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W OE: DL3,5-TEIKES R, S WU AL i Ak SR DY 2D BB 43 il R 3, 5- s Bk -4, 6- i S ALk % (DADNPO) Al
7 UL SCHERARAE 19 3, 5- T 3 -4 R AL E %R (DANPO) , FF2R FHZL AN EIE 'H NMR PC NMR K I % 43 B 5 Hb [ 4 B 7= ) 45 4 1k
AT T RAE BRI T G5 AL SN A% 1R X6 £ 7™ 0 B WSO 1 52 i 2 1 4 3, 5- F A -4, 6- il L A Th Ik R B A 4 150 < i B R R A
AR, SN IR 50~55 °C, I 15 h, FJF Gaussian 09 F2 /3 Fll Kamlet-Jacobs 77 #1135 DADNPO 1 DANPO it 45 4 4>
50 8.486 km-s™' F1 7.224 km-s™ HEFE 43 ] M 30.2 GPa 1 23.09 GPa. R 2R A (DSC) ST T X Wi ff 1k & 9 i bk B

ZE LW, DADNPO .DANPO Jilt #50 fif W 35 43 57l A 244.4°C F1325.2°C, DANPO By #Fa e P if .
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1 35 8§

WA p 8 G5 — 5 B AR B RE Bk AE RN 2 4 kg —
LA 5 RE A L BIF 2 450 5 1w A R R Y AR TS A R
ISP R U =R L/ UL NG AN = |7
BT YU BB BRI S e A R . S AN R
A2 IR BB A N—O By 82 32 & A G P Be i i A 4L
AR Z — IR BE MBI 52 11 5 B2 R Uy ), LA 4
151 AT 3 Ak A 9 G M e W R b S 0 A
B R A 201848, 1 [F 5 JE B K 2% Thomas
M. Klapotke #f¢ i T — Ff 37 8 = fe Bl & BB A AL 3, 5-
TR -4, 6- A Lk %R (DADNPO)Y &
LLM-105 i [A] 43 S # 44 L% B2 R 1.84 g-em ™, 3
8.486 km-s™', BtJE 30.2 GPa, AEf# 5 LLM-105 4124,
HEH 4913 )¢, Kt 3470 K, 1 AT LLM-105
(4506 J-g"' 13202 K) . DADNPO 1 H 25 45 PEfEAL
BT L BB AL B W, 7R TR A K 24 I 4 7R 56 400 4k
FLA W TE 0 0 A S, AN T R LA R At RE D T
B9, B PN A X T AR B 9 0 i A 1
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ABEFELL 3, 5- G Mk A IRl 28 3k U Ak
itk R A DU A B A AT 3, 5- -4, 6- R I A Ak
Wik 1% LA UL SCHR A TE AL 5 4 3, 5- & k- 4- i AR A
AU K | I 58 B 25 K0 FRAE 5 WF 58 T il Ak ) B 2% A4 X6 7= )
FhE M B A B i 52 e, O R R & A HE AT A AR s SR
FH 22 7R L (DSCOBFFE T 53X Wik & 9 1 #4bE
it , IF H.iz J Gaussian 09 &% #1 Kamlet-Jacobs 77 &
Tl X A AL G P k2 R RE S B — 28 T ]
WF 5% 595 Al

2 KEERSY

2.1 KFIENE

W) 23, 5- MR A A Al M R A TR
R A SR B VKR VO E s drali, R 25 48
PAT Ak 27 3 500 A B 2 ] 5 SR K (5 o 43 K 50% ) il iR
(BT 5380 98% ) iR (J5T i 43 AL 98% ) .2 /K (it & 4
B 27%), 53 brah , PR TR BRA A .

3% [ Nicolet 23 7 NEXUS 870 {8 HL 745 5 21 &
Y6 A% 5 B+ BRUKER 2 8] AV 500 %I (500 MHz) 48
S Mg YR A ; 75 [ Elementar 22 5 Vario EL T & B
A HLIT R L BT R =W AR ZF-
112 = FH 46 #MY 5 LC-2010A ht M (i 4%, H A

SIRARS W XI5, B, WK, AL 3,5 T aUHE S Ak kg B AR AT AR 4 A U PE BB D). S REMRE, 2020, 28(3):177-181.
LUO Yi-fen, Bl Fu-giang, HU Mi, et al. Synthesis and Performance of 3,5-Diaminopyridazine-1-oxide Energetic Derivatives[]]. Chinese Journal of Energetic
Materials (Hanneng Cailiao),2020,28(3):177-181.
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5 1 [E Netzsch 23 /) DSC-204 2% 78 39 1 A ; 1 [
Netzsch 2> 7] STA449C A $ & -fif i P E X
2.2 AR

DL 3, 5- T kR ok JRURL, 2 ad Bt Lk RS 1
SRV A 3, 5- A K -4, 6- T hiS HE A fb mk i
(DADNPO) FIA WL SCHR B 116 &9 3, 5- 2 Bk -4-
il EH AL WA R (DANPO) , & 4L I Scheme 1.

Cl MeO OMe
§{  CHOH ' { HSO,
o AN OR oA Hae I HSO,
OMe NH
2
) ON :CN NH, H,0 oN L,
N CH,CN '
M Z s 3 N.
e0 { 0 HN -7 -0
NG, N
major 2
DADNPO
<+
OMe NH
NH,H,0 2
372 ON
> B CH,CN 2 ﬁhf
k |
MeO /N‘O 3 HN /N‘O
minor DANPO
Scheme1 Synthetic route of 3, 5-diaminopyridazine-1-oxide

energetic derivatives

2.3 XI§
231 3, 5-“_HEEREMNEK

FWT AL (1.13 g,20.2 mmol) St
AF]10 mL I EEH  FHIR 2 40 CHEFEZE 20,
3,5- &5 (1.00 g,6.7 mmol) i) F B 10 mL,
SRIG I ZE 3 8 h, R H 2 E R, o I8, B LA
ARAR B UE , K 0B A HE AT VR 4, FHAE P A5 B AY 44 oo
A 20 mL/K, 8 H O BRI, To K B i 8 T
PR R RO A T RS B AR 3, 5- T A Rk
WE {4 0.85 g, L3 90.5% .

"H NMR(Acetone-d,, ,500 MHz):8.539 (s,1H,
CH),6.531(s,1TH,CH),4.024(s,3H,CH,),3.928(s,
3H, CH,) ; "C NMR (Acetone - d,, 125 MHz) .
167.12, 160.92, 141.81, 97.16, 56.09, 54.93; IR
(KBr,v/cm™):3088,3019,2962, 2852,1601,1553,
1456, 1389, 1346, 1222, 1193, 1172, 1091, 1045,
1017,987,861,745,659,617,570; Anal. Calcd for
C,H,N,0,(%):C 51.42,H 5.75,N 19.99; Found:
C 51.38,H 5.64,N 19.69,
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232 3,5-“_HEEREURENEK

FIRT K3, 5-ZH AR (1.50 g,10.7 mmol)
BT 5 mLUKZ R, I F 10 °C~20 Cifl fin it & 43
30% WA K (3.00 g,26.5 mmol), %k 5 218 T+,
JFAE 60 CHEFESLN 5 h, B 56 54 8 S BE i A 30 miL
A UK, G BT A, To K B R B TR ek U
TR A TR AR ) A E AR 1.30g, 10K 77.8%

"H NMR (500 MHz, CD,0OD-d,, 8): 7.719 (s,
H,CH),6.353(s,1H,CH),3.953(s,3H,CH,),3.885
(s, 3H,CH,);""C NMR (125 MHz, CD,0D-d,, §):
167.898, 167.151, 121.381, 93.700, 57.691,
56.080; IR(KBr,v/cm™):3441,3113,3058, 2955,
1587, 1570, 1484, 1458, 1397, 1381,1229,1177,
1083, 1049, 929, 855, 827,622,571; Anal. Calcd
for C,H,N,O, (% ) : C 46.15, H 5.16, N 17.94;
Found:C 45.46,H 5.271,N 17.20,

2.3.3 3,5-“HEE-4,6-“HESLBEMI,5-=
AEE4-HESURENE K]

20 CF L6 3, 5- = H AR LA Ak mh % (0.40 g,
2.6 mmol) It AF| 10 mL 98% WileH , i ¥ &= 40, IfF
TEI IR E T 180 N 5 mL 98% fil§ iR , T % 53 °C
K15 hy O 58 5 6 B i AR A 100g 7KK H L i
FELIRE A RN U8 KOKPES, TERA R 3, 5-
TP R R -4, 6- TR R A L E R [ A 0.24 g, IR
38.1% ;4% UB VR I & TR & W HE AT A8 B, JC K o R BE T
M U8 BV R T RS F) 3, 5- T AR L -4 AR AR
bk iE 0.07 g, K 13.6%.

3,5- W E K4, 6- A ALBEE .

'"H NMR (500 MHz, DMSO-d,, §) : 3.980 (s,
3H, CH,),3.845(s,3H,CH,); "C NMR (125 MHz,
DMSO-d,,8): 157.309,156.048,144.913,124.580,
62.567,55.925; IR(KBr,»/cm™) :3024, 2968, 2883,
1585, 1566, 1541, 1504, 1462, 1417, 1382, 1345,
1252, 1216, 1137, 1083, 983, 912, 829, 760, 712;
Anal. Caled for CHN,O, (% ) : C 29.28, H 2.46,
N 22.76; Found: C 28.36,H 2.781,N 22.35,

3,5- W RS- 4 A AL A g

"H NMR (500 MHz, DMSO-d,,8): 8.476(s,H,
CH), 4.013 (s, 6H, 2CH,) ; "C NMR (125 MHz,
DMSO-d,,8): 161.374,157.587,156.768,119.351,
59.810,56.996; IR(KBr,v/cm™):3024,2968,2883,
1585, 1566, 1541, 1504, 1462, 1417, 1382, 1345,
1252,1216,1137,1083, 983,912, 829, 760, 712;
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PS8 R, R N BRI, B

Anal. Caled for C;H,N,O, (% ) : C 35.83, H 3.51,

N 20.89; Found:C 35.57,H 3.619,N 21.31, HRMS

(ESD) : [M-H] .52 {4 200.03062, C,H,N,O, it

f 200.03071.,

2.3.4 3,5-Z“8€E-4,6- T ESLHE(DADNPO)
B & B

20 °CF ¥ 1-584%-3,5- & 3k-4, 6- g 3L mk
£ (0.20 g,0.8 mmol) i M £ 20 mL ZJiE ™, SR 5 A
J B 27 % B E K10 mL, SR 5 2248 TR = ]
T, IR BLIR BE T HERE 24 h R 4E DI ER PR, L g, T
M A3 B O RE R 0.16 g, R 91.1%.

'"H NMR (500 MHz, DMSO-d,,8) : 8.748 (br,
4H, 2NH,) ; "C NMR (125 MHz, DMSO - d,, 8) :
154.037, 141.928, 133.574, 110.544; IR (KBr, v/
cm™) :3424,3293,1612,1575,1531, 1386, 1288,
1227,1197,1083,1036,836,776,702; Anal. Calcd
for C,HN,O, (% ) : C 22.23, H 1.87, N 38.89;
Found: C 22.23,H 2.135,N 39.06.

235 3, 5-_ RS E-4-HERUBMENE K
(DANPO)HI & X

20 °CF ¥ 3,5- S k-4 i R E 1L k% (0.20 g,
1.0 mmol) % f# 76 20 mL Z I, SR 5 i A & 43 5
27% W E KW 5 mL, R 5 2218 FHilE 2 813, OF 76 ik
ME T HE 24 h, Uk, Bk, T, 15 200k 0 6 [ R
0.13 g, W% 76.5%.

'"H NMR (500 MHz, DMSO-d,,8) : 8.319 (br,
2H, NH,) , 8.054 (s, 2H, NH,) , 7.384 (s, H, CH) ;
C NMR (125 MHz, DMSO - d,, 8) : 155.583,
149.508,113.508,110.642; IR(KBr,»/cm™):3448,
3374, 3337,3215, 3094, 1615, 1576, 1537, 1466,
1394,1293,1239,1173,1149,1090,971,821,71,
681, 652, 518; Anal. Calcd for C,H.N,O, (% ) :
C 28.08, H 2.95, N 40.93; Found: C 28.22,
H 3.118, N 40.72; HRMS (ESI) : [M-H] . 52l {§
170.03185,C,H,N,O, Bl {H 170.03138,

3 HRER

3.1 WU RREEERK

SCHRL10 T i 19 SRz 45 4 - 3, 5-— H 480 3k S Ak ik
B TE 20%~25% 4 & JH B R 5 100% il BR TR A 18 W
H1,45~50 °C/ I 20 h, 755 3,5- " 434, 6- 4
BE A bk R B ORI AL 28% 0 T LA, A WESE
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LT AL A RN IR ) R L BE X6 7 ik i B SR B B
W, g SRR 1,

R SRR ) ) 4 RO ) 5 T

Table 1 Effect of reaction conditions on product purity and
yield

reaction condition T/°C t/h purity - yield  yield

/ % [ Y% %

25% oleum / 100% HNO,!"®" 45-50 20 985 - 28.0
25% oleum / 100% HNO, 50-55 20 98.5 - 28.1
25% oleum / 100% HNO, 50-55 15 98.4 - 26.8
98% HNO,/98% H,SO, 50-55 8 98.0 - 20.0

98% HNO,/98% H,SO, 50-55 15 98.3 13.6  38.1

98% HNO,/ 98% H,SO, 50-55 20 98.1 - 37.9
65% HNO,/98% H,SO, 50-55 15 97.8 - 15.0
65% HNO,/98% H,SO, 80-85 15 - 0 0

N LA R I R RS 3, 5 A -
4,6~ fi B AR A A R 0 O HE DR 2R T A A R 5 R R Y
We g OEEFE 65% fi 25 98% B R 1FE R il AL 7 , & BL
B 50~55 °C, [FFE AT L3R4S 3,5-“ H A Jk-4,6-—
fil§ 3 S ALk g HZ SR HA 15% , 445 T iR 3 %2 80~
85 °C,3,5- W &4, 6- fif AWk 3,5-—
P4 35 - 4 il 5 S Fb b e 1 0 A 49 3, AT i SR fk ik e 2R
T A A R R R R A P R A AR AR QiR
98% i iR 5 98% Mt B2 AF A i £k 7 , i hif ik BE 50~
55 °C, bl % 507 B[] A 4, W38 386 o, >4 52 o s (] Sy
15 hif, Ik ) 38.1%,, i 24 4k L2 %€ K 2 1 B[]
20 h B, JF AN B A CHU I FE 7 e . Bt %
BRI ISR R Ry 98% iR 5 98% iR , [ i it & 50~
55 °C, B A 15 h,

3.2 DADNPO 1 DANPO W1 IR M REIH &
4T WF5E DADNPO Fl DANPO H 4855 1E fiE , F1)
Gaussian 09 5", LL% B 7 o6 B8 /9 B3LYP
PR 6-31 GRS 4L K b a3 1 Rl A A 9 ) 5 A 1F
137 Ak, 2% 3h 43 0t & B0 TC R A0, 2 WA Ak 45 44 Ry
e LA /b s, SR Monte-Carlo 3E3HE T EA
BB IE PR B, SRR S B . SRR AR
LRI 58 4 Al ik (CBS-4M) TR T 48 T Il
SR AR U R E TR R RS RO T SR R
Politzer & 4t B A XHE T 20 F I THERS T3k
15 AHZE B . iz FH Kamlet-Jacobs A O 18 &
TRy R s S H A SHAE LN ER A
&g
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3,5 A L R L kR RS AT AR W A U T fiE 180

OGRS, BRI 2. i F 2 T HRF R 120 T 8

{4 i B4 3 4 25 TATB F1LLM-105, DANPO if 35 47 1k 5 100 - 16 -

{E ] 2 — (¥ fig i /K °F s DADNPO 4L T TATB, {H & 801 4 C
= 1% =

WBA K F] LLM-105 Y RE K- 3 60F 2
© 12 ®
E af E

#2 DADNPO 5 DANPO 1) fb Ko £ % o 8

Table 2 Physicochemical and detonation performances of 0

ol . . . . . . |2
DADNPO and DANPO 0 100 200 300 400 500 600
p/ D/ p/ AH;/ TIC
No. IS/)
g-cm™  km-s™! GPa kjemol™ B2 DADNPO TG-DTG ik

DADNPO 07 1,840 8.486 30.2 110.0 18 Fig.2 TG-DTG curves of DADNPO

DANPO 1.737 7224 23.1 33.4 20

TATBI"® 1.930 8114 312 -1542 50 .

, 4 iR
LLM-10510] 1.920  8.639  31.7 1.0 20

Note: p is density, D is detonation velocity, p is detonation pressure, AH, is

heat of formation, IS is impact sensitivity

3.3 DADNPO #1 DANPO Ky #4347

DADNPO £ DANPO /i) DSC(THE#E 5 °C-min™")
Mgk an &1 fras . B AT, DADNPO 7E 221.3 °C
B I 46 o g, B AT — A il 244 .4 °C BRI R,
i E 5 R /DN PSS AS G, 3% W AE it A e T RE DI
P K, 1M DANPO #%: F DADNPO fa @ M 4,
T 325.2 “CI T IR 53 i , OIS iR 35 3] 358.4 °C, A
16 W) ¥ A 28 T W A I Ak 0 AR A8 o AR T [T AH B
F AT o3 1

50

o] oo 2044 °C

40 ——DADNPO
30}

358.4°C
20r

0

-10

heat flow /W - g~

1 1 1
100 200 300 400
TIC
E1 DANPO Fl DADNPO iy DSC £k
Fig. 1 DSC curves of DANPO and DADNPO

DADNPO [ TG-DTG(FHil# 3 5 °C-min™") i £&
WE 2 . K208 0L, DADNPO [ # fiit H G —
A By B, TR G W B AE 230 °C L, Y IR B Ik
300 °CHY , B0 il R N 74.66% ; 248 JE 4k 4L TH 5,
BT Ak 2y i, 4R K 3 500 °CIF, HETR 11.93%
Y 5 1
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(1) LA3,5- w5k, BN E IR AT
3,5-F -4, 6- A L KL% (DADNPO) |, H i
R TR B 24.4% 5 DAL T iS4k R B 2% 1 B T A
3,5- VR BE -4, 6- A HE A A R B AE AR R - iR
TR R AR R i Ak K R, B B R BE 53 °C, N B[R] Ry
15 h,

(2) WL2h 5y &AL R =9 3, 5- WP 4 BE -4 -1 Ak
AL R I HLR T ELAE R JEORE, 4045 17 A UL STk i
W H AL G W 3, 5- & ik -4- Gl BE A AL k% (DANPO)
PR R AN STV o [0 Al I R VS SRR /g
AL

(3) DADNPO FI DANPO 1y i 5% 48 3 4> %
8.486 km-s ' f17.224 km-s™ TS5 30.2 GPa
f123.09 GPa, %} lt DADNPO #l DANPO fig & /K °F ,
DADNPO i & fft T DANPO; #X ifii DADNPO 5
DANPO J &R 53 5] h 244.4 °CHI1358.4 °C,DANPO
i #PE RE A R R B 4R e, T A T AR 25 O T A AR
U N H o
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Synthesis and Performance of 3,5-Diaminopyridazine-1-oxide Energetic Derivatives

LUO Yi-fen', Bl Fu-giang', HU Mi', HUO Huan', JIA Si-yuan', WANG Bo-zhou'*

(1. Xi"an Modern Chemistry Research Institute, Xi'an 710065, China; 2. State Key Laboratory of Fluorine & Nitrogen Chemicals, Xi'an 710065, China)

Abstract: Using 3,5-dichloropyridazine as starting material, 3,5-diamino-4, 6-dinitropyridazine-1-oxide(DADNPO)and a new
energetic compound 3, 5-diamino-4-nitropyridazine-1-oxide(DANPO)were synthesized by substitution, oxidation, nitration and
amination reactions. The structure of products and their intermediates were characterized by IR spectra, '"H NMR, "C NMR and
elemental analysis. The effects of nitrification conditions on the purity and yield of nitrification were studied. The results show
that the best nitration reagent of synthesized 3, 5-dimethoxy-4, 6-dinitropyridazine-1-oxide is nitric acid and sulfuric acid, the re-
action temperature is 50~55 °C, and the reaction time is 15 h. The detonation properties of DADNPO and DANPO were calcu-
lated by Gaussian 09 program and Kamlet-Jacobs formula. The results show that the detonation velocities are 8.486 km-s™and
7.224 km-s', and the detonation pressures are 30.2 GPa and 23.09 GPa, respectively. Meanwhile, the thermal behaviors of
two compounds were studied with differential scanning calorimetry (DSC). The exothermic decomposition peak temperatures of
DADNPO and DANPO are 244.4 °C and 325.2 °C respectively, indicating that DANPO has better thermal stability than
DADNPO.

Key words: energetic material;3,5- diaminopyridazine-1-oxide;synthesis;performance
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