
S U M M A R Y  

1. The dioxane lignin of  r ipe  cot ton-plant  s tems has been separa ted  into six f ract ions  of different  mo lec -  
ular  weights which were  fa i r ly  homogeneous and differed considerably  in the i r  molecu la r  weights. 

2. It follows f rom the semiempi r i ea l  formulas  that in all the f ract ions  guaiacyl s t ruc tura l  units p redom-  
inated. The chemical  nonidentity of the fract ions is shown by the different  amounts of functional groups in the 
phenylpropane s t ruc tu ra l  units and by the re la t ive  optical densi t ies  of the main bands in the IR spect ra  of the 
f ract ions .  

3. The low-molecular -weight  f ract ion di f fered markedly  from the o thers  by a higher  content of ca rbo -  
hydrates  bound to the lignin and by a g r e a t e r  degree  of  oxidation. 
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The presen t  paper  gives the resu l t s  of a compara t ive  study of the dioxane lignins isolated from the outer  
(bast) and inner (tow) par ts  of the s tems of kenaf of the cult ivated var ie ty  Uzbekskii 15-74 gathered on the t e r r i -  
t o ry  of the Sverdlov kolkhoz [collective farm] ,  Tashkent Oblast ' .  Kenaf, l ike the eotton plant, belongs to the family  
Malvaceae.  

The dioxane lignins f rom the bast  (DLA LK) and from the tow (DLA KK) were  isolated by a method descr ibed  
previous ly  [1]. The isolated dioxane lignins consis ted of brown amorphous powders soluble in the same solvents 
as the DLAs of  Althea [2] and the cotton plant [3]. After purif icat ion by Bjorkman's  method [4], they contained 
3.24% (DLAKK) and 3.88% (DLALK)of bound carbohydra tes  [5]. 

Below we give the e lementa ry  and functional analyses  of the dioxane lignins obtained (%)- 

Elementary composition and DLA KK DLA LK 
amounts of functional groups 

C 60.18 59.60 
H 6.14 6.02 
O 33. 68 34.38 

OCH~ ~) .3i  19.78 
OHio t 10.44 10.78 

OHalip 8.17 7.99 
OHph 2.27 2.79 

CO 2.44 2.35 
COOH O 48 0.56 

Institute of the Chemis t ry  of Plant Substances,  Academy of Sciences of the Uzbek SSI~, Tashkent.  T r a n s -  
lated f rom Khimiya Pr i rodnykh Soedinenii, No. 1, pp. 74-82, J a n u a r y - F e b r u a r y ,  1979. Original a r t i c le  sub-  
mi t ted  October 26, 1978. 
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UV spec t r a  (a) and gel c h r o m a t 0 g r a m s  (b) of kenaf  dioxane 
lignins: 1) DLALK; 2) DLAKK. 

These  f igures  show that  in the i r  e l emen ta ry  composi t ions  and amounts of  functional groups the DLA LK and 
DLAKK dif fered  l i t t le  f rom one another .  At the s a m e  t ime ,  they di f fered  cons iderably  in thei r  content of OCH 3 
groups f rom the DLA of r ipe  cot ton-plant  s t ems  [6]. For the DLALK and DLAKK we calculated the s e m i e m p i r -  
ical fo rmulas  pe r  e l emen ta ry  Cs unit taking the p resence  of ca rbohydra tes  into account.  

DLAKK, mol .  wt. of a s t ruc tu ra l  unit 205.6 

CgHTa, 00.67 (OCHa)L~ (OHp~0.~, 

DLALK, mol .  wt. of a s t ruc tu ra l  unit 207.0 

C,H~.~ q.,~ (OCH&a, (O%h)o ~ 

(OHalip)0,92 

(OHa lip )o:88 

DLAK [1] (dioxane lignin f rom the whole kenaf  s tem) 

CgHe,eo Oo,go (OCHa)L~ (OHpb)o,2s (OHalip),.o, 

(O¢o)o.,, (OOHcoo,)o.o   

(O¢o)o,,, (OOHcoo.)o.o  

(OOH oo.)o,o  
The DLA of  r ipe  cot ton-plant  s t ems  [3], mo lecu l a r  weight of a s t ruc tu ra l  unit 199.6 

CgH6.m 00.96 (OCH3)x.oo (OHpt~o.ao (OHalip/o,87 (OHphA)oA (O~-al)o.6o 0(CO)O,2, (OOHcooa)o.o~ 

Thus,  the d i f fe rences  between DLAKK and DLALK were  insignificant.  At the s ame  t ime ,  they dif fered 
cons iderably  f rom the DLA of r ipe  cot ton-plant  s t ems .  The amounts  of methoxy,  hydroxy,  carbonyl ,  and c a r -  
boxy groups ,  and also the amount  of  a l k y l - a r y l  e ther  bonds, were  different .  The kenaf lignins w e r e  m o r e  highly 
methoxylated than the ligrtins not only of the cotton plant but a lso  of Althea [2]. They conta ineda  l a r g e r  amount  
of  a l k y l - a r y l b o n d s , w h i c h  shows the i r  lower deg ree  of condensation.  In compar i son  with the DLA of r ipe  co t -  
ton-plant  s t e m s ,  DLA KK and DLA LK contained s m a l l e r  amounts  of carbonyl  and carboxy groups.  

The UV absorpt ion  curves  of the kenaf lignins that we obtained (Fig. la) have two max ima  : ~max = 280 
and 300-360 nm (in the form of a shoulder}. The m a x i m u m  at  280 nm c h a r a c t e r i z e s  the absorpt ion  of the a r o -  
mat ic  ring. The band at 300-360 nm is connected with the absorpt ion of a benzene r ing bear ing  subst i tuents  
with conjugated double bonds and CO groups.  

The UV absorpt ion max ima  of the dioxane lignins were  as follows: 

)'max ~280 OCH~/C 9 
DLAKK 280 2500 1.39 
DLALK 280 2200 1 i37 
DLA K [1 ] 280 2600 1:84 
DLA A.rbsea [2] 280 2400 1;15 
DLA of ripe cotton- 280--282 2500 1,00 
plant stems [3] 

Thus,  the m o l a r  extinctions of the kenaf  DLAs a re  in the range  of 2200-2500. They a re  composed of the 
extinctions of each phenylpropane s t ruc tu ra l  unit (PPSU) by the law of additivity.  The m o l a r  extinctions of  kenaf  
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Differential and integral  curves  of kenaf DLAs: a) DLALK; b) DLAKK. 

Chromatogram of the products of  the ni trobenzene oxidation of DLAKK: 1) ferulic acid; 2) p -cou-  
3) vanillin; 4) acetovanillone; 5) p-hydroxybenzaldehyde; 7) p-hydroxyacetophenone; 8) 

DLAs with a far higher value of the OCHJCs  rat io than for Althea and the cotton plant are  fair ly high if the ex-  
tinction of syr ingyl  s t ruc tures  is taken into account (e2s0 = 1150) [7]. We have previously repor ted  the detection 
of dehydredivanillin in the products of the oxidation of fract ions of kenaf DLA. The high values of the mola r  ex- 
tinctions of DLALK and DLAKK can possibly be explained part ly ,  as well, by the presence  of s t ruc tures  of the 
diphenyl type (e2s0 for diphenylpropane is 6000). 

The IB spect ra  of the lignins isolated show bands due to a benzene r ing with substituents (1510, 1600, and 
1470 cm -i) and to hydroxy (3450 cm-1), carbonyl  (1720 cm-1), and ether  (1280 in the form of a shoulder ,  1230, 
and 1040 cm -1) groups.  The fair ly s trong band at 1330 cm -1 corresponds  to the absorption of C - t t  bonds in 
OCI-I 3 groups.  Lindberg [9] considers  that the absorption at 1330 cm -1 is due to syr ingyl  nuclei.  The kenaf l ig-  
n[ns,  like Althea lignins [2], showed a weak absorption band at 915 cm -I.  It is considered [10] that this absorp -  
tion is also due to syr ingyl  nuclei.  Thus, we see that the spec t ra  of DLAKK and DLALK are  s imi la r ,  

For a compara t ive  study of the molecu la r  weights (MWs) and polydispersi t ies  of the lignins we employed 
gel chromatography on Sephadex G-75, using the factors  found previously  [11]. The molecular -weight  d i s t r ibu-  
tion (IVIWD) of the lignins was found from the gel ch romatograms  obtained in the elution of the samples  through 
a column of gel cal ibrated for MWs (Figs. lb  and 2). The MWs and polydispersi t ies  of the dioxane lignin were :  

DLAKK 10600 3700 22400 2,87 
DLALK 8600 4200 19700 2,04 
DIAK ['I] 6500 2500 III00 2,57 
DIA of A. rhyticarpa [2] 12000 5900 17300 2.05 
DLA of ripe cotton-plant 
stems [3]  15200 5800 2 60 

It can be seen f rom these f igures and the gel ch romatograms  that the dioxane lignins of kenaf s t ems ,  
Althea [2], and ripe cotton-plant  s tems [3] were  polydisperse ,  but the low-molecular -weight  fraction p redom-  
inated in the kenaf dioxane lignins. The resul ts  show that the DLALK had a lower polydispers i ty  than the DLAKK. 
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Fig. 4. Chromatogram of the products of 
the decomposit ion of  kenaf tow with me ta l -  
lic sodium in liquid ammonia:  1) guaiacol; 
2) p-hydroxyphenylpropane; 3) vanillyl a l -  
cohol; 4) 4-hydroxy-3-methoxyphenylethane;  
5) 1 - (4-hydroxy-3 -methoxyphenyl) ethanol; 
6) 4-hydroxy-3-methoxyphenylpropane;  7) 
vanillin; 8) 1- (4-hydroxy-3-methoxyphenyl)-  
p ropan- l -o l ;  9) 3-  (4-hydroxyphenyl)propan- 
1-ol; 10) 4-hydroxy-3,5-dimethoxyphenyl-  
propane. 

From the values of M z it is possible to calculate on an average  of how many phenylpropane s t ruc tura l  units 
the macromolecules  of the kenaf dioxane lignins consist .  Thus, it has been calculated that the DLAKK consis ts  
of ]09 and the DLALK of 95 PPSUs. 

To study the s t ruc tures  of the lignins isolated, in addition to physicochemical  methods we used alkaline 
nitrobenzene oxidation [12] and reductive degradation with metall ic  sodium in liquid ammonia [13]. 

The products of nitrobenzene oxidation (NBO) of the kenaf lignins were investigated by the GLC method 
(Fig. 3). We give the resul ts  of their  quantitative chromatographic  analysis  (~ on the initial lignin): 

Substance DLA KI< DLA LK DLA K [I ] 

p -Hydmxybenzald ehy d e 0.56 3,06 3,55 
p- Hydroxyacetg. phe no ne -- -- 0.17 
p-Coumarie acio 1.57 0.80 -- 
p-Hydroxybenzoic acid* -- 0.54 
Guaiaeol 0.13 -- 
FeruUc acid 0.18 0.61 O.90 
va nillin 12:57 13.45 14~37 

Acetovanillon¢ 0.54 0.12 -- 
Vanilllc acid* 1.46 0.91 
Syringa idehyde 28:85 27,12 85,19 
Syringie acid* 7"12 3,43 
Unid~nt2fied 1 ~59 0;86 

p-Cournaryl: guaiacyl : 
syringyl ratio 0.15:1:2:4 0:26:1,2.02 0..2611,2.5 

The Althea [2] and cotton-plant [3] lignins contain all three types of s t ructura l  units:  p -coumary l ,  guaiacyl ,  
and syringyl .  The differences between the DLAKK and DLALK consis t  i n the  fact that the la t ter  contained a 
l a rge r  amount of p -coumary l  and guaiacyl s t ruc tures .  However, it must  be mentioned that the amount of p-  
coumaryl  s t ruc tures  in both lignins was very  small  {5-7 t imes less than the amount of guaiacyl s t ructures) .  
Both in fihe DLAKK and in the DLALK there  were  two or  more  syringyl units for each guaiacyl s t ruc tura l  unit. 
This is obviously connected with the fact that the syringyl  s t ruc tures  have fewer possibil i t ies for condensation. 
In other  words,  since syringyl  s t ruc tures  predominated among the oxidation products ,  there were more  "un- 
condensed" syringyl s t ruc tures  in the kenaf lignins than s t ruc tures  of the guaiacyl se r ies .  

A comparison of the products of the nitrobenzene oxidatior~ of the DLAs of kenaf bast  and tow with the DLA 
of the whole plant shows that the lat ter  contained the same compounds. The differences between them appear 
mainly in the amounts of these compounds. 

*Determined in the form of methyl ethers of methyl e s t e r s ,  but not determined in the DLAK. 
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Among the products  of  the n i t robenzene  oxidation of  kenaf  DLA, in addition to a roma t i c  aldehydes and k e -  
tones ,  t he re  a r e  a roma t i c  acids which,  as is well known [14, 15], a r e  a lso  fo rmed  by this reac t ion  and which we 
did not succeed  in detect ing under the given conditions of  analys is  because  of the i r  low volat i l i ty.  To inc rease  
the i r  vola t i l i ty  we subsequent ly  me thy la t ed  [16] the mix tu r e  of oxidation products  and then studied them by gas  - 
liquid ch romatography .  The alkal ine @H 11-12) and acid {pH 1-2) f rac t ions  were  invest igated sepa ra t e ly .  The 
f o r m e r s  cons i s ted  of a ldehydes and ketones while a roma t i c  acids were  found in the l a t t e r ,  together  with a lde-  
hydes .  

If the yield of vani l l ic  acid is added to the yield of vanill in and other  products  of the guaiacyl  s e r i e s  (it is 
the total  yield of the l a t t e r  that  gives an idea of  the amount of uncondensed guaiacyl  units) , i t  is found that the 
total  yield in DLALK was somewhat  higher  than in DLAKK. Consequently,  the guaiacyl  units we re  condensed 
d i f ferent ly  in these  l ignins.  They were  l e s s  condensed in DLALK, and obviously this contained fewer  s t r u c t u r e s  
with a diphenyl bond and a lso  d ia ry l  s t r u c t u r e s .  The decomposi t ion  with meta l l i c  sodium in liquid ammonia  of 
both natura l  and iso la ted  lignins leads  to the c leavage  of a l k y l - a r y l  e ther  bonds [17] with the l ibera t ion  of the 
"uncondensed" s t ruc tu ra l  e lements .  We subjected the DLALK and DLAKK, and a lso  the na tura l  l ignins of the 
bas t  and tow, to this t r ea tmen t .  The yields  of phenols f rom a single t r e a t m e n t  of kenaf  dioxane l ignins were  
11.69 and 6.17% of the weight of the initial l ignin for  the DLAKK and DLALK, re spec t ive ly .  Consequently,  there  
we re  somewhat  m o r e  "uncondensed" a r o m a t i c  units in the DLAKK than in the DLALK. 

To inves t iga te  the complex  m i x t u r e  of phenols i so la ted  a f te r  the separa t ion  of the kenaf  lignin we used 
g a s - l i q u i d  ch roma tog raphy  (Fig. 4). The peaks  were  identified f rom the i r  re tent ion t imes  and by the addition 
of s tandard  subs tances .  

The amounts  of phenolic subs tances  in the decomposi t ion  products  of the natura l  l ignins and the kenaf  
DLAs were  as fol lows: 

Stems, % on the Komarov Dioxane lignin, %on 
lignin the initia l l ignin 
two best DLA KK DLA LK 

4- Hydroxy phe n ylpropane . . 0,11 0,15 0.41 
3- (4- Hy~oxypne nyt)pmpan-,-o, 0,14 0~3 -- -- 
Guaiacol 0,05 0,01 0,15 - -  
1 - (4- Hydroxy- 3- methoxypheny 1)propa he. 

0.03 0,15 -- 
1,3-dlol 0.~5 0,02 - -  -- 

vanil lyl  alcohol 
4- Hydroxy- 3- methoxyphenylethane 0.03 0,06 0.22 -- 
1 - (4- Hydroxy -3- methoxypheny 1)ethano 1 0,03 -- 
4- Hydroxy - 3- me thoxyphe nyipropa ne 1,63 1,21 1 ~5  1 ~ 4  
Vanillin 0,60 1,25 0.49 1.28 
1- (4- Hy~oxy- 3- methoxyphenyl) pmpan- l -o l  1.11 2.06 0.07 1,15 
3- (4- Hydroxy- 3- me thoxyphenyl ) propan- l -o l  _ --  1.01 
4- Hydroxy- 3,5- dimethoxyphenyl) propane 7,74 8,97 3,35 3,91 
I (41Hydroxy - 3, 5-dime thoxyphe ny 1)pr opan- 

- 0,22 1,62 1,19 2,16 
Unidentified 0,02 1,98 3,06 --. 

p-Coumaryl :guaiacyl :syringyl ratio ~.07:1:2.27 0.07:h2,27 "0.04:1:l,22 0109:1:'1,35, 

It follows f rom t h e s e  f igures  that ,  as  in the ca se  of n i t robenzene  oxidation,  syr ingyt  units predominated  in 
the mix tu re .  This  once again conf i rms  the s m a l l e r  deg ree  of condensation of the syr ingyl  s t r u c t u r e s  than of the 
guaiacyl  s t r u c t u r e s  in the m a c r o m o l e e u l e s  of the l ignins studied. 

A c o m p a r i s o n  of the products  of the c leavage of na tura l  lignins of the bas t  and tow shows that  they di f fer  
insignif icant ly  in qual i ta t ive  and quanti ta t ive composi t ion (number of peaks) .  Neve r the l e s s ,  in the natura l  bas t  
l ignin t he r e  was a p redominance  of guaiacyl  and syr ingy lun i t s  with f ree  OH groups  in the side chains in the 
posi t ions  to the a r o m a t i c  nucleus (the amount  of 1 - g u a i a c y l p r o p a n - l - o l  in the bas t  lignin was twice as g rea t  as 
in the tow lignin,  and the amount  of 1 - s y r i n g y l p r o p a n - l - o l  was  seven t imes  as great) .  

So f a r  as concerns  the  dioxane l ignins,  cons iderab le  d i f fe rences  in the quali tat ive composi t ions  of the phen-  
olic f rac t ions  were  obse rved  he re .  Ten compounds were  identified in the decomposi t ion  products  of DLAKK 
which were  ma in ly  de r iva t ives  of gua iacy l -  and syr ingy lpropanes .  In the alkal ine f rac t ion  of DLA LK, however ,  
only s ix  compounds were  obse rved ,  among which, just  as in DLAKK, p - c o u m a r y l  de r iva t ives  w e r e  poorly  r e p -  
resen ted .  Ethane s t r u c t u r e s  we re  comple te ly  absent  f rom the DLALK. However ,  as  a lso  in the case  of the na-  
t u ra l  l ignins,  a l a r g e r  amount  of s - a l c o h o l s  of the guaiacyl  and syr ingyl  s e r i e s  was found in the products  of the 
decomposi t ion  of DLALK as compa red  with DLAKK. 

The fact  that in na tura l  kenaf  lignins the re  we re  m o r e  than two syr ingyl  s t ruc tu ra l  units for  each guaiacyl  
unit and the re  w e r e  fewer  in the dioxane l ignins can apparent ly  be explained by condensation p r o c e s s e s  taking 
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place during the isolation of the lignin. On the other  hand, in the oxidation of the same kenaf DLA preparat ions  
there  were  two syringyl  s t ruc tures  to each guaiacyl s t ructure .  One m u s t  not forget ,  however,  that probably 
only the per iphera l  parts  of  the macromolecu le  undergo oxidation, while decomposit ion with metall ic  sodium 
in liquid ammonia af fec ts  the whole molecule.  From this it may  be concluded that the side chains within the 
molecule and in its per ipheral  par t  a re  different.  The former  of those mentioned above a re  more  condensed 
(approximately twofold) than the lat ter .  

Thus, on the basis of  what has been said it may  be concluded that DLALK and DLAKK differed from one 
another not only by the rat io of the three s t ructura l  units making up their macromolecules  but also by the s t r u c -  
tu re  of the side chains of  the PPSUs. 

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

The isolation of kenaf dioxane lignins was ca r r i ed  out by a method descr ibed previously [1]. The func- 
tional groups of these lignins were determined by standard methods [t8]. 

The UV spectra  were  recorded  on a SF-4 spect rophotometer  with d ioxane -wa te r  (9:1) as solvent. The 
IR spectra  were  taken on a UB-20 instrument  in tablets with KBr. 

Gel chromatography was pe r fo rmed  on an analytical column of Sephadex G-75, using DMSO as solvent 
and eluent. 

Alkaline nitrobenzene oxidation was ca r r i ed  out by the method descr ibed previously [19]. The total yields 
were  0.2304 g (44.62%) and 0.2142 g (42.8170 on the Komarov lignin) for DLAKK and DLALK, respect ively.  Chro-  
matographic analysis was per formed under the conditions used previously [8]. 

Method of Successive Methylation. The total products from the oxidation of kenaf (0.2039 g) were t reated 
with 0.13 g of caustic soda in 3.3 ml of H20 and 0.12 ml of dimethyl sulfate. This mixture  was boiled on the 
water  bath for half an hour and, af ter  cooling, it was extracted with ether.  The ethereal  extract  of the react ion 
mixture ,  which had pH 11-12, was dried over anhydrous MgSO 4 and the residue af ter  the elimination of the ether 
was dissolved in ethanol and was investigated by the GLC method. The aqueous layer  was acidified with 5% 
I-I2SO 4 to pH 1-2 and was reext rac ted  with e the r .  The ethereal  extract ,  af ter  being dr ied with anhydrous MgSO4, 
was evaporated to a volume of 6-8 ml and was t reated with 10 ml of diazomethane. After standing for 40 minutes ,  
the solvent was distilled off to d ryness ,  and the  dry residue was dissolved in ethanol and studied by gas- - l iqu id  
chromatography.  

GLC Conditions. The following stat ionary liquid phases were  tested for the separation of the mixtures  of 
methyl  ethers  and es te r s  of  the products  of oxidation with nitrobenzene in an alkaline medium: Apiezon L, SE- 
30, and UZh F (universal liquid phase). The best  resul ts  were obtained on working with SE-30. 

The products were analyzed on a Khrom-4 chromatography with a f lame-ionizat ion detector  in a s t a in l e s s -  
steel column (120 × 0.3 cm) filled with 5%of SE-30 on Chrematon NAW at a thermosta t  t empera ture  of 130°C 
and an evaporator  t empera tu re  of 180°C. Helium was used as the c a r r i e r  gas. 

Reductive degradation with metal l ic  sodium in liquid ammonia and the study of  the react ion products  by 
the GLC method were per formed as descr ibed previously [2]. The lignin samples amounted to 0.5-0.6 g, The 
peaks were evaluated quantitatively by the a rea-normal iza t ion  method [20]. 

S U M M A B Y  

1. Dioxane l i~, ins have been isolated from the outer (bast) and inner (tow) parts  of kenaf o f  the v a r i e t y  
Uzbekskii 15-74, and the semiempi r ica l  formulas  of the phenylpropane s t ructura l  units of these dioxanes have 
been calculated on the basis of e lementary  and functional analyses.  

2. It has been shown by measuremen t s  of molecular -weight  distribution that the DLAKK was m o r e  poly-  
d i sperse  than the DLALK. 

3. A study of the products of alkaline ni trobenzene oxidation and of decomposition by metall ic sodium in 
liquid ammonia has shown that the DLAKK and DLA LK were constructed of p -coumary l ,  guaiacyl,  and syr ingyl  
s t ruc tura l  units, with the la t ter  predominating. 

1o 
2, 
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N I T R O B E N Z E N E  O X I D A T I O N  O F  F R A C T I O N S  

O F  C O T T O N - P L A N T  D I O X A N E  L I G N I N  

M. S. R a k h m a t u l l a e v ,  N.  A.  V e k s l e r ,  
L .  S. S m i r n o v a ,  a n d  K h .  A .  A b d u a z i m o v  

UDC 547.458.84 + 549.927.2 

The dioxane lignin (DLA) of the r ipe  s t e m s  of  the cotton plant of va r i e ty  108 -F  has p rev ious ly  been f r a c -  
t ionated accord ing  to m o l e c u l a r  weights  by s u c c e s s i v e  prec ip i ta t ion  in the fo rm of s ix f rac t ions .  It has been 
shown that  the f rac t ions  d i f fer  not only in the i r  m o l e c u l a r  weights but also in the amounts  of functional groups  
pe r  C e unit and, consequent ly ,  in chemica l  s t r u c t u r e  [1]. To study the i r  s t r u c t u r e s ,  the DLAs o f  the six f r a c -  
tions and the  initial  unfrac t ionated  lignin were  oxidized with n i t robenzene  in an alkal ine med ium [2]. The oxida-  
t ion products  we re  analyzed quant i ta t ively  in a g a s -  liquid ch romatograph .  They were  identified f rom the i r  r e -  
tention t imes  and by the addition of s tandard  subs tances ,  and were  de te rmined  quant i ta t ively by the a r e a - n o r -  
ma l i za t ion  method [3]. Below we give the y ie lds  of oxidation products  in m o l a r  pe rcen tages  [( % in the m i x t u r e /  
mol .  wt.) • 102] : 

Fraction Initial 
I II Ill IV V VI data 

p-Coumarie acid 0.32 0 ,26  0 ,43 1,16 0.39 0.30 0.21 
p- H¥&oxybenza ldehyde 1.22 0,60 0,82 0. -8 1.61 1,67 0.36 
p- I-fydroxyacetophenone 0 .44  0.70 0 .94 1.48 1.72 0.93 

Total p-coumaryl 
structures 1.98 1.56 2 ,19  3,42 3 .72  1.97 1 .:!l. 

Feru ltc acid 0~38 0.31 0.51 0.32 
vanillin 29.53 26.71 28.12 32.67 32.25 30.46 30.99 
Acetovanillone 0~44 0.64 0.81 
Acet~guaiacone 0.74 1.68 

Total guaiacyl 
structures 29.53 27.18 29.14 33.41 32.56 32,65 32,12 

- r 

Syringaldehyde 28.62 30.98 28.12 24.28 23.98 22.40 26 :19  

Inst i tute o f  the Chemis t ry  of Plant Substances ,  Academy of Sciences of the Uzbek SSP, Tashkent .  T r a n s -  
la ted f rom Khimiya Pr i rodnykh  Soedinenii No. 1, pp. 82-84,  J a n u a r y - F e b r u a r y ,  1979. Original a r t i c l e  submit ted  

October  27, 1978. 
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