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Published data on methods for the production of six-membered nitrogen heterocycles 
containing a nitrogroup are classified systematically. 

Six-membered nitrogen heterocycles containing a nitro group in the ring form a consider- 
able class of organic compounds. They find use in various branches of technology, medicine, 
and agriculture. Individual sections in reviews on electrophilic substitution in azines [i, 
2] and on the nitration of nitrogen heterocycles [3] have been devoted to the chemistry of 
nitroazines. In 1979 a review was published on the synthesis of heterocyclic compounds from 
aliphatic nitro derivatives [4], in which there is a small section concerning azines. Brief 
data on the subject can also be found in monographs and reviews devoted to pyrimidines, 
pyridazines, or pyrazines [5-8]. However, there are no systematic data in the literature. 

A whole series of methods for the production of the nitro derivatives of azines are 
based on attainments in the chemistry of nitroarenes. This concerned primarily electrophilic 
nitration and also the oxidation of amino and nitroso compounds and, to a lesser degree, sub~ 
stitution of halogen and other ready leaving groups of the nitrite ion. However, it should 
be noted that the direct adoption of methods from the arsenal of the chemistry of aromatic 
compounds has substantial limitations. The aza group, which is susceptible to protonation 
and specific solvation, greatly deactivates the aromatic system to electrop~ilic attack, has 
a marked effect on the affinity of the nitroso or amino group to the oxidizing agent and on 
the basicity of the amino group, and also makes its ~ery existence problematical on account 
of amino--imine tautomerism. All this cannot fail to affect the realization of the reactions. 
The production of the nitro derivatives of azines by the closure of rings from aliDhatic nitro 
synthons, compared with the analogs not containing nitro groups, also has its peculiarities 
associated with the increased CH acidity, the ambident character of the nitroalkanes, their 
possible existence in the aci form, etc. 

In the present review an attempt is made to summarize and classify published data on the 
methods for the introduction of a nitro group into the azine ring. 

ELECTROPHILIC NITRATION 

Electrophilic nitration in the series of six-membered heteroaromatic compounds is far 
from being realized in e~ery case. In comparison with aromatic hydrocarbons the reaction 
takes place under much more drastic conditions; the replacement of one =CH-- group by =N-- 
leads to a decrease of 106 times in the nitration rate [i]. In addition, protonation ef the 
azine is possible when the reaction is realized in an acidic medium, and this retards the 
reaction by i012--i0~8 times. The accumulation of aza groups deactivates the molecules even 
more. The successful nitration of diazines, for example, is only possible with the presence 
of strong electron-donating substituents in the molecule. 

Nitropyridines. Unsubstituted pyridine is nitrated under very drastic conditions and 
gives low yields [9]. Donating substituents facilitate the entry of the nitro group into the 
azine ring, but the effect of the substituents cannot be predicted unambiguously. A syste- 
matic investigation of the kinetics of the nitration of pyridine derivatives [10-16] has 
shown that basic compounds (pKa > i) containing electron-donating groups react in the pro- 
tonated form while weakly basic compounds (pKa < --2.5) react in the form of a free base. 
Thus, for example, 2,6-dichloropyridine (I, pK a- 2.86), unlike the unsubstituted compound, 
reacts even at 100~ [16]. In the case of 2,6- and 3,5-dimethoxypyridines (II, III), which 
react in the protonated form (pK a 1.0 and 4.44), the introduction of the first nitro group 
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TABLE i. Nitropyridines 

NO 2 

Nitration conditions Yield, % Refeience 

3-NO~ 
2-CH~-3-NO2 
2,4- (CHa)~-3-NO2 
2,6- (CHa) ~-3-NO2 
2,4,6- (CH~)s-3-NO~ 
2,6-C1~-3-NO2 

2-NH~-3-NO2 
2-NH~-5-NO~ 
2-NH2-3-CHs-5-NO~ 
4-NH2-3-NO2 
2-NHPyc-5-NO~ 
2-N (CHa)u-5-NO2 
2-N (CH~) 2-3,5- (NO~)2 
3-N (CH3)~-2-NO~ 
4-N (CHa)~-3-NO2 
2-OH-3-NO~ 
2-OH-3,5- (NO2)~. 
2-OH-6-CHa-3-NO2 
2-OCHa-5-NO~ 
2,6- (OCH3) 2-3-NO~ 
2,6- (OCH3) 2-3,5- (NO2) 
3-OH-2-NO~ 
3-OH-2,6- (CHa)~-4-NO~ 
3-OCH.~-2-NO2 
3-OC~H~-2-NO~ 
3-OCH.~-2,6- (NO~) 
3,5- (OCI-I~) ~-2 -NO~ 
3,5- (OCt) 2-2,6- (NO~) 2 
4-OH-3-NOz 
2,4- {OH)u-3-NO~ 
4,6- (OH)=-5-NO~ 

HNO3. 20% olcum. 300 ~ 
KNOa. 18% oleum. 180 ~ 
KNO3. 30% oleum. 1oo ~ 
KNOB. 20% oleum, lO0 ~ 
KNO3. 18~ oleum, lOO ~ 
HNO3. HzSO4. I0O ~ 
HNO3. 65% oleum, loo ~ 
HNO3. H2SO4. 40 ~ 
HNO3. H2SO4. 40 ~ 
HNOa,  H2SO4, 40 ~ 
HNO3. H2SO4. 160 ~ 
HNO3 (d 1.5). H2SO4. 20 ~ 
HNOs (d 1.5). H2SO4. 0 ~ 
HNO3 (d 1.5). H2SO,. 20 ~ 
HNO3 (d 1.5). H2SO4. 0 ~ 
HNO3 (d 1.5). H~SO4. 20 ~ 
HNO3 (d 1.5). H2SO4. 80 ~ 
HNO3 (d 1.5). H2SO4. 100 ~ 
HNO3 (d 1.5). CH~COOH. 100 ~ 
HNO3 (d 1.5). H2SO4. 100 ~ 
HNOa (d 1.5). H~SO4. 0 ~ 
HNOa (d 1.5). H2SO4. 50 ~ 
HNO3 (d 1.5). H2SO4. 0 ~ 
HNO3 (d 1.5). H~SO4. 20 ~ 
HNO3 (d 1.5). H2SO4. 80 ~ 
HNOa {d 1.5). H2SO4. 60 ~ 
HNO3 (d 1.5). H2SO4. 1700 
HNO~ (d 1.5). H~SO4. 06 
HNO3 (d 1.5). H2SO4. 40 ~ 
HNO3 (d 1.5). H~SO4.0 ~ 
HNO3 (d 1.4). 100 ~ 
HNO3 (33~ 20 ~ 

4,5 
3 

50 
66 
90 
48 
72 
20 
63 
90 

9O 
51 
81 

8 
81 
5O 
51 

76 
68 

80 
44 
80 

84 
30 
31 
87 
48 

9 
18, 19 
19, 20 
18, 20 
18, 19 

10 
II 

21, 22 
21, 23 
21, 24 

25 
26, 27 

28 
28 
28 

28--30 
31 
32 
33 
33 
I0 
34 

13, 35 
36, 37 
38, 39 
38, 39 

40 
I0 
I0 

41, 42 
43, 44 

40 

reduces the basicity, and the mononitro compound reacts further in the form of the base, which 
favors the production of the dinitro derivatives (Table i). 

Thus, on the one hand, successful nitration requires the presence of donating substi- 
tuents in the molecule and, on the other, the increase in baslcity due to this reduces their 
reactivity. However, in spite of this~ a large number of nitropyridines have been obtained 
by electrophilic nitration; for example, about i00 compounds are given in the patent [17] 
alone. Examples which make it possible to assess the potentialities of the method for the 
protection of nitropyridines are given in Table i. 

Alkylpyridines are nitrated more readily than unsubstituted pyrldine, and the yield 
increases greatly with increase in the number of methyl groups [18-20]. Comparison of the 
reaction rates of 1,2,4,6-tetramethylpyridinum and collidine makes it possible to conclude 
that the latter reacts in the protonated form. A strong electron donor (the amino group) 
facilitates electrophilic attack at position 3 even more [21-30]. The nitration Of primary 
amines takes placed in two stages; the nitroaminopyridine is formed initially and then re- 
arranges to the C-nitro derivative [21-24]. Here, whereas 2-nitroaminopyridine rearranges 
at 40~ with the formation of the 3- and 5-nitro isomers in a ratio of 8:1, 4-nitroamino- 
pyridine requires heating to 160~ For alkoxy- and hydroxypyridines the direction of the 
reaction ks determined by the ortho-para-directing effect of the substituents [45, 46]. 
The nitration of 3-hydroxypyridine takes place exclusively at position 2, and the hydroxy- 
pyridine reacts in the protonated form [13]. Depending on the conditions, 3-alkoxypyridlnes 
form 2-nitro and 2,6-dinitro derivatives [38-40]. 

Interesting results were obtained with 2-substituted 3-hydroxypyridines, in which 
substitution takes place not only at position 6 but also at position 4, and the formation 
of the 4-1somer predominates [12, 33, 37]. In contrast to the 3-isomers, selectivity in 
attack at positions 3 and 5 is not observed in 2-hydroxypyridines. The direction of the 
reaction depends largely on the concentration of the reagents and on the activity of the 
medium; the 3-nitro derivatives are formed preferentially at higher temperatures, larger 
concentrations of the substrate, and in comparatively dilute sulfuric acid [13]. 
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TABLE 2. Nitropyridine 1-Oxides 

~ q O 2 ~ R  n 

i 
O 

Nitration conditions Yield, %1 Reference 

4-NO2 
2-CH3-4-NOz 
3-CH3-4-NOz 
3,5- (CHz) 2-4-NO2 
2-Cl-4-NO2 
2-Br-4-NOe 
3-Br-4-NO2 
2-OCH3-4-NO2 
3-OCHa-4-NO2 
2-OH-5-NO2 
2-OH-3,5- (NO2)2 
3-OH-2-NO2 
4-OH-3,5- (NO2)2 
3,5- (OCH3):-2-N02 
3,5- (OC2H~)~-2-NO~ 
2-N (CH3)~-5-NO~ 
4-N (CH~)~-3-NO~ 

KNO3, H2SO4, 100 ~ 
HNO3, H2SO4, 100 ~ 
HNO3( d 1,5), H2SO4, 50 ~ 
HNOz (d 1,5), H2SO4, 60 ~ 
HNO3, H2SO4, 100 ~ 
HNO3, H2SO4, 100 ~ 
HNO3, H2SO4, 130 ~ 
HNO3, H:SO4, 75 ~ 
HNO3, H:SO4, 75 ~ 
HNO3, CH3COOH, 0 ~ 
HNO~, CHaCOOH, 40 ~ 
HNOa, H2SO4, 15 ~ 
HNOa, CHsCOOH, 100 ~ 
HNO~, H2SO4, 0 ~ 
HNO3, H2SO4, 0 ~ 
HNO3, H2SO4, 0 ~ 
HNOs, H2SO4, 0 ~ 

94 

60 
46 
35 
68 
50 
55 

70~75 

80 

22 
27 

1 I 
50 
50 

49, 51 
52 
57 
57 
58 
58 
59 
60 
58 
53 
54 
28 
28 

The nitration of 4-hydroxypyridines takes place under much more drastic conditions [47, 
48]. The decrease in the reactivity is clearly due to their preferential existence in the 
pyridone form. The reaction rates of 2-, 3-, and 4-hydroxypyridines and 1,2,4,6-tetra- 
methylpyridinium were similar, and this indicates preliminary protonation of the substrate 

[i0, 12, 13]. 

The presence of the N + O group in the pyridine molecule changes the orientation and 
facilitates electrophilic substitution. Pyridine N-oxide and its alkyl andhalogen deriva- 
tives are nitrated smoothly at position 4 [49-52]. The directing effect of the N ~ O group 
is stronger than that of the alkoxyl and weaker than that of the hydroxyl group. This 
corresponds to the formation of the 4-nitro derivatives when the alkoxypyridine N-oxides 
are used and the 2- or 3,5-nitro compounds in the case of hydroxypyridine N-oxides (Table 2). 
In the presence of two alkoxyl groups, however, the nitro group enters at position 2 [53, 
54]. Investigation of the kinetics of this reaction showed that with substitution at posi- 
tion 4 the substrate reacts in the form of the free base while in other cases it reacts in 

the protonated form [55, 56]. 

Annellation of the pyridine ring leads to the appearance of additional electrophillc 
centers. During the nitration of quinoline and 3-hydroxyquinoline there are two types of 
orientation, depending on the reaction conditions. Treatment of quinoline with concentrated 
nitric and sulfuric acids gives a mixture of almost equal amounts of the 5- and 8-nitro 
isomers, while the 5-nitro derivative (V) is mainly formed from 3-hydroxyquinoline (IV) [61- 
63]. In the reaction with 3-hydroxyquinoline in glacial acetic acid the nitro group enters at 
position 4 [63]. Under analogous conditions quinoline and 4-quinoline are also nitrated in 
the pyridine ring [64-66]. Such orientation can be explained by the fact that the substrate 
is protonated in the first case and not in the second. 

NO �9 

. ~.  OH 

IV V O~--O~-~g 

[ Ut]  . ,. . 

7 0 ~  

3 - N i t r o - 4 - b y d r o x y i s o q u i n o l i n e  w a s  o b t a i n e d  s i m i l a r l y  f r o m  4 - h y d r o x y i s o q u i n o l i n e  [ 6 7 ] .  

The few examples among heteroannellated pyridines mainly concern azolopyridines. The 
production of 3,6-dinitro-5-hydroxy-IH-pyrazolo[3,4-b]pyrldine with a yield of 73% [68], 
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4-hydroxy-7-nitro-iH-imidazo[4,5-c]pyridine [69], and 3-methyl-6-nitroimidazo[4,5-b]pyridine 
(yields 91 and 50%) [70] under fairly drastic conditions (heating to I00-1500C in a nitrating 
mixture) has been described. 

The nitration of azolopyridines with a bridging nitrogen atom, which is not an "azine" 
nitrogen and hardly deactivates the molecule at all, takes place much more readily. Calcula- 
tions of the electron density by the CNDO/2 method for pyrazolo[l,5-a]pyridine (VI) [71, 
72] show that the size of the charge at positions 3 and 4 of the molecule of (VI) is close 
to that for the para-carbon atom of phenol both for the conjugate acid and for the case. The 
nitration of compound (VI) by a nitrating mixture at 0~ gives 3-nitropyrazolopyridine (VII), 
while nitration at 20~ gives the dinitro derivative (VIII) [71]. 

N . . . . .  N IINO3,H2$O 4 N - - N / ' ~  HNO~.H2SO.w." N - N / ' ~ - ~  

NO 2 NO2 NO 2 

Vll 80:;. Vl V I I I  53."-" 

2-Carbozy-4-nitroimidazo[l,2-a]pyridines were obtained under analogous conditions [73]. 
The nitration of 4-methyldipyrido[l,2-a:3,2-d]imidazole (IX) in the pyridine ring is evidently 
explained by the fact that in this case the bridging nitrogen atom, which deactivates the 
rings attached to it, is primarily protonated [74]. 

N-- "" "~ HNOpH2SO 4 --~-- 

NO 2 

CH 3 CH3 
. IX  6 8  ,"; 

Nitropyrimidines. Diazines are more inert than pyridine and especially benzene in 
electrophilic substitution reactions. The reactivity of unsubstituted pyrimidine is so low 
that activating electron-donating groups must be present in the molecule for successful 
nitration (Table 3). When treated with concentrated nitric acid, harbituric acid (X) 
gives 5-nitrobarbituric (dilituric) acid with a yield of 70% [75]. Uracil (XI) only reacts 
with boiling nitric acid, giving 5-nitrouracil [76, 77]; 4,6-dihydroxypyrimidine (XII) is 
nitrated under milder conditions, i.e., in acetic acid at 20~ Such a difference is due 
to the state of the tautomeric equilibrium. Uracil is present mainly in the diketo form, 
and 4,6-dihydroxypyrimidine has one hydroxy and one oxo group [5]. 

Investigation of the kinetics of the nitration of uracil and N-methyluracils has shown 
that these compounds react in the unprotonated dioxo form [78]. 

0 O 0 

O ~ N A O H  
H H 

X XI XII 

70 

With the presence of amino, alkylamino, alkylthio, or alkoxy groups in the pyrimidine 
molecule in addition to the hydroxy group nitration with a mixture of nitric and sulfuric 
acids at 50-60~ gives the corresponding 5-nitro derivatives. 2,4-Diaminopyrimidine [79] 
and 4,6-diaminopyrimidine [80] are nitrated at position5 through the intermediate nitro- 
amino derivatives, while monoaminopyrimidines only give the N-nitro compounds, the re- 
arrangement of which into the C-nitro derivatives is not observed [80]. 

Under drastic conditions it is possible to introduce the nitro group into pyrimidine in 
the presence of only one activating group. The corresponding 5-nitro derivatives were ob- 
tained from 2-hydroxypyrimidine [81] and 4-hydroxypyrimidine [82]. 

ipso-Nitration has been described in the pyrimidine series. Thus, 5-nitrobarbituric acid 
can be obtained from the acid (XIII) [83] and 5-mercaptobarbituric [84], 5-nitrosobarbituric 
(XV) [85], 5-isothioureidobarbituric (XVI) [86], and 5-carbamoylbarbituric (XVII) [87] acids. 
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o o 
El NO 

HNO3,H2SO, t H N / ~ . . - "  2 

0 H 0 " " ~ "  N / ~ "  OH 
H t{ 

tlII-XVII 

Xl l I  R =  2 , 4 , 6 - T r i h y d r o x y - 5 - p y r i m i d i n y l ;  XIV R f S H ;  XV R = N O ;  XVI R f S C ( = N H ) N H . o ;  XVII I~=CONH2 

The data given in Table 3 make it possible to determine which derivatives can be obtained 
by nitration. 

The nitration of heteroannellated pyrimidines depends both on the presence of donating 
substituents in the substrate and on the reaction conditions. In reaction with a nitrating 
mixture the structural analog of uracil 7-oxo-4,7-dihydro-l,2,4-triazolo[l,5-a]pyrimidine 
(XVIII) gives the nitro compound (XIX), while the nitration of 1,2,4-triazolo[l,5-a]pyrimi- 
dine cannot be realized [94, 95]. 

0 0 

II H 

XVIIi XIX 

R = H ,  CH,~. OH,  NH2 

The 3-nitro derivative (XXI) is formed from pyrazolo[l,5-a]pyrimidine (XX) under the 
same conditions, while 5-nitropyrazolo[l,5~a]pyrimidine (XXII) is formed in a mixture of 
nitric acid and acetic anhydride [96]. Such a difference in direction is due to the form 
of the compound which takes part in the reaction. In the first case it is the conjugate 
acid, and in the second it is the free base. 

N - - - N ~  HNO3.H2SO 4 N - - N  HNO 3 

/~N ~ 0 - 5  ~ 

NO 2 43~ 

N i t r o p y r a z i n e s .  Unlike p y r i m i d i n e ,  in  the p y r a z i n e  and p y r i d a z i n e  molecu les  the 
e l e c t r o n e g a t i v e  e f f e c t s  of  the  n i t r o g e n  atoms s i t u a t e d  a t  the  pa ra  and o r t h o  p o s i t i o n s  are  
unconcerted, and their resultant action is weakened, but here too successful electrophilic 
substitution requires the assistance of activating group. In arylpyrazines the reaction 
only takes place in the benzene ring [97], but activation of the pyrazine ring by a hydroxy 
group leads to the corresponding nitropyrazines (XXIII--XXV), and the hydroxy group has an 
ortho- and para-directing effect [97-99]. 

69~  ~ ,  C~tt 5 N OH 

HO " C~t15 68~ 

XXIII XXIV XXV 

An example of the decarboxylating nitration of 2,6-diamlnodicarboxypyrazine is given 
in the patent [i00]. 

NH 2 N /NH 2 .-NIl2 ~I" tINO3"H2SO~ N H 2 " ~ f N  ~'~" 

Ho~c N" "ccon No~ J"~N~U" "NO2 
84% 

Nitropyridazlnes. Like other diazines, pyrdiazine is surprisingly stable to nitration 
[i01]~ and nitration can only be realized when the pyridazine ring is strongly activated by 
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TABLE 3. 5-Nit ropyrimidines* 

Iz~/N~ Nitration conditions Yield~ %1Ref~r�9 

2,4,6- (OH) a 
2,4- (OH) 
4,6- (OH)~ 
2-NH:-4-OH 
2-OH-4-NHCH3 
2-OH-4-NHC2Hs 
2-OH-4-NHC4H9 
4-OH-6-NHCHa 
4,6- (NH2) 2-6-C1 
2-CHv4,6- (OH)2 
2-C4H9-4,6- (OH)2 
2,4- (OCr 2 
2,4- (OCH~)~-6-CH3 
2,4- (OC=Hs)2-6-CH~ 
2-OH 
4-OH 
l-Methyl-2,4 - d i o x o  

1,3 -Dimethyl-2,4-diaxo 

HNO3 (d 1,5) 
HNO3, 100 ~ 
HNO3 (d 1,5), CHaCOOH, 20 ~ 
HNOa (d 1,5), CH3COOH, 25 ~ 
HNO3 (d 1,5), H2SO4, 50 ~ 
HNOa (d 1,5), H2SO4, 40 ~ 
HNO3 (d 1,5), H2SO4, 50 ~ 
HNO3 (d 1,5), H~SO4, 45 ~ 
HNO3 (d 1,5), H~SO4, 40 ~ 
HNO3 (d 1,5), CH3COOH, 20 ~ 
HNO3, H~SO4, 40--50 ~ 
HNO3 (d 1,5), H~SO4, 100 = 
HNO3 (d 1,5), HaSO4, 80 ~ 
HNO3 (d 1,5), H2SO4, 80 ~ 
KN03, H2SO4, 95* 
KNO3, H2SO4, 90 ~ 
HNOs, H2SO4, 20 ~ 
HNO3, H2SO4, 20 ~ 

70 
50 
70 
50 
50 
47 
60 
80 
85 
85 
50 
60 
95 
30 
49 
38 
80 
80 

74 
76, 77 

5 
77 
85 
88 
89 
90 
79 
79 
79 

89, 92 
93 
93 

81, 82 
82 
91 

90, 92 

*The possible existence of some of the compounds in the 
oxo form is not taken into account in the table. 

TABLE 4. Nitropyridazines 

Nitration conditions 

3,5- (NH2)r4-NO2 
3,6- (OCHs)r4-NH2-5-NO2 
3,6- (OC2Hs)2-4-NH2-5-NO2 
3-OCHs-4-NHr5-NO2-6-CHa 

3-OC2Hr4-NH~-5- NO2-6-CH3 
3-OCHs-4-NH2-5-NOr6-CI 
3-OC2Hs-4-NH~-5-NO2-5-CI 
3,6-CIv4-NH2-5-NO~ 
3-CI-4-NH2-5-NO2-6-CH~ 

HNOa (d 1,5), H2SO4, 55 ~ 
KNOa, H.,SO4, 70 ~ 
HNO3 (d 1,5), H2SO4, 55 ~ 
KNO3, H2SO4, 20 ~ 
HNO3 (d 1,5), H2SO4, 55 ~ 
HNO3 (d 1,5), H2SO4, 55 ~ 
HN03 (d 1,5), H2SO4, 55 ~ 
HNO~ (d 1,5), H2SO4, 55 ~ 
HNOa (d 1,5), H2SO4, 55 ~ 
HNO~ (d 1,5), H2SO4, 55 ~ 

Yield, %1 Reference 

88 104 
89 102 
80 105 
21 103 
64 105 
65 105 
53 105 
69 105 
70 105 
81 105 

electron-donating substituents [102-105]. Table 4 gives examples of nitropyrldazines ohtalned 
by electrophilic nitration. 3,6-Dialkoxy-, 3-alkoxy-6-methyl-, 3-alkoxy-6-chloro-, and 
3,6-dichloropyridazines enter into the reaction. 5-Chloro-7-amino-4,2,4+trlazolo[4,3-b] 
pyridazine (XXVI) activated by an amino group reacts at position 6 [106]. 

NH 2 NH2 . ( I "  NO 2 

N ~ . j N . ~ N / ~  C I N ~.~/N.. Cl 

XXVI 30"-4. 

When treated with nitric acid, 4-hydroxycinnoline gives the 3-nitro derivative XXVII 
[107]. 

OH OH 

/ N o 2  

XX~I 
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3-Hydroxypyridazine is passive, while the less basic 4,5-dichloro-3-hydroxypyridazine 
reacts with potassium nitrate and a mixture of sulfuric and nitric acids to form the 6- 
nitro derivative [108, 109]. 

As in the case of pyridine, the formation of the N-oxide activates the pyridazine ring 
to electrophilic interactions. The N-oxide is nitrated at the para position to the N + O 
group by a mixture of sulfuric and nitric acids at 130-140~ with a yield of 22% [ii0, iii]. 
A series of 3,6-disubstituted derivatives of 4-nitropyridazine N-oxide XXVIII were obtained 
under the same conditions (Table 5) [112-116]. 

NO 2 

~x'~zN R! R 1 N/N 

0 0 

The nitro products are formed with yields of 85--88% during the nitration of 3-alkoxy-5- 
methyl-6-chloropyridazine 1-N-oxides [117]. If position 4 is occupied, the reaction takes 
place at position 6 [116]. The 4-mononitro and 4,6-dinitro derivatives were obtained by 
the action of nitric and sulfuric acids on 3-methoxypyridazine N-oxide [118, 119]. The 
reaction of pyridazine N-oxide with acyl nitrates leads to a mixture of products from 
substitution at positions 3 and 5 (XXIX, XXX) [120-122]. 

N 
0 

Activation of the pyridazine ring by the introduction of two N-oxide groups does not 
lead to an appreciable increase in the chemical activity in electrophilic substitution 
reactions [123, 124]. 

Thus, electrophilic nitration is undoubtedly useful as a method for the synthesis of 
nitroazines, although its possibilities have evidently already been exhausted to a signifi- 
cant degree. The substantial limitations due to the high n-deficiency of the azines does 
not make it possible to use the method for the production of polynitrogen compounds con- 
taining a nitro group. 

NUCLEOPHILIC NITRATION 

Increase in the n-deficiency of the azines, which is due to the accumulation of nitrogen 
atoms and complicates electrophilic substitution reactions, must assist nucleophilic nitra- 
tion. In the aromatic series the synthesis of nitro compounds by the treatment of halogen 
derivatives by metal nitrites has hardly been used at all. The high mobility of the nitro 
group and the ambient character of the nitrite ion leads to the result that the nitro com- 
pound immediately undergoes attack by the NO2- ion, and the aromatic nitrite decomposes in 
reaction with NO2- into phenolate and N203 [125-128]. 

ArX + 2N0., " ~, --" ArN02 + X- + NO 2- 

V 
Ar0 + N20.~ + X- 

For these reasons evidently an attempt at the synthesis of nitro-l,3,5-triazine from 
cyanuric chloride and silver nitrite was unsuccessful [129]. 

At the same time, there are isolated examples of the production of nitro products by 
nucleophilic substitution. Thus, the 4-nitro-5-hydroxy derivatives (XXXII) are formed 
by the action of an excess of sodium nitrite on 4,5-dichloro(dibromo)pyridazin-6-one (XXXI) 
[130, 131]. In this case substitution of one of the halogen atoms by a hydroxyl in the 
mechanism considered above probably deactivates the molecule, and O-attack by the nitrite 
ion at the second nitro group does not occur. 
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TABLE 5. Nitropyridazine N-Oxides 

-L=~ 
~N~ N 

0 

4-NO= 
3-CHa-4-NO2 
3-OCH3-4-NO2 
3,6- (CH3)=-4-NO= 
3-CH3-4-NO2-6-OCH3 
3-CH.~-4-NO2-6-CI 
3-OCHz-4-NO2-6-C[ 
3-OC2H~-4-NOr6-C] 
3-OCH~-4-NO~-5-CH.~-6-CI 
3-OC2H~-4-NO=-5-CH~-6-CI 
3,6- (OCH.~)=-4-NO2 
3,6- (OC2H~)2-4-NO= 
3,6- (OC~HT)r4-NO~ 
3-OC=Hs-4,6- (NO=)~ 
3,6- (CH~)=-4-OH-5-N02 
3-OH-4-NO=-5-CH~ 
3-OH-4-CH3-6-NO2 
3-OH-4-NO=-6-CH~ 
3-NO~ 

3,6- (CH3) 2-5"NO2 

Nitration conditions 

HNO3 (d 1,5), H2SO,, 130 ~ 
HNO3 (d 1,5), H2SO4, 100 ~ 
HNO3 (d 1,5), H2SO~, 50 ~ 
ttNO3 (d 1,5), H2SO4, 70 ~ 
HNO3 (d 1,5), H2SO4, 55 ~ 
HNO3 (d 1,5), H2SO4, 90 ~ 
HNO3 (d 1,5), H~SO4, 55 ~ 
HNOa (d 1,5), H2SO4, 55 ~ 
HNO3 (d 1,5), H2SO4, 50 ~ 
HNO3 (d 1,5), H2SO4, 50 ~ 
HNO3 (d 1,5), H~SO4. 40 ~ 
HNO3 (d 1,38), H2SO4, 10 ~ 
HNO3 (d 1,38), H2SO4, 10 ~ 
HNO3 (d i,5), H2SO4, 80 ~ 
HNO3 (d 1,5), H2SO4. 20 ~ 
HNO3 (d 1,5), H2SO4, 100 ~ 
HNO3 (d 1,5), H2SO4, 50 ~ 
HNO.~ (d 1,5), H2SO4, 20 ~ 
C6HsCOCI, AgNO3 
CH.~COCI, AgNO3 
C6HBCOCI, AgNO3 

Yield,, % 

22 
56 
76 
83 
81 
46 
53 
69 
88 
85 
59 
4O 
30 
25 
67 
25 
90 
75 
33 
17 
3O 

Reference 

III, 120 
I12 
118 

I12, I14 
112 
I12 
105 
105 
117 
I17 
I12 
I13 
113 
119 
116 
116 
I16 
116 

120. 121 
120 
122 

Y N O  2 

/ rqaN02 p~ f~ - 

. DMF,HzO 
0 ~ N  " 0 ~7~ ~N ~N 

I [ 
R R 

:~XXl XXXII 

The 2-nitro- and 5-nitropyridones were obtained during the photochemical substitution of 
halogen in the reaction with sodium nitrite [132]. 

A case is known of the substitution of a diazo group by a nitro group in guanosine with 
a yield of 5% by the action of nitrous acid on the latter [133]. 

The nucleophilic substitution of a hydrogen atom in the pyrazine fragment of the 1,4- 
diazaphenothiazine molecule (XXXIII) was described in [134]. 

S ~-. S N NO z 

H H 

The reaction includes the stage of oxidation of XXXIII by nitrous acid to the cation and 
attack by the nitrite ion. 

OXIDATION OF AMINO AND NITROSO GROUPS 

The production of nitro compounds by the oxidation of amino and nitroso derivatives is 
mainly employed in the aromatic series [135]. Such a method has been used little for the 
synthesis of heterocyclic nitro compounds, although it is fairly useful and in some cases 
more effective than other methods. 

Good results have been obtained for pyridine derivatives, but the reaction does not take 
place in a well-defined manner; the corresponding nitro products XXXIV have been obtained from 
2- and 4-aminopyridines [136-139], and the azoxy compounds (XXXV) was obtained during the 
oxidation of 3-aminopyridine [139]. 

0 " H202 1202 _ 

R o - , o l e ~  o~u~ 

X X X ~  XXXV 
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In the series of aminodiazines only nitropyridazines have been obtained hy the oxidation 
of amino groups. 3-Nitro-6-methoxypyridazine N-oxide (XXXVI) is formed during the action of 
a mixture of 85% hydrogen peroxide in phosphoric acid on the corresponding amino derivatives 
[140]. During treatment of 6-methoxyimidazo[l,2-b]pyridazine (XXXVII, R=OCH3) with this mix- 
ture the imidazole ring is destroyed, and compound (XXXVI) is formed. In this reaction 6- 
aminoimidazo[l,2-b]pyridazine (XXXVII, R=NH2) gives the 6-nitro product (XXXVIII). 

O2N ~ H 2 N ~ N  

~ d OCH~ . / /O~ OCH3 H3P04 

N ( ~  85~H202 ~ XXXVI 70~ 

R H3P0, 

XXX%'III 73% 

The production of 5-nitropyrimidines (~XXIX) by the oxidation of the nitroso derivatives 
with 30% hydrogen peroxide in trifluoroacetic acid is also known [141]. 

R R 

30% N I 
R C.F~COOH 

R~AI~, Ar, OH, NH: 

It should be noted that these methods have not become widely used on account of the need 
to use concentrated solutions of hydrogen peroxide, the possibility of side processes, and 
the limited availability of the nitrosoazines. It is true, the recently described original 
method [142] for the transformation of amines into nitroazines, including the oxidation of 
the nitroso group, makes it possible to approach this problem more optimistically: 

(CHj)2S ~ * -- r ra-CIC6H4COOOII __O~ HetN02 
HetNH 2 . . . . . .  Lct-N-S (CHs) 2 ~-  HetNO 

Het = 2-pyfidyl,  1-isoquinolyl, 2-pyrimidinyl, 2-pyrazinyl 

CYCLIZATION OF ALIPHATIC NITRO SYNTHONS 

The formation of heterocyclic compounds from nitro precursors with an open chain has a 
series of advantages over other methods. In this case it is possible to produce compounds 
which are inaccessible by direct nitration and contain one, two, or three nitrogen atoms in 
the ring with the substituents in a known arrangement and to preserve groups which could be 
destroyed under the conditions of nitration or oxidation. Various types of aliphatic nitro 
compounds containing two reaction centers have been used in such syntheses, but nitrocarbonyl 
derivatives occupy a special position. 

Nitropyridines. Several methods involving the formation of both C--N and C--C bonds have 
been developed for the synthesis of nitropyridines and their condensed analogs from aliphatic 
nitro compounds, introducing five, three, or two carbon atoms into ring formation (C~, C3, 
and C2 nitro synthons). 

The transformation of 1,5-dimethoxycarbonyl-l,3,5-trinitropentane into dimethyl 4- 
nitropyridine-2,6-dicarboxylate can be regarded as an example of the use of the C5 nitro 
synthons [143]. 

NO~ 

.CH 

H~COOCIIC CHCOOCH ~ 

NO 

H~coOC " ":N / ~"COOCH3 
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The derivatives of nitromalonic acid are included among the C3 nitro sYnthons. The 
diethyl ester of this acid, nitromalonic ester (NME), makes it possible to obtain substituted 
3-nitropyridines (XL) in one stage [144]: 

Oft 
1 

NO2x~Ix.~R /COOC21I 5 IIC/R -,-- ! 

NO2-CH + ~ ......... O ~ N  ~/IXCH3 
\C00C2H 5 NI12 ~ ~CIt~ H 

NME 
XL 

Nitromalonaldehyde (NMA) gives wider possibilities. The 3-nitropyridines, also obtained 
from this nitro synthon in a single stage, are given in Scheme i. The condensation of NMA 
with cyanoacetamide or aminoacrylic esters leads to the formation of 3-cyano- or 3-ethoxy 
carbonyl-5-nitropyridine (XLI) or (XLII) [145-148]. 

Derivatives of 3-nitroquinoline (XLIII) unobtainable by direct nitration were obtained 
with good yields from NMA and substituted anilines [149]. 6-Nitropyrimido[4,5-b]pyridines 
(XLIV, XLV) were obtained from aminopyrimidines by a similar method [150, 151]. Aminoazoles 
also enter into reaction with NMN~ Pyrrolo[2,3-b]pyridine (XLVI) [152] and 5-nitropyrazolo 
[3,4-b]pyridines (XLVII) [153] were obtained in this way. 

In reaction with malonic or nitroacetic esters the products from the condensation of 
NMAwith amines (~-nitro-o-alkylaminoacroleins) give 3-ethoxycarbonyl-5-nitro- and 3,5- 
dinitro-2-pyridones (XLVIII) [154, 155]. 

Scheme i 

N02....~/~. /R ~ N0z... /Q.._ /CN No~.COOC2Hs 

] II 
Ark R3 =NO2~ COOCzli5 XII XLII 

XLVIM ! / d  

"R3 1 CN // ICOOC2H5 
/ IIC" I c.~, ~ . c  / I! 

, 0 / ~NH 2 NtI~ / Ntl 2 O C/2II 5 0 ~ / / \ 
I i / 

CliO CHO N O 2 ~ / ~ R  
NO2. C �9 NH2AIk / RC6H4NH2,,,_ 

It "~ - N02--CII . . . . . . . .  
m:. \ ---_. %N 

NIIAIk CII0 . . . .  h XUlI 

/ /NH/xN / X OH 

0 0 

.', &,,,, O'H 

XLVII XLVI XLV XLIV 

Another direction in the synthesis of nitropyridines is the construction of the pyridine 
ring from~nitrocarbonyl compounds supplying two carbon atoms, e.g., nitroacetie ester (NAE), 
e-nitro ketones, derivatives of nltroethylene, and others. 3-Nitro-l,8-naphthirid-2-one 
(XLIX) [156], and 3-nitropyridones (L) were obtained by the reaction with aminoethylene 
derivatives [156, 157]. 
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02N~.H' 2 C  _ _. 

c 
0 ~ 'x OC2H 5 

N A E  

R f H ,  Alk 

. ~... Clio 

-s" "N~ i i[ t 
O" N'" N 

l! 

XLIX 74% 

-t I .cccH~ 

O//'XN/r I 
R 
L 

Reacting in a similar scheme, nitroacetone and nitroacetophenone (LI)give nitroquinolines. 
(LIV) with o-aminobenzaldehyde (LII) and o-amlnoacetophenone (LIII) [158, 159]o 

O2N'~- CH 2 

R/C%0 

LI 

R ~ R ~ 

o=c. //~. o2N...r .- .~. 

I.IV 

R=CH~,CJ{6; III =II,Mk,Ar,Ol[ 

Nitroquinolines (LIV) (R = H) are also formed ~n the reaction of (LII) and (LIII) with 
the readily obtainable nitroacetaldehyde oxime (metazonic acid) [159-.162]. 

Alkylthio and amino derivatives of nitroethylene (LV, LVI) have recently found wide use 
as C2-nitro synthons, from which annellated (LVII--LIX) and monocyclic (LX) nitropyridines 
were obtained with good yields [163-166] (Scheme 2). 

Scheme 2 

NO2..CH 
N02" i l I  .... I' ~ .NCelI4COR ' ~'102"~ - ~ f ~  

I.VI t.V --"~-. , . / /  ^ LVI1 

CN..c R2 \ l[.C.O -C/ 
i ...... "-, t \ /...~... ' ~,[ I L ' NO2-- 11 

.OH 

NH 2 
] 

NO ~ R 2 

N )  

Ar R"" ' "N" "S / 
LX l! 

LIX 

11 
LVllI 

n=0 .  4, 5; LV R=SCI-h,  NHAr;  LVII R ' = H ,  AIb; LX R~=CN, COOCrHs 

Nitropyrimidines... The previously examined methods have found much greater significance 
in the construction of nitrodiazine and nitrotriazine systems. The condensation of B-dicar- 
bonyl nitro compounds (C3-nitro synthons) with amidines has found wide use in the synthesis of 
nitropyrimidines. Thus, 2-substituted 5-nitropyrimidines (LXI) are formed smoothly in their 
reaction with NMA [167-174]. 

11~1~ 
NO2 -CII(CHO)~ + ';-- R 

' " II~, " 

% N .  " ~ ' N  

"N "R 

LXI 
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The yields vary between 30 and 90%, and the 2-alkyl-substituted compounds are obtained 
with small yields. Arylamidines react better [172], while the condensation of guanidine with 
NMA goes quantitatively [168, 169, 173]. The reaction with urea leads to the open-chain 
product (LXII) and, then, after treatment with phosphorus oxychloride to 2-chloro-5-nitro- 
pyrimidine [175]. 

NII2\ .0 
(II2N)2C=O, CHO i C I / .... POCI~ 3 N ~ N 02~i//~/ "N "~ 

O:~NCH(CHO) 2 
C ~ ~NI[ ~ k 

NO2 / ~CH ~'~N CI 

Condensation with thiourea or isothiouronium salts in the presence of piperidine gives 
2-piperidino-5-nitropyrimidine, and with diethylamine or sodium hydroxide as catalyst it 
gives the 2-thio derivatives [172, 176--178]. 

H N - - N  "~/-/ N--N 

NII~ R N" 

LXIII 

The characteristic analogs of the amidines (aminoazoles) react with NMA to form 6- 
nitroazolo[l,5-a]pyrimidines (LXIII) [179]. 

IIN . . . .  Y 
] 0 

NH~ ~N / NO- , .~- 
- ' " : "  ~N----Y 

I CzllsONa ~"  i I i i  

1 "~  ~ H 
-C00C~H5 _ _ ~  LXIV 

NOaCH.~ 
C00C2H 5 

i 0 

L___I X=CINH:~)2 I N02~i H 
C2HsONa HO" \N/"~X 

H 

Y=CH,N X=O,S LX'V 

A convenient method for the production of azolopyrimidines (LXIV) is the reaction of 
2-aminoimidazole [180] and 3-aminotriazole [181] with NME. The use of urea and thiourea 
instead of the azoles gave 5-nitrobarbituric and 2-thio-5-nitrobarblturic acids (LXV) 
[75, 182, 183].  

Scheme 3 

0 / ~  0 0 0 

c.ooN. 

N " ~0C >lt~ X 

11 NO2. C N o ~  "~ "~H~ <CH~:CHC0C:o)~. NO. ~ .  

LXX! 

A C3-nitro synthon such as ethoxymethylenenitroacetic ester (EMNAE, Scheme 3) has found 
use in the synthesis of nitropyrimidines. When treated with sodium ethoxide, the ureido- 
methylenenitroacetic esters (LXVI) formed in the condensation of EMNAE with urea or thiourea 
give the corresponding 5-nitrouracils (LXVII) [184, 185]. The synthesis of 3-nltro-4-oxo~ 
4H-pyrido[l,2-a]pyrimidine (LXVIII) and 3-nitro-l-oxo-4H-pyrimido[2,l-a]isoquinoline (LXIX) 
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by a similar scheme has been described [18]. The treatment of EMNAE with ammonia gives 
~-nitro-B-aminoacrylamide (LXX), the reaction of which with dimethylformamide diethyl acetal 
gives 4-hydroxy-5-nitropyrimidine (LXXI) [186]. 

In addition to the above,mentioned methods in which fl-dicarbonylnitro compounds are 
employed there are examples of the synthesis of nitropyrimidines involving the use of C=- 
nitro synthons. Thus, 2-phenyl-4-hydroxy-5-nitropyrimidine (LXXIV) [187] and 2-phenyl-4- 
thio-5-nitrohexahydroazepino[l,2-c]pyrimidine (LXXV) [188] were obtained from s-amino-B- 
nitroethylenes (LXXII, LXXIII). 

NO2... NH 
NO2"IIH C C6IteCONC0 ~ I! ![ C / "C --CeI{ 5 

CH CH O 
xN(CH3) 2 ~N(CH3) 2 

IXXII 

S II 
NOz." /C 

NO2"CH C6IIsCONCS C XNH 

H NH~ CJt5 
! o ,_) 

LXXIII 

N 0 2 " . ~ \  N 

LXXIV 

S 
NO 2. k 

~ N i C 6 H  5 J,_J 
LXI~' 

Nitroacetophenone has been used [189] for the construction of the dihydropyrimidine ring 
containing a nitro group (LXXVI). Compound (LXXVI) is readily dehydrogenated by bromination-- 
debromination to 2-hydroxy-4,6-diphenyl-5-nitropyrimidine (LXXVlI). 

C6H 5 , H N 0 ~ H ~  

/C~0 H OH C6H s C6H ~ "N" "0 - - - - ~ 6  

LXXVI I ~ !  

Hydrogenated 5-nitropyrimidines (LXXVlII) can be easily obtained in the Mannich reaction 
[190-192]. 

R~NII2~ HCOH + RCH2N0 2 

R 
N02~\..~"-~..N.~R I 

R,RZ =If, Alk LYC'~VIII 

Nitropyridazines. The main method for the synthesis of nitropyridazines involves the 
condensation of C=-nitrocarbonyl compounds with derivatives of glyoxal, where the nitrogen 
atoms used for the construction of the ring are introduced both as one and as the other 
components. Thus, 4-nitropyridazines (LXXX) are formed with yields of 40-50% in the reaction 
of the hydrazones (LXXIX), which are in turn obtained from l-nitro-2,2-dimethylthio- or l- 
nitro-2-amino-2-methylthioethylene, with glyoxal [193]. 

O . NO.. 

.C . (H| 
I~ - NNI I  2 . o R ",h 

L\,~ K 
LXXIX 

R=SCH3, NHCGHs, NHCH2C6H~, 2-adar~ntylamino 

A u n i q u e  v e r s i o n  o f  t h i s  s y n t h e s i s  ~s t h e  c o n d e n s a t i o n  o f  NAE w i t h  d i p h e n y l g l y o x a l  monohydra- ,  
z o n e  [194 ,  1 9 5 ] :  
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N0 2 0 .  .C61I 5 

0 ~" "bC, tl5 NIl2 N /  "C635 

Crll 5 

NO2." ~2(\ /Ce l t5  
...... !" I] 

o/~4- N .~N 
It 

3 9 g  

An accessible synthesis of l-aryl-3-nitropyridazines (LXXXI) was proposed in [196]; the 
coupling of diazonium salts with the products from the condensation of l-dimethylamino-2- 
nitroethylene and malonic ester (LXXXII) leads to the arylhydrazones (LXXXIII) and then to 
the nitropyridazines (LXXXI). 

]" K + 
N02~ C/~4NNIIAr NO ~N..N/Ar 

"C'C(C00C2II5)2 "C(COOC2115)~ ~ "~0 

COOC2t| 5 

LX30:II LXXXIII LXXXI 

The production of 3-nitrocinnolines (LXXXIV) can be regarded as the only case of the 
use of a C~-nitro synthon [197, 198]: 

R R R 
I i I 

-~ C----0 
C = O  CH3N02 )~ "~ II I.-I ,T ! ).. k I CHN02 '/~" "'< /N02 

~L~h~.;t..~ + NaOH L~,~. . . . .  . . N ;.- t! ,N/~N 
N 2 N ' 

II 

R=H,CH 3 LXXXIV 

Nitrotriazines. The high ~-deficiency of the triazine system fully excludes electro- 
philic nitration [199], and the cyclization of aliphatic nitro compounds becomes the only 
suitable but still undeveloped method for the synthesis of 1,2,4-triazines. The production 
of triazines (LXXXV) with yields of 65-95% by the action of phosgene, thiophosgene, or 
dichloromethylenesulfonamide on l-nitro-l-arylazo-2,2-diarylaminoethylene (LXXXVI) was 
described in [200]. 

NO.~ C / N:~NCbH4N02 
N0Z"]HC 02NCsII4N2+ ~ [I X=CCI2 

C C. 
ArHN ~ \NHAr ArHN / "N}IAr 

L~bKXV [ 

X=O, S, NSO2C6H 5 

NO ~N..  NtCs~I4N0 2 

I 

The construction of condensed nitro-l,2,4-triazine rings from B-nitrocarbonyl compounds 
and diazoazoles was proposed in [201, 202]. 

o ~ 2  
LI NO 2 1. N 0 2  

N-----N/~ "./ N02CH2COOC2H 5 N- - -NH NO2CH2CN.-- I~- N "'""~I 

H 

IXXXVll R : ir.,Alk,A*': X: N,CR LX.X-XVIII 

A series of 6-nitro-7-oxo-4,7-dihydroazolo[5,l-c][l,2,4]triazines (LXXXVII) were ohtained by 
coupling diazopyrazoles and diazotriazoles with NAE in an alkaline medium. In the reaction of 
NAE with diazotetrazole under these conditions the reaction stops at the stage of the hydrazone 
(LXXXIX). The condensation of diazoazoles with nitroacetonitrile leads to the formation of 
nitroaminotriazines (LXXXVIII) and (XC). 
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�9 0. NH 2 
o ]1 N C2H5 ~C~ ~ N02 ~ / NOz 

N-----NIt C 02NCII2COOC~H~ N - - - - N H  0~NClI2C N + 
II / II . . . . .  - - . - - - ~ - .  II ~ / 

N. ~ [ .  - - ~  . . . . . . .  .~kbN,N N \N'5"t" N/N N + N 3 H N~ 
L~(XXIK (70%) XC 

Substituted 6-nitro-2,3,4,5-tetrahydro-l,2,4-triazines (XCI) can be easily obtained 
under the conditions of the Mannich reaction from nitroformaldehyde arylhydrazones [203--205]. 

H R1 2 

NO2"CH . "~N i N[~R 1 
+ RlCltO + R2NR2 . . . . .  

~NHAr ~N ~ ~H 
I 

&r 

XCI 

Syntheses of 1,3,5-triazines containing a nitro group are unknown. 

Thus, analysis of the literature has shown that the appearance of new accessible starting 
materials, new methods of synthesis, and new experimental methods has stimulated the chemistry 
of heterocyclic nitro compounds, including nitroazines. 
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