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Abstract—In addition to 3-epi-betulinic acid, three triterpene glycosides were isolated from leaves of Schefflera
octophylla. The structures of the glycosides have been determined as 28-0-[a-L-rhamnopyranosyl(1—4)-0-§-D-
glucopyranosyl(1 —6)-]-B-D-glucopyranosides of 3a-hydroxy-lup-20(29)-ene-23,28-dioic acid, 3a,11a-dihydroxy-lup-
20(29)-ene-23,28-dioic acid and 3-epi-betulinic acid by spectroscopic data and chemical transformations. The last two

compounds were found for the first time in the plant kingdom.

INTRODUCTION

Schefflera octophylla (Lour.) Harms (Araliaceae) is used in
Vietnamese folk medicine as a tonic drug, an antirheu-
matic agent and for liver diseases [1]. In earlier com-
munications the isolation and structures of two free
triterpenes from the leaves of this plant have been de-
scribed [2, 3]. In continuation of our investigations on
Vietnamese medicinal plants we now report the isolation
of three triterpene glycosides and 3-epi-betulinic acid
from the same source. Two of these glycosides are new
compounds [4].

RESULTS AND DISCUSSION

Repeated flash chromatography of the methanol extract
of dried leaves afforded, besides the known triterpenes
1-3, their glycosides 4-6 in 5, 1 and 0.5% yield, respect-
ively. The main glycoside, 4, showed IR absorptions at
3500 (OH), 1730, 1700 (=C=0) as well as 1640 and
880cm™! (=C=CH,). Its 'H and '*CNMR spectra
indicated the presence of one secondary and five tertiary
methyls, two carboxylic groups and three anomeric car-
bons (5. 184.7, 176.6, 103.9, 102.1, 94.7). Acid hydrolysis
of 4 gave an aglycone identical with 3a-hydroxy-lup-
20(29)-ene-23,28-dioic acid (1) together with D-glucose
and L-rhamnose as sugar components. The same agly-
cone was obtained on alkaline hydrolysis of 4, indicating
the linkage of the sugar residue to the aglycone through
an ester bond. To decide the location of the glycosyl ester,
4 was methylated with diazomethane to yield 4e, which
afforded 4f on alkaline hydrolysis [S, 6]. The EI mass
spectrum of 4f exhibited peaks at m/z 264 [c], 251 [a], 248
[b], 234 [d], 233 [a—H,0] and 219 [e] [7-9], which
showed that the methyl group is located at C-23. The
sugar residue must therefore be linked to C-28. This fact
was also supported by the EI mass spectrum of 4d (see
Scheme 1).

Peracetylation of 4 in the usual manner provided
peracetate 4a. Both the negative ion FAB mass spectra of
4 and 4a showed intense [M —H] ™ peaks at m/z 955 and
1375, as well as [M — H —sugar residue] ™ at m/z 485 and

527, respectively. The positive ion FAB spectrum of 4a
exhibited peaks due to the successive loss of sugars at m/z
273 {RhaAc,]%, 561 [(Rha-Glc)Acg]t and 849 [(Rha-
Gle-Glc)Acy] ™.

Permethylation of 4 with --BuONa, NaOH in DMSO
[10, 11] afforded permethyl derivative 4b besides the
minor product 4e. On acid hydrolysis 4b gave 4d and
three methylated sugars: methyl pyranosides of 2,3,4-tri-
O-methylrhamnose, 2,3,4- and 2,3,6-tri-O-methylglucose
(identified by "HNMR and GC). For elucidation of the
sugar chain, 4b was reduced with LiAlH, to give 4gand 7,
which on methanolysis yielded methyl pyranosides of
2,3,4-tri-O-methylrhamnose and 2,3,6-tri-O-methylglu-
cose (identified by GC). The EI mass spectrum of 7
exhibited peaks at m/z 617 [M+1]" and 189 [terminal
permethylated rhamnose]. In the 'H NMR spectrum of 7
the anomeric proton signals appeared at 4.26 (d, J
=7.2 Hz) and 4.91 (d, J=1.8 Hz) and were assigned to
those of B-D-glucopyranose and a-L-rhamnose, respect-
ively. Therefore, compound 7 is 2,3,4-tri-O-methyl-a-
L-rhamnopyranosyl(1 —4)-2,3,6-tri-O-methyl-S-D-gluco-
pyranosyl (1-6)-2,3,4-tri-O-methyl-D-sorbitol [12, 13].
Consequently, the glucoside 4 is 3a-hydroxy-lup-
20(29)-ene-23,28-dioic acid 28-0-[a-L-rhamno-
pyranosyl(1-»4)-O-§-pD-glucopyranosyl (1-6)]-p-D-
glucopyranoside, isolated recently by a Japanese group
from the same source [14].

The 'H, '3C NMR and IR spectra of compound 5 were
very similar to those of 4. The negative ion FAB mass
spectra of § and peracetate 5a showed peaks at m/z
971 and 1433 [M —H]"~ as well as 501 and 585 [M—H
—sugar residue] ~, respectively, indicating that 5 contain-
ed an additional hydroxy group. The positive ion FAB
mass spectrum of S5a confirmed the presence of the same
sugar residue as in 4a. This fact was supported by
comparative GC studies of the methylated sugars formed
by acid hydrolysis of permethyl 5b, as well as reduction of
5b with LiAlH 4, which in addition afforded 7 and 5g. Acid
and alkaline hydrolysis of § yielded 3a,11a-dihydroxy-
Iup-20(29)-ene-23,28-dioic acid as aglycone, identified by
comparison with an authentic sample. In the same man-
ner as shown for compound 4, the structure of the new
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Scheme 1. Mass spectral fragmentation of compounds 4d, 4f, 5d and 5f.

glucoside was determined as 3a,11a-dihydroxylup-20(29)-
ene-23,28-dioic acid 28-O-[a-L-rhamnopyranosyl(l1 —4)-
O-f-D-glucopyranosyl(l - 6)]--D-glucopyranoside (5). It
should be noted that upon permethylation of 5 under the
applied conditions [10] the 11a-hydroxy group was not
methylated.

The 'H and !*CNMR spectrum of 6 showed the
presence of an additional tertiary methyl group and one
carboxyl group less than 5. This was confirmed by the
FAB mass spectra of 6 and its peracetate 6a with peaks at
m/z925[M —H] " for 6 and 1453 [M + thioglycerol]* for
6a. The analysis of the 1> CNMR and the FAB mass
spectra of 6 and 6a indicated that 6 has the same sugar
residue as found in 4 and 5.

Acid hydrolysis of permethyl 6b provided the same
three methylated sugars as 4b and 5b (identified by GC).
Alkaline hydrolysis of 6 gave an aglycone identified as 3-

epi-betulinic acid (3), which was also isolated from the
chloroform extract of the plant in 0.08% yield (see
Experimental). 3-Epibetulinic acid was first isolated from
Picramnia pentandra (Simaroubaceae) by Herz et al. [15].
From this data the structure of this new glucoside is 3-epi-
betulinic acid 28-0-[a-L-rhamnopyranosyl(l1 —4)-0-8-D-
glucopyranosyl(1 — 6)]-f-D-glucopyranoside (6).

EXPERIMENTAL

'H and '3C NMR spectra were recorded at 200 and 50.3 MHz
and 400 and 100.6 MHz; chemical shifts are given in ppm, TMS
was used as int. standard. FAB-MS were performed by the
Institut fiir physiologische Chemie, University of Bonn, F.R.G.
in negative and positive ion mode. HRMS: 70 eV. Analytical GC:
column Chrompack CP Sil 19 CB. Operating conditions were:
temp. programmed from 60 to 180° at 10° min ™', Py, 0.7 bar;
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Scheme 2. Permethylation of glycosides 4-6.

inj. temp. was held at 200° and detector at 250°. TLC was carried
out with silica gel 60 F254 Merck; for flash CC silica gel 60,
63-100 um (Merck) was used. Spray reagent: vanilline-H,SO,
for glycosides and aglycones, orcine or aniline hydrogen phthal-
ate for sugars. Solvent systems for TLC: FSl:
CHCl,-MeOH-H,O (60:35:8), FS2; CHCl,-MeOH-H,0
(70:30:3), FS3: CHCI;-MeOH (9:1), FS4: CHCl;-MeOH
(49:1), FS5: CHCl;-MeOH (19:1), FS6: CHCl;-MeOH (4:1).

Isolation. Dried leaves (250 g) collected in province Nghe
Tinh, Vietnam, were extracted with boiling MeOH. The extract
was concd. diluted with H,O and extracted with CHCI;. Chro-
matography of the CHCI, extract (petrol-EtOAc, 4:1) gave 3-
epi-betulinic acid (3, 200 mg 0.08%) besides the known triter-
penes 1 and 2.

Compound 3. Mp 277-281° (hexane-EtOAc); [a]Z®—12°
(CHCl;, ¢ 1.285). IRvXBrem™1!: 3440 (OH), 3070, 1644, 890
(=C=CH,), 1700 (CO,H). MS m/z (rel. int.): 456.3600 C;,H, 30,
calc. 456.3603 [M]* (9.6), 438 [M —H,0] " (38), 421 [M—H,0
—Me]* (16),410 [M —~HCO,H] * (8), 248 (20), 234 (10), 233 (16),
207 (32), 203 (30), 189 (100). "H NMR: Table 1.

The aq. layer was evapd to dryness and the residue repeatedly
flash chromatographed. Elution with CHCl;-MeOH-H,0O
(70:30: 3) gave glucoside 6 (1.25 g, 0.5%). R, 0.67 (FS2), powder
mp 182-184° [a]2® —39.5° (MeOH, c 1.365). FAB-MS (negative
ion) m/z (rel. int.): 925 [M—H] "~ (33), 455 [M —H —(Rha-Glc-
Glc)] (100), 659 (10.8). IR vKBr cm~1: 3420 (OH), 1730 (ester),
1640, 880 (—=C=CH,), 1060, 1030. 'H and '*C NMR: Tables 2
and 3.

Peracetate 6a. Compound 6 (50 mg) was acetylated with
Ac,O-pyridine (ecach 0.6 ml) for 20 hr at room temp. to give 6a

(35 mg) after CC. R, 0.83 (FS5), powder mp 138-140°, [«]3°
—23° (CHCl; ¢0985). (Found: C, 5800; H, 7.27.
CosHoO316 - 4H, 0 requires C, 57.56; H, 7.56). FAB-MS (positive
ion) m/z (rel. int.): 1453 [M + thioglycerol]* (0.04), 849 [(Rha-
Gle-Glg)Acy]* (0.18), 561 [(Rha-Glc)Acg]* (4.1), 273 [(Rha)
Ac;]* (32.4), 43 (100). 'HNMR: Table 2.

Permethylation of compound 6. Compound 6 (58 mg) was per-
methylated with dry DMSO (4.7 ml), dry t-BuONa (491 mg),
finely powdered NaOH (144 mg) and Mel (3.9 ml). The mixt. was
stirred at room temp. for 1hr, poured into ice-water and
extracted with Et,O. The Et,O layer was washed with a satd
NaCl soln, dried (Na,SO,) and evapd. Complete methylation
was checked by IR. Flash chromatography of the residue
(CHC1,-MeOH, 49: 1) gave permethyl 6b (40 mg) and 6¢ (5 mg).

Compound 6b. Amorphous, R, 0.58 (FS4), [«]3°—239°
(CHCl,; ¢1.05). 'HNMR: Table 2.

Compound 6¢. IRvHS em™1: 3070, 1640, 890 (CC=CH,),
1725 (ester). MS m/z (rel. int.) 484 [M]* (2), 248 (20), 234 (8). 189
(100), 101 (66), 88 (98), 75 (74). tHNMR: Table 1.

Acid hydrolysis of permethyl 6b. Compound 6b (40 mg) was
hydrolysed in MeOH with 6% H,SO, (6 ml) for 4hr at 80°.
MeOH was evapd and H,O added. The soln was extracted with
CHCl,. Chromatography of the residue of the CHCl; layer
(CHC1,-MeOH, 49:1) gave 6d (15 mg), methyl pyranosides of
2,3,4-tri-O-methylrhamnose (4 mg); 2,3,4- and 2,3,6-tri-O-meth-
ylglucose (each 5 mg). The methylated sugars were identified by
GC and 'HNMR.

Compound 6d. MS m/z (rel. int): 470 [M]* (4), 438 [M
—MeOH]" (36), 423 [M —HCO,H]* (17), 248 (20), 189 (100).
'HNMR: Table 1.



T. V. SUNG et al.

2352

‘paddefiaaQg

*10a0 ZHNW 002}

‘adotdd ‘ZHW 002+

‘ZH ui syueysuod Fundnood are sasayiuared ur sonfep

891 "L60 4q ] s s w
(x2) 160 (x7) 080 00°¢ LEE 6€'€ 19°€ LY ‘65Y Ipo
89°1 ‘8610 (% T) 4q Lo s w
160 ‘1870 ‘08°0 00°€ LEE 1% 1LY 68 e
('S ‘8°01)
o1) “"av (on) “"av 191 '90'] Lo auif xis § w
97°€ ‘s€°€ SSETLE (x2) 1071 ‘990 Y0'€ L 0c'E 69 ‘8SY i8¢
(€5 ‘s01)
TLTALTT 8vTiy auff x18 s w
60°T ‘80°1 ‘960 #0€ § L8 $9°€ 9Ly 19¥ s
(€5 son)
89'T ‘LT'1 Sy Lo auy[ XIs s y w
LO'] ‘20T ‘€60 86C 743 96'€ 0T’€ $9°¢ SLY ‘19 irs
s ‘gon
89'T ‘81°I 8201 a1 x18 s s w
80°T ‘T0'1 ‘€60 § 74 S6°C 17°¢ 99°€ 69°¢ SLY ‘09 I
(s'o1) “*av (8'01) *gv 99’1 ‘00'] (Lo $ w
0£€ ‘LTE 8L€ ‘€S°€E ‘86'0 ‘¥8°0 ‘€90 SO'E 0c'e 99y ‘vSP e
69°1 ‘P11 ®vTinw 8701 § w
LO'T “L6°0 060 W€ 69°€¢ £9°¢ 1LY ‘85 iy
891 ‘€11 6v T ‘9P w1 $ s w
001 ‘26°0 680 867 1743 0Ce 99°¢ Wy 6Sy iy
89'T ‘€11 (6 TT1) 9P 974 s s w
001 ‘160 ‘80 86'C 74" 0T $9°€ ‘p9°€ £LY ‘65F T
89°1 ‘860 (X 7) Cvotnap dN! w
760 ‘180 080 00°¢ 6£°€ LY 65y i€
(€S ‘vo1)
11 vy 904 au| xis w
SI'T (%7
LOT ‘9610 Y0'¢ 9°¢ 98'¢ SLY ‘09 iz
691 ‘PI'T ‘90'1 ®vTIn (8201 w
‘L6'0 ‘680 0¢ we ILY ‘68 |
82-HO*HD £-HO*HD S M9} [t1161-H ge-H Ji1I-H N0 SN'0D 6¢-°H

#SOATIRALISP 1133 pue ¢ sousdionn Jo eiep Jenoads YN H, ‘1 919EL



Triterpene glycosides from Schefflera octophylla

2353

Table 2. *HNMR spectral data of glucosides 4-6 and their derivatives*

Glc1H-1  Glc2H-1  Rha H- H,-29 CO,Me H-19[17] Rha Me tert. Me

4t 545 439 484 4.73, 460 2.98 1.26 1.70, 1.10, 1.03
d® d(8) d(1.8) brs t-like, br d (6) 0.94, 0.8

dat 5.60 4.46 487 4.66,4.52 2,88 1.07 1.61, 1.14, 0.98
48 d8) s brs t-like, br d(62) 0.86, 0.83

4b§ 542 422 493 4.68,4.55 as 124 1.64, 1.12, 0.97
d@.1) d@.1) d (18) m d(63) 090, 0.83

de| 544 437 4.83 472,459  3.63s 299 1.23 1.68, 1.13, 1.04
d (1.6) d(16) d(L7) brs brs d(6) 0.94, 0.88

5q 5.46 4.4 486 4.64,% 2.96 1.26 1.69, 1.10, 1.06
d(18) d(18) s brs brs 47 1.04, 0.85

Sat 5.60 443 493 4.64, 4.50 2.85 1.04 1.58, 1.10, 1.00
d (18) d(18) s brs brs d(6.2) 092, 0.87

5b§ 5.40 423 494 4.72, 4.58 - 1.26 1.66, 1.16, 1.06
a0 417 s brs d(62) 1.01, 092

Se| 545 438 484 478,462 3625 301 1.24 1.72, 1.16,
d(18) d(18) s brs brs d (6) 1.07, 2 x), 0.94

61 547 437 5.00 4.73, 4.60 3.00 1.25 1.67, 1.00, 0.93
d(8) d(8) a7 brs t-like, br d(6.5) 0.88, 0.84, 0.80

6a§ 5.64 452 5.10 4.69, 4.56 2.90 1.10 1.64, 0.98, 0.88
d(8) d@®) 5 brs brs d(6.4) 083 (2x), 0.78

6b§ 543 ** 493 4.68, 4.55 “s 1.24 1.64, 0.79-0.94
d(8) s brs d (6) (x5)

*Values in parentheses are coupling constants in Hz.
+200 MHz, CD;0D-D,0 (4:1).

1400 MHz, CDCl,.

§200 MHz, CDCl,.

[200 MHz, CD,0OD.

1400 MHz, CD,0D-D,0 (4:1).

**Qverlapped.

Alkaline hydrolysis of compound 6. Compound 6 (75 mg) was
hydrolysed in MeOH with 5% KOH (8 ml) for 4 hr at 80°. The
soln was passed through Dowex 50W x4 (H* form, MeOH),
evapd to dryness, diluted with H,O and extracted with CHCl,.
The organic layer was dried (Na,SO,) and evapd to give
aglycone 3 (45 mg), which was identical with 3-epi-betulinic acid
isolated from the CHCIl; extract. Further elution with
CHCl;-MeOH-H,0O (60:35:8) gave the main glycoside 4
(12.5 g, 5%); R, 0.38 (FS1), powder mp 279-284° (dec.), [«]2°
—35° (MeOH; c0.41) (lit. [14] mp 274-277°; [«]3? —40°). IR v
KBrcm™1: 3500 (OH), 1730 (ester), 1700 (CO,H), 1640, 880 (°C
=CH,). (Found: C, 54.52; H, 7.68, C4sH,0,4° 5H,0 requires:
C, 55.05; H, 8.28). FAB-MS (negative ion) m/z (rel. int.): 955 [M
—H]~ (100), 485 [M—H—sugar residue]” (43). 'H and
13CNMR: Tables 2 and 3.

Acid hydrolysis of compound 4. A soln of 4 (160 mg)in 2 M HCI
(10 ml) was heated on a water bath at 80° for 3.5 hr. The ppt. was
filtered and chromatographed (CHCl,-MeOH, 19:1) to give
aglycone 1 (79 mg). The filtrate was passed through Dowex 50 1
x 8 (OH~ form, MeOH) and evapd. PC (paper Whatman No. 1,
descending mode, solvent: EtOAc—-pyridine-H,O 10:4:4, lit.
[16] and TLC (solvent: n-BuOH-iso-PrOH-H,0, 5:3:1) of the
residue indicated the presence of glucose and rhamnose.

Alkaline hydrolysis of compound 4. Compound 4 (62 mg) was
hydrolysed in MeOH with 5% KOH (15 ml) for 3 hr at 80° to
give aglycone 1 (33 mg), mp 260-263° (CHCl,) (dec.), [a]3°—11°
(MeOH; ¢0.58). IR vKB: cm~1: 3320 (OH), 3070, 1640, 880 (CC
=CH,), 1705 (CO,H), MS m/z (rel. int.): 486.3334 C,,H,c0,
calc. 486.3345 [M]* (36.5). 'THNMR: Table 1.

Permethylation of compound 4. Compound 4 (105 mg) was
permethylated with DMSO (8.2 ml), --BuONa (850 mg), finely
powdered NaOH (250 mg) and Mel (6.5 ml) as above. Flash
chromatography of the product (CHCl;-MeOH 49:1) gave
permethyl 4b (89 mg) and a minor compound 4¢ (9 mg).

Compound 4b. R, 0.50 (FS 4), mp 114-115° (from H,0), [«]3°
—43.6° (CHCl;; ¢0.58). IR vEH®s cm~1: 1730 (ester), 1640, 890
(CC=CH,). 'HNMR: Table 2.

Compound 4c. Mp 156-161° (from CHCl,), IR vSHCl o=t
1720 (ester), 1650, 890 (ZC=CH,). MS m/z (rel. int.): 528.3816
C33H;,0; cale. 528.3814 [M]* (7.1), 496 [M —MeOH]* (2),
468 [M—HCO,Me]* (2), 436 [M—HCO,Me—MeOH]"* (6),
279 (20), 262 (6), 233 (15), 279 (54), 167 (36), 149 (100). '"H NMR:
Table 1.

Acid hydrolysis of permethyl 4b. Compound 4b (50 mg) was
hydrolysed as above to give 4d (20 mg), methyl pyranosides of
2,3,4-tri-O-methylrhamnose (6 mg); 2,3,4- and 2,3,6-tri-O-meth-
ylglucose as a mixt. of a- and S-form (12 mg).

Compound 4d. [«]2°—11° (CHCly; ¢0.50), IR vEHCs em~1:
1725 (3C=0), 1640, 890 (JC=CH,). MS m/z (rel. int.): 514.3661
C;,H;00; cale. 514.3663 [M]* (34.2); MS 16eV: 514 [M]* (42),
482 [M —~MeOH] " (27), 468 [M —HCO,H]" (15), 450 (17), 443
(75), 422 [M—HCO,;Me —MeOH] * (17), 411 (12), 397 (13), 365
(11.5), 355 (11.5), 281 (13), 278 [c] (29), 265 [a] (13), 248 [b] (33),
234 [d] (37.5), 233 [a —MeOH] (75), 219 [e], (14), 189 (55), 173
(52.6), 121 (64), 95 (58), 80 (100). 'H and '3C NMR: Tables 1 and
3.

Reduction of compound 4b with LiAlH,. Compound 4b
(100 mg) in dry THF (10 ml) was reduced with LiAlH, (50 mg)
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Table 3. 3CNMR chemical shifts of compounds 4-6, 4g, 4d and S5g

C 4* 5% 6t g} 4d§ 5gj|
1 33.7 355 353 33.1 322 352
2 25.7 256 264 208 194 19.9
3 73.1 733 74,5 87.5 83.3 87.1
4 519 524 384 478 516 478
5 464 458 493 431 450 43.1
6 21.9 20 19.2 18.0 214 178
7 349 355 344 337 340 338
8 42.1 431 420 410 414 426
9 51.4 56.2 514 50.2 50.4 55.5
10 378 39.5 38.2 369 371 387
11 20.7 70.6 218 19.8 208 70.5
12 26.5 378 26.5 252 25.5 376
13 39.1 378 39.2 373 384 363
14 434 437 435 411 428 4238
15 30.5 30.2 30.7 270 298 270
16 326 326 327 298 306 29.7
17 57.8 57.6 576 429 56.4 412
18 50.3 498 504 488 493 482
19 480 4738 483 479 470 476
20 1515 1510 1515 1507 1506 1500
21 311 312 314 29.2 29.8 29.1
2 375 37.3 37.5 340 37.1 347
23 1847 1847 290 M6 1771 719
24 182 18.2 227 179 173 18.1
25 177 177 16.7 16.4 164 17.3
2 173 174 166 160 16.3 16.7
27 154 148 152 150 149 149
28 1766 1768 1760 605 1805 60.4
29 1109 1109 1105 1097 1098 1102
30 19.9 19.5 19.6 19.1 194 19.1
OMe - — 56.0 56.8 55.8
CO,Me 516
Gle-1: 1 94.7 94.8 950

2 73.1 731 738

3 78.4 786 79.2

4 70.2 70.3 70.6

5 772 774 780

6 69.1 69.0 69.4
Gle-2: 1 1039 1037 1043

2 74.6 74.7 75.1

3 76.3 76.3 76.4

4 77.2 773 77.7

5 75.8 76.0 76.7

6 61.3 61.3 61.7
Rha 1 1021 1021 1027

2 71.7 71.8 722

3 715 715 720

4 73.1 728 736

5 70.2 70.2 704

6 177 17.7 178

*100.6 MHz, in CD,0D/D,0 (4:1).

$50.3 MHz, in CD,OD.
1100.6 MHz, CDCl,.
1503 MHz, CDCl,.
§22.63 MHz, CDCl,,
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for 3hr at 60°. The excess of reagent was decomposed with H,0O.
The soln was acidified with 6% H,S0, and extracted with
CHCI,. The CHCI, extract was dried over Na,SO,, evapd and
chromatographed (CHCl;~-MeOH, 19:1) to give diol 4g (39 mg)
and 7 (34 mg). The diol 4g: mp 100-102° (MeOH), [o}3° - 13°
{CHCly; ¢ 1.505), IR vEHSh cm ™ 1: 3600, 3480 (OH), 3060, 1640,
890 ({C=CH,). MS m/z (rel. int) 4723934 C;,H;,0, calc.
4723952 [M]* (32), 454 [M —H,0]* (15),441 [M—-CH,0OH]*
(19), 422 [M —MeOH —H,0] " (18), 410 [M —2CH,OH] * (46),
391 [M—~MeOH —-H,0-CH,OH]" (12), 379 (13), 245 (21), 234
{(22), 220 (22), 189 (68), 187 (72), 175 (67), 88 (100). 'H and
13C NMR: Tables 1 and 3.

Compound 7. Oil, [a]2°31° (CHCly; ¢1.35), lit. [12}: [alp
—33° (CHCly; ¢0.88). MS m/z (rel. int.): 617.3390 C,,H;;0,,
calc. 617. 3384 [M + H] ™ (0, 02), 235 (48), 207 (14), 189 [terminal
permethylated rhamnose] (72), 157 (22), 101 (64), 88 (100).
'HNMR (200 MHz, CDCL,): §4.91 (1H, d, J=18 Hz, H-1 of
Rha), 426 (1H, d, J=7.2 Hz, H-1 of Glg), 3.55, 3.54, 3.52, 3.51,
3.48, 3.46, 3.44, 3.43, 3.34 (each 3H, 9 x OMe), 2.37, 1.91 (brs,
OH), 1.26 (3H, d, J=6.3 Hz, Rha-Me). **C NMR (100.6 MHz,
CDCl,): 6104.1 (C-1 of Gk), 97.5 (C-1 of Rha), 84.2, 84.1, 82.1,
81.2,80.8,80.5,79.4,77.8,75.2, 74.5(all d), 72.5(r), T0.2 (1), 69.9 (d),
68.2(d), 61.7 (1), 60.9, 60.5, 60.47, 60.43, 59.6, 59.4, 58.9, 58.8, 57.8,
176 (all g).

Methanolysis of compound 7. Compound 7 (10 mg) was heated
in MeOH with 5% HCI (5 ml) for 4hr at 80°. The mixt. was
passed through Dowex 501 x 8 (OH ™ form, MeOH), evapd and
examined by GC. Methyl pyranosides of 2,3,4-tri-O-methyl-
rhamnose and 2,3,6-tri-O-methylglucose were detected.

Peracetate 4a. Compound 4 (116 mg) was acetylated with
Ac,O-pyridine (each 2.5 ml) at room temp. for 20 hr to give
peracctate 4a (150 mg). R, 0.39 (FS5), powder mp 156-158°,
[«J3% —30° (CHCly; ¢ 0.54). IR vSHC!: om ™ 1: 1645, 890 (CC=CH,),
1735 {ester), 1700 (CC=0), 1250 (OAc). FAB-MS (positive ion)
mjz {(rel. int): 849 [(Rha-Glc-GlcjAcy]* (0.29), 561 [(Rha-
Glo)Acg]* (6.9), 501 (1.6), 273 [(Rha)Ac,]* (100). FAB-MS
(negative ion) m/z (rel. int.): 1375 [M —H] ™ (40), 1333 (13.6), 527
[M —H ~sugar residue]™ (10), 423 (3.6), 59 (100). 'HNMR:
Table 2.

Compound 4h, Compound 4a (10 mg) in Et,O was treated with
ethereal CH,N, to give 4h, mp 153-154° (MeOH-CHCIl,;).
IR vEHC em ™1 3070, 1640, 890 (CC=CH,), 1745 (ester), 1245
(OAc).

M ythylation of 4 and hydrolysis of methylester 4¢. Compound 4
(16 mg) in MeOH (5 ml) was treated with ethereal CH,N, to
yield methyl ester de, R, 0.73 (FS 2), powder mp 188-190°, [¢]%°
—51.5° (MeOH; ¢0.53). 'H NMR: Table 2.

Hydrolysis of 4e. Compound 4e (16 mg) was heated in MeOH
with 5% KOH (1.5 ml) for 25 min at 80°. The mixt. was passed
through Dowex 50 W x4 (H* form, MeOH) and evapd. The
residue was dissolved in H,O and extracted with BuOH. The
extract was evapd to dryness to give 4f (8 mg); R, 0.70 (FS5),
amorphous, [2]3° —30.6° (MeOH; ¢0.36). IR v{HiEs cm~*: 3430
(OH), 1640, 890 (CC=CH,), 1715 {ester), 1700 (CO,H). MS 16 eV
m/z (rel. int.): 500 [M]* (39), 482 [M—H,01" (13), 468 [M
—MeOH]" (11), 454 [M—-HCO,H]" (18), 450 (12), 422 [M
—H,0-HCO,Me]™ (14), 264 [c] (30), 251 [a] (21), 248 [b] (41),
234 [d] (52), 233 [a—H, 01" (64), 219 {e] (20), 203 (39), 189 (65),
175 (53), 173 (56), 161 (25), 147 (32), 133 (37), 121 (52), 107 (43), 95
(47), 80 (100). 'H NMR: Table 1.

Further elution with CHCL-MeOH-~H,0 (60:35:8) gave
glucoside 5 (2.5g, 1%). R; 0.27 (FS 1), powder mp> 316°, {3’
—25.8° (MeOH, ¢ 0.345). IR vXE* em ~1: 3400 (OH), 1730 (ester),
1700 (CO,H), 1640, 880 "C=CH,). FAB-MS (negative ion) m/z
(rel. int.): 971 [M—H]~ (100), 501 [M—H —sugar residue]”
(39.2). 'H and !3C: Tables 2 and 3.
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Acetylation of compound 5. Compound 5 (250 mg) was acetyla-
ted with Ac,O-pyridine (each 2.5 ml) for 18 hr at room temp. to
give peracetate Sa (237 mg) after flash chromatography
(CHCI;-MeOH, 19:1). R; 0.34 (FS5), powder mp 163-165°,
[«]3°~31° (CHCly;; c1.08), (Found: C, 5472, H, 667
CyeHo4025° 5SH,0 requires: C, 54.99; H, 7.27). FAB-MS (posit-
ive ion) m/z (rel. int) 1457 [M+Nal* (0.18), 1145 M
—(Rha)Ac;]* (0,89), 849 [(Rha—Glc—Gic)Acg]*t (1.6), 561
[(Rha--Glc)Acg]t (22), 273 [(Rha)Ac,]* (76), 153 (70.4) 111
(68.8), 43 (100). FAB-MS (negative ion) m/z (rel. int.) 1433 [M
—H]™ (26.4), 1391 (10.7), 585 [M —H —sugar residue]™ (12.8),
59 (100). "H NMR: Table 2.

Methylation of peracetate S5a. Compound 5a (15 mg) in Et,O
(25 ml) was treated with ethereal CH, N, to give Sh, mp 163-164°
(CHCl5;-MeOH). IR v&HS cm ™' 1640, 890 (CC=CH,), 1745
{ester), 1245 {OAc).

Acid hydrolysis of compound 8. Compound 5§ (180 mg} was
hydrolysed with 2 M HCI (20 ml) for 3.5 hr at 80°. The ppt. was
filtered to give an aglycone identified as 3a,11a-dihydroxy-lup-
20(29)-ene-23,28-d1oic acid (2, 72 mg). The aq. layer was passed
through Dowex 501x8 (OH™ form), evapd to dryness and
acetylated with Ac,O-pyridine. Glucose- and rhamnose-per-
acetate were identified by TLC and GC.

Alkaline hydrolysis of compound 8. Compound 3 (69 mg) was
heated in MeOH with 5% KOH (15 ml) for 4 hr at 80°. The mixt.
was evapd, diluted with H,O and extracted with BuOH. The
BuOH layer was washed with H,O, evapd to dryness to give
aglycone 2 (28 mg), mp 224-225° (from MeOH). IR v¥®rcm ™1
3420 (OH), 1640, 8950 (CC=CH,), 1700 (CO,H). MS m/z (rel. int.}:
440 (M —~H,0—CO,}* (14), 438 [M—H,0—HCO,H]" (6),
425 (20), 422 [M —2H,0—CO,]"* (29), 411 (12), 407 (22), 385
(20), 367 (14), 303 (8), 285 (12), 234 (18), 220(12), 219 (16), 201 (26),
189 (56), 175 (68), 161 (40), 147 (42), 133 (46), 121 (64), 107 (96), 95
{100). "TH NMR: Table 1.

Methylation of § and hydrolysis of methyl ester Se. Compound §
(16 mg) was methylated with ethereal CH,N, to give Se, R, 0.57
(FS 2), powder mp 168-170°, [a]2°—61° (MeOH; ¢0.77).
'H NMR: Table 2.

The methyl ester Se was hydrolysed in MeOH with 5% KOH
(1.5ml) for 25 min at 80° as above to give the monoester 5f
(8mg), R, 0.40 (FS 5), [a]3°— 19 (MeOH; ¢ 0.475), amorphous.
IR vSHEs em~1: 3400 (OH), 1720 (ester), 1710 (CO,H), 1640, 890
( C=CH,). MS m/z (rel. int.): 516 [M]* (5.6), 498 [M—H,0]*
{73.4), 480 [M—2H,0]"* (254), 466 (14.1), 454 [M—-H,0
—C0,](15),438 [M - H,0-HCO,;Me]* (19.7), 372(25.4), 281
fa](21.4),263 [a—H,0](28.2),248 [a—H,O—CH;](51.4), 234
[b] (83), 220 [c] (40.6), 219 [c—H] (43.5), 203 [a—H,0
—CO,Me] (63.8), 201 (64), 189 [b—CO,H] (86.4), 175 [¢
—CO,H] (77.4), 152 [e] (21.4), 121 (89.9), 107 [e—CO,H] (79),
80 (100). *H NMR: Table 1.

Permethylation of compound 5. Compound 5 (182 mg) was
methylated with DMSO (14.2 ml), +-BuONa (1.473 g), finely
powdered NaOH (433 mg) and Mel (11.5 ml) for 1 hr at room
temp. as above. Repeated flash chromatography of the residue
(CHCl,~-MeOH, 49:1) gave permethyl 5b (95 mg) besides a
minor product 5S¢ (16 mg).

Compound 5b. R, 0.42 (FS4), powder mp 117-118°, [¢]3°—41°
(CHCl,; ¢0.975). IR vEES" cm ™~ I: 3460 (OH), 1730 (ester), 1640,
890 (CC=CH,). "H NMR: Table 2.

Compound Sc. Amorphous, IR v§i¢'s cm ™ *: 3400 (OH), 1720
(ester), 1670, 890 (CC=CH,). MS m/z (rel. int) 544.3739
C43H,, 0, cale. 544.3763 [M]* (6.9), 526 [M —H,07% (50), 502
[M—MeOH]" (10), 494 [M—H,0—-MeOH]"* (18), 487 (10),
473 (50), 455 (100), 435 (10), 413 (16), 395 (30), 309 (10), 295 (10),
287 (10), 263 (12), 247 (36), 233 (18). 'HNMR: Table 1.

Acid hydrolysis of permethyl 8b. Compound 5b (45 mg) was
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hydrolysed with H,SO, (6 ml) for 4 hr at 80° as above to give 5d
(20 mg), methyl pyranosides of 2,3,4-tri-O-methylrhamnose
(7mg) and a mixt. of 2,34- and 2,3,6-tri-O-methylglucose
(15 mg), identified by GC.

Compound 5d. Amorphous, [2]2° —9° (CHCl;; ¢0.30).
IR vEHS em ™ 1: 3430 (OH), 1725 (ester), 1700 (CO,H), 1640, 890
( C=CH,), MS m/z (rel. int.): 530.3611 C5,H,O calc. 530.3607
[M]* (2.6), 512 [M —H,0]" (52), 498 [M —MeOH]"* (18), 480
[M —H,0—MeOH]"* (16), 459 (76), 441 (100), 421 (12), 409 (28),
399 (24), 395 (36), 381 (10), 353 (12), 295 [a] (8). 273 (12), 263 [a
—MeOH] (12). 245 [a—MeOH-H,0] (12), 235 [a
—HCO,Me] (16), 234 (b] (26), 235 [b— H] (30), 189 [b— CO,H]
(24), 175 [c¢~ CO,H] (38), 107 [e— CO,H] (46). '"H NMR: Table
1.

Reduction of compound 5b with LiAlH,. Compound 5b (80 mg)
in dry THF (10 ml) was reduced with LiAlH, (50 mg) as above.
Flash chromatography of the residue (CHCl,-MeOH, 19:1)
gave triol 5g (42 mg) and 7 (22 mg). The triol 5g: mp 110-112°
(CHC1;-MeOH), [¢]3°—19° (MeOH; c1.61). IRv¥em=1:
3600, 3460 (OH), 3060, 1640, 890 (CC=CH,). MS m/z (rel. int.):
488.3845 C;,H,,0, calc. 488.3866 [M]* (1.1), 470 [M -H,0]"
(4), 457 [M—CH,OH]" (6), 452 [M—2H,0]" (3), 440 (6), 426
[M—2CH,OH]" (38), 408 (M —2CH,OH~-H,0]" (18), 205
(8), 201 (16), 190(12), 88 (100). 'H and *3>C NMR: Tables 1 and 3.
Compound 7 was identical with that obtained from LiAlH,
reduction of 4b by direct comparison.
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