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In a study of the polyphenolic compounds f rom the leaves  of Sorbar ia  sorbi fo l ia  (L.) A. Br. (Ural f a l sesp i rea ) ,  
we have isolated two compounds. One of them was identified as hyperoside,  while the second proved to be a new 
compound which we have called sorbifolin.  

Sorbifolin gives a pos i t ive  cyanidin reac t ion  [1], which shows its f iavonoid nature. On acid hydrolys is  it is  
c leaved into D-xylose ,  L - rhamnose ,  and an aglycone which, on acetylat ion,  gives  a t e t raace ty l  der iva t ive .  

Both the aglycone and the glycoside appear  as dark spots on a paper  ch romatogram which shows that they 
lack a hydro~:yl in posi t ion 3. 

On the basis  of the z i r c o n i u m - c i t r i c  acid tes t  [2] and the cyanidin I 'eaction with the addition of dry sodium 
biocarbonate ,  the p r e s e n c e  of f r e e  OH groups at C-5 and C-4 '  may be assumed,  and the posi t ive  Bargel l in i  reac t ion  
(Table 1) shows the p r e s e n c e  of adjacent hydroxyls.  Since the aglycone belongs to the f lavone group and has a OH 
group at C-4 ~ in the s ide chain, the o ther  three  hydroxyls can be  located only in posit ions 5, 6, and 7. 

Table 1. Color  React ions of Sorbofolin and Its Monoglycoside and 
Aglycone 

Qualitative reactions Sorbifolin I Desxylosorbifolin Scutellarein 

Color reactions 

Cyanidin reaction 
Cyanidin reaction + 

+ dry NaHCO 3 
Bryantls cyanidin reaction [7] 

With 10% alkali (NaOH) [ 8 ], 
p. 474. 

With zirconyl nitrate and 
citric acid 

With ferric chloride [ 8 ], 
p. 472. 

Bargellinils reaction 

Reaction with diazotized 
sulfanilie acid 

R f values in systems* : 

1 
2 
3 
4 

Red-orange 
Yellow 

Red (in water) 

Yellow 

Dark brown 

Yellow (negative) 

Yellow 

Light yellow 
Brownish green 

Yellows lowly chang- 
ing to greenish (nega- 

tive) 

Yellow 

0.47 0.65 
0.37 0.29 

I ~ : ~ i : : c : : ;  O1) 

Dark brown 

Bluish green 
(positive) 

Red-orange 

0.82 
0.18 
0.33 
0.56 

*Systems: 1) ethyl acetate-formic acid-water (10 : 2 : 3), 2) 15% acetic acid; 3) chloroform-acetic acid- 
water (13 : 6 : 1); 4) benzene-ethyl acetate-acetic acid (23.5 : 74.5 : 2). 

What has been said above is conf i rmed by the UV spec t ra  (Table 2) with ionizing and complex- fo rming  reagents  
[5, 6] and by the alkaline c leavage of the aglycone. The resu l t s  obtained also show that the genin is 5,6, 7, 4 ' -  
te t rahydroxyf lavone (scutel larein) .  

The posi t ion of a t tachment  of the carbohydra te  res idues  to the aglycone was es tabl ished on the bas i s  of the UV 
spec t ra  of sorbifol in  (see Table 2). The absence of a marked  shift in the spec t rum on the addition of sodium ace ta te  
(as compared  with the aglycone) shows the substitution of posit ion 7, which is conf i rmed by the negat ive Barge l l in i  
and diazot ized sulfani l ic  acid reac t ions  [9, 10]. 
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Tab le  2. UV S p e c t r a  of the B ios ide ,  the  Monos ide ,  and the  

Medium 

I 0 -s M solut ion in 
anhydrous  e thanol  

Same + sodium 
a c e t a t e  

Same + sodium 
ethoxide  

Same + a luminum 
chloride. 

Aglycone  

Ab- 
sorp- 
l ion 

I bands 

Bioside 

X Ak 

338 -- 
288 
338 0 
290 
405 67 
283 5 
365 2~ 
290 

Monoside 

k iX  

345 - -  
292 
344 ~1 
292 
400 55 
338 46 
375 30 
310 18 

Aglycone  

k Sk 

292 
370 
285 
4OO 
336 
390 
304 

I, 

I, 

N 

--7 
55 
44 
45 
12 

The s e q u e n c e  of a t t a c h m e n t  of tile s u g a r s  in the b io s ide  was found by s t e p w i s e  h y d r o l y s i s  with 7% a c e t i c  acid.  
A s c u t e l l a r e i n  r h a m n o s i d e  was obta ined  as an i n t e r m e d i a t e .  E n z y m a t i c  h y d r o l y s i s  with A s p e r g i l l u s  o ~ ,  zae  and 
r h a m n o d i a s t a s e  led to the f o r m a t i o n  of the  s a m e  r h a m n o s i d e  and D - x y l o s e .  Consequen t ly  L - r h a m n o s e  is  a t t ached  
to the  a g l y e o n e  and D - x y l o s e  is the  t e r m i n a l  suga r .  

To e s t a b l i s h  the  n a t u r e  of the bond b e t w e e n  the x y l o s e  and the  r h a m n o s e  in the b io s ide  we ox id ized  the  a r o m a t i c  
p a r t  of the  g l y c o s i d e  by C h a n d l e r ' s  me thod  [11] with subsequen t  p a p e r  c h r o m a t o g r a p h y  of the  b io s ide  sp l i t  off and 
the  t r e a t m e n t  of the  c h r o m a t o g r a m  with s p e c i f i c  r e a g e n t s  [12]. This  showed the  p r e s e n c e  of a 1 - 4  bond be tween  the 
x y l o s e  and the  r h a m n o s e .  

The  c o n f i g u r a t i o n  of the  g l y c o s i d i c  bonds and the  s i z e s  of the r ings  in so rb i fo l i n  w e r e  d e t e r m i n e d  by c o m p a r i n g  
m o l e c u l a r  r o t a t i o n s  and by IR s p e c t r o s c o p y  [13]. It  was  found that the  L - r h a m n o s e  has an (~- and the  D - x y l o s e  a 
f i - g l y c o s i d i c  l inkage ,  and both s u g a r s  a r e  p r e s e n t  in the p y r a n o s e  f o r m .  Thus ,  the  s t r u c t u r e  of so rb f fo l i n  m a y  be  
r e p r e s e n t e d  as  s e u t e l l a r e i n  7 - O - ~ - L - r h a m n o p y r a n o s y t - ( 4  ~ 1 ) - O - f l - D - x y l o p y r a n o s i d e .  

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

The  s u b s t a n c e s  f o r  ana ly s i s  w e r e  d r i e d  o v e r  P205 in v a c u u m  at 110 ° C f o r  4 hr .  The m e l t i n g  po in t s  w e r e  
d e t e r m i n e d  on a K o f l e r  b lock .  The u l t r a v i o l e t  s p e c t r a  w e r e  ob ta ined  on an S F - 4 A  s p e e t r o p h o t o m e t e r .  The IR s p e c t r a  
w e r e  r e c o r d e d  by I. P.  K o v a l e v  on a UR-10 i n s t r u m e n t .  

The  c h r o m a t o g r a p h y  of the  subs t ances  was c a r r i e d  out on "B"  type p a p e r  of the  V o l o d a r s k i i  L e n i n g r a d  p a p e r  mi l l .  

I s o l a t i o n  of so rb i fo l i n .  The  combined  f l avono ids  (7 g) w e r e  c h r o m a t o g r a p h e d  on a c o l u m n  of p o l y a m i d e  and 
w e r e  e lu ted  wi th  butanol .  The  f r a c t i o n s  con ta in ing  the so rb i fo l i n  w e r e  evapo ra t ed  in vacuum.  The s l igh t ly  y e l l o w i s h  
a c i c u l a r  c r y s t a l s  that  s e p a r a t e d  out  w e r e  r e c r y s t a l l i z e d  f r o m  40% ethanol ,  and then had a double  rap: 2 3 0 - 2 3 4  ° C, 
320 -330  ° C; [ ~ ] ~  - 133.2 ° (c 0.4; d i m e t h y l f o r m a m i d e ) .  

IR s p e c t r u m ,  c m - l :  3375 (HO of c a r b o h y d r a t e s ) ,  2980 and 2530 (CH of c a r b o h y d r a t e s ) ;  1663 ( C - - O  of a 
T -py rone ) ;  1608, 1572, 1518, and 1490 ( C ~ C  of an a r o m a t i c  sy s t em) ;  and 972 (CH 3 of c a r b o h y d r a t e s ) .  The  q u a l i t a t i v e  
r e a c t i o n s ,  R f  v a l u e s ,  and UV s p e c t r u m  of the g l y c o s i d e  a r e  g iven  in T a b l e s  1 and 2. 

Found,  %: C 53.57, 53.82; H 5.15, 5.22. Ca l cu l a t ed  f o r  C26H28014 • H20, %: C 53.61; H 5.15. 

Acid  h y d r o l y s i s  of so rb i fo l in .  The  g l y c o s i d e  (0.4 g) was  h y d r o l y z e d  with 3% m e t h a n o l i e  HCI at  100 ° C f o r  2 hr .  
Mp of the  c r y s t a l s  that  depos i t ed :  345-348  ° C ( f rom methanol ) .  IR s p e c t r u m ,  c m - l :  1668 (C~-O of a 7 - p y r o n e ) ,  1590, 
1565, and 1490 (C----C of an a r o m a t i c  s y s t e m ) ,  3448, 3320, and 3100 (phenol ic  OH groups) .  The  q u a l i t a t i v e  r e a c t i o n s ,  

Rf  va lues  and f e a t u r e s  of the UV s p e c t r u m  a r e  g iven  in T a b l e s  1 and 2. 

The a c e t a t e  of the ag lycone ,  ob ta ined  by the  usua l  method ,  had mp  236-238  ° C {from ethanol) .  F o u r  ace ty l  

r e s i d u e s  w e r e  found in i t  [14]. 

A l k a l i n e  c l e a v a g e  of the  ag lycone ,  A so lu t ion  of 10 m g  of the  ag lyeone  in 20 m l  of 20% caus t i c  po t a sh  so lu t ion  
was  hea ted  at  100 ° C f o r  30 min ,  cooled ,  and n e u t r a l i z e d  with 20% H2SO 4 to pH 5. T h e  c l e a v a g e  p r o d u c t s  w e r e  
e x t r a c t e d  with e ther ,  the  ex t r ac t  was  e v a p o r a t e d ,  and the r e s i d u e  was  d i s s o l v e d  in the m i n i m u m  amount  of e thanol  
and e h r o m a t o g r a p h e d  in the b u t a n - l - o l - b e n z e n e - a c e t i c  a c i d - w a t e r  (2 : 10 : 2 : 1) s y s t e m .  The p r o d u c t s  of a lka l ine  

c l e a v a g e  w e r e  found to con ta in  p - h y d r o x y b e n z o i c  ac id  (Rf 0.80). 
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Sugar component of sorbifol in.  The f i l t r a t e  a f te r  the separa t ion  of the aglycone was neutra l ized with KU-2 
ion-exchange r e s in  in the OH fo rm and evaporated to 5 ml; 2 g of act ivated carbon was added and the mix tu re  was 
boi led in the water  bath for  i hr. The concentra ted  f i l t r a t e  was analyzed by paper  chromatography in the following 
sys tems:  1) phenol sa turated with water;  2) b u t a n - l - o l - m e t h y l  ethyl k e t o n e - b o r a t e  buffer  (0.1 N solution of b o r a x -  
0.1 N solution of bor ic  acid) (1 : 1 : 2). D-Xylose  and L - r h a m n o s e  w e r e  detected.  

Phenylosazone of the total sugars .  To 3 ml of the sugar  syrup were  added 1 ml of f r e sh ly -d i s t i l l ed  
phenylhydraz[ne and 1 ml of g lacia l  acet ic  acid. The mix ture  was heated at 100 ° C fo r  2 hr. Then it was allowed to 
stand in the cold fo r  12 hr, whereupon c rys ta l s  deposited. They were  f i l t e red  off and were  washed with 10% acet ic  
acid, water ,  ethanol, and ether .  An exper iment  was ca r r i ed  out in pa ra l l e l  with a mix ture  of 10 ml of xylene and 10 
ml of rhamaose .  Whenthe osazones obtained were  chromatographed in the c h l o r o f o r m - f o r m a m i d e  sys tem,  the Rf 
values  obtained coincided completely.  

Splitting off of the blose .  The spli t t ing off of the b iose  in sorbifol in  was c a r r i e d  out as desc r ibed  by Chandler  
and Harpe r  [:L1]. When the eh romatograms  were  t reated with a mix tu re  of diphenylamine and p-anis id ine ,  the spot 
of the sugar  trader invest igat ion was colored b lue-green;  when it was t rea ted  with diphenylamine and u rea  it was 
co lored  orange-brown.  

Enzymat ic  c leavage  of sorbffolin.  An aqueous solution of rhamnodias tase  (2.5 g in 100 ml of water) was added 
to a solution of 2 g of the glycoside in 500 ml of 10% ethanol and the mix tu re  was left in a thermos ta t ted  p lace  at 
38 ° C fo r  4 days. The course  of hydrolys is  was moni tored  by paper  chromatography.  After  the end of the per iod  
given, a new substance had appeared in the fe rmenta t ion  medium. 

To obtain the hydrolys is  products ,  the enzyme was prec ip i ta ted  with a tenfold amount of boiling ethanol. The 
p rec ip i t a t e  was f i l t e red  off and the f i l t r a t e  was evaporated to 100 ml and deposited on a column of polyamide.  The 
solution of s~gar  eluted with water  was concentrated to 5 ml. On the 4th day, c rys ta l s  of D-xy lose  with mp 148-151 ° C, 
giving no depress ion  of the mel t ing point with an authentic sample  of D-xylose ,  precipi ta ted.  The monoside was eluted 
with 60% eth~mol. After  the evaporat ion of the eluate, the res idue  was c rys ta l l i zed  f rom 30% ethanol. The substance 
obtained had a double mp: 234-236 ° C and 334-340 ° C; [a ]~  -98  ° (c 0.16; d imethylformamide) .  

IR spec t rum,  em- l :  3400 (HO of carbohydrates) ,  2980 and 2940 (CH of carbohydrates) ,  1670 (C~--~O of a T- 
pyrone);  1610, 1578, and 1490 ( C ~ C  of an a romat ic  system);  and 972 (CH~ of carbohydrates) .  F o r  the UV spec t rum,  
see  Table 2, and for  the qual i ta t ive reac t ions  and Rf values ,  see  Table 1. 

Found, ~: C 58.51, 58.42; H 4.53, 4.61. Calculated fo r  C21H20010, %: C 58.33; H 4.63. 

The same products  were  obtained by the hydrolys is  of the bios ide  with 7% acet ic  acid. 

The acid hydrolysis  of the substance isolated as a resu l t  of enzymatic  c leavage  led to L - r h a m n o s e  and 
scu te l la re in .  

It is an in te res t ing  fact  that  when the b ios ide  and the monoside were  fe rmented  with the pancrea t ic  ju ice  of the 
grape  snail  fo r  15 days, they were  cleaved into the aglycone and sugars .  

C O N C L U S I O N S  

1. F r o m  the leaves  of Sorbar ia  sorb i fo l ia  (L.) A. Br. a new glycoside  sorbifol in,  has been isolated,  and its 
s t ruc tu re  has been establ ished as scu te l l a re in  7 - O - a - L - r h a m n o p y r a n o s y l - ( 4  ~ 1)-O-/3-D-xylopyranoside .  

2. The enzymatic  and s tepwise acid hydrolyses  of sorbifol in  have yielded a new monoside,  desxylosorbi fo l in  
(scute l lare in  7-O-cz- L-rhamnopyranos ide) .  
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