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fb-1,2, 3, 4- DU B0 I —Fh 45 44 30 700 1Y) RS 22 36, DA
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ST A B IR R R R R R B 7 W B O AR A
AU R E YN TIRA S D R E RS
T RE Ty 5 N e E RV EC 5 b, e S R AR IR &
FRAEfE 51

1-¥3-1,2,3-= I [4,5-e]-5,7- & fk-1,2,
3,4-E (HTTDO) & — M L By 1, 3-— 4 fk-1, 2,
3,4-MURE A E BB AW TEIR G HE 2 ARERRE
T 5 i 2 R A5 G LAV TE 0 N T . 2014 4R
Alexey A Voronin"'fitil T HTTDO 4 B, (A2 & A
AH DG B A 25 4 B PR BRSO o 3k T Uk AR LA
3-8 He-4-CRUT HE-NNO-Z b A 5L ) vk 1 (ABAOF)
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Ry SRRk, 28 A R A AR I A AR Z AR AT AL
AL A RO A B H AR &P HTTDO, #1317 & AL LA
Fe— AL IR 1Y 2 W ALEL, 55 5% T HTTDO - 4.5H,0
Y E SR H 25 8 8 i GE (DSC) 58 T HTTDO
1Y $ kB |, 12 il Gaussian 09 2 )3 il Kamlet-Jacobs J5
FEFUAG T B B BIR % BE J g = Ve Re S ik — 2P I R
FHHE 5T 25 56 LA

2 ARG

2.1 KA ENE

WRSFREN VK O R | £ Tk Eh TR F e i IR & L AL
THe W TR CEEALER AEE 2R O ST
afi, R TR TA R A W ER IR (36% ) WL B, 41
Bréaf, V2470 T WM R (98% ) , 43 B 4l , 4 14k,
T A BRA T IR, B el &g g e A 25 50 A B2
Fl 3 3 B -4-(BUT JE-NNO-4E 1L 1 & 5L ) kg ™) e i
12 (93% )k A il o

NEXUS 870 74 i FL i 7% 48 21 Sp S 354X, 3€ & Ni-
colet A F] ; AV 500 %1 (500 MHz) 8 A% Wi 3L IR AV , B
+ BRUKER /A 7 5 Vario EL I & [ 3 3 & A5 ML oG & 43
M, fE E Elementar 23 7 3 K473 micrOTOF-Q 1T,
8 [E] BRUKER A W] 5 ZF-2 B = FH 88 A, | 17 48 52

SRR WSO FE AR AR 1R, 2, 3-SR (4, 5-e]-5,7- A1, 2,3, 4- DUR A L AR IR S5l S PERE D] EREA R, 2018,26(11):919-924.
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B GF SRR AR TR AR, £

ML AR T 5 Q-200 B 22 /R F 4 s AN, G R TA A W]
2.2 EHBE%

DL 3-8 FE-4-CFUT FE-NNO-% fb i & ) vk g
(ABAOF) iy J5Rl , 28 WA 2 #h 88 B AL B3 5 1k A8 Ak
A4k A AL P RO A B B ARG M HTTDO, &
W2k UL Scheme

) 0
HoN :J:N+ NaNO, ,I,:N% NH,OH
R

I\

N_ N
o NOH
ABAoF 1
o] [0}
i A
HoN N:N-é‘ N=N - NH;
0 _Bn Nf NH,
N. N HCI NFLN
oH oK 0 "o MeOH
2 3
o] o}
in—n’( NH HNO N-N"
= ) s AN
>/ \( H,50, OINH* N
N N NN
0""“\ HO™ N*
4 HTTDO
Scheme 1  Synthesis of HTTDO

2.3 ARIEE
231 HEWIHER

IR T K ABAOF(3.7 g, 20 mmol)fIl A ] 20 mL
STk H 40 mLZ MRS HW D, kR E
10~15 °C, /- A EAFER 40 (3.2 g, 46 mmol) , /0
HBE5E B FHEL E 20 CCR V29 15 min, 75 50 ) H 2518
B 120 mL SBER RS, Bl , )7 A2 K 1Y 2R A,
iE VR, TR IR RO 75 R A Bk B [ A L T A
KK HL TR 45 AR 2 A e R E A (b & 1)2.33 g,
W% 68.5% .,

“C NMR (125 MHz, CDCl,-d,) 8: 136.354,
104.498, 61.595, 25.335;'H NMR (500 MHz,
CDCl,-d,)é: 12.3158(s, H, OH), 1.4617(s, 9H,
3CH,) ; IR(KBr,»/cm™) : 3388, 3288, 2986, 2937,
2766, 2238, 1636, 1490, 1455, 1369, 1296, 1238,
1211, 1167, 1094, 1071, 1038, 898, 866. Anal
caled for C,N,O,H,,: C 42.35, H 5.92, N 32.92;
found: C 42.07, H 6.133, N 32.59,

232 UEWIHERK

FiRF KA 1(0.6 g,3.52 mmol) % fit T
30 mLH R THEL S 40 °C, b AZE R ¥ (0.37 g,
5.28 mmol) Bk 2 E 44 (0.44 g, 5.28 mmol) , %k )5 I+
U Z R, SN 1.5 b 458 0k SO, R ¥ A U U8 TR R

Chinese Journal of Energetic Materials, Vol.26, No.11, 2018 (919-924)

FEZE MRS 2R B R R R G 2 =T % -
IR A5 30 Y AR [E A A% T K 28.75 mL R 10% #h R
3.91 g IR AW, BRI 2 0~2 °C, i IR (0.7 g,
5.75 mmol) 5k LR (5.75 mL, Jfiix 4330 36% ) B9 IR
BW IR R RN 1 h, ot B, oKk PR T RS
B 0 E AR (A4 3)0.49 g, 0K 69.3%.

C NMR(125 MHz,CDCl,-d)8:150.945, 119.264,
61.002, 25.466;'H NMR (500 MHz, CDCl,-d,) 8:
4.8104 (s, 2H, NH,), 1.4994 (s, 9H, 3CH,) ;IR
(KBr,»/cm™):3457, 3335, 2982, 2938, 1676, 1624,
1558, 1512, 1446, 1361, 1295, 1218, 1155, 1071,
909, 658.Anal calcd for C,N,O,H,,:C 35.82, H 5.48,
N 34.81; found:C 35.93, H 5.414, N 34.46,

233 HUEWIRNER

EHE T A ®3(1.0 g, 7.69 mmol) % f# T
20 mL HEEr BRI AR iR 2 TH R 55 °CHE L %
BT iz (0.56 g, 7.69 mmol) , R J5 ik T i & [H1
IEAE IR N RN 2 h 45 1k R v F ik 4, 75 BTk B
AR BRI A 4)1.45 g, R 73.7%.

“C NMR (125 MHz, CDCl,-d,) §: 141.362,
122.990, 65.904, 59.881, 26.946, 26.005;'H NMR
(500 MHz, CDCl,-d,) 8: 4.8567 (s, 2H, NH,) ,
1.7018 (s, 9H, 3CH,), 1.4738 (s, 9H, 3CH,) ; IR
(KBr, »/cm™) : 3472, 3330, 3285, 2992, 2970,
2933, 1616, 1552, 1501, 1485, 1448, 1398, 1365,
1346, 1278, 1231, 1189, 1142, 1028, 933, 844.
Anal calcd for C,,N,O,H,,:C 46.86, H 7.87, N 32.79;
found: C46.57, H 7.755, N 32.70. HRMS (ESI) :
[M=HT" . 52 W {§ 257.1719, C,,N,O,H,, 3 it 14
257.1726,

2.3.4 HTTDO®A B

1E0~5 °CF fRIHK 98%HNO,(47 mg, 0.75 mmol)
) Z BT (0.5 mL)IAE \93%H,S0,(158 mg,1.5 mmol)
) < T8 I (0.5 mL) % Wi m 2 16 & % 4 (150 mg,
0.75 mmol) i Z BR BF (3 mL) ¥, i i 5g B8, 212
TR 2=, PR 2 =R TR 1 h, AR5 1 RN
A Z R4 (123 mg, 1.5 mmol) , fit$k 4 h, K2 i
A WRARZET IR E BARAE @35 53 2 (v EE) s v(Z R
LR)=1:7) A3 B A A (LGP HTTDO)0.13 g,
K% 68.8%

“C NMR (125 MHz, CD,OD-d,) §: 151.239,
121.110; IR (KBr, v/cm™) : 3562, 3441, 1644,
1576, 1528, 1459, 1386, 1293, 1212, 1154,
e ik
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1-F2Hk-1,2,3- = JF[4,5-e]-5,7- 4% 1k-1,2,3, 4-UE 5 .

i PR £ R 2 T i

921

1055, 1029, 956, 854, 758, 729.HRMS (ESI) :
[M=H]":520{E 170.0066,C,N,O,HFHE(E 170.0063,
24 BREFREHNE

FIT CEA RH B HTTDO B i A Ay B s i
W, U8 UEVR T 20 CCRf EBUR I8 R G218 25 R AH ] 14
B35 B A 21 5 AR

PEHR SF 0.31mmXx0.26 mmx*0.14 mm H 5 ok f7
X S AT 59 52 55 5 F Mo K (A = 0.071073 nm) , £1
AR FE 296 (2)K AT, Lo J7 0 Rl B L
1.98°<6<25.10°,-20<h<20,-6<k<3, -24<i<24, )i
L6 AT B 8509263 A, o il 57 AT 5 0K 3433 N (R,=
0.0771) , BB 1>20 (1) 14 2217 A 5 T 25 48 1 0 5
Mg IE . & K45 M R F SHELXS-97'" Al
SHELXL-97"" B £ 1k it , & £ % Fourier & MUk 15 42
B | S R o B | S W Al LY T A B X e i 24
K H w=1/[c’(F,)*+(0.0983P)*+1.3621P], P=(F+

2F2)/3), & 4T M B /N IR EAE IE S
3 ER5iTie
3.1 RMHLEERIGT

(1) & A P AL S AL BE X 28 Ak ok iA AL 5 9 3 78 H
A TR T e B A B AL & W 4 04 SO LB A T
TRV, AT AEAY SN LR R (Scheme 2) - fb 59 3

R Ja BUT W b AIOKT F - 3F A0 A - OE PR N
JiF AR BORCT B A AL S W B S BCT SRR N
J - 0 T A0 A7 B IF il 6 NP SRR T A AR = s 2R
Ew 4.

(2) f AL 3R Ak 52 R AL EE S T Ak B 4 4 7 il B TR IR
1) TR T 37 YA v s Ak B B 1) s oy LB R AT T 483, vl
AE B9 KN HLEE AR (Scheme 3) : 1 %%, iR %L &4 4
1) 2 B AT AL T B A AL B Y AL SRS SR IR
A BT Z AR AR 2 v ] 44 B 5 o 1] A B 7E 58 R 7 A 5
AFasE W E—nFi s, 58 dm & C;dh ik C
KA F N BB R, —N—N"—O #E B R R 2R |
%‘—ﬁﬂ*ﬁ%ﬂT%iﬁiE@NJE%,%@JEPI‘EMZIKD;DE%%

TH&MHTF, Hﬁic/fiTﬁ%’”§qul‘Eﬂ14§ E; EAL T3R5+
2—?&!%1'43 3 H A HE Y, e e RS P2 — L
T%,Bﬁ%ﬁ%ﬂmﬁﬂ% HTTDO.,
3.2 HTTDO-4.5H,0 RIEEH o

HTTDO - 4.5H,0 & 1 (14 53+ 45 ¥4 F1 43 F 78 &b f
R HE RS R TR RIEL 2, s L i AR R
BT RN~ K3, MRS A AR % AR E R
R ERBEN Pna2(1) . BiikES N a=
17.483(4) A,b=5.4132(11) A, c=20.563(5) A,a=B
=y=90°,V=1946.0(7) A’,7=4,D,=1.659 g-cm*,u=
0.166 mm™, F(000) =976, % & 1K45# i Patterrson

4 4R A Wk A R A7 A — 98 0 i HE AL PR 5 M, 2 e T L4 T L8 1 25 Fourier & BUE 15 31
P’
o 0 N=N  NH,
I~ ° A2 K SO0 71 S Y
%N—N NH, ><N:N/ NH, >LN:N */N,\H N=N/4 N’\H NH, N=N NH, IN/ \N
N T = ) D i W MeOH =\ 0" N
Ny 0=N N=O O-N N=0 O-N NZ0 O=N N—Nk /¥
3 4
Scheme 2 Reaction mechanism of compound 4 by amination
o) O
:N NiN+ /_\ -:.N/+ HN—ﬁ—O *H- <' 0= N NH +N:N
H O:N<OH 40 Q0 T -AcoH
T aE— A S N ¢
N
Vs ‘N /+ N 2 _/I‘:I\ . o N +\
0 0 o "N w]/ (o]
4\ /‘\ ){\ 09 I])/ /f\
A B
_ 0 \L ) o, .
0 N y" + 0, Y o N o
/ /5‘% NiTONE NN NN o My NN o
,}/Nsm NG, o-N+ N NN ABUOH N /\ H 4BUOH N%(
I/ A \H/\< t) \ﬁqo N—OH N-OH
_ NN -N_ N N, N-0 N Nz o
0/+ N [S Y ~N ( o N
/‘\ )V )ﬁ A~ HTTDO
c D E
Scheme 3 Reaction mechanism of HTTDO by the nitration and intramolecular cyclization
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B GF SRR AR TR AR, £

X F 1> 20 (D FYE W) B 2 22 F R,=0.0735, wR,=
0.2134,

0(15)

B 1 HTTDO-4.5H,0 /T 45 [E
Fig.1 Molecule structure of HTTDO-4.5H,0

B2 HTTDO-4.5H,0 & i LA
Fig.2 Molecular packing of the unit cell of HTTDO-4.5H,0

£1 HTTDO-4.5H,0 i34 #l K A

£2 HTTDO-4.5H,0 B4 — Hiff
Table 2 Selected dihedral angles of HTTDO-4.5H,0

bond angle/(°)

C(2)—N(4)—N(5)—0(2) -179.3(7)
N(5)—N(6)—N(7)—0(3) -179.0(6)
O(3)—N(7)—C(1)—C(2) 179.4(7)
O(1)—N(1)—C(1)—C(2) 179.4(7)
N(2)—N(3)—C(2)—N(4) 179.9(7)

N(7)—C(1)—C(2)—N(3) -179.3(7)
N(1)—C(1)—C(2)—N(4) -179.6(7)

Table 1 Selected bond lengths and bond angles of
HTTDO-4.5H,0

bond length/A bond angle/(°)
N(1)—O0(1) 1.270(7) N(2)—N(1)—C(1) 108.0(6)
N(1)—N(2) 1.327(8) N(1)—N(2)—N(3) 109.5(6)
N(1)—C(1)  1.365(9) C(2)—N(3)—N(2) 106.8(6)
N(2)—N(3) 1.364(9) N(7)—C(1)—C(2) 120.6(7)
N(3)—C(2) 1.330(9) N(1)—C(1)—C(2) 106.4(6)
N(4)—C(2) 1.370(9) N(3)—C(2)—N(4) 126.4(7)
C(1)—C(2) 1.370(10) N(3)—C(2)—C(1) 109.3(6)
N(4)—N(5) 1.306(8) N(4)—C(2)—C(1) 124.2(7)
N(5)—0(2)  1.249(8)

N(5)—N(6)  1.378(9)

N(6)—N(7)  1.342(9)

N(7)—0O(3) 1.237(7)

N(7)—C(1) 1.353(9)

MFETATLIE L, N(D)—C(1) \N(3)—C(2) N(4)—C(2),
N(7)—C() K454 1.365(9),1.330(9),1.370(9) ,
T N—CIHRE(1.28~1.47 A) ],

1.353(9) A,/

Chinese Journal of Energetic Materials, Vol.26, No.11, 2018 (919-924)

&3 HTTDO.RDX . CL-20 1941k Ko ik 4 1 Bk
Table 3 The performances of physico-chemistry and detona-
tion for HTTDO, RDX and CL-20

No. p/gcm?®  D/m-s’ p/ GPa Q/)g!
HTTDO 1.88 9393 41.9 8010
RDX 1.82 8839 35.5 6200
CL-20 2.04 9636 45.0 6645

Note: p is density. D is detonation velocity. p is detonation pressure. Q is

heat of formation

N(6)—N(7) N(5)—N(6) N(4)—N(5) N(1)—N(2),
N(2)—NG) #2310 1.342(9),1.378(9),1.306(8) ,
1.327(8),1.364(9) A,/ T N—N H 3 # (1.30 ~
1.47 Az, C(1)—C(2) 8K K 1.370(10) A, /v F
C—CHX#E(1.34~1.54 A)Zlﬁﬂ,wﬁﬁﬂlﬁlﬂ%%%u:%
W R T PR K m ;A4 ,N(7)—0(3) .
N(5)—0(2) N(1)—O () #K 4350 1.237(7) A,
1.249(8) A.1.270(7) A, /N T iF % ) N—O I
1.44 A UL =35 F (9 O 5 DU R 3R | Y e 47 AR T
B 5 B R IS, R, A AN o T A5 A B NAR E

M #E 20 LLFE W,/ HTTDO 4 T 45 #
O(2)—N(5)—N(4)—C(2) .O(3)—N(7)—C(1)—C(2) .
O(1)—N(1)—C(1)—C(2) N(7)—C(1)—C(2)—N(3) .
N(4)—C(2)—C(1)—N(1) N(2)—N(3)—C(2)—N(4) .
N(5)—N(6)—N(7)—O3) 1 i 433l 8 =179.3(7)°
179.4(7)°.179.4(7)°.0.0(9)°, =179.6(7)°.179.9(7)° .
=179.0(6)°, # HTTDO 43 F "1 P4 B I = s 1 | () Jor
HIEFILFAE—AF i Lo FE, HTTDO 43 F 45 #4
& A TR O—H, i T HTTDO S5 /K746 4 T ) &
L AE DL BN R B IR A B, — T HTTDO 45 &
4.5 FK, FEHTTDO-4.5H,0 =5[] 23 ek, A i fii
i L HE BN B % AR /N A 1.659 g-em ™
3.3 HTTDOWYH RIRZFMEITE

7 WESE HTTDO Y45 % PERE , #I FH Gaussian09
&g
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12 3-1,2,3- = 3[4, 5-e -5, 7- 4% 1b-1,2, 3, 4-DU 1B 45l 1A 85 W & 1 g 923

FE P LU B pREE B9 B3LYP 3 6-31G7
e K SE B4 % HTTDO .RDX ., CL-20 FY 45 #4) ik
137 @, 2 9% 3h 4 Hr & BG4, 26 AR AL 4548
PRETH A9/ . R FH Monte-Carlo 35118 T 1]
B e R B HE R OR A5 BEIE H E . CR R F A
LRI S A Bl U5 i (CBS-4M) T T 40 7 11
SR AE UG R E AT RSB T SR R
Politzer 874 H 1 A SOH 5 T 40 F i THAE S, IR 3k
P E A A B As o 32 ] Kamlet-Jacobs 28 X1 43 5l 115
AT R R, R I S5 R L 3,

H 2 3 A1 WL, HTTDO Ky 2% T 2% 1 g 208 i e
T RDX, B AR % B 4 4 R e KT CL-20, B 2
HTTDO My 8 4 5 =
3.4 HTTDO WI#HMHERER T

K H DSC 5k, P T HTTDO Wy #4471 M58 (T
MR 10 Comin™) , LWL WME 3w, BT
HTTDO 25 #4) rf 7 78 B ik 1) VR A D, 0T &= 25 &
o1, A3 i o B2 R 200 C LR 23 B A
B, N ERTLAE B, HTTDO A — A W i
7N U 1415 °C, P TICER A R 1 179.3 °C Al
194.5 °C, #50 fift AT 28 15 W AR A 00 AH AR S R i 2
] AH BT 20t o b 194.5 °Chb g B4 455, L i 85
AN IR A G, SR WRE o il i B PR R R,
M5 SO e M 2L, Jo v B PR i o, BE O g Il %)
K-

S

194.5°C

(]
>
o
—_—
[ w
o o
T T

heat flow / W-g”
=)

o
T

. 1415C ,
50 100 150 200 250 300
TIC

3 HTTDO K DSC il £k
Fig. 3 DSC curve of HTTDO

4 4

(1)L ABAOF iy J5B}, 25 37 fifh i M = /AL T 38 5
b VE AL &AL R RS AL 3R AR T A B H AR AW
HTTDO, B %R 24.1%; 55 3% HTTDO - 4.5H,0 1Y
W, H AR T IER &R, = BN Pna2(1) , #
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R#JE 1.659 g-cm™,

(2)#] F Gaussian 09 & % #1 Kamlet-Jacobs J5 &
AT HTTDO M43 L PERE , RN 9393 m-s™' 42
JE M 41.9 GPa, J# # 4 8010 J- g, B &E Rt T
RDX; B 48 HTTDO Y %5 FE 3 0 5 B¢ (K T CL-20),
R LA CL-20 /5 o

(3) 2% F DSC#F 58 7 HTTDO fy #A1: BE , 45 31 %
B, LA 00 i 2ok R o, A A AR 0 o 0 068 L I 1
i5194.5 °C.,

S 30k
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Synthesis, Crystal Structure and Performance of 1-Hydroxy-1H-[1,2,3]triazolo[4,5-e][1,2,3,4 ]tetrazine
5,7-dioxide

LUO Yi-fen', Bl Fu-giang', ZHAI Lian-jie', LI Xiang-zhi', ZHANG Jun-lin', WANG Bo-zhou'”
(1. Xi'an Modern Chemistry Research Institute, Xi' an 710065, Chinas 2. State Key Laboratory of Fluorine & Nitrogen Chemicals, Xi'an 710065, China)

Abstract: Using 3-amino-4-(tert-butyl-NNO-azoxy)furazan (ABAoF) as starting material, 1-hydroxy-1H-[1,2,3 Jtriazolo[ 4, 5-¢]
[1,2,3,4]tetrazine 5, 7-dioxide(HTTDO) was synthesized by 5-steps reactions including diazotization, oximation, oxidation,
amination and nitration cyclization, with a total yield of 24.1%. HTTDO and the associate dintermediates were characterized by
FT-IR, NMR, mass spectrometry and elementary analysis. Further, the reaction mechanisms of amination and nitration cycliza-
tion were clarified. In this work, the single crystal of HTTDO -4.5H,0 was cultivated for the first time, and the crystal structure of
which was determined by X-ray diffraction analysis, demonstrating that HTTDO - 4.5H,0 crystallized in the orthorhombic space
group Pna2(1). The physico-chemistry and detonation properties of HTTDO were calculated by Gaussian 09 program and Kam-
let-Jacobs formula. The detonation velocity of HTTDO was 9393 m-s™', and the detonation pressure was 41.9 GPa and the deto-
nation heat was 8010 J-g™'. In addition, the thermal behaviors of HTTDO were studied by differential scanning calorimetry
(DSC). During the exothermic thermal decomposition process of HTTDO, a sharp peak occurred at 194.5 °C.

Key words: 1-hydroxy-1H-[1,2,3 Jtriazolo[4,5-e][1,2,3,4]tetrazine 5, 7-dioxide(HTTDO) ; synthesis; crystal structure; perfor-
mance
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