
3. The presence of gossypol and of phytates substantially changes the solubility of gos- 
sypulin. 
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LIGNIN OF THE FINE-FIBERED COTTON PLANT OF VARIETY S-6030 

AFFECTED BY FUSARIAL WILT. II 

L. S. Smirnova, S. Mukhamedova, 
M. K. Mirzakhmedova, and Kh. A. Abduazimov 

UDC 547.992.002.61 

A comparative study of the products of cleavage by sodium in liquid ammonia of the 
dioxane lignins (DLAs) from healthy and fusarial-wilt-affected stems of the fine- 
fibered cotton plant of variety S-6030 and a study of the PMR spectra of both lig- 
nins has sho%m that the DLA from the healthy stems is more highly condensed than 
the DLA of the stems affected by wilt. The main structures of DNA wilt are of the 
guaiacyl type. In the DLA from the affected stems, the amount of p-coumaryl struc- 
tures had increased, which confirms the demethylating action of fusarial wilt on 
cotton-plant lignin. 

Continuing a study of the dioxane lignins (DLAs) from ripe stems of the thin-fibered cot- 
ton plant of variety S-6030, both healthy and affected by fusarial wilt [i, 2], we have cleaved 
the DLAs with metallic sodium and liquid ammonia by the procedures adopted for lignins [3]. 
The total yield of monomeric cleavage products from the DLA of the healthy plant (15.62%) was 
only half that from the DLA of the wilt-affected cotton plant (30.70%). This, like the yield 
of the product of nitrobenzene oxidation [2], indicates a greater degree of condensation of 
the lignin from the healthy stems. The yield of high-molecular-weight cleavage products was 
33.49% from the DLA of the healthy stems and 34.97% from the DLA of the wilt-affected stems. 
The gel chromatography of these combined materials on a column of Sephadex LH-20 (with aqueous 
methanol as eluent and solvent) showed their similarity. Using the coefficients found previ- 
ously [4], it was possible to delimit on the gel chromatograms the regions of oligomers (frac- 
tion i), trimers (fraction 2),dimers (fraction 3), and monomers (fraction 4). The bulk con- 
sisted of the oligomeric and monomeric fractions. 

Analysis of the total monomers on a gas-liquid chromatograph showed the presence of phe- 
nols belonging to three types of phenylpropane structural units (PPSUs): p-coumaryl, guaiacyl, 
and syringyl. The ratio of the p-coumaryl, guaiacyl, and syringyl components in the monomers 
from the healthy stems was 0.09:1:0.32, and from the affected stems 0.15:1:0.22. 

Below we give the yields of monomeric products from the cleavage of lignins with metallic 
sodium and liquid ammonia (% on the DLA): 

S u b s t a n c e  DLA from healthY stems DLA from affected 
stems 

p -Hyd roxypheny ipropane 0,40 
3- ( p-Hydroxyphenyl)propano i 075 l, 58 
Guaiaco I 0.26 0.26 
Guaiacylethane 0,38 0,56 
Guaiacylpropane 6,03 l O. 42 
l-Guaiacylpropano i 0,90 2.25 
Syringylpropane 2,9~ 2.86 
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TABLE i. Interpretation of the PMR Spectra of the Dioxane Lig- 
nins. 

Number of the 
zone and its boun- 
daries 

I. 2,0--3.75 
II. 3 .75-4.2 
III. 4,2--4,8 
IV, 4 ,8 -7 ,5  
IVa. 5 .9-6 ,8  
V. 7,5--7,9 
VI. 7.9-844 
VII. 8.4---9~5 

Number of protons in 
the DLA of the stems 

healthy affected 
stems stems 

l ,83 ] ,99 
0,46 0.38 
0,33 O.45 
2,06 2,a7 
3,54* 2.94 ~ 
I. 18 1,85 
3.57 2,45 
1.54 0,6~ 

Interpretation of the protons 

Aromatic protons 
Bermyl at acetyl groups 
Coumarane structures 
C, s side chain 
Methox)r groups 
Aromatic 'acety! groups 
AUphatic acetyl groups 
Me~yl groups 

*These values were taken from the empirical formulas. 

As we see, in the DLA of the affected stems the proportion of p-coumaryl components had 
increased sharply which confirms the demethylating action of the wilt fungi. In both cases, 
the main structures were of the guaiacyl type. 

A study of the PMR spectra (the identification and calculation of the protons was done 
in accordance with [5, 6]) of the DLAs from healthy and wilt-affected stems showed their non- 
identity (Table i). 

An estimation of the hydroxy groups from the benzyl (~OH) and acetyl protons showed that 
the total amount of hydroxyls deduced from the spectrum was high in comparison with that shown 
in the formula. In the case of the diseased stems, because of the pronounced overlapping with 
the bands of aromatic and aliphatic acetyl groups the number of aromatic acetyls was very high 
in comparison with the given formulas. 

The DLA from the healthy stems: 

H Oo. o(ocH  ),, (0%00. (0 (Oa,-a,)o. 
The DLA from the affected stems: 

c, o , . ,  {ocH  )o. (°apDo. :o (OHaO,. • 

The spectral characteristics enabled us to calculate the amounts of ~- and y-hydroxyls. 
In the case of the lignin from the healthy stems, =OH is 0.46/C9, yOH is 0.73/C9; and for the 
affected stems, ~OH is 0.38/C9; yOH is 0.44/C9. In view of the increased amount of OH_z^_ in ~LL~LI 
the lignin from the affected stems, the number of yOH groups in it must be far greater than 
0.44. Thus, in both lignins the y-hydroxy groups were present in the largest amount. 

According to the PMR spectra, the number of protons not present in functional groups of 
the DLA was 5.76/C9 for the DLA from the healthy stems and 6.0/C9 for that from the affected 
stems. This shows the greater degree of condensation of the DLA from the healthy stems. 

An estimation of the total number of protons from the spectra and a comparison of it 
with the formulas given show that there was a difference between them of 1.6-2.3 H/Cg. In the 
majority of the DLAs that we have studied [7] the amount of hydrogen found by an analytical 
method was higher than that calculated with the aid of PMR spectra. 

EXPERIMENTAL 

The cleavage of the dioxane lignins with metallic sodium and liquid ammonia and the anal- 
ysis of the monomeric phenols obtained were performed as described in [3]. 

The DLA was acetylated for 24 h with an excess of an equimolar mixture of acetic anhy- 
dride and pyridine at room temperature. The acetylated lignin was precipitated by pouring 
the reaction mixture into water. After separation and drying, it was reprecipitated by pour- 
ing aqueous dioxane solutions of it into absolute ether. The preparation was dried over PaO~ 
in a vacuum desiccator. 

PMR spectra were taken on a JNM-4H-IO0/100 MHz spectrometer at room temperature, c = 10% 
(by weight), T scale, solvent deuterochloroform, i0 is HMDS. 
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Fig. i. Gel chromatograms of the high-molecular-weight prod- 
uct of the cleavage with sodium in liquid ammonia of the DLA 
of cotton-plant stems: i) healthy; 2) wilt-affected. 

SUMMARY 

A comparative study of the products of the cleavage by sodium and liquid ammonia of the 
dioxane lignins of stems of the thln-fibered cotton plant of variety S-6030 in the healthy 
state and as affected by fusarium wilt and the study of the PMR spectra of both lignins 
showed that the DLA of the healthy stems was more highly condensed than the DLA of the wilt- 
affected stems. The main structures of both DLAs were of the guaiacyl type. The DLA of the 
affected stems contained a larger amount of p-coumaryl structures, which confirms the demeth- 
ylating action of the fungi of fusarial wilt on cotton-plant lignin. 
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