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The reaction of triethylammonium benzylpenicillinate with ethyl chloroformate has provided a mixed anhydride which has 
served as the reactive intermediate for the preparation of a variety of carboxy derivatives of benzylpenicillin via a convenient . .  
and efficient procedure. 

With the exception of salts, relatively few car- 
boxy derivatives of benzylpenicillin have been re- 
ported. This apparent lack of interest can be at- 
tributed partly to the comparatively low order of 
antibacterial activity exhibited by the derivatives 
which are already known. The deficiency of suit- 
able methods for the preparation of other deriva- 
tives in good yield has also been a factor. 

Esters of benzylpenicillin have been prepared by 
treatment of the free acid with diazoalkanes,'O2 by 
the interaction of salts of benzylpenicillin with ac- 
tivated alkyl halides, 3,4 and by treatment of ben- 
zylpenicillin anhydride with alcohols.6 

Benzylpenicillinamide and its N-substituted de- 
rivatives have been obtained irom both the mixed6n7 
and symmetrical8 anhydrides of benzylpenicillin. 
Several of the mixed anhydrides have been de- 
scribed as stable crystalline  solid^.^ 

In this communication is described a simple and 
economical procedure which is applicable to the 
preparation of carboxy derivatives of benzylpeni- 
cillin in general. The reaction sequence can be 
represented by the equation 
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In general, the intermediate mixed anhydride 
was not isolated. However, by operating a t  low 
temperatures, it was obtained in a nearly pure 
condition as a colorless gum which decomposed 
slowly at  5'. 

Table I lists examples of various types of deriva- 
tives prepared. The reported yields were obtained 
with,a minimum of developmental work and do not 
necessarily represent optimum conditions. The 
simplicity and versatility of the method makes 
readily available the carboxy derivatives of benzyl- 
penicillin. 

The application of ethyl chloroformate to this 
problem was suggested by the recent disclosures of 
its use in peptide syntheses.lo-l2 
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Thus, a solution of triethykammonium benzylpeni- 
cillinate in methylene chloride was treated at 0' 
with ethyl chloroformate. After 30 minutes, the 
appropriate reagent (amine, alcohol, etc.) was added 
and the solution was allowed to warm to room tem- 
perature to complete the reaction. For the prepa- 
ration of esters, it was found necessary to add an 
equivalent of triethylamine with the alcohol. The 
triethylamine acts as a catalyst and also prevents 
the liberation of ethanol, which could complicate 
the reaction. 
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Experimental'3 
Benzylpenicillin Ethyl Carbonic Mixed Anhydride.-A 

solution of triethylammonium benzylpenicillinate (4.36 g., 
0.0100 mole) in 50 ml. of methylene chloride was treated a t  
0" with ethyl chloroformate (1.05 ml., 0.0110 mole). After 
storage at  0' for 30 minutes, the solution was washed with 
25 ml. of cold M potassium phosphate buffer of PH 7.3 and 
with two 25-ml. portions of cold water. The methylene 
chloride solution was dried over magnesium sulfate and con- 
centrated under reduced pressure at  0' to  a colorless oil. 
Traces of solvent were removed at  a pressure of 1-2 mm. to 
yield a colorless glass. The yield was 4.00 g. (98.5%), 
[ ~ ] * S D  in acetone +207" (c 1.02). 

Anal. Calcd. for C19H22Nz0~S: C, 56.14; H, 5.46. 
Found: C, 55.4; H, 5.35. 

The product was insoluble in water and the saturated 
hydrocarbons, but it dissolved readily in the other common 
organic solvents. A solution of 100 mg. of the mixed an- 
hydride in 10 ml. of acetone was added to 75 ml. of M po- 
tassium phosphate buffer of pH 7.3. The milky solution 
was diluted with water to a volume of 100 ml. and stored 
a t  room temperature for 4 hours, after which time only a 
faint turbidity remained. Biological assay of the solutioIi 
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performed by hl r .  Richard M. DoNning. 
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W W  indicated an activity of 1170 u./mg. which corresponded 

to  an 80% regeneration of benzylpenicillin. After storage 
for 48 hours a t  5 O ,  another sample of the anhydride was sub- 
jected to similar conditions with a 64% regeneration of 
penicillin activity. 

Benzy1penicillinamide.-A solution of triethylammonium 
benzylpenicillinate (4.36 g., 0.0100 mole) in 50 ml. of methyl- 
ene chloride was treated at 0' with ethyl chloroformate 
(1.05 ml., 0.0110 mole). After storage at  0" for 30 minutes, 
100 ml. of 15% diammonium phosphate solution was added, 
the ice-bath was removed, and the mixture was stirred vigor- 
ously for 3 hours. The layers were separated, 25 ml. of 
fresh 15% diammonium phosphate solution was added, 
and the two-phase system was chilled as 3 volumes of cyclo- 
hexane were added slowly. The benzylpenicillinamide 
trihydrate separated as colfrless needles. The yield was 
3.18 g. (82%), m.p. 63-64 . Recrystallization from ace- 
tonewater afforded colorless needles, m.p. 66.5-67.5' (re- 
ported m.p. 65'),63* [ C ~ ] * ~ D  in acetone f256" (c 1.07). Al- 
ternatively, the mixed anhydride was formed from the so- 
dium or potassium salts of benzylpenicillin by employing 
dimethylformamide or dimethylacetamide as solvents. 
Concentrated ammonium hydroxide was used as the am- 
monia source. and subseauent dilution with water Drovided 
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the amide in yields of 64:76%. 
N-Substituted Amides of Benzylpenicillin.-A methylene 

chloride solution of the mixed anhvdride (0.0100 mole). "c: 
w - 0  
8 %  
vv 
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prepared in the usual manner, was ireated with a solution 
of the amine (0.0110 mole) in 20 ml. of methylene chloride 
and the ice-bath was removed. The solution was stored 
for 3-4 hours and washed with 25 ml. portions of 5 %  phos- 
phoric acid, M potassium phosphate buffer of PH 7 .3 ,  and 
water. (For basic amides, the acid wash was replaced by 
water.) After drying over magnesium sulfate, the solution 
was concentrated under reduced pressure and the product 
was recrystallized from appropriate solvents. 

Esters of Benzylpenicillin.-To the methylene chloride 
solution of the mixed anhydride (0.0100 mole) a t  O0, was 
added a solution of the alcohol (0.0200 mole) and triethyl- 
amine (0.0100 mole) in 20 ml. of methylene chloride. The 
ice-bath was removed, and after storage for 3-4 hours, the 
product was worked up as for the amides. This same pro- 
cedure was used for esters of phenols, thiophenols or mer- 
captans. 
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