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Chemical Constituents from Fresh Sweet Star Fruit

JIA Xu-chao'?, YANG Dan®, XIE Hai-huil?®*

(1. Guangdong Provincial Key Laboratory of Applied Botany, South China Botanical Garden, Chinese Academy of Sciences, Guangzhou 510650, China;

2. University of Chinese Academy of Sciences, Beijing 100049, China; 3. School of Public Health, Jining Medical University, Jining 272067, Shandong, China)

Abstract: In order to understand the chemical constituents of sweet star fruit [Averrhoa carambola L.
(Oxalidaceae)], eight compounds were isolated from the fresh fruits by means of ethanol extraction, respective
fractionation with ethyl acetate and n-butanol, and chromatographic separation techniques. On the basis of
spectral data, their structures were identified as benzyl rutinoside (1), phenethyl rutinoside (2), adenosine (3),
ethyl B-D-fructoside (4), n-butyl B-D-fructoside (5), gingerglycolipid A (6), gingerglycolipid C (7), and 4-hydro-
xymethyl-5-hydroxy-2H-pyran-2-one (8). All the compounds were obtained from this species for the first time.
Key words: Averrhoa carambola; Fresh sweet star fruit; Aryl glycoside; Gingerglycopipid; a-Pyrone

¥i¥k(Averrhoa carambola L.), 44 BHBk. ¥k
HET . HRR, FBEEFFRH(Oxalidaceae) BH k&
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FEEFO8 k2 11 (6S,9R)-vomifoliol . (6S,9R)-
roseoside. 3,6- % 3E-a- 55 % 24 BE-9-O- 78 & B 4
AR B R AL,

NT SRR SR T RE Lo, AT AL
SRS HEAT TS . BTN ER R TR R s b 4y
BSE T 10 AN A A R IR E carambolasides
AT 2 D CHEE R AR 3 -2 -O- B2
F1 carambolaflavone. 1 /™2 Z1# B 2& 4 F hoverti-
choside CMOH | 2 AN iy U &1, 53 v Wk A= A s (5 T 2
By, FERR. FIBEER. 8,9,10-= I 7 B FMy2Lmy
FAaY, A 1A= BRI, Ll S
AL G WX 2,2-BR - (3- 4.3k - T I HE M -6- T TR)
TE AR (ABTS) FHES 7 H bl B A R 58 103 B
PERO carambolaflavone T ik 35 A1 A T R 95
o B K B g T, B AR R LA B . BE
Mg Posh BkshrEE AL . PUke . T R TS
PR, geah, AEH R EER TR T 2 AT b
e 2 AN EERET . L AR BEER . 2 IR H
BT AT 1A o-ME MR R A S59, AT R B kA
Y ARIE

1 MR

1.1 #
% 24 4% Bk (Averrhoa carambola L) 8 R T
2012 4 10 HRE M T BR X /NS SR, R
TR B W) R 2 AT 4 i (100~ 200
H)s MHE LR BRI K 2 ) R R T HSGFoss FEAR
#; Hi# GE Healthcare Bio-Sciences AB /A &) % 58
B LH-20; 5 [E Amberlite 24 7] K FLH i XAD-7.

1.2 {XERAEH]

H A By A 7] LC-6AD 1 25 ik AH £ 3 43 Al
RID-10A L ZE kil &5 s FIFEARL L (F5M) A 7] EZ Puri-
fier 100 R4 RS HAKR 5B 4L A 7 N-1100
ekt 7% KA, BiLA H 4 Ulvac Kiko 2 &) DTC-22B
LA IR A M IR T 52 22 W] DSB-5/10 K4 20
WG s P Va4 BT A A =) BSZ-100 H 36
STWEERS s BRI AY) 5458 2w MDS SCIEX API
2000 LC-MS/MS Jiii it (MS)AX, iM% 55 (ESI) Hi, 25 I 5
Fi A1 & 55 23 &) Ascend-500 AZ R4 SR, PASE H
Sigma-Aldrich 2> 75X I (CDsOD) R 7, 1%
KIF%(8, ppm)fE DA FH sk B I 3.31 (L3 A1 49.0 (i

NS

UM AR REAL A R B s LI (BRI R
HE TR T AR Al 2R Ol IETRE.
BRI =S P e L2l o =) (il af

1.3 REA5>E

R BREE SR 105 kg, VI, H 95% 2R 4R 3
R, BRIk 2d, GIIER, BIRRAE, BRI
B 7.73kg. REHABKMER 115 L, BIASTN
2, IMNCERCERRER 4 ¥k, ®HRT5 L, MEDZ,
HHEROR, WERFET, 1508 LEEERY)
7749, KWAIETERER 4%, FHIRT5L, 5%
BOR, WERIRAAET, 1915 T BEAEH) 590 g. # 1k
T RER AT KL B IR AE AT, 2 f5 kA
FARIZE TR /KBE M, T 4 FEAEAERAR 1) 95% LI HE M,
RIS QR =T, 13 Qi) 128.1 g.
H I O LB FERUIAN LS, 43 205.5 go B
Horr 2025 g BEATRER (3.5 ko)kE it B, =4
e - YR A VR [10 © 0~5 : 5 (VIV, FED]ZEM,
WL, = kR 2, & 8 9 NS (F1~F9).
F6 2 H R AH it oy 25, B HBE-7K(1 © 9~10: 0)
Ve, WG, EEalRE, SN 19 NE
H 4y (F6-1~F6-19). F6-2 5 H & kT i, 815
)8 (10 mg). F7 &fEAE il ey, H =& H bi-
FEE(95 - 5~6 © 4)Pefil, Wi, HE AR,
EHHN 3 ML (FT-1~F7-3). F7-2 LHERFE 2
B, WEESEL, 19E4 5 (7 mg). F8 & R ikAH
sy e, WEE-K3 0 7~10 : 0)BEMt, UER 4
MR MR, &R 13 N E44 (F8-1~F8-13).
F8-1 LBt At (il oy 55, WL, 5G9 4
(24 mg). F9 ZRERFEGIEN B, =5 Fht-HE
(9 : 1~5: B)ZEfiL, Wdknity, HMEAERE, &)
9 8 N 43 (F9-1~F9-8) . F9-2 4 o [ Vi AH (133 )
5, WEE-/K(L 2 9~10 @ O)pef, WER Gy, HE0
WA, &N 17 NS (F9-2-1~F9-2-17).. F9-
2-1 A B YUETH, BEY 3 (5 mg). F9-4 &
JERAR o 25, FHHEE-/K(3 1 7~10 2 0)%efii, U
£y, HEEERE, &8 19 N4 5 (F9-4-
1~F9-4-19). F9-4-9 F&EIAT: (ot 73 B, HWIRELEML,
B &% 2 (6 mg). FO-5 b EMI (i, H
fE-7K(3 1 7~10 : O)Lefit, ety , wi = il ko 7,
4N 15 W45 (F9-5-1~F9-5-15), F9-5-11 £
B A B, BN, S16EY 1(2 mg).
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FO-5-12 Ll At it 7 2, WM, 5L &4 6
(4 mg). F9-5-14 £ Rl AH il %%, FH FFEE-/K

HO
HO }—0

OH o
O o/\‘/m
HO HO ) o
HO
OH &

OH 7

& 1 a1 1~8 Mtk

Fig. 1 Chemical structures of compounds 1-8

14 &%

wEL  HEFK; ESI-MS m/z: 439 [M +
Na]’, 415 [M — H], 43 ¥ & 416, 43T 3K C1oH5010;
'H NMR (CD;0D, 500 MHz): & 7.42 (2H, dt, J = 8.3,
1.4 Hz, H-2,6), 7.34 (2H, tt, J = 8.3, 1.4 Hz, H-3,5),
7.27 (1H, tt, J = 8.3, 1.4 Hz, H-4), 487 (1H, d, J =
11.9 Hz, Ha-7), 4.65 (1H, d, J = 11.9 Hz, Hb-7), 4.33
(1H, d, J = 7.7 Hz, H-1'), 479 (1H, d, J = 1.7 Hz,
H-1"), 4.00 (1H, dd, J = 11.3, 1.9 Hz, Ha-6"), 3.64 (1H,
dd, J = 11.3, 6.2 Hz, Hb-6"), 1.27 (3H, d, J = 6.5 Hz,
H3-6"); °C NMR (CD30OD, 125 MHz): 5 138.8 (C-1),
129.3 (C-2,3,5,6), 128.8 (C-4), 71.8 (C-7), 103.2 (C-
1), 75.1 (C-2), 78.0 (C-3"), 71.7 (C-4'), 76.9 (C-5),
68.1 (C-6'), 102.3 (C-1"), 72.2 (C-2"), 72.4 (C-3"),
74.0 (C-4"), 69.8 (C-5"), 18.1 (C-6"). LA ¥ 5¢
BRIAS]HRIE — 3, MO E N R EA .

EM2  ABFK; ESI-MS m/z: 453 [M +

(78 : 22) Ui EhAH, FiE 6 mL min ™, 34L& 7 (14
FA i} [A] te=84 min, 8 mg). 1L&4 1~8 Z5H4 ILIA 1.

N
o) ] PR
OH HO— o N7 N
4 1
”
OH R
HO OH

0 270

OH
7
4
6
8

Na]*, 429 [M — HJ, 465 [M + CI]", 2> ¥ 430, %
T CxpHaO10; 'H NMR (CD3OD, 500 MHz): &
7.25~7.28 (4H, m, H-2, 3, 5, 6), 7.17 (1H, m, H-4),
2.94 (2H, ddd, J = 7.9, 6.8, 3.1 Hz, H,-7), 4.03 (1H,
ddd, J = 9.8, 7.9, 6.8 Hz, Ha-8), 3.76 (1H, ddd, J = 9.8,
7.9, 6.8 Hz, Hb-8), 4.29 (1H, d, J = 7.8 Hz, H-1'), 3.98
(1H, dd, J = 11.2, 1.9 Hz, Ha-6'), 3.61 (1H, dd, J =
11.2, 6.1 Hz, Hb-6"), 4.75 (1H, d, J = 1.7 Hz, H-1"),
1.25 (3H, d, J = 6.2 Hz, Hs-6"); *C NMR (CD50D,
125 MHz): & 140.0 (C-1), 129.4 (C-2, 6), 130.0 (C-3,
5), 127.2 (C-4), 37.3 (C-7), 71.8 (C-8), 104.5 (C-1'),
75.1 (C-2'), 78.1 (C-3'), 71.7 (C-4), 76.8 (C-5'), 68.1
(C-6"), 102.2 (C-1"), 72.2 (C-2"), 72.4 (C-3"), 74.0
(C-4"),69.8 (C-5"), 18.1 (C-6"). LA -4 5 CHR[16]
I —5, MR CEEEER .

&3 AEKK; ESI-MS m/iz: 268 [M +
H]", 290 [M + Na]’, 302 [M + CI]", 4> & 267, 7
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T3 CyH1sNsO4; 'H NMR (CD;0D, 500 MHz): &
8.18 (1H, s, H-2), 8.31 (1H, s, H-8), 5.96 (1H, d, J =
6.4 Hz, H-1'), 4.74 (1H, dd, J = 6.4, 5.1 Hz, H-2),
432 (1H, dd, J = 5.1, 2.6 Hz, H-3), 4.17 (1H, q, J =
2.6 Hz, H-4), 3.89 (1H, dd, J = 12.5, 2.6 Hz, Ha-5),
3.75 (1H, dd, J = 12,5, 2.6 Hz, Hb-5); *C NMR
(CD;0D, 125 MHz): & 153.5 (C-2), 150.0 (C-4),
121.0 (C-5), 157.6 (C-6), 142.0 (C-8), 91.3 (C-1),
75.5 (C-2'), 72.7 (C-3'), 88.2 (C-4"), 63.5 (C-5"). Ll L
ol 5 SCRR[ATRIE — B, WS IR

&Y 4 AR ESI-MS m/iz: 231 [M +
Na]*, 207 [M — H], 343 [M + CI]", 4> ¥ 208, 4>
T30 CgH1606; *H NMR (CD30D, 500 MHz): & 3.60
(1H, dg, J = 9.3, 7.0 Hz, H-1), 3.55 (1H, dg, J = 9.3,
7.0 Hz, H-1), 1.19 (3H, t, J = 7.0 Hz, H4-2), 3.75 (1H,
d, J = 11.3 Hz, Ha-1’), 3.70 (1H, d, J = 11.3 Hz,
Hb-1), 3.90 (1H, d, J = 9.8 Hz, H-3"), 3.78 (1H, dd,
J=98, 35 Hz, H-4), 3.84 (1H, m, H-5'), 3.75 (1H,
dd, J = 12.3, 1.4 Hz, Ha-6'), 3.66 (1H, dd, J = 12.3,
1.9 Hz, Hb-6"); *C NMR (CD50D, 125 MHz): & 57.3
(C-1), 15.8 (C-2), 63.5 (C-1, 101.7 (C-2"), 70.5
(C-3'), 71.5 (C-4'), 71.1 (C-5'), 65.2 (C-6"). LA L%k
I 5 SCHR[L8]HIIE — B, W% 5N 2.5 B-D-NL g IR
PR

eSS AR ESI-MS miz: 259 [M +
Na]", 235 [M — H], 271 [M + CI]", 7> 15 236, 7>
T8 C1oH2006; "H NMR (CD30D, 500 MHz): § 3.51
(2H, m, Hy-1), 1.55 (2H, m, H»-2), 1.40 (2H, m, H,-3),
0.94 (3H, t, J = 7.3 Hz, Hs-4), 3.75 (1H, d, J = 11.3 Hz,
Ha-1'), 3.70 (1H, d, J = 11.3 Hz, Hb-1'), 3.91 (1H, d, J =
9.8 Hz, H-3"), 3.78 (1H, dd, J = 9.8, 3.3 Hz, H-4), 3.84
(1H, m, H-5), 3.76 (1H, dd, J = 12.3, 1.2 Hz, Ha-6"),
3.66 (1H, dd, J = 12.3, 1.9 Hz, Hb-6"); *C NMR
(CD;0D, 125 MHz): & 61.6 (C-1), 33.3 (C-2), 205
(C-3), 14.3 (C-4), 63.5 (C-1'), 101.6 (C-2), 70.6 (C-3),
715 (C-4'), 71.1 (C-5'), 65.1 (C-6"). LA ¥4l 5 ik
[19]4RiE —3K, W% NIET 5 B-D-Mhm Fps .

&6  AMKA; ESI-MSm/z: 699 [M +
Na]*, 715 [M + K]", 675 [M — H], %> T-& 676, 4}
T30 Cg5HsO14; 'H NMR (CD40D, 500 MHz): & 2.36
(2H, t, J = 7.5 Hz, H,-2), 1.37~1.29 (10H, m, H,-3, 4,
5, 6, 7), 2.09 (4H, m, H,-8, 17), 5.41~5.28 (6H, m,
H-9, 10, 12, 13, 15, 16), 2.81 (4H, t, J = 6.1 Hz, H,-11,

14), 0.98 (3H, t, J = 7.5 Hz, Hs-18), 3.99 (1H, m,
H-27), 425 (1H, d, J = 7.3 Hz, H-1"), 4.14 (1H, d, J =
4.8 Hz, H-1"); ®C NMR (CDsOD, 125 MHz): &
175.5 (C-1), 34.9 (C-2), 21.5 (C-3), 30.7, 30.3, 30.2,
30.2, 28.2, 26.5, 26.4, 26.0 (C-4, 5, 6, 7, 8, 11, 14, 17),
132.7, 131.1, 129.2, 129.2, 128.9, 128.2 (C-9, 10, 12,
13, 15, 16), 14.7 (C-18), 72.1 (C-1'), 69.7 (C-2'), 66.6
(C-3", 105.3 (C-1"), 72.6 (C-2"), 74.7 (C-3"), 70.1
(C-4), 74.6 (C-5"), 67.8 (C-6"), 100.5 (C-1""), 70.2
(C-2), 71.5 (C-3""), 71.1 (C-4"), 72.5 (C-5"), 62.7

(C-6"). LA EHRE 5 SCRR[20]300E — 5, % E N
ZHEE A
te&¥ 7 ATFER; ESI-MS m/z: 703 [M +

Na]’, 715 [M + CI]", 4T 680, 4T3 Ca3HeoOuq;
'H NMR (CD;0D, 500 MHz): 5 2.36 (2H, t, J = 7.4 Hz,
H,-2), 1.62 (2H, m, H,-3), 1.35~1.28 (20H, m, H,-4,
5,6, 7,12, 13, 14, 15, 16, 17), 2.03 (4H, m, H,-8, 11),
5.38~5.31 (2H, m, H-9, 10), 0.90 (3H, t, J = 6.8 Hz,
Hs-18), 3.99 (1H, m, H-2"), 415 (2H, dd, J = 5.4,
2.9 Hz, H,-3), 425 (1H, d, J = 7.3 Hz, H-1"), 4.17
(1H, d, J = 4.8 Hz, H-1""); *C NMR (CD50D, 125 MHz):
8 175.5 (C-1), 34.9 (C-2), 23.7 (C-3), 33.1, 30.8, 30.8,
30.6, 30.4, 30.3, 30.3, 30.2, 30.2, 28.1, 28.1, 26.0 (C-4,
5,6,7,8,11, 12, 13, 14, 15, 16, 17), 130.9, 130.8 (C-9,
10), 14.5 (C-18), 72.1 (C-1"), 69.7 (C-2'), 66.6 (C-3"),
105.3 (C-1"), 72.6 (C-2"), 74.7 (C-3"), 70.1 (C-4"),
74.6 (C-5"), 67.8 (C-6"), 100.5 (C-1"), 70.2 (C-2""),
71.5 (C-3""), 71.1 (C-4""), 72.5 (C-5""), 62.7 (C-6"").
DA _F i 5 SRR [20] 408 — 8, W e 2 HENE C.
%A% 8  Ltaughik; ESI-MSm/z: 143 [M +
H]*, 141 [M—H], 177 [M + CI]", %> 7 142, 1
= C6H604, 'H NMR (CD30D, 500 MHz): & 6.50 (1H,
s, H-3), 7.96 (1H, s, H-6), 4.41 (2H, s, Hy-7); ®°C
NMR (CD,0D, 125 MHz): & 176.8 (C-2), 110.7 (C-3),
147.3 (C-4), 170.4 (C-5), 141.0 (C-6), 61.2 (C-7).
R EE S SR [21] R E — B WS E N 4-F8 -5
F2HE-2H- MR -2- i

gE IR AR
FREZEFHMEL (1), N4 Hydrangeifolin 1, &

F£4 10 pmol L1 I X ¥ 4 & il -2 E’J%fﬂﬁ%ﬂijj
54.7%, Tir B A 205 1 pmol L™ 110 pmol L™
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K OFEZEFREE QPN A RIR R EE(TRAP)
(AT 2293 ) g 42.4% 11 54.9%, TR BA —E 1)
PUE RSBGPS, EHEE A (6)F2KEE C ()X
N &l HT-29 48 b g R FE R o (TNF- a)if
SIEAN K-8 (IL8) /BT Mk, #£ 50 umol L™
WEET, P IR KT 40%, (AR AR I B 41
Mo tE, SRl RIEFHTRIETERY. 4-5 5 X5
FaHL-2H-t R -2- (8)E A — & DPPH [ H2EiE
B35 1 (1IC5o=59.5 pumol L) AN 5 () T Tk fIE sl Jis iy
I 1E F (1C0=23.5 pmol LY, FiRs& il ag ARy
VA B JR R B MU S % (1 Y Ak &
8 iR H IR Y T G EEEAE 1A 12 (GPR12)
(1) [ 6 SR DR S A AR B 4R R cAMP )77
Az, FEEARFE L0 IR cAMP F 7 A2 A A B 5
X5, [FRZE 100 wmol L™ Nk A FL4IKE 1 s 44
Mtk HL-60 AN FE /N2 A fifi i 40 o AR AB49 K R
HUEFTEE, Fos e BH BT RGRIRIE RS,
52, XGRS A
ZHAYIEN, CIRRIES T RSt
BN, AR R AR T 6 I [ SR A 1B AR HR
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