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Chapter 6
 
 Structural Heterogeneity of Hardwood Lignin: Characteristics of End-Wise Lignin Fraction
 
 Downloaded by PENNSYLVANIA STATE UNIV on June 8, 2012 | http://pubs.acs.org Publication Date: November 30, 1999 | doi: 10.1021/bk-2000-0742.ch006
 
 Keko Hori and Gyosuke Meshitsuka Laboratory of Wood Chemistry, Department of Biomaterial Sciences, Graduate School of Agricultural and Life Sciences, The University of Tokyo, 1-1-1 Yayoi, Bunkyo-ku, Tokyo 113-8657, Japan
 
 The authors have investigated the structural heterogeneity of lignin, in particular, heterogeneous distribution of various types of linkages and aromatic structures. A β-0-4 rich endwise lignin fraction was found in earlier studies in the low molecular weight part of birch periodate lignin and a phenylcoumaran rich fraction in TMSil-depolymerized periodate lignin. In this study, a periodate lignin from diazomethane -methylated wood meal was partially depolymerized by stepwise TMSil treatment and the low molecular weight fractions obtained were characterized in comparison with those from milled wood lignin (MWL). It was found that the low molecular weight fractions, particularly acetone soluble fractions from periodate lignin, were rich in β-0-4 linkages and syringyl units. This was a confirmation of the endwise type lignin fraction in a polymer lignin.
 
 Lignin structure contains various types of linkages and aromatic nuclei, and their heterogeneous distributions have been reported for different wood components, such as vessels, wood fibers, ray cells, and so on. As it has been demonstrated in DHP preparations, the bonding pattern of lignin is expected to be highly dependent on lignification conditions. Endwise type and bulk type lignins are understood to be formed by slow and rapid supply of monomers respectively to the lignification site (1). The highly condensed nature of compound middle lamella lignin should be attributed to the latter condition. The heterogeneous distribution of different aromatic structures and linkage types was also examined by the isolation of cell wall fractions, such as middle lamella and
 
 172
 
 © 2000 American Chemical Society In Lignin: Historical, Biological, and Materials Perspectives; Glasser, W., et al.; ACS Symposium Series; American Chemical Society: Washington, DC, 1999.
 
 Downloaded by PENNSYLVANIA STATE UNIV on June 8, 2012 | http://pubs.acs.org Publication Date: November 30, 1999 | doi: 10.1021/bk-2000-0742.ch006
 
 173 secondary wall (2-4). Another interesting point is the structural heterogeneity in a lignin molecule. In our earlier study (5), a P-O-4 and syringyl rich fraction was found in a low molecular weight fraction of birch periodate lignin. This fraction had a molecular weight comparable to birch milled wood lignin, and more than 85% of the aromatic structures were estimated to be syringyl units. Although very small amount of p-P and P-l type linkages were confirmed, p-5 (phenylcoumaran) type linkage were not found by 2D-NMR spectroscopy. This fraction was predominantly composed of p-O-4 linkages and was a typical endwise lignin fraction. Although obtained from the low molecular weight lignin fraction, this was the first experimental evidence of the endwise lignin fraction. In order to discuss the structural heterogeneity in the high molecular weight fraction of lignin, a periodate lignin from birch wood was partially depolymerized by trimethylsilyl iodide (TMSil), and the low molecular weight lignin fraction formed by the treatment was examined (6). It was interesting to note that a phenylcoumaran rich fraction was obtained at a very low yield by T M S i l treatment. Contribution of phenylcoumaran type structures in this fraction wias estimated to be at least 45%. Since T M S i l was known to cleave a- and p-ether bonds under very mild condition (79), the above fraction must be liberated from the polymer lignin by ether bond cleavage. In this study, in order to further investigate the structural heterogeneity of polymer lignin, the high molecular weight fraction of a periodate lignin prepared from diazomethane methylated birch wood meal was depaded gradually by repeated TMSil treatments. The low molecular weight fractions thus formed were characterized to find the contributions of endwise type and bulk type lignin fractions in a polymer lignin. Periodate lignin first proposed by Purves (10) is an isolated lignin prepared almost quantitatively from wood meal without artificial condensation but with some oxidation at free phenolic units. Therefore, i f the oxidative structural changes of lignin can be avoided by some pre-treatments, it will be a desirable lignin preparation. For this reason, a periodate lignin , prepared from diazomethane methylated wood meal was used as a lignin sample in this study. The same stepwise depolymerization procedure was applied also to a birch M W L to see its structural heterogeneity and thereby discuss its origin in the cell wall. M W L has long been used for lignin structural studies as a standard lignin preparation with negligible structural modification. It should be considered, however, that the yield of M W L is generally not high enough to be representative of all lignin in wood. In our earlier study, total yield of M W L s from birch wood meal by stepwise milling for 216 hr, was less than 30% of the lignin in the original wood meal (11). Although the yield may be increased under different milling conditions, it is not realistic to prepare M W L quantitatively. Another drawback of M W L is that its structural heterogeneity depends on yield. It has been previously reported (11) that the chemical structure of M W L extracted at the initial milling stage was quite different from the fractions extracted later. The former fraction was quite rich in guaiacyl units and was highly condensed. When subjected to nitrobenzene oxidation, the initial
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 174 fraction has a syringaldehyde to vanillin ratio of 1.0 as opposed to a ratio of 2.59 for the total lignin. Therefore, it is very important to keep in mind that M W L originates from a special part of lignin in the wood cell wall. Based on separate studies on lignin from the differentiating xylem (12-17), the authors concluded that M W L from hardwood, at least the initial fraction, originated from the compound middle lamella.
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 Experimental Preparation and Treatment of Periodate Lignin. The scheme for the preparation of periodate lignin fractions is shown in Figure 1. Pre-extracted birch wood meal was methylated with diazomethane for 1 week at room temperature until the yellow color of the diazomethane-diethyl ether solution became stable. This methylated wood meal was then used for the preparation of periodate lignin according to the previous study (5). The periodate treatment was repeated to improve the lignin purity, which was found to be 83.4% by the Klason lignin determination method. The periodate lignin was pre-extracted with dioxane/water (9/1). The extracted solution was evaporated to dryness and acetylated with acetic anhydride/pyridine at room temperature for 1 day. The reaction mixture was poured into cold water and extracted with dichloromethane/acetone (2/1). The organic layer was washed with hydrochloric acid and water, dried over Na2SC>4, and evaporated to dryness. Then the lignin fraction was completely extracted with methanol and then acetone to give PILMlandPIL-Al. The fraction of the periodate lignin which was unextracted with aqueous dioxane was acetylated with acetic anhydride/pyridine under the previous conditions. The reaction mixture was poured into cold water and acetylated lignin was collected as precipitate by centrifugation. The acetylated lignin was treated with T M S i l in dry chloroform at 0°C for 3hr. In this case, the amount of T M S i l required was about one twentieth of the full treatment of M W L in the earlier study (8). After this treatment, the reaction was stopped by adding pyridine and water according to the previous study (9). The reaction mixture was filtered and the precipitates washed with a small amount of chloroform. The filtrate and the washings were combined and washed with hydrochloric acid and water to remove HI and pyridine from the reaction mixture. This filtrate and the precipitates were combined, evaporated to dryness, and extracted to obtain the newly formed low molecular weight fractions of PIL-M2 and PIL-A2, respectively. These T M S i l treatment procedures were repeated three more times to obtain PIL-M3 to PIL-M5 and PIL-A3 to PIL-A5, respectively, as shown in Figure 1. Preparation and Treatment of Milled Wood Lignin. The scheme for the preparation of M W L fractions is shown in Figure 2. M W L was extracted with 90% aqueous dioxane from birch wood meal ball-milled for 72hr and then purified under ordinary conditions. M W L was acetylated by the same procedure as for periodate lignin. Acetylated M W L was extracted with methanol to obtain M L - M 1 . The
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 Birch Wood Meal | diazomethane methylation Methylated Wood Meal J Periodate treatment Periodate Lignin dioxane-water extraction Soluble Insoluble acetylation methanol extraction acetylation TMSil treatment dioxane-water extraction Insoluble PIL-M1 (acetone extraction (3.22%) PIL-A1 (13.2%)
 
 Insoluble Soliible acetylation acetylation methanol extraction TMSil treatment dioxane-water extraction PIL-M2 Insoluble acetone (6.65%) extraction PBL-A2 Insoluble Soluble (6.05%) acetylation acetylation methanol extraction TMSil treatment dioxane-water extraction Insoluble PIL-M3 (acetone extraction (1.96%) — i r PIL-A3 Insoluble Soluble (0.31%) acetylation acetylation methanol extraction TMSil treatment dioxane-water PIL-M4 Insoluble extraction [acetone (2.65%) extraction r Residue PIL-A4 Soliible acetylation (0.57%) methanol extraction Insoluble lacetone extraction PIL-A5
 
 PEL-M5 (0.88%)
 
 (0.45%) Figure 1. Fractionation of periodate lignin by stepwise T M S i l treatment. * Yield: baed on original periodate lignin.
 
 In Lignin: Historical, Biological, and Materials Perspectives; Glasser, W., et al.; ACS Symposium Series; American Chemical Society: Washington, DC, 1999.
 
 176
 
 Birch W j>od Meal
 
 Downloaded by PENNSYLVANIA STATE UNIV on June 8, 2012 | http://pubs.acs.org Publication Date: November 30, 1999 | doi: 10.1021/bk-2000-0742.ch006
 
 Milled Wood Lignin
 
 MWL acetylation methanol extraction Soluble Fraction
 
 Insoluble Fraction
 
 ML-M1
 
 ML-A1
 
 (43.8%)
 
 (42.5%)
 
 Soluble Fraction
 
 ML-M2
 
 T M S i l treatment acetylation methanol extraction I Insoluble Fraction
 
 ML-A2
 
 (3.69%)
 
 T M S i l treatment acetylation methanol extraction Soluble Fraction
 
 Insoluble Fraction
 
 ML-M3
 
 ML-A3 T M S i l treatment acetylation methanol extraction
 
 (0.65%)
 
 Soluble Fraction
 
 ML-M4
 
 Insoluble Fraction ML-A4
 
 (1.89%) Figure 2. Fractionation of milled wood lignin by stepwise T M S i l treatment. * Yield: baed on original M W L .
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 insoluble fraction (ML-A1) was treated with the same amount of T M S i l as for periodate lignin. The newly formed low molecular weight fraction was extracted with methanol after acetylation. These procedures of T M S i l treatment were repeated two more times as shown in Figure 2. Chemical Analyses of Various Lignin Fractions. Acetylated periodate lignin fractions and acetylated M W L fractions after T M S i l treatment were analyzed by *HN M R , GPC and alkaline nitrobenzene oxidation. ^ - N M R spectra of 5mg acetylated lignin samples dissolved in 0.5ml C D C I 3 were recorded on a Bruker AC300 spectrometer and their chemical shifts were referenced to The data matrix was 32k and 512 or 1024 scans were accumulated. Molecular weight distribution of lignin samples were measured by HPLC system of Showa Denko Co. Ltd. and GPC columns of Shodex KF-801, 802, 803 for periodate lignin fractions or Shodex KF-801, 802 for M W L fractions. The eluent was THF and its flow rate was kept at lml/min. Alkaline nitrobenzene oxidation of lignin samples was conducted in a 10ml volume stainless steel autoclave under the following conditions: sample weight 5lOmg, 2 M NaOH 4ml, nitrobenzene 0.25ml, 170°C, 2hr. After the reaction, ethyl vanillin was added to the reaction mixture as the internal standard and the mixture was extracted with dichloromethane mainly to remove nitrobenzene and its reaction products. The reaction mixture was then acidified with hydrochloric acid and extracted with dichloromethane followed by diethyl ether. These solutions were combined and evaporated to dryness. Phenolic reaction products were determined by G L C as trimethylsilyl ethers. The conditions for G L C were as follows: columns Neutrabond-1 (0.25mm x 30m), columns temperature 150-280°C, 5°C/min, carrier gas He, injection temperature 280°C, detector FID. The results of alkaline nitrobenzene oxidation are shown as the average of two or three determinations.
 
 CHCI3.
 
 Results and Discussion Structural Characteristics of Periodate lignin Fractions. Periodate lignin used for the previous studies (5,6) was prepared from birch wood meal without protecting the free phenolic hydroxyl groups, so some structural changes must have occurred during its preparation. This might have caused the very low yield of periodate lignin itself and the lack of an endwise type lignin fraction in the low molecular weight fractions obtained after the partial cleavage of ether bonds by T M S i l treatment. Therefore, in this study, birch wood meal pre-methylated with diazomethane was used for the preparation of periodate lignin. The periodate lignin fraction used for T M S i l treatment was the high molecular weight fraction, since the low molecular weight fraction originally present in the periodate lignin was removed by aqueous dioxane extraction.
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 178 Since the high molecular weight fraction of acetylated periodate lignin was sparingly soluble in the chloroform used as the solvent in the T M S i l treatment, dissolution was accomplished under heterogeneous conditions. As shown in Figure 1, yields of the low molecular weight fractions were 7.38 % as PIL-A series and 12.1 % as PIL-M series, for a total of 19.5 % based on original periodate lignin. The highest yields in these fractions were observed for A2 (5.5 %) and M 2 (5.1 %), then gradually decreased to A5 (0.45 %) and M5 (0.88 %). Therefore, it was assumed that an increased yield of the low molecular weight fraction would not be obtained with additional T M S i l treatments. It appears that most of the lignin fraction which was the source of the low molecular weight fraction in the T M S i l treatment, was already liberated from the polymer lignin by this stage. Structural characterization of each low molecular weight lignin fraction obtained by the stepwise T M S i l treatment was based on H - N M R spectra and alkaline nitrobenzene oxidation. Syringyl unit to guaiacyl unit ratio (S/G ratio) was calculated based on the number of the aromatic protons in the corresponding, regions in the H N M R spectra. Those were 6.2ppm to 6.9ppm for syringyl protons and 6.6ppm to 7.1ppm for guaiacyl protons, and calculated by image analysis. Figure 3 shows the *H-NMR spectrum of PIL-A2. It is obvious that this lignin fraction is quite rich in syringyl unit and P-O-4 type structure (Ha: 5.9-6.1 ppm). It is difficult to confirm phenylcoumaran type structure (Ha: 5 18-5.74 ppm) in this spectrum. Although there must be some condensed guaiacyl units, their contribution in this syringyl and P-O-4 rich lignin fraction should be quite low. Therefore, for S/G ratio calculation, two protons in syringyl units and three protons in guaiacyl unit were assumed. S/G ratios are shown in Table I and Figure 4, together with S/V ratio obtained by nitrobenzene oxidation. It is obvious that these two ratios are generally high for the PIL-A series compared with the PIL-M series. PIL-A2 had remarkably high S/G and S/V ratios (7.45 and 5.94, respectively). These high values for PIL-A2 may indicate that about 90% of the structural units in this fraction are syringyl types. Fractions in the PIL-M series had S/G and S/V ratios similar to those of original PIL and residue (finally insoluble fraction). Therefore, the syringyl-rich parts in the original periodate lignin were preferentially liberated as low molecular weight fractions of the PIL-A series by the stepwise T M S i l treatment. As far as other linkage types in these low molecular weight fractions, contribution of pinoresinol (P-P) type linkages (Ha: 4.7 ppm, Hp: 3.1 ppm) was almost negligible. Although contribution of diaryl ether and biphenyl type linkages were not evaluated, the P L - A series is quite likely to be the endwise type lignin fraction. This was a confirmation of the endwise type lignin fractions in a polymer lignin. Molecular weight distributions of these fractions evaluated by Gel Permeation Chromatography (GPC) are shown in Figures 5 and 6. The PIL-A series showed two peaks or shoulders at M w around 18000 and 8000, judging, from polystyrene standards. Although this was not true for all of the fractions, PIL-A2 had a sharp peak at the latter position together with a shoulder at the former. PIL-A4 showed a !
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 very sharp peak at the former position and only a slight shoulder was observed at the latter position. Since the PIL-A series has the structural characteristics of endwise type lignin as mentioned above, the molecular weight shown here indicated the possible size of the endwise lignin fraction in polymer lignin. A n endwise lignin fraction of M w 18000 indicates that about one hundred units are mostly linked by p0-4 bonds as shown in Figure 7. The reason these two peaks or shoulders appear in these GPC chromatograms is not clear at this moment and will be discussed in a following paper. As shown in Figure 6, lignin fractions in PIL-M series show a weak shoulder at a M w around 18000 and a peak at M w 5500.
 
 Table 1. Structural Characteristics of Periodate Lignin Fractions PIL PIL-A1 PIL-A2 PIL-A3 PIL-A4 PIL-A5 Structural Abundance by NMR + + ± ± ± Pinoresinol (P) Phenylcoumaran (a) + + + ± 1.00 1.00 1.00 1.00 1.00 P-O-4 (a) 1.36 1.64 1.48 1.73 Syringyl (2,6) 1.86 0.33 0.36 0.52 Guaiacyl (2,5,6) 0.22 0.29 Nitrobenzene Oxidation Total Aldehyde (%) 15.7 11.9 5.43 S/V Ratio 5.94 2.92 4.62 PIL-M4 Residue PIL-M1 PIL-M2 Structural Abundance by NMR + + + Pinoresinol (P) 0.03 + Phenylcoumaran (a) 0.05 1.00 1 p-O-4 (a) 1.00 1.46 1.32 Syringyl (2,6) 1.46 0.52 0.37 Guaiacyl (2,5,6) 0.82 Nitrobenzene Oxidation 14.6 8.1 15.2 Total Aldehyde (%) S/V Ratio 3.63 3.14 2.88 2.27 •All lignin samples were acetylated before analyses. +
 
 Structural Characteristics of Milled Wood Lignin. Since acetylated M W L is soluble in chloroform, T M S i l treatment was accomplished under homogeneous conditions. Total yield of the methanol soluble low molecular weight fractions obtained by T M S i l treatment was about 6.2% based on original M W L and about 15% based on M L - M 1 which was the methanol insoluble fraction of the original M W L . Molecular weights of these fractions were always around M w 3000 at the peak position except for a very low value of M L - M 1 (Figure 8).
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 Figure 7.
 
 An image of endwise lignin fraction.
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 Figure 8. GPC curves of milled wood lignin fractions. * M w s of polystyrene standard
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 Structural characteristics of methanol soluble fractions (ML-M2 to ML-M4) formed by partial ether bond cleavage of M W L using T M S i l are shown in Table Π and Figure 9. It is important to note that any one of these fractions does not show obviously different structural characteristics from the original M W L itself, although there are some differences between samples. Signals attributed to the β-proton of the pinoresinol structure and the α-proton of phenylcoumaran structures were always found in *H-NMR spectra of these fractions. In M W L , it is difficult to find an endwise type lignin fraction like the case of PIL-A series. The S/V ratio by nitrobenzene oxidation did not show clear differences between the original M W L and M W L fractions, although total aldehyde yields were scattered for unknown reasons.
 
 Table II. Structural Characteristics of Milled Wood Lignin Fractions M W L ML-AI ML-MI ML-M2 ML-M3 ML-M4 Relative Area by N M R 0.03 0.02 0.04 0.03 Pinoresinol (β) 0.01 0.03 0.14 0.03 0.06 0.09 Phenylcoumaran (a) 0.09 0.07 1.00 1.00 1.00 1.00 β-(Μ(α) 1.00 1.00 2.22 2.56 2.85 2.25 Syringyl(2,6) 2.46 2.17 4.24 2.76 Guaiacyl (2,5,6) 2.42 4.06 2.67 3.37 Nitrobenzene Oxidation 18.0 26.3 23.1 20.0 20.4 Total Aldehyde (%) 25.4 2.02 1.86 2.22 1.90 2.00 2.10 S/V Ratio * All lignin samples were acetylated before analyses.
 
 Figure 9.
 
 S/G and S/V ratio of milled wood lignin fractions.
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 185 In other words, it may be reasonable to say that M W L has a relatively homogeneous structure and does not contain a typical endwise type fraction. This may support our earlier conclusion that hardwood M W L basically originates from the compound middle lamella in wood.
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 Conclusions 1. Endwise lignin fractions were confirmed in the polymer fraction of birch wood periodate lignin by stepwise cleavage of a- and β- ether bonds by T M S i l treatments. 2. Possible size of an endwise lignin fraction was estimated to be one hundred lignin structural units, β-0-4 bonds in this fraction link most of the units. 3. Birch milled wood lignin has a homogeneous structure and does not contain an endwise lignin fraction. Reference 1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 11. 12. 13. 14. 15. 16. 17.
 
 Sarkanen, K . V . In Lignins: Sarkanen, K . V . , Ludwig, C. H . ; Eds.; Wiley -Interscience, New York, 1971, pp 95 Iwamida, T.; Sumi, Y . ; Nakano, J. J. Japan Tappi 1975, 29, 324. Cho, N.-S.; Lee, J.-Y.; Meshitsuka, G.; Nakano, J. Mokuzai Gakkaishi 1980, 26, 527. Hardell, H.-L.; Leary, G. J.; Stoll, M.; Westermark, U . Svensk Papperstidn. 1980, 83, 71. Fukagawa, N.; Meshitsuka, G.; Ishizu, A . J. Wood Chem. Technol. 1992, 12, 91. Nakahata, Α.; Kim, Y.-S.; Meshitsuka, G. Proceedings of 8th ISWPC, Helsinki 1995, vol.1, 123. Meshitsuka, G.; Kondo, T.; Nakano, J. J. Wood Chem. Technol. 1987, 7, 161. Makino, S.; Meshitsuka, G.; Ishizu, A . Mokuzai Gakkashi 1990, 36, 460. Fujino, K.; Meshitsuka, G.; Ishizu, A . Mokuzai Gakkaishi 1992, 38, 956. Wald, W. J.; Ritchie, P. F.; Purves, C. B . J. Am. Chem. Soc. 1947, 69, 1371. Lee, Z.-Z.; Meshitsuka, G.; Cho, N.-S.; Nakano, J. Mokuzai Gakkaishi 1981, 27, 671. Meshitsuka, G.; Nakano, J. J. Wood Chem. Technol. 1985, 5, 391. Eom T.-J.; Meshitsuka, G.; Nakano, J. Mokuzai Gakkaishi 1987, 33, 576. Eom T.-J.; Meshitsuka, G.; Ishizu, Α.; Nakano, J. Mokuzai Gakkashi 1987, 33, 716. Eom T.-J.; Meshitsuka, G.; Ishizu. Α.; Nakano. J. Cellulose Chem. Technol. 1988, 22, 211. Eom T.-J.; Meshitsuka, G.; Ishizu, A . Mokuzai Gakkaishi 1988, 35, 820. Kim, Y.-S.; Meshitsuka, G.; Ishizu, A . Mokuzai Gakkaishi 1994, 40, 407.
 
 In Lignin: Historical, Biological, and Materials Perspectives; Glasser, W., et al.; ACS Symposium Series; American Chemical Society: Washington, DC, 1999.
 















Copyright © 2024 DATAPDF.COM. All rights reserved.

About Us |
Privacy Policy |
Terms of Service |
Copyright |
Contact Us










×
Sign In






Email




Password







 Remember me

Forgot password?




Sign In




 Login with Facebook
















