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WE: LL2,6- & ne MG R, 2k REAWL N SR 2,6- & HE-3,5- R e-1-A
(ANPyO) . T4k S5 i 12 480 Ak 5 0 R 43 Bl 90%  84% , ANPyO At % 75% , B F Ritter-Licht 2 JF 19 J5

(45% ) o WX T ANPyO [ 48 3# (7000 m - s~',

1.50 g+ em™*) . DSC it #4ig (365 °C ), LI K& 5 s % 5 39148 % 05

(400 °C) \FEHRE (360 N) I I JiE (250 em) o Z55RRW] . ANPyO SRR PEREMI L 2 PERE S 1,3,5-ZE 22 4,
6-=Fl 27 (TATB) $30T , & — PO AE 75 BE A RH U O P T 57 A 0 iy e B AR 24 .
KB AP 2,6- " FHHE-3,5- T IEMEBE-1-A LY (ANPYO) 5 1,3,5-=ZJE-2,4,6-=f 22 (TATB) ; &

s PERE
hE 45 EE:TI55; 062

1 51 &

H T FORAER KT TATB 18 Y & Be Bl e 25, i
G FATE YA NS A R NN R NS
F Y Ritter A Licht ™ 38 3 A £k 2,6~ — 4 & itk 0 75 1
2,6-7 B4 -3, 5-TmH AR ik e, #F — 2P A 1k 1R B
2,6- -3, 5- il kb mE-1-5 16 9 (ANPYO )
Hollins'®’ ZEHE Ritter fl Licht TYEIERE B & 1 4l B
FREKEZY 2,4,6- = F K3, 5- Al nE -1 AL (B
1.876 g - em ) ; UL4M, Ritter fil Licht 45 T 2,4 ,6-
AR E RN 2,4 ,6- = i KLk nE -1k s H T, A
I 2R GRR A 3,5- & -2 ,4,6- = BN IE

P SCHRLS T4 38 , ANPyO #5 5K T 340 °C, LR %
il 1.878 g+ cm 455 TATB AH{LL, #E 1] ANPyO
A B A T E 1Y R el R 2 kb S . SCHR (7 ] 3@
o T AR A, DARE R O LA S IR N
ANPyO Ry PERE RN TATB Hidiil .

Ritter-Licht 2> FF 1% & % & £ & ( Scheme 1),
ANPyO SN 45% Fita AH M AFAE DL T ks (1)
i Ak S IO HP A Bt A ) A A 7= 40 ) i A 7K fige ) S
], Pl folf P o A R A i Ak 7, R 2, 6- A Sk ik
WE AR B 11 A0 Ak I s Iz 5 B S, PR A Ak 7 0 v iR
H 60% KAy I & 5% WEl =1, T Zai ik A g s 2
alijhs (2) 2,6-" 4 3E-3,5- R FEMERE R | 1-N Ji -+
P S AR TR PEAIG, 5 B B0 S A S A5 1, N B [ sk
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R TR T I T 4 9 R R, WO B ) A SR A e AR P R
e BT Ak, PR R SR B B R SR DR

N T e e DAL BB AR S g 0 SCHR (S ] 7 ik A
17 7 itk (Scheme 2) 42 T H AR AL & 9 8 iR A4l
JE o BEIE T SRL A F XA B, % e ] R T AN-
PyO AT T 45 RAL , I8 T 52 S g ™ M i 3 1
EEMNE. Wl T ANPyO [ 45 3 | DSC i #4 1 g 2
SR B A MRS R TATB 1 ¥EREIEST T 5T EE .
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2.1 KFFNLER

IR I Nicolet £ZLAMEi 1% € (KBr) ; "H NMR ]
Bruker DRX300 (300 MHz) #% % Fe ¥R G 3% M 22 3 MS
JH Finnigan Tsq Quantum Ultra Am ( Thermal, USA) ¥ -
JRER FOGIE AN AE 5 485 5T Mel-Temp & A 7E , I
JEIFRARIE

WL-1 R y% H . #5504 (2500 £ 10) g, #% &5 N
(250 £ 1) em i{FEH 50 mg; WM-1 BB $52 JBOE X
FETEE (1500 £ 1.5) ¢, #24A90°, L4 MPa, i 11 5)
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PEES 1.5 ~2 mm, A & 20 mg, #AETES M
GJB772.206 — 89 ( KE 2453 56 Jr % fi o JER B U o B AR
WEZ3E) 5 GIB772.208 — 91 KE 23R 16 Jy v B8 482 Jak iy
e HEFEREART) o

DSC i 56 5% JH TA910S %! DSC X, i ¥t & 4
1.0 mgZe Ay, FHil % 10 K - min ™", 7} 5 X 1] 30 ~
500 °C ,N, it/ 40 mL + min "',

2,6- " EMENE , Tl g Hoe iR B o i
afi o B 2t i BRI UL A N 2 b B A
2.2 2,6-“EHE3S-THEMENEK

15 200 mL %A B HE 28 R EE T = BB b,
80 mLE 20% SO, 1 % #H H,S0,, #iE #£ T i A 30 ¢
(0.275 mol )2 ,6- "2 FEMLIE , 15 [ K 56 2V ), vkoK
R AR F 20 C R, #E 15 min PTA 45 mL
(1 mol) A JH HNO, , AkZEdii bk 1 h J5 , 4 2 vkoK ¥ K iR
Y MR EEIFRIE 3 b FREGWHEALL
FEvk b BB B K BB T, A 2.5 mol - L7
NaOH i W Pk % UL Ve, i Uk, Kk, THRHEHE R A
2,6- 5 K-35 - AN AR E [ 44 49. 3 g, YK 90% .
8.99(s, 1H, H,), 8.43(brs, 2H, NH's), 8.27 (brs,
2H, NH’s); IR #%3% (KBr [E K /cm ") : 3479, 3365,
1629, 1456, 1392, 1371, 1328, 1284, 1238, 1041,
720 em 'y MS(m/z): 198(M ™), 151, 138, 66, 46,

e BT AR IE WA 2 mol - L™ B R ERBR UM pH 2 7
KA HT R A TOTE, o U8, K Yk, TR AR 0 2-2( -
6-F2F-3 5 - Rl Ak

¥4 /5 308 C; 'H NMR ( DMSO-d,, 300 MHz)
11.75(brs, 1H,—NH), 9. 04 (s, 1H, H,), 9. 03
(brs, 1H,-NH) , 8.0(brs, 1H,-NH) ;IR J:j% (KBr J&
FA/em ™) : 3380,3220, 1700, 1640, 1570, 1500, 1390,
1330,1250; MS(m/z): 198(M ™) ,151,138,66, 46,
2.3 2,6-—HE-3,5- " HEMIE-1-F L4 (Scheme 2)

B & R

[ 10 mL HAc 218 il A 2.5 g (0. 0125 mol)
2,6- -3, 5- RS SE ML RE 0.3 mL YR B R A1 0.02 g
NaHSO,, il #1 =R & PR AR A, 1 min N8 2 T A
2.4 mL(0.02 mol)30% A H,0,, FFii & 50 C &1 h,
SRIG FHR 2 80 °C Je [ 2 h, ¥ 4, i ik, 7 %l
1 mol + L™"{ K,CO, %I FK AP — K, B2 TG
2.27 g sE i EAR R 84% o FHF 4B vl R T A5 [ 1A
=R O ES &, @AW sk, TR Ak,

5 5. 355 C; '"H NMR ( DMSO-d,, 300 MHz)

9.19(s, 1H, H,), 8.86(brs, 2H, NH's), 8.80(brs,
2H, NH’s); IR 3% (KBr JE B /cm ™) 3452,3286,
1647,1622,1490, 1452, 1367 ,1330, 1282, 1232, 1037,
752; MS(m/z): 214(M ™) ,198,168 136,120,109 91,
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TRIR W36 A s AL 2 NO, Xt 2,6- 8 JE nik w11
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FE-3,5-TRFEMENE o f T A A AR AR R AT K
TRER A B & A — o i ik, PR, il o T 44 7 3 HE
PO R e SR B A & A TR0 D G WA AL
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H 60% it

|/\ mixacid nitration ‘/\
N
N Nh, NuN N

0, NHNO,

H,S0,

rearrangement

H,N

0,N NO, 0,N NO,
x N

| +
Vi
LN N NH,  H,N

Scheme 3

SCHRL6 ] H IR R 96 % fim R i 90% 1) fiF§ 1R BT 41
B, R T RS AR R K 0 & i, & R il R A KN O, R
B 90% W IR , R B AR AT 2 i, P AR R RE R IR
A=A et PR TR R A Ak A AR bR T
G AR R — R R OK O T R T IO AR R
WIE 4y o, ORI R IR A TR R VA DL BB o

IR AR &t R B RR 5 & JF S R 58 KNO, fif
UL, TESLAS AR b B NO, 1 3 A v I A K 1
A

SO, + HNO, —— NO, + HSO, + H,SO0,
H,SO, + SO, + 2KNO, —— NO, + HSO, + KHSO,

53 BRI 5 20% SO, (65% SO, 1) & M R 5 & M
AR B KNO, 21 B il f 1A R 0 2,6 — — 28 ik nit i 3
17 T ARSI, 45 FAH A5 7= Py il 2 48 & & 90% LA |,
Bl E A IR E 0. 1% DL . eSS R IE L,

M1 1 AT LG Y, B & A 1k IR 3 B 2o A2 7= 2R A
A By T K L R R, SR R 0 L )2 R R, E
B 7= W 1 WA 23 T T 4 v, RO FE JE K IR T, i e o [
VRFIRS AL 7 AN e Az K A 5 i 1R 0 AR AR il 2 A
B A6 700 76 AR W) 45 10 T e w3 e, R 2
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2,6- g LM e B Ak, M AE R A X KNO, A AL fig
T3 58 5 AN T JBE ) 2 AR AL TR X 7™ DA R T AN R, 1
W i P 700 i 1 BE ) AN 2 R 7= ORI R
1 2ok T S S A i A SN Y e A T AR A O s O
3 10 ~20 °C, SN E] 3 h, A JA il TR A R 41 1) K
A N 2 ,6-— 2 SL ML BE TR & 1) P Ikt o
R1 BULEREX2,6-ZRHEMIEHE=YRE =W R
Table 1
product and proportion of by-product

Effect of nitration system on the

nitration system yield/%  proportion of by-product/%

90% HNO;, 98% H, SO0, 60 5

100% HNO; , 98% H, SO, 65 4.8

KNO,, 98% H,S0, 66. 4 4.75

100% HNO, , 20% -oleum 90 <0.1

KNO,, 20% -oleum 92 <0.1

100% HNO; , 65% -oleum 90.5 <0.1

KNO;, 65% -oleum 91.8 <0.1

3.2 FmEE2,6-—85H 3 S-THEME-1-54Y
HE &

SCHRL6 ] K H] H,0,/HOAe FE &AL, X 2,6- 4
B5-3,5- TR AL NE IR B A AR T AL B R
WeHL LT, (A5 MERE PR A B = B R AR, S 30 ik
WEIN B N BOME A AR AR AR O, BRI, 2,6- 2 k-3
5- A E 1 R0 4R B I R R R B Y N 2% A
SCHECR A B AL IR R 1S R &, HOAe #1 H,0, JHFE &
K, SE A I e 7 3 i 1 R N A A I ] P A BB 58 i, 7
Wi BEANTE , & 4% KON JERL, B T SRR L 3
MEVA T TE VA N, SRR 25 77 e 118 2 Al 3 SRR I AR

9% & B8 H,S0,/NaHSO, X} 2,6-— 44 #-3,5-—
i 5 bk 1 1) RS SO A BB AR T o B9 B
£ H,S0,/NaHSO, HfEfLAE T, %57 HOAc 1y ] &
FIREAG 2 SCRR /9 1710, 72 9 1 B MR 4 s 2
85% ,rr b aifE >99% .

4 ANPyO K14 8¢

4 LGSR TR H AR AL A W 0 25 A PR R N
ANPyO IR EPERE M 22 e MERE AT T 9K, 45 3 W3R
2 fF 3, 2 ME3 WER LA B, ANPYO (156
S VEREFN TATB 425k . H1 T ANPyO 45 B L 20 faj 51, ™
i TG S F RO AR 7=, R UG, ANPyO £ % RE 4 R
SR A Tz A N RS

5 & i

R ik (4 5 BT i 4 T ANPyO, ANPyO J

] AR A 45 F 3  H NMR IR (MS 2 15 21 1 8 UE .
SCHE A BT R N AR IR, R 4, AR
KA B, WORB R o R AR 10 1R R A sk e T
fiF Ak H I DL K2 7= 4 1% TR 1 K i A g 7 H, S0,/
NaHSO, ML VE F R, 2,6-— 4 3-3, 5- fily 5 ik ng
1) 2R SE AL L A5 R R KT G2 RN L= 1 4 3 4 v LT T TS
TR PRI, et T A A B A AT A R R

&2 ANPyO Hy/RE AL
Table 2 The detonation properties of ANPyO

theory data experiment data
compound ] ; .
p/g+em” D/m-s”' p/GPa D/m -« s~ p/GPa
TATB 1.938 7950 29.7 7660(1.847) 25.9(1.847)
7900(1.84) 8
ANPyO 1.878 7840 27.5  7000(1.50)  28(1.84)%
Note: The value in the paranthese is density.
R 3 ANPyO HZ£fEfE
Table 3 The safety properties of ANPyO
. 1 T, T,,(DSC) 5 s delay explosion impact friction
compounc /C /C point /°C sensitivity/cm - sensitivity/N
TATB 350 370 365 >320 >360
ANPyO 355 365 400 250 >360
S 30k
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Synthesis and Properties of 2 ,6-Diamino-3 ,5-dinitropyridine-1-oxide

CHENG Jian', YAO Qi-zheng’, ZHOU Xin-li', DU Yang', FANG Dong', LIU Zu-liang'
(1. School of Chemical Engineering, Nanjing University of Science & Technology, Nanjing 210094, China;
2. School of Pharmacy, China Pharmaceutical University, Nanjing 210094, China)

Abstract:2 ,6-Diamino-3 ,5-dinitropyridine-1-oxide ( ANPyO) was synthesized using 2,6-diaminopyridine as the starting materials
in two steps including nitration and N-oxidation. The yields of nitration reaction and N-oxidation reaction are 90% and 84% , the
over-all yield of ANPyO is 75% , which indicate that it is a better method than the method Ritter-Licht reported (45% ). The
detonation velocity (7000 m « s™', 1.50 g + ¢cm ), exthermic peak (365 °C) on the DSC curve, 5 s delay explosion point
( >400 °C ), friction sensitivity ( >360 N) and impact sensitivity (250 em) for ANPyO were studied. Results show that ANPyO
and 1,3 ,5-triamino-2 ,4,6-trinitrobenzene (TATB) are about equal in the detonation and safety property, so ANPyO will be a new
promising insensitive explosives in the energetic materials field.

Key words: organic chemistry; 2, 6-diamino-3, 5-dinitropyridine-1-oxide ( ANPyO ); 1, 3, 5-triamino-2, 4, 6-trinitrobenzene

(TATB) ; synthesis; property
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Amine-Aldehyde Condensation Reaction of Tetraacetylhexaazaisowurtzitane

SUN Cheng-hui, ZHAO Xin-qi
(School of Materials Science and Engineering, Beijing Institute of Technology, Beijing 100081, China)

Abstract : Tetraacetylhexaazaisowurtzitane ( TAIW ) , the precursor to CL-20, was condensed with formaldehyde, acetaldehyde or
chloroacetaldehyde, and three new isowurtzitane derivatives, 3,5,9, 11-tetraacetyl-14-oxo-1,3,5,7,9, 11-hexaazapentaacyclo-
[5.5.3.07°.0*"°0>" ] pentadecane, 13, 15-dimethyl-3, 5, 9, 1l-tetraacetyl-14-oxo-1, 3, 5, 7, 9, 11-hexaazapentaacyclo
[5.5.3.0°.0*"°0%" ] pentadecane and 13, 15-dichloromethyl-3, 5,9, 11-tetraacetyl-14-oxo-1,3,5,7,9, 11-hexaazapentaacyclo
[5.5.3.07°.0%"°0"" ] pentadecane, were synthesized and structurally characterized by elemental analysis, IR , 'H NMR,
"C NMR and MS. The results show that characteristics of the proton spectra of this new type caged compound are two signals at
6§=6.2 and 5.4 in a2 : 1 ratio. The three new compounds may be used as potential precursors of new energetic materials.

Key words:organic chemistry; tetraacetylhexaazaisowurtzitane; amine-aldehyde condensation; characterization



