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We have p rev ious ly  shown that some  copo lymers  of N-vinylpyrro l idone  (VP) with (2 -methaery loxy-  
ethyl) t r i e t hy l amm on i um  halides that contain qua te rna ry  n i t rogen a toms in the side chain of the p o l y m e r  d is -  
p lay an t imicrob ta l  p r o p e r t i e s  [1]. The abil i ty of these  copo lymers  to inhibit the growth of some G r a m - p o s -  
itive b a c t e r i a  inc reased  as the num ber  of ammon ium groups in the p o l y m e r  chain inc reased  and depended 
only sl ightly on the mo lecu l a r  weight of the p o l y m e r s .  On the other  hand, with r e s p e c t  to l o w - m o l e c u l a r -  
weight ca t ion-ac t ive  de te rgents ,  it is known [2-4] that the ef fec t iveness  of the i r  an t imicrobia l  action depends 
to a cons iderable  degree  on the c h a r a c t e r  of the subst i tuent  at tached to the qua te rna ry  n i t rogen atom. In 
this connection, it s e e m e d  of in te res t  to a s c e r t a i n  the effect  of the nature  of the subst i tuent  a t tached to the 
n i t rogen a tom on the an t imicrob ia l  act iv i ty  of monomer i c  qua te rnary  ammon ium sa l t s  of aminoalkyl  e s t e r s  
of me thac ry l i c  acid and of the i r  homopo lymers  and copo lymers  with VP. 

With this end in mind,  we synthes ized  some new qua te rna ry  a m m o n i u m  sa l t s  of d ie thy laminoe th~  
me thac ry l a t e  (DEAEM)and 1 ,3-b i s (d imethylamino) i sopropyl  me thac ry la t e  (DMAIM)bya lky la t ionofDEAEM 
and DMAIM with alkyl hal ides of different  s t ruc tu re  (and a lso  with dimethyl  sulfate) and copo lymer ized  the 
resu l t ing  sa l t s  with VP. 

The amino e s t e r s  we re  a lkylated in a solvent  o r  without one, vary ing  the reagent  ra t io ,  reac t ion  t ime ,  
and reac t ion  t e m p e r a t u r e  as a function of the nature  of the alkylating agent.  To avoid po lymer iza t ion  of the 
m o n o m e r s ,  hydroquinone was added to the reac t ion  med ium as an inhibitor.  The p r o p e r t i e s  of the mono-  
mer i c  a m m o n i u m  sa l t s  obtained a re  p r e sen t ed  in Table 1. 

The IR s p e c t r a  of I -VI  contain absorp t ion  bands c h a r a c t e r i s t i c  for  methyl  and methylene groups (2880- 
2900 c m  -1) and for  a t e rmina l  methylene group (1630-1640 cm- l ) ,  the carbonyl  band of an e s t e r  group (1730 
cm- i ) ,  and the band of the valence v ibra t ions  of a C - O  bond (1165 cm- i ) .  The monomer s  obtained a re  so lu-  
ble in methanol ,  ethanol,  d ime thy l fo rmamide ,  and ch loroform.  Monomers  II,  III,  and V a re  only sl ightly so l -  
uble in wa te r ,  while I, IV, and VI a re  soluble in water .  

The copolymer iza t ion  of the am m on i um sa l t s  of DEAEM and DMAIM with VP was c a r r i e d  out in e tha-  
nol in the p r e sen ce  of azobis i sobutyroni t rUe  (AIBN) via the method p rev ious ly  descr ibed  in [1]. The c o m -  
posi t ion of the copo lymers  was calcula ted f r o m  the pe rcen tage  of ionic halogen, de te rmined  by a r g e n t o m e t -  
r ic  t i t ra t ion  with a TVL-1M t i t r a to r .  The copolymer iza t ion  conditions and the c h a r a c t e r i s t i c s  of some  of 
the copo lymers  a re  p r e sen t ed  in Table 2. 

As seen  f r o m  Table  2, the copo lymer iza t ion  of all of the invest igated qua te rna ry  ammon ium sal ts  with 
VP p roceeds  rap id ly  and gives high yields of p o l y m e r s ;  an inc rease  in the f rac t ion  of qua te rna ry  a m m o n i u m  
sal t  in the s ta r t ing  mix ture  of monomers  is accompanied  by a dec rease  in the intr insic  v i scos i ty  of the co-  
p o l y m e r s .  This phenomenon,  which was p rev ious ly  detected in a study of the copolymer tza t ion  of DEAEM 
ethohalides with VP [1], is due to the t h e r m a l  decomposi t ion  of the qua te rna ry  ammonium groups of the m o -  
n o m e r s  and copo lymers  in the course  of the po lymer iza t ion .  The resu l t ing  alkyl hal ides ,  the p r e s e n c e  of 
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TABLE 1. Ammonium Salts of DEAEM and DMAIM 

OHz=C -C-OOHzOHT-a~I'(OTI-I~} z 1R.X - -  ~" XOHz-a~(OI-I~)7.1~X II OI '~=O-O-O -OH + _ 
o 

Corn- [ 

pound 1 R 

I CsH~CH, , 

I I C I ~H2~ 

Ill CIeH33 

IV C~H~ 

V C~H~CH 

VI CH3 

CI 

I 

I 

I 

I 

CH 2SO 4 

32[ 159--159,5 

65[ 76--7 

56[ 84--5 

931 202--3 

981 168,5--170 

981 172--3 

Halogen 
[ound, % 

10,78; 
11,10 
25,25; 
25,22; 
23,28; 
23,41 
48,11; 
48,40 
39,55; 
39, I0 

Empirical 
formula 

[ 
C17Hs6ClNOz 

Cs2H ,siN02 

C2eHsslNO2 

C15H821sNsOz 

C~H361sNuO~ 

CI.~H ~NsOloS,~* 
i 

[ ~ Bromine No. 

11,3! 51,5 I 51,4 
!25,0{ 30,7 .31,4 

23,71 29,7 29,4 

48,3C 30,6 30,4 

39,20 24,6 24;6 

34,1 34,4 

*Found,  %: S 13.76; 13.34. Calculated,  %: S 13.72. 

TABLE 2. Copolymer iza t ion  of VP (M1) with 
Qua te rna ry  Ammonium Salts of DEAEM and 
DMAIM (M2) at  70~ 

M~ 

o,~ 
E 

[ ~  dl/g I~ 

startin~ mix r 
ture oVmono4,~- 

' ' I ~ R  

70 30 0,3 1 9195 35 0,3 30 82 
40 0,3 35 

95 ~ 03 10 175 
80 2 0,3 10 71 

80 20 0,3 I0 68 
20 0,5 12 :4 
40 0,3 l0 

80 ~ 0,5 40 156 
60 0,3 17 [57 

! 

0,55 . 
0,50 
0,27 
0,12 

16,6 
18,4 
24,2 
32,l 

II 0,55 5,0 
0,36* 18,4 

0,32 17,3 
IV 0,21 16,9 

0,27 30,1 

V 0,25* 14,2 
0,30* 34,2 

* In d imethy l fo rmamide  at 25~ 

which in the reac t ion  mixture  is conf i rmed by qual i ta-  
t ive reac t ions ,  pa r t i c ipa te  in cha in - t r ans f e r  reac t ions ;  
this also leads  to a dec rea se  in the molecu la r  weight 
of the copolymer .  It  is apparent ly  for  this r e a s o n  that 
we were  unable to obtain po lymer s  with suff icient ly high 
molecu la r  weights in the homopolymer iza t ton  of DEAE M 
and DMAIM sal ts .  Such homopo lymers  were  obtained by 
known alkylat ton reac t ions  in the chains of poly-DEAEM 
and poly-DMAIM [5, 6]. The s t ruc tu re s  of the synthe-  
s ized  eopo lymers  we re  conf i rmed by a rgen tome t r i c  t i -  
t ra t ion  and by the i r  LR spec t r a ,  in which absorpt ion 
bands at 1710-1730 and 1170 cm - l ,  cor responding to the 
v ibra t ions  of the e s t e r  group, 2880-2900 c m  -1, cha r -  
ac t e r i s t t c  for  methyl and methylene groups ,  and 1650- 
1660 cm -1, cor responding  to the valence vibra t ions  of 
the carbonyl  group of the pyrro l idone  r ing,  a r e  ob- 
served .  The copo lymers  of VP with monomers  II, III, 
and V p roved  to be wa te r - so lub le  when they contained 
no more  than 10 mole go of the sa l t s ,  while the r e m a i n -  
ing copo tymers  we re  wa te r - so lub le  when any pe r cen t -  
age of a m m o n i u m  sa l t s  was p resen t .  Aqueous solutions 
of the p o l y m e r i c  qua te rnary  ammon ium sal ts  have neu-  

t r a l p H  values.  Strongly bas ic  po lymer i c  hydra tes  of ammon ium oxide can be obtained when the halide ions 
a re  exchanged by hydroxyl ions on I~D1~-10P anion-exchange res in .  

The an t imicrobia l  ac t iv i ty  of the compounds obtained was de te rmined  by s e r i a l  cul tures  with a Staph- 
ylococcus aureus  209P mic robe  culture.  The r e su l t s  of the microbiologica l  t e s t s  a re  p re sen ted  in Table 3. 
It is seen  f r o m  Table 3 that  the m onom er s  differ  marked ly  f r o m  one another  with r e spec t  to act ivi ty  as r e -  
gards  Staphylococcus aureus  209P. While monomer  VII has low act ivi ty,  monomer s  II and III,  on the other  
hand, display c l ea r ly  e x p r e s s e d  an t imicrobia l  p rope r t i e s .  The ant tmierobta l  act iv i ty  of the monomer  in- 
c r e a s e s  with the introduction of a second ammonium group and also with the introduction of benzyl and long 
al iphatie  groups  and r eaches  a m a x i m u m  in compounds with te t radecyl  and cetyl groups.  This is in good 
ag reemen t  with the genera l  r egu la r i t i e s  known for  l ow-molecu la r -we igh t  qua te rna ry  ammonium sa l t s  [3, 
7]. The data in Table 3 a t tes t  to the fact  that the p o l y m e r s  have a p p r e c i a b l e  an t imicrobta l  action. As in 
the case  of DEAEM ethohaltdes [1], more  act ive copo lymers  and homopolymers  were  obtained f r o m  low- 
act ivi ty  monomer s  IV, V, and VI. The s ame  dependence of the ef fec t iveness  of the an t imicrobia l  action on 
the c h a r a c t e r  of the group at tached to the ni t rogen a tom as was obse rved  in the monomers  is re ta ined  in 
the p o l y m e r s :  eopo lymers  containing benzyl (Nos. 4 and 5 as compared  with Nos. 2 and 3) and, pa r t i cu -  

a48 



TABLE 3. Antimicrobtal  Activi ty of Am -  
monium Salts of DEAEM and DMAIM and 
of Their  Homopolymers  and Copolymers  
with VP (with respec t  to Staphylococcus 
aureus 209P) 

E 
0 

d~ 

10 000 
Vil ~ [1] 

I 1 37 
II 0,03 

III 0,3 

IV 300 
V 300 

VI 000 

Copolymers with VP 

No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

9,8 
15,6 
20,3 
16,6 
32,1 
5, 

18,4 
8,7 

22,4 
100 
100 
21,5 

0,64 
0,64 
0,58 
0,55 
0,12 
0,55 
0,36 
0,55 
0,42 
0,46 
0,85 
0,6 

1 000 
760 
160 
37 
8 
18 
9 
18 
37 
15 
31 

100 

IMBC is the minimum bacter ios ta t ic  con- 
centration.  
2The s t ruc tura l  formula  of this compound is 

CHa 
I + 

CH~ ~- C -- C -- OCH~CH2 -- N (C2H~)3 Y-. 

O 

lar ly ,  te t radecyl  0gos. 6 and 7 as compared  with Nos. 
1 and 3) groups are  the most  active. With respec t  to 
the s t rength  of their  effect, the la t ter  are  not infer ior  
to the homopolymers  when the ammonium group con- 
tent in them is 5 mole % or  19 wt. % (MBC of No. 6 
MBC of No. 10). However, this dependence for  the poly-  
mers  is never theless  expressed  less  noticeably than in 
the monomers .  The pecul iar i ty  of the polymer ic  qua- 
t e rna ry  ammonium sal ts ,  in which, as it were ,  the ef-  
fects of the s t ruc ture  of the link are  equalized and the 
antimicrobial  action is caused by the entire mac romol -  
ecule as a whole, is apparently a resu l t  of this. 

The resul ts  have shown that by using active (with 
respec t  to Gram-posi t ive  microbes)  monomers  I-IV, 
one can obtain copolymers  of them with VP (with any 
composit ion whatsoever) that have considerable bac-  
ter ios ta t ic  action. Of these, the most  interest ing are  
copolymers  with a small  percentage of quaternary  am-  
monium groups (up to 20 mole %), which have proved to 
be compounds of low toxicity [1]. It might be expected 
that such water -so luble  copolymers  may be used as 
p o l y m e r - c a r r i e r s  of medicinal substances of the an-  
ionic type. 

The authors are  deeply thankful to M. A. Korsh-  
unov and V. S. Mikhlin for  providing us with the s t a r t -  
ing aminoalkyl e s t e r s  of methacryl ic  acid and to N. S. 
Redi and T. A. Zinchenko, who investigated the anti-  
microbia l  proper t ies  of the monomers  and polymers .  

E X P E R I M E N T A L  

(2-Methacryloxyethyl)diethylbenzylammonium Chloride (I). A mixture of 25 g of DEAEM, 0.3 g of 
hydroquinone, and 26 g of benzyl chloride was heated at 140-150 ~ for 8 h, af ter  which it was cooled and 
poured with s t i r r ing  into 250 ml of diethyl ether.  The precipi ta ted powdery product  was separa ted  on a fil-  
te r ,  washed with ether ,  and dried in vacuo. Repeated reprecipi ta t ion f rom methanol into ether  gave 13.8 g 
(32%) of I. 

Similar ly,  10 g of DEAEM and 21.2 g of te t radecyl  iodide [8] gave 18.2 g (66%) of (2-methaeryloxy-  
e thyl)diethyl te t radecylammonium iodide (II), while 10 g of DEAEM and 22.8 g of cetyl iodide [8] gave 16.3 g 
(56%) of (2-methacryloxyethyl)diethylhexadecyl  ammonium iodide (Ill3. 

1 ,3-Bis(dimethylethylammonium)isopropyl  Methacrylate Iodide (IV). A mixture of 10 g of DMAIM, 72 
g of ethyl iodide, and 0.1 g of hydroquinone was heated at 60 ~ for  40 min. The mixture was then cooled and 
poured into 100 ml of dry  acetone to give 25.5 g (86.5%) of IV. 

1,3-Bis(dimethylbenzylammonium)isopropyl  Methacrylate Iodide (V). A 5 g sample of DMAIM and 0.1 
g of hydroquinone were  mixed with 10 ml of methanol and 12.2 g of benzyl iodide. After  20 min, the cooled 
mixture was poured into 200 ml of diethyl e ther  to give 13.5 g (77%) of V. 

! ,3 -Bis ( t r imethylammonium)isopropyl  Methacrylate Methosulfate (VI): A mixture of 12 g of DMAIM, 
42 g of dimethyl sulfate, 0.15 g of hydroqulnone, and 40 ml of ethanol was heated at 80 ~ for 6 h, after  which 
the cooled mixture was poured into 200 ml of diethyl e ther  to give 19.2 g (73%) of VI. 

The copolymerizat ion of monomers  I-VI with VP was accomplished by the method previously  de- 
scr ibed  in [1]. The homopolymers  of monomers  IV and V were  obtained via the method in [5, 6]. 

For  proof  of the formation of alkyl halides during the polymerizat ion,  VP was copolymerized with IV, 
the volatile components were  removed f r o m  the polymer iza te  by distillation, and halogen was detected in 
the distillate by a qualitative Beilstein test .  
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