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Flavonoids methyla ted  in ring B, which a re  widely dis t r ibuted in the vegetable  kingdom, a r e  found 
e x t r e m e l y  r a r e l y  in the P inaceae  family: only 3 ' -methyld ihydroquerce t in  in the bark  of the f i r  [1] and an 
i sorhamnet in  glycoside in the needles of the la rch  [2, 3]. 

F r o m  the needles of the Siberian la rch  we have isola ted two new compounds of glycosidic nature  the 
aglycones of which a r e  3 ' - O - m e t h y l m y r i c e t i n  (I) and 3 ' ,5~-d i -O-methy lmyr ice t in  (II). This is the f i r s t  
t ime that the 3 ' - m e t h y l  e ther  of myr i ce t in  has been isolated,  and we have cal led it  l a r ic i t r in .  Concerning 
3 ' , 5 ' - d i - O - m e t h y l m y r i c e t i n  (syringetin) it  is known that it is p resen t  in plants of the genus Lath~rrus, but 
the re  is  no informat ion on i ts  isolation and p rope r t i e s  [4]. 

Both glycosides  were  obtained f rom a methanolic  ex t r ac t  of the neeldes of La r ix  s ib i r i ca  by p r e p a r -  
ative ch romatography  on a polyamide sorbent  using aqueous and nonaqueous eluting sys t ems .  

Charac te r i s t i c  bathochromic  shifts  of the absorpt ion max ima  in the UV spec t ra  with ionizing and 
complex - fo rming  addit ives showed the p r e s e n c e  of f ree  hydroxy groups in posi t ions 7, 5, 5 ' ,  and 4 '  in c o m -  
pound (D and 7, 5, 4 '  in compound (II). The PMR spec t r a  of both compounds c l ea r ly  show the p resence  of 
protons in posi t ions 6 and 8 of r ing A (Table 1). According to PMR spec t roscopy ,  compound (I) contains 
one methoxy group (s inglet  at  3.82 ppm, 3H) and (II) contains two (singlet  at 3.82 ppm, 6H). The split t ings 
of the signals of the protons  of the r ing B in these  compounds a re  d i f ferent .  Thus, in compound (I) the H-2 '  
and H-6 '  protons a re  r ep re sen ted  by doublets (6.98 ppm and 7.41 ppm) with a constant  of me ta  in teract ion 
J = 2 Hz, which shows the unsymmet r i c a l  substitution of r ing B with the methoxy group m o s t  probably  in 
position 3 ' .  Correspondingly,  in compound (II) the H-2 '  and H-6 t protons a r e  spl i t  by the s inglet  at  7.10 
ppm, which is poss ib le  only if the two methyl  groups are  in the 3 ' ,5 '  posit ions,  p r e s e r v i n g  the s y m m e t r y  
of the myr ice t in  r ing B (see Table 1). 

TABLE 1. PMR Spectra* of the TMS Ethers  of Flavonoids 
f rom the Needles  of Lar ix  s ib i r ica  Ledb. 

Compound 
~ng _ Anomeric protom 

A B 

Laricitrin 3-glucoside (I) ) 6.08 
t (d. 2) 

Laricittin { 6,10 (d.2) 
Syringetin 8-rutinoside (II) J 6,08 

L (d.2) 
Syringetin { 6,07 (d.2) 

b,41 7,41 
(d.2) (d.2) 
6,40 7,40 
(d. 2) I (d. 2) 
6 , 4 1 1  _ 

(d.  2) I 

6,98 3,82 5,83 -- 
(d. 2) (s.) (d.7) -l- (d.?J . 

• ( d . 6 )  [ ( s . )  
7,10 3,82 [ 
( s . )  (s.) 

* The nature of the s ignals  and the value of J (Hz), a r e  
shown in pa ren theses  (s - singlet; d - doublet). 
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The quanti tat ive acid hydrolys is  of the glycans gave a ra t io  of aglycone to ca rbohydra te  res idue  of 
1 : 1 for  (D and 1 : 2 for  (II). The resu l t s  of the g a s - l i q u i d  chromatography of the carbohydra te  substituents 
in the fo rm of the aceta tes  of the aldononitr i les  [5] showed the p resence  of glucose (compound I) and of 
glucose and rhamnose  (compound II). The inc rease  in the value of the bathochromic shift of band I in the 
UV spec t ra  on the addition of AICI3+ HCI to the aglycone in compar ison with the shift for  the corresponding 
glycosides  [for (I) about 27 am and for (II) about 33 nm] showed the a t tachment  of the carbohydra te  res idue  
in position 3. This is in ha rmony  with the cha rac te r i s t i c  value of the chemical  shift (CS) of the anomer ic  
proton of the glucose: at  5.83 ppm in (I) and at 5.88 ppm in (II), and ~-addition ag rees  with the value of 
J= 6-7 Hz for  the doublet of the anomer ic  proton [6]. 

The resu l t s  of a calculation of the molecu la r  rotation [7] for  compound (I) showed that the glucose 
substi tuent  has the f l -pyranose form.  The biose obtained by the oxidation of compound (II) was split  on 
acid hydrolys is  into glucose and rhamnose ,  and its chromatographic  behavior was identical with that of 
rut inose.  The absorpt ion of 4 moles  of periodate on periodate oxidation shows the p resence  of a 1--  6 bond 
between the glucose and the rhamnose ,  which is also conf i rmed by the resu l t s  of a compar ison  of the CSs 
of the anomer ic  protons of the glucose and the rhamnose  in the PMR spect rum of rut inose [6]. 

The demethylat ion of l a r i c i t r in  and of syr inget in  led to the same final product  - myr ice t in .  Thus, 
the s t ruc tu re  4 ' ,5 ,5 ' ,7 - t e t rahydroxy-3 ' -methoxyf lavonol  3-O-f l -D-glucopyranoside ( lar ic i t r in  3-glucoside) 
has been es tabl ished for compound (I) and 4 ' ,5 ,7- t r ihydroxy-3 ' ,5 ' -d imethoxyf lavonol  3 - O - [ O - q - L - r h a m n o -  
pyranosyl - (1-*  6)-B-D-glucopyranoside] (syringetin 3-rut inoside) for  compound (II). 

The isolation of these compounds, and also of syringic acid [8] is somewhat unexpected for coni fer -  
ous plants.  Among the ex t rac t ive  phenols of the genus Lar ix  known up to the p resen t  t ime there  a re  meth-  
ylated der iva t ives  only of the guaiacyl type (lignans, ferul ic  acid and its e s t e r s ,  vanillin and vanillic acid, 
and isorhamnet in) .  The lignin of broad- leaved t r e e s  [9], like that of other  genera  of the Pinaceae  family, 
l ikewise does not contain syr ingic  s t ruc tura l  units. 

The appearance in larch needles of phenolic compounds with s t ruc tura l  units of the type of 5 -hydroxy-  
feru l ic  and sinapic acids may  be connected with the p resence  in them of an O-methy l t r ans fe ra se  possess ing  
a meta - spec i f i c  methylat ing activity.  Such an enzyme has been isolated at  the p resen t  t ime f rom pine seed 
shoots [10]. 

EXPERIMENTAL 

The UV spectra were taken in a l-cm cell in methanol on a SF-4A spectrophotometer (concentra- 
tions 3.0-5.0 • 10 -5 M), the IR spectra on a UR-10 spectrophotometer (tablets with KBr), and the PMR spec- 
tra of trimethylsilyl ethers of the flavonoids on a BS 487B radiospectrometer (CC14, with ITMDS as internal 
standard). The chemical shifts were determined (ppm) on the 6 scale, the melting points on a Kofler block, 
and the angles of rotation on a "Carl Zeiss Jena" polarimeter. In all cases, the elementary compositions 
corresponded to the calculated figures. 

Treatment of the Extract. Freshly collected larch needles (moisture content 46~) (3.42 kg) were ex- 
tracted with methanol by steeping at room temperature. After partial evaporation in vacuum at 60°C, 
chlorophyll precipitated. The decanted aqueous methanolic phase was treated successively with petroleum 
ether, diethyl ether, and butanol. The phenolic compounds were present only in the latter two fractions. 

Column chromatography of the butanol fraction (260 g) on polyamide powder (780 g) with elution by 
water separated the carbohydrates, the glycosides of phenolic acids, and a mixture of a C-glycoside [ii] 
and compound (If) (fraction I). Further elution with water-methanol (7 : 3) isolated a mixture of flavonoid 
glycosides (fraction 2). The rechromatography on polyamide (70 g) of fraction 1 (1.75 g) with elution by 
water gave compound (If) (0.2623 g). Fraction 2 was separated on polyamide (800 g) in the chloroform- 
methanol (9:1) system. The 3-glucosides of kaempferol, isorhamnetin, and myricetin were isolated [3], 
and also a mixture of two compounds difficult to separate: quercetin 3-glucoside and compound (1). In 
order to isolate the (1) (0.4924 g), this mixture was chromatographed three times under similar conditions. 

Compound (1) had mp 175-178°C (prisms) and 253-255°C (rhombic plates, aqueous methanoD, [~]~ 
-48.0 ° (c 3.03; pyridine). UV spectrum: Ima x (methanol) 255, 360 nm (log £ 4.22, 4.25); (+ sodium acetate) 
274, 380 nm; (+sodium aeetate+H3BO 3) 260, 387 nm; (+AICI 3) 275, 445 nm; (+AICI3+HCI) 275, 403 nm. IR 
spect rum,  era-l :  1523, 1573, 1612 (aromat ic  nucleus),  1663 (CO). Aglycone of (I) ( l a r i e i t r i n ) -  mp 318- 
320°C (aqueous methanol).  7,ma x 254, 376 nm (log £ 4.39; 4.49). IR spect rum,  cm-l :  1518, 1565, 1602 
(aromat ic  nucleus),  1655 (CO); mol.  wt. 332 (mass spec t romet r ica l ly ) .  

171 



Compound (II) had mp 236-238°C (methanol), [a]~) -55 .0  ° (c 2.44; pyridine).  UV spectrum: 7tmax 
(methanol) 255,362 nm (log ~ 4.27, 4.29); (+ sodium acetate) 272, 375 nm; (+ sodium ace ta te+ HsBO S) 260, 
362 nm; (+A1C1 S) 272,410 nm; (+AIC13+HC1) 277, 402 nm. LR spectrum,  cm-l :  1570, 1605 (aromatic  nu- 
cleus),  1652 (CO). Aglycone of (II) (syringetin) - m p  283-285°C (aqueous methanol),  kma x 253, 376 nm 
(log ~ 4.28, 4.33). IR spect rum,  cm-l :  1515, 1550, 1605 (aromatic nucleus), 1660 (CO). Mol. wt. 346 (mass 
spec t rometry) .  

Acid Hydrolysis .  A mixture  of 0.01 g of the glycoside and 1 ml of methanol was heated with 2 ml of 
10% HCI in the boiling water  bath for 2 h. The amount of aglycone was found grav imet r ica l ly .  The yield 
of aglycone f rom compound (I) was 61.2% (63% calculated for a monoside) and f rom (II) 44.66% (48% ca l -  
culated for a bioside).  The aqueous solution was neutra l ized on AV-17 anion-exchange res in ,  and evapo- 
ra ted,  and the carbohydra te  composition was analyzed. 

Cleavage of the Biose.  Compound (II) (0.01 g) was oxidized with 0.6 ml of 30% HzO 2 in the p resence  
of 0.1 N NH4OH (1 ml) at  room tempera tu re  for  4 h. After appropriate  working up [12], the nature of the 
biose was determined by paper  chromatography.  

Per iodate  Oxidation [13]. Compound (H) (0.01 g) was oxidized with a 0.015 M solution of sodium pe-  
r iodate  (10 ml) at  room tempera tu re  for  4 h. After each 0.5 h, the absorption of the react ion mixture  at 
223 nm was measu red  in compar ison with the absorption of standard solutions of (II) and of pure sodium 
periodate at corresponding concentrat ions.  The oxidation of 0.01 g of (II) consumed 6 .45.10 -5 mole of so- 
dium periodate ,  which cor responds  to the consumption of 4.2 moles of periodate per mole of bioside. 

GLC Analysis  of the Carbohydrates .  The aceta tes  of the aldononitri le der ivat ives  of glucose in the 
case  of compound (I) and of a mixture  of glucose and rhamnose  in the case of compound (1I) were  analyzed 
under conditions desc r ibed  in the l i t e ra tu re  [3]. 

Demethylation [14]. A mixture  of 0.003 g of l a r ic i t r in  (or 0.003 g of syringetin) and 0.006 g of py r i -  
dine hydrochlor ide  was heated in a salt  bath at 180°C for  2 h. Then 1.5 ml of 2 N HCI was added to the mix-  
ture and it  was ex t rac ted  with e ther .  The e therea l  ex t rac t  was chromategraphed on paper  [acetic a c i d -  
formic  a c i d - w a t e r  (10 : 2 : 3)] and on a l ayer  of polyamide [ ch lo ro fo rm-methano l  (1 : 1)] in compar ison 
with an authentic sample of myr ice t in .  

CONCLUSIONS 

The needles of Lar ix  s ibi r ica  Ledb. have yielded two new flavonoid glycosides,  for  which the s t ruc -  
tures  of 4 ' ,5 ,5 ' ,  7 - te t rahydroxy-3 ' -methoxyf lavonol  3-O-/~-D-glucopyranoside ( lar ic i t r in  3-glucoside) and 
4 ' ,5 ,7- t r ihydroxy-3 ' ,5 ' -d imethoxyf lavonol  3 -O-[O- /~-D-g lucopyranosy l - ( l~  6)-c~-L-rhamnoside] (syringetin 
3-rut inoside) have been established.  
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