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Nitropyrazoles 
9.* Parameters of the 1H, 13C, and 15N (14N) spectra 

and the structures of N-aminonitropyrazoles 
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The structures of substituted N-aminonitropyrazoles and 1- and 2-amino-4-nitro2 
1,2,3-triazoles as well as the site of protonation of 1-aminopyrazole were determined based 
on the IH, 13C, and 15N (14N) NMR spectra. The 13C NMR spectra were recorded under 
conditions of 13C--{IH,I4N} triple resonance. Effects of substituents in the pyrazole ring on 
the 13C and 14N chemical shifts were studied. The 13C, IH and 15N,tH spin-spin coupling 
constants, obtained using techniques of [1H]-->13C and [IH]~lSN polarization transfer (SPT, 
INEPT), were measured, fully assigned, and discussed. 
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Recently 2,3 a general method for N-amination of 
pyrazoles by hydroxylamine-O-sulfonic acid in an 
aqueous solution at a constant pH has been developed. 
This made it possible to synthesize N-aminopyrazoles 
with electron-withdrawing substituents in the ring, 
including nitro groups; previously these compounds had 
been difficult to prepare or inaccessible. In the present 
paper we studied parameters of the NMR spectra of a 
number of N-aminonitropyrazoles and model amino- 
pyrazoles (1--21). 

The IH NMR spectra (Table l) exhibit signals 
corresponding to protons of the ring, methyl groups, and 
6'- and N-amino groups. For compound 5, we observed 
even the H(5),N(NH2) spin-spin coupling constant across 
four bonds, which is equal to 0.6 Hz. In the case of 
compound 17, in the differential IH NMR spectrum of 
the nuclear Overhauser effect (NOE), preirradiation of 
the amino group causes a "response" of one of the two 
protons of the amide group with a chemical shift of 
8.12 ppm, while preirradiation of the amide group proton 
with a chemical shift of 8.12 ppm causes a "response" of 
the amino group, which attests to a cis-arrangement of 
these groups of protons. 

13C NMR spectra have been reported only for 
unsubstituted N-aminoazoles (pyrazole, imidazole, 
1,2,4-triazole, and tetrazole) 4,5 and for methyl- and 
phenyl-substituted N-aminopyrazoles. 6 In the present 
work, we studied mostly ni tro-N-aminopyrazoles,  
therefore 13C NMR spectra were recorded under 
conditions of 13C-{ l H, 14N} triple heteronuclear selective 

* For Part 8, see Ref. 1. 

resonance; the 13C nuclei were observed with broad- 
band proton decoupling and selective decoupling of the 
14N nuclei of the nitro groups. This made it possible: (1) 
to obtain a narrow 13C signal of the carbon atom bearing 
the nitro group after a relatively small number of scans; 
(2) to measure geminal and vicinal 13C,IH spin-spin 
coupling constants for the carbon atom bearing the nitro 
group; and (3) to assign the I3C NMR signals corres- 
ponding to the carbon atoms of the pyrazole ring, 
bearing the nitro groups, as well as 15N (J4N) NMR 
signals of the nitro groups. 

Parameters of the 13C NMR spectra are listed m 
Table 2. The C-NO 2 chemical shifts of the carbon 
atoms in l-amino-3-pyrazoles 3, 9, 13, and 18 are 
150.0--155.19, those in l-amino-4-nitropyrazoles 5, 7, 
8, 11, 12, 15, 16, and 17 are 116.16--133.33, and these 
chemical shifts in the nitro derivatives of 1-amino- 
5-nitropyrazoles 4, 10, and 18 are 142.05--149.98 ppm, 
and they do not overlap. The C(3) chemical shifts in 
1-amino-3-methylpyrazoles 7 and 10 amount to 142.11-- 
142.89, and the C(5) chemical shifts in nitro derivatives 
of 1-amino-5-methytpyrazoles 8 and 9 are 138.75-- 
140.75 ppm. The C(3) chemical shift in 1,3-diamino- 
4-nitropyrazole 12 is 149.10, and the C(5) chemical 
shifts in nitro- or cyano derivatives of 1,5-diamino- 
pyrazoles 11 and 14 are 144.67--150.02 ppm. 

The values of 13C,1H spin-spin coupling constants 
across various numbers of bonds are significant parameters 
in identification of N-aminoazoles. As can be seen from 
Table 2, the direct (I j) C(5),H(5) coupling constants in 
compounds 1--3, 5--7, 12, and 13 linked to nitro 
groups are larger (189.0--204.6 Hz) than the C(3),H(3) 
coupling constants in compounds 1, 2, 4--6, 8, 11, and 
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NH2 I~IH2 NH 2 
H ( 5 ) ~  H (5)~N~.~.,.....H ~ H ( 5 ) ~  

H(4)" H(3) H(4)~H(3) H(4)" NO 2 

NH2 I~IH2 
No2~N'~ N 

Xz 
H ( 4 ) ' ~ H  ( 3 ) H ( 5 ) ~  

O2N H(3) 
1 2 3 4 5 

NH2 ~IH2 ~IH2 
H(5) N~N H(5)~ M e-~,/N"~ N 

Br ~H(3) O2N Me O2N ~/~XH(3) 

H2 NH 2 
M e~'/N~N . . / /~  N O 2 ~  

H(4) NO 2 HI4)" Me 
6 7 8 9 10 

I•IH2 NH2 
H 2N~fN'xN H ( 5)~jN~. N 

O2N H(3) O2N NH 2 

7.2 7.2 7.2 
H ( 5 ) ~  H 2N~N\  N 

NC NO 2 NO H(3) O2N COOH 

11 12 13 14 15 

NH2 ~IH2 
H ( 5 ) ~  H2N(O)c~N~ N 

O2N C(O)NH 2 O2N H(3) 

16 17 

I•IH2 ~IH2 

O2N~'TN\N ~NNN 

NO 2 O2N O2N H2N H(3) 

18 19 20 21 

14 (184.8--196.8 Hz) or the C(4),H(4) constants in 
compounds 1--4, 9, 10 (176.2--187.1 Hz). The same 
tendency can also be followed in the case of N-amino- 
4-nitro-l,2,3-triazoles 19 and 20:IJc(5),H(5 ) in 1-amino- 
4-nitro-l,2,3-triazole 19 is 210.0, whereas in 2-amino- 
4-nitro-l,2,3-triazole 20, it is only 205.6 Hz. Geminal 
(23) C(4),H(5) coupling constants in compounds 1--3, 
5--7, 12, 13, 15, and 16 (5.2--8.8 Hz) are similar to the 
C(4),H(3) constams in compounds 1, 2, 4--6, 8, 11, 14, 
and 17 (5.0--9.5 Hz). In compounds 1--4, 9, and 10, 
the C(5),H(4) coupling constants are larger (5.2--8.8 Hz) 
than the C(3),H(4) coupling constants (1.3--5.3 Hz). 
The geminal C(4),H(5) constant in compound 19 
(6.5 Hz) is smaller than that in compound 20 (8.0 Hz). 
The same regularities of variation of direct and geminal 
spin-spin coupling constants have also been observed by 
us in the series of N-acetonylnitropyrazoles and 
1,2,3-triazoles. 7 The vicinal 3JC(3),H(5 ) constants in 
compounds 1--3, 5--7, 12, 13, 15, and 16 are 6.0--9.8, 
whereas 3Jc(5),H(3 ) in compounds 1, 2, 4--6, 8, 11, 14, 
and 17 are only 1.8--5.0 Hz. 

Vicinal 3Jc(5) N(NH2) coupling constants, are the most 
significant for identihcation of N-aminoazoles. They 
amount to 1.2--3.2 Hz, which indicates that the N-amine 

group and the C(5) atom of the ring are located in close 
proximity. Previously, an analogous spin-spin coupling 
constant has been measured only for 1-amino- 
1,2,4-triazole and amounted to 3.2 Hz (see Ref. 3). In 
addition, we were able to determine vicinal C,C(NH2) 
coupling c o n s t a n t s :  3Jc(4),5_NH 9 in compound 14 and 
3Jc(3),C(O)NH2 in compound 16 are 3.4 Hz each, and 
3Jc(5),C(O)NH2 in compound 17 is 2.0 Hz, whereas 
geminal spin-spin coupling constants are not manifested. 
More distant 4Jc(4),N(NH2 ) and 4Jc(3),N(NH2 ) coupling 
constants are smaller than 1 Hz, and as a rule, they are 
not observed. 

Data on parameters of the 15N NMR spectra have 
been reported only for unsubstituted N-aminoazotes. s,8 

It should be noted that the signal of the 3-NH 2 
group in compound 12 is recorded in a lower field 
(-320.11 ppm) than signals of the 5-NH 2 groups in 
compound 11 (-326.91 ppm) or 14 (-328.21 ppm). 
Signals of the N - -N H  2 group are recorded in the region 
o f - 2 7 6  to -315  ppm and depend on both the 
substituents in the azole ring and type of the ring itself. 

The chemical shift of the NH2 group in 
N-aminopyrazole 1 is -296.20 ppm. Introduction of a 
3-NO 2 (compound 2), 4-NO 2 (compound 5), or 4-Br 
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Table 1. IH N M R  chemical shifts (ppm) and IH,IH spin-spin coupling constants (Hz) in 
N-aminonitroazoles 

Corn- ~ (J1H,IH) 
pound H(3) H(4) H(5) 1-NH 2 3-NH 2 5-NH 2 3-Me 5-Me 

1 7.32 dd 6.17 dd 7.51 dd 6.43 s . . . .  
(2.1, 0.9) (2.1, 2.1) (2.1, 0.9) 

2 7.51 dd 6.27 dd 7.63 dd 5.72 s . . . .  
(3.3, 0.9) (3.3, 3.3) (3.3, 0.9) 

3 - -  6.87 d 7.70 d 6.63 s . . . .  
(2.5) (2.5) 

4 7.40 d 7.05 d - -  7.08 s . . . .  
(2.3) (2.3) 

5 7.97 d - -  8.39 d.t 6.55 s . . . .  
(0.9) (0.9, 0.6) 

6 7.34 d - -  7.67 d 6.36 s . . . .  
(1.0) (1.0) 

7 - -  - -  8.31 s 6.60 s - -  - -  2.29 s - -  

8 7.90 s --  - -  6.39 s - -  - -  - -  2.49 s 

9 - -  6.73 q - -  6.66 s - -  - -  --  2.29 d 
(0.7) (0.7) 

1 0  - -  6.85 q - -  6.66 s - -  - -  2.17 d --  
(0.6) (0.6) 

11 7.73 s - -  - -  5.99 s - -  6.85 s --  --  

12 --  - -  8.11 s 6.06 s 6.47 s - -  - -  --  

13 - -  - -  8.70 s 7.40 s . . . .  

14 7.44 s - -  - -  5.96 s - -  6.28 s - -  - -  

15 --  --  8.56 s 7.20 s . . . .  

16 - -  - -  8.57 s 6.92 s 7.68 s, 
7.96 s 

17 8.05 s - -  - -  6.74 s 7.96 s, 
8.20 s 

18 --  - -  - -  7.55 s . . . .  

19 - -  - -  9.07 s 7.50 s . . . .  

20 - -  - -  8.47 s 8.19 s . . . .  

21 - -  - -  8.48 s 6.45 s . . . .  

g roup  ( c o m p o u n d  6) in to  c o m p o u n d  1 results  in t he  
signal a s soc ia t ed  wi th  t he  a m i n o  group  shif t ing downf ie ld  

by 3 - - 6  p p m ,  w h e r e a s  i n t r o d u c t i o n  o f  a 5 - C H  3 g roup  
(19, 20) in to  N - a m i n o - 4 -  (5) or  N - a m i n o  3-n i t ropyrazo le  

(3) resul ts  in a 6 - - 7  p p m  upf ie ld  d i s p l a c e m e n t  o f  th is  

signal.  T h e  3 - N H  2 g roup  in c o m p o u n d  12 has a lmos t  no  
ef fec t  on t h e  c h e m i c a l  shif t  o f  t he  signal o f  the  N - a m i n o  

g roup ,  w h e r e a s  t he  5 - N H  2 group  in c o m p o u n d  11 results  

ira this  signal shi f t ing  upf ie ld  by 15 ppm.  
C o m p o u n d s  19 and  2 0  differ  in pos i t ion  o f  t he  N H  2 

g r o u p  in t h e  4 - n i t r o - l , 2 , 3 - t r i a z o l e  ring; t he  signal  
c o r r e s p o n d i n g  to  t he  a m i n o  g roup  in t he  s p e c t r u m  o f  

c o m p o u n d  19 is sh i f t ed  17 p p m  upf ie ld  ( - 2 9 3 . 6 0  p p m )  
wi th  r e spec t  to  t ha t  in c o m p o u n d  2 0  ( - 2 7 6 . 7 6  p p m ) ,  
w h i c h  is due  to  t he  d i f fe ren t  c h e m i c a l  e n v i r o n m e n t s  o f  

the  N H  2 g roups  in c o m p o u n d s  19 and  2 0 .  

A c o m p a r i s o n  o f  15N c h e m i c a l  shifts  o f  t he  N - a m i n o  
g roups  it1 N - a m i n o i m i d a z o l e ,  4 - a m i n o - l , 2 , 4 - t r i a z o l e ,  

N - a m i n o p y r a z o l e ,  N - a m i n o - 4 - s u b s t i t u t e d  p y r a z o l e s ,  

1 - a m i n o - l , 2 , 4 - t r i a z o l e ,  l - a m i n o - l , 2 , 3 - t r i a z o l e ,  and  
2 - a m i n o -  1 ,2 ,3- t r iazole  impl ies  tha t  sh ie ld ing  o f  n i t rogen  

nuc le i  in t he  N H  2 group decreases  in the  fo l lowing 

order:  

: C - - N - - C :  : C - - N - - N :  : N - - N - - N :  

NrH2 I ! NH 2 NH 2 

-311 + - 3 1 5  ppm - 2 9 0 + - 3 0 3  ppm -277  ppm 

This m a y  be used for iden t i f i ca t ion  o f  t he  type  o f  

azole  sys tem or  i somers  in the  series o f  1 ,2 ,3- t r iazoles  
and  te t razoles .  S imi lar  regulari t ies  have been  obse rved  in 
the  15N spec t ra  o f  N - m e t h y l  -9 and  N-ace tony lazo l e s .  7 

The  d i rec t  (I j )  l S N 1 H  sp in - sp in  coup l ing  cons t an t s  
for  the  C - - N H 2  groups  in a m i n o a z o l e s  11, 12, and 14 
are 87 .6 - -90 .2  Hz,  whi le  those  for N - - N H  2 groups  in 
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Table 2. 13C NMR chemical shifts (ppm) and 13C,1H spin-spin coupling constants (Hz) in N-aminonitroazoles 

Corn- • (JI3C,1H) 

pound C(3) C(4) C(5) Me CN, C=O 

1 135.64 ddd (184.8, 103.72 ddd (176.2, 128.73 dddt (189.0, --  --  
2Jc,H(4) = 4.7, 2Jc,H(3) = 9.2, 2JC,H(4) = 8.8, 
3Jc,H(5) 8.7) 2JC,H(5) = 8.3) 3JC,H(5) = 4.0, 2.3) 

2 135.56 ddd (192.7, 107.46 ddd (183.5, 134.18 ddd (195.6, 
2Jc,H(4) = 5.3, 2JC,H(3) = 5.0, 2JC,H(4) = 5.2, --  --  
3Jc,n(5) 7.8) 2JC,H(5) 5.2) 3JC,H(3) = 4.5) 

3 152.96 dd (2Jc,1_i(4) = 102.17 dd 132.80 ddt (194.6, --  --  
1.6, 3Jc,H(5) = 9.8) (187.1, 8.8) 5.2, 2.8) 

4 133.60 dd (187.6, 104.72 dd 142.26 ddt - -  - -  

7.2) (187.4, 5.0) (2JC,H(4) = 5.4, 
3JC,H(3) = 4.8, 2.9) 

5 132.96 dd 133.33 dd 128.32 ddt - -  --  
(197.2, 6.1) (5.5, 5.5) (199.8, 1.8, 3.0) 

6 135.97 dd 89.81 dd (2Jc,H(3) = 128.96 dd (196.5, 3.l) - -  - -  
(192.3, 7.4) 6.7, 2Jc,H(5) = 6.2) 

7 142.89 qd (7.1, 7.3) 130.84 qd (2.7, 2.9) 129.34 dt (200.1, 2.8) 12.94 q (129.6) --  

8 132.86 d (196.8) 130.81 qd (2.7, 6.3) 138.75 ddt (2.1, 7.0, 2.8) 10.61 q (131.6) - -  

9 150.24 d (1.3) 100.36 dq (185.6, 3.7) 140.75 qd (6.8, 7.2) 10.41 q (130.0) --  

10 142.11 qd (7.0, 3.3) 103.03 dq (184.8, 3.7) 142.05 d (6.0) 13.04 q (128.5) -- 

11 131.13 d (196.2) 116.16 d (6.6) 144.67 dt (5.0, 2.4) --  --  

12 149.10 d (6.8) 118.65 d (6.8) 126.18 dt (200.1, 3.2) --  --  

13 150.62 d (9.0) 87.30 d (7.5) 137.91 dt (204.6, 2.8) --  110.68 d (1.9) 

14 136.82 d (192.1) 70.70 dt (9.5, 150.02 dt (3.3, 3Jc, I_NH 2 -- ll5.37 d (l.7) 
3Jc,s_NH 2 = 3.4) 2.5) 

15 136.97 d (6.3) 131.29 d (5.2) 129.79 d (202.7) - -  161.94 s 

16 140.11 dd (6.0, 130.09 d (5.3) 129.14 dt (202,5, 2.7) --  16t.96 s 
3Jc,NH 2 = 3.4) 

17 132.46 d (198.7) 130.12 d (6.2) 134.74 dtd (8.5, 2.0, --  159.16 s 
3JC,Nn 2 = 1.8) 

18 155.19 s 115.03 s 149.98 t (1.8) --  --  

19 - -  151.20 d (6.5) 123.02 dt (210.0, 1.7) - -  -- 

2 0  - -  149.58 d (8.0) 129.30 d (205.6) --  --  

21 144.65 ddt (212.2, --  --  --  --  
3.9, 1.2) 

N-aminoazo l e s  1, 3, 5 - -14 ,  16, and 21 are on ly  70 .4- -  
73.9 Hz and  a lmos t  do no t  depend  on  the  subst i tuents  
in the  ring. 

G e m i n a l  2JN(2),H(3 ) cons tan t s  in c o m p o u n d s  1, 5, 6, 
8, 11, and 14 a m o u n t  to 12.1--13.1 Hz,  while 2JN(I),H(5 ) 
in c o m p o u n d s  1, 2, 3, 5, 6, 7, and 13 are only  1.6--  
4.2 Hz. 

Vicinal 3JN(1),H(3 ) sp in - sp in  coupl ing  constants  in 
c o m p o u n d s  1, 2, 4 - - 6 ,  8, 11, and 14 are 6 .5- -9 .7  Hz, 
and 3JN(1),H(4 ) in c o m p o u n d s  1 - - 4  are 4 .7- -7 .5  Hz. 

We  used v ic ina l  sp in - sp in  coupl ing  cons tants  of  the 
methy l  group wi th  the  adjacent  a tom of  the  ring, N(1)  
or N(2) ,  for d e t e r m i n i n g  the  posi t ion  of  the methyl  
group in the  pyrazole  ring. The  N ( 1 ) , 5 - C H  3 coupl ing  
cons tan ts  in  c o m p o u n d s  8 and  9 are 1.8--2.4 Hz,  and  
the N ( 2 ) , 3 - C H  3 cons tan t s  in c o m p o u n d s  7 and  l 0  are 

4 3 .0- -3 .2  Hz. More  dis tant  cons tants  JN CH3 are smal ler  
t h a n  1 Hz  and  are no rma l ly  no t  observeci. We found  the 
vicinal  sp in - sp in  coupl ing  cons tan ts  o f  N(1)  with the  
adjacent  5 - N H  2 group in  c o m p o u n d s  11 and 14 to be 
1.6 and  2.7 Hz,  respectively.  

Let us cons ider  in  more  detail  the proof  of  the 
s tructures of  i somer ic  pyrazoles 3 and  4, 7 and  8, 9 and  
10, 11 and  12, and  16 and 17, as well as 4 -n i t ro -  
1,2,4-triazoles 19 and  20, which differ on ly  in substi tuents 
in  posi t ions  3 and  5 and  have ident ical  subs t i tuents  in 
pos i t ion  4. The  structures of  these c o m p o u n d s  were 
d e t e r m i n e d  using 13C, 15N, and  14N N M R  (13C, tSN, 
and  14N chemica l  shifts and 13C,IH and  15N,IH spin-  
spin coupl ing constants  across various number s  of  bonds) .  
For  example ,  the  difference be tween  chemica l  shifts of  
the  subst i tu ted C(3) a tom and  unsubs t i tu ted  C(5) a tom 
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Table 3. 15N NMR chemical shifts (ppm) and 15N,IH spin-spin coupling constants (Hz) in N-aminonitroazoles 

Con]- ~ (JI5N,IH) 

pound N(1) N(2) N-NH2 C-NH2 3-NO 2 4-NO 2 

1 -161.89 ddd (2JN,H(5) = --72.12 d -296.20 t (70.8) --  -- --  
3.0, 3JN,H(3) = 8.7, (2J,~,H(3) = 12.4) 
3JN,H(4) = 6.7) 

-172.79 ddd (2JN,H(5) . . . .  
2.4, 3JN,H(3) = 6.5, 
3./N,H(4) = 4.7) 

--158.32 dd (2JN,H(5) = --78.37 s (71.6) --290.34 t --  --20.45 --  

2.3, 3.IN,H(4) = 8.0) 

-156.78 dd (2JN,H(5) = 1.6) --69.91 d (2JN,H(3) = --291.36 t (71.8) - -  -- --18.72 s 
12.1) 

--160.47 dd (2JN,H(5) = 3.0, --68.65 d (2JN,H(3) = --293.89 t (70.8) - -  --  --  

3JN,H(3) = 8.8) 13.1) 

-163.53 td (2.1, 2.8) -73.67 q (3.0) -292.25 t (71.5) - -  --  --  

-158.55 dqt (9.7, 2.4, 2.3) -75.70 d (12.2) -298.36 t (72.5) - -  

-159.53 dq (7.5, 1.8) -65.39 s -296.60 t (72.0) - -  --  

* -79.89 s -311.65 t (72.2) --  - -  

-190.36 td (3JN,cNH2 = 1.6, --88.11 d (12.3) -306.81 t (73.9) -326.91t (88.5) --  
8.7) 

* * -291.16 t (71.2) -320.I  It (90.2) --  -- 

-156.65 dt (4.2, 2.4) -74.55 s (72.0) -287.12 t --  -26 .2 l  s -- 

-187.29 td (3JN,CNH2 = 2.7, --87.85 d (12.4) -307.51 t (73.9) -328.21 t (87.6) --  --  
8.7) 

-16o.87 t (2.1) -268.86 t (87.7) - 

-159.9o dt (10.2, 2.3) -264.61 t (89.0) 

* --  -28.60 s -- 

* - -  --  -25.50 

-52.45 d (10.4) --  --  -25.50 

-67.41 d (13.1) --  - -  --  

7 

8 

9 

10 

11 

12 

13"* 

14 

-132.60 br.s 

16 * 

17 -73.65 d (12.2) 

18 * 

19 * 

20 -114.00 d (13.8) 

21 -197.34 t (7.1) 

-300.31 s 

-291.01 t (71.9) 

-293.50 t (72.2) 

-286.20 s 

-293.60 s 

-276.76 s 

-314.88 t (71.2) 

* No signals are recorded. ** -114.36 ppm (CN). 

in t3C N M R  spectra  of  1 ,3- isomers  is 13.5--23.0 ppm,  
whereas  in the  spectra  of  1.5-isomers,  the  difference 
be tween  chemica l  shifts o f  the  subst i tuted C(5) a tom 
and  unsubs t i tu t ed  C(3) a tom a m o u n t s  to 2 .0--13.5  ppm,  
w h i c h  is d u e  to  d i f f e r e n t  e l e c t r o n e g a t i v i t i e s  o f  
sp2-hybridized (N(2))  and  sp3-hybridized (N(1))  n i t rogen 
a toms in  the  pyrazole  ring. It can  be seen that  for the  
whole  series o f  isomers ,  these ranges merge together,  bu t  
for each par t icu lar  pair  of  isomers,  the difference between 
the  chemica l  shifts o f  the  subst i tu ted C(3) and C(5) 
a toms is very large and  is equal  to 7 .5- -13 .0  ppm.  The 
13C,1H coup l ing  cons tan t s  also provide evidence for the  
s t ructures  o f  i someric  pyrazoles.  Direct  C(5) ,H(5)  sp in-  
spin coupl ing  cons tan ts  are always greater than  C(3) ,H(3)  
cons tan ts  by 3 - -7  Hz. Vicinal  coupl ing  cons tants  of  
C(5) with the  p ro tons  of  the  N - a m i n o  group (2 .4--3 .2)  
unequ ivoca l ly  po in t  to the  posi t ions of  subst i tuents  in 
the  ring: 3Jc(5),su2 in 1 ,3- isomers  is manifes ted,  a long 
with the  di rect  sp in - sp in  coupl ing  cons tant ,  whereas in 
1 ,5- isomers ,  no  direct  coup l ing  cons tan t  is observed. 

The  s tructures  of  t r isubst i tuted isomers 9 and  10 were 
de t e rmined  in a s imilar  way. The  C ( 3 ) - N O  2 signal in 
c o m p o u n d  9 and  the C ( 5 ) - N O  2 signal in c o m p o u n d  10 
were assigned based on  their  b roaden ing  and also based 
on  the  differences be tween  the chemical  shifts o f  CC-NO 2 
and  __C-CH3: in 1 - a m i n o - 3 - n i t r o - 5 - m e t h y l p y r a z o l e  (9) 
they  differ by 10 p p m ,  and  in 1 - a m i n o - 3 - m e t h y l -  
5-pyrazole ,  the  difference is 0 ppm.  This  a r r angemen t  
of  the  CH3 groups is also indicated by their  chemical  
shifts: the signal of  the 3 - C H  3 group (13.04 ppm)  is 
recorded in a lower field than  the signal of  the 5 - C H  3 
group (10.41 ppm).  

T h e  p r e s e n c e  o f  c o u p l i n g  c o n s t a n t s  of  N(1)  
(3JN(I),H(3) = 9 .7 - -10 .2  Hz) and N(2)  (2JN(z).H(3) ----" 
12 .2 - -12 .3  Hz)  in  the  15N N M R  spec t r a  of  
1,5-subst i tuted pyrazoles 4, 8, 11, and 17 unambiguous ly  
indicates  that  there  are no subst i tuents  in posi t ion 3, 
whereas  in 1 ,3-subst i tuted pyrazoles 3, 7, and 16, on ly  
the  2JN(1),H(5 ) ___ 2.8 Hz cons tan ts  are obselwed, and the 
3JN(2),H(5 ) cons tan ts  are smal ler  than  1 Hz or are not  
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manifested at all. Additional evidence for the arrangement 
of  the methyl groups in isomers 7 and 8 ,  9 and 10 is 
provided by their vicinal spin-spin coupling constants 
with N( I )  and N(2). If  the CH 3 group is attached to the 
C(3) atom, only the coupling constant with N(2), equal 
to 3.0--3.2 Hz, is manifested (7, 10); if this group is 
located at the C(5) atom, only the coupling constant 
with N(1), equal to 1.8--2.4 Hz, is observed (8, 9). 

Aminat ion  of  4-n i t ro- l ,2 ,3- t r iazo le  results in a 
mixture of  two isomers 19 and 20. The difference between 
the chemical shifts of  the C(4) and C(5) atoms in 
compound 20 is 20 ppm, and that in compound 19 is 
28 ppm, which is due to different electronegativities of  
the N(1) atoms in compounds 20 and 19. The direct, 
geminal, and vicinal 13C, IH constants confirm the 
structures of  isomers 19 and 20, In fact, the direct 
C(5),H(5) constant in compound 19 (210.0 Hz) is greater 
than that in compound 20 (205.6 Hz), and the geminal 
C(4),H(5) coupling constant in compound 19 (6.5 Hz) 
is smaller than that in compound 20 (8.0 Hz). We were 
able to measure the vicinal coupling constant of  C(5) 
with the protons of  the N-amino group (1.7 Hz) in the 
spectrum of  compound  19, which is an important  
criterion for determining the position of  the N-amino 
group in 1,2,3-triazoles. The 15N N M R  spectrum of 20, 
recorded  using the  selective 1H--+I5N transfer  of  
polarization from H(5), exhibits two doublets with 
chemical shifts o f - 5 2 . 4 5  ppm (2JN(1),H(5) = 13.8 Hz) 
and 114.00 ppm (3JN(2),H(5) = 10.4 Hz),  which 
correspond to the N(1) and N(2) atoms, respectively. If 
the amino group were located at the N(1) atom, rather 
than at N(2),  spin-spin coupling constants of  H(5) 
neither with N(1) nor with N(2) would be manifested. 
Previously we observed similar regularities in the 13C 
and 15N N M R  spectra of  1- and 2-acetonyl-4-nitro- 
1,2,3-triazoles. 7 

It was shown by 13C and 15N N M R  spectra that 
N-aminopyrazole 1 is protonated at the N(2) atom, 
rather than at the N H  2 group, since the C(4) and C(5) 
signals in the 13C N M R  spectrum of the protonated 
N-amino pyrazole 2 (recorded in H2SO4) are displaced 
3.7 and 5.4 ppm downfield with respect to those in 
compound 1. In addition, all the direct 13C,IH spin-spin 
coupling constants in compound 2 are greater than 
those in compound 1 by 6.6--7.9 Hz. Similar regularities 
in the variation of  the 13C chemical shifts and 13C,IH 
spin-spin coupl ing constants are given for neutral 
N-methylpyrazole and N-methylpyrazole protonated at 
N(2). 

The 15N N M R  chemical shifts of  compound 1 are: 
-296 .0  (NH2), -161 .89  (N(1)), and -72 .12  (N(2)), 
those of  protonated 2 are: 300.31 (NH2), -172.79 (N(1)), 
and -132 .60  (N(2)), i.e., on protonation, the signal of  
N(2) shifts appreciably upfield (by 60.48 ppm), whereas 
chemical shifts of  the other nitrogen atoms almost do 
not change. This indicates quaternization of the N(2) 
atom, i.e., this atom is protonated. 

Experimental 

NMR spectra were recorded on a Bruker AM-300 
instrument operating at 300.13, 70.45, 30.42, and 21.68 MHz 
for IH,13C, 15N, and 14N, respectively, using tetramethylsilane 
as the internal standard (1H and 13C) or CH315NO2 enriched 
by 60 % with the JSN isotope as the external standard (ISN 
and 14N). High-field 15N and 14N chemical shifts are given 
with "minus" signs (the 8-scale). All of the spectra were 
recorded in DMSO-d 6 at 30 ~ for solutions with 
concentrations of 3--5 tool L -l .  13C NMR spectra were 
obtained under conditions of 13C-{IH,14N} triple selective 
heteronuclear resonance (gated decoupling, Gasel), and 13C 
and 15N NMR spectra were obtained with broad-band proton 
decoupling under INEPT conditions ll by virtue of selective 
IH---~13C and IH~I5N transfer of polarization and also by 
using selective polarization transfer from one proton with the 
simultaneous selective decoupling of another proton, lz The 
errors of determining IH and 13C chemical shifts were +0.025, 
those of determining tSN chemical shifts were +_0.05, and for 
14N chemical shifts, the errors were _+0.5 ppm; 13C,1H and 
15N,IH spin-spin coupling constants were determined with an 
accuracy of 0.05--0.3 Hz depending on the purpose of the 
particular experiment. 
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