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Abstract-This paper 1,eviews the synthesis routes of nitro derivatives of triazoles 

with emphases on those used a s  energetic materials. 

INTRODUCTION 

Triaroles and their nitro derivatives have attracted chemist's considerable attention in recedt years because of their syn- 

thetic value,'-'their numerous applications1-"in medicine and agrieuture due to their extensive biological activities, and 

their successful applications2'~"as photosensitive and energetic materials. 

With the development of space programsnand the deep oil-well drilling,29 new ideal insensitive high explosives (IHE) 

are needed. ''A Triazole energetic material, which is extensively studied ,f*'o is one kind of this explosive. As  consis- 

tent with other energetic materials with high nitrogen content, triaaoles nitro compounds possess advantagesz'-".""' of 

high density, high energy, low sensitivity, and good heat resistance etc. The  bond length is 1.352.4 for C-N bond, l .  

3 2 0 A  for N-N bond and 1 . 0 9 4 A  for N = N  bond in triazoles, while those of C-C bond and C = C  bond are 1. 5 3 0 A  and 

1. 3 3 0 A  respectively. " The  shorter bond length makes the molar volume of triazole compounds smaller than that of 

the cycolpentadiene or pyrazale, which is helpful to increase the density of compounds. Besides, the bond angle of C- 

N = C  bond is about 11S0 ,  smaller than that of C-C=C bond (about 124') and close to the average bond angle of five- 

membered ring (108') ."  This is due to  the relative equalization of bond angle of nitrogen containing compounds. In 

addition, the cyclical tension of triazole compounds is rather weaker than that of carbon cyclic compounds or other het- 

erocyclic compounds with low nitrogen contents, and the unshared electron pair of nitrogen atom is involved in the 

conjugate system of triazale parent compound. This may enhance the aromaticity of the molecule and improve the 

heat-resistance of the compound. Furthermore, the formation of intermolecular bond is facilitated due to the presence 

of nitrogen-hydrogen system in the molecule of triazole compounds, and the intermolecular hydrogen bond can impart 

the triazole compounds a high melting point. As stated above, the nitro derivatives of trlazoles may be employed in en- 

ergetic materials with high energy. high density, low sensitivity and good heat-resi~tance.~'~"'"." This kmd of ener- 

getic material has been eagerly expected far a long time. Although triazole compounds are not so resourceful as aro- 

matic compounds, the synthesis of nitro derivatives of triazoles is rather simple, and their production cost is accept- 

able. In the last two decades, a number of these compounds have been preparedrm"."and chemist's interest in them is 

increasing. 

The nitro derivatives of triazoles can be classified to four categories described below. 

1. Nitro substituted triazole derivatives 

Their synthesis methods include carbon- or nitr~gen-nitration,~~'~'~~'~~" thermal rearrangement"." of N-nitro group to 

C-nitro group. and the conversion of amino group into nitro group by both oxidation1* and Sandermayer reaction".'." 

etc. 

2. Triazole derivatives with polynitro side chains 
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11 4-Picrylamino-l,2.4-triazole 225 1 .73  

(11 Temperature of the beginning of the first exotherm in DTA at  10T/min. 

SYNTHESIS METHODS 

1. Synthesis of nitro substituted triazole derivatives 

1.1. Direct nitration 

1. 1. 1. Nitration with nitric acid 

Direct nitration of triazole compounds with nitric acid sometimes gives salts of triaroles." Nitro derivatives of triazole 

compounds can be prepared through carbon-nitration or nitrogen-nitration with nitric acid of different concentrations. 

For example, nitration of 1,2,4-triazol-5-one(TO) (1) or  3,3'-azo-I ,2,4-triazol(3) forms 3-nitro-l,2,4-triarol-5-one 

(NT0) (2)"  or 1 ,I1-dinitra-3.3'aro-1 ,2,4-triarole (4)'' respectively. Acetylation of T O  causes its decomposition. " 
Nitrosation of T O  doesn't give any nitroso derivatives, and nitration of T O  forms no N-nitro compounds. "" 

H H 02N, NO, 

<,Np;N(N,> (N>=N(,> 

NTO is a new interesting insensitive high explosive, but its high acidity limits its app l i ea t i~ns . '~  

1. 1. 2. Nitration with a mixture of nitric acid and sulphuric acid 

2-Phenyl-1,2,&triawle ( 5 )  can be conveniently converted into its 2-(4'-nitrophenyl )-or 2-(4'-nitropheny1)-4-nitro 

derivatives (6) or (7) ,  which can be further nitrated with mixed acid to =ive 2-(2',4'-dinitropheny0-4-nitro-1.2-3- 

triazole (8). Additionally the tetranitro derivative(9) can be obtained by nitration of compound(8) or 2-picryl-1.2.3- 

triazole(l0) with mixed acid. " 

NO1 N NO, N NO, 
/ \  \ HNO. 02NaN )I 

0 2 . e  - \N' ) ..so. - \ N /  
NO2 NO? 

Again, 3-(4'-nitropheny1)-l,2,4-triarole(l1) is nitrated with mixed acid to give l-nitro-3-(4'-nitrophenyl)-1,2,4- 

triazale (12). " 
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1. 1. 3. Nitration with a mixture of acetic anhydride and nitric acid 

l-Nitro-3-amino-l,2, 4-triazole(l4) is prepared by nitration of 3-amino-1,2,4-triazole (13)  with a mixture of acetic 

anhydride and nitric acid a t  O ' C . "  If  the amino group of compound (13) is protected by acetylation, nitration of the 

acetylated compound gives 3-acetylamino-5-nitro-1, 2,  4-triazole which can converted into 3-amino-5-nitro-1, 2 ,  4- 

triarole(l5) "in hydrolysis. " 

When 3-picrylarnino-1, 2,  4-triazole ( 1 6 )  is nitrated with a mixture of acetic anhydride and nitric acid, the 

corresponding N-nitro and C-nitro derivatives(l7) and (18) are obtained. Acetylation followed by nitration does not 

give any nitro compound. " 

NO, NO, NO2 H NO, H 
N-N 

oaN-Q-NH<,J - AGO ozNeH<-> - N + o 8 N O m < , > o *  - 

NO, NO, NO, 

But when 3.3'-azo-1,2.4-triazole(3) is acetylated and then nitrated with acetic anhydride and nitric acid, the resulting 

product is N-nitro derivative(4) instead of the expected C-nitro derivative (19). '> 
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1. 1. 4. Nitration with nitronium tetraflumoborate BF;NO: 

Nitration with this nitrating agent may give cyclic N-nitro or C-nitro derivatives. For instance, 1,s-disubstituted 

triarole (20) is converted into N-nitro compound (21 )  and 3-amino-1,2.4-triazale (13)  into C-nitro derivative ( 15 )  

through nitration with BF;NO:." 

1. 2. Thermal rearrangement from N-nitro to  C-nitro derivatives. 

Generally speaking, C-nitro derivatives of triazole compunds are more stable than their N-nitro derivatives. D ~ r e c t  

nitration methods described above can give some C-nitro der~vatives but in more cases N-nitro derivatives are  the 

products. Nevertheless, N-nitro of same nitrogen heterocyclic compounds can be changed to C-nitro via the typical 

thermal rearrangement. Here are some examples. "." 
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1. 3. Conversion of amino group into nitro group via diazotization 

Because of the stability of C-nitro group,it  is important to synthesize C-nitro derivatives of triazole compounds. A 
number of triaeole compounds contain amino group on their side chains,snd amino group can be converted into nitro- 

group so this conversion provides an  useful method for preparation of nitrotriazoles. 3,5-Dinitro -1,2,4-triazole(28) is 

obtained from 3,5-diamino -1,2,4-triazole (27) by using this method. " 

1-Methyl-3,5-dinitro-l,Z,4-triazole (30) is prepared from 1-methyl-3,s-diamino-1,2,4-trizaole (29) via diazotization 

in the presence of copper nitrate. "The function of copper salts is to retard the hydrolysis of diazonium salts." 

1.4. Conversion of amino group Into nitro group via oxidation 

Oxidation can convert amino group into nitro group directly. The commonly used oxidant is trifluoroacetic acid. The 

preparation of 3-nitro-1.2.4-triazole (31) from 3-amino-lr2,4-triarole is an  example. " 

Hydrogen peroxide can also be used as an  oxidant. The catalytic oxidation of 3.5-diamio-1.2.4-triazole (27) with 

hydrogen peroxide in the presence of NalWO,gives 3-amin0-5-nitro-l.2,4-triazoIe (15)." 
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2. Synthesis of triazole derivattves with polynitro side chams 

2. 1. Mannlch reaction 

Aminotriazoles can function as a basic component of Mannich reaction because of their basictty .and trinitromethane or 

the l ~ k e  may be used as acidic components. The  electron withdrawing group on the 5-posltion of 3-amino-1. 2 .  4- 

trlazole can facilitate the Mannich reaction. T h u s ,  condensation of 3-amino-5-trifluoromethyl-l.?.4-rr1azole (32 )  with 

formaldehyde and trinitromethane or with 2-fluoro-2.2-dinitroethanol gives products (33)  or (34) with polynino side 

cham. '' 

The  condensation product ( 3 6 )  of 4-amino-3, 5-dihydroxymethyl-1, 2 ,  4-triazole ( 3 5 )  with formaldehyde and 

trinitromethane has also been successfully prepared. '' 

2. 2. Cycloaddition reaction 

A widely used method5' 5'm81 for synthesizing triazole derivatives with polynitro side chains is the cycloaddition 

reaction of nltrile w ~ t h  diazonium compound or a i d e .  These reactions are usually carried out under hard condirions. 

but nltrile with electron withdrawing groups,  such as trifluoroaceton~trile and trinitroacetonitrile etc. can accelerate 

the cycloadditlon reactions. For instance. trinitroacetonitrile (37)  ieacrs with a i d e  (38)  to form I .  2 .  3-triazole's 

poiynctro-derivatives (39) and (40). "'j' 

3. Synthesis of  polynitrophenyl derivatives of triazoles 
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Introduction of picryl group and the like into triazoles is an effective method to improve the thermal stablity and 

increase the melting point of the energetic compounds. "-'0 The nuclraphllic rubstitution r e a c t m n ~ ~ ~ ~ " ~ " " '  are wdr ly  , 
used to carry ou t  thrs  introduction. In  the past decades. a number of  effort^"^".'^ ha s been focused on the invesrigatmn 

of energetic triasole compounds with polynitrophenyl substituent. Recently. a few explosives with good hear 

resistance have been prepared by Laval" and Chaykovskya5 independently, and a lor of work in this field has airs been 

done at  our laboratory. ".".'' 
3. 1. Reaction of halogenated polynitrobenzene with amiaotrlazole 

The nucleophilic substitution reaction of 4- amino-1,2,3-triazole (41)  with picryl chloride (42)  gives a product (43) 

which can be further nitrated with a mixture of sulfuric acid and n~ t r i c  acid to obtain compound (44) .'" 

3-Picrylamino-1,2.4-triaaole (45) is a well-known explosive with high melting point and lower sensitivity, which is 

synthesized by the reaction of 3-amino-1,2,4-triazole (13) with picryl chloride (42)." Additionally,compound (13) 

reacts with 2,4-dinitrochloiobenmne (46)  or 3-chlor0-2,4,6-trinitrophenol (47 )  to give compounds (48) or ( 4 9 )  

respectively. ''." 

The electron donating groups on 5-position of compound ( 1 3 )  can improve the yield of the above reaction. For 

example. 5-methyl-3-amino-1,2,4-triazole (50)  reacts with picryl chloride (42 )  or 2,4-dinitrochlorobenzenr ( 4 6 )  

offer products (51) and (52) with yield of over 90%. But the electron withdrawing groups (such as  tilfluoromethyl) 

do the opposite. '" 

Moreover,a number of triazole compounds with a picrylamino substituent have been synthesized. Some examples are 
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givcn below. '' 

NH: N H P k  

53 54 

HCL 

DMSO 

5. 7-Dinitro-1-picrylbenzo-1, 2. 3 - t r i a d e  (61) (RTX) is a hear resistant initial explosive, which is obtained by the 

condensation reaction of benzotriazole (60) with picryl fluoride followed by nitration."This compound's isomer ( 6 3 )  

( 4.6-dinitro-1-picrylbenzo-1.2.3-triazole) can be prepared by a ddferent way-reaction of 3.5-dinitro-l,2-diamino 

benzene (62) with p~cryl fluoride followed by diazotization and cyclization. '' 

aN\, / DMF. PkF 25°C aNiN / 9 0 % H N 0 3  HISO,  - 
N 'N N 
H I NO, I 

P k P k  

Recently, our laboratory modified the preparation of 3-picryIamin0-1,2~4-triazole (45)  by using methylnitroammo 
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group as leaving group and obtained the nitratton products (65) and (66)  of compound (45). lB'S 

NO, 
A c 2 0 ,  fuming HNO>/ 45 \ A C O H ,  fuming HNO, 

NO. 
yox 

OzN +"N,s - 

NO. 

Compound (66) can also be obtained by the  reaction of 

NO, H 

. * . a :  - <->Noz N 

il fluori de. " 

We have also tried the reactions of a number of halogenated polynitrobenzene (including 1, 3-dichloro-2, 4- 

dinitrobenzene, 1. 3-dicbloro-2. 4 ,  6-trinitrohenzene. 1, 3, 5-trichloro-2, 4 ,  6-trinitrohenzene, and 3-chloro-2, 4 ,  6- 

trinitrophenylmethylnitramine ctc)  with aminotriazole, but only compound (67)  has been identified and it can react 

with sodium aride t o  offer compound (68). " 

C1 NO2 H C1 NO, H 

ozN&l - + H~N-(;> - 0;. 
/ \ 

C l  NO2 

N NO, H 
N a  N, - 

OH NO, 

3. 2. Reaction of halogenated polynitrobenzene with salt  of n~rrot r~aroles  

I t  is rather difficult to introduce nitro group to C-atom of triazole ring attaching picryl group. But some salts of 

nitratriazole may be used as nucleophiles to react with picryl halide for synthesis purposes. A successful example is the 
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synthesis of compound (70) uio the reaction of picryl chloride (42) with sodium nitrotetrazole (69) ." 

In 1978, Sitzmann" tried to  get a picryl derivative of 3.5-dinitro-1.2,4-triarole (28) by the ~maction of picryl chloride 

(42) with potassium salt of compound (28). He didn't succeed. But he obtained compound (71) which is a picryl 

derivative of 3-nitro-1,2,4-triazol-5-one (2)." Compound (71) was also prepared via the reaction of picryl chloride 

(42) with potassium salt of compound (2). In 1990. Coburn reported the synthetic methods of compounds (71) , (72)  

and (73)." 

The preparation and properties of compounds (76). (79) and (80) were reported in 1989.""'.* Compound (76) was 

synthesized by the reaction of 3,5-diamin0-2,4.6-trinitrochlorobcnzenc (74) with alkali metal salt of 3-nitro-1.2.4- 

triazole (75). while compound (79) and (80) were prepared by the reactions of 5-nitro-4.6-dichloropipeiazine (77) 

with compound (75) or with alkali metal salt of 3-amino-5-nitro-1,2,4-triazole (78) respectively. 
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