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The IR spectra of the previously synthesized pyrazolo[3, 4-b] -and py- 
razolo [4, fi-b] pyridones are investigated. From analysis of the IR 
spectra of the pyrazolopyridones themselves, and of complexes with 
heavy metal salts, as well as of some model compounds, conclusions 
are drawn regarding their lactam structure. 

Cont inuing a study of the effect of chemica l  s t r u t -  
t u r e  of moleeu les  on I a e t i m - l a c t a m  t a u t o m e r i s m  [1], 
we have inves t iga ted  the IR spec t ra  of p y r a z o l o p y r i -  
dones which we p rev ious ly  syn thes ized  [2] (see Table) .  
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In unsubs t i tu ted  u - a n d  T-hydroxypyr id ines ,  the 
tendency to a roma t i ze  does not s ecu re  s tab i l i ty  of the 
l ae t im  form.  A l ac t am s t r u c t u r e  for these  compounds 
is indicated by IR spec t ra  data [3-5],  dipole momen t s  
[6], and i n t e r a tomie  d i s tances  [4, 81. The p r e sence  of 
a lkyl  and a ry l  groups  and halogen a toms in the r i ng  
does not  affect  l a c t i m - l a c t a m  groups in the c r y s t a l -  
l ine s tate  [9]. Obviously this is because  in the so l u -  
t ions  f rom which these compounds c ry s t a l l i z e ,  e qu i -  
l i b r i u m  is r a t h e r  l a rge ly  shifted towards the lac tam 
form.  The p r e s e n c e  of condensa t ion  po lymer i zed  
r ings  (~-and  7 - q u i n o l i n e s ,  9 -hydroxyaer id ine)  a lso  
gives r i s e  to fu r the r  s t ab i l i za t ion  of the lae tam form 

[101. 
a) IR spec t r a  in ch lo ro fo rm and dioxane solut ions.  

With the spec t r a  of model  compounds and c~-pyridi-  
nopyrazo l e s  in CHC13 and dioxane solut ion (Table, 
Fig.  1), as wel l  as in the c ry s t a I l i ne  s ta te ,  (Fig. 4), 
th ree  groups of bands can be separa ted  in the 1 5 0 0 -  

1700 cm -~ region .  
The f i r s t  of them,  at  1495-1507 em -1, is c o n n e c -  

ted with benzene  r i ng  v ib ra t ions .  The f requency  is 
p r a c t i c a l l y  u n a l t e r e d  on pass ing  f rom one compound 

to another .  The g r e a t e s t ,  but  on the whole f lue t -  
ua t ing  value  of the in tens i ty  (about 1.5 p rac t i ca l  
uni ts)  for this band is with compounds ,  conta in ing  
an OMe group in the pyr id ine  r ing.  

The second group  of bands ,  a t  1536-1600 cm -1, 
con ta ins ,  in addi t ion  to the component  one on the 
ave rage  at  the pos i t ion  at  1600 em -j (spread over 
1611-1594 cm-1),  and obviously  a lso  r e l a t ing  to the 

*For  P a r t  LI see [20]. 

benzene  r ing,  a s e r i e s  of bands connected with v i b r a -  
t ions of double bonds of the a roma t i c  p y r a z o l o - p y r i -  
dine sys tem.  In the model  compounds,  i n c r e a s e  in the 
n u m b e r  of e l ec t ron -dona t ing  subs t i tuen t s  r e su l t s  in 
i nc r ea se  in the in tens i ty  of this group of bands (from 
1.8 to 4.5 p rac t i ca l  units) .  F u r t h e r m o r e ,  the m a x i -  
mum value (4.5) is shown by the compound with the 

electron-donating OMe group in the pyridine ring. In 
~-pyridine systems the intensity of this band is some- 

what decreased (3.0 and 4.1 practical units), pro- 

bably because of the electron-accepting effect of the 

C= O group. 

The third, highest frequency group of the bands 
in ~-pyridine systems, at 1673-1654 cm -I, indi- 

cates that these compounds exist in the amide form. 

In the case of compound 4 (Table), yet another 

tautomeric form is theoretically possible: 

O/f~r,.~-- C e H 5 
H 

There the frequency of its C= O group should, under 

the action of the conjugated C = N bond be lowered in 
comparison with the range indicated, by 60-70 cm -I 

[13], but that is not observed (v C= O at 1673 cm-1), In 

this compound the C = N bond belonging to the nitrogen 

atom of the lactam group greatly increases ~C = O in 

comparison with the effect of the similarly situated 
C=Cbond in compounds 5 and 6. This fact is in 

agreement with the literature data regarding the effect 

of the C = N bond on the lactam group in 6-membered 

heterocyclic rings [14l (3-hydroxypyridazines, 2- 

hydroxypyrazines). The total intensity values (5.25 

and 4.77 practical units) are also in agreement with 

those for amide structures [15]. 

In the spectra of compounds containing the ~/- 

pyridone system of bonds (Table, Fig. i), the max- 
imum intensity (4.55 practical units) is exhibited by 

a wide band with a complex contour near 1596-1594 

cm -I. In dioxane solution (Fig. 1) this band is split 

into two components, at 1582 and 1600 cm -I. The 

higher frequency and more intense of these corres- 

ponds to the carbonyl of the T-pyridine ring. The band 

at 1635 cm -1 undergoes  a r e v e r s e  d i s p l a c e m e n t  (to 1630 
cm -1) on changing to solut ion in dioxane. This  band 
is half  as in tense  (2.1 p r a c t i c a l  uni ts ) ,  and it  can be 
a s s igned  to v ib ra t ions  of double bonds in the r ing.  
Such an i n t e rp re t a t i on ,  though it con t r ad i c t s  what is 
gene ra l l y  accepted  [4,14, 16], is in a g r e e m e n t  with 
an i n t e r p r e t a t i o n  based  on ca lcu la t ion  of the effect  of 

so lvents  on the IR spe c t r a  of ce- and 7 - p y r i d o n e s  [17]. 
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*In CHCI~ solution, C = 0.025 M, d = 0.25 mm. 
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Fig .  1. IR s p e c t r a  of  p y -  
r a z o l o p y r i d i n e s  in CHC13 
( ) and c y c l o h e x a n e  

( . . . . . . . . . .  ) s o l u t i o n s .  
C = 0.025 M, d = 0.25 ram.  
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Fig. 2. m spec t ra  of pyrazolo-c~-pyr idones  ( ~ )  
and their  complexes  ~ . . . . . . . . . .  ) with CdC12 (in the 

c rys ta l l ine  state).  
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Fig.  3. IR s p e c t r a  of p y r a z o l o - ~ - p y r i d o n e s  ( ) 
and t h e i r  c o m p l e x e s  ( . . . . . . . . . .  ) with CdC12 (in the 

c r y s t a l l i n e  s ta te) .  
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Fig~ 4. IR spectra of model pyrazolopyridines (in 
the crystal l ine state), 
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Independent confirmation of an amide structure 
for the compounds under consideration is the p re -  
sence of absorption in the 3420 em -I region for 7-pyri~ 
done systems,  and in the 3400 am -I region for a - p y r i -  
done ones (dilute solutions in CHCI$ ), which we 
assign to NH bonds of amide groups. A similar pie-. 
ture of ~-and ?-pyridones was observed in a paper 
[14]. 

b) IR spectra in the crystalline state. The spectra 
of all o~-pyridone systems (Fig. 2) have an intense 
band at 1685-1667 ern -1, belongir~g to an amide type 
earbonyl group. Bands of associated NH bonds appear 
at 3115-3075 cm -1. As expected, the corresponding 
absorption was lacking in the IR spectra of the mode[ 
compounds (Fig. 4). In T-pyridone systems there are  
more powerful intermolecular bends, as absorption 
by the NH bond in the spectra of these compounds is 
considerably displaced towards the lower frequency 
side (2700-3000 em -1, Fig. 3). This fact is also r e -  
flected in the higher melting points of the appropriate 
isomers  [2]. It is evident that there is association 

between NH bonds and the more  electrophilic centers  
in the molecules, the carbonyl group for example, in 
the case of the ~/-isomer. 

0 .-- H C .  H s 
11 ~ I" 

~ I  ~I,~7 ~ 

I I II c.v, B...o 

It might be expected that hydrogen bonds of this 
type will weaken (or break altogether) if a donor of 
cations (HCI, CdBr2, CdCl2, etc)which is more 
readily accessible (to the eleetrophilic center in the 
molecule) is introduced. This can occur if a new 
type of interaction (C----O... cation) is energetically 
more favored. Then one could expect, along with 
increase in the NH bond force constant (LiF region)~ 
decrease  also in the corresponding constant for the 
C~O bond. The latter circumstance should have led 
to lowering of the frequency of the valence vibration 
of the C= O group, and, would have served as addi- 
tional confirmation of the assigning of the bands to 
the region of double bonds. A ser ies  of heteroeyclic 
systems,  e .g.  and some of its derivatives~ had pre~ 
viously been s imilar ly  reviewed [12,18~ 19]. 

Actually, bands at 3300-3400 cm -~ belonging to 
weakly associated NH bonds, ar ise  in the spectra of 
complexes of the T-pyridone systera (Fig. 3). In the 
hydrochloride spectrum they are close to free NH 
(near 3400 cm-1), hi the double bonds region, the 
intensity of the comp~x  band near  1602 em -1 de-  
c reased  sharply, and a new band arose  at 1558-1585 
cm -1, corresponding to the carbonyi group in the new 
complex. This confirms our deductions regarding the 
lactam s t ructure  of the compounds studied. Bands at 
1625-1630 cm -~ and some others in the spectra of 
~ - p y r i d o ~  complexes do not undergo ~ubstantial 

changes as compared with those in the spectra of the 
actual T-pyridine system. 

The position of the high-frequency C~O bond also 
changed markedly in the spectrum of a complex of the 
~-pyridine system. 

EXPERIMENTA L 

To solve the problem of the structure of the pyra-  
zoiopyridine derivatives investigated, we investigated 
the IR spectra of model and complex compounds, as 
well as total h~tensities of some bands in the region 
of double bonds (1500-1700 cm-1). The spectra were 
observed with a UR-10 double beam spectrophoto- 
meter.  The compounds were investigated either as 
mulls with vaseline or in some cases with polyfluo- 
rinated oil (Figs. 2--4), or dissolved in CHC13 or 
dioxane. (Fig. 1, Table). The arrow (t) in Figs. 2-4  
means absorption by the vaseline. Total ir~tensities 
were measured by BurzhenTs method [11], a reas  
being measured with a PP-2K type planimeter. The 
complexes with pyrazolopyridones and CdC12 or 
CdBr were obtained by mixing equimolecular EtOH 
solutions of the pyrazolopyridones and the appropriate 
salts. The salts precipitated were recrysta l l ized 
EtOH. 
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