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2.1 KFI5EE

WA KR A SRR R OB
AW bE CBESFE Ry oy Bl $hR (36% ,V/V) , AAOF
AR

XA . SR E A JE i ) 24 \] NEXUS870 7Y {8 B nf-
A 4T Hh St 3% AL . F + BRUKER 73 &) AV500 #1
(500MHz) #8 S A2 J 4R A . 5t DSC-60 7 22 7R 47 4
FaHEIY . LC-2010A ht J& A € 1% 1% . Bruker Smart APEX
Il CCD 7 1% .
2.2 BRRH
2.2.1 3-5E-4-5EKIE(CNAF) WA

F T, 2.00 g(14 mmol ) 3-Z Kk -4 -k 2 i Ak
I (AAOF) 5 10 mL )k Z BRI A 357, LI A3. 10 ¢
(13 mmol) & A ALHT,20 ~25 CF /M 1.5 he i8Rk
FVLTE W SR AT B0 F 50 mL K, FH 2R 28 % B
(5 x40 mL) , ZE UK 208 08 K ¥k 5, TGk MgSO, T
M, U 7% R A B8 [ 44, CHL, CLoRS i 15 23R BT 64 4
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110 g, R 71.4 % ,KE S5 AT H G 1K 0.85 g,
4 99.8 % ,m.p.: 86 ~87 C ( E4551:),88.02 C
(DSC: 10 € - min"'),” C NMR ( DMSO-d, ), §:
156.98,125.99,108.22; '"H NMR(DMSO0-d, ) ,5: 7.10
(s,NH,); IR(KBr,cm '), v: 3412,3339,3251,3206
(NH,) ,2266( C=N ),1644 (NH,); JTTCE /S (%)
CeNyO, : SEIAE (B ) C 32.73(32.79), N 50.91
(50.42), H1.82(1.65),
2.2.2 3,3-"H5EH4,4-BREKIE(DCAF) &
) 26 mL(36% )Lz A 1.10 g(10 mmol)
CNAF V& i J , A8 M2 i 1. 60 g(10 mmol ) 5 i R 4
AR K W, B O AR THIR 22 50 C ORI 4 h 18 200
g T T A E R 100 g, R 92. 6% , 4G

(LFE: K=1:1)5M53ZEEHKO.90 g, 4
99.9% ,m. p.: 151 ~ 152 C (BHEE),154.86 C

(DSC: 10 € - min"),” C NMR ( DMSO-d, ), &:
162.447,126.767,107.331;IR (KBr,em ') ,v: 2267
( C=N ),1036 (ML) ,1630( N=N ); JCZ4
BF (%) C,H,N,0: Szl i (¥ g ) C 33. 33
(33.47) ,N 51.85(51.39) ,H 0.00(0.41) .
2.3 HREF

¥ 1.00 g DCAF 4380 F 1,2- 75 2 % (20 mL)
TR T 0 A A S DR R R 0 A T
L B RS RN 5SRO RO S A

3 HRE5WRR
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3.1.1 IR MG E

HCl 5 CNAF 9PRLH O 30 ¢ 1, W (A D 4 h, 4
by B BE X 7 MR BRI, B SR 5 R LR 1

R 1 W6 R ELE X 79403 85 00

Table 1 Effect of initial reaction

temperature on yield of DCAF

temperature/ C -10 -5 0 10 15
yield/ % 92.5 92.6 89.1 81.8 74.1
purity/ % 99.9 99.9 99.8 99.7 99.8

oI 1 AT LA 0 i B i BE 22 52 i = R
Pt ik B2 AR, WA AN W 38 I, R AR T -5 CmE, ik
FRAIKF] 90% LA L, Bow) ih B il P il 7R -5 C LU
NENIE .
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CNAF S 153 b [ 44 1, 9k 25 5 Al A2 B P o) 4 2, 35
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Table 2 Effect of ratio of hydrochloric acid
and CNAF on yield of DCAF

HCl/CNAF 10/1 20/1 30/1 40/1 50/1

yield/ % / 64.9 92.6 91.8 83.3

M2 Al LU i, 2 HCL 5 CNAF P8 HE AR T
30 ¢ i, oy T EUOREAS BE 5 AV % L BN AN 784S Bl
FREAR, T PR T R 22 S A 23 ™ 4y, Nt HCL
55 CNAF [ EPPRH L 30 0 1 ~40 @ 1, 22X A B IR
P TR A 132
3.1.3 [RizRfid

PG R N -5 °CHCL 5 CNAF #1KL o
30 ¢ 1, S R IS [A] Xk S I WE S 114 72 k) L 3

M 3 AT LA, BOW A D 3 h B RO A 85T
B ARAG s 25 S BE I E] g 4 b IO B ey, HE I I ]
W A BAT BT A v, R 0 S R I (] 4 he

*3 R EZAERT R R ER B9 B
Table 3 Effect of reaction time on yield of DCAF

time/h 3 4 5 6

yield/ % 81.2 92.6 92.0 91.8

3.2 DCAF g4

PHEUR 14 0.29 mm x0.18 mm x0. 11 mm [ 5
mm BT AT AL B DU S B8 A Y MoKa S 2k (A =
0.071073 nm) 5G4+, F 293(2) K, F w/20 J7 X, 7
2.45°<60<25.0°, -8<h=<8,0<k<13,0<[<21 3Lif
LEF] 1910 A A7 P A5, H vl 57 A3 5 63 776 S (R, =



5 4 3] JEHE TS . 3,37 -2k 4,47 R KA (DCAF) & B i 1R 254 387

0.1859) . AR L Lp RIEMZARW IR IE, B4 1.622 g+ em ™

N (m} 2z
FLARAE Founder5166 113341 | SHELX97 2T 56 AL 24 BT x10°) MEHEEETF( x10 nm’)
= 3 ¥ = — eV
JEUF AR AR LR S5 S R M;Hilj\f;&& Table 4 Nonhydrogen atomic coordinates ( x10*)
(Ena ,5”5/%)?%1’8%%%@%ﬁﬁ@%ﬁf@ﬁ“z_u o and equivalent temperature factor ( x 10 nm’)
AR TS R ARW] . DCAF 374 216. 14, S K JE = atom P y " Ueq)
BHHR,2SEIBE P-1, iK% S50 a =1.8297(11) nm, N(1) 1377(3)  —470(8) 2981(7) 64(2)
@=90°,b = 0. 588 (3) nm, B = 114. 863 (12)°, N(2) 2008(8) " 2705019) OT2687(7)  66(2)
. 5 N(3) 172(3) -501(9) 672(6) 53(1)
0209069<5) nm,'y:90 ,V208853(9> nm ,Z= N(4) 836(4) 5679(10) -736(8) 76(2)
4,D,=1.622 g - cm73,F(000) =432, u (MoKa ) = o(1) 2050(2) 853(8) 3653(6) 67(2)
0.131 mmfl,R, =0.1039,wR =0.2420, G(1) 915(3) 532(10) 1644(7) 47(2)
C(2) 1309(3) 2524(10) 1431(7) 49(2)
DCAF ({14 1 431 &5 K6 RN 43 7 6 & i b 1 3k RS c(3) 1043(3)  4240(12) 209(9)  55(2)
SR T RN 2, Ji A b A A5 R0 B AL VB A
BABIES I THRL~F6 F, 5 gEEeEk 2
Table S5 Bond lengths and bond angles
bond bond lengths/nm bond bond angle/(°)
N(1)—C(1) 0.1293(7) C(1)—N(1)—0(1) 105.7(6)
N(1)—0(1) 0.1364(6) C(2)—N(2)—0(1) 105.7(5)
N(2)—C(2) 0.1304(7) N(3)1A—N(3)—C(1) 111.2(7)
N(2)—0(1) 0.1377(6) N(1)—O0(1)—N(2) 111.3(4)
N(3)—N(3)IA  0.1259(9) N(1)—C(1)—N(3) 117.9(6)
N(3)—C(1) 0.1410(7) N(1)—C(1)—C(2) 109.4(5)
N(4)—C(3) 0.1149(8)  N(3)—C(1)—C(2) 132.6(6)
C(1)—C(2) 0.1430(8) N(2)—C(2)—C(3) 120.7(5)
NAA C(2)—C(3) 0.1425(8) N(2)—C(2)—C(1) 108.0(5)

C(3)—C(2)—C(1) 131.2(5)
Bl 1 DCAF iy 5y 45 #y [l N(4)—C(3)—C(2)  177.7(7)
Fig.1 The molecular structure of DCAF

*x6 _HA
Table 6 Dihedral angles
dihedral dihedral
bond angles/(°) bond angles/ (°)

C(1)—N(1)—O(1)—N(Q2)  -0.7(7) O(1)—N(2)—C(2)—C(1)  1.1(6)
C(2)—N@2)—0(1)—N(1)  -0.3(7) N(1)—C(1)—C(2)—N(2) ~-1.6(7)
0(1)—N(1)—C(1)—N(3)  17.0(5) N(3)—C(1)—C(2)—N(2) -178.8(6)
0(1)—N(1)—C(1)—C(2) L4(7) N(D)—C(1)—C(2)—C(3) -176.8(7)
N@)IA—N@)—C(1)—N(1) -172.3(6) N(3)—C(1)—C(2)—C(3)  6.1(11)
N@)IA—NB)—C1)—C@)  4.7(10) N(2)—C(2)—C(3)—N(4) -48(18)
0(1)—N(2)—C(2)—C@3)  176.9(5) C(1)—C(2)—C(3)—N(4)  126(17)

MF S AIE i, DCAF ) N(1)—C(1),N(2)—C(2)
B2 DCAF 476 5 v i HE L SEBER 2r 9 0.1293,0. 1304 nm, 4 F C—N ) HLIL

Fig.2 Packing of the DCAF molecular in the crystal lattice B2z Mm@ (0. 1471 ~ 0. 1273 nm), N (1)—0 (1),
N(2)—O0(1) gtk K 4> %] K 0. 1364,0. 1377 nm, 3

M 2 AT LE 3, HLEE 9 DCAF 4> F-7E & 44 o HE A N—ORE B K (0. 1440 nm) 7, C(1)—C(2) H#
SIS o O TAAAE 3 P 5E 141 (8] 1) 23 () o7 BELRRE KM 0. 1430 nm, F %30 i) C—C HEHE K (0. 1540 nm)
FfE DCAF 43— 0wk WE B0 1o A1 iy, J97 3 00 170 255 R 2 ) J, Uk B R BR U — N R LB R R R 6 A
B, DRI A Gt PR RS SR, R R B /N AUy HLF I B — A LBk o 4, X Se it 70 C R4~
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(2) #fE T /= R 0 S A S s ) e A 25 1 IR

VIR AR T -5 °C,HCL 55 CNAF # [L J9 30 ¢ 1 ~
0: 1, hbtE N4 h,

(3) BIRIEEF: T DCAF 1By 5, X 2% 2 5 5 5
SIHTEE SRR . DCAF @ R)E T = RHa R, dh iR =S (8] B
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Synthesis and Crystal Structure of 3 ,3’'-Dicyano-4 ,4’-azofurazan( DCAF)

FAN Yan-jie, WANG Bo-zhou, ZHOU Yan-shui, JIA Si-yuan, HUO Huan
(Xi'an Modern Chemistry Research Institute,Xi'an 710065, China)

Abstract; 3,3’-Dicyano-4,4'-azofurazan ( DCAF) was synthesized from 3-amino-4-aminoxim-idofurazan ( AAOF) through two-step

oxidization and the product was characterized by IR, NMR and elemental analysis. The crucial factors of KMnO, oxidization reaction

were studied and the optimal reaction conditions were confirmed. The single crystal of DCAF was cultivated for the first time and

tested by single-crystal X-ray diffraction. The crystal is triclinic,
0.588(3) nm, ¢ =0.9069 (5) nm, V =0.8853(9) nm™’

0.131 mm ™', R, =0.1039, wR =0.2420.

’

Key words: organic chemistry; 3,3'-dicyano-4 ,4'-azofurazan ( DCAF) ;

space group P-1 with crystal parameters @ =1.8297(11) nm, b =
Z=4,D,=1.62 g+ cm”’

F(000) =432, u(MoKa) =

s

synthesis; crystal structure



