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# E: FIF Sephadex LH20 FfEJR &4k (5 A M F RIEAEY A (Incarvillea dissectifoliola Q. S. Zhao) K
REPABERT 1L ARCZEWEMAY. SBBIRE BB, B2 ENTI0%H 555 rengyolone
(1), (3aS, 6R)-2,3,3a,6,7,7a-hexahydrobenzofuran-3a,6-diol (2), (3aR)-hexahydro-3a-hydroxybenzofuran-6 (2H) -
one(3) , (3aR,6R)-octahydrobenzofuran-3a,6-diol (4), (3aR,6S) -octahydrobenzofuran-3a,6-diol (5) ,4-hydroxy-4- (2-
hydroxyethyl) cyclohexanone (6), (3aS,4S)-hexahydro-3a, 4-dihydroxybenzofuran-6 (2H )-one (7), (3aR,4S)-hexa-
hydro-3a,4-dihydroxy benzofuran-6 (2H) -one (8) ,rengyol (9) ,isorengyol (10) F rengyoside B (11), X 11 MMLEY
BRERNAERSEED, hEYW4,5,6,7,8,9,10 WHMEIEERILIRE, M EMNWAREBEERTTE,

LERF I T TX HL-60 414k RY 1C, 4334 102, 44.7, 24.6, 98.0, 47.8, 25.3, 92.3 F147.2 pmol/L,

KEE: A, O RE; hER; BEELR
RESYERE: 0656.2  SCEKFRIRAD: A

EERHAEE (Incarvillea Juss. ) 1HY EE 4y
T B DR X XL X, 2 B R
MfEZE, WHREWRE Y . B —FhE T E
POFERHL B MR REESR Y, AEEEY
ZHEAPR . L. BUE. ORI SRR
RTER, BORRIGTTEUE., RUERTHR . HHEM.
B MYE . RORMORATHREE SR . B
— B2 PRIt 2 B A 0 R R LB R B BRI
HAPR, IREPURAOERE . RIESCkiEs
C BFREIEER, 124Kk, MR o B
HEYITEE T R IEAZ L, NEF IR
B, AEREYEESHEEYBE . Wan
et A Ay . TEZRTRIBEST A, RATA
& (Incarvillea dissectifoliola Q. S. Zhao) W43
BT RIETERAYY, A FERE
MAE P EBRN 11 AFE ZERLEY, o
B~ rengyolone (1), (3aS, 6R)-2,3,3a,6,7,7a-
hexahydrobenzofuran-3a, 6-diol (2 ), (3aR )-hexa-
hydro-3a-hydroxybenzofuran-6 (2H ) -one (3 ), ( 3aR,
6R) -octahydrobenzofuran-3a, 6-diol (4), (3aR,6S)-
octahydrobenzofuran-3a,6-diol (5) ,4-hydroxy-4- (2-
hydroxyethyl) cyclohexanone (6), (3aS, 4S)-hexa-
hydro-3a, 4-dihydroxybenzofuran-6 ( 2H )-one (7)),
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(3aR, 4S )-hexahydro-3a, 4-dihydroxy benzofuran-6
(2H) -one (8) ,rengyol (9) ,isorengyol (10) Fl rengy-
oside B (11) , HAE# =LA 1, X 11 MEEYHH
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Fig. 1 Structures of 11 compounds isolated from

Incarvillea dissectifoliola

RPMI-1640 ¥:3: 3L DMEM #5#E T E R NEER
5 5 GIBOCO A ], /NI & (FBS) I B Hyclone 23
&, ZH .9 (DMSO) ) H Sigma A R, &M i
F RIS -L T 2002 45 8 AR BUIERE, &+ E
Bl e B BH AR BT 5T BT 0 R 28 1 28 O Incar-
villea dissectifoliola Q. S. Zhao [, EIEARAH T
Hh [ B2 B B A BT 5T BT AR AN o
L2 RES5SE

FAES IR AL 2.3 kg, A @ = 95% Iy ZBEFAJEI
PRIRE 3 YK, WK 2 b, A3 Z B BOBUS IR TR A
YU TRUFH PR VA A, T VA A IR VR A R R 9T e
B 450 g, B 300 g b —RALE PR,
K/ ZIER G EER B (RFR L 1:0,4 L; 70:1
30,20 L;50:50,18 L; 30:70,10 L; 0: 1,5 L) , 5%
A, (206 g) ,A,(58.1 g),A,(10.7 g),A, (8.2 g) &
A(5.3 g)5 ANMBAro BUA, F#BAL 60g, 285 S B YTk
JEHE 24T B¢ Sephadex LH-20 443 B 44k, 4 24L &
#1 (150 mg),2 (23 mg),3 (38 mg) ,4 (17 mg),
5 (12 mg), 6 (19 mg),7 (23 mg),8 (6 mg),9 (22
mg) ,10 (7 mg) K 11 (31 mg),
1.3 @pEEE

SR MTIT & E T4e54 4,5,6,7,8,9,10,11
Xof 4t Ak HL-60 F 40 BT 1 o
L4 4I5S RIEHT

A1, TaRY, [alT +9.2°(MeOH; ¢
0.18) , 448 F FAB-MS m/z 153 [ M-H]~;'H NMR

(CD,COCD, ,500 MHz) §; 6.77 (1H,dd,J = 1.5,
10.0 Hz,H-6) ,5.87(1H,d,J =10.0 Hz,H-5) ,4.13
(1H,m,H-2),3.93(1H, m,H-8a),3.79(1H, m, H-
8b),2.72 (1H, dd, J =4.3,16.6 Hz,H-3b),2.50
(1H,dd,J =4.3,16.6 Hz,H-3a),2.26 (1H, m, H-
7a),2.20(1H,m,H-7b) ; ®*C NMR(CD,COCD,,125
MHz) §: 75.3(C-1),81.9(C-2),40.3(C-3),196.7
(C4),128.3(C-5),149.6(C-6) ,40.3(C-7),66.3
(C-8),

&Y 2, TaRY, [a]y +4.2°(MeOH; ¢
0.15) ,$1BF FAB-MS m/z 155 [M-H] ~; '"H NMR
(CD,COCD,,500 M Hz) &: 4.61 (1H, brs, H4),
4.13(1H, brs, H2),3.86 (3H, m, H2,8),3.30
(1H,m,H-3a),2.90(1H,m,H-7b) ,2. 65(1H,m,H-
3b) ;" C NMR (CD,COCD,,125 MHz) &; 77.5 (C-
1),84.0(C=2),40.3(C-3),65.9(C4),133.8(C-
5),131.2(C-6) ,40.2(C-7) ,67.7(C-8)

A3, TadmRY, [a]y - 1.7°(MeOH; ¢
0.10) , %1 B F FAB-MS m/z 155 [M-H] ~;'H NMR
(CD,COCD, ,500 MHz) §; 4.36(1H,m,H-2),3. 88
(2H,m, H-8),2.96 (1H,dd, J =4.5,15.8 Hz, H-
3a),2.72(1H,m,H-3b),2.35(1H, m,H-5a) ,2. 24
(1H,m,H-7a),2.13(2H,m,H-6),2.02(1H,m, H-
7b),1.63(1H, m,H-5b) ; ®C NMR(CD,COCD, ,125
MHz) &: 77.0(€-1),84.5(C-2),42.9(C-3),209.9
(C4),34.1(C-5),35.5(C-6) ,40.9(C-7) ,66.2(C-
8); '

B4, TauRY, [a]y +4.3°(MeOH; ¢
0.12) , A% F FAB-MS m/z 157 [M-H] ~; '"H NMR
(CD,COCD, ,500 MHz) §:4.36(1H,tt,J =10.7,4.2
Hz,H4),4.25(1H,t,J =4.0 Hz,H-2),3.93(2H,
m,H-8),2.44(1H,m,Heq-3) ,2. 26(1H,m,Hax-3) ,
2.19(1H,m,Heq-5),2.17 (2H, m,H-7) ,2. 15 (1H,
m,Heq-6) ,2.05(1H, m, Hax-5) ,1. 96 (1H, m, Hax-
6) ;*C NMR(CD,COCD,,125 MHz) §: 75.2(C-1),
81.8(C2),36.1(C-3),66.1(C4),31.3(C-5),
32.8(C-6),39.7(C-7),65.1(C-8),

AW s, ik, [l +16.6°(MeOH;c

0.36) , i 8 F FAB-MS m/z 157 [M-H] " ;'H NMR

(CD,COCD,,500 MHz) &: 3.85 ~3.70(4H,m,H-2,
4,8b); ®C NMR(CD,COCD,,125 MHz) §: 77.4(C-
1),82.5(C2),37.6(C-3),67.2(C4),31.3(C-5),
31.5(C-6),37.9(C-7) ,65.6(C-8)

& 6, Jt kY, [a]T +10.5°(MeOH; ¢
0.50) , %1 8 F FAB-MS m/z 157 [M-H] ~;'H NMR
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(CD,COCD, ,500 MHz) §: 4.20(2H,m,H-8),2.98
(2H, m, H-3a,5a),2.33 (2H, m, H3b, 5b),2.18
(1H,m,H-2b,6b) ,2.05(2H,m,H-7) ,1. 86 (2H,m,
H-2a,6a) ;"*C NMR(CD,COCD,,125 MHz) §: 69.6
(C-1),37.7(C2),37.5(C-3),211.3(C4),37.5
(C-5),37.7(C-6) ,44.3(C-7),58.6(C-8) ,

AT, Tk, [all +7.5°(MeOH; ¢
0.11), /1 & F FAB-MS m/z 171 [M-H] ~;'H NMR
(CD,COCD,, 500 MHz) &: 4.36 (1H,dd,J =3.5,
6.8 Hz,H-6) ,4.34 (1H,t,J =4.6 Hz,H-2),3.99
(2H,m,H-8),3.23(1H,dd,J =4.0,16.4 Hz, H-
3a),3.01 (1H,dd, J = 6.8,16.6 Hz, H-5a),2.86
(1H,m,H-5b),2.79(1H, dd, J =3.8,16.4 Hz, H-
3b),2.32(2H, m,H-7); ® C NMR ( CD,COCD,, 125
MHz) §: 79.0(C-1),83.8(C-2),42.6(C-3),208.6
(C4),43.8(C-5),71.3(C-6),39.2(C-7) ,66.6( C-
8).

A 8, Tk, [aly +2.5°(MeOH; ¢
0.12) , %A% F FAB-MS m/z 171 [M-H] ~;'H NMR
(CD,COCD,,500 MHz) &: 4.71(1H,dd, ] =3.5,
6.8 Hz,H-6),4.40(1H,dd,J =3.8,4.4 Hz,H2),
4.05(2H,m,H-8),3.00(1H,dd,J =6.8,16. 6 Hz,
H-5a),2.95 (1H, m, H-5b),2.78 (1H, m, H-3b),
2.24(2H,m,H-7) ;C NMR( CD,COCD;,125 MHz)
5:82.2(C-1),84.5(C-2),43.4(C-3),208.7(C-
4),44.4(C-5),72.0(C-6) ,36.3(C-7) ,67.1(C-8),

WA 9, TRy, [a]T +4.5°(MeOH; ¢
0.13) ,4A B F FAB-MS m/z 159 [M-H] ";'H NMR
(CD,COCD,,500 MHz) &: 3.83(2H,m,H-8),3.78
(1H,m,H4);"”C NMR(CD,COCD,, 125 MHz) §:
70.4(C-1),36.1(C2),31.5(C-3),70.1(C4),
31.5(C-5),36.1(C-6) ,44.6(C-7),59.2(C-8) o

&M 10, THEHRY, [« ] +16.0°(MeOH;
¢0.21) , i B FAB-MS m/z 159 [M-H] ~ ;'H NMR
(CD,COCD,,500 MHz) &: 3.80(2H,m,H-8),3.76
(1H,m,H4);"C NMR(CD,COCD,, 125 MHz) §:
71.5(C-1),34.3(C-2),31.8(C-3),65.2(C4),
31.8(C-5),34.3(C-6),39.8(C-7),59.2(C-8),

A 1L, TR, [ 0]] - 8. 4°(MeOH;c
0.72) ,f1BF FAB-MS m/z 319 [M-H] ~; 'H NMR
(CD,COCD,,500 MHz) &; 4.27(1H,d,J =7.8 Hz,
H-1"),3.80 (2H,t,J =7.0 Hz, H-8),2.50 ~2.92
(4H,m,H3,5),1.90(2H,t,J =7.2 Hz,H-7);"C
NMR ( CD,COCD, , 125 MHz) §: 70.3(C-1),37.9
(C2),37.7(C-3),214.9(C4),37.7(C-5),37.9
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(C-6),41.9(C-7),66.8(C-8),104.3(C-1),75.1
(C2),78.1(C-37),71.6(C4"),78.0(C5"),62.7
(C'6,)o ‘

2 ZR5iHe

2.1 #kE

{# i} Sephadex LH-20, X L W K # g 4=
(D101) ,RP-C18 ML AFHE R AT ik, WA RAR
SERE 11 AR ZEERAEY.

&M 1 R — TRy, [«l) +9.2°
(MeOH;c 0.18) , %454 'H NMR, ®C NMR % &
BT FAB-MS, & i) 5r F R & N CeHy 0,0 'H
NMR % 8~ b & 9 & F — X B 1R T 6
6.77(1H,dd,J=1.5,10.0 Hz,H-6) #15.87(1H,d,
J=10.0 Hz,H-5) %44 DEPT i, 0 LUB LA
WEENTUHEFEF 63.93(1H, m,H-8a),3.79
(1H,m,H-8b),2.72(1H,dd, J =4.3,16.6 Hz, H-
3b),2.50 (1H, dd, J = 4.3,16.6 Hz, H-3a),2.26
(1H,m,H-7a) ,2. 20(1H,m, H-7b ) Fl— V% B 25 5
F64.13(1H,m,H-2), “C NMR F HMQC % {7~
AW FHIESHE 8 MRIEE, 25 R —
H55(8196.7) , —MFEWIES (6 75.3) , T
HeR(E5 (6 128.3,149.6) ,— MU {E 5 (6 81.9)
=AM S (5 40. 3 ,40. 3,66. 3) , 7E HMBC i

L8 413 R TFIES M 6 75.3,40.3, 196.7,

149.6 J 66.3 S A TR X, 5 3.93,3.79
MR 527 675.3, 81.9,149. 6 J% 40.3 fys(Z
SHTEHER,85.87 WETFE5H 6 81.9,40.3,
196.7 K 149.6 [ {E 24 mAEM L, s 4. 13 R
FAEEH 5 75.3,81.9,196.7 J 40.3 [R5 E4
AR, KRR KA B BB TH &
AP IREE M . H5ICHR[20] X 1R (LA 1 %
B % % h rengyolone

& 6 h—TamRY, [«ly +10.5°
(MeOH;c 0.50) , %54 'H NMR, ®C NMR % K 1
BF FAB-MS, B4 F R E N CH, 0,, 'H
NMR & B Rfb &% 6 &F 12 T, /75012 6
4.20 (2H, m, H-8),2.98 (2H, m, H-2a, 6a) , 2. 33
(2H, m, H2b, 6b),2. 18 (1H, m, H-3b, 5b) , 2. 05
(2H,m,H-7),1.86 (2H, m, H3a,5a) , 454 DEPT
W HE TN AW R EE T, °C NMR #I DEPT
ERREEY ST HILEHE 8 MRES, a5l R—

ANIREEAE S (8 211.3) , — M FRRIES (5 69.6),

ANIPER(ES (8 37.7,37.5,37.5,37.7,44.3) , It
&b, \'H NMR 1 C NMR 55085 77 L) 34 7 10 &
YWnFPEE — W FRAIRIRGM, 53CEk[22]
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IR, LB W) 6 B 4 B e Ry 4-hydroxy4-( 2-
hydroxyethyl ) cyclohexanone,,

A 11— T ARy, [a]) -8.4°
(MeOH;c 0.72) ., 454 'H NMR, "C NMR 3%} i
B FAB-MS, B> TR E N CyHy Ogo 72
'H NMR v, 7 LLBH @ A9 I 1 6 4. 27 (9 BRTF15
Sh—HRRERFE 5. "C NMR & HMQC %
BARUEY I FHAEERC ZEER, 556
AL e 11 2T 6 MkES, 502 8
104.3,75.1,78.1,71.6,78.0 f 62. 7,7&%‘:5*”%&
HENTR— T HERERENES. 5323 ]
ML, B 11 B8 rengyoside B,

£33 5 3L B W B B M I S OB EER Y LE
B, HA 8 MG W 50 43 B w48 8 D (3a8,
6R)-2,3,3a,6,7,7a-hexahydrobenzofuran-3a, 6-diol
(2)P, (3aR)-hexahydro-3a-hydroxy benzofuran-6
(2H)-one (3)™ (3aR, 6R ) -octahydrobenzofuran-
3a,6-diol (4) ! (3aR,6S) -octahydrobenzofuran-3a,
6-diol (5)™, (3aS$, 48 ) -hexahydro-3a, 4-dihydroxy
benzofuran-6 (2H) -one (7)) | (3aR, 4S) -hexahydro-
3a,4—dihydr0xy benzofuran-6 (2H ) -one (8) ! | rengyol
(9) ! isorengyol (10)

2.2 fRAEEN

AR A MTT 5P T 64 4,5,6,7,8,
9,10, 11 XF 4 itk HL-60 i 41 Mo 25 05 1, 45 SRR
EA1% HL-60 E"(J ICs, 533 K 102,44.7,24.6,98.0,
47.8,25.3,92.3 #147. 2 pmol/L,
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3. New Drug Screening Center, China Pharmaceutical University , Nanjing 210009 , China)

Abstract; Eleven compounds were isolated and purified from the roots of Incarvillea dissectifoliola Q. S. Zhao by
silica gel and Sephadex LH-20 column chromatography. On the basis of spectroscopic evidences and physiochemical
properties, their structures were identified as rengyolone(1), (3aS, 6R)-2,3,3a,6,7,7a-hexahydrobenzofuran-
3a,6-diol (2),(3aR)-hexahydro-3a-hydroxybenzofuran-6 (2H) -one(3) , (3aR,6R) -octahydrobenzofuran-3a , 6-di-
ol (4),(3aR,683) -octahydrobenzofuran-3a,6-diol (5) ,4-hydroxy-4- (2-hydroxyethyl) cyclohexanone (6) ,(3aS,
4S) -hexahydro-3a, 4-dihydroxybenzofuran-6 (2H)-one (7), (3aR, 4S) -hexahydro-3a, 4-dihydroxy benzofuran-6
(2H) -one (8) ,rengyol (9) ,isorengyol (10)F rengyoside B (11). All compounds are isolated from the plant for
the first time. Compounds 4, 5, 6, 7, 8, 9, 10, 11 showed somewhat cytotoxicity against HL-60 cell line in
vitro with IC, valves of 102, 44.7, 24.6, 98.0, 47.8, 25.3, 92.3 and 47.2 pumol/L, respectively.

Key words: Incarvillea dissectifoliola Q. S. Zhao; cyclohexylethanoids; chemical constituents; cytotoxicity testing
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The Glass Transition and Physical Aging Behavior of
PS/nano-CaCO, Composites

LI Gu, MAI Kan-cheng
(School of Chemistry and Chemical Engineering// Key Laboratory of Polymeric Composites and Functional
Materials of the Ministry of Education, Sun Yat-sen University, Guangzhou 510275, China)

Abstract: The glass transition temperature ( T,) of PS/nano-CaCO, composites and enthalpy recovery of physical
aging samples were determined by differential scanning calorimetry (DSC) analysis. The results showed that nano-
meter particles enhanced the segmental relaxation behavior of PS, and decreased the T, of PS/nano-CaCO, compos-
ites to same extent with the increase of nano-CaCO, contents. The T, of PS/nano-CaCO, composites moved to a
higher temperature with an enhancement of enthalpy recovery, compared with pure PS after physical aging. The
mass concentration with 1% or 3% nano-CaCO; physically aged at 68 °C or 78 °C reached a maximum enthalpy re-
covery near the glass transition respectively. The T, and enthalpy recovery of PS/encapsulated nano-CaCO, compos-
ites became higher than those of PS/nano-CaCO, composites.

Key words: polystyrene; nano-CaCO,; relaxation; segment; physical aging





