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1. Introduction

Lignin, one of the major constituents of wood, is a natural organic polymer.
It is produced as an abundant by-product in the waste liquor at the pulp manu-
facturing, and estimated that the annual world production of lignin amounts to
fifty million tons. Any effective utilization of lignin, however, has not been de-
veloped as yet. One of the main factors obstructing the lignin utilization may be

.found in its chemical structure which has irreversible linkages between building
‘units. Namely, lignin differs from the other natural polymers such as polysac-
charides and proteins, in the manners of bonding among the structural elements,
which are formed as the results of random coupling of the monomeric precursors.
It is of course very significant to develop the effective utilization of lignin as a
potential organic resource, as well as to elucidate chemical structure of lignin in
the field of phytochemistry.

In the history of lignin research, the biosynthetic studies by K. FREUDENBERG
and his coworkers were exceedingly epochal. Earlier, P. KLAsON stated the opinion
that lignin is a condensation product of cinnamic alochol, without the experimental
evidence. In relation to this assumption, FREUDENBERG ¢f al. investigated in detail
the enzymatic dehydrogenation of coniferyl alcohol, in which many important low
molecular intermediates were isolated and their chemical structures were elucidated?.
From these results, FREUDENBERG proposed the mechanism of lignin formation
which is initiated by enzymatic dehydrogenation of p-hydroxycinnamic alcohols
followed by coupling of their radicals to each other. However, it should be noted
that the enzymatic dehydrogenation product of coniferyl alcohol (DHP, Dehydrier-
ungspolymerisat) is so-called “Kunstlignin”, and it is now necessary to establish
the linkage patterns of lignin by direct proofs from protolignin.
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First direct proofs for protolignin were obtained from oxidations by alkaline
nitrobenzene*® and permanganate?, and from hydrogenolysis®® and ethanolysis?,
indicating that lignin is aromatic and composed of phenylpropane derivatives. Later,
permanganate oxidation of lignin was studied again in detail by FREUDENBERG and
CHEN®, giving 26 degradation products, in which the acids with diphenyl ether
and Cs-C4 type biphenyl linkages were newly found. This procedure was further
modified by MIKSCHE ef al.” and yields of the products were remarkably increased.

Hydrogenolysis with the objective of gaining information about the linkage
pattern in lignin has been carried out by SAKAKIBARA et al.®. They isolated 28
di- and trilignols from hydrogenolysis products of Ezomatsu (Picea jezoensis), Ka-
ramatsu (Lariz leptolepis GorLp.) and Yachidamo (Fraxinus mandshurica Rupr.)
lignins, in which C,-O-C/**, C,~C¢® and phenylisochroman® type new dilignols
are involved. Recently, LEE and PEPPER™ isolated a trilignol from spruce hydro-
genolysis products. On the other hand, Nimz et al. isolated many degradation
products from spruce®™® and beech™™ wood lignins by treatment with thioacetic
acid, followed by reduction with Raney Ni. From the relative yields of dilignols,
a constitutional scheme® for beech wood lignin was proposed, which was supported
by the BC-NMR spectrum of beech wood lignin.

Acid degradation of lignin (acidolysis) has been carried out by Lunpguist®.
From the reaction mixture of spruce milled wood lignin, phenylcoumarone®® and
diarylpropane derivatives®® were isolated, indicating the presence of phenylcoumaran
and 1, 2-bis-diarylpropane structures in lignin. These acidolysis products, however,
may undergo secondary reactions such as rearrangement and cleavage at side chain
and condensation.

On the other hand, mild hydrolysis of lignin was carried out by Nimz and
SAKAKIBARA et al.. Earlier, SakakiBaARA and Nakavama® isolated cinnamic
alcohols and aldehydes from dioxane-water hydrolysis products of spruce, beech
and poplar wood lignins. Further, it was also indicated that protolignin gave cin-
namic alcohols under the hydrolysis conditions, while lignin preparations treated
with mineral acid or alkali could not give any cinnamic alcohols?®. FREUDENBERG
et al® isolated dehydrodiconiferyl alcohol and b, L-pinoresinol which represent
major intermediates in the enzymatic dehydrogenation products of coniferyl alcohol,
from hydrolysis products with methanolic hydrochloric acid at 20°C. Nimz® iso--
lated guaiacylglycerol-B-coniferyl ether from spruce hydrolysis products with 2%
acetic acid at 100°C. Further, guaiacylglycerol-g8-guaiacylglycerol ether®, guaiacyl-
glycerol-B-coniferyl aldehyde ether and guaiacylglcerol-g-vanillin ether?, and tri
and tetralignols® which contain C,~O-C, and C,-C, linkages were isolated by Nimz
from spruce hydrolysis products with water at 100°C. SaNo and SAKAKIBARAZS®
isolated two trilignols, one of which contains C,-C; and C,~C, linkages, from dioxane-
water hydrolysis products of spruce lignin. From beech hydrolysis products, Nimz
isolated D, L-syringaresinol and three different 1, 2-bis-diarylpropane-1, 3-diols®~3®,
OMOR1 and SAKAKIBARA isolated D, L-medioresinol and syringylglycerol-g-syringyl-
glycerol ether’®, a lignan type dilignol containing a-carbonyl and guaiacylglycerol-
B-syringaresinol ether® and syringylglycerol-8-syringaresinol ether®® from ash wood
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lignin hydrolysis products. All these compounds, obtained by mild hydrolysis as
well as hydrogenolysis, confirm the biogenesis of lignin proposed by FREUDENBERG.

Therefore, lignin chemical structure has been considerably cleared up by many
direct proofs from protolignin. Some intermediates of the enzymatic dehydrogena-
tion products of coniferyl alcohol, however, have not been isolated as yet. Further,
the results of permanganate oxidation of protolignin®® suggest the presence of
unknown linkages between the structural units in lignin.

The present work deals with the hydrolysis of hardwood (Quercus mongolica
FiscH. var. grosseserrata REHD. et WiLs.) lignin with dioxane and water, and is
carried out to obtain further information about linkage pattern in lignin molecule.

So far, ten dilignols involving four new ones were isolated and their chemical struc-
tures were elucidated.

The author would like to acknowledge the continuing guidance and encourage-
ment of Dr. Akira SAKAKIBARA, Professor of Wood Chemistry, Faculty of Agri-
culture, Hokkaido University. The author also wishes to thank Dr. Tsutomu
Kavama, Dr. Takashi Sasaya, Dr. Yoshihiro Sano, Messrs. Hirotake TAKEYAMA
and Keiji Mik1, Faculty of Agriculture, Hokkaido University, for their helpful advice.

This manuscript comprises a part of the thesis submitted to Hokkaido University
in partial fulfilment of the requirement for the degree of Doctor of Agriculture.

II. Experimental
II.1 Preparation of wood meal

Mizunara (Quercus mongolica FiscH. var. grosseserrata REHuD. et WiLs.) wood
meal extracted with acetone-water (9:1), benzene-ethanol (2:1) and 95% ethanol
for 48 hr, respectively, was used for this experiment. The moisture content and
Klason lignin amount to 11.1% and 23.3%, respectively. The extractive free wood
meal was subjected to hydrolysis with dioxane-water (7 : 13) mixture under following
conditions : hydrolysis temperature 180°C, reaction time 20 min. The total hydro-
lyzed wood meal was five kg (air dry weight).

II.2 Fractionation of hydrolysis mixture

The hydrolysis mixture was fractionated according to Fig. 1. The ether soluble
fraction (Fraction ES, yield 113 g) was subjected to gel filtration (Sephadex LH-
20, dioxane-water 1:1 as an eluant), giving seven fractions (ES.A-ES.G). The
acetone soluble fraction (Fraction AS, yield 147 g) was also subjected to gel filtration
(Sephadex LH-20, methanol as an eluant), giving six fractions (AS.A-AS-.F).

II.3 Isolation of dilignols
IL.3.1 Isolation of compound-A (D,L-Syringaresinol)

ES:E fraction (20g) obtained by gel filtration was separated by a silica gel
column (n-hexane-acetone 2:1), giving 11 fractions (ES-E.1-ES.E.11). These
fractions were monitored by TLC on silica gel using a solvent mixture of toluene
—formic acid— ethyl formate (5:1:4, abbr. GT-I). The chromatogram was
colored by spraying 502 sulfuric acid followed by heating at 105°C.
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Fig. 1. Fractienation of hydrolysis mixture.

ES.E.7 and ES-E.8 fractions were further chromatographed on a silica gel
column (dichloroethane-methanol 50:1) and a cellulose column (xylene-dimeth-
ylformamide 15:1) to give needles. The compound was recrystallized from eth-
anol to give colorless needles (mp. 173.5-174.5°C, yield 2.5g). UV % E0H no
(log ) : 239 (4.34), 272(3.58), 281 (3.47). UV PWMOHnm (loge): 261 (4.38), 290
(4.02). IR »i%:cm™: 3440, 1615, 1525, 1455, 1430, 1380, 1320, 1250, 1160, 1110,
1065, 1045, 1020. Anal. Caled. for C;HyOs: C, 63.15; H, 6.26. Found: C, 63.24;
H, 6.35.

IL. 3.2 Isolation of compound-B (D,L-Episyringaresinol)

Fractions ES<E«.7 and ES:E«8 from which compound-A had been removed
was chromatographed on a silica gel column (chloroform-ethyl acetate 8:1), giving
needles. The compound was recrystallized from ethanol to give colorless needles
(mp. 192-193°C, yield 164 mg). UV %5 nm (loge): 238 (4.31), 271(3.77), 281
(8.58). UV 25.32°" nm (loge): 260 (4.38), 291(4.02). IR uEB:cm™': 3450, 1615,
1525, 1465, 1430, 1390, 1355, 1335, 1255, 1210, 1160, 1120, 1110. Anal. Calcd.
for CpHyOs: C, 63.15; H, 6.26. Found: C, 63.00; H, 6.23.

I1. 3.3 Isolation of compound-C (D,L-Medioresinol)

ES:E.6 fraction (530 mg) was separated by a silica gel column (n-hexane-
acetone 5:1), giving a fraction which revealed a spot at Rf value 0.44 on TLC
(GT-I). This fraction was further chromatographed on a polyamide column (water
as an eluant) to give a fraction which contained impurities in small amount. Then,
this fraction was acetylated and chromatographed on a silica gel column (n-hexane-
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ethyl acetate 2:1), giving needles. The compound was recrystallized from ethanol
to give colorless needles (mp. 184.5-185.5°C, yield 47 mg). Anal. Caled. for C,;;H,0,
(as diacetate): C, 63.55; H, 5.97. Found: C, 63.68; H, 6.01.

IL. 3.4 Isolation of compound-D (3-Hydroxymethyl-2-(4-hydroxy-3, 5-dimethoxy-
phenyl)-4-(4-hydroxy-3, 5-dimethoxybenzoyl)-tetrahydrofuran)

ES<E-11 fraction (8.6 g) was separated by three different silica gel columns
{benzene-methanol 20:1, benzene-ethyl acetate 3:2 and 1:1), giving a fraction
which revealed a spot at Rf value 0.28 on TLC (GT-I). This fraction was further
chromatographed on a silica gel column (benzene-ethyl acetate 1:1) to give a syrup
(vield 33 mg). UV %% nm (loge) : 299 (3.99). UV 20 Ne0H nm (loge) : 253 (4.23),
366 (4.20). IR »EPXcm~*: 3400, 1660, 1610, 1515, 1460, 1420, 1325, 1215, 1160,
1110. The compound was acetylated and crystallized from ethanol to give color-
less needles (mp. 74.5-76°C). Anal. Calcd. for CyH;,O;, (as triacetate): C, 59.99;
H, 5.75. Found: C, 60.88; H, 6.41.

II.3.5 Isolation of compound-E (6-Oxo-2-(4-hydroxy-3, 5-dimethoxy-
phenyl)-3, 7-dioxabicyclo-[3, 3, 0]-octane)

ES-.E.6 fraction was separated by a silica gel column (n-hexane-acetone 5 : 1),
giving a fraction which revealed a spot at Rf value 0.40 on TLC (GT-I). This
fraction was further chromatographed on a silica gel column (n-hexane-acetone 5 : 1)
to give needles. The compound was recrystallized from methanol to give colorless
needles (mp. 200-200.5°C, yield 29 mg). UV *%EFO0%nm (loge): 238(3.81), 271
(3.09), 280(2.98). UV 211" nm (loge): 261 (3.94), 288 (3.67). IR pEBcm~!:
3400, 1765, 1615, 1520, 1460, 1430, 1390, 1370, 1340, 1230, 1165, 1120, 1110,
1060, 1005. Anal. Calcd. for C,\Hy0s: C, 59.99; H, 5.75. Found: C, 59.72; H,
5.79.

II. 3.6 Isolation of compound-F -(4,4’-Dihydroxy-3, 3'-dimethoxy-stilbene) )

Fraction ES+.G gave yellow needles after gel filtration. The compound was
recrystallized for ethanol to give colorless needles (mp. 221-224°C, yield 93 mg).
UV pethyiceellosolve nm (loge) : 297 (4.14), 308 (4.21), 335(4.42). UV W Ne0H ppy
(log ¢): 240 (4.28), 320 (4.24), 369 (4.51). IR »EB cm~': 3390, 1605, 1600, 1515, 1465,
1430, 1385, 1330, 1280, 1230, 1160, 1115, 1030. The compound is unstable in
atmosphere at room temperature. Therefore, it was acetylated and crystallized
from chloroform-petroleum ether mixture to give colorless needles (mp. 228.8°C).
Anal. Caled. for CyuH,yOs (as diacetate): C, 66.60; H, 5.71. Found: C, 66.87; H,
5.73.

I1.3.7 Isolation of compound-G (1, 2-Bis-(4-hydroxy-3, 5-dimethoxy-
phenyl)-propane-1, 3-diol)

Fraction AS.D (54 g) was separated by a silica gel column by gradient develop-
ment, giving 11 fractions (AS.D«1-AS.D-11). Elution began with a solvent mixture
of n-hexane-acetone (4:1), and then the proportion of acetone increased gradually.
Fractions from AS-D-5 to AS«D-7 were combined and chromatographed on a
silica gel column (n-hexane-acetone 4:1). The fraction, contained mainly of a
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compound which gave a spot at Rf value 0.12 on TLC (GT-I), was further sep-
arated by a silica gel column (benzene-methanol 14:1) to give amorphous powder.
The compound was crystallized from methanol to give colorless needles (mp. 236-
237°C, yield 156 mg). UV P%EO%nm (loge): 271 (3.38), 280(3.29). UV P yeox
nm (log ) : 254 (4.13), 285(3.48). IR vi%;em™': 3500, 3220, 1615, 1520, 1470, 1460,
1430, 1335, 1230, 1160, 1120. - The compound was acetylated and crystallized from
ethanol to give colorless needles (mp. 169.0-170.2°C) Anal. Caled. for CyHyOy, (as
tetraacetate) : C, 59.12; H, 5.84. Found: C, 59.02; H, 5.84.

I1.3.8 Isolation of compound-H (1-(4-Hydroxy-3, 5-dimethoxyphenyl)-
2-(4-hydroxy-3-methoxyphenyl)-propane-1, 3-diol)

The combined fraction from AS.D.5 to AS.D.7 which was free from com-
pound-G, was further separated by a silica gel column (benzene-methanol 12:1),
giving a fraction which revealed a spot at Rf value 0.22 on TLC (GT-I). The
fraction was chromatographed on two different silica gel columns (benzene-methanol
14 : 1, chloroform-methanol 50 : 1) to give needles. The compound was recrystallized
from methanol to give colorless needles (mp. 195.5-196.7°C, yield 24 mg). UV
Ae0H nm (loge): 279(3.50). UV T nm (loge): 280(3.60). IR vhorem™:
3450, 1620, 1520, 1470, 1435, 1330, 1280, 1225, 1155, 1130, 1070, 1030. HRMS
m/e: 332.1260 (Caled. for C;HyO (MF-H,O): 332.1261), 302.1139 (Caled. for
CHOs (m/e 322-HCHO) : 302.1155).

I1.3.9 Isolation of compound-I (2, 3-Dihydro-7-methoxy-2-(4-hydroxy-3, 5-
dimethoxyphenyl)-3-hydroxymethyl-5-(2-formylvinyl)-benzofuran)

ES-E.9 fraction (3. 1 g) was separated by a cellulose column by gradient develop-
ment to give three fractions (ES<E-9:A-ES-E«9.C). Elution began with a solvent
mixture of xylene-dimethylformamide (15:1), and then the proportion of dime-
thylformamide increased gradually. ES<E«9.B fraction composed mainly of a com-
pund which gave a spot at Rf value 0.32 on TLC (GT-I). The fraction was fur-
ther chromatographed on three different silica gel columns (dichloroethane-methanol
50:1, dichloroethane-ethyl acetate 4:1 and 3:1), giving a yellow syrup (yield 123
mg). UV F%E0Hnm (loge): 228 (4.18), 281(3.70), 338 (3.81). UV P NOH nry
(log¢) : 283 (3.92), 342(3.95). IR &P cm™: 3400, 1670, 1600, 1520, 1470, 1430,
1390, 1330, 1225, 1110, 1040. Anal. Caled. for CyuH,yO, (as diacetate): C, 63.82;
H, 5.57. Found: C, 62.91; H, 5.51.

I1. 3.10 Isolation of compound-J (2, 3-Dihydro-7-methoxy-2-(4-hydroxy-3, 5-
dimethoxyphenyl)-3-hydroxymethyl-5-benzofuranpropanol)

ES:E-.11 fraction was separated by three different silica gel columns (benzene-
methanol 20 : 1, benzene-ethyl acetate 3:2 and 1: 1), giving a fraction which revealed
a spot at Rf value 0.32 on TLC (GT-I). The fraction was chromatographed on
a silica gel column (benzene-ethyl acetate 1:1) to give colorless syrup (yield 21 mg).
UV %508 niy (log o) : 232 (4.13), 280(3.62). UV ™MK nry (loge) : 254 (3.99),
282 (3.78). Anal. Caled. for CyHs0,y, (as triacetate): C, 62.78; 6.24. Found: C,
62.19; H, 6.04.
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III. Results and discussion

III.1 Compound-A (D, L-Syringaresinol) (I)

Compound-A colored pink by spraying a solution of diazotized sulfanilic acid.
This color reaction and UV spectra patterns of compound-A are typical for syrin-
gylpropane derivatives. The mass spectrum of compound-A revealed the parent
peak at m/e 418 (94%), and the other main fragment peaks were m/e 251, 235,
210, 193, 181 (100%), 167 (97%), 161 and 154. Each signal in the 'H-NMR spec-
trum of compound-A was assigned as follows: d°P¢s (ppm) 2.90-3.20 (2H, m, Hy),
3.85(12H, s, OMe), 3.72-4.40 (4H, m, H), 4.69 (2H, d, H. J.,=4Hz), 5.53 (2H, s, ph-
OH), 6.53 (4H, s, Ar-H). Each signal in the 3C-NMR spectrum of compound-A
was also assigned as follows: §©€P»:€0-D:06:0 (hpm) 52.5(C,), 54.3(OMe), 69.5(C,),
83.8 (C,), 101.2 (Cy4), 129.4 (C), 132.2(C,), 144.4 (C5z). This compound has no optical
activity. All these data indicate that compound-A is D, L-syringaresinol (I).

OH
Me0 OMe
Hzg/o\CH
. OH on HC CH
e ! !
HC — o —CH,
/0\ o
r Ht CH HaCOH ooy~ OMe
B HC CH B HC 0
& HC_g—CH, T HCOH
6 2
5 3
% OMe R OMe
OH OH
I R=0Me II R=H
IV ReH III R=0Me

Previously, Nimz and GABER® isolated this compound from the mild hydrolysis
products of beech wood lignin. Later, it was also isolated from dioxane-water
hydrolysis®, hydrogenolysis® and acidolysis®*" products of other hardwood lignins.
Further, two different trilignols (I, III) containing syringaresinol moiety have been
isolated by SAKAKIBARA et al. from both hydrolysis®* and hydrogenolysis® pro-
ducts of ash (Fraxinus mandshurica Rupr.) wood lignin.

Therefore, syringaresinol structural unit considerably exists in hardwood lignin.
On the other hand, pinoresinol (IV) could not be detected in the products of hy-
drolysis with dioxane-water, even in trace amounts. This result is accordance
with the report obtained by ®C-NMR studies*? that the pinoresinol unit may exist
only in small amounts in softwood lignin.
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III.2 Compound-B (D, L-Episyringaresinol) (V)

Compound-B colored pink by spraying a solution of diazotized sulfanilic acid.
The color reaction with diazotized sulfanilic acid, UV and IR spectra of compound-
B are very similar to those of syringaresinol. The mass spectrum of compound-B
revealed the parent peak at m/e 418 (64%), and the other main fragment peaks
were m/e 210, 193, 181 (100%), 167 (88%), 161 and 154. Each signal in the 'H-
NMR spectrum of compound-B was assigned as follows: §°°C:(ppm) 2.75-3.56
(2H, m, H, »), 3.86 (12H, s, OMe), 3.56-4.24 (4H, m, H, ), 4.41(1H, d, H, J,.» =7Hz),
4.82(1H, d, H, J.,=4Hz), 5.54 (2H, s, ph-OH), 6.56 (4H, s, Ar-

H.. Each signal in the BC-NMR spectrum of compound-B R o OMe
was also assigned as follows: §°°Cs (ppm) 49.3(Cy), 53.7 s E

(C), 55.6 (OMe), 687 (C,), 70.3(C), 817(C.), 87.3(C), 102.7 6 .. .
(Cz,g"s,g'), 129.3 (C]_'), 132.2 (Cl)} 133.9 (C4'), 134.4 (C4)7 147'0 B Hfé.—— &(H B'

(Css 55). This compound has no optical activity. All these """c,\o/éHz -

data indicate that compound-B is D, L-episyringaresinol (V). 6 2
Previously, this compound was isolated by hydrolysis with 5R 3Me

dioxane-water®® and acidolysis®* of hardwood lignins. It is “On

probable that episyringaresinol unit may exist originally in

hardwood lignin, since it had been found that epipinoresinol :III :::Me

(VI) existed in the intermediates of the enzymatic dehydro-

genation products of coniferyl alcohol. On the other hand, from the results of
model experiments®** it was shown that a part of syringaresinol was epimerized
to give episyringaresinol under the both hydrolysis conditions. Thus the question
is still open to debate.

II1.3 Compound-C (D, L-Medioresinol) (VII)

Compound-C colored pink by spraying a solution of diazotized sulfanilic acid.
The mass spectrum of the acetylated compound-C revealed the parent peak at m/e
472, and the other main fragment peaks were m/e 430 (687%), 388, 357, 210, 205,
193, 181, 167, 151, 137 and 43 (100%). Each signal in the H-NMR spectrum
of the acetate was assigned as follows: &°P%s (ppm) 2.32

(3H, s, ph-OAc on guaiacyl moiety), 2.35(3H, s, ph-OAc on oOH OMe
syringyl moiety), 2.94-3.23 (2H, m, H, ,), 3.84 (9H, s, OMe), S

3.76-4.44 (4H, m, H, ), 478 (1H.d, H, J,,=4Hz), 482(1H c/(,‘\cﬂ- ’a,
d,H, J.,=4Hz), 6.60 (2H, s, Ar-H on syringyl nucleus), 6 E"': Mo

6.81-7.08 (3H, m, Ar-H on guaiacyl nucleus). Each signal

] ]
a HCI\O/CHZ r*
2

in the BC-NMR spectrum of the acetate was also assigned 6

as follows: @°P¢: (ppm) 19.6 (Me in OAc), 54.0(C,;), e Mo
55.7 (OMe), 71.7(C, ), 85.2(C,..), 102.3 (Cyq), 110.5(Cy), oft
118.3 (Cy), 123.3(Cy) ,128.9 (Cy), 139.6 (C,), 140.2 (C,), 140.7 -

(Cy), 151.6 (Cy), 152.7 (Cy ), 169.0 (CO in OAc). This com-
pound has no optical activity. These data indicate that compound-C is D, L-
medioresinol (VII). Its melting point (184.5-185.5°C as diacetate), however, is con-
siderably higher than the value reported early (155-156°C as diacetate)®.
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Earlier, OMoR1 and SAKAKIBARA® isolated this compound from dioxane-water
hydrolysis products of ash (Fraxinus mandshurica RuprR.) wood lignin. Further,
very recently it has been obtained by hydrogenolysis of the same wood lignin®.

On the other hand, (+)-medioresinol has been isolated from the extractives of
the bark of Liriodendron tulipifera 1.%.

III.4 Compound-D (3-Hydroxymethyl-2-(4-hydroxy-3, 5-dimethoxyphenyl)-
4-(4-hydroxy-3, 5-dimethoxybenzoyl)-tetrahydrofuran) (VIII)

Compound-D colored pink and brown by spraying solutions of diazotized sul-
fanilic acid and 2, 4-dinitrophenylhydrazine, respectively. The absorption band
at 1660 cm™ in the IR spectrum and the color reaction with 2, 4-dinitrophenyl-
hydrazine suggest that this compound has carbonyl in side chain. The mass spec-
trum of compound-D revealed the parent peak at m/e 434, and the other main
fragment peaks were m/e 416 (98%), 400, 386, 367, 319, 262, 208, 181 (57%), 167,
155 (100%), 137 and 123. Each signal in the 'TH-NMR spectrum of the acetylated
compound-D was assigned as follows: 4°°C%: (ppm) 1.95 (3H, s, ale-OAc), 2.34 (3H,
s, ph-OAc on A-ring), 2.37(3H,s, ph-OAc on B-ring), 2.94-3.26 (1H, m, H,), 3.85
(6H, s, OMe on A-ring), 3.90 (6H, s, OMe on B-ring), 3.80-4.50 (5H, m, H, , ), 4.64
(1H,d, H,J.,=9Hz), 6.70 (2H, s, Ar-H on A-ring), 7.21(2H,

s, Ar-H on B-ring). This compound has no optical activity. MeO OH OMe
All these data indicate that compound-D is 3-hydroxymethyl-2-

(4-hydroxy-3, 5-dimethoxyphenyl)-4-(4-hydroxy-3, 5-dimethoxy-

v e Oy

benzoyl)-tetrahydrofuran (VIII). 8 HC CH :
Earlier, a-carbonyl content of about 0.07 per methoxyl o o¢ H2(':0H r

in spruce milled wood lignin was reported®. Later, this @

compound was isolated by OMoR1 and SAKAKIBARA® from 4 OMe

the mild hydrolysis products of ash (Frarinus mandshurica OH

RupPr.) wood lignin, representing structural units containing
a-carbonyl in lignin. This structural unit may be formed

VIII

by the C,-C, coupling of sinapyl alcohol radicals followed by one molecular water
addition and disproportionation.

III.5 Compound-E (6-0xo-2-(4-hydroxy-3, 5-dimethoxyphenyl)-3, 7-
dioxabicyclo-[3, 3, 0]-octane) (IX)

Compound-E colored pink and brown by spraying solutions of diazotized sul-
fanilic acid and 2, 4-dinitrophenylhydrazine, repectively. The absorption band at
1765 cm™ in the IR spectrum of this compound suggests that compound-E contains
7-lactone in the molecule. The mass spectrum of compound-E (Fig. 2) revealed
the parent peak at m/e 280 (100%), and the other main fragment peaks were
m/e 265, 249, 210, 182 (49%) and 167 (63%). The mass spectrum of the acetate
revealed the parent peak at m/e 322, and the other main fragment peaks were
m/e 280 (100%), 265, 249, 210, 182, 167, 165 and 43. In these mass spectra, the
peaks at m/e 210 are presumed to be sinapyl alcohol ion. The !H-NMR spectrum
of compound-E (Fig. 3) was assigned as follows: §°°°: (ppm) 2.96-3.21 (1H, m, H,),
3.29-3.58 (1H, m, Hy), 3.89 (6H, s, OMe), 4.05-4.31 (2H, m, H, ), 4.32-4.49 (2H, m, H)

T/



Studies on the Hydrolysis of Hardwood Lignin (AOYAMA) 271

456 (1H,d, H,J,,=7Hz), 5.53 (1H,s, ph-OH), 6.55(2H,s, Ar-H). The !H-NMR
spectrum of the acetate was also assigned as follows: §©P:°° (ppm) 2.25 (3H, s,
ph-OAc), 3.32-3.80 (2H, m, H,,), 3.81(6H,s, OMe)., 3.93-4.63 (4H, m, H, ), 4.78
(1H,d, H,J,,=6Hz), 6.80 (2H, s, Ar-H). In the 'H-NMR spectrum of the acetate,
irradiation of the signal region corresponding to B-proton (6 3.22 ppm) caused the
doublet at § 4.78 ppm to a singlet and the multiplet at 6 4.30-4.63 ppm to simple
one. Further, irradiation of the signal region corresponding to §-proton (6 3.57
ppm) caused the multiplet at § 3.93-4.38 ppm to collapse to somewhat simple one.
All these data indicate that compound-E is 6-0x0-2-(4-hydroxy-3, 5-dimethoxy-

280 (M, 100%)

167

182

MJMMLLULJ_«MLL_MML P T §

50 . 100 150 200 250

m/e

Fig. 2. Mass spectrum of 6-ox0-2-(4-hydroxy-3, 5-dimethoxyphenyl)-
3, 7-dioxabicyclo-{3, 3, 0]-octane (IX) (Compound-E).
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Fig. 3. H-NMR spectrum of 6-0xo0-2(4-hydroxy-3, 5-dimethoxyphenyl)-
3, 7-dioxabicyclo-[3, 3, 0}-octane (IX) (Compound-E).

— T T T T L
8 3

T
7 6 5 4 2



272 Research Bulletins of the College Experiment Forests Vol. XXXVII, No. 1

phenyl)-3, 7-dioxabicyclo-[3, 3, 0]-octane (IX). roHc—0—~c0 o
Earlier, FREUDENBERG and GEIGER*® isolated two g ﬁé CH
different dilignols containing p-lactone from the enzy- o HC— 0 /(':H2 v
matic dehydrogenation products of coniferyl alcohol,
suggesting the existence of ester linkage in lignin. In .4 OMe
fact, very recently Yasupa and SAKAKIBARAY isolated OH
two different trilignols containing 7-lactone from the
hydrogenolysis products of larch (Lariz leptolepis GoLp.)
compression wood lignin. These 7-lactone may be formed by the coupling of
coniferyl alcohol radical R, and ferulic acid radical R,, The 7-lactone in com-
pound-E, however, may be formed by another mechanism (Fig. 4 and 5) in-
volving elimination of an aromatic ring. In both proposed mechanisms, compound-
E (IX) may be derived from the structural unit of 3-hydroxymethyl-2-(4-hydroxy-3,
5-dimethoxyphenyl)-4-(4-hydroxy-3, 5-dimethoxybenzoyl)-tetrahydrofuran (VIII). In
the case of mechanism-I, as shown in Fig. 4, lignol IX may be formed by ring
closure after splitting a diarylpropane. This mechanism may represent a different
example for the formation of diarylpropane units in lignin from the one proposed so
far®>®. In the alternative mechanism-II (Fig. 5), the nucleophilic attack to carbonyl
carbon followed by cyclization during the hydrolysis reaction may postulated. The
mechanism of the formation of lignol IX is, however, still open to debate.

IX

oH OH
MeQ OMe Me0 OMe . COH OMe
2
HﬁEOH ' 0 “é‘@o" weo_2e ge
' —0 H, " ™~CH
Hé HyC CH 21 1 +,0 HCOH OMe 4
e o, .
: H, COH ¢ ~CH
c0 HZCOH 9 R OMe HZ. v
R OMe OH HC CH
:
’ Me0 OMe 0C— g —CH,
0

Fig. 4. A proposed mechanism for the formation of 6-ox0-2-(4-hydroxy-3, 5-
dimethoxyphenyl)-3, 7-dioxabicyclo-[3, 3, 0]-octane (IX) Mechanism-I.

OH OH

MeQ QOMe Med OMe
HyC— O~CH Myt O~
H(IZ (IIH + H? CH
1 ] [
0=C ,\H/ocuz 0~ —CHy
MeQ i QOMe MeO : OMe
OH OH

Fig. 5. Alternative mechanism for the formation of 6-oxo-2-(4-hydroxy-3,5
dimethoxyphenyl)-3, 7-dioxabicyclo-[3, 3, 0]-octane (IX) Mechanism-II.

III.6 Compound-F (4, 4’-Dihydroxy-3, 3'-dimethoxy-stilbene) (X)

Compound-F colored red and red-brown by spraying solutions of diazotized
sulfanilic acid and ferric chloride, respectively. In the IR spectrum of compound-F,
the absorption band at 955 cm™ suggests that this compound has vinyl configura-
tion. The mass spectrum of compound-F revealed the parent peak at m/e 272
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(100%). Each signal in the 'H-NMR spectrum of the acetylated OH
compound-F was assigned as follows: 4% (ppm) 2.32 (6H, s, ph- M0
OAc), 3.88 (6H, s, OMe), 6.95-7.18 (8H, m, aromatic and olefinic side

chain protons). All these data indicate that K compound-F is 4, 4'- HC

dihydroxy-3, 3’ -dimethoxy-stilbene (X). ' CH
Under the present hydrolysis conditions, a part of 1, 2-bis-(4- @

hydroxy-3-methoxypheny1)-propane-l, 3-diol structural units in lignin OMe

may suffer elimination of 7-hydroxymethyl group to form this
stilbene. Such a reaction occurs extensively during the acidolysis X
of lignin®.

II1.7 Compound-G (1, 2-Bis-(4-hydroxy-3, 5-dimethoxyphenyl)-
propane-1, 3-diol) (XI)

Compound-G colored red and gray by spraying solutions of diazotized sulfanilic
acid and ferric chloride, respectively. The mass spectrum of compound-G revealed
no parent peak at expected position as a result of rapid splitting of a water molecule
by electron beam impact. The phenomenon is observed in some compounds
involving hydroxyl at a-carbon. The other main fragment peaks were m/e 362,
344, 332 (100%), 180 (75%), 167 and 165. The mass spectrum of the acetate
revealed the parent peak at m/e 548. Each signal in the 'H-NMR spectrum of
the acetylated compound-G was assigned as follows: ¢°°%: (ppm) 2.02(6H, s, alc-
OAc), 2.32 (6H, s, ph-OAc), 3.36 (1H, m, Hy), 3.74 (12H, s, OMe), 4.32 (2H, m, H,), 6.05
(1H,d, H, J,,=7Hz), 6.34 (4H, s, Ar-H). Each signal in the ®C-NMR spectrum of
the acetate was also assigned as follows: 8°°¢L (ppm) 20.3 (Me in OAc), 49.8(C,),
55.7 (OMe), 63.3(C,), 74.9(C.), 104.3(Cyq), 106.3 (Cyo),

129.0 (Ce.¢), 135.8(Cy), 136.9(Cy), 153.0(Cogas) 169.0(CO = hycon z_s OMe

in ph-OAc), 170.2 (CO in a-alc-OAc), 171.3(CO in r-ale- 8 Hé.'QOH
OAc). All these data indicate that compound-G is 1, ¢ H('210H & g
2-bis-(4-hydroxy-3, 5-dimethoxyphenyl) - propane-1, 3-diol ‘@ 2

(XD). Further, its configuration was identified to be R: Y 0Me
erythro form by the signals corresponding to aliphatic

acetoxyls in the 'H-NMR spectrum. XI  R,=R,=0Me
Earlier, N1mz32%® isolated three different 1, 2-diaryl- XI1 R:= R2=H
propane-1, 3-diols (XI, XII, XIII) from the mild hydroly- XITT R]=HfR2=0Me

sis products of beech wood lignin. Later, two of them

(XI, XII) were isolated by OMORI and SAKAKIBARA®® from the mild hydrolysis
products of ash wood lignin. Further, Nimz® isolated tri- and tetralignol contain-
ing C,~O-C, and C,-C, linkages from hydrolysis products of spruce lignin. Sano
and SAKAKIBARA® isolated a different trilignol containing C;-C; and C,-C, linkages
from spruce hydrolysis products. Moreover, many di- and trilignols containing
C,~C, linkage have been isolated by other degradation procedures such as hydro-
genolysis®®, treatment with thioacetic acid’®™, acidolysis and degradation with
metallic sodium in liquid ammonia®. Thus, diarylpropane derivatives have been
isolated extensively and in good yields, suggesting the predominant existence of its
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structural units in lignin. In fact, a relative frequence for C,~C, linkage in beech

wood lignin was estimated at about 15% of total linkages™-*.

III.8 Compound-H (1-(4-Hydroxy-3, 5-dimethoxyphenyl)-2-(4-hydroxy-
3-methoxyphenyl)-propane-1, 3-diol) (XIV)

Compound-H colored orange and gray by spraying solutions of diazotized sul-
fanilic acid and ferric chloride, respectively. The mass spectrum of compound-H
(Fig. 6) revealed no parent peak at the expected position, as in the case of com-
pound-G. The other main fragment peaks were m/e 332, 314, 302 (100%), 299,

165

150

50 100 150 200
302 (100%)
272 314 33
e A N | 32
L —— L T T T T L} T L T T T T
250 300 350
m/e

Fig. 6. Mass spectrum of 1-{4-hydroxy-3, 5-dimethoxyphenyl)-2<4-hydroxy-
3-methoxyphenyl)-propane-1, 3-diol (XIV) (Compound-H).
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Fig. 7. 'H-NMR spectrum of 1-{4-hydroxy-3, 5-dimethoxyphenyl)-
2-(4-hydroxy-3-methoxyphenyl)}-propane-1, 3-diol (XIV) (Com-
pound-H) tetraacetate.
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272, 180, 167, 165, 150, 137 and 105. The mass sepctrum of the acetylated com-
pound-H revealed the parent peak at m/e 518, and the other main fragment peaks
were m/e 476, 416, 374, 302, 267, 239, 225, 209, 197, 195, 183 (100%), 167, 153
and 150. Each signal in the 'H-NMR spectrum of the acetate (Fig. 7) was assigned
as follows : §°°CL (ppm) 1.97 (6H, s, alc-OAc), 2.28 (6H, s, ph-OAc), 3.36 (LH, m, Hy),
3.69 (9H, s, OMe), 4.29(2H,m, H,), 6.04(1H,d, H, J.,=7Hz), 6.30(2H,s, Ar-H on
syringyl nucleus), 6.50-7.00 (3H, m, Ar-H on guaiacyl nucleus). Irradiation of the
signal corresponding to B-proton (6 3.36 ppm) caused the doublet at § 6.04 ppm to
a singlet and the multiplet at é 4.29 ppm to somewhat simple one. Previously,
Nimz3® isolated three different diarylpropanes (XI, XII, XIII) from the mild hydro-
lysis products of beech wood lignin and investigated the signals of side chain pro-
tons in the 'H-NMR spectra (as tetraacetate). The a-proton signal adjacent to
syringyl nucleus (XI) located on slightly higher field (§ 6.05 ppm) than those of
others (XII and XIII, § 6.12 ppm). The chemical shift of a-proton of the acetylated
compound-H was é 6.04 ppm. Further, the characteristic peak at m/e 267 in the
mass spectrum of the acetylated compound-H also suggested that the a-carbon of
compound-H was adjacent to syringyl nucleus. Moreover, the melting point of
compound-H (195.5-196.7°C) was slightly higher than that of 1-(4-hydroxy-3-meth-
oxyphenyl)-2-(4-hydroxy-3, 5-dimethoxyphenyl)-propane-1, 3-diol (XIII) (192-193°C)®.
Recently, threo and erythro isomers of 1-(4-hydroxy-3, 5-dimethoxyphenyl)-2-(4-
hydroxy-3-methoxyphenyl)-propane-1, 3-diol were synthe-

sized by Nakarsuso and Hicucur®®. In the 'H-NMR [: HﬁEOH_QOH
spectra of those acetylated isomers, a remarkable differ- | yeon OMe
ence between threo- and erythro forms is observed: the

chemical shift of a-acétoxyl protons in thero form was MeO oMe

clearly different from that of y-acetoxyl protons, while in OH
erythro from those signals almost overlapped. In the case
of compound-H, the signals corresponding to a- and 7-
acetoxyl protons appeared as a singlet indicating erythro form. All these data
indicate that compound-H is erythro-1-(4-hydroxy-3, 5-dimethoxyphenyl)-2-(4-hy-
droxy-3-methoxyphenyl)-propane-1, 3-diol (XIV),

The isolation of dilignol XIV demonstrates that all expected diarylpropane
structures composed of both guaiacyl and syringyl units exist in harwood lignin.

XIV

III.9 Compound-I (2, 3-Dihydro-7-methoxy-2-(4-hydroxy-3, 5-dimethoxyphenyl)-
3-hydroxymethyl-5-(2-formylvinyl)-benzofuran) (XV)

Compound-I colored orange, brown and red-violet by spraying solutions of
diazotized sulfanilic acid, 2, 4-dinitrophenylhydrazine and phloroglucinol-HCl, respec-
tively. The red-violet color with phloroglucinol-HCl suggests that this compound
contains a, B-unsaturated aldehyde as a side chain. The absorption maximum at
338 nm of the UV spectrum in neutral solution and the absorption band at 1670
em™! of the IR spectrum support the result of the color reaction with phloroglucinol-
HCl. The mass spectrum of compound-I (Fig. 8) revealed the parent peak at m/e
386, and the other main fragment peaks were m/e 368 (100%), 356, 353, 342, 337,
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Fig. 8. Mass spectrum of 2,3-dihydro-7-methoxy-2-(4-hydroxy-
3, 5-dimethoxyphenyl)-3-hydroxymethyl-5-2-formylvinyl)-
benzofuran (XV) (Compound-I).
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Fig. 9. A possible fragmentation of 2,3-dihydro-7-methoxy-2-(4-
hydroxy-3, 5-dimethoxyphenyl)-3-hydroxymethyl-5-(2-for-
mylvinyl)-benzofuran (XV) (Compound-I).
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Fig. 10. H-NMR spectrum of 2, 3-dihydro-7-methoxy-2-(4-hydroxy-
3, 5-dimethoxyphenyl)-3-hydroxymethyl-5-(2-formylvinyl}-
benzofuran (XV) (Compound-I) diacetate.

237, 221, 210, 181, 167, 151 and 137. A possible fragmentation is illustrated in
Fig. 9. The mass spectrum of the acetylated compound-I revealed the parent peak
at m/e 470. The H-NMR spectrum of the acetate is shown in Fig. 10. Each
signal was assigned as follows: °P¢L (ppm) 2.06 (3H, s, ale-OAc), 2.32 (3H, s, ph-
OAc), 3.78 (6H, s, OMe on syringyl moiety), 3.79 (1H, m, H,), 3.92(3H, s, OMe on
guaiacyl moiety), 4.40 (2H, m, H,), 5.52(1H,d, H,J,,=7.1Hz), 6.55(1H,dd, Hy J..» =
15Hz and J,=7.5Hz), 6.58 (2H, s, Ar-H on syringyl nucleus), 7.02 (2H, d, Ar-H on
guaiacyl nucleus J.....=3Hz), 7.34 (1H, d, H,), 9.54 (1H, d, H, ).

The signal of the doublet at § 5.52 ppm in the !H-NMR CHO ,
spectrum of the acetate clearly shows that this compound HEH B,
has a phenylcoumaran structure which is one of main v H.COH *
structural units in lignin. And then, the signals of meth- f,(': ©0Me

oxyls and aromatic protons may lead to the conclusion that , {e——_§
compound-I is constituted of both guaiacyl and syringyl units.

All these data indicate that compound-I is 2, 3-dihydro-7- el oMe
methoxy-2-(4-hydroxy-3, 5-dimethoxyphenyl)-3-hydroxymeth- OH
yl-5-(2-formylvinyl)-benzofuran (XV),

Earlier, FREUDENBERG and LEHMANN® isolated two

aldehydic dilignols from the enzymatic dehydrogenation products of coniferyl
alcohol.  One of them, guaiacylglycerol--coniferyl aldehyde ether was isolated by
Nimz from the mild hydrolysis products of spruce lignin®. In the present study,
another dilignol of phenylcoumaran type with a cinnamic aldehyde side chain was
isolated. 1-(4-Hydroxy-3, 5-dimethoxy-5-propylphenyl)-ethane was isolated by Nimz™

Xy
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as phenylcoumaran composed of both guaiacyl and syringyl units from the degra-
dation products of beech wood lignin by treating with thioacetic acid.

The structural units with cinnamic aldehyde side chain provide the well known
typical lignin color reaction with phloroglucinol-HCI.

III. 10 Compound-J (2, 3-Dihydro-7-methoxy-2-(4-hydroxy-3, 5-dimethoxy-
phenyl)-3-hydroxymethyl-5-benzofuranpropanol) (XVI)

Compound-]J colored orange by spraying a solution of diazotized sulfanilic acid.
The mass spectrum of compound-J (Fig. 11) revealed the parent peak at m/e 390,
and the other main fragment peaks were m/e 372 (100%), 360 (62%), 357, 342,
328, 210, 181, 167 (58%), 151 and 137. A possible fragmentation is illustrated in
Fig. 12. The mass spectrum of the acetylated compound-J revealed the parent
peak at m/e 516, suggesting that this compound has three hydroxyl groups. The
TH-NMR spectrum of the acetate is shown in Fig. 13. Each signal was assigned
as follows: %% (ppm) 1.94 (2H, m, Hy), 2.10 (6H, s, alc-OAc), 2.36 (3H, s, ph-OAc),
2.69 (2H,t,H, J.,=7Hz), 3.79(1H, m, H,), 3.83(6H,s, OMe on syringyl moiety),
3.93 (3H, s, OMe on guaiacyl moiety), 4.12(2H, t, H. J,=6.8Hz), 4.42 (2H, m, H,),
5.52(1H, d, H, J.,=6Hz), 6.65 (2H, s, Ar-H), 6.67 (2H, s, Ar-H). From the signal of
the double at ¢ 5.52 ppm in the 'H-NMR spectrum, it is clear that this compound
has a phenylcoumaran structure. All these data indicate that compound-J is
2,3-dihydro-7-methoxy-2-(4-hydroxy-3,5-dimethoxyphenyl)-3-hydroxymethyl-5-benzo-
furanpropanol (XVI). This compound has no optical activity, suggesting that it
originates from lignin.

Hitherto any dilignol containing w-hydroxypropyl group at the side chain has
not been isolated from the mild hydrolysis products of lignin and also from the
intermediates of the enzymatic dehydrogenation products of coniferyl alcohol.
Earlier, BRINK et al®2% detected dihydroconiferyl alcohol in the nitrobenzene

167
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Fig. 11. Mass spectrum of 2, 3-dihydro-7-methoxy-2-4-hydroxy-3, 5-
dimethoxyphenyl)-3-hydroxymethyl-5-benzofuranpropanol
(£VI) (Compound-]).
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Fig. 12. A possible fragmentation of 2, 3-dihydro-7-methoxy-2<4-hydroxy-3, 5-dimethoxyphenyl)-
3-hydroxymethyl-5-benzofuranpropanol (XVI) (Compound-J).
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Fig. 13. 1H-NMR spectrum of 2, 3-dihydro-7-methoxy-2-(4-hydroxy-3, 5-dimethoxyphenyl)-
3-hydroxymethyl-5-benzofuranpropanol (XVI) (Compound-]) triacetate.
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oxidation products from white fir wood. The compound

H -
might be formed after secondary oxido-reduction reaction, Z(C':ZH ;.
and the reduced side chain remained because of its resist- éH: wr
ance against the oxidation. TANAKA™ obtained aryl eth- r Hz(.:()_""@
anes from protolignin by alkali cooking. A model exper- B HC oMe

iment showed that B-hydroxy-g-aryl-propionic acid would a HC—0
give aryl ethane as a result of hydrogen substitution of

benzylic hydroxyl. Detailed mechanism is, however, open Me0 OMe
to debate. On the other hand, KLEMOLA® detected dihy- 0H
drosinapyl alcohol in the steam hydrolysis of birch wood. VI

The possibility of relation to oxido-reduction or CANNIZZARO

reaction was discussed, but any resonable structure of precursor could not be
found. Ultimately, it was concluded that a small amount of dihydrosinapyl alcohol
unit (0.1% of lignin) might exist in birch wood lignin.

In the NMR spectra of milled wood ligins®* and the enzymatic dehydrogena-
tion products of coniferyl alcohol®, the presence of the highly shielded aliphatic
signals was observed, even in small amounts, and it belongs to one of unknown
parts of lignin. The saturated side chain in dilignol XVI may elucidate those signals.
The formation mechanism is, however, unknown. It is very probable that dis-
proportionation or specific reduction may occur during the lignin formation.

Recently, MANNERS and SwaAN*®, PororFF and THEANDER®® and HicucHI
et al.®% jsolated several glycosides of phenylcoumaran and arylglycerol-g-aryl ether
type dilignols which contain @-hydroxypropyl group as side chain from extractives
of needles. Further, very recently TAKEHARA and Sasava® isolated those aglycones
and dihydrodehydrodiconiferyl alcohol from larch extractives. Those compounds,
however, possess optical activity.

IV. Conclusion

In this study, ten dilignols were isolated from the mild hydrolysis products
of hardwood (Quercus mongolica FiscH. var. grosseserrata REHD. et WiLs.) lignin,
and their chemical structures were elucidated. Among them four compounds (IX,
XIV, XV, XVI) were new dilignols.

6-Oxo0-2-(4-hydroxy-3, 5-dimethoxyphenyl)-3, 7-dioxabicyclo-[3, 3, 0]-octane (IX,
compound-E) has a y-lactone. Considering the elimination of an aromatic ring,
it may be derived from the structural unit of 3-hydroxymethyl-2-(4-hydroxy-3, 5-
dimethoxyphenyl)-4-(4-hydroxy-3, 5-dimethoxybenzoyl)-tetrahydrofuran (VIII) which
was also isolated in this study. And two different mechanisms for the formation
of dilignol IX are proposed (Fig. 4 and 5). In the case of mechanism-I (Fig. 4),
a diarylpropane is formed accompanied with dilignol IX. This mechanism may
represent an example for the formation of diarylpropane structural units in lignin.
On the other hand, in the alternative mechanism-II (Fig. 5), the nucleophilic attack
to carbonyl carbon followed by cyclization may be postulated. The mechanism
of the formation of dilignol IX is still open to debate as yet. ‘
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1-(4-Hydroxy-3, 5-dimethoxyphenyl)-2-(4-hydroxy-3-methoxyphenyl)-propane-1,
3-diol (XIV, compound-H) is one of diarylpropanes which are composed of both
guaiacyl and syringyl units. The isolation of dilignol XIV demonstrates that all
kinds of diarylpropane structures constituted of both guaiacyl and syringyl units
exist actually in hardwood lignin.

2, 3-Dihydro-7-methoxy-2-(4-hydroxy-3, 5-dimethoxyphenyl)-3-hydroxymethyl-5-
{2-formylvinyl)-benzofuran (XV, compound-I) has a cinnamic aldehyde side chain.
Earlier, FREUDENBERG and LEHMANN® isolated two aldehydic dilignols from the
enzymatic dehydrogenation products of coniferyl alcohol. One of them, guaiacyl-
glycerol-B-coniferyl aldehyde ether was isolated by Nimz® from the mild hydrolysis
products of spruce lignin. Another dilignol, the phenylcoumaran type has not
been isolated. Its syringyl derivative, however, was isolated in present work. The

structural units with the cinnamic aldehyde side chain show the well known lignin
color reaction with phloroglucinol-HCI.

2, 3-Dihydro-7-methoxy-2-(4-hydroxy-3, 5-dimethoxyphenyl)-3-hydroxymethyl-5-
benzofuranpropanol (XVI, compound-]J) has w-hydroxypropyl group at the side
chain. As yet, any dilignol with @-hydroxypropyl side chain has not been isolated
from the mild hydrolysis products of protolignins and also from the enzymatic
dehydrogenation products of coniferyl alcohol. Dilignol XVI has no optical activity,
indicating that it originates from lignin. Further, dihydrosinapyl alcohol has been
detected in the steam hydrolysis mixture of birch wood®™. From these facts, it
seems that small amounts of dihydrocinnamic alcohol units may exist in lignin.
In the 'H-NMR spectra of the acetylated protolignin®, the presence of highly
shielded aliphatic protons was indicated, and they belong to one of unknown parts
of lignin. The saturated side chain in dilignol XVI may elucidate those protons.

The results obtained from the present study almost confirm the radical coupl-
ing mechanism proposed by FREUDENBERG. Further, the isolation of dilignol XVI
also indicates that the extensive disproportionation or specific enzymatic reduction
may occur during the lignin formation.

It should be also noted that linkage pattern between various hardwood lignins
would not be different, judged from the results of the hydrolysis of two harwood
species, Yachidamo (Fraxinus mandshurica Rupr.) and Mizunara (Quercus mongo-
lica FiscH. var. grosseserrata REHD. et WILs.).

Earlier, SANO and SAKAKIBARA subjected some model compounds to hydrolysis
under the same reaction conditions, and found that arylglycerol-8-aryl ethers were
cleaved by homolysis®*®, Formed radicals coupled again to give some lignols which
might obscure the presence of the primary hydrolysis products. However, the
primary hydrolysis products are predominant, and the homolysis products would
be negligible for the following reasons: 1) Under these hydrolysis conditions,
benzyl ethers are almost quantitatively cleaved to give various lignols. But, aryl-
glycerol-B8-aryl ether type structure etherified at phenolic hydroxyl which is pre-
dominant linkage in lignin molecule cannot be cleaved®. Only a minor part of
B-O-4 type units with free phenolic hydroxyl would suffer homolysis, but these
units in lignin molecule are small amounts and occur only as terminal ones. The
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facts mean that the cleavage except benzylic ether would not occur in lignin molecule
. practically. 2) Even if another possibility of the homolysis of the primary products
from benzylic ether is not deniable, the amounts of the homolysis products would
be too small to detect them, as indicated by the yields of any homolysis lignols
from model compounds. Thus, pinoresinol®, phenylcoumarans®* and biphenyl®
which are homolysis products from model compounds could not be detected even
in traces in the reaction mixture from protolignins. The results indicate that the
various lignols which have been isolated so far are not from homolysis products
but from primary hydrolysis products after cleavage from benzylic ether.
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FREIEESH 7w b Y 7= vORMIMK S B#HRD, LU CRN2BEYEETS

ik, REEY 7= vBRBECHESRACE L CHthmRy 2 2 B TiTbhl,
FORER, 31 X+ 35 (Quercus mongolica FiscH. var. grosseserrata REHD. et WILS.) ) 7 = v
25 10580 2 BiknEEE, FEShicn, 205548 (IX XIV, XV, XV iz$it & HC
52)0 B - ES
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6-0Ox0-2-(4-hydroxy-3, 5-dimethoxyphenyl)-3, 7-dioxabicyclo-[3, 3, 0]-octane (IX, compound-E)
7w 2V A8 B\ T rlactone #F LTV 5, LLHI, FREUDENBERG & GEIGER™ {3,
coniferyl alcohol DEE F W AKEEESTHMAE L D rlactone # B T2 28D 2 B (pnoresino-
lide, lignenolide) ¥ Bt L, V 7= v TFHR=ATARKEEVEET HHELLER L, F
£ B, B%, WED LS F < (Lariz leptolepis GoLp.) EfE7 78 Y 7= voKFELS
B L b 28D rlactone #FET5 3 E{E% MM L, FREUDENBERG DREFELELTW5, L
HLUERETCL ORI rlactone IX) moWTIRELABRBELAZEIhT, Thbd, £
D B 3-hydroxymethyl-2-(4-hydroxy-3, 5-dimethoxyphenyl)-4-(4-hydroxy-3, 5-dimethoxyben-
zoyl)-tetrahydrofuran (VIII) % [R#&E L5 2O E (Fig. 4 8 XV Fig. 5) REE I,
BHE -11% 1, 2-bis-diarylpropane-1, 3-diol BB BICATRE T 2 RSB T 2R OB L IR
B RIGAE 52580 THS, —F, BRE- TR 2R FBHZOF B X5 pyrogallol-
1, 3-dimethyl ether DAL & [ASEDOARTH 5,

1-(4-Hydroxy-3, 5-dimethoxyphenyl)-2-(4-hydroxy-3-methoxyphenyl)-propane-1, 3-diol (XIV,
compound-H) (%, 77 ¥ n, v vFAMENSES 1, 2-bis-diarylpropane-1, 3-diol ¢ %
b, TOEHORMMAEE, TTR NIMZ® 2 X b 7 M OKGBHrOHEEIRTWEH
AFRTHERECTREBETH - 1cd 5 —20REHEK XIV) 232 bhichl}Tth b,

2, 3-Dihydro-7-methoxy-2-(4-hydroxy-3, 5-dimethoxyphenyl)-3-hydroxymethyl-5-(2-formyl-
vinyl)-benzofuran (XV, compound-I) i cinnamic aldehyde % E+H 7 = =—-1 27 <=5 VT
» %, LLfi, FREUDENBERG & LEHMANN® | 2 f¢D cinnamic aldehyde B{7 % FT 550 %
coniferyl alcohol DEERMBIKRES MG I BEE L, ThHD 15, T, guaiacyl-
glycerol-8-coniferyl aldehyde ether 1%, #ic NiMz® il bt ve Y Z7=vinKo>BE D1 %
bhTuws, LLld 518, Thbd, 72=—A7=7 vEDOIEMIIhETT 2 )
7= VvOMRZBHALRLLRT VIR, —F, FRRTLORMALAEWI S > Yo, )
VENLKBEGETH S, cinnamic aldehyde B 7 = =— A 7 =5 vEENR e V) 7= v
BETAHZEXETXTHIOTHD, Xbic, Zhbd cinnamic aldehyde 845 Y 7= v
RHENREARIGTHS 7 /Ay — 1 - HBRIECS 2 5#E L LTEREL,

2, 3-Dihydro-7-methoxy-2-(4-hydroxy-3, 5-dimethoxyhenyl)-3-hydroxymethyl-5-benzofuran-
propanol (XVI, compound-J) |3 e-hydroxypropyl 2% %H LT\ %, Z ® # /& dihydrocinnamic
alcohol ¥ fr%7F 3% dilignol Bk, RiE, MHYMHER T O HEIhTH58, L& XV
BRFHNCNERETHAZ ERXBDTEETH S, Tibdb, HERIHLLOR TV AHL
LEMITNTHRFNCHEETH Y, 2oz Libad® XVD Y 7= vicERTHHER N
BWCERRTLOTHD, Eheh MY 7= vk @MH 5 dihydrosinapyl alcohol H3E
HENEEL, 7ot Y 7= vdic dihydrocinnamic alcohol B f2di4 Y o+ L i B ETH
TERIERELTWED, b, L&MW (XVD) @ o-hydroxypropyl fi 8413, %3k ¥ T 3k A%
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TATH-Tc/m b ) 7=VvDO NMR 27 brdhoEBCEKEIhicy 7rr ol k%
HUTHLOTHD, LEW XV) OHMc LY, V7= v HRBCIEB A HELRIG
(disproportionation) 232 5 DA, H5VIXHENLBILEELGFETS00E V5 BB
T, V7= vERENRBLLEERNE SR TW5,

o> 6 D 2 Bihid, TCK Nimz, WELIZX D 7 r + Y 7= vORMIINKS B4 h
LEBINATWBELOTHS,

BlE, APFRCx b4 Ei2 FREUDENBERG DV 7 = VA SREBRYEHR T - Lixls
WA, FhkdlbE LCURERMBEORICOWEELZ TS T 530 TH S, Ty F 4 EHic
B 5ABOLEYHHEL T, KESCHCTIBEROEEIRY 7= v TFhokaRc
FEMLECEL LIV EBbh S,



