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Propol i s  or bee glue [1-5] has s c a r c e l y  been studied hi ther to;  only recent ly  has a r epor t  appeared on the 
isolat ion f rom it of galangin (3 ,5 ,7- t r ihydroxyf lavone)  [6]. 

In a chromatographic  study of samples  of propolis  col lec ted  in var ious  zones of the European part  of the USSR, 
we have found that a number of compounds a r e  p resen t  in it in p rac t i ca l ly  all cases ,  r ega rd l e s s  of the region inhabited 
by, and the ~ature of, the bees .  We have studied these compounds as cha rac t e r i s t i c  constant components of p ropol i s ,  
s ince it is just  these  compounds that must  de te rmine  its genera l  biological  act ivi ty .  

In this paper we desc r ibe  the flavonoids most  widely represen ted  among these constant components of propol is .  
They a re  all p resen t  in approximate ly  the same amount (1.5-2%) and w e r e  isolated by adsorpt ion chromatography on 
s i l i ca  gel.  The spec t ra l  c h a r a c t e r i s t i c s  of these compounds and thei r  de r iva t ives  a r e  given in Tables  1 and 2. 

A compar ison  of the i r  empi r i ca l  fo rmulas ,  functional composi t ions ,  and spec t ra l  p rope r t i e s  has shown that the 
compounds under considerat ion a re  flavonoids of three  types:  t r i subs t i tu ted  f lavones,  te t rasubst i tu ted  f lavones ,  and 
flavanone de:civatives. 

The compounds of the f i r s t  group a r e  de r iva t ives  of apigenin (4 ' , 5 ,7 - t r ihydroxyf lavone) ,  being its 4 ' -me thy l  and 
4 ' ,  7-dimethyl  e thers  (I) and (II). The p r e sence  of a chelate  hydroxy group in position 5 in them was es tabl ished f rom 
the nature  of the change in the UV spec t rum on the format ion of complexes  with A1CI~ (of. [11]) and the posit ions of the 
other  two substi tuents in the a romat ic  r ings was shown by the NMR spec t ra  of the corresponding ace ta tes .  In these 
spec t ra  the re  a re  the s ignals  of the four protons of a p-disubst i tuted benzene ring (two two-proton doublets at about 
7.0 and 7.8 ppm) and of two meta  protons which, in the diacetate  (I--Ac 2) a re  displaced in the weak-f ie ld  d i rec t ion .  
The s t ruc tu re  of compounds I and II were  shown finally by the d i r ec t  identif ication of the f i r s t  of them with a sample  of 
acacet in  and the second with the product of the methylat ion of acacet in with methyl  iodide in the p resence  of potass ium 
carbonate .  

The compounds of the second group a re  var ious  methyl  e thers  of kaempfero l  (3 ,5 ,7 ,4 ' - t e t r ahydroxyf lavone)  ," as 
was es tabl ished by their  exhaust ive methylat ion to give one and the same te t ramethy l  e ther  (X) by means  of CH3I + 
÷ Nail in dimethyl  sulfoxide.  Under the action of diazomethane they all fo rmed the 3, 7 , 4 ' - t r i m e t h y l  e ther  of 
kaempfero l  (IX) and, consequently,  contain a f ree  hydroxyl in position 5. In addition to this ,  with the exception of 
compound V they all have a hydroxyl group in position 3, as is shown by the magnitude of the bathochromic shift of the 
long-wave absorpt ion (with no change in its extinction) on the format ion of the chelate  with A1CI~ (see Table  I and [11]). 
One of these 3 ,5-d ihydroxyf lavones  does not contain additional hydroxy groups,  thanks to which its convers ion into the 
t e t r amethy l  e ther  X unambiguously shows that it has the s t ruc tu re  of 7 , 4 ' - d i - O - m e t h y l k a e m p f e r o l  (VI). In its i s o m e r  
having a methoxy group in position 3 (see above) the phenolic hydroxyl,  7-OH, must  be f r ee ,  s ince the 8-H proton in 
the aceta te  of this compound is desc reened  m o r e  s t rongly than in the aceta te  of 3, 5 -d ihydroxy-4 ' ,  7 -d imethoxy-f lavone  
(VI) (see Table 2). Consequently,  the second methoxy is located at C-4 ' ,  i . e . ,  the substance pos se s se s  s t ruc tu re  V; 
we conf i rmed the c o r r e c t n e s s  of this conclusion by independent synthesis  of V by Lynch 's  method [12]. The two other  
f lavones of this group each contain three  hydroxyls ,  and as follows f rom what has been said,  cons is t  of the i s o m e r i c  
4 ' -  and 7-monomethyl  e thers  of kaempfero l .  The choice between the two possible  s t ruc tu res  for them, III and IV, was 
made on the basis  that one of these substances  is unstable in 0.002 N ethanolic EtONa and, consequently,  in addition 
to the 3-OH contains a f r ee  hydroxyl in position 4' [11]. Thus, it is rhamnoci t r in  (IV), and its i s o m e r  is  kaempfer ide  
(III). 
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Table i. UV and IR Spectra of the Flavonoids of Propolis and of 

Their Acetates 

C o m p o u n d *  
(empirical 
formula)  

t 
(C,~H~2Os) 

I--A% 
(C:oH~sOv) 

11 
(C,;H~.LOs) 

II--Ac 

Ill 
(C,L~Ht:~Q) 

Ill--A% 

IV 
(C,~Hp.,Oc,) 

IV-Aca 
(C:,_t-I~sO~) 

V 
(C~7H, ~O6) 

V --A% 
(C~,I-{,~Os) 

VI 
(CI:Hi~OB) 

VI--A% 
(C2tH~sO8) 

VII 
(C16H140¢) 

VII--Ac 
(CadH,~Os) 

VIII 
(Ct~H~;Os) 

VIII--Ac 
(Q~H~sO~) 

h~ax, m~ (log e) 

in 96% e tha no l  

269, 298, 330 
(4.50; .¢.15; 4.27) 
2~0, 250, 324 
(4. i8; ,;, 18; 4.0::) 
270, '3;£0 
(4.47; 4.53) 
248, 257, 821 
(4.25; 4.26; 4.53) 
269, 367 
(I..:~81 4.28) 
253, ~05 
(4.,'-29; L ~8) 
268, 868 
(3.95; 4.01) 
255, 303 
(4.28; 4.44) 
270, 351 
(4.95; 4.25) 
255, 339 
(4.33; 4.43) 
269, 320 i, 369 
(4.46; 4.24-; 4.48) 
%0, 255, 822 

(4.38; 4.31; 4.,ii) 
289, 320 
(4.36; :3.6l) 
278, 304i 
(4.13; 3.75) 
216, 220, 3201 
(4.55; 4.33; 3.64) 
224. 275, 305i 
(4.57; 4.35: 3.93) 

in a 0 .002  M so lut ion  o f  AICs 
in 96% e thano l  

280, 302, 335, ~80 
(4.24; 4.26; 4.27; 4,01) 

278, 300, 337, 580 
(4.41; 4.-10; 4.47; 4.20) 

278, 302, 850, 4_'20 
(4.42; 4.17; 4.2I; 4.29) 

270, 303i, 350, 422 
(4£06; 3.64; 3.76; 4.07) 

279, 303i, 343, 401 
(4.34; 4.18; 4.28; 4.11) 

270, 803, 850, 425 
(4.48; 4.01; 4. t9: 4.49) 

vKBr em-I 
max' 

3180, 1670--1654, 
1610. 1868, 1512 
1768, 1645, 1612 
1518 
3100--2C00, 1670, 
1608, 1515 
1760, 1632, 1608, 
1516 
8200--3100, 1652, 
1587, i570, 1507"** 
1772--i764, t635. 
1505 
3300--3100, 1650, 
1615, 1580, 150{) *** 
1770, 1632, 1616"** 

3l~0, 1680, 1614, 
1877, 1500"** 
1767, 1640-- i630, 
1612, 1518"** 
3330, 1664, 16~0, 
1598, I514 
1765, 1640, 1610, 
1584, 1515 
3060, 1646, 1624, 
1580, 1525 
1770, 1682, 1620, 
1570 
3105, 3095, 1630, 
1582, i524 
1767, 1681, 1628-- 
1620, 1588, 1565"** 

*Ac)  acetate;  Ac2 ) diacetate;  A c s )  tr iacetate .  
**i)  inf lect ion.  

*** in  a mull  w i t h  paraffin oi l .  

Table 2. NMR Spectra of  Derivatives of the Flavonoids of Propolis* 

3 OMe or 5--O,Me or 7--OMe or 4'--OMe 
C o m p o u n d  2-H 3-li 6--H ~-ll 2 '67_'}~and 35--_~nd 4 ' - [ I  3-CA 5-OAc** 7- OAe** or 

4'--OAc** 

I--A% 

ll--Ac 

III -A% 

IV--Ac3 

V Ao, 

VI- A% 

VII 

V I I - A c  

VIII--Ac 

5.4;} 
(q, 12 and 4) 

5.47 
(q, 12 and 5) 

5.35 
( q ,  12 and 4) 

6.54 
( s )  

6.50 
(s)  

a:3.10 
(q ,  12 and 17) 
e:2.81 

( q ,  4 a n d 1 7 )  
a t3.02 

(q, 12 andl7) 
e~2,67 

(q, 5 andl7) 
a : 3.00 

(qe' 12 andl7) 
: 2.63 

(q; 4 and 17) 

6.82 
(d, 2) 
6.59 
(d, 2) 
5.63 
(d ,  2) 
5.58 
(d, 2) 
6.81 
(d, 2) 
5.51 
(d, 2) 
6.08 

(s) 

6 . 3 6  
(d, 2.8) 

6.22 
(d, 2.5) 

6 . 2 4  
(d, 2) 

7.29 
(d, 2) 
6.83 
(d, 2) 
@84 
(d, 2) 
d ~0 
(d, 2) 
7.28 
(d, 2) 
6.82 
(d, 2) 
5208 

(s) 

6.51 
(d ,  2 . 5 )  

6.35 
{d, 2.5) 

6.40 
(d, 2) 

7.77 
(d, 9) 
7.77 
(d, 9) 
7.76 
(d, 9) 
7.81 
~d, 9) 
806 
(d, 9) 
7.78 
(d, 9) 
7.42 
(s) 

7.53 
(s) 

7.32 
(d, 9) 

8.01 
(d, 9) 

6.98 
(d, 9) 
7.00 ?¢) 
(d, 9) 
7.20 
(d, 9) 
7.00 
(d,  9)  
6.98 
(d ,  0) 
73} 

7z2  

6.88 
(d ,  9) 

6.92 
(d, 9) 

7.5'3 
is) 

[ 
(2. :88) 

(2.20) 

3.79 

( 2.112) 

3.89 

(2.44) 

(2:4~) 

(2.48) 

(2.a0) 

(2.46) 

(2.44) 

(2.~8) 

(2.38) 

3.s6) 

(2.64) 

3.85 

,(2.37) 

3.84 

(2.38) 

3.87 

3.82 

3 . 8 2  

3.77 

3.8.t 

3.84 

3.89 

3.93 

(2.20) 

3.85 

3.88 

3.77 

3.84 

*The spectra were  measured in CDCI a wi th  Me,St  as internal  standard.  The chemical  shifts are expressed in ppm on  the  8 scale; the nature o f  the  signal and the 
magni tude  o f  J in Hz  are s h o w n  in brackets;  s) singlet ; d) double t ;  q) quartet;  a)  axial; e )  equatorial ;  A c )  acetate ;  Ac2)  d iacetate ;  A % )  tr iacetate .  The  assignment o f  
the  signals o f  the  aromat ic  protons  and o f  the  m e t h o x y  groups is based on  l iterature data [ 7 - 1 0 ] .  

**Chemical  shifts o f  the  a e e t o x y  groups given in brackets .  
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I R=H [] R=l'i, #=.~ R'=Me 

[] R=Me IV R=H, ~=M~,R"=H 

V R =~e,~,=H, R'=Me 

V] R= H, R'= Me,R' : Me 

,-- .10 . , R ! 

!t - - -  

HO 0 
v~i P , = H  ~eo,.,s%r-'°~_.,~--%,- o ,,~, 

ONe F~ R=H 

Z R=M:. 
RO 0 

R=H 

X~ R=Me 

Final ly ,  the compounds of the third group a re  mono-  and dimethoxy de r iva t ives  of hydroxyflavanone.  The 
p re sence  in them of a chelate hydroxyl at 5-C follows f rom the UV and IR spec t ra ,  and the posit ions of the methoxy 
groups follow f rom the NMR spec t ra  of the corresponding ace ta tes ,  which show that posi t ions 6, 8 , 2 ' , 3 ' , 4 ' , 5 ' ,  and 6' 
a re  unsubsti tuted in one of them (VII) and posit ions 6, 8 ,2 ' ,  3 ' ,  5 ' ,  and 6' (VIII) in the other .  The s t ruc tu re  of the l a t t e r  
compound was also shown by its convers ion  into 2, 4, 6 ,4 ' - t e t r ame thoxycha lcone  (XII) by the action of CH3I + Nail in 
dimethyl  sulfoxide and the independent synthesis  of this chaloone f rom 2 ,4-d imethylphlorace tophenone  and p-  
methoxybenzaldehyde via  the t r imethyl  e ther  XI. 

The f lavonones VII and VIII a re  optical ly act ive ,  VII being ( - ) -p inos t rob in  [13], while VIII has previous ly  been 
desc r ibed  orAy in the fo rm of the r a e e m a t e  obtained by par t ia l  synthesis  f rom naringenin [14]. The optical  ro ta tory  
d ispers ion  e~3rves of the f lavanones and the i r  5 -ace ta t e s  have a posi t ive Cotton effect at about 330 m~, which shows the 
S configuration of thei r  a s y m m e t r i c  cen ter  2 [15]. At the same t ime in these  compounds the Cotton effects  in the 
280-290 mp region have dif ferent  s igns:  VII) posi t ive;  VIII) negat ive.  

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

Chromatography was ca r r i ed  out on a 0 .5-ram nonfixed layer  of s i l i ca  gel of "vodnaya k remnevaya  k is lo ta"  
["aqueous s i l ic ic  acid"] type (100-150 mesh ,  act ivi ty  grade II), in the solvent  sys tems:  1) ethyl ace ta te -heptane  
(2 : 3), and 2) benzene -e thy l  aceta te  (9 : 1). The ace ta tes  were  obtained by the action of Ac20 in pyridine (2 days at 
20 ° C). The molecu la r  weights w e r e  de te rmined  m a s s  spec t rom e t r i c a l l y .  The analyt ical  r e su l t s  of all the compounds 
cor responded  to the calculated f igures .  

Samples of kaempferol and acacetin were kindly given to us by G. L. Kuznetsova and A. P. Prokopenko. The IR 
spectra were taken by L. B. Senyavina. The mass spectra were measured by V. N. Boehkarev. 

1. Iso).ation of the components of propol is .  Eighteen g rams  of f inely ground shavings of propolis  was ex t rac ted  
with 0.5 l of 96% ethanol at room t e m p e r a t u r e  for 3 days. The solution was f i l te red  and evaporated,  the res idue  
(8-9  g) was d isso lved  in 50 ml of acetone and 50 g of s i l ica  gel was added, and the mix ture  was dr ied  in the a i r  and 
t r a n s f e r r e d  to a column (1000 x 40 mm) containing 300 g of the same adsorbent .  Eiution was then ca r r i ed  out with 
1.5l  of benzene- -pe t ro leum ether  (1 : 4), 3 l  of benzene,  6 l of benzene-e thyl  aceta te  (10: 1), and, f inal ly,  1.5 l of 
acetone,  250-ml f rac t ions  being col lec ted .  The f i r s t  two f rac t ions  contained substances  of nonflavonoid nature the 
total weight of which was 0.4-0.8 g, and f rac t ions  3 - 7  contained substances II, VI, IX, and X. Compounds III-V were  
isolated f rom f rac t ions  15-18,  and aeacet in  (I) f rom f rac t ions  19-21.  Final  pur i f icat ion was c a r r i e d  out by TLC.  

5 ,7 -Dihydroxy-4 ' -me thoxyf l avone  (acacetin) ( I ) -mp  262-264 ° C (from benzene) ; Rf 0.48 (J), 0.28 (2) ; d iaceta te  
C20H16Oy, mp 205-206 ° C (from MeOH); R f  0.27 (1), 0.26 (2), mol.  wt. 368. 

5 -Hydroxy-7 ,4 ' -d ime thoxyf l avone  (II), CtTH14Os, mp 172-174 ° C (from ethanol); R f  0.62 (1), 0.73 (2), mol.  wt. 298. 
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Acetate,  ClaHI606, mp 197-198 ° C (from ethanol), Rf  0.26 (1), 0.21 (2). 

3 ,5 ,7 -Tr ihydroxy-4 ' -me thoxyf l avone  (kaempferide) (III), C16H~206, mp 225-227 ° C (from benzene) ; Rf  0.46 (1), 
0.41 (2). 

Tr iaee ta te ,  C2zHlaOa, mp 206-208 ° C (from benzene);  Rf 0.24 (1), 0.23 (2), tool. wt. 426. 

3 ,5 ,4 ' -T r ihydroxy-7 -me thoxyf l avone  (rhamnooitrin) (IV), C16H1206, mp 222-224 ° C (from benzene);  Rf  0.47 (1), 
0.40 (2), moI. wt. 300. 

Tr iace ta te ,  C22Hl~O~, mp 205-206 ° C (from ethanol); Rf  0.24 (1), 0.21 (2). 

5,7-Dihydroxy-3,4'-dimethoxyflavone (V), CI~H~aO~, mp 225-226 ° C (from benzene),  Rf  0.49 (1), 0.58 (2), mol. 
wt. 314. 

Diacetate,  C2~HiaO~, mp 160-162 ° C (from benzene-heptane) ;  Rf  0.39 (1), 0.36 (2). 

3 ,5 -Dihydroxy-7 ,4 ' -d imethoxyf lavone  (VI), CI?H~4Oa, mp 176-177 ° C (from benzene);  Rf  0.71 (1), 0.80 (2), mol.  
wt. 314. 

Diacetate,  C21H~80~, mp 195-196 ° C (from benzene);  Rf  0.27 (1), 0.37 (2). 

( - ) -5 -Hydroxy-7-methoxyf lavanone[ ( - ) -p inos t rob in]  (VII), C1~H1404, mp 99-100 ° C (from e ther -hep tane) ;  Rf  
0.75 (1), 0.81 (2); [ ~ ] ~ - 3 1  ° (c 0.1; inCHC13); 2~ [~]~a~--22. 7°, [~]~4~ +268°, [c~]320-59 °, [o~]292 +945 °, [~]280-652°, 
[~]2~8 +504° [~]240 -296° (e 0.1; in ethanol), mol wt. 270. 

Acetate,  ClaH160~, mp 141-143 ° C (from benzene);  Rf 0.61 (1), 0.67 (2). 

( - ) -5 -Hydroxy-7 ,4 ' -d ime thoxyf lavanone  (VIII), C17H160~, mp 114-115 ° C (from benzene),  Rf  0.73 (1) ; 0.83 (2) ; 
26 [~]saa -182°,  [(~]350 +1020°, [~]294 -12  400 ° , [~]2~5 +10 100 ° , [~]243 +5950° (c 0.1; in ethanol), mol.  wt. 300. 

[~]saa +79°, [~]347 +1780°, [~]31~ Acetate,  ClaHlaOG, mp 120-121 ° C (from cyclohexane); Rf 0.52 (1), 0.59 (2); 26 
-10  600 ° , [~]262 +5550°, [~]2~ +4290° (c 0.1; in ethanol). 

2. Te t ramethyl  ether of kaempferol  (X). To a solution of 30 mg of kaempferol  or one of compounds I I I -VI  in 1.5 
ml of absolute dimethyl sulfoxide and 0.5 ml of methyl iodide was added 14 nag of sodium hydride.  The mixture  was 
s t i r r ed  at 20 ° C for 30 min and was then acidified with 0.2 ml of AcOH and was diluted with 10 ml of benzene,  10 ml  of 
ethyl acetate,  and 20 ml  of water .  The organic  layer  was separated off, washed with water  and with saturated solutions 
of NaHCO3 and NaC1, dried with Na2SO4, and evaporated.  The res idue was t r i tu ra ted  with ether and f i l tered off. The 
yield of the te t ramethyl  ether X was 25 mg (70°/~; mp 159-160 ° C (from benzene-heptane)"  )EtOH 26~, 337 m/z ( i~4,38,  "lnax 
4.40); ,/~B~ 1635. 1605, 15S0, 15.t, 1490cm -1 

~11ax 

Found, %: C 66.8; H5 .1 .  Calculated for Ct~HI~O~, %: C 66.6; H5 .3 .  

3. 3,7,4'-Trimethoxy-5-hydroxyflavone (IX). A) To a solution of 100 mg of compound IIl or one of compounds 
IV-VI in 5 ml of absolute tetrahydrofuran was added 2 ml of a 0.6 M ethereal solution of diazomethane. The mixture 
was left at 20 ° C for 3 hr and was then evaporated, and the residue was crystallized from ethanol. This gave 50 mg 
(48%) of the t r imethyl  ether IX, mp 141-142 ° C; ~.~:to~, 269, 349 m~ (Ig3 43!~, 4.25);'fluj°l 3100, 1665. 1607, 1592, 1504 
c m  -1" 

Found, %: C 65.8; H 5.0. Calculated for C18H1606, %: C 65.9; H 4.9. 

B) To a solution of 300 mg of compound V in 5 ml of acetone and 2 ml of methyl iodide was added 800 mg of 
anhydrous K2CO3. The mixture  was heated to the boil for 20 hr and was then f i l tered and evaporated,  and the res idue 
was chromatographed in the ethyl a ce t a t e -pe t ro l eum ether (1 : 1) sys tem.  The zone with Rf  0.75-0.85 furnished 35 mg 
of the t r imethyl  ether (IX) (yield 10%) and the zone with Rf  0.25-0.30 gave 60 mg of the te t ramethyl  ether X (yield 18%). 

4. 5-Hydroxy-4', 7-dimethoxyflavone (II). To a solution of 30 mg of acaeetin (1) in 4 ml of acetone and 1 ml of 
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methyl  iodide was added 150 mg of anhydrous K2CO 3. The mix ture  was s t i r r ed  at 20 ° C for 3 hr ,  f i l te red ,  and 
evaporated,  and the res idue  was ehromatographed in sys tem 1. This gave 17 mg (54%) of the methyl  e ther  II. 

5. 2,4~ 6 ,4 ' -Te t r ame thoxyeha l eone  (XIII). A) To a solution of 200 mg of the flavanone X in 1.5 ml of methyl  
iodide and 3 ml of dimethyl  sulfoxide was added 140 mg of sodium hydride.  The mixture  was s t i r r ed  at 20 ° C for 1.5 
hr  and was then acidif ied with 0.5 ml  of AcOH and diluted with benzene,  af ter  which the solution was washed repea ted ly  
with water ,  dr ied with Na2SO4, and evaporated,  and the res idue  was t r i tu ra ted  with a mix ture  of benzene and pe t ro leum 
e ther .  This gave 140 mg {64%) of the ehalcone XII with mp 117-118 ° C (from b e n z e n e - p e t r o l e u m  ether) ; R f  0.38 (1) ; 
ma.~ ~ ' } Nujol ~EtOH 227,  :~30 m~ (lge 4.31, 4.40), . .... 1674,  1600, 1518 cm -1. 

Found, %: C 70.2; H 6.1; CH30 35.7; mol .  wt. 328. Calculated for CI~H20Os, %: C,69.5; H 6.1; 4 CH~O 37.8; mol .  
wt. 328. 

B) A solution of 0.7 g of KOH in 2 ml of 500/o ethanol was added to 250 mg of 2 ,4-d imethylphlorace tophenone  [16] 
and 350 mg of p-methoxybenzaldehyde in 4 ml of ethanol. The mix ture  was heated to the boil in an a tmosphere  of argon 
for 30 min,  cooled, acidif ied with acet ic  acid, diluted with ethyl acetate,  washed with water  and saturated NaCI 
solution, dr ied  with Na2SO4, and evapora ted ,  and the las t  t r a c e s  of water  were  e l iminated by azeot ropic  dis t i l la t ion 
with benzene.  The unpurified chalcone XI obtained was methylated under the conditions of the preceding expe r imen t  
using 2 ml of} methyl iodide and 60 mg of sodium hydride in 6 ml of dimethyl  sulfoxide. The chalcone XII was isolated 
by chromatography in sys tem 1; yield 130 mg (31%). 

CONCLUSIONS 

The following flavonoids have been isolated f rom propolis  and identif ied:  acacet in  (I), 7 ,4 ' -d imethoxyf lavone  (II), 
kaempfer ide  (III), rhamnoci t r in  (IV), 5 ,7 -d ihydroxy-3 ,4 ' -d ihydroxyf l avone  (V), 3 ,5 -d ihydroxy-7 ,4 ' -d ime thoxyf l avone  
(VI), ( - ) -p inos t rob in  (VII), and ( - ) -5 -hyd roxy -7 ,4 ' - d ime thoxyf l avanone  (VIII). 
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