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In the study of the s t r u c t u r e  of  f lavonoid g lycos ides ,  in addition to ac id  hydro lys i s ,  a lkal ine hydro lys i s  
is used  [1] which spl i ts  off the s u g a r  res idue  m o r e  se lec t ive ly  and enables  the s t ruc tu re  of the init ial  sub-  
s tances  to be  de t e rmined  with g r e a t e r  probabi l i ty .  However,  t he re  is no in format ion  in the l i t e r a t u r e  on 
kinet ic  inves t igat ions  of this  react ion.  In the p r e s e n t  p a p e r  we give the r e su l t s  of a study of the r a t e  of the 
alkal ine hydro lys i s  r eac t ion  as a function of the degree  of hydroxylat ion and of the pos i t ion  of a t t achment  of 
the s u g a r  r e s idues  in 2 -pheny lbenzo -T-py rone .  As  the objects  of invest igat ion we took the g lycos ides  m o s t  
f requent ly  found in na ture  with ca rbohydra t e s  r e s idues  in the 3 ,3 ' ,4 ' ,  and 7 pos i t ions  and a lso  compounds with 
suga r  r e s idues  a r e  p r e s e n t  s imul taneous ly  in the 3,7 and 3,4 '  posi t ions.  Some of them w e r e  obtained by  
se lec t ive  acid  hydro lys i s  with subsequent  s epa ra t ion  on a column of polyamide .  

The subs tances  w e r e  hydro lyzed  with 0.5% aqueous po t a s s ium hydroxide on the boi l ing w a t e r  ba th  [1]. 
The cou r se  of the r eac t i on  was  analyzed by quanti tat ive p a p e r  ch roma tog raphy  by a known method  [2]. The 
kinet ic  cu rves  w e r e  plot ted main ly  f rom the r e su l t s  of the dependence of the change in the amount  of the 
s t a r t ing  m a t e r i a l s  on the  t i m e  of the  reaction~ but  in individual c a se s  f r o m  the subs tances  fo rmed ,  which a r e  
equivalent  in amount  to the s t a r t i ng  m a t e r i a l  that  has  disappeareck F o r  a c o m p a r a t i v e  evaluat ion of the r a t e  
of the r e ac t i on  we used  the t i m e  during which 50% of the subs tance  is hydrolyzecL 

The r e su l t s  obtained (see  Fig. 1 and Table  1) show that  the r a t e  of the reac t ion  depends on the s t ruc tu re  
of the f lavonoid aglycone,  the degree  of hydroxylation~ and the posi t ion of a t t achment  and the p r o p e r t i e s  of the 
suga r  res idue .  In par t icular~  the degradat ion  of de r iva t ives  of 3 , ,4 '~5 ,7 - te t rahydroxy-  and of 3 , 3 ' , 4 ' , 5 , 7 -pen -  
tahydroxyf lavones  p r edomina t e s  ove r  the degradat ion of de r iva t ives  of 3 ,4 ' ,5 ,7 - te t rahydroxyf lavone .  The 
methoxy de r iva t ives  of f lavone diglycosides  a r e  c leaved  with g r e a t e r  difficulty than those  ment ioned  above,  
and 7 -g lycos ides  hydro lyze  m o r e  rapidly  than 3 ,7-diglycosides .  A c o m p a r i s o n  of the r a t e  of hydro lys i s  of an 
i so rhamne t in  4 ' - m o n o s i d e  and an i so rhamne t in  3 ,4 ' -d ig lycos ide  gives  grounds fo r  a s suming  that  the in t roduc-  
t ion of a second r e s idue  at  C 3 a c c e l e r a t e s  the spl i t t ing out of a g lucose  mo lecu l e  at  C 4, r e l a t ive  to  i s o r h a m -  
netin 4 ' -g lucos ide .  Thus,  fo r  example ,  i so rhamne t in  4 ' - g lucos ide  is  c l eaved  to the extent of only 15% in 3 
hours ,  while i so rhamne t in  3 ,4 ' -d ig lucos ide  is 50% hydrolyzed  in 150 min.  

A c o m p a r i s o n  of the r a t e s  of hydro lys i s  found for  the 3 ,4 , -  and 3 ,7 , -d ig lycosy la ted  f o r m s  of i s o r h a m -  
netin showed that  the l a t t e r  is c l eaves  f a s t e r .  A c o m p a r i s o n  of the r e su l t s  f rom expe r imen t s  on the hydro ly -  
s is  of the 7 -  and 4 ' - g l y c o s i d e s  of  i so rhamne t in  p e r m i t s  the a s sumpt ion  that  the difficulty of hydro lys i s  fo r  
the 4 ' - m o n o s i d e  is due to the influence of the ne ighbor ing  methoxy group which, apparent ly ,  r epe l s  the e l e c -  
t rons  f r o m  the g lycos id ic  cen te r ,  and its effect  is equivalent  to subst i tut ion in the suga r  res idue  at Ca. 

The " h a l f - p e r i o d "  of decomposi t ion  of  the molecu le  for  the monos ides  is f rom 2 to 10 rain, and for  
diglycosides  and t r i o s ides  it is  m o r e  than 100 rain. 

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

All the g lycos ides  ment ioned  were  dr ied  and weighed be fo re  ana lys i s .  F o r  ch roma tog raphy  we used  
F i l t r ak  FN-11 p a p e r  and the 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 ) sy s t em.  Extinct ions w e r e  m e a s u r e d  on 
an FF.K-56 pho toe lec t r i c  c o l o r i m e t e r  ( f i l te r  with its m a x i m u m  t r a n s m i s s i o n  at a wavelength  of 490 rim). The 
ca l ibra t ion  cu rves  w e r e  plot ted accord ing  to s t r uc tu r a l  f ea tu res .  Monosides w e r e  ca lcu la ted  with r e s p e c t  to 
the ca l ib ra t ion  cu rves  of cosmos i in ,  d iglycosides  with r e s p e c t  to dactil in,  and t r i o s ides  with r e s p e c t  to 
robinin.  F o r  th is  purpose ,  100 m g  of the subs tance  was d isso lved  in the f i r s t  case  in 100 m l  of ethanol,  in the 
second case  in 100 m l  of a m i x t u r e  of ethanol and d ime thy l fo rmamide  (7:3),  and in the th i rd  case  in 100 m l  of 

45% ethanol.  
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Fig. i. Kinetic curves of the change in the concentration of flavo- 
noid glycosides during alkaline hydrolysis and of the formation of 
reaction products: I)7-/3-D-glucopyranosyloxy-3,3',4',5-tetrahy- 
droxyflavone; 2) 3-g-D-glucopyranosyloxy-3',4',5-trihydroxy-7- 
G-L-rhamnofuranosyloxyflavone; 3) 3'-p-D-glucopyranosyloxy- 
4,,5,7-trihydroxyflavone; 4) 7-#-D-glucopyranosyloxy-4',5-di- 
hydroxyilavone; 5) 7-/~-D-glucopyranosyloxy-3',4',5-trihydroxy- 
ilavone; 6) 7-g-D-glucopyranosyloxy-5-hydroxy-4'-methoxyiso- 
flavone; 7) 3,4,,5-trihydroxy-7-G-L-rhamnopyranosyloxyilavone; 
8) 4,,5-dihydroxy-7 - G -L-rham nopyranosyloxy-3-/? - D-robinebio- 
syloxyilavone; 9) 4,,5-dihydroxy-S,7-di(G-L-rhamnopyranosyl- 
oxy) ilavone; 10) 3,4'- di ( g-D-glucopyranosyloxy)-5,7-dihydroxy- 
3'-m ethoxyilavone; ii ) 3,7- di ( # -D-glucopyrano syloxy) -4,,5-di- 
hydroxy-3'-methoxyilavone; 12) 4'-g-D-glucopyranosyloxy-3,5, 
7-trihydroxy-3'-methoxyilavone; 13) 7-#-D-glucopyranosyloxy- 
3,4',5-trihydroxy-3'-methoxyflavone. Reaction products: 4a) 
4,,5,7-trihydroxyflavone; 7a) 3,4',5,7-tetrahydroxyflavone; 8a) 
4',5,7-trihydroxy-3-/3-robinobiosyloxyilavone; 10a) 3-#-D-gluco- 
pyranosyloxy-4',5,7-t rhhydroxy-3,-Inethexyflavone. 

Various volumes of the solutions were transferred by a micropipette to chromatograms, which were cut 
out in a definite manner; 0.01 ml corresponded to 30 #%g of substance. 

After the running of the chromatograms, they were dried in the air for 30 rain and the sections corre- 
sponding to markers, determined with the aid of UV light, were cut out and eluted with 5 ml of 0.5% aqueous 
ammonia in each case. To each eluate was added i ml of diazotized sulfanilic acid and the mixtures were 
left  fo r  5 rain, af ter  which 2 ml of i N HC1 was added to each. 

The optical densit ies of the eluates were m e a s u r e d  af ter  15 rain in cells with a l aye r  thickness of i cm. 
The compar i son  solution was the eluate obtained f rom a control  zone of the chromatograrn.  

For  hydrolys is ,  20-30 mg of each flavone glycoside was dissolved in i0  ml  of 0.5% KOH and the mixture  
was heated on the boiling water  bath under reflux. The change in the amount of the s tar t ing  mate r ia l  during 
the reac t ion  was determined by taking samples  for  analysis :  during the f i r s t  10 rain, every  2 rain, during the 
next 20 rain every  5 rain, and then every  10 rain for  half an hour and every  30 rain for  another  2 h. 
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TABLE 1. Rates of ALkaline Hydrolysis of Flavonoid Glycosides 
(50% cleavage) 

Substance 

7. B.D.glueopyranosyloxy.3,3, 40 5.te~ahydtoxy flavon e 
(quercimeIitzin) 

3- ~ -glucopyranosyloxy-3',4',5-trihydroxy- 7- ~ -L-~hamno- 
ft~a nosy Ioxy flare ne (antoside) 

3' - B - D- glueopy~a nosyloxy- 4' ,  5,7 - ~ihydmxy flavone 
(dracocephaloside) 

% 8 - D- glucopy~anosy foxy-4' ,5- dihydzoxyflavone 
(cosmosiin) 

7- 8 - D- glucopyra nosy foxy- 3',4', 5- ~ihydroxy flavone 
(cynatoside) 

7 - 8 - D-glucepyranosy loxy- 5-hy dtoxy-4' -methoxy- 
flavone (blochardn 7-glucoside) 

3,4', 5-~ihydlnxy-7- a- L- Iha rnnopyr a nosy foxy flavone 
4', 5- dihy droxy- 7- a - L-rha mnopyra nosyloxy- 3- B - zobinobiosy f- 
oxy flavone (robinin) 

4', 5-dihydzoxy-fl,7- di(a- L-rhamnopyranosyloxy)flavone 
(kaempfe~i~in) 

3,4'-di(B- D-glunopytanosy foxy)-5,7- dihydroxy-3' - 
methoxy flavone (dactilin) 

3,7- di( 8- D-glu eopyra nora]foxy)-4" ,5- dihydroxy-3'- 
methoxyflavone (i~orhamnetin 3, 7-diglucoside) 

4"- $ - D- glucopyranosy I- 3,5, ff - t~ihy dloxy -3' - rn ethoxy flavonc 

% B- D- g lucopyranom/foxy-3,4', 5- txihy dr oxy- 3' - methoxy- 

I Time, min 

2 

I0 

1 

Rate relative 
to cy ~aroside 

9.5"/ 

1-01 

Ut~at~e  

[3] 

[4] 

[5] 

[6] 

[7] 

8 
2 

i0 

120 

150 

120 

0.47 

0.53 

1.0 

0.086 
0.32 

0.082 

0.006 

0,0052 

0.0081 

Not 
determined 

[8] 
[9] 

[9] 

[10] 

[11] 

[II] 
[11] 

flavone 0.55 [ii] 

Samples of the solutions (0.2 ml) were deposited on strips of paper, and chromatography and photo- 
colorirnetric determination were performed under the conditions described above. The amount of substance 
in the volume of reaction mixtllre taken for analysis was found from a calibration graph. Then the percentage 
of the substance present in relation to its amount at the moment of taking the sample for analysis was calcu- 
lated and a kinetic curve was plotted in the form of the dependence of the amount of substance on the reaction 
time. 

The time from the beginning of the deposition of the sample on the strips of chromatographic paper was 
1 rain. Assuming the possibility of error because of the occurrence of hydrolysis  during the time of deposi- 
tion of the solution on the paper, we performed a number of experiments in which the reaction was stopped 
after predetermined intervals of time by the addition of a few drops of acetic acid (for neutralization) to the 
reaction mixture and the composition was analyzed quantitatively. The results of the analyses were deter- 
mined only by the first methocL 

SUMMARY 

1. In a study of the kinetics of the alkaline hydrolysis of flavone glycosides it has been found that de- 
rivatives of 3,3',4',5,7-pentahydroxyflavone hy drolyze faster than derivatives of 3,4',5,7-tetrahydroxyflavone 
and of 3,4',5,7-tetrahydroxy-B'-methoxyflavone. 

2. In the hydrolysis of diglycosides of 3,3',4',5,7-pentahydroxyflavones the maximum amount of inter- 
mediate product is formed after 2 rain (3,4',5,7-tetrahydroxyilavone glycoside), and in the case of 3,4,,5,7- 
£etrahydroxy-3'-methoxyi[avone glycosides after 120-150 mira 
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Among na tura l  f lavonoids,  C-methy la t ed  de r iva t ives  fo rm a fa i r ly  sma l l  group [1]. in the f ami ly  P i n a -  
ceae  they a r e  c h a r a c t e r i s t i c  for  spec ies  of Pinus and a r e  found spec i f ica l ly  in the woocL F r o m  the wood of 
some  spec ies  of Pinus have been  i so la ted  c ryp tos t rob in  (5 ,7-d ihydroxy-6-methyl f lavanone) ,  s t rebopin in  (5,7-  
d ihydroxy-8 ,methyl f lavanone) ,  s t r o b o c h r y s e n  (5 ,7-d ihydroxy-6-methyl f lavone) ,  s t robobanks in  ( 3 ,5 ,7 - t r i hy -  
d roxy-6-methy l f l avone) ,  and f rom the b a r k  p inoquerce t in  (6 -methy lquerce t in )  and p inomyr ice t in  ( 6 - m e t h y l -  
myricet iz9 [2-7]. 

The C-methy l  group in these  compounds is p r e s e n t  in pos i t ion  6 Or 8. S imi la r  methyla t ion  of the f lavone 
molecu le  has  been  r e p o r t e d  for  eucalyptus  compounds [8, 9]. 

F r o m  needles  of a r e p r e s e n t a t i v e  Of the genus Pinus - S c o t c h  pine (Pinus  sy lve s t r i s  L.) - w e  have i so -  
la ted  a new C-methy la ted  flavonoid which we have cal led sylpirL This  is the f i r s t  case  of  the detect ion of C-  
methy la ted  de r iva t ives  in coni fer  needles .  Sylpin (I) was  i so la ted  f rom an e t h e r e a l  solution of a methanol ic  
ex t r ac t  of the needles  by  ch roma tog raphy  on polyamide  in the c h l o r o f o r m - m e t h a n o l  (95 : 5) sys tem.  

The m a x i m a  in the UV s p e c t r u m  (271 and 338 nm) p e r m i t  sylpin to be  ass igned  to f lavones o r  f lavonols 
with a subs t i tu ted  3 -OH group. Accord ing  to e l e m e n t a r y  ana lys i s  and m a s s  and NMR spec t r a ,  sylpin  contains 
one C-methy l  group,  one methoxy group, and t h r ee  hydroxy groups.  The p r e s e n c e  of t h r ee  hydroxy groups  
was conf i rmed  by the p r e p a r a t i o n  of  a t r i ace ta t e .  The nature  of the subst i tut ion of the a r o m a t i c  nucleus can 
be  judged f r o m  the PMR s p e c t r u m  (Fig. 1), which contains the s ignals  of five a r o m a t i c  protons:  two two-  

p r o t o n  doublets a t  7.96 ppm and 6.96 ppm with J = 9 I Iz (4 ' - subs t i t u t ed  side r ing) and a s inglet  at 6.52 ppm 
belonging e i t he r  to H-3 o r  to one of the pro tons  of  the t r i subs t i tu t ed  r ing  A (H-6,  H-7,  o r  H-8). 

One of these  t h r ee  hydroxyls  is in pos i t ion  5, as is shown by  the p r e s e n c e  of a s inglet  at 13.0 ppm in the 
PMR spec t rum.  On the ba s i s  of the UV and m a s s  s p e c t r a  (ion C with m/e  121) it m a y  be cons idered  that  
another  hydroxy group is  in pos i t ion  4 ' .  The th i rd  hydroxy group m a y  occupy posi t ion  6, 7, o r  8. The l a s t  
case  is excluded by the negat ive gossypetone  tes t .  The locat ion of an OH group in posi t ion 7 does not ag ree  
with the UV spec t rum (sodium ace ta te  does not lead  to a ba thochromic  shift  of the sho r t -wave  band) .  At the 
s a m e  t irae,  the p r e s e n c e  of a 6-OH group is shown by c h a r a c t e r i s t i c  f ragmenta t ion  in the m a s s  spec t rum:  an 
intense (M - 1) + ion is f o r m e d  by the spli t t ing off of the rad ica l  (in this case  - H) f rom the 6-O1~ group [10]. 
F u r t h e r m o r e ,  the UV spec t rum in the p r e sence  of A1Cla/HC1 is a lso  c h a r a c t e r i s t i c  for  5 -hydroxyf lavones  in 
which posi t ion 6 has the hydroxyl  subst i tuent  [11]. 

The remain ing  methy l  and methoxy groups can be located  in posi t ions  3 and 8 o r  7 and 8. The va r i an t  
of 3-  and 7-subs t i tu t ion  is excluded by  the Gibbs reac t ion ,  which shows that  one of the groups  is p r e sen t  in 
posi t ion 8. 

We m a d e  an unambiguous choice of one of the two va r ian t s  l i s ted  on the ba s i s  of ana lys i s  of the r e su l t s  
of the demethyla t ion of sylpin. The fact  that  demethylat ion fo rms  flavonol (UV spect rum)  co r r e sponds  to an 
init ial  posi t ion of the CHaO group at  C-3 and, consequently,  of the methyl  group at  C-8. 

Thus,  sylpin has the s t ruc tu re  of 4 ' , 5 , 6 - t r i h y d r e x y - 3 - m e t h o x y - 8 - m e t h y l f l a v o n e  (I).  The t r i ace t a t e  (ID 
and the demethyla t ion product  - 3 ,4 , , 5 ,6 - t e t r ahydroxy-8 -methy l f l avone  (III) - that  we obtained have not been  
desc r ibed  in the l i t e r a tu re ,  e i ther .  
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