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It is shown on the basis  of IR spec t ra l  and dipole moment  data that the format ion of a 
s even -membered  cycl ic  s t ruc tu re  is  possible  in 1-[ f l - (2-pyr idyl)e thyl] -5-amino(or  hydroxy)-  
pyrazoles ,  stabil ized by in t ramolecula r  hydrogen bonds. 

Investigation of the IR spec t ra  and determinat ion of the dipole moments  of 1-[f i - (2-pyridyl)ethyl]-5-  
aminopyrazoles  (I) have shown that these compounds are  cha rac te r i zed  in the crys ta l l ine  state by in te rmolec-  
u lar  associat ion,  whereas in solution they form seven -membered  r ings with in t ramolecu la r  hydrogen 
bonds (IHB) between the amino group and the ni trogen of the pyridine ring.  
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The IR spec t ra  of I (in f luorinated hydrocarbon pastes) in the LiF p r i sm  region show absorptions at 
3340-3310 (PasNH 2) and 3150-3170 (~sNH 2) cm-~, indicating in te rmolecula r  associat ion of the NH2... N 

type.  Solution in CC14 (c 0.08, 0.04, 0.008 and 0.006 M) resu l t s  in dissociat ion which is re f lec ted  in a r educ-  
tion in the intensity of the bands mentioned.  At the same t ime,  bands appear  at 3430 (pas) and 3275-3280 
(Vs) cm-1, which are  cha rac t e r i s t i c  of IHB of the NH...N type [1]. The format ion of IHB is in agreement  
with the depar ture  of the exper imenta l  value for v s N H  2 f rom that calculated f rom the formula  [2] ~ sca l c  = 
345.5 + 0.876 ~as = 3350 cm -l .  This in terpre ia t ion  is also supported by the exper imenta l  values for  the 
dipole moments  (see Table 1) which are  a lmost  identical  with those calculated according to [3] for  the 
s t ruc tu re  with IHB (I). 

In the case  of compounds of type II, which contain the 4-pyr idyl  res idue,  in te rmolecu la r  associat ion 
occurs  in the solid state, the IR spect ra  having absorpt ions at 3340-3310 and 3150-3170 cm-1. In CC14, 
however,  the f requency ~sNH2 occurs  at 3352 cm-I  (~as 3425 cm-1), which is  in sa t i s fac tory  agreement  
with that calculated (3344 cm-1) for  the f ree  NH 2 group. 

The hydroxy analogs, 1- [ f l - (2-pyr idyl)e thyl] -5-hydroxypyrazoles  (IH), a re  of considerable  in te res t  in 
connection with the above. In the IR spec t ra  of III in the solid phase (KBr disks), s t re tching vibrat ions of 
the C=O group a re  absent, and strong absorption occurs  at 2200-2600 and 3400-3500 cm-l .  The f o r m e r  of 
these f requencies  is assigned to s t re tching of the OH group involved in s t rong in te rmolecula r  association,  

a ceompa~ed  by the format ion of an immonium s t ruc ture  of the type 0 . . .  ~ \  [4], and the la t te r  to 
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T A B L E  1. Dipole  M o m e n t s  of  1 - [ f i - P y r i d y l ) e t h y l ] - 5 - a m i n o ( o r h y d r o x y ) -  
p y r a z o l e s  in Dioxane  and Benzene*  

Com- 
pound x R R' ,Uex p, 25 /~calclHB 
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CH~C6H5 
CsHu 
CsH7 
C2H5 
p-H2N �9 C6H, 
CsHH 
CHaC6H5 
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p-H3CO �9 CsH4 
p-H~N - C6H4 
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H 
CH, 
H 
Fl 
H 
H 
H 
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3,66 (3,13) 
4,03 (3,12) 
2,~7 (2,90) 
4,o,5 (3,32) 
3,01 
(2,82) 
3,41 
4,00 
3,70 
4,37 (4,17) 
6,80 
4,37 (4,07) 
5,41 
3,45 (3,16) 
5,77" (4,64) 
6,51 

3,21 
3,18 
3,18 
3,18 
3,34 

3p6~ 
3,89 
7,70 
3,54 
3,2(1 

* The v a l u e s  of  ~ f o r  s o l u t i o n s  in b e n z e n e  a r e  g iven  in p a r e n t h e s e s .  

vOH' p a r t i c i p a t i n g  in  the  n o r m a l  i n t r a m o l e c u l a r  h y d r o g e n  bond ing  of the  O H . . .  N x~ type ,  o r  p o s s i b l y  

wi th  the  f o r m a t i o n  of IHB of the  III t ype .  Thus,  in the  c r y s t a l l i n e  s t a t e ,  c o m p o u n d s  III  e x i s t  e x c l u s i v e l y  in  
the  h y d r o x y  f o r m .  In so lu t ion ,  i r r e s p e c t i v e  of the  n a t u r e  of  the  so lven t ,  III  e x i s t  p r e d o m i n a n t l y  in the  oxo 
f o r m ,  s t r o n g  a b s o r p t i o n s  b e i n g  p r e s e n  t in the  IR s p e c t r a  due to s t r e t c h i n g  of  the  C=O g r o u p :  1713 (CC14) , 
1707 (dioxane) ,  and 1696 c m - I  (CHC13). In add i t ion ,  in the  L i F  p r i s m  r e g i o n ,  weak a b s o r p t i o n  o c c u r s  in 
s o l u t i o n s  at  3390 and 3752 cm-1 .  The f o r m e r  of t h e s e  b a n d s  d i s a p p e a r s  on d i lu t ion  to 2.10-4 M, whi le  the  
l a t t e r  p e r s i s t s  t o g e t h e r  wi th  a weak  band  due to the  f r e e  OH at  3615 c m - l .  The band  at  3572 cm-1  should  
a p p a r e n t l y  be a s s i g n e d  to IHB of  type  HI. Th i s  l a t t e r  c o n c l u s i o n  i s  in a g r e e m e n t  with the  m o r e  c o m p l e t e  
c o n v e r s i o n  to the  oxo f o r m  of IV on so lu t ion ,  in which  the  f o r m a t i o n  of  IHB i s  s t r u c t u r a l l y  i m p o s s i b l e .  
Howeve r ,  the  s m a l l  r e d u c t i o n  in  the  OH s t r e t c h i n g  f r e q u e n c y  in III  (by 40 cm-1 in a l l )  and the p o o r e r  c o r -  
r e s p o n d e n c e  o f / ~ e x p  w i t h / ~ c a l e  than  in the  c a s e  of I ( see  T a b l e  1) show tha t  the  IHB in the  h y d r o x y  
d e r i v s t i v e s  I I I  a r e  not  s t r o n g  and tha t  c o n s e q u e n t l y  t h e i r  e n e r g y  i s  i n s u f f i c i e n t  fo r  fu l l  s t a b i l i z a t i o n  of  the  
h y d r o x y  f o r m s  in so lu t i on .  

EXPERIMENTAL 

The synthesis of the l-[fl-(pyridyl)ethyl]-5-aminopyrazoles (I-H) was carried out by boiling an equi- 
molecular mixture of the appropriate pyridylethylhydrazines [5] and iminonitriles in tert-butanol in pres- 
ence of a catalytic amount of glacial.acetic acid, for 12 h. The properties of the compounds obtained are 
given in [6]. 

l-[fl-Pyridyl)ethyl]-5-hydroxypyrazoles (Ill, IV) were obtained according to [7]. 

IR spectra were taken on an IKS-14A instrument. The dipole moments (see Table i) were determined 
in benzene anddioxane at 25 ~ by the method described previously [8]. 

Io 
2. 

3. 

4. 
5. 
6. 
7. 
8. 

LITERATURE CITED 

L. Bellamy, Infrared Spectra of Complex Molecules ]Russian translation], IL, Moscow (1963). 
N. Nakanishi, InfraredSpeetra and the Structure of Organic Compounds [in Russian], Mir, Moscow 
(1965). 
V. I. Minkin, O. A. Osipov, and Yu. A. Zhdanov, Dipole Moments in Organic Chemistry [in Russian], 
Khimiya, Leningrad (1968). 
V. West (editor), Applications of Spectroscopy in Chemistry [Russian translation], IL, Moscow (1959). 
I. I. Grandberg and S. V. Tabak KhGS, 112 (1965). 
N. F. Krokhina, Cand. Diss., TSKhA, Moscow (1968). 
I. I. Grandberg and N. F. Krokhina, Izv. TSKhA 193 (1967). 
S. A. Alieva, Yu V. Kolodyazhnyi, A. D. Garnovskii, O. A. Osipov, I. I. Grandberg, and N. F. Krok- 
hina, KhGS, 45 (1970). 

1173 


