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2.2 FIGEIE
BTDO fi§fk #% 4k WL Scheme 1,
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Scheme 1 The nitration route of BTDO
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254 nm, FEi 25 °CL s AHBC o VOHEE) @ V(K)
=10 :90,%# 1.0 mL - min™" | JFFEHE 10 plL,

S5-fF B AR JF 1,2,3,4-10 B-1,3-Z & kW
(5-NBTDO ) . # fa [ {&, & & 193 ~ 195 °C”',
"H NMR (DMSO-d,, 300 MHz ) §: 8.74 (dd, J=
7.8, ArH,1TH ),8.60 (dd, ArH, TH ),7.98 (t,
ArH, TH ); "C NMR (DMSO-d,, 75 MHz ) §:
141.22,136.83,133.21,130.94,129.43,124.07;
IR (»/cm™ ). 1505, 1416 (N, O, ), 1538, 1344
(—NO,) ; ESI-MS,m/z: 208 [M-H] ",

7-i R IF 1,2, 3,40 -1, 3-Z A AL W
(7-NBTDO) : #& & [F {4, #4545 166 ~168 °C7'.'H NMR
(DMSO-d, , 300 MHz) §: 8.91(d, ArH, 1H),8.79
(dd, ArH, 1H), 8. 20 (d, ArH, 1H); "C NMR
(DMSO-d,, 126 MHz) §: 148.06,146.40,132.23,
128.52,126.74,115.75; IR(w/cm™ ). 1503,1423
(N,0,),1533,1367 (—NO,); ESI-MS, m/z; 208
[M-H]",

5,7-ZHEHEIR1,2,3,4-0 -1, 3- A LY
(DNBTDO) : # f6 [# 44, 5 45 209 ~211 °«C°'J'"H NMR
(DMSO-d, , 300 MHz) §:9.45(d, ArH, 1H) ,9.12
(d, ArH, TH ); "C NMR (DMSO-d,, 75MHz) §:
146.14,141.22,139.40,128.99,127.70,118.93;
IR (w/cm™): 1512, 1438 (N, O,), 1537, 1368
(—NO,),
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R T4 R A B C,, IR KR N
20 °C .n(BTDO) : n(HNO,)=1 : 3; ¥ DNBTDO
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®1 HBEAFE

Table 1 Factors and levels

factors

levels

nitration system T/°C  n(BTDO) : n(NO, ™)

nitric acid-sulfuric acid mixed .
1 . . 20 1:1
system mixed acid

2 oleum-nitric acid 40 1:2
concentrated sulfuric acid-KNO, 60 1:3
4 oleum-KNO, 80 1:4

F2  EZERE R

Table 2 Results and analysis of orthogonal experiment

No. A B C the yield of  the yield of the yield of
1 2 3 5-NBTDO/% 7-NBTDO/% DNBTDO/%

1 1 1 1 30.1 70.1 0.0

2 1 2 2 33.9 66.1 0.0

3 1 3 3 16.4 75.6 8.1

4 1 4 4 7.9 72.4 19.7

5 2 1 2 30.8 69.2 0.0

6 2 2 1 30.2 69.8 0.0

7 2 3 4 19.7 66.1 14.4

8 2 4 3 23.6 63.2 13.2

9 3 1 3 29.5 70.6 0.0

10 3 2 4 34.1 66.1 0.0

1m 3 3 1 35.9 64.1 0.0

12 3 4 2 34.5 65.6 0.0

13 4 1 4 34.2 65.9 0.0

14 4 2 3 35.3 64.7 0.0

15 4 3 2 34.7 65.3 0.0

16 4 4 1 35.6 64.4 0.0

k, 22.08 31.15 32.95

k, 26.08 33.38 33.48

k; 33.5 26.68 26.2

k, 34.95 25.4 23.98

R, 12.87 7.98 9.5

ky 71.05 68.95 67.1

k, 67.08 66.68 66.55

k; 66.6 67.78 68.53

k, 65.08 66.4 67.63

R, 5.97 2.55 1.98

ky  6.95 0.00 0.00

k, 6.89 0.00 0.00

k; 0.00 5.63 5.33

k, 0.00 8.23 8.53

R, 6.95 8.23 8.53

3.2 WIFKIR

VLA LR B 1 e 7K - A1 10 AT S 5, 45 A
Fhy I 7E S A T2 &40 F 19 7= %, 2 3 i 5-NBTDO
34.9% ,7-NBTDO 77.1% ,DNBTDO 19.7% .

AL, FE R AR BRR /S TR R R, n(BTDO) -
n(KNO,)=1 : 2 Ji& Jif % 40 °C,5-NBTDO = & Y
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34.9% ; TEMBRIRMRIAR T, IR 20 °C .n(BTDO) :
n( HNO,)=1 : 3,7-NBTDO /=% % 77. 1% , 1£ fi§
TR AR T ,n(BTDO) : n(HNO,)=1 "4 Ji &R
80 °C,DNBTDO f= &AL 19. 7% . S 455 %
7-NBTDO /= 2 B] i & T 5-NBTDO , ix /& K Jy i 1t
RNRFERRN, 7 STt 5 il T a%E, N
It 7-NBTDO ¥ % 5 A= 1l .

3.3 DNBTDO §HIY¥HR%

Pl BTDO i J5 ¥t & B DNBTDO 1y 5 AU Ky
19.7% . RikX DNBTDO (4 W T. LTI R, k
LA NBTDO h J5k}, 76 & M5 1R / & MG TR 1R &, )
BHEEH T 8 N R 95 TSN, "R &,
BARGERILFER 3,

3 J5UEXE DNBTDO ™ 5 f 52 i

Table 3  Effect of material on the yield of DNBTDO
material BTDO 5-NBTDO 7-DBTDO
yield /% 19.7 90 90

2% 3 %0, 2L BTDO M JE R4 i DNBTDO Hif =
FHEAR, M 5-NBTDO & 7-NBTDO y J5t Bl & 1L
DNBTDO i}, j= R & ik 90% ., Mk, #i & T & W
DNBTDOM e T 20 55142 n(NBTDO) = n( & 4§
BR)=1:8 JREE 95 C R MBLIR/ & IHAERAK R . b
T BRAE TR

4 BTDO #§ 1L i% £ 14 59 18 2 Fu il

A B 5T AT Multiwfn 3017 T XU & 75
(Dual Descriptor) 14 F Hirshfeld 5 H, fuf 3155 15
B fai 45 W HE 2 &7 ( Condensed Dual Descrip-
tor) " B T BTDO A [l i 45 A K LI HE (K 4)
XU IR A S 7 WA %% B Y bR AE 28 T 8 U — St
25 ) R A, AR TR AR R
Fr)=f(r)=f(r=pu,(r)=2p(r)+py,(r)

~ p'UMO ( £y _HOMO (13
K, pu oo o FIF 43 AR SRR &R 7E 46 IR 25
(NHF) 456 —THPRENHT BF) R —
MRS (N=T ) T A% B e 1 1Y
25 () 3 A 3 B o T A0 KU R A e o UL R A i 4 ) i
T b A T B AU BUE, DS TR
JE A PGB [R5 B R A A KN AR
=1, ~f" =2q3~qu. ~qu-,

b
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g8 G Gh R AR IFE R A B TR R IR IR
BINHET) LA AETIRE (N+1 BT L B

Rl =]

—AMHEFRE(N-T B 7)) FHRME BT N+ R

F4 BTDO IR b HY A 45 XU IR AT B fE

E R I N S e R 0 I o R PO € [ B S
SRR PV 38 DA A XU 3t A% i B 0 Y X
AR 2 LA AL BB T A ] Bl 2 R R I

Table 4 The calculated condensed dual descriptor on benzene ring of BTDO

site N N-1 N+1 - * ?

C(5) -0.018325 0.059182 -0.072532 0.077507 0.054207 -0.023300
C(6) -0.003054 0.037425 -0.067809 0.040479 0.064755 0.024276
C(7) -0.015817 0.080752 -0.072223 0.096569 0.056406 -0.040163
C(8) -0.015226 0.042109 -0.067087 0.057335 0.051861 ~0.005474

Note: N, N=1 and N+1 represent the atom in its N, N=1 and N+1

and  represents condensed dual descriptor.

1 BTDO XU i 45 53 A1 45 F 1 4]
Fig. 1 Dual descriptor distribution isosurface graph of BTDO

WY1 frzn , BTDO M43 EAfE (#E) X
SR R TT R 7 LR IR T, LR 5 LRk I ,6 .8
PF Y EME (S6) X, #] 0L, BTDO [ 7 i fik
RS PR, 5 AL K, 6.8 (L U AH o B A
DRI NF S, FATT AL LU T 46 XUf 34 17
Bl BRI B 4538, B 7 A0sk b A Bl e f, A
-0.040163,5 fiibk H ¥k, —-0.0233, T 8 {ikk F 1
TEAR /N, 6 437 B b 1 1 46 XURK IR 45 9 TE R, TN 45
R UGS RN, YA T 2R S PR 7 o, A 2
AR W 1) 7 At e, 5 AL A 7 ) Ok, 5.7 A il
e ) e MEAT

M

5 & i

LI BTDO W J5U K}, & i 5-NBTDO ,7-NBTDO ,
DNBTDO. Jfiliid IR,"H NMR,"”C NMR #f & ¥ &t
R Z5HG IR A T LT 4548

(1) #5E T &M 5-NBTDO Wi fE T2 4&4F: &
AL -Gl 12 B 4R &R n(BTDO) = n(KNO,) =1 : 2,

Chinese Journal of Energetic Materials, Vol.24, No.1, 2016 (69-73)

electrons states respectively, f~and f*are condensed Fukui functions of N+1 and N-1 systems,

TR E R 40 °C 77K 34.9% . % T L5 EMIER D,
TGN

(2) #E T A 7-NBTDO (i T2 &1
IR FR .n(BTDO) : n(HNO,)=1 : 3 iREH
20 °C, /=8l ik 77.1% o % 1.2 N i BEAG, 7= AR 1
RN BEAEAR

(3) % T &M DNBTDO WysmefE T 2254 &
SRR IR / % JH A IR 1A & . n (NBTDO) @ n(HNO,) =
T:8 J&E 95 C,/mHn[ik90% , % L EKMS TH:
(HE Y=

(4) LI SR 5B R AL, BILL BTDO Jy )it
BF,7E A R 09 B B 2% 44 T, 7-NBTDO 2y 3 2 i 4k 7
#5,5-NBTDO % = ,DNBTDO f /b,
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Nitration Process of Benzo-1, 2, 3, 4-tetrazine-1,3-dioxide

WEI Wen-jie, ZHENG Chun-mei, WANG Tian-yi, ZHANG Tao, XU Li-wen, XIA Cheng-bo, WANG Feng-yun, LElI Wu,
XIA Ming-zhu
(School of Chemical Engineering, NUST, Nanjing 210094, China)

Abstract: 5-Nitrobenzene-1, 2, 3, 4-tetrazine-1, 3-dioxide (5-NBTDO ) and 7-nitrobenzene-1, 2, 3, 4-tetrazine-1, 3-dioxide
(7-NBTDO) were synthesized using benzo-1,2,3,4-tetrazine-1,3-dioxide (BTDO) as raw materials. Then the 5,7-dinitroben-
zene-1,2,3 ,4-tetrazi ne-1,3-dioxide (DNBTDO) was synthesized by 5-NBTDO and 7-NBTDO as raw materials. The structures of
synthesized compounds were characterized by 'H NMR, "C NMR, IR and MS. The effects of nitration system, material ratio
n(BTDO) : n(NOj) and reaction temperature on the yields of different nitrating products were explored. Possible nitration prod-
ucts were predicted through theoretical method. The yields of the products were detected by HPLC. Results show that the optimum
process conditions of synthesizing three substances were determined as: for oleum-KNO, nitration system. n(BTDO) : n(KNO, )=
112, reaction temperature 40 °C, with yield of 5-NBTDO 34.9% ; for nitric acid-sulfuric acid mixed system, n(BTDO) :
n(HNO,)=1 : 3, reaction temperature 20 °C, with yield of 7-NBTDO 77.1% ; for oleum-nitric acid system, n(NBTDO) :
n(HNO,)=1 : 8, and reaction temperature 95 °C,with yield of DNBTDO 90% . The yield of three kinds of nitration products,
synthesized via one-step method using BTDO, is consistent with the theory prediction. The order of yield is 7-NBTDO>5-NBTDO
>DNBTDO.

Key words: benzo-1, 2, 3, 4-tetrazine-1, 3-dioxide (BTDO) ; orthogonal experiment; nitration technology
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