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Although various methods fsr the synthesis of 6x-substituted. penicillins exe now available,' 

ority the acyl inine procedure uwd by both Koppel' &ml Firestone3 describes the direct conversion 

0: a prefoned ao&3mido penicillin ester (e.g., penicillin G bcnzyl ester) into its 6a-methoxy 

amioye. Eowevcr, tXs method is unsuitable in cexttin oases where the acetmido side chain 

Dossessea m acidic proton besides That attached to the amide nitrogen. 4 Such a situation 

arises -21th (2-carbcxy) acetmibo penicillin diezters of type (IV) which derive from the 

pharmaceutically inp0rtar.t free acids (I;(i),(ii)).5 Chr ettem>ts to convert a diester of 

tMs type, e.g. (We.), to its 6a-nethoxy analogue (VIIIa) x!_ng the &&hod of Koppe12 produced 

ins-read a mixtaa of (2-c>icrs) acctamido esters (II(i) 

The following describes the successful conversion of preformed (2-ca3?mcy) acetamido 

penicillin dicsters (IV) to thnlr 6a-nethoxy en~~iog~es (VIII) by a method which is facilitated 

tin the acidity of the side chain proton. 

The key intemeZ.;te; !:I this conversim ar? ketenimines (V), prepared in high yield 

directly froo t'_eir iiCEf33idO annaloi,;?s (IV). 3or excaple, (IVbj (l.sOg) in benzene at 5', 

treaied se?;.mtiaXy with excess pyridine (1.7~1.) end, dropw%se, phosphorus p?ntachlorid-_ 

(1.32g.) in jenzcne axi stirred for three hours at 5' gave almost pure 6b-ketenimine (Yb)(1.2%.), 

urnax: (CFx7) ;iijom- I * 0 (CI+) 1.36, 1.h2 (3H; p'. 2s), h.56 (:H,s), 5.43 (2H,s), 5.77 (Z?,s), 

7.1 -. 7.3 (:2X, conplex;, 8.37 (?H,d, ; 8Hz). Hydrolysis of (Voj at pH 4 (moist T.H.F.: 

phoe$mric ecid) for 2h bows zf:'or?ad .?tarting 6@e,cetemido ester (IVb) and thus oonfimed the 

x:Ziguxztisn 5~. C-6 whom (W). hlthough mstsble to ?h.mmatography, ketenitines (V) may be 

storea et C'C fxc sewr& w&s :rit:lout detaricraticn. 
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C2rroll 2nd co-uor!:ersG h--J I c I’XF232d en e$neric mixwe of ketenizrxc (XII) cr. tsc:ting 

the imi?o chloride (.XI) w?.th tziet!lyl?tie. but in or case no intcxxediate inino chlox%!ro 

were observed end there is no req,tircment for r? base st.rorGer th-x pyridine, wch as 

triethylaxine. in fact, exposure of (YG) to trifthylamine (1 ololar equivelerLt in CB2C12, j&in) 
caused removzi of the ketenimine band (~OPC~-~) from Lile infrared spectrum. 

1 

6u-Methoxylstion of ketenimines (V) was preferably carried out 83 folloxvs:- 

Chlorination (1 molac equivelent C12) of (Vc) (T.LF.; -'?O') preswably proceeded regio- 

selectively at the olefinic portion of the ketenimine' to give the unstable dichloro-oongsund 

(vlc) which is not isolated but treated in situ with a wth,molic cola-lion of lithicm methooxide 

(2.7 molar cqlr'velents) at -70' to give, efter quenchin< wi% acetic xid and chznmato~L~aphy on 

silioz, the ba-methow keteninine (VIIc) (39$ overall fxm IVc), urnax (CEC13) 2010cm-', 0 (CDCl3) 

1.34 (~H,s), 2.23 (B,Y), 3.5a (~E,s), h.36 (lIi,sj, 5.23 (m,~), 5.53 (I~,s), 6.8 - 7.7 (911, 

complex), 8.16 (2H, d, J 8112). 

The intermediacy of (VIc) is assx~ed because this species in .xxLogous to the isolable 

dichloro-compound (X5') prepared by Hizozka at,. from the (2-chloro) acetarnido penicillenate 

(XIII), end subsequently converted by them to the tia-nethoxy kctenimize (‘XV). 9 During the 
couree of our work, Hiroaka et al &so Jescrib?d tne prepe.ratio:1 of 7p-ketenjmino-'la-metiioxy 

cephalosporins, e.g., obtaining (XVI(i)) cn treatjng &n epilrerlc mixture of ketenimines (XVI 

(ii)), prepared by the method of Carroll, 
6 . wl~h bromine and methenolic Jithium methoxide. 10 

However, in OUT case substitution of i;romine in place of c" I-Lwin? as described above gave 

inferior realte. 

Hydxolysis of 6a-methoxyketenimine (VIIc) at pE 2.6 (T.E.F.: H20 (3O:l); H3P04) cleanly 

afforded the wet&do diester (VIIIo), hydrogenate4 in got: yield to the biologically active 

free acid (III(i)), identical tc materiai prepared by the &p.pr;ropriate side-chain acylation of 

benzyl 69-.:~no-6a-muthc~~- penicillenate 
11 

end subsequent hyd->genati.on. The 6a-nethoxy 

penicillin? (III(i); (ii)) ::howed mazh enhanced activity against a numbzl of Grem-negative 

p-lactamase prodwing orgaisms co?lpc:ed with their usubstitxted ene.loguos (III (iii);(iv)). 

Such an enhencaent caused 5y the 6+Eethoxy group ie v~usuc;L ir. penicillin?. 

6+l(etenitinee (8) rcey also vadere direct electroFhilic eunstitution at C-6. For 

example, keteatie (Vd) a?d retb:Jl cethanethioouiphxate (1 nolxr equivalent) in D.M.B. wre 

treated with enhydrous potassium: carbonate (1 molar equivaltct) at C', mcl thz tixture s5rred 
for forty-five mir.lltec. Chrc?natography on silica gave the &-xthyl%hio deril-ative (iX?)(2!,:: 

overall flom (IVd)), uza (CLiCl3) 2OlOcrn-'. b (‘=3) 1.37. l.LO (311, y, 2s), 2.44 (>H,;), 
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XH 
Pii-cx=C=N i 

It-' 

v (XVI)(i) X =e~filCIMe 

+ 

(ii) X =mH 

0 N/e 

02Me 

Ir.51 (IH,s), 5.22 (2H,s), 5.50 (lH,s). 7.0 - 7.8 (15H, complex). Rydralysio ill +he usu_l 

way gave the acetamido analogue (Xd), identical 60 material prepared by the o.&propriate side- 

chain acylation of beneyl Gp-.~ino-6a-met~~lthio penicillanate. 11 

Thus ketenimines have bean found to be useful intermediates in the 6-oubstitiition of 

penioillins possessing an acidic side-chain hydrogen as described above. In partial=, their 

we in 6cr-mcthoxylation of such compowds provides a complement to the procedure of Koppel 

et.293 

The authors would like to thank Dr. J.P. Clayton (B .P.Z.i).) and Dr. R. Ramege (University 

of Liverpool) for their e..cozrcgetc.ent of this work. 
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