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(200mlix 4). The combined AcOEt layers were washed with saturated aqueous NaCl solution and dried
over Na,SO,. Removal of the solvent by evaporation yielded 2.40 g of p-aminophenyl acetate (96%).
Recrystallization from petroleum ether gave white needles, mp 74—75° (1it.9 74°). MS mfe: 151 (M*+). IR
rmaxcm™t: 1748 (C=0). Amnal. Calcd for CgHNO,: C, 63.57; H, 6.00; N, 9.27. Found: C, 63.59; H, 5.83;
N, 9.18.
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Nine compounds (1--9) have been isolated from the whole plants of Paris verticillata -
M.v. Bies. (Liliaceae) and their structures characterized. They can be divided into four
groups; phytosteryl derivatives (1, phytosteryl (6’-palmitoyl)-8-p-glucopyranoside; 2, the
despalmitate of 1), phytoecdysones (3, ecdysone; 4, ajugasterone A; 5, ecdysterone),
pennogenin glycosides (6, pennogenin tetraglycoside (T-g); 7, prototype glycoside of 6), and
kaempferol glycosides (8, kaempferol 3-O-a-L-rhamnopyranosyl-(1—2)-g-p-glucopyrano-
side; 9, 7-O-f-p-glucopyranosyl kaempferol 3-O-u-L-rhamnopyranosyl-(1—2)--p-gluco-
pyranoside).

Keywords Paris verticillata; Liliaceae; phytosteryl (6'-palmitoyl)-glucoside;
ecdysone; ajugasterone A; ecdysterone; pennogenin glycoside; furostanol glycoside;
kaempferol glycoside

As a part of our studies on the constituents of Paris and T7illium plants (Liliaceae) with
a view to obtaining the physiologically active components, we have surveyed whole plants
of Parts verticillata M.v. Bies. and have isolated nine compounds (1—9) including ecdysone.
It is noteworthy that the latter was obtained in a yield of 0.0359, from this plant. This
report deals with the isolation and the structure elucidation of the nine compounds by spectral
and chemical means.
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The methanolic extractive of the fresh whole plants was treated as shown in Chart 1 to
give 1, 2, 3'—5’ and 6—9.

1, an amorphous powder, [«], —73.3°, showed absorptions due to hydroxy (3500—3300
cm™?) and carbonyl (1720 cm~!) functions in its infrared (IR) spectrum. The proton nuclear
magnetic resonance (PMR) spectrum of 1 showed signals due to the methyls (6 0.65—1.00)
of phytosterol, the methylene (¢ 1.25) of fatty acid and the carbinol methines (6 3.26—3.60)
of the sugar component. Since 1 was assumed to be an ester of a phytosteryl glycoside and a
fatty acid, it was saponified with a weak base to yield a phytosteryl glucoside, mp 292—295°,
and palmitic acid. Gas-liquid chromatographic (GLC) analysis indicated that the steryl
moiety is a mixture of g-sitosterol and stigmasterol in a ratio of 3:1. As regards the site
of linkage of the palmitoyl residue to the sugar, it was deduced that fatty acid was bound at
6’-OH of the steryl glucosyl moiety, because the signals due to 2'-, 3’- and 4’-H appeared at
3.26—3.60 ppm, in the region of the methines adjacent to the free hydroxy groups of the
glucosyl residue in the PMR spectrum. Therefore, 1 was considered to be a phytosteryl
(consisting of a mixture of §-sitosterol and stigmasterol) (6'-palmitoyl)-g-p-glucopyranoside.
1 appears to be analogous to Glycoside P, isolated from rhizomes of Panax japonicum C. A.
Mever by Shoji ef al.?

2 was identical with phytosteryl f-p-glucopyranoside obtained by alkaline treatment
of 1 as described above.

3’, 4 and 5’ were isolated after acetylation during the separation procedure. All the
PMR spectra showed patterns characteristic of the insect moulting hormones.

3’, a white powder, [«], +75.0°, exhibited signals due to 13-CH, (singlet (s), 6 0.68), 20-CH,
(doublet(d), /=6 Hz, 6 0.98), 10-CH; (s, 6 1.04) and 25-(CHy), (s, 6 1.24) together with three
acetoxy groups (s each, ¢ 2.00—2.10), 9-H (multiplet (m), ¢ 3.10), 2-H, 22-H (m, 6 4.76—5.16),
8-H (broad(br) s, 6 5.30) and 7-H (br s, 4 5.84) in the PMR spectrum. From the PMR spectrum
of 3’, it was assumed to be ecdysone 2,3,22-triacetate.® 3’ on alkaline treatment gave the
corresponding acetyl-free compound (3), mp 234—235°, which was identical with an authentic
sample of ecdysone® as regards Rf value on thin-layer chromatography (TLC), mp, mass
spectrum and PMR spectrum.

4', colorless needles, mp 146—148°, [a]p +76.5°, and 5, colorless needles, mp 152—155°,
[«]p +54.2°, were identified as ajugasterone A 2,3,22-triacetate® and ecdysterone 2,3,22-
triacetate, respectively, by comparison of their PMR spectra with those of authentic speci-
mens.

Since 4" and 5’ as well as 3’ on weak base treatment regenerated the acetyl-free compounds
4 and 5, whose Rf values on TLC were coincident with those of compounds in the original
methanolic extractive, it was considered that they probably exist in acetyl-free forms in the
plant body.

Meanwhile, 6, colorless needles, mp 251—253°, [a], —93.9° and 7, a white powder, [«]p
—78.2°, were found to be identical respectively with pennogenin 3-O-«-r-rhamnopyranosyl-

R
CH3(CH2)14'COO OO R=H or 4%@%
@ 3 :R=Ac, R=R"=H
HO 3 : R=R =R'=H
OH 2 4 R=Ac, R=R'=0
1 5 : R=Ac, R'=H, R"'=0H
Hg- 1 Fig. 2
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(1—4)-a-L-rhamnopyranosyl-(1—4)-[a-L-rhamnopyranosyl-(1—2)]-f-p-glucopyranoside  (T-g)
and the prototype compound of 6, 26-O-f-p-glucopyranosyl-25 p-furost-5-ene-38,17«,22,26-
tetraol 3-O-a-L-rhamnopyranosyl-(1-—4)-«-L-rhamnopyranosyl-(1—4)-[e-L-rhamnopyranosyl-
(1—2)]-p-p-glucopyranoside (T-h), which have been isolated from T7illium kamtschaticum
Parr,® in regard of Rf values on TLC and the IR spectra.

8, pale yellow needles, mp 197—200°, [«], —58.8°, showed positive reactions with the
FeCl, reagent and in the Mg-HCI test, indicating that 8 is a flavonoid derivative. 8 on acid
hydrolysis gave kaempferol, mp 274—276°, p-glucose and r-rhamnose. The peracetate (8')
of 8, a white powder, [«], —62.5°, showed peaks of m/z 561 and 273 due to the terminal per-
acetylated methylpentosyl hexosyl cation and the terminal peracetylated methylpentosyl
cation,” respectively, in the mass spectrum. To determine the locations of the linkages
of the rhamnosyl moiety to the glucosyl one and of the bisglycosyl moiety to the
aglycone, 13C nuclear magnetic resonance (*C-NMR) spectroscopy was undertaken. The
signals were assigned as shown in the formula 8 by referring to a report by Markham ef al.®
It was concluded that the rhamnosyl residue was bound with C,-OH of the glucosyl moiety
and its bisglycosyl residue at C;-OH of kaempferol. Consequently, the structure of 8 was
deduced to be 3-O-a-r-rhamnopyranosyl-(1—2)--p-glucopyranosyl kaempferol.®)

130.7 1151
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/02 OPI 98.2
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70.5 70.5

OHOH
Fig. 3 Fig. 4

Finally, 9, pale yellow needles, mp 202—205°, [«], —103.6°, also exhibited colorization
reactions (FeCl; and Mg-HCl reagents) characteristic of flavonoid derivatives. The mass
spectrum of the peracetate (9') of 9, a white powder, [«], —58.8°, showed peaks of m/z 561,331
and 273, due to the terminal peracetylated methylpentosyl hexosyl, the peracetylated hexosyl
and the peracetylated methylpentosyl residues, respectively. 9 on enzymatic hydrolysis
with Taka-diastase liberated a flavonol glycoside identical with 8 and p-glucose. It was thus
supposed that an additional glucosyl moiety is combined with 8 to form 9. The location
of this glucosyl bond on the aglycone was decided by 13C-NMR spectroscopy to be as shown
in the formula 9. Furthermore, the permethylate (9"), mp 103—105°, [a]p —94.6° (prepared
by CH,N,-methylation followed by Kuhn’s procedure) on methanolysis afforded methyl
2,3,4,6-tetra-O-methyl glucopyranoside, methyl 2,3,4-tri-O-methyl rhamnopyranoside and
methyl 38,4,6-tri-O-methyl glucopyranoside, supporting the above *C-NMR evidence. There-
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fore, the structure of 9 can be represented as 7-O-f-p-glucopyranosyl kaempferol 3-O-u-L-
rhamnopyranosyl-(1—2)-f-p-glucopyranoside.®

Experimental

All melting points were determined on a Yanagimoto micro melting point apparatus and are uncorrected.
Optical rotations were measured with a Union Giken PM-201 automatic digital polarimeter. IR spectra
were obtained with a Hitachi EPI-G2 machine and *C-NMR (solv. dg-dimethylsulfoxide) and PMR spectra
were taken with JEOL JNM-FX-90Q (22.5 MHz) and JEOL-PS-100 (100 MHz) spectrometers. Chemical
shifts are given on a 0 (ppm) scale with tetramethylsilane as internal standard. Mass spectra were taken
with a JEOL JMS D-300 machine. GLC was run on a Shimadzu GC-6A unit with a flame ionization detector.
TLC was performed on precoated silica gel plates 0.25 mm thick (Kieselgel F,z,, Merck) and detection was
achieved by spraying 109, H,SO, followed by heating or by UV irradiation (short wave length). Column
chromatography was performed on Kieselgel 60 (Merck, 70—230 mesh).

Extraction and Separation Fresh whole plants (354 g) of Paris verticillata M.v. BIEB., were collected
at Mt. Tsurugiin Tokushima in July, 1979, were extracted with refluxing MeOH (41). 'The MeOH extractives
(22 g) were treated as shown in Chart 1.

Phytosteryl (6’-Palmitoyl)-g-p-Glucopyranoside (1) A white powder, [«]5 —73.3° (¢=0.19, CHCL,).
IR »58% cm~!: 3500—3300 (OH), 2920, 2850, 1460 (methylene), 1720 (C=0). PMR (CDCl;) 6: 0.65—1.00
(21H, m, 7x CH,), 1.25 (—(CHy)n—), 3.26—3.60 (5H, m, H-3,2’,3’,4" and 5’), 4.30 (3H, m, H-1’ and CH,-6"),
5.32 (1H, m, H-6).

Alkaline Treatment of 1 A solution of 1 (15 mg) in 3% KOH-MeOH (4 ml) was left to stand for
15 min at room temperature then neutralized with 1 N HCI-MeOH. The solution was passed through Sephadex
LH-20 with MeOH to remove the salts. The white crystals, mp 292—295°, deposited from the eluate were
identical with 2. The filtrate was subjected to GLC to detect methyl palmitate [column, 3% SE-30 on
Chromosorb W 3 mm X 2 m; column temp., 210°; carrier gas, N, 33.6 ml/min; sample, fg(min) 2.4 (=methyl
palmitate)].

Acetylation of 1 1 (10 mg) was acetylated with pyridine (1 ml) and Ac,0 (1 ml) in the usual way
to give the acetate as a white powder, [«]F +30.2° (¢=0.32, CHCl;). PMR (CDCl,) d: 0.68—1.00 (21H, m,
CH,;x17), 1.25 (-(CH,)»—), 1.98, 1.99, 2.00, 2.02 (12H, all s, OCOCH, x 4), 3.70 (2H, m, H-3 and 5), 4.12 (2H,
m, CH,-6'), 4.55 (1H, d, /=8 Hz, H-1'), 4.80—5.20 (3H, m, H-2’, 3’ and 4), 5.30 (1H, m, H-6).

Acid Hydrolysis of 2 A solution of 2 (5 mg) in 2~ HCI-MeOH (2 ml) was refluxed for 2 hr on a hot
bath, then neutralized and subjected to GLC. Peaks of §-sitosterol and stigmasterol were detected in a
ratio of 3 to 1 [column, 1.5% SE-30 on Chromosorb W 3 mm X 2 m; column temp., 270°; carrier gas, N,
73.6 ml/min; sample, fr(min) 8.0 (=stigmasterol), 9.1 (=f-sitosterol)].

Acetylation of 2 2 (10 mg) was acetylated in the usual way to give the tetraacetate as white plates,
mp 163-—165.5°. MS (m/z): 396, 381, 331, 255, 169, 109.

Ecdysone 2,3,22-Triacetate (3')———A white powder, [«]} +75.0° (¢=0.20, CHCl;). MS (m/z): 554
(M+—2H,0), 494 (M+—2H,0—AcOH), 384, 172, 147, 135, 109. PMR (CDCl,) é: 0.68 (3H, s, CH,-13), 0.98
(8H, d, /=6 Hz, CH,-20), 1.04 (3H, s, CH;-10), 1.24 (6H, s, (CH,),-25), 2.00, 2.04, 2.11 (9H, all s, OCOCH, X 3),
3.10 (1H, m, H-9), 4.76—5.16 (2H, m, H-2 and 22), 5.30 (1H, m, H-3), 5.84 (1H, br's, H-7).

Saponification of 3’ giving Ecdysone (3) 3’ (25 mg) in 3% KOH-MeOH (4 ml) was heated on a hot
bath (70°) for 10 min, then neutralized with 1 ~ HCI-MeOH and evaporated to dryness under reduced pressure
to give a residue, which was chromatographed on a silica gel column (solv. CHCl,~MeOH=20:1) to give
colorless needles, 3 (9 mg), mp 234—235°, which were identical with ecdysone. Aual. Calcd for C,,H,,O4:
C, 69.79; H, 9.55. Found: C, 69.61; H, 9.45. MS (m/z): 446 (M+—H,0), 428 (M+—2H,0), 410 (M+—3H,0),
300, 126, 109, 99, 81. PMR (d;-pyridine) 6: 0.73 (3H, s, CH;-13), 1.08 (3H, s, CH,-10), 1.28 (3H, d, /=7 Hz,
CH,-20), 1.39 (6H, s, (CH,),-25).

Ajugasterone A 2,3,22-Triacetate (4') Colorless needles, mp 146—148°, [«]3 -+ 76.5° (¢=0.20, CHCl,).
Anal. Caled for CyHo044: C, 63.64; H, 8.09. Found: C, 63.33; H, 8.19. IR »X%% cm—': 3300 (OH), 1725
(OAc), 1680—1650 (enone). MS (m/z): 568 (M+—3H,0), 546 (M+-—3H,0—AcOH), 508, 445, 400, 325, 152,
126, 109, 99. PMR (CDCl,) 6: 0.86 (3H, s, CH,-13), 0.94 (3H, s, CH,-10), 1.23, 1.28, 1.28 (9H, all 5, CH,-20
and (CHjy),-25), 2.02 (OCOCH;x 1), 2.10 (OCOCH,; x 2}, 3.20 (1H, m, H-9), 4.80 (1H, br d, H-22), 5.10—5.32
(2H, m, H-2 and 3), 5.94 (1H, br s, H-7).

Ecdysterone 2,3,22-Triacetate (5') Colorless needles, mp 152—155°, [«]% +54.2° (¢=0.25, CHCl,).
Anal. Caled for CyHy0049-H,O: C, 63.44; H, 8.39. Found: C, 63.26; H, 8.47. IR »X% cm-1: 3300 (OH),
1725 (OAc), 1650, 1625 (enone). MS (m/z): 570 (M+—2H,0), 552 (M+—3H,0), 492, 385, 327, 128, 109, 99.
PMR (CDCl,) 6: 0.86 (3H, s, CH4-13), 1.04 (3H, s, CH;-10), 1.21, 1.23, 1.26 (9H, all s, CH;-20 and (CHj,),-25),
2.00 (OCOCH; x 1), 2.10 (OCOCH,; x 2), 3.10 (1H, m, H-9), 4.79 (1H, br d, 22-H), 5.02 (1H, br 4, H-2), 5.31
(1H, m, H-3), 5.82 (1H, m, H-7).

Pennogenin Tetraglycoside (6) Colorless needles, mp 251—253°, [«]3 —93.9° (¢=0.25, pyridine).
Anal. Calcd for CyHgyO4y-3H,0: C, 56.45; H, 8.12. Found: C, 56.42; H, 8.09. IR »XE: cm—1: 3400 (OH),
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980, 920, 898, 840 (spiroketal). 6 was identical with T-g.

Protype Glycoside (7) of Pennogenin Tetraglycoside A white powder, Rf 0.14 (solv. CHCl;-MeOH-
H,0=7:3:0.5), [«]} —73.2° (¢=1.32, pyridine). IR »%: cm-1: 3400—3200 (OH). 7 was identical with
T-h. 7 was refluxed with aq.acetone to give the corresponding 22-OH compound, Rf 0.09. A mixture of
7 (16 mg) in dist.water (3 ml) and almond emulsin (Sigma Co.) was incubated at 37° overnight to liberate
a spirostanol glycoside identical with T-g (5 mg) and glucose.

Flavonol Diglycoside (8)——Pale yellow needles, mp 197—200°, [«]¥ —58.8° (¢=1.36, MeOH), FeCl,:
dark green, Mg-HCI: reddish color. Anal. Calcd for Cy;;HyOy5: C, 54.54; H, 5.09. Found: C, 54.28; H, 5.06.
PMR (CD,SOCD,) é: 0.76 (3H, d, /=6 Hz, rha CH,-5), 5.07 (1H, s, rha H-1), 5.64 (1H, triplet(t)-like,10)
glc H-1), 6.20, 6.44 (each 1H, d, /=3 Hz, H-6 and 8), 6.88, 8.02 (each 2H, d, J=9 Hz, H-2’, 3’, 5’ and 6).

Acetylation of 8 8 (20 mg) was acetylated with Ac,O (1 ml) and pyridine (1 ml) in the usual manner
to yield the acetate as a white powder, [a]3 —62.5° (¢=0.64, CHCl;). MS (m/z): 561 (terminal peracetylated
methylpentosyl hexosyl cation), 273 (terminal peracetylated methylpentosyl cation).

Acid Hydrolysis of 8 A solution of 8 (40 mg) in 2N H,SO, was refluxed for 2 hr and the product was
separated by column chromatography over silica gel with CHCl;-MeOH-H,0=7:3: 0.2 as the solvent to
afford kaempferol, yellow needles, mp 276-—278°, p-glucose, Rf 0.41 (solv. CHCl,~MeOH-acetone-H,O=
3:3:3:1), [«]p +56.4° (¢c=0.36, water), and L-rhamnose, Rf 0.68, [«¢]% +10.2° (¢=0.42, water).

Flavonol Triglycoside (9)——Pale yellow needles, mp 202—207°, [«]5 —103.6° (¢=1.10, MeOH), FeCl,:
dark green, Mg—HCI: reddish color. Anal. Calcd for Cy3H 04 C, 52.88; H, 5.33. Found: C, 52.45; H, 5.32.

Acid Hydrolysis of 9 9 (10 mg) was hydrolyzed with 2N HCI-MeOH (2 ml) for 2 hr on a hot bath.
After neutralization with 3% KOH-MeOH, the hydrolysate was examined by TLC. Kaempferol (Rf 0.76)
and methylsides (Rf 0.61 and 0.34, solv. CHCl;~MeOH-H,0=7:3:0.5) of rhamnose and glucose were
detected.

Enzymatic Hydrolysis of 9——A mixture of 9 (35 mg) and Taka-diastase (20 mg) in AcOH- AcONa buffer
pH 5.1, 3 ml) was incubated at 38° for 1 hr then evaporated to dryness under reduced pressure to give a
residue, MeOH was added, and the mixture was filtered. The filtrate was concentrated and applied to
Sephadex LH-20 column. Elution with MeOH gave a flavonol glycoside, mp 198—201°, [«]¥ —60.2° (c=
0.42, MeOH), identical with 8 and p-glucose, [a]¥ +48.2° (¢=0.32, water).

Peracetate (9’) of 9 9 (30 mg) was peracetylated with Ac,O-pyridine (2 ml each) in the usual manner
to give the peracetate (9') as colorless needles, mp 227—230°, [«]5 —58.8° (¢=1.02, CHCl;). Aunal. Calcd
for C5Hg Oy, C, 54.29; H, 5.08. Found: C, 54.06; H, 5.12. IR »%33 cm~': 1750 (OAc), 1630 (aromatic
ring). MS (m/z): 561 (terminal peracetylated methylpentosyl hexosyl cation), 331 (terminal peracetylated
hexosyl cation), 273 (terminal peracetylated methylpentosyl cation). PMR (CDCl;) é: 0.88 (3H, d, J=7
Hz, rha CH;-5), 1.86—2.12 (OAcx 10), 2.32, 2.46 (3H each, s, arom. OAc), 3.50—5.62 (19H, m, methylenes
and methines of the sugar moieties), 6.68, 6.98 (each 1H, d, /=3 Hz, H-6 and 8), 7.28, 8.01 (each 2H, d, /=
10 Hz, H-2",3’,5" and. 6).

Permethylate (9”) of 9——A solution of 9 (152 mg) in MeOH (10 ml) was treated dropwise with CH,N,—
ether solution (6 ml) under cooling with ice-water. After standing for 4 days in a refrigerator, the solution
was evaporated to dryness in vacuo to give a residue, to which dimethylformamide (4 ml), CHgI (5 ml) and
Ag,O (1.5 g) were added (Kuhn’s methylation), and the mixture was stirred at room temperature overnight.
After usual work-up, the resulting syrup was re-methylated at 70° for 7 hr with the same quantities of the
solvent and reagents. Purification of the product by silica gel column chromatography eluting with #-
hexane-acetone=3: 1 gave the permethylate 3” (22mg) as colorless needles, mp 103—105°, [«]3 —94.6°
(¢=1.11, CHCl;). PMR (CDCly) 4: 0.98 (3H, d, J=6 Hz, rha CH;-5), 4.90 (1H, ¢-like,’ glc H-1), 5.23
(1H, br s, rha H-1), 5.60 (1H, d, /=8 Hz, glc H-1), 6.44, 6.64 (each 1H, d, /=38 Hz, H-6 and 8), 6.94,
8.04 (each 2H, d, /=10 Hz, H-2",3',56" and 6').

Methanolysis of the Permethylate (9”)——The permethylate (97, 10 mg) was hydrolyzed with 3 n HCl-
MeOH (3 ml) for 2 hr on a hot bath. After neutralization, the solution was examined by TLC (solv. #%-
hexane-AcOEt=2:3). Methylglycosides of 2,3,4,6-tetra-O-methyl glucopyranose (Rf 0.30), 3,4,6-tri-O-
methyl glucopyranose (Rf 0.14) and 2,3,4-tri-O-methyl rhamnopyranose (Rf 0.59) were detected.
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An Enzymic Method for the Determination of Inorganic Phosphate in Serum?
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‘We have established an enzymic method for the determination of inorganic phosphate
in serum, based on the formation of hydrogen peroxide with purine nucleoside phos-
phorylase (PNP) and xanthine oxidase (XO).

PNP
inosine + HsPO; ———— hypoxanthine + ribose-1-phosphate

X0
—— uric acid + 2H20;

hypoxanthine + 2H:0 + 20:

peroxidase
H,0; + red. chromogen -—————— oxid. chromophore + H)O

T T
! | | I

Oxidative coupling reactants

gfh ?}h
Z\/N + — CHs /\/N = + CHs
O >=N—NH3 + { >—N< (] >=N—N=< >=N(
NS —""en, NS =/ cHy
MBTH DMA indamine dye

The method was evaluated for precision, accuracy, sensitivity and specificity, and was .
concluded to be useful as a clinical test for the determination of inorganic phosphate in
serum.

Keywords——inorganic phosphate; purine nucleoside phosphorylase; hydrogen
peroxide; enzymic determination; xanthine oxidase
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