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The bnsc~-cat:tlyzed co1idens:ttion of numerous isocyanates, isothiocyanates, and cyclic anhydrides with ~i-aininopenicillanic 
:Lcitl(II) hiis t,eeri carried out. The .Y-substituted 6-aminopenicillanic acid derivatives thus obtained are described. 

The availability of 6-aminopenicillanic acid 
(6-APA) (11) in quantity from fermentation pro- 
cedures' has made possible the synthesis of many 
new a i d  varied penicillins not amenable to pro- 
duction hy direct biosynthetic methods .?~~ I n  a 
previous communication4 we have reported a series 
of new partially synthetic penicillins prepared 
from 6-aminopenicillanic acid and a-aryloxyal- 
kanoic acids, one of which, potassium a-phenoxy- 
ethylpenicillin (Syncillin) has been shown to have 
c*onsiderable therapeutic value.5 

I t  has now been determined, as shown i n  Fig. 1, 
that kiminopenicillanic acid (11) reacts readily 
i l l  dim~thylforniamidc or methylrnr chloride, and 
iii the presence of :in cx(:css of' triethylamine, with 

I11 

I h c t i o n s  of A-aniinopenicillanic acid with isocya- Fig. 1 .  
nates and isothiocyanates 

isocyanates and isothiocyanates (I) to give tri- 
ethylammonium 6-(substituted ureido)- and 6- 
(substituted thioureido)penicillanates (111) .6 

These compounds, which are described in Tablr 
I, were isolated as crystalline triethylammonium 
salts in yields varying from 28 to 91%. KO attempts 
have been made to determine the conditions neces- 
sary for optimum yields. 

The compounds described in Table I1 have been 
prepared by base-catalyzed condensations of 6- 
aminopenicillanic acid with a variety of cyclic 
anhydrides, as illustrated in Fig. 2 ,  where phthalic 
anhydride I S  taken as an example. 

9 

Fig. 2. Reactions of 6-aminopenicillanic acid with cyclic 
anhydrides 
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These compounds have also been isolated as 
crystalline ti-iethylammonium salts. It is note- 
worthy that the compounds of Table 11, although 
they possess two carboxyl groups, crystallized as 
monotriethylammonium salts even when the re- 
action was carried out in the presence of a large 
excess of the organic base. The part of the molecule 
carrying the triethylammonium cation mas ascribed 
to the carboxyl group of the 6-aminopenicillanic 
acid moiety due to its strong acidic character. 

An examination of the infrared spectra (potas- 
sium bromide) of the compounds of Tables I and 
I1 showed a strong absorption at 5.57-5.65 p,  
indicating that the p-lactam ring of 6-aminopeni- 
cillanic acid had been preserved through these 
transformations. The presence of this four- 
mrmhered lactam ring in these reaction products 
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R 
Yield, Dec.b 

X % Method Point Formula 
Calcd., % Found, yo 
C H  c €I 

_ ~ _ _ _  ___- 

50 
60 
37 
61 
74 
61 
64 
82 
74 
72 
28 
22 
67 
65 
53 
91 
42 
86 

A 
-4 A 

B 
A 
A 
B 
B 
A 
13 
A 
A 
B 
A 
A 
A 
B 
B 

11'3-121 
166-1 68 
168-1 7 1 
186-1 8!3 
162-165 
136-137 
2 15-2 18 
179-181 
140-141 
192-195 
180-182 
148-150 
158-160 
173-175 

173-175 
152-154 
130-132 

154-157 

49.4 
52.5 
5'3.8 
53 .8  
54.6 
52.8 
55.4 
58 .8  
51.6 
56 .8  
57 .7  
58.0 
58.9 
53.4 
53.6 
56 .4  
56 .5  
00.0 

7.65 
8 .42  
8.40 
8 87 
8.68 
8 .48  
9 .49  
9 .47  
7 .69  
8.88 
7 .25  
7.5!) 
7 .74  
6 .85  
6.94 
7.21 
7.54 
8.04 

a Cyclohexyl. All decomposition points are uncorrected. The decomposition point refers to the t cmperature a t  which 
complete decomposition, with evolution of gases, occurred. I n  many cases shrinking and darkening started many degrees 
below the complete decomposition point. The compound crystallized from isopropyl alcohol as a monoisopropylate; a 
strong -OH band \%-as evident in the infrared. 

was further demonstrated by the quantitative 
hydroxylamine assay for penicillins.' 

The 6-aminopenicillanic acid derivatives listed 
in Tables I and 11 show a low order of activity 
against microorganisms that are sensitive to 
penicillin G. However, some of these compounds 
are active against penicillin G-resistant bacteria. 
The antimicrobial action of these compounds will 
be reported in detail elsewhere. 

EXPERIMEKTAL 

Isocyanates and isothiocyanates ( I ) .  Isopropyl, fert-butyl, 
lJ1,3,3-tetramethylbuty1, cyclohexyl, and 1-phenylethyl 
isocyanates mere prepared by the base-catalyzed cleavage of 
the corresponding carbamates as reported by  Bortnick and 
co-workers.8 The remainder of the isocyanates and isothio- 
cyanates were obtained from commercial sources. 

Method A .  Trielhylammonium 6-( n-buty1ureido)penicil- 
lunate. The following example illustrates the general method. 
A stirred suspension of 21.6 g. (0.1 mole) of 6-aminopenicil- 
lanic acid (11) in 75 ml. of dimethylformamide was cooled 
to 0-5" and 50 ml. (0.36 mole) of triethylamine was added in 
one portion. With continued cooling and stirring there was 
added a solution of 9.9 g. (0.1 mole) of n-butyl isocyanate in 
75 ml. of dimethylformamide; the temperature was kept 
below 5'. The mixture was stirred for 15 min. at 0-5" and 
then for 3 hr. a t  room temperature. The yellow solution was 
filtered through Supc.r-Cel to remove a small amount of in- 
soluble material and was then diluted nearly to the cloud- 

( 7 )  J. €I. Ford, Anal. Chem., 19, 1004 (1947). 
(8 )  N Bortnick, L. S. Luskin. M. D. Hurwitz, and A TV. 

Rytina, J .  din. Clwn.  SOC., 78, 4358 (1956). 

point with anhydrous ether. Scratching and cooling produced 
a heavy, crystalline precipitate, rh i ch  was collected by 
filtration, xashed with anhydrous ether, and dried in vacuo 
over phosphorous pentoxide. Yield: 30.8 g. (74Tc) of tri- 
ethylammonium 6-(n-butylureido)penicillanate. The de- 
composition point and analysis are reported in Table I. 
In  this case, as in the majority, the compound mas analyti- 
cally pure as isolated and no further purification was needed. 
In  the few instances where purification was necess:try the 
compounds were recrystallized from dimethylformamide- 
ether or isopropanol. 

Method B. Trieth ylantmonium 6-(isopropylureido)penicil- 
lunate. A suspension of 21.6 g. (0.10 mole) of 6-aminopenicil- 
lanic acid (11) in 200 ml. of methylene chloride and 30 ml. 
(0.22 mole) of triet,hylamine was stirred for 1 hr. at 25' and 
the solution was filtered to remove traces of insoluble ma- 
terial. To the stirred filtrate there was added dropwise a 
solution of 8.5 g. (0.10 mole) of isopropyl isocyanate in 30 
ml. of methylene chloride. Shortly after completion of the 
addition a crystalline solid began to form. After 1 hr. at 25' 
t,he product was collected, washed in turn with methylene 
chloride and anhydrous ether, and dried as in Method A. 
The yield was 24.6 g. (61 70). See Table I for the analysis and 
decomposition point. 

Anhydrides. Diphenic anhydride mas prepared as outlined 
by Roberts and J o h n ~ o n . ~  All the other anhydrides were ob- 
tained from commercial sources. 

Triethylammoniunl 6-(2-carboxybenzamido)per~icillanate. 
The example given below is representative of the reaction 
between 6-aminopenicillanic acid and cyclic anhydrides. 1 
mixture of 21.6 g. (0.1 mole) of 6-aminopenicillanic acid (1 1) 
in 00 ml. of dimethylformamide and 42 ml. (0.3 mole) of 
triethylamine was stirred for 1 hr. at 0-5". A #ohition of 14.8 
g. (0.1 mole) of phthalic anhydride in 80 111l. of dimcthJ.1- 

(9) R. C. Roberts and T. B. Johnson, J .  Am. CheTii. Soc. 
47, I?JW (1925). 
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TABLE I1 
N-ACYLATION OF 6-A~lfIXOPEWICILLANIC ACID WITH CYCLIC h H Y D R 1 D F . S  

11 
Yield, D a b  

% Point Formula 
Calcd., To Found, 5;- - 

C H c H 

53 149-150 C~ZH&JO~S 56 0 7 07 55 8 8 03 
LOJ r 

90 150-1 53 CWHJ~N~O~S 54 3 7 27 54 5 7 10 

30 149-150 C Y Z H J ~ ~ ~ ~ ~ S  56 3 7 51 55 7 67 
L0.H 

4 02 

u 
70 200-202 Ci6HisKz?rTz0;SC 42 0 3 52 41 8 

78 147-148 C Z ~ H ~ ~ N ~ O B S  56 7 6 73 56 4 G G8 

& 20 76-79 C ~ Z H ~ O N ~ O K S  51.3 5 93 51 8 6 20 
LO I 1  \ 

1 

65 80-92 C~ZH~~I~S&~S 31 4 3 95 31 3 4 56 '$KO I 1 I 4  

54 100-104 GeHsiNjOsS 62.2 6.52 62 .3  6 .46  x 1 COZIT 

Although another position isomer is possible, the structure of this derivative was assigned by analogy with the r e d t s  
obtained by Alexander and McElvain when they studied the reaction of 3-nitrophthslic anhydride with amines [J. W. Alex- 
ander and S. &I. McElvain, J .  Am. Chent. Soc., 60, 2285 (1938)j. The triethylammonium salt 
of this compound could not be purified; i t  was thus converted into its dipotassium salt by cation interchange mith potassium 
2-ethylhexanoate. As an example of this procedure see the preparation of disodium 6-(2-carboxybenasmido)penicillanate in 
the Experimental section. 

See footnote c of Table I. 

formamide was then added dropwise at a rate which kept the 
temprrature below 10'. The ice bath was removed and the 
mixture was stirred for 3.5 hr. at 25'. The yellow solution 
was filtered through Super-Cel and then diluted with 600 nil. 
of anhydrous ethrr. The precipitated oil slowly crystallized 
on prolonged cooling, scratching, and the addition of fresh 
ether. Yield: 36 g. (78yo). An analysis sample %-as slurried 
with acetonv. See Table I1 for decomposition point and 
analysis. 

The majority of the products from 6-aminopenicillanic 
acid and cyclic anhydrides crystallized directly upon addi- 
lion of ether to the reaction medium. 

Disodium fi-(d-carbo~?llbenzamido)penicillanate. The above 
procedure was repeated on the same scale, and after preci- 
pitation of the oily product the ether was decanted. The oil 
was dissolved in 100 ml. of water, layered with 100 ml. of 
ethyl acetate, chilled and neutralized to pH 2 with 40% sul- 
furic acid. Aftrr  extraction the aqueous phase was extracted 
again with ethyl acetate and the combined extracts were 
washrd t w i w  with \vator arid dried for 30 min. over anhy- 

drous sodium sulfate. The dried ethyl acetate solution vas  
treated with 73 ml. (0.22 mole) of a 50yo solution of sodium 
2-ethylhexanoate in n-butyl alcohol. After 1 hr. a t  25" the 
product was collected by filtration, washed with acctone and 
dried in uaciio over phosphorus pentoxide. Yield: 24 g. 
(57%). .4n analysis sample was recrystallized by dissolving 
it in a mixture of n-butyl alcohol and water and removing tho 
water azeotropically under reduced pressure; the sample had 
a decomposition point of 232-233". 

Anal. Calcd. for C16H14Xa~N20eS: C, 46 0; H, 3.38. Found: 
C, 46.0; H, 3.76. 
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