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One of the groups  of act ive subs tances  f rom the roots  of ScuteUar ia  ba ica lens i s  Georg.  (Baikal sku l l -  
cap) is fo rmed  by the flavonoids,  of which baical in  and wogonin have been iso la ted  and identified p r e v i o u s -  
ly [I,  2]. 

The known flavonoids of the roots  of this skul lcap cons i s t  of a group of compounds in which the B 
r ing is unsubst i tuted and the re  a r e  vic inal  subst i tuents  in the A r ing [3]. Such s t ruc tu r a l  fea tures  a re  r e -  
sponsible  for the speci f ic  p rope r t i e s  of these  flavones and the i r  high labi l i ty  and, probably,  also show that  
only two flavones have been iso la ted  f rom the roots  of this plant .  

We have es tab l i shed  that  the roots  of the Baikal  skul lcap contain a va r i e ty  of other  f lavonoids.  To 
obtain them in the individual s t a t e s ,  we have developed a specif ic  sequence of f rac t ional  s epa ra t ion .  

The aglycone f rac t ion  was ex t rac ted  with ethyl aceta te  and the glycosidic  f rac t ion  with wate r .  The 
glycosidic  f rac t ion  contained ba ica l in  and other g lycos ides .  The subs tances  of the aglycone f rac t ion  were  
analyzed by pape r  ch roma tog raphy .  In view of the fact  that comple te  separa t ion  was not achieved in a 
s ingle  s y s t e m ,  we used coun te r cu r r en t  ch roma tog raphy  [4]. The aglycone f rac t ion  was found to contain 
m o r e  than 20 subs tances  of flavonoid na ture  (I-XXII). Taking the different  polar i t ies  of the individual 
groups of aglycones into account,  we f i r s t  p e r f o r m e d  the i r  f ract ionat ion and then is olated the individual 
subs t ances .  Six individual flavone aglycones (X, XI, XII, XIII,  XIIIA, and XIV) were  obtained and were  in-  
ves t igated chemica l ly .  

According to PMR s p e c t r o s c o p y  (Table 1), subs tances  (X) and (XIV) contained subst i tuents  in pos i -  
tions 5, 6, and 7, and (XIII) in posi t ions 5, 7, and 8. Substances (XIII) and (XIV) each contained one me th -  
oxy group.  F r o m  the number  of acetyl  groups in the acetyl  der iva t ives ,  it was shown that subs tance  (X) 
contains th ree  and subs tances  (XIII) and (XIV)* each  contain two hydroxy groups .  

The posi t ions of the o ther  hydroxy groups were  de te rmined  f rom the ba thochromic  shifts in the 
p r e s e n c e  of ionizing and complex - fo rming  reagents  (Table 2) by the di f ferent ia l  method [5]. The UV 
s p e c t r a  of the compounds inves t iga ted  in a neu t ra l  medium were  c h a r a c t e r i z e d  by an intense max imum in 
the 270-280-nm region and by a m a x i m u m  of inflection of low intensi ty in the 315-355-nm region.  By us -  
ing this method it was poss ib le  to t r a ce  ba thochromic  shifts in the longwave region.  

On ionization by sodium aceta te ,  a 7-hydroxy group causes  a ba thochromic  shif t  of the max imum of 
the f i r s t  band by 50-80 rim. A 5-hydroxy group is detected f rom the ba thochromy of z i rconyl  complexes .  

The s i ze  of the shif t  in the compounds of the norwogonin s e r i e s  {XIII, XIIIA, and XII) is twice that 
of the flavones of the baicale in  s e r i e s  (X, XI, and XIV) which enables a sha rp  dist inction to be made be-  
tween der iva t ives  of baicale in  (5,6,7- t r ihydroxyflavone)  and norwogonin (5,7 ,8- t r thydroxyflavone) .  

An analysis  of the d i f ferent ia l  s p e c t r a  of the boric  acid complexes  showed that  they a re  fo rmed with 
the par t ic ipa t ion  of 6,7- and 7,8-dihydroxy groupings but do not a r i s e  in the case  of 5 ,6-dihydroxy d e r i v a -  
t ives .  

The alkaline reagent  ionizes all  the phenolic hydroxy groups ,  but in the case  of norwogonin the sub-  
s tance  rap id ly  decomposes .  Apparent ly ,  a 5 ,7 ,8- t r ihydroxy grouping is more  labile in an alkaline medium 

* The NMR s p e c t r a  of the initial subs tances  (XIII) and (XIV) were  in te rp re ted  by Prof .  G. K. Nikonov. 
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TABLE 1. Signals of the Protons of the Flavones Isolated 

Acetates of 

Baicalein (X) 
Oroxylin (XIV) 
Vogonin (XIII) 

~.65s 
6.63s 
6.68s 
6.57s 

m 

6 

6.83 s 

Protons at C (5, ppm) 

8 2 ~ 6 '  3 ' ,  4 ' ,  5'  

7.49s 7.85rn 7.55m 
7.29s 7.85m 7.50m 

7.90m 7.53m 

--OCH s 

3.89s 

4.05s 

3.99s 

--COCH s 

2.37s and 2.48s 
2.42s and 2.52s 
2.42s and 2.46s 

TABLE 2. UV Spectra of Flavones of the Roots of Baikal Skullcap 

Flavones 

Baicalein (X) 

Oroxylin (XIV) 

7-O-Methylbaicalein (XI) 

Norwogonin (XIIIA) 

Wogonin (XIII) 

7-O-Methylnorwogonin (XII) 

*Decomposes.  

than the 5,6,7-tr ihydroxy grouping in baicalein. This is also confirmed by the change in the colors of the 
spots on chromatograms where baicalein with alkali acquires a greenish-brown color  and norwogonin dark 
brown changing to blue. Flavone aglycones with free 8- or 6-hydroxy groups are easi ly detected on chro-  
matograms  f rom the blue colorof  the spots with a mixture of 1% aqueous solutions of ferr ic  chloride and 
potassium ferrocyanide .  

The natural monomethyl ethers of baicalein and norwogonin were demethylated with pyridinium 
chloride to the initial flavones, which served  as a proof of their  origin [6]. Norwogonin was obtained in 
the crysta l l ine  state under the same conditions from wogonin. Secondary derivatives were the acetates,  
which were used in NMR spec t roscopy to determine the numbers of acetyl and methoxy groups (see Table 1). 

The completeness of the replacement  of the hydroxy groups and, consequently, the individuality of 
the acetyl derivatives has to a large extent been checked hitherto only by means of qualitative reactions or 
by IR spect roscopy.  We have also used the chromatographic  analysis of the acetates obtained. 

The six flavonoids that we isolated have been charac te r ized  as 5,6,7-tr ihydroxyflavone,  or  baicalein 
(X), 6-O-methylbaicalein,  or oroxylin (XIV), 7-O-methylbaicalein(XI),  5,7,8-tr ihydroxyflavone or nor -  
wogonin (XIIIA), 8-O-methylnorwogonin,  or wogonin (XIII), and 7-O-methylnorwogonin(XII).  

Of these compounds, we are  the f i rs t  to have found oroxylin in a skullcap and the f i rs t  to have iso-  
lated the 7-O-methylder iva t ives  of baicalein and norwogonin f rom plants.  

The amounts of the individual flavone aglycones were determined spect rophotometr ica l ly  after  their  
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chromatographic  separa t ion  [3]. The amount of baicalein was 2%, of oroxylin 2qc, of wogonin about 1~, and 
of 7-methoxybaicalein about 0.5%. 

E X P E R I M E N T A L  

Qualitative Analysis of the Flavonoid Aglyeones.  A 10-g sample  of the roots  of Scutel lar ia  baicalen-  
sis eomminuted by ro l l - c rush ing  to flakes with a s ize  of 1-2 mm was exhaust ively t rea ted  with ethyl 
ace ta te .  The ext rac ts  (100 ml) were  evaporated to 10 rnl, and the flavonoid aglycones were  analyzed by 
chromatography  on paper  impregnated with formamide  by the method of paper  coun te rcu r ren t  chroma-  
tography. For  this purpose,  a s t r ip  of paper  (20 × 60 cm) was divided into two equal par ts  by a c r ea se  
along its length and, at a distance of 2 cm f rom the line of the c r ea se  the ex t rac t  was deposited on a s t a r t -  
ing line. Chromatography was f i r s t  pe r fo rmed  in the cyc lohexane -benzene  (7 : 3) sys tem (1), whereupon 
the feebly polar  compounds (XII-XV) were  separa ted  and the more  highly polar  compounds remained  at the 
s t a r t .  Then the par t  of the ch romatogram with the separa ted  substances was cut off and the remaining 
substances were  chromatographed in the b e n z e n e - e t h y l  a c e t a t e - a c e t i c  acid (50 : 50 : 1) sys tem (2). The 
substances (XII-XV) separa ted  in sys t em 1 had Rf values of 0.15, 0.30, 0.50, and 0.65, respect ive ly ,  and 
the compounds (I-XI) separa ted  in sys t em 2 had Rf values of 0.15, 0.20, 0.28, 0.35, 0.50, 0.55, 0.65, 0.70, 
0.75, 0.82, and 0.90. 

Separat ion of the Flavonoid Aglycones.  The roots of Scutel lar ia  baicalensis  (500 g) were  t rea ted  
with ethyl acetate  (3 × 3 l i ters)  as descr ibed  above. The ethyl acetate  ex t rac t  was evaporated to dryness  
and the res idue  was dissolved in 100 ml of aqueous acetone (8:2) .  Taking the polar i ty  of the aglycones in- 
to account,  they were  separa ted  between aqueous acetone and pet ro leum e ther .  Substances (XII-XV) ( f rac-  
tion 1) passed  into the f i r s t  phase and substances (I-XI) (fraction 2) remained in the aqueous acetone.  The 
substances of f ract ion 1 were chromatographed on Kapron impregnated with dimethylformamide in sys tem 
1. A se r i e s  of subfract ions was isolated of which two contained the individual substances (XIV) and (XIII). 
The eluates of the las t  f ract ions contained a mixture  of substances (XII) and (XIII). These substances were 
separa ted  by prepara t ive  chromatography in a thin layer  of s i l ica  gel [ ch lo ro fo rm-ace t i c  acid (99 : 1) sys -  
tem].  

Substance (XID, Rf  0.15 (1} and 0.89 (2). The color  of the spot before  t rea tment  with chromogenic  
agents (in f i l te red  UV light} was dark,  and it changed lit t le with 2% methanolic z i rconyl  chloride (Z) while 
with 10% methanolic alkali (K} it became brown and with a mixture  of equal volumes of l~c aqueous solu-  
tions of f e r r i c  chlor ide and potassium fer rocyanide  (FC} it became blue. 

Substance (XIII}, Rf_ 0.30 (1}, 0.95 (2}. Before t r ea tment  with chromogenic agents, the spot  was dark, 
with reagent  Z it changed li t t le,  with K it became brown, and with FC it gave no color ,  mp 201-203°C. 

The substances of f ract ion 2 were  chromategraphed on a column (50 × 300 ram) of Kapron [eluent: 
a c e t o n e - w a t e r  (8:2)],  giving the subfract ions 2A (I, IV, V, and VIII), 2B (II, III, VI, and IX}, and 2C (X- 
XIII and XIV}. Frac t ion  2-C was r e sepa ra t ed  on a column (30 x 200 mm) of Kapron impregnated with di- 
methyl formamide  in sys tem 1. The f i r s t  portions contained substance (X) and the subsequent portions 
contained the pairs  of substances (X} and (XI}, (XII) and (XIII}, and (XIII) and (XIV}. The mixtures  of sub-  
s tances  (X) and (XI) were  separa ted  by prepara t ive  chromatography on paper in sys tem 2. 

Substance (X), mp 260-2620C, Rf 0.05 (1) and 0.82 (2). The color  of the spot before  t r ea tment  with 
c h r o m ~  a-ge~-7,vas dark,  changing little with reagent  Z, yellow-brown with K, and blue with FC. 

Substance (XI), Rf 0.05 (1), 0.90 (2). The color  of the spot before t rea tment  with chromogenic  agent 
was dark,  changing lit t le with reagent  Z, yel low-brown with K, and not changing with FC. The UV spec t ra  
of the aglycones isolated a re  given in Table 2. 

Acetates of Substances (X~ XIII, and XIV). Solutions of 0.100 g of each of the substances mentioned 
in 2 ml of acetic anhydride were  each t rea ted  with two drops of concentra ted sulfuric  acid and af ter  5 rain 
the react ion mixtures  were  poured into tenfold volumes of dist i l led water  cooled to 5-7°C. The prec ip i -  
tates that deposi ted were  c rys ta l l i zed  f rom aqueous acetone.  

The individuality of the products and the completeness  of the acetylation were  checked by ch roma-  
tography on paper  impregnated with formamide  in cyclohexane.  The acetate  of substance (X} had mp ] 94- 
196°C, Rf .0 10; that of substance (XIII) mp 118-120°C, Rf 0.30; and that of substance (XIV) mp 141-143°C, 
Rf  0.40. The co lor  of the spots of the acetates on the chromatograms  in UV light before  t r ea tment  with 
chromogenic  reagents  was light yellow. 
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Demethylat ion of Substance (XIII). Substance (XIII) (0.200 g) was dissolved in a me l t  of pyr idinium 
chloride (2 g) and the mixture  was heated at 180-200°C for  50 min.  After  cooling, a tenfold volume of water  
was added to the reac t ion  mix ture .  The prec ip i ta te  that deposited was c rys t a l l i zed  f rom methanol .  The 
melt ing point of subs tance  (XIIIA) was 254-256°C, Rf 0.05 (1) and 0.80 (2), the color  of the spot  before  
t r e a t m e n t  with chromogenic  agent  was dark,  with reagen t  Z it became  da rk  brown and red-brown,  chang-  
ing to pale blue with K and deep blue with FC. The other substances  were  demethyla ted  s i m i l a r l y .  C o m -  
pounds (XI) and (XIV) yielded subs tance  (X), and (XII) yielded subs tance  (XIIIA). 

S U M M A R Y  

1. A quali tat ive analysis  of the flavonoid aglycones in the roots  of Scute l lar ia  ba ica lens is  Georg.  has 
been pe r fo rmed ,  and m o r e  than 20 substances  have been detected in them.  

2. Six individual flavonoid aglycones have been obtained, and on the basis  of chemica l  and spec t r a l  
cha rac t e r i s t i c s  they have been identified as baicalein,  7 -O-methylba ica le in ,  oroxylin,  norwogonin, 7 - 0 -  
methylnorwogonin,  and wogonin. 
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