 5.93 (doublet of doublet, 1H, 7-CH). The characterization of IVa

All the new compounds gave satisfactory combustion analyses.
* a-Sulfoxlide corresponds to (R)-configuration and B-sulfoxide to

(S)-configuration.B)
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was established by the direct comparison with a specimen obtained from the
known compound (IVb)?) by hydrolysis with zinc in acetic acid”) followed by
egterification with diazomethane.

The treatment of Ib with an equimolar amount of N,N-dichlorourethane in
THF gave another sulfoxide compound (IIX), m.p. 158-159°C, IR (KBr): 1775 cm-1
(B-~lactam), NMR (8, 100 Mc, CDC13): 3.60 and 4,00 (two doublets, 2H, 2-CH,),
k.76 (doublet, 1H, 6-CH), 5.04 (singlet, 1H, 4-CH), 5.46 (doublet of doublet,
1H, 7-CH), 5.46 (doublet, 2H, C=C§2). III was isomerized in pyridine to the
3-methyl-3~cephem sulfoxide (Va), m.p. 161-163°C, IR (KBr): 1790 cm~! (g~
lactam), NMR (6, 100 Mc, CDClB): 2.21 (singlet, 3H, 3—C§3), 3.40 and 4.00
(two doublets, 2H, 2-CH,), 4.57 (doublet, 1H, 6-CH), 5.49 (doublet of doublet,
1H, 7-CH). Both IVa and Va gave the same sulfone derivative (VI) upon
further oxidation with m-chloroperbenzoic acid. The results clearly indicate
that IIT and Va should be assigned q-configuration at position 1. Conversion
of the known compound (Vb)3) to Va confirmed this configuration.

This assignment was further corroborated by the hydrogen bonding studies
in NMR. As is shown in the Table a change in solvent (CDC13-—>d6-DMSO)
induces a down fileld shift of 1,71 ppm in the resonance of NH in III indicative
of an intermolecular hydrogen bonding to DMSO. The g ~sulfoxlide (II),
however, exhibits only a negligible shift. This i1s in good accord with
the phenomena observed with other cephalosporin sulfoxide compounds.j)

The present stereospecific oxldation of II with N,N -dichlorourethane
18 of interest because no other method has been known for the stereospecific
gynthesis of a -sulfoxides of cephalosporins.é) It is likely that chlorin-
ation of Ib might form the (S)-sulfonium chloride (VII) which upon subsequent
hydrolysis with inverslon would give the (R)-sulfoxide (III).

Taking 1qto consideration that the S—0 bond has a similar anlsotropic
effect7)as an acetylene bond, the anisotroplc effect of a ~and g -sulfoxides
(III, II) on each proton at position 4 was examined. The proton at
position 4 is shielded by 0.06 ppm in the g-sulfoxide (IIT) and deshielded by
0.09 ppm in the g -sulfoxide (II) compared with the sulfide (Ib). There are

two conformational possibilities, A and B, for both II and III. The proton
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Table Hydrogen Bonding Studies via Solvent Induced Shift

Compound Solvent Chemical Shift for NH (sppm)
II el 8.09 —-0.12
d¢-DM33 8.21 o
III cDel 7.5 A=-1
d4-DNSG 9.22 } -7

A 15 (CDC15)-8 (d-DHSO)
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X=0 or lone pair electrons
Y= 1lone pair electrons or O



3244 No. 31

at position 4 can take four possible situations (Ha, Hb, Hec, HA).
Examination of a Dreiding model indicated that only the g-configuration (Ha)‘
for the proton at pbsition 4 in the conformation A satisfies the above
anisotropy shift values.a)

The same stereochemistry was achieved with a 3-methylenecepham deriva-
tive by means of lanthanide-induced shifts combined with computer calculation,

which will be published elsewhere.g)
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