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Members of a rare type of iridoid with twa,3-unsaturated acid units were isolated from the whole plaritasénna
attenuata including a new compound, tarennit)(an extraction artifact, and seven new glucosides, tarenninosides
A—G (2—8), together with two known iridoid glucosides, ixoside and 10-methylixoside. The structufles8oivere
elucidated by analysis of spectroscopic data including HMQC, HMBZ;'H COSY, and ROESY NMR spectra and

by comparison with known analogues. Antioxidant and cytotoxic activities were evaluated for these 10 compounds, but

none showed positive activity.

Tarenna attenuatéVoigt) Hutch. (Rubiaceae) is a shrub or small
tree occurring in India, Vietnam, Cambodia, and People’s Republic
of Chinal! In mainland China, this plant is used as an anodyne and
antipyretic by indigenous communities in the traditional medicinal
system of Guangxi ProvindeWe have investigated the chemical
constituents and ethyl alcohol extract of this species, which resulted
in the isolation of one new iridoid1lj and seven new iridoid
glucosides?—8). Two known compounds were identified as ixoside
and 10-methylixoside, respectively, by comparison of their physical
and spectroscopic data with published dafaThis paper deals
with the isolation and structure elucidation of compouhds8. The
antioxidant and cytotoxic activities of these 10 isolates were also
evaluated.

Compoundl exhibited a [M+ Na]* ion peak at/z 277.0688
in the positive HRESIMS, corresponding to the molecular formula
C12H1406. The IR spectrum indicated the presence of carboxyl
groups (a broad band from 2500 to 3431, 1690 Ymand olefinic
bonds (1623 and 1637 cr¥). The'H NMR spectroscopic data of
1 displayed signals characteristic of an iridoid with protons at C-3
(0w 7.40 s) and C-1dy 5.28, d,J = 3.6 Hz)%7 In addition, signals
were observed for an ethoxyl moiety with one oxygen-connected
sp® methylene ¢y 3.82, 1H, dgJ = 9.7, 7.1 Hz, H-1a; 3.59, 1H,
dqg,J = 9.7, 7.1 Hz, H-1b; dc 65.8) and a methyl groupf 1.18,
3H,t,J = 7.1 Hz, H-2; 6c 15.4). These two fragments could be
joined from the HMBC NMR spectrum as shown in Figure 1,

HO

—> HMBC <— ROESY =— 'H-'HCOSY

Figure 1. Key HMBC, 'H—1H COSY, and ROESY correlations
of 1.

showing correlations of H-15¢ 5.28) to C-1 (¢ 65.8), and H-1'
(0n 3.59, 3.82) to C-1dc 100.3). Since the olefinic proton at C-3
(0w 7.40, s) was correlated with the carboxyl at C-&¢ {72.0) in
the HMBC spectrum, while the other olefinic protaiy(6.57, brs)
was correlated with another carboxyl at C-8@ (71.4), the signal
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at oy 6.57 was assigned to C-7. This was confirmed by!tie 'H
COSY correlations from H-7 through H-6b and H-6a to H-5, H-9,
and then to H-1, and the other HMBC correlations are shown in
Figure 1. The absolute configuration dfwas determined to be
the same as in other iridoid$;? based on the ROESY correlations
of H-1/H-6b, H-5/H-6a, and H-9/H-6a (Figure 1) and from its
optical rotation value of-87.2. Thus, compountiwas determined

as 4,8-dicarboxy-1-ethoxygenipin and has been named tarennin. It
is the first iridoid aglycon of its kind obtained from a plant source.
To confirm whether tarenninlj is artifactual because 95% EtOH
was used as solvent for extraction, a further supply of the plant
was obtained and extracted with MeOH and EtOH, respectively.
By LC-MS, compoundl was detected in the EtOH extract (2.0
mg/mL), while it was not detected in the MeOH extract (2.0 mg/
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Table 1. 13C NMR Data of Compound&—8 (6 in ppm)

position 12 22 3 4p 5b 62 72 82

1 100.3 96.0 964 962 962 96.1 96.8 96.7
3 1529 152.6 1522 152.6 152.5 152.6 1525 152.6

4 113.6 113.8 1149 111.H € 113.9 € €

5 348 353 354 355 355 353 352 35.3
6 40.1 40.0 40.1 40.0 40.0 40.0 401 40.1
7 142.0 144.6 141% 142.0 145.6 144.0 142.2 1420
8 140.4 138.6 138% ¢ € e € €

9 48.4 475 478 479 479 47.7 48.0 48.0
10 171.4 e e e e e e e

11 172.0 172.0 € € € € € €

1 65.8 99.6 99.8 100.0 100.1 99.9 100.3 100.2
2 154 746 746 746 746 745 747d 731
3 776 777 778 777 776 76.3 79.0
4 719 720 719 716 716 723 69.6
5 757 756 758 756 755 75.6 78.1
6' 652 653 651 646 648 623 62.3
1" 121.2 131.3 1224 128.0 135.6 127.7 122.8
2" 108.2 130.6 113.7 111.8 129.3 111.8 113.9
3" 148.8 129.6 148.7 1494 130.0 1494 148.6
4" 1419 1343 153.0 150.7 131.5 150.8 152.8
5" 148.8 129.6 116.1 116.6 130.0 116.5 115.8
6" 108.2 130.6 1255 124.2 129.3 1242 1253
7 167.9 168.0 167.9 146.9 146.5 1476 168.1
8" 115.4 118.6 115.1

9" 167.9 168.5 168.6

OCHs 56.4 56.5 56.5 56.5 56.4

aRecorded in CROD (100 MHZz).? Recorded in pyridinals (100
MHz). ¢ Observed in the HMQC spectrum (500 MH#£)Observed in
the HMBC spectrum (500 MHz} Not observed.

mL). Thus, tarenninX) was established unequivocally as an artifact
of extraction.

Compound? was assigned the molecular formulgld,s015 from
the [M — H]~ ion peak at/z567.1348 in the negative HRESIMS.

The IR spectrum displayed absorption bands for carboxyl groups

(a broad band from 2500 to 3423, 1702 &nolefinic bonds (1622
cm1), and an aromatic moiety (1551, 1517 ¢in TheH NMR
spectrum of2 showed a singlet for H-7 ai 6.65, a doublet] =
3.8 Hz) for H-1 atd 5.62, a singlet for the characteristic H-3 of
iridoids atd 7.43, and a doublet)(= 7.8 Hz) for H-1 at 6 4.69,

suggesting that the cyclopentanopyran ring system and the suga

moiety of2 are identical to those of ixosiddn addition, a singlet
for two methoxyl groups ab 3.73 and a singlet for two aromatic
protons av 7.29 indicated the presence of a syringoyl group, which
was supported by resonances in ¥@ NMR spectrum §c 121.2
(C-17),108.2 (C-2,6"), 148.8 (C-3,5"), 141.9 (C-4), and 56.4
(OCH;-3", 5")]. Altogether, the'*C NMR spectrum o exhibited

23 carbon signals (Table 1), with eight from the aglycon, six from
a glucopyranose unit, and nine from a syringoyl group. Acid
hydrolysis of2 affordedp-glucose, which was detected by TLC
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Figure 2. Selected HMBC correlations &

assumption was confirmed by detailed analysis of the 2D-NMR
data. Therefore, tarenninoside B)(was determined as'-®-
benzoylixoside.

Compound4 was assigned a molecular formula 0§,8,6014
from the HRESIMS i{vz 561.1210 [M+ Na]t). Inspection of the
UV, IR, and NMR data o# indicated a considerable similarity to
those of2. The only difference was that a vanilloyl grouf[6.83
(1H, d,J = 7.2 Hz, H-8'), 7.51 (1H, s, H-2), 7.54 (1H, dJ =
7.2 Hz, H-8); 6c 167.9 (C-T7), 122.4 (C-1)] rather than a
syringoyl group was located at C+® 4, which was confirmed by
the HMBC correlation of 6" to the ester carbonyl at C*71d¢
167.9) of the vanilloyl group. Thus, tarenninoside &) (vas
elucidated as'60-vanilloylixoside.

Compounds exhibited a [M+ Na]' ion peak atm/z 587.1371
in the positive HRESIMS, corresponding to the molecular formula
CaeH28014. Comparison of the spectroscopic datebofvith those
of 2 showed they are similar with the exception that the syringoyl
group at C-6in 2 is replaced by anHg)-feruloyl group pn 7.59
(1H, d,J=14.9 Hz, H-T"), 7.17 (1H, brs, H-2), 7.12 (1H, dJ =
7.7 Hz, H-8"), 6.81 (1H, d,J = 7.7 Hz, H-8'), 6.34 (1H, dJ =
14.9 Hz, H-8); 6c 167.9 (C-9), 128.0 (C-1)] in 5. This was
supported by the correlations ob48' (04 4.49, m, 4.38, m; each
1H) to the ester carbonyl at C-@)c 168.1) in the HMBC spectrum.
Tarenninoside D §) was therefore concluded to bé-®-(E)-
feruloylixoside.

Compound6 was assigned a molecular formula 0$s8,601>
(m/z541.1327 [M+ Na]* in the positive HRESIMS). The IR, UV,
and NMR spectroscopic data 6fwere very similar to those d3,
except that the C‘&ubstituent group i is a E)-cinnamoyl group
[0n 7.67 (1H, dJ = 16.0 Hz, H-T"), 7.57 (2H,J = 7.3 Hz, H-2,
6"), 7.38 (3H, brs, H-3, 4", 5"), 6.54 (1H, dJ = 16.0 Hz, H-8);
dc 168.5 (C-9), 135.6 (C-1)] instead of an E)-feruloyl group.
Thus, tarenninoside E6) was concluded to be'£-(E)-cin-
namoylixoside.

with an authentic sample, and the configuration was determined ~Compound’ was assigned the same molecular formulggsOns,

by measurement of the optical rotation value. Th@nomeric
configuration for the glucose was judged from its lafdas n2
coupling constantl= 7.8 Hz)1° HMBC correlations between C-1/
H-1" and H-1/C-1 suggested that the-p-glucopyranose unit was
attached at the C-1 position of the aglycon. The'Géwnfield
shift from ¢ 62.5 to 65.2, when compared with ixositieas used
to establish the attachment of the syringoyl group to thé €hon.
This assumption was confirmed by an HMBC correlation of'H-6
to the ester carbonyl @ 167.9 of the syringoy! group (Figure 2).
On the basis of the above evidence, tarenninoside2Awas
established as'€-syringoylixoside.

Compound3 was found to possess the molecular formula
Cz3H2401, from the positive HRESIMS atyz515.1175 [M+ NaJ*.
Its UV, IR, and NMR data were very similar to those D&xcept
for evidence of the presence of a benzoyl grodp 7.99 (2H, d,
J=7.5Hz, H-2', 6"), 7.58 (1H, t,J = 7.0 Hz, H-4'), 7.46 (2H,
dd,J = 7.5, 7.0 Hz, H-3, 5"); 6c 168.0 (C-7), 131.3 (C-1)],
instead of a syringoyl group at the C-@osition in 3. This

as5, from the positive HRESIMS atVz587.1367 [M+ Na]™ and
exhibited physical and NMR data closely comparable to tho&e of
except for the NMR data of thg-p-glucopyranosyl unit. Specif-
ically, the significant upfield shift [fc 62.3 from 64.6 of C-§
and downfield shift [§c 72.3 from 71.6) of C-4indicated that the
(E)-feruloyl group was located at the C-fosition. This was
confirmed by the correlation of H*40 the ester carbonyl aic
168.6 of the E)-feruloyl group in the HMBC NMR spectrum.
Therefore, tarenninoside F7)(was proposed as'-O-(E)-feru-
loylixoside.

Compound was assigned the same molecular formulgigO4,
as4, from the negative HRESIMS at/z 537.1252 [M— H], and
exhibited closely comparable UV and IR data. Differences were
evident in the NMR spectroscopic data (Table 1), as a result of an
upfield shift of C-8 (6c 62.3 from 65.1) and a downfield shift of
C-3 (0c 79.0 from 77.8). Thus, a vanilloyl group was assigned to
the C-3 hydroxyl group via an ester bond B The structure of
this compound was confirmed by detailed analysis of the 2D-NMR
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data including its HMQC, HMBC!H—'H COSY, and ROESY
spectra. Consequently, tarenninoside8pwas determined as-3
O-vanilloylixoside.

brs, H-9), 2.83 (1H, ddJ = 18.0, 7.8 Hz, H-6a), 2.35 (1H, d,= 18.0
Hz, H-6b), 1.18 (3H, tJ = 7.1 Hz, H-2); *C NMR, see Table 1;
EIMS m/z 254 [M]* (20), 236 (52), 210 (41), 207 (60), 190 (100), 166

1 . . (62), 135 (63), 120 (66), 77 (76); HRESIMS (positivejz 277.0675
The13C NMR spectra of compounds of this type showed certain [M + NaJ* (calcd for GoHiiONa, 277.0688).

characteristics that are worthy of note. The signals of the sp Tarenninoside A (2): amorphous powderof2% +42.0 € 0.94
quaternary carbons at C-10 and C-11 were mostly too weak to beCH3OH); UV (MeOH) Amax (I0g €) 214 (4.50), 278 (3.93) nm: IR (KBr)
observed even in three different solvents, includingsOD (1—3, Vmax 3424, 1702, 1623, 1551, 1517, 1463, 1405, 1337, 1229, 1169,

6—8), pyridineds (4 and5), and yO.* Fortunately, some could be
observed in the HMBC NMR spectrd @nd 2). The other sp

1037, 764 cm; 'H NMR (CDsOD, 400 MHz)d 7.40 (1H, s, H-3),
7.29 (2H, s, H-2, 6"), 6.65 (1H, brs, H-7), 5.62 (1H, d,= 3.8 Hz,

quaternary carbons at C-4 and C-8 also gave weak signals (iXoside, H-1), 4.69 (1H, dJ = 7.8 Hz, H-1), 4.60 (1H, dJ = 11.6 Hz, H-6a),

3—8). Furthermore, the signals of the?spethines at C-3 and C-7

4.39 (1H, dd,J = 11.6, 6.4 Hz, H-t), 3.86 (6H, s, OCHt3", 5"),

3.62 (1H, m, H-5), 3.42 (1H, m, H-3, 3.37 (1H, m, H-4, 3.25 (1H,
R M, H-2),3.24 (1H, m, H-5), 3.16 (1H, brs, H-9), 2.80 (1H, dii=
18.0, 6.5 Hz, H-6a), 2.23 (1H, d,= 18.0 Hz, H-6b);*3C NMR, see

were much weaker than even thé spiaternary carbon signals in
the substituent groups, but these were visible in the HMQC NM

spectra §-5). _ _ o Table 1; ESIMS (negativajvz 567 [M — H] -, ESIMS (positive)n'z
The antioxidant effect against,B.-induced impairment and 591 [ + NaJ*; HRESIMS (negativejz 567.1348 [M— H]~ (calcd
cytotoxic activity in PC12 cells were evaluated for iridoid glucosides for C,sH,/0y5, 567.1349).
1-8, together with ixoside and 10-methylixoside frdmattenuata Tarenninoside B (3):amorphous powdera]'% +24.3 € 1.03, CH-
However none of these compounds showed positive effects within OH); UV (MeOH) Amax (I0g €) 224 (4.20), 344 (2.55) nm; IR (KBr)
the concentration range tested (0.4 to/80). Vmax 3424, 1714, 1629, 1406, 1282, 1079, 962, 714 ¢nH NMR
(CDsOD, 400 MHz)6 7.99 (2H, d,J = 7.5 Hz, H-2', 6"), 7.58 (H, t,
J=7.0Hz, H-4'), 7.46 (2H, ddJ= 7.5, 7.0 Hz, H-3, 5"), 7.36 (1H,
s, H-3), 6.54 (1H, brs, H-7), 5.58 (1H, brs, H-1), 4.68 (1HJd: 7.4
General Experimental Procedures.Optical rotations were mea- Hz, H-1), 4.60 (1H, d,J = 11.5 Hz, H-6a), 4.40 (1H, ddJ = 11.5,
sured with a Horiba SEPA-300 polarimeter or JASCO DIP-370 digital 6.1 Hz, H-8b), 3.60 (1H, m, H-5, 3.42 (1H, m, H-3, 3.39 (1H, m,
polarimeter. UV spectra were obtained using a Shimadzu UV-2401PC H-4'), 3.25 (1H, m, H-2, 3.24 (1H, m, H-5), 3.15 (1H, brs, H-9), 2.81
spectrometer. IR spectra were recorded on a Bio-Rad FTS-135(1H, m, H-6a), 2.22 (1H, m, H-6b}:3C NMR, see Table 1; ESIMS
spectrometer with KBr pelletsH and *3C NMR experiments were (negative)m/z 491 [M — H]~, 983 [2M — H]~; HRESIMS (positive)
performed on a Bruker AM-400 or DRX-500 NMR spectrometer with  m/z 515.1175 [M+ NaJ" (calcd for GsH24012Na, 515.1165).
TMS as internal standard. ESIMS were measured on a Waters 2695 Tarenninoside C (4): amorphous powder;o] %% +37.0 € 1.32,
HPLC-Thermo Finnigan LCQ Advantage ion trap mass spectrometer. CH:OH—pyridine, 1:1); UV (MeOH)lmax (log €) 220 (4.29), 251 (3.96),
EIMS and HRESIMS were taken on a VG Auto Spec 3000 spectrom- 292 (3.59), 362 (2.31) nm; IR (KBnax 3420, 1705, 1631, 1595, 1517,

Experimental Section

eter. Column chromatography was performed with silica gel {200

300 mesh; Qingdao Marine Chemical, Inc., Qingdao, People’s Republic

of China), silica gel H (1640 um; Qingdao), Sephadex LH-20 (40

70 um; Amersham Pharmacia Biotech AB, Uppsala, Sweden), and

Lichroprep RP-18 gel (4663 um; Merck, Darmstadt, Germany). Zones
of preparative TLC plates (1-01.5 mm; Qingdao) and TLC plates
(0.20-0.25 mm; Qingdao) were visualized under UV light or by
spraying with 10% HSO, in 95% EtOH, followed by heating.

Plant Material. The whole plant ofT. attenuata collected in

1405, 1285, 1181, 1078, 763 cin'H NMR (pyridine-ds, 500 MHz)
6 7.54 (1H, d,J = 7.2 Hz, H-6), 7.51 (1H, s, H-2), 7.42 (1H, s,
H-3), 6.83 (1H, dJ = 7.2 Hz, H-B'), 6.64 (1H, brs, H-7), 5.72 (1H,
brs, H-1), 4.71 (1H, dJ = 7.6 Hz, H-1), 4.60 (1H, m, H-6a), 4.37
(1H, m, H-8b), 3.84 (3H, s, OCK3"), 3.62 (1H, m, H-5), 3.46 (1H,
m, H-3), 3.43 (1H, m, H-4), 3.30 (1H, m, H-2), 3.26 (1H, brs, H-5),
3.20 (1H, brs, H-9), 2.81 (1H, m, H-6a), 2.30 (1H, m, H-68E NMR,
see Table 1; ESIMS (positivez 561 [M + Na]*; HRESIMS
(positive)m/z561.1210 [M+ NaJ" (calcd for G4H2¢014Na, 561.1220).
Tarenninoside D (5): amorphous powder;o?% +23.5 € 1.69,

Xishuangbanna of Yunnan Province, Pgople’s Republ_ic of China, in CH;OH—pyridine, 1:1); UV (MeOH).mna (I0g €) 263 (3.67), 325 (4.02)
October 2004, was identified by Prof. Jing-Yun Cui, Xishuangbanna nm; IR (KBr) vmax 3426, 1698, 1631, 1596, 1516, 1441, 1402, 1356,
Tropical Botanical Garden, Chinese Academy of Sciences. A voucher 1282, 1162, 1082, 754 cri *H NMR (pyridine-ds, 500 MHz) 6 7.59
specimen (BN163) was deposited in Kunming Institute of Botany, (1H, d,J = 14.9 Hz, H-7), 7.45 (1H, s, H-3), 7.17 (1H, s, H}, 7.12

Chinese Academy of Sciences.
Extraction and Isolation. The dried and powdered (17 kg) sample
of T. attenuatawas extracted with 95% ethanol (16 L) under reflux

(1H, d,J = 7.7 Hz, H-8'), 6.81 (1H, dJ = 7.7 Hz, H-8), 6.65 (1H,
brs, H-7), 6.34 (1H, dJ = 14.9 Hz, H-8), 5.78 (1H, brs, H-1), 4.74
(1H, d,J = 7.2 Hz, H-1), 4.49 (1H, m, H-G), 4.38 (1H, m, H-B),

for 3 x 4 h. The extract was concentrated to dryness under reduced3.82 (3H, s, OCH3"), 3.59 (1H, m, H-5, 3.52 (1H, m, H-3, 3.48
pressure. The residue was suspended in water and partitioned,(1H, m, H-4), 3.30 (1H, m, H-2, 3.28 (1H, brs, H-5), 3.19 (1H, brs,

sequentially, with petroleum ether, ethyl acetate, adzitanol. The
ethyl acetate extract (61 g) was separated into eight fractiors=gfr
by column chromatography on silica gel (26800 mesh) using a
CHCl;—MeOH gradient. Fraction Fwas further separated using
reversed-phase MPLC with a gradient ofG+MeOH, silica gel
column chromatography with CHE&tMeOH (20:1), and preparative
TLC with EtOAc—MeOH (50:1), to givel (10 mg). From fraction §&
repeated column chromatography over silica gel, eluting with GHCI
MeOH (5:1) and EtOAeMeOH (8:1), and Sephadex LH-20, eluting
with MeOH, led to the isolation 08 (35 mg) and7 (15 mg). Fraction
F7 was subjected to passage over a RP-18 column with MeB{D

(30:70) and further separation on silica gel columns, eluting with

CHCl;—MeOH (15:1) and EtOAe MeOH (20:1), respectively, to yield
10-methylixoside (21 mgB (8 mg),2 (36 mg), andB (20 mg). Fraction
Fs was chromatographed on a silica gel column with Et&MeOH
(20:1), followed by purification using preparative TLC [CHEMeOH
(5:1)], to give ixoside (88 mg} (22 mg), ands (40 mg).

Tarennin (1): amorphous powderp]?%, +87.2 € 0.45, CHOH);
UV (MeOH) Amax (l0g €) 325 (2.45), 342 (2.38) nm; IR (KBrymax
3431, 1690, 1637, 1624, 1558, 1408, 1271, 1163, 1038, 743, ¢hh
NMR (CDs;OD, 400 MHz)6 7.40 (1H, s, H-3), 6.57 (1H, brs, H-7),
5.28 (1H, d,J = 3.6 Hz, H-1), 3.82 (1H, dgJ = 9.7, 7.1 Hz, H-1a),
3.59 (1H, dg,Jd = 9.7, 7.1 Hz, H-1b), 3.21 (1H, m, H-5), 3.15 (1H,

H-9), 2.81 (1H, brs, H-6a), 2.38 (1H, brs, H-6B)C NMR, see Table
1; ESIMS (positive)n/z 587 [M + Na]*; ESIMS (negative)n/z 563

[M — H]~; HRESIMS (positive)wz 587.1371 [M+ Na]" (calcd for

C26H23014Na, 5871376)

Tarenninoside E (6):amorphous powderg]?% +36.9 € 0.45, CH-
OH); UV (MeOH) Amax (log €) 279 (4.24), 371 (2.49) nm; IR (KBr)
vmax 3415, 1702, 1634, 1551, 1517, 1450, 1403, 1313, 1204, 1080,
1038, 769 cm'; 'H NMR (CDsOD, 400 MHz)¢é 7.67 (1H, d,J =
16.0 Hz, H-7), 7.57 (2H,J = 7.3 Hz, H-2, 6"), 7.43 (1H, s, H-3),
7.38 (3H, brs, H-3, 4", 5"), 6.65 (1H, brs, H-7), 6.54 (1H, dl =
16.0 Hz, H-8), 5.66 (1H, brs, H-1), 4.68 (1H, d, = 6.8 Hz, H-1),
4.48 (1H, m, H-6), 4.35 (1H, m, H-B), 3.56 (1H, m, H-5, 3.40
(1H, m, H-3), 3.38 (1H, m, H-4, 3.25 (2H, m, H-5, 2, 3.18 (1H,
brs, H-9), 2.81 (1H, brs, H-6a), 2.35 (1H, brs, H-65)C NMR, see
Table 1; ESIMS (positivejn/z 541 [M + Na]*; HRESIMS (positive)
m/z 541.1327 [M+ Na]* (calcd for GsHogO1Na, 541.1321).

Tarenninoside F (7):amorphous powderp]?’; +7.3 (€ 0.68, CH-
OH—pyridine, 1:1); UV (MeOH)Anax (log €) 216 (3.96), 325 (3.83)
nm; IR (KBr) vmax 3431, 1605, 1517, 1364, 1282, 1159, 1087, 1033,
775 cnt; *H NMR (CD3OD, 400 MHz)d 7.65 (1H, d,J = 15.8 Hz,
H-7"), 7.42 (1H, s, H-3), 7.18 (1H, d,= 1.5 Hz, H-2), 7.08 (1H, d,

J = 8.2 Hz, H-8'), 6.81 (1H, d,J = 8.2 Hz, H-5"), 6.60 (1H, brs,
H-7), 6.39 (1H, dJ = 15.8 Hz, H-8), 5.66 (1H, brs, H-1), 4.85 (1H,
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m, H-4), 4.69 (1H, dJ = 7.8 Hz, H-1), 3.88 (3H, s, OCHKt3"), 3.63
(1H, m, H-8), 3.62 (1H, m, H-G), 3.52 (1H, m, H-3, 3.51 (1H, m,
H-6'b), 3.32 (1H, m, H-3, 3.28 (1H, brs, H-5), 3.20 (1H, brs, H-9),
2.86 (1H, m, H-6a), 2.37 (1H, d = 16.4 Hz, H-6b):*C NMR, see
Table 1; ESIMS (positivein/z 587 [M + Na]*; HRESIMS (positive)
m/z 587.1367 [M+ Na]t (calcd for GeH2¢014Na, 587.1376).

Tarenninoside G (8): amorphous powder;o]?% +26.4 € 0.42,
CH30H); UV (MeOH) Amax (log €) 217 (4.36), 260 (3.98), 292 (3.69),
391 (2.49) nm; IR (KBr)vmax 3430, 1698, 1633, 1602, 1553, 1519,
1403, 1285, 1107, 1081, 762 ctnH NMR (CD3;OD, 400 MHz) 6
7.61 (1H, d,J = 8.0 Hz, H-8'), 7.60 (1H, s, H-2), 7.42 (1H, s, H-3),
6.84 (1H, d,J = 8.0 Hz, H-3), 6.59 (1H, brs, H-7), 5.67 (1H, brs,
H-1), 5.15 (1H, tJ = 9.4 Hz, H-3), 4.76 (1H, d,J = 7.7 Hz, H-1),
3.89 (3H, s, OCH3"), 3.85 (1H, brs, H-&), 3.71 (1H, m, H-b),
3.63 (1H, m, H-4), 3.49 (1H, m, H-2), 3.41 (1H, m, H-5, 3.28 (1H,
brs, H-5), 3.18 (1H, brs, H-9), 2.86 (1H, d= 17.4 Hz, H-6a), 2.36
(1H, d,J = 17.4 Hz, H-6b)*C NMR, see Table 1; ESIMS (positive)
m/z561 [M + Na]"; ESIMS (negativejwz 537 [M — H]~; HRESIMS
(negative)m/z 537.1252 [M— H]~ (calcd for G4H25014, 537.1244).

Absolute Configuration of the Glucose Moiety in 2.Compound
2 (10 mg) was refluxed with 6% HCI (5 mL) at 78 for 2 h. The
reaction mixture was extracted with EtOAc, and the aqueous phase
was concentrated under reduced pressure to yield 2 nogghiicose,
which was detected by TLC with an authentic sample, and the
configuration was determined by measurement of the optical rotation
value, p]*% +101.8 € 0.49, pyridine).

Assays for Antioxidant and Cytotoxic Activities. Experiments of
antioxidant activity against ¥D,-induced impairment and the cytotoxic
activity in PC12 cells were conducted according to the reported
protocolstt*?
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