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MR . TR s fpums b A9, T RHA S A
BT AR PR, EL A R A A R R T M
S PR, TR S RE B ORE AR B & 32 e e
2008 4F Mircea Dinca ZV RIE T —Fh 245 T =k
Y e 25 48 (1 Ak 5 9 4, 5- 2 (1 H-PU -5 -3 ) -1 H-IK
me( H,BTI) & &l 68.61% , il HAE IR ARIE 15 5
S HE A B AR S A ) A AR L A R A A I T B
2009 4 ,Min Guo'" {3 T H,BTI Y S A, & B
Rei b B F & E S, SR E %k AW AAE
IR R E P, 2012 4F BERR AR Y SR SC IR AT Y T
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AL AR AR AR R E N I R
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FE Bl b, A PR =/ gl A 4,5-2
(1 H-pYme-5-58) -1 H-bkme A 54, B 30t 7R AL & g
&Y 5,5"-(2- =i A8 ) -Bkme-4,5-— (1 H-Jumg ), A
A5 20— FhoRr i 2 B T i, AR A B 0, AT B
R P S RE S RE A R, B T L A T ok
GG R, 20t 5 = QBRI 4R A e, S B A L
PNTIRAR G P 2L TE A U 2R, B RGBT BT Rk
PUme 5 = HH L AWM A T REMALSW 5,5
(2- =5 H k) -mkmg-4 ,5-— (1T H-pUme ) . I BRI A iz 4k
YRR YE, RIE G T 2 M aeE TR 5,5-(2-=
G ) -k k-4 5-— (1T H-PY IR ) 1 R B ER 5 IRER , R
FHET A GIE A% LR A0 K A0 BT S5 UEA T T 4540 R AE .

2 SCIGER Sy

2.1 FENHFESIRKA

TREERNE, EZ I TARAE; SR
BRI, B 25 S 2= iR A IR A R O, Rl R
il RS, Rl R AL 2= iR T
KB, VG2 AR SR A, 7 4 Ak 2 3R
Iy @A B AR R AR LR TR,
POk 220 T 5 B i sl

NEXUS 870 #I & B - 4% 4 21 4) 5l 335 4%, 35 [
THERMO NICOLET 24 #]; AV 500 B! (500 MHz) #
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SRR, B+ BRUKER 23] ; VARIO-EL-3 #15¢
ZAPEAX, 1% [F EXEMENTAR 28 7] ; TG-DSC #43 #7
{X/FR-STA-200 [a) 25 #443 Br A, 11 & B A 25 B A

NC NH NC

N
N
/ N
| 1. (CF3C0),0 | N or NaN3
2. NayCO, _ > 3 " zna,

NC” NH, ne” N "

Scheme 1

2.2.1 2-=FHFE-4,5-"HEKMBMW(1)WEK

PHE T, K 5.4 g (0.05 mol) — 2 i IR Jis i A
52 mL SN, FEAr i P L f 8.4 mL (0.06 mol)
ZRORE A @AY, Pl 3 b,z
R4S €5 [ K, £ BF 40 mL % fig, fim A 10. 84 g
(0.102 mol) Na,CO, 1y 70 mL /KIEW , BB, 77
BIK)Z 20 mLx2 ZEE PR KZ G, A T
50 CHEFE 1 h, 3 U, el e 78 08 Bk 250K 8 R T
250 mLZJ 1 U8, BR AN, WOR 2208 R & S 1S
Yy 2- =5 -4 | 5- UK gl 7. 38 g, IR 71. 0%,
IR(CKBr,p/cm™ ) : 3557, 2243, 1678, 1639, 1501,
1463, 1425, 1317, 1307, 1189, 1137, 998, 525;
"C NMR(DMSO-d,), 6: 115.50(s, CN), 119.27
(d, C=0C), 117.38 ~123.80 (q, CF,), 147.45 ~
148.33(q, N—C—N); ""F NMR (DMSO-d,), &:
62.39; R 7T CoFyN,Na(% )« Sl e (35 {8)
C34.81(34.63), N 26.72(26.93),
2.2.2 5,5-(2-=m FHE)-BKM-4,5-Z (1H-H &)

(2) &R

PEHE T ¥ 2.08 g (0.01 mol)2-=4R W %4 ,5-
TR RK Al AR 40 mL @K rh R R S,
A 1.56 g (0.024 mol) NaN,,2.72 g(0.02 mol)
ZnCl i PE 4 h 5, @8 2 %=, A 30 mL
CMROTR AEFET P95 pH=2. 0, i Hk BB, 7
BIANLZE U ZE R R 25 045 5,57-(2-= 3 T 4 ) -
Bk M4, 5-— (1H-p4 k) 2.35 g, U % 86.3%.,
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The synthesis scheme of 5,5'-(2-( trifluoromethyl) -1 H-imidazole-4 ,5-diyl) bis (1 H-tetrazole) and its energetic ionic salts

IR(KBr,»/ cm™); 3452, 3057, 1678, 1588, 1454, 1392,
1349, 1264, 1183, 1071, 849; 'H NMR ( DMSO-d,,
500MHz), &: 8.29 (s, TH, NH (imidazole)), 8.00(s,
2H, NH (tetrazole)); "C NMR(DMSO-d,, 125MHz),
8:172. 5 (s, N — C—N), 148. 8 (s, C—CF,),
139.4-138.5(q, C — C—N); 124.0(t, C— C—NH),
122.0-115.5(q, CF,); "F NMR(DMSO-d,, 500 MHz),
8: 162.24(CF,) ; LRI C,H,F,N (% )« SEIHE (T3
) C26.71(26.48), H1.13(1.11), N 51.16(51.47),
2.2.3 5,5'-(2-=& FFE)-BK¥-4,5-Z (1H-H 1)
HERE(3)WERK

# 0.544 g(0.002 mol) 5,5"-(2-= 45 H 3L ) -Bf
Me-4,5- (1TH-PUME) % F £ W L Fg, im A 0.002 mol
B TR BRI W, B FE 10 min, iy, = 1 T8,
A E A 5,5 -(2-= 5 H ) -k -4, 5-— (1 H-JY
ME) [ e b 0. 57 g, i % 92. 8%, IR ( KBr,
v/cm™ ). 3384, 3227, 2775, 1641, 1557, 1483,
1416, 1398, 1287, 1182, 1117, 1070, 1020, 891; T&E
0T CoHg Fy Ny O (%) SENE (115 {E) C 23.74
(23.61), H2.00(1.98), N 50.26(50.49)
2.2.4 5,5 -(2-=FmFE)-BKM4,5-— (1H-TO )

BIARER (4) B9 A B

# 0.544 g(0.022 mol) 5,5"-(2-= 4 F 3L ) -Bf
Me-4 5-— (1H-PUW) % T £ BR & Bk, A 0.02 mol
WA LW, bk 10 min, 5 ug, =R T4, B A @
FIR 5,5"-(2- = U H 3 ) -Rmk -4 5-— (1 H-PU k) (14 I
X ik
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th0.63 g, H 95. 2% IR(KBr,p»/em™): 3397,  C—O Wi, £l — 5 F H,O BB Bk g5ty , 1)

1666, 1580, 1404, 1339, 1271, 1186, 1118,
1010, 834; LR 4T C,HFN L (%)« SEUE (35
fi) C 25.61(25.38), N 54.76(54.97), H 2.46
(2.43),

3 #R5iTie
3.1 2-Z& HE45-ZSEWMIRL B AT 88 & S HL
BRI
Wit T & E DG S =/ OB 48 A AL IE
%ﬂﬁéﬂﬁmlﬁ@}iﬁm%,,ﬁﬁfﬁm&fh'ﬂ“ﬁﬁﬂ Scheme 2,

CF3

\/>[T\, COCFs e NH o
Y™ Noocr, CFO00H

| 4»
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H
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Scheme 2

2-(trifluoromethyl) -1 H-imidazole-4 ,5-dicarbonitrile

B 5 LA — 2 A B R i i —NH, b B JI06 5
PEBC= IR OBREF E— ik C B JH G, Ak —C = O
KEERY m L [ ke O JRUy-iL 88, N B it N—C 4t
MO~ MR O L 1w C—O 8T, 5 oh—1
C—O# W oM Tm O KT, INiMi7EI ik
—C = Ot [F I} C—O B 2L i CF,COO™, 5t
[, NHY B —4 N—H 81 o B30 N IZ#, i
N T b R OE BAX BL 1, 9 H N—H B W7 RE
H*,5 CF,COO 454t i —4F CF,COOH, 4> T &
PRAL R 2- LT SO 5 6 7E O AR & rp HY B4
T .2-C B RS R C = O 1y O [ F45i& —1
H* [RIF 55 2h—A~—NH, BRI 5 it —C = O
i C T, —C =0 = 7 OH" 5%, 75 2E
N—C # 1 [7] i 4E il—OH; #:45 NH; I —4> N—H
SR o L) NIERS, 6 N T B OB IR
T, 0F H O N—H # W 2P sl H, HY 28 17 1F 58 2R il
—OH; & Ja NH B — A0 B 5 ) N—C T
¥ JEn w i, C—OH; L/ o ¥ 11 O i1 EiT#,
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RS R e 26 W 2- =0 WP 3k -4, 5- R SE ke
3.2 MOMIRL R R &
3.2.1 RHIMEE

TEA M 5,5"-(2- = H 3L ) -bk k-4, 5-— (1 H-]U
) i AR, 24l T O RN ORCT B L ROK G £
FER B R N AN 2-Z g -4, 5- /3
Bk s 44 F1 NaN, 43512 0.01 mol 1 0. 024 mol, ik
F14 ZnCl, 3k 0. 02 mol, jz i BF 8] & 4 h ?’é*]%j’{l
40 mLE 7E b 3R 4 5 ) LY I S 4
k1,

RO B R R

Table 1  Effect of solvents on the yield of product
solvent methanol isopropanol t-butanol water
yield/% 65.2 78.5 81.7 86.3

N TE.LH,TLJLW% i, RN ¥R AT
BAE K PR fe i, AT 3K 3 86. 3% , AT BE Fl 5 9
W2, M R R e I, BT 0 22 76 el R
AN AT, T3k S R B W g | R R Y RN i BE AN
[] , DA] Ak s oy ik B 8 A R T B B R A T o
3.2.2 R AzEYE H)F 0

XA 5,5"-(2- = U H 3L ) -bk -4, 5-— (1 H-]U
W) gk AR b Rz B R BEAT AR, S =g -
4 5- U BE mk g T NaN, 4> %] 4 0. 01 mol Al
0.024 mol 44k % ZnCl, 2k 0.02 mol, LK K K I
W, R B R 40 mL, B A [] 52 By T B ) 5 A U
R ILE 2,

]2 B 5™ b AR Y 2

Table 2  Effect of reaction time on the yield of product

reaction time/h 1 2 3 4 6

yield/% 47.6 65.1 79.4 86.3 82.6

M AT LU NRITFAG S 1 ho 7™ e ¢
W Sz IS TA] f) SiE T 48 R, B 4 h i iRk Bl iR
R, MJEWORIEA S TRE , R g8 TR UL
SSE W T4 bk, S oy i o e A 77 g bR 2R R, {EL R
JC I TR 9 3 4, 5 7 ) e R A, A 2R 4 e L 38 ¥ 4
LT PRI N2 18 AE 4 h F, SR B AR 4
A T i P A B N ) B A 7 A O A R L T
R ] B2 A A O3 i
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3.2.3 #RILLREm

FESCRE 25 0F R = J0 P 34, 5- 450 3 0k e 4 oy
1 mol 465k ZnCl, 24 0.02 mol, LK 5 % 51
VRN 40 mL R EFECH 4 h B R (n(=
G R4 5- UK Mg ) 0 n(NaN, ) ) #1701k,
SEIR L 3,

T3 NLYREHN PR B R

Table 3  Effect of molar ratio of reactants on the yield of product
molar ratio of reactants 1:2.0 1:2.2 1:2.4 1:2.6 1:2.8
yield/% 60.8 77.4 86.3 86.2 86.5

M3 ATE M, 5,57 -(2- = 3k ) -BK k4
5-Z (1T H-1a k) fly e 32 Bt A5 1) 40 Rk LL Y 39 DT 3G A
MR BBk R 1 2 2.0 BF 2 60. 8% , Wkl 1L
H1 204 B PRGN, 153 86.3% Bl 5 )
BLLE BRI SRR AN EIE M FrRL n( = H
45T AEK ) © n(NaNy) =1 ¢ 2.4 T fE R
RAEYEHE
3.3 Hgeit&

N A Gaussian 09 # 47 B3lyp/6-311+g(d,p)
KT, XS 5,5 -(2-= 5 AL ) -BK W4, 5-—
(T H-Igme) o3 25/ 47 LT 2 i fe, 45 38 1 5,5'-
(2-= 5 H 5L ) -pRwk-4 5-— (1 H-Pu i) 43 1Y 5 fIK g
A, TR MCEER b SR FAE R 5 s R R A 1A B
TACE YR R A A SORS AR )R SR A Kamlet J7 253153
AT T AL Wy bR A T, A R LR 4

Fa4 5,5 -(2-Z G IL) -DRmE-4 5 (1 H-PUME ) B4 55 1 fE
Table 4 Detonation performances of 5,5'-(2-( trifluorometh-

yl) -1 H-imidazole-4 ,5-diyl) bis( 1 H-tetrazole)

nitrogen enthalpy of detonation detonation oxygen

density : .
parameter /o - am™ content formation  velocity  pressure  balance
& /% /K -mol™ /m-sT /GPa /%
value 1.80 51.47 90.3 6866.5 20.9 -70.6

M4 AR A 5,5'-(2- =90 T 28 -k -
4,5- (1 H-PUme) (2 AR, HA7 1.80 g - em™  FT LU
SRR RB05 (51.47% ) 10 HAE S| 3#E =980 2 )5+
XA 4,5- 7 (1 H-PH Me-5-38 ) -1 H-k i 44 - £ 02
I E A EPEY N 77 = g R N S R
JFCAE B AR A 5 W) ) k5 A AR e, T LA SO P
JRKEZ5 A0 R AR — e a8 (A T
FOR B B, PR A IR R AE A 5 i 3 0] sl R R A
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TR A5 S5 S8 PT BB 23 A W E I I TR
3.4 5,5 -(2-=@ HE)-BKM-4,5- (1TH-IUM) &
HELMHR D H 18
K H DSC-TG Jik X b 54 5,5"-(2- = H 3% ) -
WK E-4 5- (1 H-Pamg ) (g $vk BT i A7 T WF 9T, 45 2R
1 TR

300 o
| 25T8C i
2501 N T
"o 2001 42.50% 1%
= =
< 1501 160 &
= g
3 ] lao &
50{ 27121
o] _2285¢C, o 4 amaie 2

0 100 200 300 430 500 600 700 800
temperature / 'C

B1 &Y 5,5 -(2-=F P 5L -bkme-4,5-— (1H-IGm) 11y

DSC-TG £

Fig.1 DSC-TG curves of 5,5'-(2-(trifluoromethyl) -1 H-imid-

azole-4,5-diyl) bis(1H-tetrazole)

MET W LLE AW 5,5 -(2-= 58 H 5 ) -k
Me-4 5- (T H-PUmg) 2549 L3 Fa g ,25 CIF LR m#k 3
223.65 CHMLG W I 1R 73, DSC & & 14
— R /NE A R 271,21 °C R B A T g
R TE B — AR W W, 7E 285. 78 °C B 43 fiff 3 2 3k %]
K5 TG g Bl &5, )\ 223,65 CIH itk &
Py s A R, & — AN R BUR G E  B
B 5 AT 5 A B By T iR T R P AS B BE Ak
EW AR TR 42.50% R 510G W o R 2k B 2%
—HH 725 CHEAEY B EEL2H K, N DSC f
L T LR B 7R AT A I RIS A R AR
i, SRR UE AW 5,5 -(2- = H L) -pk k-4,
5- (1 H-PUmME ) 258 5 o o, T IK 223,65 °C,
L EWA KA A

408 @

(1) A8 Gk i o ekt 2 ad 5 = 9 & TR I8
Aie e, 5B R g S L, AT
AEfL &9 5,5 -(2-= 90 1 2% ) -k k-4, 5-— (1 H-JY
W) I T = e B R P o A A T R N A A0 A
#, FUHLLA Bt o0 3R o0 M 25 %t B s AL & 90 & A )
TRHEAT T RAE

(2) W T EM5,5-(2-= 9 H1 2% ) -k k-4, 5-

e
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TV H-pU e ) R R R R W E et RO AR O L
I SRS BT, FERFEE n(2-= 3 1 25 -4, 5- U 2R Ik

g )

4 h,

sn(NaN,) =1 2.4 i, &R 98 °C, ] i
WA i T Ik 86.3% .
(3) DSC-TG A3 Hr&s SRR U], HArfb & 9 454

e HE g, FE I E IR B L E) 223,65 CHj A &K 4T
r AR Ak, Mt 25 105 R A 35 B A AORD A B B B, R
TRy 285.78 °C,
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Synthesis and Characterization of 5,5'-(2-( Trifluoromethyl) -1 H-imidazole-4 ,5-diyl) bis( 1 H-tetrazole) and Its
Energetic lonic Salts

WU Min-jie'* | Bl Fu-giang'**, ZHOU Yan-shui' , ZHAI Lian-jie' , WANG Bo-zhou' "’
(1. Xi'an Modern Chemistry Research Institute, Xi'an 710065, China; 2. State Key Laboratory of Fluorine & Nitrogen Chemicals, Xi’an 710065, China)

Abstract. Using diaminomaleonitrile as starting material, a novel energetic compound 5,5’-(2-( trifluoromethyl) -1 H-imidazole-4,
5-diyl) bis(1 H-tetrazole) was synthesized by condensation cyclization reaction with trifluoroacetic anhydride and the second con-
densation cyclization reaction with NaN, in the yield of 61.3% ; based on acidity of the compound, two energetic ionic salts of
hydroxylamine and guanidine of 5,5'-(2-( trifluoromethyl) -1 H-imidazole-4 ,5-diyl) bis (1 H-tetrazole) were designed and synthe-
sized. The structures of products and intermediates were characterized by IR, NMR and elemental analysis. Key factors affecting
the cyclization reaction for tetrazole in the formation process of 5,5’-(2-( trifluoromethyl) -1 H-imidazole-4, 5-diyl) bis ( 1 H-tet-
razole) were discussed, the optimum reaction conditions were determined as: H,O as reaction medium, n(2-( trifluoromethyl) -
1 H-imidazole-4 ,5-dicarbonitrile) : n(NaN,)=1 : 2.4, reaction temperature 98 °C, reaction time 4 h, yield up to 86.3%. The
thermal decomposition of 5,5'-( 2-( trifluoromethyl) -1 H-imidazole-4 , 5-diyl ) bis (1 H-tetrazole) was studied by DSC-TG, which
shown the compound decomposition starts at 223.65 °C, and the whole decomposition process undergos two main exothermic
decomposition stages and weight loss stages, the maximum exothermic peak temperature is 285.78 °C, the structure of the com-
pound is relatively stable.

Key words: 5,5'-(2-(trifluoromethyl) -1 H-imidazole-4 ,5-diyl) bis( 1 H-tetrazole) ; energetic ionic salt; synthesis; characterization
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