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It was suggested that butadion and indomethacin, the de- 
rivatives of anthranilic acid, are capable of competitively in- 
teracting with receptors or enzymatic systems involved in the 
synthesis, deposition, or release of histamine and serotonin 
from their depots in tissues. This conclusion was based on the 
fact that the distance between the carboxy or enolic group and 
the second reaction center (hydroxy or amino group) in mole- 
cules of these antiinflammatory drugs (having an acid charac- 
ter) falls within 0 .455 -0 .480  nm for anthranilic acid and 
0.584 - 0.667 nm for indomethacin, which corresponds to the 
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distances between nitrogen atoms in the molecules of hista- 
mine (0.455 nm) and serotonin (0.580 run) [1]. 

Recently, the class of registered antiinflammatory drugs 
was extended to include amizon or l-methyl-4- (benzylami- 
nocarbonyl)pyridinium iodide [2]. A significant antiinflam- 
matory activity was also reported for some other arylamides 
of isonicotinic and nicotinic acids. The structure of the latter 
derivatives resembles that of serotonin. The nitrogen atom 
entering into the amide group of amizon may play the role of 
a weakly basic nitrogen atom of serotonin, while the nitrogen 
atom of the pyridine cycle of amizon may perform the func- 
tion of a primary amino group. 

T A B L E  1. Physicochemical Properties and Antiinflammatory Activity of Pyridinecarboxylic Amides 

x e 

R ' - - b ~  

C O N H R  

C O N H R  Dose, Edema 
Compound position R R' X M.p., ~ mg/kg  inhibition, % 

I (Amizon)  4 PhCH 2 CH 3 [ 178 - 179 (A) 54.5 50.6 + 3.4 

II 3 PhCH2 CH 3 1 1 6 2 -  163 (B) 44.0 34.2 + 4.0 

111 4 PhCH 2 C2H 5 I 1 5 2 -  163 (B) 26.3 34.3 + 3.5 

IV 4 PhCH 2 CH2CH=CHC6H 5 Br 163 - 164 (B) 81.2 28.6 +_ 1.3 

V 4 PhCH 2 O - 169 - 170 (C) 37.8 20.7 + 4.2 

VI 3 PhCH 2 O - 161 - 162 (C) 42.2 18.6 _+ 3.7 

VII 4 PhCH 2 - - 83 - 8 5  (B) 31.3 38.1 + 3.6 

VIII 3 PhCH 2 - - 73 - 74 (B) 51.5 30.9 + 3.0 

IX 4 Ph H CI 223 - 2 2 5  (B) 98.0 18.5 _+ 2.1 

X 3 Ph H CI I 19 - 120 (B) 54.0 17.7 + 4.4 

XI 4 C H 2 C H = C H  2 H C1 1 4 0 -  141 (B) 30.5 39.8 + 5.5 

XII 3 CH2CH=CH 2 H CI 1 2 6 -  127 (B) 56.0 41.4 _+ 3.6 

XIII 4 C H z C H = C H  2 CH 3 I 6 4 -  65 (B) 106.0 36.4 _+ 2.7 

XIV 4 CH2CH=CH 2 O - 36 - 3 7  (B) 83.0 28.6 +_ 1.2 

XV 4 CH2CH=CH 2 CH2CH=CH 2 Br  158 - 160 (D) 39.5 29.0 _+ 4.2 

Note. Solvents: (A) isopropyl alcohol; (B) ethanol - acetone; (C) acetone; (D) ethanol - benzene. 
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The dis tance  be tween  ni t rogen a toms o f  the pyridine r ing 

and amide  group in isonicot inic  amides  amoun t s  to 0.583 nm,  

which  is precisely the dis tance  be tween  the co r respond ing  ni- 

t rogen a toms  in serotonin.  In nicot inic  acid amides ,  this dis- 

tance (with an a l lowance  for the  poss ible  rota t ion about  the 

bond  be tween  ca rbon  a toms  o f  the ca rbonyl  group and pyri-  

dine residue)  varies  wi th in  0 . 4 3 7 - 0 . 5 0 5  rim. A compar i son  

o f  the s t ructures  o f  pyr id ineca rboxy l i c  a ry lamide  der ivat ives  

and  sero tonin  a l lows  us to conc lude  that  there is a qual i ta t ive  

re la t ionship  be tween  the an t i in f la rnmatory  act ivi ty o f  these  

c o m p o u n d s  and  thei r  s tructure.  

Ary l amides  o f  pyr id inecarboxyl ic  acids are synthes ized  

by  condensa t ion  o f  pyr id inecarboxyl ic  anhydr ide  or N-ox ide  

wi th  the co r re spond ing  amines  in the presence  o f  t r ie thy-  

lamine,  wh ich  is ach ieved  by  p ro longed  hea t ing  in anhydrous  

benzene.  Heat ing  o f  the resul t ing  pyr idine  bases  with alkyl 

hal ides leads to the co r respond ing  tert iary salts. 

The  proposed s t ructures  o f  the syn thes ized  c o m p o u n d s  

are conf i rmed  by  IR spect roscopic  data, and  thei r  pur i ty  is 

ver i f ied by  th in- layer  c h r o m a t o g r a p h y  on Si lufol  plates  

eluted wi th  the mixtures  n - b u t a n o l - 5 %  a m m o n i a - a c e t i c  

a c i d - w a t e r  (6 :  I : 1 : 2) or e thanol  - 2 5 %  a m m o n i a  (10 : 1). 

As  is seen f rom the data  p resen ted  in Tab les  1 and  2, all 

the isonicot in ic  a ry lamides  s tudied  suppress  the d e v e l o p m e n t  

o f  kao l in - induced  edema  to a grea ter  extent  as c o m p a r e d  to 

the co r r e spond ing  isomers  (cf. I vs. II, V vs. VI,  VII  vs. VII I , .  

IX vs. X).  A s igni f icant  role be longs  to the bas ic i ty  o f  bo th  

n i t rogen a toms.  Ter t iary  salts are more  ef fec t ive  as c o m p a r e d  

to the initial pyr id ine  bases  (I vs. VII,  II vs. X).  C o n v e r s i o n  o f  

the pyr id ine  bases  into N-oxides  marked ly  decreased  the ant i -  

TABLE 2. Physicochemical Properties and Antiinflammatory Activity of Pyridinecarboxylic Arylamides 

R ~ - -  N Q  
~t~ ~ C -  CON HC6H4R2 

X @ 

Pyridine 
Compound position R I R 2 X M.p., *C Dose, Edema 

substituted mg / kg inhibition, % 

XVI 4 H 2-OCH 3 CI 210-212 (C) 72.0 22.6+ 1.9 

XVII 3 H 2-OCH 3 CI 188 - 190 (E) I 15.0 32.3 + 1.9 

XVIII 4 O 2-OCH 3 - 184- 185 (F) 58.5 8.6 -+ 2.5 

XIX 3 O 2-OCH 3 - 140- 142 (D) 105.8 32.3 + 6.8 

X.X 4 H 3-OCH 3 CI 232 - 234 (C) 44.0 30.8 + 1.9 

XXI 3 H 3-OCH 3 CI 185 - 187 (E) 200 40.1 + 5.2 

XXll 4 O 3-OCH3 - 238 - 239 (F) 54.5 8.0 + 3.9 

XXIII 3 O 3-OCH3 - 155 - 157 (F) 53.0 26.9 +- 3.8 

XXIV 4 H 4-OCH 3 C1 244 - 245 (C) 51.0 33.8 + 1.8 

XXV 3 H 4-OCH 3 CI 188 - 189 (D) 49.5 39.6 + 5.2 

XXVI 4 O 4-OCH 3 - 238 - 240 (F) 53.0 38.7 -+ 6.2 

XXVII 3 O 4-OCH 3 - 195 - 196 (F) 52.0 39.9 _+ 5.1 

XXVIII 4 H 2-COOCH 3 CI 194 - 195 (E) 38.2 18.6 + 4.3 

XXIX 3 H 2-COOCH 3 CI 168 - 169 (E) 69.5 4.3 + 2.5 

XXX 4 O 2-COOCH 3 - 181 - 183 (F) 65.0 37.2 _+ 4.7 

XXXI 3 O 2-COOCH 3 - 179 - 180 (F) 84.0 36.6 -+ 1.8 

XXXII 3 H 3-COOCH 3 CI 243 -245  (F) 76.0 27.2 + 5.3 

XXXIII 4 O 3-COOCH 3 - 205 - 206 (F) 200 21.8 + 5. I 

XXXIV 3 O 3-COOCH 3 - 220-221 (F) 98.0 35.0_+3.8 

XXXV 4 H 4-COOCH 3 CI 238 -240  (F) 113 36.8 + 3.3 

XXXVI 3 H 4-COOCH 3 CI 178- 180 (G) 67.5 30.5 _+ 2.9 

XXXVII 4 H 4-COOC2H 5 CI 144- 145 (F) 128 15.8 + 6.5 

XXXVIII 3 H 4-COOC2H 5 CI 110 - 112 (G) 160 33.3 _+ 2.9 

XXXIX 4 O 4-COOCH 3 - 249 -250  (H) 200 32.0 -+ 5.7 

XJ- 3 O 4-COOCH 3 - 178 - 180 (E) 76.0 10.6 _+ 5.0 

XLI 4 O 4-COOC2H 5 - 246 - 247 (C) 139.5 3 I. 1 + 2.6 

XLII 3 O 4-COOC2H 5 - 210-212(I)  200 44.6+_2.2 

Note. Solvents: (C) acetone; (D) ethanol- benzene; (E) ethanol; (F) water; (G) ethanol -water; (H) DMF; (I) chloroform. 
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inflammatory activity (V vs. VII, VI vs. VIII). An increase in 
the size of substituent at the pyridine nitrogen atom in the ter- 
tiary salts also reduces the activity (I, Ill vs. IV). Substituting 
benzyl for the phenyl group leads to some increase in the 
electron density on the amide nitrogen atom, which may ac- 
count for a significant increase in the protective action as 
compared to that of  lower homologs (VII vs. IX, VIII vs. X). 

The level of  activity remains virtually unchanged on the 
passage from benzyl- to allylamides (VII and XI, VIII and 
XII). However, quaternized benzylamides exhibit a higher 
antiinflammatory activity (I vs. XIII, IV vs. XlV). 

The introduction of  polar substituents into the phenyl 
residue of pyridinecarboxylic arylamides noticeably compli- 
cates the structure - activity relationship. 

In the series of  methoxy derivatives, a higher activity is 
observed for the nicotinic amides. The change from pyridine 
bases to N-oxides leads to a decrease in activity of the ortho 
and meta derivatives, while not affecting the level of  activity 
in the para isomers. 

The series of  methoxycarbonyl derivatives also exhibits a 
lower activity of  the ortho isomers (XXVIII and XXIX) as 
compared to meta (XXXII) and para (XXXCVand XXXVI) 
derivatives. We may suggest that interaction with the receptor 
is weakened by the existence of an intramolecular hydrogen 
bond in the ortho derivatives. The formation of the intra- 
molecular hydrogen bond can be judged by the IR spectra, 
where the absorption bands due to bending vibrations of  NH 
groups in the ortho isomers is shifted by 1 0 -  15 cm - t  to- 
ward longer wavelengths as compared to the corresponding 
bands in the IR spectra of  the meta isomers. 

-co-7  
H O- "~/ 

I 
Me 

However, this suggestion is not confirmed by the data for 
N- oxides (XXX vs. XXXI, XXXIII vs. XXXIV, XXXVII vs. 
XXXVIII). 

Note that the level of  activity of  all the compounds stud- 
ied is significantly lower compared to that of amizon (com- 
pound I) and only in a few cases approaches the activity of 
the pyridine base (compound VII). 

EXPERIMENTAL C HEMIC AL PART 

The UV and IR spectra were recorded on the Specord and 
UR-20 spectrophotometers, respectively. The UV spectra ex- 
hibit the absorption bands at 2 6 6 - 2 8 0  and 206-220  nm. 
The IR spectra measured in KBr disks show the following 

peaks (Vma x, cm-I ) :  1705 (CO stretching in carboalkoxy 

groups), 1670- 1690 (amide I), 1540- 1550 (NH bending). 
In the spectra of the ortho substituents, the latter band is dis- 
placed by 1 0 -  15 cm-I  toward longer wavelengths. In addi- 
tion, there is absorption at 3400 - 3500 cm - t attributed to in- 
termolecular association due to the hydrogen bond formation. 

Synthesis of arylamides of pyridinecarboxylic acids 
and their N-oxides. A mixture of  0.1 mole of a pyridinecar- 
boxylic acid (or the corresponding N-oxide) and 30 ml 
thionyl chloride was boiled for 2 h, after which the excess 
thionyl chloride was distilled off  in vacuum. The residue was 
triply purified by adding 10 ml anhydrous benzene and re- 
moving it by distillation in vacuum. Then the residue was 
mixed with 50ml of anhydrous benzene and 20.2g 
(0.2 mole) of triethylamine. To this suspension was added, 
with cooling to 5~ and stirring, 0.1 mole of the correspond- 
ing amine and the mixture was heated for 10 h. Finally, the 
reaction mixture was filtered, the filtrate evaporated, and the 
residue crystallized. Characteristics of  the synthesized com- 
pounds are listed in Tables 1 and 2. 

S y n t h e s i s  of tertiary salts. A mixture of 0.01 mole pyri- 
dine base, 0.012 mole alkyl halide, and 100 ml anhydrous 
ether was boiled for 4 h and cooled on ice. The precipitate 
was filtered and crystallized. The properties of  compounds 
are listed in Tables 1 and 2. 

EXPERIMENTAL BIOLOGICAL PART 

The antiinflammatory activity of the synthesized com- 
pounds was studied on mongrel rats with a model of  edema 
induced by subplantar injections of 0.1 ml of  a 10% kaolin 
suspension. Each compound was studied in a group of 7 ani- 
mals injected intraperitoneally at a dose of 0.1 LDs0 30 min 
before kaolin introduction. The edema volume was deter- 
mined plethysmometrically [3] in the peak of the inflamma- 
tion reaction (4 h after kaolin injection). The antiinflamma- 
tory activity was characterized by the percentage edema inhi- 
bition [4]. The experimental data are presented in Tables 1 
and 2. 
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