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Isolation and Structural Elucidation of Some Glycosides from
the Rhizomes of Smaller Galanga (Alpinia officinarum Hance)
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Glycosidically bound compounds were isolated from the methanol extract of fresh rhizomes of smaller
galanga (Alpinia officinarum Hance). Nine glycosides (1—9) were finally obtained by reversed-phase
HPLC and their structures were elucidated by MS and NMR analyses. They were the three known
glycosides, (1R,35,4S)-trans-3-hydroxy-1,8-cineole 5-b-glucopyranoside (1), benzyl 5-p-glucopyrano-
side (3), and 1-O-f-p-glucopyranosyl-4-allylboenzene (chavicol 5-p-glucopyranoside, 4); and the six
novel glycosides, 3-methyl-but-2-en-1-yl 5-p-glucopyranoside (2), 1-hydroxy-2-O-f-p-glucopyranosyl-
4-allylbenzene (5), 1-O-f3-p-glucopyranosyl-2-hydroxy-4-allylbenzene (demethyleugenol $-p-gluco-
pyranoside, 6), 1-O-(6-O-a-L-rhamnopyranosyl-3-p-glucopyranosyl)-2-hydroxy-4-allylbenzene (de-
methyleugenol S-rutinoside, 7), 1-O-(6-O-a-L-rhamnopyranosyl-j3-b-glucopyranosyl)-4-allylbenzene
(chavicol S-rutinoside, 8), and 1,2-di- O-3-p-glucopyranosyl-4-allylbenzene (9). Compounds 2—9 were
detected for the first time as constituents of galanga rhizomes.

KEYWORDS: Glycoside; chavicol f-p-glucopyranoside; chavicol  f-p-rutinoside; galanga; Alpinia offici-
narum Hance; Zingiberaceae

INTRODUCTION The presence of glycosidically bound volatile compounds in
plants has been well establishd®). These compounds are able

to release free aroma compounds by enzymatic or acidic
hydrolysis and can be considered as aroma precursors. In the
ginger family, Wu et al. 13) confirmed the existence of
rglycosidically bound aroma compounds in ging&ingiber
officinale Roscoe). Sekiwa et all4, 15) have isolated some
glycosides related to aroma precursors from fresh rhizomes of
ginger. In rhizomes of greater galanga, three glycosides of

Galanga (also called galangal, galingale, or galangale) is a
species of the ginger family (Zingiberaceae). There are two
different species of galanga, smaller galangépihia offici-
narumHance) and greater galangsinia galangawilld.) (1).

The rhizomes of greater galanga are widely used as a spice o
a ginger substitute for flavoring food throughout southeastern
Asian countries. On the other hand, smaller galanga is cultivated
in Vietnam and southern China, because of the use of its rhlzomehy droxy-1,8-cineole were isolated and identifiag) Therefore.

as a spice (fresh rhizomes) and as a traditional medicine (dried . )
. . such glycosides would be expected to be present in smaller
rhizomes). In recent years, it has been reported that galanga

has some biological activities, including antitumor, antiulcer, galanga. We now describe the i_solation and structural elucidation
antibacterial, and antifungal properti&s«5). The essential oil of some glycosides in fresh rhizomes of smaller galanga.
composition in greater galanga rhizomes has been reported by

some workers (6—9). Mori et al8] reported that 1,8-cineole, ~MATERIALS AND METHODS

linalool, geranyl acetate, and eugenol were important potent  pjant Material. Fresh rhizomes of smaller galangsinia offici-
odorants. In addition, the essential oil in the rhizomes of smaller narum Hance) were purchaged at a local market in Hanoi, Vietnam,
galanga has been studietD(11). We previously reported the  and botanically authenticated at the National Center for Scientific
identification of volatile components of the essential oils in fresh Research Technology, Vietham. The rhizomes were then store2Cat
and dried rhizomes of smaller galangal The major °C until analysis.

component of the essential oil in greater galanga, 1,8-cineole, Apparatus. Specific rotation was determined with a SEPA-300

is also the major one in smaller galanga, as expected becaus®olarimeter (_Horiba, Kyoto, Japan). Ultrgviolet (UV) spectrum was

both plants belong to the sanAdpinia genus. measured with a Jasco Ubest-30 UV/Vis spectrophotometer (Japan
Spectroscopic Co., Tokyo, JaparfHd and 'C nuclear magnetic

resonance (NMR) spectra were recorded with an INOVA 400 FTNMR

58*223 vgggg %o%zsipoygﬁqgﬁi%%%lg ikf)ue Si%rjepssed- Phone andtedx: spectrometer (Varian, Palo Alto, CA) with GOD as the solvent and
fThe United Graduate School of'Agricdltu'raI' Science. tetramethylsilane as the mternal;tandékd:l.NMR was performed at
i Department of Bioprocessing. 400.0 MHz, and théH—'H chemical shift-correlated (COSY) NMR
8 Department of Food Science. technique was employed to assitith shifts and couplings'*C NMR
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was at 100.6 MHz with proton decouplintd detected heteronuclear

Ly et al.

(m, 1H, H-3), 3.66 (M, 1H, H-6a), 3.86 (M, 1H, H-B), 4.31 (d,J =

multiple-bond correlation (HMBC) spectroscopy was used to assign 7.7 Hz, 1H, H-1'), and 4.51 (m, 1H, H-3).

correlations betweetH and *°C signals. Gas chromatographmass
spectrometry (GEMS) was performed on a JMS-GC Mate |l

3-Methyl-but-2-en-1-yl f-p-glucopyranoside (2).Compound? is
a colorless waxR 0.62. [aF% +50 (c0.086, methanol). ESIM&/z

instrument (JEOL, Tokyo, Japan) operated in the electron impact mode 271.15 ([M+ Na]*); APCIMS myz 271.25 ([M+ NaJ*, 100%), 249.20

(70 eV). The gas chromatograph was equipped with a 25 ;22
mm i.d., 0.25m Hicap CBP-1 capillary column (Shimadzu Co., Kyoto,

(IM + H]*, 3), 231.05 ([M— OH]*, 4): 163.10 ([GH110]", 7). H
NMR (CDs0OD) 6 1.70 (s, 3H, H-5), 1.75 (s, 3H, H-4), 3.16 (dii=

Japan). For the analysis of aglycon moiety, the column temperature 7.7, 9.2 Hz, 1H, H-3, 3.23—3.27 (m, 1H, H-3, 3.30—3.36 (m, 2H,

was held at 50C for 2 min, and then raised to 22C at 3°C/min,
whereas the temperature was programmed from 160 to°e2ét 3

H-3', H-4"), 3.67 (dd,) = 5.5, 11.7 Hz, 1H, H-&), 3.86 (dd,] = 1.8,
11.7 Hz, 1H, H-6'b), 4.22 (dd] = 7.7, 11.7 Hz, 1H, H-1b), 4.27 (d,

°C/min for the analysis of alditol acetates. The carrier gas (helium) J= 7.7 Hz, 1H, H-1), 4.32 (dd,J= 6.2, 11.7 Hz, 1H, H-1a), and 5.37
flow was at 0.8 mL/min. The obtained mass spectrum (MS) was (m, 1H, H-2).
compared with an authentic one from the library of the National Institute  Benzyl #-p-glucopyranoside (3).Compound3 is a colorless wax,
of Standards and Technology to confirm the compound. Electrospray R; 0.60. [oF% —35 (¢ 0.13, methanol). UV (methanoRmax (Iog €)
ionization (ESI) and atmospheric pressure chemical ionization (APCI) 258 nm (2.43). ESIM$1/z293.10 ([M+ NaJ*). APCIMS m/z293.20
mass spectra were obtained with a Shimadzu LCMS-QR80t8ru- (IM + Na]*, 100%), 271.20 ([M+ H]™, 4), 253.20 ([M— OH]*, 15),
ment equipped with ESI and APCI sources, respectively. Sample was 163.10 ([GH1:0s]*, 3). 'H NMR (CDsOD) ¢ 3.25 (dd,J = 8.1, 9.2
delivered into the ion source using methanol/water (7:3, v/v) containing Hz, 1H, H-2), 3.27 (m, 1H, H-5, 3.30—3.37 (m, 2H, H-3 H-4"),
0.15% acetic acid at 0.1 mL/min. 3.69 (ddJ=5.5, 11.7 Hz, 1H, H-6'a), 3.89 (dd~= 1.8, 11.7 Hz, 1H,
Extraction and Isolation Procedures.Fresh rhizomes of galanga  H-6'b), 4.35 (d,J = 7.7 Hz, 1H, H-1"), 4.66 (dJ = 11.7 Hz, 1H,
(4.0 kg) were chopped and homogenized in methanol and successivelyH-7a), 4.93 (dJ = 11.7 Hz, 1H, H-7b), 7.27 (d) = 7.3, 1H, H-4),
extracted three times with hot methanol for 3 h. After the solvent was 7.32 (dd,J = 5.1, 7.3 Hz, 2H, H-3, H-5), and 7.42 (3= 8.0 Hz, 2H,
removed, the methanol extract (260 g) was subjected to chromatographyH-2, H-6).
on a 20x 6.0 cm Amberlite XAD-2 resin column. The column was 1-O-f-b-Glucopyranosyl-4-allylbenzene (chavicgB-p-glucopyrano-
rinsed with distilled water (3 L) to eliminate sugars, acids, and other side, 4).Compound4 is an amorphous solid 0.63. [af% —53.4 (c
water-soluble compounds, and the retained material was eluted with 0.66, methanol). UV (methanofymax (Iog €) 222 (2.89) and 272 nm
methanol (3 L). The methanol eluate was concentrated to dryness in(2.05). ESIMSmM/z319.15 ([M+ NaJ*). APCIMS m/z319.20 ([M+
vacuo. The residue (40 g) was then dissolved and suspended in wateNa]*, 100%), 314.25 ([M+ H.O]", 31), 180.20 ([GH1.06]*, 11),
(250 mL) and partitioned with CHgKeach 400 mL, &). The water 163.10 ([GH110s]", 7). 1H NMR (CD;0OD) 6 3.31 (d,J = 6.6 Hz,
layer was lyophilized to obtain the glycosidically bound fraction (30 2H, H-7), 3.38—3.46 (m, 4H, H-2', H-3', H-4', H-5"), 3.69 (dii=
Q). 5.3, 12.1 Hz, 1H, H-®&), 3.88 (dd,) = 1.8, 12.1 Hz, 1H, H-®), 4.86
This fraction was subjected to chromatography on anx180 cm (d,J= 7.7 Hz, 1H, H-1), 5.01 (dddJ = 1.5, 1.5, 9.9 Hz, 1H, H-9a),
ODS-A 120-S 150 silica gel column (YMC Co., Ltd., Kyoto, Japan) 5.02 (ddd,J = 1.5, 1.5, 16.8 Hz, 1H, H-9b), 5.93 (ddi,= 6.6, 9.9,
with stepwise elution of methanol in water (10, 20, 30, 40, 50, and 16.8 Hz, 1H, H-8), 7.02 (d) = 8.8 Hz, 2H, H-3, H-5, or H-2, H-6),
100%; each 900 mL). Each fraction was checked by thin-layer and 7.09 (dJ = 8.8 Hz, 2H, H-2, H-6, or H-3, H-5). Anal. Calcd for
chromatography (TLC) on silica gel 60, 0.25 mm thickness (Merck, CisH200s: C, 60.80; H, 6.80. Found: C, 59.42; H 6.58.
Darmstadt, Germany) developed with chloroform/methanol/water (65:  1-Hydroxy-2-O-#-p-glucopyranosyl-4-allylbenzene (5)Compound
25:4, viv). Spots on the TLC plate were visualized by charring after 5 is a brown wax,Rs 0.58. [aF% —56.8 (c 0.44, methanol). UV
spraying with vanillin in HSQ,. Two main fractions, 20% methanol  (methanol)Amax (I0g €) 256 (2.59) and 278 nm (2.41). ESIM#z
eluate (1.16 g) and 30% methanol eluate (2.17 g), were further subjected335.10 ((M+ Na]*). APCIMS mVz 335.15 ([M+ NaJ*, 100%), 330.25
to chromatography on an 18 3.4 cm BW-820MH, 76-200 mesh (IM + H,01", 36), 180.15 ([GH1206]", 9), 163.10 ([GH110s]", 4).
silica gel column (Fuji Silysia Chemical Ltd., Kasugai, Japan), H NMR (CDsOD) ¢ 3.27 (d,J = 6.6 Hz, 2H, H-7), 3.41 (m, 2H,
respectively. The column was sequentially eluted by increasing the H-4', H-5'), 3.48 (m, 2H, H-2 H-3'), 3.72 (ddJ = 4.8, 12.1 Hz, 1H,

methanol concentration in mixtures of chloroform/methanol. Fractions H-6'a), 3.89 (ddJ = 1.8, 12.5 Hz, 1H, H-t), 4.73 (d,J = 7.7 Hz,

with the same TLC patterns were pooled to give five fractiorsv):

fraction | (320 mg) was obtained from the 20% methanol eluate with

elution of chloroform/methanol (90:10, v/v); whereas fractions 11—V

were obtained from the 30% methanol eluate: 1l (90.3 mg) with

chloroform/methanol (95:5, v/v), Il (73.5 mg) with chloroform/
methanol (90:10, v/v), and IV (69 mg) and V (195 mg) with chloroform/
methanol (80:20, v/v).

Fractions 1-V were further purified by high-performance liquid

1H, H-1"), 5.00 (ddJ = 1.8, 10.3 Hz, 1H, H-9a), 5.04 (dd,= 1.8,
17.2 Hz, 1H, H-9b), 5.93 (ddfl = 7.0, 10.3, 17.2 Hz, 1H, H-8), 6.73
(dd,J = 1.8, 8.1 Hz, 1H, H-5), 6.75 (s, 1H, H-3), and 7.03J&s 1.5
Hz, 1H, H-6). Anal. Calcd for @H,007: C, 57.69; H, 6.45. Found:
C, 56.56; H, 6.61.
1-O-f-p-Glucopyranosyl-2-hydroxy-4-allylbenzene (demethyl-
eugenol -b-glucopyranoside, 6).Compound6 is a brown wax,Rs
0.57. [aP% —108 (c0.18, methanol). UV (methanal)max (log €) 276

chromatography (HPLC). Reversed-phase HPLC was done with a 250nm (2.89). ESIM3n/z335.10 ([M+ Na]*). APCIMS m/z335.20 ([M
x 10 mm Hydrosphere C18 column (YMC Co., Ltd., Kyoto, Japan) + Na], 100%), 330.20 ([M+ H2O]*, 29), 180.15 ([GH1206] ", 8),

developed with acetonitrile/water (15:85, v/v; for fraction 1) or
acetonitrile/water (21:79, v/v; for fractions+V) at a flow rate of 5.0

mL/min. The eluate was monitored by an absorbance at 205 nm.

Compoundd (6.0 mg),2 (4.3 mg), and (6.5 mg) were isolated from
fraction 1, compound4 (33.0 mg) was isolated from fraction I,
compounds5 (22.0 mg) and6 (8.8 mg) were from fraction I,
compounds? (8.9 mg) and8 (12.0 mg) were isolated from fraction
IV, and compound (27.0 mg) was from fraction V.
(1R,3549-trans-3-Hydroxy-1,8-cineolgs-p-glucopyranoside (1).
Compound1l is an amorphous solidR 0.67. [0 —14 (c 0.11,
methanol). UV (methanolfmax (Iog €) 262 nm (3.05). ESIMSn/z
355.20 ([M+ NaJ*). APCIMS m/z 355.30 ([M+ Na]*, 100%), 333.25
(M + H]T, 9), 315.35 ([IM— OH], 51), 163.00 ([GH1:0s] ™, 2). *H
NMR (CD;OD) ¢ 1.03 (s, 3H, H-7), 1.21 (s, 3H, H-10), 1.29 (s, 3H,

H-9), 1.54—1.61 (m, 3H, H-2a, H-6a, H-6b), 1.74 (m, 1H, H-5a), 1.81

(m, 1H, H-4), 2.08 (m, 1H, H-2b), 2.18 (m, 1H, H-5b), 3.18 (dd=
7.7, 9.2 Hz, 1H, H-2, 3.27 (m, 1H, H-5, 3.31 (m, 1H, H-4), 3.33

163.10 ([GH1105]", 6). *H NMR (CDs;0OD) 6 3.26 (d,J = 6.6 Hz, 2H,
H-7), 3.40 (m, or dJ = 5.9 Hz, 2H, H-4, H-5'), 3.47 (m, 2H, H-2
H-3'), 3.72 (ddJ = 4.8, 12.1 Hz, 1H, H-&), 3.87 (ddJ = 1.5, 12.1
Hz, 1H, H-8b), 4.70 (dJ = 7.7 Hz, 1H, H-1), 5.00 (ddJ = 2.1, 10.6
Hz, 1H, H-9a), 5.04 (dd) = 1.8, 17.2 Hz, 1H, H-9b), 5.92 (ddi,=
7.0, 10.3, 17.2 Hz, 1H, H-8), 6.60 (dd= 2.2, 8.4 Hz, 1H, H-5), 6.68
(d, J = 2.2 Hz, 1H, H-3), and 7.10 (d] = 8.4 Hz, 1H, H-6). Anal.
Calcd for GsH2007: C, 57.69; H, 6.45. Found: C, 56.75; H 6.79.
1-O-(6-O-a-L.-Rhamnopyranosyl-f#p-glucopyranosyl)-2-hydroxy-
4-allylbenzene (demethyleugengf-rutinoside, 7). Compound? is a
brown wax,Rs 0.36. [af% —106 (c0.18, methanol). UV (methanol)
Amax (I0g €) 275 nm (2.96). ESIM$n/z481.15 ([M+ Na]*). APCIMS
m/z481.20 (M + Na]*, 100%), 476.35 ([M+ H,O]", 74), 309.15
([C12H2104] ", 14), 147.10 ([GH1:04]", 6). H NMR (CD;OD) 6 1.23
(d,J= 6.2 Hz, 3H, H-6), 3.26 (d,J = 6.6 Hz, 2H, H-7), 3.37 (m, 3H,
H-3', H-4', H-4"), 3.46 (ddJ) = 5.5, 7.3, 1H, H-2, 3.52 (ddd,J =
1.8, 6.6, 9.5 Hz, H-5"), 3.61 (dd, = 6.6, 11.0 Hz, 1H, H-6'a), 3.66
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(dd,J = 3.3, 6.6 Hz, 1H, H-8), 3.70 (dd,J = 3.7, 9.5 Hz, 1H, H-3),
3.86 (dd,J = 1.5, 3.3 Hz, H-2), 4.03 (dd,J = 1.5, 11.0 Hz, 1H,
H-6'b), 4.67 (dJ = 7.7 Hz, 1H, H-1), 4.73 (d,J = 1.5 Hz, 1H, H-1),
5.03 (m, 2H, H-9), 5.92 (ddi] = 6.6, 9.9, 16.5 Hz, H-8), 6.63 (dd,
=2.2,8.4 Hz, 1H, H-5), 6.68 (d] = 2.2 Hz, 1H, H-3), and 7.07 (d,
J = 8.4 Hz, 1H, H-6). Anal. Calcd for £H30011°H-0: C, 52.94; H,
6.77. Found: C, 52.10; H, 6.57.
1-O-(6-O-a-L-Rhamnopyranosyl-f#b-glucopyranosyl)-4-allylben-
zene (chavicof-rutinoside, 8). Compound is a brown waxR: 0.41.
[0]? —67.1 € 0.24, methanol). UV (methanol)n.x (log €) 221 (3.42)
and 273 nm (2.69). ESIM#&/z465.15 (M + Na]*). APCIMS m/z
465.20 (M + Na]*, 100%), 460.25 ([M+ H.O]*, 84), 309.20
([C12H2104] T, 15), 147.10 ([GH1104] ™, 7). 'H NMR (CD;0D) 6 1.20
(d,J=6.2, 3H, H-6"), 3.30—3.38 (m, 3H, H-3', H-4', H-4""), 3.31 (m,
2H, H-7), 3.44 (m, 1H, H-2, 3.54 (ddd,J = 1.5, 6.2, 9.2 Hz, 1H,
H-5"), 3.59 (ddJ = 6.6, 11.0 Hz, 1H, H-&), 3.65 (ddJ = 3.7, 6.2
Hz, 1H, H-8'), 3.69 (dd,J = 3.3, 9.5 Hz, 1H, H-3), 3.84 (dd,J =
1.8, 3.3 Hz, 1H, H-2), 4.01 (dd,J = 1.5, 11.0 Hz, 1H, H-®), 4.70
(d, 3= 1.8 Hz, 1H, H-1'), 4.81 (d,J = 7.7 Hz, 1H, H-1), 5.01 (ddd,
J=15,1.5,10.3 Hz, 1H, H-9a), 5.03 (ddil= 1.5, 1.5, 16.8 Hz, 1H,
H-9b), 5.94 (ddtJ = 6.6, 10.3, 16.8 Hz, 1H, H-8), 7.01 (d,= 8.4
Hz, 2H, H-3, H-5 or H-2, H-6), and 7.11 (d,= 8.8 Hz, 2H, H-2, H-6
or H-3, H-5). Anal. Calcd for gH300100H.O: C, 54.78; H, 7.00.
Found: C, 53.97; H, 6.55.
1,2-di-O-f-b-Glucopyranosyl-4-allylbenzene (9)Compound9 is
a yellow wax,Rs 0.22. []?% —46.8 € 0.54, methanol). UV (methanol)
Amax (I0g €) 272 nm (2.27). ESIM$n/z497.15 ((M+ Na]t); APCIMS
m/z 497.25 (M + Na]*, 100%), 492.30 ([M+ H.O]*, 51), 335.15
(31), 163.00 ([GH110s]*, 4). *H NMR (CDs0OD) ¢ 3.32 (d,J = 7.7
Hz, 2H, H-7), 3.34-3.37 (m, 2H, H-5 H-5""), 3.38-3.41 (m, 2H, H-4
H-4"), 3.43—3.53 (m, 4H, H-2H-2", H-3', H-3"), 3.70 (ddJ = 2.2,
12.1 Hz, 1H, H-6'a), 3.71 (dd,= 2.2, 11.7 Hz, 1H, H-6"a), 3.86 (dd,
J=1.8, 11.7 Hz, 2H, H-Bb, H-6'b), 4.82 (dJ = 7.7 Hz, 1H, H-1),
4.84 (d,J = 7.7 Hz, 1H, H-1), 5.03 (dd,J = 2.2, 9.9 Hz, 1H, H-9a),
5.06 (dd,J = 2.2, 16.8 Hz, 1H, H-9b), 5.94 (ddi,= 7.0, 10.3, 17.2
Hz, 1H, H-8), 6.85 (ddJ = 2.2, 8.1 Hz, 1H, H-5), 7.09 (d] = 2.2
Hz, 1H, H-3), and 7.17 (dJ = 8.1 Hz, 1H, H-6). Anal. Calcd for
Co1H300122H0: C, 51.22; H, 6.55. Found: C, 50.36; H, 6.67.
Analysis of Components in GlycosidesThe separated compounds
were hydrolyzed using 0.5 M 430, or -glucosidase (from almond,;
Oriental Yeast Co., Ltd., Tokyo, Japad)/( 1§. The sugar composition
was determined by gadiquid chromatography (GLC) as alditol
acetates (19). Compoundls-6 and9 had only glucose, whered@sand
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phase HPLC to obtain compounds-9. The structures of
compoundsl—9 were characterized as follows (Figure 1).

Compoundl was obtained as amorphous solid (6.0 mg yield)
and identified to be (LRS49-trans-3-hydroxy-1,8-cineolg-p-
glucopyranoside by comparison of itsl and 3C NMR data
with those of literature valueslg, 16). This glucoside has
already been isolated from the rhizomes of gingkf)(and
greater galanga (16).

Compound was obtained as a colorless wax (4.3 mg yield).
The APCIMS showed a significant ion at/z271.25 (M +
NaJt), a protonated molecular ion at/z249.20, and glucose
moiety atm/z 163.10. ThelH NMR spectrum indicates the
presence of two methyl proton signals @t1.70 and 1.75,
methylene proton signals at4.22 (dd,J = 7.7, 11.7 Hz) and
4.32 (dd,J = 6.2, 11.7 Hz), and one olefinic proton @&t5.37.
The anomeric proton signal at4.27 (d,J = 7.7 Hz) reveals
B-configuration of the glucosidic linkage. Th&C NMR
spectrum showed eleven carbon signals, including anomeric
carbon signal at 102.8 (Table 1). The NMR data of the
aglycon was in agreement with the data in the literature (18),
in which 3-methyl-but-2-en-1-yl 6-O-a-arabinopyranosyl-$-
D-glucopyranoside has been isolated in passion fruit. Thus, the
structure of compoun@ was determined to be 3-methyl-but-
2-en-1-yl 3-p-glucopyranoside.

Compound3 was obtained as a colorless wax (6.5 mg yield)
and identified to be benzyl-p-glucopyranoside by comparison
of its spectroscopic data with those of literature values 7).
Benzyl3-p-glucopyranoside has been isolated fr@edronella
canariensis(19) and fresh tea leaves @famellia sinensig..
var. Yabukita (21) as the flavor precursor. In addition, the
disaccharide glucosides have been obtained from passion fruit
(18), oolong tea leave2@), andJasminum sambéitower (23).

Compound4 was obtained as an amorphous solid (33.0 mg
yield), which consisted of glucose and 1-hydroxy-4-allylbenzene
as the components. The structuredatias identified to be -
B-b-glucopyranosyl-4-allylbenzene (chavighb-glucopyrano-
side) by comparison of its spectroscopic data with those of
literature values 20, 24. Chavicol -p-glucopyranoside has
been found inCedronella canariensig(19), in leaves of

8 had glucose and rhamnose as the sugar components. The aglycoiViburnum furcatum(25), and inPinus contortaneedle (26).

moiety of4—9 was analyzed by GEMS or APCIMS. Compoundd
and8 showed one peak by GC—MS analysis which was identified to
be 1-hydroxy-4-allylbenzene: EIM®/z134 (M, 100%), 107 ([M—
CH,=CH]*, 50), 91 ([GHsCH,]", 23), and 77 ([@Hs]*, 47). The
aglycon moiety of5—7 and 9 was identified to be 1,2-hydroxy-4-
allylbenzene: negative APCIM$&/z 149 [M — H]~; EIMS as the
diacetatem/z 234 (M*, 10%), 192 (M — CH,CQO]*, 40), 150
([CgHs(OH);]*, 100), 132 ([GHsO]*, 14), 104 (10), 91 (10), and 77
(8). The linkage of sugar moiety was analyzed by-@@S as partially
methylated alditol acetates (18, 20). The GC—MS analysis of partially
methylated7 and8 showed two peaks as the alditol acetate derivatives
which were identified to be 1,5-dd-acetyl-2,3,4-tri-O-methylpenti-
tol: EIMS m/z175 (5%), 161 (10), 131 (30), 117 (40), 101 (70), 89
(30), and 72 (30); and 1,5,6-t@-acetyl-2,3,4-tri-O-methylhexitol:
EIMS m/z233 (5%), 189 (10), 161 (20), 129 (40), 117 (50), 101 (80),
and 87 (40). On the other han@gave only one peak that was identi-
fied to be 1,5-di-O-acetyl-2,3,4,6-tetra-O-methylhexitol as the alditol
acetate: EIMSn/z205 (10%), 161 (30), 145 (25), 129 (35), 117 (40),
101 (70), and 87 (25).

RESULTS AND DISCUSSION

Compounds was obtained as a brown wax (22.0 mg yield).
5 gave glucose and 1,2-dihydroxy-4-allyloenzene after hydroly-
sis with acid orB-glucosidase. ThéH NMR spectrum indicates
the presence of trisubstituted benzene proteng.03, 6.75,
and 6.73), terminal olefinic proton® .00 and 5.04), and an
olefinic proton ¢ 5.93). The anomeric proton at4.73 with
its coupling constant of 7.7 Hz reveaisconfiguration of the
glucosidic linkage. Thé3C NMR data of the aglycon moiety
in Table 1 were in agreement with those in the literatu?d)
Furthermore, the connectivities of the glucose unit were
established based on HMBC cross-peaks indicating long-range
13C—1H couplings (data not shown): the anomeric proton signal
ato 4.73 (H-1') gave a strong cross-peak with a carbon signal
at o 146.6 (C-2); this carbon signal then gave cross-peaks with
two proton signals at 6.75 (H-3) and 7.03 (H-6). Thus,
compounds was determined to be 1-hydroxy@-3-p-gluco-
pyranosyl-4-allylbenzene.

Compound6 was obtained as a brown wax (8.8 mg yield).
Compound6 after hydrolysis with acid of-glucosidase gave
the same aglycon, 1,2-dihydroxy-4-allylbenzene, as detected in

Methanol extract from galanga rhizome was subjected to compoundb. The'H and*C NMR spectra of compourélwere
XAD-2 column chromatography followed by reversed-phase and similar to those obtained in compouBTable 1). The HMBC

normal-phase column chromatography. Finally, the glycosid-
ically bound fractions were purified by preparative reversed-

spectrum gave cross-peaks between resonances 470
(H-1") and 145.2 (C-1), at 6.60 (H-5) and 145.2 (C-1), and at
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Figure 1. Structures of (1R,35,4S)-trans-3-hydroxy-1,8-C|neole B-D-glucopyranoside (1), 3-methyl-but-2-en-1-yl p-D-glucopyranoside (2), benzyl S-p-
glucopyranoside (3), 1-O-/3-p-glucopyranosyl-4-allylbenzene (chavicol 3-p-glucopyranoside, 4), 1-hydroxy-2-O-3-b-glucopyranosyl-4-allylbenzene (5), 1-O-
p-D-glucopyranosyl-2-hydroxy-4-allylbenzene (demethyleugenol j3-p-glucopyranoside, 6), 1-O-(6-O-a-L-rhamnopyranosyl-/3-p-glucopyranosyl)-2-hydroxy-
4-allylbenzene (demethyleugenol S-rutinoside, 7), 1-O-(6-O-a-L-thamnopyranosyl-3-b-glucopyranosyl)-4-allylbenzene (chavicol S-rutinoside, 8), and 1,2-
di-O-3-p-glucopyranosyl-4-allylbenzene (9) isolated from fresh rhizomes of smaller galanga (Alpinia officinarum Hance).

0 6.68 (H-3) and 145.2 (C-1), and at7.10 (H-6) and 145.2

rhamnose ab 4.73 (H-1"") gave a strong cross-peak with the

(C-1), respectively (data not shown). This indicates that the sugarglucose carbon signal at62.5 (C-6") (data not shown). Thus,

residue is bonded to the C-1 position of 1,2-dihydroxy-4-
allylbenzene. From these results, compo6nelas determined
to be 10-B-b-glucopyranosyl-2-hydroxy-4-allylbenzene (de-
methyleugenof5-p-glucopyranoside).

Compound?7 was obtained as a brown wax (8.9 mg yield).
Compound? after hydrolysis gave 1,2-dihydroxy-4-allylbenzene

compound?7 was determined to be @-(6-O-a-L-rhamno-
pyranosyl-gp-glucopyranosyl)-2-hydroxy-4-allylbenzene (de-
methyleugenop-rutinoside).

Compound3 was obtained as a brown wax (12.0 mg yield),
which gave 1-hydroxy-4-allylbenzene as the aglycon moiety.
The sugar moiety of partially methylated compoungave two

as the aglycon moiety. The sugar moiety of partially methylated peaks as the alditol acetates, which were identified to be 1,5-

compound7 was analyzed by GEMS as the alditol acetate

di-O-acetyl-2,3,4-tri-O-methylpentitol and 1,5,6-tri-O-acetyl-

derivatives. Two peaks with the area ratio of 1:1 appeared on 2,3,4-tri-O-methylhexitol. The data dH and'3C NMR spectra

the chromatogram, which were identified to be 1,5dacetyl-
2,3,4-tri-O-methylpentitol and 1,5,6-t®-acetyl-2,3,4-triO-

were similar to those of compoundgfor aglycon) and7 (for
sugar moiety) (Table 1). Thus, the structure of compo@éd

methylhexitol. The results indicate that a terminal rhamnose unit was determined to be @-(6-O-o+-rhamnopyranosyl-/-
is linked to the 6-position of glucose unit in the glycoside. The glucopyranosyl)-4-allylbenzene (chavigbfutinoside). Another

IH NMR spectrum shows two anomeric proton signalé 4t67
(d, J = 7.7 Hz) andd 4.73 (d,J = 1.5 Hz) and a signal of
methyl proton até 1.23, suggesting thaf has a 60-a-L-
rhamnopyranosyl-®-glucopyranoside moiety. THEC NMR
spectrum inTable 1 gave signals similar to those of glucoside
moiety of compound. The HMBC spectrum indicated that the
anomeric proton signal of glucose at 4.67 (H-dave a strong

chavicol 40-a-L-arabinofuranosyp-p-glucopyranoside has
been isolated fronfPinus contorta(27).

Compound was obtained as a yellow wax (27.0 mg yield).
Compound after hydrolysis gave glucose and 1,2-dihydroxy-
4-allylbenzene. ThéH NMR spectrum shows the presence of
two anomeric protons at 4.82 (d,J = 7.7 Hz) andd 4.84 (d,

J = 7.7 Hz), indicatingS-configuration of the glucose units.

cross-peak with a carbon signal at 145.1 (C-1); this carbon signal The 13C NMR spectrum o showed two anomeric carbons at

then gave cross-peaks with proton signalé 6t63 (H-5), 6.68

0 103.3 and 103.5 in addition to other assignable carbon atoms

(H-3), and 7.07 (H-6); and the anomeric proton signal of (Table 1). From the HMBC spectrum, the anomeric proton
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Table 1. 3C NMR Data for the Glucosides Isolated from Alpinia LITERATURE CITED
officinarum Hance?

(1) Buirkill, I. H. In Dictionary of the Economic Products of the
carbon 1 2 3 4 5 6 7 8 9 Malay Peninsula Vol. 2; Ministry of Agriculture and Co-
aglycon operatives: Kuala Lumpur, Malaysia, 1966; pp 1327—1332.

717 664 139.1 1575 146.7 1452 1451 1575 14638 (2) Mitsui, S.; Kobayashi, S.; Nagahori, H.; Ogiso, A. Constituents
418 1217 1286 117.8 1466 1484 1481 1179 1485 from seeds ofAlpinia galanga Willd. and their anti-ulcer
728 1386 1293 1305 1193 1191 1191 1305 1200 activities. Chem. Pharm. Bull1976,24, 2377—2382.

378 259 129.2 1353 1332 1373 137.3 1354 1373

151 188 1293 1305 1247 1210 1211 1305 1247 (3) Janssen, M. A.; Scheffer, J. J. C. Acetoxychavicol acetate, an

antifungal component oflpinia galanga.Planta Med.1985,

OCOoO~NOoO U~ WN -

321 128.7 1178 117.0 1173 1174 1179 120.0
273 718 404 406 406 406 404 403 507—511. _ _
75.3 1392 1393 139.0 139.1 1392 138.6 (4) ltokawa, H.; Morita, H.; Sumitomo, T.; Totsuka, N.; Takeya,
29.3 1157 1157 1158 1158 1157 116.3 K. Antitumor principles fromAlpinia galanga Planta Med.1987,
10 28.7 53, 32-33.
glucose (5) Kondo, A.; Ohigashi, H.; Murakami, A.; Suratwadee, J.; Ko-
1 102.3 1028 103.3 1025 1045 1047 1046 102.6 103.3 shimizu, K. 1'-Acetoxychavicol acetate as a potent inhibitor of
2 752 751 751 749 749 749 750 750 747 tumor promoter-induced EpsteiBarr virus activation from
3 782 781 781 781 783 783 777 781 773 Languas galanga, a traditional Thai condimeBiosci. Biotech-
4: 717 717 717 714 713 713 716 716 709 nol. Biochem1993,57, 1344—1345.
g, ég'g Zg'g égé Zgg Z;'i g;; é;(l) Zgg Z;g (6) Scheffer, J. J. C.; Gani, A.; Baerheim Svendven, A. Mono-
' ' ' ’ ' ’ ' ' ’ terpenes in the essential rhizome oil Alpinia galanga(L.)
rhamnose or glucose Willd. Sci. Pharm.1981,49, 337—346.
1 1023 1022 1035 (7) De Pooter, H. L.; Omar, M. N.; Coolsaet, B. A.; Schamp, N. M.
g,, ;3;‘ ;gg ;‘7‘; The es_sential oil of _greater galangdlginia galanga) from
e 741 741 709 Malaysia.Phytochemistry1 985,24, 93-96.
5 69.9 69.9 778 (8) Mori, H.; Kubota, K.; Kobayashi, A. Potent aroma components
6" 180 180 620 of rhizomes fromAlpinia galanga(L.) Willd. Nippon Shokuhin
Kagaku Kogaku Kaishi995,42, 989—995.
a Measured in CD30D. (9) Kubota, K.; Nakamura, K.; Kobayashi, A. Acetoxy-1,8-cineoles
as aroma constituents éipinia galangawilld. J. Agric. Food
signal até 4.82 (H-1") gave a strong cross-peak with a carbon Chem.1998, 46, .5244_5247- . o
signal at) 146.8 (C-1); this carbon signal then gave cross-peaks (10) Lawrence, B. M.; Hogg, J. W.; Terhune, S. J. Essential oils and
with two proton signals ab 6.85 (H-5), 7.09 (H-3), and 7.17 their constituents Part Il. The oils éfpinia officinarumHance.

Perfum. Essent. Oil Red969,60, 88-96.
(11) Ly, T. N.; Yamauchi, R.; Kato, K. Volatile components of the
essential oils in GalangaAlpinia officinarum Hance) from

(H-6); the anomeric proton signal@¥.84 (H-1') gave a strong
cross-peak with a carbon signakat48.5 (C-2); and this carbon

signal then gave cross-peaks with two proton signats 209 Vietnam.Food Sci. Technol. Re2001,7, 303—306.
(H-3) and 7.17 (H-6) (data not shown). The sugar moiety of (12) Crouzet, J.; Chassagne, D. Glycosidically bound volatiles in
compound after partial methylation gave only one peak, which plants. InNaturally Occurring Glycosides; Ikan, R., Ed.; John
was identified to be 1,5-di-@cetyl-2,3,4,6-tetra-@nethyl- Wiley & Sons Ltd.: Chichester, England, 1999; pp 225
hexitol. This indicates that glucose is linked to each hydroxyl 274.
group of 1,2-dihydroxy-4-allyloenzene. Thus, compo@ndas (13) Wu, P.; Kuo, M.-C.; Ho, C.-T. Glycosidically bound aroma
determined to be 1,2-dD-3-p-glucopyranosyl-4-allylbenzene. compounds in gingeZ{ngiber officinaleRoscoe)J. Agric. Food

In this study, nine glycosides (1—9) were isolated from the Chem.1990, 38, 1553—1555.

Sekiwa, Y.; Mizuno, Y.; Yamamoto, Y.; Kubota, K.; Kobayashi,
A. Isolation of some glycosides as aroma precursors from ginger.
Biosci. Biotechnol. Biochen1999,63, 384—389.

(15) Sekiwa, Y.; Kubota, K.; Kobayashi, A. Isolation of novel
glucosides related to gingerdiol from ginger and their anti-

rhizomes of smaller galanga. Their structures were determined (14)
to be (IR,3S49)-trans-3-hydroxy-1,8-cineol@-p-glucopyrano-
side (), 3-methyl-but-2-en-1-yB-p-glucopyranoside), benzyl
f-D-glucopyranoside (3), chavicgtglycosides (4and8), and

B-glycosides of 1,2-dihydroxy-4-allylbenzen&7 and 9). oxidative activities.J. Agric. Food Chem200Q 48, 373-
Among the glycosides, compoun#és-9 were detected for the 377.

first time in the constituents of galanga rhizomes. The glyco- (16) Someya, Y.; Kobayashi, A.; Kubota, K. Isolation and identifica-
sidically bound volatile compounds have been considered as tion of trans-2- andrans-3-hydroxy-1,8-cineole glucosides from
aroma precursors that release free aroma compounds by Alpinia galanga.Biosci. Biotechnol. Biochen2001,65, 950—
enzymatic or acidic hydrolysid 2, 14). Such candidates might 953.

be compoundd, 2, 3, 4, and8, although only chavicol has (17) Sakho, M.; Chassagne, D.; Crouzet, J. African mango glyco-
been detected in the essential oil in the smaller galarigal ( Zg'cs‘;’g'%’ bgggd volatile compounds. Agric. Food Cherml997

In addition, the main glycosides isolated in the present study
aref-glycosides of chavicol and 1,2-dihydroxy-4-allylbenzene
(4—9). These compounds have one or two phenolic hydroxyl

(18) Chassagne, D.; Crouzet, J.; Bayonove, C. L.; Brillouet, J.-M.;
Baumes, R. L. 89-a-L-Arabinopyranosys-p-glucopyranosides
as aroma precursors from passion fridhytochemistryl 996,

groups in the molecule. The phenolic glycosides in ginger have 41. 1497—1500.

been demonstrated to show strong antioxidative activifi&. (19) Cc;en, M.; Engel, R.; Nahrstedt, A. Chavigbb-glucoside, a

Therefore, compoundg—9 might be expected to act as phenylpropanoid heteroside, bengyb-glucoside and glyco-

antioxidants. sidically bound volatiles from subspecies®édronella canar-
iensis.Phytochemistry1 995,40, 149—155.
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