
The Japanese Society of Pharmacognosy

NII-Electronic Library Service

The  JapaneseSociety  of  Pharmacognosy

th es 7  en ts
Shoyakugaku  Zassili
ca(1), enA"70 (19ee)

New  Pheno]ic Glycerol Glucosides, Regaloside D, E, and  F  from  the Bulbs of  Lilium Species

HIRoKo  SHIMoMuRA,*  YuTAKA  SAsHIDA and  YosmHIRo  MIMAKI

7bkyo  Cbltage of Ilharmaay, Jes2-l, Llorinoucki, Hdchibji. Tbkyo  l92-03. Jlu7an

(Received September 2, l988)

  New  phenolic glycerol glucosides, regalosides  D  and  E  were  isoLated from  the fresh bulbs of

Lilium longij7brum, and  regaloside  F from those  of  L. lancijblium, along  with  previously known
compounds,  Their structures  were  elucidated,  on  the basis of  the･spectroscopic data and  chemi-

cal eviclences, and  by comparing  them  with  those of  known  compounds,  as (2S)-1-O:p-cou-
maroyl-2-O-fl-D-g]ucopyranosylg]ycerol,  (2S)-1-O-cafleoyl-2-O-PD-glucopyranosyl-3-O-acetyl-
glycero], and  (2S)-1-O-feruloyl-3-O-ll-D-glucopyranosylglycero], respectively.

  Keywords  Lifium lo,rgij7brum; Liltum lancij2)fiutn; Li]iaceae; phenotic glycerol glucoside;
regaloside  D;  rega]oside  E; regaloside  F; bitter principle; bu]b

  Plants of  the genus Litium  have  long  been used  both as  a  food and  as a medicinal  agent,t'  and  also  in
certain  religious  rituals  in Japan. In our  continuous  studies  on  the chemical  ingredients of  lily bulbs, we
isolated and  determined the structures  of  bitter phenolic  glycosides,2-`' an  antitumor  alkaloid and  its
glucoside,S} phenolic glyoerides,6' and  a  steroid  glucoside.`' The  phenolic glycosides are  considered  to be
the main  bitter principles of  the bulbs of  L. specios"m var.  rubr"m,  L. regale  and  L. henrlyi. In the present
work,  we  investigated the bulbs of  L. Ibtrgij7brum THuNB.  and  L. tanc(fotium THuNB.  According to  the
Chinese herbars, both lilies have  been  used  as  medicinal  material.i,"  L.  totzgrij7brum is a popular lily in
Japan, from the bulbs of  which  Nishioka isolated growth inhibitory compounds.8･9}  This paper describes
the isolation of  new  phenolic glycerol glucosides, regaloside  D  and  E  from L. Iotrgijibrum, and  regaloside

F from L. lancijlofium. Their structures  were  determined by spectroscopic  and  chemical  means,  and  by
comparing  the data with  those  of  knewn  compounds.  Also reported  here are  several  known  compounds.

                                       Results

  Litium lotrgij7brum

  A  methanolic  extract  of  the fresh bulbs of  L. Ioirgij7brum was  partitioned between chloroform  and  water,

and  the water  phase  was  extracted  with  n-butanol.  Silica gel and  Sephadex LH-20  column  chromatographies

were  used  for the purification of  the crude  extracts  to provide compounds  1-9.

  Compounds 1-4 were  phenolic glycerides and  identified as  1, 3-O-diferuloylgtycerol, 1-O-feruloyl-3-O-
p-coumaroylglycerol,  1-O-feruloyiglycerol and  1-Op-coumaroy}glycerol, respectively,  by the proton
nuclear  magnetic  resonance  (tH-NMR) spectra and  electron  impact mass  spectra  (EI-MS).6,iO･ii' Com-
pounds  5 and  6 were  bitter phenolic glycosides, and  tlte structures  were  elucidated  as  3, 6'-O-diferuloyl-
sucrose  and  4-O-acetyl-3, 6'-O-diferuloylsucrose on  the basis of  the spectroscopic  data and  direct comparison
with  respective  authentic  samples  isolated previously.2-i2,!3) Compound  7 was  identified as  (2S)-1-O-p-cou-
maroyl-2-O-fi-D-glucopyranosyl-3-O-acetylglycerol  (regaloside B).3'

  Compound  8 was  a  pale-yellow amorphous  powder  and  bitter to the taste. The  infrared (IR) spectrum
suggested  the presence of  hydroxyl group(s) (3400 cm-i),  a  carbonyl  group of  a, P-unsaturated ester

(1690 cm-'),  an  alkene  coniugated  with  an  aromatic  ring  (1632 cm-'),  and  an  aromatic  ring  (1605, 1587
and  1520 cm-i).  The  EI-MS  of  8 exhibited  a  molecular  ion peak  at m/i  4oo and  significant  fragment ion
peaks at m/z  164 and  147, corresponding  to p-coumaric acid  and  p-coumaroyl unit,  respectively.  The
presence ofp-coumaroyl  moiety  in the molecule  was  shown  by the ultraviolet  (UV) (Z... 3oo shoulder  (sh)
and  312 nm)  and  

'H-NMR
 (trans alkene  protons; 6 7.66 and  6.34, each  1H, d, J =  15.9 Hz, p-disubstituted

aromatic  protons; 6 7.47 and  6.80, each  2H, d, J =  8.6 Hz)  spectra.  The  glucosidic linkage was  easily

deduced to be of  fi-orientation from the anomeric  proton signal  at  6 4.48 with  a  coupling  constant,  J =
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7,7 Hz  in the tH-NMR  spectrum,  and  also from  the characteristic  six carbon  signals  (6 104.2, 75.0, 78.0,
71.6, 77.9 and  62.7) in the carbon-13  nuclear  rnagnetic  resonance  (i3C-NMR) spectrum.  The  above  spectral

properties and  TLC  behavior were  quite similar  to those of  regaleside  A  (13). However,  in the 
iH-NMR

spectrum,  the chemical  shift of  the anomeric  proton of  8 was  different from that of  regaroside  A  (8; 6 4.48,
regaloside  A; 6 4.30). Compound  8 and  regaloside  A  were,  therefore, assumed  to be isomeric at the gluco-
sidation  position on  glycerol. When  8 was  submitted  to alkaline  hydrolysis with  sodium  methoxide,  8 was

cleaved  to yield methyl  p-coumarate  and  glycerol glucoside, which  was  identified as  2-O-fi-D-glucopyrano-

sylglycerol.3-i6) In addition,  in the i3C-NMR  spectrum  of  8, the signal  assignable  to the C2  of  glycerol was

shifted  downfield (6 79.5), while  that ofthe  C-3 was  shifted  upfield  (fi 63.4) as  compared  with  those  in regalo-

side  A  (13) (C-2; 6 69.7, C-3; 6 72.0). On  the basis of  these findings, 8 was  concluded  to be 1-O-p¢ oum-

aroyl  ester  of  2-O-fi-D-glucepyranosylglycerol. The  above  conclusion  was  finally confirmed  by the fact that

the spectral  data of  the hexaacetate  (8a) of  8 and  of  regaloside  B peraoetate were  the same.3)  Compound
8 was  treated with  fi-glucosidase to give D-glucose  and  a  phenolic  monoglyceride,  which  was  identica1 with

(2S)-1-O:p-coumareylglycerol (8b), and  the specific  rotation  of  which  was  the same  as  that of  the glycericle
obtained  by the enzymatic  hydrolysis of  regaloside  A  (13).3' Aocordingly, 8 was  identified as  (2S)-1-Op-
coumaroyl-2-O-6-D-glucopyranosy]glycerol,  and  designated as  regaloside  D.

  Compound  9 was  a minor  component  and  obtained  as a  pale-yellow amorphous  powder.  The  spectral

data of  8 and  9 were  simi]ar.  The  IR  spectrum  of  9 indicated the presence of  an  ester  carbonyl  group  (1715
cm"i),  and  the 

iH-NMR
 spectrum  shewed  a  signal  ascribable  to an  aliphatic acetoxyl  group at 6 2.07. The

occurrence  of  an  acetoxyl  group was  also  shown  by the i3C-NMR
 signals  at  6 172.7 and  20.8. Three aro-

matic  protons (6 7.05, 6.96 and  6.77) ascribable  to an  ABC  system,  along  with  trans  olefin  signals  at  b 7.S9

and  6.27 (each IH, d, J =  15.9 Hz) in the iH-NMR
 spectrum  and  the results  of  alkaline  hydrolysis of  9

indicated that 9 possessed a cafTeoy]  moiety  as  a  phenylpropanoid in it. Aoetylation of9  yielded a  peracetate

(9a), the 
iH-NMR

 spectrum  of  which  confirmed  the presence  of  five aliphatic  acetoxyl  groups and  two

aromatic  acetoxyl  groups.  The  
i3C-NMR

 signals  of  glucose  and  glycerol units  were  in good  agreement  with

those of  regaloside  B  (7). The  glucose  residue  was  determined to be attached  to the C-2 position of glycero]
forming fi-orientation and  the acetyl  group to the C-3 position. The  absolute  configuration  of  the glycerol

C-2 could  not  be determined by the same  method  as in regaloside  B (7)3' because of  its low yield. However,

it was  presumed  to be S, because regaloside  B and  D, isolated from the same  sourse,  had S configuration  and

the i3C  chemical  shifts of  the glycerol glucoside moiety  of  9 were  in good  agreement  with  those of

regaloside  B (7). Thus, 9 was  determined to be(2S)-1-O-cafTeoyl-2-O-fi-D-glucopyranosyl-3-O-acety]glycerol,

and  named  regaloside  E.

  Litium lancijblium

  A  methanolic  extract  of  the fresh bulbs of  L. Iancijbtium was  treated in the same  way  as  those of  L.

lotrgij7orum to give compounds  3-5, and  10-14.

  Compound  10 was  isolated as  a  trace constituent  and  identified as  l-O-caffeoylglycerol, which  was  pre-
viously  detected in Ananas  eomosus  vat  cayenne.iO'  This compound  was  isolated from  a  Liiiaceae plant
for the first time. Based on  their spectroscopic  data and  by direct cornparison  with  commercially  available

authentic samples,  compounds  11 and  12 were  assigned  to be 2'-deoxyadenosine and  methyl  a-D-man-

nopyranoside,  respectively,  the oocurrence  of  which  seems  to be specific  to  L. lancij?)lium of  Litium piants.
Compound  13 was  identified as  (2S)-1-O-p-coumaroyl-3-O-fi-D-glucopyranosylglycerol (regaloside A).3,4)

  The  tH-NMR  and  
i3C-NMR

 spectra  of  14 resembled  those  of  regaloside  A  (13) except  the aromatic

region  signals  caused  by the phenylpropanoid moiety.  The  hexaacetate (14a) of  14 showed  the signals  of

five aliphatic  and  one  aromatic  acetoxyl  groups.  Comparison  of  
i3C-NMR

 spectra  of  14 with  those of

regaloside  A  revealed  that 14 had the same  glycerol substituation  as  regaloside  A. The  alkaline  methanoly-

sis of  14 with  3%  sodium  methoxide  in methanol  yielded methyl  ferulate and  glycerol glucoside. The

latter product was  subsequently  acetylated  to give a  hexaacetate, identical with  lilioside C  hexaacetate

 (14b).3,`,'`' Aocordingly, 14 was  identified as (2S)-1-O-feruloyl-3-O-6-D-glucopyranosylglycerol, and

 designated as  regaloside  F.

                                      Discussion

  The bulbs of  L. lancijlotium have a  bittersweet taste, while  those of  L. Iorrgij7brum a bitter taste. The

 bitter taste of  sorne lily bulbs is said  to be due to magnesium  salts in the bulbs.iS' However,  we  have con-

 cluded  that the bitter taste is due to the phenolic glycosides such  as  phenylpropanoid  sucrose  esters  and

(65)
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 phenolic glycerol glucosides, that is, regalosides,  and  not  due to inorganic salts, because only  n-butanol

 soluble phases of  the bulb extracts  exhibit  a  bitter taste. The  phenolic glycoside content  in the bulbs of
 L. longijforum is quite suMcient  to render  it bitter.

   Regalosides are glycerol glucosides in which  the glycerol unit  is esterified  with  phenylpropanoid.  Glucose

 
moiety  is linked to the glycerol C-2 position in regalosides  B, D  and  E obtained  from L. Iotrgij7brum, and

 to the glycerol C-3 position in regalosides  A  and  F obtained  from  L. Iancijbltzam : the glucoside residue  links

 
to either  C-2 or  C-3 ef  the glycerol moiety  depending on  the spocies  of  the original  plhnt. Kaneda reported
 new  glycerol glucosides, liliosides A  and  B from aerial  parts of  L. lotrgij7brum and  lilioside C  from those of

 
L.

 
lancijblium

 to be characteristic  constituents  of  the genus  Litium.i4.i6,i7} In the present investigation,

 
no

 
lilioside

 could  be detected in the bulbs. However, the regalosides  and  Iiliosides frorn the same  species

 were  found to have corresponding  structures  as  to the position of  glucosidation. Further  studies  on  the

 chemical  constituents  of  some  Lilium species  are  now  being perfbrmed in our  laboratory.

                                        Experimental

   All melting  points  were  detetmined on  a  Yazawa  micro  melting  point apparatus  and  are  uncorrected,  IR spectra

 were  
recorded

 en  a  Hitachi 260-30  or JASCO  A-302 spectrometer,  UV  spectra  on  a Hitachi SS7 spectrometer  and

l･:.a,iS,iPf.C:rk;li".",ilgE'#,hi.M,,8?,:,a.c/i,:'.O.p;\c,2i.rg'.'`t-;,"s,vgr;:ize,a,sg,rzd.:Lt,h.%A.S-C,O.",:.P-3.'O.a,y,Xo.m,ftYb'.p.oiliak'
 spectra  with  a Bruker  AM-4oo  (1oo.6 MHz)  spectrometers.  Chemical shifts were  giyen in ppm  (6) relatiye to the
 
internal

 
standard

 
TMS.

 The  abbreviations  used  are  as  fo11ows; s, singlet; d. doublet; dd, doublet of  doublets; m,

 
mu]tiplet

 ; br, broad. Column  chromatographies  were  canied  out  on  Fuji Davison  si]ica gel BW-3oo  (200-400 mesh,
 Fuji Davison Co.,                Ltd.) and

 on  Sephadex LH-20  (25-1oo pam, Pharmacia  Fine Chemicals Co., Ltd.). Thin-]ayer
chrorl}atography

 (TLC) was  performed  on  precoated Kiese]gel 60 F2s4 (O.25 mm  thick, Merck), and  the spots  were

 
visualzed

 under  UV  light (254 nm)  and  by spraying  10%  H2S04 fo11owed by heating. Authentic samples,  2'-deoxy-

 adenosine  and  methyl  a-D-mannopyranoside  were  purchased from  Wako  Pure Chemical  Industries, Ltd.

  Plant materials  Fresh bulbs ofL,  longij7brum were  purchashed from Heiwaen  Co.  (Nara Prefecture in Japan),
and  those of  L. lanctfblium were  co]1ected  in Wajima  (Ishikawa prefecture in Japan).

  Extractien and  ise]ation Fresh dormant  bulbs of  L. longijlbrum (2.8 kg) were  cut  into pieces and  extracted  with
hot MeOH.  The MeOH  extract was  concentrated  to a  small  volume  under  reduced  pressure. The crude  residue  

was
suspended  in H20  and  extracted  with  CHC13 and  then  with  n-BuOH.  After concentration,  each  fraction was  sub-
jected to celurrm  chrornatography  on  silica gel with  CHCI,-EtOAc.  CHC13-acetone  and  CHCIs-MeOH  solvent
systems  for the CHCIi soluble  phase, and  with  CHC13-MeOH,  CHC13-MeOH-H20,  EtOAc-acetone, EtOAc-MeOH,
EtoAc-MeOH-H20,
                 Et20-MeOH  and  Et,O-MeOH-H20  systems  for the  n-BuOH  soluble  phase, Sephadex  LH-
20 column  chromatography  with MeOH  was  also  used  for the purMcation. Compounds  1 and  2 were  obtained  from
CHC13

 
soluble

 portiQn and  3-9 from  n-BuOH  soluble  pertion. Yie]ds; 1 (38.9 mg),2  (12.8 mg),  3 (6.3 mg),  4 (6.0 mg),
5 (459 mg),  6 (293 mg),  7 (153 mg),  8 (209 rng), and  9 (6.2 mg).

  Fresh dormant bulbs of  L. lancij2,fium (5,O kg) were  treated  as in the case  of  those of  L. lo,4gij7lorum to yield 3-5

           
ich

 
were

 
isolated

 from the n-BuOH  soluble  phase. Yields; 3 (84.3 mg),  4 (26.6 mg),  5 (1 .04 g), 10 (2.1
and  1or14, wh

mg).  11 (9.7 mg),               12 (1.oo g), 13 (7.4 mg),  and  14 (42.7 mg).

  Compounds  1, 2, 3, 4 and  10 were  phenolic glycerols  and  identified by the EI-MS  and  'H-NMR  spectra  and  by
the direct TLC  comparison  with  respective  authentic  samples.  Compounds  5 and  6 were  pheny]propanoid  sucrose
esters and  identified by the  IR  and  

iH-NMR
 spectra  and  by the direct TLC  comparison  with  respective  authentic

samples.
 Compounds  7 (regaloside B) and  13 (rega]oside A)  were  known  phenylpropanoid  glycerol glucosides and

identified
 
by

 
the

 IR, EI-MS  and  
'H-NMR

 spectra,  and  by the  direct TLC  comparison  with  authentic  samptes.  Com-
pound  11 was  identified as  2'-deoxyadenosine by the specific rotation,  EI-MS, IR  and  

'H-NMR
 spectra,  and  by

the direct TLC  comparison  with  an  authentic  sample.  Compound  12 was  identified as  methyl  a-D-mannopyranoside

by  the  specific rotation,                  IR, 
iH-

 and  
t3C-NMR

 spectra,  and  by the direct TLC  comparison  with  an  authentic  sample.

,.f,.2,S-)E:-.g.',-,C2r}l.gf,?ttZ'8.-glD.-gJ"l/w..y.ra.".os;,tgEysfi'g,i,(?e,g,?,i:riS.e?kf,8,),,,,,",ea,le,ky,?ilo.w.st,.m,,oieh,pu,z.po,w.d.'::
2900

 (CH), 1690 (C ==:

 O), 1632 (CH 
=

 CH), 1605, l587, IS20 (aromatic ring),  1445, 1330, I265, 1203, 1170, 1075,
1030, 832. EI-MS  mlz  (%): 4oo.1296 [M]' (O.7, Calcd for C,,H.O,,: 400.1369), 249 (4), 239 (4), 238 (5), 221 (11),
164 (17), 147 (100), 119 (10), 103 (30). iH-NMR  (CD,OD) 6: 7.66 (IH, d, J ==  15.9 Hz, H-7,), 7.47 (2H, d, J =  8.6
Hz,

 
H-2',

 
-6'),

 6,80 (2H, d, J 
=

 8,6 Hz,  H-3', -5'), 6.34 (IH, d, J  
-=

 15.9 Hz, H-8'), 4,48 (IH, d, J =  7.7 Hz, H-1"),
4.36

 (IH, dd, J 
=-

 11.6, 4.9 Hz, H-la), 4.30 (1H, dd, J 
-

 l1.6, 5.8 Hz,  H-1b), 4.05 (IH, m,  H-2), 3,87 (IH, dd, J -

11.9, 1.5 Hz, H-6"a), 3.72 (2H, d, J  -  5.0 Hz, H-3), 3.66 (IH, m,  H-6"b), 3.41-3.27 (H-3", -4", -5"), 3.22 (IH, dd,
J=  9.0, 7.7 Hz, H-2"). iSC-NMR

 spectrum;  TABLE  I.

  AIkaline hydrolysis of  regaloside  D  (8) Compound  8 (17.5 mg)  was  treated  with 3 %  NaOMe-MeOH  at  room

temperature for 2 h. After dilution with  MeOH.  the reaction  solution  was  neutralized  with  a  caticn  exchange  regin

C 66  )
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(Amberlite IR-120B) and  the solution  was  concentrated  to give a  residue,  which  was  subiected  to silica  gel column

chromatography  with  CHCIs-MeOH  (2:1), yielding methyl  p-ceumarate  (7.4 mg)  and  2-O-fi-D-glucopyranosylgly-
cerol  (8.6 mgl.  Methyl p-coumarate  was  identified by the TLC  comparison  with  an  authentic  sample  (RfO.64, CHCIr

MeOH  (10:1)), and  the glyoerol glucoside by the IR and  
tH-NMR

 spectra,  and  by the  TLC  comparison  with  an

authentic  sample  (1lfO.54, MeOH-acetone-H,O  (8: 12: 1)).Sii`)

  Acetylation of  regaloside  D  (8) To  a  pyridine  solution  ef  8 (15.0 mg)  was  added  Ac20 and  it was  left standing

overnight.  After the addition  of  H,O  and  the removal  of  the solvent  under  reduced  pressure, the crude  product was

chromatographed  on  silica gel with  n-hexane-acetone  (2:1) to give a  pure acetate  (8a) (17.0 mg).  The  EI-MS,  IR  and

iH-NMR  spectra  were  in geod agreement  with  those of  regaloside  B  peracetate,3}

  Eopatic  hydrolysis of  regaloside  D  (8) A  mixture  of  8 (38.4 mg)  and  fi-glucosidase (Tokyo Kasei Co., Ltd.)
in AcOH-NaOAc  buffer (pH 5) was  incubated at room  temperature  for 24 h. The reaction  mixture  was  diluted with

H20  and  extracted  with  EtOAc  (10 ml  × 2). The  organic  Iayer was  dried over  anhydrous  Na2S04 and  the  solvent

was  evaporated  off to dryness. The  crude  residue  was  purified by  silica  gel column  chromatography  with  CHC13-
MeOH  (19:1) to afford  <2S)-1-Oip£ oumaroylglyDerol  (IS.O mg),  which  was  identified by the  specific  rotation,  IR

and  
iH-NMR

 spectra.') From  the HzO  layer, D-glucose  was  detected by TLC  (R/rO.6S, MeOH-acetone-H20  (4:S :1),
Ilf O.34, n-BuOH-AcOH-H20  (3 :1 :1)).

  (ZS)-1･O-Caffeoyl-70-P-Dglucopyranosyt-3-O-aeetylgiyoerol (Regaloside E) (9) A  pale-yel.low amorphous

powder, [a]BO -  22.4e (c =  O.08, MeOH).  UV2\,e.O" nrn  (log s): 242 sh  (4.52), 3oo sh  (4.62), 327 (4.74), IR v.rcB.: cm-i:

3430  (OH), 2960, 2920 (CH). 1715 (C =  O), 1630 (CH =  CH), 16oo, 1520 (aromatic ring),  1450, 1375,-1260, 1160,

1075, 1040, 805. iH-NMR  (CD,OD) j: 7.59 (IH, d, J  =:  15.9 Hz, H-7'), Z05  (IH, d, J  
-

 2,O Hz, H-2'), 6.96 (IH,
dd,J -  82, 2.0 Hz, H-6'), 6.77 (1H, d, J -  82  Hz, H-5'), 6.27 (1H, d, J -=  15.9 Hz), 4,48 (IH, d, J 

-
 7.8 Hz, H-1"),

4.42-4.16 <5H, H-1, -2, -3), 3.86 (IH, dd, J  -=  12.0, 1,6 Hz, H-6"a), 3,67 (IH, m,  H-6'b), 3.41-3.26 (H-3", -4", -5"),

3.20 (IH, dd, J=  9.0, 7.8 Hz,  H-2"), 2.07 (3H, s, Ac). 
iiC-NMR

 spectrum;  TABLE  I.

  Alkaline hydrolysis of  regaloside  E (9) Compound  9 (1.0 mg)  was  treated with  3 %  NaOMe-MeOH  at  room  tem-

TABLE I. '3C-NMR
 Spectral Data for 7, 8, 9, 13 and  14S

Carbon No. 7 8 9 13 14

G]ycerel

molety

  1

  2

  3
  Ac

Phellylpropanoid

melety

  1'
  2,

  3,
  4t
  5'

  6'

  7'
  8,
  9'

 OMeGlucose

   .rnolety

  1"
  2"
  3"

  4,r

  5"

  6"

65.176.164.4172.720,8

127.1l31.3116,9161.31169131.3147.1114.8168.9

104.4
 75,O

 78,ob)

 71.5
 77.9.b)
 62.8

64,879.563.4

127,21312116.9161.3116.9131,2147.0115.0l69.1

104.2
 75.0
 78,oc)

 71,6

 77.9cj
 62.7

65.276.2

 64.5l72.720,8

127,8114.8146.9149.8116.6123.1147.511S.3169.0

104.5

 75.1

 78.t

 71.6
 78,1
 62,9

66.769.772.0

127,21312116,9161.3116.9131,2146,8115.01692

104,7

 7S.!

 78.od}

 71.6
 77.9d)

 62.7

L 66,769,872.0

127.8111.9150.7149.4116.6124.1147.1115,41692

 56.6

104.7

 75,178.oe)

 71,677.9")

 62.8

t)The  measurements  were  made  on  a  Bruker  AM-4oo  (100,6 MHz)  in CD30D.  Chemical shifts were  given in

 ppm  relative  to the internal standard  TMS.
b)'e)

 : Assignments may  be reversed.
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perature for l h. Methyl caffeate  and  glycerol glucoside were  detected on  TLC  plates. Methyl  caffeate;  R]' =  O.17

(CHCI,-acetone =  15:1), Glycerol glucoside; IY-=  O.54 (MeOH-acetone-H,O =
 8:12:1).

 Acetylation of  regaloside  E  (9) Cornpound 9 (5.l mg)  was  acety!ated  with  Ac20  in pyridine to give a peracetate,

which  was  purified by silica  gel column  chromatography  with  n-hexane-acetone  (1 :1) to provide a  colorless  amor-

phous powder  (9a) (7.2 mg).  IRpC."..Ci3 cmF':  3030, 2960  (CH), 1760 (C ;-  O), 1640 (CH 
==

 CH),  1605, 1510 (aromatic
ring>, 142S, 1372, 1220, 1180, 1115, 1040, 905, 728. EI-MS  m/z(%):  710 [M]' (O,5), 668 [M 

-
 CH3CO  +  H]'  (1,2),

640 (6.3), 626 (7,2), 507 (O.4), 409 (O.9), 363 (36), 331 (87), 278 (21). 205 (24), 169 (1oo), 163 (45), 162 (2S), 145 (23),
134 (22), 109 (47). iH-NMR  (CDCI,) b: 7.66 (IH, d, J -  16.0 Hz, H-7'), 7.44 (IH, dd, J 

-
 8.4. 2.0 Hz, H-6'), 7.39

(IH, d, J  -  2.0 Hz, H-5'), 7.25 (IH, d, J  :-  8,4 Hz, H-5'), 6.37 (IH, d, J -  16.0 Hz, H-8'), 5.22 (IH, dd, J 
-

 9.5,

9.5 Hz,  H-3"), 5.08 (IH, dcl, J =  9.5, 9,5 Hz, H-4"). 5.01 (IH, dd, J  -  9.5, 8.0 Hz, H-2"). 4.70 (1H, d, J 
=

 8.0 Hz,

H-1"), 4.37-4,10 (7H. H-1, -2, -3, -6"), 3.72 (IH, m,  H-5"), 2.31, 2.30 (each 3H,  s, arom.  Ac), 2.09, 2.08, 2.02, 2.00,

1.99 (each 3H, s, Ac).

 (2S)-1-O-Feruloyl-3-O-fi-D-g]ucopyranosylglycerol (regaloside D  (14) A  pale-yellow amorphous  powder,  [a]BE 
-

9.10 (c =  O.22, MeOH),  UYAM:.OH nm  (]og e): 236 (4,17), 301 sh  (4.23), 325 (4,38). IRv:kr cm":  34oo (OH), 2940,

28gO (CH), 1700 (C == O), 1630 (CH =  CH), 16oo, 1520 (aromatic ring),  1430, 1275, 1160, 1075, 1035. EI-MS  mtz

(%): 430 [M]+ (4), 279 (7), 268 (25), 251 (7), 194 (19), 177 (80), 163 (15), 145 (28), 121 (18), 103 (100). 
iH-NMR

(CDiOD) 6: 7,65 (IH, d, J  =  l5.9 Hz, H-7'), 7.19 (IH, d, J =  1.8 Hz, H-2'), 7.08 (IH, dd, J 
=

 8,2, 1,8 Hz, H-6').

6.81 (IH, d, J -  8.2 Hz, H-5'), 6.38 (IH. d, J -=  15.9 Hz, H-8'). 4.30 (IH, d, J  
-

 7.7 Hz, H-1"), 4.29 (IH, dd, J 
-

11.S, 4.5 Hz, H-la), 4.24 (IH, dd, J-  11.5, 6.1 Hz, H-lb), 4.07 (IH, m,  H-2), 3.96(IH,  dd, J=  10.5, 5.2 Hz,

H-3a), 3.89 (3H, s, OMe),  3,87 (1H, dd, J  -  11.6, 12  Hz, H-6"a), 3,71 (1H, cld, J 
:=
 10.5, 4.7 Hz, H-3b), 3.66 (1H, m,

H-6"  b), 3.39-3.26 (H-3", -4", -5"), 3,22 (IH, dd, J =  9.0, 7.7 Hz, H-2"). '3C-NMR
 spectrum:  TABLE  

I.

 Acetylation of  regatoside  F  (14) Compound  14 (6,O mg)  was  aeetylated  with  Ac20  in pyridine. The  crude  product

was  chromatographed  over  si]ica gel with  CHC]!-EtOAc  (4:]) to give a pure acetate  (14a) (6.3 mg)  as a  coloTless

arnorphous  powder. IRvC."..Ci3 cm-`:  3020, 2930, 2860  (CH), 1755 (C =  O), 1638 (CH -  CH), 16oo, 1510 (aromatic

ring), 1465, 1418, 1370, 1220, 1170, 1]55, 1125, 1037, 980. 905. EI-MS m/z(%):  682 [M]' (O.5), 640 [M 
-
 CH,CO  +

H]+  (26), 337 (13), 335 (41), 331 (27), 293 (19), 219 (18), 177 (59), 169 (1oo), 109 (46). 
iH-NMR

 (CDCI,) O: 7.64 (1H,
d, J -  15.9 Hz, H-7'), 7.15-7.04 (3H, H-2', -5', -6'), 6.38 (IH, d, J =-  IS.9 Hz, H-g'), 5.27 (1H, m,  H-2), 521  (IH,

dd, J ==  9.5, 9.5 Hz, H-3"), 5,09 (1H, dd, J =  9,5, 9.5 Hz, H-4"), 5.oo (1H, dd, J -= 9.5, 7.8 Hz, H-2"), 4.56 (1H, d.

J =  7.8 Hz, H-1"), 4t40 (lH, dd, J  =  12,1, 3.7 Hz,  H-1a), 4,31 (IH, dd. J  
=

 12,1, 6.0 Hz,  H-1b), 4.26 (1H, dd, J  
=

12.3, 4.7 Hz, H-6"a), 4.IS (IH, dd, J  =  12.3, 2.3 Hz,  H-6"b), 4.oo (IH, dd, J =-  10,9, 5.1 Hz, H-3a), 3.88 (3H, s,

OMe), 3.74 (IH, dd, J -  10.9, 5.5 Hz, H-3b), 3.71 (IH, ddd, J 
--

 9.5, 4.7, 2.3 Hz, H-5"), 2.32 (3H, s, arom.  Ac),

2.09 × 2, 2.07, 2.02, ZOI (each 3H, s, Ac).

  Alka1ine hydro[ysis followed by acetylation  of  regaloside  F <14) Compound  14 (24.4 mg)  was  hydrolized with

3%  NaOMe-MeOH  at  room  temperature for 2 h. After neutralization  with  a cation  exchange  resin  (Amber]ite

IR-120B) and  gemoval  of  the solvent,  the crude  hydrolysate was  added  to H20  and  extracted  with  EtOAc. Methyl

ferulate was  detected in the  EtOAc  layef, and  identified by  TLC  (IUe ==  O.15, n-hexane-acetone  
=

 4:1). The  H20

layer was  concentrated  and  the residue  was.  without  further purification, acetylated  with  AczO  in pyridine at room

tempeTature  oyernight.  After usuai  work-up  and  chromatography  on  silica-gel  with  n-hcxane-acetone  (3 :1), glycerol

glucoside hexaacetate was  obtained  (11.7 mg).  Colorless needles  (n-hexane-Et20), mp  109.S-l10.0eC, [a]k' 
-

 6.8e

(c ;  O.25, CHC13), identified as  lilioside C hexaacetate (14b) by the `H-NMR  spectrum  and  the above  physical

data.S,4,t-

N
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