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The UV, IR, and PMR spec t ra  of a number  of m -  and p-substituted~-N-(benzylideneamino)- 
pyridinium iodides confirm the s t ruc ture  of hydrazonium compounds proposed for them 
previously .  On the basis  of physicochemical  data, a hypothesis has been put forward of 
the part icipation of the pyridinium ring in an in t ramolecular  interaction of the conjugation 
type. C h a r g e - t r a n s f e r  bands are  observed in the UV spect ra  of some of these compounds.  

The products  of the condensation of carbonyl  compounds with N-aminopyridinium iodide are r e p r e -  
sentat ives of a l i t t le-studied hydrazonium se r i e s .  They were f i r s t  descr ibed as recent ly  as 1967 [2, 3J. 

We have investigated the IR, UV, and PMR spec t ra  of a number  of benzylideneaminopyridinium 
iodides (Table 1), and a descr ipt ion of their  spec t ra l  cha rac te r i s t i c s  is given below. 

PMR Spect ra .  In the P]VIR spec t ra  (solutions in DMSO) the doublet of the ~ protons of the pyridine 
ring and the signal of a proton on a C = N ,  not infrequently superposed on this doublet, are found in weak 
fields (Table 2). The tr iplets  of the 9/ proton and the/3 protons of the pyridine ring and, par t icular ly ,  of 
the phenyl rad ica l  are located in a s t ronger  field. 

The centers  of the t r iplets  of the 9/ proton (8.70 ppm) and of the/3 protons (8.30 ppm), as compared  
with those of substituted pyridines,  are  shifted downfield because of salt  format ion.  The signal of the azo-  
methine proton is shifted downfield on the introduction of e lec t ron-accept ing  substituents into the benzene 
ring,  while the pyridine protons experience this effect feebly. 

We have pe r fo rmed  a rough cor re la t ion  of the chemical  shifts of the ce, fl, and ~/ protons of the 
pyridine ring and of the proton on the azomethine bond with Hammet t ' s  polar  ff constants of the m and p 
substituents in the benzene par t  of the molecule .  F r o m  the values of p it may be considered that a sub- 
sti tuent in the benzene ring exer t s  the g rea tes t  influence on the screening of the azomethine proton (p = 
0.36), while, as was to be expected, the protons of the pyridine ring are insensitive (p = 0.14, 0.08, and 
0.17 for the ~, /3, and 3/ protons,  respect ively) .  However, apparently, the ring nitrogen atom, which 
bears  a positive charge,  is never theless  capable to some extent of t ransmit t ing the e lect ronic  effect  of a 
substituent.  

IR Spectra .  For  each of the benzylidene derivat ives ,  four bands are observed in the ~1600 cm -I and 
1587-1565 cm -I regions ,  and a shoulder  at - '1450 cm -I on the 1480-1470 cm -I band that is cha rac te r i s t i c  
for the pyridinium cation.  A band with a frequency of 1620 cm -I was assigned to the YC=N vibrat ions.  In 
this region, N-aminopyridinium iodide has a broad absorption band (1610-1630 cm -I) of the deformation 
vibrations of an NH 2 group,  In this case,  the charac te r i s t i c  band of the pyridinium ion again appears c l e a r -  

"ly in the 1375-1380 cm -a region.  The somewhat  low ~C=N frequency, as compared  with the azomethines,  
can be explained by the accepting influence of the qua ternary  nitrogen atom. 

The IR spec t rum of each of the benzylidene derivat ives  has a medium-intens i ty  band of an "aldehyde" 
-I + CH group in the 1310-1290 cm region.  So far  as concerns  the vibrations of the N - N  bond,  these may 

be expected to be more  cha rac te r i s t i c  than those for  an N - N  bond. A medium-intens i ty  band at 1152-1145 
cm -I poss ib ly  belongs to these.  
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TABLE I 

Compound 

I 
II 

III 
IV 
V 

VI 
VII 

VIII 
IX 
X 

XI 
XII 

CI~--N=C HC6H,R 
I 

I m p ,  *(3 . 

H 162--163 
p-CH3 139--140 b 
m-CH3 I 110--111,5 c 
p-(CHa)2CH I 157--158,5 
p-(CH2)2N ' 216 
p-Br 1 204--204,~ 
m-Cl i 173--174 u 
m-HO 152--153 
p-NO2 242 
m-NO2 197--198,5 
p-CHaO 184--185 e 
m-CHaO 139--141 f 

Literature data, mp. *C a 

159--1604 

138~1394 
206--2074, 2162 
197--1984 

99~1004 
213--2144, 242 ~ 
188--189 a, 191--1932 

a A p p a r e n t l y ,  the low v a l u e s  of the m e l t i n g  po in ts  g iven  in the l i t e r a -  
tu re  [3, 4] a re  due to the p r e s e n c e  of i m p u r i t i e s  d i f f i cu l t  to s e p a r a t e .  

bFound ,  %: C 48.2; H 4.0; N 8.6. Ci3HI3IN 2. C a l c u l a t e d ,  ~c: C 48.2;  
H 4.0; N 8.6. CFound, %: C 48.2; H 4.0; N 8.7. CI3HI3IN 2. C a l c u -  
la ted ,  %: C 4 8 2 ;  H 4.0; N 8.6.  dFound,%: C 41.8;  H 2.9;  N 8.1. 
CI2HIoCIIN 2. Ca lcu la t ed ,  %: C 41.8; H 2.9; N 8.1. e F o u n d ,  %: C 
45.8;  H 3.8; N 8.3. C12HI3IN20. Ca lcu la t ed ,  %: C 45.9;  H 3.8; N 8.2. 
fFound ,  %: C 45.8; H 3.8; N 8.3. Ci3HIaIN20. Calculated,~c:  C 45.9;  
H 3.8; N 8.2. 

TABLE 2. C h e m i c a l  Shifts  (5,  ppm) 

Doublet of Triplet of Triplet of Comp. Phenyl protons a protons y protons B protons 

I 9.30 9,37 9.26 8.88 8.70 8.65 
II 9,40 9,45 9.37 = 8,90 8.70 8.55 

III 9,33 9,43 9,30 8,85 8.70 8,60 
I \  9,45 9,52 9.42 8,90 8.80 8,65 
V 8,92 9,30 9,20 9,70 8,60 8,45 

VI 9,35 9.40 9,32 8,82 8.72 8,60 
VII 9,46 9,35 9.46 8.86 8,72 8,58 

VIII 9.30 9,92 9.40 8,85 8,72 8.60 
IX 9.62 9,62 9,49 8,90 8,80 
X 9,62 9,47 9,40 8,86 

(center) 
XI 9,38 9,43 9,32 8,83 8,70 &58 

XII 9,40 9,45 9,37 8,85 8,70 8.57 

XIII -- 9,80 9,65 8,76 
(center) 

8,55 8,37 8.25 8,02 7,95 7,93 7,70 7,58 
8,40 8,25 8.I5 7,93 7,82 7,84 7,35 
8,42 8.30 8.15 782 7,75 7,56 7,47 
8.48 8.35 825 &ll 7,95 7,62 7,47 
8,30 8,20 8,07 7,87 7,73 6.93 6,79 
8.4(~ 8.30 8 20 8,08 7,92 7.89 7.74 
8,40 8,30 8.15 7.98(center) 7,74 (center) 
8,40 8,30 8.18 7,48 7,39 7,1E(center) 
8,70 8,60 8,70 8,58 8,48 8,37 

8,66 8,42 8,32 8,20 8,03 7,92 7,75 
(center) 

8,40 8.30 8,07 7,92 7,26 7,10 
8.36 8.27 8,15 7,60 7,52 7.35 

(center) 
8,52 8,40 8,20 

UV S p e c t r a .  Many i n v e s t i g a t i o n s  have been devoted to the UV s p e c t r a  of N - a m i n o p y r i d i n i u m  iodides ,  
s ince  they a r e  a c o n v e n i e n t  sub jec t  for the s tudy of c h a r g e - t r a n s f e r  c o m p l e x e s .  We have found that  the 
m a j o r i t y  of the N - ( b e n z y l i d e n e a m i n o ) p y r i d i n i u m  iodides  s tud ied  a r e  c h a r a c t e r i z e d  in e thano l i e  so lu t ion  by 
two bands  (215-220 and 255-305 nm) bu t  they  s o m e t i m e s  have ano the r  long-wave  band of low in t ens i t y  
which may  be a s s i g n e d  to charge  t r a n s f e r  [for example ,  at 345 n m  in (VIII)] (Table  3). 

G e n e r a l l y  [5], b a n d s  at  300-400 n m  in a l k y l p y r i d i n i u m  iodides  a re  exp la ined  by the fo rma t ion  of 
c h a r g e - t r a n s f e r  c o m p l e x e s ,  but  Tandon et  a l .  [6] have a s c r i b e d  to it  p r e f e r e n t i a l l y  the s h o r t e s t - w a v e  band  
at  220 n m ,  a l though th is  conc lu s ion  a p p e a r s  doubtful .  F o r  compounds  of this  type,  the appea rance  of two 
c h a r g e - t r a n s f e r  bands  may  be expected ,  a l though the s h o r t - w a v e  p a r t  is m a s k e d  by o ther  bands .  A b s o r p -  
t ion in the long-wave  UV reg ion  of the s p e c t r u m  does not  a lways appear ,  e i t h e r  [7]. The two c h a r g e -  
t r a n s f e r  bands  were  i n i t i a l l y  [5] a s c r i b e d  to the f o r ma t i on  of an iodine a tom in the 2pi/2 or  2p3/2 s ta te  in 
the exc i t a t ion  of p y r i d i n i u m  iodide Py+ I -  ~ Py �9 I ", but  l a t e r  this  fact  was  exp la ined  by the p r e s e n c e  of 
two ad j acen t  m o l e c u l a r  o r b i t a l s  in the p y r i d i n i u m  ion [8, 9]. 

Bands c h a r a c t e r i s t i c  for the UV s p e c t r a  of py r id ine  (251 and 270 nm) a re  p r e s e n t  in a l l  the d e r i v a -  
t ives  tha t  we s tud ied .  They  can  h a r d l y  be a s s i g n e d  to two d i f f e ren t  c h r o m o p h o r e s  (the h e t e r o c y c l e  and the 
C = N  bond) as was done p r e v i o u s l y  [7]. They a r e ,  r a t h e r ,  due to the m o l e c u l e  as a whole,  with an a d m i x -  
t u r e  of the a b s o r p t i o n  c a u s e d  by charge  t r a n s f e r .  S o m e t i m e s  they a re  r e s o l v e d ,  and the s p e c t r u m  a c q u i r e s  
a m o r e  complex  f o r m .  The b a t h o c h r o m i c  shif t  of the band at  255 n m  in the N - ( b e n z y l i d e n e a m i n o ) p y r i d i n i u m  

1 1 0 9  



TABLE 3. UV S p e c t r a  of N - B e n z y l i d e n e i m i n o p y r i d i n i u m  Iodides  
( concen t r a t i on  2.5 �9 10 -5 M) 

Cortlp. 

I 

II 

III 

IV 

V 

VI 

VII 

VIII 

IX 

X 

XI 

XII 

XIII 

Solvent 

100% ethanol (z =79,6) 
Acetone [z=71,3) 
Acetom~ne (z = 71,3) 
DMSO (z=71,1) 

CH3COOH (z=79,2) 
H2SO4 

Ethanol 
DM80 

CHaCOOH 

Ethanol 
Acetonitrile 
DMSO 

Ethanol 

Ethanol 

Acetone 

Acetoni~ile 
DMSO 
H~SO4 

Ethanol 
Acetone 
Acetoniuile " 
DMSO 
CH3COOH 

H2SO4 

Ethanol 

Ethanol 

Ethanol 
Acetone 
Aeetoni~ile 
CHsCOOH 

E~anol 

Ethanol 

Ethanol 

Ethanol 
Acetone 
Acetoniuile 

)" max, nm (log s ) 

215 (4,43), 283 (4,22) 
247 (4,19), 298 (3,90) 
247 (4,34), 280 (4,24) 
241,5 (4,t7), 278 (4,24), 438 (2,15), 570 

(2,58) 
222 (4,05), 286 (4,32), 363 (3,38) 
263 (3,66), 298 (4,29), 352 (3,36) 

213 (4,43), 275 (4,09), 302 (4,28) 
240 (4,18), 285 (4,24) 
290 (4,30), 360 (3,35) 

207 (4,54), 290 (4,22) 
247,5 (4,29), 298 (4,36) 
299 (4,32) 

214,5 (4,46), 302 (4,30) 

219 (4,38), 255 (4,01), 301 (3,82), 406 
(4,04) 

216 (4,02), 251 (3,93), 320 (3,42), 402 
i (4,02) 

246,5 (4,45), 295 (3,90), 402 (4,35) 
[ 258 (4,04), 290 (3,88), 401 (4,22) 

255 (4,12) 

212,5 (4,42), 261 (4,21), 290 (3,97) 
260 (4,62), 290 (4,64) 
247 (4,29), 298 (4,40) 

' 296 (4,35), 420 (0,84) 
297,5 (4,35) 
219 (4,00), 256 (3,84), 330 (4,41), 278 

I (4,25) 
I 

208 (4,59), 275 (4,10) 
I 

290 {4,33), 345,(shoulder) (3,83) 
i 

: 216 (4,42), 269 (4,30) 
258 (4,43), 280 (4,37) 

I 247,5 (4,31), 285 (4,42) 
287 (4,47), 362 (3,72) 

r 
220 (4,32), 255 (4,08) 

I 218,5 (4,46). 265 (3,93), 320 (4,39) 
I 
i 270 (4,56), 290 (4,16) 

211 (4,28), 255 (3,90) 
240 (4,22) 

I 247 (4,29) 
DcMESO 241 (4,17), 260 (3,91) 

H3COOH 246 (3,86), 290 (3,41) 
H2S04 255 (3,93) 

iod ides  and the i n c r e a s e  in i ts  i n t e n s i t y  as c o m p a r e d  with the u n s u b s t i t u t e d  p y r i d i n i u m  ca t ion  a re  obv ious ly  

connec t ed  with a l eng then ing  of the cha in  of con juga t ion .  

F o r  the compounds  that  we have s tud ied ,  the l ong -wave  c h a r g e - t r a n s f e r  band is  l e s s  s e n s i t i v e  to the 
p o l a r i t y  of the s o l v e n t  than for  compounds  with a s u b s t i t u e n t  i m m e d i a t e l y  a d j a c e n t  to the p y r i d i n e  n i t r o g e n .  
It i s  e x t r e m e l y  d i f f icu l t  to e s t i m a t e  the degree  of cha rge  t r a n s f e r  in c o m p l e x e s  of th is  type .  

We have found the c l e a r  a p p e a r a n c e  of c h a r g e - t r a n s f e r  bands  in the compounds  with the s t r o n g e s t  
a c c e p t o r  and donor  s u b s t i t u e n t s  - (V, VI, and IX). The high s e n s i t i v i t y  of the c h a r g e . - t r a n s f e r  bands  to the 
in f luence  of s u b s t i t u e n t s  l ikewise  c o n f i r m s  that  the e l e c t r o n i c  t r a n s i t i o n s  in  the m o l e c u l e s  of th i s  type can  
a c t u a l l y  be r e p r e s e n t e d  as cha rge  t r a n s f e r s  (see Table  3). However ,  i t  is not  pos s ib l e  to t r a c e  a c l e a r  r e -  
l a t i onsh ip ,  which  aga in  i nd i ca t e s  tha t  the bands  have a complex  n a t u r e .  

F o r  (V), a band  is found at 410 n m  which is  a l m o s t  i ndependen t  of the p o l a r i t y  of the so lven t  and is  
a p p a r e n t l y  due to the d i m e t h y l a m i n o  g roup .  (Such a p h e n o m e n o n  is  a l so  known for  o the r  compounds  not  
f o r m i n g  s i m i l a r  c o m p l e x e s  but  hav ing  a s u b s t i t u e n t  wi th  an u n s h a r e d  p a i r  of e l e c t r o n s  [10].) 
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E X P E  RIME NTA L 

The PMR spectra (Table 1) were taken on a Varian instrument (60 MHz) in DMSO (concentration 8 
mole %); the ]R spectra were obtained using mulls in paraffin oil and tablets with KBr on a UR-20 instru-  
ment; and the UV spectra were obtained on an SFD-2 spectrometer .  The PMR spectra were recorded by 
R. G. Gainullina, the IR spectra by Z. S. Titova, and the UV spectra by G. M. Dorozhkina, for which we ex- 
press  our deep gratitude to them. 

The compounds given in Table 1 were obtained by boiling equimolecular amounts of N-amino- 
pyridinium iodide (XIIl) [11] (rap 163-164~ and benzaldehydes in absolute ethanol with the addition of 2-3 
drops of hydriodic acid. On cooling, the solutions deposited crystals  in various shades of yellow. They 
were purified by recrystal l izat ion from absolute ethanol (to constant melting point). 
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