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Abstract — New triterpene saponins, theasaponins Eo, Eq;, Eqp, E;3, and Gy,
were isolated from the saponin fraction of the seeds of Camellia sinesis. Their
stereostructures were elucidated on the basis of chemical and physicochemical

evidence.

During the course of our characterization studies on the bioactive saponin constituents from Camellia
species (Theaceae),!-10 we have reported the isolation and structure elucidation of 29 saponins such as
theasaponins A;—-As, Cy, E;-Eg, F;-F3, H;, and G;, assamsaponins A-D, F, and I, camelliasaponins B,
and C;, and floratheasaponin A from the seeds of C. sinensis (L.) O. KUNTZE.!-4 Furthermore,
theasaponins A,, E{, E,, and E5, and assamsaponins A, C, and D, which were isolated from the seeds of C.
sinensis and C. sinensis L. var. assamica PIERRE,%7 were found to show protective effects on ethanol-
induced gastric lesions in rats.3# Recently, floratheasaponins A—C with anti-hyperlipidemic activity were
isolated from the flowers of C. sinensis.> As a continuing study on the seeds of C. sinensis, we have
isolated five new triterpene saponins, named theasaponins E( (1), E;; (2), E5 (3), E;3 (4), and Gy (5).
This paper deals with the structure elucidation of these new saponins (1-5).

The saponin fraction of the methanolic extract of tea seeds (cultivated in Shizuoka prefecture, Japan),
which was described previously,3 was purified by HPLC to give 1 (0.0080%), 2 (0.0080%), 3 (0.0090%),
4 (0.018%), and 5 (0.0080%).

Structures of Theasaponins E, (1), E{; (2), E{5 (3), E{3 (4), and G (5)
Theasaponin E;y (1), ([alp2? +1.7° in MeOH), was isolated as colorless fine crystals of mp
234.1-235.8 °C from CHCl3-MeOH. The IR spectrum of 1 showed absorption bands at
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3453, 1734, and 1076 cm™! ascribable to hydroxyl, carbonyl, and ether functions. In the positive and

negative-ion fast atom bombardment (FAB)-MS of 1, quasimolecular ion peaks were observed at m/z
1297 (M+Na)* and m/z 1273 (M—H)~, respectively. High-resolution MS analysis of a quasimolecular ion
peak (M+Na)* in the positive-ion FAB-MS revealed the molecular formula of 1 to be CqHg4O,g. The
fragmentation patterns in the negative-ion FAB-MS of 1 indicated the loss of mono-pentose [m/z 1141
(M-C5HgO4)~], mono-hexose [m/z 1111 (M—-C¢H;,05)"], di-pentoses [m/z 1009 (M-C;yH;70g)"], and
di-pentoses and mono-hexose [m/z 847 (M—CgH,7013)~] units. On alkaline hydrolysis of 1 with 10%
aqueous potassium hydroxide (KOH)-50% aqueous 1,4-dioxane (1:1, v/v), desacyl-theasaponin E (1a)2
was obtained together with two organic acids, acetic acid and isovaleric acid, which were identified by
HPLC analysis of their p-nitrobenzyl derivatives.!-3~7 The 'H- (pyridine-ds) and !3C-NMR (Table 1)
spectra of 1, which were assigned by various NMR experiments,!! showed signals assignable to six
methyls [6 0.70, 0.76, 1.07, 1.26, 1.42, 1.48 (3H each, all s, 26, 25, 29, 30, 27, 24-H3), a methylene and
four methines bearing an oxygen function [ 3.45, 3.56 (1H each, both d, J = 10.4 Hz, 28-H,), 3.94 (1H,
dd-like, 3-H), 5.60 (1H, br s, 16-H), 5.77 (1H, d, J = 10.4 Hz, 21-H), 6.12 (1H, d, J = 10.4 Hz, 22-H)], an
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olefin [65.37 (1H, br s, 12-H)], an aldehyde [69.95 (1H, s, 23-H) |, and four glycopyranosyl moieties
[604.81 (1H, d, J = 6.8 Hz, 1'-H), 5.01 (1H, d, J=7.3 Hz, 1""-H), 5.77 (1H, d, J = 7.4 Hz, 1"-H), 5.79 (1H,
d, J =5.8 Hz, 1""-H)] together with two acetyl groups [0 2.11, 2.49 (3H each, both s, 22, 16-OAc) ] and an
isovaleryl moiety [60.93 (6H, d, J = 6.8 Hz, Isov-4, 5-H3), 2.19 (1H, m, Isov-3-H), 2.29 (2H, t-like, Isov-
2-H,)]. The positions of the acyl groups in 1 were clarified on the basis of the HMBC experiment. Thus,
long-range correlations were observed between the 16-proton and acetyl carbonyl carbon (5 169.8), the
21-proton and isovaleryl carbonyl carbon (5 172.9), and the 22-proton and acetyl carbonyl carbon (¢
170.5). On the basis of the above-mentioned evidence, the structure of theasaponin E;y was determined to
be 16,22-di-O-acetyl-21-0O-isovaleryltheasapogenol E 3-0-B-D-galactopyranosyl(1—2)[ f-D-
xylopyranosyl(1—2)-a-L-arabinopyranosyl(1—3)]--D-glucopyranosiduronic acid (1).

Theasaponin E | (2) was obtained as colorless fine crystals from CHCl;-MeOH with mp 224.1-225.5 °C,
and exhibited a positive optical rotation ([a]pZ’ +19.3° in MeOH). The IR spectrum of 2 showed
absorption bands at 1734 and 1647 cm~! ascribable to carbonyl and a,B-unsaturated ester functions, and
broad bands at 3453 and 1078 cm™!, suggestive of an oligoglycoside structure. In the positive- and
negative-ion FAB-MS of 2, quasimolecular ion peaks were observed at m/z 1325 (M+Na)* and m/z 1301
(M-H)-, and high-resolution positive-ion FAB-MS analysis revealed the molecular formula of 2 to be
CgpHgqOp9. On alkaline hydrolysis of 2 with 10% aqueous KOH-50% aqueous 1,4-dioxane (1:1, v/v),
desacyl-assamsaponin F (2a)7 was obtained together with two organic acids, acetic acid and angelic acid,
which were identified by HPLC analysis of their p-nitrobenzyl derivatives.!-3~7 The 'H- (pyridine-ds)
and 13C-NMR (Table 1) spectrall of 2 showed signals assignable to six methyls [ 0.77, 0.87, 1.13, 1.26,
1.44, 1.46 (3H each, all s, 25, 26, 29, 30, 27, 24-H3)], a methylene and four methines bearing an oxygen
function [0 3.96 (1H, dd-like, 3-H), 4.23 (2H, m, 28-H,), 4.42 (1H, d, J = 10.1 Hz, 22-H), 5.84 (1H, br s,
16-H), 5.95 (1H, d, J = 10.1 Hz, 21-H)], an olefin [§5.42 (1H, br s, 12-H)], an aldehyde [69.97 (1H, s,
23-H)], and four glycopyranosyl moieties [0 4.83 (1H, d, J = 7.7 Hz, 1'-H), 5.11 (1H, d, J = 7.2, 1""-H),
5.68 (1H, d, J = 7.4 Hz, 1"-H), 5.86 (1H, d, J = 6.2 Hz, 1""-H)] together with two acetyl groups [ 1.98,
2.54 (3H each, both s, 28, 16-OAc)] and an angeloyl moiety [61.92 (3H, s, Ang-5-H3), 2.01 3H, d, J =
7.1 Hz, Ang-4-H3), 591 (1H, dq-like, Ang-3-H)]. The HMBC experiment on 2 showed long-range
correlations between the 16-proton and acetyl carbonyl carbon (é- 169.8), the 21-proton and angeloyl
carbonyl carbon (d¢ 168.2), and the 28-protons and acetyl carbonyl carbon (- 170.5). Consequently, the
structure of theasaponin E;; was determined to be 16,28-di-O-acetyl-21-0O-angeloyltheasapogenol E 3-O-
[-D-galactopyranosyl(1—2)[ f-D-glucopyranosyl(1—2)-a-L-arabinopyranosyl(1—3)]-5-D-glucopyrano-
siduronic acid (2).

Theasaponin E, (3) with positive optical rotation ([a]p27 +20.9° in MeOH) was also isolated as colorless
fine crystals of mp 203.4-204.5 °C from CHCl;—MeOH. The molecular formula CeoHg2O2g of 3 was
also determined from the positive- and negative-ion FAB-MS [m/z 1283 (M+Na)*, m/z 1259 (M-H)~] and
by high-resolution positive-ion MS measurement. Furthermore, fragment ion peaks at m/z 1097
(M-C¢H;105)~, m/z 965 (M—C{H;9Og9)~, and m/z 803 (M-C;7H,90;4)~, which were presumed to be
derived by cleavage of the glycoside linkages at the 1"", 1", and 1"- and 1"'-protons, were observed in the
negative-ion FAB-MS. Alkaline hydrolysis of 3 with 10% aqueous KOH-50% aqueous 1,4-dioxane (1:1,
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Table 1. 13C-NMR Data for Theasaponins E |y (1), E{; (2), E{, (3), E;; (4), and G, (§) and 4a (125 MHz, pyridine-ds)

1 2 3 4 4a 5 1 2 3 4 4a 5

1 38.1 381 382 382 382 381 GlcA-1' 1043 1042 104.1 1039 1039 1043
2 253 253 252 253 252 252 2 784 785 785 787 78.6 783
3 847 846 844 845 844 847 3 840 842 844 86.1 86.1 84.1
4 550 550 551 55.1  55.1 55.0 4 708 71.1 711 711 713 708
5 484 485 484 485 484 485 5 714 773 7713 713 712 774
6 203 203 204 204 204 203 6 1719 1719 1720 171.8 1719 1719
7 323 323 324 324 324 323 Gal-1" 1033 103.6 103.6 1052 1052 103.3
8 402 40.1 403 405 403 402 2" 737 737 737 737 738 737
9 467 4677 468 469 469  46.8 3" 754 752 752 755 756 754
10 360 359 360 360 36.1 36.0 4" 705 702 703 702 702 705
11 237 238 238 238 238 236 5" 766 766 766 767 768  76.6
12 1248 1249 123.1 123.1 123.1 123.1 6" 621 622 621 61.8 618 62.1
13 141.0 1410 1429 1428 1440 1425 Ara-1" 101.7 101.7 101.7 1043 1043 101.7
14 41.1 414 417 418 420 416 2™ 823 812 812 729 729 823
15 309 309 346 346 343 316 3™ 734 723 723 748 748 733
16 712 708 679 675 677 710 4" 683 676 675 69.6 697 683
17 469 462 480 472 473 442 5" 660 648 647 678 6777 660
18 395 403 401 403 412 448 XylorGle-1" 107.1 1060 106.0 107.1
19 471 471 472 470 482 473 2™ 759 759 759 75.9
20 360 360 365 361 364 31.7 3™ 782 784 785 78.3
21 784 800 794 812 787 415 4™ 708 715 715 70.8
22 733 698 743 713 774 724 5™ 675 785 784 67.5
23 2102 2103 2100 2100 209.8 210.3 6" 62.6 627
24 112 11.1 11.1 11.1 11.0 112 16-0O-acyl-1 169.8 169.8 167.2
25 157 158 15.8 158 158 15.8 2 219 221 128.7
26 167 1638 16.8 170 168 16.6 3 138.0
27 269 270 274 274 274 270 4 15.9
28 637 659 637 664 683 693 5 21.3
29 295 299 295 297 306 334 21-O-acyl-1 1729 168.2 168.0 168.5
30 196 199 202 202 195 252 2 436 1291 1295 1295

3 257 137.1 1369 136.1

4 225 16.0 14.2 15.9

5 225 210 124 21.0
22-O-Ac 170.5 171.0
21.0 20.9

28-0-Ac 170.5 170.7

20.6 20.7

GIcA: B-D-glucopyranosiduronic acid; Gal: -D-galactopyranosyl; Ara: o-L-arabinopyranosyl; Xyl: S-D-xylopyranosyl;

Glc: B-D-glucopyranosyl

v/v) provided 2a and two organic acids, acetic acid and tiglic acid, which were identified by HPLC
analysis of their p-nitrobenzyl derivatives.!3~7 The 'H-NMR (pyridine-ds) and 13C-NMR (Table 1)
spectrall of 3 indicated the presence of the following functions: a theasapogenol E part {six methyls [
0.81, 0.81, 1.11, 1.34, 1.47, 1.79 (3H each, all s, 25, 26, 29, 30, 24, 27-H3)], a methylene and four
methines bearing an oxygen function [ 3.39, 3.61(1H each, both d, J = 10.4 Hz, 28-H,), 4.04 (1H, dd-like,
3-H), 4.42 (1H, br s, 16-H), 6.27 (1H, d, J = 10.1 Hz, 22-H), 6.61 (1H, d, J = 10.1 Hz, 21-H)], an olefin [J
5.38 (1H, br s, 12-H)], and an aldehyde [0 9.95 (1H, s, 23-H)]}, four glycopyranosyl moieties [0 4.88 (1H,
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d, J=7.1 Hz, I'-H), 5.12 (1H, d, J = 7.1 Hz, 1""-H), 5.69 (1H, d, J = 8.0 Hz, 1"-H), 5.86 (1H, d, J = 5.8
Hz, 1"-H)], and two acyl functions {an acetyl group [0 1.91 (3H, s, 22-OAc)] and an tigloyl moiety
[61.66 (3H, d, J = 7.0 Hz, Tig-4-H3), 1.97 (3H, s, Tig-5-H3), 7.13 (1H, dqg-like, Tig-3-H)]}. The
positions of acyl groups in the aglycone moiety were characterized by HMBC experiments. Thus, long-
range correlations were observed between the 21-proton and tigloyl carbonyl carbon (5 168.0) and the
22-proton and acetyl carbonyl carbon (dc 171.0). On the basis of this evidence, the structure of
theasaponin E;, was determined to be 3 as shown.

Theasaponin E |3 (4) was obtained as colorless fine crystals from CHCl;-MeOH with mp 217.1-218.9 °C,
and exhibited a positive optical rotation ([a]pZ’ +22.7° in MeOH). The IR spectrum of 4 showed
absorption bands at 1732 and 1647 cm~! ascribable to carbonyl and a,B-unsaturated ester functions, and
broad bands at 3432 and 1080 cm™!, suggestive of an oligoglycoside structure. In the positive- and
negative-ion FAB-MS of 4, quasimolecular ion peaks were observed at m/z 1121 (M+Na)*, and 1097 (M-
H)~, and high-resolution FAB-MS analysis revealed the molecular formula of 4 to be C54Hg,053. On the
alkaline hydrolysis of 4, the desacyl derivative (4a) was obtained together with two organic acids, acetic
acid and angelic acid, which were identified by HPLC analysis of their p-nitrobenzyl derivatives.!-3-7
Acid hydrolysis of 4a with 5% aqueous H,SO4~1,4-dioxane (1:1, v/v) yielded theasapogenol E2 together
with D-glucuronic acid, D-galactose, and L-arabinose, which were identified by GLC analysis of their
trimethylsilyl thiazolidine derivatives.!-3~7 The !H- and !3C-NMR (Table 1) spectra!l of 4 and 4a
showed signals assignable to a theasapogenol E moiety [6 4: 0.81, 0.94, 1.12, 1.31, 1.47, 1.78 (3H each,
all s, 25, 26, 29, 30, 24, 27-H3), 4.08 (1H, m, 3-H), 4.14 (2H, m, 28-H,), 4.48 (1H, m, 22-H), 4.71 (1H, br
s, 16-H), 5.43 (1H, br s, 12-H), 6.49 (1H, d, J = 9.8 Hz, 21-H), 9.95 (1H, s, 23-H); 4a: 0.81, 0.84, 1.34,
1.39, 1.47, 1.81 (3H each, all s, 25, 26, 29, 30, 24, 27-H3), 3.73, 3.99 (1H each, both d, J = 10.5 Hz, 28-
H,), 4.09 (1H, m, 3-H), 4.63 (1H, d, J = 10.1 Hz, 22-H), 4.79 (1H, d, J = 10.1 Hz, 21-H), 5.00 (1H, br s,
16-H), 5.37 (1H, br s, 12-H), 9.93 (1H, s, 23-H)] and three glycopyranosyl moieties [0 4: 4.91 (1H, d, J =
7.4 Hz, 1'-H), 5.25 (1H, d, J = 7.6 Hz, 1"-H), 5.52 (1H, d, J = 6.1 Hz, 1""-H); 4a: 4.91 (1H, d, J = 7.9 Hz,
1'-H), 5.26 (1H, d, J = 8.3 Hz, 1"-H), 5.53 (1H, d, J = 6.1 Hz, 1""-H)] together with an acetyl and an
angeloyl groups [0 4: 1.98 (3H, s, Ang-5-H3), 2.00 (3H, s, 28-OAc), 2.06 (3H, d, J = 6.5 Hz, Ang-4-H3),
5.91 (1H, dqg-like, Ang-3-H)]. The oligoglycoside structure and the positions of oligosugar and acyl
moieties to the aglycone were characterized by a HMBC experiment on 4, which showed long-range
correlations between the following proton and carbon pairs: 1'-H and 3-C; 1"-H and 2'-C; 1"'-H and 3'-C;
21-H and angeloyl carbonyl carbon (8- 168.5); 28-H, and acetyl carbonyl carbon (6o 170.7).
Consequently, the structure of theasaponin E;3 (4) was determined to be as shown.12:13

Theasaponin G, (5), [alp?? -1.3° (MeOH), was also obtained as colorless fine crystals from
CHCl;-MeOH with mp 224.7-225.9 °C. The positive- and negative-ion FAB-MS of 5 showed
quasimolecular ion peaks at m/z 1195 (M+Na)* and m/z 1171 (M-H)~, respectively. The High-resolution
FAB-MS of 5 revealed the molecular formula to be C57HggO,5. The IR spectrum of S showed absorption
bands at 3453, 1717, 1638, and 1080 cm~!, ascribable to hydroxyl, carbonyl, a,f-unsaturated ester, and
ether functions. Alkaline hydrolysis of 5 liberated desacyl-assamsaponin A (5a)° and angelic acid, which

was identified by HPLC analysis of its p-nitrobenzyl derivative.!-3~7 The proton and carbon signals in the
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TH- (pyridine-ds) and 13C-NMR (Tables 1) spectrall of 5 indicated the presence of the following
functions: an aglycone part {six methyls [0 0.74, 0.77, 1.06, 1.11, 1.43, 1.47 (3H each, all s, 26, 25, 29, 30,
27, 24-H3)], a methylene and three methines bearing an oxygen function [ 3.65, 4.03 (1H each, both d, J
= 10.4 Hz, 28-H,), 3.96 (1H, dd, J = 3.7, 10.7 Hz, 3-H), 4.58 (1H, m, 22-H), 6.33 (1H, br s, 16-H)], an
olefin [85.31 (1H, br s, 12-H)], and an aldehyde [0 9.96 (1H, s, 23-H)]} and four glycopyranosyl moieties
[604.81 (1H, d, J=6.7 Hz, 1'-H), 5.01 (1H, d, /=7.4 Hz, 1""-H), 5.77 (1H, d, J = 7.7 Hz, 1"-H), 5.79 (1H,
d, J=6.1 Hz, 1""-H)] together with an angeloyl moiety [62.13 (3H, s, Ang-5-H3), 2.14 (3H, d, J = 6.5 Hz,
Ang-4-Hj3), 6.01 (1H, dg-like, Ang-3-H)]. The position of an angeloyl group in 5 was characterized by the
HMBC experiment, in which a long-range correlation was observed between the 16-proton and angeloyl
carbonyl carbon (8¢ 167.2). On the basis of this evidence, the structure of theasaponin G, was elucidated
to be 16-O-angeloylcamelliagenin B 3-O-f-D-galactopyranosyl(1—2)[S-D-xylopyranosyl(1—2)-a-L-
arabinopyranosyl(1—3)]--D-glucopyranosiduronic acid (5).

EXPERIMENTAL

The following instruments were used to obtain physical data : melting points, Yanagimoto micro hot-stage
apparatus (uncorrected); specific rotations, Horiba SEPA-300 digital polarimeter (! = 5 cm); IR spectra,
Shimadzu FTIR-8100 spectrophotometer; FAB-MS and high-resolution FAB-MS, JEOL JMS-SX 102A
mass spectrometer; H-NMR spectra, JNM-LAS500 (500 MHz) spectrometer; 13C-NMR spectra, JNM-
LAS00 (125 MHz) spectrometer with tetramethylsilane as an internal standard; HPLC detector, Shimadzu
RID-6A refractive index and SPD-10Avp UV-VIS detectors; and HPLC column, YMC-Pack ODS-A (250
x 4.6 mm i.d.) and (250 x 20 mm i.d.) columns were used for analytical and preparative purposes,
respectively.

The following experimental conditions were used for chromatography: normal-phase column
chromatography; Silica gel BW-200 (Fuji Silysia Chemical, Ltd., 150-350 mesh), reversed-phase column
chromatography; Diaion HP-20 (Nippon Rensui): TLC, pre-coated TLC plates with Silica gel 60F254
(Merck, 0.25 mm) (normal-phase) and Silica gel RP-18 Fas45 (Merck, 0.25 mm) (reversed-phase);
HPTLC, pre-coated TLC plates with Silica gel RP-18 WF»545 (Merck, 0.25 mm) (reversed-phase) and
detection was achieved by spraying with 1% Ce(SO4)2-10% aqueous H>SO4, followed by heating.

Isolation of Theasaponins E{( (1), E{; (2), E{5 3), E13 (4), and G, (5)

Fractions 2 (0.43 g), 5-12 (85 mg), 6-7 (75 mg), and 8 (0.97 g) were obtained from the saponin fraction (=
methanol-eluted fraction, 6.34% from the seeds) of the seeds of C. sinensis (1.0 kg, cultivated in Shizuoka
prefecture, Japan) as reported previously.2 Fraction 2 (0.43 g) was purified by HPLC [CH3CN-1%
aqueous AcOH (40 : 60, v/v)] to give five fractions { Fr. 2-1 (= theasaponin Eg, 34 mg), Fr. 2-2 [=
theasaponin G, (5, 20 mg, 0.0080%)], Fr. 2-3 (= theasaponin Eg, 17 mg), Fr. 2-4 [=theasaponin E{, (3, 24
mg, 0.0090%)], and Fr. 2-5 (= theasaponin E;, 95 mg)}. Fraction 5-12 (85 mg) was further purified by
HPLC [CH3CN-MeOH-1% aqueous AcOH (37 : 16 : 47, v/v/v)] to give two fractions {Fr. 5-12-1 [=
theasaponin E{( (1, 20 mg, 0.0080%)] and Fr. 5-12-2 (= theasaponin Eg, 32 mg)}. Fraction 6-7 (75 mg)
was further purified by HPLC [CH3CN-MeOH-1% aqueous AcOH (39 : 16 : 45, v/v/v)] to give two
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fractions {Fr. 6-7-1 (= theasaponin H;, 25 mg) and Fr. 6-7-2 [= theasaponin E{{ (2, 19 mg, 0.0080%)]}.
Fraction 8 (0.97 g) was subjected to HPLC [CH3CN-1% aqueous AcOH (43 : 57, v/v)] to give five
fractions [Fr. 8-1 (= theasaponin A,, 323 mg), Fr. 8-2 (= theasaponin F3, 136 mg), Fr. 8-3 [= theasaponin
E;; (4,46 mg, 0.018%), Fr. 8-4 (84 mg), and Fr. 8-5 (82 mg)].

Theasaponin E (1): colorless fine crystals, mp 234.1-235.8 °C (from CHCl;-MeOH), [alp?” +1.7° (c =
0.70, MeOH). High-resolution positive-ion FAB-MS: Calcd for Cg;HgsOogNa (M+Na)t: 1297.5829.
Found: 1297.5834. IR (KBr): 3453, 1734, 1076 cm~!. 1H-NMR (pyridine-ds, 500 MHz) 6: 0.70, 0.76,
1.07, 1.26, 1.42, 1.48 (3H each, all s, 26, 25, 29, 30, 27, 24-H3), 0.93 (6H, d, J = 6.8 Hz, Isov-4, 5-H3),
2.11, 2.49 (3H each, both s, 22, 16-OAc), 2.19 (1H, m, Isov-3-H), 2.29 (2H, t-like, Isov-2-H,), 2.98 (1H,
dd-like, 18-H), 3.45, 3.56 (1H each, both d, J = 10.4 Hz, 28-H,), 3.94 (1H, dd-like, 3-H), 4.81 (1H, d, J =
6.8 Hz, 1'-H), 5.01 (1H, d, J = 7.3 Hz, 1""-H), 5.37 (1H, br s, 12-H), 5.60 (1H, br s, 16-H), 5.77 (1H, d, J =
7.4 Hz, 1"-H), 5.77 (1H, d, J = 10.4 Hz, 21-H), 5.79 (1H, d, J = 5.8 Hz, 1""-H), 6.12 (1H, d, / = 10.4 Hz,
22-H), 9.95 (1H, s, 23-H). 13C-NMR (pyridine-ds, 125 MHz) dc: given in Table 1. Positive-ion FAB-
MS: m/z 1297 (M+Na)*.  Negative-ion FAB-MS: m/z 1273 (M-H)~, 1141 (M-C5H¢O,4)~, 1111
(M—CgH;,05)~, 1009 (M-C;(H;70g)~, 847 (M-C;H,70,3)~.

Theasaponin E;; (2): colorless fine crystals, mp 224.1-225.5 °C (from CHCl3-MeOH), [a]p27 +19.3° (¢
= 1.00, MeOH). High-resolution positive-ion FAB-MS: Calcd for C¢Hg4Op9Na (M+Na)*: 1325.5778.
Found: 1325.5774. IR (KBr): 3453, 1734, 1647, 1078 cm~1. 'H-NMR (pyridine-ds, 500 MHz) &: 0.77,
0.87, 1.13, 1.26, 1.44, 1.46 (3H each, all s, 25, 26, 29, 30, 27, 24-H3), 1.92 (3H, s, Ang-5-H3), 1.98, 2.54
(3H each, both s, 28, 16-OAc), 2.01 (3H, d, J = 7.1 Hz, Ang-4-Hj3), 2.79 (1H, dd-like, 18-H), 3.96 (1H,
dd-like, 3-H), 4.23 (2H, m, 28-H,), 4.42 (1H, d, J = 10.1 Hz, 22-H), 4.83 (1H, d, J/ = 7.7 Hz, 1'-H), 5.11
(1H, d, J = 7.2 Hz, 1""-H), 5.42 (1H, br s, 12-H), 5.68 (1H, d, J = 7.4 Hz, 1"-H), 5.84 (1H, br s, 16-H),
5.86 (1H, d, J = 6.2 Hz, 1"-H), 5.91 (1H, dqg-like, Ang-3-H), 5.95 (1H, d, J = 10.1 Hz, 21-H), 9.97 (1H, s,
23-H). 13C-NMR (pyridine-ds, 125 MHz) &c: given in Table 1. Positive-ion FAB-MS: m/z 1325
(M+Na)*. Negative-ion FAB-MS: m/z 1301 (M-H)~, 1139 (M-C¢H;;05)~, 1007 (M—C;{H9Oy¢)~, 845
(M-C;7H39014)".

Theasaponin E |, (3): colorless fine crystals, mp 203.4-204.4 °C (from CHCl;-MeOH), [a]p?7 +20.9° (c
= 1.00, MeOH). High-resolution positive-ion FAB-MS: Calcd for C¢yHg,0Oo¢Na (M+Na)*: 1283.5673.
Found: 1283.5677. IR (KBr): 3453, 1739, 1076 cm~!. 1H-NMR (pyridine-ds, 500 MHz) 6: 0.81, 0.81,
1.11, 1.34, 1.47, 1.79 (3H each, all s, 25, 26, 29, 30, 24, 27-H3), 1.66 (3H, d, J = 7.0 Hz, Tig-4-H3), 1.91
(3H, s, 22-OAc), 1.97 (3H, s, Tig-5-H3), 3.08 (1H, dd-like, 18-H), 3.39, 3.61 (1H each, both d, J/ = 10.4
Hz, 28-H,), 4.04 (1H, dd-like, 3-H), 4.42 (1H, br s, 16-H), 4.88 (1H, d, /= 7.1 Hz, I'-H), 5.12 (1H, d, J =
7.1 Hz, 1""-H), 5.38 (1H, br s, 12-H), 5.69 (1H, d, J = 8.0 Hz, 1"-H), 5.86 (1H, d, J = 5.8 Hz, 1""-H), 6.27
(1H, d, J = 10.1 Hz, 22-H), 6.61 (1H, d, J = 10.1 Hz, 21-H), 7.13 (1H, dg-like, Tig-3-H), 9.95 (1H, s, 23-
H). 13C-NMR (pyridine-ds, 125 MHz) &c: given in Table 1. Positive-ion FAB-MS: m/z 1283 (M+Na)*.
Negative-ion FAB-MS: m/z 1259 (M-H)-, 1097 (M-C¢H;;05)~, 965 (M-C;{;H;90¢)~, 803
(M-C;7H39014)".



1146 HETEROCYCLES, Vol. 68, No. 6, 2006

Theasaponin E ;3 (4): colorless fine crystals, mp 217.1-218.9 °C (from CHCl;-MeOH), [a]p?7 +22.7° (c
= 2.00, MeOH). High-resolution positive-ion FAB-MS: Calcd for C54Hg,0,3Na (M+Na)*: 1121.5145.
Found: 1121.5140. IR (KBr): 3432, 1732, 1647, 1080 cm~1. 'H-NMR (pyridine-ds, 500 MHz) &: 0.81,
0.94, 1.12, 1.31, 1.47, 1.78 (3H each, all s, 25, 26, 29, 30, 24, 27-H3), 1.98 (3H, s, Ang-5-H3), 2.00 3H, s,
28-OAc), 2.06 (3H, d, J = 6.5 Hz, Ang-4-H3), 2.82 (1H, dd-like, 18-H), 4.08 (1H, m, 3-H), 4.14 (2H, m,
28-H,), 4.48 (1H, m, 22-H), 4.71 (1H, br s, 16-H), 4.91 (1H, d, J = 7.4 Hz, 1'-H), 5.25 (1H, d, J = 7.6 Hz,
1"-H), 5.43 (1H, br s, 12-H), 5.52 (1H, d, J = 6.1 Hz, 1""-H), 5.91 (1H, dqg-like, Ang-3-H), 6.49 (1H, d, J =
9.8 Hz, 21-H), 9.95 (1H, s, 23-H). 13C-NMR (pyridine-ds, 125 MHz) &c: given in Table 1. Positive-ion
FAB-MS: m/z 1121 (M+Na)*. Negative-ion FAB-MS: m/z 1097 (M-H)~, 965 (M-CsH¢O,4)~, 935
(M—CgH;{05)~.

Theasaponin G, (5): colorless fine crystals, mp 224.7-225.9 °C (from CHCl;—MeOH), [a]p?7 —1.3° (c =
1.00, MeOH). High-resolution positive-ion FAB-MS: Calcd for C57HggO,5Na (M+Na)*: 1195.5512.
Found: 1195.5520. IR (KBr): 3453, 1717, 1638, 1080 cm~!. 'H-NMR (pyridine-ds, 500 MHz) 6: 0.74,
0.77, 1.06, 1.11, 1.43, 1.47 (3H each, all s, 26, 25, 29, 30, 27, 24-H3), 2.09 (1H, m, 18-H), 2.13 (3H, s,
Ang-5-H3), 2.14 (3H, d, J = 6.5 Hz, Ang-4-H3), 3.65, 4.03 (1H each, both d, J = 10.4 Hz, 28-H,), 3.96
(1H, dd, J = 3.7, 10.7 Hz, 3-H), 4.58 (1H, m, 22-H), 4.81 (1H, d, / = 6.7 Hz, 1'-H), 5.01 (1H, d, J = 7.4 Hz,
1"-H), 5.31 (1H, br s, 12-H), 5.77 (1H, d, J = 7.7 Hz, 1"-H), 5.79 (1H, d, J = 6.1 Hz, 1"-H), 6.01 (1H, dg-
like, Ang-3-H), 6.33 (1H, br s, 16-H), 9.96 (1H, s, 23-H). I3C-NMR (pyridine-ds, 125 MHz) dc: given in
Table 1. Positive-ion FAB-MS: m/z 1195 (M+Na)*. Negative-ion FAB-MS: m/z 1171 (M-H)-, 1039
(M-C5HgOy)~, 907 M-CoH;70g)~, 745 (M-C1cH27043)™.

Alkaline Hydrolysis of 1—5

A solution of each theasaponins (1-3 or 5: 10 mg each; 4: 14 mg) in 50% aqueous 1,4-dioxane (1.0 mL)
was treated with 10% aqueous KOH (1.0 mL) and the whole was stirred at 37 °C for 1 h. After removal
of the solvent from a part (0.1 mL) of the reaction mixture under reduced pressure, the residue was
dissolved in (CH,),Cl, (2.0 mL) and the solution was treated with p-nitrobenzyl-N,N'-diisopyopylisourea
(10 mg), then the whole was stirred at 80 °C for 1 h. The reaction mixture was subjected to HPLC
analysis [column: YMC-Pack ODS-A, 250 x 4.6 mm i.d.; mobile phase: MeOH-H,O (70:30, v/v);
detection: UV (254 nm); flow rate: 0.9 mL/min] to identify the p-nitrobenzyl esters of acetic acid (a, tg
6.3 min) from 1-4, tiglic acid (b, fg 14.5 min) from 3, angelic acid (¢, tg 16.0 min) from 2, 4 and 5, and
isovaleric acid (d, g 19.4 min) from 1. The rest of each reaction mixture was neutralized with Dowex
HCR W2 (H* form) and the resin was removed by filtration. Evaporation of the solvent from the filtrate
under reduced pressure yielded a product, which was subjected to normal-phase silica gel column
chromatography [2.0 g, CHCI;-MeOH-H,0 (6:4:1, v/v/v)] to give desacyl-theasaponin E (1a, 6 mg from
1), desacyl-assamsaponin F (2a, 6 mg each from 2 and 3), 4a (11 mg from 4), and desacyl-assamsaponin
A (5a, 6 mg each from 5).

4a: colorless fine crystals, mp 210.3-211.5 °C (from CHCl3-MeOH), [alp?7 +23.4° (¢ = 0.50, MeOH).
High-resolution positive-ion FAB-MS: Calcd for C47H740,Na (M+Na)*: 997.4620. Found: 997.4621.
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IR (KBr): 3453, 1736, 1078 cm~!. 'H-NMR (pyridine-ds, 500 MHz) &: 0.81, 0.84, 1.34, 1.39, 1.47, 1.81
(3H each, all s, 25, 26, 29, 30, 24, 27-H3), 3.73, 3.99 (1H each, both d, J = 10.5 Hz, 28-H,), 4.09 (1H, m,
3-H), 4.63 (1H, d, J = 10.1 Hz, 22-H), 4.79 (1H, d, J = 10.1 Hz, 21-H), 4.91 (1H, d, J = 7.9 Hz, 1'-H), 5.00
(1H, br s, 16-H), 5.26 (1H, d, J = 8.3 Hz, 1"-H), 5.37 (1H, br s, 12-H), 5.53 (1H, d, J = 6.1 Hz, 1""-H), 9.93
(1H, s, 23-H). 13C-NMR (pyridine-ds, 125 MHz) dc: given in Table 1. Positive-ion FAB-MS: m/z 997
(M+Na)*. Negative-ion FAB-MS: m/z 973 (M-H)~, 841 (M-CsHgO4)~, 811 (M-CgH{;05)~, 679
(M-C;1H;909)".

Acid Hydrolysis of 4a

A solution of 4a (5 mg) in 5% aqueous H,SO,4—1,4-dioxane (1:1, v/v, 1.0 mL) was heated under reflux for
1 h. After cooling, the reaction mixture was neutralized with Amberlite IRA-400 (OH~ form) and the
resin was filtered. On removal of the solvent from the filtrate under reduced pressure, the residue was
passed through a Sep-Pack C,g cartridge by elution with H,O and then MeOH. The H,O eluate was
concentrated and the residue was treated with L-cysteine methyl ester hydrochloride (0.01 mL) in pyridine
(0.02 mL) at 60 °C for 1 h. After this reaction, the solution was treated with N,O-bis(trimethyl
silyDtrifluoroacetamide (0.01 mL) at 60 °C for 1 h. The supernatant was then subjected to GLC analysis
[column: Supelco™-1, 0.25 mm i.d. x 30 m; column temperature: 230 °C; detector temperature: 230 °C;
injector temperature: 230 °C; He gas flow rate: 15 mL/min] to identify the derivatives of D-glucuronic
acid (i, g 26.5 min), D-galactose (ii, g 25.6 min), and L-arabinose (iii, fg 15.1 min). The MeOH eluate
was purified by normal-phase silica gel column chromatography [200 mg, CHCl;—-MeOH-H,O (10:3:1,

lower layer, v/v/v)] to give theasapogenol E2 (2 mg).
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