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CHOH —=3 5 CHOH AAE + DAG 12504, CH—0—C—Chls
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Scheme 1 Synthetic route of PCPAA
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¥ooo4r Hb 5% 3% A, B+ Bruker 42 ®H AV 500 %
(500 MHz ) 8 & 4t ¥k &% B 1 H A B 3 2 H
LC-2010A B RO AR (354 (1 — 4k ¥k ) 5 8 F EXE-
MENTAR 72\ 7] Vario-EL-3 502 4 H1 X .

2R AR EI(DSC) W E . K FE TA 246 Q-200
RIZE R AR B AL, S S A AAS, BT 1 MPa, JHIR
R 10 °C - min™' AR R 2 0.8 mg BRI 45 4

POEALIRIE (T) ML : S TA 4w DSC2910 A2
AR R, B A UK THIRE 10 °C - minT' it
FE 2y 26.39 mg, iR LR AL

JEEE I . #2 GIB772A-1997 J5 ik 601. 2 il
PCPAA itk v, Hoh & Bk 2. 5 kg, 25 1 30 mg; %
GJB772A-1997 J7 7k 602. 1 il iF PCPAA JEE 48 Jak i
FE 2.45 MPa, 2 66°, 255 20 mg,
3.2 &HES
3.2.1 BRZBZEHER

[ 2B A o PE R EE T S BEAE B9 500 mL P ke
L, MAK LR AW (73.2 g, 1.2 mol) , & H AL
(54 g,1.44 mol) ,i& & /K LB (150 mL) o Tt
WWER G, BN 7 he B EFER, N E A
100 mL K, ZE B2, SO A HL)Z, thik 2
pH =7, I8 B 2505 ), A9 0% 8 B WK 72,2 g IR
% 93.8%, 4 )i 99%(HPLC), ny)=1.4360,

IR ( KBr, »/cm™ ). 2986, 2940 (—CH—),
2110(—N,) ,1747(—C = 0),1291,1028(C—O—C) ,
3.2.2 ERZE(AAE)HIE K

] 250 mL Je Wi Hin A & A 4 BB (6 g,
0.047 mol) 7k 50 mL, 58 ZU4EHE T, 9248 3 in = A 1k
BUKEE W, FHIR 2 50 °C, i 1 h SR 5 U0 28 10 2 [
PR Y o FFIA 20 mL 7K {0 %5 i, v 20T 22 1% R
fn4 mL e, Bt 30 ming JHIJo/K ZBEA L, G0 A
BLJZ, Jo/K B R T4, 3k i, B o 25 0 A R B 8 K
2.5 g, U 53% , 4 ¥ 99% (HPLC) . nY =1.4602,
IR(KBr,»/cm™): 2110 (—N,), 1797 (—COOH ) ,
2986(—OH) ,

3.2.3 1,3-“EBRHE(DAG) &R

] i 2 g R R T A v BEAE R 250 mL Y 1 ke
AT, 3 - N EE(25.8 g,0.2 mol) , &AL
#(39 g,0.6 mol),i&E &K & DMSO, fin#k & 95 ~
97 °C, PN 7 h, ¥ B, RV A 200 mL 7k
H, TR, G IR LS VR WUEBR KA L 18
AWK 23 g, W% 81%, 4fi iF 99. 74% ( HPLC) ,
nY=1.5024, IR(KBr,p/cm™) . 3428(—OH) 2931,
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2870 (—CH—), 2105(—N,),1285,1090 (C—O—C),
3.2.4 PCPAARIE R

R A PEFE R EE T 3K S8 BEE Y 150 mL Y
e, A 1,3- — &R EENEE (4.0 g,0.04 mol) , &
AL (5.66 g,0.056 mol),i&E &= 1k & 110 mL
Ao FHRZ B, RN 9 h, vk O, A E R
TKUE P, BB 7K e — Uk, A7 HILAR RIS 4 ¢ 3t 4, T K it
MR T4, 2 U8 WU BR B0 50, TR B (R 4.5 g,
W& 71. 4% , 45 )% 99.1%(HPLC) ,nY) =1.5078,

IR(KBr,»/cm™): 22931 (—CH—), 1443 (—CH,—),
2106(—N,),1754(—C = 0), 1186 (C—O—C)
"HNMR ( CDCl,-d,, 8): 5. 311 (m, 1H,—OCH ) ,
4.209(s,2H,—CH,N,),3.894(m,4H,—(CH,N,),).,
Anal. calcd. for C;H,O,N.(%): C 26.67,H 3.133,
N 55.99; found: C 26.61,H 3.148, N 55.81,
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4.1 BEURNM
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e IR BRI, 5 R A JRE O LU O 52 T 1 A I
RM YA BN R Z — , B % T PCPAA J5Ub
AAE 5 DAG /K XS BR AL CR 520, &5 R I3 1,

R 1 AAE 5 DAG E/R X PCPAA I (1 52 i

Table 1 Effect of AAE/DAG molar ratio on the vyield of
PCPAA
AAE/DAG molar ratio 1.0 1.2 1.4 1.6 1.8
yield/% 58.5 67.3 71.4 71.3 71.6
purity /% 93.1 94.5 99.1 99.0 98.8

MR T AL, BEE AAE 5 DAG R H iy 1
i, PCPAA Wi 3 A 4li B #4547 T 2 5 , 4 AAE 5 DAG
FEIRTE A 1.4 I, =R 71. 4%, 41554 99. 1%,
W5 S A TR B30, 7 W WOR Al LT R AR
{HJE7E AAE 5 DAG EE/REL R 1.0 F 1.2 (R4,
7 4 FE AR, YRR €5 3 RS 1 o A, AR BT T R
B3-S ANEE, MRS R, 3-SR
WBERSE 42 5 O, H =¥ PCPAA 75 J5 4b # i 7%
L ERACRE KL kR LR HZ1,3- 25
RNEETC LB . R BT SC g n K &/ R
PO mA RS T 1, 3-S5 N, 1,3- SR NE
ST BB N 58 4
ER R
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4.1.2 {ELFIAER
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Fra2 5, AW ST A [m) A Ak 0] 5 T Ak B Iz ] 1 D6 &2 o F
FEERNE 2,

F 2 MEALFIXT PCPAA I 1 5 11

Table 2  Effect of catalyst on the yield of PCPAA
catalyst amount/g yield/% purity /%
H,S0, 14. 4 71.4 99. 1
p-toluene sulfonic acid 2.0 14.8 93.7
BF, - OC,H, 1.6 1.8 -
BF, - OC,H, 3.2 20.2 -

F1 2 2 Al R R LA A A AR AR T, 43 AT A
e B TR R R AL AT R 1 R i FL B R B
W BB N 7 A ) K 1 T A 2 R ) 1 1 A% Bl A5 R
BEAS SR EAT o T X P G R R M RS M i, R ) 4l
JE R, BF, - OC, Hy R 1 B it vl {H 38 /K W% %) 43 fi 1t
SN BRI, 19 A 1 7 A 3 AR G T VR L R 1 ARG
ARAS o T LA, 6 5 Vi B8 19 A TG 1 B o 14 P R
4.1.3 |z Rz At X i 2R B9 8 0

LR AL SN LA 2R SV 7 7E W R A AL VR T
WAk, g A s W S8 4, I ARIE Sz 7 IR ) AR Al B 25
7 A R K o 5 A T R ) R B T Xt oA R B 5 i
SR 3,

&3 NEFAINS PCPAA WU Y 52 0

Table 3 Effect of reaction time on the yield of PCPAA

reaction time/h yield/% purity /%

2 J— J—

5 60.8 98.0

7 63.7 98.1

9 71.4 99.1

11 71.2 98.2

12 71.0 98.2

F 2 3 T, 4K i R s IR] 1 Ak R 9 K G AR
SN, AR TR A SN HEAT , 2 R B ] SE 4 & 9h
BF, WG 23 4l 3k 3] e vy, A8 K e I B ] 50 A
JIE B G R AT RE R A R ) A R AT T
KR, 3- A RN B B AE
4.2 PCPAA 188
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I T HE B 5 8 A R B L GJB770B — 2005 7 3
701. 2 Wk T AR AL, IR 5B A EMIA 1,5-7 5
SHE-3-R 3R A TR ( DIANP) HEAF T X e, 45
WE 4,

* 4 PCPAA 1HE
Table 4 The properties of PCPAA

material PCPAA DIANP!®
molecular formula C;H,N,O, C,HgN,; 0O,
appearance light yellow liquid  light yellow liquid
nitrogen content/% 55.99 55.99

plg - cm™ 1.32 1.33
Tp/°C(DSC) 240.5 241.9

T,/C <80 -38

impact sensitivit/cm 37.2 20.28

friction sensitivit/% 0 26

heat of combustion/) - g~ 21179 16585

HiZE 4 AT LA I, 550 ] 2 U 2850 DIANP A
Fo, PCPAA (205 fi IR0 ik il % 2 55 DIANP A
L5 PCPAA Sl v &5 A7 2 P8 I KLk AT, A L 5 AT A
GUEE R A AN C =Y @ Al K N7 i S A R G
LR IR i iy R 2T DIANP, I3 1 H: il JRK
T RESE TR YRR AL R b P = T DIANP, BB & fiE
7 U TR 0 7 R AR e ol K S 2 0 K R M R S
AT LUE h PCPAA J2& — Rl Bl & BB L = ALY
R O B WG BRI A S W I I PR AR
B, PSR BE AR A, H B A 3 P i B R A
AR B S 2 R A DL T . 53 4, e AR R AR
ARERE AL S W AR R R AT

5 & it

(D URARCIKR OB R R IEER, 25 A& k. K
it FRALER NG T HHNSASRALEw1,3- =&
RIE-2-Z R CRNEE (PCPAA) I & 40 4P i K W
YR KOTER ot o a5ty kAT 1758

(2) Pk 7 PCPAA & U N, B T B A R 1k L
N 2R R /R EE IR L 1. 4 Ak 700 R e B IR, L N B
B9 h,

(3) Mk T PCPAA 43 M fig, FL 4843 fif I B2 Ry
240.5 C, 3R E /N T -80 °C, BEHEE 0%, i
dIE 37,2 em, BREEH 21179 ) - g7, F2 ] PCPAA
S PR R R R BB B R S A S A N T
(| W2l 2T
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Synthesis and Properties of 1,3-Diazido-2-azido-propylacetate

DING Feng, WANG Wei, WANG Ying-lei, LIU Ya-jing, LIU Wei-xiao, JI Yue-ping
(Xi'an Modern Chemistry Research Institute, Xi'an 710065, China)

Abstract: A new energetic plasticizer 1,3-diazido-2-azido-propyl acetate (PCPAA) was synthesized via. azide substitution, hy-
drolysis, esterification etc reaction using ethylchloroacetate as primary substance. Its structure was identified by IR spectrometry,
nuclear magnetic resonance spectrometry and elemental analysis. The esterification reaction conditions were optimized. The fac-
tors affecting the esterification reaction yield,including 1,3-diazido-propan-2-ol (DAG) / 2-azido-acetic acid ( AAE) molar ratio,
catalyst, and reaction time were investigated. The thermal properties, friction sensitivity and impact sensitivity of PCPAA were
measured by DSC and sensitivity tester. Results show that under the determined optimal reaction conditions of esterification reac-
tion: molar ratio of DAG/AAE is 1.4, catalyst is H,SO,, reaction time is 9 h, the yield is 71.4% and the purity is 99.1%. For
PCPAA, p=1.32 g - cm™’, glass transition temperature as T,(DSC) <-80 °C, decomposition peak temperature T (DSC)=240.7 °C,
friction sensitivity as 0%, impact sensitivity as 37.2 cm.

Key words: azido plasticizers; 1,3-diazido-2-azido-propyl acetate; synthesis
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