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) 5 Nicolet 1S-10 % {# B i 75 46 21 4 5 3% A ( ﬁlﬂ%
B IR A A ) s VarioEL ot & 43 Hr X (12 [ Eleman-
tar A F) .

2.2 EHIE

PLTNT Oy 32 22 )50k}, 28 3 4% R B (K,Cr,O,) A 1k
SOCI A . & iz — e kU 4 — (2,4, 6- = HH &
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Scheme 1 Synthetic route of TKX-55

A B 22 SR 13 ], IR HR AL BT AR
b5t ARG R E

SRR (2) (TNBA) : fE %3 T 434k ) 36 mL
WHLRR oI TNT(4.0 g,17.6 mmol) , & 18 FH iR &
50 °C,fF TNT )5 , R FFIRJETE 45~55 C T 404t 28
AN E AR R AT (K,Cr,0,) (6.0 g,20 mmol) , it $¢ 2 h,
IV 235 oS R RN T 2B A 8 A vk b i B T 20% 4k
PR Pk IR UL 7E 50 C R LT, 5 3] = a3 K PR (2)
3.98 8,77 % 88.1%.

SRR BES(3) (TNBC) % R A 1.6 mL
1, 2-DCE i fin SOCI, /POCI, (7.8 mmol) , - fin A
80 mL DMF, fi P 5] J5 , 4 it 22 18 I A =i B2 28 B g
(2.0 g,7.8 mmol). LA5°C-10 min™" {1 # & 7} i 71
70 CINL 2 h, W ARG A KFERE 2 he LU,
Ve, TS 2 =R IR R ((3) .

Z(2,4,6- =R RN BL ) B A BEWE (4) cAEE T
1] 5 mLi&E R (DMSO/DMF/HN | . 1,2-DCE/THF) il
A (3)(500 mg, 1.8 mmol) , &1 in A & — & — it
(107 mg, 0.907 mmol) , Ml A 1.8 mmol 4 iz 7
(NaOH/Et,N/Na,CO,/NaHCO,) , F} i & 50 °C [ i
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24 h, B TEZE, TS5 (4) . '"H NMR(500 MHz,
DMSO-d,,25 °C)8:11.46(s,2H,NH), 11.42(s,2H,
NH) ; 9.14 (s, 4H, CH) ;”C NMR (126 MHz,
DMSO-d,, 25 °C)8: 157.9, 157.4, 147.8, 147.3,
129.5, 124.6; IR (ATR, v/cm™) : 3338.7, 3295.5,
3107.7, 1714.9, 1670.6, 1606.5, 1552.3, 1536.8,
1484.1, 1453.5, 1341.8, 1292.0, 1229.8, 1181.5,
1076.3, 921.5, 825.5, 819.4, 782.6, 735.1,
724.7, 686.4,
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Bl 1 TKX-550"H NMRHIC NMR [l
Fig.1 'H NMR and ”"C NMR spectrum of TKX-55

TKX-55:44(4)(0.1 g,0.168 mmoD it A% 5 mL %
HHBR IR T, 72 2 I8N N 24 h K S R A vk R it
JE K, 153 TKX-55 0.0865 g,7% 91.9%. 'H NMR
(500 MHz, DMSO-d,, 25 °C)8:9.42 (s, 4H, CH) ;
“C NMR (126 MHz, DMSO-d,, 25 °C ) é§: 157.9,
153.8,150.1,149.2,125.1,116.6; IR(ATR,v/cm™) :
3087.3, 1607.7, 1538.9, 1469.6, 1403.9, 1341.2,
1185.7, 1151.5, 1063.8, 993.4, 966.4, 954.9,
921.6, 825.8, 780.1, 759.3 733.9, 721.9, 693.8,
673.3; Anal.calcd for C,,H,0,,N,,:C 34.30,H 0.72,
N 25.00; found: C 34.41, H 0.77, N 25.08.
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Fig.2 IR curves of TKX-55
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Table 1  Effect of reagenton yield
reagent yield / %
POCI, 87.9
socl, 88.8

Fr e 1 AT D, SRR AR A Al sk e 3R B e O R
B W E AU 2 0.9% (SCHk[13 T H N 89%) .
I, B A AR S SOC,L.
3.1.2 BRR AL

SCHR B R R R 72 hy R R K A R
G S NP 1 N 1 R I s 20 M [ i V40 5 v

VA R R U R B S < E 50 °C, S I E] K 72 hi Ay
SN T =P AT SR H 2 T DMSO . DMF N
M \1,2-DCE . THF XJ R (52, 25 5 0L 3& 2.

F2 AR X B SR HSCR 1Y 5E
Table 2  Effect of solventon yield

i # 2 /LA, 24 L DMSO 1 3% #) iF, TNBC 7
DMSO Fil DMF 1 i {6 i el AR %, & A= T 43 fi I, PR
I, DMSO 1 DMF AN E AR 5 24 LA 1, 2-DCE/E#
BF, JEOBHE 1, 2-DCE T I A K, AN S & R
TR S A B ol ;B XE DA HEAT L CRAL R 5.4%
1 LA PR TR SR 35 700 s, IS0 AN R 10.7% 5 25 DL THF fE
7S R B, TNBC BE 3¢ 45 H % T THF o iR 42 & %)
65.4% . KL, Fe il B A H o THF

L 39 %) o S X A 1 52 ) < TR R 4K R I rp 2
A HCL ARl A 07 24 - 8 ol L, 25 B HC AT LR &
W, R, AR A 3 I A A B R ) LA BR 25 HC,
TE 50 °C, W B[] R 72 h, %500k THF i 240 F ik
17 =P AT S50 25 55 T R N A 2R R IR 1y 5, 2
REE R L 3.

|3 AR A RS R A 5
Table 3 Effect of the kind of acid-bindingagenton yield

base NaOH Et,N Na,CO, NaHCO,
yield / % 0 11.6 18.2 85.6

Hi 2% 3 0] UL, 2 1) )2 W P A NaHCO, i 1ig 2%
He . NaOH S s Bk, %F 1k ik Ak 52 0 AS #) 1l Na,CO,
B A% PE 38 T NaHCO,, I DL JE 3 A9 YR 2 K TRl -
R, A NaHCO, a] DL IR

SR 15 B X6 SR B ) 7E 50 °C L350 THF, Jin
A NaHCO, i &5 F , %5 58 T [ I 1] [i] % i 26 1 5%
i), 25 R L3 4.

R4 STV A 52 R

Table 4 Effect of reaction time on yield

time / h 12 24 36 48 60 72

yield / % 60.8 84.9 85.1 85.5 85.8 85.9

solvent DMSO DMF Acetone 1,2-DCE THF

yield / % - = 10.7 5.4 65.4
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I, Fe B SN R] Sl 24 he
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T OEA AN AL LY BN I ] R R TR
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A TKX-55 BEAT 20 TP Ak, 45 21 d5 D0 A4 2 o) 45 14
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Fig.3 Optimal configuration of TKX-55

F R F Ak 2 A Kamlet-Jacob 28 3% TKX-55
(CyoH, O N R MR BE AR S 2R LA 50 (R k2520
70 C,H, O N, I TKX-554F5 2a+b/2>c2b/2).

12
D=1.0(NM Q") (1 + 1.30p) (1)
12
p=1.558'NM Q" (2)
N=(b+2c+ 2d)/4M (3)
M =(56d + 88c — 8b)/(b + 2c + 2d) (4)

Qx107°=28.9b+ 94.05(;—§)+ 0.239AH/M (5)
S, DR km =575 p T L GPasp K 24 9 4
2 mes™ s N B AR 2R A e IR 0 AR
mol-g s M IR = 4 07 29 45 F 1t g -mol 5 Q
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Table 5 Energetic properties and detonation parameters of
TKX-55

D p
compound T,/°C  p/g-cm™ Jm-s1 /GPa IS/} FS/N
TKX-55 3350 1837031 8052 28.6 51 >3600"3
Pyxts 360 1.757 7757 25.1 10 360
HNSH! 318 1.74 7612 243 5 240

Note: T, is temperature of decomposition. D is detonation velocity. p is deto-

nation pressure. IS is impact sensitivity. FS is friction sensitivity.

TKX-55 2 B H i #E 25 B i 0 ME e - R AP 19 4R 35
PERE AR R = o TR R . TKX-55 % B & Gk
1.837 g-cm™, & T PYX I HNS, H B A R4 A9 48 55
fE : 3 (D=8052 m-s™") Fl 4 [k (p=28.6 GPa) , ¥ 1k
FPYXFIHNS, TKX-55 fi i B 5 HNS AH 2, 3
5 ), T BE S A PYXORT HINS . 43 fifk 385 B S i 30 4
2 () H B S 80, TKX-55 19 43 i ok 335 °CL & T
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HNS, 3X 26 P g i 753 TKX-55 78 it #4245 vh B )4
B4 1 T 5 o

4 i

(1) LATNT Ry Jsikt, 280 4804k U IBOAG 7K
WA RV A BT TKX-55, 25 A R AT 35 60.3% , I H
LLANEIE A g R X H g A AT A .

(2) WF5E T AR X A S B A 5% e, B T
FACIKF Ky SOCL,, WK Jy 88.8% ; W55 T A A I 71
SR ) LA K B N S 1) X6 Tk Bk Ak 52 0 ) 56 L B T
Ik THF 4 2 7] 5 NaHCO, 2 b B [8] K 24 h, ]2
B4R 06 T 48 h, R K 84.9%.

(3) i 3 Gaussian #K{ %F TKX-55 14 45 4 9 47 #
L, Fl A Kamlet-Jacob 2 = il 5 4 3 v] ik
8052 m-s™', M5 Al ik 28.6 GPa, [ if if B A K I 1Y
JRRRE AR Sy it Rk 24 B VA N RIS
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Synthesis Optimization and Properties of TKX-55

LIU Yang, SHEN Cheng, LU Ming
(School of Chemical Engineering » Nanjing University of Science & Technology , Nanjing 210094, China)

Abstract: 5,5'-Bis(2,4,6-trinitrophenyl)-2,2"-bi( 1,3, 4-oxadiazole) (TKX-55), a thermally stable explosive, was synthesized
with a total yield of 60.3% from trinitrotoluene via oxidation, chlorination, substitution and cyclization reactions. The chemical
structure of TKX-55 was characterized by infrared (IR) spectroscopy, nuclear magnetic resonance (NMR,'H and "’C). Next, we
optimized the chlorine and substitution reaction conditions. When SOCI, acted as chlorine reagent, the highest yield was up to
88.8%. When THF was used as solvent and the reaction time was 24 h, NaHCO, was a better acid-binding agent compared with
others (such as NaOH Et;N and Na,CO,). The decomposition temperature of TKX-55 is 335 °C. After optimizing the molecular-
structure of TKX-55, its detonation velocity (D=8052 m-s™') and detonation pressure (p=28.6 GPa) are calculated by Kamlet-Ja-
cob formula, which are better than those of PYX (D=7590 m+s™', p=26.2 GPa) and HNS (D=7545 m-s™', p=23.6 GPa).

Key words: heat-resistant explosive; 5, 5'-bis(2, 4, 6-trinitrophenyl)-2, 2"-bi(1, 3, 4-oxadiazole) (TKX-55) ; synthesis optimiza-
tion; property computation
CLC number: TJ55; O62
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