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Abstract—Five new triterpenes were 1solated together with the known triterpene diol, betulin, from the stem bark of
Phyllanthus flexuosus The structures were characterized as olean-12-en-3,15x-d1ol, lup-20 (29)-en-35,24-d10l, olean-
12-en-35,24-diol, oleana-11:13(18)-dien-35,24-diol and olean-12-en-38,154,24-triol on the basis of spectroscopic

evidence.

INTRODUCTION

Recently, we reported that the bark extract of Phyllanthus
flexuosus (Sieb. et Zucc) Muell. -Arg. contained ent-3p-
hydroxykaur-16-ene and six triterpenes including oleana-
9(11):12-dien-38-0l and oleana-11 13(18)-dien-3f-ol
besides bergenin and the mixtures of n-alkanes, n-alkan-
ols and phytosterols [1] The present paper reports the
further isolation and characterization of five new triter-
penes along with the known compound, betulin.

RESULTS AND DISCUSSION

Continuous column chromatography of the bark
extract afforded, beside the known compound, betulin
(3a), five new triterpenes. Betulin was 1dentified by direct
comparison with authentic matertal We now wish to
describe the structures of the five new compounds.

Compound 1a, M™ at m/z 4423806 (C;,H;,0, re-
quires 442 3811), displayed 'H NMR signals (Table 1) for
two axially oriented secondary carbinolic methine pro-
tons (6323 and 4.24) and one ethylenic proton The
presence of eight methyl resonances in the '*CNMR
spectrum (Table 2) suggested 1a to have the olean-12-ene
skeleton [2]. On acetylation it gave a diacetate (1b), while
oxidation afforded a dione (I¢). In the EIMS of 1a, a
fragment peak appeared at m/z 2071762 [C,,H,,0]"
and indicated that one of the two hydroxyl groups was at
the usual C-3 (B) posttion, while other prominent peaks at
mjz 234.1980 [C,¢H,c01" and 2191746 [C,;H,;0]"
suggested the second to be 1n either the D or E ring That
1c provided a base peak at m/z 233.1909 [C,,H,;0]"
and lacked fragments at m/z 232 and 216 clearly indicated
the presence of an oxo-function at C-15 [3, 4] Hence, 1a
was confirmed to be olean-12-en-3f,154-d1ol Although
1a has been prepared by sodium borohydride reduction
of 15x-hydroxyolean-12-en-3-one which had once been
solated from Castanopsis lamonti (Fagaceae) [5], 1t has
not formerly been reported as a natural product

Compound 4a, M ™" at m/z 442.3846 (C;,H;,0,), show-
ed 'HNMR signals [Table 1] for five tertiary methyls,
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one vinylic methyl, one terminal methylene, a C-3«
carbinolic methine proton and a hydroxymethyl group,
suggesting 1t to be a lupene-type triterpene diol. On
acetylation 4a gave a diacetate (db) The EIMS of 4a and
4b exhibited, besides fragments arising from the D/E rings
at m/z 229, 218, 203 and 189, two prominent peaks due to
A/B nings at m/z 223 1649 [C,,H,;0,]" and 205 1593
[C,4H,,0]" for 4a and m/z 307.1928 [C,H,,0,]" and
2471740 (C,4H,;0,%) for 4b, respectively These data
suggested that the hydroxymethyl group could be located
at either C-23 or C-24 [3] In contrast with the '3C NMR
spectrum of lup-20 (29)-en-38,23-diol [6] which had
already been found from Glochidion macrophyllum (Eu-
phorbiaceae) [7] and some Sr1 Lankan Glochidion ssp of
plants [8], compound 4a exhibited signals for C-23
methyl and C-24 hydroxymethyl at 62242 and 64.49
(Table 2), respectively, accompanied by an ca 5.6 ppm
upfield shift of the C-23 methyl signal compared to that of
lupeol (628 0) [97 From the foregoing evidence, 4a was
proved to be lup-20 (29)-en-3f,24-diol which has not yet
been reported previously in nature

Compound 2a, M* at m/z 442.3816 (C3H,0,), was
also a triterpene diol and gave a diacetate (2b) on
acetylation The 'H and '*C NMR spectra of 2a showed
signals characteristic for olean-12-enes [Tables 1 and 2].
Furthermore, signals for one hydroxymethyl group
[643.34 (d) and 4 21 (d), 6 64 37 (C-24)] and a secondary
carbinolic methine group [dy 3 44 (H-3a); 6c 80 73 (C-3)]
were in close agreement with those of both 4a and
soyasopogenol C (oleana-12-21-dien-3$,24-d1ol)
[10, 11] Consequently, 2a was established as olean-12-
en-3f,24-diol This 1s the first report of the 1solation of 2a
mn nature, although 1t has been prepared by acidic re-
arrangement  of  (4f)-D-friedoolean-14-en-3p,24-d1ol
(taraxer-14-en-34,24-d1ol) [12].

Compound 5a, M™ at m/z 4403663 (C; H,30, re-
quires 440 3654), was a triterpene diol contaming a
heteroannular diene system (UV 4., 243, 250, 260 nm) in
the molecule. Acetylation gave a diacetate (Sb) The 'H
and '3C NMR spectra of 5b (Tables 1 and 2) were closely
similar to those for the acetate of oleana-11:13 (18)-dien-
3B-ol 1solated from this plant [ 1], except for the presence
of signals for one acetoxymethyl group [84.16 (d) and
4 35(d); 6 65 28 (C-24)] instead of the absence of a methyl

3563



3564

R. TanNAKA er al.

Table 1. "HNMR chemical shifts for compounds 1-6 in CDCl; solution (300 MHz)

la 1b 1c 2a 2b 4a 4b Sa Sb ba* 6b
Me 0.719 0.85 0.91 082 .83 0.78 079 0.68 0.71 091 .87
0.87 0.87 0.93 0.87 0.8% 0.78 087 0.75 078 0.92 0.89
0.88 0.8 0.94 0.87 0.8% .94 0.94 0.85 .94 099 0.94
0.88 .89 103 (.89 (.96 1.00 .99 095 0.95 1.02 0.97
0.95 0.94 1.06 093 (.98 1.22 1.02 Q.96 0.96 I.t6 1.025
1.00 0.96 1.06 1.13 1.02 1.68 1.68 105 1.02 1.53 1.034
1.04 1.04 1.10 1.24 1.13 1.24 105 1.57 1.25
[.16 1.25 1.36
Ac 1.99 204 203 204 1.99
2.05 206 2.00 206 2.04
2,06
H-2 248 ddd
J-154
70
39
H-2 2.55 ddd
J—154
10.7
740
H-3 323dd 450 dd 344 dd 459 dd  345dd  4.56dd  346dd A6l dd  367dd 458 dd
J=115 J=115 J=11.5 J=115 J=12 J=12 J=115 J=115 J=115 J=115
55 55 5.5 5.5 6 o] 35 55 5.5 5.5
H-11 S4B dd 549 dd
J=13 J-105
1.8 18
H-12 5.291¢ 531t 5521t 518 ¢ 519 ¢ 638 dd  040dd 539« 531t
J=35 J=335 J=35 J—35 j=3.3 J=105 J=105 J=35 J=35
33 33
H-15 424 dd 541 dd 4524dd S dd
J=115 J=115 J=115 J=113
5.5 5.5 5.5 55
H-16 2484
J=154
2954d
J=154
H-24 334 d 414 d 3.33d 4.12 d 3.35d 4.16 d 3734 414 d
J=115 J=115 J=I115 J=I15 J=115 J=115 J=115 J=I113
421 d 437 d 418 d 434 d 4.18 d 4.35d 453 4 434 4
J=115 J=11.5 J=115 J=115 J=115 J=115 J=115 J=115
H-29 4654 4,566 d
J=25 J=25
469 d 4573 d
J=25 J--2.5

* Measured in pyridine-d.

signal. Therefore, compound Sa was proved 1o be oleana-
11:13 (18)-dien-35.24-diol. To our knowledge. 1t has not
been described previously in the literature.

Compound 6a showed a strong hydroxyl band in the
IR spectrum (see Experimental). On acetylation, it gave a
triacetate (6b). Tn the EIMS, 6a showed significant ions

[m/z 234.1951 (base peak) and 219.1724] idcntical with
those of 1a [3] except for the region above 400 mass units,
in which peaks for m/z 458.3727(M ~, calc for CyoH5005:
458.3760), 440.3712 (M —H,O]") and 426.3509 ([M
— MeOH] "} have been observed. The 'H and *C NMR
spectra of 6b showed signals due to seven tertiary methyls
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Table 2. '3C NMR chemical shifts for compounds 1-6 1n CDCl; solution (75 4 MHz)

C 1a 1b 1c 2a 2b 4a 4b 5b 6a* 6b
1 3867 38 36 3948 38.33 3844 3849 38.63 37.98 3906 36.53
2 27.15 2353 2332 2760 2357 27.83 2374 2356 2852 2360
3 78 78 8081 21749 80.73 80.23 80.92 8031 8023 80.17 80.14
4 3867 36 87 47 37 42 68 4105 42.82 4119 41.14 4316 46 19
5 54 80 5471 3516 5581 5595 5589 SA6.05 5420 5617 55136
6 18 57 18 55 19 56 1842 19.36 1843 1934 1947 1948 1978
7 3676 3417 34135 3288 3305 3485 3467 3268 3723 3454
8 41 11 4103 40 58 3979 3976 40 85 40 86 4016 41.56 40.97
9 47 66 4757 4701 4771 4771 5052 50 56 55.47 48 34 5536
10 3701 3759 3715 3665 3678 3803 3704 3654 3708 4083
11 2363 2349 2332 2377 2362 21.17 2181 126 05 24.34 2360
12 12304 123 58 124 34 121 56 12153 2511 2514 12470 12368 12344
13 146.06 145.25 142 65 14522 14516 36 90 3810 138 56 146 85 14522
14 47 42 46 26 5738 41 67 41 67 42 82 4282 4229 48.22 47.55
15 68 16 7171 21611 26 88 2692 2744 2745 24.40 6692 7168
16 3603 3326 3350 2613 2613 3556 3557 3524 3708 33130
17 3302 3293 34 57 3248 3248 4301 4302 3467 3330 36.84
18 4755 4741 48 75 47.20 4724 4798 48 02 13318 48 30 47 55
19 46 31 46 26 45 80 46.84 46 81 4829 48 30 38.89 46,73 4625
20 3099 3099 3102 3108 3110 150 94 15093 3307 31.17 3291
21 34 57 3453 3484 3473 3473 29 8% 29 87 3608 3493 3465
22 3740 36 56 3588 3712 3312 4000 40.01 3786 38.67 3853
23 2807 28 08 26.48 2239 2251 22.42 2245 2231 23.77 2259
24 1557% 16 66 1536 64 37 65.47 64 49 6539 6528 64 66 6559
25 15.59% 1554 15.36 16.08 1546 1591 1583 1632 16 38 1540
26 17 45 17 39 17 39 1673 16 61 16 65 16 02 17.65 1771 1717
27 2018 2189 2147 2596 2585 14.56 14 52 2012 20.93 2113
28 28 88 2852 2942 28 37 28 38 18.01 1804 2534 2128 2852
29 3329 3326 3330 3331 33.33 109 36 109 42 3242 3350 332§
30 2363 23 60 2344 2369 23.68 1933 19 34 2408 2357 2349
MeCO, 2124 2114 2118 2114 21.13
2135 2122 2120 2122 2121
21.89
MeCO, 170 48 170 62 170 65 170 59 170 51
17102 17102 17104 17102 170.62
17102

*Measured 1n pyridine-ds
+Assignment may be interchangeable

and one trisubstituted ethylene bond (Tables 1 and 2). In
addition, signals for one acetoxymethyl [, 4.14 (d) and
4.34 (d), 6. 65.59 (C-24)] and two acetoxymethine groups
[y 4.58 (dd) and 5 41 (dd), 6. 80.14 and 71.68] have been
confirmed. The former was attributed to a C-24 acetox-
ymethyl group by comparison with that of 4b, and the
latter two were assigned to C-3 (H,) and C-15 (Hy),
respectively, on the basis of close analogy to those 1n 1b.
All the above evidence plamly indicated that 6a was
olean-12-en-34,154,24-triol, which has not been described
m the literature

It 1s noteworthy that compound 6a was the most
abundant constituent among the 12 triterpenes found so
far from the stem bark, though 1t contaned considerable
amounts of compounds 1a, 3a, lupeol and glochidone [1].

EXPERIMENTAL

Mps uncorr, optical rotattons: CHCl,, unless otherwise no-
ted, UV 95% aldehyde-free EtOH, IR KBr discs, 'HNMR

300 MHz, CDCl,, TMS as int standard, '*CNMR 754 MHz,
CDCl,, TMS, probe, 70eV, CC Kieselgel 60 (70-230 mesh,
Merck), TLC silica gel 60 HF , 5, and PF,,, (Merck)

Extraction and 1solation of compounds The collection, extra-
ction and fundamental separation of the stem bark of P flexuosus
(375kg) by CC has already been described [1] Continuous
sthica gel CC of the Et, O extract (28 4 g) with C;H~CHCl5 (1 1),
CHCl; and CHCl;-EtOAc (10 1-5 1) yelded fractions 1
(684 mg), 2 (671 mg) and 3 (932 mg) Repeated CC of fraction 1
over silica gel (70 g) with C4gH,—CHCI; (2 1-1 1) afforded 1a
(597 mg) Fraction 2 on repeated silica gel (70 g) CC furnished 2a
(145 mg), betulin (3a) (20 mg), 4a (382 mg) and 5a (11 mg) from
the fractions eluted with CgH¢—CHCl, (2 1-1 1) and CHCl;,
respectively Rechromatography of fraction 3 on the same
adsorbent (95 g) with CHCl,—EtOAc (10 1-5 1) gave 6a
(870 mg)

Olean-12-en-3f,15a-diol  (1a)  Colourless needles, mp
245-246 5° (MeOH-CHCl,), [«13° +825° (¢ 121) (it. [5] mp
243-246°, [alp + 84 0°), IR v, cm™' 3650-3200, 1640, 1030,
1025, 825,812, EIMS m/z (rel nt) 442 [M]"* (12),424(4),409(2),
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H _OH
la Rl = , R*= H R? = ¢
\OH H
_H _OAc
b Ri= < ,R=H R:=
\OAc H
Ic R'= R =0 R*=H
H
2a p=<_ . R®=OH R = H
\OH
H
2b Rt= <, R? = OAc,R®* = H
\OAC
H _OH
6a R'= < , R = OH, R = <
\OH \H
//H _OAc
6b R = . R = O0Ac, R = <
\OAC \H

369 (2), 234 (100), 219 (25), 207 (22), 205 (8), 191 (17), 189 (6), 133
(10) Physical, '"HNMR and EIMS data of 1a were in good
agreement with those already published
Diacetate (1b) Acetylation of compound la (20 mg) with
Ac,O-pyridine (1 1 4ml) as usual gave a solid, which was
purnified by prep TLC (n-hexane-EtOAc, 10 1) to give olean-12-
en-3p,150-yl  diacetate (1b) (18 mg), mp  208-210°
(MeOH-CHCly), [«]33+490° (¢ 064), IRv,,, cm~' 1723,
1650, 1240, 827, 818, EIMS m/z (rel int) 526 [M]* (19), 481 (1),
466 (90), 451 (11), 424 (6), 406 (9), 391 (16), 369 (4), 285 (10), 276
(26), 234 (60), 219 (15), 216 (100), 204 (49), 201 (40), 189 (65)
Cr0, oxtdation of 1a To a soln of 1a (25 mg) 1n pyridine (3 ml)
was added a soln of CrO; (20 mg) 1n pyridine (3 ml) contaimng
one drop of H,O at 10° under stirring and the reaction mixture
was left at room temp overnight Usual work-up gave a residue,
which was purified by prep TLC (n-hexane-EtOAc, 5:1) to give
olean-12-en-3,15-dione (1) (19 mg), mp 218-219°
(MeOH-CHCl,), IRv,,cm™! 1700, 1665, 1410, 822, 810,
EIMS m/z (rel int) 438 [M]" (8), 423 (3),299(2), 273(17), 271
(15), 259 (8), 245 (7), 233 (100), 217 (8), 205 (18), 191 (4), 189 (2)
Olean-12-en-3f,24-diol (2a) Colourless needles, mp 251-253°
(MeOH-CHCL,), [a]3® + 84 7° (c 046) (it [12] mp 248°, [«]3°
+ 77 6°), IR vpo, cm ™ 1. 3600-3100, 1630, 1038, 1020, 810, EIMS
mjz (rel nt) 442 [M]* (3), 424 (2), 218 (100), 203 (56), 189 (8)
Diacetate (2b) Compound 2a (25mg) was acetylated
(Ac,O-pyndine, 1 1, 8 ml) as usual to give a crude product,
which was purified by prep TLC (n-hexane-EtOAc, 10 1) to

R TANAKA et al

CH,R3
Rl
3a R'= R*= OH, R*=H
3b R! = R*= OAc, R2 = H
4a R! = R*= OH, R¥®= H
4b R'= R?*= OQAc, R® = H

8a R' = R? =

5b R! R? = OAc

give olean-12-en-3$,24-yl diacetate (2b), mp 185-1865°
(MeOH-CHCl,), [«]3® +725° (c 048) (bt [12] mp 183-184°,
[«]3° + 73.6°), IR v, cm™ !, 1732, 1655, 1257, 1238, 860, 810,
EIMS m/z (rel nt) 526 [M]* (16), 511 (2), 466 (19), 307 (2), 218
(100), 203 (77), 189 (17)

Betulin  (3a) Colourless  needles, mp  255-256°
(MeOH-CHCl,), [¢]3* + 201" (pyridine, ¢ 058) (it [13] mp
261°, [a]p + 20 (pynidine)), Diacetate (3b), mp 224-225" (it {13]
mp 223-224°, [a]p+ 22 ), EIMS m/z 526 [M]* Betulin was
identified by direct comparison (mmp. IR, '"HNMR, EIMS)
with authentic sample

Lup-20 (29)-en-36.24-diol (4a) Colourless needles, mp 249—
250°  (MeOH-CHCly), [«]3*+405° (¢ 058), IRv_,,
cm ™! 3650- 3100. 3060, 1635, 1040, 1010, 873, EIMS m/z (rel
int ) 442 [M]7 (44), 427 (7), 424 (12), 229 (13), 218 (45), 205 (38).
203 (47), 189 (35), 81 (100)

Diacetate (4b) Compound 4a (22 mg) was acetylated as usual
and the resulting residue was purified by prep TLC (n-
hexane-EtOAc, 10 1) to give lup-20 (29)-en-34,24-y] diacetate
(4b) (20 mg) as colourless needles, mp 200-201° (MeOH-CHCl,),
[2]3>+297 , IR v, cm™ ' 3070, 1738, 1728, 1642, 1270, 1242,
880, EIMS m/z (rel int) 526 [M] " (42). 511 (10), 466 (4), 416 (8),
307 (11), 247 (18), 229 (12), 218 (53) 205 (42). 203 (47), 189 (74),
109 (100)

Oleana-11 13 (18)-dien-3p,24-diol (5a) Colourless needles, mp
302-305° (MeOH-CHCl,), UV 4, nm (¢) 243, 2505, 2595
(26 600, 29900, 19000} [heteroannular diene], IR v, cm ™!

max
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3600--3100, 3030, 1608, 1052, 1038, 989, EIMS. m/z (rel. int ) 440
[M17 (100), 425 (12), 422 (7), 255 (12), 229 (19), 215 (23), 203 (19),
189 (18)

Diacetate (Sb). Compound Sa (10 mg) was dissolved tn
Ac,O-pyridine (1 1, 4 ml) and the mixture was allowed to stand
at room temp. for 12 hr Work-up as usual afforded a product,
which was purified by prep TLC (n-hexane-EtOAc, 10" 1) to give
oleana-11-13(18)-dien-38,24-yl diacetate (Sb), mp 238-239°,
[«]3® —423°(c038); IR v,,,, cm™" 3020, 1720, 1640, 1630, 1255,
1230, 980, 898, EIMS m/z (rel 1nt) 524 [M]* (100), 509 (34), 464
(5), 449 (3), 255 (28), 229 (57), 215 (59), 203 (70), 189 (35), 187 (33)

Olean-12-en-3f,150,24-triol  (6a) Colourless needles, mp
251-253°, [a]Z®+59.9° (pyridine, ¢ 058), IRv,,,cm™*
3600--3100, 1660, 1040, 1020-985, 830, 816, EIMS. m/z (rel 1nt)
458 [M1* (14), 440 (7), 426 (12), 422 (2), 270 (9), 255 (6), 234 (100),
223 (37), 219 (46), 207 (56), 189 (16), 187 (15), 175 (58)

Triacetate (6b) Compound 6a (25mg) was acetylated
(Ac,O-pyndine, 1-1, 8 ml) as usual and the resulting crude
material was purified by prep. TLC (n-hexane-EtOAc, 5 1) to
give olean-12-en-38,15¢,24-yl triacetate (6b) as colourless need-
les, mp 169 5-171° (MeOH-CHCL,), [«]3*+527° (¢ 062), IR
Vmax CM 1 3050, 1743, 1730, 1715, 1640, 1255-1210, 840, 810,
EIMS' m/z (rel int) 584 [M]™ (3), 524 (94), 509 (2), 482 (2), 464
(18), 449 (2), 422 (4), 405 (3), 307 (5), 276 (25), 270 (6), 247 (22), 234
(40), 216 (100), 204 (43), 201 (23), 187 (38)
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