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SHREF—IHNR I GEFERIRE L EY

wEMEN FEFEN REH  PHEIE  FLEX
I Ao HHErebe  fHHiErabe
(CWRITTE RS RAFA AR EHEWE S LRE O 571127)
(MRS MAREPACOCERE AT RIS TREFT L O 571127)
(CWFIE RS WOW R REHRASIFRESLRE O 571127)

WE SOEHBEEGRE. ODS HMil. Sephadex LH-20 e b DK i) 4 7 w2804 £ 3 (HPLC) &5 0 3% 3 B
FB, WA TR B TR Harrisonia perforata ZEH ALY BT TR, MEZER 95% ZEEILE 4y
SRR T 8 AR T IS A Y, R 2 R L e T iA R E T IR B SR R SN AR, P ka1
N AFHIFEE R IR AW, (& 2~8 INFHRBHEY T A ER2NNNEY. EY 1~8 fRSM ]
SR A K IS PR VRN 45 SRR, e AT TR I 4 bk (HL-60. A549. SMMC-7721. MCF-7 fll SW480)} H A% AN
B AR AN E A, A5 bR 40 B A R B PR ) 1Cs0 Y [ 29(0.38 20.03)~(31.68 0.21) umol/L, s fifre 44t g
A B 55 R IR o HR 245 M £ 0 1) 0 e A 2.
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A New Prenylated Isoflavone from the Stems of Harrisonia perforata

Shen, Zhangyang"™ Li, Yujie™ Zhao, Yimeng” Deng, Yayuan” Guo, Yawen”

Wang, Yu*  Liu, Yanping®™*®>¢  Fu, Yanhui***¢
(“Key Laboratory of Tropical Medicinal Resource Chemistry of Ministry of Education,
Hainan Normal University, Haikou 571127)
(> Engineering Research Center for Industrialization of Southern Medicinal Plants Resources of
Hainan Province, Hainan Normal University, Haikou 571127)
(¢ Key Laboratory of Research and Development of Tropical Fruits and Vegetables of Haikou City,
Hainan Normal University, Haikou 571127)

Abstract A new prenylated isoflavone, harriperforine (1), as well as seven known analogues, was isolated and characterized
from the stems of Harrisonia perforata. Their chemical structures were unambiguously elucidated based on spectroscopic
analyses. All known compounds 2~8 were isolated from the genus Harrisonia for the first time. The growth inhibitory activi-
ties against five cancer cell lines (HL-60, A549, SMMC-7721, MCF-7 and SW480) of compounds 1~8 were evaluated. As a
result, compounds 1~8 displayed remarkable inhibitory activities with ICso values ranging from (0.38£0.03) pmol/L to
(31.68+0.21) umol/L, which were comparable to those of cisplatin.

Keywords Harrisonia; H. perforata; prenylated isoflavone; tumor cell growth inhibitory activities
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roubaceae)’} /i R J& (Harrisonia) AP A=t 5 4 Fh, 43
AT T ARG . SEPAR R A R B N s &
SERIE Ik 270 (8 R R BRI A T 2 AL A T 52 3
E N AMIEF AR 2 000, B AL, 228N
AR EEYI T BEARR TG R R EAE R
SNV GESNIE I GBI S S PSS WA S AN EESE 2
FPEE R R, XL 7 B 15 SIS R I
Tz RS, iR YR . ARTEYE. BT
R VE AR ORAPIE I L PUETE T PURFRIETE LK 116-
FRILS AT S 1 A0SR 2 R AR S 20, AR
AT AR B EDOCE 1 M, BIAR H per-
Sorata, SRR THERE TR AR A T X, A TR
H—E BT NEA Ry i ey 25 AR o A 0
WRIHURTEVEYI BT, AR ALAE T IIOT 7T A
RZEM 95% LBFHRECYIN AT A0 il Bk SMMC-7721 Al
N FLM S 20 Btk MCF-7 A KA HIE 14 1) 1Cs0 15531
N(8.26+0.12)F1(12.68 £0.16) pg/mL. AT #E— LR
A= R ZEDUMR I 25 AR, R ILEE R TR T T
S TIHUMR IS TR, AT SO A i SR ZE 1 95% £
FER T A 8 EAT T RETTE, rBSARE] T 8 ANk
I ik e B W R A E, 53 %65 N harriperforine (1)

4'-O-methylerythrinin C (2). erythrinin D (3). erythrinin E
(4)~ 5,3',4'-trihydroxy-6",6"-dimethylpyrano[2”,3":7,6]iso-
flavone (5)~ norisojamicin (6). 5,3'.4'-trihydroxy-2",2"-di-
methylpyrano(5",6":7,8)isoflavone (7)Fll 5,3'-dihydroxy-4'-
methoxy-2",2"-dimethylpyrano(5",6":8,7)isoflavone  (8).
H & 1 08 1 ASHT R S I 2 e s 2R 51, AL
B 2~8 NE KA R B o AR R S,
EAFRM SR AT 1 PR, AN, AR
XHLEY) 1~8 AR AN fibRg 40 i AL A S PR EAT 11

W, ERFUEY) 1~8 X HL-60. A549. SMMC-
7721, MCF-7 A1l SW480 %5 . A g 241 i ik 32 3R IR 1
TENRZENARMENEME. AR EREXE G
MIFRENE 73 25« A6 4 5 LA R e AT T4 ] e g 20 i A= K 1)
TEPE.

1 BRSHIR

WEY 1 REFEOLEER A, LIOCE [0l N
—86.9 (¢ 0.13, CH;0H); 1L&41 ) HR-ESI-MS %5 ! H:
HE T B FUEIMA+H] 0 m/z 9 385.1283 (caled for
C21H2107 385.1282), WHiEE&Y 1 Mo FN
CaiH2007, AMARIEE A 12; 7EALE 1 UV ORIET, &
KB A (log €)73 I TE 232, 268 Fl 342 nm, Rt
AW NAREIEE D). S 11 IR )6
Perp BoR T ERREG402 em Y. FEHEERIE(1641 cm ).
FRIRFNRLEE(1598, 1509 Al 1462 cm MLAK I FE(1380
em DFRFIER G, FEALEY) 1 TH NMR iR, (K35
X — AR WA on 13.12 (s, 5-OH, 1TH)H
R EREN R CR R VIN e /8 WA= 2o A e i S B 2
T ARIH XS RBE A ZELLFE N 0u 7.86 (s, H-2,
1H)1 6.38 (s, H-8, IH)HRIEE(E 5 AR RS
1 A EE R R AEAE 1A =B A 1 A TLEUARER IR,
KX —HMERE T BN o 7.10 (d, J=1.8
Hz, H-2', 1H), 7.06 (dd, J=8.0, 1.8 Hz, H-6', 1H)#! 6.93
(d, J=8.0 Hz, H-5', IS T HIFERRNMEET 1 K
TREEGERIFFAEAE 1 A ABX # A R4 mmX =1 REt
B AR on 3.93 (s, 4-OCHs, 3H), 1.37 (s, H-4",
3H)F 1.25 (s, H-5", 3H)HRIES[E S5 MAAERNMLE
Y1 2B R ARAE 1 NSRS 2 A FRR R
Ak, mpX —HAM AT LFALFE A on 4.80 (dd,

B a8 ki

Figure 1 Chemical structures of compounds 1~8
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J=9.3, 8.0 Hz, 1H), 3.21 (dd, J=15.6, 9.3 Hz, IH)F1 3.12
(dd, J=15.6, 8.0 Hz, IH)HIEE 5 A ESRRNEED 1
A B A AE 1 ASIE R L AN R R B AR )
HIER &R, t6E% 1 1) 3C NMR # DEPT (Distor-
tionless Enhancement by Polarization Transfer)i 445 (%
DIRRAED 1 g & 21 Ak, Hhass
15 /> sp? 40l 1A sp? L2k 1 sp’ 440K H
BBk 1A spd /AL R R . 1 SRR DAL, 2 N
LB, 15 A sp? RAUERF] LAE— DR T 2 A 1
AR S 1 ANEEREE. IR S EORE 5 SR R IE )
E AL AW 4'-O-methylerythrinin C (2) A0 1 Feda %
AL, $ER1E B9 15 4'-O-methylerythrinin C (2) A 1%
FA LA 2 R, frai e 1 5Ea!
4'-O-methylerythrinin C (2)F1 8% 508 vl LU I, B4
2 G5 ) F E XN FE T AENH S 4'-O-methylerythri-
nin C (2)f) C-3' LR 1 MR T, MER G 1
) C-3 BRIy 1 A Fedt, DL EHERT AT DLsE— B4
— A E R A I 2A RSN 6n 7.10 (d, J=1.8 Hz, H-2',
1H), 7.06 (dd, J=8.0, 1.8 Hz, H-6', 1H), 6.93 (d, J=8.0
Hz, H-5', IH)EAE S ABX #i4 R4 H L, H-2'
5 C-3 (6c123.4), C-1' (6¢ 123.9), C-3' (5 145.7), C-4' (6¢c
146.8)#1 C-6' (d¢c 121.0)f) HMBC #5%, H-5'5 C-1', C-3',
C-4'F1 C-6''1 HMBC (Heteronuclear Multiple Bond Cor-
relation)#f5¢, H-6'5 C-3. C-1'. C-2' (5c 115.1)F1 C-4'
(¥ HMBC #H2€, LK 4'-OCH; 5 H-5'¥] ROESY AHEfT
UESE. FEZHTY 2D NMR 3 3% [+ HSQC (Heteronuclear
Single Quantum Coherence)s HMBC. 'H-'H COSY #I
ROESY (Rotating Frame Overhauser Effect Spectroscopy)
WM P ERIE A 1 BTSSR, WA 2 fr
. FREMEY 1 ANEH ML T C2"H T,
I H'E R ELEEE [a]p —86.9 (¢ 0.13, CH;OH)i@it 5
HARPLF S W IO HE T Aax it Mri&y
luteone metabolite BC-I ] ELiE V¢ E [a]f —100.0 (c 0.11,
CH;OH)#EAT LB 225, W LUE L&Y 1 5 luteone
metabolite BC-I F A AU LG Im 1, %518 2
luteone metabolite BC-T [1)44.5 45 14 HH F=- 4 Hr0y (C-2") 1)

"H-"HCoSsY

~\ HMBC

YT R, IR 1 1) C-2" X g 7 ] LA
BiVHJEN R AT S & 1 C-2 24Xt 4
B, @it GAUSSIAN 09 f2/77E B3LYP/6-311 G(d,p)7K
V- A TDDFT J7325% % 4444(2"R)-1 ] ECD (Elec-
tronic Circular Dichroism)JGité #4771l 5, #t— P s
&9 1 HISE5 ECD il 5 R4 (2"R)-1 175 ECD
Jeitk, SRR ENRIAEEIEH, WE 3 Fos, dE—
ARSI &) 1 C2"IZEnH RN R, B, WE T
WA 1 b2 i R, i 1 s, I
BOFAG A 1 iy % N2 5 R .

K1 AW RA DI THNMR Al BC NMR J 54

I

Table 1 'H NMR and '*C NMR spectral data of harriperforine

(1)
Position on oc?
2 7.86 (s, 1H) 15274
3 12345
4 1809 s
4a 106.6 s
5 157.2s
6 109.2 s
7 166.0 s
8 6.38 (s, 1H) 88.9 d
8a 158.2s
I' 1239
2 7.10 (d,J=1.8 Hz, 1H) 115.1d
3 145.7 s
4 146.8 s
5 6.93 (d,J=8.0 Hz, 1H) 110.7d
6 7.06 (dd, J=8.0, 1.8 Hz, 1H) 121.0d
"o 3.21 (dd, J=15.6,9.3 Hz, 1H) 26.8t
1"g 3.12 (dd, J=15.6, 8.0 Hz, 1H)
2" 4.80 (dd, J=9.3, 8.0 Hz, 1H) 91.8d
3" 71.9s
4 1.37 (s, 3H) 25.8q
5" 1.25 (s, 3H) 2394
5-OH 13.12 (s, 1H)
4'-OCH;  3.93 (s, 3H) 56.0 q

4 Measured at 400 MHz in CDCls; ® Measured at 100 MHz in CDCls.

e 70 15 35 E W S O B R SR 5 1 LUSE,
AHIFE R [ 7 BEAF 2 1 7 A RN 0 57 A 22 S B 2

B2 b R S (D IEFEEE R 2D NMR AHE
Figure 2 Selected 2D NMR correlations for harriperforine (1)
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Agl(dm3-mol*-cm™)

-0.3

-0.4

320 340 360 380 400

Wavelength/nm

Calculated ECD spectrum for (2”-R)-1

............. Experimental ECD spetrum for 1

B3 a5 ER (1)K 525 ECD S i At 5 ECD ¢tk

Figure 3 Experimental and calculated ECD spectra for harriperforine (1)

W&, Gkt 5 SCHR TR IE BAE R &
TR AT LUER, KIX 7 A AN R S B e R A
EW) 2~8 43 A% E N 4'-O-methylerythrinin C (2)P',
erythrinin D (3)P4. erythrinin E (4)4, 5,3'4"-trihydroxy-
6",6"-dimethyl pyrano[2",3":7,6]isoflavone (5)!*). noriso-
jamicin (6)01, 5,3'4'-trihydroxy-2",2"-dimethylpyrano-
(5",6":7,8)isoflavone (7)?7F1 5,3'-dihydroxy-4'-methoxy-
2" 2"-dimethylpyrano(5",6":8,7)isoflavone (8)1%]. FTH 1L
BV E RN R B o) B A5 2.

PL HL-60. A549. SMMC-7721. MCF-7 1 SW480
S LR N IR 48 R D s T VRN A AR, DUIURR A BH 1
XTREZGW), KA MTT 0] 77 85 255 A& 1) 1~8 Ak
AN R 40 B AR A RS PR AT T PPN, SE YRR 45 R
KWL EY) 1~8 XX TuAh N e 4 itk ot 1 &
F AR A5 1, AT ) e TR 2 R A A ) 1 1
ICso yu I 4(0.38+0.03)~(31.68 +0.21) umol/L, ‘& f1%}
T A N SR 24 ke P A R A A 1 5 B o) B 24
AR AMRITEPEAR 2. (B2, 4K2 7B S E
G Pt 3 R N i 98 4 B R FR) A R A 3 1 B A
T BE 0 HE 2 W () AR KA RE A, (B 1~8

s Pt 90 00 LA K 35 ) ELAA MO B0 2 TR
2 i

L iz H 2 MOl 70 8 J7 VR R 36 8 BOAR 3
AREHE R JEED TR ZR 95% LB SRR 1L
RO HAT TR, S EEE T 8 NI R B
FEY), &1 8 1 M HeEy, a) 2~8
NE RN R EEY oy B e M. s
WAEYIECD 500 E Tt &9 xR, R
MTT #5570 B A R S 1~ 8 RSN e 4 i
AAREEVEREAT T VR, SRR EEER 8 MLE
Yoxt Tl ik € BN R A B PRS Bos T R AR K

FHNIE . DA b e R EUT T BRI 4% 57 (47 Bk 24
) AT E L
3 SCIOERSY
3.1 5

Bruker AV-400 i FA% Wi L3RI (1 [E Bruker A R
/A#]); Finnigan LCQ Advantange MAX B Jii {3 (& [H
Thermo Fisher Scientific A R\ #]); Beckman DU640 %Y

K2 ALEW 18 X TR 20 P A A S 1 @

Table 2 Growth inhibitory activities against five cancer cell lines of compounds 1~8

ICs0?/(umol-L 1)

waEm
HL-60 SMMC-7721 A-549 MCF-7 SW480
1 0.56+0.05 0.48+0.06 0.67+0.04 1.08+0.07 0.38+0.03
2 3.21+0.10 0.82+0.05 7.324+0.17 1.89+0.11 5.4340.12
3 6.58+0.16 12.45+0.20 4.32+0.13 1.68+0.06 0.89+0.04
4 0.89+0.05 9.42+0.12 6.8910.11 2.89+0.09 5.854+0.10
5 4.32+0.08 31.68+0.21 1.68+0.09 0.57+0.04 13.79+0.15
6 10.35+0.12 6.67+0.09 3.26+0.08 11.8340.13 0.71£0.05
7 2.7540.06 8.4710.08 14.79+0.13 10.42+0.15 8.534+0.09
8 0.62+0.03 15.68+0.16 4.25+0.07 6.58+0.06 2.09+0.08
g% 1.561+0.08 11.8740.12 17.28+0.12 22.87+0.16 30.03+0.21

@ All results are expressed as mean—+SD; n=3 for all groups. ” ICs0: 50% inhibitory concentration. ¢Positive control.
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AN WA 66 AN (32 [E Beckman Coulter H FR A &]);
Bio-Rad FTS-135 B AMEHH (K E Bio-Rad A #]);
BUCHI Sepacore HY HH{IC I il £ (13 (B - BUCHI A [R
22 #]); Thermo U3000 il £ 7Y i R AH €4 154X (55
Thermo Fisher Scientific R /A]); #/ZHEH GF254 Al
FEETERE R (5 B TA R A A); YMC ODS-AQ il
2% A RO 8 HE (5 pm, 20 mm X250 mm, H A
YMC #:0&4t); ODS H: iR ODS, 50 um, HA
YMC #30£:4t); OLYM PUS-IX70 #A:¥p{5) & ik
(H A Olympus #: 202 4t); Thermo HERAcell 240i 84 CO,
TE R4 £ 24 (3E[E Thermo Fisher Scientific A FRZA
A]); Tecan Infinite Pro %4y £ Th G B b A (3 1
Tecan #: 41 /A7]); BHC-1300B2 HLEG TAF & (500 % 7%=
TAFARBRAA). WM (8 E Merck A#]); BHENA
Fig . BERRER SR . F12 BhaRdk. a4 s Aostn e E
Thermo Fisher Scientific A PR A #); HL-60. A549.
SMMC-7721+ MCF-7 Fl SW480 2 T & W, A i /83 41 it
PRRUE T rp B REE e g ar i e, A5 i 4k
WAECE T A0 R PR TR A A TR A F).
3.2 {EMFRA

AR ZET 2018 42 06 FRE T B BILESH T
U B SRR A T, 22 1 B T K 27 A i ol 2 2 e s
B L EARH R IE YR H. perforata (1)
2%, FiFbR A (No. HAPE20180608) 1477 T3 R i i K 2
A 24 BT YR LAY S B R B 9T i e AR AR AT O A
YIbrAE.
3.3 EHS5HE

BT R4 R 15.6 kg, BTG H 95%Z 54
RPREALIR, IR 3 d, &I HEIUR S D8R R 48
13 CREARBUSRE . OISR B N K IR B 5 K
A R 2R R RN, SO R 5 19
Tk AL G AL (567.9 @) M LR L BEAHUGERA.(866.8 ). &
1R B 2E B HAL(860.0 g)A AR (200~300 H )k a4
B, DS -FEE D V=98 : 2~30 : 70) kAT
BEEEVEILARS] 12 AN (Fr.1 ~Fr.12). Fr.3 (48.7 g)&
ODS (Octadecylsily) ¥ €43 43 59, DL BE-7K A4 R A%
i FIBEAT R BEVERL(V - V=55 © 45~100 : 0){5%] 8 N
2> (Fr.3A~Fr.3H). Fr.3B 4 Sephadex LH-20 &t/kik: (4
Al s, 2 B SO Bk (HPLO) (Bl A
HIEE—/K, V' : V=75 : 25, 12.0 mL/min, #z 19.8, 26.9, 37.8
A 42.2 min)#ATHIEFEULED 1 (9.8 mg). 2 (26.5
mg). 6 (68.9 mg)fl 7 (102.8 mg). Fr.3C %4 Sephadex
LH-20 #ERAibaift G, SMl&% HPLC(RBIAHM:
ZIE-IK, Vi V=65 : 35, 18.0 mL/min, tz 26.7, 30.6, 35.9
A1 39.8 min)FEATHI &S EMLEY 3 (23.9 mg). 4 (36.2
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mg)~ 5 (54.2 mg)F1 8 (11.6 mg).
3.4 RIEHE

AR R (1): WEALERHAR, mp. 258~
259 °C; [a]5 —86.9 (¢ 0.13, CH;0H); UV (CH30H) Amax
[log eAdmPsmol 'scm™1)]: 232 (4.12), 268 (3.83), 342
(3.08) nm; CD (0.0006 mol/L, CH;OH) Amsx [A&{(dm’e
mol 'sem 1)]: 236 (18.1), 265 (—20.5), 341 (14.4) nm; 'H
NMR (400 MHz, CDCI3)f1 *C NMR (100 MHz, CDCls)
PWREHE WL 1; IR (KBr) v 3402, 1641, 1598, 1509,
1462, 1429, 1380, 1248, 1072 cm " !; HR-ESI-MS calcd for
C21H2107 [M+H]" 385.1282, found 385.1283.
3.5 MEIEMIFN

MTT VPP 73 B %5 (A G D0 P g v 120310
K MTT 063 B3 20 8 AMEA ) 1~8 &S |
ey 24 AR TR PR AT PR, W FEH BL HL-60. A549.
SMMC-7721+ MCF-7 F1 SW480 %5 . A iy 4l i ik 9
TEVEVEA AR, DUIE 9B ]2, B g 1
VA S8 H A/ R AN A 7 1k L B4 R R 1 F 7818 S
qj}iﬁﬁ[29»3l].

4 BI#1 K (Supporting Information) HLAH 1 1 E
('"HNMR. "C NMR. HSQC. HMBC. 'H-'H COSY.
ROESY . HRESIMS A1 UV i &) LA K 470 b e 7% 1 AN 1)
LIS R VR AR AN 5 v, X ek ] BA S 9l AT A sy
(http://sioc-journal.cn/) I N #.
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