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Although various methods for the synthesis of 6fa-substituted penicilling are now available,1

only the acyl imine procedure used by both Koppe12 end Firestoned describes the direct conversion
oy a preformed acstamido penicillin ester (e.g., penicillin G benzyl ester) into its 6a-methoxy
anaicgue. THowever, this method is unsuitable in cextain cases where the acetamido side chain
possesses an acidic proton besides that attached to the amide nitrogen.h Such a gituation

arises with (2-carbcxy) acetamido psnicillin diesters of type (IV) which derive from the
pharmaceutically important free acids (I;(i) ,(J'i)).5 Our sttempts to convert a diester of

this type, e.g. (IVa), to its 6e-methoxy analogue {VIITa) using the method of Kop;pel2 produced
ingwead a mizture of (2-chicro) acetamido esters (TI(1);(ii)).

The following describes the successful conversion of preformed (2-car%oxy) acetamido
panicillin diesters (IV) to their 6o-methoxy analognes {VIII) by a method which is facilitated
vy the acidity of the side chain proton.

The key intermediates fu this conversion are ketenimines /V), prepared in high yield
directly from their acetamido anzlogzss (IV). Tor exzimple, (IVh) (1.50g) in benzene at 5°,
treated an"entially with excese pyridine (1.7m).) end, dropwise, phosphorus pentachloride
(1.32g.) in benzene and stirred for three hours at 5° gave almost pure 6f-ketenimine (Vb)(1.23g.),
Upax (CH’JI;) 2630cz™ ", 8 (cnc13) 1.36, 1.42 (38, 34, 28), L.56 (<H,s), 5.43 (2H,s), 5.77 (21,s),
7.1 - 7.9 (121, complex)y, 8.37 {2H,d, 5 8Hz). Hydrolysis of (Vo) at pH L (moist T.H.F.:
phosphoric acid) for 2l hours afforded stariting €p-acetamido ester (IVb) and thus confirmed the
sculiguration at C-6 shown (Vb). Although unstable tc chromeiography, ketenimines (V) may be

stored 2t 0°C for several weeks without deteriecraticn.
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Carroll and co-workers® have rrepared en epimeric mixture of ketenimines (XII) on twrsating
the imino chloride (XT) wxth triethylemine, but in our case no intermedizte imino chlowridcs
were observed and there is no regquirement for a base stronger than pyridine, such as
triethylamine. In fact, exposure of (Vi) to triethylamine (1 molar equivalent in CHyClp, 3(min)
caused removel of the ketenimine band (20300111“’) from ine infrared spectrum.7

6a-Methoxylation of ketenimines (V) was preferably carried out as follows:-

Chlorination (1 molar equivalent Clp) of (Ve) (T.H.F.; ~70°) presumably proceeded. regio-
selectively at the olefinic portion of the ke*t:enimine8 to give the unstable dichloro-compound
(VIc) which is not isolated but treatsd in situ with a methanolic solution of lithium methoxide
(2.7 molar egquivalents) at -70° to give, after quenching with acetic acid and chromatography on
silica, the 6a-methoxy ketenimine (VIIc) (3% overall from IVc), upax (0}1013) 201()cm-1, ) (CDc13)
1.34 (é8,s), 2.23 (3H,s), 3.58 (3H,s), L.36 (1H,s), 5.23 (2H,s), 5.53 (1H,s), 6.8 - 7.7 (9H,
complex), 8.16 {(2H, 4, J 8Hz).

The intermediacy of (VIc) is assumed because this species i analogous to the isolable
dichloro-compound (XIV) prepared by Hiroaka gt 2l. from the (2-chlorc) acetamido penicillanate
(XIII), and subsequently converted by them to the Sa-methoxy ketenimine (XV)9 During the
course of our work, Hirozka et al also described the preparation of 7f-letenimino~7a-methoxy
cephalosporins, e.g., obtaining (XVI(i)) cn treating en epimeric mixture of ketenimines (XVI
(i1)), prepared by the method of Carroll,” with bromine and methanolic 1ithium methoxide.'©
However, in our case substitution of %romine in place of cllorine as described above gave
inferior reaults.

Hydrolysis of 6o~methoxy ketenimine (VIIc) at pE 2.5 (T.H.F.: Hp0 (30:1); HqP0),) cleanly
afforded the acetamido diester (VIIIG) , hydrogenated in goo2 yield to the biologically active
free acid (III(i)) , identical tc material prepared by the zprropriate side-chain acylation of
benzyl 63-zmino-6a-methoxy penicill.ama’ce11 and subsequent hydrogeration. The 6u-methoxy
penicilline (III(i); (ii)) showed much enhanced activity against a number of Gram-negative
B~lactamase producing organisms comprred with their uwasubstituted analogues (III (iii);(iv)).
Such an enhancenent caused vy the 6a-methoxy group is umusual in penicilline.

68-Fetenimines (V) mey also wndergo direct electrorhilic substitution at C-6. For
exawple, ketenimine (Vd) and methyl pethanethiosulphcnate (1 nolar equivalent) in D.M.T. were
treated with anhydrcus potassium carbonate (1 molar equivalen t) at C°, and the mixture stizred
for forty-five mirutes. Chrcmatography on silica gave the 6u-methylthio derivative (Txa)(26i

overall from (IVd)), ug.y (CIC13) 201003, & (rpC13) 1.37, 1.0 (3H, 3H, 2¢), 2.LY (3H,s),
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L.%1 (4H,s), 5.22 (2H,s), 5.50 (1H,s). 7.0 - 7.8 (15H, complex). Hydrolysis in %he usual
way gave the acetamido analogue (Xd) , identical to material prepared by the appropriate side-
chain acylation of benzyl 68-amino-6a-methylthio penicil1a.r1a’(5e.11

Thus ketenimines have been found to be useful intermediates in the 6-substitution of
penicilling possessing an acidic side-chain hydrogen as described above. In particular, their
use in 6o~methoxylation of such compounds provides a complement to the procedure of Koppel
et a1.2+3
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