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Quantum Ultr i ; ZEE Thermo /A7 DSQ I J&i
T (ELIR) 5 & Thermo A H] MATI5XP 55 43 % it
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2.3 IHWPRE
2.3.1 RKZBEHH &

W R R A TR b, B i 4
TV BERE ¥ BEFE I B2 IR B T AR e B R IK
TR 200 °CA Al H R e 36 ~42 CHY
YRy, B WO VKA 0 %488 43 BRI 0 o
2.3.2 1,4,4a,8a-M5-1,4-5F T AEE-5,8-_7A

(1)BE K
TE 100 mL BB A, A 12.5 g(112.5 mmol)
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XEAR AT 20 mL BB, =11 CokER v 40, HLAR
PR KR &0y 7,45 g(113.5 mmol) Mk M 5
5 mL HY B9 TR 5 5 W2 TR T A5 R H % 52 S i
FUKERM  EIRALMSEFEL 3 h SO 45 o B 5 B
25 e AR AT £ B0 [ AR . A ATk k(P R 60 ~
90 °C) H %4 fh, 13 MR B 8 4K 72 4 19. 01 g, I =%
95.3% ,m.p. 75.0 ~76.5 °C(3CH{HE' "' H 76.0 ~
78.5 °C); '"H NMR(CDCI,, 300MHz) §: 1.41(d,
J=8.73Hz, TH, 9a-H), 1.52(d, J=8.73 Hz, 1H,
9b-H), 3.20 (s, 2H, 4a,8a-H), 3.53 (s, 2H,
1,4-H), 6.05 (s, 2H, 2,3-H), 6. 55 (s, 2H,
6,7-H); "C NMR (CDCl,, 75 MHz) §: 48. 20,
48.57,48.62, 135.16(2,3-C), 141.92(6,7-C),
199.32(C=0); IR(KB,y /cm™): 3426, 3032(C =C),
2987, 1668 (C — O), 1387, 1335(—CH), 1299, 1140,
1066, 873; MS(ESI) m/z: 197.1(M+Na)",
2.3.3 HI[5.4.0.0°°.0>".0°° ]+ —¥-8,11-=
i (2) B & B
HEORIT & T A BRI b # Pyrex £ 1E
P E L B i Pyrex 45 BEAE S % 1A O Y I K AR
e 290 ~375 nm Z i), 12.00 g(68.9 mmol) 4k
G BT 750 mL A ER B TR RN AR,
FER TR B 18mm , $THF 500W ik 5R AT 18 i
6RO i , 2 AR BRS RB T 23 h RO RS )
RV S e A R — A T ik 4 A e AR
TS558 74 10.80 g, 1% 90.0% , m.p. 240.5 ~
241.0 °C(3CHk™ H 243.0 ~243.5 °C), 'H NMR
(CDCl,, 400 MHz) &6: 1.90(d, J=11.6 Hz, 1H,
4a-H), 2.05(d,/=11.6 Hz, TH, 4b-H), 2.71(s,
2H, 9,10-H), 2.81(t,J=2.4 Hz, 2H, 1,7-H),
2.95(dd,/=3.2, 1.6 Hz, 2H, 3,5-H), 3.19(d,
J=1.6 Hz, 2H, 2, 6-H); "C NMR ( CDCl,,
T00MHz) §: 38.61(2,6-C), 40.37(4-C), 43.69
(1,7-C), 44.53(3,5-C), 54.63(9,10-C), 212.21
(8,11-C); IR (KBr,p/cm™ ). 3444, 2992, 2931
(—CH,), 1754 (C = O), 1190, 1059; MS (ESI)
m/z: 196.94(M+Na) ",
2.3.4 FHIRF[5.4.0.0°.0".0°° ]+ —1% (3) IE B
¥ 2.00 g kAW 2.4 mL Bk BRI 1.00 g A4
BN A 55 mL () = 2 s 7E 180 °C A2 A7 hin i
3.5 h, Z 5 H/KZES 750, Z @ W e 22 UK AR, FH TG
KB AN T8, 08, S WA 13 1. 01 g 7= 4, iR
60.2% ,m.p. 200.3 ~201.5 °C ( 3k & 204.0 ~
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204.5 °C), HPLC & &/ 5K F 98% ; 'H NMR
(CDCl,, 600 MHz) §: 0.97(d, J=11.94Hz, 2H,
8a,11a-H), 1.17(d, J=10.08Hz, 1H, 4a-H),
1.44(d, J=12.06, 2H, 8b,11b-H), 1.63 (d,
J=10.08Hz, 1H, 4b-H), 2.14 (s, 2H, 9,10-H),
2.22(s, 2H, 2,6-H), 2.53(s, 4H, 1,3,5,7-H);
"C NMR (CDCl,, 150 MHz) §: 27.04(8,11-C),
33.71(4-C), 36.17(1,7-C), 42.10(9,10-C),
43.54(2,6-C), 46.52(3,5-C); IR(KBr,»/cm™ )
3410, 2954, 2861 (—CH, ), 1633, 1467, 1321
(—CH), 1126, 1060; MS(EI) m/z (%) : 146.05
(M*,22.92), 131.05(8.52), 117.00(24.40),
104.00(10.47), 91.00(15.90), 80.00(100.00),
66.00(34.74),39.00(7.44); HRMS(EI) calcd for
C,,H,, 146.1095, found 146.1088,

3 #R5iTie

3.1 e 1 WERHEMESE
3.1.1 NIRRT 0% B A R B X R OB A R M
I SRR A R s o 101 B,
SR BF ] Ry 3 h, 35 i ik Diels-Alder i pg sz i A= 1%
fEEW 1, 2 R INER I s B TR B AR A
TSR SZ M, pr 22 1 RT3 0 B 186 04 B 3 YT
IR T =171 CHl, W Bt B T v g 3 K i > 0 e T
=11 CHf, AR 2L R 2R BEAR . AT X F
S DR A R 0 90 Ao ARG BT % 2R R R B G 0 g
NG Bl 2 R A T v, BN, R PR s {H R
o (>=11 °C) W}, @l S vy & i 6 2, 38 0% — M oy kA
REBUE BAR Y BCREER, R, 11 CHA

s IR

R THINER N T GRS 1 RS

Table 1 Effect of solution temperature on the yield of com-

A B B, B SR AR SO A TE) SR 3 b s i b S
BROT12]85 2.3% . BT 1 76 B s AR, I
I 2R G R VAR B P K AR Y AR 3 A1 4R &R AT
T T P9 41 TR 4 A A5CRE R D/  5 T 1 B NE ISR I
AR T AIUBRAE H1 R L ok G Y0 4 28 15 2 W 4k, 32 v
BRI

R2 NI XA 1 R R

Table 2  Effect of reaction time on the yield of compound 1
reaction time/h 1.0 1.5 2.0 2.5 3.0 4.0
yield/% 75.2 84.0 90.8 93.7 95.3 95.6

3.2 EM2WERMBMER
3.2.1  JEBHR E X R R0

B Pyrex & B TR AT B TOL W 48 b, &
S IEORH R B AR A W R B R o AR SR
VAT B A0S 5, D' IR RE ] 23 b il 25 Ol IR I 1) ) 396
Pyrex i BE I il — 2 o8 (B, tH LSS SR B 4, 52
Pyrex A5 95 6P , 1l S N7 1A 2 122 SOOI 6 5 BE T B A1
3 O URHR BEXT LA W) 2 R . 3k 3 AT LA
A JEURK AR JBE 4 5 e BN R AR AR JEURE R JEE 4
TN, WA T e A, ok 2 DRI A JRURE vk B2 3% i 5 7 Pyrex
RE RSSO REENE , AR T RO AT Ho
TN HAT BN RO S = R A R Ak
JCHYRE R 5 E i AR A BRIE Al B i = B UK A P e
B AL S 1 731, Wi BE S R ey B AT, SR vk
HEAE =E A SR N B S5 A5 1 1 R L AR
AN, FBER LRI R, RE A A% 3 030/ 0N, S L YACR AR, 5
BeR I 2 g - 125mL7 Ak 1 SN AR R R R

F3UEHREX LG Y 2 WA 5w
Table 3  Effect of raw materials concentration on the yield of

compound 2

materials concentration

pound 1 when dropping cyclopentadiene /g - 125mL"! 2 3 5 10
temperature/°C 0 -6 -9 -11 -13 -15 yield/% 90.3 90.0 87.4 75.6 57.4
yield/% 82.6 88.4 89.7 95.3 95.0 87.4

3.2.2 tRMESRMEERNXER
3.1.2 B iE X e B 4 2 B & i JEIEIS R R G 1 705 A [ 242 ]3RS iz

% IE SR R AR A e 1 1 R
N P G A I P AR R - 11 °C R IR LB EE P 1
5% SN IR TE] 8 7 My R RS2, SEEG A5 SR DLk 20
2 AL UL, RSN Y 1 h BEANE] 3 bW 75.2%
BTN E] 95. 3% , 45 4k B GE A S N I ] 7 iR
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{1 T K 22, 7 LTS R ) SRR B R 2 g - 125mL”
B4 PE R GBI ] 5 1A 4 2 R o Rk 4 B
o HIFE 4 T UL, BE 2 O B R ) Y AE K i % % T 4
i, e B LR 23 h S R R R AR W L R
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Table 4 Effect of irradiation time on the yield of compound 2

irradiation time/h 8 12 15 19 23 26
yield/% 56.7 64.2 77.5 85.0 90.0 90.2
3.2.3 B FII R MR AR

SN L2+2 TR RN R AL 1 B 1 R
A S = R S REBR R, WO RE R A B R
2 SO K A A s BB TR e SR N A
RCH AR S o A ST R B T P (50 % 14 il -
LR WG ORI LBEAE o T N [ 242 ] 3R
PV JERRK Ay 2 g - 125mL7 B AR ] 23 h,
FVHE RS CR AR, HZ R LR 5, £ 5 L,
AP A Sk 35500 B9 26 4 R ek e, BTGk 90..0% , Lt
SCHRLT2 W R 2. 3% o 3 32 02 P9 T i i I i
Pt 336 nm BT A9 5 A0 O B R B L UL A,
B R SO D 367 nm BT 14 55 41 't ) B R
FEEHWES JHERRRABEALESY T YT el
EW 7 PR SIRE E S ERAS,
A 28 S N EAT o T S BE A R LT A 1 A 290 ~
375 nm BEAME R WL T 8 %, H 4R LTk
T2 BRI LS 2 B AE Pyrex B BE L 25 fE 52
M ' P 368 55 P, i A e ] 0 1 D £ TR 2 T AR 5 I
[ 242 JER s s o e 3 A1

RS OWFIEAY 2 BB

Table 5 Effect of solvent on the yield of compound 2
o -
solvent acetone >0% acetone-ethyl ethyl acetate  ethanol
acetate
yield/% 90.0 86.2 78.4 72.6
4 & B

DL RN M A 200 °C 241 153 ) 1Y 36 1 — M
S JERL, 5% 2R Ul & A= Diels-Alder Jin g%z I, 1 28
(242 ] R Jm s R0 8 0 0 3 Jit s 1 A it L BR [5. 4.0,
0°°.0"". 0% ] —4, R HA M T 29t 17 T4k,
A BT R 0 B AR S N 45 . Diels-Alder Jinn g 52 1
H TR IR NG s BV R B S =11 °C ROBEE (RS h,
W 3K 95. 3% , L 0 8 8% 0 B W B
=70 CEE-11 °C; [2+2 DGR AL S v, LAT B
NI JFORNERE S 2 g - 125mL7" S BREFE] D 23 h
B, AT 36 90. 0% o NG g id 5t B I Ji5 Ak 3 0ot 7R
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Synthesis and Characterization of Pentacyclo[5.4.0.0°°.0°'°.0°° Jundecane

SHI Sheng-bin'’ | FAN Gui-juan', YANG Shi-yuan’, LIAO Long-yu', ZHANG Hong-li"*, LI Jin-shan'
(1. Institute of Chemical Materials, China Academy of Engineering Physics, Mianyang 621999, China; 2. Southwest University of Science and Technology,
Mianyang 621010, China)

Abstract: Cyclopentadiene was prepared from its dimeric form by pyrolysis at 200 °C. By using cyclopentadiene and 1,4-benzo-
quinone as starting materials, pentacyclo[5.4.0.0%°.0%". 0>" ] undecane was synthesized with total yield 51.6% via Diels-
Alder, [2+2] photo-cycloaddition and Huang-Minlong reduction. The products were characterized by '"H NMR, C NMR, IR
spectra and MS. The optimal conditions of Diels-Alder and [ 2+2 ] photo-cycloaddition were discussed and confirmed. The opti-
mum conditions for Diels-Alder reaction are: the reaction temperature of dropwise is =11 °C, the reaction time 3 h. The best con-
dition of [2+2 ] photo-cycloaddition are as following: the acetone as solvent, the raw materials concentration is 2 g - 125mL™" and
the reaction time 23 h.

Key words: [2+2]photo-cyclo addition; pentacyclo[5.4.0.0%°.0%'.0°° Jundecane; synthesis
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