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Hippophins C-F, four new flavonoids, acylated with one monoterpenic
acid from the seed residue of Hippophae rhamnoides subsp. sinensis

Wen Gao, Chao Chen and De-Yun Kong*

State Key Laboratory of New Drug & Pharmaceutical Process, Shanghai Institute of
Pharmaceutical Industry, Shanghai 200040, China

(Received 19 October 2012; final version received 18 March 2013)

Four new flavonol glycosides (1-4), hippophins C-F, together with one known
flavonoid (5), were isolated from the seed residue of Hippophae rhamnoides
subsp. sinensis. The chemical structures of these compounds were characterized by
1D and 2D NMR, and HR-ESI-MS data. This report is a continuous research work on
the systematic chemical investigation of plants of the genus Hippophae in our

laboratory.

Keywords: Hippophae rhamnoides subsp. sinensis; seed residue; flavonol glycoside;

hippophins

1. Introduction

Hippophae rhamnoides subsp. sinensis is
a plant of the genus Hippophae growing
in west-north and north China [1]. The
berry of this genus, used as a famous
traditional medicine since ancient times
by Tibetans and Mongolians, has several
therapeutic uses due to its antioxidant,
antibechic, antiviral, etc., activities [2].
Previous phytochemical studies of the
genus Hippophae have led to the isolation
of a number of flavonoids [3]. In addition,
a new flavonoid acylated with one
monoterpenic acid was obtained in our
previous investigation on H. rhamnoides
subsp. sinensis collected in Qinghai
Province of China [4]. As a continuation
of our systematic chemical investigation
of plants of the genus Hippophae, the
seed residues were studied. This article
reported the isolation and structural
elucidation of four new flavonoids acy-
lated with one monoterpenic acid (1-4),
together with one known flavonoid (5)
(Figure 1).

2. Results and discussion

Hippophin C (1) was obtained as a yellow
amorphous powder and its molecular
formula was elucidated as Cs4HgsOo6 by
the HR-ESI-MS data at m/z 1151.3596
[M + Na]™. The 'H NMR spectrum
(Table 1) of 1 presented a kaempferol
skeleton, with typical signals at 6 6.86 and
6.40 (br s, each 1H) and AA'BB’ aromatic
system signals at o 8.03 (2H, d,
J =8.8Hz) and 6.87 (2H, d, J = 8.8 Hz);
a pair of aromatic protons at 6 6.70 (2H, s);
one vinyl proton at & 6.80 (1H, d,
J = 6.8Hz), a pair of E-vinyl protons at
67.34 (1H, d, J = 16.0Hz) and 6.22 (1H,
d, J=16.0Hz); a set of ABX-spin
systems corresponded to the vinyl protons
at 6591 (1H,dd, J = 17.2, 11.8 Hz), 5.15
(1H,J = 17.2Hz),4.99 (1H, J = 11.8 Hz);
a pair of methoxyl protons at & 3.68 (6H,
s), a methyl proton at &6 1.18 (3H, d,
J = 8.4 Hz); and three anomeric protons at
65.56 (1H, brs), 5.46 (d, J = 6.8 Hz), and
4.62 (1H, d, J = 6.0Hz). The >*C NMR
spectrum (Table 2) of 1 provided 54
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Figure 1. Structures of compounds 1-5.

carbon signals, of which 15 were assigned
to the aglycone and 18 to the sugar moiety.
Analysis of the 18 carbon signals from the
sugar moiety indicated the existence of
one rhamnose at 6 98.3, 67.4, 73.8, 70.2,
69.0, and 17.9, glucose-I at 6 98.2, 83.2,
76.5, 69.7, 76.4, and 60.7, and glucose-II
at 6 104.4,74.6,77.5,70.0, 74.5, and 63.4,
respectively. The anomeric proton at &
5.56 (1H, br s) suggested a-configuration
of rhamnose, and two glucoses were
deduced to be B-configuration based on
its *C NMR data [5]. Two methyl singlets
(6 12.3 and 27.8), three methylene groups
(6 23.3, 40.6, and 111.4), two methinyl
groups (6 145.2 and 143.8), two quatern-
ary carbons (6 127.2 and 71.4), and a
carbonyl group (6 166.4) were attributed a
monoterpenoic acid moiety, and the signal
of the B-vinyl proton of 2(E)-2-methyl-2-
decanoic acid appeared downfield at 6 6.80

RS
E-sinapoyl

E-sinapoyl
E-feruloyl
E-feruloyl
E-sinapoy!

(1H, d, J = 6.8Hz), different from that
of the cis-isomer, appearing at & 6.06
[6]. The remaining 11 carbons belonged
to 4-hydroxy-3,5-dimethoxycinnamoyl
(E-sinapoyl) at 6 167.1, 115.3, 145.9,
126.7, 106.1 X2, 148.0 X 2, 138.4, and
56.1 X 2 [5]. The long-range correlations
of H-1" (8 5.56) and C-7 (8 161.3), H-1""
(85.46) and C-3 (8 133.4), H-1"" (5§ 4.62)
and C-2"" (8 83.2), and H-6""" (6 3.35) and
C-9"" (&5 167.1) were observed in the
HMBC spectrum (Figure 2), suggesting
that the rhamnose was attached to 7-OH
and the glucose-I was attached to 3-OH of
kaempferol, the glucose-II was attached to
2-OH of glucose-I and its 6-OH was
substituted by 4-hydroxy-3,5-dimethoxy-
cinnamoyl. A monoterpenoic acid moiety
is located at 3"-OH of rhamnose compared
with literature data at 6 98.2, 67.3, 73.7,
70.1, 68.7, and 17.9 [7].
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Thus, the structure of hippophin C was
characterized as kaempferol-3-O-(6-O-E-
sinapoyl)-B-D-glucosyl(1 — 2)-B-D-gluco-
side-7-0O-[(2E)-2,6-dimethyl-6-hydroxy-
2,7-octadienoyl(1 — 3)]-a-L-rhamnoside.

Hippophin D (2) was obtained as a
yellow amorphous powder and its molecular
formula was elucidated as Cs4Hg4O,¢ by the
HR-ESI-MS data at m/z 1151.3591
[M + Na]™. Comparison of 'H and "*C
NMR spectroscopic data of 2 with those of 1
indicated that compound 2 has the same
aglycone, sugar moiety, E-sinapoyl, and
monoterpenoic acid moiety as compound 1.
The HMBC correlations from H-1” (8 5.60)
to C-7 (6 161.2), H-1"" (8 5.68) to C-3 (&
133.3), H-1"" (64.61) to C-2"" (§ 83.1), and
H-6"" (8 3.34) to C-9"" (8 167.0) indicated
that the linkage sites among the above
structure moieties in compound 2 were
identical with those of compound 1. The
carbon signals of rhamnose at 6 95.5, 71.8,
68.5, 72.2, 70.2, and 18.0 revealed a
monoterpenoic acid moiety located at 2"-
OH of rhamnose compared with literature
data at 6 95.3, 71.9, 68.4, 72.0, 70.1, and
17.8 [8]. Based on the above evidence, the
structure of hippophin D was elucidated
as kaempferol-3-0-(6-O-E-sinapoyl)-3-D-
glucosyl(1 — 2)-B-D-glucoside-7-O-[(2E)-2,
6-dimethyl-6-hydroxy-2,7-octadienoyl
(1 — 2)]-a-L-rhamnoside.

Hippophin E (3) was obtained as a
yellow amorphous powder and its molecular
formula was elucidated as Cs3Hg>055 by the
HR-ESI-MS data at m/z 1121.3486
[M + Na]™. Comparison of '"H and BC
NMR spectroscopic data of 3 with those of 1
revealed that two compounds have the same
flavonol core structure, sugar, and mono-
terpenoic acid moiety while one of the
methoxyl groups was absent in 3. The '°C
= NMR signals suggested existence of 4-
2 hydroxy-3-methoxycinnamoyl (feruloyl) at
8 6 126.6, 111.4, 147.9, 147.8, 115.4, 123.1,
5 145.8, 111.3, and 166.5 by comparison with
g
g

16.0)

3.13 (m)
3.17 (m)
3.12 (m)
3.34 (m)
7.34 (br s)
6.81 (br s)
7.07 (br s)
3.69(s)

738 (J
6.12 (J = 16.0)

16.0)
16.0)

3.13 (m)
3.18 (m)
3.12 (m)
3.35 (m)
7.35 (br.s)
6.84 (br s)
7.05 (br s)
3.69_(s)

733 (J
6.15 (J

16.0)
16.0)

3.13 (m)
3.16 (m)
3.12 (m)
3.34 (m)
6.72 (s)
6.72 (s)
3.65 ()
3.65 (s)

7.35(d, J
6.23 (d, J

16.0)

1
3.12 (m)
3.15 (m)
3.12 (m)
3.35 (m)
6.70 (s)
6 76 (s)
3.68(s)
3.68(s)

734 d, J
6.22 (d, J = 16.0)

o O
% % literature data [7]. A pair of E-vinyl protons
\\\\\\ N was verified by 'H NMR signals at & 7.33

N L T (1H, d, J=16.0Hz) and 6.15 (1H, d,

Table 1 — continued

Position
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Table 2. '>C NMR spectral data of 1-4
(DMSO_dﬁ, 8c, Jin HZ)

Position 1 2 3 4

2 156.3 1564 156.1 156.1
3 1334 1333 133.1 133.1
4 177.7 1777 1775 1743
5 160.2 1602 1602  160.1
6 99.3 99.3 99.3 99.2
7 1613 161.2 161.1 161.0
8 94.4 944 942 94.2
9 1559 1559 1558 1558
10 106.0 106.0 105.7 105.7
i 120.8  120.8 120.8  120.7
2 131.1 131.1 1311 131.1
3 1147 1146 1154 1153
4 161.0 161.1 160.8 160.7
5 1147 1146 1154 1153
6 131.1  131.1  131.1  131.1
Rha

17 98.3 95.5 98.1 95.4
2! 67.4 71.8 673 71.7
3" 73.8 68.5 737 68.3
4" 70.2 722 70.2 72.3
5" 69.0 702 69.0 70.2
6" 17.9 18.0 18.0 17.9
Monoterpenoic acyl

1" 1664 166.5 166.5 166.5
2M 127.2  126.8 127.0 129.7
3" 143.8  143.8 1437 1429
4" 233 23.3 232 232
5" 40.6 40.7 406 40.6
6" 71.4 714 713 71.3
7" 1452 1459 145.0 1449
8" 1114 1114  111.3  110.6
9" 12.3 12.3 12.2 12.1
10" 27.8 27.8 278 27.7
Glc 1

" 98.2 98.3 98.0 98.1
2 83.2 83.1 84.1 84.1
3 76.5 76.5 76.4 76.4
4m 69.7 69.8  69.8 69.7
5" 76.4 764  76.2 76.1
6" 60.7 61.0 604 60.3
Gle II

" 1044 1044 1047 104.4
20 74.6 742 74.6 74.6
3 77.5 774 715 77.4
4 70.0 70.0  70.0 70.1
5 74.5 744 745 74.6
6" 63.4 63.3 63.3 63.1
Sinapoyl or feruloyl

1 1267 1244 1266 1265
20 106.1 106.1 1114 1113
R 148.0 148.0 147.8 1478
4mm 1384 1383 1479 1479
5 148.0 148.0 1154 1152
6" 106.1  106.1  123.1 1232

Table 2 — continued

Position 1 2 3 4

7 1459 1459 1458 1459
g/ 1153 1153 1113 1113
g 167.1 167.0 166.5 167.0

3""-OMe 56.1 56.0 555 554
5""-OMe 56.1 56.0 - -

J = 16.0Hz). Thus, the structure of hippo-
phin E was characterized as kaempferol-3-
0-(6-0O-E-feruloyl)-B3-D-glucosyl(1 — 2)-
B-D-glucoside-7-0-[(2E)-2,6-dimethyl-
6-hydroxy-2,7-octadienoyl(1 — 3)]-a-L-
rhamnoside.

Hippophin F (4) was obtained as a
yellow amorphous powder and its mol-
ecular formula was elucidated as
C53H62025 by the HR-ESI-MS data at
m/z 1121.3472 [M + Na]*. Comparison of
"H and ">C NMR spectroscopic data of 4
with those of 3 revealed that the two
compounds had a similar structure except
for the substituent position in rhamnose,
and comparison of carbon signals of 4 with
those of 2 revealed a monoterpenoic acid
moiety located at 2”-OH of rhamnose [8].
Thus, the structure of hippophin F was
determined as kaempferol-3-0-(6-O-E-
feruloyl)-B-p-glucosyl(1 — 2)-3-D-gluco-
side-7-0-[(2E)-2,6-dimethyl-6-hydroxy-
2,7-octadienoyl (1 — 2)]-a-L-rhamnoside.

By comparing the NMR and MS data
with those in the literature, one known
flavonoid was identified as kaemferol-3-O-
(6-0-E-sinapoyl)--D-glucosyl(1 — 2)-f3-
D-glucoside-7-0-a-L-rhamnoside (5) [5].

3. [Experimental
3.1 Genenral experimental procedures

Optical rotations were determined with a
Perkin-Elmer-341 polarimeter (Perkin-
Elmer, San Jose, CA, USA). UV-vis
spectra were recorded using a Techcomp
8500 spectrometer (Techcomp, Shanghai,
China). IR spectra were recorded in KBr
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Figure 2. Selected HMBC correlations for compounds 1-4.

pellets on a Nicolet-NEXUS-670-FTIR
spectrophotometer (Nicolet, Madison, W1,
USA). NMR spectra were obtained with a
Varian INOVA-400/500 instrument (Var-
ian, Palo alto, CA, USA). The 'H and "°C
NMR chemical shifts were relative to
solvent signals at oy, 2.49/39.5 (DMSO-
de) relative to tetramethylsilane. MS was
measured on a Waters Q-Tof micro
YAOI9 mass spectrometer (Waters, Lee-
derville, WA, USA). Preparative HPLC
was obtained on a Shimadzu HPLC system
consisting of two LC-8A pumps and an
SPD-M10A detector. For preparative
purposes, a Shimadzu PRC-ODS (15 pm,
i.d. 20mm X 250 mm, Shimadzu, Kyoto,
Japan) was used. Analytical GC was
carried out on Agilent 6890N system

(H, flame ionization detector; Agilent,
Minneapolis, MN, USA) and a capillary
column (30m X 0.32mm X 0.25 wm;
Abel AB-5; Appleton, WI, USA). Column
chromatography was carried out on silica
gel (100—200 or 200—300 mesh; Shanghai
Sanpont Co., Ltd, Shanghai, China). D101
macroporous resin (Cangzhou Bon Adsor-
ber Technology Co., Ltd, Cangzhou,
China), Sephadex LH-20 (GE Healthcare
Bio-Sciences AB, Uppsala, Sweden).
Silica gel HSGF254 (Yantai Jiangyou
Guijiao Kaifa Co., Ltd, Yantai, China)
was used for thin layer chromatography
(TLC). Fractions were monitored by TLC
on silica-gel plates sprayed with 10%
H,S0, in EtOH, followed by heating.
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3.2 Plant materials

The seeds of H. rhamnoides subsp. sinensis
were collected at Datong County of
Qinghai Province, China, in July 2008
and identified by Dr Min-Sheng Cao of
Qinghai General Health Bio-Science Co.,
Ltd. A voucher specimen (SIPITCM-
080715) has been deposited at the
Shanghai Institute of Pharmaceutical
Industry.

3.3 Extraction and isolation

The seed residues of H. rhamnoides
subsp. sinensis, which had been extracted
through supercritical fluid extraction, were
obtained from Qinghai General Health
Bio-Science Co., Ltd (Xining, Qinghai,
China). The air-dried seed residues of H.
rhamnoides subsp. sinensis (2kg) were
extracted twice with 70% EtOH (20 liters
each) for 1 h. The extracts were combined
and concentrated under reduced pressure
to a certain volume (2liters), and then
passed through a D101 macroporous resin
column (5kg) eluted with EtOH:H,O
(10:90, 45 liters; 70:30, 35liters (v/v)) to
yield two fractions (Fr. A and Fr. B). Fr. B
(100 g) was chromatographed on a silica
gel column (10X 60cm) eluted with
CHCl15:MeOH:H,O (9:1:0.1, 8:2:0.2,
7:3:0.5, and 6:4:1) and MeOH, each
15liters, to give Frs B1-B8. Fr B4
(5.03 g) was subjected to middle pressure
liquid chromatography (Cheetah, Tianjin
Agela Technology Co., Ltd, Tianjin,
China) on silica gel (4.5 X 25.0 cm), eluted
with  CHCI3:MeOH:H,O  (10:1:0.1,
8:1:0.1, 7:1:0.1, 6:1:0.1, 5:1:0.1, 4:1:0.1,
and 3:1:0.1) and MeOH, each 1 liter, to
give Frs B4-1-B4-10. Fr. B4-3 (116 mg)
was subjected to Sephadex LH-20 column
with MeOH and pre-HPLC (MeOH:H,O
50:50, 6 ml/min, UV detection 254 nm),
and compounds 1 (8 mg, fg: 48 min), 2
(12mg, tr: 59 min), 3 (10 mg, tx: 41 min),
and 4 (11 mg, fz: 52 min) were obtained,
respectively. Fr. B6 (532 mg) was separ-
ated by a Sephadex LH-20 column with

MeOH and pre-HPLC (MeOH:H,O 32:68,
6 ml/min, UV detection 254 nm) to yield
compound 5 (14 mg, tg: 26 min).

3.3.1 Kaempferol-3-O-(6-0-E-sinapoyl)-
B-D-glucosyl(l — 2)-B-p-glucoside-7-0-
[(2E)-2,6-dimethyl-6-hydroxy-2,7-octadienoyl
(1 — 3)]-a-L-rhamnoside (1)

A yellow amorphous powder; [a]2D° —52.7
(c=10.08, MeOH). UV (MeOH) Ay
(loge) nm: 268 (3.35), 329 (3.38); IR
(KBr) vyax €M~ : 3424, 2928, 1701, 1655,
1598, 1283, 1178, and 994; for 'H and '*C
NMR spectral data, see Tables 1 and 2;
ESI-MS m/z: 1151 [M + Na]™ and 1127
[M — H] . HR-ESI-MS (positive) m/z:
1151.3596 [M + Na]™ (caled for
C54H64026Na, 11513584)

3.3.2  Kaempferol-3-O-(6-O-E-sinapoyl)-
B-D-glucosyl(1 — 2)-B-D-glucoside-7-0-
[(2E)-2,6-dimethyl-6-hydroxy-2,7-octadienoyl
(1 — 2)]-a-L-rhamnoside (2)

A yellow amorphous powder; [oz]%)O —50.1
(c =0.08, MeOH). UV (MeOH) A, .x
(loge) nm: 268 (3.35), 329 (3.38); IR
(KBI) Upmax cm™ 11 3427, 2930, 1705, 1651,
1597, 1285, 1177, and 989; for 'H and °C
NMR spectral data, see Tables 1 and 2;
ESI-MS m/z: 1151 [M + Na]* and 1127
[M — H] . HR-ESI-MS (positive) m/z:
1151.3591 [M + Na]™ (caled for
Cs4Hg4O06Na, 1151.3584).

3.3.3 Kaempferol-3-O-(6-O-E-feruloyl)-
B-D-glucosyl(1 — 2)-B-D-glucoside-7-0-
[(2E)-2,6-dimethyl-6-hydroxy-2,7-octadienoyl
(1 — 3)]-a-L-rhamnoside (3)

A yellow amorphous powder; [af]zDO —63.0
(c =0.06, MeOH). UV (MeOH) A.x
(loge) nm: 272 (4.34), 333 (4.41); IR
(KBI) vmax cm™ 'z 3425, 2929, 1702, 1652,
1597, 1288, 1173, and 992; ESI-MS m/z:
1121 [M + Na]™ and 1097 [M — H] .
HR-ESI-MS (positive) m/z: 1121.3486
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[M + Na]t (caled for Cs3Hg,O,sNa,
1121.3478).

3.3.4 Kaempferol-3-O-(6-0-E-feruloyl)-
B-D-glucosyl(1 — 2)-B-p-glucoside-7-0-
[(2E)-2,6-dimethyl-6-hydroxy-2,7-octadienoyl
(1 — 2)]-a-L-rhamnoside (4)

A yellow amorphous powder; [01]12)0 —614
(c =0.06, MeOH). UV (MeOH) A.x
(loge) nm: 272 (4.34), 332 (4.41); IR
(KBI) Upax cm™ 'z 3427, 2932, 1704, 1651,
1598, 1287, 1170, and 985; ESI-MS m/z:
1151 [M + Na]™ and 1127 [M — H] .
HR-ESI-MS (positive) m/z: 1121.3472
[M + Na]t (caled for CssHg,On6Na,
1121.3478).

3.4 Acid hydrolysis of 1-4

Compounds 1, 2, 3, and 4 (5 mg each) were
refluxed in 2 mol/l HCI (2 ml) for 3h. The
mixture was neutralized with NaHCO; and
then partitioned with ethyl acetate. To the
dried aqueous layer, pyridine and acetic
anhydride (1 ml each) were added, and the
mixture was kept overnight. The acetylated
derivatives were subjected to GC analysis to
identify the sugars. Conditions for GC: AB-
5 (30m X 0.32mm X 0.25 pm) column;
column temp.: from 100 to 250°C,

programmed increase 10°C/min and keep-
ing 250°C for 5min; injector and detector
temp., 250°C; injection volume, 2.0 ml; split
ratio, 1:20; carrier gas, N, at 1 ml/min [9].
D-Glucose (fg: 16.021 min)/L-rhamnose (tg:
13.027 min) were detected from 1 to 4
(identical to authentic materials).
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