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7TH-=RRIEFE[3,4-b:3"' 4'-F3" 4"-d| R IF FE=F R ITEMIMN A L SR

FREZ O WER A W kR
ZHE  EMmAT

(TR P4 710065)

WE L34 -EIEIRIE-4'-38) R (BATE) ARl £ Caro’s acid B ALHI 4 T 3,4- XU (3-THIEMRIH-4'-F5) W H (BNTF),
WA 93%; 2T BNTF 4T NO, RNt HiKEM . BKSRAFZBN. BMURN, AT Stk & 1H-
TRRIAFE[3,4-b:3",4'-£3" A" d| KA A B =B (HTFAZ) A 7-2 3= IRIA F[3,4-b:3",4'-£:3" 4"-d) W AIF B = JH(ATFAZ). 1
T -BE BT R R P AL HTFAZ B2 0 &4 7,7'- —(WRIE[3,4-b:3,4'-d:3" A" 1R SR B =5 (BTFZ), RN,
MEAEHR . TR TRITE Sk 4T T 45 M RAE. 1595 7 HTFAZ B05, X 528 5 AT 2 26 B HTFAZ SR 254 8 264
f g, ZAREN P2(1)/n, a=0.7252(15) nm, b=0.6458(14) nm, ¢=1.6814(4) nm, ¥=0.7781(3) nm’, Z=4, D,=1.871 g*
em ™, F(000)=440, R, =0.0353, wR,=0.0895. J1-J& | HTFAZ, ATFAZ H1 BTFZ f4k. BERIEREFI L RERT 78, Horp
HTFAZ %% 1.871 geem >, RS 733.7 kJemol . ¥ £1193.1 C. 23R4 345.1 "C. K 8416.5 mes ' #/E0 32.9
GPa; ATFAZ % 1.788 geem >+ ZERUE 831.2 kJemol ™'\ #4545 204~207 “C. 43 A 323.7 °C. #83% 8300 mes™' . /5
N 30 GPa; BTFZ %% 1.862 geem > £ 1752.4 kJemol '\ 43 ff# 55 280.2 °C. MK 7924.5 mes™' . #RJE A 28.42 GPa.
KRIF  TH-Z=RRIAFE[3,4-b:3 43" A" d| R AN BE =I5, AT, SR SiRgEi; e

Synthesis and Characterization of 7H-Trifurazano-
[3,4-b:3',4'-f.3",4"-d]azepine and Its Analogues

Jia, Siyuan Zhang, Haihao Zhou, Cheng Lai, Weipen

Li, Xiangzhi Wang, Bozhou™
(Xi'an Modern Chemistry Research Instritute, Xi'an 710065)

Abstract Using 3,4-bis(4'-aminofurazano-3'-yl)furazan (BATF) as the starting material, 3,4-bis(4'-nitrofurazano-3'-yl)- fura-
zan (BNTF) was synthesized by Caro’s acid oxidation with a yield of 93%. Based on the reactivity of NO, in BNTF, two en-
ergetic material 7H-trifurazano[3,4-b:3',4'-£:3",4"-dlazepine (HTFZA) and 7-aminotrifurazano[3,4-b:3'4'-£:3",4"-d]azepine
(ATFAZ) were designed and synthesized from BNTF and NH;*H,O or NH,NH,*H,O via the nucleophilic substitution and
cyclization, then HTFAZ was nitrated in the system of HNO;-Ac,0O to firstly obtain a novel compound 7,7'-bis(terfurazan
[3,4-b:3,4'-d:3" 4"-flazepine) (BTEZ). The above three compounds were characterized by the means of IR, 'H NMR, *C NMR,
MS and elemental analysis. The single crystal of HTFAZ was studied by X-ray single crystal diffraction. Its crystal belongs to
orthorhombic, space group is P2(1)/n with a=0.7252(15) nm, b=0.6458(14) nm, c=1.6814(4) nm, V=0.7781(3) nm’, Z=4,
D,=1.871 g~cm73, F(000)=440, R,=0.0353 and wR,=0.0895. The properties of HTFAZ, ATFAZ and BTFZ were measured
and followed as: HTFAZ: the density was 1.871 gecm °, the enthalpy of formation was 733.7 kJemol ™', the melt point was
193.1 °C, the decomposition point was 345.1 ‘C, the explosion velocity was 8416.5 mes™', the detonation pressure was 32.9
GPa; ATFAZ: the density was 1.788 gecm >, the enthalpy of formation was 831.2 kJemol ™', the melt point was 204~207 °C,
the decomposition point was 323.7 °C, the explosion velocity was 8300 mes™, the detonation pressure was 30 GPa; BTFZ: the
density was 1.862 gecm , the enthalpy of formation was 1752.4 kJemol~', the decomposition point was 280.2 °C, the explo-
sion velocity was 7924.5 mes™ ', the detonation pressure was 28.42 GPa.

Keywords 7-aminotrifurazano[3,4-b:3'4'-£:3" 4"-d]azepine; analogues; synthesis; crystal structure; property

*

Chin.

E-mail: wbz600@163.com

Received September 5, 2014; revised October 11, 2014; published online December 15, 2014.
Project supported by the National Natural Science Foundation of China (No. 21243007).

K SRRl FE 4 (No. 21243007) E BT H .

J. Org. Chem. 2015, 35, 851~857 A\ ©2015 Chinese Chemical Society & SIOC, CAS hitp://sioc-journal.cn/ 851



BIKE

IR Y AR A2 ) 2 T R v e % P55 M R ) LA & )
JG, ﬂ?m L) B ] B R 2 R RE AR S PR PR AL &
V). GREMRIHMEY — B AR E R BER. b
mgu B Em. AP S S 3,40 (3Rl
I M -4'- 32 ) AL R E (DNTF) A 2 R A0 3 140 3 BB Ik P
Fefb ™, WL FER TR B, fE DNTF Z5R ot
T AR I SR R BC A S A S M R s ¥k, AT S5
DNTF i B . ARSI 2011 4R pTh &
7 DNTF EEALEAL S 3,4-X0(3'- Al M -4 3 ) B A
(BNTF), tREMIA4, R B, BNTF G & /K FIEK T
DNTF, PPt DNTF B FRAR, 4 Al ar LA
F T 185 M 25 AR AR, TR, R DNTF S =
ROEME, Wity BT — RIIPRAE D U0 =BRIE 4
FeINBE =0, AN XURIE F£[3,4-b:3" 4-A) A AL DRI FF:[3",4"-
dVEIRIN PR =0\ 7-2 - =K IH[3,4-b:3,4'-d:3" 4" A%
WP = -1-F A TH- =R IA[3,4-b:3,4'-d:3" 4"-f] &
FIRBE = 1-E st

A TAESIOCHR[13, 14], FIF BNTF Z54 3L 1)
ROBIEME, AT OB B Re A B TH- = R TE JF
[3,4-b:3'4'-£:3" A"-d) E IR I P = M (HTFAZ)Fl 7-2 k- =
WK 35 [3,4-b:3',4'-£:3" 4"-d) 5 24 34 & = 175 (ATFAZ). LA
HTFAZ AR EHE HNO;-Ac,0 7R RAMNE R T A& WSk
B RS 7,7- (WRIH([3,4-b:3,4'-d:3" 4" B A
B —J#)(BTFZ) (Scheme 1), KHLLAM k. JuH A
WX H bR AW R AT T SR, R T

NH,NH, - H20

CHsCN
JON
NN
\
N
O/ ~ NH2 H2$O4
N= NH2 0,
/
N\ _N
o

HTFAZ 4, iFSZ 7 HTFAZ BA Lo E IR0, 5
7 BNTF ¥4k A HTFAZ FARBHLEE, IR %
WFFE T R SR B[R] 55 O R 256 HTFAZ WS ) 5%
W, Wi TEEMRMNEMG. BLERITERET
HTFAZ, ATFAZ 1 BTFZ HIE i 552 Rg, KH
ZARAREAEDSC MK E(TGA L T ATFAZ I
BTFZ WI#AT N, Fit— 0T B B Ao b B 2
LA,

1 HR5R

1.1 AR
1.1.1 %-F R 3R R ALRE

1T BNTF 73 H NO, 58K FiL -1 F DA SRR FE 2R (1)
FHREMH, SHSMHEMERNRET BT =% E R,
BRI IE R, AR TR . NHy BF
— XA L, B S iE C—NO, B IE B C JR T,
[FIfR2% 1 207 HNO,, TMEREES; [FR, B
NH, [FFEEA =X, iR 54 —1 C—NO,
R IEHEMER C R, K% 1 97T HNO,, #MbEMRHE
FRFEY) HTFAZ, T BNTF [k 451254 T- DNTF,
i P G848 R 43 - SRR TOL AN R B b SR,
FAEBEEER, PRI R AR SRAZ BUAR S5 B B S A% 751 25 2 A
B PANRE IR, AT R B A A . A3
S MALEEAN Scheme 2.

ATFAZ

JON
N/O\ N N N
\ /) S/
N =N,
\N/ N
7\ N/ \N
N o N o

NHs H;0 HNO;
NH A O
CH3CN Co
BTFz
BATF BNTF HTFAZ
BR1 (hEWHA R
Scheme 1 Synthetic route of compounds
JON JON
N N N o
V7 _No NN NN
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N N _ = s _
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Scheme 2 Intramolecular cyclization mechanism of HTFAZ
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1.1.2 HTFAZ 4L B2 #L32

it F 5 RS IR I o2 A R B PR A IR R, SR e ik — B AR iR
LA B T-(NO3 ), NOs 5 HTFAZ HH)FHE N 51,
ARGTIER 1, BEEBE AR 7-R %= I3 .4-
b3 A-£3" A -d B AP = H5(2). TR 2 1)
AKasE, HTFAZ FilFfE N JE T BRI B 7 iR R 3
&2 BIERMER N E+, FEBE 155 HNO, 13
FIH LAY BTFZ. HEWH M ALEL L Scheme 3.

0+ HNO; —— CHsCOONO, + CH,COOH

o
CH3;COONO, CH5CO0O" + NOy*
O.
NN ’O\N
\ / \ /) H
N~ N a*
O: ;ﬁ:?NH + N02+ —_— o’ i@:?NQ L,
N N — .
NN N VY NO,
o o

O, 1

N\ /
JON | O
N N NO N =N PON JON
- J A\ N\ /N N\ /N
N / N. N N N
O N O RN - \O
‘N/ 4>O\ _ N—N \N/
7T\ -HNO, N — —
NogN N. _N N. N
(0) O

(0]

2

E& 3 HTFAZ FAb R BiL#
Scheme 3 Oxidation mechanism of HTFAZ

1.2 FERER R R EIRTT

A HUAR S N7 P S AZ AR TR F i — ) FE T 5 TR
JEF R, SEAZRFIA BT BE 5, R, BPSERZTE
5. SEAZMESR T R S MR R R, — R,
AR S, SERIRE ok, 1R 250 T ot 55k
P — S, EAR R AT 7R K A RO B 5,
IR PR ARG AL 55, KA R SRR I s i, DR bk e B ik
FEH, BNTF S5/K& R F=IRERE B R 71%, 5
KRB,

1.3 RREEHHL
1.3.1 R IRZR "

TE SN TEA 2 h 2608 R, WS T ASTR] R 3 R o)
HTFAZ ORI, HARGE R L% 1.

HE 1 WTLEH, MRBEERN 25~30 CH, 1k
RIgEIAE] 54%; RELHE E RN, WOR M FEIK,
I 2 R T R S I R AL v UL T RS SR
SN IN, BIFE Y 2 SRR TR, DE R R
JE RN 25~30 C.
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R 1 LR EXT HTFAZ W
Table 1 Effect of reaction temperature on yield of HTFAZ

Temperature/C Yield/%
20 48
25 54
30 54
40 52
50 50

1.3.2 R BFE &9 %R
TERPIRERN 25~30 CH&MT, W 7 ANE RN
i) HTFAZ WCR s, Bk 3 Lk 2.

K2RV A HTFAZ 153 ) 50
Table 2 Effect of reaction time on yield of HTFAZ

Time/h Yield/%
1 48
2 54
3 52
4 50

M2 AT LLE Y, 2B E] 1 h i, IR A
48%, T2 il b R BUEURH R B AR SE 4T, 2 B [
N2 h, WCRATIE BB (54%); 35 4k 8 4 K BB
6], SEGR ISR AR, FILRR ATREZ BNTF 7EfPE
MR S RRUE A

1.4 HTFAZ BIRIFLER DR

HTFAZ HISASE. BRI K S MBIES T %
3, ST EE R R AR S R g HERR O L 1, BB
K. AL IMA. AR 4~6.

# 3 HTFAZ (¥ 5 R4 5
Table 3 Crystal structure data of HTFAZ

Formula C¢HN,04
Formula weight 219.14
Crystal system Monoclinic
Space group P2(1)/n
a/nm 0.7252(15)
b/nm 0.6458(14)
¢/nm 1.6814(4)
V/nm® 0.7781(3)
VA 4
Dearea/(gecm ™) 1.871
F(000) 440

Alnm 0.71073
Completeness to §=28.14° 97.2%
Reflections collected/unique 4607/1875
Goodness-of-fit on F~ 1.046
Final R indexes [/>20(])] 0.0353
Final R indexes (all data) 0.0502

Largest diff peak and hole/(esnm °) 0.257 and —0.145

© 2015 Chinese Chemical Society & SIOC, CAS
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Bl 1 HTFAZ 731454 (a) F1 i B HE AR E (b)
Figure 1 Moleculer structure (a) and packing view (b) of HTFAZ

R4 HTFAZ K S5
Table 4 Selected bond lengths (nm) and bond angles (°) of
HTFAZ

C()—N@)  0.1303(18) | N@2)—C(1)—N(1) 119.57(13)
C()—N()  0.1370(18) | N@)—C(1)—C(2) 109.39(12)
C(1)—CQ)  0.1426(2) | N(1)—C(1)—C(2) 131.03(13)
N@Q)—O(1)  0.1391(16) | N(3)—C(@2)—C(1) 108.68(13)
NG)—O(1)  0.1367(17) | N@3)—C(@2)—C@3) 123.08(13)
C(2)—N@3)  0.1303(18) | C(1)—C(2)—C(3) 128.23(13)
C(2)—C@3)  0.1458Q2) | N@)—C(3)—C@4) 109.36(13)
C(3)—N@)  0.1306(18) | N@)—C(3)—C(2) 124.02(13)
C(3)—C@)  0.1413(19) | C@A)—C3)—C2) 126.61(12)
CA)—N@G)  0.1305(18) | N(5)—C(#)—C(3) 109.04(13)
CA)—C(5)  0.1455(2) | N(5)—CA)—C(5) 123.66(13)

RS HTFAZ (385 A
Table 5 Selected torsion angles (°) of HTFAZ

N(Q2)—C(1)—C(2)—N(3) 0.59(16)
N(1)—C(1)—C(2)—N(3) —179.85(15)
C(2)—C(1)—N(@2)—0(1) —0.87(15)
C(1)—C(2)—N@3)—0(1) —0.01(15)
C(3)—C(2)—N@3)—0(1) 179.33(12)
N(6)—C(5)—C(6)—N(1) 179.84(14)
C(1)—C()—C(3)—C(4) 3.1(2)
C(2)—C(3)—C(4)—C(5) 3.4(2)
C(3)—C(4)—C(5)—C(6) —6.8(2)
N(1)—C(6)—N(7)—0(3) —179.49(12)
N(1)—C(1)—N(2)—0(1) 179.51(12)
C(4)—C(5)—C(6)—N(1) —2.5(2)

K 6 HTFAZ 3573 S0 1 8K (nm) FIEEE 1 (°)
Table 6 Bond lengths (nm) and bond angles (°) of hydrogen
bonds for HTFAZ

D—H-A D—H H-+A DA  DHA
N(1)—H(1)=-N(7)#1  0.084(2) 0.219(2) 3.0065(18) 165.7(19)

R EERE R — A Euh. SR 4 FTLUE H, A kg
I} C—C, C=N fl N—O #H-FIsK 5 58 0.1426,
0.1369 A1 0.1367 nm, 5 SCHERFRE (R A —2"Y, i
i N(2)—C(1)—C(2)—N(3), N(1)—C(1)—C(2)—N(3),
C(1)—C(2)—N(3)—0(1), C(2)—C(1)—N@2)—O(1)%3 %l
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N 0.59°, —179.85°, —0.01°, —0.87°. _EiR%¥E Bk
MIAALSPH, PRIAER b 6 ANFF IR — AN L0 o g, L
A C BRFHRE 1 AT, B N EFRRAE 1 B,
AR T B XU T

MZE 5 b I C(1)—CQ2)—C3)—C@) (3.1°),
C(2)—C(3)—C(4#)—C(5) (3.4°), C(3)—C(4)—C(5)—C(6)
(—6.8°) AT LUE th =AML . Hs =ANRIEI T I
B =ASFE: P 1 [C(1)—C(2)—N3)—0(1)—N(2)]
53 2 [C(3)—C(4)—N(5)—0Q)—N@4)], “Fifi 1 5F
[fii 3 [C(5)—C(6)—N(7)—O(3)—N(6)] LA K F-1fi 2 511 3
Z AV T A 20 590N 4.06°, 6.63° A1 7.8°, B 3 MERIH
FRFEAIL. T A C(4)—C(5)—C(6)—N(1) (—2.5°),
N(1)—C(1)—C(2)—C(3) (0.9°), N(1)—C(1)—N(2)—O(1)
(179.51°), N(6)—C(5)—C(6)—N(1) (179.84°)FJ LAF i N
SRR =ANBRIA AL, RPN IR SCRH) o Ltk
Z. Bz T AR E.

HTFAZ 43+ C(1)—N(1) (0.1369 nm), C(1)—C(2)
(0.1426 nm), C(2)—C(3) (0.1458 nm)JEK S C(6)—
N(1) (0.1368 nm), C(4)—C(5) (0.1455 nm), C(5)—C(6)
(0.1427 nm) I BEAARRL, RIIZ T R FREEH).

HTFAZ 73451 rh 3 BARAE I 2 70 ¥ 1Al i SR (1A
2), il B8 H JR+5 54— 1 HTFAZ BN 51
TERERE. AR ENE 6 Px, A PEE T
F& TEALED N(D—H1)- N(HEREE. Hd H-N(7)
FI8EK(0.219 nm) A N(1)—H #K:(0.084 nm)f 2.5 %,
AR IR NQ), AR E#X—H-Y, H & 7067 T
R Xe-Y A, 8 N()—H(1)--N(7)A 165.7°, 1]
RESZ n A S I HEFI AT HERA S . B 2 WT LR
HTFAZ 731 UK, 2Nl S8, 2 F A7
TEYUABAE ), S0 THER RS, SRS AL F] 1.871
geem . TR S8 T BB e . %
&P AR s DAk T oI AR EE 2, 4o
CCDC: 1026193.

Bl 2 HTFAZ EE5 1
Figure 2 Hydrogen-bonded structure of HTFAZ

1.5 HTFAZ, ATFAZ #1 BTFZ HIMAEITE
FIF GAUSSIAN 98 F2 #2080 VLW #8%& 7 f22 it
HEVE, ST EAME AT TR, SRk 7.
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71 HTFAZ, ATFAZ 1 BTFZ ¥4 Mg
Table 7 The performances of HTFAZ, ATFAZ and BTFZ

Density/ . o .~ Decomposition Detongtion Detonation pres- Enthalpy of Explosion tem-
Property Appearance (geem ) Dissolubility m.p./C temperature/C Velocltly/ sure/GPa formatl(i?/ perture/K
(mes ) (kJemol )

HTFAZ White solid 1.871 g;ztsoge and o3 345.1 8416.5 32,9 733.7 5110.6
ATFAZ White solid 1.788 g;ztsoge and 2(2)3; 3237 8300 30 831.2 5085.9
BTFZ  White solid 1.862 iﬁlezhﬁd 280.2 7924.5 28.42 1752.4 —
Zcfz:iition Eyeballing z(r-yr:[};lsmgle r]fl);;t)lfl:(r)lénental DSC DSC II:;];I:Z d VLW method Gaussian 98 VLW method
F-H Gaussian 98 F2/¥ B3LYP16-31 7152120

M 7 A LLE H, HTFAZ 5 ATFAZ #LL, H# 6] a 345.1°C
B BEE. B BIEE RS, 2508 1.871 geem ]
8416.5 mes ', 5110.6 K, 32.9 GPa, ¥ s flA IS, ~ 4
SR 193,01 °C, 733.7 klemol. 45 W], HTFAZ K, e o] 1]
ATFAZ MR ETS, (%9 HTFAZ [ 5 ko BERTs, it £ ] o “
R T UG HTFAZ, 40 T 3CHMELE, B & 28
I3, WRUE NS, SRR, T TR A g 7] 237
SEHHMAE L, 5 E AL F] 34501 C. Hrp 44
HTFAZ 5 BTFZ (45K, BRLILH a2, T Gl Esael R
FEBK FEA RSB . 0 100 200 300 400 500
16 HTFAZ 5 BTFZ 34734 20 Temperature/© ’s

K2 R E PRI E AL, 10 “Ceomin™ [ 100 D ;_1467';00 241.6°C o
THEEF &1 T3k T HTFAZ M1 BTFZ [¥] DSC Al | A
TG-DTG BIili([& 3, 4), %% T 7E 30~500 CH M Ry 80+ H1s E
RaErE, SRR, 7 N, SUR, BET DSC i, £ ol o £
FE 50 mLemin™', JREEMER 30~500 C, 7EH K ik g ] e
(LR 1 MPa 2820003445 54018l 3a Firs. = 40 o

B3 UL, BIZR[117E 193.1 C, f— R, i = c° Q
N HTFAZ afbig. BEEREH ST S, 78 2523 C 1 1.61% [
HEL— 2 i, FEBCA B g, M B 00 I 5|0 ' 160 I 1%0 I 2(|)0 I zéo ' 300-5
JE MR TLAE H, 78 193.1 CH Mg, 5% %K Temperature/°C

T A8 dRETHR, 1F 3451 CH AN B,
fE 295 CUARTIZAAYIVEALBA o il P2k 28 %t
R ZAEPIEILE, TERSRIIWA N R4 TR,
SRJGTEENA iR, TR T DSC A H ke, 17 2
T G212 IR . ) HTFAZ ) TG-DTG HiZk(/& 3b)
Al LAE HEFE R FHEIEFE(20~300 C)F, MiRERKT
116.5 CHIREE A, BRURENCH 3%E 4, et
W, KM REERIAE 2416 C, M EIA T
270.1 CHf B ERKTEA, EHRRIL 98.4%.

MK 4 FTLUE H, BTFZ ¥ DSC 4k B AR
I 280.2 °C, BTFZ A & 1RSI FE, 72 AH
RE N EE S, WO KEHRE; AE 4b § BTFZ
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B 3 HTFAZ ) DSC (a)fl TG-DTG (b) il £k K

Figure 3 DSC (a) and TG-DTG (b) curve of HTFAZ

[1] DSC in atmospheric pressure; [2] DSC in 1 MPa
1] TGA P LUE H, SEEMT 1748 C B BTFZ
HREE D, RRKREN N 3.7%; /£ 1748 C %
309.8 °C FHi it FE R PRIk H, RE LN 83.4%; F
365.8 CHrfRIEARTERR, A M RIEL 12.2%), MiE
TS, BVt — .

234 L iR, HTFAZ 15 #Od 2 seiath,
TEBNASF AW Nt — 0 kAR, R EZ
A% E B2 R, HTFAZ HA B E
PE, HER T 594k, &Y BTFZ BAHES, 15
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B 4 BTFZ [ DSC (a) 1 TG-DTG (b) ik
Figure 4 DSC (a) and TG-DTG (b) curves of BTFZ

VA, BEIESMR, MRS 280.2 C.
2 #ig

DL BATF NIEEL, £ibdfh. B FURBA R
TWR SR AY HTFAZ 5 ATFAZ, TERSBR-BSHETF 1A
R E A HTFAZ 183 7 & W SCHRIRE BT L &9
BTFZ, KR AN SR JTCER B A X =
Tl G DIEAT 7 25 HRAE; HEW 7 HTFAZ B B AT
BTFZ Ak e MALEE; $59% T HTFAZ .4, ShiRgsi o
WK H: HTFAZ R R, SEEER P2(1)/n, k%
FE 1.871 geem™; JHIE 5 AL )7 155 HTFAZ,
ATFAZ 1 BTFZ HIIAC TR 22 1 REdEAT A 7, L% o
BN 1.871, 1.788, 1.862 geem °, HEH /3 HI N 8416.5,
8300, 7924.5 mes '. X DSC F1 TG-DTG W5 T
HTFAZ 1 BTFZ W0 iR 78, o fif s il 345.1
F1280.2 C, RILH T REFHIHFREME.

3 SRS
31 UHB5RHF
i BRUKER A# Y AV500 #4(500 MHz)i#E 54
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WEAEIRA EE R E /1A R NEXUS870 HY{d 5 it
AR LT AN, 5 E EXEMENTAR /A & Vario EL-III
RIIC R, HA K GC-MS-QP 2010 Plus 75 i
1 HAE AT LC-2010A WIS, JbmZ T
AR X-6 B RAHUE Sl E AL Hi 1 BRUKER 2
#] Bruker Smart APEXIICCD A7411%; 3% [# Nicolet /A ]
TA2950 #EAY; [ Netzsch A& DSC-204HP & /&
R ER

W, Wy, 285, KEM WEK(RES
B 50%) BK(TE T 25%~28%) 45 o b, il
P h Tl S 20 5 97%); 3,4-X0(3'- 5 M M -4'- 3 )k
LENER
32 ZWHE
3.2.1  3,4-3(3"-#K A ok A -4'- 2 )k "B (BNTF) 49 & &,

] 250 mL FI NI 50 mL ] 50%[%) H,0,
1 NaWO42H,0 (6.0 g, 0.02 mol), 7£ 0 CHiFE N, 2518
0 60 mL [ 98%[1 B ER, IS [A]1Z54 20 min, %0
seke, FHRZE 30~35 C, 4r#itin A BATF (5 g, 0.02
mol), MIRISEEERIE 1 h, FEIEZE 10 C, f#IA 200 mL VK
K, E. KBE. TERAOAREE 5.8 g 1E 93%.
m.p. 88~89 C; C NMR (DMSO-d,;, 125 MHz) §:
160.17, 142.09, 138.94; IR (KBr) v: 1613 (furzan), 1572,
1384 (NO,) em™'; MS (EI) m/z: 296 [M"]. Anal. calcd for
CeN3O7: C 24.32, N 43.24; found C 24.47, N 43.64.

322 TH-Z="k"AH#[3,4-b:3 4-£3" 4"-d] R I3 & = 1
(HTFAZ)#5 4 %,

7] 50 mL [ BRI 30 mL /K Z 065, Fn
A 2.0 g (6.8 mmol) BNTE, ¥l 2 g (14.2 mmol) & /K,
1E 25~30 CHif: 2 h. RFEEEIAN 100 mL K, H 50
mL “EP AR =R, S EANVAE, KR T 6
h, i€ ZTRAAGEE 0.8 g, W 54%, 40 99%
(HPLC). m.p. 193.1 ‘C; '"H NMR (DMSO-ds, 500 MHz)
d: 12.42; C NMR (DMSO-ds, 125 MHz) o: 152.44,
144.47, 137.29; IR (KBr) v: 3200 (NH), 1510, 1480, 1001,
985 (furazan), 1639, 1604 (C=N) cm'; MS (EI) m/z: 219
[M']. Anal. caled for C¢HN,O;: C 32.88, H 0.46, N 44.75;
found C 32.55, H 0.38, N 44.53.

323 7,7-=("k7A[3,4-b:3,4"-d:3" 4"-f] R A= IR B = M)
(BTEZ) %) & m&,

] 50 mL FI BRI 10 mL TOLASER, A E1E
—10 C, it 1 g (4.6 mmol) HTFAZ, £—10~
0 CZEIZHM Ac,O, Wmsce, E TR 2 h, M
WAEIN 100 mL vk, duE. KPe. TS A AE 4
1.73 g, W& 87%. *C NMR (DMSO-ds, 125 MHz) ¢:
151.30, 143.94, 136.59; IR (KBr) v: 1594, 1496, 1170,
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1003 (furazan) cm . Anal. caled for C;5N4O¢: C 33.03, N
44.95; found C 33.15, N 44.82.

324 7-R A =k A H[3,4-b:3,4-F:3" 4"-d] R Z: IR B
=M (ATFAZ) 8 & &

[ 50 mL = FBEHEF A BNTF (2.5 g, 8.4 mmol)
A120 mL 2.5, fE10~15 Cihn80%K & (1.1 g, 17.6
mmol)iF In5e ke, FHRZE 25~30 C4k8: &N 8 h. #ix
REREIN 50 mL KR, g, F/KFEM e, T
A AMEKE 0.56 g, WE 71%, 4iF 99%. mp. 204~
206 ‘C; '"H NMR (DMSO-d,, 500 MHz) &: 6.157 (s, 2H,
NH,); *C NMR (DMSO-d,, 125 MHz) 6: 156.63, 144.22,
135.72; IR (KBr) v: 3319, 1632, 1578, 1494, 1423, 990
cm . Anal. caled for C¢H,NgO;: C 30.77, H 0.85, N
47.86; found C 30.54, H0.71, N 47.95.

3.3 HTFAZ B&EiEFEME
3.3.1 HTFAZ #h3:%

Al E KT 99.0%1 HTFAZ HHIRES, IIAFK
MOBEARLE 1 DIRAERT, RoERE, diE
HAEARB LGN, BT TENSERES, SR
JCE — BB IE fE, 15300 5 B A A,

3.3.2 HTFAZ ¥ &40z

EHR ~FN 038 mmX0.3lmmX026 mm ]
HTFAZ 5.4, iR N & T Smart apex I CCD #7411 L,
230w 88 B a4k ) Mo Ka $128(1=0.071073 nm),
PL w/26 AT, £ 2.64°<9<2827°, —9<h<S,
—8<k<8, —20<</<21 VU WILIRESR] 4607 MATH
m, HABRSTATE A 1875 AN(Rin=0.0199), 1754 /NI>
20(D1ATHF AU TS50 e AE IR AR 45 AR 7
SHELXS-97 fl SHELXL-97 B #:ukfi B2, &4
Fourier & kB EMIEE R T. S AEEJR T HIALFR
K& FERSH, K w=1/[c*(F,")+(0.0486P)" +
0.1288P], P=(F,*+2F.2)/3), &4 %0/ —FiF1E1E
J sk

4 Bh#f £l (Supporting Information) Hiztb &4 7-&
- = I [3,4-5:3' 4'-£3" 4 -d] B A4 3K P = 4% (ATFAZ)
7,7 = (WRIH [3,4-b:3,4-d:3"4f] B2 PR =
1#)(BTFZ) I 25 74 %5 e Bl ax se bkl mp DL 4 2 A T
I 3k (http://sioc-journal.cn/) b %%,
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