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F 1 3~8" HNSH RDX2O Y 44k I 4 55 1 Rg
Table 1

The performances of physico-chemistry and detonation for 3~8 and HNS, RDX and Pb(N,),

No. p"/ g-cm™ D /m-s7! p* / GPa AHA [/ kJ-mol™ T /°C 1S/ ) FS”/ N

3 1.81 8301 28.8 413.9 183 20 240

4 1.81 8026 26.2 229.1 376 >40 >360

5-H,0 1.84 8556 32.3 42.7 243 30 360

6 1.83 8120 26.9 221.0 365 >40 >360

7 1.85 8869 34.5 407.1 206 2 40

8 1.855 8926 35.4 4441 152 2 60

HNSH! 1.745 7629 24.5 78.0 320 5 >360

RDX[20] 1.80 8795 34.9 92.6 204 7.5 120

Note: 1)Density, measured with a gas pycnometer (25 °C). 2)Calculated detonation velocity. 3)Calculated detonation pressure. 4)Heat of formation. 5) Decompo-

sition temperature (onset). 6)Impact sensitivity. 7)Friction sensitivity.
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Table 2 The performances of physico-chemistry and detonation for compound 5 derivatives and several conventional explosives

No. p"/g-cm™ D?/m-:s"  p?/GPa AH® /[ k)-mol™ T, /°C 1S9 /) FS7'/ N
14 1.882 8987 36.0 347.4 150 5 240
15 1.760 8504 31.0 457.5 252 30 360
16 1.916 8035 28.9 -50.7 228 6 120
17 1.955 9631 44.0 792.2 233 10 240
18 1.762 8135 28.1 326.6 261 15 >360
19 1.677 7700 24.1 280.1 280 28 >360
5a 2.029 7769 27.3 -125.2 323 4 40
5b 1.854 8851 35.8 220.6 137 8 240
5c 1.769 8670 31.5 220.9 155 10 240
5d 1.764 8343 29.4 116.2 193 10 240
Se 1.692 8136 25.2 353.3 196 15 360
5f 1.750 8306 27.3 791.9 186 16 360
58 1.763 8219 26.5 565.4 206 12 360
5h 1.809 8952 34.2 1359.4 193 10 360
5i 1.795 8542 28.9 1269.7 250 18 360
21 2.021 9320 40 522.5 123 9 215
TNTL20 1.654 6881 19.5 -59.3 300 15 353
TATBI19 1.930 8179 30.5 -139.7 350 50 >360
ADN/!26! 1.81 8430 29 -140.19 159 3~5 64~72
RDX!20! 1.800 8795 34.9 92.6 204 7.4 120
HMX!20 1.905 9144 39.2 74.8 275 7.4 120
CL-20!20! 2.038 9706 45.2 415.5 195 4 48

Note: 1)Density, measured with a gas pycnometer (25 °C). 2) Detonation velocity calculated with EXPLO5 v6.01. 3) Detonation pressure calculated with EXPLOS5

v6.01. 4)Heat of formation. 5) Decomposition temperature (onset temperature).
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6)Impact sensitivity. 7)Friction sensitivity.
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T EE 1), BRI 20 N ¥ 24 (PR RE 5 0
EME 2 WY L T A (DDNP) & E AL # (Pb(N,),)
AT R TR 3. WR3IATUER , MK T
DDNP i1 Pb(N,),, fb &%) 24 A 4 19 M = Y Re
A A WY EEAE R B R e e 22 o U A
150°C s H 5 4-8 A -3, 5- A ke (DDNPz) i
FEXE LY, T 5 A 00 17 R 5 M B R AR 1

N02 NH2
_ /N\N)ﬁNOQ
7 \—=
o N)\(N\N N;N
2 ON

NH,

N
MeOH/H,0  \#

70% 88%
2 2

Table 3 The performances of physico-chemistry and detonation for compound 9, its derivatives and several conventional
explosives

No. p"/ g-cm™ D¥ /m-s™ p* /| GPa AHA [/ kJ-mol™ T, /°C 1IS®/) FS”/ N

9 1.72 7779 23.0 212 228 >60 >360

23 1.85 8572 31.4 899 315 >60 >360

24 1.85 8943 34.0 987.2 150 1 20

TATB 1.93 8179 30.5 -139.7 350 50 >360
LLM-10501 1.92 8639 31.7 11 342 20 360

DDNP' 27! 1.72 6900 24.2 321 157 1 24.7
Pb(N,),"?7] 4.8 5877 33.4 450.1 315 2.5~4 0.1-1
DDNPz'28] 1.81 9038 35.0 407.8 154 2.5 <5

Note: 1)Measured densities-gas pycnometer at room temperature. 2) Calculated detonation velocity.3) Calculated detonation pressure. 4)Calculated heat of forma-

tion. 5) Thermal decomposition temperature (onset) under nitrogen gas (DSC, 5 °C-min™'). 6)Impact sensitivity. 7)Friction sensitivity.
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+
Ny~

1=
AN
\ T
=1

—N +
oN M
P

Scheme 14 Structure of compound 24

3 TH1'H-44- B SELEY

3.1 1H,1'H-4,4"-BAM M BHKIR (11 ) a2

1964 4, S.Trofimenko 25 L) 3, 4- 40 KL 0k g
JFoRk, 28 5 e B A I AH I LA R A 45 B g A9 2k
25525 B 5K G MR AR N8 1H, 1 H-4,
4Bk (Scheme 15)

0. (-Bu),AH KOH 0 o NeHE NN g
) - methanol o) HN-Z NN

95%

Scheme 15 Synthesis of 1H,1'H-4,4'- bipyrazole™"

3.2 1H,1'H-4,4'-BXUt M Sk SR & B R 14 &8
2013 4, Kostiantyn V.Domasevitch %" L 1H,
1" H-4, 4" -JR 0w Ay JFOR}, 1A ) A6 il 46 2 1, A5 31—
AN TH, 1 H-4,4"-BR ke 2L 5 4k 7 ) (Scheme 16),
BEATA R 1 H, 1 H-4, 4" Bk il 3L & 9 PERES] T
4, KA LIE W XA A WA B0 10 i $Ap

R4 26~30""5 HNS YL KM= MG

fit (T,>298 °C) , 1k & ¥ 28 (1S=30 J, FS>360 N,
D=7528 m-s', T,=382 °C)5 HNS(IS=5 J,FS>360 N,
D=7629 m-s', T,=320 °C) B8 LL#¢ , Wi & A A1 3T 19 1
ZVERE (R 28 A7 T AT Y S8 PR AR RN A S A T AR
EsTET G 5 M m A Ewh, Uik E& Y 29
(p =1.855 g-cm™, D=8256 km-s"', p=28.6 GPa,
1S=20 J,FS>360 J, T,=314 °C) #130(p=1.820 g-cm™,
D=8520 km-s', p=31.1 GPa,1S=4.5 J,FS =192 J, T,=
298 C)ZE G PEREIL M  AHEL T T #IE 2 HNS, 29 Al

30 B AT AR L TERE  FE N KE 25 0 i a5 2 H .
HN-N
170°C. 480 oo,
AN
HN-N HN-N \
; ! N-NH
D e L X\NOE — 100%
X 91%H2504 I,:I\ HQO 26
N-NH 9257]: HNOa 82%H3P04
26 H;0 T T3 L
02N
, 95°C,  HNOs |135°C, excess HNO,| 100 C, 94%
“’HNO‘Qi 2%H3P%41 91%H,S50, y &N 29
HN-N HN-N FN-N 170°C, HN-N
N0, NNo,  ONTY T NOz_d8h g NN ANo,
T AN 02N < X 02N q X N02 OZN q Xy—NO
N-NH N-NH N-NH-H,0 N-NH
89% 79% 92% 100%
27 28 30 H,0 30

Scheme 16 Synthesis of 1H,1'H-4,4'- bipyrazole deriva-

tives!*!

Table 4 The performances of physico-chemistry and detonation for 26~30 and HNS

No. p"/ g-cm™ D?/m-s! p* /| GPa AHA [/ k)-mol™ T2 /°C 1S9 /) FS”/ N
26 1.813 7873 24.9 371.7 302 30 >360
27 1.635 6506 14.4 224.6 303 40 >360
28 1.749 7528 221 203.5 382 30 >360
29 1.855 8256 28.6 2249 314 20 >360
30 1.820 8520 31.1 227.8 298 4.5 192
30-H,0 1.830 8451 30.7 -11.0 298 9 324
HNS 1.745 7629 24.5 78.0 320 5 >360

Note: 1)Density at 298 K. 2) Detonation velocity. 3) Detonation pressure. 4) Standard molar enthalpy of formation. 5) Temperature of decomposition (DTA onset

points, =15 “C-min™"). 6)Impact sensitivity. 7)Friction sensitivity.

4 1H-1,4-BHMESeELEw

4.1 1'H-1,4"-BRMt M ERER (1) RO &
1/ H-1, 47 -H) pk s (%) 44 g 43 Ay 7 A 450+ 1 B b e
B EBAC I 5K A BHER , &4 A RN 5 2 80t s
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R 2Z 18] B 5 R S i
FEEA IR R
TEREAE AL 1988 4F  Kral, B. PN 2-(4-filf
BV H-ntme -1 B ) Y T 5 OK A HEEEAT 4R A RN A B
3L 1 H-1, 4" BRI s BE AR IR (Scheme 17)
3,4,5- A SEmb Mk 3,4, 5- =i FL Ak g (TNP)

o WA R T BEALRL T T )
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PO, B e, R, £ TR, B

VER— M E SRS S e R G W, B = % SR
AR O AE & BE A RE L AT ) I 9 N
S0 [ B TNP Al — o 328 1 3 8 v R A4, DL
F RS 2010 4, Dalinger, 1. L. ZE 4 F B 4-1 fil§
FEE M 7E NaOH K B i f 80~90 °CF , 5 1H-it
W K AR SR AR IO R, 88 S5 T R AT IR Ak A5 31 A A AR
1'H-1, 4Bk 25 5 GE A & 4 (Scheme 18) , %
52%~80%.

NaHy

CHO
=N . PN
N— <
NS CHO O,N

Scheme 17  Synthesis of 4-nitro-1'H-1,4’-bipyrazole"*”

o R 0N 0,N
OzN\XyNoz &NOJWR%N 7 NH
/ —
k‘_N + N_NH 2. 20%H,50, =y N

i O,N

R=H.Me,NO,,CI 52~80%

Scheme 18 Synthesis of 4-R-3",5, 5 -trinitro-1"H-1,4’-bipyr-
azole'*"
42 1TH1,4-BMMWERLEMHNER R IERE
2014 4F ,Chuan LiZ R Bk ek =, L 3,4,
5- = i e MG s RIT 4 - S A Ay TR 28 2ok R A IO A 2
C-NAHIE W 17 H-1, 4B 0w | B 5 776 5 B TR iR &
Kb kR A RS R N AR B AL G 33, BIURE R
24% ;3R J5 K F H,0,/H,SO Wk & 33 Bh41 84k, U
40% 9 UL 6 15 31 2 i O A C—N BRIk e A 5 9
34; 5 TALEY) 33 73 T4 A B By R PE , R T N-H 1Y
I ook AT 2 A5 B PR 4 35,008 R 57% 5 LA
6 33 BRI, 5 Z R v B AR AE AL 15 3] 9 Rl
fiE$h 33a~33i(Scheme 19) . ¥ fir 15 24k & ¥ 19 1k fE
B T#RS5. WESHTLLE I, TG ka9 it
FE R B, IO R R B A 228 °C UL . kA9 33
(p=1.89 g-cm™, D=8600 m-s™', p=35.0 GPa, 15>40 J,
T,=242 °C) M1 35(p=1.87 g-cm™, D=8648 m-s™', p=
35.1 GPa,1S>40 ), T,=284 °C)¥JH 5 RDX A% T A0 48
Z1ERE, 5341 33 F135 [ RDX HLA H i1y 2 thhE, 45
G P fe o IR R 0 R A 34(p=1.82 g-cm™, D=
8814 m-s™',p=37.0 GPa,15=28 J, T,=297 °C), ifii H.
) i 2T 300 °C, HAA RE & & JEREAR L R 4F Y
e . JiAh, A e & 5 A AL R 33a~33i
(p=1.67~1.88 g-cm™,D=8041~8615 m-s™",15>40 J,
T,=228~297 °C)WRIM B N F LR G MERE , 757
G RS AL, DL B 33a(p=1.88 g-cm ™,
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cl c. NG
NO Cl—# "NH B
§ -CN FN\N HNOy/H,S0, oQN—Z/ N‘N NHy

OZN\)\{NOZ
) Y OZNﬁNOZ 100 'C ozrq\“/\,ruo2

N-NH NaOH

N-NH N-NH
62% 65%
El]

NO. NO,
HoN_ NO2 HoN
20%H,S0, \
ON jh;N & Qle/ NN

Na;WO
ozm{gwoz ogru\(\rwo2 2

32
NO.
O:N 2
Ho05H W
205/H,S04 ON ] N:N

O.N \(\f NO,

N-N NH, N-NH N-NH
0% 85% 40%
33a Ty 33 H
N N2
'[ A\
HN,_NO2 ON-S N
A
O:N /NN OZN\(\’NOZ
ON <A\ N0z r\'&_;;;‘/-r»u-l2
N-N Cation 25 ’

. NH, HN-NH, NN HN-NH;
Cation=" p,N-I-NH, HzN.LNHf HN-SNHNH, — HoNHN-L-NHNH,
3d

33b 33¢ 3 3%
NHz NH,
. HQN N H2 N NH +
NHOH Nt N NHNH;
33 33g 3 3i

Scheme 19  Synthesis of 1'H-1,4'-bipyrazole derivatives**’

£5 33~35.33a~330"5 TNT.TATB .RDX Hy ¥ 1k B M35 P ik
Table 5 The performances of physico-chemistry and detona-
tion for 33~35, 33a~33i, TNT, TATB and RDX

- o D2 p* AH, T, 156)
/g-cm™ /m-s"  /GPa  /kJ-mol™ /C /)
33 1.89 8600 35.0 388.1 242 >40
34 1.82 8814 37.0 824.2 297 28
35 1.87 8648 35.1 477.9 284 >40
33a 1.88 8615 34.6 274.7 262 >40
33b 1.73 8041 27.3 246.5 228 >40
33c 1.67 8088 27.1 506.4 272 >40
33d 1.71 8201 27.9 448.8 272 >40
33e 1.72 8339 29.0 558.0 266 >40
33f 1.75 8330 31.1 331.2 259 >40
33g 1.82 8449 31.0 557.0 297 >40
33h 1.72 8231 28.9 700.4 261 >40
33i 1.80 8536 32.8 428.1 260 >40
TNT 1.65 6881 19.5 =59.3 300 15
TATB 1.93 8179 30.5 =139.7 350 50
RDX 1.80 8795 34.9 92.6 204 7.4

Note: 1) Measured densities-gas pycnometer at room temperature. 2) Deto-
nation velocity calculated by the EXPLO5 program, modified nitrogen
equivalent method, and Kamlet-Jacobs equations. 3) Detonation pres-
sure calculated using the EXPLO5 program, modified nitrogen equiva-
lent method, and Kamlet-Jacobs equations. 4) Calculated molar en-

thalpy of formation. 5) Thermal degradation. 6)Impact sensitivity.
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D=8615 m-s', p=34.6 GPa,IS>40 J, T,=262 °C) ¥
s Zf b AT IPERESE RO R IR S AL
W e AT AILER A TR A5 24 A0 i (A 18 590 5 1T 249 AT L 1Y
17 I 7

5 2'H-1,3"-BEMtME (V)& e &4

FIT , CREE B, 1, 4- T fl 5 0wk 5tk 7
N, DhASE T A R A B A BRI 27 H-1, 37 -k ik e Ak
Pyt 8k g R A S AR HNOL/AcOH/AC,O Xt H:
AT AL B &9 36(Scheme 20) , R H 90% .

BB TE R BT, TNP 5 1 H-HEw e A= S5 A R SO
JETE AP g3 & A, 2011 48, Dalinger, L. %94
TNP AL 1-H 3E-3,4, 5- = il FE MLk (MTNP) 2 ik 17
AR ORI, T XOEORE S L R MTNP 5-47 i 2 B
A OB L Bl A5 31 09 2 AH O Y i i RO 27 H-1,
3'-BRIE e AL A % (Scheme 21) .

20194 ,Mao-xi,Zhang %°*' L 4-& 3-3,5- fi 3k
M Sy JEORL , 2800 B RS B 4-8 AUBE-3, 5- A AR ik
MRE29) SR IS PG 4-G k-3, 5- A SR & A U R N A5
b G 4-F A - (4-5FE-3, 5- g SE Nk s -1 - 58 nit
B (LLM-226) (Scheme 22) , & i K 8 51%, Ho
LLM-226 % % 4 1.83 g-cm™, i I M (T,) 278 °C,
Hso b 31 em(2.5 kg ¥ 5l ) , X B8 L K AEANERURR

oN ON ON NO,
)\: N, MeCNit = HNO -
N +m W(\N’h—a’ S N / /\N
X N N—NH N9/ —NACOHAC,O X\ N
N o N N i |
2 H O,N
90%

36

46-47]

Scheme 20 Synthesis of compound 36!

0N 05N
2
NO.
OzNWNOZ R‘\’ﬁ NeOHHO_ Rf\N.%\,/’ 2
\ * \N—NH MeCN,rt gNj N——'N
N—N /

R=H,3-NO, 4-NO, 60~90%
Scheme 21 Synthesis of 2'H-1,3'-bipyrazole derivatives'*’
0N Mo ON . NO; N, NO;
a = LLM-116
HZN{EH HSO2 NFCH toluene ’ fN—“}}N)j’NHZ
ON =2 oN ONT"N N-N- N=No,

overall yield is 51% LLM-226

Scheme 22 Synthesis of LLM-226'/

6 1'H2H-34-BXItM(V)SELEYHE
X R M BE

1"H,2H-3,4"-Bc g s & etk & W I 58 tb 57,
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HA 1993 4, Shevelev, S. A ZEUYHEAT T 1 J7 1 A9 4R
I, HOCHk RS2 A W T 1V H, 2H-3, 47 - Bk e 77 A= 9 10
LRGN G G R B B PEREXCHE o Shevelev, S.
ALGE SR W A JRORHS B T S RO 1 H, 2H-3, 471K
ML (37) o —Fh I 2-(4-1if -1 H-AHk g -3- 35 ) N — i
N IECRE, 5 R T A AR AR A ROV AR R 37,00 91 %5
T3 A —Fh &K 38 O J5RHS i & A 3 AR B A 2 4k
& 37(Scheme 23) IR N 81%.,

NO OH NO,

2 KOH, NO KOH
CHO 2 , NM:
20 °C, | 40 °C, =NMe
NH\N/ CHO 9.7y HN\N/ —N 4~79h NH\N 2
91% 37 81% 38

Scheme 23  Synthesis of compound 37 and 38"

I [ 00 B0 Ak 5 9 2 ek i 2 B A 45 4 45 21
Tofr T bt 1 £k 45 0 39 1 42, AR S %ok sk 1 Al IR i ek Ak A
Wy AT A AL, SR FH A TR 04 i 16 2% 14 43 591 45 ) N—NO,
fils £k 7= % 40 Fi1 41, DL K C-NO, f§ 1k 7= 91 43 Tl 44
(Scheme 24),

7 BRERE

16 Mk e - SR 2 A DR L AT N—N 2% T 05 & A 45
¥, ELAT DB 80 K o 58, B o AR s e % L IE
A B R R IR E T G DI A R TG A B b e
5 Re A G W R BT A B RE AR R BT FR B 5T AR 24
AR AR . TR e IR 2 ) B A T U AN ] R
MM HE 2H, 2" H-3, 3 -Bkmkms ( 1) 1 H, 1" H-4,4"-F%
M () 1/ H-1, 47 e me () (2 H-1, 3715 ik mg
(V) 1"H,2H-3, 4" -1cnikme (V) AT, 17-Be e me (V)
6 FER I 25 4 o0 . Hoh T T I = Aol B nk e 45
F4 BT AE 5 RE M RF IR B I R B A T IZ L B A R K
W ZEA MR S R Bk E Be Ak S IV ATV P
10 NHk M 55 4 BT AE 5 BB AT RH SR A SR A D A S
J 7 T 4G PR BRI AR R AP A BN E R E R A
Yy 1 VERE K B 7E S BE AR AT It A — R AR S, T A
A Ay B bk e 5 B AL B W K R B — A Tl VIR Gk e
TRe S W H AT IR R A A BUR P RE T HE . 25
b ER e B B AL S W i — 2D 0 R N AR A LA
TILASJT I

(1) BHHEIEC A G b i 254 v s it
S TR R I e BB A G, O R S R HG e A O T
MBI FE 3-8 45 T Sy 7 B0 BE AR G i S e AR A
SIAT e PAT VI R I = Rh Bk nik sk 5 fig A6 & 9 by
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HNO3/Ac,0/CF;COOH / ! 40
OHC  ON CHO KOH, NyH, HCI, H;0 ON I ON—-N_ =N
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KOH, NzH HCI, Ho0 NO NO.
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Z = - o ~- | —
OHC X CHO N =N
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4 H,S0,/HNO;

Scheme 24 Synthesis of 1'H,2H-3,4'-bipyrazole derivatives"
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Review on Energetic Compounds Based on Bipyrazoles: Synthesis and Property

LUO Yi-fen', XIAO Chuan’, Bl Fu-qgiang', LI Xiang-zhi', WANG Zi-jun', WANG Bo-zhou'"’
(1. Xi"an Modern Chemistry Research Institute, Xi' an 710065, Chinas 2. Ordnance Science Institute of China, Beijing 101000, China:
3. State Key Laboratory of Fluorine & Nitrogen Chemicals, Xi'an 710065, China)

Abstract: The characteristics of high nitrogen content, compact structure, low sensitivity, and good thermal stability make the
bipyrazole structures ideal energetic backbones for the synthesis of high energy density materials. Based on different linkers, such
as C—C, C—N and N—N, between monopyrazole moieties, recent progress of the five dipyrazole based energetic compounds,
including 2H,2'H-3,3"-bipyrazole( I ), 1H,1'H-4, 4 -bipyrazole( Il ), 1'H-1,4’- bipyrazole( Il ), 2'H-1, 3 -bipyrazole(IV)
and 1'H, 2H-3,4’- bipyrazole( V), is reviewed from the aspect of synthetic strategy, explosophore introduction and property
evaluation. The development and research trends on the synthesis of bipyrazole energetic compounds are analyzed. The key de-
velopment directions of bipyrazole energetic compounds in the future are as follows: screen reported bipyrazole energetic com-
pounds with excellent performance for synthetic and application research; design and synthesize more bipyrazole compounds
with excellent and comprehensive properties by explosophore and nitrogen-rich cation introduction; strengthen the studies on
synthesis and properties of several bipyrazole units (such as 2'H-1, 3'-bipyrazole (IV ) and 1'H, 2H-3, 4’-bipyrazole ( V ) and
1,1’-bipyrazole(VI)) and improve the research of bipyrazole energetic compounds.
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