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Bi (NO,)/ HNO,: An efficient nitrating agent for synthesis of 2, 4,
6, 8, 10, 12-hexanitro-2, 4, 6, 8, 10, 12-hexaazaisowurtzitane from
2, 6, 8, 12-tetraacety-4, 10-ldiformyl-2, 4, 6, 8, 10, 12-isowurtzitane
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ABSTRACT KEYWORDS
2,4,6, 8, 10, 12-hexanitro-2, 4, 6, 8, 10, 12-hexaazai sowurtzitane (HNIW), Nitrating Agents;
more commonly caled CL-20, is a novel high-density cyclic nitramine, a-20;
synthesized for use as an energetic component in propellant formulations. TADFIW:;
It is usualy prepared via nitration of precursors with concentrated nitric Energetic materials.

and sulfuric acid. we report in thiswork for the first time synthesis of CI-20
from nitration of 2, 6, 8, 12-tetraacety-4, 10-ldiformyl-2, 4, 6, 8, 10, 12-
isowurtzitane (TADFIW) by various nitrating agents and mild reaction
condition. By the use of this nitrating agent, the reaction eliminated the use
of concentrated sulfuric acid and was environmental friendly. Meanwhile,
the effects of reaction temperature, time and other factors on yield were
studied. The structure of the compound was characterized by elemental
analysis, IR, *HNMR and MS. © 2014 Trade Sciencelnc. - INDIA

INTRODUCTION Themolecular structures of CL-20, RDX and HM X
areshowninFigurel.
2,4,6,8,10,12-hexanitro-2,4,6,8,10,12- NO.
hexaaza sowurtzitane (HNIW), morecommonly called N| , \ Y Mo
CL-20, isanove high-density cydlicnitramine, synthe- a () }Ej :
sized for useasan energeticcomponentinpropellant o, "~ ST, f "ie,
formulationg. It meetsstringent munitions sengitivity o - Ep—
requirementsand has ahigher energy content than the Figurel : Structuresof RDX, HMX and CL-20
conventionally used cycl otetramethylenetetranitramine
(HMX) and cyclotrimethylenetrinitramine (RDX)[23,
CL-20 hasrecently shifted to commercial production
andisnow inexploratory and advanced devel opment!.

QM Ny O,N NC,

“\ /'"“N/ \NQ\N/

" oM

Thebasic structure of CL-20 consistsof arigid
isowurtzitane cagewith anitro group attached to each
of thesix bridging nitrogen atomswithinthe cage. CL-
20 hasahigher molecular weight, heat of formation,
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number of N-NO2 bonds, and density (2.044 g/cm?
for the e-polymorph) than RDX and HM X1, In con-
trast to the af orementioned nitraminesthat have no C-
C bondsintheir structures, CL-20 bearsthreedightly
elongated C-C bondg®. It can exist in four stable poly-
morphicforms(a.,B,y,e) under ambient conditions, the
structures and densities of which have been estab-
lished by X-ray crystallography'®. Among these, the
e-polymorphispreferred for its highest crystal den-
sity and stability at ambient conditiond™. All known
methods of producing HNIW are based on the same
starting materia, 2, 4, 6, 8, 10, 12-hexabenzyl 2, 4,
6, 8, 10, 12-hexaazaisowurtzitane, which is first
reductively acylatedtoform 2, 6, 8, 12-tetraacetyl-4,
10-dibenzyl-2, 4, 6, 8, 10, 12-hexaazai sowurtzitane®.
Synthesis efforts have been made for a number of
nitrolysable precursors to CL-20 including
isowurtzitane cage substituted with nitroso®, formylt,
and acetyl™¥, groups. Synthesisof CL-20from TAIW
has appeared as afavourable method, bothinterms
of process economy and product purity. The High
Energy Materials Research Laboratory (American
scientists) has established aprocessfor the prepara-
tion of CL-20 by nitration of TAIW™M, CL-20isusu-
aly prepared vianitration with concentrated nitricand
sulfuric acid, but thistechnique pollutesthe environ-
ment. The majority of organic nitration requiresthe
useof sulfuricacid or oleumin thenitric acid because
sulfuric acid ispresent as cataly<t, solvent and dehy-
drating agent. Also, in about 94% sulfuric acid, the
nitric acid practically completely ionized to nitryl ion.
Utilization of sulfuric acid produce contaminated and
diluted spent acid stream. Nitration of HBIW with
harsh or mild nitrating agentsresultsin decomposition
of thecage structure®. This necessitated thesynthesis
of easily nitrolysable precursorsfrom HBIW for the
synthesisof CL-20. Inthis paper, wethusdescribe a
new Method for synthesis of CI-20 from TADFIW
by variousnitrating agents (Scheme 1).

H,COC NN ,CO0CH;
H,COC- l\}_<\i’COCH3 Nitrating Agents OZN‘WNOZ
Oc 3h
OHC/ \CHO

Schemel : Nitration of TADFIW
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RESULT AND DISCUSSION

Inthiswork, variousexperimentswere carried out
on TADFIW. After extensiveliterature search various
nitrating agentshave been selected (TABLE 1). TABLE
1 showstheeffect of different nitrating agent on con-
versonin nitration of TADFIW. Asseenfrom thetable
use of Bi (NO,), for the nitration of TADFIW gave
high yield towardsthe other reagents. Thisisbecause
thenitroniumion concentration increased in presences
of Bi (NO,), Ontheother hand we chosesilicasulfuric
acid (entry 5) becauseit isan excellent acid source (a
proton sourcefor thein situ generation of NO, ) un-
der completely heterogeneous conditions). Inentry 4
and 7-10, dsonitratessdt helptoincreasethenitronium
ion concentrationin solution.

TABLE 1: Nitration of TADFIW by variousnitrating agents

Entry Nitrating Agent Temp. (°C) (J:irm?]) \E:V?)d
1 HNO; (98%) 70 3 72
2 HNOs/H,SO, 70 4 84.5
3 HNO4/ Bi (NOs)3 65 3 91
4 HNOs/NH,;NO; 70 3 90
5 HNO; / silica sulfuric acid 65 3 86
6 HNOS/AC,O 65 3 73
7 HNOs/KNO3 65 3 76
8 HNOy/NaNO, 70 3 68
o Mo n 5w
10 HNOg/ Sr (NO3), 65 3 86

It isessential to know the operating temperature
envel ope at which thereaction hasamaximumyield
and optimum heat generation. Previoudly, it wasre-
ported*? that thetemperaturefor nitration of TADFIW
i1s85-95°C. In order to generate the temperature en-
vel ope, nitration was conducted at 60, 65, 70, 75, 80,
and 85°C, and the processwasfound safeinthetem-
peraturerange of 65-70°C andyield wasal so greater.
It was observed that beyond 70°C, formation of NO_
gasesincreased Sgnificantly, whichisnot desrable. Thus,
theapproximatetemperatureenvel opefor thereaction
IS65°C.

To study the effect of strength of nitricacid onthe
purity and theyield of the product, experimentswere
carried out with nitric acid having strength of 65 and
98%. Asexpected, the purity and theyield of the prod-
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uct came down asthe strength of the nitric acid was
brought down. Thisisbecausethenitroniumion con-
centration and the solubility of partialy nitrated prod-
uctsreduced asthewater content increased inthenitric
acid. Maximumyield and purity of CL-20 wasobtained
with 98% HNO,.

Inthe presence of catalysts, nitric acid underwent
ionization to generate nitronium (NO,’) ions, and
TADHW underwent e ectrophilic substitution reaction
at nitrogen atoms by the el ectrophileNO,* ionto give
thenitrated product; i.e., CL-20.

EXPERIMENTAL

Mdlting pointswere determined on open capillary
and are not corrected. IR spectra were recorded by
Perkin-Elmer infrared spectrometer using matrix KBr.
'H NMR and C NMR spectra were recorded on
Backer 300 MHz instrument model WG-300 and 6
unitswith referenceto tetramethylsilaneinternal stan-
dard. Commercidly avalablesolventsand reegentswere
used without further purification. TADFW was pre-
pared according to apublished procedure®.

Nitration of TADFIW by variousnitrating agents

0.4 g (Immol) TADHW wasadded gradualy toa
cooled mixtureof 98%nitricacid (10mL) and Bismuth
Nitrate (0.1g). Then reaction mixturewashested to 65
°C, maintained at this temperature for 2 h and then the
mixture cooled to 35 °C and paused into 10 g ice /
water with vigorousstirring. The preci pitated product
wasfiltered off and washed with Water (4 times) until
neutral washingswereobtained. The product wasdry-
ingto constant weight at 40 °C. HPLC analysis showed
that the purity of 2,4,6,8,10,12-hexanitro-
2,4,6,8,10,12-hexaazai sowurtzitane obtained was
99.5%. The decompositiontemperature (240 °C) and
FT-IR and NMR Spectrawereidentical to thosere-
ported.

CONCLUSION

In conclusion, we havefound anew and efficient
method for synthesis of CL-20 from TADFIW with
high yield and high purity (> 99%) and our research
showstheHNO,/ Bi (NO,).isthegood nitrating agent
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Between nitrating agents Table 1 for synthesisof CL -
20from TADHW. Our optimized nitration reaction con-
ditionsisat 65 °C for 3 h, and the title compound can
reachto 91 % inyield and high purity. Operating pa-
rameterssuch astemperature, effect of strength nitric
acid havebeen optimizedto givemaximumyield of the
desired product. Thisreaction haswide scopeinthe
nitrolysisof avariety of other nitrogen heterocyclics.
Further work isin progressto extrapol ate these find-
ingsto other organictransformations.
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