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ZEANEE: BITE-101 IH &R T 5T

PINARSRE « RUr ( #A B e PR AN e AR B A R 2 il
ML 5 SR AT, TECR R S B U B R RERTIE T,
Al DASEAL S Re e VRS, o #T-A BRHEDMs
IR LB T i 2R — R B AR R E RE MR R P
15,6-F 20 0 A 4R g 18 (B 1), i, 20154
Schulze ] P\ 3 & i (5 AR 23 73,7,8- = 5t
ML E-[5,1-¢][1,2,4]1 P4 -4-JZ(PTX), F A AR% B mik
1.946 g cm ™, MEIEIEREHEEHMX H BA H AR &
20164F 2 K7 ) Piercey M AR 41 8 4 10 1,2,4-
IR, 4R R A ——4-F -3, 7- R
Me-[5,1-c][1,2,4] =M (DPX-26), HITHFF7Thalfr
RN ERER, WA EA RIGrIEREMR,
20194E %% 15 14 K2 Shreeve i i 21 i oE N-Ofb & 1
BT A3 FE-6- & IE-1,2,4-=M-[1,3-b]
[1,2,4,5]1008:-7-N-E 4L ¥)(i: D=9384ms™', P=
39.1 GPa); 20204FH [E TFEPELAT 72 Befb TAF KM 72
T 7k D A PR AL s £ ) B R AL AN R R A E T Ak
G ——8-E H-6,7- AHIE UM 1,5-b]>KE R (ii: D
=9021 ms~', P=34.8 GPa). 20224F, i@z i
7 —Fi H §i CHON Z HEDMs H S 44 7 fift 15, FE #¢ =0 1)
WAL R FBITE-101, HAIUA5 AR N295°C, 1§
fH 5 R FE 8300°C. k4, BITE-101H%E A
1.957 gem™, B EBRED=9300ms™", BE
P=39.3 GPa, H/BIKE N18 ], BEBIKE NI28 N, 24
PERE AR T AL G i M E 24 HMX, B R PR
Al 5.

BITE-101 )] % T2 LL3,5- & k-4-il Fe- 1 H-IH;
IE(DANP) Y], 85 5 1-H JE-2-f - 1- 0 g 2 A
(MNNG) 1) J ¥ 3453 H [B] 443, 5- 5 F:-NV,4- i 2k
Me-1-HBR(1), AP SRR A K IR A R
SN AR B A2, (A PERERIMVE R T AT

o O,N
N S N
<N N
02N_<\N/\Nr - °2Nﬁ
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Figure 1 Representative fused energetic compounds.
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I S N A 2 B bR PEYIBITE-101, H A SCRBK
(10 5 N AR B 0L 4% A B 2 B AL R OB, S T
—PHEZNBITE-101H R FHAH G 78, A SCAERTIASRAS
FIBITE-101 [ 78 2 44 il 4 T2 i 3 ak b Hook T
ST TS, EAEER T MR h AL R B T v
PEUL RS SNSRI LG . YRR LUAZ il B A B T 6 e 2
PR IR, BiE TEE I T2, 8 T15 g%
FIBITE-101 AR & R L 2. B A -2 R R
DR, e Fga e PR T TR 5.

2 %K
2.1 RFIEES

3,5- " FE-4- R - 1 H-ME (D ANP) I i SCRik 77 v2:
B AR 100%RER(A ), 1-FF HE-2- R - 1- T A
FATMNNG). XA IK(B0%) KRERTR(36%) 98%IK
MR L. LR TKLEE. LR OB iR
R M, WFIE )R Ak T . BT AR
8 [FIKA RCT BasicHfifi+#%, 8 [E Bruker Ascend
TM 400%4(400 MHz)#Z M AR IEAX, FEER KR A
A]Nicolet iS508Yd LS4 2T SR (FTIR), FEER
KR A FIFLASH 200080 E WLt R /0 M, B LA
-1 Z TGA/DSC 3+[F # X,

22 AU

SCHR A G T DANPHI & s 8 35 /0 H B ARD 3R
SRFELI FRATTE S 0T J T SOk A D ANPF 1
# L 2T T4k, DA R IR 43 2 ¥ DANP.
3,5- R FE-4-TH - 1 H- I e Y LR i 2k 12
Fis.

TESRASDANPRILAL & B T 2 S At L =25
SN A5 3) TBITE-101, ML E3FTR: 55—
P NDANP 5 MNNGHEAT (5 156 [ B ] £ 753 21 v (] 441,
10 B IR R M 2% 1 28 U K B ALK I e 2R 3- AR
P AR A B R A2, e A B 2 el
TR HIE T RIS B e 4 = BITE-101.

23 AR

(1) 3,5- I 4- T3 | H-IH M (DANP) ) & k!
Bk, 6-— & -5-HEmENE 20 g 1120 mL CH,Cl,
BT -70CRIEF, —70CRIE RN —F %10 mL,
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NO, dimethylamine NO: | nmraro PN R
2 AR 4 N
SN R o AN S T
N 20% K,CO3 EtOH 100 mL O>N

e reflux NH,

Bl 2 DANP& Rk
Figure 2 Synthesis route of DANP.
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Figure 3 Synthesis route of BITE-101.

10 min), BEJSWEINN,N- ~F N 2 (28 mL,
15~20 min), —70°C .1 hJig MEIRECH, K E =5,
FH20% K, COL I BTG 3~51R, AR > B A HLUH G 158
FVEYE IR ACHE ik 57, T T e 73 21 2 o [ 4k,
i TG 7K ZBEEE B H P24 3 Jie 49 31 2 8 £ T AR Bt
AR B HR ) AR 6- - N, N- - FH JE - Sl i s g -4- e . A
WAV T 2 E£100 mLJE, RIE 110 mLi¥I85%
KEWE, FEHE10 min/5 FHE A 75°C N4 h, B RE
AR TR LL M, IR BB AL A . JETR
W4 i JE1S BIRE 4L L [EADANP (13.54 g, 66.87%).
'"H NMR (400 MHz, DMSO-d6) 6=10.71 (s, 1H), 6.39 (s,
4H). "C NMR (101 MHz, DMSO-d6) 6=148.33,
108.61 ppm. IR (KBr) v=3411, 3293, 1614, 1571,
1493, 1413, 1380, 1225, 1166, 1126, 1087 cm™'. JT&
IHT(%): C;HsN;O, (143.106). iH5EH: C 25.18,
H 3.52, N 48.94. JUi{E: C 24.82, H 3.76, N 49.15.
(2) 3,5- 2 FE-N,4- HHFEMEIE-1-H PR (D & Rk
H43,5- G FE4-AEE- TH-IE(DANP, 80 g, 0.559 mol)
WEE12000 mLAEVER, FAE Ry ot
N 1-FAE2- R 8- 1-IE A E I(MNNG, 90 g, 0.612 mol).
B B3R NN 60°C. N 12 hjm, TLCHM(E T
7: EA:PE=1:1; R=0.55) L4598 s G FH 7K
Vedk, FETTIEMA ML AR A 4848 g,
65.9%). T, (onset): 237°C. 'H NMR (400 MHz, DMSO-d6)
§=9.09 (d, J=159.5 Hz, 2H), 7.55 (s, 2H), 5.90 (s, 2H).

C NMR (101 MHz, DMSO-d6) §=155.4, 150.9, 148.5,
109.1 ppm. IR (KBr) v=3477, 3553, 3234, 1646, 1611,
1568, 1519, 1490, 1353, 1253, 1203, 1168, 1137, 1047,
954, 820, 798, 770, 690, 647, 612, 566, 543, 409 cm™ .
TCER D HT(%): C,HNO, (230.05). 4 A1H: C 20.88,
H 2.63, N 48.69. Wllif&: C 20.83, H 2.39, N 49.02.

(3) 5-FIE-3,4- = hFE- L H-MEME-1-FF BRQ2) I A B

#4360 mLI130% H,O,JIAE[1000 mLEEHE+, I
FHUKER AR, (RFFEE<0°C, 22123 IN120 mLIKK
BRIR. N SE 5 58 3,5- & Ik -N,4- g -1 H-nE -
1-F k@A, 60g, 0.26 mol)yHEIMARNRESHEHF. K&
NN B T B = IR B30 minf5, BHZIEARSE
50°C 20 h. @I TLCAT I I B 25 R (e HH77:  EA:
PE=1:2; R=0.40), 4R SIEREINIKKHF, Hriidie
[k, iEygpiiE, FKEE, #3THAEY2 (196¢,
28.9%). T, (onset): 204°C. '"H NMR (400 MHz,
DMSO-d6) 5=9.88 (s, 1H), 8.82 (s, 1H). "C NMR
(101 MHz, DMSO-d6) 6=155.1, 150.2, 148.5,
109.0 ppm. IR (KBr) v=3439, 3374, 3304, 3248, 1655,
1565, 1530, 1504, 1451, 1434, 1377, 1346, 1313, 1255,
1214, 1172, 1085, 1034, 948, 879, 820, 783, 773, 762,
756, 715, 683, 674, 624, 517, 462 cm™". TCE T (%):
C4H,NgOg (260.03). T15{H: C 18.47, H 1.55, N 43.08.
MR{E: C 18.16, H 1.89, N 42.71.

(4) 4-FFE-7,8- RHIFEMEMEF[5,1-d][1,2,3,5]- DU R
2- 58L& U(BITE-101)

250 mLESHE 70 mL 100%HNO, I & Tk
KBFAHEOC, LA ET2 (21 g,
0.808 mmol), Z J& ¥ i AR 7R 2% 1% 1l 48 = i - A
PERONZ96 WG, I TLCRIN 5B 25 SR (R HF 7). EA:
PE=1:1; R=0.5). SRJEH R MBI TR H 13 2 3
DUGE, I PEKPE T84S 2R 31 (M KBITE-101(17.5 g,
89.6%). T (onset): 295°C. '"H NMR (400 MHz, DMSO-
d6) 6=10.21 (d, J=9.1 Hz, 2H). °C NMR (101 MHz,
DMSO) 6=152.8, 151.7, 146.2, 110.2 ppm. IR (KBr)
v=3344, 3247, 3194, 1660, 1594, 1561, 1507, 1472,
1417, 1390, 1376, 1359, 1333, 1262, 1233, 1136, 989,
879, 855, 812, 778, 767, 735, 719, 713, 660, 643, 608,
580, 549, 460 cm ™. TLEMT(%): C;H,NgO5 (242.01).
TH5H: C 19.84, H 0.83, N 46.28. M3 H: C 19.43, H
1.27, N 46.64.
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3 #REie
3.1 KRG R I LR KA

3.1.1 BEI Y8t

BDANPI I EH N2 g, WF TN i G I
SN LAY, RIFTR, SRR AN
FEIRET, DANPEMNNGA KA N, 2 I8 i3 5 T 15
£50°C, WEIFMHRA IR, N N60°CRE, 7=
515 968.5%. FDANP IR O 80 gt %6
B AR, 7223 N65.9%.

3.1.2 AR AR RS T

223 SRR 23 4, R C-NH, 2846 #1485 C-NO, () 77
HREEARE: (1) AR SIRRRE R, Bl
FE I S IR N, S AR B R IE B A A i B
(e ) WA S Z BRI, WLk, =
WOREF. LR RS M L BT b
UL (3) g Oxone 7E 20 3& [pHER S F HEAT 484k
RS (4) A PRI N EAL R IR R, 224
PAJ T 2R R R, AN 7 V2 F T V3 kit 9t
WEYNEH T Z.

(1) B4 A S5 B 1 5 )

PSR 2 A R UK R AR AR
FENIAE R, XR2FTR I — R I RN 4 kAT
Timik. =R ORREA 28R B R XU KA
R AR 2R E 172 9; F IR FOxone AN [ b ; 14
WRIRFR IR A P20 7= 2 B v, T TR AT g MUK TR
IRBRIR R 28 rF RS DR R 58 i 110 R P58 3 v e HL L T R 1)
Afbhe

(2) WBRER 530% M E /KT EL A 52 i

AHIF 88 i 1 B IR B R 5 30% RUE K F AR R EL SR
U B R PRI SiE A R, IR
PR PRI, W3 FR, MR IR SR KRR L
130, W f i 935.3%.

(3) S L B T R

FERAS A A AL T EC L (3R b, B T
SN USRI, SR AT DU B, 24 N i
FEHILE0CT~60°C I35 Bl NI, 1k &2 itieR B iR
FEAWTHE =, (R B T v e T DA 2004 o S MR )L 24
BRI 2 60°CI, S NAREE 5 K AR, kR
TR T R 2 100°C U LR A, 58U N RIW.
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Table 1 Effect of reaction temperature on preparation of compound 1

IREET (°C) FEH (%)
25 0
40 (s
50 458
60 68.5
70 57.1
80 55.9

a) Je 461 DANP (2 g, 0.15 mol)+MNNG (2.2 g, 0.15 mol)

R EHEN AP MR

Table 2 Effect of various acids on the yield of oxidation reaction

s ORAIEE SHOMKBIL RE(C)  E

1 IRIRIR 1:1 0~25 18%
2 =W 1:1 0~25 10%
3 =R ORI 1:1 0~25 W
4 N 1:1 0~25 T
5 IR 1:1 0~25 -

6 Oxone - 0~25 —

7 30% H,0, - 0~25 W

a) RN FM: tEW1(1.15 g, 5 mmol)+Z 1A F1(10 mL)+H,0,
(10 mL)

F 3 WKBRE S ORI I U R SR i

Table 3 Effect of the ratio of concentrated sulfuric acid to hydrogen
peroxide on the yield of oxidation reaction

e WA SHO,ARL

W () PR

1 W 2:1 0~25 (6
2 WRIRER 1:1 0~25 34.6%
3 IR 1:3 0~25 35.3%
4 B ER 1:5 0~25 28.2%
5 WRERIR 1:10 0~25 10.1%

a) A AEW1(1.15 g, 5 mmol)+HKFRER(10 mL)+H,0,
(5, 10, 30, 50, 100 mL)+ iR J#25°C

BRI, e B2 FEE T T 2% TRl A Ak S 2 B A 1 250
M. 25 53R, BRI MR EN50°C, M TAZH20 h,
IEI AL S 23 937.9%.

T8 I 1] 28 A S 0 2 SN H R (1) Fh 28 5 XK )
B L A0 s e B AT st S5 Ak, 49 3 H s U i OB
A, BIECRME ST (1.15 g, 5 mmol), i FHIRMER
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Table 4 Effect of reaction temperature on oxidation yield

F5 RAME S5H0.EFE EE (C) FER
1 WRIRER 1:3 0 (pEs
2 WRIRR 1:3 25 35.3%
3 BRI 1:3 40 36.1%
4 WRIRER 1:3 50 37.9%
5 BRI 1:3 60 0

a) RN E1(1.15 g, 5 mmol)HKFREZ (10 mL)+H,0,
(30 mL), /RS [E]20 h

(10 mL)5H,0, (30 mL), [ MG E R50° CH, Pl ik
37.9%. RGP IR St — 2P IR & 60 g, f§
FHIRBRER 9120 mL, H,0,°4360 mL, &% N50°C,
1337 YA AR, 29N28.9%. 77 2 FEAR Ay Ji PR HE
N SO i ) ) BN TR M, PR BB R OR S, Bl
B IRBRER TN, SN A4 2 FHIRL 5 (1728 4 ik 3t
T AR AR I R R P 3 2, I T R
B P2 J5 WD AT & ik 45 5 B 0T DAbT A5 2K
HAIFY, SRS BRI YN E D
2,4,6- =28 Fk-5- 1 L M g (1) B R SR (B R 25 4 L1 4).
ZE AR B (KR4 B K UL S AR 5 sek !,
0 I A A0 B D 2 ) ) s ST ER A T S BT OR,
TESRIRVESCAE T, MHEPRIR b AN G5 T 4l T e by 24
AR e, SRS 5 W kA B e A 4 A
b, FTEHE S ERR T A AF T B 25 A i e S R AL
YRR, Ak, BT ERR 24 F Ak
5B, BIEIRA DK IR A R N R rhid
B 2 MR IAAE, KKHIZ) T S = Y& k.

3.1.3 X E MM

e — BRI B, E A YK
(2) 5 BRI AR (mL) FI S ELIE 50 OB FOUCR. S8 %
PaRSHIR, M EW20 5 E S R R AR LN T
3:108F, BITE-101 i REFeE 7E85% LA I, femfiese
N89.6%. AN AR N4 g, TRSER F B AN
A5 °910 mLIEF, BITE-101()77 2B N67.5%, TR W]
RESE PG IRNLTIEAT, 5 SR HH A R PRI B AN W B A1,
22 FAAR B 5 T P B T2 S B SR S N R B )
BRI, 2, B S BRI B — o
21 gfif, BITE-101/7= % N89.6%. {EIb2kM4 FEE 5K

B 4 S S L R 40 o i £ 1 P

Figure 4 Single crystal structure of by-product of oxidation.

ON NO,
,HNHZ H,S0, / H;0, HZN&NHZ
HN— NN !
NN, NYN
/ NH NH,
( - NH,NO,
-N;0, H,0
"
NO, NO, NO,
”2Nm)\r""2 HZNWNHZ HZNW)\rNHZ
—_ H —_ |
NH HN.__NH NH HN2 N, N__NH
e N A
HN\NOZ — NH H,N HN-NO,

Bl S RN R SR S WAL 24 [

Figure 5 Reaction mechanism of oxidation side reaction is inferred.

£ 5 RERERRA T SR A Y
Table 5 Effect of different volume ratio of nitric acid on reaction
yield

F5 BB tm (2)/VHNO; (mL) FEE (%)
1 0.1/1 85.5
2 0.1/3 85.9
3 2/10 87.1
4 3/10 89.6
5 4/10 67.5
6 5/10 50.1
7 21/70 89.5
8 21/70 89.6
9 21/70 89.5

a) [P A LASEIGBORHEAEO CHEATBORL, 55 S 86 h
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3%, FTSBITE-101 11U T0 B AR ..

3.2 oIS

B BB R I AR - 22 R A R IR e AT AR
R E M EE A TR T B BT e
BITE-101414 R A7 M RAE M, ASCRH FE#r
DA -ZZ R R R AR, X S e — 2D
F, EHKH AR, PR EZ80.9 mg,
THEHE 351910 K min~', 8 5 F 550 C~400°C.
K6 Ntk & WBITE-101 I TG-DSCHliZk, mTLAAEH, 1k
GYIME300°C /e A I B3 fifk, WkIE] 2k H2960%, B 5 2%
18 73 iff e 24 2K E 6B 1 80%.

4 g

ASCETFBITE- 101 AR Z, WIT T Hl& iz
HS B AR IR BE A S IR SR S BE FRIAR [ e
FAEXRT PRI, TG IR T 15 g BB G
WL, Horh, Sk B BRI, ks

225 3k

TG-DSC_BITE-101

p—
100 -z ——Heatflow | 551
80 304.84 °C 200
] &
N 280k F150 =
3 60 =
g :
s =
ol F100 5
] i
50
201
-0
0 T T T T T
0 100 200 300 400 500

T(°C)

B 6 JHREHE}10C min~ FHITG-DSCHi:
Figure 6 TG-DSC curve at the heating rate of 10°C min”".

AL L2 Bk Akl (60 g, 0.26 mol), IRARER
(120 mL) 5 H,0, (360 mL), i 50 CHE, bz
N 7R ZA]7628.9%, ABITE-101 )i — 5 B FH 0T 5042
HET Fe it
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Scale-up preparation of BITE-101 explosive

LI Jie', HE ChunLin"” & PANG SiPing"’

! School of Materials Science & Engineering, Beijing Institute of Technology, Beijing 100081, China;
* State Key Laboratory of Explosion Science and Technology, Beijing Institute of Technology, Beijing 100081, China

The inherent contradiction between the energy and safety of energetic compounds makes the design and synthesis of novel energetic
compounds with high density, high energy, strong thermal stability, and high sensitivity characteristics a significant and big challenge.
Recently, 4-amino-7,8-dinitropyrazole-[5,1-d][1,2,3,5]-tetrazine-2-oxide (BITE-101), which was characterized to possess superior
integrated properties over traditional explosive HMX, was reported by our group. To promote its further applications, the optimized
and scale-up preparation of BITE-101 was accomplished in this study, and the effects of acids, the ratio of hydrogen peroxide to acids,
and reaction temperature in the oxidation reaction were studied and discussed. The following oxidation conditions were found to be
optimal, as follows: compound 1 (60 g, 0.26 mol), concentrated sulfuric acid (120 mL) and H,0, (360 mL). The reaction temperature
was 50°C, and a yield of 28.9% was obtained. The BITE-101 preparation procedure was scaled up to 15 g. This study serves as a
reference for further research on the application of BITE-101.
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