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The constituents of the leaves, stems and underground parts of Trachycarpus fortunei
(Hook.) H. WenDL. (Palmae) have been investigated. Glucoluteolin (3), luteolin 7-O-rutinoside
(=scolymoside, 4) and methyl proto-Pb (6) from the leaves, dioscin (1), Pb (2), methyl proto-
dioscin (5) and methyl proto-Pb (6) from the stems, and dioscin (1) and methyl proto-Pb (6) from
the underground parts were isolated and identified. This is the first report of the isolation of
steroidal saponins from Palmae plants and these results are interesting from the standpoint of
chemotaxonomy.
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Trachycarpus fortunei (HOOK.) H. WENDL. (Japanese name: Shuro) is a well-known
member of the family Palmae in Japan. This plant grows widely in South Kyushu, either wild
or as an ornamental plant. The constituents of this plant were investigated by Mizuno et al.,”
Carter et al® and Ferrara et al.,*” who reported the isolation of leucoanthocyanins from
seeds, fatty acids from seeds and sialic acids from pollen, respectively.

During the course of our screening work on molluscidal principles contained in plants,>
the butanol extract of the title plant was found to have a remarkable activity. The purpose of
the present study was to isolate the active principle. The present paper deals mainly with the
isolation and structure elucidation of four steroidal glycosides, tentatively named glycosides
A, B,E and F, and two flavonoidal glycosides, tentatively named glycosides C and D, in order
of increasing polarity, leading to the assignment of the structures as shown in Chart 2.

The leaves, stems and underground parts of Trachycarpus fortunei (HOOK.) H. WENDL.,
harvested in Tokyo in April 1981, were separately chopped and extracted with methanol at
room temperature. The methanol extract was treated by the method shown in Chart 1.

Glycoside A (1), C;5H;,0,, obtained from the stems and underground parts, as well as
glycoside B (2), C,,H4,0,,, obtained from the stems, were isolated as colorless needles. Both
glycosides show a strong absorption band due to hydroxyl groups and characteristic
absorption bands of the 25(R)-spiroketal moiety in the infrared (IR) spectra.®’ The '3C nu-
clear magnetic resonance (‘*C-NMR) spectrum of glycoside A shows three anomeric car-
bon signals at 6 100.4, 101.9 and 103.0 ppm, while that of glycoside B shows four anomeric
carbon signals at 6100.4, 102.0, 102.3 and 103.0ppm. On acidic hydrolyses glycosides
A and B afforded a common aglycone (7), glucose and rhamnose. Based on the properties
and 'H nuclear magnetic resonance (‘H-NMR) spectrum, compound 7 was suggested
to be diosgenin, and this was confirmed by mixed fusion and by comparing the IR spectrum
with that of an authentic sample. Consequently, glycosides A and B were inferred to be a di-
osgenin trioside and a diosgenin tetraoside, respectively. The '*C-NMR spectrum of gly-
coside A shows two secondary methyl carbon signals due to the Cq-carbon of rhamnose,

NII-Electronic Library Service



Vol. 32 (1984)

296

I wey)
. _ syaed
318 " punoigiapun
360 8g¢°G ; swals
Jd opisodL[3 5 opisod4(3
(HO?IW) (HOPW) gy - SHEd
0¢-HT uo 0g-HT uo - 90 * punoagaepun
‘Sojewoayd ‘3ojewroayd 810 841 - sways
q 13 v 4 g 9p1soo4[8 ‘y opisodk|3 (508) o apisorA[3
(A/ng:62:6L= (A/AT0:C:8= (HO®W) 0¢-H'T o
O*H-HO®W-*IDHD) O°H-HO?IW-*IDHD) g (307) ‘Bojewoayo (1
[28 ea1is uo 198 eo1yis uo (8L°0) )
.moum.&ouf -dojewoayd D oprsod4[3 (I °pisod4] (A/a €162 :6L=
(HO°IW) (HO®I) O°H-HO°I-¢IDHD)
v 3 € A 4 0¢-HT u° 02-HT uo [938 eorjis uo
* | _ ‘dojewoayd ‘dojeuwroayd ‘ojyewoayd (1
; aseyd aamo aseyd 1amo[  aseyd Iamoj
HO°I 1:62: L 1:g:L  1:91:8 (325) (38°02) (33°91) (3g61)
L _ _ | y g g " z 4 Y
(A/A) O°H-HO?W-*IDHD _ _ ! |
[991Ay U0 "Zojewo.ayod (HOPI) 0Z-H'T uo ‘8ojewoayd
(862) syaed punoa8aopun pue (38Gf) swals Jo '1xa HOng (80L) saaed] Jo 1xa HOng
_ |
8¢, : s1ted punoddispun 3¢6gz:s1aed punoagispun
300¢ : swals 3¢y : swals
3667 . saAe9| X2 O°H 30, : seaes| 1Xe Hong
_ | 81 : siaed punoil3ispun
191eM {)IM pajeanies HOng-U yim pajoeIixe 8 0F ; swals
1a94e| snoanbe 3GIT : seAd[/ “Ixa I9YyId

_ J

I9jem pue JI9yld uaamlaq pauornjijred

80071 ; syaed punoadiapun
3¢y ; swals

301G : 5eAR3[/  “1x@ HOPI
(x ¥13e PL T 0I) HOPI Y3ts pajoeaixs
84¢'[ ; s3ded punouduspun

8 76 : swais
8y ¢'G: seara|/ [elrajew ysaay paddoyo

TINHp CH (CMOOH ) 10ungiof sndipdfiyons] wouay J—Y 9pIsod4[3 Jo uoljejos]

NII-Electronic Library Service



No. 1 297

while that of glycoside B reveals the presence of three rhamnose moieties in the molecule. The
compositions of diosgenin—glucose-rhamnose in glycosides A and B were suggested to be
1:1:2 for the former and 1:1:3 for the latter. Finally, based on the general properties and
the results described above, glycosides A and B were suggested to be dioscin” and Pb.®

respectively, and both glycosides were conclusively identified by comparing the IR and '*C-
NMR spectra with those of authentic samples.
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Chart 2

Both glycoside E (5), C5,HgeO,,, obtained from the stems, and glycoside F (6),
CsgHy6O,6, obtained from the leaves, stems and underground parts, are positive with the
Ehrlich reagent,” and their '3C-NMR spectra reveal the presence of one methoxyl carbon in

NII-Electronic Library Service



298 Vol. 32 (1984)

each molecule. On refluxing with aqueous acetone, glycosides E and F each gave the des-O-
methyl derivative (Sa and 6a), which regenerated the original glycosides E and I under reflux
with methanol. Based on the above experimental results, glycosides E and F were assumed to
be 22-O-methylfurostanol glycosides, and both glycosides were hydrolyzed with emulsin to
afford glucose and dioscin (1) from glycoside E, and glucose and Pb (2) from glycoside F,
respectively. Furthermore, the 13C-NMR spectra of glycosides E and F show signals assign-
able to a methyl proto-diosgenin and a C,.-O-glucosyl moiety.'” Consequently, the struc-
tures of glycosides E and F were established to be methyl proto-dioscin'’ and methyl
proto-Pb,'? respectively.

Glycoside C (3), C,;H,,0,,, and glycoside D (4), C,,H;,0,5, both obtained from the
leaves, were isolated as pale yellow needles. Both glycosides are positive with aqueous ferric
chloride reagent and with magnesium-hydrochloric acid reagent. The IR and BC-NMR
spectra of both glycosides indicated flavonoidal mono- and diglycoside structures for 3 and 4,
respectively. On acidic hydrolysis with 109 sulfuric acid, glycoside C gave glucose and an
aglycone (8), while glycoside D afforded glucose, rhamnose and the same aglycone (8) as that
of glycoside C. The common aglycone (8) showed ultraviolet (UV) absorption shifts upon
addition of sodium acetate and aluminum chloride. Furthermore, based on the results of 'H-
NMR spectral analyses of 8 and its acetyl derivative, the structure of 8 was inferred to be
5,7,3',4’-tetrahydroxyflavone (=luteolin).

Based on the facts that glycosides C and D show UV absorption shifts upon addition of
aluminum chloride, as in the case of luteolin, whereas no shifts upon addition of sodium
acetate were observed, the sugar moieties of both glycosides were inferred to be located on the
C,-hydroxyl group of luteolin. Accordingly, the structure of glycoside C was suggested to be
luteolin 7-O-glucoside (= glucoluteolin'*), and the heptaacetyl derivative of glycoside C was
identified as glucoluteolin heptaacetate by mixed fusion with an authentic sample.

Finally, the structure of glycoside D was established to be luteolin 7-O-rutinoside
(=scolymoside'®) on the basis that the enzymatic hydrolysis of glycoside D with hesperi-
dinase afforded glycoside C, and that the Cq-carbon signal of the glucose moiety in the 13C-
NMR spectrum of glycoside D appeared at lower field (6 66.2 ppm) than that of glycoside C
(6 60.8 ppm) on account of the glycosylation shift caused by conjugation with the a-rham-
nopyranose moiety (J¢, .y, =168 Hz).

In this paper the isolation and the structure elucidation of two diosgenin glycosides, two
proto-diosgenin bisdesmosides and two luteolin glycosides are described. The steroidal
sapogenins have been found mainly in Liliaceae, Dioscoreaceae and Scrophulariaceae plants,
and in some case, in Amaryllidaceae, Solanaceae, Simaroubaceae, Legminosae, Cruciferae,
Bromeliaceae and Palmae plants.'> The identification of diosgenin in Chamaerops humilis L.
by Panizo et al.!® has hitherto been the only report of the presence of spirostanol compound
in Palmae plants. Thus, the isolation of steroidal saponins from Palmae plant reported in
this paper must be the first finding in this field. We have examined the distribution of ste-
roidal saponins in a number of Palmae plants from the standpoint of chemotaxonomy
and the results will be reported shortly.

Experimental

All melting points were determined on a Yanagimoto micro-melting point apparatus (hot-stage type) and are
uncorrected. The optical rotations were measured with a Yanagimoto OR-50 polarimeter. The IR spectra were
recorded with a JASCO IRA-1, and the UV spectra were measured with a Hitachi 340 spectrometer. The NMR
spectra were recorded with a JEOL FX-100 spectrometer (100 MHz for 'H-NMR and 25MHz for *C-NMR).
Chemical shifts are given on a & (ppm) scale with tetramethylsilane as an internal standard. Gas liquid chromatog-
raphy (GLC) was run on a Shimadzu GC-6A unit equipped with a flame ionization detector. Thin layer chroma-
tography (TLC) was performed on precoated Kieselgel 60 F,, plates (Merck) using CHCl,-MeOH-H,0 (7:3:0.4
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v/v), and detection was achieved by spraying 109, H,SO, or Ehrlich reagent followed by heating.

Extraction and Isolation of the Glycosides from Leaves, Stems and Underground Parts i) The fresh leaves
(5.5kg) of Trachycarpus fortunei (Hook.) H. WENDL. (Palmae) were chopped and extracted with MeOH (10 1 x 3) at
room temperature. The extract was evaporated to dryness in vacuo, then the residue (510 g) was suspended in water
(21) and extracted with ether (500 ml x 3). The ether extract was concentrated in vacuo to afford the residue (115 g).
On the other hand, the aqueous layer was extracted with BuOH saturated with water (500 ml x 3), and the BuOH-
soluble fraction was concentrated under reduced pressure to afford a BuOH extract (70 g). The BuOH extract was
subjected to column chromatography on Sephadex LH-20 eluted with MeOH to yield four fractions (Fr. 1—Fr. 4).
Fr. 1 (glycoside F rich fraction) was purified by column chromatography on silica gel with CHCl,-MeOH-H,0
(75:25:3 v/v) followed by chromatography on Sephadex LH-20 with MeOH. The eluate was refluxed for 2h on a
water bath, and the solution was concentrated to 5 ml. The concentrate (5ml) was mixed with 200 ml of AcOEt and
the precipitate ( =glycoside F, 8 g) was collected by filtration. Fr. 3 (glycoside D rich fraction) and Fr. 4 (glycoside C
rich fraction) were separately purified by column chromatography on Sephadex LH-20 with MeOH, and by repeated
recrystallization from aqueous MeOH to afford glycoside D (2g) from Fr. 3 and glycoside C (0.7 g) from Fr. 4.

i) The fresh stems (5.2 kg) were treated by the same method as in the case of the leaves to afford MeOH extract
(430 g), ether extract (40 g) and BuOH extract (45 g). The BuOH extract was subjected to column chromatography on
Auvicel to yield Fr. I (6 g; eluted with CHCl;-MeOH-H,0 (8:1.5: 1 v/v, lower phase)), Fr. 2 (3 g; eluted with CHCl,~
MeOH-H,0 (7:2:1 v/v, lower phase)), Fr. 3 (11 g; eluted with CHCl;-MeOH-H,O (7:2.5: 1 v/v, lower phase)) and
Fr. 4 (17 g; eluted with MeOH). Fr. 1 was subjected to column chromatography on silica gel with CHCl,-MeOH-
H,O (8:2:0.2 v/v) to afford glycoside A (1.4g) and glycoside B (0.7g). Fr. 3 was subjected to column
chromatography on silica gel with CHCl;-MeOH-H,0 (75:25:3 v/v) to provide two fractions (Fr. A and Fr. B),
and each fraction was purified by column chromatography on Sephadex LH-20 with MeOH to afford glycoside E rich
eluate from Fr. A and glycoside F rich eluate from Fr. B. The former eluate was refluxed for 2 h and the solution was
evaporated to dryness. The residue was recrystallized from MeOH to afford glycoside E (5.8 g). The latter eluate was
refluxed for 2 h and the solution was concentrated to 5 ml. The concentrate was mixed with 200 ml of AcOEt to afford
a precipitate, which was collected by filtration and dried (glycoside F, 0.9 g).

iii) The fresh underground parts (1.2kg) were extracted and fractionated by the same procedure as in the case
of leaves and stems to afford MeOH extract (100 g), ether extract (1 g) and BuOH extract (25 g). The BuOH extract
was treated by the same procedure as in the case of stems to afford glycoside A (0.6 g) and glycoside F (8.1 g).

Properties of Glycosides A, B, C, D, E and F ——Glycoside A (1): colorless needles from aqueous MeOH. mp
243246 "C (dec.), [a]s* —110.3" (¢=0.55, MeOH). IR vXBrcm ! 3600—3200 (OH), 980, 920, 900, 864 (intensity
920 <900, 25(R)-spiroketal). Anal. Caled for C,5H,,0,4: C, 62.19; H, 8.35. Found: C, 61.86; H, 8.48. Glycoside A was
identified as dioscin by comparisons of the IR and '*C-NMR spectra with those of an authentic sample. Glycoside B
(2): colorless needles from MeOH, mp 243---245 “C (dec.), [a]iy — 104.7° (c=0.55, MeOH). IR vKB'cm ~1: 3600—3240
(OH), 984, 920, 902, 865 (intensity 920 <902, 25(R)-spiroketal). Anal. Caled for Cs,Hg,0,, - 3/2H,0: C, 58.77; H,
8.22. Found: C, 58.64; H, 8.25. Glycoside B was identified as Pb by comparisons of the IR and !*C-NMR spectra with
those of an authentic sample. Glycoside C (3): pale yellow needles from aqueous MeOH, mp 265269 °C (dec.),
[o)ty —48.0" (¢=0.98, pyridine). UV AMeO" nm (log &): 253 (4.43), 265 (4.40), 348 (4.45), AMOR+AICL niy: 272, 425, IR
vEBrem ™! 3530-—3060, 1650, 1600. 3C-NMR (DMSO-d,) 5: 100.0 (C-1 of glc), 77.2 (C-5 of glc), 76.5 (C-3 of glc),
73.2 (C-2 of glc), 69.7 (C-4 of glc), 60.8 (C-6 of glc). Anal. Caled for C,;H,,0,, - 1/2H,0: C, 55.14; H, 4.63. Found: C,
55.17; H, 4.51. Glycoside D (4): pale yellow needles from aqueous MeOH, mp 190—192°C (dec.), [a]i¢ —77.3° (c=
0.97, pyridine). UV Y% nm (log «): 257 (4.26), 265 (4.28), 342 (4.29), AMeOH+AICh nm: 272, 420. IR v¥Brem 1
3460—3200, 1650, 1600. '"H-NMR (DMSO-d,) 6: 1.08 (3H, d, J=6Hz, C-5 CH; of rha), 6.47, 6.76 (1H each, d, J=
2Hz, H-6 and 8), 6.74 (1H, s, H-3), 6.91 (1H, d, J=9Hz, H-5"), 7.41 (1H, d, J=2Hz, H-2"), 7.44 (1H, dd, J=2, 9Hz,
H-6"), 12.97 (1H, s, OH). *C-NMR (DMSO-d,) 3: 100.6 (d, J., -, = 168 Hz, a-C-1 of rha), 100.1 (d, J, _y,, = 159 Hz,
p-C-1 of glc), 76.5 (C-3 of glc), 75.7 (C-5 of gle), 73.2 (C-2 of glc), 72.2 (C-4 of rha), 70.9 (C-3 of rha), 70.5 (C-2 of rha)
69.7 (C-4 of glc), 68.5 (C-5 of rha), 66.2 (C-6 of glc), 18.0 (C-6 of rha). Anal. Caled for C,,H,,0,5- 1/2H,0: C, 53.73;
H, 5.18. Found: C, 53.76; H, 5.27. Glycoside E (5): colorless needles from MeOH, mp 185—189°C (dec.),
[a]y —102.97 (¢=1.00, pyridine). IR vEBrem™!': 35403220 (OH). 4nal. Caled for Cs,Hge0,, H,0: C, 57.76; H,
8.02. Found: C, 57.86; H, 8.33. Glycoside E was identified as methyl proto-dioscin by comparisons of the IR and
13C-NMR spectra with those of an authentic sample. Glycoside F (6): a white powder from MeOH-AcOEt, (mp
189—190°C (dec.)), [o]if —86.4° (c=1.03, pyridine). IR v¥Brem ™1 3600—3250 (OH). Anal. Caled for CigHoqO,4:
C, 57.60; H, 8.00. Found: C, 57.28; H, 8.00.

Acidic Hydrolyses of Glycosides A and B—-—Glycosides A (50 mg) and B (50 mg) were separately hydrolyzed
with 2N HCI-509; dioxane (5ml) by refluxing for 2h on a water bath, and each reaction mixture was diluted with
water and extracted with CHCl;. The CHCI, extracts were individually washed with water, dried over Na,SO, and
evaporated in vacuo. Each residue was repeatedly recrystallized from acetone to afford the common aglycone 7 (16 mg
from glycoside A and 15 mg from glycoside B) as colorless needles from acetone, mp 205—209 °C. IR vXB cm~1: 3400
(OH), 980, 920, 900, 860 (intensity 920 <900, 25(R)-spiroketal). Anal. Caled for C,,H,,05: C, 78.21; H, 10.21. Found:
C, 78.31; H, 10.51. The common aglycone was identified as diosgenin by mixed fusion and by comparing the IR
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spectrum with that of an authentic sample.

Each aqueous layer was neutralized with NaHCO, and the neutral solution was evaporated to dryness under
reduced pressure. Each residue was derivatized to the trimethylsilyl (TMS) ether and examined by GLC (column:
5% SE-52 on Chromosorb W 3mm x 2m; column temp. 200 °C; injection temp. 220°C; carrier gas N,; 1.0kg/cm?).
Hydrolysate of glycoside A: 1 (min) 3.4, 4.4 (rhamnose), 8.8, 12.0 (glucose). Hydrolysate of glycoside B: t; (min) 3.4,
4.4 (rhamnose), 8.8, 12.0 (glucose).

Treatments of Glycosides E and F with Aqueous Acetone Glycosides E (50mg) and F (50 mg) were in-
dividually refluxed with 30% aqueous acetone (50ml) for 4h on a water bath, and each reaction mixture was
concentrated to 5ml. Each concentrate was mixed with AcOEt (100 ml) and the white precipitate was collected by
filtration to afford a des-O-methyl derivative (5a, 50 mg) from glycoside E and a des-O-methyl derivative (6a, 48 mg)
from glycoside F.

Compound S$a: a white powder from aqueous acetone, (mp 190—194 °C (dec.)), [a]i? —81.7° (c= 1.04, pyridine).
IR vi¥em ~': 35103200, Anal. Caled for C5Hg,O,, -H,0: C, 57.39; H, 8.12. Found: C, 57.56; H, 8.28. Compound
6a: a white powder from aqueous acetone, (mp 187—189 °C (dec.)), [o]lf —94.8° (c=1.09, pyridine). IR v¥B cm~1:
3520--3240. Anal. Caled for Cs,Hg,0,,°3/2H,0: C, 56.00; H, 8.00. Found: C, 56.01; H, 7.84.

Enzymatic Hydrolyses of Glycosides E and F Aqueous solutions of glycosides E (100 mg) and F (100 mg)
were separately incubated with almond emulsin (50 mg) at 37 °C for 4 h to afford glycoside A (=dioscin, 38 mg) from
glycoside E as colorless needles from aqueous MeOH and glycoside B (=Pb, 30 mg) from glycoside F as colorless
needles from MeOH. Each aqueous layer was evaporated to dryness in vacuo and the residue was derivatized to the
trimethylsilyl ether, which was examined by GLC under the same conditions as described above. Sugars from
glycosides E and F: ¢ (min) 8.8, 12.0 (glucose).

Acidic Hydrolyses of Glycosides C and D-——Glycosides C (100 mg) and D (100 mg) were individually heated on
a water bath with 109 H,SO, (10ml) for 2 h. Each reaction mixture was cooled and the precipitate was collected by
filtration to afford a common aglycone 8 (70 mg from glycoside C and 50 mg from glycoside D) as pale yellow needles
from aqueous EtOH, mp>300"C (dec.). UV i¥%Mnm (loge): 250 (4.33), 262 (4.29), 288 (4.05), 345 (4.41),
A et A nm: 271, 300, 420, A MOH+AONa - 304, 316, 350. IR vX¥Brem ~!: 3400—3200, 1650, 1600. Anal. Calcd for
C,sH,,0,: C, 62.94; H, 3.52. Found: C, 63.24; H, 3.54.

Each aqueous filtrate was neutralized with NaHCO, and the neutral solution was evaporated to dryness in
vacuo. The residues were derivatized to trimethylsilyl ethers which were examined by GLC under the same conditions
as described above. Hydrolysate of glycoside C: ¢, (min) 8.8, 12.0 (glucose). Hydrolysate of glycoside D: t, (min) 3.4,
4.4 (rhamnose), 8.8, 12.0 (glucose).

Acetylation of Compound 8 ——Acetic anhydride (2 ml) was added to a solution of 8 (50 mg) in pyridine (4 ml),
and the solution was left at room temperature overnight. The reaction mixture was poured into ice water, and the
precipitate was collected by filtration to afford a tetraacetate (49 mg) as colorless needles from aqueous MeOH, mp
220—222°C, IR vNulem ™1 1760, 1635, 1610. Anal. Caled for C,3H,40,o: C, 60.79; H, 3.99. Found: C, 60.70; H,
4.03. The acetylation product was identified as luteolin tetraacetate by mixed fusion with an authentic sample.

Enzymatic Hydrolysis of Glycoside D——An aqueous solution of glycoside D (50 mg) was incubated with crude
hesperidinase (2 mg, Seikagaku Kogyo Co., Ltd., Lot. No. 1B197) at room temperature for 3min. The reaction
mixture was extracted with BuOH saturated with water (20ml x 3) and the extracts were combined. The BuOH
extract was evaporated to dryness in vacuo and the residue was subjected to column chromatography on Sephadex
LH-20 to afford luteolin (25 mg) and glycoside C (20 mg). The former product was identified by TLC (Rf0.47), while
the latter was identified by mixed fusion after acetylation.

Acetylation of Glycoside C——Acetic anhydride (2 ml) was added to a sojution of glycoside C (50 mg) in pyridine
(4ml) and the solution was left at room temperature overnight. The reaction mixture was poured into ice-water and
the precipitate was collected by filtration to afford colorless needles (52 mg) by repeated recrystallization from
aqueous MeOH. mp 236—240"C. IR v uiolem~1: 1770, 1740, 1640. Anal. Caled for Cy5H;,0,4: C, 56.60; H, 4.62.
Found: C, 56.50; H, 4.58. This acetate was identified as glucoluteolin heptaacetate by mixed fusion with an authen-
tic sample.

Acknowledgement The authors are grateful to Dr. Toshihiro Nohara, Assist. Professor of Tokushima
University, for providing authentic samples and related data. Thanks are also due to the staff of the Analytical
Laboratory of this school for elemental analysis, and NMR and IR spectral measurements.
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