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Data f rom the P1V[R spec t ra  of Al-pyrazol ines  and their acyclic  analogs - azo compounds - 
were compared.  It is shown that the difference in the chemical  shifts of s imi lar  fragments  
in these compounds is due to the peculiar i t ies  of the three-dimensional  s t ruc tu res ,  which 
lead to different contributions to shielding f rom the unshared electron pairs  of ni trogen and 
the magnetically anisotropic N =N bond. 

The l i te ra ture  current ly  contains PIVIR spec t ra l  data OD.ly for a few alkyl-subst i tuted Al-pyrazol ines  
(3-methyl- ,  3 ,5-dimethyt- ,  and 3 ,3 ,5 - t r imethy l -AI-pyrazo l ines )  [1-4], the spect ra  of which were in- 
t e rpre ted  in relationship to the conformation of the pyrazoline ring. It has been shown that the nonequiv- 
alence of the 4-H protons of 3 -methyl -Al -pyrazo l ine  is due to the preferableness  of the Ib form,  while in 
the case of the equil ibrium Ia~-~IIa the equal populations and rapid t ransformat ions  f rom Ia to IIa lead to 
equivalence of these protons.  Functionally, a ryl -subst i tu ted  A ' -pyrazo l ines  also exist as mixtures of anal-  
ogous conformers  [5-7], and the fold angle of the envelope flap is ~25 ~ 
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It seems of interest  to examine the peculiari t ies  of the P1VIR spec t ra  of alkyl-subst i tuted Al -pyrazo-  
lines in compar ison with the spec t ra  of their acyclic  analogs - azoalkanes. Insofar as the lat ter  are  con- 
cerned,  the signals of the CH3N=N and RCH2N =N groups in the t rans  forms of the aliphatic azo compounds 
are  observed at quite weak field (5 3.5-3.8 ppm); this was explained by a change in the state of hybr id iza-  
tion of the carbon atoms bonded to the nitrogen and the contribution of mesomer ie  dipolar s t ruc tures  
C H 3 + = N - N - - R  and R C H 2 + = N - N - - R  [8]. Thec i s  fo rms  are  charac te r i zed  by considerably  g rea t e r  
shielding of these protons (A6 ~ 0.1-0.4 ppm), but an attempt to a r r ive  at a theoret ical  explanation 
of the difference in the chemical  shifts of the signals of the s t e reo i somer ic  forms of a number  of 
phenylazoalkanes [9] did not give definite resul ts ,  possibly because of the relative complexity of the 
subjects of the investigation, which contain phenyl groups.  P rec i se ly  the simplest  Al-pyrazol ines  are  
of considerable interest  in connection with this problem, inasmuch as they have an azo group that is r i -  
gidly fixed in the cis configuration, and they a re  f ree of the effects of a romat ic  rings and rotation of the 
substituents about the N - C  bond. 

We have investigated five alkyl-subst i tuted Al-pyrazol ines .  A s u m m a r y  of the chemical shifts and the 
s p i n - s p i n  coupling constants of the protons of these pyrazol ines  is presented in Table 1 along with the l i t -  
e ra ture  data for Al-pyrazol ine  and three of its homologs.  A compar ison of the chemical  shifts of the r ing 
protons of Al-pyrazol ines  with the shift of the analogous f ragments  of the aliphatic azo compounds reveals  
interest ing and substantial differences.  As seen f rom Table 1, the chemical  shifts of the signals of the 3-H 
and 5-H pyrazol ine protons lie in the 4.0-4.5 ppm region,  which differs markedly f rom the region of chem-  
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T A B L E  1. P a r a m e t e r s  of  the PMR Spec t ra  of  A 1 - P y r a z o l i n e s  

Compound 

AI-Pyrazoline [2] 
8-Methyl-AX-pyr azoltne [3] 

I 

ci$ 
3,5-Dimethyl-Al-pyrazoline! 

[1] trans i 
i 

3,3,5-Ttime thyl-ZXl-Py raz- I 
oline [3] I 

I 

I 
a,8-Dimethyl-Zx l-pyrazolin~ 

3,9-Diethyl-Al-pyrazoline 

3-Methyl-3-ethyl-A 1- 
pyrazoline 

4-Methyl-Al-pyrazoline 

4-Ethyl-A~-pyrazoline 

3-H 

4,27 
4,29; 

/~4=8,5, 
134, =7,5, 
18s=2,3, 
]~s, =2,0 

4,20; 
]84=8,5 

4,57; 
]84 ~ 8,5 

Chemical shift, 5, ppm; J, Hz 
4-H 

1,46 
0,99, 1,73; 

14~=9,6, 
14,~ = 5,0, 
144,= 12,3 

1,28; 
14v = 12,5 

1,27 

0,62, 1,78; 

1144, [ = 12,5 
1,30; 

l~5 = 8,0 
1,30; 

145 = 8,0 
1,20, 

5-H 

4,27 
4,43, 
4,10; 

J45 = 8,0, 
J4,5, =9,3, 

i 1~5' [ = 16,8 
4,20 

4,57 

4,40 

4,29; 
JO~H=141 

4,29; 
Jc,JH=I40 

4,32; 

GH3 a 

1,38; 
J'H,CH =6,9 

4,07 

3,91 

�9 1,41; 
[J44' [ = 12,3 

2,04 

2,78 

]45 = ] 4 ' 5 =  8, 
]C~JH ~ 141 

4,O7; 
Jc,~r =t40 

3,91, 
JC,3H=141 

1,44; 
J~,c~ =7,0 

1,29; 
/~c~ =7,0 

1,43 (5), 
2,4O (31, 
1,13 (3) 

1,20 

1,19 c 

0,75 

aThe  pos i t ion  of  the methyl  g roup  in the r ing  is indicated in p a r e n -  
t he se s .  
bEthyl  g roups :  5 CH 2 1.69 ppm,  ~ CH 3 0.76, J = 7 . 5  Hz. 
CEthyl g roup:  ~ CH 2 1.66 ppm,  5 CH 3 0.79, J = 7 . 5  Hz. 

ical  shif ts  of  the analogous  g roups  in azo compounds  (3.7 ppm).  This d i f fe rence  cannot  be explained by a 
change in the s ta te  of  hyb r id i za t ion  of the ca rbon  a tom,  i n a s m u c h  as the JNC13H values  in both ca se s  a re  
c lose  (140-141 Hz for  A l - p y r a z o l t n e s  and 138-139 Hz for  azo compounds  [8]) and c o r r e s p o n d  to 28% s c h a r -  
a c t e r  of the hyb r id i zed  orb i ta l  [10]. The r e a s o n  for  these  deviat ions  appa ren t l y  cons i s t s  in the d i f ferent  
shie ld ing of  the ad jacent  pa i r  of  unbonded e l ec t rons .  In the case  of A i - p y r a z o l i n e s ,  the pos i t ion  of the 3-H 
and 5-H p ro tons  is r i g id ly  fixed r e l a t i v e  to the u n s h a r e d  pa i r  of the ad jacent  n i t rogen  (which l ies  in the 
plane of  the r i n g  and is a lways  equidis tant  f r o m  the p ro tons  of  the methylene  group) ,  while ro t a t ion  of the 
a lkyl  g roups  and m o r e  e f fec t ive  sh ie ld ing  of t h e m  by  the unsha red  pa i r s  occu r  in azoa lkanes .  The r e l a t i o n -  
ship be tween  the d i f fe rence  in the c h e m i c a l  sh(fts of the pro tons  ad jacent  to the azo g roup  in A l - p y r a z o l i n e s  
and in azo compounds  and the effect  of the unsha red  p a i r  of the n i t rogen  a t o m  is a lso c o n f i r m e d  by the fact  
tha t  the change  in the chemica l  shif ts  of  the p ro tons  of the methylene  groups  a t tached to the C =C bond a r e  
ins igni f icant  (~ 0.05-0.2 ppm) on p a s s i n g  f r o m  olef ins  to cyc lopentene  [11]. 

The r e s o n a n c e  s igna ls  of the 4-H pro tons  l ie at much s t r o n g e r  f ie ld  (6 1.3 ppm) than the s ignals  of 
the 3(5)-H pro tons ,  so tha t  they  a r e  sh ie lded  m o r e  s t r o n g l y  by the c o r r e s p o n d i n g  g roups  in azoa lkanes  (6 
1.6 ppm).  This shie ld ing of  the 4-H pro ton  is expla ined by the fact  that ,  as  a consequence  of  bending of the 
r i n g  of  A L p y r a z o l i n e s ,  they  fall  in the r e g i o n  of i n c r e a s e d  shie lding by  the N =N bond. At the s a m e  t ime ,  
the analogous  groupings  of azoa lkanes  a r e  s i tua ted  nea r  the plane of the N =N double bond because  of  the 
absence  of  s t e r i c  h ind rance ,  and this  c o r r e s p o n d s  to the deshie ld ing reg ion .  

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

P r e p a r a t i o n s  obta ined  by i s o m e r i z a t i o n  of A2-pyrazo l ines  [12] w e r e  used in this r e s e a r c h .  The PMR 
s p e c t r a  of  the pure  l iquids w e r e  r e c o r d e d  with a Var ian  HA-100D with hexamethy ld i s i loxane  as the in ternal  
s t a n d a r d  at r o o m  t e m p e r a t u r e .  The s p e c t r a  of the azo compounds ,  which w e r e  p r e p a r e d  f r o m  h y d r a z o n e s  
[13], w e r e  obta ined with a J N M - 4 H - 1 0 0  s p e c t r o m e t e r .  

c b a 
Data f r o m  the PMR Spec t r a  of  the Azo C o m p o u n d s . d A z o p r o p a n e  (CH3CH2CH2N=)2-6 , ppm-" CH 3 0.92, 

d c b a 
CH 2 (a) 3.70, CH 2 (b) 1.70; Jab  =Jbc  =6 .8  Hz. Azobutane  (CHjCH2CH2CH2N = ) 2 - 6 ,  ppm:  CH 3 0.90, CH 2 (a} 
3.67, CH 2 (b) 1.65, CH 2 (c) 1.37; Jab= Jbc= Jc d=6 . 8  Hz. 
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