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Triterpene Glycosides from the Cultures of Phytolacca americana
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A new triterpene glycoside 1 was isolated together with the five known triterpene glycosides 2—6 from the
cultures of Phytolacca americana. The structure of 1 was elucidated by analysis of spectroscopic data and com-
parison of its NMR data with those of 2—7 and chemical degradation.
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Phytolacca americana L. (Phytolaccaceae) is a perennial
plant originating from North America. Its rhizome has been
used as a traditional crude diuretic drug in spite of having
strong toxicity. A number of triterpenes, their glycosides, and
neolignanes have been isolated from the roots of P ameri-
cana and identified.!~” As a part of our search for neu-
rotrophic substances in natural products, we reported the iso-
lation and structure of americanol A (8) and isoamericanol A
(9) from the seeds of P americana.®® Moreover, we accom-
plished the convenient syntheses of americanol A (8) and
isoamericanol A (9) by horseradish peroxidase (HRP) cat-
alyzed oxidative coupling of caffeic acid.'” In this paper, we
describe our next attempt aiming at production of neu-
rotrophic substances 8 and 9 from the cultures of P ameri-
cana. First of all, we tried to establish the cell cultures of P
americana independently of the previously known proce-
dure.'V

A cell culture of P americana was cultured in the
Murashige & Skoog (MS) liquid medium'? (pH 5.6) contain-
ing 10 mM 1-naphthaleneacetic acid (1-NAA) and 3% of glu-
cose, on a rotary shaker (90 rpm) at 25 °C. The cell cultures
were subcultured at intervals of 4 weeks. The filtered cells
were freeze-dried and extracted with methanol. The
methanol extract was subjected to silica gel, Sephadex LH-
20 and HPLC (octadecyl silica gel (ODS) column) to afford a
new triterpene glycoside 1 and the five known triterpene gly-
cosides, esculentoside B (2),*"*'¥ phytolaccoside E (3),>*!¥
esculentoside S (4),'>!> esculentoside L1 (5),'*'> and escu-
lentoside G (6).>'*!'¥ The spectral data of 2—6 were in full
agreement with those described in the literature.

Compound 1 had the molecular formula C,,H,O,5 deter-
mined by its high-resolution FAB-MS at m/z 833 [M+Na]"
and showed IR absorption at 3387 and 1712cm ™! attribut-
able to a hydroxyl and a carbonyl group, respectively. The
'H-NMR (CD;0D) spectrum of 1 revealed the signals due to
five tertiary methyl groups at &y 0.71, 0.82, 0.97, 1.12, and
1.17, one methoxyl group at J;; 3.68 and an olefin proton at
Oy 5.28 as well as anomeric protons at &, 4.47 (d,
J=7.1Hz), 4.67 (d, J=7.7 Hz) indicating the presence of two
sugars. Acetylation of 1 gave the heptaacetate 1a (m/z 1127
[M+Na]"), which was then treated with trimethylsilyldi-
azomethane yielding the methyl ester 1b (m/z 1141
[M+Na]"), thereby indicating the presence of seven hy-
droxyl groups and one carboxyl group. The '*C-NMR
(CD,0D) (Table 1) and distortionless enhancement by polar-
ization transfer (DEPT) spectra displayed the 42 carbons
which consisted of two carbonyl groups (6. 184.1, 176.7),
one trisubstituted double bond (8. 122.5, 144.5), two
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anomeric carbons (J. 105.3, 104.0), one oxygen-bearing
methylene group (. 50.9), five methyl groups, ten methyl-
enes, three methines, six quaternary carbons and eleven oxy-
gen-bearing carbons. The acid hydrolysis of 1 afforded p-xy-
lose and p-glucose, which were identified with authentic sug-
ars by using chiral HPLC detection. Additionally, the cou-
pling constants [y 4.47 (d, J=7.1Hz), 4.67 (d, J=7.7Hz)]
for the anomeric protons of xylose and glucose in 1 indicated
that the anomeric configurations of p-xylose and p-glucose
are 3. These results indicated that 1 was the triterpene glyco-
side linked with p-xylose and p-glucose. In the "*C-NMR
spectrum, the aglycone part of 1 was similar to phytolaccinic
acid (7)'® except for C-3 which was shifted down-field by
8.1 ppm in comparison with that of 7, thus indicating that the
sugar part was attached at the C-3 position. In order to con-
firm the linkages of the two sugar parts and the structure of
the aglycone, heteronuclear multi-bond correlation (HMBC)
experiments (Fig. 1) were carried out. Correlations were ob-
served between the H-1 signal at § 4.47 in xylose and the C-
3 signal (S 83.9) of the aglycone and between the H-1 sig-
nal at 6 4.67 in glucose and the C-2 signal (S, 81.2) of xy-
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Fig. 1. HMBC Correlations of 1

ROESY Correlations of 1

Fig. 2.

lose. In addition to these HMBC, the other methy groups at
Sy 0.71, 0.82, 0.97, 1.12, and 1.17 had correlations in the
HMBC spectrum 1 as shown in Fig. 1 confirming the struc-
ture of the aglycone part of 1. These results showed that the
aglycone part was 7, and p-xylose was attached at the C-3
position and p-glucose was attached at the C-2 of xylose.
The relative stereochemistry of the aglycone was determined
to be identical with that of 7 by rotating frame nuclear Over-
hauser and exchange spectroscopy (ROESY) experiments
(Fig. 2). Thus, compound 1 was represented as 3-O-[ B-p-glu-
copyranosyl-(1 - 2)-B-p-xylopyranosyl] phytolaccinic acid.
Furthermore, we assigned the '>*C-NMR spectral data for 2—
6 in CD;0D which are summarized in Table 1.'¢

In this study, we obtained six triterpene glycosides, among
which three compounds 2, 3 and 6 were isolated from the
same plant roots,>” and 4 and 5 were reported from the roots
of P acinosa" and P dodecandra.'® Although, the produc-
tion of betacyanin from the cell cultures of P americana'"
has been reported, this is the first report on the production of
the triterpene glycosides from the cultures of P americana.
However, we did not succeed in the production of 8 and 9.
We are continuing our efforts to find culture conditions for
the production of 8 and 9.
Experimental

Optical rotations were measured with a Jasco DIP-1000 digital polarime-
ter. IR spectra were recorded on a Jasco FT-IR 5300 IR spectrophotometer.
NMR spectra were recorded on a Varian Unity 600 instrument. MS were
recorded on a JEOL AX-500 instrument.

Plant Material Fresh stems of P americana plants, grown in the botan-

ical garden of Tokushima Bunri University, were washed in water, dipped for
30s in 70% EtOH, sterilized in a 1% sodium hypochlorite solution for 30,
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Table 1. '*C-NMR (CD,OD) Data for 1—6
1 1@y 2 2(py 3 4 5 6 7(py)
1 39.5 382 444 43.6 444 445 396 445 388
2 266 255 711 704 715 716 266 71.5 2717
3 839 81.6 835 822 834 834 839 834 735
4 44.1 429 431 422 431 431 441 431 429
5 482 474 480 47.1 480 480 482 481 487
6 189 176 186 173 185 186 188 18.6 186
7 335 324 335 323 334 334 334 334 330
8 405 39.1 40.6 392 406 40.7 40.6 407 398
9 493 476 493 479 493 494 499 494 482
10 377 363 375 363 375 375 376 375 372
11 245 232 246 233 246 246 246 247 239
12 123.5 1225 1242 1227 1242 1242 1243 1244 123.7
13 145.6 144.5 1449 143.8 1449 1445 1445 1445 144.5
14 429 415 43.0 415 430 430 429 430 421
15 20.1 279 288 27.7 288 288 289 288 284
16 245 234 243 232 242 241 241 241 239
17 476 457 470 455 470 474 474 474 462
18 443 429 440 428 440 439 439 439 434
19 438 425 434 420 433 433 433 433 421
20 451 436 450 435 450 449 449 449 442
21 31.6 304 313 302 313 313 313 31.3 308
22 354 341 350 339 350 344 344 344 345
23 64.6 642 654 646 653 654 646 654 680
24 134 128 147 144 147 147 133 147 13.1
25 164 155 175 166 175 176 165 176 162
26 181 170 17.8 168 178 17.7 17.7 177 175
27 264 254 264 255 264 263 263 263 26.1
28 184.2 178.8 181.3 177.5 1775 177.5 179.8
29 289 279 287 278 287 286 286 286 284
30 179.0 176.7 178.8 176.5 178.8 178.7 178.7 178.7 171.2
31 523 509 523 51.0 523 523 524 524 517
Xyl-1 104.5 104.0 106.4 1062 106.3 1064 104.5 106.3
2 812 832 753 747 751 752 812 75.1
3 781 775 781 779 763 780 781 763
4 71.0 701 715 704 785 711 710 785
5 66.6 66.1 669 666 646 669 666 64.6
Glu-1 105.1 105.3 103.5 105.1 103.4
2 76.1  76.1 74.6 76.1 74.6
3 718 714 78.1 718 718
4 71.7 709 71.6 71.7 716
5 783 716 77.8 784 78.1
6 63.0 62.0 62.6 63.0 62.6
Glu-1' 957 957 957
2! 739 739 739
3 783 783 783
4’ 71.0 710 71.0
5’ 78.7 787 78.7
6' 623 623 623

and washed three times with sterilized H,O. The stems were placed on MS
medium containing 1 mm 1-NAA, 3% of glucose and 0.9% agar and incu-
bated at 25 °C. The cell cultures then subcultured on the same medium sev-
eral times. The cell cultures were routinely subcultured using the same
medium under continuous light of 2000 lux. The suspension culture was cul-
tivated on a rotary shaker at 90 rpm in 300 ml flask with 100 ml of same lig-
uid medium and subcultured at intervals of 4 weeks.

Extraction and Isolation The MeOH extract (7.9 g) of the freeze-dried
cell culture material (35.3 g) was chromatographed on silica gel (WACO-
GEL, C-300) eluting with a CHCl;-MeOH gradient and elutant were sepa-
rated into 1—12 fractions. Fraction 8 was purified by Sephadex LH-20 chro-
matography [CHCI;: MeOH (1 :2)] and silica gel chromatography [Merck,
230—400 mesh, CHCl;: MeOH (2:1)] to give 2 (29 mg). Fraction 10 was
purified by Sephadex LH-20 [CHCI;:MeOH (1:2)] and silica gel chro-
matography [Merck, CHCl;: MeOH (2:1)] and finally by medium pressure
liquid chromatography (MPLC) [Merck, Lobar RP-8; MeOH-H,0O (3:1)] to
give 1 (23mg). Fraction 11 was purified by silica gel chromatography
[Merck, CHCl;: MeOH (2:1)] and MPLC [Merck, Lobar RP-8; (3:1)] to
give 3 (13mg). Fraction 12 was purified by silica gel chromatography
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[WACOGEL, CHCI;:MeOH:H,O (7:3:0.5)] and finally by HPLC [cos-
mosil 5C-AR ($10X250 mm); MeOH-H,0 (3:1; 2.0mlmin~'); UV
220nm] to give 4 (23 mg), 5 (36 mg) and 6 (26 mg).

3-0-[ B-p-Glucopyranosyl-(1 - 2)-B-p-xylopyranosyl]phytolaccinic
Acid (1) Amorphous powder. [o]3"* +46.1° (c=0.74, MeOH). IR cm™":
3387 (OH), 1712 (C=0). HR-FAB-MS m/z 833.4295 (Calcd for
C,,HyO0,5Na, 833.4299). 'H-NMR (600 MHz, CDCl;) &: 0.71 (3H, s), 0.82
(3H, s), 0.97 (3H, s), 1.12 (3H, s), 1.17 (3H, s), 3.20 (3H, m), 3.27 (1H, d,
J=11.5Hz), 3.34 (1H, t, J=7.8 Hz), 3.48 (1H, m), 3.50 (1H, dd, J=3.8,
9.0Hz), 3.59 (1H, m), 3.60 (1H, dd, J=6.0, 12.0 Hz), 3.68 (3H, s), 3.71 (1H,
d,J=11.5Hz), 3.82 (1H, dd, /=2.2, 12.0 Hz), 3.83 (1H, dd, /=5.2, 10.2 Hz),
4.47 (1H, d, J=7.1Hz), 4.67 (1H, d, J=7.7Hz), 5.28 (1H, brs). 3C-NMR:
Table 1.

Acetylation of 1 Acetic anhydride (1 ml) was added to a solution of 1
(30 mg) in pyridine (1 ml), and the mixture was stored at room temperature
for 16 h. The reaction mixture was poured onto water and extracted with
EtOAc. After evaporation of solvent, the residue was chromatographed by
silica gel (hex—EtOAc, 1:1) to give the acetate 1a (28 mg) as an oil. HR-
FAB-MS: m/z 1127.5050 (Caled for Cy4HgyO,Na, 1127.5037). IR em™ "
3210 (OH), 1751 (C=0). 'H-NMR (600 MHz, CDCl,) §: 0.72 (3H, s), 0.74,
0.94 3H, s), 1.11 (3H, s), 1.15 (3H, s), 2.000 (3H, s), 2.007 (3H, s), 2.009
(3H, s), 2.02 (3H, s), 2.09 (3H, s), 2.109 (3H, s), 2.112 (3H, s), 2.68 (1H, dd,
J=3.8, 13.7Hz), 3.36 (1H, dd, J=8.8, 12.1Hz), 3.52 (1H, dd, J=4.7,
11.8 Hz), 3.68 (1H, m), 3.70 (3H, s), 3.71 (1H, dd, /=6.8, 8.8 Hz), 4.01 (1H,
d,J=11.5Hz), 4.02 (1H, dd, J/=5.5, 12.1 Hz), 4.08 (1H, dd, J=2.5, 12.6 Hz),
4.16 (d, J=11.5Hz), 430 (1H, dd, J/=5.2, 12.3 Hz), 4.45 (1H, d, /=6.8 Hz),
4.66 (1H, d, J=8.0Hz), 4.86 (1H, ddd, J=5.2, 8.5, 8.8 Hz), 4.92 (1H, dd,
J=8.0,9.6 Hz), 5.11 (2H, m), 5.35 (1H, dd, J=3.3, 3.6 Hz).

Methylation of 1a  Trimethylsilyldiazomethane (0.5 ml, in 1.0 M hexane)
was added to a solution of 1a (28 mg) in methanol (1 ml), and the mixture
was stirred at room temperature for 14 h. After evaporation of solvent, the
residue was chromatographed on Sephadex LH-20 (CHCI;-MeOH, 1:1) to
give the methyl ester 1b (21 mg) as an oil. FAB-MS: m/z 1141.5240 (Calcd
for C5oHgcO,,Na, 1141.5252). 'H-NMR (400 MHz, CDCl,) &: 0.70 (3H, s),
0.74 (3H, s), 0.93 (3H, s), 1.11 (3H, s), 1.15 (3H, s), 2.00 (3H, s), 2.01 (6H,
s), 2.02 (3H, s), 2.08 (6H, s), 2.11 (3H, s), 2.71 (1H, brdd, J=3.4, 12.2 Hz),
3.36 (1H, dd, /=9.3, 11.7Hz), 3.52 (1H, dd, J/=4.4, 11.7Hz), 3.58 (3H, s),
3.70 (3H, s), 4.01 (1H, dd, /=5.8, 12.7Hz), 4.06 (1H, d, J=11.7Hz), 4.15
(1H, d, J=11.7Hz), 4.29 (1H, dd, J=5.4, 12.7Hz), 4.43 (1H, d, J=6.8 Hz),
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4.66 (d, J=7.8 Hz), 4.89 (2H, m), 5.12 (3H, m), 5.36 (1H, brs).

Acid Hydrolysis of Compound 1 Compound 1 (11 mg) was hydrolyzed
with HCI/MeOH under reflux for 1 h. The reaction mixture was diluted with
H,0 and extracted with CHCI,. The aq. layer was neutralized with Amber-
lite IRA-35 and evaporated in vacuo to dryness. The sugar was determined
by using refractive index (RI) detection and chiral detection (Shodex OR-1)
on HPLC (Shodex NH,P-50G, 80% CH,CN, 1 ml/min, 45 °C) in comparison
with authentic sugars.
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