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Scutel lar ia  p rzewa l sk i i  Juz . ,  f ami ly  Labia tae  is  a perennial  he rbaceous  plant growing in Kirgiz ia .  

This  p a p e r  g ives  the r e su l t s  of the isolat ion and chemica l  invest igat ion of the flavonoid compounds of 
the epigeal pa r t  of Scute l lar ia  p rzewalsk i i  (studied for  the f i r s t  time) col lected in 1963 during the f lower-  
ing phase  (Susamyr Valley).  

The flavonoid compounds of Scntel lar ia  a t t r ac ted  attention long ago but, in spite of numerous  inves t i -  
gat ions,  a compara t i ve ly  smal l  number  of subs tances  have been iso la ted  and cha rac t e r i zed .  For  example ,  
scu te l la r in ,  baical in,  vogonin, chrys in ,  and the i r  dihydro f o r m s  have recen t ly  been detected [1]. 

F r o m  the r e su l t s  of two-dimens ional  ch romatography  and qualitative reac t ions  with z i rconyl  n i t ra te  
and ammonia ,  the flavonoid compounds of an ethanolic ex t rac t  consis t  of de r iva t ives  of scu te l la re in  (sub- 
s tances  I,  and V) and apigenin (substances  II  and liD. Con t ra ry  to expecta t ions ,  the i r  total amount 
p roved  to be compara t i ve ly  low. 

Since the ma jo r i t y  of the flavonoid g lycos ides  of Scute l lar ia  a re  glucuronides  [1], we as sumed  that 
these  compounds a re  p resen t  in the plant in the f o r m  of sa l ts  m o r e  soluble in wa te r  than in ethanol.  Con- 
sequently,  a f te r  ethanolic ex t rac t ion  the raw ma te r i a l  was t r ea t ed  with wate r .  Eight g lycosides  of a f lavo-  
noid nature  we re  found in a cons iderable  amount in the aqueous ex t rac t s .  The aqueous solution was evap-  
ora ted  to smal l  volume and diluted with 50% acet ic  acid. On there  was a copious prec ip i ta te  of 
l ight-yel low c r y s t a l s  of a mix tu re  of f lavonoids consis t ing of four glycoside de r iva t ives  of apigenin, luteolin,  
and scu te l la re in  (fraction 1). The combined g lycos ides  were  highly soluble in a sa tura ted  aqueous solution 
of sodium bicarbonate  and were  r ep rec ip i t a t ed  f r o m  it on acidif icat ion.  Consequently,  it m a y  be a s su med  
that the ca rbohydra te  subst i tuent  in them is glucuronic acid. Glycosides  insoluble in aqueous sodium bi -  
carbonate  r ema ined  in the acet ic  acid mothe r  l iquor (fraction 2). 

The g lycos ides  of each f rac t ion  were  f i r s t  hydrolyzed and, together  with apigenin, luteolin, and scu te l -  
la re in ,  f rac t ion  1 yielded substance  A and f rac t ion  2 subs tances  B and C. According to qualitative r e a c -  
t ions and chromatograph ic  and spec t ra l  c h a r a c t e r i s t i c s  (Table 1), and also f rom the products  of demethy la -  
tion and alkaline c leavage,  substance  A was identified as dinatin (4 ' -methoxyscute l la re in)  [2],* substance B 
as hispidulin (6-methoxyscute l lare in)  [3], and substance C as pectol inar igenin  (6 ,4 ' -d imethoxyscute l la re in)  
[4]. 

The g lycos ides  Were sepa ra ted  by column chromatography  on a polyamide sorbent  on being eluted by 
30% acet ic  acid (fraction 1) and 15% acet ic  acid (fraction 2), and eight monosides  and three  biosides  were  
obtained. 

The s t ruc tu r e s  of the i so la ted  compounds were  studied by means  of the products  of acid,  alkal ine,  
and enzymat ic  hydro lys i s ,  and UV spec t roscopy  with complex - fo rming  and ionizing reagen ts  (see Table 1). 
The carbohydra te  subst i tuents  p r e s e n t  in posi t ion 7 of the monos ides  were  D-glucose or  D-glucuronic  acid, 
and in the biosides  they consis ted  of glucose alone. 

*Dinatin and hispidulin were  identified by compar ing  the i r  p r o p e r t i e s  with those given in the l i t e ra tu re  
[2, 3] and pectol inar igenin  with a sample  obtained by us [4] f r o m  Linar ia  officinalis  L. common toadflax). 

Institute of Organic Chemistry, Academy of Sciences of the Kirgiz SSR. Khar'kov Scientific-Research 
Institute of Pharmaceutical Chemistry. Zaporozhe State Pharmaceutical Institute. Translated from Khim- 
iya Prirodnykh Soedinenii, No. 5, pp. 534-539, September-October, 1970. Original article submitted June 
i0, 1969. 

© 1973 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West I7th Street, New York, 
N. Y. 10011. All rights reserved. This article cannot be reproduced for any purpose whatsoever without 
permission of the publisher. A copy of this article is available from the publisher for "$15.00. 

552 



TABLE 1. Spec t ra l  C h a r a c t e r i s t i c s  of the F l a v o n o i d s  of S c u t e l l a r i a  

p r z e w a l s k i i  

F1avonoid 

Apigenin 

Apiger~n 7-glucoside 

Apigenin 7-glucttronide 

Luteolin 

Luteolin 7-glucoside 

Scutellarein 

Scumllarin 

Scutellarein 7-glucoside 

Scutenarein 7-glucobioside 

Dinafin 

Dinafin 7-glucoside 

Dinafin q-glucuronide 

Dinafin 7-glucobioside 

Pectolinarigenin 

Hispidulin 

Hispidulln q-glucobioside 

* H i g h - i n t e n s i t y  a b s o r p t i o n  m a x i m u m .  

¢ L o w - i n t e n s i t y  a b s o r p t i o n  m a x i m u m .  

~Efiaan 
.tEthanolic so- [Ethanolic so- | Ethanolic so- 

I~c [lution + so- Ilution + so- ~lution + z~r- 
somt..dium acetate[dium ethanide]zonyt nitrate 

nm I nm I nm nm 

44 
4 
0 
0 
0 
0 

30 
5 

0 
3 

35 
.10 
-2 

4 
0 

-5 
0 
5 

85 
.5  

0 
- 5  

0 
-5 

0 
5 
35 

0 
35 
,10 

0 
-5 

400 64 390 54 
275 5 285 15 
400 65 390 55 
275 5 282 12 
400 64 390 54 
276 6 285 15 
410. 60 4O0 5O 
271 6 276 l l  

I 

410 60 I 400 50 
270 3 i 275 8 

370 ~ 35 i 375 40 
275 --I0 307 22 
370 ~ 35 365 30. 
-- -- 305 

370 ~ 35 I 363 30 
-- -- 305 

370" 35 365 30 
- -  --  303 

370 ~ 45 360 35 
260 --15 290 15 
3651 40 360 35 
26O --15 29O 15 
3651 40 360 35 
260 --~5 29O 15 
365 40 360 35 
260 --15 290 15 
370 ~ 40 355 25 
275 0 305 
370 ~ 35 355 20 
275 --10 305 
3701 35 355 20 
275 -- 5 305 

TABLE 2. P o l a r i m e t r i c  A n a l y s i s  of the G l u c u r o n i d e s  

Glucosides 
[*]C, 

d e g  

Scutellarin 
Phenyl D-glucuronide 
Phenyl D-Glucuronide 

--I02,0 
- -  91,0 
+154,0 

'¢ph 
I 

--471 ] 0,54 
--228 1,00 
+385 1,00 

[M] D , K¢ 
deg 

- 254 
--228 
-+-385 

Conflg. [Form of 
of bond [sugar 

{ pyranose 

The m a i n  g l u e u r o n i d e  was  s c u t e l l a r i n  and,  t h e r e f o r e ,  a p o l a r i m e t r i c  a n a l y s i s  was  c a r r i e d  out on the 

b a s i s  of s c u t e l l a r i n  which  showed that  the g l u c u r o n i c  acid in  the g l u c o s i d e s  i s  p r e s e n t  in  the p y r a n o s e  f o r m  
and ha s  the fl con f igu ra t i on  for  the g lycos ide  bond (Table  2). 

T h u s ,  f r o m  the ep igea l  p a r t  of S c u t e l l a r i a  p r z e w a l s k i i ,  in  addi t ion  to the known s c u t e l l a r i n ,  we have 
i s o l a t e d  the fol lowing f lavonoid  compounds  which a r e  new for  th i s  genus :  d ina t in ,  h i sp i du l i n ,  p e c t o l i n a r i g -  
en in ,  ap igen in ,  l u t eo l in ;  the 7 - g l u c u r o n i d e s  of d ina t in ,  ap igen in ,  and lu t eo l in ;  the 7 - g l u c o s i d e s  of s c u t e l l a r -  
e in ,  d ina t in ,  ap igen in ,  and lu teo l in ;  and the 7 - g l u c o b i o s i d e s  of s c u t e l l a r e i n ,  d ina t in ,  and h i sp i du l i n .  Of the 
g l y c o s i d e s  men t ioned ,  al l  the b i o s i d e s  as  wel l  as  the 7 - g l u c u r o n i d e  and the 7 -g lucos ide  of d ina t in  p roved  to 
be new.  

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

To ana lyze  the f lavonoid  compounds ,  the p r i m a r y  e x t r a c t s  w e r e  p r e p a r e d  in  70% ethanol  and w e r e  
c h r o m a t o g r a p h e d  in the  fol lowing s y s t e m s :  1) 15% ace t i c  acid ,  2) b u t a n - l - o l - a c e t i c  a c i d - w a t e r  (4 " 1 : 2 ) ,  
3) 60% ace t i c  acid ,  and 4) 50% f o r m i c  acid .  The f lavonoid  ag lycones  w e r e  s e p a r a t e d  in  s y s t e m  5) b e n z e n e -  
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ethyl a c e t a t e - a c e t i c  acid (30 :70 :2 ) ,  on pape r  impregnated  with fo rmamide  (20% ethanolic solution of f o r m -  
aldehyde); the sugars  in s y s t e m  6 ) b u t a n - i - o l - p y r i d i n e - w a t e r  (6 : 4 : 2), and the a roma t i c  acid in s y s t e m  7) 
ethyl a c e t a t e - a c e t i c  a c i d - f o r m i c  a c i d - w a t e r  ( 1 8 : 3 : 1 : 4 ) ,  and in s y s t e m  5. 

The spots of the flavonoids were  developed with a 2% methanol ic  solution of a z i rconyl  salt  and with 
NH 3 vapor .  The spots of the scu te l la re in  de r iva t ives  had a dark  brown color  in f i l te red  UV light which 
changed l i t t le  under  the act ion of the reagen t s  mentioned; the apigenin g lycos ides  had a g reen i sh-ye l low 
color ,  and the luteolin g lycosides  an o range-ye l low color .  

Isola t ion of the Flavonoids.  Af ter  t r ea tmen t  with 70% ethanol,  500 g of the comminuted raw ma te r i a l  
was  ex t rac ted  with hot wa t e r  (3 × 2 l i t e r s ) .  The combined aqueous ex t r ac t s  were  evapora ted  to a v iscous  
res idue  (200 ml) and diluted with two vo lumes  of 50% acet ic  acid. On standing, the solution deposi ted a 
l ight-yel low crys ta l l ine  p rec ip i ta te  (fraction 1), consis t ing of four  subs tances  with Rf  0.08, 0.10, 0.12, and 
0.18 ( sys tem 1). 

The mothe r  l iquor  was  found to contain seven subs tances ,  with Rf  0.08, 0.10, 0.16, 0.20, 0.30, 0.40, 
and 0.50 (fraction 2). The flavonoids of f rac t ion  1 were  separa ted  on a column of polyamide with 30~c acet ic  
acid as eluent and those of f ract ion 2 with 15% acet ic  acid. The subs tances  of f rac t ion  1 were  sepa ra ted  
into four zones,  each of which was cut out, a f t e r  which the acid was  eluted with wa te r  and the flavonoids 
with 70% ethanol.  The substance  of the second (f rom the bottom) zone sepa ra t ed  out f r o m  concentra ted  
solution in the c rys ta l l ine  f o r m  with mp 309-311°C, [~]~ - 102 ° (c 0.195, d imethy l formamide) ,  R f  0.12 (1), 
0.31 (2), 0.29 (3). The three  o ther  subs tances  were  obtained in an amorphous  state.  

F r o m  f rac t ion  2 five c l ea r  zones were  t r ea t ed  as desc r ibed  above,  giving the following individual 
compounds:  a dinatin bioside with Rf  0.50 (1) (f irst  zone f r o m  the bottom),  a scu te l la re in  bioside with Rf  
0.30 (1) (second zone), and a hispidulin bioside with Rf  0.40 (1) (third zone). The biosides  were  f reed  f rom 
impur i t i e s  by r ech rom a t og raphy .  The fourth zone contained monoglycosides  of apigenin with Rf  0.20 (1) 
and of luteolin with Rf  0.10 (1), and the fifth contained main ly  monoglycosides  of scu te l la re in  with Rf  0.16 
(1) and dinatin with Rf  0.08 (1). 

The separa t ion  of the monoglycos ides  was  achieved by r e c h r o m a t o g r a p h y  on a polyamide sorbent  
under  the conditions given. The g lycos ides  were  isola ted in v e r y  smal l  amounts  in the amorphous  state.  

Acid Hydrolys is  of the Glycos ides .  The total  g lucuronides  and the individual g lycosides  of the f i r s t  
f rac t ion  were  hydrolyzed by the method of Goldschmidt  and Z e r n e r  [5]. The combined glycosides  (0.5 g) 
were  d issolved in 5 ml  of conc. H2SO 4 in the cold, and a f te r  30 rain the solution was carefu l ly  poured into 
50 ml of cold wate r .  The prec ip i ta te  that deposi ted was separa ted  off and subjected to chromatograph ic  
analys is  and separa t ion  on polyamide with elution by 70~ methanol .  Apigenin with mp 347-349°C, Rf  0.82, 
dinatin with mp 273-275°C, Rf  0.78, luteolin with mp 329-330°C, Rf  0.65, and scute l la re in  with mp 348- 
350°C (decomp.),  Rf  0.50 were  isola ted ( sys tem 5 for  all the aglycones) .  

The aqueous pa r t  of the hydrolyzate  was neut ra l ized  with ba r i um bicarbonate ,  the prec ip i ta te  of b a r i -  
um sulfate was f i l tered off, and the solution was evapora ted  to 1 ml,  The concent ra ted  solution was diluted 
with 10 ml  of ethanol,and the new prec ip i ta te  was separa ted  off. The alcoholic f i l t ra te  was evapora ted  to 
I ml  and analyzed for  suga r s .  No neut ra l  sugar s  were  found. The subs tances  prec ip i ta ted  by ethanol we re  
dissolved in wa t e r  (10 ml) and t r ea t ed  with KU-2 ion-exchange r e s in  (H+). The acid solution (pH 2) was 
evapora ted  to d rynes s  and the res idue  was dissolved in 0.5 ml of ethanol.  Chromatography  on pape r  in 
compar i son  with an authentic sample  in s y s t e m s  3, 7, and 8 showed only the p r e sence  of glucuronic acid. 

F r o m  the individual g lycos ides  of this f rac t ion  under the same conditions of hydro lys i s  and working 
up we obtained D-glucuronic  acid, seute l la re in ,  dinatin, luteolin, and apigenin. 

The g lycos ides  of the second f rac t ion  were  hydrolyzed with 10% H2SO 4 in 50~ ethanolic solution with 
heating in a wa t e r  bath for  4-6 h. The hydrolyzate  was then worked up as desc r ibed  above. The c a r b o -  
hydra te  subst i tuents  of the g lycos ides  p roved  to consis t  of D-glucose ,  and among the aglycones ,  in addition 
to scute l la re in ,  dinatin, apigenin, and luteolin,  we found and isola ted hispidulin with mp 290-292°C, Rf  0.58, 
and pecto l inar igenin  with mp 219-221°C, Rf  0.90 ( sys tem 5). 

Alkaline Cleavage of the Scutel larein  Der iva t ives .  Samples  of scu te l la re in ,  dinatin, hispidulin,  and 
pectol inar igenln  (0.01 g each) were  each dissolved in 5 ml  of 20~ aqueous KOH and the solutions were  
heated on a wa t e r  bath in a cur ren t  of ni t rogen for  4 h. Af ter  neutra l izat ion the cleavage products  were  
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extracted with ether and analyzed by paper chromatography (systems 5 and 8) in comparison with authentic 
p-hydroxybenzoic and anisic acids. The acids were also obtained preparatively by vacuum sublimation at 
200°C. The purity of the acids was checked by chromatography. Scutetlarein and hispidulin gave p- 
hydroxybenzoic acid, and dinatin and pectolinarigenin gave anisic acid. The identities of the acids were 
also confirmed by their UV spectra in methanolic and alkaline solutions [6]. 

C O N C L U S I O N S  

The epigeal part  of Scutellaria przewalskii has been shown to contain apigenin, luteolin, scutellarein, 
dinatin, hispidulin, pectolinarigenin; the 7-glucosides and 7-glucuronides of apigenin, luteolin, scutellarein, 
and dinatin; and also the 7-glucobiosides of seutellarein, dinatin, and hispidulin; and these substances have 
been isolated. It has been established that the glucuronides of the flavonoids are present  in the salt form. 
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