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4% - B Wk (JNM-ECZ600R/S3 600 MHz) , X-H
i A7 BT AY (Bruker D8 Venture) , 2% & # r #7 A% (TA
Q600 TA Q2000) , i /= % W AH = 4 HE ot 3% 16 A A
(Xevo G2-XS Qtof), TR 4 Hr{L (PE2400 1T ) .
2.2 A

W52 B 2 P il - R T 0 1) — iR AT i 4k, 15 3]
WEW1,5-Z -2, 4- R s UL = S ME R
W, LIS 1 51,3, 51804 = 1 o 5O i i A

OH

WA A4 3170 A W 3 F R AR T E
A7 1 A B AT 45 3 R R 1k & ) ZXC-51 5 850 J5 A ZXC-51
SERRN SN K 2,5- 28 1,3, 4- =AM R
Rz R4S B A Y R ZXC-52, ZXC-53 Fil ZXC-54
(Scheme 1) ; 5 & /K | ¥ M 5k K & BF % & W B,
ZXC-51 2 R F AR SR A F =4 4 5
(Scheme 2). It4h, £k ZXC-54 5 & AN n] K& 143
oy A4 ) v A5 3] £ ZXC-55(Scheme 3) .
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Scheme 1 Synthesis of ZXC-51, ZXC-52, ZXC-53 and ZXC-54
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j— —_— S 2!
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Scheme 3 Synthesis of the double salt containing both an

225 mLGRR A1 225 mL &AL , A MR T | 10 R &
Wb 1, 3- A (114 g,1.0 mol), f51,3-—2
RTINS S5 RSB HIR AW 2 h AR IR R IR

BT E IR . RS 4%@%%%
B VKK A R EDIENT b 08 Mg B, IF K
RE VeV, TG AR K i (BN, 2 3R10E S HARfb 591
(189.723 8,93 %). 'H NMR(600 MHz, DMSO-d,,
25 °C ) 6: 8.286-8.234 (m, TH) , 7.539-7.465 (m,
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aminoguanidine cation and a 1,3-diaminoguanidine cation

1H) ;

156.605-160.439 (m,

110.784-110.073 (m, 2C) ;

[CH,F,N, O, ].

222 LEYIHWER
$1,3,5- =578 (2)(12.60 g, 100 mmol) i fi#

T 150 mL K O, EZE R T IKRE I = & k&

BC NMR (125 MHz, DMSO-d,, 25 C ) S
1C) , 133.705, 125.456,
m/z (FAB* ) : 205.13

Sttt
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(83.47 mL,60.60 g,6.0 eq) Al 1,5-"5-2, 4-—filf 3
#(20.4 g,100 mmol, 1.0 eq) , K I A ¥ 8] 5 I+
30 h G, W% 20 2 200 5 A6 U T B iR G Y vk 4 2 R AR
FRB Y 53 22— , % 7 B 1o 3 4% W 4k o 42 1 5 fin R
B (29 200 mL) 2 A B B DLTE 7 A, 2 08 AR5
FH IV EE R 3 K o 4 BT A B 60 T4 S 0 21 300 miL i
R [3M ] B 5 h 5 bk TR AR, &R
fERAE A3 (23.44 8,76 %) "H NMR(600 MHz,
DMSO-d,, 25 °C)5:8.81(s,2H),7.89(s,OH),6.63
(s,2H),6.55(s,4H),6.52(s,2H);"”C NMR(125 MHz,
DMSO-d,, 25 °C)6:161.38,155.99,155.04,133.88,
125.46,108.57,105.72,101.75;m/z(FAB™) : 578.02
[C,.H,,\N,O,,” ],
2.2.3 ZXC-51HIE R

VKK 1 FE T FkE54 3(8.7 g,15.0 mmol)
1212 i E] & JRAS IR (30 mL) i 58 5 B R R 218 THR
255 CIGHP2Lii 27 ho O 58 2 5 KR & Y7 % i
THFEESR . W8, TERESE AR, ERIENLEY
ZXC-51(9.75 g, /"% K 76.47%) ., DSC(5 °C-min™"):
265.84 °C (dec.) ; '"H NMR (600 MHz, DMSO-d,,
259C)8:8.81(s,2H),7.60(s,2H) ;"?C NMR(125 MHz,
DMSO-d,, 25 °C)8:160.18,154.44,145.06,138.15,
133.59,125.32,113.52,104.03;"°"N NMR(60.8 MHz,
DMSO-d,,25 °C)6:359.13,357.70,352.03;m/z(FAB") :
847.75[C,,H,N,,0,.” ]; Anal.calcd for C,,H,N,,O,,:
C 33.77,H 0.69,N 16.54; found C 33.90,H 0.71,
N 16.47.
2.2.4 ZXC-52H9B M

TEE RSP K ZXC-51(850.0 mg, T mmol)
A B AE 30 mL JE K W R, BE S A ER 2 K
(191.0 mg,2 mmol). FEERRIINE )5 4k S P 12 h,
AREVE ., BIREYHES 210 mLiG, 08 T
i J5 AT AR R, R AE B A ) ZXC-52(679.0 mg,
FEE N 70.11%) . DSC(5 °C-min™"):229.10 °C(dec.);
'"H NMR (600 MHz, DMSO-d,, 25 °C ) &: 8.84 (s,
2H),7.67(s,2H),3.59(s,6H); "C NMR(125 MHz,
DMSO-d,,25 °C)8: 160.45,158.30,154.37,145.02,
138.17,133.80, 125.32, 113.53, 103.93; "N NMR
(60.8 MHz, DMSO-d,, 25 °C ) 8: 358.87, 357.64,
352.09,70.20;Anal. calcd for C,;H,N,,O,.:C 32.11,
H 1.82,N 23.23; found C 32.24,H 1.67,N 23.14,
2.2.5 ZXC-53HI& M

RSP FE TR L ) 30 mL JG oK H B oK YO A
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ZXC-51(850.0 mg,1 mmol) #13,5- " F-1,2,4-=
M (198.0 mg,2 mmol) , N5 5 , Ak LE N 12 h, A K
HULENTH . BIRA YR 210 mLJ5 oL g, FEHA T4
JE A AR R RN NS W) ZXC-53(710.0 mg, I
HH67.75 %), DSC(5°C-min'):212.95 °C(dec.);
"H NMR(600 MHz,DMSO-d,,25 °C)8:8.83(s,2H),
7.66 (s, 2H) , 6.92 (s, 6H) ; "C NMR (125 MHz,
DMSO-d,,25 °C)8: 160.48,154.15,151.88,144.76,
138.13, 133.59, 124.98, 113.53, 103.72; "N NMR
(60.8 MHz, DMSO-d,, 25 °C ) §: 359.90, 358.02,
351.79, 297.64, 242.60, 48.18; Anal. calcd for
C,sH,(N,,O,.:C 32.00,H 1.67,N 26.85;found C 32.07,
H1.54,N 26.72,
2.2.6 ZXC-54 AR

FIRBE ST BERET L 30 mL JEK s AR YO A
ZXC-51 (850.0 mg, 1T mmol) 1 & 3 AR & MR &
(148.0 mg,2 mmol) . f5eJa , 4k 2L 0 10 h, A K
HUUEE . HIRGYRAEE 10 mLJE S 08 F T4 )5
AR, & RIE A Y ZXC-54(783.0 mg, /™~
FH78.41%)., DSC(5°C-min™"):217.34 °C(dec.);
"H NMR(600 MHz,DMSO-d,,25 °C)5:8.85(s,2H),
8.53(br,2H),7.66(s,2H),7.12(s,3H),4.20(br, 10H);
"“C NMR (125 MHz, DMSO-d,, 25 °C ) §: 160.39,
160.24, 154.14, 144.47, 138.13, 133.59, 125.47,
113.22, 104.03; "N NMR (60.8 MHz, DMSO-d,,
25 °C ) 8: 358.99, 357.72, 352.26, 225.05, 88.96,
49.66;Anal. calcd for C,;H,;N,,0,,:C 31.00,H 1.89,
N 25.55; found C 31.27,H 1.82,N 25.25,
2.2.7 ZXC-55HIA R

FEIRBESIPEFET L 18 30 mL JE /K BB PR A
ZXC-54(998.0 mg, 1 mmol) fl ~ 2 FE L (198.0 mg,
2 mmol), 5 e dkgedii 22 h, bt fE b K DidE
PR R OF TR S S Al R, &R 1R ZXC-55
(547.0 mg, = %} 54.00%) . DSC (5 °C ‘min™") :
208.57 °C (dec.) ; '"H NMR (600 MHz, DMSO-d,,
25 °)6:8.81(s,2H),8.50(s,2H),7.65(s,2H),7.20
(br, 2H) , 6.66 (br, 2H) , 4.57 (br, 2H) ; "C NMR
(125 MHz, DMSO-d,, 25 °C ) §: 160.34, 154.47,
144.92, 144.24, 138.06, 133.70, 125.08, 113.34,
104.19; "N NMR (60.8 MHz, DMSO-d,, 25 °C)§:
358.81, 357.87, 351.91, 266.34, 250.04, 93.05,
50.98;Anal. calcd for C,;H,,N,,O,.:C 30.65,H 1.77,
N 26.47; found C 30.81,H 1.89,N 26.26.
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2.3 S5HIIE ik BERAE

f£293(2) KMIRE T X L& ZXC-51~ZXC-55
fm AR HEAT X SR 4R B S AT I S, AR R S R B R Y
SHELXS97 F SHELXL E 4% 7 fif th o JE SR 7 Ak b K
2 1) S M AL B R P 4 A I /N R B IE

K FH 22 7% 4 i L X B Y ZXC-51~ZXC-55
AR E M AT TR . SR A AU (AR
LA 100 mL-min™) , Jh i B2 35 Fl 2 50~500 °C, JF

(b) ZXC-52

(a) ZXC-51

R 3H R 5 °C-min™' O A AL B R
3 H#RE5E

31 LEYHBEREN

7296 K F b5 %) ZXC-51~ZXC-55 [ i {4 45 #4
DLIEL T, bR S5 A G ORI S HOL R 1. WTRLE X
AL G W =R R L BRI S Y ZXC-54 =5 i) B
H-C1 40, B 4 RS P 25 [ B Sy P-1

Bl 1 fbG W ZXC-51~ZXC-55 Y 5 i 25 4 |6
Fig.1 Molecule structures of ZXC-53-ZXC-55

B A ZXC-51 4 T A 4K 4 F (K 1a)
ZXC-51-4H,0 @ 1R % B 1.4192 g-cm™, A4~ i il
HH 8T s A ZXC-52 0 T A 24K T,
ZXC-52-2H,0 &K% B 1.7727 g-cm™, B> dh il
HER AN T iR GH R 7R R ZXC-52 1 fh 14
ZE R rh 1B 0 BH R R0 o e A — i (B 1b)
U ZXC-52-2H,0 H A 5 i 1Y % i s ZXC-53 19 ik
M R, A ZXC-53 43 Tl 1A KT (Kl 1),
ZXC-53-H,0 i it fA % J&  1.6662 g-cm™; ZXC-54
N ZXC-55 (1 fib {4 45 48 th BN & 7K 4y F L 72 296K T,
ZXC-54 By f R % 8} 1.7996 g-cm ™, S IR 3 AL v
M0 285 4 AE % AH Bl 0y 4k & 99 ZXC-55 /Y & 1 25 FE AL R
1.6618 g-cm”, i fIk T ZXC-54 i &K% i |, n] G 2 A
HAEZXC-54 v, Z HE IOBURE 55 28 21 (8] A7 A - HE AL AL
Wi, T AE ZXC-55 h A1, &b — 22 i A o 1Y) &0 5
PR AT, A BOMH PR R ) 25 B G K (IR Te) , %5 2 BE
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flR(£ 1),
43 JI XA A ) ZXC-51~ZXC-55 1 1A 45 #y vh C1
M C2,C3M1C4,C5FC6 LI C7 F1C8 7 I ik JiL 1]
P B HEAT TN &I AR LR 20 S5 R ROR C7
C8 o7 P AN ik JEL 7 ] #E B ol 4.732~4.849 A, C5 1 C6
7 8% B 7 ) 5 B h 8.950~9.379 A, T C3 1 C4 i
AN S T 18] /5 5 45 46 2 4.600~4.710 A, C1 F1 C2 15/ 9§
AN B JEL T 1) BE RS 04 4 & 5.698~6.337 A, H B R
PRS2 ph T A 2 ) 1% B HE S VR TS5 380 7 1) 2R B [
() 15 B 4 % . ZXC-53 th C1—C2 [a] 1y i B e K,
5.841 A, AT BESE I T 3,5- 80 E-1, 2, 4- = M [ BRI
B I = & AR AU AR 3 iy R R S 8. [
FE, 78 ZXC-55 ", C1—C2 [a] A i B i ZXC-54 fY
5.767 A% 5.829 A, C3—C4 [A] FE B 1 H1 4.600 A
Wi 4.616 A 2) , Al G th T ZXC-55 # B &
F R U EE S0, U T B Ay s
N Lk
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Table 1 Crystal data and structure refinement parameters of ZXC-51-ZXC-55

formula ZXC-51-4H,0 ZXC-52-2H,0 ZXC-53-H,0 ZXC-54 ZXC-55
empirical formula C,,H N0, C,sH,00,, CeH ;N 0, CoeH ;N O, CsH oN O,
formula mass 922.03 984.07 1066.08 998.06 1013.07
temperature/K 296.15 296.15 296.15 296.15 296.15
crystal system triclinic triclinic triclinic triclinic triclinic
space group P-1 P-1 P-1 -C1 P-1

alA 14.7925(17) 13.4134(9) 17.413(2) 27.386(3) 16.6909(13)
b/A 19.781(2) 21.0116(14) 13.5261(16) 42.205(6) 19.7135(16)
c/A 16.1168(17) 13.9619(9) 18.138(3) 13.3397(17) 24.6161(18)
a/(°) 90 90 90 90 90

B/(°) 113.882(3) 107.156(2) 95.610(4) 107.001(4) 90

y/(°) 90 90 90 90 90
volume/A® 4312.1(9) 3759.9(4) 4251.5(10) 1474.5(3) 8099.6(11)
V4 1 1 1 1 1

Dr/g-cm_3 1.4192 1.7727 1.6662 1.7996 1.6618
w/mm’ 0.135 0.163 0.002 0.164 0.038
F(000) 1869.6 2047.6 22.0 8138.0 1032.8
radiation Mo K (A=0.71076) Mo K (1=0.71076) Mo K (1=0.71076) Mo Ka (1=0.71076) Mo K (1=0.71076)

26 range for
2.06 to 53.02 1.94 10 52.92

data collection/(°)

-18<h<18, —24<k<24, -16<h<16, —26<k<26,

index ranges

-18<I<15 -17<I<17
reflections collected 45381 42825
_ ~ 15728[R,=0.0916,  14597[R, =0.0783,
independent reflections

R,ma=0.1159] R =0-0936]
data/restraints/

15728/0/1178 14597/0/1274
parameters
goodness-of-fit on F* 1.571 1.039
final R indexes R,=0.1995, R,=0.0797,
[I>=20(1)] wWR,=0.4775 wR,=0.2270
final R indexes R,=0.3418, R,=0.1716,
[all data] wR,=0.5577 wR,=0.3111
largest diff. peak/hole

3.43/-0.97 2.46/-0.68

/e-A™

2.256 t0 52.904 1.84t0 52.78 1.66 to 52.92

—21<h<21, —16<k<14, —34<h<33,-52<k<52, -20<h<20,-24<k<15,

-22<1<22 -16<I<16 -30<I<30
46508 87767 42807
16110[ R, ,=0.0412,  29486[ R, =0.1980, 30035[R, =0.0300,
Rgma=0.0551] R, gma=0.2385] R ym,=0.1010]
16110/0/1377 29486/0/1140 30035/0/293
1.437 1117 4.331
R,=0.1023, R,=0.1337, R,=0.7069,
WR,=0.3384 WR,=0.3419 WR,=0.9215
R,=0.1269, R,=0.3771, R,=0.7795,
wR,=0.3615 wR,=0.5292 WR,=0.9458
1.75/-0.59 2.52/-1.46 6.99/-3.88

F 2 PR AR T A BB

Table 2 The distances between some atoms on the rings

distance -

‘s C1—C2 C3—C4 C5—C6 C5—C6 0
/A ON NO,
ZXC-51 6.337 6.337 6.337 6.337

oN O 0  NO,
ZXC-52 5.698 5.698 5.698 5.698 NO,
ZXC-53 5.841 5.841 5.841 5.841 NO

ON 0 o NO;
ZXC-54 5.767 5.767 5.767 5.767

ON NO,

ZXC-55 5.829 5.829 5.829 5.829 o

Note: °The distance between different atoms on different rings.
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32 HMBEEM

ZXC-51~ZXC-55 4 TG 1 DSC fili £& tan [ 2~ &1 4
JiRs o H B 2a AT, A6 W) ZXC-51 9 5T & 45 2k 43 R
2B B 7E 110 CCLLR 55 — B Br, it B i K 2
5.6% , 72k 5 ZXC-51 2 25 25 foK 1 o 7 (RS
7.81%), 55 “Hr Bt N 254.38~300.77 °C, TG ik B 7w
BB R N 67.23%, [A I DSC #h £k - 7E A [F]
Tk B2 D] AT 1 A TR I | U6 (B B2 R 265.84 °C L J2
fb& ¥ ZXC-51 A [ A 43 fif 2t 72 .

K 2b k& ¥ ZXC-52 ) TG-DSC i £k .tk & 9
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2] gy Aot ftexof 07
H0.6
= 0.5
£ =)
% r04 E
5 1 03 &
S 0.2 8
- o
2 Lot €
L0.0
01 L 0.1
0 100 200 300 400 500
a. ZXC-51

121 7,7229.10 C T f exo

1] N L0.4
P =
= Y g
E 4 89.39% 2
z 0.2 =
4
[0}
§ o 2_

o 22365 'C~/ | 232,30 °C L0.0

100 200 300 400 500

oA

b. ZXC-52
2 fb&¥ ZXC-51 f1ZXC-52 ) TG-DSC i £k
Fig.2 TG-DSC curves of ZXC-51 and ZXC-52
ZXC-52 1E 223.65~232.30 °C IX [d] N , it & #1 & K
89.39% , WE(H IR H 229.10 °C, WG AS | o3l

ZXC-53 7F 192.22~235.15 °C X [6] %& E 43 fif , Ji
KR 67.23%, W {H IR R 212.95 °C, 2L &Y
ZXC-53 [& A 43 fif ik B2, 78 & A= 40 i JC BH 2 19 TR AR
W, oI AL I 5 R A (18] 3a) .

ZXC-54 £ 200.87 °C J¥ 4 4 f# , ¥ B 5 %
234.63 CJa /il 56 4, Bu i 512y 43.96% , WA I J&
9217.34 °C(K 3b) . ZXC-55 Hu45H) 5 ZXC-54 iy 45
FAE 3 AL, T ATHY TG-DSC (& 4a) izt 2% 5t 3k
AL, DSC i 28 19 JE Ik JL 7 58 4 A R (& 4b) .
ZXC-557F 198.41~223.65 °C X [8] N & 4 o0 i, B =
1K 69.40% , W A I E Ry 208.27 C, KT &Y
ZXC-54 VE(HIRE .

3.3 IREMEE

BT % R B (DFT) A B3LYP 773, i1k
T ZXC-51 f4r T 4544 , th BornHabe g 382 fr 114
[ JK 58 ARCBE AR Sk [ AE 2B R K (AH,) |, i FH EXPLOS
(v6.02) B X 4k & W) ZXC-51 1) ) 1k M fig Ak 2% 1
fig vEAT TR JE I X ZXC-51 B M g BEAT T BUAG .
Ko ZXC-51 5 2,4, 6-—fif 31, 3-H) 4 = 1 (3 3 i
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1% , styphnic acid) &R J& T~ 2 fiff JL 28 Wy 2646 & 9, i
HWER A A A Iz MR, B A B 588 ZXC-51
55 30 % W TR (1) 4 S8 MR R 5 R R AT LA L (ZXC-51 T A=
G 1) R 1 AR A T B B IS T ARG W) ZXC-51, it DL AR
WE5E A ZXC-51 1) 8 22 1 e S LB 3 A EA T AF 9T ) , 25
WRWE 3, 45 R ER,ZXC-51 (4% D=8193 m-s™ Fll
$E R p=31.18 GPa#BE I I8 & F 5,5'-%(2,4,6-—1if
FEIEF) 2,27 (1, 3,48 k) (TKX-55) (—Fj i 1Y

Fz 3 ZXC-51, TKX-5 FIllr & My 2 (1) Pk RE S 5 4

N5 ESEEN TR AW ) M BRIk,
ZXC-51 By fifk il BE %85 B R A BUKS B S oy T B A
MR (£3).

filt FH R 4 8% B 3R AR o BAM VK R 1A
(2003) XFfb & 41 ZXC-51 (1 JBE 48 IR 5 (FS) e o &
(US)FEAT TR (F 3)77 . Mk R LWL A D
ZXC-51 fi o B JE K 36 ), b TKX-55 5 i 4l & .
ZXC-51 FEHB % 5 TKX-55 AL, # K T 360 N,

Table 3 Performance comparison of ZXC-51, TKX-55 and Styphnic acid

compound T/Cc" plg-cm™ AH/KJ-mol™ D/m-s'¥ p/GPa 15/) © 1241 FS/N 70 124)
ZXC-51 265.8 1.82% -9.52 8193 31.18 36 >360
TKX-55'% 335 1.837 197.6 8030 27.3 5 >360

styphnic acid 2%/ 190 1.79 —485.42 7510 24.90 - -

Note: 1) Temperature of decomposition. 2) Measured density at 296.15K. 3) Standard molar enthalpy of formation. 4) Detonation velocity.5) Detonation pres-

sure. 6) Impact sensitivity. 7) Friction sensitivity.

4 Hi

(D BEWELLT, 3, 5-[ 28 =B 1, 3-8 5
LR R AN N A A - R R )
ZXC-51, B R4 & (K 53.72%) , il 4 7 v 7 24| [
BELEAR [ 4105 K8 0 25 s 5T AN T IR B R 1 % g ik 1A
(—NO,),

(2)FE ¥ e E K FUK & BESAE R R ,ZXC-51 &
RAFEA N 3 ZXC-51 5 @ IKAFE AT HLAE N B 75 2]
FA B & fEEh . BLAh, ZXC-54 R A LI 5 1, 3- T E g
W& A 30 43 38 0 S A % 52 ZXC-55

(3) df A 45 4 = B JC 8 02 M R ZXC-51 i )2
AR Y E T =R/ R BRI G Y ZXC-54 J-C1 =5
RS b & 25 R P-1,

(4)ZXC-51 WY A5 fift 8 B % L J% 80 4 o R
J¥ 4354 265.8 °C,31.18 GPa,8193 m-s' fl36 J, %
B ZXC-51 EA7 W 7E 1 i FH T 5%
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Synthesis of Decanitrocalix[ 4]arene (ZXC-51) and Its Energetic lonic Salts

ZHANG Xing-cheng', ZHANG Meng-jiao®, NIU Xue-jie', YANG Wen-jing', YU Li', HU Wen-xiang*, ZHOU Qiu-ju’
(1. College of Chemistry and Chemical Engineering , Xinyang Normal University/ Green Catalysis & Synthesis Key Laboratory of Xinyang City , Xinyang 464000,
China; 2. School of Chemical Engineering & Pharmacy , Wuhan Institute of Technology, Wuhan 430205, China)

Abstract: 1%,1%,1°,3%,3°,5%, 5%, 5° 7%, 7°-decanitro-2, 4, 6, 8-tetraoxa-1, 3, 5, 7 (1, 3)-tetrabenzenacyclooctaphane-1°, 5°-diol
(ZXC-51) was obtained from phloroglucinol and 1, 3-difluorobenzene through nitration and cyclization. A series of calixarene
energetic salts were received by the reaction between ZXC-51 and different organic base. The single crystal structures of com-
pound ZXC-51 and its four salts were proved by X-ray single crystal diffraction analysis. And the structures of these compounds
were also characterized by NMR and elemental analysis. Meanwhile their thermal properties were also analyzed by differential
scanning calorimetry. The detonation and safety performance of ZXC-51 were studied. The results show that its theoretical deto-
nation velocity and detonation pressure are 8193 m+s™' and 31.18 GPa respectively. And its impact sensitivity is 36 J and the fric-
tion sensitivity is more than 360 N.

Key words: calixarene;energetic ionic salt;synthesis; ZXC-51
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