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The IR spect ra  of methyl, chioro, and phenyl derivatives of 3-hydroxypyridines in CCI 4 
solutions and in the crysta l l ine  state were studied. A compar ison of the frequencies,  
half widths, and integral intensities of the bands of the s tretching vibrations of the hy- 
droxyl groups in the spect ra  of solutions of the 3-hydroxypyridine derivatives in CC14 
with the charac te r i s t i c  OH bands in the spec t ra  of phenols demonst ra tes  that 3-hydroxy-  
pyridines exist  pract ical ly  completely in the hydroxy form in dilute CCI 4 solutions. The 
shift in the OH bands in the spect ra  of 2-phenyl-3-hydroxypyridine derivatives indicates 
that the OH group forms a ~r-hydrogen bond with the phenyl ring. The presence also of 
a band of a free OH group is evidence for the existence of s - c i s  and s - t rans  conformers  
relat ive to the C - O  bond. 

The IR spec t ra  of 3-hydroxypyridine derivatives have not received sufficient study. As a consequence 
of the low solubility of 3-hydroxypyridines ,  little effort  has been devoted to the study of the IR spect ra  in 
inert  organic solvents [1]. In the present  paper,  we have studied the spect ra  of a number of 3-hydroxy-  
pyridine derivatives in the crysta l l ine  state and have measured  the frequencies and integral intensities of 
the absorption bands of the hydroxyl groups of solutions of these compounds in CC14. The resul ts  are  com-  
pared with the proper t ies  and s t ruc ture  of the 3-hydroxypyridines.  

There  is no single opinion regarding the s t ructure  of 3-hydroxypyridines  [2]. A number of authors 
assume that 3-hydroxypyridines  exist  only in the hydroxy form [2]. Other authors assume that the 3-hy-  
droxypyridines can exist in the pyridone form [2]. By vir tue of the charac te r i s t ic  nature of the absorption 
bands of the s tretching vibrations of the OH groups (hydroxy form) and of the C = O bond (pyridone form) 
with respec t  to frequency and intensity, the method of vibrational  spectroscopy makes it possible to un- 
ambiguously solve a number of problems involving the s t ructure  of 3-hydroxypyridines and, in par t icular ,  
makes it possible to ascer ta in  their  s t ruc ture  in solutions of inert  organic solvents.  Under these conditions, 
a charac ter iza t ion  of the hydroxy fo rm is a model based on phenol and its methyl derivat ives,  for which 
VOH=3612 cm-i  in CC14 and JOH=I .20  �9 104 l i t e r /mole  . c m  2 [4, 5]. It is apparent f rom Table 1 that the IR 
spect ra  of solutions Of 2 -methy l - ,  2 -ch ioro- ,  and 2-a ry l -3-hydroxypyr id ines  in CC14 contain bands of the 
valence hydroxyl groups at 3545-3610 cm -1, while there are  no absorption bands in the carbonyl group (1620- 
1800 cm-i)  and N - H  group (3300-3500 cm -1) regions.  The measured  integral intensity of the OH bonds 
ranges f rom 0.9 to 1.2. The half width of the band ranges f rom 22.2 to 30 cm -1. The frequencies in the 
spec t ra  of 3-hydroxypyridines  are  consequently ve ry  close to those in the spec t ra  of phenols. This makes 
it possible to conclude that the isolated 3-hydroxypyridine molecules exist pract ical ly  completely in the 
hydroxy form in very  dilute solutions in CC14. The vOH bands in the spec t ra  of 2 -ch ioro-  and 2 - a r y l - 3 -  
hydroxypyridines are  doublets (Av =35-40 cm-i) ,  and the high-frequency band is at least  one order  of mag-  
nitude weaker  in intensity than the low-frequency component (Fig. lb). Only one band is observed in the 
spec t ra  of methyl derivatives of 3-hydroxypyridine (Fig. la),  and its frequency is equal to the frequency 

Institute of Chemical Physics ,  Academy of Sciences of the USSR. Scient i f ic-Research Institute of 
Organic Intermediates  and Dyes, Moscow. Transla ted f rom Khimiya Geterotsiklicheskikh Soedinenii, No. 
2, pp. 187-190, February ,  1972. Original ar t icle  submitted April 15, 1970. 

�9 1974 Consultants Bureau, a division of Plenum Publishing Corporation, 227 ~'est 17th Street, New York, N. Y. 10011. 
No part of this publication may be reproduced, stored in a retrieval system, or transmitted, in any form or by any means, 
electronic, mechanical, photocopying, microfilming, recording or otherwise, without written permission of the publisher. ,J 
copy of this article is available from the publisher for $15.00. 

167 



T A B L E  1. F r e q u e n c i e s  (POH), H a l f  W i d t h s  (AVl/2) , and  I n t e g r a l  I n -  
t e n s i t i e s  ( J o H ) ,  of t h e  B a n d s  of  the  S t r e t c h i n g  V i b r a t i o n s  of  the  
H y d r o x y l  G r o u p s  
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F i g .  1. B a n d s  of the  s t r e t c h i n g  v i b r a t i o n s  of t he  OH g r o u p s  in CC14 s o -  
l u t i o n :  a) 2 , 4 , 6 - t r i m e t h y l - 3 - h y d r o x y p y r i d i n e ;  b) 2 - ( 4 - m e t h y l p h e n y l ) - 3 -  
h y d r o x y p y r i d i n e ;  c) 2 - ( 3 - n i t r o - 4 - t e r t - b u t y l p h e n y l ) - 3 - h y d r o x y p y r i d i n e .  

F i g .  2.  IR s p e c t r a  in the  c r y s t a l l i n e  s t a t e :  a)  2 - ( 4 - t e r t - b u t y l p h e n y l ) -  
3 - h y d r o x y p y r i d i n e ;  b) 2 - ( 3 - h y d r o x y - 4 - e t h y l p h e n y l ) - 3 - h y d r o x y p y r i d i n e .  
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of the h igh-frequency component in the spec t r a  of the 2 - c h l o r o -  and 2 - a r y l - 3 - h y d r o x y p y r i d i n e  de r iva t ives .  
The obse rved  spl i t t ing of the vOH band should be a s c r i b e d  to s - c i s  and s - t r a n s  or ien ta t ion  of the OHgroups  
r e l a t i ve  to the phenyl r ing:  

It 

x , . ~ \  R 
.s-  t t a n s , -  fo rm s -ds -  form 

,v~3ass a m  -I  v ~ 3 s s o  cm-Z 

An i n t r a m o l e c u l a r  hydrogen bond is fo rmed in the cis fo rm through in te rac t ion  of the hydroxyl  hy-  
drogen a tom with the v - e l e c t r o n  s y s t e m  of the phenyl r ing  or with the chlorine atom. In the t r ans  form,  
VOH cor re sponds  to a f ree  OH group and, as expected,  Lies in the VOH reg ion  of alkyl  de r iva t ives  of 3 -hy-  
droxypyr id ine .  The i n c r e a s e d  intensi ty  (JoH) for  2 - a r y l - 3 - h y d r o x y p y r i d i n e s  as  compared  with the methyl  
de r iva t ives  of hydroxypyr id ine  is  a l so  evidence in favor  of the format ion  of a hydrogen bond, s ince i ts  f o r -  
mat ion is usual ly  accompanied  by an i nc rea se  in the band intensi ty .  The explanat ion of the obse rved  sp l i t -  
ting of the vOH band in the spec t r a  of 2 -pheny l -3 -hydroxypyr id ine  de r iva t ives  is in ag reemen t  with a g rea t  
deal  of data on the v-hydrogen  bond [6-8]. The magnitude of AVOH in the s pe c t r a  of the studied 2 - a r y l - 3 -  
hydroxypyr id ines  d i f fers  by only 2-3 cm -1 f rom AvOH in 2-hydroxydiphenyL (Table 1). This is an addit ional  
conf i rmat ion  of the s i m i l a r i t y  of the v - e l e c t r o n  s t r uc t u r e s  of 2 - a r y l - 3 - h y d r o x y p y r i d i n e s  and 2 -a ry lpheno l s .  

Since the fo rmat ion  of an i n t r a m o l e c u l a r  v -hydrogen  bond r e q u i r e s  or ienta t ion  of the O - H  bond ap-  
p rox ima te ly  pe rpend icu la r  to the plane of the benzene r ing,  it can be a s s um e d  that  the phenyl and pyr id ine  
r ings  in 2 - a r y l - 3 - h y d r o x y p y r i d i n e s  a r e  not coplanar .  The introduct ion of a n i t ro  group into the meta  po-  
s i t ion of the phenyl r ing  of 2 - a r y l - 3 - h y d r o x y p y r i d i n e  leads  to in tensi f ica t ion of the h igh-frequency band 
(Fig.  l c ) .  This is probably  evidence for hindrance of the ni t ro  group to the format ion  of a v -hydrogenbond .  
The i n c r e a s e  in the intensi ty (JOH) in 2 - c h l o r o - 3 - h y d r o x y p y r i d i n e  is a lmos t  twice that  in 2 - a r y l - 3 - h y d r o x y -  
pyr id ine  and a t t e s t s  to a s t ronge r  hydrogen bond in the f i r s t  case .  

The absorp t ion  at 2400-3200 cm - i  in the s pe c t r a  of 2 -pheny l -3 -hydroxypyr id ine  de r iva t ives  in the 
c ry s t a l l i ne  s ta te  (Fig.  2a) c o r r e s p o n d s  to the s t re tching v ibra t ions  of the hydroxyl  group.  The pronounced 
shift  of the vOH bands as compared  with the spec t r a  of solut ions a t t e s t s  to s t rong i n t e rmo lecu l a r  hydrogen 
bonding. A number  of individual bands,  which a r e  probably  due to di f ferent  types  of hydrogen bonds, can 
be i so la ted  in the indicated region.  In a l l  c a s e s ,  the bands of the s t r e tch ing  v ib ra t ions  of the CH2, CH3, and 
CH groups  a r e  over lapped by the bands of a s soc i a t ed  OH groups ,  although the components of the J, CH2, vCH3, 
and vCH absorp t ion  maxima  can neve r the l e s s  be i so la ted  in a number  of spec t ra .  When there  is an OH 
group in the meta  posi t ion of the phenyl r ing,  a ve ry  intense maximum at 3170-3190 cm -t  is d is t inc t ly  i so -  
l a ted  in the vOH region  (Fig.  2b). 

A doublet with an intense component at 1584 cm- t  and a weak component at 1604 cm -1 is  obse rved  
in the spec t r a  of a l l  of the 3 -hydroxypyr id ine  de r iva t ives  at 1580-1610 cm - i .  When an OH group is i n t ro -  
duced into the pa ra  posi t ion of the phenyl r ing  of 2 - a r y l - 3 - h y d r o x y p y r i d i n e ,  the intensi ty  r a t i o  changes 
sha rp ly :  the band at  1608 cm-1 becomes  intense,  while the band at 1580 em- i  is  weakened sharp ly .  This  
may se rve  as an indicat ion of an i n c r e a s e  in the conjugation of the phenyl r ing  with the pyr id ine  r ing.  

The s t r e tch ing  v ib ra t ions  of the C - O  bonds a r e  usual ly  c h a r a c t e r i z e d  by an intense band at 1250- 
1400 cm-1. The band of the deformat ion  v ib ra t ions  of the CI-I 2 and CH 3 groups  a r e  over lapped  by the v i b r a -  
t ions of the a roma t i c  r ings  and the s t re tching  v ib ra t ions  of the C - O  bond. Many bands,  the in tens i t ies  of 
which change marked ly  in the va r ious  compounds,  a r e  obse rved  in the region  of the deformat ion  v ib ra t ions  
of the a r o m a t i c  CH bond. The absorp t ion  of methyl  de r iva t ives  of 3 -hydroxypyr id ine  at  400-700 cm-1 can 
be used to de te rmine  the number  of CH 3 groups .  

The authors  thank Academic ian  N. M. t~manu61 for  his constant  i n t e r e s t  in this  r e s e a r c h .  

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

The s tudied compounds (Table 1) were  syn thes ized  by known methods.  The IR s pe c t r a  of KBr pe l l e t s  
and CC14 solut ions were  r e c o r d e d  with a UR-20 spec t ropho tomete r .  The solut ion concentra t ion  was 3 �9 10-~- 
5 �9 10 -4 M, and the l a y e r  th ickness  was 5-50 mm. The t r a n s m i s s i o n  of the solvent  in the region  of hydroxyl 
group absorp t ion  was no l e s s  than 25%. The s l ight ly  soluble subs tances  we re  p r e p a r e d  as s a tu r a t ed  so-  
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lutions,  and the solutions were  then evapora ted  to de te rmine  the concentra t ions .  The integral  intensity (JoH) 
was de te rmined  by the Burzhen method and the Ramsay  method [9] with three  to four m e a s u r e m e n t s  each.  
The intensity is e x p r e s s e d  in prac t ica l  units (104 l i t e r / m o l e  �9 cm2). The accuracy  of the f requency m e a -  
su remen t s  in the region of an NaC1 p r i s m  was *2 cm -1 compared  with �9 5 cm-1 with an LiF p r i s m .  The 
accuracy  in the intensity m e a s u r e m e n t s  was • 10%. 
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