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 TwQ  new  fiavanones (I and  II) were  isolated from the leaves of  Scutellaria baicalensis GEoRGr,
together  with  chrysin,  wogonin,  apigenin,  salvigenin, scutellarein,  isoscutellarein, apigenin  7-O-
glucuronide and  isoscutellarein 8-O-glucuronide. The  structures  of  I and  II were  shown  to be
(2S)-5,7,8,4'-tetrahydroxyflavanone 7-O-Bo-glucuronopyranoside and  (2S)-S,6,7,4'-tetrahydroxy-
flavanone 7-O-fPD-glucuronopyranoside, respectiyely,  on  the basis of  the chemical  and  spectral

data.

 Keywords  Scutenaria baicalensis; Labiatae; leaves; flavonoid; flavone; fiayanone; struc-
ture elueidation

  In the previous papers,3] we  reported  the isolation and  characterization  of  twenty flavonoids from the
root  of  Seutellaria baicalensis GEoRGI  (Labiatae). As regards  the constituents of  the leayes of  this plant,
only  three fiavonoids, scutellarin,4'  carthamidinS'  and  isocarthamidin,S) have been isolated by this time.
As  a  part of  our  studies  on  the flavonoid constituents  ef  ScuteUaria species,  we  now  examined  the con-

stituents  of  the leaves.

  As  described in the experimental  section,  two  new  flavanones (I and  ll) were  isolated together with
eight  known  fiavones (III-X) from  the ethanol  extraet  of  the leaves of  this plant which  had  been cultivated

in the botanical garden of  our  university.  This paper deals with  their structural  identification.

  Compound  I was  obtained  as pale yellow  needles,  mp  2080C  (dec.), C2iH2oOi2, Mg-HCI  test (+). It gave
the infrared (IR) absorption  bands of  hydroxyl, carboxyl  and  corijugated  carbonyl  groups and  benzen¢
rings  and  the ultraviolet  (UV) spectrum  characteristic  of  flavanones.6) The  proton  nuclear  magnetic  reso-

nance  (iH-NMR) spectrum  of  I shewed  the signals  of  one  chelated  hydroxyl (11.70 ppm), sugar  protons
(3.30-5.16 ppm)  and  an  ABX  type  grouping due to the C-2 (5.50 ppm)  and  C-3 protons (2.71 and  3.40
ppm). In the aromatic  region  of  the spectrum  were  one  singlet  (6.29 ppm,  1H) ascribable  to the A-ring pro-
ton and  two  doublets of  A2B2 type (7.35 ppm,  2H, J =  8.0 Hz  and  6.81 pprn, 2H, J =  8.0 Hz) ascribable

to the B-ring protons.

  On  methanolysis,  I gave 5,6,7,4'-tetrahydroxyfiayanone (isocarthamidin),S] 5,7,8,4'-tetrahydroxyfiavan-
one  (carthamidin)S) and  sugars  which  were  identified as  methyl  glucuronopyranoside  methyl  ester  and

methyl  glycoside of  glucurono-6, 3-Iactone by gas-liquid chromatography  (GLC). In the carbon-13  nuclear

magnetic  resonance  (i3C-NMR) spectrum  of  I, the carbon  signals  caused  by the sugar  moiety  including the
anomeric  carbon  signal at 99.9 ppm  (d, J 

=
 161.8 Hz) indicated the presence  of  a  fi-glucuronopyranosyl

unit.  I was  methylated  with  CH2N2  to give its trimethyl ether  rnonomethyl  ester  (I a), mp  1960C (dec.),
C2sH2sOi2. Reduction of Ia with  NaBH4  fblrowed by hydrolysis gaye D-glucose,  the absolute  configuration

of  which  was  established  by the method  reported  by Oshima et at.7' The glucuronic acid  in I was,  therefore,

proyed to be of  D-form.

  From  these results,  I was  considered  to be the fi-D-glucuronopyranoside of  either  carthamidin  or  isocar-
thamidin.  The latter was  ruled  out  by the long range  selective proton  decoupling (LSPD)S) in the i3C-NMR

spectrum  ofI,  as  fo11ows. In the iH  non-decoupling  
i3C-NMR

 spectrum  ofI,  the signal  of  the carbon  having
an  isolated aromatic  hydrogen  was  observed  at  95.1 ppm  as  a double doublet (J :=  164.8 and  6.0 Hz). This
signal became a  doublet when  the chelated  hydroxyl proton at  the C-5 position was  selectively  irradiated,
indicating that no  substituent  was  present at the C-6 position. The  aglycone  of  I is, therefore, carthamidin,
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and  the formation of  isocarthamidin was  considered  to be due to the ring  isomerization between 5-hydroxy-

7,8-oxygenated flavanone and  5-hydroxy-6,7-oxygenated flavanone.P

  The  glucuronic acid  inI was  determined to be linked to the 7-hydroxyl group of  the aglycone  in the fo1-

lowing way.  (1) The mass  spectrum  of  Ia exhibited  a fragment ion peak originating  from the B-ring at

mlz  134 (CH300 -CH=CH2)
 , indicating that no  sugar  moiety  attached  to the B-ring. (2) The

'H-NMR  spectrum  of  I showed  the presence  of  a  free chelated  hydroxyl (S-hydroxyl). (3) In the i3C-NMR

spectrum  of  Ia. one  of  the methoxyl  carbon  signals  was  observed  at 60.5 ppm.  This signal  is considered  to

be of  the methoxyl  on  the C-8 carbon  with  both ortho  positions being substituted  by oxygen  functions.9)

This indicated that the 8-hydroxyl in I was  free.

  It is known  that flavanones having (2S)-configuration exhibit  a positive Cotton effect  due to n-a*  tran-

sition  (tsi330 nm)  and  a  negative  Cotton effect due to n-n*  transition (270-290 nm)  in the circular  dichroism

(CD) spectra.iO)  The CD  curve  of  I exhibited  positive and  negative  maxima  at  31 1 and  284 nm,  respectively.

which  confirmed  that it has (2S)-configuration.
  On  the basis of  the aboye  findings, compound  I was  determined to be (2S)-5,7,8,4'-tetrahydroxyflavanone
7-O-fi-D-glucuronopyranoside.

  Compound  ll was  obtained  as  pale yellow needles,  mp  201OC  (dec.), C2iH2oOi2, Mg-HCI  test (+), and

gave carthamidin,S)  isocarthamidin,S) methyl  glucuronopyranoside methyl  ester  and  methyl  glycoside of

glucurono-6,3-lactone  on  methanolysis.  The presence  of  a  substituent  at the C-6 position in ll was  con-

firmed by the LSPD  method.8}  The  aglycone  of  ll is, therefore, isocarthamidin.

  In the t3C-NMR  spectrum  of  ll, the signals  assignable  to the sugar  moiety  were  in good  aocord  with

those of  I, and  the signal  patterns of  the A-ring and  the B-ring were  almost superimposable  on  those of  di-

hydrobaicalin (5,6,7-trihydroxyflavanone 7-O-6-D-glucuronopyranoside)3a) and  I, respectively.  The  6-
configuration  of  glycosidic linkage and  the (2S)-configuration were  confirmed  in the same  way  as  in the case

of  I.

  Thus, the structure  of  ll was  established  as (2S)-5,6,7,4'-tetrahydroxyflavanone 7-O-P-D-glucuronopyr-

anoside.

  Compounds  M-X  were  identified as  chrysin,ti}  wogonin,i)  apigenin,i2)  salvigenin,i3)  scutellarein,i4)

isoscutellarein,iS) apigenin  7-O-glucuronidei6' and  isoscutellarein 8-O-glucuronide.t') respectively,  by

direct comparison  with  authentic  samples.

                                     Experimenta1

  Genera] pr(x)edures The  instrurnents used  to obtain  the physical data were  the same  as  those described in the

previous paper.S) GLC  was  run  on  a  Shimadzu  GC-6AM  unit  with  a flame ionization detector. GLC-1  : column.  a

glass co]umn  (2m × 4mrn i.d.) packed  with  5%  SE-30  on  Chromosorb W  (60-80 rnesh);  column  temperature,  pro-

gramed from 1500C (20 min  hold) te  2400C  at  50Cfmin.  GLC-2:  column,  a  fused-silica WCOT  column  with  Car-

bowax  20M  (Shinwa Kako  Co., 2Sm  × O.2 rnrn);  column  ternperatuTe,  programed from 1 100C (1 min  hold) to 170"C
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(10 min  hold) at 2"Cfmin  [lit,,') 158eC], Thin  layer chromato-graphy  (TLC) was  carried  out  on  Kieselgel 60F2,.

(Merck) with  the following solvent  systems:  CHCI,-MeOH-H,O-HCOOH(25:8:1  :1) (TLC-1), AcOEt-methyl ethyl
ketone-H20-HCOOH  (60:30:8:1) (TLC-2). Spots were  detected by spraying  dil. H2SO. fo11owed by heating.

 Extraction and  separation  As  shown  in Chart 1, ten fiavonoids, I(40 mg),  II(30 mg),  Ill(20 mg),  IV(20 mg),  V

(30 mg),  VI(20 mg),  VII(1S mg),  VM(30  rng),  IX(20 mg)  and  X(15  mg)  were  obtained  from  500g ofthe  dried leayes of

Scutetlaria baicalensis GEoRGi, cu]tivated  in the botanical garden  of  Hokuriku  Uniyersity for two years.

 I ((2S)-S,7,8,4'-Tetrahydroxyflayanone 7-O-fi-D-glucuronopyranoside) Pale yellow needles  (MeOHfH20) mp

208"C. (dec.). [a]bS 
-

 117.0e (c =  O.08, MeOH).  Anat. Calcd for C,,H.O,,: C, 54:31; H, 4.34. Found: C 54.42 H,
4,27. Mg-HCI  (+), Rf: O.07 (TLC-1), O.51 (TLC-2). UV  AM:.O" nm  (log e):  244 sh(4.02),  28S (4.08), 365 (3.57);
AM,".O"-"'D"" nm  (Iog E):  246 (4,12), 290 (3.92), 390 (4.10); AX.e.O"-"iCi3 nm  (log s):  256 sh  (3.80), 314 (4,28), 425

(3.64); AM.e.O"JA'Cis-"Ci nm  (log s):  255 sh (3.89), 312 (4.26), 420 (3.63); AM.e.O"-"'OAC nm  (log e):  306 (4.22), 317 sh

(4.23), 344 (4.27); AM:.O"-N'O"c-"abOs nm  (log e):  247 sh (4.15), 266 (3.64), 285 (4,16), IR  v:sc  cmJi:  34oo (OH),
1731 (COOH), 1650 (conjugated CO), 1610 (arom. C  

=
 C), 'H-NMR:

 2,71 (IH, brd, J 
=

 16,9 Hz, cis  3-H), ca.

3.40 (m, trans 3-H), 5.SO (IH, brd, J ==  10.0 Hz, 2-H), 3,3-4.1 (m, sugar  moiety),  5.16 (IH, brs, anorneric  H  of

glucuronic acid  unit), 6.81 (2H, d, J =  8.0 Hz, 3', 5'-H), 7,35 (2H, d, J  =  8.0 Hz, 2', 6'-H), 6.29 (IH, s, 6-H),
ll.70 (IH, s, 5-OH),  

"C-NMR:
 78.8 (C-2), 42,5 (C-3), 198.0 (C-4), 153,8 (C-5), 95.1 (C-6, J(.-.-c,-H) =  164.8

Hz, J(c..6)-(s-H, =  6.0 Hz), IS5.1 (C-7), 127.4 (C-8), 149.2 (C-9), 103.7 (C-10). 129.1 (C-1'), 128.S (C-2', 6'), 11s.4

(C.3', S,), 158.0 (C-4'), 99.9 (C-1", J =  161.8 Hz), 72.9 (C-2"), 75,2 (C-3"), 71.4 (C-4"), 75.4 (C-5"), 170.2 (C-6n).
MS  m/z  (%): 288 (CisHi206, 100), 168 (C7H.Os, 65), CD  (c =:  O,OOOI, MeOH)  [e]'S (nm): +1920  (311) (positive
maximum),  -45112 (284) (negative maximurn).

 Methanolysis ofI:  A  solution  ofI  (1O mg)  in 1O%  HCI-MeOH  (2 m])  was  heated under  reflux  on  a  water  bath for
3h. The reaction  mixture  was  neutralized  with  Ag2C03, The precipitate was  filtered off  and  the  filtrate was  cen-

centrated  to giye the residue.  The  residue  was  crystallized  from MeOHtH,O  to give a mixture  oftwo  types ofcrystals,

which  was  chromatographed  on  silica gel (10 mg)  using  benzene as an  eluent  to give pale yellow needles  (benzene-
AcOEt), mp  226eC (dec.) and  pale yellow needles  (benzene-AcOEt), mp  2440C (dec.), They were  identified as car-

thamidin:) and  isocarthamidin,') respectively,  by direct comparisons  (TLC, UV,  IR, 
iH-

 and  
rSC-NMR,

 mixed

fusion) with  authentic  specimens.  The mother  liquor of  crystallization  was  shown  to contain  methyl  glucurono-

pyranoside methyl  ester [t. 13'24" (both a  and  fi)] and  the methyl  glycoside of glucurono-6,3-lactone [ttt 6'05" (a,
traoe), 6'48" (fi)] by GLC-1  (as trimethylsilylether derivatives).

 Methylation  of  I: MeOH  solution  (10 m])  of  I (25 mg)  was  treated with  ethereal  CH2N2  (3 ml)  for a  short  tirne.

After the remoyal  of  the solyent,  the residue  was  chromatographed  on  silica gel (10 g) using  CHCI,-MeOH(10:1)
as  an  elttent and  recrystallizecl from  MeOH  to give Ia (yield 15 mg)  as colorless  needles,  mp  196"C  (dec.). [a]bS -81.80

(c =  O.03, MeOH).  AnaL  Calcd for C,,H,,O,,: C, 57.69; H,  S,42. Found:  C, 57,74; H,  5,S3. Mg-HCI  (+). 1<rlt
O.61 (TLC-1), O.70 (TLC-2). UV  AM.e.eH nm  (log e):  275 (4,13), 329 (3.54). No  change  was  observed  in the spectrum

wheri  NaOMe,  NaOAc  or  AICI, was  added  to the solution.  IR p:P;  cm-i:  3400 (OH), 1740 (COOCH,), 1670 (con-
jugated CO), 16oo  (arom. C  

=
 C). 

iH-NMR:
 3,39 (COOCH,), 3.70 (3H, s, 8-OCH3),  3.82 (6H, s,, 5,4'-OCUI × 2),

211 (IH, dd, J  =  16.4, 3.0 Hz, cis  3-H), 3.14 (IH, dd, J =  16.4,11.6 Hz, trans  3-H),5,56(1H, dd 
,
 J ==  11:6, 3.0Hz,

2-H), 3.".2  (m, sugar  moiety),  5.37 (1H, brs, anomeric  H  of glucuronic acid  unit), 7.04 (2H, d, J  =  9.0 Hz, 3', 5'-H),
7.51 (2H, d, J  -  9.0 Hz, 2', 6'-H), 6,48 (1H, s, 6-H). 

i'C-
 NMR:  78,2 (C-2), 44.6 (C-3), 188,5 (C-4), 156.7 (C-5), 932

(C-6), l56.3 (C-7), 131.3 (C-8), 155.7 (C-9), 107.0 (C-10), 131.1 (C.1,), 128.1 (C-2,, 6,), 114.1 (C-3t, 5,), 159.5 (C.4,),
99.8 (C-1"), 72.8 (C-2,,), 75.2 (C-3,'), 71.2 (C-4"), 75,8 (C-S"), 169.2 (C-6"), 52.0 (-COOCHs), 5S.2 (C-4'-OCH,),
56.0 (C-5-OCH,). 60,5 (C-8-OCH,). EI-MS  mfz  (%): 134 (C,H,,O,, 20), 196 (CgH,O,, 1oo), 330 (C,,H,,06, 85).
FAB-MS  m/z  (%): 197 (C,H,O, +  1, 62), 331 (C,,H,,O,, +  l.1oo). 521 (M' +  1, 6). CD  (e =  O.OOOI, MeOH)
[O]'5 (nm): +10947(340)  (positive maximuni),  -18246  (285) (negative maximum).

 Reduction of  I a fo11owed by hydrolysis: NaBH4(5  mg)  was  added  to a solution  of  I a  (10 mg)  in MeOH  (5 rn1)
under  cooling  in an  ice-bath, which  was  left for 30 min  with  stirring. After neutralization  with  dil, AcOH,  the reac-

tion mixture  was  extracted  with  AcOEt.  The  AcOEt-soluble  portion was  washed  with  water,  passed through a  silica

gel column  and  eyaporated  to dryness in vacue.  The  residue  was  hydrolyzed with  2N  HCI(2  ml)  under  reflux  for 2 h.
The  reaction  mixture  was  neutralized  with  Ag2C03  and  the precipitate was  filtered off.  The  filtrate was  passed through

Sephadex LH-20  with  MeOH  to give a  syrup,  which  was  shown  to contain  D-glucose  by GLC-2  [sugars were  converted

to the TMS-ether of  1-(L-a-rnethylbenzylamino)-1-dcoxyalditol (TMS-MBA-alditol) according  to the Oshima's
method],')  t. 25' OO" (TMS-MBA-D-glucitel, tR 25' oo"; TMS-MBA-L-glucitol,  t. 24' S2").

 ll ((2S)-5,6,7,4'-Tetrahydroxyflayanone 7-O-fi-D-glucuronopyranoside) Pale yellow needles  (MeOHIH20), mp
201eC. (dec.). [a]SS -98.0e (c =  O.08, MeOH).  Anal. Calcd  for C,,H,,O,,: C,  54.31; H,  4.34. Found:  C, 54.27; H,

4.27. Mg-HCI  (+). Rt': O.07 CTLC-1). O.5S CrLC-2). UV  ZM 
.O"

 nm  (log e):  248 sh (4.08), 286 (4.13), 362 (3.60);
2\kOH-"te"' nm  (log e):  246 (4.17), 288 (3.96), 388 (4.15); A::.eH-"rCi3 nm  (log e);  255 sh  (3.85), 314 (4.32), 423 (3.67);
emkeH-AiCis-HC' nm  (log E):  255 sh  (3.93>, 313 (4.29), 414  (3.66); ZMhO"-"'OAC nm  (log e):  297  (4.98), 344 (4.11);
a ::'EOH-N'OAc'"sB03 nm  (log e):  247 sh  (4,19), 28S (4.21), 366 (3.64). IR  v 

]:
 cm-':  3376 (OH), 1737 (COOH), 1662

(coniugated CO), 1622, 1598 (arom. C =  C). iH-NMR:
 2,71 (IH, brd. J =  16.9 Hz, eis 3-H), ca. 3.40 (m, trans
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3-H), 5.50 (IH, brd, J  =  10.0 Hz, 2-H), 3.3-4,1 (m, sugar  moiety),  S,16 (IH, brs, anomeric  H  of  glucuronic acid

unit), 6.81 (2H, d, J  =  8.0 Hz, 3', 5'-H), 7.35 (2H, d, J ==  8.0 Hz, 2', 6'-H), 6.36 (1H, s, 8-H), 11.85 (1H, s, S-OH). ieC-
NMR  ('; may  be reversed):  7g.8 (C-2), 42.S (C-3), 198.3 (C-4), 153.2 (C-5'), 128.1 (C-6), 149.7 (C-7.), 94.2 (C-8),
154.8 (C-9.), 103.6 (C-10), 129.l (C-1'), 128.5 (C-2', 6'), 115.3 (C-3', 5'), IS7.9 (C-4'), 99.9 (C-ln, J-  161.8 Hz),
72.g (c-2"), 7s.2 (c-3"), 71,4 (C-4"), 7S,4 (C-5"), 170.2 (C-6"). MS  m/z  (%) : 288 (C,,H,,06, 1oo), 168 (C,H40,, 6Q).
CD  (c =  O.OOOI, MeOH)  [e]]S (nm): +1853  (33S) (positive maximum),  

-27791
 (284) (negative maximum).

  Methanolysis of":  ll was  methanolyzed  and  worked  up  in the same  way  as that described for I, to give carthami-
din '),  isocarthamidinS) (confirmed by  TLC,  UV,  IR, 

'H-
 and  

"C-NMR,
 mixed  fusion), methyl  glucuronopyranoside

methyl  ester and  methyl  glycoside of  glucurono-6,3-lactone (GLC-1).
 Methylation of  ll: ll was  rnethylated  in the same  manner  as that described for I to give lla as colorless  needles,

mp  (2060C (dec.). [a]bS -83.3e (e =  O.03, MeOH).  Anal. Calcd for C,,HzaOt2 C, 57.69; H, 5.42. Found: C, S7.77;
H, 5,51. Mg-HCI  (+). Rf: O.62 (TLC-1), O.77 (TLC-2). UV  AM  .O"  nm  (log s>:  275 (4.13), 329 (3.54). No  change

was  produced  in the UV  spectrum  by  the  addition  of  NaOMe,  NaOAc  or  AICIs.IR v:?I  cm-':  3400  (OH), 1740
(COOCH,), 1670 (coniugated CO), 16oo (arom, C  ==:  C). iH-NMR:

 3.39 (COOCH,), 3.72 (3H, s, 6-OCH,),  3.77 (6H,
s, 5,4'-OCH,  × 2), 2.59 (IH, brd, J  == 16.9 Hz, eis 3-H), 3.16 (IH, brt, J -  14.0 Hz, trans 3-H), 5.S3 (lH, brd J  -:

13.7 Hz, 2-H), 3.4-4.2 (rn, sugar  moiety),  5,30 (IH, brs, anomeric  H  of  glucuronic acid  unit), 6.98 (2H, d, J  =  8.0

Hz, 3', 5'-H), 7.46 (2H, d, J =  8,O Hz, 2', 6'-H), 6.67 (1H, s, 8-H), 'jC-NMR(';
 may  be reversed):  78.5 (C-2), 44.7

(C-3), 189.1 (C-4), 156,5 (C-5*), 137.4 (C-6), 159.1 (C-7*), 992 (C-8), 154,O (C-9*), 110.0 (C-10), 130.9 (C-1,), 128.5

(C-2,, 6t), 114.1 (C-3', 5,), 1S9.7 (C4'), 99.2 (C-1"), 73.0 (C-2"), 75.2 (C-3"), 71.4 (C-4"), 75.7 (05"), 169.4 (C-6"),
52.1 (-COOCH,), 5S,3 (C-4,-OCH,), 612,  61.5 (C-5, 6-OCH, ×  2).

 EI-MS  MIz  (%): 134 (CgHtaOt, 45), 196 (CgHsOs, 1oo), 330 (CteHtsO`, 85)･ FAB"MS  MfZ  (PO: 197 (CgHsOs +
1, 1oo), 331 (CisH,,O,, +  1, 90), 521 (M' +  1, 8). CD  (c =  O.Oco1, MeOH)  [e]'S (nm): +  11545(310) (positiye
maximurn),  

-11545
 (268) (negative maximum).

 Reduction  of  "a  followed by hydrelysis: ll was  treated with  NaBH.  and  then hydrolyzed with  2N  HCI  in the
same  way  as  that described for Ia, to give D-glucose.

 Identification of  M-X  M  (mp 285eC), IY  (mp 203eC), Y  (mp 3500q, VI (rnp 190eC (dec.), VII (mp 3450C
(dec.)), VIII (mp 3ooOC  (dec.)), IX  (mp 227eC  (dec.)), X  (mp 1950C  (dec.)) were  identified as  chrysin,ii)  wogonin,i)

apigenin,i2)  salvigenin,t3) scutellarein,i`) isoscutellarein,iS) apigenin  7-O-glucuronide,ie) isoscutellarein 8-O-gluc-

uronidei7)  respectively,  by direct comparisons  with  their respective  authentic  specimens  (UV, IR, iH-  and  
i3C-NMR).

 Acknowledgement: We  are gratefu1 to Mrs. R. Igarashi and  Miss H. Shimomura of  this uniyersity  for

elemental  analysis  and  EI- and  FAB-mass  measurements.
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