
SUMMARY 

L-Asparaginase immobilized on soluble CM-cellulose has been obtained, and some of its 
physicochemical properties have been studied. 

It has been established that L-asparaginase bound to soluble CM-cellulose possesses a 
greater heat stability and a greater resistance to proteolytic enzymes than the native L- 
asparaginase. 
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and M. R. Yagudaev 
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Analysis of the PMR spectra of acetylated dioxane lignins of the cotton plant 
collected in various vegetation periods have shown that the DLAs have different 
degrees of substitution of the Cs side chain and different degrees of condensa- 
tion through the aromatic nuclei. With an increase in the time of extraction 
of the dioxane lignins from the plant, condensationof the lignins isolated takes 
place. It has been shown that in the DLAs studied the amounts of u-alcoholic 
hydroxyls are different. 

At the present time, in spite of considerable experimental and methodological difficul- 
ties [i], the method of high-reSolution proton magnetic resonance (PMR) is being used suc- 
cessfully in the study of various lignin preparations. 

We have studied the PMR spectra of the dioxane lignins of the stems of the cotton plant 
of variety 108-F collected in the early period of vegetation (DLA-I) and in the flowering 
stage (DLA-II), of the ripe stems of the later vegetation period (F-l), and of ripe bolls 
(DLA-K), and also the dioxane lignins of ripe stems of the cotton plant obtained with differ- 
ent times of extraction (F-II, 2 h; F-Ill, 3 h). The isolation and characterization of the 
dioxane lignins has been described in previous papers [2-4]. We have recorded the spectra of 
the acetylated lignins since they give more valuable information. 

In order to assign the chemical shifts of the protons in the PMR spectra of the dioxane 
lignins a correlation has been made of them with literature information [5-7]. For this pur- 
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PMR spectrum of the dioxane lignln of ripe stems of 
the cotton plant (F-l) .  
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pose, the spectra of the lignins investigated were divided into seven regions corresponding 
to definite types of protons. 

For the quantitative evaluation of the PMR spectra of lignins, the total number of pro- 
tons in the lignin per elementary C, unit is generally calculated from analytical results [5, 
8], or a method based on the introduction of an internal standard is used [8]. Our principle 
is as follows. The total integral intensity of the signals of all the protons was taken as 
100%, and then the percentage of the intensity due to methoxyl protons (appearing most clear- 
ly in the spectrum of zone IVa) was determined. The percentages of the intensity falling in 
each integral curve (Fig. I) and corresponding to definite types of protons were determined 
similarly. Knowing, from empirical formulas, the numbers of methoxy groups per Ci unit, the 
area of the signal of the OCH3 groups in percentages (zone IVa)per proton was calculated. 
From these results, the number of protons in each region was established (Table I). 

Since in the PMR spectra of the lignins investigated there were no signals appearing be- 
low 2.0 ppm, the boundary of the first zone was taken between the limits 2.0-3.7 ppm. Accord- 
ing to the literature in natural lignins there is an insignificant amount of conjugated a- 
vinyl groups (about 0.06 per Ci unit) [5]. Thus, it is mainly the aromatic protons that ap- 
pear in zone I. As can be seen from Table i, in the cotton-plant DLA from various periods of 
vegetation the numbers of aromatic protons and, consequently, the degrees of substitution of 
the aromatic nuclei are different, From the number of free aromatic protons they can be ar- 
ranged in the following sequence: F-I>DLA-II>DLA-K>DLA-I. Assuming that thenumber of meth- 
oxy groups in them are subject to the same laws, it may be concluded that F-I is the least 
condensed sample and DLA-I the most. 

From a comparison of the numbers of aromatic protons (Table i) for F-I, F-II, and F-III, 
it follows that with an increase in the time of extraction the degree of condensation of the 
lignins isolated rises. The most condensed is F-III, since it contains the smallest number 
of aromatic protons and OCHs groups per C9 unit. 

To calculate the number of condensed units from the PMR spectra of the lignin prepara- 
tions we used the method suggested by Simionescu et al. [7]. In our calculations we started 
from the fact that in the DLA of ripe cotton-plant stems (F-I) the amount of p-coumaroyl 
structural units can be neglected, since their amount is 10-15 times smaller than that of the 
guaiacyl and syringyl units [9]. On the basis of the OCHs/C9 ratio we found for F-I, F-II, 
and F-III the ratios of guaiacyl and syringyl structures per C9 unit and, from this, the num- 
ber of aromatic protons in the nuclei if these nuclei were condensed, i.e., the theoretical 
number of aromatic protons. ~See the display at top of next page.) 

From the difference between the number of aromatic protons found theoretically and from 
the PMR spectra we calculated the degree of structural condensation of the llgnins. For ex- 
ample, the total number of condensed units in F-I (2.77 -- 2.34),100% = 43%. Analysis of the 
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Preparation OCHs/C 9 Number of aromatic protons Percentage of 
condensed nuclei 

Theoretical from PlvIR 

el, -I 1.23 2.77 2.84 43 
el, -II 1,23 2.77 2.02 75 
¢l,-Ill 1,14 2,86 1,95 91 

figures given above shows that with an increase in the time of extraction the amount of con- 
densed fractions in the lignin increasesmore than twofold. Similar calculations cannot be 
performed in a series of natural lignins of the early vegetation periods, since in DLA-I, 
DLA-II, and DLA-K it is impossible to neglect the amount of p-coumaryl units and, in addition= 
pyrocatechol structures have been found in them [2]. 

The B-vinyl and benzyl ester protons in the C3 side chain appear in region If. In this 
zone at about 4 ppm, in the spectra of the three F fractions a signal appears clearly that 
apparently corresponds to benzyl acetate groups ArCH(OAc)--C--C [7]. The number of protons in 
this region is a maximum in F-I and changes in the following sequence: F-III<F-II<F-I>DLA-K> 
DLA-II>DLA-I. Consequently, in nonacetylated lignins the amount of benzyl alcohol groups 
changes in the lignin preparations in the same sequence as in the above-mentioned series. 

The protons present in coumarane structures appear in zone III. It follows from Table 1 
that the amount of such is a maximum in the DLA of the early vegetation periods and decreases 
in the DLA of the ripe stems. With an increase in the time of extraction the amount of 
coumarane structures in fractions F-II and F-III also decreases. 

Region IV includes methoxy groups and the ~-, 8-, and Y-protons of the C, side chain. 
For the different preparations, the zone of the methoxy protons is between 6.0 and 6.8 ppm. 
The numbers of a-, 8-, and Y-protons were calculated by deducting the signal of the methoxyl 
proton from the total signal and vary in different lignin preparations from 1.62 to 3.44 pro- 
tons per C9 unit in DLA-K and F-II, respectively. Calculation of the numbers of protons 
attached to the Cs chains (regions II, III, and IV) also shows that these numbers are differ- 
ent. Consequently, in preparations of DLA of the stem the degrees of substitution of the side 
chain are not the same. The smallest number of aliphatic protons and, consequently, the 
highest degree of substitution are found in the DLA-K and F-III. Unfortunately, it is im- 
possible from these facts to judge the degree of condensation of the lignins through the side 
chains, since the protons in themare replaced by several types of bonds: C~, C=O, C-C, 
C-OH. According to the biogenetic theory of lignin, there should be about four protons in 
the Cs side chain [4]. As can be seen from Table i, this rule is observed for DLA-I, DLA-II, 
and F-I. 

In region V are the protons of aromatic acetoxy groups, and in VI the protons of aliphati~ 
acetoxy groups. Consequently, in these regions it is possible to calculate the acetoxy pro- 
tons and, therefore, the numbers of phenolic and aliphatic hydroxyls. From the numbers of 
protons in these regions it follows that in DLA-I and DLA-K there is about one phenolic group 
per C, unit. In DLA-II there are 0.60 and in F-1 0.32. These values are not in bad agree- 
ment with the analytical results if one takes into account the fact that part of the aromatic 
acetate groups present in the ortho position to the biphenyl bond gives a signal in zone VI. 
This leads to a low result in a determination of phenolic OH groups from PMR spectra. 

The mumbers of aliphatic OH groups in DLA-I and F-I are about i, and in DLA-II and DLA-K 
they are more than 1 (1.30 and 1.50, respectively), which is in harmony with the analytical 
results. In analyzing the number of hydroxyls, it may be noted that the DLAs of the early 
vegetation periods are more highly hydroxylated than the DLA of the ripe stems, the largest 
number of OH groups being present in the DLA-K. 

Region VII is due to the signals of highly screened protons, possibly belonging to ali- 
phatic methyl and methylene groups. In the DLA of the early vegetation periods and the bolls 
their numbers range from 0.90 (DLA-K) to 2.28 (DLA-I) and fall sharply to F-I (0.36). The 
protons giving signals in this region are obviously attached to methine carbon atoms, provided 
that these groups are not directly bound to oxygen-containing groups. 

Thus, a study of lignins with the aid of PMR spectroscopy has confirmed the results of 
analyses and has given additional information on the functional groups and the nature of the 
structural units, particularly in relation to the degree of condensation of the DLA prepa- 

rations. 
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EXPERIMENTAL 

The dioxane lignin preparations were acetylated for 24 h with a tenfold amount of an 
equlmolar mixture of acetic anhydride and pyridine at room temperature. The acetylated lignins 
were precipitated in water and, after drying, were purified by reprecipitation from dioxane 
solutions in ether. The preparations obtained were carefully dried in a vacuum desiccator 

over PzOs. 

All the PMR spectra were taken on a JNM-4H-IO0/IO0 MBz spectrometer at Troom = 22-24°C, 
c 10-12% by weight, i0 --HMDS, T-scale, solvent deuterochloroform. 

SUMMARY 

On the basis of an analysis of the PMR spectra of cotton-plant dioxane lignins collected 
in various vegetation periods, it has been found that they have different degrees of substi- 
tution of the Cs side chain and different degrees of condensation through the aromatic nuc- 
lei. The most highly condensed is the dioxane lignin of the early vegetation period, and the 
least, the DLA of the ripe stems. 

It has been established that with an increase in the time of extraction, condensation 
takes place through the aromatic nuclei. 

It has been shown that the number of u-alcoholic groups in the dloxane lignins studied 
are different. 
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A STUDY OF THE STRUCTURE OF LIGNINS OF HEALTHY AND WILT-AFFECTED 

COTTON PLANTS OF THE VARIETY TASHKENT-I 

B. Kh. Pulatov and Kh. A. Abduazimov UDC 547.458.84+549.927.2 

Continuing a study of the dioxane lignins of healthy and wilt-affected cotton 
plants of variety Tashkent-i (DLCT) according to vegetation period, we have per- 
formed nitrobenzene oxidation and cleavage with sodium in liquid ammonia of the 
natural and isolated dioxane lignins. It has been established that in the wilt- 
affected samples of cotton-plant stems the amount of guaiacyl and syringyl 
structural units increases. 

In a preceding communication [i] we described the isolation and characteristics of the 
dioxane lignins (DLs) of healthy cotton plants of the variety Tashkent-I and of plants 
affected by wilt (Ve~t~o~l~um ~hZ~ae Kleb.) according to vegetation period. Continuing an 
investigation of the lignins isolated from stems of the early period (DLCT-I, 7-8 cotyledons) 
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