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We have repor ted  previous ly  the detect ion in the bark  of Lar ix  s ib i r ica  Ledeb. (Siberian larch) of a 
new flavan not p rev ious ly  desc r ibed  in the l i t e ra tu re  [1], giving apink  colorat ion with vanillin in concen- 
t r a t ed  HC1, which we called l istvenol.  

Listvenol,  with the composi t ion Cs0H24010, is a co lor less  c rys ta l l ine  substance with mp 210-212°C, 
[~]}~-152 ° ( ace tone -wa te r ) ,  ~. max 276 nm readi ly  soluble in alcohols,  ethyl acetate ,  and acetone and mod-  
e ra te ly  soluble in water  and e ther .  

The alkaline cleavage of l is tvenol  f o rm s  p-hydroxybenzoic  and p-hydroxyphenylace t ic  acids  and phloro-  
glucinol, like the s imi l a r  cleavage of 3 ,4 ' ,5 ,7- te t rahydroxyf lavan  [ ( - ) -ep ia fze lech in] ,  which is p resen t  in 
this plant. F o r  l is tvenol  the following s t ruc tu re  has now been established: 

~0 [ 0 ' ~ ~  oH. I 

As eompared with the spec t rum of ( - ) - ep i a f ze l eeh in  (Fig. 1, a) the IR spee t rum of l is tvenol  (Fig. 1, b) 
has an additional absorpt ion band at 1790 cm -1 which may belong e i ther  to an e s t e r  bond o r  to a ~-pyrone 
or  to a conjugated enol [21. Since the substance does not undergo alkaline hydrolys is  or  speeif te  enzymatic  
hydro lys i s  with tanr~se,  it does not contain an e s t e r  bond. It does not give reac t ions  fo r  ketal  groups.  The 
p r e se nc e  of a d~able bond in it was eonfi rmed by posi t ive qualitative reac t ions  of the pe race ta t e  with a solu- 
tion of b romine  in carbon te t rach lor ide  and with potassium permanganate .  A quantitative de terminat ion  by 
M e y e r ' s  method [3] showed 10070 of the enolic fo rm.  

The NMR spec t rum of l is tvenol  (Fig. 2, b) contains a one-proton singlet  at 6.13 ppm which is shifted 
downfield in the octaaceta te  (6.24 ppm) and is due to a vinyl proton. The integral  intensi ty of the l a t t e r  con- 
f i rms  the p re sence  of 1007o of the substance in the enolic form.  

The production of an octaaceta te  shows the p r e sen ce  of eight hydroxy groups  in the substance.  In the 
NMR spec t rum of the octaacetyl  der iva t ive  (Fig. 2, c) there  a re  the signals of 18 protons of a romat ic  ace-  
tate groups  at 2.16-2.34 ppm and singlets at 1.80 ppm, corresponding to the pro tons  of an enolic ace ta te  
group, and at  1.70 ppm, due to the th ree  protons  of an alcoholic aceta te  group. 

Methylat ion with diazomethane formed a heptamethyl  ether,  the acylat ion of which gave the hepta-  
methyl  e ther  of the monoacetate .  The NMR spec t rum of the la t te r  contained the signal of three  protons  
(1.70 ppm, singlet) of a single alcoholic ace ta te  group and the signals of 21 protons (2.16-2.34 ppm) c o r r e -  
sponding to methoxy groups.  Consequently, the seven hydroxy groups out of the eight f r ee  hydroxy groups 
a re  methylated by diazomethane, which conf i rms the p resence  of six phenolic, one enolic, and one secondary  
alcoholic groups .  The H-3 proton re la t ing to the secondary  alcohol group underwent a cha rac te r i s t i c  down- 
f ield shift  f r o m  4.15 to 5.16 ppm a f t e r  acylation.  
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Fig.  1. IR s pec t r a  of ( - ) - e p i a f z e l e c h i n  (a) and l i s tvenol  (b). 

In the m a s s  spec t rum of the monoace ty l  heptamethyl  der iva t ive  (Fig. 3), t he re  is the m o l e c u l a r  peak 
with a m a s s  number  o fM + 684, with a low intensity as  a resu l t  of the rapid  c leavage of the molecu le  at  the 
momen t  of introduction. A f r agmen t  with m / e  624 (see scheme) a r i s e s  f r o m  the mo lecu l a r  ion by the d i rec t  
eject ion of a molecu le  of ace t ic  acid.  The  ease  of eject ion of ace t ic  acid shows the acylat ion of a secondary  
alcohol group [4]. The diene c leavage  of the catechin moie ty  of the molecule  leads to the fo rmat ion  of f r a g -  
men t s  with m / e  563 and 491. The p r e s e n c e  of f r a g m e n t s  with m / e  417, 315, and 285 shows a s t rong 2-8 
bond between the molecu les .  

Such a scheme of c leavage is a lso  obse rved  in the m a s s  spec t rum of the heptamethyl  e ther  of l is tvenol.  

Fragmentation of the monoacetyl heptamethyl derivative of listvenol 
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In the NMR s pec t rum  of l is tvenol  (see Fig.  2, b) there  a r e  the s ignals  of the eight protons  of two par 'a-  
substi tuted benzene rings:  a doublet at 7.02 ppm (Jz',3' = 8 Hz) due to the four  2 ' ,6 '  protons,  a doublet  at 
6.79 ppm (J5',6' = 8 Hz), cor responding  to the two 3 ' ,5 '  protons  of r ing B and a doublet at  6.6 ppm (J5',6' = 
8 Hz) cor responding  to the two 3 ' , 5 '  p ro tons  of r ing F.  The pa ramagne t i c  shift of the 3 ' ,5 '  p ro tons  of r ing 
F can be explained by the p r e s e n c e  in it of a nucleophilic substi tuent  (ring A). The  s ignals  of the p ro tons  
of r ings  A and D a r e  r ep re sen ted  by two one-pro ton  doublets  at 5.98 and 6.03 ppm (J6,s = 2 Hz), which a r e  
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NMR s pec t r a  of ( - ) - e p i a f z e l e c h i n  (a), l i s tvenol  (b), and 
l is tvenol  oc taace ta te  (c). 

Fig .  2. 
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c h a r a c t e r i s t i c  fo r  a me ta - subs t i t u t ed  ring, and a s inglet  at 5.85 p p m  with an in tegra l  intensity of one p r o -  
ton. On compar ing  this  NMR spec t rum with that of ( - ) - e p i a f z e l e c h i n  (see Fig.  2, a), it can be seen  that the 
pro tons  at 5.98 ppm and 6.03 ppm cor respond  to 6-H and 8-H of r ing D and the s inglet  at 5.85 ppm c o r r e -  
sponds to 6-H of r ing A. This  is a l so  conf i rmed by the absence  of spl i t t ing of the 6-H signal of r ing A, 

The pro tons  of the he te rocyc l ic  r ings  a r e  r ep re sen t ed  by one vinyl  pro ton  (narrow singlet  at  6.13 ppm), 
one 3-H proton of a secondary  alcohol group (multiplet at 4.15 ppm, J2,3=2 Hz, J3,4=4 Hz), one CH 2 group 
(doublet at  2.65 ppm, J3,4=4 Hz), and one 2-H pro ton  at 4.78 ppm, a broadened singlet  because  of the weak 
bond with the a r o m a t i c  pro tons  of r ing B. 

The r e su l t s  of a compar i son  of the 2-H signal  with the s ignal  of the cor responding  pro ton  of ( - ) - e p i -  
afzelechin  and l i t e r a tu r e  informat ion  [5] and a lso  the splitting of the 3-H signal into a mul t ip le t  p e r m i t  
the deduction that this pro ton  is p r e s en t  in r ing C. On the bas i s  of the J2,3 value of 2 Hz, it may  be  con- 
cluded that the pro tons  ment ioned have the c is  coufigurat ion [6]. 
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Mass  s p e c t r u m  of the monoace ty l  heptamethyl  
de r iva t ive  of  l istvenol.  

Thus,  the absence  of a proton on the C 2 a tom of r ing E and of a proton at the C 8 a tom of ring A m a k e s  
it poss ib le  to suggest  that these  carbon a toms  take pa r t  in the bond between the molecules .  This  fo rm of 
the bond is  conf i rmed by i ts  s tabi l i ty  to heating with m i n e r a l  acid. 

Under  mild  conditions of hydro lys i s  (0.01 N HC1), no format ion  of catechin and anthocyanidin was ob- 
served;  no anthocyanidin was  formed,  either,  under  m o r e  s eve re  conditions (2 N HC1 in methanol) .  P r o -  
longed heating with an acid fo rmed a brown phlobaphene. A s im i l a r  type of bond and its r e s i s t ance  to acid 
in synthetic  d i m e r s  of catechins  has  been shown in the work of F rendenberg  and Weinges [7] and of Brown 
et al. [8]. 

The exis tence  of na tura l  f lavonoids in the f o r m  of f l av -3 -eno l s  has been suggested on theore t ica l  
grounds by Freudenberg  and Weinges [9] and by King and Freudenberg  [10]. F reudenberg  and Weinges sug-  
gested the p r e s e n c e  of a ketone group capable  of pass ing into an enol in the d i m e r  f rom gledi tschin [11], 
and of a f lavene grouping in the d i m e r  f r o m  the cowber ry  [12]. However,  these  s t r u c t u r e s  were  not con-  
f i rmed  by m o r e  detai led invest igat ions using phys icochemica l  methods [13]. Thus, l is tvenol  has  proved to 
be  the f i r s t  r ep re sen t a t i ve  of the natura l  f l av -3 -eno l s .  

The native c h a r a c t e r  of l is tvenol  is shown by i ts  detect ion in the ground ba rk  d i rec t ly  a f t e r  its r e -  
moval  f r o m  the t r ee .  Lis tvenol  is the main  flavonoid of the ba rk  of the Siber ian larch.  I ts  mean  content 
in the b a r k  is 0.1%. 

Methylat ion of the flavonoid with d iazomethane gave a hexamethyl  de r iva t ive  the acetyla t ion of which 
fo rmed  a diacetate .  As the NMR spec t rum of the d iacetyl  hexamethyl  de r iva t ive  showed, the second ace ta te  
group is a romat i c .  

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

The specif ic  rota t ion was de te rmined  on a CM c i r cu l a r  po l a r ime te r .  T h i n - l a y e r  c h r o m a t o g r a m s w e r e  
run on Silufol UV-254 (Czechoslovakia)  in the c h l o r o f o r m - e t h y l  ace ta te  (1_ : 1) sy s t em and were  viewed in 
UV light. 

The IR spec t r a  were  t aken  on a UR-20 s p e c t r o m e t e r  (KBr tablets) ,  and the NMR spec t ra  on a Var ian  
HA-100 D ins t rument  [carbon t e t r ach lo r ide  and deutera ted  acetone; in ternal  s tandards  t e t r amethy l s i l ane  
and hexamethyldis i lazane;  chemica l  shifts given in the 6 scale],  and the m a s s  spec t r a  on an MKh-1304 in- 
s t rument  [(modified) with a s y s t em  of d i r ec t  introduction, with heating; energy of the ionizing e lec t rons  
70 eV]. The r e s u l t s  of the analys is  of all  the compounds cor responded  to the calculated f igures .  

Separa t ion of the F lavans .  The carefu l ly  ground b a r k  of LarLx s [b i r ica  Ledeb. (1_0 kg) was t r ea ted  
with benzene to e l iminate  r e s i n s  and then twice with acetone (a total  of 30 l i te rs ) .  The combined acetone 
ex t r ac t s  we re  evapora ted  to d r y n e s s  under  a reduced p r e s s u r e  of ni t rogen at 40°C. The res idue  was d i s -  
solved in aqueous sodium b ica rbona te  solution, and the f lavonoids we re  ex t rac ted  with ether .  The d ry  eth-  
e r ea l  ex t rac t  was  f i r s t  washed with benzene and was then t rea ted  with c h l o r o f o r m - - e t h a n o l - w a t e r  (8: 2: 1) 
[14] and was chromatographed  on columns of cel lulose.  F rac t i on  I contained flavonols,  f rac t ion  II catechins,  
and f rac t ion  III  l is tvenol  contaminated with catechins.  On standing fo r  s e v e r a l  days,  f rac t ion  llI deposi ted 
c ry s t a l s  of l istvenol,  which were  purif ied by repea ted  r ech roma tog raphy  under  the s a m e  conditions: 
C30H24010, mp  210-212°C (from e t h a n o l - c h l o r o f o r m - w a t e r ) ,  [~]~ - 1 5 2  ° [c 7.5; a c e t o n e - w a t e r  (1 : 1) ] ,Rf  
in BAW (40 : 12.5: 29) (1) 0.83 and in 2% ace t ic  acid (2) 0.38. Yield 5 g. 

The separa t ion  of f rac t ion  I I  was p e r f o r m e d  by par t i t ion chromatography  on KSK si l ica  gel  with e ther  
as  the eluent. F rac t ion  I of the eluent contained ( - ) - ep ia fze lech in ,  the final pur i f icat ion of which was p e r -  
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fo rmed  by chromatography on Sephadex G-25 with wa te r  as the eluent, and this was followed by (+) -ca tech in  
and ( - ) - ep i ca t ech in  [1]. ( - ) -Ep ia fze lech in ,  C15Ht40~, mp 252-253°C, [o~]~-58.8  ~ [c 10.0; a c e t o n e - w a t e r  
(1 : l ) ] , R f 0 . 7 0  (1) and 0.35 (2). 

Alkaline Cleavage. A mix tu re  of 10 mg of l is tvenol  and 2 m l  of 50% KOH was heated at  170°C fo r  20 
rain. Then it was neutra l ized with 25% sulfuric  acid and ext rac ted  with ethyl acetate .  In the cleavage prod-  
ucts ,  phloroglucinol  and p-hydroxybenzoic  and p-hydroxyphenylacet ic  acids were  identified in compar i son  
with m a r k e r s  in var ious  solvent sys tems  [15, 16]. 

Octaacetyl l is tvenol .  A mix ture  of 500 mg of listvenol, 5 ml of f r e sh ly  dist i l led acet ic  anhydride, and 
100 mg of calcined sodium aceta te  was heated in the boiling wa te r  bath fo r  4 h and at a gentle boil of the an- 
hydr ide  f o r  1 h. Then the react ion mix tu re  was poured into cold water .  The prec ip i ta te  that deposited was 
f i l te red  off, washed with water ,  and reacyla ted  under  the same conditions. Crys ta ls  f rom aqueous meth-  
anol, C48H40018, mp 121-123°C [o~]~--78 ° (c 4.5; acetone), R f  on TLC 0.68. 

Methylation of Listvenol.  A solution of 2 g of l i s ~ e n o l  in 3 ml  of absolute acetone was t rea ted  with 
a solution of diazomethane in e ther  fo r  one day. The  solvent was el iminated under vacuum, and the res idue 
was washed with wa t e r  and was remethyla ted  with diazomethane under  s imi la r  conditions. T h e  crude prod-  
uct was dissolved in 25 ml of methanol,  30 m l  of f resh ly  disti l led dimethyl  sulfate was added, and an equiv- 
alent amount of 50% KOH solution was run in dropwise.  Then the reac t ion  mix ture  was heated in the wate r  
bath fo r  30 rain and, a f t e r  cooling, was poured into col.d water .  The prec ip i ta te  that deposited was f i l te red  
off and washed with water.  

The re~11ts of th in - layer  chromatography showed Chat the product  obtained contained two substances:  
(I) with R f  0.83 and (II) with R f  0.63. Separat ion was pe r fo rmed  by repeated  chromatography on columns 
of si l icic ac id /Chromaton  (5 : 1). Substance (I) was eluted with pe t ro leum e ther  and substance (II) with ben-  
zene. 

Heptamethyl  Ether  of Listvenol; Substance {I). This c rys ta l l ized  f rom a mix tu re  of pe t ro leum e ther  
and benzene (6:4); C37H38010, mp 180-182°C, [ a ] ~ - 1 8 4 . 2  ° (c 1.7; acetone). 

Hexamethyl  Ether  of IAs~enol;  Substance (II). This  c rys ta l l i zed  f rom b e n z e n e - c h l o r o f o r m  (1:1); 
C36H36010, mp 137-139°C, [oz]~-111.5 ° (c 5.3; acetone).  

Monoacetyl  Heptamethyl  Derivat ive of Listvenol.  The hexa-  and heptamethyl  e thers  of lisL~enol were  
acylated under  the conditions descr ibed  above. F r o m  aqueous methanol the monoacety l  hep~amethyl de r iva -  
tive formed co lor less  c rys ta l s ,  C39H400~1, with mp 120-122°C, [o~]~-169 ° (c 1.67; acetone).  

Diacetyl  Hexamethyl  Der ivat ive  of Listvenol.  F r o m  aqueous methanol a white product  was obtained 
with the composit ion C40H40012, mp 118-120°C, [o~]~-111.4 ° (c 2.3; acetone).  

S U M M A R Y  

A new polyphenol - l i a t v e n o l -  has been isolated f rom the bark  of Lar ix  s ib i r ica  Ledeb. S t ruc ture  (1) 
is  proposed fo r  it on the bas is  of chemical  and spec t ra l  cha rac te r i s t i c s .  
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