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B, RWE, AR, T B, XI%, EEE
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(W= AR FH R, T % 710065)
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AREREH(DSC)EWIFE T DPTB By #4451 BE
17.9% 32 E 5] 44.9% .

S5 R F W, DCC/DPTS fi#t fb i Ak 2 A8 1% 48 Jr i, il DPTB 1Y i 4 Wi 2
1E 215 CH1 230 °C,DPTB i) DSC & A WD i ki . B0 TG MR mT 20 9 A B B 38— B B, A

147 °C%)| 220 °C,HHE 76.68% My BT 155 , 55 B Be, A 220 CH| 351 °C, Rl 15. 23 % B BT AR 5%, D43 Ak S I, T s 310 285 0 11

FiEHEN91.19%,
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MRS M R BRI RIR GRS

B RIGIBRIEE T RBE R R . &4
T R IR AT 5 5 W) 0 & A AR K T BE ( GAP) L 18
T PERETT TN R, 5 BUAT B & BE S R P BN A A
It LAWE SN R B T IF 4 5 2 AR T 008 28 i 22 7 1
BRGNS T AR B8R [ b ol SRR I L g
AR TR SR AN EER T A
HIH A 5 B3 2R A (1, 3- 2B R -2-N 5 ) BRI
W2 Wi (BAPS) XU& A & B — L Wik (EGBAA) Fl M
B R LU EE R MY £ R T (PETKAA) o
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4,4, 4- = HE T BR-2-F A1 -B AT OB
(DPTB), 73 73 C, Hy N, Oy, R & &4 il b

36.31% Hl 36. 86% , % & 3/ 1. 5025 g - cm™'*
DPTB 437 i i 3k A1 02 B4 g 38 98 56 A1, OF H 24>
YR TE B ) A7 BEL IR /N T 5 e ik AT () 1) A B35 5 LA I,
O FEERE N T B TR 2. 45 1, DPTB &
— o N FH T R B RE MY 9B ). B A A Witucki
aplOl e 4,4 A RYIE T IREE AL IR 4,4, 4- SRR T
B, 5 1, 3- S J AL BN, & T & Re g
I DPTB {H J& b 77 2% I g Asf 0] 48 4 T Ak I R 35 A1
LR 17.9% , B A 25 DPTB 4l i | ¢ fF %5 48 F0 1 i
URERAE/

MR A S Sk AR S i T 4 i DPTB i
Bk, DL 2, 4- T R mE g A 13- AN EE N OB, &
SURIE AV ) | N A= - R R A VA L | 2 7
DPTB, LA #%#E o R 43 A %t DPTB By 45 #4647 1
RAE . FE T AFRBRAL J7 v AL ) A & 8 1k B2 B
TR B R s R 6 sz 07 WA A 5 B R T AR ) RN 4R
1, %12 80858 T DPTB [y s 2= bE i, iz b & 9 v dg
Wi — BRI T 2%

2 ZBWES

2.1 RXF54R
TR E X R REE S 5 SCEk (12 ] A
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4,6-" g (DHP) & B T 5 98% fiff
iR, AR TR e AL TR T &/ ALEN, AR T R e Ak
AT, 40 Tk 4 Wi iR , ICER TR e Ak T
J7s NIEER, AR T RN AL Taksn ) &, TR
SRR O A BR A w5 1,3- AN B, R E A
TR 5 N, N-ZF 3 R B ( DMF) |, T 7R 4
FHEE AR A R s 3 2 568k — W e (DCC) , L ifg
I RFEF B R AT CROTR, ) RICHERE R
MAEWRAF S8, ARG ERE IR A RA A 35
ol T
NEXUS 870 7l fif BL i A5 6 27 AP 15, 22 [E $v ey
Je & J18Fl s AV 500 B (500 MHz) 8 A B3R A
#t-+ BRUKER /2 7] ; VARIO-EL-3 %50 243 B X, 1 [
EXEMENTAR /A #]; LC-2010A 7 25 %% i A8 4 3% 4% (14
—35)  HAR S HE A F]; Q-200 AU 22 /R 14 /8, 56
E TA A F]; TA2950 % TGA 1%, 268 TA 24 Hl,
2.2 HMEZ
DPTB & £k UL Scheme 1,
HOWOH H,S0, O;ZN }
NN HNO; ON
0N ON

ON——H + HC=C—COOH —» OZN%_\_
ON H ON COOH

CIHZCYCHQCI N3HZCYCH2N3
OH OH
ON 0N N3
o > . N3HZCYCH2N3 o 0{
ON COOH oH ON Ny
0

Scheme 1  Synthetic route of DPTB

2.3 LI FE
2.3.1 HEHWEK

=R MA 114.0 g ¥R (1.16 mol) , %
T IA 7.2 g DHP(0.064 mol) , f5 H 2 # % it 5
VBHILEO0 ~5 CC R 21.0 g iR (0.33 mol) , 4k
ZEHEHE 10 min J5, THR 2 45 °C, W 2 h, ¥ 520
BIA VKK B4 30 min, F G H B2 B, 43 A AL
JZ, TR WO 25 R A e, A B 6 R
m.p. 25 °C, % 82.4% ,4li & 98.7%

"H NMR(CDCI,, 500 MHz)8: 7.625 (s, TH);
"C NMR(CDCl,, 500 MHz)8: 114.410 ~114.709
(7 #IE,JC,N); IR(KBr,»/cm™): 3031 (C—H),
2902, 1591, 1303 (NO, ), 942, 838, 775, 626,
570; Anal. Calcd. for CHN,O,(% ). C 8.01,H 0.71,
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N 27.57; Found C 7.95, H 0.66, N 27.81,
2.3.2 4,4 4-=HETHE(TNB)HEK

] %47 8.0 g (0.053 mol) 45 1 = FIf HImA
16 mL 7K, fE 43 f# )5, 3 n 5.0 g(0.069 mol)
PR IR o 5, il 2 50 °C, i 30 min K iz [
RN T B T S < i P g B N =R S | A T
UEL 0 CoKuERI o, T4 153 1 A 45 & B D B iR
¥ TNB,m.p. 60 °C, % 60.5% ,4[ ¥ 98.5% .,

"H NMR (CDCI,, 500 MHz)§: 2.872 ~2.902
(t, 2H),3.412 ~3.442 (t, 2H),8.908 (s, 1H);
"C NMR(CDCI,, 500 MHz)8: 175.173,128.673,
29.598,28. 353; IR (KBr,»/cm™): 3008, 2961,
1715(C=0), 1594, 1426 (C—O—H), 1240, 932,
800, 666; Anal. Calcd. for C,H,N,O,(% ). C 21.52,
H2.24, N 18.83; Found C 21.48, H2.27, N 18.67,
2.3.3 1,3-“EFHE-2-WEE(DAG) &K

£ 100 mL /4 E P mA 6.5 g (0.05 mol)
1,3-"40-2-INEEFD 40 mL —HIEAR, JEfm A 10.3 g
(0.16 mol) & A AL &, B+ /5 T+ 2= 100 °C, J i
8 ho B K IR A VKK B HE 30 ming AT &
W, A HLZ, T8 R 25 B & b, 15 31 2
Wik DAG, BNy 82.4% , 41K 98.1%

"H NMR(CDCl,, 500 MHz)§: 2.46 (bs, 1H),
3.37 ~3.46 (m, 4H),3.91-3.96 (m, 1H); "C NMR
(CDCl,, 500 MHz) 6. 54.0,69.7; IR (KBr, »/
cm™'); 3428(OH), 2931,2870, 2105(N — N — N),
1285,1090,

2.3.4 DPTB &

15 CHiHETF B 3.4 g(15.0 mmol) 4,4 ,4-=
S TR A 2.6 g(18.0 mmol) 1,3-—8 & &-2-N 8
A 150 mL & H L b, ) Hom A 3 & S ik — 0
iz (DCC)3.1 g(15.0 mmol) 1 = F 4 L it bg xof 1 2
2 £k (DPTS)0.5 g(1.5 mmol) , 7+ % 30 °C, I
30 hJ&, W RZE 1 I A P e, 15 B4 B 6 7 R IA
LA 50 mL ik, R H E -5 °CL kL AREY,
IR ZE T Sk, 15 20 8 6 MR WA, o m A
10 mMLOTR TR R HI &2 -5 C LR R AW, IF # 78
TCBR OB, 153 2.3 g HAR ™98 60 ROl ik
DPTB, it % 44.9% , 41 Jif 98.8% ,

"H NMR(CDCl,, 500 MHz)§: 2.85 (2H, s), 3.44
(2H, s), 3.50 (4H, s), 5.12 (1H, s); "C NMR
(CDCl,, 500 MHz)§: 29.54, 33.60, 51.40, 72.41,
76.78,128.60; IR(KBr,p/cm™ ) ; 3369, 2954(—CH, ) ,

e
.
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2597, 2103 (—N, ), 1747 (—C=0), 1594 (—NO, ),
1429, 1362, 1299, 1184, 1075, 984, 847, 854,
803, 642, 555, 469; Anal. Calcd. for C,H,N,O, (% ) :
C 24.21, H 2. 61, N 36. 31; Found C 24.69,
H2.69, N 36.03, O 36.59,

3 ARSI®

3.1 ERU T ERIEEX KRN

BT & i F2 v i ob ] 72 P 6 £ TNB Fl DAG
HBA AR A T2, I A W 58 3 E e T 5 e
J& — BRSOV PRI ER

PL 4,4, 4-=F43 T IR DAG NI, % HA X H
KRR (TsOH) it fL g fL =" Fl DCC/DPTS ik fig
A 9 Fh 5 v, 9 6 e Witueki T R 38 Y 7 B, 54T g
IR, R 45 R W2 1, 4 DCC/DPTS fi# Lk 1k
B, DPTB B3k 44.91% , 2l i5 35 5] 98.76% , 15
T Witucki iz 38 J7 ¥, 0 st X AT fE J&, DPTS #I
DCC J R0 B4 0 4 Ak 700 R0 K 350, 9 HL R R i B AN
1o, T BE S W ) A3 i RIARR K S . A R TR OR
ek 2 e AL TR AL B, 72 0 B ISR AR 5. 2%, 4l B L 3K
1%, J B AT RE A2 T Sy T B R e, AT B = A R T
W2 o3 i 5 I S N Y & AE o Witucki g 18 S B[R] 4
K R R BB ) 7 d, 5 b BRER AR & 4%, R AR T
STEA R RN, H BRI 17.9%

R AR R X AL RN

Table 1  Effect of catalytic system on the esterification reaction
item reaction method yield /% purity /%
1 DCC/DPTS/CH,Cl, 44.9 98.8
2 TsOH /benzene 5.2 85.6
3 Witucki method"® 17.9 /

3.2 DPTS AEXEL K R0

LL TNB Fl DAG m e, I8 & it /K 1) DCC 1y H
i, B LT DPTS H &, % %¢ 7 TNB 5 DPTS Pk
Eb X S g ISR 5 e, 25 SR L3R 2

&2 DPTS JH & %] g Ak B 52 i

Table 2 Effect of DPTS dosage on the esterification reaction
item n(DPTS) : n(TNB) yield/%
1 0.09 : 1.0 40.5
2 0.10 : 1.0 44.9
3 0.11:1.0 45.0
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DPTS i 1k S i iS4 TNB i i £k Sz 1 B 25 5 stk
7. M3 2 Al L, DPTS 5 TNB /R L3 K, DPTB [y
PR, Y EERELRFE] 0.1 £ 1.0 B, DPTB iy ii %
KF|44.9% , ks DPTS 5 TNB BE/R [, R TG
Wi ARk . BT DPTS (il $ 8 B 4%, AR B, A
It DPTS 5 TNB 3Rk b 0.1 0 1.0,
3.3 DCC HE33 B L W Z 5 i

LL TNB F1 DAG Ry Jic ¥y, [ 2 fi 4k 77 DPTS 19 H
i, B DCC &, % %¢ 7 TNB 5 DCC ¥} Xt Je
I B e, S IR A5 R LR 3,

R 3 DCC T4 AR AL W 1Y 52

Table 3 Effect of DCC dosage on the yield of esterification
item n(DCC) : n(TNB) yield/%
1 0.7:1.0 31.6
2 0.9:1.0 39.5
3 1.0:1.0 44.9
4 1.1:1.0 42.3

FE N, DCC g 32 %2 AR B K 390, B 2% g Ak
o7 AE G K A BN e B Ak T 1) 64T . fr R 3 AT L
5 DCC 5 TNB EE/R [, 7= %) DPTB 1y Wit L i 2 42
LY EEIR IR F] 1 1 iF, DPTB Al 44.9% , 4k
SRR ER W, OB N, A REJE IR 2 DCC 5
KA 1,3-Z R SR (DCU) |, J5 HE A T K, 7
FHA B R S B f o 8 25 B, DT ) 422 3 B T
DPTB (4 2k , Bk 1 W% .
3.4 AFIMANEXENXRHNF N

Vs 00 B TR AL SR I e i 25 R L 4, ik 4
IO SR S Bl 15 mL ), DCC ¥ A e 47,
WA . B CH, Cl, Fl &, DPTB 7= Rl i & 7t
L, IEAE 25 mL IR B K (E . gk S8 i — S0 B 1Y)
JH &, DPTB (1) 7= % Jo B W48 1k, i CH, Cl, i 4 1 =
F7 25 mL,

R4 CH,Cl, 0T A YR 1Y 52 R

Table 4 Effect of CH,Cl, dosage on the yield of esterification
item V(CH,Cl,) /mL yield/%
1 15 31.8
2 20 38.6
3 25 44.9
4 30 45.0

3.5 = A iE] F0GE B B 500
S B 6] sz 7 i B 6 WCR B 52 i A R 1 BT R .
(493-497)
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SN it E AN B 3 sz 7 B[R], W AR 800, I £ 30 h
I 2 B i R o A K S IO i Wi 3R T P S 4R 7
SN B[] AN A B, T e e Rz 3t JBE Wi B8, I 430 °C
IR e R A . 4k 2 41 v SOt JE 31 35 °C, e U
AW R R, AT RE IR PR = B K R DCC A3 i, 52 R T I

R
46
— =
o / 0C
42] .
40 25°C
s 38
3 36 N
= o
34 ~ _— ®C
321
|}
30

18 20 22 24 2 28 30 32 34 36
time / h
B 1 R ] A R X R R

Fig.1 Effect of time and temperature on the yield

3.6 DPTB py#iaE

76 N, iR 50 mL - min™ FHEE##4 10 °C » min™ |
FHER X 8]y 20 ~450 CZ& {4 Wik 7 DPTB fy DSC
I TG-DTG ik, HEf B0 0.5 mg, 45 B & 2 1
B 3 fis o

6-
o 2150°C
4]
34
2]
14
04
4]
2]
3]
4

2300°C

-1

heat flow / mW-mg

5 100 150 200 250 300 350 400
temperature / °C

2 DPTB 1) DSC il &
Fig.2 DSC curve of DPTB

125
100 TG 203.7°C
120 < _
80+ £
115 &
=601 2
2 {10 g
e 404 =
{5 g
20 !
23.32% ik
0 50 100 150 200 250 300 350 400
temperature / °C

B 3 DPTB ) TG-DTG hk
Fig.3 TG-DTG curve of DPTB
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f & 2 A UL, DPTB ) DSC fh £k I A ™4~ B 1 1Y
A, 43002 215 °CFI 230 °C, s T DPTB £ 7
AT RRBY B, HEMIAE 215 °C & AR 9 il 44 5 0 W] R
s DPTB i BE 5L A 1 73 i 5 72 230 °CI 2 & U Ak AT 1Y
J3fif . DPTB 1) TG-DTG £k W7 i 53 ik i B2 73 ) Ky
203.7 °CH1221.95 °C, % DSC 575 [ 40 i B2 AR, 31X
Al fEsE DPTB 7E &l N # K FrE .

TG-DTG i £k W, DPTB (1% #4443 fif 53 >4 W 4~ B
Br. Bl 147 ~220 °C, i@tk 76.68% , X
Uil DPTB 7EiX — Wy Be & A= 1T R BE 43 i, 7T fig 2 H: g
TS, AL O B R LA W R g R
BBt 220 ~351 °C, i i 2 15.23% ,iX A A fig &
DPTB (% fifk &% Wr 24 - & A6 43 ik . B4R DSC il DTG i
244 587 DPTB £ 200 ~ 230 °C A W 4> B 1 14 jift $4
1% () TG ik ¥ DPTB AY{NFE 220 °C 4 B & &
k. XA REJE B T DPTB JC#43 fif ii BE 203.7 °C
F1221.95 CH e, 1M DPTB 783X — X 3l Al i &
AT RIZUR I R, S8 TG iR B R BR T
— A 5T A A R A IR

4 £ it

(1) DL 4,6-— )% Khms g oy Jsokk , 28 5 i fb-7K i
Il &S ) 4,4 ,4- =63 TR (TNB) LI 1,3-24&
WEEAL R, &S A hl &3 13-/ A HE-2- N
(DAG) , i J& TNB F1 DAG 2516 52 1 il £ 15 31 8
TREE AR 4,4, 4- =R T R-2-F A K1 -S AW &
L Tg (DPTB ), 38 & 21 4 4% # . o6 2 47 B i Ik X
DPTB (45 Fy AT T 3RAE .

(2) Ptk e i fe A4 1 . n(TNB)
n(DAG) : n(DCC) : n(DPTS)=1:1.2:1:0.1,
RN A W B, ORI BE 30 °C, i B[]
30 ho B 77 A MR AL IR A Witucki #2181 A4 i 32 2
BT 27% .

(3) WIEWF5E T DPTB fl #4 Jy 2% 1 5 , DPTB
DSC fifi e 1A W A~ B b i 7 e, 43 53 R 215 °C A
230 °C, DPTB % TG i £k s #4453 o WA~ Br Bt
TG 53 il BN 45 R AL T 92%
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Synthesis, Characterization and Thermal Properties of the Energetic Plasticizer 4,4 ,4-Trinitrobutyric Acid
2-Azido-1-azidomethyl-ethyl Ester

LU Ting-ting, ZHANG Li-jie, JI Yue-ping, DING Feng, LIU Ya-jing, WANG Ying-lei
(Xi'an Modern Chemistry Research Institute, Xi'an 710065, China)

Abstract. An energetic plasticizer 4,4 ,4-trinitrobutyric acid 2-azido-1-azidomethyl-ethyl ester(DPTB) was synthesized via esterifi-
cation reaction from 4,4 4-trinitrobutyric acid( TNB)and 1,3-diazido-propan-2-ol( DAG) , in which, TNB was prepared via nitra-
tion-hydrolysis and addition reaction using 4 ,6-dihydropyrimidine as raw material, and DAG was prepared via azidation by 1,3-
dichloro-propan-2-ol as raw material. The structure of DPTB was characterized by IR, NMR and elemental analyses. In synthesis,
traditional esterification method was replaced by dicyclohexylcarbodiimide ( DCC) /dimethylaminopyridinium p-toluenesulfonate
(DPTS) catalytic esterification method. The effects of material ratio, reaction temperature, reaction time and solvent dosage on
the esterification reaction were investigated. The thermal decomposition properties of DPTB were studied by thermogravimetry
(TG) and differential scanning calorimetry (DSC). Results shw that replacing traditional esterification method with DCC/DPTS
catalytic esterification method makes the yield of DPTB promote from 17.9% to 44.9% . There are two exothermic peaks at 215 °C
and 230 °C on DSC curve of DPTB. Its TG curve can be divided into two stages: first-stage is from147 °C to 220 °C accompanied
with 76.68% mass loss; second-sstage is from 220 °C to 351 °C accompanied with 15.23% mass loss and the total mass loss from
start to the end of decomposition reaction is 91.19%.

Key words: energetic plasticizer; 4,4, 4-trinitrobutyric acid 2-azido-1-azidomethyl-ethyl ester ( DPTB) ; esterification reaction;
thermogravimetry-differential scanning calorimetry( TG-DSC)
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