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AN A e, A Al R R $0299.5%, ) N Tl
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1% : 56 [ Nicolet 23 & NEXUS 870 %l i L 45
W21 AR i Bruker 22 5] AV 500 %1 (500 MHz)
T R A G X s H AR i3 W LC-2010A U &5 30
A 3% A (I — Ak %) 5 8 B EXEMENTAR 2
Vario-EL-3 B0 Z 4 Hr X .
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HO\/\O/\/O\/\OH 4>2 ¢ :
TEG TEGDN

Scheme 1 Synthesis route of AZDEGDN and AZTEGDN

2.2.2 DEGDNHIA R

] B A B PR B T v BE A 9 50.0 mL Y
PR, A MRBEIR 9.5 mL, S e, vk s e A,
iR B R FRAE 15 CCLAR L1212 0 n ik i B2 28.6 mL,
SR L TH N — 45 — 2 8 15.8 mL, 5 il & B 20 ~
25 °C, N 5¢ B8 AR5 5 min, BE SR TR S AR FR 1Y
VKK TR A3 R 2R, FE4 IR K
TR DL K 585 B 7K R 2 1R K R Ak 2 ek BRI €8 BIR
W0 F W WK — 45 2 T A R g (DEGDN)
27.48 g, W% 84.0% , 4l 98.6% (HPLC) . FTIR(KBr,
v/cm™):2974,2895(—CH,—),1632,1280(—NO,),
139 (C—O—C) ; 'H NMR (500 MHz, CDCl,-d,) &:
3.75(m,4H),4.67(m,4H),
2.2.3 AZDEGDNHWIA B

PEPE T 7EIRE 20~25 °C, ¥ 3.2 g—4i & ¥
TREEREE A 13 mL H EHE . ZEFHEE
80~ 85 °C,7E iR B o4t im A 5.1 g & A AL 44
(NaN,) . fER RN 8 h & ik W, ¥ 2 50, SO0 i f5
Ak A e 22 =0, & IR A HLAE BUZ  FHZK Bk
P A = R ZE R 2 A AR 8, 5-
A B35 2 T bE 4.51 g, IR 96.4%, 4 BE 99.1%
(HPLC). FTIR(KBr,»/cm™): 2929,2870(—CH,—),
2108(—N,),1129(C—0O—C) ;'H NMR(500 MHz,
CDCl,-d,) 8:3.69 (m, 4H) , 3.41 (m, 4H) ; "C NMR
(125 MHz, CDCl,-d,) §: 70.08, 50.77; Anal. calcd.
for C,H,N,O(% ) :C 30.77,H 5.12;N 53.85; Found
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2.2 ARES
221 RMNEZ%

PL—45 — ¢, — 5 (DEG) Fl 45 = £, —BE(TEG) N
SRR, 2wk, 18— 45 2 —BE AR R (DEGDN)
45 = 2 ZFE AR R (TEGDN) |, 1§ DA — H 3
R Jie Ry 5 9, B BAL B0 B A AT, 28 8 A AL S
ST H R AR IR 1, 5- T B A -3 2R IRk
(AZDEGDN) 1 1, 8- & & #-3, 6-— % 4% F I
(AZTEGDN), JZ I i 4k 4n Scheme 1 i 7 o
M Na g

AZDEGDN

NEN3

OQNO\/\O/\/O\/\ONO —_— N3\/\O/\/O\/\N
2 3

AZTEGDN

C 30.75,H 5.14,N 53.74,
2.2.4 TEGDNHI& K

A BEPEAY R BT M BEAE 19 50.0 mL Y 4%
R A RERIR 4.73 mL, suoriE Pl vKoK R H, (55
FELRFFTE 15 CLAN A28 IR s iR 14.3 mL, 285 0%
N4 = L FE11.0 mL, 45§ B 20 ~ 25 °C i o8
Be DRI 5 min B SN SERFR g vk v B
AR R R B TV K O DR S ok
FZERK Ve v BRIk — % — 2 —
B 4 FREE (TEGDN)16.42 g, % 83.3%, 4% 99.4%
(HPLC). FTIR(KBr,»/cm™):2896(—CH,—),1628,
1279(—NO,),1129,1029(C—0—C) ;'H NMR(500
MHz,CDCl,-d,)8:3.71(m,4H),4.65(m,4H),
2.2.5 AZTEGDNHIA B

PEFE R IEIRE 20~25 °C, ¥ 3.0 g " =2 %
THETREEIMAE] 10 mL W SR R . g THE R
73 ~77 C,fEF R B 4L A 3.3 g NaN, . fH i
KN 8 hJE H b O ¥ E R, N A K R
TE WA IR, A IR LIS KSR % A
BE A =W WUE R AR | Wk, 81, 8- & A
Fo3,6- A ARk 3.84 g, IR 96%, 4 JE 99.2%
(HPLC). FTIR(KBr,v/cm™):2924,2869(—CH,—),
2107(—N,),1124(C—0—C) ;'H NMR (500 MHz,
CDCl,-d,)8: 3.69(m,8H),3.39(m, 4H) ; "C NMR
(125 MHz, CDCl,-d,) §: 70.76,70.15, 50.72; Anal.
caled. for C;H,,N,0,(%):C 36.00,H 6.00,N 45.65;
4t
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Found C 36.17,H 6.02,N 45.02.
2.3 MHEEMLR

2R AR EM(DSCO) M E : K E TA 2w Q-200 Al
2R F R PAL, S B A RS E T 1 MPa, JHE
10 C-min™' KR 1 mg, IWFEIL A E 5

BRI (T MK 32 [H TA 27 DSC2910 B 22
R EPAL, B AT, FHREZ 10 )C-min™,
AR 29 26.39 mg, B 45 4

JERE A3« # G)B772A-1997 J5 3% 601.2 I &
AZDEGDN Fl AZTEGDN F¢ 1 ¥ 1 , Horh I R 2 kg, 24
f# (30+1) mg; ¥ GJB772A-1997 J5 1% 602.1 I &
AZDEGDN Il AZTEGDN B4 & Jif |, & J& 2.45 MPa,
1341 66°, 251 (20+1) mg.

3 ERG55M

3.1 ZEHIRIE
311 1,5-ZERE-3-FAF X% (AZDEGDN) I &
M RAE
AZDEGDN 1 214 3% I 1 s o 11 AT
M1, 2929, 2870 cm™ Ab Y W 0 0 Sl T EE B H
(—CH,—) I FFAE Wl , 2108 cm™ &b (1% 1 Wiz 6y 5 7
B (—N,) B RRAE W i, B 1 ik i (C—O—C) AY R AE 1
W fE 1129 ecm™
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0.0 v ' : : - . .
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wavenumbers /cm”’

B 1 AZDEGDN 214kl i
Fig.1 Infrared spectra of AZDEGDN

AZDEGDN fJ'H NMR & % un & 2a fif /8 o i
El 2am] 1, HoAb 2400 8% (8) T & 4 : 3.69 X I F S AH 4B
e By R, 3.41 X0 T & A afk B E . AZDE-
GDN /1 °C NMR (1) & 3% i 1 2b fiT 7k o /i & 2b AT,
70.08 Xt i T & A0 4B B Bk , 50.77 X W T B A a Bk .
DL E Ay Br s Rm] IR B 1, 5-— & B L3-8 0
G
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Fig.2 'H NMR and "C NMR spectra of AZDEGDN

3.1.2 1,8-—&HE-3,6-—_F % ¥4 (AZTEGDN)
45 M R AE

AZTEGDN ML sk n &l 3 it o fl R 3 AT,
2924,2869 cm ™ Ab WIS Ry E A T (—CH,—)
B R AIE I IR, 2107 em™ Ab 119 W 0 0 oy & 03 (—N,)
() R E W 0, B Bk B (C—O—C) Y 45 AiF W Wi 0 7E
1124 cm™,
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Fig.3 Infrared spectra of AZTEGDN

AZTEGDN HJ'H NMR [ 3 i & 4a ff % . H
Bl 4a w1, HoAL 20 8% (8) 108 by £ 3.69 X I T & A Jk
Bk Iy &, Herp i B S5 b ) A Bk ) & T BR
WHE, HS &AL A “HIEES, KRG
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T VR B EAR R E & f A, B, 0 T

SEE /2 B T AR AT E S H B 41, 3.39
X T & A a bk EAE . AZTEGDN /) °C NMR #
&3 4 [ 4b BT 7R o IR 4b AT A1, 70.76 X T4~ &
RELM Bk, 70.15 Xt 1 F 4 B ] B AN B, 50.72 %F
N T & AN a i, DL BT 5 SR e DL Bk
1,8- "B RIM-3,6- HIE

2.00

380 3.75 3.70 3.65 3.60 ‘
s . |

So
o2
R
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5
a. 'HNMR
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s
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B4 AZTEGDN [ 'H NMR Fl"*C NMR [&l i
Fig.4 'H NMR and "C NMR spectra of AZTEGDN

3.2 RREEWK
3.2.1 REYIMERE

165 BAR S, 52N )RR R L SR 52 T S AL AR I
KPP A M EENRZ —, 75N EE N 80 °C,
RVEES ] R 8 h &4 F , % %5 T NaN, 5 DEGDN JE& /R
Fb X 28 Ak S R AR AN 4l B AR SR LR 1.
SRR E N 75 CL BRI 8 h 2k F T, %45 T
NaN, 5 TEGDN B /R L Xt 8 2 Ak 5 I i =56 Fn 4 52 (1)
s g5 R 2,

1 NaN,5 DEGDN /K H 4 AZDEGDN Uit 3R il 4l JiE 1) §

£2 NaN,5 TEGDN EE/R H AT AZTEGDN Wi 5 A4l 1) 5 1

Table 2 The effect of molar ratio of NaN, and TEGDN on
AZTEGDN's yield and purity

n(NaN,)/ n(TEGDN) 2.3 2.5 2.7 3.0 3.3
yield / % 94.5 96.0 95.4 95.7 95.6
purity / % 98.1 99.2 99.0 99.0 98.9

G

Table 1 The effect of molar ratio of NaN, and DEGDN on
AZDEGDN's yield and purity

n(NaN,)/n(DEGDN) 2.3 2.5 2.7 3.0 3.3
yield/% 85.7 94.1 96.4 95.3 95.6
purity/% 97.9 98.8 99.1 99.0 98.8

Chinese Journal of Energetic Materials, Vol.27, No.12, 2019 (1043-1049)

T AZDEGDN #l AZTEGDN J& T [7l &2 91, fit L)
S IE A5 A X5 P AN A6 W0 6 At 2 7 52 el ATL i 5 A A
Wl MR 1R 20T LLFE ki & NaN, 5 DEGDN
TEGDN P /R [ 4 34 /i1, AZDEGDN . AZTEGDN i it
RN EE S 2B T m R R A T B AR R AR
4 B, 3 T NaNG JIm A S 38 i, 5 8 T RN R
JEE i 52 O 4y T R 4 A A R A RSl AR A R A R
S T[] TF 5 1) 847, 2 0 3% B0 ok 7= il AC 3R 0 4 B 11 i
o B S A AN S i AR SR, 7 ) OR N Al L
RAS L LR T NaN, I B RAR SRR AR5
i 7 NaN, #l DEGDN iy B /K [t Jy 2.7: 1, NaN, Al
TEGDN IEEIR L 2.5: 1,
3.22 RMRE

TNV B X6 7B SR A B A PR B MR 4l
SR H B R, 75 MNP NaN, 5 DEGDN FE /R
Feoh 2,71, B R 8 h £5 14 R, 25 88 T I o il
X & B AU A AZDEGDN 4 B 19 520, 45 9 L35 3,
TE KN4 NaN, 5 TEGDN BE/R b 2.5: 1, )2 I B[]
Hh 8 h AT, T N i H X B A A R R
AZTEGDN 21 B () s, 45 5 0L 3% 4.,

T3 LIRENT AZDEGDN W3 F 4l B 1 52 1)

Table 3 The effect of temperature on AZDEGDN's vyield
and purity

temperature/°C 60 70 80 90 98
yield/% 85.7 93.1 96.4 91.3 89.6
purity/% 94.1 98.2 99.1 98.5 98.0

R4 PR AZTEGDN IS5 140 B (1) 52 i
Table 4 The effect of temperature on AZTEGDN 's yield and
purity

temperature/°C 65 70 75 80 85
yield/% 91.7 94.2 96.0 95.3 94.6
purity/% 96.1 98.1 99.2 98.6 98.2

N I P R 5 ) B A B E R A OB IR 2 L
£IMFA4TLLEH,AZDEGDN Fl AZTEGDN A& %
B 5 2 2 o7 TR BE 45 51k 80 °C I 75 °Co 7E [ o FE v

Sttt
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Bt S 07 e BB 18 T, S R A B I AT 38 A Al 2 i
P (A UL B B, WSO R B A BT R B, R
o4 JEORE DEGDN F1 TEGDN J& T A IR ik KL &9,
FERS R E N AN GE , S8 o i, S BOBCR T % .
3.2.3 & AZHETE

TEJZ W % NaN, 5 DEGDN BEJR ol 2.7: 1, ]2 b
MR 80 CE&AME N, % & T A A S 1 B 8] % AZDE-
GDN W R F &l B sg o, 25 R W % 5. £ R Y
NaN, 5 TEGDN FE/R I My 2.5: 1, K il Bl 75 °C 4%
R, %2 T A E SR B E] X AZTEGDN IR 4l i
M5 S5 R ISR 6.

Hy ¢ 5 FI& 6 nI AN, ZE K i iy i ), A R T S A Ak

x5 SN E X AZDEGDN U 2 01 41 B (1) 5 1

Table 5 The effect of reaction time on AZDEGDN's yield
and purity

reaction time/h 4 6 8 10 12
yield/% 78.8 91.7 96.4 92.2 91.0
purity/% 98.0 98.1 99.1 98.2 98.2

%7 AZDEGDN HIAZTEGDN fH:fig
Table 7 The properties of AZDEGDN and AZTEGDN

F o NI Xt AZTEGDN W5 4L B (¥ 5 1)
Table 6 The effect of reaction time on AZTEGDN's yield
and purity

reaction time/h 4 6 8 10 12
yield/% 73.8 92.7 96.0 93.2 92.0
purity/% 94.0 98.2 99.2 98.1 98.2

N AT, 2 Ny B[] JE K 2 8h B 503 A Al B Gk )
Sy, FAE A SN IF TR, R JEURE 8 i R T R 3 ik
S T AR R TR T KB R RN T BE 4 ) B i g2
3 fifk B A, s PAD SR A 4 A A R AR AR . IR, f
49 52 o7 B 1] A7 8 ho
3.3 AZDEGDN #1 AZTEGDN B4 ¢

SR FH ) G 1 R0 52 114 1% BB A AH G 6B 14 43 B AN
3k 5 vk XF AZDEGDN F1 AZTEGDN i A 56 4 B iF
177 RAE, Hoopg% B2l 2 I/ GJB772A-97 401.1 3
Y 1 7 B IR 2 IR G)B772A-1997 601.2 bRife, FE
PR K 2 18 G)B772A-1997 602.1 B e, A= A&
*J Gaussian 98 B3LYP )5 iEiH 5, HAKGE R LK 7,

material

AZDEGDN AZTEGDN

molecular formula

C,HgN,O CeH1uNO,

appearance light yellow liquid light yellow liquid
nitrogen content / % 53.85 45.65

p/grem™ 1.135 1.132

T,/ °C(DSC) 249.3 256.1

freezing point / °C <-20 <-20

7,/ C <-100 <-100

impact sensitivity / cm 64.6 151.4

friction sensitivity / % 0 0

enthalpy of formation / kJ-mol™ 912.5 898.1

Note: p is the density. T is the thermal decomposition temperature. T, is the glass temperature.

27 LIEH ,AZDEGDN Fl AZTEGDN i f
B R SR PR N B R i I PR AR UG
rhv R [ SR IE  h U REAIR ELJRREE HRR AE I A A R
43 8 4 B A TEGDN A DEGDN 1 Jy [ 44 4 15 571)
KA 2GR B BT 4 U A VR R KT
IR A 1 B 305 A U AT A A% e e T A A 20 R RN R
SEEGECTT WARTR T 2= ERE . 53 Ah T A A v A
TG SR Bl B M B Ay, W i HL G T 5 b
Y S AR E e, A AR AT A A Ak i e SR
Pk Fry [ £ 5510
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()43 DL —48 — 2 —BER — 48 — & BN R
BE, 2045 — 4 2 B R REE R 45 =2
M RS PR R , T LA W B BRI R & A A S
RACIK R, &8 F Ak I G LT 8 5% AE 1S 98 )
1,5- & W HE-3-E e L M1, 8- & A H-3,6- 5
B be , IF R AT R RE IR 1 o0 2 43 A X 45 4
AT T % E

(2)11t T AZDEGDN #il AZTEGDN 5 i T. 7.,
&g A
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T VR B EAR R E & f A, B, 0 T

Wi T AEE AR 5. AZDEGDN 4 i : NaN,
5 DEGDN EE/R [E Ry 2.7 1, 0 iR 80 °C, )2 v B[]
8 h, it 96.4% , 4l J& 2 99.1% ; AZTEGDN & ik :
NaN, 5 TEGDN FE/R [ 2.5: 1, I W & B 75 °C, & h
W] 8 h, %K 96.0% , 4l 4 99.2%

(3)M X T AZDEGDN Fil AZTEGDN B 45 1 fig |

G HRA i UL BE 43 1 Ry 249.3 °C I 256.1 °C |, JBE 482 JR i
1M 0% , fi o5 B 43 5 4 64.6 cm F1151.4 cm, % 1]
AZDEGDN Fl AZTEGDN 28 #4UFa 78 M 4 4 R i
I 1 BT 70 e RS 9 R, AR P T T A e R B R S
Zith
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Synthesis and Properties of Diazido Linear Ether Plasticizers

DING Feng, WANG Wei, ZHAO Bao-dong, WANG Ying-lei, GAO Fu-lei, CHEN Bin, LIU Wei-xiao
(Xi"an Modern Chemistry Research Institute, Xi'an 710065, China)

Abstract: With diethylene glycol (DEG) and triethylene glycol (TEG) as starting materials, novel energetic plasticizers 1,5-diaz-
ido-3-oxopentane (AZDEGDN) and 1, 8-diazido-3, 6-dioxooctane (AZTEGDN) were synthesized via nitration and azidation re-
action. The conditions of azidation reaction were optimized. And the structures were characterized by infrared spectra, magnetic
resonance spectra and element analysis. Results show that the optimal reaction conditions for the synthesis of AZDEGDN are the
molar ratio of sodium azide and DEGDN of 2.7:1, the reaction temperature of 80 °C,and the reaction time of 8 h, under which
the yield of AZDEGDN is 96.4% and the purity is 99.1%.The optimal reaction conditions for the synthesis of AZTEGDN are the
molar ratio of sodium azide and TEGDN of 2.5: 1, the reaction temperature of 75 °C, and the reaction time of 8 h, under which
the yield of AZTEGDN is 96% and the purity is 99.2%. In addition, the enthalpy of formation, the decomposition temperature,
the friction sensitivity and impact sensitivity of AZDEGDN are 912.5 kJ-mol™, 249.3 °C, 0% and 64.6 cm, respectively; while
the main properties of AZTEGDN are 898.1 kJ-mol™, 256.1 °C, 0% and 151.4 cm, respectively. However, both of their glass
transition temperatures are less than =100 °C.

Key words: azido plasticizer; 1, 5-diazido-3-oxopentane (AZDEGDN) ; 1, 8-diazido-3, 6-dioxooctane (AZTEGDN) ; synthesis;
property
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