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Abstract—The surface layer of Poria cocos has yielded five new triterpenes; two of the lanostane type and three of the
3,4-secolanostane type. The structures of these compounds were elucidated mainly by two-dimensional NMR

techniques.

INTRODUCTION

Dried sclerotia of Poria cocos Wolf are used as a crude
drug ‘Hoelen’ (Chinese name: Fu-Ling), which is a re-
nowned Chinese drug and is combined in many tradi-
tional Chinese prescriptions as a diuretic, sedative, and
tonic. In China, the inner parts of the sclerotia of P. cocos
are called ‘Bai- Fu- Ling’, and are reported to have an
invigorating activity in addition to diuretic and sedative
activities. On the contrary, ‘Fu-Ling-Pi’ is reported to
have only a diuretic activity and no invigorating activity
[1]. In recent years, almost all of the ‘Hoelen’ available
commercially in Japan is imported from China. It should
be noted that, in Japan, usually the surface part of the
sclerotia is removed and only the inner part is used as
‘Hoelen’. Interestingly, however, in China, the surface
part including peel is called ‘Fu-Ling-Pi’ and used as
a diuretic [1]. Previously, we reported the isolation and
structure elucidation of four novel 34-secolanostane
triterpenes from the surface layer [2]. In continuation of
our work on the constitutents of the surface part of
P. cocos, we obtained two new lanostanes (1, 2) and three
new 3,4-secolanostane compounds (3-5), along with two
known compounds, dehydrotumulosic acid (6) [3] and
dehydroeburiconic acid (7) [4].

Compound 1 was obtained as an amorphous powder,
[«]3® + 6° (pyridine). It showed a molecular ion peak at
m/z 484 in the El-mass spectrum and its molecular for-
mula was determined by HR-mass spectrometry to be
C;1H,430, which is the same as that of 6. The IR spec-
trum showed broad absorptions at 1707 cm ~ ! (carboxyl)
and 1642 cm ! (diene) and the UV spectrum showed an
absorption maximum at 243 nm (loge, 4.08), suggesting
the presence of a A7-°!'!! diene grouping in the molecule

*Part 4 in the series ‘Studies on the constituents of Poria
cocos’. For part 3 see ref. [2].

[5]. The 'H and '*C NMR spectra closely resembled
those of 6 except for the signal due to an oxygen-bearing
methine (6y 3.65,brt, W,,; = 8Hz, H-3; 6. 75.1, d, C-3).
Detailed analysis of the '"H-'H, '*C-'H and long-range
13C'H COSY spectra of 1 led to the assumption that
this compound may be the 3-epimer of 6, which was
supported by the NOE experiments. Clear NOEs were
observed between the signal at dy 3.65 (H-3) and the
signals at 6y 1.20 (H-28) and at 5, 0.98 (H-29), while the
cross-peak between H-3 and H-5 observed in the case of
6, was not observed in 1.

It is of interest to note that the !3C signal due to Me-29
in 1 was shifted downfield by 6.5 ppm compared with
that in 6. This finding is also consistent with the structure
having the 3«-axial hydroxyl group [6].

Compound 2 was isolated as a methyl ester (2a),
an amorphous powder, [«]3° + 22° (chloroform), after
methylation with diazomethane. It showed a molecular
ion peak at m/z 514 in the El-mass spectrum and its
molecular formula was determined by HR-mass spectro-
metry to be C3;HsqOs. The UV spectrum showed an
absorption maximum at 242 nm ascribable to a A7- %1V
diene moiety. The '"H NMR spectrum of 2a was similar
to that of 1, but it showed two tertiary methyl signals at
oy 1.554 and 1.547, instead of the signals due to the
isopropyl group in 1. Also, comparison of the 1*C NMR
spectrum of 2a with that of 1 indicated the presence of an
isopropyl alcohol grouping (3¢ 30.01, 30.02, both s, C-26,
27, 8¢ 72.4, 5, C-25) instead of the isopropyl group in 1.
Thus the structure of 2 was determined to be 25-hydroxy-
3-epidehydrotumulosic acid.

Compound 3, an amorphous powder, [«]3® + 7° (py-
ridine) failed to show a molecular ion peak in the EI-mass
spectrum, but the fragment ion peaks at m/z 441 [M —
CH,CO,Me]" and 423 [M — CH,CO,Me — H,0]",
characteristic of 3,4-secolanostane triterpenes were ob-
served. However, the dimethy! ester of 3 (3a), derived by
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3 R] = OH, RzZH, R3=H
3a R] = OH, R2 = CH3, R3 = CH3
4 R, =H Ry=CHy, Ry=H

8 R1=H, RZZH, R3=H

treatment with diazomethane, revealed a molecular ion
peak at m/z 528 and its molecular formula was deter-
mined by HR-mass spectrometry to be C3, Hy5Os. From
these results, the molecular formula of 3 was deduced to
be C3oH44O¢. The UV spectrum of 3 showed an absorp-
tion at 242 nm, indicative of A7-*"'!-diene moiety in the
molecule. The 'H and '3C NMR spectra of 3 resembled
those of poricoic acid B (8) [7] and suggested that one of
the methyl groups C-26 and C-27 was replaced by a hy-
droxymethyl group. Next, a series of difference NOE
experiments were carried out on 3 for the purpose of
eluctdating the location of the hydroxymethyl group.
Irradiation of the methyl proton at éy 1.97 (H-26) en-
hanced the intensity of the signal at 4 5.47 (H-24, 5%)

T. Tal et al.

and thus the methyl group and H-24 were cis and the
hydroxyl group must be located at C-27. Therefore, the
structure of 3 was concluded to be 16a,27-dihydroxy-
3,4-secolanosta-4(28),7,9(11),24-tetraen-3,21-dioic  acid,
named poricoic acid E.

Compound 4 was obtained as an amorphous powder,
[2]3® + 12° (chloroform). The mass spectrum of
4 showed the molecular ion peak at m/z 498 and the
fragment ion peaks characteristic to the 3,4-seco form
(m/z 411 and 393) and the IR spectra showed broad
absorptions due to an ester carbonyl (1734 cm™1') and
a carboxylic acid group (1706 cm™'). The 'H and
13C NMR spectra of 4 were similar to those of 8, except
for the presence of a methoxy signal (dy 3.64, s; 8¢ 51.3, q)



1167

Triterpenes from Poria cocos

-paduByoIalul 5q AWL UWN[OD YOS Ul SYIYS [EOIWIYD),

S 8¢ SGLE 19O
S $9°¢ S p9°¢ -3N0
(MrLiev Mriey (1P vey (1) pe6v mervs () pre6y
S HRy S8y S06'v 568y (D Peos S S8y it
S 6p°T S 61 $8¢'7 STY'l s 8p°1 S €01 $TSL SLE1 Sl o¢
SpLT SELT S 6€Y SILT Syl SLO'T Sl $660 $ 86°0 67
@regy @ resy (nereos @rsy @presy
SLLY SLLY mrors S9LY SLLY Syl $TTT S1T1 SOTT 87
(8) P 8EY
AL) P 860 $65°1 L) P 860 $ 651 ®rest AL PYOL L) P 10T S PSS L) P IOT LT
«{L) P 660 S 191 L) P 660 S19°] $L6T L) PEOT )P 001 S LYS'T L) POOTT 97
L kard wyre W67 wery w 67T 94
$ 4G bE°S $ 49 pE°G (p) 144 LY7S T
$T T 9T (T1) 1495 (1 1¢sc
€T Y€1 rard YT€T ' ST€T ¥ 9757 ¥'T €7
9T ST 1T w897 LT
v'T ST+t ST rT€T 9T+T 61 ST VT 97-$T ST e
€11 PIYP6T € 1D Pv6T (€11 P1T]T €1 PIveT (T Lypzee (€11 PIS9T (€ 1D P L6T €1 16T (€1 96T 0t
S€0'1 S €01 S 60T $96°0 SH01 SElT s 6071 STIT S1I] 61
$ 601 S 601 S L60 $80°1 s90°1 $ 660 S 601 S 760 sOI'1 81
(911 PP ST (9°11) PP ¥8C (9°11) PP 69T (9°11) PP ¥8'T 'L pr €8t $T 911 PP 06T O pereLe (9°71) PP 88T L1
14
98 prisy 9 prrISH (9) 149 ey (99 PP ISy v'9) pr6vy Sl (9°8) prssv O°R)PPvsy 99 PP ¥SY 91
6€) PP THe 6cnpreve &4 6cPPIve 9'6)prOvT (LT psLl @ pPrSyT vz 124
€npisi €nrisi €nrsLt €Dpigl 6) P08l Sl €D r9et (£ 7681 kprzl Sl
B1) P 49 6¥'T 81 P q6rT S8 PPSEl ST €Tpp Lyt (9°81) PP LET (9°81)pPSYT 4 (24
(81 P 89T 81 P69T e (8P L9T VP49 L9T (8D P49 1ST (B PH9€LT 61) P 49 69T (61) P 19 69T 4!
§4q $€°G § 44 €S (§Yp4q0¢s %Y (€} P 44 $¢°§ ) p 49 ¥ES 9P 4qovs ) P 44 6¥'S 9) p 4q LY'S i1
8= 149675 8="M)1a9675 (8="M) 749975 (8=""M)14997¢ ®8=""M)1498TS (9) 7 44 86§ B P ageosr ="My 14919501 =""M) 1 499§ L
961) PP LST 961 PP LST 9T $T 9T [ 1T 1T
w61)Pr LOT r'61) PP LOT 7 F61)PSOT (€ cnprLOT 0T 1T 1T 1T 9
9 ryee 9 prvee (C)N 2344 9 P9cT p) P 496¢T (78 PP 6S1 (S 1) progt (8) 149 €0 (8) 144 €0 $
(L gL PPoOrE(8 =" M) 14G99¢ (8 = "' M) 149 69°€ ¢
§T $T ¥ §T $T 9sppsLe 1T 1T
$T ST v'T ST ST €T 0761 61  (€°L%1) ppP 8]'1 [
G I e PPPYIT S TP PPPYIT g1 rar A (e YR 4 2 AN 1T 0T (€€ P18l € ey
O11 ‘v PPP 68T (9°11 'H1) PPP 061 0T GUIYDPPPSET (K86 PPP 16T 91 $1 W e ProeT w8z I
6 8 LS v € L 9 .14 I H

(ZHW 008 “*p-2uipuifd) ¢—1 spunodwod 10§ e1ep [e103ds JWN H, T 91qel



1168

and for the low-field shift of the C-3 signal (2.2 ppm). In
conclusion, 4 was determined to be a methyl ester of 8 at
the C-3 position.

Compound 5 was also isolated as a methyl ester (5a),
an amorphous powder, [2]3° + 10 (chloroform), after
treatment with diazomethane. The El-mass spectrum of
5a showed the molecular ion peak at m/z 542
(C33Hs5006) and the fragment ion peaks at m;z 455
[M — CH,CO,Me] ™" and m/z 437 [M — CH,CO,Me —
H,0]" which are characteristic of the 3,4-seco form. The
'H NMR spectrum of 5a revealed the signals due to three
tertiary methyls, two secondary methyls, an oxygen-bear-
ing methine and two sp? methines. DEPT NMR analysis
showed the presence of an sp? methylene and an oxygen-
bearing methylene (Tables 1 and 2). Careful analyses of
the '"H-'H and 'H-3CCOSY spectra of 5a revealed
that 5a has a similar structure to that of poricoic acid
A (9). However, the signals due to a vinyl methyl ob-
served in the 'H and '*C NMR spectra of 9 had disap-
peared and instead of them, signals of a hydroxymethyl
grouping were observed. From these data and the results
of the NOESY spectra, the structure of § was determined

T. Tai et al.

to be 29-hydroxyporicoic acid A and to this triterpene we
gave the name poricoic acid F.

EXPERIMENTAL

General. Mps: uncorr.; UV: EtOH; IR: KBr; MS and
HRMS: 70 eV: 'H and '*C NMR: pyridine-d s or CDCl,4
at 500 and 125 MHz, with TMS as int. standard. Analyti-
cal TLC and prep. TLC: Kieselgel 60 F, 5,4 plate (0.2, 0.5,
1.0, 2.0 mm) detected with 10% H,80,; prep. HPLC:
Develosil ODS 7 (20 x 250 mm) column employing a UV
monitoring flow system (210nm) at a flow rate of
10.0 ml min ™"

Fungal material. Fresh sclerotia of P. cocos, collected
at Ishikawa Prefecture, Japan, in April 1990 were peeled
off and the surface layers were air-dried.

Extraction and fractionation. The surface layers of
sclerotia of P. cocos (1 kg, dried) were extracted 2 x with
MeOH (each 51) under reflux. The combined MeOH
soln was evapd under red. pres. at 40° to afford a brown
residue (75 g), which was suspended in H,O (11) and
extracted with Et,O (1 1x 3). The Et,O soln was concd,

Table 2. '*C NMR spectral data for compounds 1-9 (pyridine ds, 125 MHz)

C 1 2a 6 7 3 4 Sa 8 9

1 306 ¢ 307 ¢ 363 1 368 ¢ 364 ¢ 359 ¢ 359 ¢t 364t 364 ¢
2 26.7 ¢ 267 1 287 ¢ 349 1 303 ¢ 295 ¢ 29.6 ¢ 302t 302«
3 751d 751d 780 d 2150 s 1766 s 1744 s 1745 s 1766 s 1764 s
4 380°s  379*s 393 s 474 s 1492 s 1490 s 1538 s 1492 s 1491 s
5 437 d 4374 498 d 510d 507 d 307d 4644 507d 507d
6 234 ¢ 234 1 235« 239 ¢ 28.6 ¢ 285 ¢ 293 ¢ 286t 286 ¢
7 12124 1214 4 1212 d 1207 d 1179 d 1179 d 1183 d 11794 1179 d
8 1428 s 1425 s 1427 s 1429 5 1419 5 1418 5 1417 s 1417 s 1416 s
9 1466 s 1467 s 1464 s 1449 « 1375 s 1372 s 1372 s 1375 s 1375 s
10 379%s 3790°s 379 s 35S s 389 s 388 s 394 s 389 s 388 s
11 161 d 1158 d 1165 d 11774 1203 d 1204 d 1205 d 1202 d 1202 d
12 363 ¢t 361 1 363 1 360 ¢ 37.0 4 370 ¢ 368 ¢ 370 ¢ 370 ¢t
13 452 s 449 ¢ 451 s 442 5 457 ¢« 456 s 453 s 456 s 456 s
14 495 s 493 ¢ 494 5 S04 s 493 s 492 s 4901 s 492 s 493 s
15 444+ 444 ¢ 444 ¢ IS5 437 437 ¢ 437+ 437t 438t
16 765 d 761 d 764 d 2721 763 d 764 d 761 d 764 d 764 d
17 576 d 515d 576d 481 d 576d 377d 575d 576d 5154d
18 177 ¢ 176 ¢ 176 q 16249 1844 183 ¢ 184 q 183 49 183 ¢
19 230 ¢ 230 g9 230 q 2200q 223gq 22°q 22t gq 2234 2224
20 485 d 479 d 485 d 490 dJ 483 d 483 d 476 d 483 d 483 d
21 1786 s 1765 « 1786 s 1783 5 1790 5 1785 s 1764 s 1786 s 1784 s
22 315 ¢ 22 351 3T 331 330 ¢ 31Tt 33.0 ¢ 313 ¢
23 332 ¢ 298 1 321t N7 266 1 271 ¢ 3291 270t 332 ¢
24 1560 s 1575 s 1560 s 1558 s 1268 4 1251 d 1555 s 1251 s 1560 s
25 31d 724 s 341 d  2d 1369 s 1315« 3394 1314s  341d
26 220°g  3001%¢q 220*gq 220°q 2194 258 g 220°q 257 q 220°¢q
27 219%g 30027 219°g  219'g 608 177 g 218q 177 q 219%¢
28 292 q 291 g 288 g 256 ¢ 1120 ¢ 1122 ¢ 1091 ¢ 1121 ¢ 1121 ¢
29 231 q 231 4 166 ¢q 223 g4 2226%g 221°q 653 ¢t 2234 2224
30 266 q 265 ¢q 266 g 2564 249 ¢ 248 q 248 q 249 g9 248 ¢
31 1070 ¢+ 1071 ¢ 1070 ¢ 1070 ¢ 1072 ¢ 107.0 ¢
OMe-3 513 g St4 g

OMe-21 SLE gy 512 ¢

*bChemical shifts in each column may be interchanged.
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and the residue (45 g) chromatographed on a silica gel
3kg) column and eluted with CHCl; (51) and
MeOH-CHCI; gradient mixtures (1:99, 41; 1:49, 10];
1:19,41;7:93,61:1:9,81; 1:4, 81) and to give 8 frac-
tions.

Fr. 2 (9.5g) was rechromatographed on a silica gel
(2 kg) column with MeOH-CHCl; (1:499) and separ-
ated into 3 frs (fr. 2-1, 300 mg; fr. 2-2,20 g; fr. 2-3, 2.5 g).
Fr. 2-1 was purified repeatedly by prep. TLC using
MeOH-CHCl; (1 :199) to yield dehydroeburiconic acid
(7,80 mg) which was identified based on the spectro-
scopic data [4].

Fr. 4 (3.1 g) was rechromatographed on a silica gel
(1kg) column with MeOH-CHCl; (3 : 97) to afford 4 frs
(fr. 4-1, 1.0 g; fr. 4-2, 1.5 g; fr. 4-3, 250 mg; fr. 4-4, 210 mg).
Fr. 4-2 was further purified by reversed phase prep.
HPLC with MeCN-H,0 (3:2) to yield dehydro-
tumulosic acid (6, 300 mg), while fr. 4-3 was purified
repeatedly by prep. TLC with MeOH-CHCI, (1 : 19) to
yield 1 (160 mg).

Fr. 5 (3.8 g) was rechromotographed on a silica gel
(500 g) column with MeOH-CHCI; (3:97) and the
eluate was further purified by a combination of prep.
TLC (1:19) and reversed phase prep. HPLC with
MeCN-H,O (1: 1), yielding 4 (30 mg).

Fr. 8 (1.9 g) was further purified by reversed phase
prep. HPLC with MeCN-H,0 (2 : 3) to give 5 frs (fr. 8-1,
50 mg; fr. 8-2, 30 mg; fr. 8-3, 460 mg; fr. 8-4, 100 mg; 8-5,
550 mg). Fr. 8-1 was treated with CH,N, and the prod-
uct purified on prep. TLC to afford 5a (20 mg). Fr. 8-2
was purified by reversed phase HPLC repeatedly to
afford 3 (30 mg). Fr. 8-4 was also treated with CH,N,
and the product was chromatographed with silica gel to
afford 2a (20 mg).

Compound 1 (3-epidehydrotumulosic acid). Amorphous
powder, [«]3° + 6° (pyridine; ¢ 0.6). IR vXBr cm™!: 1707,
1642. UV AB% nm (loge); 243 (4.08). EIMS m/z (rel.
int.): 484 [M]* (64), 466 (83), 448 (60), 433 (93), 295 (100).
HRMS m/z 484.3662 [M]*, C;,H,30,4 requires
484.3553.

Compound 2a (methyl 25-hydroxy-3-epidehydrotumu-
losate). Amorphous powder, [«]3° + 22° (CHClj; ¢ 1.0).
IR vKBrem ™1 1719, 1639. UV AECH nm (log &): 2420
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(.02). EIMS m/z (rel. int.): 514 [M]* (2), 496 (100), 478
(68), 382 (93. HRMS mjz 4963592 [M-H,0O]",
C;;H45 0, requires; 496.3553.

Compound 3 (poricoic acid E). Amorphous powder
{2]3° + 7° (Pyridine; ¢ 1.0). IR vK&rcm ™ ': 1708, 1639.
UV AE%H nm (log ¢): 242.0 (4.06). EIMS my/z (rel. int.): 482
[M — H,0]" (17), 435 (20), 407 (36), 391 (21), 354 (17),
309 (24), 235 (20), 55 (100). Compound 3 (1 mg) was
treated with CH, N, to yield a dimethyl ester (3a). EIMS
m/z (rel. int.): 528 [M]* (5), 510 (16), 441 (47), 423 (100).
HRMS m/z 5283375 [M]*, C;:H.30s requires;
528.3451.

Compound 4 (poricoic acid BM). Amorphous powder.
[«]3° + 12° (CHCl,; ¢ 0.1). IR vEBr cm = *: 1734, 1706. UV
AECH hm (loge): 242.0 (4.07). EIMS m/z (rel. int.): 498
[M]* (7), 411 (100), 393 (75). HRMS m/z 498.3389 [M]",
C31H46 O5 requires; 498.3345.

Compound Sa (dimethyl poricoate F). Amorphous
powder. [«]3° 4+ 10° (CHCly; ¢ 0.1). IR vKB em™1': 1734,
1718. UV AEOH ¢y~ ! nm (loge): 241.0 (4.05). EIMS m/z
(rel. int.): 542 [M]* (33), 524 (40), 506 (24), 455 (25) 437
(100). HRMS m/z 5423701 [M]*, C33HsoO¢ requires;
542.3608.
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