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Scheme 1  Synthesis route of BATAT

2.3 XEBIHTRE
2.3.1 DAT &

76 100 mL = g dm A 13.50 g (0.05 mol)
BT 1 50 mL N-H 5 ntk i e i, 8 A %20 <0 28 AR &
R RARIRES o SR 5 B BN e 78 3 e 8, A
HTFHAZR, BEZKEII N 0.5 MPa, 84 J5 7+ i 3
90°C,mEZESIFHN 3.0 MPa, J il 6 h, B HI &=
e, A 100 mL S N e ¢, 1 3o 43 6 7 ) 56 4
Bl E U] R Y B, A K H AR BT AR AL
ik 5.3 g, 7% K 94%.,'H NMR ( DMSO-d, ,
500 MHz) §: 6.78 (s, 4H); "C NMR (DMSO-d, ,
125 MHz) &: 162.7. IR (KBr, v/cm™) . 3354,
3145, 2356, 1637, 1540, 1451, 1049, 1004, 942,
2.3.2 DAAT &M

$ 3, 6-— % FE-1, 2, 4, 5-UBE 1.00 g(8.9 mmol)
IAZE] 16 mL 36% WeEhig i bk T, &2 0 °C 5%
1.00 g (8.3 mmol) KMnO, F/K 7% & , 32 i 15 2 18
5~10 C, jifmoe e 2 45 ~50 °C, {4 h )5,
BHZEO~5 C,id i, WOFHAK. CmBEMsE, TS
FIHRLL A 0.54 g, 77 #H 54% ' H NMR ( DMSO-d, ,
500 MHz) &: 9.04 (s, 4H);” C NMR ( DMSO-d,,
125 MHz) §: 167.9, 163.4, IR (KBr, »/cm™); 3378,
3265, 3194, 1637, 1512,
2.3.3 BATAT &/

¥ DAATO0.28 g (1.0 mmol) Ef# 4 100 mL &
LA S mL B = &4k (0.16 g, 1.0 mmol)
TSI e v W, TR A 2, 2, 2-=f4 2 1% 0.40 g
(2.2 mmol) R FHFE N 3 ~4 h, fERNIEA
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WP 100 mL $h7R , T 50 ot 26 L, 8 26 ORI
T, 45 BB 20 O ™ 5, 9K 5 38 A b 2 A AT 3 4l
"H NMR ( DMSO-d,, 500 MHz)§: 10.1 (2H, t);
5.38(4H, d); "C NMR (DMSO-d,, 125 MHz) §:
167.4,158.2, 125.8, 47.5, ESI-MS: 547 [M+1]",
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HAE B HE 5 T8 T, R FH'H NMR AP C NMR 4
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(E2):2,2,2-= RO T)EREFMT, BT
AR S AR (1) 3 DAAT |0 %2 358 3 U0 T 716 5%
LB S, ) B B 25— 43 K, 25 BT A 2 A ) 4R
(I0) 5 a4 () B 280 BOAR B K o 72 45 31 e 2 7
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Scheme 2 Synthesis mechanism of BATAT

DAAT 5 2, 2, 2-=fif 2k L WA OB R O K =3
FEARAE R R A AL R, 76 SN ok B2 rp R AR 5 TG K &5 18, Bl
1 = AR AR 1T R ) B i R R AE B IR R SR AT
St A TR R 2,2, 2- S A S R 4
i kA OB, BRI o
3.4 ERMFBEEMEEEITE

W T A B RN, i % i ok B g DFT/
B3LYP J7#&'" SR A1 6-311+G" " S 4 Bk 3155 AT
WA LS (HOF) o A5 J N 3k 7% vp 4 — Bl Ak 24 B Y
B R ST IE Y R R 2 B (BSR) |, 43 43 i
B — ZR 55 R P 5t EL A A )R 24 B A N Ay T
iz Jil Born-Haber fE31"! (1#1 3) #4715 .

AHygg NO, N—-N
BATAT+6CH—222m 20,N—|—H +HsC—N=N—CHy+2H—( _ H—H+2CHsNHCH,CHy
NO, N=N
298 K trinitromethane 298 K 1,2,4,5-tetrazine
|-BHry f ot
AE NO N—-N
BATAT+6CH4ﬁ>202N+H +HyC—N=N—CHy+2 H—<’N_N\>—H+2CH3NHCHQCH3
N02 -
0K trinitromethane 0K 1,2,4,5tetrazine

Scheme 3 Born-Haber circle of BATAT

FE 298 K 1 Y S A A8 T LA 7R N -
AH,q, = Z AH, - 2 A¢H, (1)
X, AH A1 AH, 355 298 KRz 49 17 9 2
JEHE , AH o0 AT AT (2) T3
AH,os =AE, s +A(pV) = AE,+AZPE+AH +AnRT (2)
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AE, SEF= )M RN Y TE O K I L RE & 1 45 b
(k) = mol™ ) 5 AZPE J&: i) A1 I I3 ) i) %% s fi ( ZPE )
O KBFA2ZM (k) - mol™) ; AH, 2 M 0 K 5] 298 K
A IEAE (k) - mol™ ) o A(pV) & H A8 A i 1 Hh
T AnRT(k) « mol™ ) o X F &5k 5 ), An=0, fif LA
A(pV)=0. 7£ Ei& Born-Haber {A & 1, Bk H AL &
Yok, A G b S HEY . SHARGUH
AH AT LK S B ok % CBS-4M' JHa sy 5%, ik
193] BATAT A BUGNER 1 iR, £ 1 &5 S%
Py i SR R A RS o

Fz 1 BATAT K ZF W) Bhe it MR s

Table 1 Total energy ( E) and heat of formation AH for
BATAT at B3LYP/6-311+G " " level k) - mol™
compound E ZPE AH; AH

BATAT —2196.409012 631.80 93.52 1183.84
CH, —40.5339287 112.24 10.01 -74.60
1,2,4,5-tetrazine —296.3983125 128.90 13.87 487.03114
CH;N=NCH, -189.3337359 211.85 16.33 147.86
trinitromethane —654.1638359 136.82 26.41 -13.40
CH;NHCH,CH;  -174.5368986 303.27 17.71 -61.77

Note: ZPE is vibrational zero-point energy, AHy is thermal correction to

enthalpy.

1k & W 1 B AR TR RT3 2 4 56 Kamlet-Ja-
cobs 75 &
D=1.01(NM"* Q"*)'"*(1+1.30p,) (3)
p=1.558p"NM'"? Q'" (4)
X, D AR, km - 57 p MR, GPa; N 4 5
Ve 2135 A LS 7= WD I S JR B, mol - g7y MO R
PRI =PI 2 4y F i, g - mol™ s Q KA kEZy
1 Mk 2% 16 2 B8, 7R R BR 07 T A K 24 1 05 R B A
Jo g7 po MKELIR GBI g - em T, X FE A
FEIEY) , HL Q F1 p, AT Lh3E ok S g i, B LA AT D 3d 2ok
N (3) F(4) T D po SR, X T R A sk
TV FPEAL k2, W e TR 2B Q R py,
ABEASEIMBIN DMl po Q MELRE LK 2™,

£ DFT-B3LYP/6-31+G " * 7K F-%f 0.001 e - bohr™
S5 v %% B T T AL [ A A AR A ), 1 Monte-carlo
T5 BORAF A 4 T EE R R R (V) (B 100 Kt
RO E) , JE SR A% TR B % (p =
M/V M g5 FBEIR i) o

i Kamlet-Jacobs 77 ## it %15 BATAT (1) 48 3% 1%
g ALK 3,

St
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%2 Kamlet-Jacobs TR HF S8 Q K ik (k& WH
C,H,ON_JERK)
Table 2 The calculation of parameter Q in the Kamlet-Jacobs

equation (C,H,O_N,)

parameter c=2a+b/2 2a+b/2>c=b/2 b/2>c

N (b+2c+2d) /4M (b+2c+2d) /AM' (b+d) 2M'

_ , (56d+88c-8b) / (2b+28d+32¢) /
M 4AM'/(b+2c+2d) (b+2c+2d) (b+d)

(28.9b+94.05a+ [28.9b+94.05(c/2—
0.239A,H) /M b/4)+0.239AH 1/M’

, (57.8¢40.239AH) /M
Qx10

Note: M’ is molecular weight of the product, g - mol~'.

F 3 BATAT IBEEMREIFA 4R
Table 3 Calculated detonation data of BATAT

compound AR P B Q B b B P o8
/k) - mol™ /g-cm™ /)-g /km-s' /GPa /%
BATAT 1183.84 1.827 6739.58 8.76 34.11  =20.5
DAAT!?! 862 1.780 4296.35 7.73 2412 -72.7
RDX!! 81.3 1.816 5452.27 8.67 32.61 -21.6
HMx!®) 95 4 1.905 6168.42 9.01 37.85 -21.6

Note: p is density, Q is heat of detonation, D is detonation velocity, p is det-

onation pressure, OB is oxygen balance.

M 2 It BATAT SR ARHR R AR 1 430l ik
#76739.58 ) - g™ 8.76 km - s 134.11 GPa, it &
T DAAT(4296.35 ) - g7 .7.73 km - s™' f124.12 GPa),
5 RDX {4 P fig (5452.27 ) - g7, 8.67 km - s A
32.61 GPa) #Hif, st T RAF ISR VERE

4 #F it

(1) LA BT )ikt i 23 36 % BUR RN & DAT,
AL ) DAAT SR )55 2, 2, 2-=fis R ok
RSB AR 3,3 A - (6-(2,2,2- =
CHE)-1,2,4,5- ) (BATAT) , SR IR0 1% %
XEPEY AT T RAE

(2) 5l A= L2 5, DAAT 1 &1 h
—72.7% 425 5] BATAT 1-20.5% , K K88 7 H &
Vi, R % iz R e DFT/B3LYP Jr ik, it &
BATAT HYARMEA: MGl 1183.84 k) - mol™ ; T 43
EARE B E] T 8.76 km - T F134.11 GPa, i
HERER AT,

SE
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Synthesis and Characterization of Trinitroethyl Compounds Derived from Tetrazine

GUAN Ming-yu, YANG Hong-wei, Lii Chun-xu, CHENG Guang-bin
( School of Chemical Engineering, Nanjing University of Science & Technology, Nanjing 210094, China)

Abstract: 3, 6-Diamino-1, 2, 4, 5-tetrazine ( DAT) was synthesized by nucleophilic substitution using 3, 6-bis ( 3, 5-dimeth-
ylpyrazol) -1,2,4 ,5-tetrazine (BT) as the precursor. Then the 3,3'-azobis(6-amino-1,2,4,5-tetrazine) ( DAAT) was obtained
from oxidative coupling reaction of DAT, and the energetic compound 3 ,3'-diazenebis (N-(2,2,2-trinitroethyl)-1,2 ,4 ,5-tetrazin -
6-amino) (BATAT) was first synthesized from 2,2 ,2-trinitroethanol and DAAT. The structure of BATAT was determined by MS,
"H NMR and ”C NMR. The density, heat of formation, detonation velocity and pressure of BATAT were calculated by Monte-

-3
)

carlo method and Kamlet-Jacobs formula. Results show that the density, detonation velocity and pressure are 1.827 g - cm
8.76 km - s7' and 34.11 GPa, respectively.

Key words: organic chemistry; tetrazine; nucleophilic reaction; 3,3’-diazenebis(N-(2,2,2-trinitroethyl)-1,2 ,4 |5-tetrazin-6-amino)
(BATAT)
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