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ABSTRACT

Energetic cyclotriphosphazene possessing wide range of applicationsin
the field of high energy materials. The ssimple, rapid and environmentally
benign synthesis of tris-spiro (N, N’-dinitroethylenediamino)-cyclotripho
sphazene using bismuth nitrate supported on silica gel under microwave

irradiation has been successfully reported.
© 2007 Trade Science Inc. -INDIA

INTRODUCTION

Energetic cyclotriphosphazeneisoneof themost
important dassof high energy maeridsinnava research
|aboratory, and armament research board. A consider-
ableinterest has been concentrated onthe synthesis of
cyclotriphosphazenes since these are versatile materi-
aswhich havewiderange of applicationssuch aspro-
pellantsand explosives, sincethey possessbetter das-
tomeric propertieswhich are possibleand thevast range
of compounds, which should beavailableby variation
of the pedant groups on the phosphorous™.

Polyphospahzenesare polymers containing aback-
boneof aternating phosphorous-nitrogen doublebond
and singlebond and have assessed for the usein appli-
cationsincluding specially rubbers?, flameresistant
materia g%, and membranes“, conducting materid §°,
liquid crystal %, paints™ and adhesives®. Besidethese,
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they possess better mechanical propertiesand stability,
therefore, widely used for devel oping the new ener-
getic phosphazeneswere reported and anumber of po-
tentially high energy compounds can be postul ated.
However, the practicality of the synthesis has been
shownto bedifficultintheinitia investigation on the
cyclic system. Thereported methods, for the synthesis
of tris-spiro(N, N’-dinitroethyl enediamino)-cyd otripho
sphazeneinvolvetheuse of toxicand corrosive chemi-
cassuchasnitronium tetraflouroborate/acetonitrile, ni-
tricacid/ acetic anhydride, thesetime consuming, dras-
tic conditions, and resultinginlow yield® .

To overcomethese problemswe have devel oped
asafer methodol ogy using environmentaly friendly re-
agentsthat are easy to handle and reducesthe drastic
conditionsof conventiona methods.

The present work emphasi zes on environmental ly
benign approach for the synthesis of energetic cyclo


mailto:mahulikarpp@rediffmail.com

186

Synthesis of substituted cyclotriphosphazene

OCAIlJ, 3(4) December 2007

FPull Paper =

Cl Cl
NH NH NNO, NNO,
% N/ X~
- p . . . .
CI\I}ll/ \\I}I/CI e.thylendlamme NH N/p\\N NH bismuth nitrate, NNO, N/p\\N NNO,
P_ - P dichloromethane |: \IID' IID/ :| silicagd, \Iy I!)/
/N PARINGAN THF AN
N N
Cl Cl NH NH NNOZ/ NNO,

@) 2

3

SCHEME1

triphosphazene by using low cost, easily availablere-
agents, namely bismuth nitrate'® asnitrating reagent
adsorbed on silicagd assolid support in better yield of
tris-spiro(N,N’-dinitroethylenediamino)-cycl otriphos
phazene(3).

EXPERIMENTAL

Synthesis of tris-spiro(N, N’-ethylene amino)-
cyclotriphosphazene (2)

Totherefluxing solution of ethylenediamine (1.80g,
3mmoal), inmethylenechloride (50ml ) the solution of
(1) (229, mmoal) indichloromethane (150ml ) wasadded
dropwiseover 2hrs. An excess of dichloromethanewas
added and the resulting suspension was heated at re-
flux for 24hrs, during which white solid precipitated.
The reaction mixture was filtered, washed with
water(50ml), then acetone(20ml) and driedto give(2)
1.90986% m.p. 190°C. FTIR (KBrdisc, v, cmr® 1190
(P-N- P), 32100-3400(-NH). "HNMR (8ppm, CdCl,))
3.80m.NH, 4.10s, 12 H.

Synthesis of tris spiro (N,N’-dinitroethylene
diamino)-cyclotriphosphazene(3)

Tris spiro(N, N’-dinitroethylenediamino) cyclo
triphosphazene(1.50g, 1mmol) and silicagel (5g) was
added to asuspensionof bismuth nitrate (2.88g, 6 mmol)
in THF(10ml). Thereaction mixturewasirradiated un-
der microwave oven (at low power level), until the
completionof reaction., whichwasmonitoredusing TLC.
Thereaction mixturewas poured into acetone, filtered
off to afford the(3) 1.38g, 78 % m. p. 205°C (lit m.p.
205°C). 'HNMR (8ppm, CdCl.), 4.3s, 12H. FTIR (KBr
disc, v, cm*) 1580, 1285(N-NO,), 1200(P-N-P)
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TABLE 1: Physico-chemical propertiesof (3)

Molecular formula CeHsN11P5015
Melting Point (°C) 205
Velocity of detonation (m/sec) 7953 m/sec
Detonation pressure PCJ (Kbar) 205.58 kbar
Oxygen balance (%) 16.58 %
Density (p, g/cm3) 1.88 g/cm®

RESULTSAND DISCUSSION

An environmental ly benign approach for thesyn-
thesis of energetic cyclotriphosphazene by using low
cost, easily availablereagents, namely bismuth nitrate
asnitrating reagent adsorbed on silicagd in better yield
of tris spiro(N, N’-dinitroethylenediamino)-cyclo
triphosphazene,

Theoretically computed explosive parameters of
1,1,3,3,5-tris-spiro(N, N’-dinitroethylenediamino)
cyclotriphosphazene showsthe promising application
aspotentialy high energy compounds, propd lantsand
explogves.
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