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The IR, UV, and NMR spec t ra  of 3- and 5-pyr ines ,  and of their  thio, seleno, and imino analogs, are  
examined, and thei r  pK a values measured .  On the bas i s  of the resul ts ,  it is suggested that protonation in 
these sys t ems  takes place at the exocycl ic  heteroatom.  

We have prev ious ly  invest igated the dipole moments  [1] and complex format ion in the pyrine sys tem [2]. Since it 
proved impossible  to de t e rmine  unequivocal ly the course  of complex formation in thio and seleno pyr ines  (i. e., at the 
exocyct ic  he te roa tom or a r ing n i t rogen atom), the p resen t  invest igat ion was undertaken. LCAO-MO calculat ions 
indicate v e r y  high e lec t ron  densi t ies  at the exocycl ic  he te roa toms  in all 3- and 5-pyr ine  sys tems  (I and II, 
respec t ive ly) ,  but of course  this does not exclude the possibi l i ty  of protonation at a r ing ni t rogen atom, with the 
format ion  of IIb and Ib. 
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IR Spectra.  The IR spec t ra  of 3- and 5-an t ipyr ines  (table, nos. 1-3 ,  6, 11, 12) show strong absorption bands in 
the 1670-1640 cm -1 region,  which are  assigned to the valency vibra t ions  of the carbonyl group. (cf. Figs. 1 and 2). 
The absorpt ion bands at 1500 and 1600 c m - l , w h i c h  are  observed in all the pyr ines ,  are  due to benzene r ing vibrat ions ,  
s ince they are  absent f rom the spec t rum of compound 6. The absorpt ion due to the pyr ine  r ing p roper  e i ther  occurs  at 
much lower  f requencies ,  or it co r responds  to the low intensity bands at 1520 and 1600 crn -1 (as a shoulder on the C ~ O  
band for compound 6- see Fig. 2)+ The high integral  intensity of the carbonyl band (for example,  A > C :  C = 7.4 mole -~" 
�9 l- cm -2 for compound 3 in CHC13) excludes a bipolar  s t ruc tu re  for the ant ipyrines,  as we have known [1], but it 
indicates  e x t r e m e l y  high polar iza t ion  of the exocycl ie  C ~ O  bond. The introduction of a methyl  group in the 3- or 5- 
posi t ion of the antipyrine r ing resu l t s  in the d i sappearance  of the band at 1545 cm -1, apparently as a resu l t  of an 
inc rease  in the "pseudosymmet ry"  of the ring. The exocyel ic  C~NH bond appears  c lear ly  at 1625-1622 cm -1 in the 3- 
and 5 - iminopyr ines  (see Fig. 2). 

The ass ignment  of the C---S and C~Se bands in thio-  and se lenopyr ines  is ve ry  difficult.  The ass ignment  of these 
bands in the few paper s  on the IR spec t roscopy of thio and seleno amides is ve ry  inconsis tent  [2]. In the most  
comprehens ive  paper,  J ensen  [2], although giving ass ignments  for 7 cha rac t e r i s t i c  bands in a s e r i e s  of thio and 
seleno amides,  does not examine compounds with s t rongly polar ized  exocycl ic  C-~S and C=Se bonds. In an a r t ic le  [3] 
on thioamide complexes ,  the difficulty of ass igning the C-~S bonds as a resu l t  of super imposi t ion  of the C---N bond is 
pointed out. Examinat ion of the spect ra  of the th iopyrazolones  4 and 9 (cf. Fig. 3, 3 and Fig. 4, 3), pe rmi t s  the 
ass ignment  of the bands at 1360-1370 cm -~ to the thioamide C"--band, af ter  Jensen [2]; for the seleno analogs it must 
be lower  by 10-15 cm -1 [2], and in fact for the se lenopyr ines  5 and 10 (cf. Fig. 3, 5 and Fig. 4, 5) it is observed to lie 
at 1347-1351 cm -1. 

The ass ignment  of the other  bands has, unfortunately,  proved st i l l  more  difficult.  A grea t  s imi l a r i ty  exis ts  
between the IR spec t ra  of all the thio- and seleno pyr ines  (nos. 4, 5, 9, and 10), i r r e s p e c t i v e  of the rep lacement  of Se 

*For  par t  LXIII, see [8]. 
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Fig. 1. IR Spectra of antipyrines in CHC13: 
1) 1-phenyl-2-methyl-3-pyrazolone (c 0.01 
M; layer thickness 0.17 ram); 2) l-phenyl-  
2, 5-dimethyl-3-pyrazolone (c 0.02 M, layer 
thickness 0.25 ram); 3)1-Phenyl-2-methyl-  
5-pyrazolone (c 0.02 M, layer thickness 
0.17 ram); 4)l-phenyl-2,  3-dimethyl-5- 
pyrazolone (c 0.02 M, layer thickness 

0.25 ram). 
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Fig. 2. IR Spectra in CHC13 (c 0.05 M, layer 
thickness 0.25 ram): 1) 1, 2, 3-tr imethyl-5- 
pyrazolone; 2) 1-phenyl-2, 5-ds 

iminopyrine. 
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by S, or  of the position of the heteroatom in the r ing (Fig, 5). 
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Fig. 3. IR Spectra in the crysta l l ine  state 
(in vaseline oil): 1 ) l - p h e n y l - 2 - m e t h y l - 5 -  
pyrazolone;  2) its hydrochloride;  3) 1-  
phenyl-2,  3-dimethyt-5- th iopyr ine;  4) its 
hydrochloride;  5) 1-phenyI-2 ,  3~dimethyt- 

5-  selenopyrine;  5) its hydrochloride.  

Examination of  the IR spec t ra  of the protonated fo rms  of these molecules  (the crystal l ine hydrochlorides)  
showed that the carbonyl absorption band had virtually disappeared (see Fig. 3, 2 and Fig. 4, 2), while strong, wide 
bands due to hydrogen bonding of the hydroxyl group (2250-2300, 2580, 2690, 2400 cm-l), and two new bands at 1565-  
1580 and 1523-1547 crn -~, appear  (see also [4, 5]). These bands were  assigned by comparing the IR spec t ra  of the 
hydrochtor ides  of  t -pheny l -5 -hydroxy-  (HI) and l - p h e n y l - 3 - h y d r o x ~ y r a z o l e  (IV), which have a posit ive charge on the 
r ing nitrogen atom in the 2-posit ion (cf Fig. 6) 

CG t1~, 
| | 1  1V 

The spec t ra  of  the lat ter  contained bands at 1578 and 1550 cm -~ which were  assigned to the oscil lat ions of the 
protonated pyrazole  ring. On the whole, the spec t ra  resembled closely those of the protonated antipyrines.  A s imi lar  
observat ion made previously [6] was interpreted differently, but in special  exper iments  using solutions of the 
antipyrines in HC1, conversion into 1-phenyl -3-methyl -5-ch loropyrazole  methochloride was not observed. 

\ I \ +  1 
Jensen [2] observed that, on changing f rom the / N--C~S(Se)  grouping to j N ~ C : - S - -  , the C-band underwent 

a small  shift to higher frequencies.  On protonation of the thio-and selenopyrines ,  we also oberved a sl~ft of these 
bands, f rom 1370 to 1423 cm -1 (compounds 4, Fig. 3, curves  3, 4); f rom 1347 to 1392 cm -1 (compound 5, Fig. 3, curves 
5, 6); f rom 1367 to 1395 cm -I (compound 10, Fig. 4, curves  5, 6). These resu l t s  make it reasonably cer tain that 
protonation in the thio-and se lenopyr ines ,  also occurs  at the exocyclic heteroatom, forming s t ruc tu res  Ia and Ha. In 
the imino pyr ines ,  protonation occurs  without an)- doubt at the exocyclic ni trogen atom, since the ex t remely  high 
basic i ty  constants  of the [mino analogs (some 7 o rde r s  of magnitude g rea t e r  than those of any of the other compounds, 
see table) c lear ly  lead to such a conclusion. 

1 9 0  



5 

6 g~ 

�9 . ~ ~ 

~ g g g ~ g g e o ~ g g g gem-' 

Fig. 4. IR Spectra in the crystalline state 
(in vaseline oil): 1) 1-phenyl-2, 5-dimethyl- 
3-pyrazolone; 2) its hydrochloride; 3) 1- 
phenyl-2, 5-dimethyl-3-thiopyrine; 4) its 
hydrochloride; 5) 1-phenyl-2, 5-dimethyl- 

3-selenopyrine; 6) its hydrochloride. 
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Fig. 5. LR Spectra of thio and seleno pyrines 
in CHC13: 1) 1-phenyl-2, 5-dimethyl-3- 
thiopyrine (c 0.015 M, layer thickness 0.4 ram); 
2) 1- phenyl- 2, 5-dimethyl- 3- selenopyr ine ; 3 ) 1- 
phenyl-2, 3-diemthyl-5-thiopyrine; 4) 1-phenyl- 
2, 3-dimethyl-5-selenopyrine (for 2-4,  c 0.1 M, 

layer thickness 0.17 ram). 
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Fig. 6. IR Spectra in the crystalline 
state: 1) 1-phenyl-5-hydroxypyrazole 
hydrochloride; 2) 1-phenyl-3-hydroxy- 

pyrazole hydrochloride. 
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In hydroxyl ic  solvents ,  an t ipyr ines ,  for example  compounds 1 and 2, show a ve ry  l a rge  shift of the carbonyl  band 
towards  lower  f requencies ,  by 80-100 Cm -1 (Figs .  1 and 7). Such a l a rge  shift  is  not s u r p r i s i n g  in view of the ve ry  
high po l a r i za t i on  of the C-~O bond, and i ts  l a rge  dipole moment .  The low bas i c i ty  (see  table)  means  that th is  effect  
cannot be explained in t e r m s  of ionization,  but can only a r i s e  f rom the format ion  of s imple  hydrogen bonds between the 
hydroxyl  groups of the solvent  and the C ~ O  group.  F o r  the 5 -an t ipy r ine  (compound 1), the f requency l i e s  at 1684 (in 
dioxane),  1659 (in CHC13), 1630 (in C2H~OD), 1586 (in D20), and in the c r y s t a l l i n e  s ta te ,  at  1670 cm - l ,  r e spec t ive ly ,  
while for  the 3 -an t ipy r ine  (compound 2), they a r e  found at 1680 (in dioxane),  1650 (in CHC13), 1622 (in D20), 1590 (in 
C2H5OD), and in the c ry s t a l l i ne  s ta te ,  at 1660 cm -1. 

1800 lfiO0 c m  - I  1800 1000 e m  =t 

Fig.  7. IR Spectra :  I ) l - p h e n y l - 2 - m e t h y l -  
3 -pyrazo lone ;  II) 1-  p h e n y I - 2 - m e t h y l - 5 -  
py razo lone  [c 0.2 M, I a y e r  th ickness  
0.046 mm; 1) in CzH~OD; 2) in a mix ture  
of C2H~OD-D20 (4: 1); 3) in a mix ture  of 

CzH~OD-DeO (2: 3); 4) in D20]. 

UV Spec t ra .  Since the de te rmina t ion  of the cour se  of the pro tonat ion  of th io-  and se l enopyr ines  f rom the i r  IR 
spec t r a  was inconclusive,  we a t tempted  to r e so lve  this  p r o b l e m  by UV spec t roscopy .  The K-abso rp t ion  band for all  
the an t ipyr ines  was found at 255-268 nm, with an in tens i ty  of about 10,000, On changing to the thio, then to the seleno 
de r i va t i ve s ,  a ba thochromic  effect of about 30 nm was obse rved  (see  table) .  As model  compounds,  we used l - pheny l -  
3 - m e t h y l - 5 - m e t h y l t h i o p y r a z o l e  (V) and 1-phenyl-3,  4, 4 - t r i m e t h y l - 5 - t h i o p y r a z o l o n e  (VI), the protonat ion of which 
c l e a r l y  g ives  s a l t s  Va and Via, r e spec t ive ly ,  without any doubt as  to the i r  s t ruc tu re .  With these  compounds,  we 
obse rved  only a ve ry  sma l l  change in the UV s p e c t r a  ( see  table) .  

CH 3 CH 3 

r r - -n - c .~  V-il-c.~ c.~-~-n-C.~ c.~-' I ,i-c.~ 
c. s / \ s  y "- C.oS/',,N:N--, s~/k,N,~ "--L* s ~ \ #  N-" 

3 t ~ t t } 
CTH ~ C6H ~ CsH s C~H~ 
V Va VI Via 

The UV s p e c t r a  of al l  the an t ipy r ines  and  the i r  thio and se leno  analogs in HCI solut ion showed a v e r y  l a rge  shif t  
to s ho r t e r  wavelengths  (by 25 -30  nm), the spec t r a  becoming  ve ry  s i m i l a r  to those  of the pro tona ted  p y r a z o l e  model  
compounds (see  table) .  These  r e s u l t s ,  t he re fo re ,  a l so  suppor t  the oc c u r r e nc e  of protonat ion  at the exocycl ic  
he te roa tom.  

Nl~LR Spect ra .  At tempts  to u t i l ize  the Nl~LR s p e c t r a  for  the solut ion of this  p r o b l e m  were  unsuccessful ,  as  a 
r e s u l t  of the poor  r e so lu t ion  of the spec t ra ,  and of the s i m i l a r i t y  of the chemica l  shi f ts  both for the protons  of the 
he t e rocyc l e  and for  those of the subs t i tuents  in the py r ines ,  and in the py razo l e  and pyrazo lone  compounds (both in 
the i r  neu t ra l  and pro tonated  forms)  (see table) .  
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EXPERIMENTAL 

The compounds were  synthesized by prev ious ly  desc r ibed  methods [1]. The IR spec t ra  were  obtained on a UR-10 
spec t rophotometer .  Alcoholic and aqueous-a lcohol ic  solutions were  measu red  in KRS-5 cuvettes.  In the c rys ta l l ine  
state, the compounds were  examined as pas tes  in vase l ine  and polyfluorinated oil. The p repara t ion  of the samples  was 

ca r r i ed  out in a spec i a l l y -d r i ed  chamber  in a s t r e a m  of dry nitrogen. 

The UV spec t ra  were  taken on an SF-4A spee t rophotometer .  

Po ten t iomet r ic  m e a s u r e m e n t s  were  ca r r i ed  out in a s t r e a m  of purif ied ni t rogen on a LP-58 potent iometer .  
f [Bl+In+] } Calculation of pK a values  was ca r r i ed  out using the formula  pKa=pH-lg ] i B ~ ] ]  ' where [B] is the mola r  

concentra t ion of base,  [BH +] the mola r  concentra t ion of protonated base, and [H +] the concentrat ion of hydrogen ions 

[71. 

NMR Spect ra  were  recorded  on a JNM-2 spec t rom e te r  (40 MHz). 
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