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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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Fig. 1. PMR spec t ra  of sylpin (I) and of its t r i ace ta te  (II). 

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

The spec t ra l  cha rac te r i s t i c s  were  obtained on the following ins t ruments :  Hitachi EPS-3T (UV); Varian 
HA-100D at 100 MHz with t e t ramethy l s i l ane  as internal  s tandard  (PMR); Var ian CH-8 at 70 eV (mass  spec-  
t rum).  The mel t ing points were  de termined on a Kofler  block. E lementa ry  analyses  were  p e r f o r m e d  on a 
H e w l e t t - P a e k a r d  185B automatic  CHN analyzer .  

Isolation. The raw ma te r i a l  consists  of needles of the Scotch pine col lec ted  in July in the Irkutsk oblast.  
The needles  (14.5 kg; mo i s tu re  content 51%) were  comminuted to 1.5-2 cm and were  ex t rac ted  th ree  t imes  
with methanol  in a ra t io  of 1 : 8. The combined aqueous methanol ic  ex t rac t  was evapora ted  in a vacuum c i r cu -  
lation evaporat ion at 50-60°C. The liquid phase obtained was decanted f rom the chlorophyll  that had deposited 
(800 g) and t r a c e s  of clflorophyll (50 g) were  e l iminated  by t r ea tmen t  with pe t ro leum ether .  Af te r  this ,  the 
ex t rac t  was t r e a t ed  with diethyl e ther .  The res idue  a f t e r  the evaporat ion of the e ther  (32 g) was ch rema to -  
graphed on polyamide sorbent  (300 g) in the c h l o r o f o r m - m e t h a n o l  sys tem.  At a composi t ion of the mix ture  
of 95 : 5, a compound of flavonoid nature  was eluted f rom the column. Af te r  t h r ee  rec rys ta l l i za t ions  from 
methanol,  50 mg of sylpin (I) was obtained. 

4 , , 5 ,6 -Tr ihydroxy-3 -methoxy-8 -methy l f l avone  (I). Yellow ac icu la r  c rys ta l s  with mp 301-303°C, compo-  
sit ion CiTH1406, l~f (TLC, Silufol) 0.7 [ b e n z e n e - a c e t e n e  (1 : 1)] and 0.3 [ c h l o r o f o r m - m e t h a n o l  (9:1)] .  

Substance (I) is insoluble in ch loroform,  readi ly  soluble in acetone,  and sparingly soluble in ethanol and 
methanol.  With FeC13 it fo rms  a g reen  colorat ion,  and it does not reac t  with p-benzoquinone (gossypetone 
tes t )  o r  with 2,6-dibromober,  zoquinone chlor imide  (the Gibbs reagent ) .  

Maxima in the UV spec t ra  (nm): MeOH 213, 271, 300,338;  NaOMe 223 ,276 ,  328, 398; NaOAc 271,300,  
368; NaOAc + HsBO s 271, 300, 339; AIC13 271, 307, 353; A1C18 + HC1 274, 306,356.  

Mass spec t rum at 150°C [m/e (intensity,  %)]: M + 314 (100), M - H 313 (75), 296 (17), 285 (19), 271 (45), 
A + H 167 (10), 138 (7), C 121 (18). PMR spec t rum (see Fig. 1), ppm: 1) in (CD~)2CO: 13.0 (1H), 7.96 (2H), 
696 (2H), 6.52 (1H), 3.84 (3I-I); 2) TMS e the r  in CC14:7.96 (2I-I), 6.84 (2H), 6.38 (1H), 3.83 (3H), 2.0 (3H); 
3) TMS e the r  in C6D6:3.63 (3H), 2.37 (3H). 

Acetylat ion of (I). A mix tu re  of 5 mg of substance (I),  0.1 m l  of pyridine,  and 0.5 ml  of acet ic  acid was 
heated at the boil  fo r  1 h. On the addition of ice water ,  a prec ip i ta te  deposited, and this was washed with wate r  
and was r e c r y s t a l l i z ed  th ree  t imes  f rom ethanol to give 6 mg of 4 , ,5 ,6 - t r i ace toxy-3-methoxy-8-methy l f l avone  
(II) in the form of a white c rys ta l l ine  compound with mp 209-211°C; composi t ion Cz3H20Og, Rf 0.3 [TLC; 
Silufol; b e n z e n e - a c e t o n e  (9 : 2)]. 

Mass spec t rum at 20°C: M+440 (6%), 398 (61), 356 (68), 314 (74), 313 (100), 296 (37), 285 (23), 271 (25), 

167 (11), 138 (9), 121 (25). 

PMR spec t rum (see Fig. 1), ppm: 1) in CDCI~: 8.08 (2H), 7.4 (1H), 7.14 (2H), 3.8 (3H), 2.51 (3H), 2.38 
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(3H), 2.34 (3H), 2.1 (3H); 2) in (CD3)2CO: 8.14 (2H), 7.38 (1H), 7.28 (2I-]). 

Demethylation of (I). A mix tu re  of 8 mg  of substance (I) and 20 mg of pyridine hydrochlor ide  was 
hea ted  at 185-190°C for  1.5 h. Af ter  cooling, the reac t ion  mix tu re  was t r e a t ed  with e ther ,  the e therea l  ex-  
t r ac t  was evaporated,  and the res idue  was chromatographed  on polyamide.  A flavonoid compound having the 
br ight  g reen  f luorescence  in UV light cha rac t e r i s t i c  for  flavonols was eluted in the c h l o r o f o r m - m e t h a n o l  
(4 : 1) sys tem.  The 3 ,4 ' ,5 ,6 - te t rahydroxy-8-methy l f lavone  (III) fo rmed  yellow ac icu la r  c rys t a l s  with mp 287- 
290°C (methanol) ;  composi t ion C16H1206, Rf 0.25 [TLC; Silufol; c h l o r o f o r m - m e t h a n o l  (9 : 1)]. 

Maxima of the UV spect ra :  MeOH 271,300 ,  368, NaOMe 278, 325,420;  NaOAc 272 ,300 ,  375; NaOAc + 
HaBO~ 271 , 300,368;  A1CI~ 273, 301, 360,430;  A1CI~ + HC1 2 7 2 , 3 0 0 , 3 6 0 ,  435. 

Mass spec t rum at 100°C: M + 300 (100%), M - H 299 (21), M - CO 272 (10), M - HCO 271 (12), A + H 
167 (5), M 2+ 150 (9). C 121 (22). 

S U M M A R Y  

The new C-methyla ted  flavonoid sylpin has been isola ted f rom the needles of the Scotch pine, and the 
s t ruc tu re  of 4 ' , 5 ,6 - t r ihydroxy-3-methoxy-8-methy l f l avone  has been  es tabl ished for  it. During the study of the 
s t ruc tu re  of sylpin two new compounds - 4 ' , 5 ,6 - t r i ace toxy-3 -methoxy-8 -methy l f l avone  and 3,4' , 5 ,6 - t e t rahy-  
droxy-8-methyl f lavone  - were  obtained. 
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