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Abstract—Three new nortriterpene saponins having inhibitory effects on the growth of cultured tumor cells, named
pfaffosides D, E and F, have been isolated from Pfaffia paniculata. Their structures have been established as 3-O-[ f-b-
xylopyranosyl-(1 — 2)-B-p-(6-O-n-butyl) glucuronopyranosyl]-pfaffic acid-(28 — 1)-8-p-glucopyranosyl ester, 35-0-
[B-p-xylopyranosyl-(1 — 2)-B-p-(6-0-methyl) glucuronopyranosyl]-pfaffic acid-(28 — 1)-B-p-glucopyranosyl ester and
3B-0-[ B-b-glucuronopyranosyl]-pfaffic acid, respectively, based on their chemical and spectroscopic properties.

The root of Pfaffia paniculata Kuntze, known in Brazil as
‘Brazil ginseng’, have been used as a tonic, an aphrodisiac
and as a folk medicine for antidiabetic purposes [2]. In

(28 — 1)-B-p-glucopyranosyl ester. In the comparison
with 4, the 1> CNMR spectrum of 5§ which showed 47
carbon signals (Table 1) revealed that 5§ was the methyl

our previous studies on the constituents of this plant, we
reported the isolation and the structural elucidation of a
new nortriterpene named pfaffic acid and three new
saponins named pfaffosides A(1), B(2) and C(3), together
with other known compounds [ 1, 3]. In the present paper,
the structural elucidation of three more saponins named
pfaffosides D(4), E(S) and F(6) is described.

The roots of Pfaffia paniculata, collected in the Goias
area of Brazil, were treated with hot methanol and
partitioned in an n-butanol-water mixture. The water
soluble portion of the n-butanol layer was passed through
a column of charcoal and purified by chromatography on
silica gel to yield the pfaffosides (1-6).

Pfaffoside D (4), CsoH;00,5 4H,0, mp 185° [«]3?
—1.3° (c042, MeOH), and pfaffoside E (5),
C47H7,0,5°33H,0, mp 197-199° [«]3? —1.5° (c 048,
MeOH), contained hydroxyl groups (3400 cm™!) and
ester groups (1730and 1740 cm ™ !, respectively), as judged o (o} 0o
from the IR spectra. Acid hydrolysis of both 4 and §
yielded pfaffic acid [3] as the aglycone and xylose,
glucuronic acid and glucose as the sugar moieties, respect-

ively. The 3 CNMR spectrum of 4 showed 50 carbon HO HOH HO HOH HO HOH

signals (Table 1). The spectra of both 2 and 4 suggested vl 5

that 4 was the n-butyl ester at C-6 of the glucurono- Gly Gly Gly 3
CO,H CH,0H

pyranosyl unit of 2, as the chemical shift of the C-6 signal
of the glucuronopyranosyl unit of 4 was displaced up-field on° on°
by 2.7 ppm from that of 2 and an additional four signals at
865.1 (1), 30.9 (1), 19.2 (t) and 13.8 (q) were attributed to an

n-butyl group [4]. The above conclusion was further HO HOH HO HOH

confirmed by the GC detection of n-butanol on alkaline Gly 4 Gly 5

hydrolysis of 4. Based on the above results, the structure

of 4 has been established as 38-0-[ B-p-xylopyranosyl-(1 1 R'=Glyl R?=H

— 2)-B-p-(6-0-n-butyl)glucuronopyranosyl]-pfaffic acid- 2 R'=Gly1 R*=Gly S
3 R'=Cly4 R?*=Gly$§
4 R'=Gly2 R?=GlyS5
5 R!=Gly3 R*=Gly5

*Part 2 in the series “Pfaffosides”. For Part 1 see ref. [1]. 6 R!=Gly4 R?*=H
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Table 1. '*C NMR chemical shifts of pfaffosides A (1), B (2), C (3), D (4), E (5) and F (6)

S. NakaI et al.

Carbon 1 2 3 4 5 6

1 38.7¢ 38.7¢ 38.71¢ 38.7¢ 3871t 3861t
2 26.6 ¢ 26.61¢ 26.6 ¢ 26.7t 26.6 t 26.6 ¢
3 89.4d 89.4d 89.2d 89.5d 89.6 d 89.2d
4 396 s 396 s 396 s 396 s 396 s 396 s
5 56.0 d 56.0d 559d 56.0d 56.0d 559d
6 1851¢ 18.7 ¢ 1851 1851¢ 1851¢ 185¢
7 3381t 333¢ 333: 333: 333¢ 338¢
8 396 s 39.6s 40.1 s 400 s 400 s 40.1 s
9 47.7d 477d 478 d 478 d 478 d 477d
10 369 s 369 s 370 s 370s 369 s 369 s
11 2331¢ 234¢ 2341t 2341t 2341 2341
12 1203 d 121.1d 121.1d 1210d 121.0d 1202 d
13 1456 s 1447 s 144.7 s 144.7 s 1447 s 1456 s
14 40.7 s 409 s 409 s 409 s 409 s 40.7 s
15 29.1¢ 2901 29.0 ¢ 29.0 ¢ 29.0 ¢ 290 ¢
16 521d 51.8 d* 51.9 a* 51.8 d* 51.8 d* 521d
17 564 s 562 s 56.2 5 56.2 s 56.2 s 564 s
18 521d 52.2 d* 52.0 d* 52.1 a* 52.1 d* 52.1d
19 4161t 414 ¢ 414 414 ¢ 41.5¢ 41.5¢
20 444 s 444 s 445 s 444 s 44 s 444 s
21 395¢ 390¢ 39.1 ¢ 39.0¢ 39.0¢ 3961t
22 3221 322¢ 32.2¢ 321: 322¢ 321
23 302 ¢ 30.1 ¢4 301 g 30.1 ¢4 30.1 ¢ 302 g
24 16.2 g 162 q 168 g 162 q 162 g 162 q
25 153 ¢ 154 g 154 g 154 ¢ 154 ¢q 153 ¢q
26 16.7 q 17.3 q 173 g 173 ¢ 172 q 18.6 q
27 278 q 278 ¢q 282 g 278 g 278 g 28.1¢q
28 1778 s 1742 s 1742 s 174.1 s 174.1 s 1778 s
29 187 ¢q 185¢ 185 ¢ 185 ¢ 185 ¢ 18.7 g
Glucuronic acid

1 1054 d 1054 d 1074 d 105.5d 1054 4 107.3d
2 836d 83.7d 756 d 83.5d 834d 755d
3 77.4 d* 71.5 d* 78.3d 77.7d 77.6d 78.0d
4 73.2d 73.2d 73.6d 728 d 729d 735d
5 77.8 d* 77.8 d* 779d 7704d 769 d 77.2d
6 1729 s 1729 s 1733 s 1702 s 1706 s 1730 s
6-OCH,- 65.1¢ 521¢
-OCH,CH,- 309 ¢ (6-O—CH,)
—-CH,CH, 19.2¢

~CH,CH, 138 ¢

Xylose

1 107.0d 107.1d 107.1d 107.0d

2 76.6 d 76.6 d 76.6 d 76.6 d

3 78.2d 78.2d 78.2d 78.2d

4 n1d 71.2d 1.t d 71.1d

5 6751 67.6 ¢ 67.6 ¢ 67.6 ¢

Glucose

1 95.7d 958 d 95.7d 95.7d

2 742 d 742 d 74.2d 742d

3 79.0d 79.1d 79.0d 79.04d

4 7144d 714d 714d 714d

5 789d 79.0d 789 d 789d

6 6241 62.51¢ 6241t 6241t

13CNMR were recorded on a JEOL FX-100 FT-NMR spectrometer (25.15 Hz). The chemical

shifts were expressed in d-values in ppm relative to TMS used as internal standard.
*These values are interchangeable within their respective columns.
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ester at C-6 of the glucuronopyranosyl unit of 2, as the
signal due to a methyl group instead of those due to an n-
butyl group in the spectrum of 4 was observed at 52.1 (g).
The above conclusion was also confirmed by the GC
detection of the methanol on alkaline hydrolysis of 5.
Based on the above results, the structure of 5 has been
established as 38-O-[ f-p-xylopyranosyl-(1 — 2)-8-p-(6-
O-methyl)glucuronopyranosyl]-pfaffic acid-(28 -+ 1)--p-
glucopyranosyl ester.

As we had reservations regarding 4 and 5 as artifacts,
the roots of this plant were extracted with hot water,
purified without using n-butanol and methanol, and
subjected to TLC to identify 4 and 5, which were no
longer observed on TLC. The above result suggested the
possibility that 4 and § were artifacts formed from 2
during the procedures of extraction and separation using
n-butanol and methanol.

Pfaffoside F (6), C35sH;,04-34 H,0, mp 243-244°,
[«]%* + 32.4° (¢ 0.32, MeOH), contained hydroxyl groups
(3400 cm ™ *) and carboxyl groups (1730 and 1700 cm %),
as judged from the IR spectrum. Acid hydrolysis of 6 yield-
ed pfaffic acid as the aglycone and glucuronic acid as the
sugar moiety. The comparison of the !3C NMR spectrum
of 6 with those of 1 and 3 revealed that the signals due to
the aglycone moiety and the glucuronic acid moiety of 6
were superimposable with those due to the aglycone
moiety of 1 and to the glucuronic acid moiety of 3
(Table 1). Further, alkaline hydrolysis of 3 yielded 6.
Accordingly, the structure of 6 was established as 38-0-
[B-p-glucuronopyranosyl }-pfaffic acid.

Pfaffosides D (4), E (§)and F (6) show inhibitory effects
on the growth of cultured tumor cell melanomas (B-16) at
concentrations of ca 70, ca 120 and ca 30 ug/ml, respect-
ively, using the method reported previously [1]. It is
interesting that the inhibitory effect of 6 is the highest
among the pfaffosides A-F (1-6) [1].

EXPERIMENTAL

General remarks. Mps are uncorr. 3C NMR spectra taken in
C;D;N using TMS as internal standard. TLC was conducted
on Kieselgel 60 F,5, (Merck) using the lower phase of
CHCl;-MeOH-H,O (65:35:10) as solvent and spots were
detected by spraying with 10, H,SO,, followed by heating.

Plant material. The plant material was same as described in the
preceding paper [1].

Isolation of pfaffosides (4, S and 6). In the previous paper [1], we
have described the isolation of pfaffosides by column chromato-
graphy, that is, crude saponin (5 g) has been obtained from the
air-dried roots (ca 2 kg) and chromatographed on a silica gel
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column (150 g). The fraction, eluted with CHCl;-MeOH-H,0
(8:2:0.5, lower phase), afforded crude 4 and § which were
repeatedly subjected to CC on silica gel and eluted with the
same solvent to afford chromatographically pure pfaffosides.
Pure samples of 4 and 5 were obtained by recrystallization from
MeOH-EtOAc-Et,O: amorphous (140 mg) and amorphous
(180 mg), respectively. The fraction eluted with
CHCl;-MeOH-H,0 (7:3:1, lower phase) afforded crude 6
besides 1, 2 and 3. Crude 6 was purified by the same method used
in the purification of 1, 2 and 3. A pure sample of 6 was obtained,
by recrystallization from MeOH-EtOAc, as colorless fine crys-
tals (20 mg).

Pfaffoside D (4). Mp 185°, []3} — 1.3° (c 0.42, MeOH). (Found:
C,579; H, 8.2. CsoH,50, 5 - 4H,0 requires: C, 57.8; H, 8.3%). IR
vKBrem ~1: 3400 (OH), 1730 (-CO,-). '*CNMR: Table 1.

Pfaffoside E (5). Mp 197-199°, [«]}} —1.5° (c 0.48, MeOH).
(Found: C, 57.0; H, 7.9. C,7H,,0, 4 - 34H, O requires: C, 57.1; H,
8.1%). IR vEBrem=1: 3400 (OH), 1740 (-CO,-). '*CNMR:
Table 1.

Pfaffoside F (6). Mp 243-244°, [a]3}? + 32.4° (c 0.32, MeOH).
(Found: C, 61.9; H, 8.5. C35sH;,0, - 34H,0 requires: C, 61.8; H,
8.8%). IR vKBrem~1: 3400 (OH), 1730 and 1700 (CO,H).
13CNMR: Table 1.

Acid hydrolysis of pfaffosides D (4), E (5) and F(6). Complete
acid hydrolysis of pfaffosides was carried out by the method
described in the previous paper [1].

Alkaline hydrolysis of pfaffosides D (4) and E (5). Compound 4
(5 mg)and 1 N KOH (2 ml) were mixed in a glass tube, which was
flushed with nitrogen, sealed and then heated at 95°. After 2 hr,
the contents of the tube were subjecte/ to GC. Compound § was
analysed in the same manner. (GC: detector, FID; carrier gas, N,
at 50 ml/min; inj. temp., 150°; Column temp. 75°; Packed column,
2 m x 3 mm, 20 %, PEG 6000; methanol, R, = 3.4 min; n-butanol,
R, = 15.7 min).

Alkaline hydrolysis of pfaffoside C (3). Asoln of 3 (16 mg)in 1 N
KOH (3 ml) was treated by the method reported previously [1] to
yield colorless fine crystals (10 mg) identical with 6 as determined
by mmp, TLC, IR and elemental analysis.

REFERENCES

1. Nishimoto, N., Nakai, S., Takagi, N., Hayashi, S., Takemoto,
T., Odashima, S., Kizu, H. and Wada, Y. (1984)
Phytochemistry 23, 139.

2. Oliveira, F., Akisue, G, and Akisue, M. K. (1980) An Farm.
Quim. S. Paule 20, 261.

3. Takemoto, T., Nishimoto, N., Nakai, S., Takagi, N., Hayashi,
S., Odashima, S. and Wada, T. (1983) Tetrahedron Letters 24,
1057.

4, Dorman, D. E,, Bauer, D. and Roberts, J. D. (1975) J. Org.
Chem. 40, 3729.



