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The i so la t ion  of four l ignan compounds f rom an acetone e x t r a c t  of the wood of P i cea  s i b i r i c a  (Siberian 
spruce)  has been r e p o r t e d  p rev ious ly  [1-3]. 

The p r e s e n t  paper  r e p o r t s  the ident i f icat ion of another  four subs tances  and gives a d i scuss ion  of the 
NMR s p e c t r a  of the 1 ignans i so la ted  f rom spruce .  

We iso la ted  two f rac t ions  f rom the pe t ro l eum e t h e r - s o l u b l e  f rac t ion  (A) of an acetone ex t r ac t  by p e r -  
colation through polyamide  in the c h l o r o f o r m - m e t h a n o l  (95 : 5) sys t em.  The f i r s t  f rac t ion ,  A - l ,  contained 
components  giving a red co lora t ion  on azo coupling with d iazot ized  sul fani l ic  acid (DSA), and the second,  
A-2,  gave a yel low colora t ion .  

On this b a s i s ,  it may be a s sumed  that  f rac t ion  A-1 contains subs tances  in which an a l iphat ic  hydroxyl  
in the pa ra  posi t ion to a phenolic hydroxyl  is e i the r  e s t e r i f i e d  or is absent ,  while in the subs tances  of f r a c -  
tion A-2 it is  in the f ree  s ta te  [4]. 

The p r e p a r a t i v e  s epa ra t i on  of the components  of f rac t ion  A-1 p r e s e n t s  cons ide rab le  diff iculty.  Chro-  
matography on polyamide  using an aqueous methanol (80: 20) eluent sys t em enables  some individual com-  
pounds to be obtained,  but in the working up of the aqueous methanol ic  e lua tes  the l ab i l e  compounds p r e s -  
ent do not withstand the t e m p e r a t u r e  condit ions.  Consequently,  s i l i c a  gel impregnated  with sodium bisu l f i te  
was more  useful in our  work. The compounds were  eluted with a low-boi l ing  mix ture  of ch lo ro fo rm and 
acetone (95 : 5). 

In addit ion to conidendr in  and oxomata i res ino l  [1, 2], two c r y s t a l l i n e  compounds were  isola ted which 
we have ca l led  B t and B 2. 

Substances B 1 and B2, when r e c r y s t a l l i z e d  f rom ethanol,  had mp 72-74°C and 120-121°C, r e s p ec t i ve ly .  
F r o m  an ana lys i s  of the products  of n i t robenzene  oxidation and [R s p e c t r a  (1225, 1200, 1035 cm-1), guaiacyl  
s t r u c t u r e s  a r e  p roposed  for  both compounds.  But the IR spec t rum of B 1 shows the c h a r a c t e r i s t i c  v ibra t ion  
of the carbonyl  group of a lac tone r ing (1756 cm-1), and in B 2 they a r e  absent .  

The e m p i r i c a l  formula  C20H2206 was es t ab l i shed  for  B 1 on the b a s i s  of a peak at m / e  358 in the mass  
spec t rum and from the r e su l t s  of e l emen ta r y  ana lys i s .  Substance B 1 was identif ied as m a t a i r e s i n o l  and B 2 
as p inores inol .  A study of the NMR spec t rum of subs tance  B 2 showed its comple te  s i m i l a r i t y  to the s p e c -  
t rum of (+) -p inores ino l  [5]. 

In addit ion to the i so la t ion  of m a t a i r e s i n o l  and p inores ino l ,  3 ,4 -d ivan i l l y l t e t r ahydro fu ran  was identif ied 
in one of the f rac t ions  by TLC on po lyamide  and s i l i c a  gel in the w a t e r - m e t h a n o l  (40: 60) and c h l o r o f o r m -  
ethyl ace ta te  (40: 60) s y s t e m s ,  r e spec t ive ly .  

The NMR s p e c t r a  of the l ignans  i so la ted  f rom the wood were  r e c o r d e d  for the pu rposes  of a s t r u c -  
tural  and analy t ica l  invest igat ion.  The s p e c t r a  of a number  of l ignans (hydroxymata i r e s ino l ,  l iov i l ,  and 3,- 
4 -d ivan i l ly l t e t r ahydrofu ran)  were  obtained f i r s t .  
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The NMR spect rum of hydroxymataires inol  acetate (Fig. 1) showed seven groups of l ines.  In the 
s t rongest  field was a signal f rom two resonance lines (5 2.00 and 2.04 ppm) with an intensity rat io of 1: 2, 
which shifted relative to one another with a change in the working frequency of the spec t rometer .  This 
signal must  be ascr ibed to the methyl protons of an aliphatic acetate group. 
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OH OH 
a - C o n i d e n d r i n  R= e M a t a i m s i n o l  

a=0H Hydmxymataimsinol 
R= 0 Oxomatairesinol 

a-H 3,4-Divanillyl- 
tetrahydrofuran Pinomsinol 
7, ~ lAovil 

A s imi lar  signal, also consist ing of two resonance lines (5 3.68 and 3.70 ppm) with an intensity rat io 
of ~ 1 : 2 Was found in a weaker  field. This signal is due to the protons of two methoxy groups. 

The assignment  of the weak-field multiplet in the 6.38-7.05 ppm region and of the singlet in the strong 
field (5 2.24 ppm) causes no doubt: the multiplet is due to six aromat ic  protons and the singlet to the p ro -  
tons of two aromat ic  acetate groups.  The Hz-6, H-3, and H-2 protons give an unresolved multiplet in the 
2.48-3.08 ppm region. A signal in the weak field consist ing of two doublets (5 5.58 and 5.74 ppm) is cha r -  
ac ter is t ic .  The distance between the centers  of the doublets var ies  with a change in the frequency of the 
spec t romete r  while the distances between the lines in them remain unchanged. When the sample under 
investigation was i rradiated with an additional radiofrequency field having a frequency corresponding to 
the center  of the multiplet in the 2.48-3.08 ppm region (doublet-resonance method),the doublets changed 
into a singlet. Consequently, we ascr ibe  these two doublets (intensity rat io 1: 2) to the signal of the H-5 
proton. 

The doublets are  due to spin-spin coupling between the H-5 and H-3 protons (J5,3=5.0 Hz). Finally, 
the quartet  of signals belonging to the l ines with centers  at 5 3.98 ppm must  be ascr ibed to the two H 2 -4 
protons.  These protons are  chemically nonequivalent and they form anABsys tem.  From the spect ra  taken 
at three frequencies with allowance for the possible value of the spin-spin coupl ingconstant  between them, 
it can be seen that the appearance of the quartet  depends on the splitting of the internal resonance lines of 
the AB sys tem on spin-spin coupling of the H-2 and H-3 protons (52,3 = 6.0 Hz). 

The outer,  weaker ,  lines are apparently los t  in the noise. The nature of the signals of the protons 
of the aliphatic acetate and the methoxy groups and the H-5 proton show the presence  of two conformers .  

2~. ppm 7 ' 3 

Fig. 1. NMRspec t rum of hydroxy-  
mataires inol .  

The NMR spec t ra  of liovil with pyridine and of hydroxymat-  
airesinol are  s imilar .  The splitting of the signal of the methoxy 
group into three singlets (6 3.48, 3.53, and 3.58 ppm) also shows 
the presenc e of a mixture of conformers .  A detailed descript ion 
of the NMR spect rum of liovil, which contains four a symmet r i c  
centers ,  is difficult at the present  stage because of its complexity. 

In the NMR spect rum of matai res inol ,  a singlet with 6 3.73 
ppm is due to the protons of two methoxy groups, and weak-field 
signals (5 6.28-6.84 ppm) to the protons of aromat ic  rings.  It fol- 
lows from a compar ison of integral intensities that a broad singlet 
(6 2.74 ppm) and a poorly resolved doublet (6 2.83 ppm) are  due to 
the H-2, H-3, H2-5 , and H2-6 protons. The two protons of the 
- O - C H  2 group give a multiplet with a center  at 6 4.00 ppm, and the 
two hydroxy protons a broad singlet at 5.56 ppm. 
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Fig. 2. NMR spect rum of 3,4-divanil lyl tet-  
rahydrofuran; signals of the H2-5 and H2-2 
protons with suppression of the signals of 
the H-3 and H-4 protons (a). 

In the NMR spect rum of pinoresinol acetate,  a doub- 
let with 6 4.74 ppm is due to the H-2 and H-6 protons 
(J2.1 =J6.5 =4.5 Hz), a quartet  with 5 4.21 ppm to equatorial 

* - cis cis 
protons at C-4 and C-8 (Jgem = 9.2 Hz; J4,5 = Js, 1 = 7.2 Hz), and 
a quartet  with 6 3.80 ppm to the axial protons on the same carbon 
atoms (Jgem = 9.2 Hz; j t r ans  _ j t r ans  _ 3.8 Hz. Such values of 

4 , 5  - 8 , 1  - 

the spin-spin coupling constants of these protons are  
charac te r i s t i c  for the diequatorial i somer  of p inores-  
inol [5]. The protons at C-1 and C-5 are represented by 
a multiplet in the 5 3.15-2.83 ppm region. A singlet with 
5 2.21 ppm corresponds  to the six protons of two acetate 
groups. 

In the spec t rum of ff-conidendrin, the protons of the 
methoxy groups are more  highly nonequivalent ( ~  OCH3= 
57 CH3~ 0.07 ppm) than in the spect rum of its optical iso- 
mer  obtained by thermal  inversion (f~-~onidendrin, Af~ OCH3 = 

0.03 ppm). In the spectrum of/~-conidendrin, the signals of the methylene protons of the lactone ring are  
represented by quartets  (5 3.97 and 4.26 ppm) due to the coupling of these protons with one another (Jgem = 
9.8 Hz} and with the H-3 proton {J = 6.5 and 2.7 Hz). The signal of the la t ter ,  together  with the signals of the 
H-4 and H 2-1 protons, forms an unresolved multiplet, which prevented us f rom using the value of J2.3 for a 
conformational analysis  of ~ -  and fl-conidendrins. This is due to the fact that the distances between the 
resonance lines in the signal of the H-2 proton (5 3.65 ppm), some of which are  apparently masked by the 
signals of the protons of the methoxy groups (two singlets with 5 3.72 and 3.75 ppm}, are  not the true values 
of the J2,3 and J2,1 constants.  In the spectrum of c~-conidendrin, the difference in the values of the chemical 
shifts of the signals of the methylene protons of the lactone r ing decreases  and the H-2 signal shifts down- 
field. These protons are  responsible for a multiplet in the 3.58-4.43 ppm region upon which the signals of 
the protons of the two CH30 groups (5 3.67 and 3.74 ppm} are superposed. Two singlets in the s trong field 
(5~=2.15 and 2.23 ppm, 5fl=2.17 and 2.26 ppm} and also signals in the weak field in the 6.44-7.04 ppm 
regibn (c~ isomer) and the 6.34-6.96 ppm region (~ isomer} are  due to the protons of acetyl groups and of 
aromat ic  rings,  respect ively.  

3,4-Divanil lyl tetrahydrofuran has a s impler  s t ructure  of the aliphatic chain. In the NMR spectrum 
of this compound (Fig. 2), the signals in the strong field (multiplet with 5 2.13 and doublet with 5 2.48 ppm) 
we assigned to the H-3, H-4, H2-6, and H2-7 protons.  The multiplet has approximately half the intensity 
of the doublet and re la tes  to the H-3 and H-4 protons. The doublet nature of the signal of the benzyl protons 
can be explained by their  spin-spin coupling with the H-3 and H-4 protons (J = 6.0 Hz) if it is assumed that 
they are  chemically equivalent, as, for example, in the spect rum of pluviatolide [6]. 

The H2-2 and the H2-5 protons give two multiplets in the 3.25-4.03 ppm region upon one of which the 
singlet of the protons of the methoxy groups (6 3.71 ppm} is superposed.  When the signal in the s trong 
field (5 2.13 ppm) is suppressed,  these multiplets change into the doublets charac te r i s t ic  for an AB system.  
Consequently, we assumed that the shape of the signal of the H2-2 and H2-5 protons in the absence of i r -  
radiation is determined by their  spin-spin coupling with one another and also with the H-3 and H-4 protons; 
j ~ e m = j g e m =  8.0 Hz, and the coupling constant of the H-3 and H-4 protons with one of the two neighboring 
protons of the -OCH~ group is ~ 7 Hz; we could not determine the second constant because of the signal of 

the methoxy protons. 

In mataires inol ,  in contras t  to 3,4-divanil lyl tetrahydrofuran,  the ~-protons  (with respect  to the ben- 
zene ring) are chemically nonequivalent. The signal of one of these CH 2 groups is superposed on the signals 
of the H-2 and H-3 protons and forms a broad singlet {see above}. The signal of the other CH 2 group is a 
doublet, which we have ascr ibed to the H2-6 protons. We made this assignment onthe  basis  of a compar ison  
of the values of the integral intensities of the H2-6 H2-7, H-3, and H-4 signals and also the H2-5, H2-6, 
H-2, and H-3 signals in the spect ra  of 3,4-divanil lyl tetrahydrofuran and mataires inol ,  respect ively.  

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

The melting points were determined on a Kofler block. The TR spect ra  were taken on a UR-10 spec-  
t rophotometer  in KBr,  the UV spectra  on a Unicam 8000, and the NMR spect ra  on HA-100, A-60 (Novo- 
s ibirsk Institute of Organic Chemistry of the Siberian Branch of the Academy of Sciences of the USSR) and 
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BS 487B instruments.  The molecular  weights were determined mass - spec t roscop ica l lyonanMI-1305  
instrument (energy of the ionizing electrons 50 eV5. 

The internal standard for  the NMR spec t ra  was HMDS, and the chemical shifts are  given on the 6 
scale.  Deuterated chloroform was used as the solvent. The conidendrins, the hydroxymatairesinol ,  and 
the pinoresinol were obtained in the form of the acetates.  To record  the NMR spectrum,  3,4-divanillyl-  
te t rahydrofuran isolated from Lar ix  s ibir ica and kindly donated by K. I. Lapteva was used. 

Chromatography was per formed with type KSK sil ica gel (150-200 and 200-250 mesh) impregnated 
with 2% of sodium bisulfite, on polyamide powder [7], and on type "M'  ["slow"] paper.  

The phenolic compounds were revealed on the plates with a solution of diazotized sulfanilic acid (DSA) 
and with a 1% solution of vanillin in conc. sulfuric acid. 

Extraction and Separation of the Extract .  Spruce sawdust with a size of 20-35 mesh (48.2 kg), dried 
in the air,  was charged into a glass vessel  (20 l i ters)  and was covered with acetone. After steeping for 7 
days, the extract  was decanted off. The solvent was distilled off in a circulation evaporator .  Two changes . 
of solvent were used to extract  the bulk of the extractive substances.  This gave 835 g of a brownish r e s -  
inous mass  which was then extracted exhaustively with petroleum ether  (40-70°C). Fract ion A (410 g), 
insoluble in petroleum ether,  was chromatographed on a polyamide column in the ch lo ro fo rm-methano l  
(98 : 2) system.  This gave 280 g of f ract ion A-1. 

Isolation of the Lignan Compounds. A suspension in chloroform of 15 g of fraction A-1 and 20 g of 
sorbent was charged into a column filled with 300 g of impregnated si l ica gel. Elution was performed with 
a mixture of chloroform and acetone (95 : 5). Fract ions  enriched with one or two components were eluted 
successively from the column: 1) a substance of phenolic-terpenoid nature 0.49 g; 2) amix tu re  of substances 
giving a lemon-yel low coloration with DSA, 0.3 g; 3) vanillin, 0.35 g; 4) ~-conidendrin 0.7 g; 5) 3,4-divanil-  
lyl te t rahydrofuran;  6)pinores inol ,  0.1 g; 7 )mata i res ino l ,  0.5 g; and 8) oxomatairesinol .  

Matairesinol.  The fraction containing the matairesinol  was thrice chromatographed on a column of 
sil ica gel in the ethyl a c e t a t e - c h l o r o f o r m  (70: 30) system. After recrys ta l l iza t ion from aqueous methanol 
white c rys ta l s  were obtained with mp 72-74°C, [(~]~-45.2 ° (c 0.12; methanol); }'max: 283, 231 nm (log 
3.73, 4.08). IR spectrum, cm-l :  3430 (broad, assoc.  OH), 2850 (OCH3), 1760 (C=O of a lactone ring), 1613, 
1520, 1425 (C6H5), 1270, 1240, 1035 ( C - O - C ) .  

Found, %: C 66.98; H 6.53. Mol. wt. 358 (mass-spec t romet r ica l ly) .  C20H2206. Calculated, %: C 67.01; 
H 6.13. 

Pinoresinol.  The fraction enriched in pinoresinol was purified by chromatography on columns in a 
s imi lar  manner  to matairesinol;  mp 120-121°C (ethanol). IR spectrum, cm-h  3450 (broad, assoc.  OH); 
2897, 2875 (OCH3); 1612, 1520, 1425, (C~Hs); 1265, 1235, 1030 (C-O-C). 

The acetylation of 0.08 g of pinoresino] in 1 ml of dry pyridine with the subsequent addition of 0.5 ml 
of acetic anhydride gave the acetate in the form of an amorphous powder which, after washing with water, 
was repeatedly recrystallized from ethanol. Yield 0.04 g, mp 163-164°C. The acetate was used to identify 
the pinoresino] by the NMR-spectroscopic method. 

3,4-Divanilly]tetrahydrofuran. The compound was shown to be identical chromatographically with 
the 3,4-divanillyltetrahydrofuran characterized earlier [8]. 

Nitrobenzene Oxidation. A 1-ml bomb was charged with 0.02 g of the substance under investigation 
together with 0.'016 m] of nitrobenzene and 0.12 ml of 2 N NaOH solution and was hermetically sealed. Then 
it was heated at 180°C for 1 h. Paper chromatography of the products in the petroleum ether-n-butyl 
ether-water (6 : 1 : i) system: showed the presence of vanillin, which was revealed with a 0.4% solution of 
2,4-dinitrophenylhydrazine in 2 N HCI. 

In addition, the vanil] in was separated preparatively by the TL C method on polyamide in the ethanol- 
water (60 : 40) system and was identified by UV spectroscopy. 

SUMMARY 

1. In addition to the four lignan compounds studied previously, we have isolated and identifiedmata- 
iresinol and pinoresinol and have also shown the presence of 3,4-divanillyltetrahydrofuran by thin-layer 
chromatography. 
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2. The NMR spectra of the lignans of Siberian spruce have been discussed. 
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