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Nonaqueous t i t ra t ion  and a study of IR and UV spec t ra  has enabled us to elucidate and in t e rp re t  the 
pecu l ia r i t i e s  in the p roper t i es  of pyr id inecarboxyl ic  acids which form 2, 3-subst i tu ted der iva t ives  of 
pyridine.  The specif ici ty of the s t ruc ture  of these acids de te rmines  the pecul iar i ty  of their  chemical  
proper t ies :  s tabi l i ty  to the action of ozone, but exceptional ease of decarboxylat ion in solvents  capable of 
d is turb ing  the conjugated sys tem of bonds in these acids.  

In the production of nicot inic  acid by the ozonolysis  of quinoline and 8-hydroxyqutnoline,  quinolinic acid, 2-  
carboxypyr id-3-ylglyoxyl ic  acid, and 3 - fo rmylpyr id ine -2 -ca rboxy l i c  acid are  formed as in te rmedia tes  [1]. The 
chemical  p roper t ies  of these acids,  which de te rmine  the di rect ion of the process  for the p repara t ion  of nicotinic acid, 
have been studied to only a very  smal l  extent. 

To obtain a fu l le r  idea of the influence of the posit ion of the earboxy! groups on the physicochemical  cha rac te r i s t i c s  
cha rac te r i s t i c s  of these compounds, we have invest igated the above acids and other pyr id inecarboxyl ic  acids using 
nonaqueous t i t ra t ion  and spectroscopy.  

I N V E S T I G A T I O N  O F  T H E  A C I D S  BY T I T R A T I O N  IN N O N A Q U E O U S  M E D I A  

The pyr id inecarboxyl ic  acids were t i t ra ted [2] with respec t  to their  carboxyl groups with te t rae thy lammonium 
hydroxide in methyl ethyl ketone and in methanol and, as bases ,  with perch lor ic  acid in acetic acid. The work was 
per formed with a l abora tory  pH me te r  of the LP-58 type us ing glass and calomel e lectrodes .  

It was found that in methyl ethyl ketone all the pyr id inecarboxyl ic  acids t i t ra te  sat isfactor i ly;  the monocarboxylic  
acids give a single jump, and the dicarboxylic  acids give two, corresponding to the neut ra l iza t ion  of the f i r s t  and 
second carboxyl groups. For  the dicarboxylic  acids, the f i r s t  jump is usual ly  very  smal l  and the second considerably  
l a rge r .  Quinolinic and 2 -ca rboxy-pyr id -3-y lg lyoxyl ic  acid t i t ra te  anomalously;  they are  charac ter ized  by a high f i r s t  
jump in  the +100-250-mV region and a smal l  second jump in the - 3 0 0 - 4 5 0 - m V  region. These acids also exhibit  
pecul ia r i t i es  on t i t ra t ion  with perch lor ic  acid; in cont ras t  to the other dicarboxylic  acids and pyr id inemonocarboxyl ic  
acids they do not t i t ra te  with respec t  to the ni trogen.  3 -Fo rmy lpy r id ine -2 -ca rboxy l i c  acid also does not t i t ra te  with 
respec t  to ni trogen;  and on t i t ra t ion  with respec t  to the carboxyl group it gives a jump which begins in the region of the 
f i r s t  jump of quinolinic acid and not that of the monocarboxylic  acids,  which begin to t i t ra te  at higher potent ials .  

The re la t ive  s t rength of quinolinic acid r i s e s  markedly  in methyl  ethyl ketone (Fig. 1). This phenomenon is 
genera l ly  explained by the effect r e su l t ing  f rom the in terac t ion  of two carboxyl groups (or a carboxyl and an aldehyde 
group) p re sen t  in the ortho posi t ion [3]. 

A S T U D Y  O F  P Y R I D I N E C A R B O X Y L I C  A C I D S  BY IR AND UV S P E C T R O S C O P Y  

The IR spec t ra  were recorded on a UR-10 spec t romete r  in the 3600-500-cm - l  region. For  record ing  the spectra ,  
the subs tances  were p repared  in the form of mul l s  in paraff in oil and a perf luorohydrocarbon.  In  addition, in the 1900-  
1600-cm-1 region the IR spec t ra  of the substances  were recorded  in pyr idine solutions,  in the 1600-1400 cm -1 region 
in methanol  solutions,  and in the 1800-1500-cm-1 region in aqueous solutions.  The UV spec t ra  were recorded on an 
SF-4A spect rophotometer  in solution in methanol,  acetic acid, and water.  

A cha rac te r i s t i c  feature of the IR spec t ra  of pyr id inecarboxyl ic  acids,  in cont ras t  to benzenecarboxyl ic  acids,  is 
the p resence  of an absorpt ion band in the 2500-cm -1 region,  which may be due to the appearance of d imers  through the 
format ion of a hydrogen bond between the ni t rogen atom of the nucleus  and the carboxyl group [4]. 
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A hydrogen bond of this type is  a hybrid of two s t ruc tures .  
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The contr ibution of each of the s t ruc tu re s  is obviously de termined by the mutual posit ion of the ni t rogen and the 
carboxyl group. For  nicot inic  acid, s t ruc tu re  I is probably the predominant  one, and for picolinic acid, s t ruc ture  II, 
s ince in the IR spec t rum of picol inie  acid an absorpt ion band appears  at 3150 cm -1 which may be ascr ibed to the 

v ibra t ions  of the NH--  bond, such a band being charac te r i s t i c  for the hydrochlorides of all the pyr idinemonocarboxyl ic  
acids. This band is absent  f rom the spec t ra  of nicot inic  and isonicot inic  acid. The appearance of an absorpt ion band 
at 3150 cm -~ in picol inic  acid may also ~ the p resence  of an in t ramolecu la r  in te rac t ion  of the ni t rogen of the 
nucleus  and the ~-carboxyl  group. 
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The IR spec t rum of quinolinic acid is not ve ry  s i m i l a r  to that of the pyr idinemonocarboxyIic  acids (Fig. 2). A 
feature  of the IR spec t rum of quinolinie acid is the absence of a earbonyl absorpt ion band, the presence  of the broad 
band of a hydrogen bond in the 3070-2800 cm -1 region,  a nar row band at 3110 cm -1, and three bands at 1600, 1500, 
and 1380 cm- i  cha rac te r i s t i c  for sa l ts  of quinolinic acid and associated with the symmet r i ca l  and an t i symmet r i ca l  
v ibra t ions  of the COO- ion. These fea tures  are  reasons  for assuming  that in the c rys ta l l ine  state quinolinic acid 
exis ts  in the form of an in te rna l  salt ,  whose format ion  takes place as a resu l t  of the in t ramolecu la r  in te rac t ion  of the 
ni t rogen of the nucleus  and the two adjacent  carboxyl groups through a 7r-conjugation system.  

~ 

One conf i rmat ion of this s t ruc tu re  is the IR spec t rum of i ts  potass ium hydrogen sa l t  (Fig. 3); when hydrogen is 
replaced by potass ium the spec t rum is re ta ined  completely,  only the band of the hydrogen bond in the 3070-2800-cm- i  

+ 
region disappear ing.  The re ten t ion  in the spec t rum of the absorpt ion band of the NH bond at 3110 cm -I shows that no 
hydrogen bond exis ts  between the ~-carboxyl  and the hydrogen attached to the ni trogen.  

pKo 
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Fig. 1. Relative s t rengths  of the pyr idinecarboxyl ic  
acids in methyl ethyl ketone: 1) quinolinic acid, 2) 
dipicol inic  acid, 3) lutidinic acid, 4) dinicotinic acid, 
5) nicot inic  acid, and 6) picol inic  acid. 

The IR spec t ra  of the oxoacids of the pyr idine se r ies  (3 - formulpyr id ine-2-carboxyl ic  and 2 -ca rboxypyr id -3-  
ylglyoxylic acid) are s i m i l a r  (Fig. 3). One difference is the band of the carbonyl  absorpt ion of the aldehyde and ketone 
groups,  which is located at 1730 cm -1 in 3 - fo rmylpyr id ine -2 -ca rboxy l i c  acid~ This d isp lacement  of the absorption 
band shows its  par t ic ipat ion in the v-conjugat ion sys tem and the format ion  of a s t ruc tu re  s i m i l a r  to that of quinolinic 
acid. In the spec t rum of the potass ium salt  of 3 - fo rmylpyr id ine -2 -ca rboxy l i c  acid, the carbonyl absorption is p resen t  
in a region of longer  wavelength, at 1700 cm -1, and the hydrogen band has disappeared.  

The exis tence of the acids in the form of in te rna l  sal ts  in the c rys ta l l ine  state is a specific feature  of acids 
which are  2, 3-subst i tu ted  der iva t ives  of pyridine.  An indispensable  condition for the format ion of such a s t ruc ture  is 
the migra t ion  of a hydrogen ion from the ~-carboxyl  group to the ni t rogen of the nucleus,  which resu l t s  in an inc rease  
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in the deg ree  of ioniza t ion  of the second carboxyl  group through the effect  of v conjugat ion and the fo rma t ion  of a s t rong  
hydrogen bond between the two adjacent  carboxyl  groups .  Other  d i ca rboxy l i c  ac ids  do not p o s s e s s  this  p rope r ty .  In 
py r id ine -2 ,  4 -  and -3,  5 -d i ca rboxy l i c  ac ids  that  we studied,  carbonyl  absorp t ion  bands  appear  c l e a r l y  and the re  a r e  no 
anomal i e s  whatever  in the i r  behav ior .  
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Fig .  2. IR s p e c t r a  of quinol inic  acid:  1) in a 
mul l ,  2) in methanol ,  3) in pyr id ine ,  and 4) 
in water .  

Quinolinic acid  and the o ther  ac ids  having s i m i l a r  p r o p e r t i e s  r e t a in  the in t e rna l  s a l t  s t r u c t u r e  in nonaqueous 
so lvents .  In the IR s p e c t r u m  of quinolinic acid  taken in a methanol ic  solut ion the carbonyl  absorp t ion  band is  l ikewise  
absent ,  and there  a r e  bands for  the s t r e t ch ing  v ib ra t ions  of the CO0-  ion in the 1600-1380-crn-1 reg ion  (Fig. 2). This  
s t r u c t u r e  i s  a l so  conf i rmed  by the fact  that  quinolinic acid cannot be t i t r a t ed  with r e s p e c t  to n i t rogen  in nonaqueous 
so lvents .  
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Fig.  3. TR spec t r a :  1) p o t a s s i u m  hydrogen quinol lnate ,  
2) 3 - f o r m y l p y r i d i n e - 2 - c a r b o x y l i c  acid,  and 3) 2-  
c a r b o x y p y r t d - 3 - y l g l y o x y l i c  acid.  

Py r id ine  and wa te r  d i s tu rb  the conjugated sy s t e m,  and the IR s p e c t r a  of quinol inic  acid taken in these  so lvents  
show an absorp t ion  band fo r  a non- ion ized  ca rboxyl  group: in pyr id ine  at  1730 cm -1, and in wa te r  a t  1700 cm -1 (Fig.  
2). The shi f t  of the carbonyl  abso rp t ion  band in the d i r ec t ion  of s h o r t e r  wavelengths  and the absence  of an absorp t ion  
band fo r  the COO- ion which usua l ly  a p p e a r s  when ac ids  d i s soc i a t e  in aqueous so lu t ions  [5], shows the ex i s t ence  of 
a hydrogen bond between the hydroxyl  of the ~ - c a r b o x y l  group and the n i t rogen  of the nucleus,  and a l so  the p o s s i b l e  
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Fig. 4. UV spectra of quinolinic acid in 
various solvents: 1) in 90% acetic acid, 2) 
in water, 3) in methanol, and 4) in 100% 
acetic acid. 
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format ion  of a hydrate of the in te rna l  sa l t  of quinolinic acid. 

r . ~ " " ~  ,'CO~ i H 

H..o~/ 

The spec t ra  in the u l t rav io le t  region confirm the fea tures  of the s t ruc tu re  of the acid form in 2, 3-subst i tu ted  
der ivat ives  of pyridine.  In methanol all  the acids have a broad absorpt ion band in the 260-270-nm region due to ~-~r* 
t rans i t ions .  For  quinolinic acid, and also for  the other acids having s i m i l a r  proper t ies ,  the absorpt ion maximum is 
found, as well as for picolinic acid, at 262-264 nm, but  the in tens i ty  of the absorpt ion is considerably less  and is close 
to that of the absorpt ion band of their  potass ium sal ts .  This can apparent ly be explained by the grea ter  s tabi l izat ion of 
the ~-e lec t ron  sys tem of the pyridine nucleus due to a s t rong hydrogen bond between the carbonyl  groups and by the 

absenee of a hydrogen bond --NH ... O--C 

§ 
In water and in aqueous aeetic acid, where the format ion of a hydrogen bond --NH .. .  O---C and a d is turbanee 

of the s tabi l izat ion of the 7r-electron sys tem is assumed,  the in tensi ty  of absorption i nc rea se s  markedly,  and in water 
there is  a pronouneed bathoehromic shift of the absorpt ion maximum (Fig. 4). 
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