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% FH BN\ HP 59898 BUA LT HEAL ;b IR ik
o3 AL 2% A5 FR 2 7] GC-930 AU < A 4 3% 1 35 [
Nicolet/A & Nexus 870 % {d B i 28 #a 21 ARG ; 22
Varian /& &) 500MHz INOVA #% % 2L 48 i 3% 4% ; db
HOCACFEHROCIRE AR T KA BRA ] 1000 W s KT -
2.2 XLIgiE
2.2.1 &%

A% L tn Scheme 1 fiR .

2.2.2 endo-1,4,4a,80-TS-1,4-T FEZE5,8-=
MEEM( I,,R=H)

48.9 g KRRy T 500 mL Jo/K S BE, KR H 4
FE2h, A4 °C, 30 g HizEny CPD #% T 100 mL
CFE, G gmE R, i R E B E T &=
L ARSI FE 5 h IR ZEBRIE R R ) S B E A
PSR A, m. p. 65 ~66 °C,ILZE 92.1% , MS:
m/z: 174(M"), 108,66, IR(KBr,p/cm™"); 2944,
2875,1670,1604 ,1454 ,1336,1234 ,'H NMR(CDCl, ) ,
8: 1.43(d,1H,Ha),1.55(s,TH,Hb) ,3.22(s,2H,
H1,H4),3.55(s,2H,H4a,H8a) ,6.07 (s,2H,H2,
H3),6.57 (s,2H,H6, H7), "C NMR(CDCI,) ,3s:
48.31 (CH,C1,C4),48.66 (C,Cl, C, ),48.71
(CH,,# I CH,),135.27 (CH,C2,C3),142. 01
(CH,C6,C7),199.35(C,C5, C8),

2.2.3 HI[5.4.0.0°°.0>".0°° ]+ —¥2-8,11-=
Mg AR ( O,,R=H)

20 g endo-1,4,4a,8a-PU%A-1,4- H JE25-5,8-
TR T 300 mL LR R ROV HRCE T A Bebe g
Ex Xats
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R AT DG BN | 24 h ZZBRIE R B R &
W 4 5 15 R B R R, mL p. 162 ~ 164 °C I %
81.0%, MS: m/z: 174 (M*), IR(KBr,p/cm™)
2977,2954 ,2868,1762,1728 ,1456,1176,
2.2.4 FHIF[5.4.0.0°°.0>".0°° ] +—¥z-8,11-
ZHR-2,4-"HEXBEMEH(M,,R=H)
0.5 g 2,4-Z 3R hm A 2 mL W &R, i
Pl WK% f# 5 A 10 mL 95% £ ,0.3 g ¥
[5.4.0.0%°.0>".0°" ]+ —4%%-8 ,11-—filiAF 10 mL
SEERINE FARER R, B 30 min J5 it ug, S 05 E

a:R=H; b:R=CHj

Scheme 1

2.2.6 FHIF[5.4.0.0°°.0>°.0°° ] +—4z-8,11-
ZER-EERHER(V,,R=H)

0.5 g R T 10 mL Jo/K & B, 3+ W m

0.4 gi¥[5.4.0.0°°.0""°.0°" ]+ —%z-8,11-—_ i

) SRS, R I 4 h, 2 8 L™ R T 4G

BEE R, m. p. 101 ~103 °C, 0% 61.2% , MS;

m/z: 354( M") ,247 156, IR(KBr,p/cm™' ). 3347,

3270, 3027, 2970, 2865, 1738, 1603, 1498, 747,

694 .,'H NMR (CDCl,),8: 1.60(m,2H,H3 H5),

1.94(m,1H,Ha),2.66(m,2H, H2 H6),2.92 ~

3.47(m,4H,H9 ,H10,H1,H7),3.62(s,1H,Hb),

6.50 ~7.10(m,10H, B3 F H),7.14 ~7.18(m,

2H,NH) .

2.2.7 HH-endo-1,4,4a,8a-T15-1,4-TF FHZ=-
5,8-—Mmm&EH(1,,R=CH,)

21.6 g KAt T 100 mL Jo/K & B, vk 5t £

2 h,15.6 g #iz MCPD?%HD 100 mL Z %, 208 i%

2 EREW T RSB E =R, 4k Lk N 10 h,
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S AR R AT A E R, m. p. 125 ~127 °C 8% 93.0%
MS: m/z; 277,183, IR(KBr,p»/cm™" ) 3430,3106,
2977,2862,1618,1594 1504 ,1518 1337 ,886,851,
2.2.5 FHI[5.4.0.0*°. 0. 0" 1+ —ke-8,11-
—FR-BRME R (IV,,R=H)

1.0 g Hi#F[5.4.0.0%°.0"". f:-8,11-

R

T T 10 mL OB BEFE TN E 0.3 g KGR
W RN 3 h A g A 0 4 AR
fk,m.p. 234 ~251 °C, g % 40. 2%, IR (KBr, v/
cm™'): 3426,2966,2864,1454 ,1640,1300,765

—
NHN
NH

N

Synthesis of title compound

S5 UG ZEBRUE T, L W) £ TR A A TR AR 6
1Z|K,m.p. 52 ~54 °C,Llﬁz>}; 94.1% , MS: m/z. 188
(M*),80, IR (KBr,»/cm™): 3438, 3051, 2962,
2930, 2868, 1665, 1606, 1379, 864, 734 ,'H NMR
(CDCL,),8: 1.38(m,TH, , Ha),1.45 ~1.74(m,
3H,CH,),2.86 (d,1TH,Hb),3.21 ~3.24(m,1H,
H4),3.33 ~3.36(m,TH,H4a),3.44-3.47(m,1H,
H8a),5.60 ~6.00(m,2H,H2,H3),6.51 ~6.57
(m,2H,H6,H7) .

2.2.8 HEFAIK[5.4.0.0>°.0>".0°°] +—¥z-
8,11-“F&HH(1,,R=CH,)

10 g W -endo-1,4 ,4a,8a-P0% -1 ,4-TF HI KL Z5-
5,8- AT 400 mL LR L W5, RN T A ke
R ERAT G R N B 28 h, ZE8BRIEF M =Y £ R
CPRE LS IR bR f R, m. p. 95 ~97 °C, It %
78.0% , IR (KBr, p/cm™ ). 3444), 2971, 2925,
2864 ,1750,1377 ,'"H NMR (CDCl, ), 8:1. 222 (s,
3H,CH,),1.815,1.838,1.970,1.993 (AB,]J,, =
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11.5Hz,H4a,H4b) ,2.47 (m,1H,H,),2.80 ~2.86
(m,5H, H1, H2, H3, H9, H10), 3. 257 (m, 1H
H7),"” C NMR (CDCl;),8: 16. 12 (CH,), 39.99
(C3),43.33(C2),44.56 (C6),44.57(C7) ,44.77
(C10),46.33(C4),52.83(C5),55.83(C1),60.34
(C9),211.47(C8),212.17(C11),

2.2.9 HHEFAIR[5.4.0.0°°.0>".0°" ] +—%%-8,11-

ZF@-2,4-ZFHERRFH S (,,R=CH,)

0.5 g2, 4- M 2 mL WRBRER , i i
JEIMA 10 mL 95% & fis, fi 4, i in 0.4 g H 2L+ 3%
[5.4.0.0°°.0"". 07" ] +—%e-8,11- [l 19 £ Wi ¥
W, BN 2 h 5k g, = S &5 A&, m.p.
132 ~ 133 °C, g & 77. 6%, MS: m/z: 368, IR
(KBr, v/cm™ ) : 3436,2964,2867,1618,1338,
2.2.10 HEFAIR[5.4.0.0°°.0>".0°° ] +—

8,11-—Fi-BReI &M (IV,,R=CH,)

0.2 g HILFH3[5.4.0.0°°.0""°.0"° ]+ — -
8,11-Zf¥ T 10 mL ZFE, i FE FimE 0.3 g KA
B ,45 CRep 4 hjg i i, M ™ 5 &5 45 1
a4, m.op. 215 ~ 217 °C, Y % 31. 3%, IR
(KBr,p/cm™): 3232,2960,2862,1633,1455,1330,
2.2.11 HEFEIR[5.4.0.0°°.0>".0°° ] +—

8,11-"fR-EERHWEM(V,,R=CH,)

0.5 g AT 10 mL /K Z mErp, Bk,
0.4 g B F¥F[5.4.0.0°°.07"°.0°° ] +—%%-8,11-
TR CEEE W, AR 4 b Gk g, M e b S
gERR A EA, m.p. 105 ~107 °C, I3 51.3% ,
MS. m/z: 368(M") 261, IR(KBr,p/cm™" ). 3429,
3052,2952,2864,1602,1502,1258,749,693

3 GRSt

WE5E T #3473 5 1A
[5.4.0.0°°.0"".0°" ] +—%z (PCUD) () B A7 J E 47
T E BT S RS R 5.4.0.07°.07°. 0% ]
e PE-8,11- -2 4- ZAE AR R (T, ) FAS 25 i 366 1)
F[5.4.0.0°°. 0. 0°° ] — %z-8, 11-— Fl-2K iz
(V) HEFRIH[5.4.0.0"°.0"". 0" ]+ —%g-8,11-
ZHA-IRER (V) S G AEAR TR )T DSC il 2 n &
1R . B R SRR, mﬁtk}:mi% G fifk W 4y 06
{3 s 457 FF 85, 3R [5.4.0.0%°.07"°. 07 ] 4 —
Pe-8 11 -2 ,4- R 3 2 g A 137°C4Lm§1£%2%2@
15,258 °CHI 282 °CAb N/l il il . HIR[5.4.0.
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Fig.1 DSC curves of pentacyclo[5.4.0.0%%. 0. 0]

e frAym,, v,

undecane and derivatives l,, V, and V

A e M A www. energetic-materials. org. cn



15 R TR AT A W 114 5 B A R

147

AR EE XS AL & W 4 40 fi M g w2 i /N, AP S W 7
RTINS A . FIR[5.4.0.07°.077°.077 ]
k-8, 11 -2, 4- TR ST N P O BR b i R o
L 1R 9, B R OB L L3R [5.4.0.0%°.077°.0°7 ]
k-8, 11 IR P O TR D

5 9K 3 TR R AT A I M AT 5 5 IR
P BAT R 25 5 B 1 d R A — e S W A, HL
TENNEAT A B 000 45 2 5k, 388 KR ) 48 & 1 7 57 3
BT 5 AR AT 2R W) N TR oy i, HLR D% e R
% MRS TH AL & 4 8 T2 % T

Oy IR AERE , By 1 b LA 3 L s 0 i il
JBETH i o
4 7 it

(1) 43 B LAFR & — 0 71 L 3R 0% — 0 o J50RE, 2
=R AT HIF[5.4.0.0°.0"". 077 ] —
B LT IR[5.4.0.07°.0""7. 077 T+ —BE i i K
B K 2, 4- NI FE R

(2) ot R, ok B RENE R EY
fe A3 A0 TR A, L3 IR R W ) 3 R e T e
FHH[5.4.0.0°°.0"". 077 |+ —he G HEEXK M EY
A BT 45 6 L AT DU, &k 0 B R R 45 4 v 5

ABUREE G, 23 T RS IO 45 S, 50 e fife Bz
FHT IS A ik 8038 R AR 3 i

5% 3Tk :

(1] B 2, KRB, 5K 3C AR BY o BB Y g 5K 0 S8k ke
MRt REL) . K 25574, 2004, 27(2) : 13-16.
XING En-hui, Ml Zhen-tao, ZHANG Xiang-wen. Development
of high strained caged hydrocarbons used as high density fuels
[J]. Chinese Journal of Explosives & Propellants, 2004, 27(2) .
13-16.

Marchand A P. Synthesis and Chemistry of homocubanes, bisho-

—
N~
pe=y

mocubanes, and trishomocubanes[ J]. Chemical Review, 1989,
89(2). 10111036
WS, RN, Ffh, & ERBEELEY HIF[5.4.0.0%°,
0%10.0%° ] — ke i % iz R ELE BT L ()], fb2p 24k, 2008,
669(7): 745-750.
QIU Li-mei, Hou Jun-xian, WEI Wei, et al. Density Functional

—
w
[

Theory Investigation on a Caged Compound-Pentacyclo[5.4.0.
0%:°.0°'°.0°? Jundecane [ )]. Acta Chim Sinica, 2008, 669
(7): 745-750.

Martins F J C, Vujoen A M, Venter H J, et al. Synthesis of novel
tetracyclo [6.3.0.02°.0%'°] undecane and tetracyclo[6.4.0.
0%:°.0%'" ] dodecane derivatives [ J]. Tetrahedron, 1997, 53
(44) ; 14991

Wbk, Ao, sORwr, 4. SRR SRR B e [ C] / h
E AL 25 s A EAF IR 40,2011 49 7, K.

JING Lin, LI Jia-rong, SHI Da-xin, et al. Development of Caged
Hydrocarbon Fuels[ C] // The 5th Chemical Propellant Confer-

ence of Chinese Chemical Society, September 2011, Dalian.

—
N
[

—
w1
[

Synthesis and Thermal Properties of Derivatives of High Density Caged Hydrocarbon

LI Chun-ying, DU Yong-mei, WANG Bo-zhou
(Xi'an Modern Chemistry Research Institute, Xi'an 710065, China)

2,6 3,10

Abstract: Derivatives of pentacyclo[5.4.0.0 0%’ Jundecane and methylpentacyclo [5.4.0.0%°.0%". 0% Jundecane
were prepared from cyclopentadiene and methylcyclopentadiene by Diels-Alder reaction, [2+2] cycloaddition and carbonyl addi-
tion reaction with nitrogen-containing reagent. The products were characterized by MS, IR and 'H NMR. The thermal decomposi-
tion properties of some compounds were studied by PDSC. Results show that the decomposition of derivatives of caged hydrocar-
bon is an exothermic process and the heat of decomposition increases with the pressure. The volatility of caged hydrocarbon was
improved by derivatives. The results indicate that derivatives of caged hydrocarbon could be used as the components of new explo-
sives or high energy fuels.

Key words: organic chemistry; synthesis; derivatives of caged hydrocarbon; hydrocarbon fuel
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