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Chemical Constituents from the Leaves of Averrhoa carambola

YANG Yuel?, XIE Hai-huit?*

(1. Key Laboratory of South China Agricultural Plant Molecular Analysis and Genetic Improvement, 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)

Abstract: To clarify the chemical constituents in the leaves of Averrhoa carambola (Oxalidaceae), eleven
compounds were isolated by means of organic solvent extraction and fractionation as well as diverse chromato-
graphic separation techniques. On the basis of spectroscopic data, their structures were identified as phenyl 5-D-
glucoside (1), 3,4,5-trimethoxyphenyl g-D-glucoside (2), benzyl S-D-glucoside (3), 2-phenethyl rutinoside (4),
1-0-(3,5-dimethoxy-4-hydroxybenzoyl)-5-D-glucose (5), 5-hydroxymaltol (6), maltol S-D-glucoside (7), maltol
3-0-[6-0-(3-hydroxy-3-methyl-5-butylglutaroyl)]-5-D-glucoside (8), ethyl B-D-fructofuranoside (9), butyl g-D-
fructofuranoside (10), and squalene (11), respectively. Compound 8 was a new artifact, and the others excluding 2
and 3 were obtained from the genus Averrhoa for the first time. Some compounds were related to the anti-
inflammatory, antioxidant, and anti-tumor effects of the leaves.

Key words: Averrhoa carambola; Chemical constituent; Aryl glycoside; Maltol glucoside; Alkyl glycoside
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BESRSE, T6. WARI AT N2y, HAm i, i,
PEFE; FAHENFNE, EAMEE, (BRI, ERR
PURE, MEAF], FEIEERM, CRIEMEE, B,
PRFT IR, BT, kA AR e RS
PUAALBL, B MUpEAL B o s BUR 47 28 0125 25 BE
MH BRI R 6-C-p-D-A M e R
6-C-(2-O-a-L- il Z= F JL )-p-D- 75 T W 1 e 5 & PR AIK
e L ARG 0 P L 7K S R v A BR e R LR AT
BEE &, RIS D, st Mkt
HIRHRIE T AR 27-0-L- 2SR R IR AN
B S EEEOL, Bbknt B Z M2 ER, HALE R
rHIRIE D, AR R AT TR . AR
BT 12 A4 A B B A BRI R 5 AN -3
BEISAN 2 AR IR H R R S S W 45 04 S ot
A o T W TR JR IR M D v 01 AR
SCHRIE 5 AN RIS, 3 A E M. 2 Mtk
PEEFRAN LA =05 A .

1 MR

1.1 Ak

WRIEHRLT 2018 45 8 H R AT N TR X /)
I 5 5L (23°37'55" N, 113°33'7" E), &b [EE#
5t 4 B AR A7) il P R A T 9T 0R  E  E  EERHE )
¥tk (Averrhoa carambola) fiiH:-, £ & FE 1iE (AcL1808)
T M F R =

T &R B A LA 7 A 2 AT AR (100~200
H); it Amersham Biosciences 2 ] 7 58 H ¥t I
Sephadex LH-20; &L ARERIT KR 2R
FZ JEATAR (HSGF254) o

1.2 {XERAEH]

H A 58 7] LC-20A & R0BUH € i1 fi SPD-
M20A PDA fill#5; Jb s GlHT B E R A R A A
LC3000 1 [ ¥ A €4 3% Al UV3000 UV-VIS #6128 ;
H AR 5 BEAL A 7] N-1100 FE 5% 7% KA SE 1 M
W) 2453 F) MDS SCIEX API 2000 LC-MS/MS Jifi
A I HE T 35 5T 1% (ESI-MS) s H A TE A
Bruker DRX-500 MHz # S & i LR B H 5
i 0 B0 BB B A R AR H B (CDsOD) AT
A7 (CDCl3), A=A A7 48 (6, ppm) BLVE 716y

AN

MR BN T AR R OB ERBUT); RE
B PR T AR AR Wl AuhlE, IE
TREANTIER ;b A ] i Al R

1.3 REA5>E

Wk T SR e . BURY K 15.45 kg, 40
FH 60 F11 45 L f¥] 90% L BHR 42 2 IR, FiH 50% £
(45 L)IRIE 1k, Bk 2d. &I, RS
%156 L, BIARR}, RSO 3 K, ik
10.4 L, HHFERHR, BEKRGE R T, BEGEER
V) 820 g. /KM IE T BEASHN 4 IR, &k 104 L, &
HRERU, R IR 4G 2T, 4918 T 2R 1 050 g.

UG R B 815 g, 3 & S 1 - P I it
I 790 g BERRHEST, URRGE R T, B, 40 H
o ¥4 3 250 g FER A A kS A, N ST (AN
£ 11.8 cm), RS, MAFES, RERE(FHE M)
5101 cm, #AFH 110 Lo LAAilg- R0 < 0~2 : 8,
VIV, TR, WERG, B 1L, SR GiE
M, G NS C1~C13. C1 (8.0 )& iR E
B, DA ThEE-PSER(L 0 0~7 & 3Bk, fSikEW 11
(9.0 mg). BUETEEACHMY) 1045 g, Fli&E & HEER
filé, hn 1340 g BERHES], WRMRGE =T, BHE, i
40 H i .44 2 800 g At FH & M54t BN EHTAE (A
%118 ecm)H, IOAFES, ®EARE R 105 cm, AR
115 L. PASU-HIE(98 © 2~50 : 50)%kfli, Y
W, B 1 L, SEEEES T, S NHS F1~
F10. F3 (6.0 )&ttt 24T, DAE-FEE(L © 0~
0: 1)¥eli, A NWAS) F3-1~F3-7. F3-6 £ %
PREE AT (1l 73 55, WRESEINL, & 9% F3-6-1~F3-
6-5. F3-6-4 22 HPLC 4fift,, LLHEE-7K(15 : 85) M
WA, I 7 mL/min, 34654 6 (REEIS ] tr=
30 min, 1.6 mg). F4 (18.0 )& /1 [ AR (i 43 25, LA
FEEE-7K (2 © 8~10 & O)efit, & H N4 53 FA-1~F4-
15, F4-5 &R MEE AT IG5, HWEERM, &
I FA-5-1~F4-5-4, F4-5-1 22 HPLC 4lifk, DLFE-
K43 © 57) ARSI, FE 7 mU/min, f34L5Y8 (tr=
104 min, 4.0 mg). F6 (20.7 g)%Z Uk (it /3 1,
PAFFEE-7K(2 - 8~10 : O)BEML, &IF N5 F6-1~
F6-21. F6-1 2% S M dE AT (i 70 25, HH Bt e
&4 F6-1-1~F6-1-5. F6-1-1 £ HPLC 4iifk, LA



%1

Vi A S5 Mk Bk S i oy wE 7T 107

FAE-7K(5 - 95)9iahA, Wi 7 mUmin, f46&4 7
(tr=32 min, 9.0 mg) A1 9 (=13 min, 20.2 mg). F6-4
R B R A G B, WEEVEML, &IFA
F6-4-1~F6-4-4, F6-4-1 2 HPLC 4lifk, LIHEE-/K
(12 9) NN, i 7 mL/min, 54654 10 (k=
51 min, 7.0 mg). F6-4-2 2 HPLC #lifk, LLH -
K@ 9 NFEIM, W 7 mUmin, 54LEM 5 (tr=
24 min, 5.2 mg). F6-5 273 SRR (i 7y 5,
B, &35~ F6-5-1~F6-5-5. F6-5-2 4 HPLC
aiif, VLHEE-/K(15 @ 85) i AH, WiiE 7 mL/min,
BEEWY) 2 (tr=27 min, 11.7 mg). F6-5-3 £ HPLC

OCH,

HO™\ ("—on
HO OH

B 1 fEm 1~11 18

Fig. 1 Structures of compounds 1-11

14 ZHi¥E

&Y 1 AEKNAE; ESI-MSm/z: 279 [M +
Na]*, 255 [M — H]", %> T3 C12H1606; 'H NMR
(500 MHz, CD30D): 6 7.28 (2H, tt, J = 7.4, 1.1 Hz,
H-3,5), 7.09 (2H, dt, J = 7.4, 1.1 Hz, H-2,6), 7.00 (1H,
tt, J = 7.4, 1.1 Hz, H-4), 4.90 (1H, d, J = 7.7 Hz, H-1"),
3.89 (1H, dd, J = 12.0, 2.2 Hz, H-6'), 3.70 (1H, dd,
J =120, 5.4 Hz, H-6"); 3C NMR (125 MHz, CD30D):
6 159.2 (C-1), 117.7 (C-2, 6), 130.4 (C-3, 5), 123.3 (C-
4), 102.3 (C-1'), 74.9 (C-2'), 78.0 (C-3"), 71.4 (C-4"),
78.1 (C-5'), 62.5 (C-6). iR %dis 5 SCHR[12]4RiE

HO™ “OH

afith, DLFFEE-/K(2 @ 8) NI BIAH, Wi 7 mL/min,
BALEY 1 (k=32 min, 1.2 mg). F6-6 2% 5 bkt
A 4 5, LARBESEL, & 9F 4 F6-6-1~F6-6-
4, F6-6-3 4 HPLC 4lift, DIHEE-/K(2 © 8) NiiatH,
JE 7 mUmin, 44654 3 (tk=51 min, 20.0 mg). F8
(115.5 g)&RERAEENT, LA -HEEL - 0~0 & 1)¥k
Jii, &3 F8-1~F8-8. F8-7 & KiiAH i
I3, HEE-/K(2 : 8~10 & 0)fefii, &34 F8-7-1~F8-
7-13. F8-7-5 L4 SMHEL AT (il /0 55, WlEse/i, 3
A4 HPLC 4fift, DIFEE-/K(27 @ 73)iahtH, Wi
I 7 mL/min, LAY 4 (k=95 min, 42.0 mg)(& 1).

)/\© & 0.0 7 .
-Q— 0
Ho o oy HOY “0OH
OH

OH

11

—E, WO E NOREE B-D-H B .

&M 2 AEFKR; ESI-MS miz: 345 [M -
H]~, 381 [M + CI]-, %3\ CisH220¢; *H NMR
(500 MHz, CD30D): 6 6.49 (2H, s, H-2,6), 4.81 (1H,
d, J=7.4Hz, H-1),3.92 (1H, dd, J = 12.2, 2.1 Hz, H-
6'), 3.81 (6H, s, 3,5-OCHs), 3.70 (3H, s, 4-OCHb), 3.66
(1H, dd, J = 12.2, 65 Hz, H-6); 3.C NMR (125 MHz,
CD30D): ¢ 156.0 (C-1), 96.1 (C-2,6), 154.8 (C-3,5),
134.4 (C-4), 56.5 (3,5-OCHs), 61.2 (4-OCHs), 103.2
(C-1"), 74.9 (C-2"), 78.1 (C-3"), 71.7 (C-4'), 78.4 (C-5"),
62.7 (C-6"). A% 5 SCHR[L3]HE I — 5, W%
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EP3  HEFK; ESI-MS m/z: 293 [M +
NaJ*, 269 [M — HJ", 305 [M + CIJ", %3 F 3 C1sH1sO0;
'H NMR (500 MHz, CD30D): d 7.42 (2H, br d, J =
7.1 Hz, H-2,6), 7.32 (2H, br t, J = 7.1 Hz, H-3,5), 7.27
(1H, brt, J = 7.1 Hz, H-4), 4.93 (1H, d, J = 11.8 Hz,
H-7), 4.67 (1H, d, J = 11.8 Hz, H-7), 4.36 (1H, d, J =
7.8 Hz, H-1"), 3.90 (1H, dd, J = 12.0, 2.1 Hz, H-6"),
3.69 (1H, d, J = 12.0, 5.6 Hz, H-6'); 3C NMR (125 MHz,
CD3;0D): § 139.1 (C-1), 129.3 (C-2, 6), 129.2 (C-3, 5),
128.7 (C-4), 71.7 (C-7), 103.3 (C-1"), 75.1 (C-2"), 78.0
(C-3"), 71.7 (C-4), 78.1 (C-5"), 62.8 (C-6"). Lid¥HES
SCHR[LA]ARIE ) — 2, WO N R AL B-D-H I .

WwEY 4 AEHA; ESI-MS m/z: 453 [M +
Na]*, 429 [M — HJ, 465 [M + CIT, 43T, CooH30010;
IH NMR (500 MHz, CD30D): § 7.26 (4H, m, H-2, 3,
5, 6), 7.17 (1H, m, H-4), 4.76 (1H, d, J = 1.6 Hz,
H-1"), 4.29 (1H, d, J = 7.8 Hz, H-1"), 4.03 (1H, ddd,
J=98,79,6.7 Hz, H-8), 3.98 (1H, dd, J = 11.2, 1.9 Hz,
H-6"), 3.76 (1H, ddd, J = 9.8, 7.9, 6.7 Hz, H-8), 3.62
(1H, d, J = 11.2, 6.1 Hz, H-6'), 2.94 (2H, ddd, J = 7.9,
6.7, 3.2 Hz, Hz-7), 1.26 (3H, d, J = 6.3 Hz, H3-6");
13C NMR (125 MHz, CD;0D): § 139.9 (C-1), 130.0
(C-2,6), 129.3 (C-3,5), 127.2 (C-4), 37.2 (C-7), 71.8
(C-8), 104.4 (C-1"), 75.0 (C-2"), 78.0 (C-3"), 71.6 (C-
4", 76.8 (C-5"), 68.1 (C-6"), 102.2 (C-1"), 72.1 (C-
2'), 72.3 (C-3"), 74.0 (C-4"), 69.8 (C-5"), 18.0 (C-
6")o LIRS CRR[IS]IRIE I — L, WS EN
2- TR LA

&Y S5  HEKNAK; ESI-MS m/z: 383 [M +
Na]*, 359 [M — H]", 733\ C1sH20010; *H NMR
(500 MHz, CDs0OD): 6 7.40 (2H, s, H-2, 6), 5.70 (1H,
d, J = 7.8 Hz, H-1"), 3.90 (6H, s, 3,5-OCHs), 3.86 (1H,
dd, J = 12.2, 2.0 Hz, H-6'), 3.71 (1H, dd, J = 12.2, 4.8 Hz,
H-6"); 3C NMR (125 MHz, CD30D): § 120.6 (C-1),
108.6 (C-2, 6), 148.9 (C-3, 5), 142.5 (C-4), 166.7 (C-
7), 96.2 (C-1"), 74.0 (C-2"), 78.1 (C-3"), 71.1 (C-4"),
78.9 (C-5"), 62.3 (C-6"). iR %dis 5 CHR[16]4RIE )
— 8, WM E N 1-0-(3,5- - FH 4 3k -4-$2 3L 0K WG
H)-B-D-FEIBE

&Y 6  HENAK; ESI-MSm/z: 143 [M +

H]*, 165 [M + Na]*, 7> 73\ CeHeOs; *H NMR
(500 MHz, CD30D): 6 7.85 (1H, s, H-6), 2.32 (3H, s,
Hs-7); 3C NMR (125 MHz, CD30D): ¢ 140.4 (C-2),
151.8 (C-3), 170.3 (C-4), 142.9 (C-5), 145.8 (C-6),
145 (C-7). iR 5 CBR[L7]HRIE R — 3, #%
SEN 5-FRHEFE L

tEWT  ARE; ESI-MS m/z: 287 [M —
H], 323 [M + CI], /¥ 3 Ci2H160s; 'H NMR
(500 MHz, CD30D): ¢ 8.01 (1H, d, J = 5.6 Hz, H-6),
6.45 (1H, d, J = 5.6 Hz, H-5), 4.81 (1H, d, J = 7.4 Hz,
H- 1), 3.83 (1H, dd, J = 12.0, 2.3 Hz, H-6"), 3.67 (1H,
dd, J = 12.0, 5.4 Hz, H-6"), 2.47 (3H, s, Hs-7); 13C
NMR (125 MHz, CDs0OD): d 164.6 (C-2), 143.6 (C-3),
177.2 (C-4), 117.3 (C-5), 157.1 (C-6), 15.8 (C-7),
105.4 (C-1'), 75.4 (C-2), 78.0 (C-3'), 71.1 (C-4"), 78.5
(C-5"), 62.5 (C-6")o IR H 5 SCHR[18]HE 1 — 2L,
WO TE NI

k&8 AEHEK; ESI-MSm/z: 511 [M +
Na]*, 527 [M + K]*, 523 [M + CI]~, 43 F 3 CoH32012;
LR A RIS BoR 1 AN MR (7). 14
3-¥5E-3- A S E(C-1", 3", 5”1 CH,-2", 4")[Le]
A1 AN IE T 3 (CHo-17"~3""F1 CH3-4"") 20 (1) {5 5
(& 1). 5FEFMmF @) o £ b, % 6
PR (C-6") ) S (B FUE3A R T 1.8 ppm, KW 3-F¢
B-3-HEREMEREIERTE C-6', L&Y licoa-
groside BRI, th 4k, L4k &4 8 5 licoagroside B2
(PR B A 30, W5 (1) B 8. 22 ) 7E C-B" R C-4", 4y
AN-2.0 F1+0.3 ppm, e o {H M ZE RA BT
0.1 ppm, #HEWTIE T BEE % B AE C-57, HIZZ2FEM;
3-0-[6-O-(3-F% 5-3- F 5L-5- T S [ — [k J)]-5-D- i
EFEFF, & licoagroside B 5 1E T WEAE N Fk 4 i it
IKIE R AGA o

HEWO  HEHNAK; ESI-MSm/z: 231 [M +
Na]*, 207 [M — H]", % T3\ CsH1606; *H NMR
(500 MHz, CD30D): 6 4.10 (1H, d, J = 8.1 Hz, H-3),
3.95 (1H, t, J = 7.7 Hz, H-4"), 3.66 (1H, d, J = 11.8 Hz,
H-6'), 3.56 (1H, d, J = 11.8 Hz, H-6'), 1.15 3H, t, J =
7.1 Hz, H3-2); 3C NMR (125 MHz, CDsOD): 6 57.8
(C-1), 16.0 (C-2), 64.9 (C-1'), 105.3 (C-2'), 78.4 (C-3"),
77.3 (C-4'), 83.4 (C-5"), 61.9 (C-6"). iR ¥# 1530k
[21]RIE R — 8, MU E RN L H B-D-FRIE R
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AP0 AEFER; ESI-MS miz: 259 [M +
Na]*, 235 [M — H]", 45+ C10H2006; *H NMR
(125 MHz, CD30D): 6 4.11 (1H, d, J = 8.1 Hz, H-3),
3.92 (1H,t,J = 7.8 Hz, H-4"), 3.66 (1H, d, J = 11.8 Hz,
H-6"), 3.53 (1H, d, J = 11.8 Hz, H-6'), 1.53 (2H, m, Ha-

£ 1 &Y 8 LR IR A1 ARk 1E 4% (CDOD)
Table 1 *H and 3C NMR data of compound 8 in CD;0D

2), 1.38 (2H, m, Hz-3), 0.93 (3H, t, J = 7.4 Hz, Hs- 4);
13C NMR (125 MHz, CD;0D): ¢ 62.2 (C-1), 33.5 (C-2),
20.4 (C-3), 14.3 (C-4), 65.0 (C-1"), 105.2 (C-2), 78.4 (C-
3), 77.3 (C-4"), 83.4 (C-5'), 61.9 (C-6"). _EiR¥uE 5
BR[22JARE ) — 3, SO AT 3 B-D-IRis S

C/H on (mult., J in Hz) Jc C/H dn (mult., J in Hz) Jc
2 164.5 1 172.2
3 1433 2" 2.71(d, 14.7) 46.4
4 177.0 2.64 (d, 14.7)

5 6.45 (d, 5.6) 117.4 3" 70.7
6 8.01 (d, 5.6) 157.2 4" 2.66 (d, 14.9) 46.2
7 2.41 (3H, s) 15.8 2.63 (d, 14.9)

Iy 4.84(d, 7.7) 105.0 5" 172.8
2! 3.39 (m) 75.3 6" 1.34 (3H, s) 27.9
3’ 3.43 (m) 77.8 1 4.09 (2H, t, 6.6) 65.4
4 3.35(m) 712 2m 2.27 (2H, m) 318
5’ 3.46 (m) 75.9 3 1.62 (2H, m) 20.2
6 4.45 (dd, 11.9, 2.1) 64.3 4 0.95 (3H,t, 7.4) 14.0

4.21 (dd, 11.9, 5.9)

EY 11 EERR; ESI-MS m/z: 409 [M —
H]~, %313 CaoHso: 'H NMR (500 MHz, CDCly): ¢
5.12 (6H, m, H-3, 7, 11, 14, 18, 22), 2.10~1.96 (16H,
m, H>-4, 5, 8, 9, 16, 17, 20, 21), 1.68 (6H, s, H3-1, 24),
1.61 (18H, s, H3-25~30); 3C NMR (125 MHz, CDCly):
5 25.8 (C-1, 24), 131.2 (C-2, 23), 124.4 (C-3, 22), 26.8
(C-4, 21), 39.7 (C-5, 9, 16, 20), 134.9 (C-6, 19), 124.3
(C-7, 11, 14, 18), 26.7 (C-8, 17), 135.1 (C-10, 15), 28.3
(C-12, 13), 16.1 (C-26~29), 17.8 (C-25, 30). _Fik%}
5 SCHR[23]HRIE ) — 2, MU e NER .

2 ZERMTTE

MBI BB Ay B S 8 T ORI B-D-
HEREE (1) 3,45-—HHEILRIE B-D-Hi &b
(2). K3 -D-HEHET (3)2- 7K LIHEE/HEE (4).
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