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SEARE T PR 2 S 2 RE AL A W 5 -3
SR T H-T,2,4- = (TNNT) F1 5,5 -3 ( = fig H
) -3,3"-AE-TH -1,2,4- =1 (BTNAT) 19 & 1 e 1
fie , HLAECOE 120 510 +9.12% F1-8. 6% , S % JiE 43 1)
HF1.94 g-cm”F1.83 g - cm”, ISR (4RE)
4351k 8983 m « s7' (35.51 GPa) 1 8964 m -« s™'
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2.1 MHRMNER
FARE: R LI IR A 4 LY R, o i 4, AR i
Bl A TG s SR AL B AR R A, o 4l R

HRHEAL Tl R mR, A ®l; =& ke, /0
afi, Kbl m =)

{48 : NEXUS 870 7l fi HL nf A8 40 21 S S 15 AW, 36
[ NICOLET /Al ; AV500 % (500 MHz) #8 5 #% g
PP 1% AL (TMS P45 ), 8 [ BRUKER A w]; VARIO

EL IT %A #LoT & 43 B4, 72 [E ELEMENTAR 728 7 ;
901 s =AM EHAL, 56 H TA A H .,
2.2 BREE

DA G IR i S 3 5 79 1R o IRk} & 46 A -3k
RN A #) o ja] R 5- FETHAT, 2, 4-= HE-3-2 TR
(ATAA) ; 2 A A-BUR S N 45 2 e [ A 5 - 3-1 H-
1,2,4-=W-3-C R (NTAA) |, 117 28 6 16 B 4 1 H
HArfL &9 TNNT; ]k ATAA 28 58 fb 18 B 5 1 15
F AR 5,5 - (R L) -3, 3 - A-TH-1,2,4-=
e (BCMAT) , i Ja & i b e b & il B stk & 9
BTNAT, & a4k an Scheme 1 iR .

NH, N N
Ho Ao H?”\(/ %COOH NaNO, OZN\(/ %COOH
X NHy « HyCOs _— / W /
HoN N 1. HCI, conc HN—N 0 M129%4 HN—N
2. NaOH ATAA NTAA
fuming HNO;
KMnO,
0N NO, KOT-I ¢ lconc. H,S0,
COOH
N N02 N OQN
f y N4</ | fuming HNO4 H N/< \N ON N7)<N02
- ) 7z
N| ) N/ n—N conc. H,S0, N N N// H/ \( / NO,
ON N H \ >/ HN—N
HoOC N TNNT

ON
NO, BTNAT

Scheme 1!

2.2.1 5-85E-1H-1,2,4-ZM-3-ZF (ATAA)
FrHL 30 g (0. 2205 mol) 4 K K ik @2 & £h .

22.95 g(0.2205 mol) § il A 500 mL = [ )% [}
b, PP R 248 % i 25. 85 g(0.255 mol)36% [k
R, e, TR 2 70°C HfEH i N 60 ~ 70 ming
58 UG ¥ #1220 °C L8R 5 1n) T 45 R 14 B N rh
FA 95 mL %4 22.58 g(0.5645 mol) & A fkahm
KAWL ZE 90 ~95 °C | i 40 min, RIG R HFE
50 ~60 C, #RJ5H 36% MWLM 15 pH o 2 ~3,JF
WHIRES Cy; b I  TIRS A GEER; K5 HZEMR
KT S5 A5 A E AR K 14,09 g, 7= #5 45% (3C
MR . 44% ~51%) .

m.p.: 187 °C; IR(KBr,p/cm™) . 3463, 3425,
3338, 3114, 2714, 1686, 1597, 1557, 1516,
1378, 1263, 1194, 1108, 1060, 1005, 919, 826,
759, 682, 645, 587, 536; 'H NMR ( DMSO-d,,
500 MHz)§: 11.2484 br.s(1H, NH),5.7960 br. s
(2H, NH,),3.5915s(2H, CH,); "C NMR(DMSO-d, ,
125 MHz) §: 170.953, 157.804, 153.892, 34.469;
Anal. Caled for C,H N, O,, % C 33.81,H 4. 26,
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BCMAT

12]

N 39.42; Found, % : C 34.00,H 4.19,N 39.18,
2.2.2 5-FE-1H-1,2,4-=-3-Z 8 (NTAA)

FRHL 41.4 g (600 mmol) i fil§ B2 419 T 100 mL
ZEIK IR & 50 °C, AL 8.52 g (60 mmol)5-
RH-TH-1,2,4-=-3-Z RV T 50 mL30% i fR %
TR, K T A5 TR 0 3RS R AN K R R . TR,
50 CHER N 1T h,SRJ5%HI %2 25 °C, H 30% B R ¥%
WU pH =1 Pk =0 AR E H LR EH O
LPRZEIL(100 mLx3) , 3 He 78 B & R & T 459 1% B £
AR, R BT A A P 2R IR 25 0, 19 4.13 g IR
[ (A A, 72 R 40% (SCrkfE' " s 42% ) .

IR (KBr,»/cm™ ). 3437, 3278, 2979, 2925,
2732, 2482, 1940, 1695, 1562, 1539, 1494,
1438, 1393, 1341, 1314,1268, 1229, 1165, 1051,
1026, 842, 816, 778, 690, 654; 'H NMR(DMSO-d, ,
500 MHz)§: 15.1378 br.s(1H, NH) ,3.9831s(2H,
CH,); "C NMR(DMSO-d, ,125 MHz) §: 169.373,
162.856, 153.458, 33.156; Anal. Calcd for C,H,N,O,,
% C27.92,H 2.34,N 32.55; Found, %: C 27.90,
H2.29, N 31.99,
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2.2.3 S5-FHE-3-ZWHHFE-1,2,4-= K (TNNT)

4 mL B RS R 5 mL 98% ¥k B iR i A
25 mLR W, UKERIR R 202 0 °C, 2218 e it im A
1 g(5.8 mmol) 5-ff £-1H-1,2,4-=Wk-3-2, . N
Be RN RN 15 ho SO 58 WS B T A RN TR A
BIA 15 g vkokH, HI 30% S8k B4 9% W 19 1R & W
FRudPE 2= pH =8, i FH ok 3h /2 9 19 1R & W IR el M =
pH=2 ~3; ARG @ H LA H (10 mLx3) , oK
MR B T 8 2 IO, 28 9 e 26 B — U W e 159 G {0 [ 4
0.67 g,/" %K 42% (CHRE'" : 44%)

IR (KBr, v/cm™ ). 3444, 2960, 2924, 2853,
1705, 1600, 1570, 1465, 1379, 1283, 1261, 1088,
1020, 844, 801 ; '"H NMR (CD, CN, 500 MHz)
8:9.401 s; "C NMR(CD,CN,125 MHz) §: 156.64,
146.11, 121.01; "N NMR(CD,CN) §: -37.58,
-89.89, —131.51, —143. 74, —146. 15; Anal.
Calcd for C,HN,O,, % : C13.70, H0.38, N 37.27;
Found, % : C 14.18, H0.30, N 37.52,

2.2.4 5,5-W(HHE)-3,3-BR-1H-1,2,4- =¥
(BXMAT)

PRI 8.52 g(60 mmol)5-4 J-1 H-1,2 ,4-= -
3-2,1% A0 mL ZE 17K M A %] 250 mL = H R,
PPE P B W, RS O 40 mL A 12 g
(214 mmol) S AL BI04 7K %W, T it B2 47 2 30 ~
40 min; fF RN IARLBHBEY G oHLMA 8 g
(50 mmol) =& M # . 5, 7€ 25 ~30 CF | Iy
2 hy J e U b B IS UE W, T 36 % R pH
21 ~T.5 87 iR A AR 280 U8 L 2S TR A (A
kA 14.29 g, 75Ny 85% (SCHkME ' : 84%) .

IR(KBr,p/cm™) : 3467, 2994, 2923, 1623,
1596, 1541, 1446, 1372, 1283, 1190, 1095,
1043, 996, 963, 948, 843, 801 ; 'H NMR(DMSO,
500 MHz) §: 14.7364 br.s(2H, NH), 3.9126 s
(4H, CH,), 3.3965 br.s(2H, COOH); "C NMR
(DMSO,125 MHz)§: 169.498, 168.543, 152.375,
33.009; Anal. Calcd for C,H,N,O,, % . C 34.29,
H2.88,N 39.99; Found, %: C 34.17, H 2.32,
N 39.92,

2.2.5 5,5-W(=MHFEXE)3,3-BR-1,2,4-=¥
(BTNAT)
w12 mL 98% e &7 iR A1 10 mL & 48 A B2 in A
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50 mL KR, v HI 2 -5 ~0 °C, %18 44t
A1 g(3.57 mmol) 5,5"- W (RHH)-3,3"-H%A-1H-
1,2,4-=m, hnke, 218 2= =, IF4k2L N 15 h,
BN 58 WU, H BT A5 B TR A P14 OA 30 g vkok i, H
30% S AL BN WOH T IR SRR i = pH =8, i
WERTR IR G M PR 2 pH=2 ~3; g iE 6
Ry AR [ A SRR, F 4 TR & g FE B T8 K B TR
BT I8 )5 DR 28 B 2 TR 0 TR 19 B €0 by AR IR A
PO A B @ EA G I, 2811 0.693 g, 77 &k 42%
(SCHkAE "™ 2 55%) .

IR(KBr,»/cm™) . 3443, 3125, 2994, 2923,
1743, 1623, 1596, 1541, 1446, 1372, 1283,
1241, 1190, 1095, 996, 948, 843, 801; 'H NMR
(DMSO,500 MHz)§: 5.062 s; "C NMR(DMSO,
125 MHz)§: 165.33, 149.15, 138.216; Anal. Calcd
for CH,N,, O,,, %: C 15.59, H0.44, N 42.43;
Found, % : C 15.42, H0.39, N 41.96,

3 #R5iTiR

3.1 HURMEREE

P SCHR [ 13 T i, W3R I 19 & R BE 5 4 TR 4 TR 3
TE i R 5 A TR PR AR 2R v 8 i Ak B 1 T % Al = R
FREEH o PR AR 58 43 01 25 48 T AN [ il Ak B I i A
TRV A 751 o 28 XoF 79 A A6 1 S5 g S ) o A F 5 32 5
FhEs ) AH L A =k 2B Ak & P B ATAA [ 5-2 -1 H-
1,2,4-=-3-2, 75 (ATEE) .5-f 3L-1H-1,2, 4-= -
3-8 (NTAA) Fl 5-ff F&-1H-1,2, 4-= H-3-2, fig
(NTEE) fE & 5 TNNT [ 5i{& ( W Scheme 2) , Hor
ATEE FiI NTEE [y & W7 ik ol 2 Sk 14 ] [RIFE %
£ BCMAT F1 5,5"-%0( 3t 2 8 36 ) -3, 3" - & -1 H-
1,2,4-=m( BCMET) 1 & & i BTNAT 19 B & ( W,
Scheme 3) , Hrf BCMET (& 7 i ] S BESCHR [ 15 ] 6

[R) B, 2648 TN i 2 i R i 1R R O AN [] T L 1)
BB VR R AE M AL R), SE g 2 2R WL 1,

N N
HN—~ 7/\ HN— 2~ 7/\
\Hi [{j COOH \( ) COOEt
— HN—N
ATEE
oN— A" NN
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H ,< \(‘ H ,< \(‘
Pl Pl
HOOC—)\ EtOOC‘)\

BCMET

Scheme 3
HiZ 1 0] 0L, ATAA il ATEE 4331 & T & 3 Bt
=AY, Tore SR F TR A AR, A5 B B R R TR S
Y, HXELL AR o ST DR, 2 b T A B2 R AN mT 2L
RAEAE LRI B LR TR HE A a7 B B, T H.5C

T OR[EAEfb A 2 X 4k S 1) 52
Table 1

RSN R, B 2 s Ak A e N-fig A @l ™= 9. 4
ATAA FlI ATEE 43 | 2 85 A Ak - B S % Ak A il 5 B
By =M A G W, i T HERR T N-fF Ak &I B i+
o, AT LUBTFI 75 2] B bnfb &9 Mo, & 1 AT LA
e, BLONTEE £ S i Ak 1 R 1 B i e 2% B 8 I T
NTAA, X J& F oy & R < Tig 5 78 i Ak S0 o 78 vh i R

ARSI NIRRT S A7/ B 1R
B =i RO B 0 LA NTAA 1 S il AL R iR, 2
PR BETE S0 o 7 v B 25 Ty I 2 02 kT 4 2 4 i Ak, DA
AT 20 0 B =g H B . NTEE T NTAA (1 il
Ak % = Scheme 4 fif s .

Effect of different nitration system on the nitration reaction

yield/%

nitration precursor L .
100% nitric acid

mixed acid[ V(98% H,SO,)/V(100% HNO,) ]

98% nitric acid

1:1 1.2:1 1.5:1 2:1
ATAA oil mixture does not separate
NTAA <5 12 42 44 35 20
ATEE oil mixture does not separate
NTEE <5 10 22 28 20 17
BCMAT <5 22 33 42 40 30
BCMET <5 18 25 38 32 22
NO, |_ TERFR pH =8, K5 #HEAT IR AL , 1045 2 8k 2l
OZN\(/ 57 >COOH -Nitration_ nitration ON 7)< 2 | =COp —C0 _ 7)<
A AN OO ator” 0NN TING, g L ARA A A R R A B SR SR 2 A
-0, 5277 B SRR (LG 0 S5
ON ON = 24
OZN\(/NY\COOEt nitration {OQN\(/N/ ggoEt H,0 O2N\{/ 72)<NO2 3.3 E%{‘t%l‘fﬁ
'::NTEE HN-N HN-N 3.3.1 JL{amfifk
R 2 07 bR BL3E (DFT) By B3LYP J5 3k "7,
Scheme 4 £ 6-31G(d,p) FEH K L XF TNNT Al BINAT {9 45

] B, Scheme 4 fit/x AL B [A] 4 3E ] F BCMAT Fi
BCMET W fisfb ik & , ZE LN B35 IR . RIIE, DL NTAA
1 BCMAT 43 5l Shy i £k B 44, i 6 IR AR [ V (98%
H,SO,) /V(100% HNO,)=1.2/1 5} i b7 2 fx
Al Rk %R
3.2 EREBEAAHAR

S g0 A AR e B, G R S A4 B SR [ 12 ] HGE 1)

S BRIEAT T AL B 1R B A 7 W 8 L1 A8 o B el kR
& A R R AR, SRR T SR IR A5 LT [
N—H 5 78 5 iR 20 55 op o] S 559 6 v, BE 0% 15 A R a6
M2 % HE RONE T T 185 F- $h 454 , R BUS W 2i A & o
PR, AT 5% 7 S Ak B Ao AR TR N T R SR B T R 5 4
45 A0 B8 B 5 FH 6T R HEAT R B A

ViR A
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AT T Ak, G 3R 3 4% 43 B & BTG e A, 3¢ W AR
T2 S SRR T L B/, R e F AL, AR
TUAAT A4 29 J J 7 2t 5 DL T 1 K L A AN T A K
o L2 2 FEk 3,

A2 2 FIEE 3 A 0L, TNNT Al BTNAT = B3R | ()
C—N itk #5338 C—N . C = N fI N—N #k 1
FRAEHER (1.4720A 1.2870A F1 1.450A) , H 44t K
SO, R = IR R T ik R =
it FH 3% B0 Hp =4 C—N B K e C—N ) B oA
R TR, R LB RE R , A XA S
3.3.2 HABHNESTREBEMEE

X TNNT Al BTNAT 9405 16 #4) U 30 17 [ 4K S i
(NBO) 437, i fd C H N Fl O 2 [i] i) 8 2 LA Je #45]
REEREE B AR B TR 4 Rk 5
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0(9)

1
Fig. 1

NE)

a. TNNT

R 2 TNNT LTS5
Table 2 Selected geometric parameters for TNNT

PEAk G TNNT HI BTNAT (1 JLfi 44 %
The geometric configurations of TNNT and BTNAT after optimization

N(T1)
b. BTNAT

bond bond length/A  bond bond angle /(°) bond dihedral angle /(°)
C(1)—N(2) 1.3132 N(2)—C(1)—N(5) 109. 4444 N(5)—C(1)—N(2)—N(3) —0.0453
C(1)—N(5) 1.3610 N(2)—C(1)—N(7)  125.2783 N(7)—C(1)—N(2)—N(3) 179.8636
C(1)—N(7) 1.2480 N(5)—C(1)—N(7)  125.2772 N(2)—C(1)—N(5)—C(4) -0.124
N(2)—N(3) 1.3768 C(1)—N(2)—N(3) 107.6294 N(7)—C(1)—N(5)—C(4) -179.8541
N(3)—C(4) 1.3122 N(2)—N(3)—C(4)  107.6379 N(2)—C(1)—N(7)—0(8) 0.3001
C(4)—N(5) 1.3611 N(3)—C(4)—N(5)  109.4382 N(2)—C(1)—N(7)—0(9)  -179.683
C(4)—C(6) 1.4970 N(3)—C(4)—C(6) 125.2845 N(5)—C(1)—N(7)—O0(8)  -179.9927
C(6)—N(10) 1.4801 N(5)—C(4)—C(6) 125.2773 N(5)—C(1)—N(7)—0(9) 0.0242
C(6)—N(13) 1.4799 C(1)—N(5)—C(4) 105. 85 C(1)—N(2)—N(3)—C(4) 0.1942
C(6)—N(16) 1.4799 C(4)—C(6)—N(10)  109.4594 N(2)—N(3)—C(4)—N(5) -0.2934
N(7)—O0(8) C(4)—C(6)—N(13) 109.5197 N(2)—N(3)—C(4)—C(6) -179.8544
N(7)—0(9) 1.3100 C(4)—C(6)—N(16) 109.4665 N(3)—C(4)—N(5)—C(1) 0.267
N(10)—O(11) N(10)—C(6)—N(13) 109.4363 C(6)—C(4)—N(5)—C(1) 179.8087
N(10)—0(12) N(10)—C(6)—N(16) 109.4980 N(3)—C(4)—C(6)—N(10) 46.4338
N(13)—0(14) N(13)—C(6)—N(16) 109.4474 N(3)—C(4)—C(6)—N(13) -73.3935
N(13)—0(15) C(1)—N(7)—0(8) 119.9977 N(3)—C(4)—C(6)—N(16) 167.1623
N(16)—0(17) C(1)—N(7)—0(9)  120.0023 N(5)—C(4)—C(6)—N(10) -133.0878
N(16)—0(18) O(8)—N(7)—0(9)  119.9999 N(5)—C(4)—C(6)—N(13) 107.085

*x3

BTNAT f &8 73 JLfuf 2 %k

Table 3 Selected geometric parameters for BTNAT

bond bond length/A  bond bond angle /(°) bond dihedral angle/(°)
C(1)—N(2) 1.3603 N(2)—C(1)—N(5) 110. 448 N(5)—C(1)—N(2)—N(3) ~0.6108
C(1)—N(5) 1.3151 N(2)—C(1)—C(6) 125.9347 C(6)—C(1)—N(2)—N(3) ~175.7998
C(1)—C(6) 1.4852 N(5)—C(1)—C(6) 123.4335 N(2)—C(1)—N(5)—C(4) 0.4048
N(2)—N(3) 1.3352 C(1)—N(2)—N(3) 109.9487 C(6)—C(1)—N(5)—C(4) 175.7373
N(3)—C(4) 1.3379 N(2)—N(3)—C(4) 102.512 N(2)—C(1)—C(6)—N(18) ~37.8001
C(4)—N(5) 1.3650 N(3)—C(4)—N(5) 114.6623 N(2)—C(1)—C(6)—N(27) ~159.7653
C(4)—N(7) 1.3993 N(3)—C(4)—N(7) 117.5389 N(2)—C(1)—C(6)—N(30) 81.2111
C(6)—N(18) 1.5349 N(5)—C(4)—N(7) 127.7986 N(5)—C(1)—C(6)—N(18) 147.6033
C(6)—N(27) 1.5435 C(1)—N(5)—C(4) 102.4258 N(5)—C(1)—C(6)—N(27) 25.6381
C(6)—N(30) 1.5702 C(1)—C(6)—N(18) 114.2533 N(5)—C(1)—C(6)—N(30) -93.3856
N(7)—N(8) 1.2586 C(1)—C(6)—N(27) 109.7293 C(1)—N(2)—N(3)—C(4) 0.5096
N(8)—C(12) 1.3993 C(1)—C(6)—N(30) 112.3328 N(2)—N(3)—C(4)—N(5) -0.2686
C(9)—N(10) 1.3603 N(18)—C(6)—N(27)  108.4017 N(2)—N(3)—C(4)—N(7) 179.8841
C(9)—N(13) 1.3151 N(18)—C(6)—N(30)  104.6505 N(7)—C(4)—N(5)—C(1) 179.7467
C(9)—C(14) 1.4853 N(27)—C(6)—N(30)  107.1072 N(3)—C(4)—N(7)—N(8) 179.6059
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N(10)—N(11) 1.3351 C(4)—N(7)—N(8) 113.2776 N(5)—C(4)—N(7)—N(8) ~0.2184
N(11)—C(12) 1.3379 N(7)—N(8)—C(12) 113.2773 C(1)—C(6)—N(18)—0(19) 45.0438
C(1)2—N(13) 1.3650 N(10)—C(9)—N(13)  110.4477 C(1)—C(6)—N(18)—0(20) ~137.6526
C(1)4—N(15) 1.5703 N(10)—C(9)—C(14)  125.9458 N(27)—C(6)—N(18)—O(19) — 167.734
C(1)4—N(21) 1.5349 N(13)—C(9)—C(14)  123.4246 N(27)—C(6)—N(18)—0(20)  —14.9624
C(14) —N(24) 1.5435 C(9)—N(10)—N(11)  109.9491 N(30)—C(6)—N(18)—O(19) ~ -78.2242
N(15)—O(16) 1.2136 N(10)—N(11)—C(12) 102.5124 N(30)—C(6)—N(18)—0(20) 99.0794
N(15)—0(17) 1.2164 N(8)—C(12) —N(11) 117.5377 C(1)—C(6)—N(27) —O(28)  —118.0017
N(18)—O(19) 1.2282 N(8)—C(12) —N(13) 127.8004 C(1)—C(6)—N(27) —O(29) 62.3332
N(18)—0(20) 1.2098 N(11)—C(12)—N(13) 114.6617 N(18)—C(6)—N(27)—0(28) 116.6029
N(21)—0(22) 1.2098 C(9)—N(13)—C(12)  102.426 N(18)—C(6)—N(27)—0(29)  —63.0622
N(21)—0(23) 1.2282 C(9)—C(14) —N(15) 112.3329 N(30)—C(6)—N(27)—O0(28) 4.1896
N(24)—O(25) 1.2146 C(9)—C(14) —N(21) - 114.2572 N(30)—C(6)—N(27)—0(29)  -175.4756
N(24)—0(26) 1.2154 C(9)—C(14) —N(24)  109.7236 C(1)—C(6)—N(30) —O(31) 26.1013
N(27)—0(28) 1.2154 N(15)—C(14)—N(21) 104.6477 C(1)—C(6)—N(30) —O(32)  —154.9014
N(27)—0(29) 1.2146 N(21)—C(14)—N(24) 108.4067 N(18)—C(6)—N(30)—O(31)  150.6006
N(30)—O(31) 1.2136 C(14)—N(15)—0(16) 115.4266 N(18)—C(6)—N(30)—O(32)  —30.4022
N(30)—O(32) 1.2164 C(14)—N(15)—0(17) 115.6204 C(4)—N(7)—N(8)—C(12) 179.8363
F 4 TNNT i Wiberg 8 4% 5 # 83 f# ig
Table 4 Wiberg bond orders and BDE of TNNT
bond bond order BDE" /kJ + mol™ bond bond order BDE/kK) - mol™
C(1)—N(2) 1.2321 - C(1)—N(5) 1.4843 -
N(2)—N(3) 1.2614 N(3)—C(4) 1.4792
C(4)—N(5) 1.3232 C(4)—C(6) 1.0009
N(7)—O(8) 1.4657 N(7)—O0(9) 1.5408
C(6)—N(10) 0.8200 109.06 C(6)—N(13) 0.8090 108.53
C(6)—N(16) 0.8328 110.31 N(10)—O(11) 1.5532 -
N(10)—O(12) 1.5452 - N(13)—O(14) 1.5387
N(13)—O(15) 1.5465 N(16)—O(17) 1.5429
N(16)—O0(18) 1.5500
Note: 1) BDE is bond dissociation energy.
%*& 5 BTNAT [y Wiberg &
Table 5 Wiberg bond orders of BINAT
bond bond order bond bond order bond bond order BDE/k) + mol™'
C(1)—N(2) 1.2162 C(4)—N(7) 1.1062 C(6)—N(18) 0.8365 112.76
C(1)—N(5) 1.4990 N(7)—N(8) 1.7669 C(6)—N(27) 0.8270 111.98
C(1)—C(6) 1.0084 C(9)—N(10) 1.2162 C(6)—N(30) 0.7884 111.21
N(2)—N(3) 1.2606 C(1)2—N(8) 1.1062 N(8)—C(12) 1.1062
N(3)—C(4) 1.4489 C(9)—N(13) 1.4990 N(10)—N(11)  1.2606
C(4)—N(5) 1.2740 C(9)—N(14) 1.0084 C(14)—N(24) 0.8270 111.98
C(12)—N(13) 1.2740 N(15)—O(17)  1.5460 C(14)—N(15)  0.7883 112.76
N(15)—0O(16) 1.5542 N(11)—C(12) 1.4488 C(14)—N(21) 0.8366 1m1.21

& 3 Al WL, TNNT g5 #h C(6)—N (10)
C(6)—N(13)H1 C(6)—N(16) 1 BTNAT 4544 rh
C(6)—N(18).C(6)—N(27).C(6)—N(30),
C(14)—N(15) .C(14)—N(21) .C(14)—N(24) 4k

Chinese Journal of Energetic Materials, Vol.24, No.1, 2016 (45-52)

Gotre/N @ TGRS Kb, ¥ 08 =AW R C—N
S, R = P R 2R AL 5 AN RRUE I G R I R O =
fif 45 kg C—NO, By IR A# o B T 09 T &
T e A AR W R R | A REAL S W R R i

www. energetic-materials. org. cn



5-fiff -3 - = BT H-1,2 4- =R 5,580 =R AR ) -3, 3 - A1 H-1,2 ,4-= e 1 & il 5 BN 5T 51

A, 34 AT S S AR 5 fidk B 1 S A B 0% DR /N R A T B
BEAL AW B AR A T o 1 R I 2110 S T T AR A
fif 5 | B VY HE 5 A BE ( BDE) WT A O B g 1 1Y 5E A
#E., # BDE>80 k) - mol™ | iA ik 3 JE A B3Rk ; 27
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3.3.3 BHEBSM

TE B3LYP g /KPR, i i 7 TNNT il BTINAT
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M3 LR oy RoR i 3 . NIEL 2 TR AT LU 1k
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Fig.2 Schematic diagrams of three-dimensional electrostatic
potential distribution for TNNT and BTNAT
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FHIEHEF K 10 °C - min™" |, A4, TNNT
BTNAT i DSC fih & tn &l 3 fi %,

Hi & 3 0] 0L, TNNT A1 BTNAT [ DSC £ % 4
A Job F VR AU | 2 ) 3 7 R A O R Y TR N A I b
Jf R, TNNT A1 BTNAT (1) 4 fift i 35 43 51 4 135 °C
146 °C (3Clik'"™ 4 150 C) ., WAk, =% 15
TP T TNT (295 °C) . RDX (230 °C) fl HMX
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Fig.3 DSC curves of TNNT and BTNAT
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Synthesis and Theoretical Studies of 5-Nitro-3-trinitromethyl-1 H-1,2 ,4-triazole and
5,5'-Bis( trinitromethyl) -3 ,3'-azo-1 H-1,2 ,4-triazole

XIAO Xiao', YAO Er-gang'”’, LIU Qing', DING Ke-wei', SU Hai-peng', LI Tao-gi', ZHANG Min', GE Zhong-xue'
(1. Xi'an Modern Chemisiry Research Institute, Xi'an, 710065, China; 2. Science and Technology on Combustion and Explosion Laboratory, Xi'an, 710065,
China)

Abstract: 5-Nitro-3-trinitromethyl-1 H-1,2 ,4-triazole(TNNT) and 5,5’-bis ( trinitromethyl)-3,3’-azo-1 H-1,2 ,4-triazole (BTNAT)
were synthesized via condensation-cyclization, diazotization-substitution, oxidation-coupling and nitration reaction using amin-
oguanidinium hydrogen carbonate and malonic acid as raw materials, respectively. Their structures were characterized by IR spec-
trometry, NMR and elemental analyses. Their whole structure optimization and natural bond orbital (NBO) analysis were carried
out at the B3LYP/6-31G (d, p) basis set level. Their decomposition temperature was measured by DSC. Results show that the
decomposition temperature of TNNT and BTNAT under the conditions of 10 °C + min™' and N, atmosphere is 135 °C and 146 °C,
respectively.

Key words: 5-nitro-3-trinitromethyl-1 H-1,2 ,4-triazole (TNNT) ; 5,5'-bis ( trinitromethyl)-3,3"-azo-1 H-1,2,4-triazole (BTNAT) ;
nitration; density functional theory( DFT)
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