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2.5-DIPICRYL-1.3.4-OXADIAZOLE: A SHOCK- 
SENSITIVE EXPLOSIVE WITH HIGH THERMAL 

STABIL ITY (THERMALLY-STABLE 
SUBSTITUTE FOR PETN) 

Naval surfaoe warfare center 
Wte cak, Silver Spring, MD 20903-5000 

ABSIRACT 

zhe pepratitm and prcperties of 2,54ipicsyl-l, 3,4- 

awdiazdle (m), a ulermally stable substitute for pFM, are 

disc;ussed. ResultsofshortpllseshocktestsmDpDarealso 

given. 

-ON 

Fnrm the mid 196O's, a rmbr of research grcups, including 

cur am, have been involved in the Stucty of 2,4,6-trhitmphenyl 

substituted heterocyclic ampcur& for use as heat-resistant 

explsives.1 m of the prepred during the a x m e  of 

ou1: study was 2 , 5 - d i p ~ l - l , 3 , 4 ~ O l e  (DFO) a. DFO w a ~  

fa& to be qdte inpaCt sensitive (20 an) but yet had high 

N-N 

J o u r n a l  o f  E n e r g e t i c  M a t e r i a l s  v o l .  6 ,  129-144 ( 1 9 8 8 )  
T h i s  paper  i s  n o t  s u b j e c t  t o  U.S. c o p y r i g h t .  
P u b l i s h e d  i n  1 9 8 8  by  Dowden, Brodman & D e v i n e ,  Inc. 
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thermal stability [ 0.6 cz/q/hr (2 hr period) at 260°C], a 

ambination of thermdl stability and impact sensitivity that is 

unique. 

mterial with its properties, krt recerrtly there has been a 

Enewedinterest in thermally stable shock sensitive explosives 

for use in detonation transfer canpositions. 

reinvestigation of DFO reported here, wfiich includes further study 

of the sensitivity and the synthesis of this unusual explosive. 

Wkm DlQ was  f i r s t  prepared, there were few needs for a 

?his has led to the 

RESUEIS AND DISCUSSION 

A. Impact Sensitivity and lhermdl Stability of DPD. 

T% thennal stability and hrp?%A sensitivity of DFO are given 

in TABFE 1 acxq w i t h  data for other heat-resistant explosives 

whcse prcperties are mst similar to those of DFO. 

TABLE1 

Inpact sensitivities of ?hemally stable Eknlosives. 

mct3 
stabili$ sensitivity 

Explcsive at 26OoC, Cc/q/hr ( 2 hr) an 

2,5-dipi~yloxadiazole 0.6 20 

m4 0.5 39 

HNs5 0.5 45 

2,5-dipicryl-3,4- 0.8 at 23OoC 
dinitrOfuran6 

23 

zrrspectian of 'Imm 1 shows that there are explosives (HNS 

and KNA) *& are similar in thermdl stability to DPD but they 
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are not as inp2bct smsitive. 

dinitrotban is similar in sensitivity to DIo but is not as 

thermally stable. 

of thermal stability and i n p c t  sensitivity that is unique and DPO 

canmeetrequirements whi& are not attainable by other 

explcsives. 

Likewise, 2,5-dipicryl-3,4- 

nus it is believd that Dpo has a m i n a t i o n  

zhat DFO has high thermal stability is not surprising since 

diaryl-1,3,4-awdiazoles, in generdl, have excellent thermal 

stability7 and DIo has no ~mups on the center ring that could 

give lawered stability due to interaction w i t h  the attached 

trini-1 groups (similar to steric interaction amurd the 

center riq of "A which lamxi its stability relative to 

octani-18). 

similar polynitroamMtic explosives is, haever, sanewfiat 

unexpected. Generally, with all other factors being equal, the 

inpact serrsitivity of a polynitrcammtic explosive w i l l  increase 

as the oxidant balanoe (OBlo0) -3 and one waild 

Nola (qoo = -0.79) and 2,5-dipic1yl-3,4-dinitrofuran (OBlo0 = 

-0.34) to be mre hpact sensitive than DFO (oBlo0 = -1.22). 

this is not the case suggests that there is an additional factor 

amtmlliq the sensitivity of DPD. l[he structures of DPO, "A 

and dipiuyldiniitrofuran are similar in that they mist of 

trinitrqhenyl grmrps attached to a center ring and it wculd 

appear that the oxadiazole ring (presumably the N-N bod) in DFO 

mt DPO is more inpad sensitive than 

That 
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is prcnridirq a "trigpr linkageJ to increase the i n p c t  

sensitivity of DFO relative to "A and dipicryldinitrofuran. 

B. shock Sensitivity of DPO. 

Short pulse shcck tests (explcdirq foil) on DPO shclwed that 

it has a shock sensitivity similar to that of pentaerythritol 

tetranitrate (FEZN)'~ (see TABLE 2 ) .  

showed that RK) has a sharp threshold of initiation (standard 

deviation of the Tkxshold Flyer Velocity is small) 

property for an initiatirq explosive. 

 l lo re over, the tests also 

a desirable 

TABIE2 

short Rilse shock Test Results9a, 9b 

mplosive velocity (Ian/ sec) mity (g/ cc) pressure (MPa) 
lhreshald Flyer Consol idation 

m, class 2 2.21 1.50 103.4 

DFO 2.33 1. 61a 103.4 

(a) The  crystal density (flotation method) of DPO is 1.77 g/cc. 

C. hrwiaus Prooedures for DPO. 

All pblished procedures for DH) involve cyclization of N,N'- 

bis ( Z I 4 , 6 - t r i n i ~ 1 ) ~ i n e  (2) . while we were developing 

cur p- for DH) (cyclization of 2 with phosphorus pentoxide 

or w m s  pentaaoride)la, Russian workers mprteci the 
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synthesis of DIO h-~m 2 m r u s  o>rYdiloridelo. me report 

stat& that &was prqarwl by subjecting 2 to cyclizaticm in the 

presenoe of phosFborus axycNoride at the b.p. of the reaction 

mixture kR attarpts, at that time, to repeat the Russian 

procgsur! gave cnly trace amarnts of Dpo along with mainly 

reaXer€d starting mterial (reaction product analyzed by nr) . 
~n a later plblicationll, the w i a n  workers provided mre 

details of their procedure ard state that refluxing 2 ml (1.2  CJ) 

of 2 in 100 m l  of W r u s  oxychloride for 20 kurs gave a 54% 

yield of DR3, np 310-311%.u &ah, atten@ts to repeat this mre 

detailed gave mainly recovered starting material (2J 

along with only SMLl amamts (approximately 5%) of DH) (as 

detectedbyNMR). 

D. Inprw edpImc&meforDpo. 

Tb prepare adequate quantities of DH) for future experimental 

investigaticns, ilQmm&3 WererEcesayintheeXisting 
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procedures~ which use ~ I U S  pentoxide or 

pentadiLori& in nitxubenzene to cyclize 2 to L in 30-35% yield. 

rn these prooedures, the DpD was isolated fran the nitrcbmzene 

reacticn solvent by pouring the =&ion mixture intoasecond 

solvent (mthanol) or by steam distillation of the nitmbemene. 

(Nit?.xbemzene was mtially chosen as the rmction solvent because 

the sbrting mterial 

than ather aamm organic solvents which  are ocnpatible w i t h  

Fhosphorus pentnxide or @xqhmus pentachloride). Thus, in order 

to make scaleup of I)PO practical, it was desirable not only to 

incsease tbe yield of Dpo but also to ad3ieve easier solvent 

recovery am3 isolation of DPO. 

these goals can be met by using 1,2-dichlorOethane (b.p. 83OC) as 

the reacticn solvent. 

solvent and therefore 1- reaction times (2.5 hr vs 10 m h  for 

ni-) are requimd, the pruduct DPO, which is also 

esserrtially irsoluble in dichlorethane, can sinply be remwed by 

filtraticrm and easily plrified. A significant amcunt of a by- 

product is dlso formed, but it remains in the dichlorethane 

fi l trate (see secticn E belaw) arrl does not interfere w i t h  the 

kolaticn of Dco. However, this by-pruduct, when t rea td  w i t h  

water, gives a 

referred to as 2-P (see aperilnmhl section). 

polymorFh @-P) is recycled to provide a 60% yield of DFO. 

has better solubility in this solvent 

It was recently discavered that 

~ven thaqh 2 is nearly insoluble in this 

p o l p ~  of 2 (mp 285OC, dec) hereafter 

recarered 
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Solvents other #an dichlorethane m tried frR they gave 

less desirable results. 

with phosFhorus pentachloride in cartun tetrachloride occurred 

aFpawNy baause of m total insolubility of 2 in this 

solvent. M i o n  of 2 w i t h  @aqhorus pmtachloride in 

Fhosphorus axychloride did give 1 but 1- yields ard the 

hazardw, aorrcsive nature of -rus oxychloride made this 

solvent less attractive than didiloroethane. 

For ewnple, IY, significant reaction of 2 

E. 8y-FZcck-k in the DicNOImethane Ffitrate.(see sect. D abave) 

Fhoqhms pentachloride is reported to react w i t h  

diaroylhyhazines to give 1,4~l-1,4-dichloroazines13, thereby 

suggesting the possibility that the by-prcdwt in the 

dicblometham filtrate is 1,4-dipicsyl-1,4-di~om2ine ( 3 ~ ,  

wh ich  a d  be expected to react with water to give 2. Hawever, 

all atteapts to prove this by either M y  isolating the 

' C = N - N = C a  
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by-product or reacting it to give a pmduct other than 2-P were 

urr;uocessful. Eventuallyitwasdkmered that i f  the 

dicblomethane filtrate wxs not d i r e c t l y  treated w i t h  water, but 

just all- to s b r d  acpcse3 to atnmqheric moisture, a 

crystalline precipitate slowly formed. It seemd that this 

precipitate waild be 2-P, but it was fand to be yet another 

product (4J (m.p. 16OoC, v i g o m  decanpositicm) which also gives 

- 2-P upon treatment with water. Even thaqh 4 is also reactive 

~~JEIXI nroisture, it was sufficiently stable to abtain evidence 

02N 

0 
OpN 

N02 

to prppose a stmctwe. 

correct, the calculated elenentdl ccnposition waild be 26.8% 

carbcn, 17.9% 

If the pnposed structure for 5 is 

11.3% chlorine and 4.9% @xspho-. 
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Elepentaf analysis (Ga lb Ia l  'th 'faboratories, k., Khoxville, 

m.) O f  5 ShaJed 4.82% aS well 27.98% ca?ht~, 

16.75% dtriqen ani 9.798 &lorhe, values which are probably only 

appmxha since 5 reacts readily with a-ic wisture 

during hancUhq (a q l e  of AallCkJed to stand expsed to the 

a- memight was aqletely cfianged to 2-P) . 

elmental analysis, &whq the preseme of @%sphorus, does rule 

c u t  l a s  a possible stnrcture for the ky-prcduct. The infrared 

spednm (KBS) of & taken innvdla ' tely after sanple preparation, 

zhe 

is noticeably quite d i f f h  than that of 2-P especially in the 

(+o rpgFcn (peak at  1695 for; peak at 1710 and at 1630 for 2- 
P). Afterashorttim,hmever,thespectnwchangedtothatof 

Z-P, premmUy because of hyazrolysis of 5 in the KBr pellet. 

abwe data suggest that a likely structure for the by-product in 

thediciiloroethanfiltzateisthecyclic@ms@ate(5J. ckapxnd 

3 ccyz ftxnrd, wcwld prckably not prcceed to DFO but a u l d  

hydrolyze stepwke to give 4 ani eventually 2-P. 

zhe 

I 
c13 
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DammmAL 

1HWRSpeChWIXedeterrmned ' cm a V a r h  EM-390 spectrmneter 

with 

w i t h  a -Elmer Hxkl283 spctraeter. 

recordedcmalhaaasHarreraFparatusandareuncorrected. "Lc 

plates (Silica gel 60) kere -aped w i t h  bluem-acetone (50/50) 

to detect 

ampaard A. Ihe TLI: plates were visualized by spraying with 25% 

potassium hydruxide in methanol. 

as the internal starrlard ard IR spectra were abtained 

&king points were 

2 & w i t h  tol-thaml (98/2) ta detect 

Inpact sensitivities were on an ERL machine with 

type 12 tools irnd a 2.50 log ~ d g h t . ~  Vaannn thermal stabilities 

weredetenarned ' by holding 0.2 g of the explosive mkr vacuum a t  

amstant elevated tenperature and measuring the volume of gas 

evOl"ed.2 

2 I 4,64Yinitrubenzoyl Chloride. 

A suspension of 67.7 g of cnde 2 I 4 I 6-trin.itrobmzoic acid14 

in 540 ml of benzene was stirred in a water bath a t  40-45OC while 

57.2 g of phosPlorus pentachloride was added in portions a f te r  

which the solution was h t e d  to  the boiling point ard 200 m l  of 

benzene -+#?re removed by distillation. H e w n e  (300 m l )  was added 

to the warm solution which w a s  then cooled to 15OC to  give 62.9 g, 

Irp 160-162°C. 

additicndl 5.1 g, np S9-16loC. 

trinitrubenzoyl chloride using @ES@IOZUS W o r i d e  is reprted 

amcmtration of the mother liquor gave an 

( A preparation of 

in reference U). 
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N.N'- B k ( 2 , 4 , 6 - t r h . i ~ O Y 1 ) h W h 7 i Z h  (2). 

'Ihis pruxdure for 2 is sinpler and pmvides a better yield 

than the previmsly pblished proced~rel~. A slurry of 21.0 g 

(0.076 mole) of 2,4,6-trinit1cb€mzayl chloride in 140 m l  of 

methanol was vigoruasly stirred in a water bath at 3OoC while a 

solution of 7.1 g (0.12 mle) of 85% hydrazine hydrate in 35 ml of 

-1 was a&fd aver a 50-60 minute period. The was 

cwled to 2ooc and the insoluble material was reruvd by 

filtratim and washed with methanol until the washings were. nearly 

oolorless. The prcduct was then washed with warm water ard again 

w i t h  methanol to give 7.46 g (38%) of solid, mp 262OC dec. 

(-):9.30 (s with sndll satellite peaks at 9.45 ard 9.15) 

12.3 (s); IR (KBr):3360 (sharp peak) (NH), 1730, 1710 (M). 

2,5-Dipicryl-1.3,443xadiazole (1). 

a. Small Scale Prepara tim of 1. 

'H NMR 

To 7.4 g (0.0145 ml) of N,N'-bk(2,4,6- 

trinitrobenzay1)hydrazine ard 65 ml of 1,2-dichloretbane stirred 

in a 200 m l  rami bottcm flask was added 7.4 g (0.0355 ml) of 

@xqho~~~pntachloride. Wmixture was heated to reflux 

tanperature in an oi l  bath and was held at this tarperature for 

2.5 hrs. zhe mixtUre was amled to mcm tenperature and the 

irrsoluble material  (3.2 g of Q;ude 2,5-dipicryl-1,3,4-2xadiazole), 

np 318OC (dec) , was remved by filtration. Tbe c=rude awdiazole 

was dissolved in boiling acetone (300 m l )  (charcoal), the solution 
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T,AS filtered and the fi l trate was coylcentrated by distillation 

until mwfi of the acetone had been m e d  and an aFpreciable 

ammt of crystals had formed. kkthanol was slowly added with 

antirrued distillatim unt i l  the distillate temperature approached 

65OC. Ihe nthture was cooled to  roan taperature and filtered to 

give 2.9 g of plre ~,5-dipicryl-1,3,4-oxadiazo1e, np 335Oc 

(vigorcur, decanposition). IH NMR ( m 6 )  :9.52 (s) . 
the didilomethane filtrate (fmn which the crude 

dipiczyloxadmz ' ole was remWea) was slowly added 10 ml of water. 

(A precipitate @&ly fornred after only a mall amcunt of the 

waterhadbeenadded). Ihemixture was heated to reflux for 

5minutes , then was cooled and filtered to give 1.8 g of recavered 

N,N'-bis(2,4,6-trinitrd3enzoyl)hyrlrazin Q-P) . Canpcxma 2-P 
(np 277OC dec) is a different crystal  form ( p l y m o q h )  than the 

N, N'-bis(2,4,6-trinitrcbenzwl)hydrazh (2) [XI@ 262OC d s ,  ~ e e  

abme] lLsed as the original startyrg * m a t e r i a l .  (Higf ipr i ty2-~,  

obtaineit by treating 4 w i t h  water, has n p  285OC dec.) ccanpound 

- 2-P gave the correct elementdl wysis and its 1~ NMR spectnrm 

and thin layer chranatcqram were identicdl to t h e  of the 

original startiq mater ia l ,  lmt it had a different solid phase 

(-1 IR spectnmr [3450-3100 (broad peaks) (NH), 1710 (W) , 

16301. 'Ihese results are consistent w i t h  a p0lymoqi-1. Treatment 

of the 1.8 g of 2-P with Fh36phorus pentachloride in didilorethane 

as described abme gave an additiondl 0.7 g of 1 raising the total 

yield to 3.6 g (51%). 
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b. Scale Up Pmcdure for 1 

The N,N'-bis (2,4,6trinitr&enzoyl) h y d r a z h  (2) starting 

materidl used for this procedure ms obtained frun Qlemtronics, 

Inc., Swamama, N.C. lmis material ccntained 10 peroent of a by- 

product, maetfiyl trinitmbm~oatel~, k~ a -1 scale test 

experiment indicate3 that this by-pmdwt did not interfere with 

the preparation or plrification of 1. 
scale up pmcdure for 1 was as follows: 125 g of the 

N,N'-bh(2,4,6-trinitrrbenzayl)hydra~h (Corresponding to 

112.5 g of pne material) was stirred in  one liter of dry 1,2- 

dicblo- in a 3-neck 2 liter round bottun flask (a 

nec3mnica.l stirrer was used). €~C~@XIKUS pentachloride (125 g )  

WasaddedzlTlClthemixhrre was stFrrea a t  reflux bnperature for 

2.5 hrs. 

filtered t o  give 52.2 g (48%) of cnde 2,54ipicryl-l,3,4- 

awdiazole. 

small anrxmt of 2. 

After coolhg to zuan tenperature, the mixture was 

%i WR of the c~u3e product shows only 1 w i t h  a very 

Ihe dicNoroethane filtrate W a s  stirred while 300 ml of cold 

water was added al l  a t  m. A precipitate imnediately formed and 

the twperature of the mixture kegan to rise slowly. when the 

-ture mched 65-70°C, sndll amamts of ice were added to 

hold the mtxtUre at this tarperature. After a short time the 

t€!npem- began to f a l l  and when the mixture wasnearrogn 

teaperature, it was filtered to give 30.3 g of 2-P. Based on 
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reccNered start- material, the yield of crde 1 was 66%. 

yield of plrified prcduct by crystallization f m  acetone - 
metbar01 (as described in the snall s a l e  preparation of 1) was 

The 

60%. 

?he crude 2,5iLipicryl-1,3,4-owdiazole can also be purified 

by dissolving it in gamna-htymladone (1 gram per 5 m l  of 

krtyrolactane at ~oo~c), treating the solution with charcoal, 

filtering an3 adding methanol to the filtrate to precipitate the 

product. 

hQmlactone ku t  it is difficult to mmve the small armunts of 

m t h a t  tend to rpmain in the product. 

mcuvay of 4. 

Dimethylfomamide (m) can sbdlarly be used instead of 

A dichloroethane filtrate frun the scale up procedure for DPO 

was all& to stand overnight unprotected fran atmospheric 

misture. A crystalline precipitate (4J formed which was remxred 

by filtration, washed w i t h  dichlomethane an3 imnediately dried in 

a vacuum desiccator over drierite to give 6.5 g of & m.p. 16OoC 

w i t h  vigotws deccmposition. 

eventually hydrolyzed in the I(Br pellet, was distinctly different 

f m  that Of 2-P (See 

A t t e n p t S  to obtain an 'H NMR spedsum of Qwze not successful 

possibly because of inte.raction of 5 with the NMR solvent (USO- 

as) or water contained therein. Bath direct treatment of qwith 

water or allowing Q to stand overnight unprotected fran moisture 

gave hi@ pity 2-P, m.p. 285OC with deccmposition. 

Ihe IR (KBr) spectrum of 5, before 4 

AND DE3JSSICX3, section E) . 
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