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Selective Cleavage of /3-ether Linkages in Lignin 

by TMSiI Treatment 

-Model experiment for guaiacyl dimer― 

Keko HoRI*1, Hiroyuki SHINTANI*2 and Gyosuke MESHITSUKA*3 

Introduction 

Structural characteristics of lignin 

Lignin is a macromolecular compound of phenylpropane structural units linked by 

various types of ether and carbon-carbon linkages. The chemical structure of lignin is 

extremely complicated and difficult to be simply visualized. Degradation reactions and 

spectroscopic observation used for structural analysis of lignin afford the information of 

average structural feature but not the real structure of polymer lignin. 

Structural differences of lignin in different morphorogical regions of the cell wall first 

indicated by FERGUS and GORING1) using UV-microscopy, brought about an increased 

importance of structural heterogeneity of polymer lignin and a new difficulty in preparing 

a representative lignin sample. As what has been disscussed for the preparation of DHP列
the bonding pattern of lignin is expected to be highly dependent on the lignification 

condition. Endwise type and bulk type lignins are understood to be formed by slow and 

rapid supply of monomers respectively to the lignification site. The highly condensed 

Fig. 1. Structural image of the endwise lignin fraction. 
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nature of compound middle lamella lignin should be attributed to the latter condition. 
FUKAGAWA et al.3l found a lignin fraction rich in [3-0-4 linkage and syringyl nuclei, 

endwise lignin fraction, in a solvent soluble part of birch periodate lignin. Fig. 1 shows a 
structural image of the endwise lignin fraction. This fraction had even higher molecular 
weight than birch milled wood lignin, and about 85% of its aromatic structures was 
estimated to be syringyl nuclei. As to the solvent insoluble high molecular weight part of 
birch periodate lignin, partial depolymerization by trimethylsilyl iodide (TMSiI) mentioned 
below gave fractions rich in [3-0-4 linkage and syringyl nuclei and free of phenylcoumaran 
type structures4l. These fractions had molecular weight of 10,000 or higher by polystyrene 
standards, and at least 80% of linkage was by [3-0-4 linkage. 

Cleavage of ether bonds by trimethylsilyl iodide 
Mild and selective depolymerization of lignin has long been one of the most important 

research targets for lignin chemist. Low molecular weight lignin fragments obtained by 
various degradative depolymerization have afforded us information on detailed structures 
of lignin. Recently, several methods5l-7l have been developed for the structural study of 
lignin, but none of them is definitive enough at this moment. 

The authors have been studying the selective cleavage of ether bonds in lignin by 
TMSiI reagent which is one of HASB (hard acid/soft base) reagents designed for the 
carbon-oxygen bond cleavage under a mild condition. TMSiI was found by JUNG et al.8l to 
be a very selective reagent to cleave various kinds of ether bond, and was applied by 
MESHITSUKA et al.9)-lll to a [3-0-4 type lignin model compound, guaiacylglycerol-[3-guaiacyl 
ether (GG). MESHITSUKA et al. 9l proposed a mechanism for the [3-ether cleavage in GG as 
shown in Fig. 2, and guaiacol was found to be obtained almost quantitatively under the 
condition of 3 hr at 0℃ in chloroform. It was also important to note that the formation of 
catechol by demethylation of guaiacol was negligible under this condition. 

Since TMSiI is capable of cleaving [3-ether bond selectively, the nature of endwise 
lignin fraction can be characterized based on the nature of newly formed lignin fragments. 
In this study, a [3-0-4 type lignin model compound (GG) was used for the TMSiI treatment 
to confirm the reaction condition, under which condensation of reaction products could be 
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Fig. 2. Tentative mechanism of /3-0-4 ether cleavage by TMSiI. 
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avoided. The established condition was applied for the TMSiI treatment of the endwise 
lignin fraction. 

Experimental 

Materials 
Endwise lignin fraction was prepared according to the previous paper4l. Birch peri-

odate lignin was extracted exhaustively with 90% aqueous dioxane. The solvent soluble 
fraction was acetylated, and then extracted with methanol. The methanol insoluble 
fraction thus obtained was found to have the nature of endwise ligninり Inthis study, the 
methanol insoluble fraction was applied to TMSiI treatment. 

Guaiacylglycerol-/3-guaiacyl ether, threo form (GG), was synthesized by Hosoya's 
method12l, and was used as a /3-0-4 type lignin model compound. 

TMSiI was purchased from Aldrich Chemical Co., Inc., U.S.A. and was stored in a 
re frig era tor. 

TMSil treatment of endwise lignin fraction 
One milliliter of chloroform solution containing 10 mg of lignin was sealed in a 

glass-tube with a silicone rubber cap and cooled for 30 min in a cold bath maintained at 0℃. 
A 40μl of TMSiI reagent was added quickly to the above solution by the use of a 
microsyringe through the silicone rubber cap and the mixture was kept in the same cold 
bath for 3 hr with gentle stirring. The reaction was terminated by the addition of 50μl 
pyridine and then 100μl water. After acidification by 2 M HCl, the reaction products were 
extracted with chloroform exhaustively and analyzed by the use of GPC, GC and GC-MS. 

GPC conditions: Shimadzu LC-4A instrument with three columns (Styragel HR-1,3,4, 
Waters Co., Ltd., or Styragel HR-1,3, and Shimpak KF-801) and UV detector (280 nm) using 
tetrahydrofuran as the eluent. 

GC and GC-MS conditions: Shimadzu GC-17 A instrument with fused silica capillary 
column (Neutrabond-1, 0.25 mmX30 m, GL Science Co., Ltd.) and FID or MS detector. 

Zinc treatment of the TMSil treatment products 
TMSiI treatment products were dissolved in 90% aqueous dioxane, to which zinc 

powder activated with diluted HCl was added and the mixture was kept at 50℃ for 3 hr 
with gentle stirring7l. Then, the reaction mixture was filtrated and evaporated to dryness, 
and analyzed by GPC. 

TMSil treatment of model compound 
Most of treatment conditions were similar to those for lignin. The reaction time was 5 

min to 48 hr. The reaction was terminated by the addition of pyridine and water contain-
ing Naふ 03,and the reaction products were analyzed by HPLC, GC, GC-MS and 1H-NMR. 

HPLC conditions: Shimadzu LC-4A instrument with CLC-ODS column (6.0 mmx 15 cm 
Shimadzu Co., Ltd.) and UV detector (280 nm) using acetonitrile/water=40/60-90/10 as 
the developing solvent. 

GC and GC-MS conditions: Same to the conditions for the endwise lignin fraction. 1H-
NMR conditions: Bruker AC300 (300 MHz) spectrometer using chloroform-d as the solvent 
and an internal standard for the chemical shift (7.26 ppm). 

Results and discussion 

Molecular size of endwise lignin fraction obtained by TMSil treatment 
One lignin fraction obtained from the aqueous dioxane soluble fraction of birch 



48 Keko HORI, Hiroyuki SHINTANI and Gyosuke MESHITSUKA 

I
 

I
 

I
 

ー
I
 

ー

ー

ー

ー

ー
I
 

ーヽ

I
 

2
 

ー
I
 

ーヽ，
 
I
 

I

I

I

 

I
 

I

I

 

＇ 
I

I

 

I
 

I

I

 
ー

ー
I
 

I
 

/
 ク

3
 

45 

r
 

e
 

r
 

f

o

f

t

e

5

i

{

 

B

e

A

.

J

 

5

-

↑

心

... e
 

••• 

E
 uo
8
Z
 re g
:
,
A
u
u
q
1
0
s
q
y
 

E
 UQ
8
Z
 
w~JuBqmsqy 

I: PS (35000) 
2: PS (8500) 
3: Tetralignol 
4:GG 
5: Coniferyl 

alochol 

2
 

3
 

45 
I: PS (35000) 
2: PS (8500) 
3: Tetralignol 
4:GG 
Coniferyl 
ilochol 

20 25 30 35 
Elution Volume (ml) 

Fig. 3. GPC curves of endwise lignin frac-
tion before and after TMSiI treat-
ment. Column: Styragel HR-1,3,4. 
Eluent: tetrahdrofuran. 
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GPC curves of endwise lignin frac-
tion before and after zinc treatment. 
Column and eluent: see fig. 3. 
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periodate lignin was found to be predominantly formed by /3-0-4 linkages without almost 
any phenylcoumaran and pinoresinol type structures, and were quite rich in syringyl unit3). 
Molecular weight of this fraction was reported to be higher than that of MWL. All these 
natures indicated that this was a so-called endwise lignin fraction. 

In the previous paper, other endwise lignin fractions were also obtained from the 
aqueous dioxane insoluble fraction by stepwise partial cleavage of /3-ether bond4)_ Total 
yield of endwise lignin fractions initially extracted and newly extracted after partial 
cleavage was 23% based on the original periodate lignin. It is important to note that the 
endwise lignin fraction obtained here are not a very minor lignin fraction, but an important 
part of total lignin. 

In order to further characterize the nature of the end wise lignin fraction, the methanol 
insoluble fraction, described in experimental part was treated with enough amount of 
TMSiI, and the molecular weight distribution of the reaction products were examined by 
GPC. The GPC curves were shown in Fig. 3. If the lignin fraction is formed by /3-0-4 linkage 
exclusively, it should be cleaved into monomeric products by the complete cleavage of /3-0-
4 linkages. However, considerable part of the products were still in the range of tetramer 
by GPC analysis. According to model experiment discussed later, a-condensation became 
significant only after a prolonged period of TMSiI treatment, and it might be negligible up 
to 3 hr under the conditions in this study. Therefore, it was suggested that molecular size 
of TMSiI treatment products was not affected by the condensation reaction. As another 
possibility, the effect of the combined iodine atom or some substituted groups originated 
from TMSiI treatment was suspected. The treatment with active zinc powder was applied 
to remove the combined iodine and to see the molecular weight of net lignin fragments. As 
shown in GPC curves before and after zinc treatment (Fig. 4), the peak position shifted to 
the range of lower molecular weight, probably to the range of monomer or dimer fraction. 

Molecular weight distribution of endwise lignin fraction after TMSiI treatment was 
further characterized by the use of another GPC column system, which has the higher 
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Fig. 5. GPC curves of endwise lignin fraction after TMSiI treatment. Column: Styragel HR-1,3, 
and Shim-pak KF-801. Eluent: Tetrahydrofuran. 
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Fig. 6. 
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Gas chromatogram of endwise lignin fraction treated by TMSiI for 3 hr. 

resolution for a lower molecular weight range of monomer to tetramer. As is shown in Fig. 
5, the major peak after 3 hr TMSiI treatment appeared at the molecular size of sinapyl 
alcohol which was expected as the product of /3-ether cleavage of syringyl glycerol /3-ether 
structure, although considerable amount of products was found in the range of dimer to 
tetramer. 

Sinapyl alcohol was confirmed as a main reaction product by GC and GC-MS. Gas 

chromatogram of the reaction products is shown in Fig. 6. These results strongly indicate 
that the endwise lignin fraction obtained in this study is mainly formed by /3-ether linkage. 
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Cleavage of /3-ether bond in guaiacylglycerol-/3-guaiacyl ether 
MESHITSUKA et al. 9>. 11> reported that /3-0-4 ether linkage in GG was cleaved to form 

almost quantitative amount of guaiacol and some coniferyl alcohol, coniferyl aldehyde and 
other reaction products. In that case, only water containing Naふ 03was used to stop the 
reaction. In this paper, however, we used pyridine and water containing Naふ Oato stop 
the reaction, and tried to determine the reaction products. Pyridine was expected to catch 
HI which otherwise might cause undesirable condensation reaction during post-treatment. 

HPLC chromatogram of GG treated with TMSiI is shown in Fig. 7. Among seven peaks 
confirmed, starting compound (GG) should be included in peak S. Peak A is guaiacol, and 
peak IS is veratrol used as an internal standard. Peaks B to E started to appear when TMSiI 

treatment time was 3 hr, and became more 
obvious after the treatment of 8hr. Peaks D 
and E were so strong after 48 hr of treat-
ment, but peaks B and C still remained as 
small peaks in this chromatogram. The 
compounds corresponding to these peaks 
were tried to isolate by HPLC and to analyze 
by 1H-NMR and GC-MS. 

1H-NMR and MS spectra of peak Dare 
shown in Fig. 8 and Fig. 9. It was estimated 
for peak D that two guaiaciyl nuclei were 
symmetrically linked at benzyl position by 
1H-NMR, and iodine atom was linked at r-
position because the peak had 414 as M+ by 
GC-MS analysis. Therefore, this peak turned 
out to correspond to the structure of com-
pound D as shown in Fig. 10. The signals of 
1H-NMR spectrum may be assigned as fol-
lows; o 2.44 (2H, quart, H/3), o 3.09 (2H, t, Hr), 
03.85 (6H, s, methoxyl), 03.95 (lH, t, Ha), o 
5.48 (2H, s, phenolic hydroxyl), 06.69 (2H, d, 
H2), 06.75 (2H, dd, H6), 06.85 (2H, d, H5). 

Peak E did not have a symmetrical str-
ucture but other characteristics were similar 
to peak D by 1H-NMR. Peak E also had 414 
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Fig. 7. HPLC chromatograms of GG treated 
by TMSiI. Column: CLC-ODS 6.0 
mm X 15 cm, Development solvent: 
acetonitrile/water=40/60-> 90/10. 
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Fig. 10. Chemical structures of the reaction products of GG treated by TMSiI. 

as M+ by GC-MS analysis. It was assumed byぼ NMRthat the structures for peaks B and 
C were very similar to those of peak D and E, respectively, but had only one methoxyl 
group. Structures of r-position for peaks B and C are not confirmed yet. The structures 
tentatively speculated for peaks Band Care also shown in Fig. 10 as compounds Band C. 
All these compounds have diphenylmethane type structures, and are presumably formed 
by the combination (a-condensation) of guaiacol and coniferyl alcohol which are formed by 
the cleavage of /3-0-4 ether linkage as shown in Fig. 2 although the latter was not confirmed 
in HPLC chromatogram. When the treatment time was longer than 8 hr, formation of the 
diphenylmethane type structures, like structures B to E became more obvious by the 
condensation reaction. In the case of compound D, condensation occurred at Cl position of 
guaiacol, but that was at C6 position in the case of compound E. Condensation of the 
former type may not occur in lignin because of the existence of side chain, but the latter 
type may occur even at syringyl unit. Since under the conditions of 0℃, 3 hr, however, the 
formation of condensation products from GG was quite small, the condensation reaction 
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was considered to be negligible for TMSiI treatment of lignin fractions. 

Conclusions 

1. TMSiI cleaves /3-ether of guaiacylglycerol-/3-guaiacyl ether to give guaiacol under a 

proper reaction condition. When reaction time becomes longer, iodination reaction 

occurs to r-carbon, and considerable amount of diphenylmethane type condensation 

products are formed. 

2. Endwise lignin fraction gives sinapyl alcohol as a major product of TMSiI treatment 

under the proper reaction condition. 

Summary 

Trimethylsilyl iodide (TMSiI) was known to cleave /3-ether linkages in lignin under a 

very mild condition. If a lignin fraction is formed by /3-0-4 linkage exclusively, it should be 

cleaved into monomeric products by complete cleavage of /3-0-4 linkage. The reaction 

products of birch endwise lignin treated by TMSiI actually distributed not only in mono-

mer range but in dimer or trimer range, but it was probably due to a-condensation and/or 

iodination. 
In a model experiment of this study, a dimeric lignin model compound with /3-ether 

linkage was cleaved into monomeric products quantitatively under a proper reaction 

condition. When reaction time became longer, we obtained the reaction products in which 

r-carbon was iodinated and a-carbon had a diphenylmethane structure. 

Key words: Endwise lignin, Trimethylsilyl iodide, /3-ether cleavage, a-condensation, 

iodination 
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要 旨

トリメチルシリルアイオダイドはリグニン中の aおよびf3エーテル結合を非常に穏和な条件

下で選択的に開裂する試薬である。仮にリグニン試料が/3-0-4結合のみで構成されているとする

と， TMSil処理により，モノマーまで分解されるはずである。しかし実際にマカンバのエンドワ

イズリグニンより得られた反応生成物の分子量分布はモノマーだけでなく， 2量体もしくは 3量

体の領域にも確認された。これにより a縮合やヨウ素化の可能性が示唆された。

グアイアシル 2量体を用いたモデル実験では，適した反応条件下ではモノマーヘの分解が定量

的に確認されたが，反応時間が延びると， r位へのヨウ素化や a位が一度ヨウ素化された後にグ

アイアコールが縮合してできたと考えられるジフェニルメタン構造の反応生成物が確認された。

キーワード：エンドワイズリグニン， トリメチルシリルアイオダイド'/3—エーテル開裂， a 縮

合， ョウ素化
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