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DU ) A B B, S €0 T U LS R T 5, 5 R DY
B ASBIESE DL S-S0k DU e Sy JEORLFD 2T 2 R 2 TR 4R
A BN AR BT D A I E AR SR S X L HEA T A AL R
F— A3 80 7 BHA & Z0R RS 5L P9 b & B8 BE A i) s
WE AT 2B ) 6-H1 B-2-8 A HE-5-1 -1 BE-4 (3H) -
(AMNP) , i 33 J0E 4307 (2040 P A il AL R B X5
2R ST S A AR R AT T SR AE SR 25 R A AR
2 (DSC) MR TE 1L (TG) 0 T A e Mg, R H
BAM A 1 7 1k T AL ARURR B, Sk L i — 25 o FH
RRMLT S%

2 SLIGER S

2.1 KFIENEE

A

S-EFEPUWE IHIE | ZE LR LR AL (2T
fh2g g AL AR () A IRA R KR RS .
Ve A 1R (1 24 4 P A 2 300 A BR |1 L 2 0k 43 B 4l i
F, vtk e feff R R AR B K A

AR B Ak 2% A -

X-5F 4 BRL 5 AT 33 43 B R H Bruker SMART APEX

Il CCD 1 £ 5 i 75 S5 AX 58 B $473 B7 >R il Bt - MET -

TLER TOLEO 23 m) A= 7™ 1y 22 718 471 4 it -0 o 16 AR
(TGA / DSC2, STAR®) , il ik 4 1 : ALO, HE M, N, X
S, U 80 mL-min™', FHE A 10 Kemin™ o & ]
R B 58 OZM 2 W) (14 P e 48 o Ja 0 3 {3 g
2.2 6-AE-2-BREE-5-FHE-BIE-4(3H)-E (AMNP)

B & R

EERAMT F 5-52 5 U mk (5-AT) (4.25 g,
50 mmol) 73 it I A 2 %¢ & Bt 4 12 4 B (6.5 g,
50 mmol) JG /K M BE (10 mL) Fl oK Z 2 (7.5 mL) iy
100 mL BRI (2 B2 R O S ) | 5 T3CHA R
S50, W O RS 2 U T A8 B & Il RS I I
3 he SV HRJE B bR R % 2 = R AT 0 B
o [ AR 08 4 B, /b S Y B R R R . KR 2
Pt i 2 b A5 B 1 ETIR AR 5T R g e 5[ 1, 5-a ] %
BE-7 (4H)-F (MTP) 6.1 g, 72 & 79.4%. M M
267.2 °C (4 f# ), '"H NMR (400 MHz, DMSO-d,,
25°C),8:2.61(s,3H,CH,);6.29(s,1TH,CH) ;13.34
(s, TH, NH) . "C NMR (100 MHz, DMSO-d,,
25°%C)8:16.0,108.7,144.5,150.3,160.7,

¥ MTP(5.0 g, 33 mmol) 218 44t e in % 30 mL
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WL, TR (68% ,2.6 mL) I 44K & v 344 45
IO i B AN 3 35 °C CImBLI (8] 29 30 min) o 3 il 5
Be R R A 18 M F] 65~70 °C, [ 3.5 he
A VELY IR SR N7 4 e O 0 el A A AT
2150 mL KK I I O iR B0 [ R R
0 AR U8 5 B, OF A v K e R S AT RS
F 49 gk @ [H K, = % 75.0% (Scheme 1) .
'"H NMR (400 MHz, DMSO-d,, 25 °C)é8:2.53(s,3H,
CH,) ; 9.70 (s, TH, NH) . "C NMR (100 MHz,
DMSO-d,,25 °C)8:13.4,126.7,148.2,151.6,156.8,
Anal. calcd for C,.H,N,O,:C 30.62,H 2.06,N 42.85;
Found C 30.81,H 2.03,N 42.55, IR(KBr,v/cm™):
1176,1333(NO,),1391(N,),1530(NO,),2162(N,),
3167(NH),

FREL 50 mg T4 (19 AMNP B &, In A iE & 5N
B, SRR IR E AR IR E O . o HE
TR EMY,25 CTF ARZEHEL 7 d, 14 81% &
R A, EAT S5 AR I E 5 AT

i 0
-N 0 0

N N=~N
i S— e+ it | ANOHS0 | NO,
N-n OEt  Reflux ‘N’J\ N 65-70 °C A\

H H NN

5-AT MTP AMNP
Scheme 1 Synthetic route of AMNP
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Wer=#y V3805 AR Ve IR 500 T &ad B 7
Fa A5 B AR E B 7= ¥ MTP(Scheme 2) .
3.2 AMNPHIBE B

% BCR SF S 0.12 mmXx0.10 mmx0.08 mm [
AMNP ¥ 8 & F Bruker SMART APEX I CCD 1
AT A b T2 A S e g8 a4k 1 Mo K, ST 46
(A=0.071073 nm){ER X GV, DL o $4# 7 X AE —
JE 14 630 B P9 WSR2 A AT 3 s o 1> 20 (D AT
WL R T A5 I o 4 WA S R B S & L
FRIE, IFHEAT T 2 B R IF AR S5 R R
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Scheme 2 Predicted reaction mechanism for the ring formation of MTP

it L 0) A ER AR U T AR A e A ) S 1 S B AT
A /D VA B OE AR AR AR H R T 5
GE o MR TE R FEBK MMM T
F2.RK3IMEA4,

AMNP 11 43~ 25 1) R B E AR 43 S0l &1 1 i 2
Fios o bR S5 4 4r A 3R B, AMNP & T IE 28 i &%
Pna2, Z5 A1 B, AR % 1.624 g-cm™. MWER 29[ IE

W R R S R R A C (1) —N(3)
1.389(3) A, T C—N ML (1.450 A) g 202 4
W s IR 5 8 R AP AR A I s R 3 T LR i
s W ] A v T A A A R A 38 S 1200, W B R IR
53 LE e 0 S I R T — A e ik R
TR A B T AMNP 2345 1 1 88 5

Xt b A R A AR B ST T BT, AMNP 1 5
] S5 KOG 51 T 3 4. ARE & i AU S A
K d(H—A) /N T 3.200 AL B Rk T 1100, Herp

R AMNP B RALE R EURE B 1B 2 5 .

Table 1 Crystal data and structure refinement parameters for BEAR/NT 2.200 A B T 5 SURE , S22 0 O 55 SURE
AMNP M 4T E H A AR I AMNP 3 22 [ 47 76 i 05
item parameters N(4)—H(4)---O(4)FMN(10)—H(10)---O( 1), Hi#
empirical formula C,H,N,O,

M, 196.14 £2 AMNP K

T/K 206(2) Table 2 The bond lengths for AMNP

A/nm 0.071073 bond length/A bond length/A
crystal system Orthorhombic C(1)—N(5) 1.304(3) C(7)—N(11) 1.369(3)
space group Pna2, C(1)—N(4) 1.349(3) C(7)—cC(10) 1.485(4)

a/A 19.800(4) C(1)—N(3) 1.389(3) C(8)—C(9) 1.428(3)

b/A 5.6660(10) C(2)—C(3) 1.364(3) C(8)—N(12) 1.454(3)

c/A 14.300(3) C(2)—N(5) 1.370(3) C(9)—0(4) 1.233(3)

v/ A 1604.3(5) C(2)—C(5) 1.496(4) C(9)—N(10) 1.384(3)

V4 8 C(3)—C(4) 1.431(3) N(1)—N(2) 1.103(4)

D /g cm™ 1.624 C(3)—N(6) 1.457(3) N(2)—N(3) 1.264(3)
w/mm™! 0.137 C(4)—0(1) 1.234(3) N(6)—0(2) 1.208(3)
F(000) 800.0 C(4)—N(4) 1.383(3) N(6)—O(3) 1.218(3)
goodness-of-fit on F? 1.053 Ccl6)—(11) 1.308(3) N(7)—N(8) 1.109(3)

final R indices (1>20(1)) R, =0.0344, wR, = 0.0846 C(6)—(10) 1.345(3) N(8)—N(9) 1.264(3)

R indices (all data) R, =0.0423, wR, = 0.0890 C(6)—N(9) 1.391(3) N(12)—0(5)  1.216(3)
largest diff. peak and hole/e-A?  0.15/-0.20 C(7)—N(8) 1.366(4) N(6)—O(6) 1.226(3)
Chinese Journal of Energetic Materials, Vol.28, No.7, 2020 (644—649) & He A A www.energetic—materials.org.cn
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F®3 AMNPIY EZ A
Table 3 Selected bond angles for AMNP

bond angle/(°)
N(5)—C(1)—N(4) 125.2(2)
N(5)—C(1)—N(3) 122.8(2)
N(4)—C(1)—N(3) 112.0(2)
C(3)—C(2)—N(5) 120.7(2)
C(3)—C(2)—C(5) 123.8(2)
N(5)—C(2)—C(5) 115.5(2)
C(2)—C(3)—C(4) 122.6(2)
C(2)—C(3)—N(6) 121.5(2)
C(4)—C(3)—N(6) 115.9(2)
O(1)—C(4)—N(4) 120.7(2)
O(1)—C(4)—C(3) 126.6(2)
N(4)—C(4)—C(3) 112.7(2)
N(11)—C(6)—N(10) 125.2(2)
N(11)—C(6)—N(9) 122.4(2)
N(10)—C(6)—N(9) 112.4(2)
C(8)—C(7)—N(11) 120.6(2)
C(8)—C(7)—C(10) 123.7(2)
N(11)—C(7)—C(10) 115.7(2)
C(7)—C(8)—C(9) 122.7(2)
C(7)—C(8)—N(12) 121.9(2)
C(9)—C(8)—N(12) 115.4(2)
O(4)—C(9)—N(10) 121.1(2)
O(4)—C(9)—C(8) 126.2(2)
N(10)—C(9)—C(8) 112.7(2)
N(1)—N(2)—N(3) 172.1(3)
N(2)—N(3)—C(1) 113.1(2)
C(1)—N(4)—C(4) 121.9(2)
C(1)—N(5)—C(2) 116.8(2)
0(2)—N(6)—0(3) 124.1(2)
O(2)—N(6)—C(3) 118.8(2)
O(3)—N(6)—C(3) 117.1(2)
N(7)—N(8)—N(9) 172.3(3)
N(8)—N(9)—C(6) 112.6(2)
C(6)—N(10)—C(9) 122.0(2)
C(6)—N(11)—C(7) 116.8(2)
O(5)—N(12)—06 124.3(2)
O(5)—N(12)—C(8) 117.4(2)
O(6)—N(12)—C(8) 118.3(2)

R4 AMNP ) SR N f

Table 4 The bond lengths and bond angels of hydrogen

bond for AMNP

d(H—A) ZDHA d(D—A)
D—H o o

/A /(°) /A
N(4)—H(4)---O(4) 1.87 2.726(3) 170.5
N(10)—H(10)---O(1) 0.86 1.93 2.777(3) 168.7
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Bl 1 AMNP i R4 1
Fig.1 Crystal Structure of AMNP

Fig.2 Molecular packing diagram of AMNP(Dash lines indi-
cated intermolecular hydrogen-bond interactions )
K431 1.870 AH11.930 A, AMNP 43 - [i] & & i
A3 5 10 A ELAE FAR GG &, T2 ek PR i) 8 J2= HE R 45 1
PE— DR T ARSI R TR E T
3.3 AMNP Ryt BE

F£10 °C-min™ FHif # % T, AMNP #) DSC #I TG
25350 An P 3 M AL 4 B o #h B3 AT U, AMNP
A7 AE — A R E A A o i R R IR 2 % TR
221.78 °C, it #4 W IR 227.39 °C, 43 fif W 17 A2
1461.20 J-g™'c & 3 v o UL %8 5] W] & W #A 0 33 1)
AMNP 32 SRV 12 0 it o e 181 4 7] DU £ 72 T
i o 2 P (40~450 °C) R AR T 210 CHEAE i JL
T AN AE ST 0 2R D0 5 4 S T e iR R U B —
PR S A0 R o A, e R R B 1 D 228.6 °C J
K 52.0% ; B IR EDE— 2 Tk, SCH BSR4
e i A e A, o R B 0 I 298.1 °CL %
TR TR 11 % , P B B 70 A o A R AR A 2k
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63%. Xf b DSC A1 TG %5 3 0l A1, AMNP 19 #4 i & it
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Fig.3 DSC curve of AMNP
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Fig.4 TG-DTG curves of AMNP

3.4 AMNPHRIREE6E

FE 298 KT 2R AU i I 2 AMNP (19 48 258 4%
RI(Q,) , H 7 3 BRBE T W) A CO, N, AN
H,O. #4835 17 o] LLHE S th AMNP 9 85 be &5 Jf
45 & CO,(g) «H,O (1) 1y br i BE IR A kS 530
AMNP [R5 1 BE R A2 k6 (298 K, 100 kPa) . AMNP i)
it ol SRR R SRR A Al BAM v I3 12 2 00 5 R
#20~25 mg, K HE 5 kg, AMNP 54& 4 K525 TNT il
RDX M PERERT L2 WL 5. AT LA i, AMNP [ [& AH

F5 AMNP 5L G HEMEZG TNT A RDX 9 VEREXT
Table 5 Comparison of properties of AMNP and convention-

al insensitive explosives TNT and RDX

T, T, p AH, IS FS
compound i Jgeem Jkemolt /) /N
AMNP — 227.4  1.624 79.0 10 >360
TNT 0 85 295 1.65 -67.0 15 353
RDX! 13 — 204 1.86 80.0 7.4 120

Note: AH, is heat of formation, a negative value of AH, indicates an exother-

mic reaction,a positive value of AH, indicates an endothermic reaction.

Chinese Journal of Energetic Materials, Vol.28, No.7, 2020 (644—649)

HE IR 79.0 kJ-mol™, SR B 1.624 g-ecm ™, #L
o SR R 25 R s AMINP B8 T SR 5 TNT A Y,
LT RDX.

4 B

=A

(1) DA 5-% 5 iU e 1 2 Bk 2 1R B8R 0 kL, 2 38
b SR 2 RN A L T R R E e A 6 B -2-F
R BE-5-fi 5L W5 E-4 (3H) -F (AMNP) |, B 25 577 8l
60%. M E T AMNP [ 505 FF 1 X5 26 5 5
TSI 7 H ARS8, AMNPJE AR5 i & , Pna2,
23 [ R, AR E1.624 g-cm™s

(2) DSC-TG &5 S £ ¥, 6-H H-2-Z & H-5-1i
He-m5 g -4 (3H)-B (AMNP) A — 4~ B & 19 il B4 59 i
W, Ay i 0 9 Ry 228.6 °C, % FE R 2k 52%,
I3 — A G R A AR I IR S 298.1 °C i i R BT i i
RN Y%, P BL 7 il ok B B BT s 412K 63 %

(3) 6-H J-2-F & H-5-fif JE-W% 0E-4 (3H)-Fi
(AMNP) 1 & A5 A= B # R 79.0 kJ-mol™, 4 7 2%
10 ), BEHEIRE K T 360 N
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Synthesis, Crystal Structure and Properties of 2-Azido-6-methyl-5-nitro-pyrimidin-4(3H)-one(AMNP)

HU Yong, YANG Jun-qing. ZHANG Jian-guo
(State Key Laboratory of Explosion Science and Technology , Beijing Institute of Technology ; Betjing 100081, China)

Abstract: To satisfy the growing demand for military and civilian applications, a new energetic compound, 2-azido-6-meth-
yl-5-nitropyrimidin-4(3H)-one (AMNP) , was prepared from 5-aminotetrazole and ethyl acetoacetate through a two-step synthe-
sis of cyclization and nitration with a total yield of 60%. Its structure was characterized by element analysis (EA), infrared spec-
troscopy (IR) and nuclear magnetic resonance (NMR). The single crystal of AMNP was cultured from isopropanol. Its molecular
structure and crystal structure were determined by X-ray single crystal diffraction analyzer. The crystal belongs to orthorhombic
crystal system, space group Pna2,,with M,=196.14,a=19.800(4) A, b=5.6660(10) A, c=14.300(3) A, V=1604.3(5) A*, 7=8,
D.=1.624 g-cm™. The thermal behavior of AMNP was studied by using the differential scanning calorimetry (DSC) and ther-
mo-gravimetric analysis (TG/DTG) method. Its first decomposition peak is 227.39 °C and the second one is 298.75 °C, which in-
dicate that it has a good thermal stability. According to standard BAM method, the impact sensitivity is 10 J, and the friction sen-
sitivity is above 360 N.
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