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4-1odo-I-methylpyrazoles react with a nitrating mixture at 55 °C to give the correspond- 
ing 4-nitro-l-methylpyrazoles. The qualitative dependence of the nitrodeiodination rate on 
the structure of the heterocycles and the reaction conditions was considered, 
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According to the literature data, 4-nitro - t -6  or 3- 
and/or 5-nitrosubstituted pyrazoles 4'5 can dominate 
among the products of the nitration of 4-halopyrazoles, 
depending on the structure of the 4-bromo- and 
4-chloroderivatives and the reaction conditions (tem- 
perature, duration, and the content of water in the 
nitrating mixture). In certain cases, the formation of 
both products occurs in parallel. 4.6 It has also been 
reported that 4-iodopyrazolecarboxylic acids undergo 
oxidative destruction under the conditions of nitration. 7 

In the preliminary publication 8 we reported the suc- 
cessful nitrodeiodination of polyiodopyrazoles, thus pro- 
posing a convenient method for the synthesis of not 
easily accessible 3- and 5-iodo-4-nitropyrazoles. In that 
article we noted that an NO 2 group, which strongly 
hampers electrophilic substitution, accelerates the 
nitrolysis of 4,5-diiodo-l-methyl-3-nitropyrazole (lg). 
In the literature one can find cases where nitration of 
the pyrazole ring was accelerated by introducing a nitro 
group, e.g., into the N-phenyl substituent. It was shown 
that this effect was due to the fact that the substrate was 
nitrated with a mixture of nitric and sulfuric acids in the 
form of a free base and not in the protonated form 
(through intermediate compounds 2 and 3). 9,1° 

To determine the causes of this acceleration in our 
case and to find out whether the nitrodeiodination is of 
a similar character, we carried out a systematic study of 
the ipso-nitration of a series of mono-,  di-, aJld 
triiodopyrazoles, including derivatives with donor and 
acceptor substituents (Scheme 1, the R' and R "  are 
indicated in Table I). 

The presence of st, bstrates with both types of sub- 
stituents appears to be important owing to the significant 
influence of their nature and position in the ring on the 
reaction pathway in the series of 4-bromo-  and 
4-chloropyrazoles.l,2,4,7 

We assumed that the failure to nitrolyze 4-iodo- 
I-methylpyrazole-3- (ld) and 4-iodo-l-methylpyrazole- 
5-carboxylic acid (le) (their destruction) described in 

Scheme 1 

R' I R" I 

l a - -n  2a--e,  h--n 

R' = NO2~NO2 + ~NO2+ 

R' NO 2 R" NO 2 

_"=fir" 
R" H R" 

(~H 3 ~H 3 
4a--n 3a--e,  h--n 

Ref. 7 was due to the drastic conditions in which the 
reaction was carried out. That is why we first optimized 
the nitrodeiodination conditions: 20% oleum was re- 
placed by ~ 94% H2SO4, and the reaction temperature was 
decreased. This allowed us to conduct the nitrolysis of a 
large number of 4-iodopyrazoles in 54--94% yields. 

A qualitative comparison of the influence of sub- 
stituents on the reactivity of nitrating agents was carried 
out by correlating the nitrolysis duration (under standard 
conditions) of 4-iodo-l-methylpyrazole (la) with the 
corresponding derivatives of 4-iodopyrazole having both 
donor and acceptor substituents at position 3 and/or 5 of 
the ring. 

The end of the reaction was determined by the 
disappearance of the starting iodopyrazoles (TLC). As 
would be expected, the introduction of a donor substitu- 
ent (CH3) into position 3 ( I t )  or position 5 (lfl) led to 
an increase in the rate of ipso-nitration over that of 
unsubstituted 4-iodopyrazole la. The reaction durations 
were 35, 20, and 45 rain, respectively. In contrast, the 

Translated from Izvestiya Akademii Nauk. Seriya Khimicheskaya, No. I I, pp. 2722--2725, November, 1996. 
1066-5285/96/4511-2581 $15.00 © 1997 Plenum Publishing Corporation 



2582 Russ.Chem.Bull., VoL 45, No. II, November, 1996 T re t ' y a kov  and Vasilevsky 

Table I. Reaction duration (x, at 55 °C), constants, and y;elds 
of I-methyl-4-nitropyrazoles 4a--n 

Com- R" R'" r/min Yield a M.p./°C 
pound (%) (solvent) ~ 

4a H H 45 82.7 90--92 - 
(H--B) tt 

4b CH 3 H 35 74.6 74--75 
(H--B) 12 

4c H CH 3 20 70,9 II I--I  13 
(H--B)  t2 

4d COOH H 360 58.3 173--174 
(Ch) 12 

4e H COOH 780 54.1 163--164 
(Oh) 2 

4f NO 2 H 20 c 88.4 20--25 
(H) tl 

4g NO 2 I 10 c 936 77--78 
(H--B) s 

4h d I H 10 87,3 148--149 
(B--Ch) 

4i I CH 3 5 90,3 134--135 
(Ch) 8 

4j CH 3 I 5 93.7 149--151 
(Ch) 13 

4k I I 3 89.4 226--226.5 
(A) a 

41 COOH I 35 71.2 224--225 
(B--Ch) 8 

4m I COOH 180 618 194--194.5 
(B--Ch) 8 

41a e CH 3 COOH 60 61.0 146--147 
(Ch) 

a One product forms in all cases. The decrease in the yield of 
4-nitropyrazolecarboxylic acids is due to their high solubility 
in water. 
b A --  alcohol, B --  benzene, Ch --  chloroform, and H --  
hexane. 
c Nitrolysis was carried out at 30 °C, 
d Found (%): C, 19.07; H, 1.87; I, 49.95. CaH4N3021. Cal- 
culated (%): C, 18.99; H, 1.59; I, 50.16. IR (CHCI3), 
v/cm-I:  1335, 1558 (NO:~). IH NMR (CDCI3), 6,: 382 (s, 
3 H, NCH-~ 7.6 (s, I H, 5-H). 
e Found (%): C, 38.92; H, 381; N, 22.70. C6HTN304. Cal- 
culated (%): C, 38.96; H, 3.75; N, 22.78. ~H NMR(CDCI3), 
5:2.65 (s, 3 H, 3-CH3), 3.95 (s, 3 H, NCH3), 7.6 (br. s, I H, 
COOH). 

presence of  a C O O H  group significantly slowed down 
n i t r o d e i o d i n a t i o n .  Thus ,  the reac t ion  dura t ion  was 
360 rain for 3-carboxy derivative ld  and 780 rain for 
isomeric  5 -carboxypyrazo le  le .  In contrast  to the data of  
Ref. 7, we were able to carry out the nitrolysis of  
i s o m e r i c  4 - i o d o p y r a z o l e c a r b o x y l i c  ac ids  to ob t a in  

4-ni t ropyrazolecarboxyl ic  acids 4d (58%) and 4e (54%). 
As might be expected,  the in t roduct ion  o f  a donor  
subst i tuent  (CH3) leads to an increase in the nitro- 
de iodina t ion  rate, and the dura t ion o f  react ion In was 
60 min. 

As can be seen from Table I, act ivating substituents 
at posit ion 5 of  the ring accelerate  nitrolysis to a greater 
extent  and modera te ly  deact ivat ing subst i tuents  deceler-  
ate nitrolysis to a greater  extent  than s imilar  groups 
located at posit ion 3 of  pyrazole.  

The presence of  a strongly deact ivat ing nitro group at 
posit ion 3 of  the ring sharply increases the reaction rate. 
Since the reactivity of  4 - i o d o - I - m e t h y l - 3 - n i t r o p y r a z o l e  
( I f )  is high, the nitrolysis was carried out  at a lower 
tempera ture  (30 °C), and the react ion durat ion was 
20 rain. It is probable that the high rate o f  the nitrolysis 
of  iodide I f  is due to the significant decrease  in the 
basicity of  the substrate produced by the s t rongly deact i -  
vating nitro group, which causes the substrate  to enter  
the reaction predominant ly  in the form of  a free base, 
and not in the protonated form as it does for methyl and 
carboxy derivatives of pyrazole.  Both possibilities, as 
appl ied to the nitrat ion of  4 -ha lopyrazoles ,  are discussed 
in Ref. 4. 

This supposi t ion was addi t ionnal ly  conf i rmed by a 
direct  exper iment ,  a compar ison  between the rates of  
the ni trat ion of  4 - i o d o - l , 3 - d i m e t h y l -  ( Ib )  and 4 - iodo-  
3 - n i t r o - l - m e t h y l p y r a z o l e  ( l  f) under  condi t ions  where 
the substrates react in the basic form. t4 The  nitrat ion 
was carried out in a mixture of  acet ic  anhydr ide  and 
nitric acid at 25 °C. The n i t rode iod ina t ion  o f  compound  
lb  was comple ted  after 10 rain, whereas,  in the case of  
iodide If, no traces of  its nitrolysis product  were yet 
detected after 24 h of  exposure,  which is in full agree-  
ment  with the influence of  donor  and accep to r  substi tu- 
ents on the rate of  e lec t rophi l ic  subst i tut ion.  

Thus,  one can believe that  there  is a great  degree of  
p robabi l i ty  that  the  a n o m a l o u s  acce l e ra t ion  of  the  
nitrolysis of  iodide If, affected by the ni tro group at 
posi t ion 3 of  the ring, is related to the  fact that  a higher  
concent ra t ion  of  the substrate is in the form of  a free 
base than in the case of  methyl  and carboxy derivatives, 
which predominan t ly  react in the form of  a conjugated 
acid. 

A compar i son  of  the rates of  the ni t rolysis  of  
3 - n i t r o i o d i d e  I f  (20 rain)  and 3 - n i t r o d i i o d i d e  l g  
(10 rain) ( though obtained under  condi t ions  that some-  
what differed 8) suggested a cer tain acce le ra t ion  of  the 
r eac t io ,  due to the addit ional iodine a tom in the pyrazole 
molecule.  

This induced us to compare  the rates of  the nitrolysis 
of  compounds  I f  and lg  under  s tandard  opt imized  
condi t ions  as well as the reactivity of  mono iod ide  l a  
with that of  vicinal d i iodides  both in the presence of  
donor  and acceptor  subst i tuents  and in thei r  absence.  

It was de te rmined  that the in t roduct ion  of  an addi -  
t ional  iodine a tom into posi t ion 3 or  5 of  the pyrazole 
ring caused a significant acce lera t ion  of  the reaction.  
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Thus, the completion of the nitrodehalogenation of 
4-iodopyrazole la, 3,4-diiododerivative Ih, and 3,4,5-tri- 
iodide lk takes 45, 10, and only 3 rain, respectively. 
These regularities are also valid for vicinal 3,4- and 
4,5-diiodopyrazoles with both donor and acceptor type 
substituents. As would be expected, the former addition= 
ally acce l e~e  nitrolysis, while the latter decelerate it, 
and the influence of groups at position 5 is somewhat 
greater than that of the same groups at position 3 (as in 
the case of 4-monoiodides). 

It is probable that the acceleration of the reaction by 
the neighboring iodine atoms at positions 3 and 5 of the 
ring is due to the fact that the bulky substituents favor 
the displacement of the iodide cation from position 4 of 
the ring in the intermediate ~-complex. Is 

Unfortunately, we failed to synthesize 3,4-diiodo- 
I-methyl-5-nitropyrazole because an unexpected prod- 
uct, 3,4,5-triiodopyrazole 6, was obtained in 60% yield 
under the conditions of the oxidative iodination of I-me- 
thyl-5-nitropyrazole 5 (12--HIO J, CHjCOOH, 80 °C, 
30% H2SO4). 

I I 

N ~ / ~  12'HIO3 
NO 2 ~ I 

5 6 

This is the first case of the elimination of an N-methyl 
group under these reaction conditions from a number of 
known examples of the oxidative iodination of different 
N-methylpyrazoles.16,17 One can assume that the elimi- 
nation of the methyl group occurs via its oxidation to a 
carboxylic group followed by decarboxylation, which, in 
turn, is due to the steric proximity of the NO 2 and CHj 
groups. The oxygen atom is introduced at the C--H 
bond, then the intermediate N-hydroxymethyl-5-nitroso- 
pyrazole is oxidized to the N-carboxy derivative by 
H10] with subsequent or simultaneous decarboxylation 
and exhaustive iodination, including the ipso-substitu- 
tion of the NO 2 group. The ease of the cleavage of the 
N- -O  and C- -H  bonds in the methyl group of com- 
pound 5 (according to the data of mass spectrometry) 
indirectly confirms the possibility of this scheme. Is 

- 

The results obtained by us and the literature data 
allow one to draw some generalizations concerning the 
behavior of  4-halopyrazoles during nitration. The 

nitrolysis of 4-chloropyrazoles does not occur in a mix- 
ture of 99% HNOj--20% oleum (I : 5). 7 The interac- 
tion of the nitrating mixture with 4-bromopyrazoles 
results either in products of nitration at free positions 3 
and/or 5 of the ring or in 4-nitropyrazoles, depending 
on the reaction conditions and the structure of the 
substrate, ipso-Nitration does not occur at all in the case 
of 4-bromopyrazoles with acceptor carboxylic groups, 
but in certain cases, nitrodecarboxylation products form. 7 
The nitration of the simplest 4-bromo-N-alkylpyrazoles 
is accompanied by some complications, 4,6 and a mixture 
of nitration and ipso-nitration products forms. An in- 
crease in the relative amount of the latter involves the 
presence of water (in order to facilitate the elimination 
of the Br + cation). 4 

A particular feature of the nitrodeiodination of 4-iodo- 
I-methylpyrazoles found by us is that this reaction 
knows no limits (at least, in the range of the starting 
compounds selected by us) and proceeds under mild 
conditions, in high yields, and selectively (there was no 
case in which we found nitrodeprotonation and nitro- 
decarboxylation products). 

It is worthy of special note that the technique of the 
ipso-nitration of 4-iodopyrazoles elaborated by us is 
especially important for the synthesis of not easily ac- 
cessible 3- and/or 5-iodo-4-nitropyrazoles. The advan- 
tages of this technique can be illustrated by comparing 
two ways of synthesizing 3-iodo-l,5-dimethyl-4-nitro- 
pyrazole (4i) from the same initial compound, 1,5-di- 
methylpyrazole (7). Previously, compound 4i was ob- 
tained by us in six stages in a total yield of 10.8% 
(Scheme 2). t9 

Scheme 2 

DMF KMn04 CH30H 
PzH ~PbCl3 PzCHO _- PzCOOH 

7 
[ 2 " HIO 4 

PzCOOCH 3" = 3-I-PzCOOCH 3 

OH- H+ = 3-I-PzCOOH 

Pz = N ~ C H 3  
I 

OH 3 

HNO3 --'- 4i 
H2SO,~ 

Using the technique proposed by us in this paper, 
the synthesis of compound 4i was carried out in two 
stages, exhaustive iodination of pyrazole 7 followed by 
nitrodeiodination. The yield of the target product (with 
respect to compound 7) amounts to 80.8%. 

* The direct iodination of the acid PzCOOH is not possible 
owing to decarboxylation followed by the formation of Pzl. 
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Experimental 

JH NMR (in CDCI 3) and 13C NMR (in (CD3)2CO) spec- 
tra were recorded on a Jeol FX90Q spectrometer at 25 *C. I R 
spectra were recorded on a UR-20 instrument. 

4 - l o d o - l - m e t h y l p ~ l e  (ia).  I-Methylpyrazole (0.82 g, 
0.01 mol) was iodinated with 12 and HIO 3 according to a 
procedure described earlier. 16 The reaction mixture was then 
poured into ice, the mineral acid was neutralized with Na2CO 3, 
and the precipitate was filtered off and washed with water. 
1.86 g (89.4%) of compound la was obtained, re.p. 
63--64 °C (from hexane). :'° 

Substituted N-methylpyrazoles were synthesized analogously. 
Iodo-, diiodo-, and triiodopyrazoles la--n were obtained in 
87--95% yields. 16 

Iodination of I-methyl-5-nitropyrazole (5),15 Nitropyrazole 
5 (I.5 g, 0.012 mol), 16 12 (3.81 g, 0.015 tool), and HIO 3 
(3.17 g, 0.018 mol) in a mixture of 20 mL of glacial AcOH, 
0.3 mLofH2SO,  I, 1.1 mLofwater ,  and 3 mLofCCI4  were 
refluxed at 80 °C for 30 h until the iodine color disappeared, 
Isolation performed according to the above procedure yielded 
3,4,5-triiodopyrazole (6) (321 g, 60.0%), m.p. 225--226 °C 
(hexane--CHCI3). zl 13C NMR, 6: 93(C-4); 150(C-3) 
179(C-5) 

Preparative nitration in sulfuric acid. A mixture of 2 mk 
of HNO 3 (d 1.54) and 2 mL of H2SO4 was added to a solution 
of4-iodo-l-methylpyrazole (la) (420 rag, 20 retool) in 16 mL 
of 96% H2SO 4 at 55 °C and the resulting mixture was stirred 
at the same temperature. After the reaction was completed 
(45 min, TLC), the mixture was poured out into crushed ice, 
and the precipitate that formed was filtered off, dried in the 
air, and recrystallized from a hexane-benzene mixture. I-Me- 
thyl-4-nitropyrazole (4a) was obtained (210 mg, yield 
82,7%), m.p. 90--92 °C. ~t 

The nitrolysis of iodopyrazoles lb--n was carried out 
analogously (see Table I). 

Preparative nitration in aeetie anhydride. A mixture of 
2 mL of HNO 3 and 20 mL of Ac20 was added to a solution of 
4-iodo-l,3-dimethylpyrazole (lb) (440 rag, 20 retool) in 5 mk 
of Ac20 and stirred at 25 ° C  After the reaction was completed 
(15 min, TLC), the reaction mixture was poured out into 
100 mL of water and extracted with CHCI 3 (3×30 mL). The 
extract was filtered through an AI203 layer, and the solvent 
was removed. The residue was recrystallized from a hexane- 
benzene mixture. The yield of 1,3-dimethyl-4-nitropyrazole 
(4b) was 220 mg (78%), m p  76--77 °C)  2 

An attempt at the nitrolysis of 4-iodo-l-methyl-3-nitro- 
pyrazole (If) was carried out analogously. The starling com- 
pound If (440 rag, 87%) was isolated after 160 h, m.p 
20--25 °C (from hexane). 

This wort" was financially supported by tile Russian 
F o u n d a t i o n  for Basic Research  (P ro jec t  No.  
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