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New quinoline and anhydride compounds from fruits of Ficus carica
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Abstract: Objective To investigate the chemical constituents of the fruits of Ficus carica. Methods The chemical constituents were
isolated and purified with silica gel chromatography, Sephdex LH-20 and HPLC, and their structures were elucidated by spectral
analysis including MS, NMR, IR spectroscopic analysis, elment analyzer, and chemical evidence. Results One new quinoline and two
new anhydride compounds were isolated from ethyl acetate extract of the fruits of F. carica. The structures of the three new compounds
were respectively defined as 4-hydroxyl-6-formyl-8a-methoxyl-quinoline-2-one (1), 5'B,6'0-[(di-ethyl)-5f,6B-cyclohexyl]-
epoxyhexyl, cyclo-pentanhydride-[2,2,1]-2a,3B-cycloheptane (2), and 5'B,6'B-[di-(11-methylbutyl,11’-methylbutyl)-9,9']-cyclo-8'-
hexadiene-5a,6a-epoxyhexyl, cyclo-pentanhydride-[2,2,2,1]-2f3,3a-cycloheptane (3). Conclusion These compounds were named
figine K-1, figine G-1, and figine G-2, respectively.
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TR HMREIRE Ny, A EMEHEM. =&
FEARE . BRI S A A R R L R
WE LR A AME IR BT PR R T K
8o FANAER EA AN BAT SR A 1R
G B iEURSHE A, AR, H AT 0 0
FERNL PSR 7 FERATIE TE o AR SRER XS To A
R BATOI T, MBI L BRI
IrEARE) 3 LA (& D, 73l e 4-F25E-6-
FH T 40 % -8~ FHY 480 - M IR -2- T ( 4-hydroxyl-6-
formyl-8a-methoxyl-quinoline-2-one, 1), 5'B,6'a-(XX

T4 HE)-5B,6B-F A O b - TG 2 -[2,2,1]-20,3B-
HPikE (5'B,6'a-[(di-ethyl)-5B,6B-cyclohexyl]-epoxyhexyl,
cyclo-pentanhydride-[2,2,1]-2a,3B-cycloheptane, 2)
H15'B,6'B-[RU-(11-FH AT 2, 11°-FEE T 25)-9,9134-
8,8"- b i 2 -50,60- Ph S I O It I - I G T O -
[2,2,2,11-2B,30- Bkt (5'B,6'B-[di-(11-methylbutyl, 11'-
methylbutyl)-9,9']-cyclo-8'-hexadiene-5a,60-epoxyhexyl,
cyclo-pentanhydride-[2,2,2,1]-2f,3a-cycloheptane, 3).
A NTAERER K-1. BHERER G-1 MR
K& G-2, NTAERA B RVFEZE DR SR AR .

1 RERREFHULEY 1~3 EH

Fig. 1 Structures of neo-compounds 1—3 from fruits of F. carica
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P RSO - B8 T B - RAT I TR B A CH AR B
/y#]); Avance 400MHz i S AZ LRI (Hit
Bruker A ) ); Nicolet iS5 f# H A8 #2414 (FT-IR)
4% (3E[H Thermo Fisher A ); UV-2401 44h
HEHEA CHARBEATD; LRSI (JSX-3400R
% ELEMENT ANALYZER fE & (A %t X $14%
SR HAHFHER 2 4); Waters 600 -l 4
MR RAR AL (SEE Waters AF]), LH-20 #t
JRIERL (HAZ=3EAF]); HZEEEER GFasy FlfE
3% TR 80~100. 200~300 H (5 &iEFEfk T
J s HARRFIE o Hrati.

TAE RS TF 2017 4E 9 H K EH AN ATE ARk
BHEEBR AT TCAC R I, i e Rl 2R 22 B
R BUH IR S w N RFHE B EAE R Ficus carica
L. A7 225 v fb R XTS5, 9 R RO R 22 B s
FROAEREME MR RSMZ — FERRA
(GS-WHG-201709) AFEC TR m B R AR A= 11 24
IR ATE A .

2 EEENE

WG RERERRETIR 7.0 kg, H 70%4
B A A B AR AN 3 WK, IR S h, BEIBEME, AR
Wi, =iE FEE 48 h BREAEY, SEHURIIER
A1 IRE 1256 g KB EIRE TEREKY,

E —4 CHMFERE 120, JEEETHERABR L8
AT, 15 2B QRS 136 g, ARERAE
e, AEF-BERR WS (1501, 1301, 1031, 8
2. 614, 1:1.4:6.2:8. 0:10) BAREEHEM,

53] 8 MEMLEAL (A~H). BB #6720 g, 4k
R G5 B, B CbE-BEIR SR (10 0 1.8 12,6 ¢
4, 1:1. 4:6.2:8. 0:10) BREWEM GG H1E
6 M (Fr.il~6). BUFr.i2 447 6.0g, %
TR AT (e, SAG-FEE (91 1.7 :1.7:3.5: 4,
1310435357, 157, 1:9) BAEEWER, TLC
BES, GIFMRA Y. A7 3IERERE, AL
VEAE R, JEEREMAVIIE, WEERRE, RN ZRRIE
AR EI—EHEARYIE, A 1 (183 mg).
B B3R Fr.id 49 8.5 g, LERCH: (i & A5 - A
Bl (10:1. 8:2.6:4. 1:1.4:6.2:8.1:
100 BEEESEML, TLC /it 4l &6, 458 .
2 W RET &), #E—54 Sephadex LH-20 fiii (a4
), KM A B BHEAE (RP-HPLC) ik 7 &
afifk,, ODS Cig R 1% (YMC-PACK-ODS-A,
250 mmX 15 mm, 5pum), RNZEMNE, Vel
-7K (90 1 10) ZEREYENL, AFUAE 4 mL/min,

WERTR 2 2 Ny, B % E S AR EIME ) 2(13.4
mg, trr=11.00 min) FLEY) 3(16.2 mg, ;rR=23.00

min).
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a1 HOFEWRRY) . HR-ESI-MS 7R
HATE T m/iz 250.066 7 [M+H]" GiFEAE
250.067 1), 454 "H- #1 BC-NMR (DEPT) i 5E
HAoF0N CLHINOs. X T ESE & ILR D
Mr (C: 57.60%, H: 4.45%, N: 5.62%) iESZib&
e GEANEE T FEET &0, SR
(dragendorff) 75 0 5 BN A 2100, YA FIWT 5
TCRIEER =B, NS EEDBAEY) . HAask
JGHEZE 3 440, 1 670, 1 543, 1 472 cm ' @7 1 SR A
W SRR AYIR AR R, B3 (B A5
LR SRAMEIEAE 278 230 1214 nm A
BRI WSCAE SEA B AR E R B RN DT BR 454 . 1E
'H-NMR (400 MHz, CDCl3) i1, oy 7.27 (1H, s),
7.22 (1H, d, J = 3.5 Hz), 6.51 (1H, d, J = 3.5 Hz) %
MMOCEWEH 1| HEEES: FEEMLEEN 1
MEERS T, ETHESEL, thezamh
D5 R E PG o 53 4F 01 9.59 (1H, s, 4-OH)
NE 1 ANEBEREREE | NMEEANGAE; &F 14
FAEJE(E 57E 0y 4.72 (3H, s, -OCH3) Al 1 ANk HI
SAE51E 1.25 (3H, s, -OCOCH3). 3T 'H-NMR 4
Mr, w15 HWAL &Y 1 F AT k-2 - BF A= 4 o
preskimmianine' A [F) 5 22 (R BERZ S5 44 . AL &40 1
ft7 PC-NMR (DEPT) i (3 1) ] LB &0 5
1 21 4,6,8- = HUR 2-MEWkHEH (115 5 dc 166.8 (C, C-2),
#1 L4418 'H- 1 BC-NMR (400/100 MHz, CDCl)
SRIEHARIAR
Table 1 'H- and *C-NMR data assignment (400/100 MHz,
CDCI;) of compound 1

i Ou dc (DEPT) HMBC
1

2 166.8 (C)

3 7.27(1H, s) 109.9 (CH)  H-3/C-2,C-10
4 9.59 (1H, s) 152.4(C) H-3/C-9, C-4
5 722(1H,d,J=35Hz) 1228(CH)  H-5/C-4,C-I’
6 160.6 (C)

7 6.51 (1H,d,J=35Hz) 1288 (CH)  H-7/C-9, C-I’
8 130.9 (C) H-3'/C-8

9 132.3 (C)

10 110.0 (C)

1-C00 177.7 (C)

2-CH,CO 125 (3H,s) 192(-CHy)  H-2YC-I'

3-0CH;  4.72 (3H,s) 57.6 (-OCHs)

152.4 (C, C-4), 160.6 (C, C-6), 130.9 (C, C-8); 1 &
R EIEWRAE S 6c 19.2, 177.7 (CH5CO-, C-1', C-2), 1
ANREILE SAE oc 57.6 (C-3"). &t 1 & HUR
Fefr B it — il HMBC #i5€ . £ HMBC %+,
MR T H-3, H-5 5 C-4 #1552 X f55, H-3 5 C-10
FIFSMES (B 2), MIIESE T Byt B e R
B C-4 f7 L5 H-3 5 C-2 HIAHAR 51 BH A i
PEEMAEE. B DHRIE R ARES H3'5 C-8
HMBC M5 PA R H-7 5 LB EIERIE C-1"F1 C-6.
C-7 ZZ XA, H-55LMEFERIE C-1') HMBC
I, FAE T HEIEA 1 D ZBEIE D BB e
Whk-2- i BEZ (430 1) C-8 At C-6 fi7_E. Kk, 1k
BV EERIRTRE N 4-FRFk-6- FF L A Ak -8- AR -
W Wk -2- T . Z Ak A W g5 R T — Pl it
'H-'THCOSY. HSQC. HMBC K73 8|#iiiF. %k
EIEARIE R AL T NOESY KiEMi %%, R 3'-
HAE 1 H SR Lt H 8 B H JET
HHHXES (B 2), dknalHEwr 8 7 _LrH AN
o-HUA . IXTT BE A2 M AR 1R I 4 45 M e 1. BT
G 1 Bt o 1 ASE e R-2-BH 2R A S8, HE
MIAC L EERY N 4-F2 I -6-F it 4 2 -8 o- 4R 2 -1
Whk-2-i . HAZEEE T8 W3R 1.
OH o 16’\5 OH
{: H;coch
Y R
Y "N"So
ops"

21 5
H;COCO
6

— HMBC

=IH-"H COSY +~NOESY

2 k&1 EEH 'H-'"H COSY #1 HMBC 5 NOESY
LEPS
Fig. 2 Key 'H'H COSY and HMBC and NOESY

correlations of compound 1

&) 2: W BIEYIRY) . HR-ESI-MS m/z:
281.138 7 [M+H]" (I54H 281.138 4), Hiw s
TN CsHyO0s0 IRVES (em™'): 2926, 1 732, 1 687,
1458, 1216, 1 046, #E7TH & A EFLHE I
AU S 45 0 1 FE IR W W . b & W 5 Ak B 4
(dragendorff) B LR BB, W18 HIWizi &
YA A "H-NMR (400 MHz, CDCLy) i M\ & %
K% ERE 3 G50, 1 4FIEF5IEE 6y 0.93
(3H, m) F11.06 (3H, m); M oy 1.25~2.65 )15 T,
PORILEE 10 MEM H JF T HBANE TR &
AXE 2 A5 55 BLE 04 3.53 (2H, dd, J = 4.6, 2.0
Hz) M 6y4.10 (1H, dd, J = 3.7, 2.0 Hz) F14.09 (1H,
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dd, J=3.7,2.0 Hz). ML&W 2 1) PC-NMR ]
DAL RIS 15 Mgl 5, B SRS, &
INEALE I E N . 454 2 i 'H-"H COSY
B Eon, L R RRES 5 AR 2 DMRER S B e
RAWMERFES, 1 4 J&-CH,-CH-OCH-CH-
CH-CH-A&H 7 MEAMARKR, 51~
(-OCH-CH,-CHy), A& A 12 NER FRIHEER R,
FERZITFRNE, RSV 2 FIGHRHE (R 2),
3T BC-NMR (DEPT) Eil &R, 2 F9H 1 %
PIEE S LT o 169.9 1 164.9, BHE 1 X EH

WIS SIESE oc 60.5 (CH) A1 d¢ 58.8 (CH), #27%
WAV E R ST AR BRI R LAY, 5 1,2-
TR [2,2,2] BikE R EREFRAL A PR
BEF LR 2 AEERGEMNAALE, K5 H5NTF
BC-NMR (DEPT) K 1 HERH PSS (Cl1~
C7) 5y 1 4H A ARBUAEEE 5 (C-1', C-1", C-2,
C-2"f1C-3", C-3"). HILEY) 2 (1B 2L 851 %
UL A B i —2B @it 2D i HMQC A1 HMBC
i . £ HMBC i, nJWi%i%] H-4 5 C-3'. C-6,
H-1 5 C-2'. C-6 #5¢ (K 3), #im Tk iEs:

#z2 k&2 1389 'H- 1 *C-NMR (400/100 MHz, CDCL,) Fit#i)3E
Table 2 'H-and *CNMR data assignment (400/100 MHz, CDCl;) of compounds 2 and 3

W 2 B 3
S dc (DEPT) Su dc (DEPT)
1 2.63 (1H, m) 35.3 (CH) 1 2.65 (1H, m) 35.3 (CH)
2 2.36 (1H, m) 28.5 (CH) 2 2.38 (1H, m) 28.4 (CH)
3 2.38 (1H, m) 24.1 (CH) 3 2.37 (1H, m) 24.0 (CH)
4 2.02 (1H, m) 28.4 (CH) 4 2.18 (2H, m) 28.5 (CH)
5 4.10 (1H, dd, J = 3.7, 2.0 Hz) 58.7 (CH) 5 4.08 (1H, m) 58.8 (CH)
6 3.53 (1H, dd, J=4.6,2.0 Hz) 60.4 (CH) 6 3.53 (1H, m) 60.8 (CH)
7 2.06 (1H, dd, J=3.2, 6.5 Hz) 45.2 (CH,) 7 1.99 (1H, dd, J=3.1, 6.9 Hz) 45.2 (CH,)
2.02 (1H, dd, J=3.2, 6.5 Hz) 2.06 (1H, dd, J=3.1, 6.9 Hz)
2 169.9 (C) 2 171.6 (C)
3 164.9 (C) 3 165.2 (C)
5’ 4.09 (1H, dd, J=3.7, 2.0 Hz) 58.8 (CH) 5’ 4.13 (1H, m) 58.8 (CH)
6 3.53 (1H, dd, J = 4.6, 2.0 Hz) 60.5 (CH) 6 3.98 (1H, m) 58.7 (CH)
8 2.38 (2H, m) 19.3 (CH,) 8 7.43 (1H, s) 129.6 (CH)
8 1.25 (2H, m) 22.4 (CH,) 8 6.98 (1H, s) 128.4 (CH,)
9 1.05 (3H, m) 15.6 (CHs) 9 127.6 (C)
9 0.93 (3H, m) 16.0 (CHs) 9 126.8 (C)
10 2.41 (2H, m) 23.9 (CH,)
10' 2.05 (2H, m) 22.3 (CH)
11 2.41 (1H, m) 28.1 (CH)
1 2.39 (1H, m) 28.1 (CH)
12 1.47 (3H, d, J = 6.9 Hz) 20.3 (CHj)
12' 1.45 3H, d, J= 6.9 Hz) 19.1 (CHs)
13 0.90 (3H, d, /= 7.3 Hz) 15.9 (CHz)
13’ 0.92 (3H, d, J=7.3 Hz) 15.7 (CHy)

9

Hy
Sy
g\ i

0% \2/2'0
(6]

3 L&Y 2 B HMBC %
Fig. 3 Key HMBC correlations of compound 2

fE C-3 M C2 A& b oM S 25 5 £ H-5'
5 C-9. H-6'F1 C-943 A XAHIE, H-5 5 C-7. C-6
FZE, MIMIESE T LIRS b I T e fE R IR B
Rl C-5 F1 C-6 A b (B 3). HILHEHAEY 2 N
1 ASH I A B BRI R &9, 20N 5,6/
(U 3E)-5,6- T8 Db -3 TR B 2 -[2,2,1]-2,3- 34
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Bkt (2). HAZREHE A8 R 2.

G 2 WSLARESFIARX A AL, T E— 2l
B NOESY % EME B A B REE i &5 7 A 42
R R H-H A OCHEATHEWT (8 4). A NOESY
K (1) H-6'5 H-6 1 H-5'5 H-5 22 XAH9%, IERA3R
AN a,a BB A2 M H-6 55 H-1 #
H-5 5 H-3 28 UK, #n R R A e a BT
A, WEUREE | H-8 5 H-5"AH I FIEUAR 2L 1)
H-8'5 H-6' LSS, UEW T 2 MEAEER K
A ae BB XK AFRE NIRRT
IR E . tb &9 2 11 3D ML LI 4. Rtk &4
2 ISLAREERN 5'B,6"a-(R . 2.3)-5B,6B- A 4E. O
i 3 I TR T HE-[2,2,1]-20,3B-FR B¢

4 1A 2 K NOESY #8701 3D a2 {FE
Fig. 4 Key NOESY correlations and 3D structure of
compound 2

&) 3. WEEHEIRY) . HR-ESI-MS m/z:
387.212 2 [M+H]" (158 387.2127), HwFsr
TN Co3H300s5. HHUALEAHH (dragendorff) a5
BRI, HBZ L EIAEE. SHEY
352 MREGE, R EY 35 2 2EAME
I RHZ SR IRTAEY), AR ETHEY 3 1
BC-NMR (100 MHz, CDCly) &, 73 HI7E R IX
MEnE 5 X2 H 1 45 50E, 454 3 1) 'H-NMR
(400 MHz, CDCl;) A1 DEPT. HSQC i b5 i g7
55, nJIREARM 2 H155 XU oc 129.6,
128.4,127.6,126.8 (& 2), $RrTFHH 2 MAE
FUBUERIAEAE s e )R BRI 5 LR 1 R o = A
FAE5HE 6 23.9, 22.3, 28.1, 28.4, 20.3, 19.1, 15.9,
15.7 55, 8 M EXFRI A A EAFMEE F (G 2).
Bk, WEBHEMLEY 3 NAFET 2 8B G RN
[F) 224 o 3 T AR U B B N AN AN R R B, T8
iT 'H-"H COSY. HSQC K HMBC i, il H Bt

MBS ST T V)8 . 78 HMBC it (& 5),
Mgk E 2 ANESE S H-8 (04 7.43, 1H, s) 5 C-6'.C-11
TEAEIE R A 9%, H-8" (0 6.98, 1H, s) 5 C-10'F1 C-11"
TEAEIREA S, AR H-5' (04 4.13, 1H, m) 5 C-9'
S5 A, H-13 (04 0.90, 3H, d, J=7.3 Hz) 5 C-10’
FIAH G AE SRS R, ITTHE 2 AN RRI AN
FEMBE, EHAEH O IR C-9 F C-9h, BT
U B BRI A BIR AR 1 C-5
A1 C-6'f7 o FRBREERERZ b1 H-7a (6y 1.99, 1H, dd,
J=3.1,69Hz) 5C-3, H4 5 C3'MFRES, M
H-7e (04 2.06, 1H, dd, J=3.1, 6.9 Hz) 5 C-6 (12 X
HRAES, #IAMEAY 3 B IR FRE R I8 28407
YN, a3 IR 4 DA LE
W) 3 Wk — P N 1 ASET I A )RR I 2R A A
W HAL ARG Ar 4 5,6 [ -(11-F 36 T 36, 11"-
3L T 3£)-9,9']-34-8,8"- & 4 3 -5,6- 30 48, O Jog 25 -
IR 3-2,2,2,11-2,3- 30 Pkt (3). FHAZREEHRE
B 2.

&Y 3 BN AR R A8 NOESY i &
(K 6) {5 S tA74EN . H H-6'5 H-5'Al H-6 5 H-5
LXAHR, UEAFEIRN e,e BRI N 2L
M H-6 5 H-2 WA K, 1M H-5 5 H-3 38 XAHK
FEoWNER, MABRHEAREN e,a

12!
13-

H
1 7
3

H
& O
A 3
0=
O

5 &3 8 HMBC X
Fig. 5 Key HMBC correlations of compound 3

13
loyo’
&

6 L&Y 3 K NOESY #8701 3D SR
Fig. 6 Key NOESY correlations and 3D structure of

compound 3
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BRI A8 . HAh IR R A [ B —Fh
MBIAEALE . B 3 AL 6 o 3D AR BT
N, RACEY) 3 SRR E N 5'B,6'B-[X-(11-
PRI T 38 11- 1 36 T 95)-9,9]-3£-8,8"- T - #5 FE-50,60-
R e - IR TR 4L [2,2,2,1]-2B, 30-FR B4t o
4 g

TEACR NI BB o AR B, & R R
STTRANTE R, HoAAm 22 v R R SR R
(1) AR A 2 — o ARSI BRI 3 ML E
ik, BEERBS ZHCEIRIE, A AR
YIIAREERR S, FRIF SRR A YITE 1 ZAE D)
Hh B AR T A, AN R (A
BFAEFAP R YIAL AN ES B D AR I SR s (s
PR SE . BEARAT 5, HAE & A Z 57
AL ZE X o A B 5T B e i A s A s AR R
Bk#E, SREMREERSSR, XHuRais
SR B A% o BT v 288 AR b AR 25 M R R
&, XEEFEEDSPILE, WA AT
DA ESERINP

SE 3k
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