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P H Y S I O L O G I C A L L Y  A C T I V E  S U B S T A N C E S  

S. I .  K o t e n k o  UDC 615.276.012.1 

The p r e s e n t  c o m m u n i c a t i o n  g ives  the r e su l t s  of the syn thes i s  and study of p o l y m e r i c  phys io log ica l ly  
ac t ive  compounds  with a p r i m a r i l y  ant iphlogis t ic  act ion.  These  compounds  were  obtained by the copoly-  
m e r i z a t i o n  with m e t h a c r y l i c  acid o - c a r b o x y p h e n y l a m i d e  of  m o n o m e r s  d e s c r i b e d  in the l i t e r a t u r e  [1] and 
a l so  of the m o n o m e r s  (III) which we have syn the s i zed  for  the f i r s t  t ime by the r e a c t i o n  be tween m e t h a c r y l y l  
ch lor ide  (I) and an amino compound (II) by the r eac t i on  
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The m o n o m e r s  obtained for  the f i r s t  t ime  a re  g iven  in Table  1. ~' 

The s t r u c t u r e  of the m o n o m e r s  was  shown by the r e su l t s  of e l e m e n t a r y  ana lys i s  and by IR s p e c t r o -  
scopy .  As an example ,  Fig.  1 g ives  the IR s p e c t r a  of 4 - a m i n o a n t i p y r i n e  and the N - m e t h a c r y l y l - 4 - a m i n o -  
an t ipyr ine  obtained f r o m  it .  It can be seen  f r o m  Fig.  1 tha t  the absorp t ion  bands c h a r a c t e r i s t i c  fo r  a f r ee  
amino g roup  at 1125, 1175, 1240, 3335, and 3440 cm -1 have d i s a p p e a r e d  in the s p e c t r u m  of the m o n o m e r  
and bands  have appea red  in i t  which a re  c h a r a c t e r i s t i c  fo r  a n o n a r o m a t i c  double bond (940 cm-1), t oge the r  
with bands  c h a r a c t e r i s t i c  fo r  subs t i tu ted  a m i d e s - 1 5 2 0 ,  1680, and 3270 cm -i [2]. 

The m o n o m e r s  obtained were  sub jec ted  to r ad ica l  p o l y m e r i z a t i o n  with the o - e a r b o x y p h e n y l a m i d e  of 
m e t h a c r y l i c  ac id .  The l a t t e r ,  in the f o r m  of the sod ium sal t ,  i m p a r t s  wa te r - so lub le  p r o p e r t i e s  and a def i .  
nite an t iph log is t ic  ac t iv i ty  to the c o p o l y m e r .  

T A B L E  1. M o n o m e r s  (III) 

[Melting 
I point (~ 

Found (in %) Calculated (in%) R ~ Empirical I 

C [ H N formula C ] H N 

2,3-(CHa)2C6H a 115 76.54 7.99 7.56 C12HxsNO 76.19 7.93 7.40 
76.38 8,02 7.42 

I 
3,4-(CHs)~C6Ha 100 76,427.907"457.287"38 C12HlaNO 76.19 7.93 7,40 

76,69 

2,5-(CHa)~C~Ha 88 76,14 
76,48 

66,71 
66,55 

7.71 7.41 Cl~H15NO 
7.95 7,40 

5.485.79 15.10 CI~Hi~N302 

76.19 7.93 

66.421 5.53 Anfipyrin-4-yl 183--184 

7.40 

15.89 
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Fig. 1. IR s pec t r a  of 4 -aminoant ipyr ine  (a) and of N-meth- 
ac ry ly l -  4-aminoant ipy  rine (b). 

It has been found that  the pheny lmethac ry lamides  containing carboxy,  ethoxy, and methoxy groups  in 
the a roma t i c  nucleus a re  highly active in copolymer iza t ion  reac t ions ,  as they are  in po lymer iza t ion  r e a c -  
tions [3]. Xylidine de r iva t ives  p roved  to be very  unreact ive  in po lymer iza t ion  reac t ions ,  but they take 
pa r t  compara t ive ly  readi ly  in copolymer iza t ion  reac t ions ,  and the yie lds  of copo lymers  a re  sa t i s f ac to ry .  
The reac t iv i ty  of a xylidine der iva t ive  as m onomer  is affected by the posi t ion of the methyl  r es idues :  the 
fu r the r  away they are  f r o m  the amino group the higher it is ,  which is obviously due to s t e r i c  f ac to r s  [4, 5]. 

The composi t ions  of the copo lymers  af ter  careful  pur i f icat ion (three reprec ip i ta t ions  with diethyl 
e ther  f rom solutions in ethanol,  acetone,  or d imethyl formamide)  were  es tabl i shed by e l emen ta ry  analys is ,  
I1R spec t roscopy ,  and acid number .  

The copo lymers  are  given in Table 2o 

It can be seen  f rom Table 2 that  in some cases  the acid number  is h igher  than calculated for the given 
e l e m e n t a r y  unit (for example ,  for  copo lymers  containing xylidine res idues) .  This is explained by the 
higher reac t iv i ty  of the o -ca rboxypheay lamide  of me thac ry l i c  acid in this react ion.  For  example ,  the co-  
po lymer iza t ion  constants  ri and r 2 for  the copolymer  of o--carboxyphenylamide and the 2 ,3-d imethylphenyl -  
amide of m e t h a c r y l i c  acid a re ,  r e spec t ive ly ,  0.85 and 0.15. 

Neve r the l e s s ,  the eopo lymers  containing res idues  of anisidine or phenetidine have acid numbers  
close to those calculated for the given e l emen ta ry  unit, which is also conf i rmed by the copolymer iza t ion  
constants .  For  example ,  for  the copo lymer  of the p - e t h o x y -  and o -ca rboxypheny lamides  of me thac ry l i c  
acid r 1 and r2 a re ,  r e spec t ive ly ,  0.76 and 0.46. 

As an example ,  Fig. 2 gives  the llR s pec t r a  of the 2, 3 -d imethylphenylamide  and the o-carboxyphenyl -  
amide of me thac ry l i c  acid and the i r  copo lymer .  The bands at 700-770 cm -1 due to the a roma t i c  ring and 
the amide bond are  p r e s e n t  in the s p e c t r a  of both the m o n o m e r s  and the i r  copo lymer ,  but the bands in the 
800-1000 cm -1 region c h a r a c t e r i s t i c  for a nonaromat ic  double bond [2] a re  absent  f rom the copolymer ,  
which is explained by the convers ion  of the m o n o m e r s  into the copolymer .  

The molecu la r  weights of the copo lymers  obtained were  de te rmined  o s m o m e t r i c a l l y  in ethanolic 
solut ions [5-7], the i r  mean  value being 30 ,000-40,000.  It mus t  be mentioned that in our work we a t tempted 
to obtain copo lymer s  with a low m o l e c u l a r  weight so as to min imize  the r i s k  of prec ip i ta t ion  within the o r -  
gan i sm.  Expe r imen t s  c a r r i e d  out in v i t ro  have  shown that the sodium sal ts  of the copo lymers  obtained pass  
through biological  m e m b r a n e s .  

Biological  studies c a r r i ed  out on white mice  and ra t s  have shown the compara t ive ly  low toxici ty of 
the copo lymers ,  which have a definite antiphlogist ic  activity.  Thus, the sodium sa l t  of the eopolymer  of 
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TABLE 2. Copolymers of the o-Carboxyphenylamide of Methacrylic�9 
Acid with Other N-Sdbstituted Methacrylamides 

CHs CHa 

--CH z-  C--CH~-- C-- 

4 CO 

NHR NHC~H 3OOH = 2 n 

2,3-(CHa)=C6Hs 

3,4-(CHa)~C6H 3 

2,5"(CH~)~C6H3 

Anfipyrin -4-yl 

4-C2H~OC~Ha 

4-CHzOC6H a 

2-CHaOC~H ~ 

2-C~H~CC~Ha 

Yield of copolymers(% with time 
~ l  after I afte~ 
~ , ~  3h t4h 

30 

32 

39 

48 

53 

60 

45 

67 

after ! after 
5h 6h 

55 

58 

54 

60 

68 

68 

61 

87 

64 78 

69 79 

81 90 

85 93 

80 87 

79 81 

74 78 

91 93 

81 

84 

92 

97 

90 

88 

87 

95 

83 

92 

95 

95 

93 

94 

97 

150 

147 

142 

120 

132 

135 

150 

130 

Emprical * 
formula ~ o 

6,85 
7,03 
6,91 
6,87 
7,14 
7,28 

II,58 
11,43 
6,41 
6,70 
6,94 
7,09 
7,31 
7,21 
6,80 
6,73 

(C~aHz~N~O4)n 

(C2aH26NzO4)n 

(C~aHzsN204)n 

(C26H2sNiOs)n 

(C2sH25N2Os)n 

(C~2H~aNzO~)n 

(C~aH 24N~Os)n 

(C2aH2~N2Os)n 

7,12 

7,12 

7,12 

11,78 

6,83 

7,07 

7,07 

6,83 

a 

c 

I i T 

I000 ..~ 800 70O,:m -1 

Fig. 2. IR spec t ra  
of the o-carboxydi -  
phenylamide and the 
2,3-  dimethylphenyl- 
amide of methacry l ic  
acid (b, c) and their  
copolymer (a). 

the 2, 3-dimethylphenylamide and o-carboxyphenylamide of methacry l ic  acid, on 
intraperi toneal  administrat ion at LDs0 720 mg/kg, suppresses  an in f l ammato rypro -  
cess by 68% 4 h after administrat ion and by 52% after  24 h, while the sodium salt 
of the copolymer of N-methacryly l -4-aminoant ipyr ine  and of methac~rylic acid 
o-carboxydiphenylamide at LDs0 2300 mg/kg  suppresses  inflammation by 317o 
after  4 h. Under analogous conditions, widely used antiphlogistic preparat ions  
suppress  the inf lammatory process  by 20-40%. 

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

Met.hacrylic Acid o-Carboxydiphenylamide (III, R = C6H4COOH-o) [4]. A 
solution of 0.1 mole of o-aminobenzoic  acid in 100 ml of ch loroform was t r ea t ed  
with 0.2 mole of t r ie thylamine and, with i ce -wa te r  cooling, 0.1 mole of methacryly l  
chloride was added dropwise.  The react ion mixture was s t i r red  at room t emper -  
ature for  about 2 h and was left overnight.  After this, a 0.1 N solution of hydro-  
chloric  acid was added with s t i r r ing  to pH 5.0-4.0, and the ch loroform layer  was 
separated off and evaporated in vacuum. The residue was rec rys ta l l i zed  f rom di- 
lute ethanol. Yield about15 g (75~), mp 170~ Found, 7O: N6.65, 6.72. CllHIINO 3. 
Calculated, 7o: N 6.80. 

The Anisidides, Phenetidides, and Xylidides of Methacryl ic  Acid [III, R = 
CH3OC6H 4, C2H4OC6H 4, and (CH~)2C6H3]. A solution of 0.1 mole of the appropriate 
amino compound (o- or p-anisidine,  o -  or  p-phenetidine, or 2,3-,  3 , 4 - ,  or 2, 5- 
xylidine) in 100 ml of chloroform was t reated with a solution of 5.6 g of caust ic  
potash in 100 ml of water  and 0.5 g of sodium oleate, and with vigorous s t i r r ing  
at 0~ a solution of 0.1 mole of methacrylyl  chloride [1] in 100 ml of chloroform 
was added. The react ion mixture was left for half an hour,  and the chloroform 

layer  was separated off, dried with anhydrous sodium sulfate, and evaporated in vacuum at a gentle heat.  
The residue was rec rys ta l l i zed  f rom aqueous ethanol. Yield 80-90%. 

N-Methacrylyl -4-aminoant ipyr ine .  A solution of 20.3 g of 4-aminoantipyrine in 100 ml of anhydrous 
acetone was t rea ted  with 11 g of triethylarnine and, with i c e - s a l t  cooling and vigorous s t i r r ing ,  10.4 g of 
methacryly l  chloride in 50 ml of anhydrous acetone was added dropwise.  The react ion mixture was s t i r red  
for 1 h, and the precipi ta te  of t r ie thylamine hydrochloride that formed was f i l tered off. The residue on 
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the f i l t e r  was washed with acetone (3 x20 ml).  The f i l t ra te  was evapora ted  in vacuum, and the res idue was 
r ec ry s t a l l i z ed  f r o m  benzene or  xylene~ Yield about 20 g (74%). 

Copolymer iza t ion  of the Monomers .  This was ca r r i ed  out under  s tandard  conditions: mo la r  rat io of 
the m o n o m e r s  1 : 1 ,  solvent  d ime thy l fo rmamide ,  ini t ia tor  azobutyroni t r i le  (1%), t e m p e r a t u r e  80~ in 
sealed tubes.  

The kinet ics  of the copolymer iza t ion  was de te rmined  g r av ime t r i c a l l y ,  and the constants  r i and r 2 by 
the method of Mayo and Lewis (differential  method) [8]. The sodium sa l t s  of the copolymers  were  obtained 
by neutra l iz ing the i r  ethanolic solutions with ethanolic caust ic  potash af ter  de termining the i r  acid numbers .  

1. 

2. 

3o 

4. 

5~ 
6. 
7. 

8. 
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