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STUDIES ON ENERGETIC COMPOUNDS

PART ¢ SYNTHESIS OF RING-SUBSTITUTED ARYLAMMONIUM
SALTS OF 3-NITRO-1,2,4-TRIAZOLE-S-ONE(NTO)

Gurdip Singh’, Inder Pal Singh Kapoor
S. Mudi Mannan and Sunil Kumar Tiwari

Chemistry Department, Gorakhpur University
Gorakhpur - 273009, India

ABSTRACT

In continuation of our programme of preparing new energetic
materials, fifteen arylammonium (having electron donating or attracting
substituents) salts of 3-Nitro-1,2,4-triazole-5-one (NTQO) have been synthesised
and characterised. These compounds have been found to be ionic in nature.

# Preceeding paper : Ref. 16
* Author to whom correspondence should be addressed.
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INTRODUCTION
3-Nitro-1,2,4-triazole-5-one (NTQ) has been reported to be a

potential member of a class of high energetic explosives!~* and offers attractive
explosive performance with a high degree of insensitivity3:6. A number of stable
salts of NTO (acidic) with basic compounds have been reported by many workers,
which are moderately sensitive to impact and are used as ingredients of gun
propeliants”-8 and explosives?-!!. However, these are reported to be more useful
as compared to ammonium nitrate and ammonium perchlorate.

Although, a number of aliphatic amine salts of NTO are known but
studies on ring-substituted arylamine saits of NTO are not yet reported in
literature.  Very recently, we have undertaken extensive investigations on
nitrate!2-14, perchlorate!5-17 and sulphate!3-20 salts of aromatic amines. In
continuation of our programmes of preparing new energetic compounds21-23, we
report here the synthesis and characterization of ring-substituted arylammonium
(having electron donating/withdrawing substituents) salts of NTO. Further, TG,
DTA and explosion delay data on these compounds have been presented in the

proceeding paper (part 7) of the series.

EXPERIMENTAL
Materials :

The following chemicals (obtained from the sources given in
parentheses) were purified according to usual methods : aniline (Qualigens); 2-and
3-chloroanilines, 3-toluidine, 2-, 3- and 4-nitroanilines (Robert Johnson), 4-
toluidine (BDH), 2-toluidine, 4-aminobenzoic acid, 3-anisidine (Merck);, 4-
anisidine (Burgoyne); 2-anisidine (Ranbaxy), 2-Phenetidine (Riedel-de Hain); 4-
Phenetidine (Wilson). Semicarbazide hydrochloride (S.D. Fine Chemicals); formic

32



13:54 16 January 2011

Downl oaded At:

acid, silica-gel (TLC, Merck) and nitric acid (AR Qualigens) were used as
received,

Synthesis of NTO :
NTO was prepared in gram batches in our laboratory by the method
reported earlier!-24.25 and characterised by gravimetric estimation, TLC and LR.

spectroscopy2.26,

Synthesis of Ring-substituted Arylammonium Salts of NTO (RSA NTOQates)
Arsomatic amine salts of NTO were prepared by adding dropwise
hot aqueous solution of NTO to the solution of corresponding arylamine in 1:1

molar ratio. The reaction is given below :

0
[}

=N
N,

/\ 50~ so°c /‘\
NHy; + HN NH
R \__ /
N02

NTO RSA NTOate

Where R = H, 2-CH;, 3-CH;, 4-CH;3, 2-Cl, 3-Cl, 4-CO,H, 2-NO,, 3-NO,, 4-
NO,, 2-OCHj, 3-OCH3, 4-OCHj, 2-0C3H; or 4-OC,Hs.

The mixture was then heated at 50-60°C for 10-15 minutes with
constant stirring. It has been found that aniline salt and salts having 3-CHj, 3-Cl
substituents were crystallised out on keeping the reaction mixture under vacuum
(90 mm Hg) over night, whereas remaining salts appeared after 2-3 hours when
kept in ice bath. All the salts were recrystallised from doubly distilled hot water to
get amorphous/crystalline solids and these were dried under vacuum. The yield of

all the salts having different colours was greater than 90%.
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Characterisation of RSA NTOates :

All the salts were characterised by gravimetric estimation, TLC,
conductivity and pH measurements. Their 1.U.P.A.C. names, colour, crystal shape
and melting point are reported in Table 1.

The purity of these salts was checked by TLC using different
mobile phases and iodine was used as locating reagent. Brown coloured spots
were obtained for most of the salts. However, yellow spot were obtained for salts
having 3-CHj3, 3-Cl, 2-NO, groups. The R¢ values for each salts are reported in
Table 2.

Conductivity and pH Measurements on RSA NTOates :

The conductivity of RSA NTOQates and NTO was measured in
0.005M aqueous solution at 18°C using digital conductivity meter (Chemito-
CLO1) with a conductivity cell (Cell constant = 0.748) and data are given in Table
2. pH of these salts was also measured in 0.005M aqueous solution at 18°C by

digital pH meter (Century CP901) and data are reported in Table 2.

LR. Studies on RSA NTOates :
LR. on NTO, A NTOate, 3-CH3A NTOate, 2-CIA NTOate and 3-

CIA NTOate was taken in KBr pellet using Perkin-Elmer spectrometer. The

important peaks are given below :
NTO: Vinax, 3190-3210b, 2900s, 1710-1'690b, 1530b, 1460s,

1340s, 1170s, 1000vs, 990vs, 810vs, 770s, 740s, 715vs,
670b, 590vs.

A NTOate : 1700s, 1630b, 1490s, 1360s, 1290vs, 1030s, 1000s, 765s,
725vs, 460s.
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3-CH3A NTOate:  1610-1585b, 1490b, 1360s, 1285s, 1140b, 1040vs, 995s,

765-755b, 730vs, 765vs, 600-590b, 420vs.

2-ClA NTOate : 3480-60b, 1610-1600b, 1500-1490b, 136Ss, 1390vs,
1040vs, 1000vs, 770s, 730vs.

3-CIA NTOate 3560s, 3180b, 1700b, 1530-20b, 1490-80b, 1365s, 1285vs,
1000s, 810vs, 765b, 710vs, 655s.

Gravimetric estimation

RSA NTOates have been found to dissociate in aqueous sodium
hydroxide solution to form Na NTQates and free amines. Only Na NTOate was
obtained in case of NTO. The amines were separated and Na NTOates were
recovered from their respective solutions as described below

NTO (100 mg) was treated with aqueous sodium hydroxide in 1:1
molar ratio at room temperature (RT) and the mixture then concentrated on water
bath at 50-60°C for 10-15 miuntes to get yellow crystalline Na NTOate (Scheme
1). The later was then recrystallised from double distilled (DD) water and its purity
was checked by TLC (Rp = 0.70; n-BuOH : Dioxane : water (7:6:1)) using
authentic sample24-25. The experimental and theoretical weights of Na NTQates

are given in Table 2.

0
I It
HN NH . 11 NaN
N p aqueous NaOH NanN NH . ¢ HZO

- AT\ /
NO

2

NOz

NTO Na NTOate

Schewe I
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On treating 100 mg of RSA NTOate with aqueous NaOH in 1:1
molar ratio at RT, the former was found to dissociate to gave Na NTQate and
corresponding arylamine (Scheme 11). The solid amines were filtered out, whereas
liquid amines separated by solvent extraction. Yellow crystalline Na NTOate was
crystallised out on concentrating the aqueous layer. The experimental and

theoretical weights of Na NTQate are reported in Table 2.

0
o
@-Fm N NH NaOH 1:1 . 3
+aq.Na 3 . -

— ;

RSA NTOate N0y .
st Na NTOate

cheme I] 'Hzo

In case of 4-CO,HA NTOQOate (Scheme IlI), both sodium (4-

amino)-benzoate and Na NTOate were found to be soluble in aqueous NaOH and

hence the later was separated by preparative TLC.

0 )
) NI /j\ 1:2 N /"\
B aN NH + ag. NaOH > 3 NH. - a

HO \_ / RT ¢ S :

=N NaD \ __
NO
2
NOZ
4=-CO,HA NTOate Na NiQatc
“ 21,0

Scheme 111

RESULTS AND DISCUSSION
pH, gravimetric, conductivity, TLC (Table 2) and 1.R. spectra

suggest beyond doubt that the interaction of NTO and arylamines lcads to the
formation of ionic salts (structures are presented in Table 3). It is inferred that their

salt formation may be due to the transfer of more acidic proton of NTO (pka =

36
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3.67)26 1o the basic nitrogen of amine. Moreover, the salt having meta
substituents recrystallised out with difficulty. This may be due to the decrease of

electron density at nitrogen of amine by -1 effect of the substituent. The abnormal
behaviour (-1 effect) of 3-CH3 has already been reported12.15,27.28 earlier. Inspite

of having chromophoric (-NO,) and auxochromic (>NH) groups, colourless salts
such as 2-CHjz A NTOate and 2-CIA NTOate were obtained which may be due to
the steric inhibition of resonance2?.

It is very clear from the conductivity data (Table 2) that all the salts
are electrolytes. 3-NO, is a strong electron withdrawing group in 3-NO,A

NTOate which may cause the salt to dissociate to a greater extent and hence,

highest value of conductance was observed for their salt. Moreover, lowest value

for 4-CH;A NTOate may be due to the strong +I effect of 4-CHj group.

However, gravimetric estimation also suggest the ionic nature (salts) of RSA
NTOates.

pH values reported in Table 2 suggest that ail the salts are less
acidic than NTO. Among the series, very low value of 2-NO,A NTOate is

undoubtedly due to -1 and ortho effects. Moreover, high value of 4-OCH;A
NTOate, 4-OC,HsA NTOate and 4-CH3A NTOate is due to strong inductive (+1),

resonance and hyperconjugative effects, which cause the strengthening of N-H

bond of arylamines.
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TABLE-

J.U.P.A.C. Names and Structures of NTO and R5A NTOate§

3-Nitro=-1,2,4-triasazole-5-0One

Anilinium 3-Nitro-

5-Onate

2~Methylatrilinium
triazole-5-0Onate

3-Methylanilinium
triazole-5-Unate

4~Methylanilinium
triazole-5-0Onate

2-Chloroanilinium
triazole-5-Onate

3~Chloroanilinium
triazole-5-0Onate

2-Nitroanilinium
triazole-5-0Onate

1,2,4-triazole-

3-Nitro-1,2,4~

3-Nitro-1,2,4~

3~-Nitro-1,2,4-

3-Nitro-1,2,4-~

3-Nitro-1,2,4~

3-Nitro-1,2,4~
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3-Nitroanilinium 3-Nitro-1,2, 4~ (::) EH;N NIl
triazole-5-0Onate
NO2 NO,
(3)
0
,//K\\
t-Nitroanilinium 3-Nitro-1,2,4- NI NH
triazole~5-Onate 02N @NH:’N
\___N
NO .
(10) ‘
q
] //*\\
4- i1ini “Nitro- SN e NH
h-Carboxylanilinium 3-Nitro-1,2,4 NH
triazole-5-0Onate o/ TN /
N
NO
(11) 2
o
10
2-Methoxyanilinium 3-Nitro-1,2,4- NHJN
triazole-5-0Onate \
ocH, "
(12) o
\
3-Methoxysnilinium 3-Nitro-1,2,4- 1N Vit
triazole-5-Onate 3
— N
OCHS NO o
(13) 0
[}

. -,//*\\
4-Methoxyanilinium 3-Nitro-1,2,4- gy c (::) NM3N NH
triazole-5-Onate 3 \ /

— N
NO,

(14) <
2-Ethoxyanilinium 3-Nitro-1,2,4- HJN//N\\
triazole-5-0Onate

0C2H
(15) 0
/\\
4~Ethoxyanilinium 3-Nitro-1,2,4- 4 _c.0 (::) NI N
triazole-5-0Onate 5%2 3 \ /
— N
NO -+
(16) -
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