
F L A V O N O I D  G L Y C O S I D E S  O F  S t a c h y s  a n n u a e  

I .  P .  S h e r e m e t  a n d  N .  F .  K o m i s s a r e n k o  UDC 547.972 

In a previous  study of the aglycone composi t ion of the flavonoid compounds of the epigeal  par t  of Stachys 
annuae (L.) (hedgenettle betony), we isola ted 4 ' -me thoxyscu te l l a re in  [1]. 

In a fu r the r  invest igat ion of this group of subs tances  by paper  chromatography ,  no l e s s  than five f lavo-  
noid glycosides  have been detected; these  have been named provis ional ly  substances  A - E  and have b e e n s e p -  
a r a t ed  on a polyamide sorbent .  Four  of them (A-D) were  obtained in the individual s tate  (Table 1). 

We have es tab l i shed  the s t ruc tu r e s  of subs tances  A and B, which have been cal led stachannin and 
s tachannoside,  r e spec t ive ly ,  while for  C and D we have de te rmined  the empi r i ca l  fo rmulas  and some physi -  
coehemica l  p rope r t i e s .  

F r o m  its phys icochemica l  p rope r t i e s ,  molecu la r  weight, and e l emen ta ry  composit ion,  staehannin A 
(II) is a monoside .  UV spec t roscopy  with ionizing and complex- fo rming  reagen t s  showed the p re sence  of 
a f r ee  OH group in posit ion 5 of A. F r o m  the cha r ac t e r i s t i c  shape of the spec t ra l  curve,  the p re sence  of 
another  hydroxyl  in posit ion 6 of this substance  is poss ib le .  On acid hydrolys is ,  the monoside was spli t  
into the aglycone 4 ' -me thoxyscu te l l a r e in  (VI) and D-glucose (V), while the UV spec t ra  and negative B a r -  
gell ini  reac t ion  [2] of stachannin A show that  the sugar  res idue  in it is p resen t  in position 7. On the bas i s  
of a compar i son  of mo lecu la r  ro ta t ions  and IR spec t r a  [3], the sugar  res idue  of the glycoside has a f l -gly-  
cosidie l inkage and a pyranose  oxide r ing.  

The invest igat ions p e r f o r m e d  have shown that the s t ruc tu re  of stachannin can be given as 7 -O-f i -D-  
g lucopyranosy l -  5,6-dihy droxy-  4 ' -methoxyf lavone  (II). 

Scheme of the transformations of stachannoside B 
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Stachannoside B is a bioside whose acid  hydro lys i s  fo rmed  4 ' -me thoxyseu te l l a r e in  (VI), D-glucose 
(V), and D-mannose  (HI). After  the oxidative spli t t ing off of the carbohydra te  moiety  [4], the biose (IV) was 
found in the reac t ion  products .  As in stachannin,  the sugar  component  had rep laced  the OH group at C-7  
of the aglycone.  

The sequence of addition of the sugars  in the glycoside was found by s tepwise hydrolys is  with fo rmic  
acid  in cyctohexanol [5]. This  gave a monoside identical  with staehannin (II) and D-mannose  (HI). Both 
sugar s  of s tachannoside B were  found [3] to have fi-glycosidic l inkages and pyranose  oxide r ings .  However,  
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TABLE 1. Physicochemical  Proper t ies  of the Flavonoids of Stachys 
annuae 

Substance 

Stachannin A 
Stachannoside 

B 
C 

Formula 

C2~H~2On 

C2sH3~O16 
CaTHasO,8 

C27Ha00,6 

trip, °C 

238-240 

286--289 
260--263 

220--22~ 

[elD,deg [ Coloration with ferric chloride 

--70 ) Brown-green, changing to 
J brown 

--102 
--90 I Green, changing to 

brown 
--60 ] Green 

glycoside B did not undergo hydrolysis  with rhamnodiastase ,  as has been observed for the rhamnosyl-(1-*6) 
glucoside (rutinoside), the rhamnosyl-(1--* 6)-galactoside (robinobioside) [6], the arabinosyl-(1--* 6)-glu- 
coside [7], or  the arabinosyl-(1-* 6)-galactoside [8], nor with emulsin [9] or  the enzymes of Aspergil lus 
o ryzae  [10, 11], which shows that the biose does not include (1-* 6) and (1--* 4) bonds. 

The destruction of the D-glucose, as well as the D-mannose,  in substance (I) on periodate oxidation 
excludes a ( 1 ~  3) bond between them. 

The ster ic  difficulties of enzymatic  hydrolysis  [13, 14] for the stachannoside and also the resul ts  
of periodate oxidation give grounds for assuming that the D-mannose is attached to the D-glucose by a (1 ~ 21 
bond, as for the sugar linkage in neohesperidose [15]. To confirm this, we made use of the property of 
phenol glycosides of being hydrolyzed by alkalis [16]. It is known that in an alkaline medium the ionization 
of the 2-hydroxy group of the sugar takes place, which then interacts  with the glycosidic center  andcauses  
hydrolysis .  Where the 2-hydroxy group is substituted, no hydrolysis  takes place. 

We found no biose in the products of the alkaline cleavage of (I) which is charac te r i s t ic  for phenol 
biosides with a (1-* 2) linkage. 

Thus, the s t ructure  of stachannoside B can be given as 4 ' -methoxyscute l lare in  7-[O-f l -D-mannopyr-  
anosyl-(1-* 2)-fi-D-glucopyranoside ]. 

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

For analysis ,  the substances were dried over P205 in vacuum at 110-115°C for 6 h. The specific r o -  
tations were determined on anSPU-M spec t ropolar imeter ,  and the melting points on a Kofler block. The 
UV spectra  were recorded  on a Hitachi spectrophotometer  and the IR spect ra  on a UR-10 instrument.  

For  all the compounds, the analyses corresponded to the calculated f igures.  

Isolation of the Flavonoids. The total flavonoid compounds were obtained as described in the l i t e r -  
ature [1]. To isolate the individual substances,  5 g of the combined flavonoids was chromatographed on a 
column of polyamide sorbent (d 4 cm, h 50 cm). Elution was per formed with mixtures of ethanol and chloro- 
form in various rat ios .  The process  of separat ion was checked by paper chromatography in the benzene-  
ethyl a c e t a t e - a c e t i c  acid (23 .5 :74 .5 :2)  system.  The fractions of the individual substances were evapo-  
ra ted under vacuum. F r o m  the eluates containing 2% of methanol 0.7 g of the crystal l ine substance C de- 
posited; f rom the 770 eluates,  0.2 g of B; f rom the 107o eluates, 0.1 g of A; and f rom the 2070 eluates, 0.35 g 
of substance D. 

Stachannin A (II). Yellow crys ta ls  with the composition C22H22Oll , soluble in methanol, ethanol, fo rm-  
amide, and dimethylformamide.  On the addition of sodium ethoxide to a solution of the substance in abso-  
lute ethanol, no green coloration was observed (the Bargellini reaction) (see Table 1). IR spectrum, em-l :  
3420 (carbohydrate OH); 2930, 2860 (hydrocarbon CH or methoxy group); 1670 (T-pyrone C =O); 1620, 1512 
(C =C of an aromat ic  system); 840 em-1 (absorption due to a para substitution in the lateral  phenyI radical) .  

In the IR spec t rum of the glycoside (II), obtained without the aglyeone moiety, the three bands appeared 
in the 1100-1010 cm -1 region that are  charac te r i s t ic  for the pyranose form of the sugar component, while 
an absorption band at 890 cm-1 showed the f~ configuration of the glycosidic linkage. 

~+AcONa 367,* 313, 269; ~ +CHSONa 330, 285; +CHaOH 370,* 325,* 307, 280, 222; ' m a x  UV spectra ,  nm: ~max "max 

x+A1CI3 420,*, 350, 325 287, 223; x+HaBO3+AcNa 365, 325,t ~ 305, 278. 
max ' max 

*Here and b e l o w -  shoulder.  
~fWeak maximum. 
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Acid Hydrolys is  of (II). The glycoside (500 mg) was hydrolyzed in aqueous alcohol containing 5% of 
sulfur ic  acid at 100°C for  5 h. The hydrolys is  was moni tored  by pape r  chromatography  in the b e n z e n e -  
ethyl a c e t a t e - a c e t i c  acid (23.5 : 74.5 : 2) sys t em.  The genin 4 ' -me thoxyscu te l l a r e in  (VI), Ci6H1206, mp 250- 
253°C [1], was isolated,  while pape r  chromatography  in the liquid phenol s y s t e m  showed the p resence  of 
D-glucose  (V). 

Stachannoside B (I). Yellow c r y s t a l s  with the composi t ion C28H32Oi6 , spar ingly soluble in methanol 
and ethanol,  m o r e  soluble in a mix ture  of methanol and ch loroform,  soluble in fo rmamide  and d imethyl -  
f o r m a m i d e .  As for  (IT), the Bargel l in i  reac t ion  was negative (see Table  1). IR spec t rum,  cm-1.  3430 ( ca r -  
bohydrate  OH); 2940, 2860 (carbohydrate  CH or  methoxy group); 1670 (~-pyrone C =O); 1620, 1512 (C =C 
of an a r o m a t i c  sys tem) ;  840 (absorpt ion due to pa ra  substitution in the l a t e ra l  phenyl radical ) .  The spec -  
t r u m  of (I) taken without substance (II) a lso  exhibited three  s t rong hands in the 1100-1010 era-1 and the 890 
cm-1 reg ions ,  which shows the pyranose  f o r m  of D-mannose  and the fl configuration of its l inkage. 

~+AeONa ~+CH:IONa 335,? ~+CH3OH 370,* 325,* 307, 280, 222; - m a x  380,* 337,*, 310, 280; "+max UV spec t r a ,  nm: --max 

290; hmax+AlCl~ 425~* 350, 324, 285, 223: h+H3BO:tmax +AcNa 360,* 325,~ 305,278.  

Acid Hydro lys i s  of (I). This  was p e r f o r m e d  as  for  the staehannin (i/). The aglycone 4 ' - m e t h o x y -  
scu te l l a re in  (VI) and D-glucose (V) and D-mannose  (l/I) were  obtained. 

Oxidative Splitting out of the Biose (IV). With heating, 200 mg of the glycoside B was dissolved in 
100 ml  of acetone,  and 0.5 ml  of a 0.1 N solution of ammonia  and 50 ml of a 0.5 N solution of po tass ium 
permangana te  was added. The subsequent  t r ea tmen t  was as descr ibed  by Chandler  and Harpe r  [4]. On paper  
ch romatography  in the liquid phenol sys t em,  the biose (IV) was detected.  

Stepwise Hydrolys is  of (I). In a f lask with a ref lux condenser  a solution of 250 mg of the substance in 
36 ml of boiling cyclohexanol was t rea ted  with 12 ml  of 85% fo rmic  acid, added through the condenser .  Hy- 
d ro lys i s  was pe r fo rmed  at 120-130°C fo r  10 h. The hydro lys i s  products  were  separa ted  by the method of 
Fox et al. [5]. The monoside II, identical with stachannin A, and D-mannose  (I1D were  isolated.  

Pe r ioda te  Oxidation of B. To a solution of 60 mg of the glycoside under investigation in 10 ml of a c e -  
tate  buffer  with pH 4.5 was added 36 mg of per iodic  acid,  and the reac t ion  mixture  was left  in a dark  place 
for  th ree  days.  Then the excess  of per iodic  acid was decomposed by the addition of a few drops of ethylene 
glycol,  the solvent  was dist i l led off in vacuum,  and the oxidation products  were  ex t rac ted  with ethanol.  After  
the solvent had been driven off, the res idue  was hydrolyzed with 5% sulfur ic  acid at 100°C for  4 h. The r e -  
act ion mix ture  was neut ra l ized  with AV-17 anion-exchange res in .  Af ter  evaporat ion of the hydrolysate  and 
its ch romatography ,  no sugar s  were  found. 

Alkaline Hydrolys is  of (I). The s tachannoside (40 mg) was dissolved in 10 ml of 0.5% aqueous KOH 
and hydrolyzed by a published method [16]. No biose was found in the products  of alkaline c leavage.  

S U M M A R  Y 

Four  flavonoid compounds have been isolated f r o m  the herb  Stachys aanuae (L.). s tachanninA, s tachan-  
noside B, and subs tances  C and D. 

It has been es tab l i shed  that staehannin A is 7 -O- f l -D-g lueopyranosy l -5 ,6 -d ihydroxy-4 ' -me thoxyf l av -  
one, and s tachannoside B is 4 ' -me thoxyseu te l l a r e in  7- [O-f l -D-mannopyranosy l - (1- - -2) -g lueopyranos ide] .  

Both glycosides  a re  new compounds.  
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