
H Y D R O X Y S T I L B E N E S  O F  T H E  I N N E R  B A R K  

O F  P i n u s  s i b i r i c a  

A .  S.  G r o m o v a ,  N .  A .  T y u k a v k i n a ,  
V .  I .  L u t s k i i ,  G.  A .  K a l a b i n ,  
a n d  D .  F .  K u s h n a r e v  

UDC 547.636.3 +543.4.25 

Continuing an invest igat ion of the ex t rac t ive  phenolic compounds of the inner  ba rk  (phloem) of the Siberian 
pine (Pinus s ib i r i ca  R. Mayr) ,  in addition to the pinost i lbene ( I n ) a n d r e s v e r a t r o l  (IIa) isolated prev ious ly  [1], 
we have found two new glycosidated s t i lbenes ,  which we have called pinost i lbenoside (I) and r e s v e r a t r o l o s i d e  
(II). Both compounds were  p r e s e n t  in the e ther - so lub le  f ract ion of the ex t rac t s  that were  isola ted by p r e p a r a -  
t ive chromatography  on polyamide and s i l ica  gel .  

The s t ruc tu r e s  of the new st i lbenes have been es tabl i shed by a detailed analys is  of their  PMR spec t r a  
(Figs .  1 and 2). The p a r a m e t e r s  of the PMR spec t r a  of compounds (I) and (II) and of the corresponding agly-  
cones (Ia) and (tIa) a re  given in Table 1. 

A compar i son  of the in tegra l  intensi t ies  of the signals of the aglycone and carbohydra te  moie t ies  in the 
PMR spec t r a  of compounds (I) and (II) has shown that both compounds are  monos ides .  The t r ans  configuration 
of the olefinic protons is shown both by the s p i n -  spin coupling constants  (SSCCs) of these protons  (16.3 Hz) 
and by the r e su l t s  of a compar i son  of their  chemical  shifts {CSs) with the values  found prev ious ly  for  a number  
of t r an s - s t i l benes  [1-3]. Meta disubsti tution in r ing A and pa ra  substi tution in r ing B is  obvious f rom the 
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Fig. 1. PMR spec t rum of pinost i lbenoside [solvent (CDs)2CO ]. 
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SSCC values  (J2.4 = J4,s = 2.1 Hz; J2 6 = 1.7 Hz; J2,,3, = Js'  6' = 8.6 Hz), and f r o m  the CSs of the a r o m a t i c p r o t o n s ,  
which agree  well  (=~ 0.05 ppm) with ~hose calculated on the barns of the addmvl ty  of the contr ibutions of the 
subst i tuents  in an a roma t i c  nucleus to the screening  of the unsubsti tuted pro tons .  The values  of the contr ibu-  
t ions were  taken f r o m  the l i t e ra tu re  [4, 5], and the CSs of the a roma t i c  protons  of unsubsti tuted t r ans - s t l l bene ,  
which were  used as the bas i s  for  the calculation,  were  taken f rom Brugel '  s compilat ion [6]. The r e su l t s  of 
this compar i son  show that the ca rbohydra te  substi tuent in each of compounds (I) and (II) is p r e sen t  in the p a r a  
posi t ion of the r ing B. This is conf i rmed unambiguously by the complete  equivalence of the H-2 and H-4 
protons  and the hydroxyl  protons  (see Fig. 1) in compounds (II), which is poss ib le  only with the above-ment ioned 
posit ion of the ca rbohydra te  subst i tuent .  An analysis  of the nature  of the changes in the CSs of the protons  on 
pass ing  f rom compounds (II) to (I), the p r e sence  in the spec t rum of compound (I) of the signal of a methoxy 
group, and the re la t ive  dec rease  (twofold) of the in tegra l  intensi ty of the signal of the hydroxy group shows 
that in compound (I) the carbohydra te  res idue  is p r e sen t  in the p a r a  posit ion of r ing B. The me ta  posit ion of 
the methoxy group A of compound (I) is shown additionally by the appearance  of an Overhause r  effect  on the 
H-2 and H-6 protons  on i r rad ia t ion  with a second radiof requency field at the f requency of the signal of the 
methoxy group.  This  posit ion of the subst i tuents  in compounds (I) and (II) is  conf i rmed by the r e su l t s  of a 
compar i son  of the PMR spec t ra  with the spec t r a  of the corresponding aglycones ((Ia) and (IIa), see  Table  1). 

The s t ruc tu r e s  of compounds (I) and (II) suggested on the bas i s  of an analys is  of the i r  PMR spec t r a  agree  
well  with the r e su l t s  of chemical  reac t ions ,  which gave a common product  - a glycoside of p-hydroxybenzoic  
a c i d -  and also 3 -hydroxy-5-methoxybenzo ic  acid for  (I) and 3,5-dihydroxybenzoic  acid for  compound (II). 

The re la t ive  re tent ion t imes  (RRTs) of the TMS e the r s  of the compounds inves t igated were  as follows: 

Compound 

Pinost i lbene (In) 
R e s v e r a t r o l  (IIa) 
p-  Hydroxybenzoie acid 
3 -Hydroxy-  5-methoxybenzoic  acid 
3 ,5-Dihydroxybenzoic  acid 

RRT 

1" 
1.56 

1.09 
2.11 

The nature of the carbohydra te  moie ty  can be de te rmined  f r o m  the CS and, par t i cu la r ly ,  the SSCC of 
the anomer ie  proton.  The distance (6.5 Hz) between the components  of the doublet of the anomer ic  proton 
due to the SSCC with the vieinal  proton on the second carbon atom of the ca rbohydra te  res idue  shows their  
diaxial  configuration.  This  enables  us to exclude the poss ibi l i ty  of the exis tence of the carbohydra te  moie ty  
in the a - p y r a n o s e  form,  for  which an SSCC of 3-5 Hz should be expected [7], and in the a -  and f l-furanose 
fo rms ,  since the cha rac t e r i s t i c  SSCCs of the anomer ic  protons  for  the la t te r  a re  4-5 and 0-2 Hz, r e s p e c -  
t ively [8]. The SSCCs that we obtained a re  cha rac t e r i s t i c  for  the f l -D-anomers  of a hexapyranose  [9]. 

Pinost i lbene and r e s v e r a t r o l  were  identified in the products  of the enzymat ic  hydrolys is  of the glycosides  
under  invest igat ion (by the GLC of the i r  TMS ethers) ,  and glucose was identified under the conditions de-  
sc r ibed  p rev ious ly  [10]. The f l -D-pyranose  f o r m  of the glucose in compounds (I) and (II) ag rees  with the 
value of the molecu la r  rotat ion [11]. 

Thus,  the s t ruc tu re  of 3 ,4 ' -d ihydroxy-5-methoxys t i lbene  4 ' -D- f l -D-g lucopyranos ide  has been es tabl i shed 
for  pinost i lbenoside and that of 3,4 T,5-tr ihydroxyst i lbene 4 ' -O-~ -D-g lucopy ranos ide  for r e s v e r a t r o l o s i d e .  

At the p r e s e n t  t ime,  six natura l  glycosidated s t i lbenes a re  known. In these  compounds,  glycosidation 
takes  place at  posi t ion 3 of r ing A, and the b iogenesis  of this is based  on the ace ta te -malona te  route [12]. 
The compounds that we have isola ted have a somewhat  unusual type of glycosidat ion:  they are  gIycosidated in 
the p a r a  posit ion of r ing B, the b iosynthes is  of which takes  place by the shikimate  route .  This  type of glyco-  
sidation is fa i r ly  widespread  among the f lavonoids.  The resu l t s  that we obtained agree  well  with the theory  
of the biogenetic  re la t ionship  of the s t i lbenes and the flavonoids [12]. 

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

The UV spec t r a  were  taken in methanol  on a Unlearn SP-8000 record ing  spec t ropho tomete r ,  and the IR 
s p e c t r a  in KBr on a UR-10 spee t ropho tomete r .  The PMR spec t r a  were  r e c o r d e d  on a Var ian  XL-100/12 
s p e c t r o m e t e r  with a working frequency for  1H nuclei of 100 MHz. 

*The RT of the TMS ether  of pinost i lbene (10 rain 45 sec) was taken as 1.00 in the calculat ion of the RRT of 
the s t i lbenes .  
tThe  RT of the TMS ether  of p-hydroxybenzoid  acid (4 rain 24 sec) was taken as 1.00 in the calculat ion of the 
RRT of the ac ids .  
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TABLE 1. Chemical  Shifts (6) in the PMR Spectra  of the Compounds 
Investigated * 

C o r n - !  
poundJ R a' 

Ia [CH3 

Ila 

H':J J...J 2 ~ , 
~ t  / 2 3 '  

RO/5 S X 
k '  6 ~ 5' 

I Chemical shift (6) in ppm 

. - 5  I.-, :.-, r .o I .2 I.-3, I.-2' I.-0' I o .  

16,696,3616,6717,03 /7,10 17.49 7,10 17,10';[7.49 [3,79 5,02t 9,375 
6,70 6,38 6,68 6,98 6,576,3016,5716,98 [7,0817,446,89 ]6,8~ c [7,44 J 3 , 7 9 8 4 6 8 3 2  
16,586'3']6'58i6'8617,03 j7,49 J58:52'021" J8'18:2618 7,01 

j7,41 7,06 ]7,06 [7,49 I8,19 
6,86 8,26 /6,86 /7,41 

*Solution in (CD3)2CO , e 15%, tempera ture  30°C, internal  standard 
te t ramethyls i lane .  
tChemical  shift of the anomeric  proton 
tSolution in (CD3)2SO , e 15 ~, since in (CD3)2CO not all the signals 
of the OH group can be seen because of broadening.  

T rea tmen t  of the Ext rac t .  Because of the labili ty of stilbene compounds, all the operations relating to 
isolation and identification were  pe r fo rmed  in an atmosphere of CO 2 containing t r aces  of SO 2. For  the same 
reason,  before  the chemical  react ion of the sti lbenes the hydroxy groups were  protec ted  by acetylation. The 
f resh ly  col lected phloem of the Siberian pine (0.7 kg; mois ture  content 47%) was ext rac ted  with a mixture 
of methanol and water  (1 : 1 by volume).  After the methanol had been disti l led off, the ex t rac t  (59.4 g) was 
exhaustively r eex t r ac t ed  with ch loroform (which dissolved out 1.8 g of material)  and with diethyl ether  (which 
dissolved out 6.1 g of mater ia l ) .  

Chromatographic  Separation.  By chromatography on si l ica gel impregnated with 2% of sodium meta-  
bisulfite in the c h l o r o f o r m - m e t h a n o l  sys tem,  compound (Ia) and (IIa) were isolated f rom the e ther-soluble  
ex t rac t  [0.07 and 0.3~ of the absolutely dry  bark  (a.d.b.), respect ively] .  The sti lbenes were purif ied on alu- 
mina using diethyl e ther  as the eluant. By column chromatography on polyamide (with w a t e r - m e t h a n o l  as 
the eluant), the e ther - insoluble  ex t rac t  yielded a fract ion of sti lbene glycosides (15.7 g; 4.2~ of the a.d.b.). By 
a combination of repeated chromatography on polyamide and si l ica gel, f rom this fract ion we isolated the in- 
dividual compounds (I) and (II) with the la t ter  predominating.  
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Pinosti lbene formed pale pink needles with mp 117-118°C (me thano l -ch lo ro fo rm) .  A mixture  with an 
authentic sample [1] gave no depress ion of the melting point. 

Resve ra t ro l  formed pale pink needles with mp 246~C (decomp; me thano l - ch lo ro fo rm) .  A mixture  with 
an authentic sample [1] gave no depress ion of the melting point. 

Pinosti lbenoside (I) formed white needles with mp 182-183 °C (methanol -  chloroform) ; [ ~ ] ~ -  52.5 o (c 2.0; 
acetone; UV spectrum ~max 235 ,303 ,315  nm (log e 4 2 7 ,  4.42, 4.41); IR spec t rum:  3400 (OH), 1620, 1510 cm -1 
(C6H5). 

The acetate of (I) formed white needles with mp 152-153~C (methanol); [~ ]~ -20 .0  ° (c 2.0; acetone); UV 
spect rum:  ~max 227, 235,305,  315 nm (log e 4.32; shoulder;  4.57; 4.56); IR spec t rum 1772 cm -2 (C ---- O of 
an acetate group). 

R__e.sveratroloside (II) formed white needles with mp 240 °C (methanol -  chloroform);  [(~]~- 54.0 o (c 2.0; 
acetone); UV spect rum;  hmax 235, 303,318 nm (log ~ 4.22, 4.32, 4.30); IR spect rum:  3330 (OH), 1620, 1532 
cm -I (C6H~). 

The acetate of (II) formed white needles with mp 169-170~C (methanol) [a]~-21.0 ° (c 2.0; acetone); UV 
spectrum: ~max 228, 236,303,315 nm (log g 4~0, shoulder, 4.54, 4.53); IR spectrum: 1771 cm -I (C ----- O of 
an acetate group). 

Acety!ation. A fraction enriched in the component under investigation was aeetylated with acetic an- 
hydride in pyridine [1]. 

Permanganate Oxidation. The acetylated glycoside (0.02 g) was dissolved in acetone (2 ml), and KMnO 4 
was added until there was no further decoloration. The excess of KMnO 4 was eliminated with oxalic acid. 
The reaction mixture was filtered and evaporated. The reaction products after oxidation were heated with 0.1 
N NaOH (5 ml) in the water bath for 2 h. The reaction mixture was neutralized, extracted with diethyl ether, 
and analyzed by GLC in the presence of acids. 

The aqueous residue after extraction with diethyl ether was heated with 10% HCI (4 ml) on the water 
bath for 2 h and was extracted with diethyl ether, and the extract was analyzed by GLC for its acid content. 
The aqueous residue was neutralized on AV-17 anion-exchange resin and was analyzed for the presence of 
carbohydrates. 

Enzymatic Hydrolysis. A stilbene glycoside (0.02 g) was thermostated at 32-34~C in acetate buffer 
(pH 5.36) with the enzyme from Aspergillus oryzae for 48 h. The hydrolyzate was extracted with diethylether 
and analyzed by GLC in the presence of stilbenes, and the aqueous residue was analyzed in the presence of 
carbohydrates. 

GLC Analysis. The stilbene aglycones and the aromatic acid aglycones were analyzed in the form of 
their TMS ethers [10] on a "Tsvet-4" instrument with a flame-ionization detector using a 300 × 0.3 em column 
filled with 5% of SE-30 on Chromatom N-AW-HMDS at a rate of flow of helium of 29 ml/min and column tem- 
peratures of 264~C for the sti lbenes and 195°C for the acids, the evaporator  t empera tu res  being 350 and 250°C, 
respec t ive ly .  The resu l t s  of the analysis have been given above. 

SUMMARY 

In addition to pinostilbene and r e sve ra t ro l ,  two new stilbene glycosides have been isolated f rom the 
phloem of Pinus s ib i r ica  R. Mayr, and thei r  s t ruc tu res  have been established as 3 ,4 ' -d ihydroxy-5-methoxy-  
stilbene 4 ' - f l -D-glycopyranoside  (pinostilbenoside) and 3,4' ,5- t r ihydroxyst i lbene 4 ' - f l -D-glycopyranoside  
( resvera t ro los ide) .  
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P A R T I A L  M E T H Y L A T I O N  O F  M E T H Y L  G L Y C O S I D E S  

E .  V.  E v t u s h e n k o  a n d  Y u .  S .  O v o d o v  UDC 547.917 + 543.544.45 

We have previously studied the part ial  methylation of methyl fl-D-xylopyranoside by various methods 
[1]. At the present  time in view of the use of microprepara t ive  g a s - l i q u i d  chromatography (GLC) for 
separat ing the methyl ethers  of methyl fi-xylopyranoside f rom the mixtures formed in the par t ia l  methyl-  
ation of methyl fl-xylopyranoside [2], it appeared of in teres t  to expand the possibil i t ies of the method. With 
this aim, we have per formed a par t ia l  methylation of a number of methyl glycosides by Purd ie ' s  method 
[3]. Using standard mixtures  of methyl ethers  it has been shown that the amounts of the individual methyl 
e thers  are  proport ional  to the a reas  of the peaks, and therefore  no calibration coefficients were used.  

On the part ial  methylation of the two anomers of methyl D-xylopyranoside,  the monomethyl ether 
fraction contains all the possible derivat ives,  with the 2-O-methyl  ether in predominating amount, which 
shows the high relative react iv i ty  of the hydroxyl at C 2 (Tables 1 and 2). On the part ial  methylation of 
methyl fl-xylopyranoside, the dimethyl ether fraction contains pract ica l ly  no 3 ,4-di -O-methyl  ether,  while 
it is formed in appreciable amounts f rom the methyl c~-xylopyranoside. On part ial  methylation of the 
anomers  of methyl L-arabinopyranoside  (Tables 3 and 4), a considerable difference is observed in the 
amounts of monomethyl e thers ;  the 2 -O-methyl  ether predominates ,  its proport ion reaching 50% in the 

TABLE 1. Par t ia l  Methylation of Methyl ~-D-Xylopyranoside 

Reaction Initial Methyl ether, % 
time, glyco- 
rain s i d e ,  °7o 2 3 4 2,3 2,4 3,4 2 ,3 ,4  

5 91,9 
10 89,5 
20 75,6 
30 60,9 
45 44,0 
60 23.9 
90 11,7 

120 7,5 
180 4,3 
240 3,3 

3,5 
4,4 
9,8 

15,. ~} 
26,9 
27,6 
27,8 
28,9 
25,5 
22,6 

2,4 
3,4 
7,9 

12,3 
16,3 
21,7 
21,0 
21,2 
17,~ 
17,4 

2,2 
2,7 
5,5 
7.7 
8,9 
8,4 
6,0 
4,0 
2,4 
2.0 

0,8 
1,1 
5,8 

12,7 
13,5 
20,0 
19,8 

0,6 
1,6 
2,0 
8,8 

12,7 
14,7 
16,3 
17,7 

m 
i 

0,3 
0,8 
0,8 
3,4 
7,0 
5,9 
8,5 
7,4 

m 

74 
2,1 
4,3 
5,2 
9,8 

TABLE 2. Par t ia l  Methylation of Methyl fl-D-Xylopyranoside 

Reaction[ Initial Methyl ether, % 
t,.me, I gluco- 
m~n t side, % 2 3 4 '~,3 2,4 3,a ~,,3,4 

5 
I0 
20 
30 
45 
60 
90 

120 

66,2 
37,5 
25,7 
13 9 

3,1 
2,3 
1,8 

11,8 
19,1 
24,6 
26,3 
24,9 
19,9 
15,2 
12,0 

9,3 
14,4 
18,6 
20,1 
18,4 
18,1 
14,4 
10,1 

13,0 
16,4 
21,7 
18,2 
13,3 
10,8 
4,4 
2,5 

27 
6,0 
8,3 
12,1 
13,8 

9,3 
18,8 
31,6 
37,2 
45,6 
45,5 

0,4 

J 

m 

m 

m 

2,5 
5,6 

14,3 
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