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Studies on the Constituents of Swertia japonica Makino III.
On the Triterpenoids and Phenol Glucoside

Masafumi Kikuchr and Masao KikucHr

(Received November 22, 2004)

3 f-Hydroxy-11-oxoolean-12-en-28-oic acid, maslinic acid, hederagenin, 3 3-hydroxy-13

(18) -oleanen-28-oic acid, erythyrodiol 3-O-palmitate, and 3-O- 8-p-glucopyranosylbenzoic

acid methyl ester were isolated together with reported triterpenoids, thysanolactone and

oleanolic acid from the whole plants of Swertia japonica MakiNo. Their structures were

determined on the basis of spectral data.
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L XL, ¥ 7Y Swertia japonica
Makivo (Gentianaceae) POFHROELIAY FA
NEEGR ) 7 F CEERE BEEL, FR 50
LB DOWTHRE L7209 40, BIMoR
DEBRBELLEIS, TTICEY 7Y 5 HEER
£ XN T 4 thysanolactone (1)3 & oleanolic
acid (2)4® OMIZ5FED M) TR/ A4 F (83—
7) RO 7 =/ — VEHELR (8) % HEEY
BIENTEZDOT, #2N5OHEICOVWTH
=95, .
B2 123k L 72 MeOH = % A ® CHCl,, Et,0,
AcOEt, BuOH, H,0 W& D) 6, CHCL, H4
wVVATENVAT A O NS T T 4 =L
T, PUTAVRIAF, 2, TRUB-6%1.
3—6IE MY AFLIYLITIRAY VTAFI
b#%, SBHPLCIZL Y FYFIRI A FAF
VIZA7 )V (3a—6a) %1%7:. BUOHHE > 5
VA TrvasAsa<w NI T T 4 - RS
WHPLCICX Y 1D 7 =/ — VEAER (8) %
‘. _

L& 3aldE\EHHEE LTELN, H5FR
ISR (HR)-BF A 4 Y L(ED-MS 25
CyHyO, EE L7z, 'H-NMR A X2 b IZB W

T, THOEIHRAFVEDTT L v [
0.79, 0.91, 0.93, 0.94, 0.99, 1.09, 1.36 (each 3H,
s)], ANVAKZNVEIIBEBELXAFTa by
(6,232 (1H,s, H-9)], “EEESICBELL X
Fr7okr [6,301 (1H,dd,J =12.8,4.0 Hz,
H-18)], MEEREDOMIFROAF T b ¥
(6,321 (1H, m, H-3)], #NVKAXFFIVED
AFN7Fa bk [8,362 (3H,s, OCHy)] KU
AL 74r7ubr [8,564 (1H,s, H-12)] I
EOLCYTFUDEDEND.

Utz s, KALEW T methyl 343-
hydroxy-11-oxoolean-12-en-28-oate & HEE X #1,
SCHEEE ('H- RO 3C-NMR A2 b V)eD & o
BB X D FEE L7

fbe&taald, EEEHEKELTELON, OF
KT HR-EI-MS 7* & C3,H;,0, L #5E L 72, 'H-
NMR AXRZ M VIZBWTiE, THEDE IHEAF
VEOTT LY [6, 0.72, 0.83, 0.90, 0.93, 0.98,
1.03, 1.13 (each 3H, s)], “E&EEIIHE L
AF 7o bv [6,286 (1H, dd, J = 134, 4.9
Hz, H-18)], BEEREOMIIEDO 2MHDO X F
»7a b [6,300 (1H, d, J = 9.3 Hz, H-3),
3.67 (1H,m, H-2)], #IVEX FFINEDXF



50 ¥ IR, ZgHi IEME

vra b [8,362 (8H, s, OCHy)]l MUF L
7470 by [6,528 (1H, m, H-12)] 23
DY TFVDRBEDEND.

UEDZ &h 5, KILEY L methyl maslinate
SN, XHKE (8C-NMRARZ F)L)8 &
DOHBIZE YEEL.

{b&sals, [al, +90°" DEFEMEL LT
Bo, EI-MSIZBWTmiz 486129 F A4 4+ ¥
-7 (MY) 2EHS5NAE. 'H-NMR AR b b
CBWTIE, 6EDOEI/MAFVEDOTT
[ &, 0.72, 0.90, 0.90, 0.92, 0.96, 1.12 (each 3H,
s)], ZERECHEELLAF T by [6y,
2.86 (1H,dd,J = 13.6,4.0 Hz, H-18)], MEEE e
EOMFIFBOAFL 7O MY [6, 3.44 (1H,
d,J =10.3 Hz, H-23A), 3.73 (1H,d, J = 10.3 Hz,

H-23B)], #IVFEXAFFINFEOXAF LT T B
v [6,3.62 (3H, s, OCHy) ], BREEREEDF T
BoxFr7abr [6,365 (1H, m,H-3)] &
OV 74 r7ary [6,5628 (1H, t, J = 3.7
Hz, H-12)] XD VT F AP BDHLNG.
LEnZEn»n, R{LEYWIZ hederagenin
methyl ester EHEE &4, RS L DFEL -4
mEEFELELEZ S (TLC, 'H- KU BC-NMR
ARG M), FEEI—ELT
ftaealdESEHEKL LTHELN, 5FK
(& HR-EI-MS 2 & C,,H;,0, & % L72. 'H-NMR
AR PVIZBWTIE, TEDEIHEXF VI
n7a k> [6,0.76,0.82, 0.89,0.97, 0.99, 1.12,
1.23 (each 3H, s)], —EEEICHELI-AFL
»7a b [6,219—2.29 (4H, m, H,-12, H,-

2 R'=R®=R*=H,R%=H,

3 R'=R®=R%=H,R%=0

3a R'=R*=H,R?=0,R®=CHj

4 R'=O0OH,R?=H,, R®=R*=H

4a R'=0H, R?=H,, R®CHs, R*=H
5 R'=R3=H,R%=H, R*=0H

5a R'=H, R%=H,, R® = CH3, R% = OH

Chart 1

-
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19)], BEEREOMHITROXF 70 b v

[0y 3.19 (1H, m, H-3)] RUAIEX bF )L

#pAxF)N7O by [6,3.67 (3H, s, OCH,)]
IEDL VTSRO LNE, EIMSD 7 5 7
AVTF—=2a IilBVT, 3MIKBEEET
% oleanane® M F VR DA, BEIZHRT
BITTAY N AF VD mse 20T 1D BN,
$72, D, ERCHERT A 7772 M F Vi
methyl oleanolate TlX m/z 189, 203, 249, 262 I
o 5B, 6aTIE m/z 189, 203, 248, 262 12
MEORL 5 AF Y E— 2 L LTROLND.
B2 'H-NMR {2 BT, methyl oleanolate R {L&
W3a—-5aTRHOLNAFL 74 TOP YR
CI8MLD7Ta U HAEOLN LW Es,
BREAIT13 - 1SMICNEBEBR _EHKAL LT
FHELTWAIEDNREEING.

Doz nrs, RMEAYIL3p-hydroxy-13
(18) -oleanen-28-oic acid methyl ester & #E5E & 41
5.9 Caputo & 9 1%, 38-hydroxy-13(18)-oleanen-

© 28-oic acid i, B% 5 < oleanolic acid D 43 B #
BIZBIT S, BEMEOEMILIZ L 5 artifact TH
HBERSLTWADOT, bE&Wea b RIS
artifact DT BEHEDSH 5 .

L& 7i3, A 121—123C, [al,+45.9°D
EASIREE LTHELN, 5 F3E HR-EI-MS
5 CueHgOy & % L7z, 'H-NMR A7 bV IZ
BwTlid, TROE3IHAFNVEDOTT ¥
[ 84 0.865, 0.869, 0.875, 0.89, 0.94, 0.96, 1.16
(each 3H, s)], PNVARZNWEIZBEEL/-AF L
y7u by [6,229 (2H,t,J = 7.3 Hz, H2")],
 BEFEREOMIEOXFLYTO LY [,
322 (1H,d,J = 11.0 Hz, H-28A), 3.55 (1H,d,J
= 11.0 Hz, H-28B) ], BEEBREEDMFITRDO X F
»7ua b [8,450 (1H, dd, J = 8.3, 5.6 Hz, H-
3)] ROAL 7470 by [8,519 (1H, m,
H-12)] 2D 7 FUNFED LN 5.

BLEDZ k5, ALAWIE erythrodiol 3-0-
palmitate EHE SN, ERELEBELAEZ A
("H- B O¥ BC-NMR A X% b)) 10 524512 —F L
7. : V '
- fbEeid, [a],—466°, EEEHEKE LT
Bo5h, FABMSIZBWTm/iz 315 [M+H] &

U337 M+ NaltDHF A4 =7 HFRD
55, 'HNMR AR PLIZBWTIE, #IVKR
ANFUNVEOAFVTT MY [6,3.98 (3H,
s, OCH,) 1, glucose®7 / AV v 7o b
[044.94 (1H,d,J =7.7Hz,H-1)], glucose ® 6
fio7o + v [6,3.71 (1H,dd,J=12.1,5.5 Hz,
H-6'A), 3.89 (1H,dd,J =12.1, 2.2 Hz, H-6'B) ],
4fEONyErBOSa by [8y 7.35 (1H,
ddd, J = 8.1, 1.8, 1.1 Hz, H-6), 7.40 (1H,dd,J =
8.1,7.7THz, H-5), 7.67 (1H,ddd,J=7.7,22, 1.1
Hz, H-4), 7.72 (1H, dd, J = 2.2, 1.8 Hz, H-2)]
WRROLNLE., T7)a oy EERmD3-
methoxybenzoic acid methyl ester & 'H- & UF 13C-
NMR %2 MU CHEL, HEERIESCHED &
BC-NMRAXRZ MUV THETHZ EI2LY, 1L
41 8 1% 3-0-8-p-glucopyranosylbenzoic acid
methyl ester & %€ L72. KILEWIX Gliricidia
sepium D H DEEEHENH 1,12 /2, LU T
) DEERED LML EW D 5-(3'-0-8-p-

. glucopyranosyl) benzoylgentisic acid 2R S 1

TVa B OAKT, {LEVMBHFRALLHEESH
AL ES/ A A

Db, EREEEL LTH MLy T )
DALFEBSTIC DV TRE ATV, 6 BOLEY
DEFEEHIHRT 5 ENTEL.

=B O %

Al T TN A f = A B 2 6 MP-S3 BTl sE
GRHHIE). BEJGEE I H A4 Y6 DIP-360 1 4 s C
B L7z, 'H- RO BC-NMRANRZ FIVIZEARE
FINM-LA600E! (ZhZh, 600K 150 MHz)
K OVINM-LA 400 % (#1241, 400 & U100 MHz)
AR L, PESIEHEN ' 1 tetramethylsilane %
7z, B&EE. s = singlet, d = doublet, dd =
double doublet, dt = double triplet, ddd = double
double doublet. EI-, HR-EI-MS K U FAB-MS
(FEAAYE—=F, 2 Yy 2R 7)x1) )
X AARETFIMS-DX 303 &I A H LllE L 7.
HSLrsaT ST 74—, FEHIE LT
Kieselgel 60 (Merck; 230 — 400 mesh) % fiv>7:.
A HUHPLC 1 Tosoh HPLC system (purmp, CCPM:
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detector, UV-8020 or RI-8020; column, TSKgel
0ODS-120T, 7.8 mm i.d. X 30 cm; column temp.,
40 C; flow rate, 1.0 ml/min) %fFH L, DLTO#
Bt Hw 7.
phase-2, MeOH —H,0 (9:1).

HE RSB AiHERY ICFER L 72 CHCL I
HDIT8gE VI T NATLIUR NI T T A —
[CHCL,—MeOH (19:1—2:1)] ZHL, Frl1—
10524 L7z, KRIZ, Fr.5— 8755 HPLC
(mobile phase-1) 1Z2& 1, 1t&W1 (6.0mg) %,
Fr.25 — 307 547 ELHPLC (mobile phase-2) 12
Xy, ftew2 (65mg), 7 (5.5mg) % HiEEL
7z. KIZ, Fr.13—18 (6.9 g, 'TH-NMR T VK
ANFUNEDOAFLTOA N T F IV ERD
W) BNV AFNIYNITISAY S TAF
WAL, ) A5 VAT L sa<w NS T T 4 —
[n-hexane — AcOEt (4 : 1) K UFCHCl, — MeOH
(19:1—4:1)] IZF L TFr.1'— 72124 L 7=,
D) B Fr. 37'—45'» L4 EHPLC (mobile
phase-2) (2& 0, {tE¥3a (0.3 mg), 4a (0.5
mg), 5a (0.5mg), 6a (0.1 mg) % HEEL 7.

Methyl 3p-hydroxy-11-oxoolean-12-en-28-oate
(3a) SR, HR-EI-MS m/z: 484.3545
(M*, Caled for C,,H,.0,; 484.3553). 'H-NMR
(600 MHz, CDCl,) 6: 0.79 (3H, s, H;-24), 0.91,
0.93,0.94 (3H each, s, H;-26, H;-29, H,-30), 0.99
(3H, s, H;-23), 1.09 (3H, s, H,-25), 1.36 (3H,
s, H;-27), 2.32 (1H, s, H-9), 2.83 (1H, dt, J =
13.6, 3.7 Hz, H-1A), 3.01 (1H, dd, J = 12.8, 4.0
Hz, H-18), 3.21 (1H, m, H-3), 3.63 (3H, s,
OCH,), 5.64 (1H,s, H-12). C-NMR (150 MHz,
CDCly) 6: 15.6 (C-24), 162 (C-25), 17.4 (C-6),
19.0 (C-26), 23.0 (C-16), 23.4 (C-30 or C-27),
23.6 (C-27 or C-30), 27.3 (C-2), 27.8 (C-15
or C-23), 28.1 (C-23 or C-15), 30.7 (C-20),
31.6 (C-22), 32.9 (C-7, C-29), 33.7 (C-21),
37.3 (C-10), 39.12 (C-1 or C-4), 39.15 (C-4
or C-1), 41.6 (C-18), 43.5 (C-8), 44.3 (C-19),
45.0 (C-14), 46.2 (C-17), 51.9 (OCH,), 55.0
(C-5), 61.8 (C-9), 788 (C-3), 128.0 (C-12),
168.6 (C-13), 177.5 (C-28), 200.2 (C-11).

mobile phase-1, MeOH; mobile

Methyl maslinate (4a) #E&EAEK. HR-EI- -

MS m/z: 486.3685 (M*, Calcd for C,,Hso0,;
486.3709). 'H-NMR (400 MHz, CDCl,) 6 : 0.72,
0.83, 0.90, 0.93, 0.98, 1.03, 1.13 (each 3H, s, H,-
23, H,-24, H;-25, H,-26, Hy-27, H,-29, Hi-30),
2.86 (1H, dd, J = 13.4, 4.9 Hz, H-18), 3.00 (1H,
d, J = 9.3 Hz, H-3), 3.62 (3H, s, OCH,), 3.67
(1H, m, H-2), 5.28 (1H, m, H-12). 3C-NMR
(100 MHz, CDCl,) 8: 16.6, 16.7, 16.9 (C-24, C-25,
C-26), 18.4 (C-6), 23.1 (C-11), 23.5 (C-16
or C-30), 23.6 (C-30 or C-16), 26.0 (C-27),
27.7 (C-15), 28.6 (C-23), 30.7 (C-20), 32.4
(C-22), 32.6 (C-7), 33.1 (C-29), 339 (C-21),
38.3 (C-10), 39.2 (C-4 or C-8), 39.4 (C-8 or
C-4), 41.3 (C-18), 41.7 (C-14), 459 (C-19),
46.4 (C-1), 46.7 (C-17), 47.9 (C-9), 51.5
(OCH,), 55.3 (C-5), 69.0 (C-2), 84.0 (C-3),
122.2 (C-12), 143.9 (C-13), 178.3 (C-28).
Hederagenin methyl ester (5a) ST EK.
(@] +90° (¢=0.050, MeOH). EI-MS m/z
(%): 486 (M*, 7), 262 (82), 303 (100). 'H-
NMR (600 MHz, CDCl,) &: 0.72 (3H, s, H,;-26),
0.90 (6H, s, Hy-24, H,-29), 0.92 (3H, s, H;-30),
0.96 (3H, s, H;-25), 1.12 (3H, s, H,-27), 2.86
(1H, dd, J = 13.6, 4.0 Hz, H-18), 3.44 (1H,d,J
= 10.3 Hz, H-23A), 3.62 (3H, s, OCH,), 3.65
(1H, m, H-3), 3.73 (1H, d, J = 10.3 Hz, H-23B),
5.28 (1H, t, J = 3.7 Hz, H-12). C-NMR (150
MHz, CDCl,) 6: 11.4 (C-24), 15.7 (C-25), 16.9
(C-26), 185 (C-6), 23.1 (C-16), 23.4 (C-11),
23.6 (C-30), 26.0 (C-27), 26.9 (C-2), 27.7
(C-15), 30.7 (C-20), 32.4 (C-7), 325 (C-22),
33.1 (C-29), 33.9 (Cc-21), 36.9 (C-10), 38.1
(C-1), 39.3 (C-8), 41.3 (C-18), 41.7 (C-14),
41.9 (C-4), 45.9 (C-19), 46.7 (C-17), 47.7
(C-9), 50.0 (C-5), 51.5 (OCH,), 72.2 (C-23),
76.9 (C-3), 122.3 (C-12), 143.8 (C-13),
178.3 (C-28).
3p-Hydroxy-13(18)-oleanen-28-oic acid methyl
ester (6a) ERZEAIK. EI-MS m/z (%): 470
(M*, 51), 411 (17), 262 (35), 248 (23), 207
(55), 189 (80), 59 (100). HR-EI-MS m/z:
470.3760 (M*, Calcd for Cy,H,50,; 470.3760).
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CI:MS m/z 471 [M+ 1]+, 453 [M— H,0]*. 'H-
NMR (600 MHz, CDCl,) &: 0.76, 0.82, 0.89, 0.97,
0.99, 1.12, 1.23 (each 3H, s, H,-23, H;-24, H,;-25,
H;-26, H,-27, Hy-29, H;-30), 2.19—2.29 (4H, m,
H,-12, H,-19), 3.19 (1H, m, H-3), 3.89 (3H, s,
OCH). |

Erythrodiol 3-O-palmitate (7) M EHiK&.
mp 121 —123C. [al¥ +45.9° (¢=0.500,
CHCl,). HR-EI-MS m/z: 680.6080 (M*, Calcd
for C,sHg,04; 680.6107). 'H-NMR (400 MHz,
CDCl,) 6: 0.865, 0.869, 0.875 (each 3H, s, H;-23,
H,-24, H,-30), 0.881 (3H,t,J = 7.0 Hz, H;-16'),
0.89 (3H, s, H,-29), 0.94 (3H, s, H,-25), 0.96
(3H, s, Hy-26), 1.16 (3H, s, Hy-27), 2.29 (1H,
't,J ="7.3Hz, H-2), 322 (1H,d,J = 11.0 Hz, H-
28A), 3.55 (1H, d, J = 11.0 Hz, H-28B), 4.50
(1H, dd, J = 83, 5.6 Hz, H-3), 5.19 (1H, m, H-
12). BC-NMR (100 MHz, CDCL) 8: 14.1 (C-16'),
15.6 (C-25), 16.74 (C-24), 16.76 (C-26),
18.2 (C-6), 22.0 (C-16), 22.7 (C-15'), 235
(C-2), 23.58 (C-30), 23.59 (C-11), 25.2 (C-
‘3", 25,5 (C-15), 25.9 (C-27), 28.0 (C-23),
29.2 —29.7 (C-4'—C-13", 30.95 (C-22), 31.03
(C-20), 31.9 (C-14'), 325 (C-7), 32.2 (C-29),
34.1 (C-21), 34.9 (c-2'), 36.9 (C-10), 37.0
(C-17), 37.8 (C-4), 383 (C-1), 39.8 (C-8),
41.7 (C-14), 42.4 (C-18), 46.4 (C-19), 475
(C-9), 55.3 (C-5), 69.7 (C-28), 80.5 (C-3),
122.3 (C-12), 144.2 (C-13), 173.7 (C-1').

3-0-B-p-Glucopyranosylbenzoic acid methyl
ester (8) HEEHE. [a)? —46.6° (c=
0.0644, MeOH). FAB-MS: m/z: 315 [M+ H]*,
337 [M+ Na]*. H-NMR (600 MHz, CD,0D) o
3.71 (1H, dd, J = 12.1, 5.5 Hz, H- 6'A), 3.89
(1H, dd, J = 12.1; 2.2 Hz, H-6'B), 3.89 (3H, s,
OCH,), 4.94 (1H,d,J =7.7Hz, H-1), 7.35 (1H;
ddd,J =8.1,1.8,1.1 Hz, H-6), 7.40 (1H,dd,J =
8.1,7.7Hz, H-5), 7.67 (1H,ddd,J=7.7,22,1.1
Hz, H-4), 7.72 (1H, dd, J = 2.2, 1.8 Hz, H-2).
3C-NMR (150 MHz, CD,0D) 9: 52.7 (COOCH,),

62.4 (C-6'), 71.3 (C-4'), 74.9 (C-2'), 78.0
(Cc-5'), 782 (C-3"), 102.4 (C-1'), 1187 (C-2),
122.6 (C-4), 124.4 (C-6), 130.7 (C-1, C-5),
159.2 (C-3), 176.8 (COOCH,).

BE ARBFEIC40, MS ROV NMR A%
FUVEBIE L CHEWARERREIRZEDOH 412
B LT T,
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