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The current interest ln synthesizing B-lactam antibiotics which are substituted ln the 

position a to the B-lactam carbonyl has been prompted by two events First, Stromlnger and 

Tipper have suggested that 6-methyl penlcllllns and 7-methyl cephalosporins should have enhanced 

antimicrobial activity', and second, certain naturally occurring 7-methoxy cephalosporins have 

been found to possess unique antlmlcroblal propertleszy3 Considerable effort has been directed 

toward the alkylatlon and methoxylatlon of this p~~ltlon~'~'~'~'~'~, and recently, two groups 

have successfully obtained 6-methyl pemcllllns and 'I-methyl cephalosporins"'". Using a simi- 

lar procedure (activation by an appropriate Schlff base), we have also synthesized these methyl 

compounds as well as a number of other alkyl and acyl denvatlves". In addltlon, this proce- 

dure has led to the successful synthesis of S-alkyl and 0-alkyl derivatives which we would like 

to report at this time. 

The Schlff bases, Ia and IIa and b, were prepared in good yield by stirring the 6-APA, 7-ACA, 

and 7-ADCA tnchloroethyl esters with p-nltrobenzaldehyde in absolute ethanol for 30 min at room 

temperature. In a typical synthesis of the S-methyl derivatives, 5 mmole of Ia dissolved in 

DMF was added to a 5 mnole solution of lithium dilsopropyl amide at -7B", forming the deep blue 

anion. After 5 to 10 mln, 10 mmoles of methoxycarbonylmethyl dlsulflde'3 in DMF was added and 

the reaction was gradually warmed to room temperature to give a quantitative yield of the S-methy 

Schlff base, Ib. 

The conversion of the Schlff base to the free amine was effected in good yield by treatment 

with Glrards "T" reagent In aqueous DMF The free amine was then acylated in the standard 

fashion to give the desired amide (IIIa,b) in about 25% overall yield following chromatography. 

For IIIa. nmr (CDC13) 6; 1.51 (s, 6, -CH3), 2.28 (s, 3, -SCH3)-, 4.57 (d, 2, -CH2), 4 79 (d, 2, 

-CH2), 5 67 (s, 1, C5-H), 6.87-7 52 (m, 5, phenyl and NH), lr, mass spec, and elemental analysis 

gave proper values Support for the a addition of the S-methyl group 1s analogous with the 

alkylatlon reactions in which addition to the anion was found to occur exclusively at the a-face 
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due to steric control". 

No. 4 

In the same manner as described for IIa,b above, derivatives in the 'I-ACA and 7-ADCA 

series were also preoared (IVa,b,c,d). Cleavage of the trichloroethyl esters to give the free 

acids was carried out in the usual manner with zinc and formic acid. Test results on a variety 

of different organisms showed these S-methyl compounds to have very low antlmicroblal activity. 

Despite their low activity, the S-methyl compounds were useful intermediates in the synthe- 

sis of the more rnteresting alkoxy derivatives14 As a typical example, 1 mmole of IIIa in 

methylene chloride was cooled to -78" , and 1 mnole of chlorine in methylene chloride was added. 

4fter 5 min, 1 mnole of trlethylamine in a solution of methanol was added. The desired methoxy 

compound, IIIc, was obtained in 65% yield following chromatography. For IIc nmr (CDC13) 6 

1 55 (s, 6, -CH3), 3 56 (s, 3, -DCH3), 4.60 (s, 2, -CH2), 4 82 (s, 2, -CH2), 5.68 (s, 1, C5-H), 

6.82-7 66 (m, 5, phenyl and NH), ir, mass spec, and elemental analysis gave proper values. 

The mechanism of the reaction apparently involves initial selective formation of the 

chlorosulfonium chloride V, which may be followed by elimination to give acylimine VI BaldwIn 

has shown that such acylimines readily undergo nucleophilic attack by alcoholic solvents to give 

the alkoxy derivatives". Only one C6-methoxy isomer was obtained, and support for a-addition 

is found in the analogous alkylation reactions, which are stencally specific and yield only the 

o-substituted compounds" The a-configuration is further substantiated by the antimicrobial 

activity discussed below 

Cleavaqe of the trichloroethyl ester of 111~ to give the free acid was readily accomplished 

with zinc formic acid The methoxy derivatives (from IIIc, IVe,f) obtalned in this manner 

were tested against a variety of organisms and were found to be much more active than either 

the corresponding methyl or S-methyl compounds. Using the same procedure, other alkoxy deriva- 

tives(from IIId,e) could also be prepared, but a rapid drop in activity occurred as the size 

of the alkoxy group increased Further investigations in this area are underway 

a P,=H 

b R,=CH3S- 

pN02-C6H4CH=N .R, 

hfS\ 

C02CH2CC13 

II 

a* R,=H, R2=H 

b R,=H, R2=AcO- 

C R,=CH3S-, R2=H 

d R,=CH3S-, R2=AcO- 
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CH2R2 

C02CH2CCl3 

IV 

a R,= CH3S-, R3= PhOCH2- a R,= CH3S-, R2= H, R3= CH3- 

b R,= CH3S-, R3= PhCt12- b R,= CH3S-, R2= H; R3= PhOCH2- 

C R,= CH30- R3= PhOCH2- C R,= CH3S-, R2= H, R3= 1' 1 
-7 

H2- 

d R,= CH3CH20-, R3= PhOCH2- d R,= CH3S-, R2= AcO-,R3= k& 
CH2- 

e R,= (cH~)~cHo-, R3= PhOCH2- e R,= CH30-, R2= H R3= PhOCH2- 

f R,= CH30-, 

CH2 
cl- 

C', ,CH3 
f 

REFERENCES 

1 J L. Strominger and D. J. Tipper, Amer. J. Med , 39_, 708 (1965). 

2 R NagaraJan, L 0 Boeck, M. Gorman, R. L Hamill, C E thg ens, M. M Hoehn, W M 
Stark, and J G. Whitney, J. Amer. Chem. Sk., _, 93 2308 (19713. 

- 

3 E. 0 Stapley, D Hendlin, S Herngndez, M. Jackson, J. M Mata, A K. Miller, H B 
Woodruff, T. W. Miller, R. T Goegelman, R. G. Weston, I. Putter, F. 3 Wolf, G Albers- 
Schonberg, B. H. Anson, and J L Smith, Program and Abstracts of the Eleventh Intersci. 
Conf on Antimicrob Ag Chemother , Atlantic Cfty, N J., 1971. abstract 15, p 8 

4 R Reiner and P Zeller, Helu. &em. A&U, 2, 1905 (1968) 

5. G. V Kaiser, C. W Ashbrook, and J. E. Baldwin, J. Amer. Chem. Sot., 93_, 2342 (1971). 

6. J. P Clayton, J H. C. Nayler, R. Southgate, and P. TolIlday, Chem. Conmncn., 590 (1971) 

7. M. R Bell, R Oesterlin, S. D Clemans. and J A Carlson, Abstracts of Papers, XXIII 
IUPAC Conqress. Boston, 1971, paper 178, p. 74. 

8. S Karady, S H Pines, L M Weinstock, F E Roberts, G S. Brenner, A M Hoinowskr, 
T Y. Cheng, and M Sletzinger, J Amer. Chem. Sot., 2, 1408 (1972). 

9 L. 0. Cama, W J Leanza, T. R Beattie, and 6. G Christensen, J Amer. Chem. Sot., 94, 
1408 (1972) 

- 

IO. E H W. Bohme, H E. Applegate, B Toeplitz, J. E Dolfini. and J Z. Gougoutas. J Amer. 
Chem Sot , g, 4324 (1971). 



276 No. 4 

11. R. A. Firestone, N. Schelechow, D. 8. R. Johnston, and B. G. Christensen, Tetruhedron Lett 
375 (1972). 

12. W. A. Spftrer, T. Goodson, R. J. Smithey, and I. 6. Wright, Chem. Commm.,1138 (1972). 

13. 6. Zumach and E. Kuhle, Angew. Own. Intern&. Edzt., 9, 64 (1970). 
= 

14. 6-Methoxy penicillins and 7-methoxy cephalosporfns have prevfously been synthesized by 
workers at Merck'. 

15. J. E. Baldwin, et. uZ., and G. A. Koppel, et. aZ., manuscripts in process. 

Acknowledgement: Appreciation is expressed to Drs. S. Kukolja and J E. Baldwin for useful 

discussions durfng the course of this work. 


