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"H NMR."” C NMR: INOVIA600 #% i 3L 3§ I i 4 ;
MS: 3£ [E Waters 24w LCT #Y iz 3% 73 #7 {X; HPLC:
Waters 73 F] 2996 S 20BRAH (35 ; #A5E# . PARR
1266 4 3 25 FA ; WL-T U4 o J8 B2 S, S04 T iR
kAR dE Q3039 —1998 5 WM-1 AU AL, P AT
WL RAT AR HE QJ2913 —1997,
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U IR A A 15 3 3-Z( Bk I -4-FR R (AFCA) .
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J Rl R AL 15 3 32 Bk nH-4-HI i (AFMA) o 2R )5 1l
TR /e R A 2 Wk ME B L ) 28 R AR Ak il 2, 75
F| 3-fiEELIRIA-4-HIEE (NFMA) o FEAEIEBE AL T, T
AR B2 i e 2E SR AR A5 31 3-fif -4 -5 P Rk v
(NFCM) . ) 7E N {1331 NFCM 55 IS4
BUE B2 NaCl, 75 2] iRt 549 NFME,
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Fig.2 Synthesis route of NFME

2.2.2 HHAE

(1) AFCA )4 i,

H 69 g(1 mol) W fiti a4 5 800 mL ZEA /K B s
#,113.2 g(1 mol) FH LR L5 70 mL EtOH F i,
VWL AR . B 40 mL 85% H,PO, FMMA, %
IBEHE T ho FEZE 10 CHHEE R A 80 g(2 mol)
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NaOH,139 g(2 mol)NH,OH - HCI i1 168 g(3 mol)
KOH fit#k 1 ho &l 2 h, vKis & 40 2 30 58 iR B2
IV ERIR I pH =6, JEER 1 (A [E 4 , 4k2Li8 pH 47
B A s, DB DR R IR OK 4 5,19 59. 4 g
(0.46 mol) [ fhik , 752 46% , 4% 99.1% .

JIAS PR i 24 H NMR " € NMR \DSC-TG |
FT-IR \(HRMS F1 5T &K 43 #7 58 i 47 7 R AE, £ i F
m.p. 209 °C(lit. m. p.214 ~215 °C7', m. p. 220 °C*);
"H NMR (DMSO-d, ): 6.32(2H,NH,); " C NMR(DMSO-
d,): 161. 17 (—COOH ), 157. 12 (C—NH, ), 143. 12
(C—COOH); DSC (10 °C » min~"): 217 °C (g Kk
)5 IR(KBr JE F,cm™ ): 3445 (—OH), 3332 (—NH, ),
1749(C = 0), 1621 (C = N), 1565, 1510, 1404 (C—N),
1194(C—C), 1006 (HEIHFR), 911 (N—O—N), 857, 802,
784, 713, 690, 585, 536, 432 5 CHk[314RiE—3; HRMS
calcd. for C;H,N,O, 128.0096, found 128.0098; JLE 4 H7
(%): C;H,N,O, (M, 129) $+ 5 {8 (2 f) . C 27.91
(27.82) ,H 2.33(2.24) N 32.56(32.53),

(2) AFMA 194G 1

A 150 mL #2248 THF Ay B 12.7 g
(0.1 mol)ZnCl, ,Jim A 8 g(0.2 mol)NaBH, , = Jii fi
24 h, A 28 g(0.2 mol) AFCA F1 200 mL fi¥f 2%
TR THF, [\ 6 ho HT 2N i B8 ¥ K )2 i, Na, CO,
P pH =5, filuE, iR R BR LR 1S B A,
5 DEA I G H G K & Bk vk V. g, 38 A
MgSO, R 7K, I e R 25 ¥ ), 15 0% 0 603 W A
9.8 g(0.085 mol) , /=% 43% , 4 fif 99.23% ,

PSR FGIR DSC.'"H NMR " C NMR FT-IR %5
AT T FRAEBAHTR : m.p. =59 °C; "H NMR (CDCl,) ;
5.12(2H, NH,), 4.65(2H, CH,), 1.85(1H,OH);
"C NMR(CDCl,): 155.50 (C—NH, ), 147.69 (C—CH, ),
77.26 (—CH,OH); IR (KBr J& F,cm™); 3348 (—OH),
2941, 2880(—CH, ), 1632(C — N), 1526, 1443 (C—N),
1273, 1225(C—C), 1048, 1002( BEAHFT) , 885,

(3) NFMA 14 1

W14 mL ¥R 90% H,O, KB T ImA 14 mL
98% VR ER I 1.75 g(0.0152 mol) AFMA 2 1L T g b
Th, W% 10 CLLF, i 66 mL 75 18 K, i $F
30 min, f50 mL x 3 Z it % BOR A W, B 26 BUR A
100 mL x 2Z& /KU ,MgSO, T , Jie e vl I T 1 & bR
T, A5 A A 2.18 g(0.0150 mol) , /% 99% ,,

FRAG =R F FT-IR 647 7 R4E  BHE T« IR(KBr
JE H,cm™): 3305 (—OH), 2941, 2880 (—CH, ),
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1626 (C — N), 1587, 1548 (—NO, ), 1459 (C—N),
1354, 1068, 1035 ( Wk ¥R ), 977, 917 (N—O—N),
835,

(4) NFCM 1945 i

Bt 7 mL SOCI,,48.5 mL CH,Cl,, k& F A
7.85 mLuLAEFD 4.2 g(0.03 mol) NFMA #ii#f 15 min,
I ZE R K T, T 2t T 1 A5 R V8 91, 74 0 i ¢
A, 20 mL x7 CH,Cl, 2, g fs WM T 4 45 B
B A58 E 4k 2.55 g(0.016 mol) ,F=3 54% ,

Je A 72 ok A OFT-IR R4 7 R AE, 8048 anF -
IR(KBr JEF,cm™'): 2961 (—CH, ), 1588, 1551
(—NO,), 1459 (C—N), 1377, 1229, 1055 ( Bk I{
¥£), 882 (N—O—N), 833, 737,

(5) NFME 4 1

It 4.74 g(0.03 mol )NFCM,200 mL ZJi5F11.72 g
(0.03 mol ) FEgh B AL, AT 16 h, Hhuk, B8k
JBRBRVE 70, AR £ BOIR B, I AR oK, S AR
H,MgSO, BR 7K, I R B 2 ¥ 501, 45 At £ R B A4
2.07 g(0.013 mol) ,j=3 45% , 4 fiF 92.4% ,

FrAE =% ' H NMR .7 C NMR FT-IR \HRMS I
TCEMHIEF AT T RAE, BHE AT : "H NMR (CDCly)
4.60(2H, CH,), 0.99(3 H, CH,); "C NMR(CDCl,) :
158.77 (C—NO, ), 1448. 15 (C—CH,0—), 77.29
(—CH,0—), 19.36(—CH,); IR(KBr K, cm ")
2963(—CH,), 1637 (C — N), 1587, 1547 (—NO, ),
1491, 1431 (C—N), 1352, 1253 (CH,—O—CH, ),
1158(C—C), 1076, 1033 (WIHER), 991, 912(N—O—N),
832; HRMS caled. for C,H,N,O, 158.0202, found
158.0279; JGZE 41 (%) : C,H.N,O, (M, 159) it {H
(SZfE ) : € 30.19(30.27),H 3.14(3.20),N 26.42
(26.31),

3 GRS

3.1 #ikge

XF NFME #E17 T 8 b #4 Ikl DSC Jz DSC-TG
(10 °C - min™") W3k, &5 5 £ B, NFME # {5 4
16940.8 k) - kg ™', E i k& gy 407.0 k) - mol ™", 43 fi#t
IR 169.9 C M —67 C, 7 HiFHEHE T
NFME (P BEZK -, 4 5 1% G i B2 TG 28 3 90 50) T
IR T Je ( Bu-NENA) | = %8 I Bk 2 B¢ = fiFf IR s
(TMETN) 1,2 4-T = = fifBR S ( BTTN) K fif fb H
M (NG) JEAT A 3k 1 PR, R 1 a[ LA H,
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NFME % 5 A% T Bu-NENA . TMETN BTTN I NG,
R iR B R A SR 0 8% g T A i R i 2 G 9 5
Bu-NENA . TMETN .BTTN fil NG,

Fz 1 NFME FULFP S B2 B 354 28 70 19 19 #h Pk g

Table 1 Thermal characteristics of NFME and several plasticizers

plasticizer moelting point decomposition  AH; )

/°C temperature/°C  /kJ « mol '
Bu-NENA -28.0 165.0 -190.4
TMETN -3.0 158.0 —-442.4
BTTN -27.0 154.0 -387.2
NG 13.5 145.0 341.7
NFME -67.0 169.9 407.0

3.2 RREMERE

Xt NFME JE 47 1 48 ol F1EE 458 852 3t 45 2R 3%
B, ZE I3 26 AR 23 30 - B 10 kg, Hy, =50 cm Al
90°ff1,4.0 MPa Kk T, ¥R 514, FF T 45R 5L
T A% G5 Al B2 s 2S84 ¥ 57) Bu-NENA [ TMETN BTTN A1l
NG BRI EAT LB, P T3 20 i3k 2 AT, it o
JEBET 5, NFME  BE A% 5 7§ BR 18R 26 15 28 57 TMETN
NG Bl At 45 % 0 &, NFME KT NG, 1M Al
Bu-NENA  TMETN .BTTN #H 4,

F} 2 NFME FIJLF i B2 e 4% 22 75 ) Jek e

Table 2  Sensitivities of NFME and several plasticizers

impact sensitivity /5, /) friction sensitivity /%

plasticizer

(10 kg) 90°,4.0 MPa
Bu-NENA 98 0
TMETN 46 0
BTTN 56 0
NG 14 100
NFME >49 0
4 % @

AR 28 SR 0] 1, NFME B 1 R A #8004 B A gk
JEVERE o L o A9 AR JBORS 2 BRI T 45 0 Hh il k- ok
WEL 45 R RS2 AR TIR o  [) AR T B A9 A7 A ST 200 A1
TAEE Y A W T O X — RS
ASCA BT 5 i 0 4 38 S8 PR RE, T EL S R Y AR
e HL AT 38 T S0, DR O R O R B R RE D R —
F AT O T I8 1R o RE ) DA 2 AR TR RE o

(1) UL S/ SR MR 46 IR, 2230 4k ik D
AL GAACEEAL A TR T SCHER AR GE B H
ERefbE& Y NFME, 35 3 FT-IR .MS _NMR A1 HPLC
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Synthesis and Characterization of Novel Insensitive Energetic Plasticizer 3-Nitrofurazan-4-monomethyl Ether

SHEN Hua-ping, LU Yan-hua, CAO Yi-lin, HE Jin-xuan
( The 42nd Institute of the Fourth Academy of CASC, Xiangyang 441003, China)

Abstract. With ethyl cyanoacetate as starting materials, 3-aminofurazan-4-carboxylic acid ( AFCA) was prepared through one-pot
reaction in 46% vyield. And 3-aminofurazan-4-monomethyl alcohol(AFMA) was synthesized by reduction reaction of AFCA through
NaBH, /ZnCl, system. 3-Nitrofurazan-4-monomethyl alcohol ( NFMA) was obtained by oxidation of AFMA through H,0,/H,SO,
system. 3-Nitrofurazan-4-chloromethylene( NFCM) was obtained by chlorination of NFMA and SOCI,. And 3-nitrofurazan-4-mono-
methyl ether(NFME) was synthesized by etherification reaction of NFCM and sodium methoxide in 45% yield. Their structures were
characterized by FT-IR, MS, NMR and DSC-TG, and sensitivity and heat of combustion of NFME were measured. The results show
NFME has a low melting point of —67 °C and is insensitive to impact and friction. NFME decompose at 169.9 °C, and its standard
combustion heat is 18628.8 k) + kg™, formation enthalpy 1694.4 k) - mol ™', higher than nitrate plasticizer Bu-NENA, TMETN,,
BTTN and NG.

Key words: organic chemistry; 3-nitrofurazan-4-monomethyl ether( NFME) ; 3-aminofurazan-4-carboxylic acid( AFCA) ; plasticizer;
energetic materials
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