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Abstract — Eight new triterpenoid saponins, platyconic acids B (1), C (2), D (3),
E (4), platycodins J (5), K (6), L (7) and platycosaponin A (8), were isolated from
Platycodon Root, together with twelve known compounds, and they were

characterized on the basis of their spectroscopic and chemical data.

INTRODUCTION

The Platycodon Root, the dried root of Platycodon grandiflorum A. DC., is one of the most important
crude drugs in kampo medicine, and has been used as an antiphlogistic, antitussivic and expectorant agent.
As for the constituents of Platycodon Root (dried Platycodon grandiflorum roots), platycodins D (9), A
(10), and C (11) were the first triterpenoidal saponins isolated from the Platycodon Root in our laboratory

> Thereafter, a number of oleanane-type triterpenoidal saponins were further isolated

35 years ago.”
namely: deapioplatycodin D (12), platycodin D, (13), 27-O-acetylplatycodin D, (14),
3”-0O-acetylplatycodin  D,, platycodin D, (15), deapioplatycodin D,, polygalacin D,
27-0-acetylpolygalacin D (17), 3”-O-acetylpolygalacin D, polygalacin D,, 2”-O-acetylpolygalacin D,,
3”-O-acetylpolygalacin D,, methyl platyconate A (= platyconic acid A methyl ester), methyl
2-O-methylplatyconate A, platyconic acid A lactone, platycosides A, B, C, D, E (16) and F, platycosides
G1, G2 and G3 (18), deapioplatycoside E, platycosides H, K and L, M1, M2 and M3, 16-oxo-platycodin
D and platyconic acid A (21). *"

It has recently been shown that platycodins D (9), A (10) and C (11) exhibited cytotoxicity against human

cancer cells." In order to continue the studies for the estimation of their cytotoxicity against human
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cancer cells, we commenced a phytochemical survey again on the plant to furnish the desired saponins,
and isolated eight new saponins as well as twelve known compounds. This paper describes the isolation

and characterization of eight new triterpenoid saponins.

RESULTS AND DISCUSSION

Commercial Platycodon Root (1.5 kg) was extracted with 70% aqueous methanol, and the extract, after
concentration, was subjected to column chromatography over silica gel and octadecylsilanized silica gel
(ODS) repeatedly, to give twenty compounds (see experimental).

Twelve of the compounds were identified by comparison of their physical and spectral data with those
already reported: platycodins D (9, 101 mg),”* A (10, 426 mg),>* C (11, 314 mg),>* deapioplatycodin D
(12, 18 mg)," platycodin D, (13, 59 mg),' 2”-O-acetylplatycodin D, (14, 39 mg)," platycodin D, (15, 1.5
g),' platycoside E (16, 3.5 g),° 2”-O-acetylpolygalacin D (17, 94 mg),' platycoside G3 (18, 52 mg).
lobetyolin (19, 213 mg)" and hexyl 6-O-a-L-arabinofuranosyl(1—6)-f-D-glucopyranoside (20, 26 mg)."
The remaining eight compounds were found to be new triterpenoid saponins and they were named as
follows after similarities of their structural features to the known compounds: platyconic acids B (1, 501
mg), C (2,28 mg), D (3,16 mg), E (4, 31 mg), platycodins J (5, 75 mg), K (6, 104 mg), L (7,300 mg) and
platycosaponin A (8, 46 mg), respectively (Figure 1).

Ri R2 R3 R4 Rs
1 CO.H B-D-Gle H Ac B-D-Api
2 CO.H B-D-Gle H H H
3 CO.H B-D-Gle Ac H H
4 CO.H B-D-Gle(1—6)-B-D-Gle H H H
5 CH.OH B-D-GlcA H H p-D-Api
6 CH.OH B-D-GlcA Ac H B-D-Api
7 CH.OH B-D-GlcA H Ac PB-D-Api
9 CH.OH B-D-Gle H H p-D-Api
10 CH.OH B-D-Gle Ac H B-D-Api
. 11 CH.OH B-D-Gle H Ac B-D-Api
o %0 12 CH.OH B-D-Gle H H H
HOwm §:>—0—<:>—0 0 13 CH.OH B-D-Gle(1—3)-p-D-Glc H H B-D-Api
_/ ; 14 CH.OH B-D-Gle(1—3)-B-D-Gle Ac H B-D-Api
RsO “"OH R4O§ ""OR3 \O Ara 15 CH,OH B-D-Gle(1—6)-B-D-Glc H H p-D-Api
16 CH.OH B-D-Gle(1—6)-p-D-Gle(1—6)-p-D-Gle H H B-D-Api
Xyl Rha HO 17 Me B-D-Gle Ac H PB-D-Api
OH 18 Me B-D-Gle(1—3)-p-D-Gle H H B-D-Api
21 CO.H B-D-Gle H H B-D-Api
(0]
(0] Glc
(0]
OH HOw 0NN
Ara A
HO OH
8 ﬁ-D-GlC 19 20

8a H

Figure 1. Structures of 1-21
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Table 1. "C NMR spectral data for 1-8 (125 MHz in C;DsN)

Pos. 1 2 3 4 5 6 7 8 Pos. 1 2 3 4 5 6 7 8
1 46.1 460 460 459 457 457 456 453  3-sugar (inner) 2-Glc
2 704 704 704 702 704 704 704 838 1 107.2 107.2 107.2 1073 106.7 106.7 106.7 106.9
3 819 818 818 826 864 864 863 792 2 758 758 758 757 755 755 755 763
4 572 572 572 571 487 487 487 394 3 79.1 79.1 79.1 789 785 786 7185 794
5 497 496 496 496 474 473 473 56.1 4 720 720 720 721 738 738 738 719
6 205 206 205 205 197 197 196 190 5 790 791 790 775 778 778 779 793
7 338 338 338 338 341 341 341 336 6 63.1 63.1 632 71.1 1734 1734 1732 633
8 406 405 405 405 408 409 408 403  3-sugar (terminal) 21-Glc
9 480 480 480 479 482 482 482 480 1 - - - 1060 - - - 108.6
10 375 375 375 375 378 378 378 375 2 - B - 75.6 - - - 76.5
11 248 248 248 248 246 247 246 245 3 - - - 79.1 - - - 794
12 1234 1233 1233 1233 1236 123.6 1236 1242 4 - - - 722 - - - 73.0
13 1450 1450 1450 1449 1448 1448 1447 143.1 5 - - - 789 - - - 793
14 427 427 427 427 428 428 427 451 6 - - - 63.1 - - - 64.4

15 365 365 365 365 365 366 366 383

16 745 745 745 745 744 744 744 666  28-Ara
17 502 500 500 500 501 502 501 53.1 1 937 941 940 941 941 940 938 -
18 417 417 418 417 419 419 418 439 768 758 76.1 758 759 765 769 -
19 475 476 476 476 475 475 475 476 69.7 707 710 706 709 712 704 -
20 315 314 314 314 314 314 314 371 659 667 668 666 669 670 664 -
21 365 365 365 365 366 365 365 819 627 637 640 636 640 641 634 -

2 326 326 326 326 327 326 326 351 Rha
3 631 631 632 634 641 642 642 186

(VR SV

1 101.9 101.7 98.6 101.7 101.8 98.7 102.0 -
24 1769 1769 1768 1766 659 659 659 305 2 704 725 739 725 724 739 704 -
25 162 162 162 162 185 186 185 167 3 759 732 707 732 732 708 759 -
26 180 180 180 180 181 181 181 178 4 778 839 832 839 843 835 780 -
27 277 276 276 276 276 276 276 274 5 693 69.1 689 69.1 690 689 693 -
28 1765 1764 1764 1764 1765 1765 1765 180.6 6 190 189 187 189 189 187 19. -

29 338 338 337 338 337 337 337 293 CH.CO- 219 - 214 - - 215 219 -
30 253 252 252 253 252 252 252 189 CH;CO- 1713 - 1710 - - 1711 1713 -
Xyl

1 1063 107.2 107.0 107.3 1072 1069 1064 -
2 748 765 765 765 757 756 748 -
3 848 790 790 790 853 853 849 -
4 700 715 715 715 699 699 700 -
5 674 679 679 679 674 675 673 -

Api
1 111.8 - - - 111.7 111.7 111.7 -
2 782 - - - 783 783 782 -
3 81.0 - - - 810 810 810 -
4 75.6 - - - 757 757 756 -
5 66.0 - - - 659 659 659 -

Platyconic acid B (1) was isolated as a white amorphous powder, and exhibited a pseudomolecular ion
[M+H]" at m/z 1281.5729 in the HR-FAB MS corresponding to the molecular formula of C,,H,,0,,, and
characteristic absorption bands at 3434 and 1736 cm™ due to hydroxyl and ester carbonyl groups were
present in the IR spectrum. The "C NMR spectrum of 1 showed 59 signals, five of which were
assignable to anomeric carbons suggesting that 1 has five sugar units (Table 1). The 'H NMR spectrum
of 1 indicated a signal due to an acetyl group at d 2.09 (Table 3). Acid hydrolysis of 1 with 1 M

hydrochloric acid, afforded D-glucose (D-Glc), L-arabinose (L-Ara), L-rhamnose (L-Rha), D-xylose
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Table 2. 'H NMR spectral data for aglycone of 1-8 (500 MHz in C.D.N)
Pos. 1 2 3 4 5 6 7 8
1 1.37* 1.35% 1.32* 1.54 (brd, 11.5) 1.57+ 1.55* 1.57* 1.27*
232% 231* 2.28* 243* 2.10* 2.09* 2.12* 244 (brd, 12.6)
2 5.09 (brd, 2.3) 5.09 (brs) 5.01 (brs) 529 (brd,2.9) 481 (brs) 4.80 (brs) 483 (brs) 4.35(brd, 5.2)
3 4.69 (brs) 4.68(d.4.0) 4.60 (brs) 4,63+ 4.62 (brs) 4.60 (brs) 4.64 (brs) 443 (brd, 3.5)
5 205+ 2.04% 1.93 (brd, 10.9) 1.97% 1.94% 192 195% 094 (brd, 11.5)
6 205% 2.04% 2.28* 197+ 1.51#% 1.59* 1.63* 1.46%
232+ 231* 2.00* 2.28*% 1.93% 1.92% 1.95% 1.57*
7 143 (d, 12.0) 1.49 (d. 12.0) 1.50 (brd, 12.0) 1.47 (brd, 12.6) .51 1.50* 1.48* 1.33*
1.70* 1.76* 1.68* 1.69*% 1.73# 1.72# 1.73* 1.52%
8 - - - - - - -
9 1.85 (dd,6.9,10.3) 1.83(dd,6.3,109) 1.78* 1.82(dd,6.9,109) 1.94% 1.92% 1.95% 1.57*
10 - - - - - -
11 207* 2.06* 202+ 208 203+ 202+ 203+ 1.79*
207+ 2.06* 2.11* 2.08* 209¢ 2.11* 2.11* 191*
12 5.63(dd,35,35) 5.63 (brs) 5.61 (brs) 5.58 (brs) 5.62(dd,29,29) 5.61(dd,29,2.9) 5.61(dd,29,29) 551(dd,29,2.9)
13
14 - - - - - - - -
15 1.70* 1.76* 1.78* 1.78% 1.80 (brd, 13.8) 1.81* 1.74% 1.70 (dd. 2.3, 12.0)
232+ 231* 227+ 2.30* 2.30% 226 231* 2.29(dd, 12.0, 120)
16 5.23 (brs) 5.25 (brs) 5.23 (brs) 5.26% 5.25¢ 5.22¢ 525 (brs) 461*
17 - - - - - - - -
18 359 (dd, 4.0,13.7) 3.56 (dd,4.0,13.7) 3.54% 3.57 (dd, 4.0,13.8) 3.56(dd,3.5,13.8) 3.53(dd.4.0,13.8) 3.56 (dd,4.6,13.8) 3.58 (dd,4.0,138)
19 137+ 1.35+ 1.33% 1.36* 1.34(dd.3.5.13.8) 1.33(dd.4.0.13.8) 1.34(dd.4.6,13.8) 1.46*
2.76(dd, 132,132) 2.76(dd, 13.7,13.7) 2.74(dd, 132,137 2.76(dd, 13.8,138) 275(dd. 138,13.8) 2.73(dd, 13.8,138) 2.75(dd, 13.8,13.8) 201(dd,138,13.8)
20 - - - - - - -
21 1.29% 1.27* 1.27% 1.30% 1.27% 1.26% 1.27% 4.16%
240 (ddd, 4.6,12.6,12.6) 241 (ddd,4.6,126,12.6) 240 (ddd, 4.0,12.6,12.6) 243% 2.40 (ddd, 4.6,12.6,12.6) 239 (ddd,4.0,126,12.6) 240 (ddd, 46,126, 12.6) -
22 220(ddd.4.6.12.6,12.6) 2.18 (ddd,4.6.12.6,12.6) 2.16* 2,19 (ddd.4.6.12.6,12.6) 2.17 (ddd.4.6,12.6.12.6) 2.16(ddd.4.0.12.6,12.6) 2.18(ddd.4.6,126,12.6) 2.15(dd. 12.6.12.6)
232+ 231* 2.34(ddd,4.0,12.6,12.6) 2.30* 233* 2.32# 231* 3.49(dd,29,12.6)
23 4.68*% 4.67* 461(d,109) 4.63* 4.06* 4.05* 4.09% 1.22(3H,s)
497% 4.96(d, 109) 488(d,109) 496(d,109) 503(d, 10.3) 502(d,98) 508 (d, 10.9) -
24 4.19* 423+ 421 1.35(3H.s)
- - - 4.19* 4.23* 421 -
25 163 (3H.s) 1.61 (3H,s) 1.58 (3H.5) 1.62(3H,s) 149 (3H,s) 148 (3H,s) 1.50 (3H,s) 1.37(3H.s)
26 1.14 (3H,s) 1.14 (3H,s) 1.12(3H,s) 1.13(3H,s) 1.11 (3H,s) 1.16 (3H, s) 1.12(3H,s) 1.02(3H,s)
27 1.77(3H,5) 1.77 (3H.s) 1.75 (3H.s) 1.71 (3H.s) 1.76 (3H, s) 1.75 (3H.s) 1.76 (3H, s) 1.26 (3H.s)
28 - - - . - - -
29 1.00 (3H,s) 0.99 (3H.s) 0.98 (3H.5) 103 (3H,5) 098 (3H,s) 097 (3H,5) 099 (3H,s) 118 (3H. s)
30 1.16 (3H.s5) 1.12(3H,s) 1.11 (3H.s) 1.16 (3H,s) 1.13(3H,s) 1.11 (3H,s) 1.13(3H,s) 1.31 (3H,s)

*:Overlapped signal
The molecular formula of 1a was determined to be

C,,H,,O, by the HR-FAB MS showing an [M+H]" peak at m/z 517.3135. The IR spectrum of la

(D-Xyl), D-apiose (D-Api) and an aglycone (1a).

exhibited absorption bands at 3447, 1772 and 1750 cm” due to hydroxyl, lactone and ester carbonyl
groups respectively. The ""C NMR spectrum of la showed thirty signals similar to those of
platycodigenin (9a),” the aglycone of platycodin D (9), except for a lactone carbonyl carbon signal (&
179.4) present in 1a instead of the C-24 carbinyl carbon signal (8 65.1) in 9a (Table 1). The carbon
signal at 0 179.4 showed cross peaks with the H-2 and H-5 signals in the HMBC spectrum. Therefore,
1a was characterized as platycogenic acid A lactone, which was thought to be formed from platycogenic
acid A (2B,3B,16a.,23-tetrahydroxyolean-12-ene-24,28-dioic acid) (1b)'® under acidic conditions. The
genuine aglycone of 1 must be platycogenic acid A (1b), since 1 showed no signal due to the lactone
carbonyl group both in the IR and C NMR spectra.

As for the sugar moieties of 1, their carbon signals were similar to those in platycodin C (11), indicating
that the sugar moieties of 1 are the same as those of platycodin C (11). This was confirmed by HMBC
experiments on 1, in which cross peaks were observed between Glc H-1/aglycone C-3, Ara H-1/aglycone

C-28, Rha H-1/Ara C-2, Xyl H-1/ Rha C-4, Api H-1/Xyl C-3 and Rha H-3/acetyl carbonyl carbon (Table
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Table 3. 'H NMR spectral data for sugar moiety of 1-8 (500 MHz in C.D:N)

2797

Pos. 1 2 3 4 5 6 7 8
3-sugar (inner) 2-Gle
1 536(d,74) 5.36(d,8.0) 5.29*% 5.26% 5.25% 5.24(d,74) 529(d,74) 508(d,7.1)
2 393+ 3.99* 4.05* 397* 4.06* 4.05* 4.09*% 4.01*
3 4.18% 4.16% 4.21* 4.16% 4.22% 4.23* 4.21* 4.20(dd,9.2,9.2)
4 4.18% 4.16% 4.19* 4.12% 4.50* 451 4.53% 4.14%
5 4.08* 3.99* 3.95% 397% 4.56% 4.55(d,9.8) 459(d.9.2) 3.90*
6 4.33% 4.33(dd,5.7,12.6) 437 4.12% - - 4.34(dd,5.7,120)
4.51* 4.52% 4.49*% 4.85(dd,34.9.2) - - 4.51 (brd, 9.8)
3-sugar (terminal) 21-Gle
1 - - 5.03(d,8.0) - 504(d.7.5)
2 - - - 4.06* - - - 4.09*
3 4.26% - 4.27(dd,9.2,9.2)
4 - 4.26* - 4.01*
5 - - 391% - 4.11*
6 - - - 437(dd,5.2,11.5) - - 4.14%
- 451* 4.61 (brd, 10.4)
28-Ara
1 6.55 (brs) 647(d.29) 6.36(d,2.9) 6.48 (brs) 6.44(d,35) 6.37(d,3.5) 649 (d. 1.7)
2 4.49% 4.57+% 4.54% 4.55+% 4.56% 451* 4.52% -
3 4.59* 4.52% 4.49*% 4.55% 4.50% 4.47¢ 4.52*% -
4 4.58* 441* 4.37% 4.43* 4.39* 437 4.42%
5 3.98* 3.95(dd.4.0,109) 3.93(dd,3.5,109) 397 394 (dd,3.5,109) 391(dd,3.5,109) 3.94%
4.59* 4.52% 4.49% 451% 4.50% 4.47% 4.52%
Rha
1 5.60 (brs) 5.79 (brs) 5.71 (brs) 5.78 (brs) 5.80 (brs) 5.68 (brs) 5.69 (brs)
2 4.69% 4.57* 5.79 (dd, 1.2,3.5) 4.58* 4.59*% 5.77(dd, 1.2,34) 4.77*%
3 5.76(dd,2.9.9.2) 461(dd,29.8.6) 4.71(dd,35,9.2) 4.63*% 4.50* 4.66(dd,34,9.8) 5.79(dd.29.98) -
4 451% 441% 4.28(dd,9.2,9.2) 441% 4.39* 423(dd,9.8,9.8) 4.53*
5 4.38% 441* 4.39% 4.43* 4.39% 4.37(dd.6.3,.9.8) 4.42% -
6 1.68 (3H,d.5.8) 1.72(3H,d.5.8) 1.71(d,6.3) 1.74 (3H,d.5.8) 1.71 (3H.d.5.7) 1.70 (3H.d.6.3) 1.71 (3H,d,6.3)
CH,CO- 209 (3H,s) - 1.99 (3H,s) 201 (3H,s) 209 (3H,s) -
Xyl
| 496 (d.8.0) 5.20(d.7.5) 5.29% 521(d.74) 5.08(d,6.9) 5.18(d.6.9) 4.97(d.8.0)
2 3.90 (dd, 8.0,8.0) 4.07* 4.05% 4.06*% 4.06* 4.05% 3.94 (dd.8.0.8.0)
3 4.08* 4.07% 4.05% 4.06% 4.06* 4.05% 4.09% -
4 4.08* 4.18* 4.25* 4.26* 4.06* 4.05* 4.09* -
5 347(dd, 10.3,103Hz) 3.48(dd.109,109) 3.54% 3.50(dd, 10.3,10.3) 3.38(dd,9.2,11.5) 344(dd.9.2,11.5) 347(dd,9.2,115)
4.18% 4.22(dd.5.2,10.9) 4.27* 4.25* 4.19% 423 4.20%
Api
1 629(d. 1.7) - - - 6.24(d,2.3) 6.19(d,2.3) 6.31(d.2.3) -
2 482(d,23) 485(d,23) 4.83(d,2.3) 4.86(d.2.3)
4 434(d.9.8) - - - 434(d,9.2) 432(d,9.2) 434(d.9.7) -
4.76 (d,9.6) - - - 477(d,9.2) 4.74(d,9.2) 4.78(d,9.7) -
5 4.18 (2H. 5) - - - 4.19 (2H,s) 4.17 (2H,s) 4.19 (2H.s) -

*:Overlapped signal

1 - 3).

Therefore, the structure of platyconic acid B (1) was determined as platycogenic acid A

3-0O-B-D-glucopyranosido-28-0O-f-D-apiofuranosyl(1—3)-B-D-xylopyranosyl(1—4)-[3-O-acetyl-a-L-

rhamnopyranosyl](1—2)-a-L-arabinopyranoside, which is the corresponding 3”-O-acetate of platyconic

acid A(21).!

Platyconic acid C (2), a white amorphous powder, displayed an [M+H]" peak at m/z 1107.5215

corresponding to the molecular formula of C,,Hy,0,5 in the HR-FAB MS, and absorption bands at 3422

and 1736 cm™ due to hydroxyl and ester groups were present in the IR spectrum. The “C NMR
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spectrum of 2 showed 52 carbon signals including those due to Glc, Ara, Rha, Xyl and platycogenic acid
A (1b) (Table 1). On acid hydrolysis, 2 afforded D-Glc, L-Ara, L-Rha, D-Xyl and 1a instead of 1b as in
the case of 1. The HMBC spectrum of 2 showed cross peaks between Glc H-1/C-3, Ara H-1/C-28, Rha
H-1/Ara C-2 and Xyl H-1/Rha C-4 (Table 1 - 3). The structure of platyconic acid C (2) was formulated
as platycogenic acid A 3-O-f-D-glucopyranosido-28-0-p-D-xylopyranosyl(1—4)-a-L-rhamnopyrano-

syl(1—2)-a-L-arabinopyranoside.

Platyconic acid D (3), a white amorphous powder, exhibited an [M+H]" peak at m/z 1149.5334 in the
HR-FAB MS corresponding to the molecular formula of C,,Hg,0,¢, which is 42 mass unit (C,H,0) higher
than that of 2. The IR spectrum of 3 exhibited absorption bands at 3422 and 1734 cm™ due to hydroxyl
and ester groups respectively. The 'H NMR spectrum indicated an acetyl signal at & 1.99 (Table 3).
The “C NMR spectroscopic features of 3 resembled those of 2, except for the appearance of acetyl
signals (0 21.4 and 171.0) (Table 1). On acid hydrolysis, 3 afforded D-Glc, L-Ara, L-Rha, D-Xyl and 1a.
In addition, the cross peak was observed between Rha H-2/the acetyl carbonyl carbon (6 171.0) in the
HMBC spectrum, suggesting that the acetyl group is located at the Rha C-2. Thus, the structure of
platyconic acid D (3) was determined as platycogenic acid A 3-O-B-D-glucopyranosido-28-O-

B-D-xylopyranosyl(1—4)-[2-O-acetyl-o-L-rhamnopyranosyl](1—2)-a-L-arabinopyranoside.

Platyconic acid E (4), a white amorphous powder, showed an [M+H]" peak at m/z 1269.5837 in its
HR-FAB MS corresponding to the molecular formula of CsH,,0,,, 162 mass unit (C;H,,05) larger than
that of 2. The IR spectrum of 4 exhibited characteristic absorption bands at 3409 and 1736 cm™ due to
hydroxyl and ester groups respectively. On acid hydrolysis 4 afforded D-Glc, L-Ara, L-Rha, D-Xyl and
la, as in the case of 2 and 3. The "C NMR spectrum of 4 showed 58 signals, the features of the
spectrum resembled that of 2, except for the appearance of six signals due to another D-glucopyranosyl
moiety. The 46 signals were ascribable to those of platycogenic acid A 28-O-B-D-xylo-
pyranosyl(1—4)-a-L-rhamnopyranosyl(1—2)-a-L-arabinopyranoside (Table 1), while the other twelve
signals were assignable to those of B-gentiobiosyl moiety was observed in the *C NMR spectrum of 15.*
The correlation peaks between Glc H-1/Glc C-6 (the terminal Glc H-1 and the inner Glc C-6) and Glc
H-1/C-3 were observed in the HMBC spectrum of 4, indicating the presence of the -gentiobiosyl moiety
at the C-3 position. This Platyconic acid E (4) was therefore characterized as platycogenic acid A
3-0-B-D-glucopyranosyl(1—6)-f-D-glucopyranosido-28-0-f3-D-xylopyranosyl(1—4)-o-L-rhamno-

pyranosyl(1—2)-a-L-arabinopyranoside.

Platycodin J (5), a white amorphous powder, exhibited an [M+H]* peak at m/z 1239.5626 in its HR-FAB
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MS corresponding to the molecular formula of Cs;Hy,O,,. The IR spectrum of S displayed absorption
bands at 3398 and 1738 cm™ due to hydroxyl and ester groups respectively. The "C NMR spectrum of 5
displayed 57 signals including five anomeric carbon signals (Table 1). On acid hydrolysis, S gave
D-glucuronic acid (D-GluA), L-Ara, L-Rha, D-Xyl, D-Api and 9a as its aglycone. The 51 carbon signals
of 57 in 5 were identical with those due to platycodigenin 28-O-f-D-apiofuranosyl(1—3)-p-D-xylo-
pyranosyl(1—4)-o-L-rhamnopyranosyl(1—2)-a-L-arabinopyranosyl. As for the location of GluA, the
HMBC correlations were observed GluA H-1/C-3, indicating that GluA is located at the C-3 of the
aglycone. The structure of platycodin J (5) was therefore formulated as platycodigenin 3-O-f-D-
glucuronopyranosido-28-0-3-D-apiofuranosyl(1—3)-fB-D-xylopyranosyl(1—4)-a-L-rhamnopyrano-

syl(1—2)-a-L-arabinopyranoside.

Platycodin K (6), a white amorphous powder, showed an [M+H]" peak at m/z 1281.5768 in its HR-FAB
MS corresponding to the molecular formula of Cy,H,,0,,, which is 42 mass unit (C,H,0O) higher than that
of 5. The IR spectrum of 6 exhibited absorption bands at 3416 and 1735 cm™ due to hydroxyl and ester
groups respectively. The 'H NMR spectrum of 6 indicated an acetyl signal at 8 2.01 (Table 3). The C
NMR spectroscopic features of 6 were similar to that of 5, except for the appearance of two signals due to
the acetyl group in 6 (Table 1). The HMBC correlation was observed between Rha H-2/acetyl carbonyl
carbon, indicating that the acetoxyl group is located at the Rha C-2 position. Thus, platycodin K (6) was
shown to be platycodigenin 3-O-f-D-glucuronopyranosido-28-0-f-D-apiofuranosyl(1—3)-f3-D-xylo-

pyranosyl(1—4)-[2-0-acetyl-o-L-rhamnopyranosyl](1—2)-a-L-arabinopyranoside.

Platycodin L (7), a white amorphous powder, showed an [M+H]" peak at m/z 1281.5787 in its HR-FAB
MS corresponding to the molecular formula of Cs,H,,05, as in the case of 6. The IR spectrum of 7
exhibited characteristic absorptions at 3408 and 1730 cm™ due to hydroxyl and ester carbonyl groups,
respectively, and the '"H NMR spectrum showed an acetyl signal at § 2.09 (Table 3). The "C NMR
spectroscopic features of 7 were similar to that of 6, except for the chemical shifts of the Rha C-1, C-2,
C-3 and C-4 (Table 1). The HMBC correlation was observed between Rha H-3/acetyl carbonyl carbon,
indicating that the acetoxyl group is located at the Rha C-3 position. The structure of platycodin L (7)
was therefore determined as platycodigenin 3-O-fB-D-glucuronopyranosido-28-O-f-D-apiofurano-

syl(1—3)-p-D-xylopyranosyl(1—4)-[3-O-acetyl-a-L-rhamnopyranosyl](1—2)-o-L-arabinopyranoside.
y ylopy y y Py y Py

Platycosaponin A (8), a white amorphous powder, showed an [M+H]" peak at m/z 829.4631 in its
HR-FAB MS corresponding to the molecular formula of C,,HO,,. The IR spectrum exhibited an
absorption band due to hydroxyl groups at 3433 cm”. The "C NMR spectrum of 8 showed 42 signals
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including two anomeric carbon signals (Table 1). On acid hydrolysis with 1 M hydrochloric acid 8
afforded D-Glc and an aglycone (8a). The aglycone (8a) exhibited an [M+H]" peak at m/z 505.3492 in its
HR-FAB MS corresponding to the molecular formula C,H,,O,. The IR spectrum of 8a exhibited
absorption bands due to hydroxyl and ester groups at 3433 and 1737 cm’, respectively. Its NMR
spectrum showed the presence of a carboxyl (8. 180.8), a trisubstituted double bond (8. 123.6, 143 .4; O,
5.61), four oxygenated methines (0. 66.5, 71.9,72.3,78.8; 8, 4.69, 4.42,4.22,3.45) and seven t-methyls
(3H singlets at d,; 1.11, 1.28, 1.30, 1.35, 1.38, 1.39, 1.52), suggesting 8a to be a trihydroxy-oleanolic acid
(Table 1 - 3). The detailed NMR analysis led us to the conclusion that 8a is identical with
23,3p,160,21p-tetrahydroxyolean-12-en-28-oic acid, i.e. platycogenic acid C, found from Platycodon
Root, previously characterized by Kubota et al.,' although the evidence described in their report was not
good enough for the complete characterization. The partial structure of the A-ring was demonstrated by
the following facts: the 'H-'H COSY correlations between H,-1/H-2 and H-2/H-3 and the HMBC
correlations between H,-23/C-3, H;-24/C-3, H;-23/C-4, H;-24/C-4 and H;-10/C-1; the J values of H-1,
H-2 and H-3 signals included no diaxial coupling. While, the 16f3,213-dihydroxy structure was deduced
by the following data: the 'H-'H COSY correlations between H,-15/H-16 and H,-22/H-21; the HMBC
correlations between H,-15/C-13, H,-22/C-18, H-16/C-28, H,-29/C-21, H,-30/C-21 and H,-22/C-28; the
H-16 and H-21 signals showed a diaxial coupling, 12.0 and 12.1 Hz, respectively. Thus, platycogenic
acid C (8a) was shown to be 23,38,16f3,21p-tetrahydroxyolean-12-en-28-oic acid.

The location of two glucosyl moieties were determined to be at C-2 and C-21, since HMBC correlations
were observed between Glc H-1/C-2 and Glc’ H-1/C-21. Consequently, platycosaponin A (8) was
determined to be platycogenic acid C 2-O-f3-D-glucopyranosido-21-O-f-D-glucopyranoside.

Twenty compounds including eight new triterpenoid saponins (1 - 8) have been isolated from Platycodon
Root, and their structures elucidated by spectroscopic methods. This is the first isolation of platycogenic
acid A glycosides (1 - 4) in free acid form,' although they were isolated as methyl ester and/or lactone
form by Ishii et al.* In addition, 5 - 7 are the first saponins containing D-glucuronic acid in their sugar

moieties from Platycodon Root, and 8 is the first glycoside of platycogenic acid C.

EXPERIMENTAL

General Procedure Optical rotations were obtained on a JASCO P-1020 polarimeter. IR spectra
were measured on a JASCO FT/IR-410 spectrometer. NMR spectra were recorded on a JEOL JMN
LA-500 and a JEOL JMN ECA-500 spectrometers (500 MHz for 'H, 125 MHz for "°C), and the chemical
shifts were given in a ppm scale from TMS used as an internal standard. The signals were assigned by

means of DEPT and 2D NMR techniques (‘H-'H COSY, HMQC, HMBC). Fast atom bombardment
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mass spectra were obtained on a JEOL JMS-700 spectrometer and the matrix employed was 3-nitrobenzyl
alcohol. HPLC was carried out on TSK-gel amide-80 column (4.6 x 250 mm) or COSMOSIL Sugar-D
(nacalai tesque, 4.6 mm x 250 mm) with a RI-8020 (TOSOH Ltd.) and a OR-2090 Plus detector (JASCO
Ltd.) for the D/L determination of monosaccharides. TLC was performed on precoated silica gel 60 F,,,
or RP-18 WF,, plates (Merck) with detection achieved by spraying with 10% H,SO, followed by heating.
Column chromatography (cc) was performed on silica gel 60 (spherical, 40~50um, Kanto Chemical Co.
Ltd.) or ODS (chromatorex DM-1020T, Fuji-Silysia Co. Ltd.).

Extraction and Isolation Commercial Platycodon Root (1.5 Kg, Uchida Wakanyaku Co., Lot. No.
402204: imported from Hubei Province in China) was powdered and percolated with 70% MeOH (9.2 L)
at room temperature; with the resulting 70% MeOH extract (688 g) concentrated in vacuo at 40 °C. The
residual syrup was subjected to ODS cc with water containing increasing amounts of methanol to give 8
fractions: Frs. A (H,0, 590 g), B (30% MeOH, 5.1 g), C (30% MeOH, 1.3 g), D (50% MeOH, 9.7 g), E
(50% MeOH, 5.1 g), F (50% MeOH, 7.1 g), G (70% MeOH, 0.6 g) and H (MeOH, 4.2 g).

Fr. C was applied to silica gel cc [CHCI,;-MeOH-H,O (6:4:1)] to afford five fractions: Frs. C-1 (23 mg),
C-2 (331 mg), C-3 (395 mg), C-4 (269 mg) and C-5 (174 mg). Fr. C-2 was chromatographed on ODS cc
(45%MeOH) to give three fractions: Frs. C-2-1 (98 mg), C-2-2 (132 mg) and C-2-3 (101 mg). Fr. C-2-1
was applied to silica gel cc [CHCI;-MeOH-H,O (78:22:2)] to give 20 (26 mg). Frs. C-2-2 and C-2-3
were applied to silica gel cc [CHCl;-MeOH-H,O (80:20:2 and 70:30:5, respectively)] to give 19 (24 mg),
6 (40 mg), respectively. Fr. C-3 was applied to silica gel cc [CHCl,-MeOH-H,0 (65:35:7)] to give 6 (64
mg) and 7 (197 mg). Fr. C-4 was applied to silica gel cc [CHCl,-MeOH-H,0O (65:35:7)] followed by an
ODS cc (53% MeOH) to give 5 (75 mg).

Fr. D was applied to ODS cc (54% MeOH) to give six fractions: Frs. D-1 (0.49 g), D-2 (4.0 g), D-3 (1.2
g), D-4 (26 g), D-5 (1.2 g) and D-6 (0.62 g). Fr. D-2 was chromatographed on silica gel cc
[CHCI;-MeOH-H,0 (56:64:10)] to give 7 (103 mg), 16 (3.5 g) and 19 (189 mg). Fr. D-4 was repeatedly
chromatographed on silica gel cc [CHCl;-MeOH-H,O (6:4:1 to 64:36:8)] to give 1 (159 mg), 2 (28 mg), 3
(16 mg), 4 (31 mg) and 15 (1.5 g). Fr. D-5 was repeatedly chromatographed on silica gel cc
[CHC1,-MeOH-H,0 (64:36:8)] to give 1 (342 mg) and 8 (46 mg).

Fr. E was applied to silica gel cc [CHCl,-MeOH-H,0 (6:4:1)] to give five fractions: Frs. E-1 (2.1 g), E-2
(1.8 g), E-3 (087 g), E-4 (093 g) and E-5 (0.19 g). Fr. E-1 was applied to silica gel cc
[CHCI;-MeOH-H,0 (64:36:8)] to give three fractions: Frs. E-1-1 (0.15 g), E-1-2 (1.3 g) and E-1-3 (0.13
g). Fr. E-1-2 was repeatedly chromatographed on silica gel cc [CHCl;-MeOH-H,O (64:36:8)] to give 9
(36 mg), 10 (276 mg), 11 (42 mg) and 17 (25 mg). Fr. E-2 was chromatographed on silica gel cc
[CHCI;-MeOH-H,O (64:36:8)] to give 14 (39 mg). Fr. E-4 was applied to silica gel cc
[CHC1,-MeOH-H,0 (62:38:9)] to give 15 (33 mg) and 18 (52 mg).
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Fr. F was applied to a medium pressure ODS cc (57% MeOH) to give six fractions: Frs. F-1 (0.28 g), F-2
(12 ¢g),F3 @44 ¢g),F4 10 g), F-5 (0.15 g) and F-6 (0.30 g). Fr. F-2 was applied to silica gel cc
[CHC1,-MeOH-H,0 (64:36:8)] to give four fractions: Frs. F-2-1 (381 mg), F-2-2 (623 mg), F-2-3 (77 mg)
and F-2-4 (77 mg).  Fr. F-2-2 was chromatographed on silica gel cc [CHCl,-MeOH-H,0 (64:36:8)] to
give 11 (272 mg) and 12 (18 mg). Frs. F-2-3 and F-2-4 were individually chromatographed on silica gel
cc [CHCI;-MeOH-H,0 (62:38:9)] to give 9 (65 mg) and 13 (59 mg), respectively. Frs. F-3 and F-5 were
individually chromatographed on silica gel cc [CHCl,-MeOH-H,0O (67:33:7)] to give 10 (150 mg) and 17
(69 mg), respectively.

Platyconic acid B (1) A white amorphous powder, [a],” —20.7 (MeOH, ¢ 0.91). Positive FAB-MS
m/z: 1281.5729 (IM+H]", CH,,0,,: 1281.5752). IR v, ®"em™: 3434, 2925, 2854, 1736, 1655, 1074,
1045. 'H and "C NMR: Table 1 - 3. HMBC correlations: H-3/C-24, H-5/C-24, Glc H-1/C-3, Ara
H-1/C-28, Rha H-1/Ara C-2, Rha H-3/acetyl carbonyl carbon, Xyl H-1/Rha C-4, Api H-1/Xyl C-3.
Platyconic acid C (2) White amorphous powder, [a],> —7.8 (pyridine, ¢ 1.28). Positive FAB-MS
m/z: 1107.5215 ((M+H]", Cs,H,;,0,5: 1107.5223). IR v, **cm: 3422, 2925, 2853, 1736, 1655, 1078,
1043. 'H and "C NMR: Table 1 - 3. HMBC correlations: H-3/C-24, H-5/C-24, Glc H-1/C-3, Ara
H-1/C-28, Rha H-1/Ara C-2, Xyl H-1/Rha C-4.

Platyconic acid D (3) White amorphous powder, [a],> +4.5 (pyridine, ¢ 0.94). Positive FAB-MS
m/z: 1149.5334 (IM+H]*, C5,HgsO,: 1149.5329). IR v, cm™: 3422, 2925, 2853, 1734, 1655, 1076,
1043. 'H and °C NMR: Table 1 - 3. HMBC correlations: H-3/C-24, H-5/C-24, H-23/C-24, Glc H-1/C-3,
Ara H-1/C-28, Rha H-1/Ara C-2, Rha H-2/acetyl carbonyl carbon, Xyl H-1/Rha C-4.

Platyconic acid E (4) White amorphous powder, [o],” -13.4 (MeOH, ¢ 0.64). Positive FAB-MS
m/z: 1269.5837 (IM+H]", CxH,;0,,: 1269.5752). IR v, ®"cm™: 3409, 2926, 2856, 1736, 1655, 1075,
1043. 'H and "C NMR: Table 1 - 3. HMBC correlations: H-3/C-24, H-5/C-24, Glc H-1/C-3, Gl¢’
H-1/Glc C-6, Ara H-1/C-28, Rha H-1/Ara C-2, Xyl H-1/Rha C-4.

Platycodin J (5) White amorphous powder, [a],” -33.8 (MeOH, ¢ 1.02). Positive FAB-MS m/z:
1239.5626 ([M+H]*, C,H,,0,,: 1239.5646). 1R v, “®cm™: 3398, 2926, 2854, 1738, 1614,1077, 1034.
'H and ”C NMR: Table 1 - 3. HMBC correlations: GluA H-1/C-3, Ara H-1/C-28, Rha H-1/Ara C-2, Xyl
H-1/Rha C-4, Api H-1/Xyl C-3.

Platycodin K (6) White amorphous powder, [a],” —29.9 (MeOH, ¢ 0.91). Positive FAB-MS m/z:
1281.5768 (IM+H]*, C5,H,,0,,: 1281.5752). IR v, cm™: 3416, 2932, 1735, 1636, 1044. 'H and °C
NMR: Table 1 - 3. HMBC correlations: GluA H-1/C-3, Ara H-1/C-28, Rha H-1/Ara C-2, Rha
H-2/acetyl carbonyl carbon, Xyl H-1/Rha C-4, Api H-1/Xyl C-3.

Platycodin L (7) White amorphous powder, [a],” =37.5 (MeOH, ¢ 1.06). Positive FAB-MS m/z:
1281.5787 ([M+H]", C4,Hy;0,,: 1281.5752). IR v, **em™: 3408, 2926, 2858, 1730, 1635, 1041. 'H
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and “C NMR: Table 1 - 3. HMBC correlations: GluA H-1/C-3, Ara H-1/C-28, Rha H-1/Ara C-2, Rha
H-3/acetyl carbonyl carbon, Xyl H-1/Rha C-4, Api H-1/Xyl C-3.

Platycosaponin A (8) White amorphous powder, [a],** +33.4 (MeOH, ¢ 0.59). Positive FAB-MS
m/z: 829.4631 (IM+H]*, C,,H,0,.: 861.4586). IR v, “*cm™: 3433, 2925, 2855, 1736, 1655, 1048.
'H and °C NMR: Table 1 - 3. HMBC correlations: Glc H-1/C-2, Glc’ H-1/C-21.

Platycogenic acid A lactone (1a) White amorphous powder, [a],” +32.9 (pyridine, ¢ 0.21).
Positive FAB-MS m/z: 517.3135 ((M+H]*, C,,H,s0,: 517.3165). IR v, **cm": 3447,2925, 2854, 1772,
1750, 1655, 1036. "*C NMR (pyridine-ds) §: 18.0 (C-25), 18.6 (C-26), 20.0 (C-6), 25.1 (C-11), 25.2
(C-30), 27.8 (C-27), 31.6 (C-20), 33.4 (C-22), 33.8 (C-29), 34.0 (C-7), 36.5 (C-15), 36.7 (C-21), 38.2
(C-10),40.7 (C-8),41.7 (C-1),42.0 (C-18),42.8 (C-14),47.7 (C-19),48.7 (C-9),49.3 (C-17), 52.0 (C-5),
549 (C-4), 58.2 (C-23), 75.1 (C-16), 81.7 (C-3), 84.7 (C-2), 122.4 (C-12), 146.2 (C-13), 179.4 (C-24),
180.5 (C-28). 'H NMR (pyridine-ds) &: 1.03 (3H, s, H;-29), 1.04 (3H, s, H;-26), 1.17 (3H, s, H;-30),
1.33 (1H, overlapped, H-21a), 1.37 (1H, overlapped, H-7a), 1.37 (1H, dd, J=4.6, 12.6 Hz, H-19a), 1.40
(3H, s, H;-25), 1.45 (1H, br. d, J=14.3 Hz, H-1a), 1.66 (1H, dd, J=2.3, 14.9 Hz, H-15a), 1.70 (1H, ddd,
J=29,12.1, 12.1 Hz, H-6a), 1.77 (3H, s, H;-27), 1.81 (1H, ddd, J=2.9, 12.1, 12.1 Hz, H-7b), 2.02 (1H,
overlapped, H-11a), 2.07 (1H, overlapped, H-9), 2.08 (1H, dd, J=4.6, 143 Hz, H-1b), 2.08 (1H,
overlapped, H-11b), 2.19 (1H, brd, J=12.1 Hz, H-5), 2.27 (2H, overlapped, H-6b and H-22a), 2.36 (1H,
dd, J=3.4,14.9 Hz, H-15b), 2.41 (1H, dd, J=2.9, 4.6, 14.3 Hz, H-22b), 2.51 (1H, dd, J=4.6, 12.6, 12.6 Hz,
H-21b), 2.80 (1H, dd, J=12.6, 14.3 Hz, H-19b), 3.60 (1H, dd, J=4.6, 14.3 Hz, H-18), 4.43 (1H, d, J/=10.9
Hz, H-23a), 4.63 (1H, brs, H-3), 4.75 (1H, d, J/=10.9 Hz, H-23b), 4.98 (1H, brd, J=4.6 Hz, H-2), 5.22,
(1H, brs, H-16), 5.62 (1H, dd, J=2.9, 29 Hz, H-12). HMBC correlations: H-2/C-24, H-3/C-24,
H-5/C-24.

Platycogenic acid C (8a) White amorphous powder, [a],** + 58.8 (pyridine, ¢ 0.59), + 47.6 (EtOH,
¢ 0.62). Positive FAB-MS m/z: 505.3492 ((M+H]*, C,,H,,04: 505.3529). IRv, ** cm: 3433,2925,
2855, 1737, 1655, 1049. "*C NMR (pyridine-ds) 8: 17.1 (C-25), 18.0 (C-26), 18.5 (C-30), 18.7 (C-24),
19.1 (C-6),24.5 (C-11), 27.4 (C-27), 30.3 (C-29), 30.7 (C-23), 33.8 (C-7),36.4 (C-22),37.2 (C-20), 37.8
(C-10), 389 (C-15),39.3 (C-4),40.4 (C-8),44.2 (C-18),45.1 (C-14),45.4 (C-1),47.6 (C-19),48.2 (C-9),
53.1 (C-17), 56.4 (C-5), 66.5 (C-16), 71.9 (C-2), 72.3 (C-21), 78.8 (C-3), 123.6 (C-12), 1434 (C-13),
180.8 (C-28). 'H NMR (pyridine-ds) 8: 1.01 (1H, brd, J=10.9 Hz, H-5), 1.11 (3H, s, H,-26), 1.24 (1H,
dd, J=4.1, 13.8 Hz, H-1a), 1.28 (3H, s, H;-23), 1.30 (3H, s, H;-29), 1.35 (3H, s, H;-30), 1.38 (3H, s,
H,-24), 1.39 (3H, s, H;-27), 1.39 (1H, overlapped, H-7a), 1.52 (1H, dd, J=4.6, 13.8 Hz, H-19a), 1.52 (3H,
s, H;-25), 1.57 (2H, overlapped, H-6a and H-7b), 1.66 (2H, overlapped, H-6b and H-9), 1.82 (1H, dd,
J=4.6, 13.2 Hz, H-15a), 2.06 (1H, overlapped, H-11a), 2.14 (1H, overlapped, H-11b), 2.12 (1H, dd,
J=13.8, 14.3 Hz, H-19b), 2.22 (1H, dd, J=12.1, 13.2 Hz, H-22a), 2.32 (1H, dd, J=2.9, 13.8 Hz, H-1b),
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2.34 (1H, dd, J=12.0, 13.2 Hz, H-15b), 3.25 (1H, dd, J=4.6, 13.2 Hz, H-22b), 3.45 (1H, d, J/=4.1 Hz, H-3),
3.66 (1H, dd, J=4.6, 14.3 Hz, H-18), 4.22 (1H, dd, J=4.6, 12.1 Hz, H-21),4.42 (1H, ddd, J=2.9, 4.1, 4.1
Hz,H-2),4.69 (1H, dd, J=4.6,12.0 Hz, H-16), 5.61 (1H, dd, J=3.5,3.5 Hz, H-12).

Platycodigenin (9a) White amorphous powder, [o],” +18.4 (pyridine, ¢ 0.35). Positive FAB-MS
m/z: 521.3456 ((M+H]", C;,H,,0,: 521.3478). 1R v, “®"cm™: 3423, 2925, 2854, 1736, 1675, 1636, 1040.
C NMR (pyridine-ds) 6: 17.9 (C-25), 18.0 (C-26), 19.5 (C-6), 24.7 (C-11), 25.3 (C-30), 27.8 (C-27),
31.5 (C-20), 33.3 (C-22), 33.8 (C-29), 34.3 (C-7), 36.6 (C-15), 36.7 (C-21), 37.7 (C-10), 40.6 (C-8),42.0
(C-18),42.7 (C-14),45.2 (C-1),47.2 (C-4),47.7 (C-19),48.6 (C-9),49.1 (C-5),49.4 (C-17), 64.6 (C-23),
65.1 (C-24),72.3 (C-2),75.2 (C-16),75.7 (C-3), 123.0 (C-12), 145.6 (C-13), 180.7 (C-28).

Acid hydrolysis of 1 1 (22.5 mg) was dissolved in 1 ml of 1 M HCI (1,4-dioxane: H,O=1:1) and
heated at 100 °C for 2 h. The reaction mixture was diluted with H,O and passed through Sep-pack ODS
(H,O and MeOH) to afford the H,O eluate and the MeOH eluate. The MeOH eluate (14.1 mg) was
chromatographed on silica gel cc [CHCl,-MeOH-H,0O (9:1:0.08)] to afford platycogenic acid A lactone
(1a, 6.3 mg)." The H,O fraction was analyzed by HPLC under the following conditions: column,
TSK-GEL Amido-80 (Tosoh, 4.6 mm x 250 mm); solvent, 100 mM triethylamine in 75% MeCN; flow
rate, 0.5 ml/min; detector, RI-8012 and OR-2090 plus. The constituents of the H,O fraction were
determined to be a mixture of D-Glc (#; 23.6 min, positive), L-Ara (#; 18.2 min, positive), L-Rha (#; 14.7
min, negative), D-Xyl (#; 17.2 min, positive), D-Api (#; 14.1 min, positive), by comparison with authentic
samples.

Acid hydrolysis of 2, 3 and 4 Compounds 2, 3 and 4 (5 mg each) were individually hydrolyzed in a
similar way as in the case of 1, and 1a was obtained from the MeOH fraction and D-Glc, L-Ara, L-Rha,
D-Xyl were detected in the H,O fraction.

Acid hydrolysis of 5 Compound 5 (20.0 mg) was hydrolyzed in a similar fashion to 1, and afforded
a MeOH eluate (6.8 mg) and an H,O eluate. The MeOH eluate was chromatographed on silica gel cc
[CHC1,-MeOH (10:1)] to afford platycodigenin (9a 4.9 mg) identified on the basis of the data with those
already reported.” The H,O fraction was analyzed by HPLC under the following conditions: column,
COSMOSIL Sugar-D; solvent, MeCN-20 mM phosphate buffer (pH=7.0) (7:3); flow rate, 1.0 ml/min;
detector, RI-8012 and OR-2090 plus. Consequently, the constituents of H,O fraction were clarified to
be a mixture of D-GluA (#; 10.4 min, positive), L-Ara (#; 6.3 min, positive), L-Rha (#; 5.3 min, negative),
D-Xyl (#z 6.1 min, positive), D-Api (#; 5.4 min, positive), by compared with authentic samples.

Acid hydrolysis of 6 and 7 Compounds 6 and 7 (5 mg each) were hydrolyzed in a similar way as in
the case of 5, and afforded 9a from the MeOH fractions and D-GluA, L-Ara, L-Rha, D-Xyl, D-Api from
the H,O fraction, this was determined as described for 5.

Acid hydrolysis of 8 Compound 8 (20.7 mg) was hydrolyzed in a similar way to 1, and afforded a
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MeOH eluate and an H,O eluate. The MeOH eluate was chromatographed on silica gel cc
[CHCI;-MeOH (9:1:0.08)] to afford platycogenic acid C (8a, 7.5 mg), identified on the basis of the
physical data already reported.”® The H,O fraction was analyzed with similar way to 1, and afforded

D-Glc.
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