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Isolation and identification of chemical constituents from seeds of Litchi chinensis
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Abstract: Objective To study the chemical constituents from Litchi Semen. Methods Different column chromatographic
techniques were used to separate and purify the chemical constituents and their structures were elucidated by spectral analysis.
Results A total of 15 compounds were isolated and identified as S5-p-trans-coumaroylquinic acid (1), 3-O-trans-
coumaroylquinic acid (2), phlorizin (3), naringin (4), rutin (5), naringenin-7-O-rutinoside (6), kaempferol 3-O-(6-O-caffeoyl)-B-D-
glucopyranosyl-(1—2)-a-L-rhamnopyranosyl-7-O-o-L-rhamnopyranoside (7), proanthocyanidin A-2 (8), p-hydroxybenzoic acid (9),
protocatechuic aldehyde (10), p-hydroxybenzaldehyde (11), protocatechuic acid (12), Z-p-hydroxy-cinnamic acid (13),
E-p-hydroxy-cinnamic acid (14), and 3,6-dihydroxy-5,11-epoxy-7Z-megastigmaen-9-one (15). Conclusion Compounds 1, 2, 7,
13—15 are isolated from the genus Litchi for the first time, and they are also isolated from this plant for the first time.

Key words: Litchi Semen; 5-p-trans-coumaroylquinic acid; naringin; proanthocyanidin A-2; Z-p-hydroxy-cinnamic acid
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50% LPTER YR H 2 f i 7 ik T 0 8, IFH
F IR AT S, R T 15 MEEY, 39
N S5-RAEFETHZE TR (5-p-trans-coumaroylquinic
acid, 1), 3-O-R XH&F G2 T (3-O-trans-
coumaroylquinic acid, 2). fREZH (phlorizin, 3)
il (naringin, 4). 7] (rutin, 5). flif %-7-O-
45K (naringenin-7-O-rutinoside, 6)+ L2533 3-O-
(6-O- Mk I 3L )-B-D- ] % B 2 -(12)-a-L- B 2 4 -
7-0-a-L-fZFEE [kaempferol 3-0O-(6-O-caffeoyl)-
B-D-glucopyranosyl-(1—2)-a-L-rhamnopyranosyl-7-
O-a-L-thamnopyranoside , 7] « Ji f& & & A2
(proanthocyanidin A2, 8 % F23: 2K H i (p-hydroxy-
benzoic acid, 9)+ Ji& JLAEE protocatechuic aldehyde,
10). XJEIEFEHEE (p-hydroxybenzaldehyde, 11).
J7JLZEIR (protocatechuic acid, 12). =X LA
MR (Z-p-hydroxy-cinnamic acid, 13). UG Fadt
WHERZ (E-p-hydroxy-cinnamic acid, 14). falandin B
(15). H, (k&M 1. 20 7. 13~15 HERMNZ
R B R
1 XFES5HH

Bruker avance 600 BURZ i 3LARAX (4 [E A1 & 5e
AFE]D; Triple TOF 5600 43 ¥ i i A (36 [
ABSciex A 7]); BYALA Jighk 78 k4% (H A EYALA
A7)); DHG-9036A M i #AEIR SN THRA (Eify
K 2SI WA A PR A F]D; EL204 HLT-R°F [MEkEh-
R ZAds (R AIRAF]; UPLC/HPLC:
LC-XR20 (HARBHEAT); Agilent 1100 Series fil]
HWA I (SE[E Agilent A ] ); Waters 2487 fill %
WA TS (3EE Waters A7) ); MCl-gel CHP20 #¥
g (HA=2%/A7]); Sephadex LH-20 %t/ (E[H
GE Healthcare 22 7] ) F- il & JRAH R i 2 FRUAH Pt H
At aE, HAR N trat.

TR EZ T 2018 46 H R B PEH I HIA
X, G U B 24 K2 A SR R 28 58 N A AL Litchi
chinensis Sonn. 0¥,
2 REBSSE

WA EZ M 7 kg, A38E, H 50% LRERHK 2
R, BFEAM 59 1.5 2 h, GHFREUE, JE, I8
JE s = IORE R . RE NG B R 2RI, B
T HP-20 S FA2HMAE, 435 FHKFI 20% 30%.
40% ZBEGLI, WA, TR, FKTEBERAL 480 g+
20% L EEBE L ERAL 70g. 30% L EELELERAL 89 g Al
40% LBEHE I ER AL 100 go

40% LFFHE LR AL IR E 100 g, N REIE A,
JERT, PEIR L AE TR R A, U - B (20
11 DEFEWBAFE] 6 N A~F, A &id 1 & ODS
SR, FEE-K (5%, 10%. 20%. 50%) ¥
B, FR&H%M HPLC #4%, BEMLEY 9 (107
mg). 10 (3.9 mg). 11 (6.1 mg). 14 (53 mg). B
25t LH-20 BRA i, 2 PRy, it
J& ODS A%, HIEE-7/K (10%. 20%. 50%)
Ve, FLH&M HPLC ikl 4%, H2LEY 3
(6mg). 4 (6.7mg). 8 (96 mg). 12 (23.3 mg).
15 (42 mg). C &t LH-20 BERH: i, 4l i s
JEVERL, £ K ODS At E, FEE-7K (10%-
20%- 50%) Vb, P& A HPLC ki) e,
BEEY S5 (62mg). 6 (7.8mg). 7 (53 mg).
E &5t LH-20 EeAEtaily, S REsEsm, Hae
il £ A HPLC il 2%, S31E% 1 (10.8 mg).
2 (12mg). 13 (5.6 mg).

3 H#METE

EW1: AR (FE. ESI-MS m/z: 361
[M+H]". 'H-NMR (600 MHz, DMSO-d¢) &: 1.78
(1H, dd, J = 8.4, 13.2 Hz, H-2a), 1.90 (1H, d, J = 13.2
Hz, H-2b), 2.0 (2H, m, H-6), 3.92 (1H, brs, H-3), 3.51
(1H, dd, J = 3.0, 8.4 Hz, H-4), 5.11 (1H, m, H-5), 5.71
(1H, d, J = 13.2 Hz, H-8), 7.55 (1H, m, H-7), 7.66
(2H, d, J = 9.0 Hz, H-3', 5'), 6.76 (2H, d, J = 9.0 Hz,
H-2', 6'); “C-NMR (150 MHz, DMSO-dy) 6: 74.6
(C-1), 37.8 (C-2), 71.3 (C-3), 71.8 (C-4), 69.7 (C-5),
37.6 (C-6), 175.6 (C-7), 159.3 (C-4'), 125.9 (C-1"),
133.1 (C-2', 6'), 115.3 (C-3', 5'), 143.3 (C-7"), 115.3
(C-8'), 165.9 (C-9'). LA %dE 5 3ckfhiE —z,
WS ER A1 N S-RAEFGTHMETR.

tEw 2. AEEPIRG & (FEE) . ESI-MS m/z:
337 [M+H]". 'H-NMR (600 MHz, DMSO-d;) 6
1.80~2.04 (3H, m, H-2, 6a, 6b), 5.10 (1H, m, H-3),
3.56 (1H, dd, J = 3.0, 7.2 Hz, H-4), 3.94 (1H, brs,
H-5), 7.50~7.54 (3H, m, H-2', 6', 7'), 6.81 (2H, d, J =
9.0 Hz, H-3', 5"), 6.30 (1H, d, J = 16.2 Hz, H-8');
BC-NMR (150 MHz, DMSO-dq) 6: 74.3 (C-1), 37.6
(C-2), 71.3 (C-3), 71.4 (C-4), 69.1 (C-5), 37.2 (C-6),
175.6 (C-7), 125.6 (C-1"), 130.7 (C-2', 6'), 116.2 (C-3',
5%, 160.3 (C-4"), 145.0 (C-7"), 115.0 (C-8"), 166.3
(C-9. VLB 5 3CifikiE—5, M etk &
2 N 3-0-RAFGBE TR
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& 3: Btk K (HEE). ESI-MS m/z: 435
[M—H] . 'H-NMR (600 MHz, CD;OD) &: 7.04 (2H,
d, J=8.4Hz, H-2, 6), 6.66 (2H, d, J = 8.4 Hz, H-3, 5),
6.15 (1H, d, J= 1.8 Hz, H-3'), 5.92 (1H, d, J= 1.8 Hz,
H-5"), 5.01 (1H, d, J=7.2 Hz, H-1"), 3.89 (1H, dd, J =
2.4, 12.0 Hz, H-6"b), 3.70 (1H, dd, J = 5.4, 12.0 Hz,
H-6"a), 3.39~3.50 (2H, m, H-a), 2.85 (2H, t, J = 7.2
Hz, H-B): "“C-NMR (150 MHz, CD;OD) &: 29.4
(C-B), 45.5 (C-0), 61.0 (C-6"), 69.7 (C-4"), 73.3
(C-2"), 77.0 (C-3"), 77.04 (C-5"), 94.0 (C-3), 96.9
(C-5"), 100.6 (C-17), 105.3 (C-1'), 114.6 (C-3, 5),
128.9 (C-2, 6), 132.4 (C-1), 154.9 (C-4), 160.6 (C-2'),
164.5 (C-6"), 166.1 (C-4"), 205.1 (C =0). LA L ¥z 5
SCHRIRGE A Y, M e e A 3 AR T

B 4: WRIE KR (FEE) . ESI-MS m/z: 581
[M+H]". 'H-NMR (600 MHz, CD;0D) §: 7.32 (2H,
d, J=8.4 Hz, H-2', 6'), 6.81 (2H, d, J = 7.8 Hz, H-3',
5), 6.12 (1H, d, J = 2.8 Hz, H-6), 6.11 (1H, d, J=2.8
Hz, H-8), 5.51 (1H, d, J = 12.0 Hz, H-2), 5.16 (1H, d,
J =178 Hz, H-1"), 5.08 (1H, d, J = 2.0 Hz, H-1""),
2.75 (1H, d, J = 15.6 Hz, H-3ax), 1.05 (3H, d, J = 6.0
Hz, H-6""); “C-NMR (150 MHz, CD;0OD) 6: 197.7
(C-4), 165.4 (C-7), 163.3 (C-5), 163.3 (C-9), 158.3
(C-4"), 129.0 (C-1"), 128.9 (C-2'), 128.9 (C-6'), 115.7
(C-3', 5%, 103.8 (C-10), 101.2 (C-1"), 98.1 (C-1"),
96.8 (C-6), 95.6 (C-8), 80.4 (C-2), 79.16 (C-2"), 77.5
(C-3"), 77.0 (C-5"), 72.1 (C-4""), 70.2 (C-2""), 69.6
(C-3""), 69.1 (C-4"), 66.8 (C-5""), 60.2 (C-6"), 42.5
(C-3), 17.0 (C-6""). A5 5 Clikfis — 50,
WS e A 4 MR

& 5. wEMmAKR (HEE). ESI-MS m/z: 611
[M+H]". "H-NMR (600 MHz, CD;0D) 6:6.20 (1H,
d, J= 1.8 Hz, H-6), 6.42 (1H, s H-8), 7.64 (1H, d, J =
2.4 Hz, H-2'), 6.85 (1H, d, J = 9.0 Hz, H-5"), 7.60 (1H,
dd, J = 2.4, 8.4 Hz, H-6"), 5.08 (1H, d, J = 7.8 Hz,
Glc-H-1), 4.49 (1H, brs, Rha-H-1), 1.09 (3H, d, J =
6.0 Hz, Rha-H-6); *C-NMR (150 MHz, CD;0D) §:
157.1 (C-2), 134.2 (C-3), 178.0 (C-4), 161.6 (C-5),
98.6 (C-6), 164.7 (C-7), 93.4 (C-8), 157.9 (C-9), 104.2
(C-10), 122.0 (C-1"), 114.6 (C-2'), 144.4 (C-3"), 148.4
(C-4"), 116.2 (C-5"), 121.7 (C-6'), 103.3 (C-1"), 74.3
(C-2"), 75.8 (C-3"), 68.3 (C-4"), 76.8 (C-5"), 67.1
(C-6"); 101.0 (C-1""), 70.7 (C-2""), 70.8 (C-3 '), 70.7

(C-4""), 67.1 (C-5""), 16.4 (C-6"") LA Lt ¥id 55
mkiioE — M, MO A T S N T

e 6: mEEIIRG & (FEE) . ESI-MS m/z:
581 [M+H]". "H-NMR (600 MHz, CD;0D) 6: H 7.31
(2H, d, J = 8.4 Hz, H-2', 6"), 6.79 (2H, dd, J= 1.8, 8.4
Hz, H-3', 5'), 6.14 (1H, brs, H-8), 6.12 (1H, brs, H-6),
5.35~5.40 (1H, m, H-2), 2.70~2.76 (1H, m, H-3a),
3.11~3.18 (1H, m, H-3b), 492 (1H, t, J = 7.2 Hz,
H-1"), 4.54 (1H, s, H-1""), 1.16 (3H, d, J = 3.0, 6.0
Hz, H-6"); “C-NMR (150 MHz, CD;OD) &: 79.1
(C-2), 42.7 (C-3), 197.1 (C-4), 163.1 (C-5), 96.5
(C-6), 165.4 (C-7), 95.6 (C-8), 163.1 (C-9), 103.5
(C-10), 127.7 (C-1'), 127.7 (C-2'), 114.9 (C-3"), 157.6
(C-4"), 114.9 (C-5"), 127.7 (C-6"), 99.7 (C-1"), 73.2
(C-2"), 76.4 (C-3"), 69.8 (C-4"), 75.7 (C-5"), 65.9
(C-6"), 100.7 (C-1'"), 70.6 (C-2'"), 70.9 (C-3'"), 72.7
(C-4""), 68.3 (C-5""), 16.5 (C-6""). LA b H¥E 45 & ik
B, % b B 6 ki R -7-0- S F L.

WEY 7: EOTCE R AR (T B . ESI-MS m/z:
901 [M—H] . 'H-NMR (600 MHz, CD;0D) 6: 0.97,
1.28 (% 3H, d, J= 6.1 Hz, 6", 6""-Me), 3.37 (1H, dd,
J=9.5,7.7 Hz, H-2""), 3.27 (1H, t, J = 9.5 Hz, H-3""),
3.45 (1H, t, J=9.0 Hz, H-4""), 3.49 (1H, t,J=9.7 Hz,
H-4""), 3.84 (1H, m, H-5""), 3.65 (1H, m, H-5"), 3.72
(1H, m, H-5"""), 3.84 (1H, dd, J = 9.5, 2.6 Hz, H-3"),
3.84 (1H, dd, J = 9.5, 2.6 Hz, H-3""), 4.04 (1H, brs,
H-2""), 4.33 (1H, brs, H-2"), 444~4.48 (2H, m,
Hy-6""), 4.51 (1H, d, J = 7.7 Hz, H-1""), 5.56 (1H, brs,
H-1"), 5.54 (1H, brs, H-1"""), 6.19, 7.50 (% 1H, d, J =
15.9 Hz, H-8"", 7"""), 6.37 (1H, brs, H-6), 6.56 (1H,
brs, H-8), 6.92 (1H, d, J = 8.3 Hz, H-5""""), 7.32 (1H,
dd, J = 8.3, 1.6 Hz, H-6"""), 7.37 (1H, d, J = 1.6 Hz,
H-2""), 6.37 (2H, d, J = 8.5 Hz, H-3', 5'), 7.06 (2H, d,
J=28.5Hz, H-2', 6'); *C-NMR (150 MHz, CD;0D) ¢:
157.3 (C-2), 134.6 (C-3), 177.9 (C-4), 161.0 (C-5),
99.4 (C-6), 161.7 (C-7), 94.6 (C-8), 156.0 (C-9), 106.1
(C-10), 120.1 (C-1"), 130.6 (C-2'), 115.6 (C-3"), 160.4
(C-4"), 115.6 (C-5"), 130.6 (C-6'), 100.6 (C-1"), 81.5
(C-2"), 70.1 (C-3"), 71.4 (C-4"), 70.5 (C-5"), 17.4
(C-6"), 105.7 (C-1'""), 73.7 (C-2'"), 76.0 (C-3'"), 69.8
(C-4"), 73.7 (C-5""), 62.8 (C-6""), 98.5 (C-1""), 69.2
(C-2"""), 70.2 (C-3""), 71.7 (C-4"""), 70.2 (C-5""), 17.9
(C-6""), 1253 (C-1""), 114.8 (C-2""""), 145.6
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(C-3""), 1485 (C-4""), 1155 (C-5""), 121.0
(C-6""), 145.1 (C-7""), 113.6 (C-8""), 166.4
(C-9"")o LA k- ¥ 5 SChR AR E X RS A — g1,
WA 7 ML ZE 3-0-(6-0-MEt3E)-B-D-7H
EIFEEE-(152)-0-L- R ZHE-7-0-0-L- FRZFEHEH

& 8: ?ﬂiﬁ”é%%%%\?ﬁ (FFEE) . ESI-MS
miz: 5752 [M—H] . 'H-NMR (600 MHz, DMSO-dj)
6:7.01 (1H, d, J= 1.8 Hz, H-10"), 6.87 (1H, d, J=1.2
Hz, H-14), 6.85 (1H, d, J = 2.4 Hz, H-10), 6.77~6.74
(3H, m, H-14', 13, 13), 5.99 (1H, s, H-6'), 5.86 (1H,
d, J=2.4 Hz, H-8), 5.85 (1H, d, J = 2.4 Hz, H-6), 5.30
(1H, s, 3-OH), 5.02 (1H, s, 3'-OH), 4.61 (1H, d, J =
7.8 Hz, H-2'), 4.20 (1H, d, J = 3.0 Hz, H-4), 3.94 (1H,
d, J = 3.6 Hz, H-3"), 3.88 (1H, m, H-3), 2.94 (1H, dd,
J =54, 162 Hz, H-4'B), 2.43 (1H, dd, J = 16.2, 8.4
Hz, H-4'0); “C-NMR (150 MHz, DMSO-dq) 6: 99.2
(C-2), 66.5 (C-3), 28.2 (C-4), 101.8 (C-4a), 156.2
(C-5), 96.9 (C-6), 157.0 (C-7), 95.2 (C-8), 153.1
(C-8a), 130.3 (C-9), 115.7 (C-10), 145.4 (C-11), 144.8
(C-12), 115.2 (C-13), 82.2 (C-2)), 66.5 (C-3'), 28.8
(C-4"), 101.8 (C-4'a), 154.8 (C-5"), 95.0 (C-6'), 151.0
(C-7"), 105.5 (C-8"), 150.4 (C-8a), 130.3 (C-9"), 115.2
(C-10"), 145.9 (C-117), 145.6 (C-12'), 115.2 (C-13"). LA
¥R S SRR E A -, st A 8 A
JFHEHE &= A2,

WEW9: AERIRSE & (FED . ESI-MS m/z:
137.0 [M—H] . 'H-NMR (600 MHz, DMSO-dq) 6
7.80 (2H, d, J = 7.8 Hz, H-2, 6), 6.90 (2H, d, J = 8.4
Hz, H-3, 5); *C-NMR (150 MHz, DMSO-dg) &: 167.7
(-COOH), 162.0 (C-4), 132.0 (C-2, 6), 122.0 (C-1),
115.6 (C-3, 5)o VL_-¥0dE 5 SCilihont Le kA — 1),
W B 9 AT RIIE IR

& 10: AL (R . ESI-MS m/z: 139
[M+H]". 'H-NMR (600 MHz, DMSO-ds) J: 9.69
(1H, s, -CHO), 6.82 (1H, d, J = 7.8 Hz, H-5), 7.26
(1H, dd, J = 2.4, 8.4 Hz, H-6), 7.22 (1H, d, J= 1.8 Hz,
H-2); *C-NMR (150 MHz, DMSO-dj) 5: 129.0 (C-1),
114.6 (C-2), 146.5 (C-3), 153.1 (C-4), 115.9 (C-5), 125.0
(C-6), 191.4 (C-7) LA EFRA I B A G 1S 5 Sk
ERA—F, M A 10 AJELZREE.

&Y 11: T (REE . ESI-MS m/z: 122
[M+H]". "H-NMR (600 MHz, DMSO-ds) d: 10.60
(1H, s, -OH), 9.76 (1H, s, -CHO), 7.73 (2H, d, J= 8.4

Hz, H-2, 6), 6.90 (2H, d, J = 8.4 Hz, H-3, 5);
BC-NMR (150 MHz, DMSO-ds) d: 191.2 (C = 0),
165.0 (C-4), 132.6 (C-2, 6), 128.2 (C-1), 116.6 (C-3,
5)e VA EEHORE S SC iR iE A — Y,
AW 11 xR HEOR

1JcA% 12: Agdh (FEE) . ESI-MS m/z: 153
[M—H] . 'H-NMR (600 MHz, DMSO-ds) 6: 7.35
(1H, s, H-2), 7.28 (1H, d, J = 7.8 Hz, H-6), 6.78 (1H,
d, J=7.8 Hz, H-5); "“C-NMR (150 MHz, DMSO-dj)
51 122.2 (C-1), 117.2 (C-2), 145.4 (C-3), 150.3 (C-4),
115.6 (C-5), 123.0 (C-6), 168.4 (C-7). DL EH¥HE 5
mikiRE — 3", M A 12 N E LR R .

&M 13: A% 5 (FEE) . ESI-MS m/z: 163.1
[M—H] . 'H-NMR (600 MHz, DMSO-ds) 6: 7.71
(2H, d, J = 8.4 Hz, H-2, 6), 6.75 (2H, d, J = 8.4 Hz,
H-3, 5), 6.85 (1H, d, J = 13.2 Hz, H-7), 5.83 (1H, d,
J=13.2 Hz, H-8); "C-NMR (150 MHz, DMSO-ds) :
126.0 (C-1), 133.1 (C-2, 6), 115.4 (C-3, 5), 159.2
(C-4), 143.2 (C-7), 116.5 (C-8), 166.2 (C-9). LA %k
a5 scmkE — 8, Mk A 13 R
I AAERR .

%NF% 14: [5G CFEE) . ESI-MS m/z: 163.1
[M—H] . 'H-NMR (600 MHz, DMSO-ds) &: 7.50
(3H, m, H-2, 6, 7), 6.81 (2H, d, J = 8.4 Hz, H-3, 5),
6.30 (1H, d, J = 15.4 Hz, H-8); "“C-NMR (150 MHz,
DMSO-dg) d: 144.4 (C-1), 130.5 (C-2, 6), 116.3 (C-3,
5), 160.1 (C-4), 125.8 (C-7), 115.3 (C-8), 168.7 (C-9).
AEHt 5 semk s S A — 5P, M e A 14
N IR N F R R

1%%% 15: FR K CRELD . ESI-MS m/z: 241
[M+H]". 'H-NMR (600 MHz, DMSO-ds) 6: 1.81
(1H, dd, J = 12.6, 6.6 Hz, H-2a), 1.63 (1H, dd, J =
10.8, 9.0 Hz, H-2b), 4.08 (1H, m, H-3), 2.00 (1H, ddd,
J =438, 6.6, 7.2 Hz, H-4a), 1.71 (1H, m, H-4), 6.43
(1H, d, J = 16.2 Hz, H-7), 7.89 (1H, d, J = 16.2 Hz,
H-8), 2.03 (3H, brs, H-10), 3.78 (1H, dd, J = 7.2, 4.8
Hz, H-11a), 3.68 (1H, d, J = 7.2 Hz, H-11b), 0.89 (3H,
s, H-12), 1.12 (3H, s, H-13); “C-NMR (150 MHz,
DMSO-dg) : 47.9 (C-1), 43.1 (C-2), 64.6 (C-3), 44.6
(C-4), 86.3 (C-5), 81.8 (C-6), 130.7 (C-7), 132.5
(C-8), 14.9 (C-10), 75.8 (C-11), 18.2 (C-12), 19.6
(C-13). LA EXdl 5 empios A — 50, %
b &%)N falandin B.
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