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(HATF) Al 7-2 56 =k (3,4-b:3",4'-1:3",4"-d] K 2%
WP =, Hop HATF i SR % % R 1.871 g-cm™ 43
fife 15K 345.1 °C SR 8416.5 m-s™, M ReE 5 .
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Yk RE A 2 F B WOE HATF-E e A LS A
B A PR m IR . R, HAETIE WA &
N—OH Z544 (1 -1 ST R Wk IR AL 5 90 104 R 5 SRR I8

YT LR, AR BTAL DL 3, 4-X0 (47 -l F ok
WE -3 7555 ) Wk RE R R N VS R R DR A T A N-OH
iR LTI A Y 7 kIR 3,4-b: 37, 4"
3", 4"-d VR R B =0 (HYTF) R s i 38 3 A Ak 51
BT HYTF R HATF B ol #5428 T HYTF 5 5 i
P FH 2R i HATF B B2 B HL B 5 R 22 718 49 48 4 $R
(DSC) 43 B 1T HYTF #F205E M, FI H] Explo5(V6.04) %
PEFUAL T IR PR RE .
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NEXUS870 7 {8 HL i 745 8 21 S S 1543, 55 [ $i g
Jé i J1 23 ) 5 AV500 B (500 MHz) #8548 wE 2L PR 1Y,
Fii +- BRUKER 7 7 5 Vario EL-TI %4 J€ & 43 Hr A% , 1% [H
EXEMENTAR /A 7 ; LC-2010A & Al 835 4% , H A4 5 i
3 ) 5 Q-200 Y 2 R A PN, L E TA A H] .
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Scheme 1 Synthetic routes for HYTF
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23 LRISER
2.3.1 HATFH AR

3,4-%0 (4R W IH-37 -5 ) nk AR 35 SCik (1714
Moo T, ¥ 4.4 g(15 mmol) 3, 4-X (4'-fiff & nk
-3 ) BRI AR 50 mL 206G S HER S 2218
fi13.0 g (45 mmol) it & 73 Bh 50% 2 J K W, PR i
FNE 2 ho NS5 S VR 2R TR K O LRI & LB
UK (V:V=4:6)EEE 1.7 g LA, ILHK 51.8%,
4l % 98.4%. & &5 :193.0 °C;'H NMR (DMSO-d,,
500 MHz),8:12.46(s,H,NH) ;>C NMR (DMSO-d,,
125 MHz),6:152.88,144.90,137.73;R(KBr,v/cm™):
3200, 1510, 1480, 1001, 985, 1639, 1604; Anal.
calcd for CHN,O,: C 32.89, H 0.46, N 44.75;
found C 32.77, H 0.49, N 44.91,
2.3.2 HYTFHI&ER

FE=10 °CF 6 4.4 g(15 mmol) 3, 4-X (4" -fipf HE
WENH-3 - ) BRI A EI 15 mL 5, BEFE % 5 2%
5 5 I 28 1835 n 3.0 g (45 mmol) (& 22 %0h 50%)
FRROK W, RIR RN 1 h, BRI REARNE R e 4. INR
TP A 1 g AR I EE 31.1%, 4l 97.2%
dec.: 161.8 °C;'H NMR (DMSO-d,, 500 MHz) ,8:
7.97(s,H,OH); C NMR (DMSO-d,, 125 MHz) ,
8: 155.38, 144.42, 135.64; "N NMR (DMSO-d,) ,
8:33.08, 30.70, —3.51, —252.34; IR(KBr,»/cm™) :
3215, 2924, 2740, 1591, 1504, 1423, 1378, 1214,
1086, 1059, 1014, 998, 987, 942, 894, 864, 837,
627,600, 583; Anal. calcd for CHN,O,: C 30.65,
H 0.43, N 41.70; found C 30.71, H 0.47, N 40.97,
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3,4-XL (47 He Wk -3 -3 ) Wk T kA SR A
BUR R A A B HYTF i B zs 4 . SR e =T,
W S W TR M E] 3, 400 (4R FEIR A -37-35) ki Y
CNEW W, oy B AT B0 1 7 ) e 2B UE S5 J& HATF.
I 98 2 € BT i 7 S R A0 A 0, Y A SR T
e S B BN AA R v TR AR R — A o) A (R M R T
HATF) , B 5 3L W 21 HATF 248 . 24 58 B A 5 B
Jei, H R AR T 2 TR A FR R HATF I 32 of
Ko FRATTHEM 52 ok B H B A o ) AR AR T RS2 H AR
AW HYTF (0 H B 3 52 9 2E 47 SUFE 1B HATF
BT AR A 5 22 U A AR S g Vi B AR A1 3 A s i A
At
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ML, U HE T 50145 & 4 M HATF,
TR 2T R R UK S AR N, O

PN ,0 -0,
NN NN "W
N N/ ne N ¢
HNO ! 2
O/ = N02_2> O/ = HKNOZ M 0\ N-OH
= =R ENOH N=
N N0, N {
J—i\HoH I N
N\O/N A N\O/N ~0
HYTF
l NH,OH
-0
N
LN N/O\N
Ho ot 0 HooS N Al aon
MO oK 4 oKt M Oﬂ 2
O¢N HO” +\OH \N/ o - O\ B Ng OH
! D
N\O/ No /N
OH 0 0
NN — N0+ K0 l
0 HATF

Scheme 2 Proposed formation mechanism for HYTF and HATF

3.2 “CHIUNZ#EIL

K H AR AR I DMSO-d,, 5¢ M T HYTF i1 °C
FTN NMR S50, 5 5 & 1 frzs o HYTF i % R
4y F, HPC NMR A i B 3 A5 5 1% (Fig.1a) , HYTF
43 N—OH X 55 A 4 1 Wk WA Bl JiL 1k 2 461 5 2
A BUE AL AR AL KRS K RS 5 %
b2 # S 6=15538 5 5 WA C(1) . B T
HYTF 1 C(2) Fl C(3) it &k 14 £k 24 SR 5% 5 AH AL, A AY
R 4 SC Rk 5 L 0007 4 AR M X L HE R FR L . MR
A5 J5 F # i (Gauge Independent Atomic Orbital,
GIAO)"™ J5 1 J2& H iy 101 I A% 1 3 e 1k 2 60 6 5 ok e
Br Jr ik, B R ETE R H TR R S
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Fig. 1 ”C and "N NMR spectra of compound HYTF in
DMSO-d,

NMR F . 76454 ft Ak B ml | (B3LYP J5 6-311+G
(2d,p) LA AKT-) 2R FHBLE AN A8 Ji 7 i ke
HYTF 23 C N JEF 2= B A7 B 5 . ik
IS E LR N C(1)8=162.14.C(2)5=148.78,
C(3)6=139.63, 534 {1 C(1)5=155.38.C(2)6=
144.42 . C(3)8=135.64 W) & FEAUT 30 Uk 1 J7 5 1
Bt [P, 52 T HYTF &% 038 (Fig.1b) .
3.3 HMMEMR

FHZREM B (DSC) , 7E 10 °C-min™ f# THE
PR R4 T HYTFAE 50~450 CAF Y DSCHll
2k WA 2FR HYTFAE 150~180 °CHLFE P, A M4~
RIS 1) 7 ik ORI DA 3591 161.8 °CHIT166.1 °Co
TS Y HATF (o gl TR Ry 345.1 °C)17,N—OH
M5 A KIEREAL T HYTF B8t £ HYTF 01 h
19 N—OH R #ORFE £, X 56 B8 HYTFLE
IO AR R RO R T B e A HATF (14 285 AR AR IE .
3.4 BEMEE

K 11 % BE 2 R PR S (DFT) (9 B3LYP J7 812, 78
6-31+G(d,p) 34K EXF HYTF B9 250 47 1 441
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Fig.2 DSC curve of HYTF

A, G 4R B J A o A e BRIG HE At , 2 WA 245 4 O 3 i
[T SR A= E U=k (R B ) R L S |

F1 HYTFIOIEEERE

FH 5 4 He 4 )5 ¥ (CBS-4M) 2 4817 298 KIF HYTF
B%E {1 H°(Molecule, 298 K) , i #5 H FLA AH A= il
(AH(g))H 655.8 kJ-mol™ . FF] Trouton % 2 i
A T HYTF B FH4EES (AH,,,=82.0 kJ-mol™),
SRR A K U 25 T AR B AT A E) HYTF B [ A A s
AH(s,M 298 K),} 573.8 kJ-mol™',

K FHERE AR R HY TF 25 4 1.86 g-cm ™.
T HYTF 520 % B fn [ AR A= &5, R Explo 5
(V6.04) FL 52 Fifli HYTF 1948 5 0 8181 m-s™', JJE
#328.0 GPa. A T 4P RN HYTF PEREHE A&, % HYTF
5 RDX B SCHRTERE M LB T2 1, & 1 a1, HYTF
1) %5 J3 R0 R 6 240 T RDX, 4 3 R ST 141K T RDX,
B T HYTF 5 F o Joms 3, 501 A X 5 22 BT 38

Table 1 The detonation performances of HYTF
N 'QCOZ) pj) AfH(S) 4) Tds-r 5) pr D7)
compound formula B - -
/ % | % /g-cm / kJ-mol™! / °C / GPa /m-s™!
HYTF C,HN,O, 41.7 -17.0 1.86 573.8 161.8 28.0 8181
RDX C,H,N,O, 37.8 0 1.81 80 210 30.9 8872

Note: 1) Nitrogen content. 2)Oxygen balance (based on CO) for C,;H,O N, 1600(c-(a+0.5b))/M,,, My, =molecular mass. 3) Measured density. 4) Heat of forma-

tion. 5) Decomposition temperature (exothermic peak). 6) Calculated detonation pressure. 7) Calculated detonation velocity.

4 #i

(T)LL 3, 4- X0 (4" - BE K I -3 755 ) ke nE 70 588 i %%
WM R, AT — R R L T I B 7 R ik
M 3-(3,4-b:3",4'-f:3",4"-d) AH Z¢ 3 P =4 (HYTF) ,
KL% RN 32 BE A AR AR -5~ —10 C A 2B A
HYTF, & & F 42 7H-= 1wk 0l 3£ (3, 4-b: 3", 4-f: 3",
A4"-d B IR P =45 (HATF) 3D T HYTF 5 3 ik —
A A B HATF A HLEE

(2) 3 F 5256 245 FOM B B, BT T HYTFC
FN NMR, 58 8T HYTF B9 BR 35 A1 2G5S VR

(3)HYTF 3 5 A4 5l k% 4 573.8 k)-mol™, 52
W 1.86 geem”, A IR R 161.8 °C, TUAl 1 £
WM 8181 m-s™, )k 28.0 GPa, %W HYTF J& —fh %
FER R PERR AL SRR AW -

5% 3Tk -
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Synthesis and Properties of 7-Hydroxytrifurazano[3,4-b:3’,4’-f:3",4"-d]azepine

ZHAI Lian-jie''*, HUO Huan', WU Min-jie', ZHANG Jia-rong', Bl Fu-giang'?, WANG Bo-zhou'*
(1. Modern Chemistry Research Institution, Xi'an 710065, Chinas 2. State Key Laboratory of Fluorine & Nitrogen Chemicals, Xi'an 710065, China)

Abstract: A new seven-membered cyclic compound 7-hydroxytrifurazano[3,4-b:3',4'-f: 3", 4"-d]azepine (HYTF) was synthe-
sized using bis(3-nitrofurazan-4-yl) furazan and hydroxylamine solution as starting materials. The structure of HYTF was charac-
terized by IR, "C and "N NMR and elemental analysis. The chemical shifts of C and "N NMR for HYTF were assigned based
on the experimental results and theoretical simulation (Gauge Independent Atomic Orbital). 7-Hydroxytrifurazano[3, 4-b: 3",
4'-f;3",4"-d]azepine (HYTF) and 7H-trifurazano[3,4-b:3’,4'-f:3",4"-d]azepine (HATF) could be synthesized by controlling
the reaction temperature, and their formation mechanism were proposed and illuminated. Based on the experimental density (p=
1.86 g-cm™) and calculated enthalpy of formation (A;H(s)=573.8 kJ-mol™), the detonation velocity (8181 m-s™') and detona-
tion pressure (28.0 GPa) of HYTF were calculated by Explo5 (V6.04). In addition, the thermal stability (T,,.=161.8 °C) was ana-
lyzed by differential scanning calorimetry (DSC).

Key words: 7-hydroxytrifurazano[3, 4-b: 3", 4’-f: 3", 4"-d] azepine; energetic materials; furazan; seven-membered cyclic com-
pound;detonation performances
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