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Fig.2 "N NMR Spectra of DNTF in DMSO-d, (A) and acetone-d, (B)

Table 1 >C and "N NMR of DNTF in different solvent
solvent BC NMR (8) N NMR (8)
DMSO-df, 160.43 160.24 143.25 139.77 137.31 103.80 53.77 51.97 36.25 36.11 -0.57 -19.04 -34.93 -35.16
acetone-d() 160.68 160.68 143.71 140.42 138.08 104.36 55.68 53.98 41.22 40.06 -1.73 -18.86 -36.99 -37.06
CDCl, 158.26 158.26 141.05 138.07 136.18 102.07 -
ref.[12] -2 -2 143.748")  140.430" 138.073" 104.411" -
Note: 1)'3C NMR data from reference [12], 2) undetected signal.
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Fig.3 Structure of DNTF
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Fig.5 Optimized structure of DNTF
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F2 DNTF K SHMITEER
Table 2 The bond lengths and bond angles
. bond length/nm . bond angles/(°)
geometrical parameters geometrical parameters
calc exp. [°] calc. exp. [°
N(1)—C(2) 0.12975 0.1289(3) C(2)—N(1)—O0(5) 104.9361 104.8(2)
N(1)—O(5) 0.13499 0.1372(3) N(1)—C(2)—C(3) 110.2081 110.7(2)
C(2)—C(3) 0.14289 0.1421(3) N(1)—C(2)—N(6) 120.5602 120.0(2)
C(2)—N(6) 0.14558 0.1459(4) C(3)—C(2)—N(6) 129.2264 129.1(2)
C(3)—N(4) 0.13074 0.1303(3) C(2)—C(3)—N(4) 106.7074 107.4(2)
C(3)—C(9) 0.14567 0.1445(3) C(2)—C(3)—C(9) 132.8204 132.3(2)
N(4)—O(5) 0.13682 0.1375(3) N(4)—C(3)—C(9) 120.3835 120.3(2)
N(6)—O(7) 0.12288 0.1217(3) C(3)—=N(4)—0(5) 106.1568 106.1(2)
N(6)—O(8) 0.12116 0.1207(3) N(1)—O(5)—N(4) 111.9889 111.05(18)
C(9)—N(10) 0.13404 0.1336(3) C(2)—N(6)—O0(7) 114.9342 115.4(2)
C(9)—C(13) 0.14267 0.1405(3) C(2)—N(6)—0(8) 118.3041 117.1(3)
N(10)—O(11) 0.14529 0.1440(3) O(7)—N(6)—0(8) 126.7615 127.4(3)
N(10)—0(22) 0.12050 0.1212(3) C(3)—C(9)—N(10) 118.8290 122.1(2)
O(11)—N(12) 0.13510 0.1372(3) C(3)—C(9)—C(13) 134.7369 131.5(2)
N(12)—C(13) 0.13056 0.1302(3) N(10)—C(9)—C(13) 106.3946 106.4(2)
C(13)—C(14) 0.14681 0.1472(3) C(9)—N(10)—O0(11) 106.2086 106.69(19)
C(14)—C(15) 0.14264 0.1415(3) C(9)—N(10)—0(22) 135.243 135.5(2)
C(14)—N(18) 0.13055 0.1304(3) O(11)—N(10)—0(22) 118.5374 117.8(2)
C(15)—N(16) 0.12979 0.1296(3) N(10)—O(11)—N(12) 108.3915 107.98(17)
C(15)—N(19) 0.14566 0.1442(3) O(11)—N(12)—C(13) 107.9607 106.7(2)
N(16)—0(17) 0.13491 0.1366(3) C(9)—C(13)—N(12) 111.0423 112.2(2)
O(17)—N(18) 0.13712 0.1379(3) N(12)—C(13)—C(14) 117.0709 119.8(2)
N(19)—0(20) 0.12116 0.1227(3) C(13)—C(14)—C(15) 133.4514 131.5(2)
N(19)—O0(21) 0.12287 0.1255(3) C(13)—C(14)—N(18) 119.4969 120.9(2)
C(15)—C(14)—N(18) 106.9179 107.7(2)
C(14)—C(15)—N(16) 110.2047 111.0(3)
C(14)—C(15)—N(19) 129.1468 128.5(2)
N(16)—C(15)—N(19) 120.6399 120.4(3)
C(15)—N(16)—0(17) 104.9164 104.1(2)
N(16)—O(17)—N(18) 111.9596 111.98(18)
C(14)—N(18)—0(17) 105.9998 105.4(2)
C(15)—N(19)—0(20) 118.3124 117.3(2)
C(15)—N(19)—0(21) 114.9257 116.8(2)
0(20)—N(19)—0(21) 126.762 125.8(3)
%3 DNTF #"”°C NMR S2I6 25 5 5 1 ip 3 A 4% 1
Table 3 Experimental and calculated chemical shifts of *C NMR for DNTF
No. 6-311G 6-311G(d) 6-311G(2d,p) 6311 +G(2d,p) exp. " ref. [12]
C(2) 165.25 166.07 165.73 165.69 160.43 -
C(15) 164.77 165.61 165.26 165.10 160.24 143.748
C(13) 149.13 150.34 150.05 150.39 143.25 138.073
C(14) 145.75 147.36 147.22 147.14 139.77 -
C(3) 143.44 144.80 144.48 144.25 137.31 140.430
C(9) 110.21 109.22 108. 30 108.87 103.80 104.411
regression equation y=1.0314x-10.24 y=0.9976x -6.09 y=0.9871x-4.16 y=0.9982x -5.86 - -
R? 0.9996 0.9974 0.9966 0.9969 - -
Note: 1) experimental results of >*C NMR for DNTF in DMSO-d,.
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£ 4 DNTF B "N NMR S2B 4558 5 14+ 5 2%
Table 4

Experimental and calculated chemical shifts of >N NMR for DNTF

No. 6-311G 6-311G(d) 6-311G(2d,p) 6-311 +G(2d,p) exp. "
N(4) 104.35 88.50 83.90 80.03 53.77
N(18) 103.70 86.79 82.03 76.95 51.97
N(16) 86.62 72.12 68.79 64.59 36.25
N(1) 85.88 71.49 68.32 63.87 36.11
N(12) 33.12 17.59 13.21 7.25 -0.57
N(10) —-14. 65 -7.12 -7.06 —-10.48 -19.04
N(19) -32.44 -27.11 -26.20 -29.15 -34.93
N(6) -32.84 -27.39 -26.40 -29.24 -35.16
regression equation y=0.6183x-14.75 y=0.7447x —14.54 y=0.7778x-13.90 y=0.7859x -10.94 -
R? 0.9904 0.9974 0.9959 0.9944 -
Note: 1) experimental results of >N NMR for DNTF in DMSO-d,.
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NMR Characterization and Theoretical Investigation of DNTF

WANG Min-chang, Bl Fu-giang, ZHANG Gao, LUAN Jie-yu, Xu Min, NING Yan-li, FAN Xue-zhong

(Xi'an Modern Chemistry Research Institute, Xi'an 710065, China)

Abstract: In order to optimize the NMR assignment of 3 ,4-dinitrofurazanfuroxan (DNTF), a combination of experimental NMR
and computational GIAO-NMR techniques was utilized to distinguish the chemical shifts of >C and "*N. One dimensional (1D)
"C and "N NMR analyses were performed using DMSO-d, , acetone-d, and CDCl, as solvent. All signals of DNTF were found in
DMSO-d,. In the ”C NMR, the chemical shifts were assigned by 2D INADEQUATE NMR experiment. Based on the geometry of
DNTF optimized at the DFT-B3LYP/6-311 + G(2d, p) level by using Guassian 09 program, the *C and "N NMR chemical shifts
were calculated by GIAO method at different level, which agree with experimental data. Results show that the electro-withdrawing
effect of the O(22) in furoxan cycle leads to large '*C chemical shift changes of C(9) and C(13), and makes C(9) appear in
higher field than C(13).
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