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In order  to obtain penicil l ins,  capable of homo-  and copolymerizat ion,  we undertook the synthesis 
of a number  of unsaturated phenoxymethylpenicil l in der ivat ives  with an active vinyl group in the side acyl  
radical .  For  the synthesis  we employed acylaminophenoxyaeetic acids that contain the aeryloyl ,  meth-  
acry loyl  or crotonoyl  group. The acids were obtained by the alkylation of the cor responding  phenols [1] 
or  by the acylation of aminophenoxyacetic acids with the acid chlor ides  or the anhydrides of acry l ic ,  meth-  
ac ry l ic ,  and crotonic  acids [2]. For  the acylation of 6-aminopenici l lanic acid the unsaturated phenoxy- 
acetic acids were converted to the mixed anhydr idesby ~reatment with C1COOC2H 5 in the presence  of t r i -  
ethylamine.  The acylation was run in aqueous dioxane medium and the penicill ins were  isolated as the K 
sal ts  (Table 2). For  convenience of identification, in some cases  the penicill ins were converted to the 
methyl e s t e r s  by reac t ions  with CH2N~, or  they were  isolated as the acids (Table 1). 

The s t ruc ture  of the penicill ins was conf i rmed by the LR spec t ra :  1765-1770 cm -1 (PC = O of f i - lac tam 
ring),  1670-1680 cm -i (PC =O,  amide I), and 1610-1590 cm -1 (v C = C  of vinyl group and of benzene ring). 
A band at 1735 cm -1 (vC = O of ester)  was observed in the IR spectra  of the methyl e s t e r s .  

The synthesized penicillins are  active toward gram-pos i t ive  mic roo rgan i sms  and are  inactive to-  
ward gram-nega t ive  mic roo rgan i sms .  The values of the minimum concentrat ion,  which suppresses  the 
growth of microbes  (MSC), were determined by the method of s e r i e s  dilutions in meat  peptone bouillon at 
a microbe  charge  of 105 ce l l s /ml .  The value of the MSC against Staphylococcus aur.  209P depends on the 
position of the substituent in the benzene r ing  (see Table 1). The o-subst i tuted penicillin (II) proved to be 
the least  active,  while the m-subst i tu ted penicillin (IiD was the most  active. It should be mentioned that the 

TABLE i. 
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Unsaturated Acylaminophenoxymethylpenici l l ins cnm=cn,cNi~c,mocn,CNnCn-CtI cQ 
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H 

H 
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% Mp ,~ 

30,4 144--141 

34,0 143--t& 

17,0 76--77 
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p 254 

p 266 

p 278 

ra 254 

Found,N 

H N S 

~3 97 5,26 t0,32 7,54 

56 85 5,68 9,82 7,t7 

56 30 5,43 8,98 7,02 

56 80 6,05 9,40 6,87 

Empirical 
formula 

C19H21N,06S 

CgoH~sN3OsS 

C20H25N306S 

C~oH~NaO6S 

Calculated, ~176 ~.10~, "i 

l i3,. 
J 

54,40 5,t0110,01 7,64! 

I 
54,40 5,&0[ 9,347,16[ 9,76 

56,40 5,601 9,347,t61 5,37 

56,40 5,60 9,347,161 20,25 

* Determined on an SF-4A spectrophotometer. 
Chromatographed Ina tMn layer of KSK silica gel in the system: 14: 4.5: 4.5:5 n-butanol-ether-acetone-water. 
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TABLE 2. K Salts of Unsaturated Acylaminophenoxymethylpenici l-  
o S 

~ il / \ C H ~  
iIIs~CHRI=CR~CNHC6H4OCH~CNH--CH--CH C./ 

K salt of [ 
i 

I 

COrn- | 
pound [ 

(i) 
(H) 
(III) 
(iv) 
(v) 

(I)--(V) 

R~ R 2 ~omel 

H CHa m 
H % 

cm 

Mp , ~  

! 

Iodometric activ-] Value of MSC relative to 
Staphylococcus aur. ity, Pg/mg ] 209P, 

I ~g/ml 

229--23t 
200--20i 
21t--212 
2t9--220 
215--2t6 

1000 
1000 
1000 
t000 
980 

0,12 
0,50 
0,03--0,08 
0,25 
0,05--0,t0 

TABLE 3. Rate Constants of 
Inactivation of Unsaturated 
Acy laminophenoxymethylpeni-  
cil l ins and Inactivation by Peni -  
ci l l inase of Bacil lus l icheni-  
formis  749/c 

k. units/ml, rain 
[ Bacillus licheni- 

Compound p~250; formis 749/c] 
�9 - 2Ounits/ml; 

tl) 
(II) 

(III) 
(iv) 
(v) 

Phenoxy- 
meth]~Ipeni- 
cillin 

3,i5=0,1 
3,35=(),1 
3,05=0,t 
3,55=0,21 
3,85=0,21 

3,34-0,t 

37* ; pH 6.8 

i0,6+0,3 
i5,8+0,2 
8,45=0,4 

11,8+0,2 
6,1+_0,1 

i6,9_0,2 

nature of the unsaturated carboxyl ic  acid has little effect on the ac t iv -  
i ty .  The va lues  of the MSC for (I), (IV), and (V) are  close.  To check 
the effect of the unsaturated acylamino group on the acid res i s tance  
of the penicillins and their  sensit ivity to penicil l inase we studied the 
inactivation ra te  of the penicillins in acid medium, and also inacti-  
vation by the penicil l inase of Bacil lus l icheniformis 749/c (Table 3). 

F r o m  Table 3 it can be seen that the insert ion of an acylamino 
group is pract ical ly  without effect on the sensit ivity of the penicillins 
toward acids,  whereas  the sensit ivity toward penicill inase is notice-  
ably reduced for the penicill ins that have an unsaturated acylamino 
group in the m-  or  p-posit ion.  The only exception is (II), the rate  
constant for the inactivation of which by penicil l inase is near ly  the 
same as for phenoxymethylpenicill in,  although a g rea te r  res i s tance  
could be expected for this derivat ive due to the presence  of a sub- 
stituent in the o-posit ion.  The existence of additional interaction o r  of 
s ter ic  conformity in the formation of the enzyme-subs t ra te  complex during 
the inactivation of the antibiotic by the penicill inase canbe  assumed here.  

E X P E R I M E N T A L  M E T H O D  

Potass ium Salts of Penici l l ins.  To 0.01 mole of the unsaturated acylaminophenoxyacetic  acid in a 
mixture of 20 ml of dioxane and acetone was added 0.01 mole of t r ie thylamine,  the mixture was s t i r red  
for  30 rain, then 0.01 mole of C1COOC2H 5 in 10 ml of dioxane was added, the mixture was s t i r red  at 0-5 ~ 
for 1 h, af ter  which 0.075 mole of 6-aminopenici l lanic acid in a mixture of 15 ml of water  and 1 ml of t r i -  
ethylamine was added. The mixture was s t i r red  for 3 h, with a gradual  increase  in the t empera tu re  f rom 
0 to 10-15 ~ The react ion mixture was diluted w~th 30 ml of 1% NaHCO S solution, washed twice with 20 ml 
of e ther ,  and acidified with 1 N H2SO 4 solution to pH 2.0. The penicillin was extracted with 50 ml of ch loro-  
form,  the solution was washed twice with 15 ml of water ,  dried over  Na2SO 4, 6 ml of a 1.2 N butanol solu- 
tion of CHsCOOK was added, and with s t i r r ing  the whole was poured into 500 ml of absolute acetone. The 
precipi tated K salt  of the penicillin was separated on a fi l ter  and washed with acetone. The yield was 70- 
90%. 

Methyl Es t e r s  of Penici l l ins.  A solution of 0.005 mole of the K salt of the penicillin in 30 ml of water  
was acidified with 1 N H2SO 4 solution to pH 2.0 and then extracted with 25 ml of chloroform.  The solution 
was washed with water ,  dried over  anhydrous Na2SO 4, and fi l tered.  To the fi l trate was added 45 ml of 1 
N CH2N 2 solution in ether.  When the gas evolution had ceased the solvent was vacuum-dis t i l led,  while the 
res idue was rec rys ta l l i zed  f rom a 1 : 25 ethyl ace ta te- -pe t ro leum ether mixture.  The yield was 17-34%. 

The ra te  of inactivation in acid medium and by penicil l inase was studied as descr ibed in [3, 4]. 

C O N C L U S I O N S  

Some unsaturated acylaminophenoxymethylpenicil l ins and their  methyl  e s t e r s  were synthesized and 
charac te r ized .  The ant imicrobial  proper t ies  of these compounds and their  sensitivity toward penicill inase 
depend on the position of the unsaturated acylamino group in the benzene ring.  
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