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Continuing a study of the flavonoid compounds of Grat iola officinalis L. (drug hedgehyssop), we have found that 
this plant contains C-glycosides,  as well as O-glycosides.  We have obtained four individual compounds of flavonoid 
nature  with the composit ion C21H20010 which we have named provis ional ly  [from the Russian for hedgehyssop--avran] 
avroside (I) with Rf 0.30 (1) and 0.12 (2), i soavroside (II) with Rf 0.45 (1) and 0.20 (2), neoavroside (III) with Rf 0.14 (1) 
and 0.06 (2), and isoneoavroside (IV) with Rf 0.55 (1) and 0.16 (2). 

Spectral studies in the UV region (Table 1) of all these compounds showed free 5-, 7-, and 4 ' -hydroxy groups. 
The approximately equal maxima of the f i r s t  and second bands and also the distance separat ing them, between 50 and 
60 rap, permi t  these substances  to be character ized as flavone der ivat ives  [1]. 

Table 1. Spectral Charac te r i s t i cs  of the Flavonoid C-glycosides 
from Drug Hedgehyssop 

Substance 

Avroside (I) 

Isoavroside (II)  

Neoavroside (III) 

~ o ~  

I 
ii 

I 

II 

Ethanol ic  
solut ion 

+ NaAc 
ethanol  

+ E tONa  
e thanol  

k 5k 

+ Zr(NO3)  ~ 
e thanol  

k lg~ 

330 4.21 

272 4.19 

330 4.21 

272 4.19 

390 60 

282 I0 

384 54 

278 6 

398 68 

288 16 

396 66 

286 14 

385 
350 
312 
290 

390 
350 
310 
290 

t,),. 

I 332 4.20 390 58 398 66 390 
360 

I[ 270 4.18 282 12 286 16 310 
290 

El% 
l cm 

55 564 

40 - -  

60 565 

38 - -  

58 564 

4 0  - -  

I 332 ] 4.20 390 58 398 66 390 58 565 

J 
350 

[soneoavroside (IV) 1I 272 4,18 282 l0 288 16 310 38 -- 
29O 

l 336 4.40 380 44 400 64 390 54 900 
355 

Aplgenin (V) ] I 270 4.38 274 4 275 5 305 35 -- 
285 

Acid and enzymat ic  hydrolyses did not lead to the l ibera t ion  of additional hydroxy groups. On acid hydrolysis  by 
Ki l iani ' s  method [2] each of the glycosides gave apigenin and D-glucose together with some D-arabinose .  Consequently 
it may be assumed that the substances considered are  C-glycosides of apigenin. 

Their  C-glycosidic nature  is confirmed by acid isomerizat ion,  as a resu l t  of which avroside is converted into 
isoavroside and neoavroside into isoneoavroside,  and conversely,  forming equi l ibr ium mixtures  of pa i r s  of these 
glycosides.  Rotational i s o m e r i s m  with the formation of only two i somers  is charac te r i s t ic  of C-monoglycosides [1, 3]. 

The monoglycosidic nature  of the compounds is also shown by the magnitude of the specific absorption at 335 mp 
in comparison with the aglycone (see Table 1). Consequently all four glycosides isolated are  C-monoglucosides of 
apigenin, and the pa i r s  av ros ide - i soav ros ide  and neoavros ide - i soneoavros ide  a re  rotat ion i somers ,  as is c lear ly  
i l lus t ra ted  by their  chromatographic behavior.  Chromatographic differences of i somers  of C-glycosides have been 
reported by other authors [4] although such differences have been explained as 6 - 8 - i s o m e r i z a t i o n .  

Until now, only two C-monoglycosides of apigenin were known, vitexin and saponaret in  (isovitexin) [5]. The 
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that plants must  also contain 6 -C-monoglycos ides  with p rope r t i e s  s i m i l a r  to those of 8 -C-monoglycos ides ,  although 
they a re  not conver ted  into one another under acid i somer iza t ion .  The re su l t s  of Bhatia and Seshadr i ' s  r ecen t  
inves t igat ions  [6] conf i rm this .  

To prove  the s t ruc tu re  of the compounds isolated,  we at tempted to use the bathochromic  shifts of the long-wave 
band in the UV spec t ra  of the z i rconyl  complexes ,  taking into account the fact  that in flavonoids with a substi tuent in 
posi t ion 6 the shift of the complex must  be s m a l l e r  or  complete ly  absent because  of the s te r i c  influence of the 
substi tuent in posit ion 6 [11]. 

On studying compounds with a substi tuent in posi t ion 6, it was found that it is impossible  to detect  a substi tuent 
in posi t ion 6 of apigenin and i ts  de r iva t ives  by this method,  s ince all these  shifts a re  approximately  equal, at 
50-55 m#, while in scu te l l a re in  de r iva t ives  they fall to 30-40 mp (Table 2). However,  in an analys is  of the spec t ra  of 
the z i reonyl  complexes  of apigenin de r iva t ives  (see Table 2) an additional maximum in the 360 m# region (B) and 
dif ferent  in tens i t ies  of the main (A) and subsidiary  (B) maxima a re  observed .  

Table 2. Spectral  Cha rac t e r i s t i c s  of Zirconyl 
Complexes  

Substance 

Apigenin 
Cosmosiin 
Apiin 
Vitexin 
Saponaretin 
Avroslde 
Isoavroside 
Neoavroside 
Isoneoavroside 

kmax 
in ethanol 

336 
331 
337 
335 
335 
330 
330 
332 
332 

kmax 
Zr (NO~)a + 
+ ethanol 

A* B** 

39O 355 
385 360 
394 355 
390 352 
390 355 
385 360 
390 350 
390 360 
390 350 

hk A/B • 
100% 

~ 103.1 
90,0 

57 98.6 
55 88.0 
52 86.5 
55 52- 0 
60 46.7 
58 44.8 
58 46.7 

*Intensity of the main maximum. 
**Intensity of the subsidiary maximum. 

The ra t io  of the in tensi t ies  A/B for  apigenin and its O-glycosides ,  and also for vi texin and saponaret in  is 
between 80 and 100%, while for  the C-g lycos ides  studied it  is between 40 and 50%. The re su l t s  obtained pe rmi t  the 
assumption that in the C-monoglycos ides  of drug hedgehyssop the carbohydrate  substituent is p resen t  in posi t ion C 6 
(see Table 2). 

If it is a ssumed that the compounds studied are  6 -C-monoglycos ides  of apigenin, then by analogy with the 
8 -C-monog lycos ides  (saponaretin and vitexin) one pa i r  of them must  have the B-configurat ion of the bond. A 
compar i son  of the ra tes  of i somer iza t ion  and of the ra t ios  of the i som er s  formed shows that avros ide  and i soavros ide  
may f o r m  such a pa i r .  Neoavros ide  and i soneoavros ide  i s o m e r i z e  under m o r e  s eve r  conditions, which is apparently 
explained by a different  posi t ion of the carbohydrate  substi tuent.  We assume  that this pa i r  is nothing other  than 
rotat ion i s o m e r s  of the 6 - C - a - D - g l y c o s i d e s .  

On compar ing  the different ial  spec t ra  of saponaret in  and i soneoavros ide ,  it was found that the sugar  in both 
C-g lycos ides  has the pyranose  fo rm,  but the f i r s t  of them has the fl- and the second the a -conf igura t ion  of the 
glycosidic  bond. To conf i rm these  resu l t s ,  we obtained the i r  acetyl de r iva t ives  and compared  the molecu la r  rotat ions 
of the initial g lycos ides  and also of the i r  ace ta tes  with phenyl C-g lycos ides  and the i r  ace ta tes  [1] (Table 3). It was 
es tabl ished that i soneoavros ide  acetate  p o s s e s s e s  a high posi t ive  rotat ion,  l ike the acetate  of phenyl 
C - a -D-g lucopyranos ide .  

Thus, four new C-monoglycos ides  have been isolated f rom drug hedgehyssop and it has been es tabl ished that they 
consis t  of the syn-  and ant i -  i s o m e r s  of the corresponding 6 - C -  fi- and 6 - C - a - a n t i p o d e s .  

EXPERIMENTAL 

Paper  chromatography was c a r r i e d  out with the following sys tems  of solvents:  1) 15% solution of acet ic  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) with chromatographic  paper  of type "F i l t r ak"  F No. 11. 
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The UV spec t ra  were  r ecorded  on an SF-4A spec t rophotomete r  and the IR spectra  on a UR-10 
spec t rophotomete r ;  the optical ac t iv i t ies  were  measu red  on a SPU-E spec t ropo la r ime te r .  The melt ing points were  
de te rmined  on a Kofler  block. 

Table 3. Compar ison of the Specific Rotations of the Flavonoid 

C-Glycos ide  of Drug Hedgehyssop Positlon ILo 
Substance carbo- I d ~ '~°  ~ [M]D Kp h D • ~ ¢  u "~. ~:~'°°o= theSiZerings°f 

hydrate I " KP h "~ ~ ~ ~ ~ '~ 
~ubstituent[ ~ 

4 93.3] +163.4 a) Isoneoavroside 
Isovitexin 
Phenyl C-glycoside 
Phenyl C-glycoside 

440.3 
426.7 

-- +23.2 
-~90.0 

4172.8 0..~4 
4115.3 0.54 
+ 56.0 1.00 
-I-217.0 1.00 

+ 6_9.81- 39.01 
4 56.0 - 16.0 
4217.0 + 95.3 

Isolation of the glycosides  I - IV.  One k i logram of the a i r - d r y  comminuted raw ma te r i a l  of Grat iola officinalis  L. 
was ext rac ted  with 80% methanol (4 × 10 l ) .  The methanolic  ex t rac t  was evaporated in vacuum until the organic solvent 
had been complete ly  el iminated,  and the aqueous ex t rac t  was cooled to +4 ° C. The chlorophyll  that deposited was 
f i l t e red  off, and the ex t rac t  was purif ied with e ther  and then with ch loroform.  The aqueous extract  was evaporated to 
0.2 l ,  and 4 l of a mix ture  of ethanol and e ther  (1 : 1) was added to prec ip i ta te  the saponins. The prec ip i ta te  was f i l te red  
off, washed with the same  mixture ,  and discarded.  The f i l t ra te  was concentrated in vacuum to 0.2 l and was passed  
through a column (40 × 800 mm) fi l led with Kapron. The separat ion of the flavonoids was moni tored by paper  
chromatography and the movement  of the zones was observed in f i l t e red  UV light.  The f i r s t  port ion of the aqueous 
eluate (0.6/) ,  containing no flavonoids, was discarded.  The subsequent eluates yielded two fract ions  containing 
flavonoids I - I I I  and I I - IV.  The second f rac t ion consis ted of the bulk of the flavonoids,  and its r echromatography  on 
polyamide sorbent  gave the individual compounds II and IV in the fo rm of pale yel low c rys ta l s .  After  r ec rys t a l l i z a t i on  
f rom aqueous methanol the l a t t e r  had mp 244-246 ° C, [o~]~ +40.3 ° (c 0.139; DMFA). 

Found, %: C 58.27, 58.38; H 4.61, 4.65. Calculated for  C21H20010 , %: C 58.33; H 4.64. 

Substances I and III were  separa ted  by p repa ra t ive  chromatography on ce l lu lose  in 15% acet ic  acid. 

Enzymatic  and acid hydrolysis .  Exactly 0.01 g of each glycoside was d issolved in 1 ml of 50% ethanol and the 
solution was diluted with water  to 10 ml ; then to this solution was added 0.05 g of emuls in  in 4 ml of water  and the 
mix ture  was placed in a the rmos ta t  at 36 ° C for  48 hr .  After  this t ime,  paper  chromatography showed that the 
glycosides  under study had remained  unchanged. 

The same amounts of g lycosides  were  subjected to acid hydrolysis :  avros ide  and i soavros ide  in 5% HC1 in 50% 
methanol for 2 hr,  and neoavros ide  and i soneoavros ide  in 10% HC1 in 50% methanol for  4 hr.  It was found that 
equi l ibr ium sys tems  of i somer i c  products ,  the pa i r s  a v r o s i d e - i s o a v r o s i d e  (1:2) and n e o a v r o s i d e - i s o n e o a v r o s i d e  

(1 : 10) were  formed.  

The i somer i c  products  were  separa ted  by p repara t ive  chromatography in 15% acet ic  acid on cel lulose ,  and each 
of them was hydrolyzed under the appropr ia te  conditions.  The same pa i r s  of i somer i c  products  in the same ra t ios  

were  found. 

Acid hydrolys is  by Kil lanl ' s  method. In this exper iment ,  0.1 g of each of the glycosides  studied was suspended 
i n 4 m l o f a m i x t u r e c o n s i s t i n g o f t e n p a r t s  o f c o n c H C I , 3 . 5 p a r t s  of glacial  acet ic  acid and 5.5 par t s  of water .  Hydrolysis  
was c a r r i e d  out in the boiling water  bath for  20 hr.  The mixture  was diluted with water  to 20 ml and the aglycones 
were  separa ted  on polyamide sorbent .  All the glycosides  gave one and the same aglycone with mp 346-348* C (from 
ethanol), shown to be identical by a mixed mel t ing point and by its Rf values of 0.04 (1) and 0.92 (2) with apigenin. 

The aqueous par t  of the hydrolysate  was neut ra l ized  with AV-17 ion-exchange r e s in  (OH- form),  evaporated to 
0.5 ml, and chromatographed on paper ,  showing the p re sence  of D-glucose  together  with some D-arab inose .  

Acetylat ton of the g lycosides .  This was c a r r i e d  out with acet ic  anhydride in pyridine in the p re sence  of H2SO 4 at 
room t empera tu r e  (0.5 hr). Color less  ac icu la r  c rys ta l s  with mp 156-157 ° C (from alcohol), [G]E +121.2 ° (c 0.1; DMFA) 
were  obtained, and with f e r r i c  chloride these  gave a l i l a c -v io l e t  colorat ion showing the p resence  of a f ree  hydroxyl 
group in the C 5 posit ion [8]. 
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Found, %: C 57.82, 57.98; H 4.59, 4.63. Calculated for C3~H32016, %: C 57.89; H 4.68. 

The par t ia l  acetate obtained (0.t g) was t reated as described above for another 0.5 hr.  Color less  ac icu la r  
c rys ta l s  precipi tated with mp 159-160 ° C, [a]~  +163.4 ° (c 0.104; DMFA). The react ion with fe r r i c  chloride was 
negative [8]. 

Found, %: C 57.76, 57.80; H 4.58, 4.65. Calculated for C35H34017, %: C 57.84; H 4.68. 

CONCLUSIONS 

1. C-Glycosides have been isolated from a plant of the family Scrpphulariaceae for the first time. 

2. Four  new C-monoglycosides  of apigenin have been isolated f rom the herb Gratiola officinalis L. 

3. On the bas i s  of a chemical  study it has been establ ished that they are  rotat ion i somers  and they have been 
charac ter ized  as a syn-C-f i -D-glucopyranoside  (avroside), an an t i -C-~-D-glucopyranos ide  (isoavroside),  a 
syn -C-a -D-g lucopy ranos ide  (neoavroside), and an an t i -C-a -D-g lucopyranos ide  (isoneoavroside).  

4. The p resence  of 6-C-monoglycosides  in plants and the i r  difference from 8-C-monoglycosides  have been 
shown for the f i r s t  t ime.  
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