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PREFACE

Lignin, one of the most importénf constitutional compdnents
of vascular plantscomprises about 20-30% of woods and 15-20% of
grasses in dry weight and its abundance is the next of natural
organic materials to cellulose on the earth. Lignin is being
important economically related to the recent serious problem
derived from the shortage of fossillized resources. Lignin,
which widely occurs in yascular plants . abeve-
pteridophyte, functions as a binding and an encrusting materials
for cell wall composed of cellulose and hemicellulqsés giving
ffigidity,tp the wall to resist the external rigorous contitions,
gravity, wind, rain and attack of wood-decay fungi. It is also
cgnsidered that lignin protects from the water-leaking by the
1ining,cell walls of the conductive tissue by which water is
transported smoothly from root to metabolic tissues, leaves,
flowers and cambium etc.

The difficulty. in the elucidation of chemical structure of -
lignin over one hundred years since the term "Lignin" was pro-
posed by F.Schulze in 1865 should be ascribed to its complexity;
lignin has neither regularity, optical activity nor crystallinity
which is made impossiblé to determine by X-ray analyslis as in
other natural polymers, cellulose, protein, DNA , RNA etc.
Therefore, it is inevitable fate that lignin'structure-is\de—
scribed only as a statist;cal combination pattern of probable
substructures and not as definite one. However, current know-
ledge . of lignin structure which has been obﬁa%ned as the result
of continuous'ahd passionate investigatiohs by a great number

of researchers over one hundred years, is probably close to the
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truth, qualitatively and quantitatively.

The history of the structural studies of iignin seems to
be divided‘into three periods: The first is the peribd of about
seventy yeafs from the proposal of "éncrusting material” by
Payen in 1838 to the "Coniferyl alcohol theory" by Klason in
1907. At the end of this period, Klason advanced the idea that
lignin 1s chemically related to coniferyl alcohol and proposed
that the coniferyl alcohol units might be 1linked together by a
continuous condensation between alcoholic and phenoiic hydroxyl

groups. Although he could not solve the problem "how does coni-

feryl alcohol link each other", his basic idea on coniferyl

éicohofiuﬁdoubtedly greatly ihfluenced the thinking of later
lignin chemists.

We had to wait for the sélution of the problem until forty
years later, the second period when the "Dehydrogenation theory"
that lignin is formed by dehydrogenation'ofaphenolic;j,g;un—
saturated C6C3 progenitors of the coniferyl alcohol type was
proposed by H.Erdtman in 1933 and K.Freudenberg in 1942.

The third period of lignin research history is about forty
years from 1942 to today and in this period experimental results
Justifying the dehydrogenation theory have been obtained. The
validity of the dehydrogenation theory has been sufficiently

established through the enzymic dehydrogenaﬁion experiments of

p-hydroxycinnamyl alcohols, the structural determination of the

products obtained by the various degradation methods, spectral
and functional analysis of lignins, and structural simulation
of lighin by computer; the structures of softwood- and hardwood

lignins can be illustrated.
...2..



On the other hand, in the history of lignﬁn studies the
chemistry of pulping can not be neglected. 1In 1874, the sulfite
pulping method was-first industrialized by E.Ekman in Sweden.
This remarkably stimulated the. structural studies of lignin and
the lignin study from pulping aspect was started from softwood
lignin because only softwood was used at that time for pulping.
With the exhausting éf softwood, hardwoods and grasses had '

vgradualij been used for pulping and the lignin studies'was shift-
ed to hardwood and grass lignins from softwood lignin, and now
the lignins can be divided into three groups, softwood, hardwood
‘fgnd grass lignins by the plant sources.

"~ Softwood (gymnosperm) lignin is a dehydrogenation polymer

of coniferyl alcohol. Hardwood (angiosperm) lignin is a mixed
deﬁydrogenation polymer of coniferyl and sinapyl alcohols and
grass lignin is composed of a mixed dehydrogenation polymer of
coniferle sinapyl and p-coumaryl alcohdls, and in graés lignin,
5-10% of p-coumaric acid is esterified to the CY—hydrOxyl groups .
of the side chains in the lignin polymer.

It 1s considered that enzymic dehydrogenation study is
basically most important in the structural elucidation of lignin
and this has been established by the dehydrbgenation~studies of
p-hydroxycinnamyl althols.A The dehydrogenation of coniferyl
and sinapyl alcohols by the mushroom laccase was first-carried
out by K.Freudenberg.

The dehydrogenation of p~-coumaryl alcohol discussed in this
thesis has been studied in comparison with that of coniferyl

alcohol by K.Freudenberg. The élementary analysis and hydrogen

absorption by the formed DHP (Dehydrogenation polymer) of D~
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coumaryl alcohol showed that this DHP is similar to that from
coniferyl alcohol. However, p-coumaryl alcohol having no meth-
oxyl groups at the ortho-position of phenolic group has a possi-
bility to react preferentially at this positiocns to give much
more condensed type, "double condensation" proposed by D.E.Bland.
However, Yamasaki et al. recently found the same condensation
pattern as in coniferyl alcohol DHP found by K.Freudenberg by

the various degradation studies of the p-coumaryl alcohol DHPs.
However, the dehydrogenation studies of p-coumaryl alcohol
studied so far are only concerned with DHP polymer and not with
.dimer formation. .

In$the#Chapter I, the dimer formation of p-coumaryl alcohol

wi@h hydrogen peroxide/peroxidase system is mainly discussed.

In the Section I-1, the isolation and the structural determi-
nation of the dimeric compounds of p-coumaryl alcohol obtained

by the dehydrogenation are described. In the Section i—2, the
formation mechanism and the stereochemistry of the arylglycerols
which have been isolated from the degradation products of natural
lignins areinvestigated in connection with the dehydrogenation

of Q—coumarylyalcohol. The steredchemistry of the phenylcoumaran
substructures, dehydrodiconiferyl‘alcohol, and dehydrodi-p-
coumaryl alcohol, and the analysis of dimeric compounds described
in the Section I-1 by gas chromatography and NMR spectrometry

are discussed in the Section I-3 and I-4, respectively compared
with those of coniferyl alcohol. The threo isomers of p-hydroxy-
phenylglycerol—B—choumaryl ether and arylglycerols obtained in

the invéstigations described in Section I-1 and I-2, respective-

ly, were found to predominate over erythro isomers. This erythro/
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threo détermining step, the water addition step £o quinonemethide
which is an important intermediate after radical formation,

and subsequent coupling step involved in lignin polymerization
will be discussed in the Section I-5.

The isolation and structural identificationrof the products
in the dehydrogenation and lignin degradation have been the most
important works in the structural studies of lignin.  However,
it 1is génerally considered in the chemistry of natural products
that the final proof of the structure of compounds might be ob-
tained by the synthesis. The structures of lignin

oligomers isolated can not be determined by X-ray analysis be-

pops

cause these compounds occur as the noncrystalline mixture of

the diastereomers. Névertheless, in lignin chemistry the struc-
tﬁfes have been scarcely'proved by the synthesis because, un-
fortunately, the general Synthetic method for these oligomers

has not yet been established. The general synthetic method for
the oligolignols, involving B-hydroxy ester intermediates, and .
the reactions focuséd on the common unit of lignin substructures,
E—oxyphenylpropane-l,3-dioxy structure, is described in the
Chapter II. These synthetic methods might be useful for the
synthetic determination of the dehydrogenation products and
degradation products of lignins. The synthesized oligomers can
be conveniently used as the lignin model compounds in éhe vaious
lignin reactions such as pulping, chemical utilization and bio-
degradation of lignin. It is believed that this synthetic method
would be increasingly important for the future lignin chemistry.

The arylglycerol-g_aryl ether substructure is the most

important interphenylpropane unit in lignins: 30-50% or more



of the phenylpropane units are found to occur‘as this substruc-
tures in lignin. For this reason, gualacylglycerol-B-guaiacyl
ether has been generally used as a lignin model compcund. In
the Section II-1, a new method by a cohvergent synthesis of the
compound is described. And the convergent synthetic method in-
volving B-hydroxy ester intermediate established in the Section
II-1 was further applied to the synthesis of guaiacylglycerol-8-
coniferyl and B—coniferylraldehyde ethers in the Section II-2.
1,2-Diaryl-propane-1,3-diol substructure is also quite common
in lignins and its general synthetic method involving B-hydroxy
ester intermediate is'discussed in the Section II-3. 1In the
Section Ii-ﬂ, the general synthetic method via B-hydroxy ester
intermediate of phenylcéumaran,»the synthesis of which has not
&;t been reported, is described. Finally, in the Section II-5

and II-6, the application of the general synthetic method estab-

lished in the preceding Sections to the synthesis of the tri-
lignols composed of phenylcoumaran, B-0-4 and B-1 substructures

is described.



CHAPTER T
ENZYMIC DEHYDROGENATION OF P-COUMARYL ALCOHOL -

I-1 Structure of dimeric compound

I-1-1 Introduction

It is believed that the grass lignin is a polymer composed
of p-hydroxyphenyl, gualacyl and syringyl propane units and is
characterized by the occurrence of larger amount of Q—hydroxy-
phenyl uﬁit than in hard- and soft-wood lignins. Although some
of p-hydroxyphenyl unit ( about 10% ) have been ascribed to the
esterified p-coumaric acidl), major portions of the unit should.
be due\to the lignin polymer. Thus, elucidation of enzymic de-
hydrogeﬁation of p-coumaryl alcohol (1) is.conceivable to pro-

~vide useful informations on the chemical structure of p-hydroxy-

phenyl component of the grass lignin.

In this Séction, thé chémical strﬁctﬁres of the four diméric
compounds, p-coumarylresinol (2), dehydrodi-p-coumaryl alcohol (3),
B—hydroxyphenylglycerolfe—g—coumaryl ether (4) and 2-(H-hydroxy—f

,phenyl)—3—hydroxymethyl—4—(a,M—dihydroxybenzyl)—tetrahydrofuran
(mqnoepoxylignan)(S) obtained by enzymic dehydrogenation of p-

coumarvl alcohol are described.

I-1-2 Isolation and identification of dimeric compounds

A flow sheet of the dehydrogenation procedures of p-coumaryl
alcohol, which were described in detail in the experim;ntal
section, is shown in Figure I. The ethyl acetate soluble
portion was applied onto silica gel column chromatography and
the column was eluted with a mixture of benzene and ethyl»acetate.

p-Coumarylresinol (2), dehydrodi—g—coumaryl alcohol (3), p-hy-

droxyphenylglycerol—B—Q—coumaryl ether (4) and monoepoxylignan (5)
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(1700 ml), Phosphate buffer, Peroxidase (20 mg)
Stirred for 3.5 hrs.

Filtered

| |
Filtrate ‘ ] DHP (3.15g)

p-Coumaryl alcohol (10g) in H,0 (1200 ml), 0.1% H,0,

Ext'racted with EtOAc (500 X 5, 250 X 3 ml)
Et(gAc layer, dried over Na,SO,

Evaporated

Reslidue (7.17 8)

Applied onto Silica Gel Column (5 X 120 ¢m, 700 g)
Eluled with benzene/EtOAc '

Isollated (2), (3), (@) and (s5)

Fig. 1. Isolation of dimeric compounds from the dehydrogena-
tion products of p-coumaryl alcohol

were obtained respectively. The compounds (2-4) were correspond-
ing to the three dimeric ones obtained in the dehydrogenation of
goniferyl,alcohol by Freudenberg et a1.2) However, the compound
(B} was a new dimer whosg'formation was interested in view of
cgupling mechanism of the phenoxy radical of p-coumaryl alcohol
as discussed later.

The NMR spectrum of p-coumarylresinol diacetate 1S shown
in Figure 2. The chemical shifts and the coupling modes of the
protons attached to the tetrahydrofuran ring were appréximately

=)

identical to those of the rings of pinoresinol3), sesamine
and syringaresinol5). The results indicated that the chemical
shifts and the cdupling modes of the protons attached to the
tetrahydrofuran rings were scarcely influenced by the substituent
groups on the aromatic rings. The signals of the equatorial pro-
tons on the carbons gave a quartet at & U4.24 whose coupling con-
stants were JHe, BH = 7.0 and JHe, Ha = 9.2, whereas axial protons
- gave a quartet at 33.89 as well, and the coupling constants were
JHa, BH = 3.8 and JHe, Ha = 9.2; respectively. On the other

hand, the protons of He and He' were of cis configuration and the

Ha and Ha' were trans to the adjacent BH and B”H protons,
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respectively. In conclusion, the protons with cis configuration
on the tetrahydrofuran ring gave larger coupling constants than
those with frans configuration. This fact gave an information

for the possible configuration of monoepoxylignan (5) as explained
later. -

The NMR spectrum of dehydrodi—g—coumaryl alcohol triacetate,
which corresponded to that of dehydrodiconiferyl alcohol, was
shown in Figure 3. The geometric configuration associated with
the double bond in the side chain was trans because of JU'H,

B'H = 16 in the NMR spectrum and 968 em™t in the IR spectrum,
ﬂgespecfiveiy. Thus, the results indicated that the configuration
of the side chain of p-coumaryl alcohol was not altered during
dghydrogenation. The y-CH2 protons gave akquartet signal each
other because of their nonequivalency. Designating the two protons
as Ha and Hb tentatively as given in Fig.3, the Ha gave a quartet

at &4.L44 having JHa, Hb = 10 and JHa ,BH =5,8 , respectively,
and the Hb gave a quartet as well at 84.26 having JHa,Hb=10 and

JHb,HB=7.5, respectively. It is understandable that the nonequi-
valency is probably due to B-asymmetric carbon and not to the
inhibition for the rotation of CB-Cy bond as described by Ludwig

et gi.S) This was supported by the following fact that the Y—CH2
protons of p-hydroxyphenylglycerol-Bf-p-coumaryl ether (4) which

has no such effect for the CB -~ Cy bond gave. quartets as yell
resulting ih the nonequivalency as described later. For the
protons attached to C-a aﬁd C-B of the coumaran ring, Ludwig EE
al. gave trans configuration based on only the fact that the
configuration of C-o and C-B8 protons of dehydfodiisoeugenol

was trans. However, in the NMR spectrum of dehydrodiisoceugenol



(synthesized and 1ts NMR spectrum was measured using the same

instrument in our laboratory), the proton of a-CH gave a doublet

at 65.12(J=9.0) which was markedly different from those of the

former two coumarans, dehydrodi-p-coumaryl alcohol (3) and dehydro-

diconiferyl alcohol, as respect to the chemical shifts and coup-

ling constants. Consequently, 1t 1s doubtful from the NMR

spectra whether these coumarans have the same configuration,

although trans configuration is concelvable in terms of the

reaction mechanism. The conclusive evidence for the trans con-

figuration of dehydrodi-p-coumaryl alcohol (3) and dehydrodiconi-

e -
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feryl alcohol will be presented in Section I-3.

Fig. 2. NMR spectrum of p-coumarylresinol
diacetate ‘

Fig. 3. NMR spectrum of,dehydro-di-p-coumarvi
alcohol triacetate



p-Hydroxyphenylglycerol-g-p-coumaryl ether (4) was isolated
as a mixture of threo and erythro isomers which did not crystallize.
The NMR spectrum of the acetate 1is shown in Fig. L. The NMR
spectrum indicated that- the mixture consisted mainly of the threo
isomer 1ndicating a relatively clear doublet peak of o-CH proton.
The spectrum further gave the following information: 1) the
configuration associated with the double bond of the side chain
is Egggé because of Ja'H,B'H=16. This was supported by the
peak of 965 em™t in its IR spectrum, 2) the Y-CH, protons are
nonequivalent and the nonequivalency is more remarkable than
in the case of coumaran. Designating the two protons as Ha and Hb
';%~in théréase of coumaran,rthe Ha gave a quartet at § 4.01
having JHa, Hb = 12 and jHa, BH = 6.3 and the Hb gave a quartet
a§ well at § 4.27 having JHa, Hb = 12 and JHb, BH = 4.2, re-
spectively. This nonequivalency seems to be ascribed to the
same reason as in coumaran.

The NMR spectrum of monoepoxylignan tetraécetatewhose
signals were determined by decoupling method 1s shown in
Flgure 5. A doublet peak at §5.73 was assigned to o-methine
proton which shifted from &64.95 by acetylation. On the other
hand, a doublet peak at d4.55 was assigned to . . a'-methine
proton attached to the ether bond because of the retention of
original chemical shift after acetylation. Irradiatioﬁ'qf the
peaks corresponding to B-proton ( §2.45-2.85) and B! -proton

( 61.80-2.20) caused two doublet peaks at 65.73 and §4.55 to

collapse to respéctive broad singlets, and the peaks of Y—CH2
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protons at §3.80-4.20 to broad peaks as shown in Figure 5.
The results indicated the existence of spin-spin coupling between
them, and these NMR data gave information for the structure of
the compound (5). The configuration of CB and CB' was assumed
to be trans which differed from the case of resinol (2) by the
following facts. The y-He proton on the tetrahydrofuran ring
gave a quartet having JHe, Ha = 9.5 and JHe, gH = 4.5, and y-Ha
proton gave also the samé pattern having JHa, He = 9.5 and JHa,
Bi = 7.0. That is, JHa, gH (7.0) was larger than JHe, BH (4.5).
- Consequently, the Ha proton’was cis relative to BH proton
and He proton was trans to @H proton, respectively. TIf this

interpretation is correct, the configuration of CB and CB' must

be trans
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This conclusion is supported by the reaction mechanism in

formation of (5). At the CB and Cg! coupling in dehydrogeﬂétion

of p-hydroxycinnamyl alcohols, two modes, racemoid and mesoid
types ére‘probable as shown in Figure 6. 1In racemoid coupling,
when one quinonemethide is attacked by the hydroxyl grouﬁ attaéhed
to the Cy to form a tetrahydrofuran ring, the other quinonemethide
and the Y'-hydroxyl group is favorably located for ring closure

so that the ring closure proceeds smoothly to produce resinol (2).

H P
L
o 1 Z
FHZ H H/‘O'H
o QH ‘P CH,
J t ¥

Racemaln coupLing

HO:
hi.:%ﬁir
Sy

b
S
H/:)H H
Y r4

MesOID courting

MonoEPoxyLicNAN (S)

Fig. 6. Formation mechanism: of p-coumarylresinol (2) and
monoepoxylignan (5)

Oh the other hand, in mesoid coupling, when ring closure of one

tetrahydrofuran proceeds, the other\quinonemethide is no longer
located to be attacked by the y'-hydroxyl group because of the
Ltrans configuration of Cg and Cgr. Consequently, the‘quinone—
methide is attacked by the water in medium ﬁo produce monoepoxy-—
lignan (5). Thus, the monoepoxylignan which was first isolated
in the present investigation seemed to be produced by the mesoid

type coupling.
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Recently, Sarkanen et al.”’described that racemoid B-g"
coupling mode appears to be exclusive for trans isomer, while
both racemoid and mesoid B-B'couplings occur in cils isomer.

Thus, it may be assumed that the monoepoxylignan (5) is produced
by the mesoid coupling mode of a trace amount of cis p-coumaryl
alcohol contaminated in frans isomer. But the monoepoxylignan (5)
was ldentified in the dehydrogenation products by gas chromato-
graphy even when the contaminated cls isomer was completely re-
moved by recrystallization of the trans p-coumaryl alcohol.

Therefore, the monoepoxylignan (5) obtained in the present inF
vestigatipn shodld be formed from trans p-coumaryl alcohol. The
fatio of fhe two coupling modes will be described. in Section I-U4.

As described above,.the dimeric compounds obtained by de-
h;arogenation of p-coumaryl alcohol corresponded to the case of
coniferyl alcohol. The main reaction site was B-position of the
side chain indicating that the most reactive radical was B-radical
in the’four resonance structures. Therefore, at the early stage
of lignification in the grass, p-coumaryl alcohol will take the

same dehydrogenation hehavior as coniferyl alcohol and will

not react preferentially at C-3 and C-5 positions of the alcohol.

~14~



J-1-3 Experimental

trans-p-Coumaryl alcchol (1) was prepared by the method of
8)

Freudenberg et al. “and recrystallized from ethyl acetate, mp

123-124°C (Lit. 124°C); NMR § (ppm: CD COCD3). bh.19 (2H, dd, J=

3
5.0, 1.0), 6.14% (1HE, dt, J=16.0, 5.0), 5.85(1H, dt, J=16.0, 1.0),

6.50 (2H, d, J=8.5), 7.75 (2H, 4, J=8.5)

Dehydrogenation of (1) and isolation of dehydro Dimers

The compound (1) (log, 0.066 mol) was diséolved in 2000-ml
of H2O with warming and the solution was cooled to 10°C in an
ice bath,_;To 1200 ml of a phosphate buffer solution (0.05 mol,
pHﬁ6.0)¢cohtaining 20 mg of horseradish peroxidase, the solution
of (1) and 1700 ml (O.QS mol) of 0.1% H2O2 were added dropwise
over 90 min at 25°C under stirring. Stirring was continued for
additional two hours, and then the mixture was saturated with
NaCl and extracted with EtOAc (EtOAc-Extractives 7.17g). (1),
p-coumaryl aldehyde, the dimeric compounds (2-4) and (5) were -
isolated by column chromatography on sillica gel with benzene
and EtOAc, whose ratio was changed 2:1 to 1:2 gradually. The
compounds were purified by preparative tle of silica gel with

benzene-EtOAc and methanol-chloroform, respectively.

p-Coumarylresinol (2)

was obtained as crude crystals after evaporation of the corre-
sponding fraction (crude crystals 2.4g) and recrystallized from
n-hexane/acetone; mp 232-233°C (needles) Anal. Calcd. for
C.gHig0y: C, 72.465 H, 6.08. TFound: ¢, 72.48; H, 6ﬂ2u' IR(KBr);

3500, 3380, 1615, 1603, 1523, 1455, luQO, 1275, 1235, 1172 1028,

-15-



L. NMR  §(ppm: CDC1,) 2.26 (6H,s), 2.95-3.20 (2H,

950, 828 cm”
m), 3.89 (2H, dd, J=9.2, 3.8), 4.24 (2H, 4d, J=9.2, 7.0), 4.79
(2H, 4, J=4.5), 6.95-7.40 (8H, m). MS(70 eV); 298 (27), 297 (6),
281 (4), 280 (4), 268 (4), 267 (15) 204 (9), 191 (9), 179(13),
176 (9), 175 (31), 166 (11), 161 (11), 160 (13), 147 (18), 145
(8), 135 (13), 134 (11), 122 (27), 121 (100), 120(24), 107 (53),

94 (16), 77 (13), 65 (12), 55 (11), 54 (11), 39 (11). U= %nm(

max

log €):276.5 ( 3.56 ), 282 (shoulder),

Dehydrodi-gfcoumaryl alcohol (3)

was obtained as crude crystals after evaporation of-the corre-
-sponding fraction (crude crystals 2.lLg and recrystallized from
‘ ﬁ;hexan;/aéetone; mp 232-233°C (needles) Anal. Calecd. for

CI8H1804: C, 72.46; H, 6.08. Found: C, 72.01; H, 6.24 IR (KBr);

3560, 3300, 1615, 1603, 1490, 1388, 1241, 1160, 1088, 1020, 990,

968, 800, 820 em™t

- NMR $(ppm:CDC1l;) 2.02 (3H,s), 2.04(3H,s),

2.24 (3H,s), 3.49-3.85 (1H,m), 4.26 (1H, 4ad, J=10.0, 7.5), 4.4k
(1H, dd4, J=6.0), 6.11 (1H, dt, J=16.0, 6.5), 6.60 (1H, dt, J=
16.0, 0.8), 6.25-7.40 (7H, m). MS (70 eV); 298 (100), 280 (79),
279 (43), 268 (31), 267 (17), 263 (11), 251 (7), 250(11), 249 (8),
239 (11), 237 (32), 236 (10), 225 (17), 224 (16), 223 (24), 212
(8), 207 (10), 194 (8), 181_(10), 165 (12), 152 (9), 145 (9),

144 (8), 133 (8), 132 (13), 131 (20), 127 (8), 121 (22), 120 (11),

EtOH

max nm(log

115 (14), 107 (41) 91 (11), 77 (16), 65 (8), 55 (9). UVA
:267.5 ( 4.04 ), 303 (shoulder).
p-Hydroxyphenylglycerol-B-p-coumaryl ether (4)

was obtained as a colorless foaming material (600 mg> after the

purification of the combined corresponding fractions by preparative

tlc with cyclohexane/EtOAc(2:3). IR (KBr); 3400, 1607,

~16-



1515, 1455, 1237, 1175, 1087, 1035, 965, 837 em™t. NMR 6 (ppm:
CcDCLy) 1.92 (3H, s), 1.99 (3H,s), 2.03 (3H,s), 2.23(3H,s), 4.0l
(1H, dd, J-12.0, 6.3), 4.27 (1H, 44 J-12.0, 4.2), 4.50-4.89 (1H,
m), 4.69 (2H, 4d, J=6.5, 0.8), 6.09(1H, 4, J-6.5), 6.15 (1H, dt,
J=16.0, 6.4), 6.61 (1H, dt, J=16.0, 0.8), 6.75-7.55 (8H, m). |
MS (75 eV); 316.12768 (M7, C1gHp005 requires; 316.13106) (10),
298 (3), 268 (11), 225 (3), 177 (15), 176 (100), 174 (9), 150
(32), 149 (13), 134 (14), 133 (64), 132 (14), 131 (21), 123 (55),
115 (9), 108 (12), 107 (74), 103 (14), 95 (19), 94 (33), 93 (11),
91 (21), 77 (33), 65 (17), 55 (13). UV AT (log £):263(4.41).
Monoepoﬁylignan (5)
wéé puri}iéd by preparative tlc with methylene chloride after
acetylation of the corresponding fractioh, and obtained as a
colorless foaming material (94mg).

IR (KBr); 3000, 1785, 1765, 1755, 1615, 1520, 1375, 1230,
1200, 1165, 1010, 900, 830 cm L. NMR §(ppm:CDC1;) 1.88 (3H, s),
2.00 (3H,s), 2.22 (6H, s), 1.80-2.22 (1H, m), 2.45 to 2.85 (1H,
m), 3.84 (2H, 4, J=7.0), 3.91 (1H, dd,:J=9.5, 7.0), 4.13 (1H,

dd, J=9.5, 4.5), U.55 (1H, d, J=7.7), 5.73 (1H, d, J=8.5), 7.00-
7.45 (8H, m). MS (75 eV); U484.17249 (M+, CE6H28O9 requires;
484.17334) (0.06), k24 (4), 38L (5), 365 (14), 364 (39), 322 (23)
305 (8), 280 (8), 263 (6), 218 (10), 217 (34), 200 (9), 192 (18),
175 (21), 158(100), 149 (11), 145 (11), 133 (18), 121 (419, 107

. EtOH

(25), 60(22), 43(87). UV AL %108 ¢): 260(3.05), 268(shoulder)

281 (shoulder).
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HITACHI model 124 double beam spectrometer and JASCC model
IR-S were used for UV and IR spectra, respectively. NMR spectra
were taken by the use of R-22 HITACHI high resolution NMR spectro-
meter (90 MHz) with TMS internal standard. Chemical shifts and
coupling constants were given in §-values and Hz, respectively.
Mass. spectra were taken by the use of SHIMADZU-LKB G000 gas
chrometograph—mass spectrometer and JEOL-JMS-01-SG double beam
mass spectrometer, and relative abundance of each peak was de-
signated in parentheses. These instruments were used for further
investigations in the following Sections.

o

I-1-4 Suémafy

. E—Coumaryl alcohol (1) was dehydrogenated with peroxidase
and H202. Four dimeric compounds, p-coumarylresinol (2), de-
hydrodi—g—coumaryl alcohol (3), p-hydroxyphenylglycerol-g-p-
coumaryl ether (4) and 2—(4—hydroxypheny1)—3-hydroxymeﬁhyl—4—(a

;&—dihydroxybenzyl)—tetrahydrofuran [monoepoxylignan (5)]

were isolated and identified. The nonequivalency and assign-
ment of the y-methylene protons of these dimeric compounds on

the NMR spectra were discussed and their configurations were
determined. The compound (4) was obtained as mainly threo

form which contained a small amount of erythro isomer. CB- and
CB’—ﬁydrogenscn1the tetrahydrofuran rings of (2) and (5) were
determined to be of cis and trans configurations respectively and
their possible formation by racemoid and mesoid couplings in

the enzymic dehydrogenation were discussed.
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I-2 Enzymic formation of arylglycerols from p-hydroxycinnamyl

alcohols

I-2-1 Introduction

Since the finding of guaiacyl- and syringylglycerols in
the mild hydrolysis products of conifer- and hardwood ligninsl’g),
the origin of both compounds has been ascribed to hydrolysis of
arylglycerol moiety of guaiacyl- and syringylglyéefol—s—aryl—
propane ether units, respectively, and the occurrence of free
arylglycerol sidé chains in lignin molecules has been doubted.

However, guaiacylglycerol was recently isolated from the
wgegradatign products of spruce lignin with sodium in liquid
éﬁmonias’u), and the occurrence of arylglycerol unit as such has
been suggested. The present investigation describes the formation
and possible incorporation of arylglycerols into dehydrogenation

polymers in enzymic dehydrogenation of p-hydroxycinnamyl alcohols

as lignin precursor.

I-2-2 Isolation and identification of arylglycerols

A flow sheet of separation procedures for the dehydrogenatign
products of p-hydroxycinnamyl alcohols by peroxidase/H202 and
fungal laccase/02, which were described in detail in the experi-
mental section, 1s shown in Figure 1.

Dehydrodiconiferyl alcohol, dl-pinoresinol, guaiacyl-
glycerol-B-coniferyl ether, coniferyl aldehyde, syringaresinol,
sinapaldehyde, dehydrodl-p-coumaryl alcohol, dl-p-coumarylresinol,
p-hydroxyphenylglycerol-B-p-coumaryl ether and p-coumaryl alde-
hyde which are all expected from the coupling and oxidation of

phenoxy radicals of the respective p~hydroxycinnamyl alcohols
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were 1solated from theethyl.acetate soluble fractions of the
dehydrogenation products and identified. -
Furthermore,'guaiacylglycerol, syringylglycerol and p-
hydroxyphenylglycerol which have not been reported in the de-
hydrogenation products of the corresponding thydroxycinﬁamyl

alcohols were isolated for the first time from the water soluble

-and ethylacetate insoluble fractions of the dehydrogenation

p-Hydroxycinnamyl alcohols
in phosphate buffer (pH 6.0)

1) Peroxidase/H,0,
2) Laccase/O,
at 25°C for 1—2 hr

[ 1
DHP Filirate

NaCl sat.
AcOErz ext.

I [
Aq:sol. AcOE-t sol.
Dry in vacuo Di- and trimers
Dissolved in
acetone

I ‘ 1
Acetone sol. NacCl

Dry in vacuo
Acetylation

Acerylated Productes

Prep.. TL.C
(Hexane-ether, 1:1)

Arylglycerol acetates
NMR, MS and TLC

Fig. 1. Preparation and separation of dehydrogenation pro-
- ducts of p-hydroxycinnamyl alcohols

products and identified by GC-MS and NMR spectrometries. The

mass spectra of guaiacyl-, syringyl- and E—hydroxyphen&lglycerol
tetraacetates are shown in Figures 2,3 and 4. These arylglycerols
were obtained as a mixture of threo and erythro isomers which

were separated by tlc and glc (Figs. 5,6,7). Table 1 shows the

ratio of both isomers estimated from the peak area on gas chromato-

gram. The amounts of threo isomers were 1-U fimes higher than
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100 123(165-COCH)
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<
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Fig. 4. Mass spectrum of  p-hydroxyphenylglycerol tetra-
acetate Dehydrogenated croducts

0 5 10 Time (m:n}

Fig. 6. Gas chromatogram of syringylglvcerol = tetraacetate
2%, OV—17 on chromosorb AW, 2 m, 240°

those of erythro isomers, and the results, especiélly the case
of gualacylglycerol, were in good agreement with the results in

the hydrolysis and sodium~-liquid ammonia degradation of lignin3’z1l>
The yield of dehydrogenation products of p-hydroxycinnamyl

alcohols obtained by the mediation of both enzymes are shown

in Table 2, and 0,03-0.6% of p-hydroxycinnamyl alcohols were

found to be converted to the corresponding arylglycerols.

L 1.2) .
Nimg has isolated and identified guaiacylglycerol,
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guaiacylglycerol—B—guaiacyl-

glycerol ether and syringylglycerol

by hydrolysis of finely-powdered

spruce and beech woods with perco-

lating water at 100°C,

Subsequent-

Table 1

Ratio of peak area of erythro- and thréo isomers of
arylglycerol tetraacetates

threo
Compound “yﬁh“’ o E
O o0
Guaiacylglycerol tetraacetate 45 55
Syringylglycerol tetraacetate 26 74
p-Hydroxyphenylglycerol
tetraacerate . . . . . .. 19 81

ly Omorili and SakakibaraB)furthér isolated syringylglycerol-g-

syringylglycerol ether as well as guaiacyl- and syringylglycerols

from the hydrolysis products of Fraxinus wood meal.

Table 2
Yields of dehydrogenation products of p-hydroxycinnamylalcohols
Substrate D();-IP Ethylacs;ate sol. Watvg; sol. Arylglycerol acetate
N /0 ;0 0 mg 0“**1\»
éoniferyl n* oL 66.1 36.9 1.5 6.0 0.06
alcoliol 2)%* 60.3 41.9 2.8 13.0 0.20
Sinapyl ) ... 10.7 79.6 14.0 9.6 0.60
alcohol 2) .. oL 13.6 81.1 6.3 8.0 0.50
p-Coumaryl 1) . . . . . 30.0 70.0 1.2 5.0 0.03
alcohol 2)F*Kx 4.3 108.9 0.6 3.4 0.20

*1) peroxidase/H,0,, **2) laccase/O,, *** value as acetyl-free arylglycerol,

**xx laccase of low activity was used

The formation of these arylglycerol compounds in hydrolysis

has been explained by direct nucleophilic displacement of the

B-ether moiety of arylglycerol-B-ether units in lignin molecules -

under mildly acidic conditions6)

However, the mild hydrolysis

of guaiacylglycerol—B—guaiacyl ether did not give any guaiacyl-~

glycerol, whereas moderately strong acid hydrolysis gave exclu-

sively Hibbert's ketones7)

Yamaguchi

3)

found that guaiacyl-

glyceryl, in the degradation of spruce lignin with sodium in

liquid ammonia, is not derived from guaiacyiglycerol—s—aryl ether

units.

In consideration of these résults and the present investi-

gation it 1is concluded that the arylglycerols obtained as .de-

gradation products of lignins are ascribed to arylglycerocl units

which were formed by the codpling of B-radicals of p-hydroxy-
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Authentic erythro form

LMixed sample

three form

Dehydrogenated products

v} 5 10 Time {min}

Fig. 7. Gas chromatogram of p-hydroxyphenylglycerol tetra-
acetate 29, OV—17 on chromosorb AW, 2 m, 218>

cinnamyl alcohols with phenoxy radicals of arylglycerols during
enzymlic dehydrogenation, and that lignins contain arylglycerol
units with free glycerol side chain as original structure. |

In the present investigation only arylglycerols which are
very soluble in water were estimated. Since a considerablé por-
tion of the arylglycerol is supposed to be incorporated into
arylglycerol—e—arylglycerol ether substructures in polymers
during dehydrogenation, total amount of the arylglycerols fdrmed
should be higher than those estimated.

Investigation on the mechanism of arylglycerol formation
during enzymic dehydrogenat}on of p-~hydroxycinnamyl alcohols

1s currently in progress.
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I-2-3 Experimental

Synthesés of compounds
Coniferyl, sinapyl and p-coumaryl alcohols were prepafed
by the method of Freudenberg8). Melting points, TR and NMR
spectra were identical with those of authentic compounds.
Guailacylglycerol and p-hydroxyphenylglycerol were synthe-
sized bf the method of Adlerg)and Yamaguchilo), respectively
and the analytical data of their acetates were in good accor-
dance with their chemical structures.
B ’GUaig;ylglycerol tetraacetate, NMR & (ppm: CDCl3), 1.70 to
2+15 (9H, alcoholic COCH3), 2.20 (3H, s, phenolic COCH3), 3.82
(3H, s, OCH3), 3.50-4.40 (2H, m, Cy—HZ), 5.10-5.50 (1H, m; CB-H),
5;80—6.00 (1H, m, Cg~H), 6.94 (2H, s, arom.); MS (70 eV), 382

m'y, 30 (it - COCH,), 280 (340-CH,CO0H), 238 (280-COCH,), 195

(238—bOCH3), 178 (238-CHBCOOH), 153 (+CHOHC6H3(OCH3)OH), 43 (+
COCH3); metastable ions, 302;62 (382 340), 230.59 (230 280), -
202.30 (280 238), 133.13 (238 178). p-Hydroxyphenylglycerol
(erythro), M. p. 148-151°, p-Hydroxyphenylglycerol tetraacetate,
NMR § (ppm:_CDCl3), 1.91 (3H, s, Y—COCH3), 1.96 (3H, s, B—COCH3),
2.07 (3H, s, a~COCH;), 2.22 (3H, s, phenolic COCH,), 4.17 (2H, d,
J=5.0, Cy-H,), 5.31 (1H, dt, J=6.0, 5.0, CB-H), 5.98 (1H, 4, J=
6.0, Ca-H), 7.07 (2H, d, J=8.0, arom.), 7.38 (2H, 4, J=8:0, arom.);
MS (70 eV), 352 (M), 292 (M"-CH,COO0H), 250 (292-COCH,), 207 (
250—COCH3), 165 (207—COCH3), 123 (165—COCH2), 43 (+COCH3).

For the synthesis of syringylglycerol the same method was
preliminarily adopted, but aromatic hydrogen of syringyl group

was substituted with bromine at bromination step of side chain
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and 2-bromosyringylglycerol which was identified by nmr and mass

spectrometries was finally obtained. Then syringylglycerol was

ll), that is acetate of

synthesized by an alternative method
ethylsinapate was oxidized to the corresponding dioleith OsOu,
and 2,3-dihydroxysinapate .. thus obtained was reduced to
syringylglycerol (ﬁg;gg) with LiAlHu after acetylation with
acetlc anhydride in pyridine and subsequent methylation of thé
acetate with diazomethane.

Syringylglycerol tetraacetate, NMR §(ppm: CDCl3), 1.97
(3H, s, Y-COCH3), 2.04 (3H, s, B-COCHgy), 2.22 (3H, s, a-COCH3),
.2.33 (3H, s, phenolic COCH3), 3.04 (1H, 4ad, J=12.0, 6.5, Cy -
Habb), 3.82 (6H, s, OCH,), 4.27 (1H, dd, J=2.0, 4.0, Cy-HaHb),
5.37 (1H, m, CgH), 5.87 (1H, 4, J=7.5, Co-H), 6.01 (2H, s, arom. ) ;

MS (70 eV), 412 wty, 370 (vt —COCHZ), 310 (370-CH,COOH), 268

3

(310-COCH, ), 225 (268-COCH3), 208 (268-CH,CO0H), 183 (+CHOHCH,
(0CH3),0H), 43 (+COCH;); metastable ions, 332.28 (412 370),

259.73 (370 310), 231.69 (310 268).

Dehydrogenation of p-hydroxycinnamyl alcohols
Dehydrogenation of the alcohols was carried out at about
25° with horseradish peroxidase (Sigma Chemical Co.) and a

fungal laccase (Coriolus’versicolor) donated by Dr. K. Konishi,

Sankyo Co. Ltd., respectively. 1) The horseradish peroxidase,
2-5 mg was dissolved in suitable amounts of a phosphate buffer
(0.05 M) pH 6.0 in a 3 necked flask equipped with two addition
funnels. Each of p-hydroxycinnamyl alcohols (1-5 g, 0.5% solu-
tion) and an equimolar amount of H.O

272

dropwise into the enzyme solution from the respective funnels

(0.1% solution) were added
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for 30 min with aeration and stirring, and then the reaction
mixture was treated in a similar way. i

Dehydrogenation polymer (DHP) of éach of the alcochols was
filtered off, and the filtrate was saturated with NaCl and
extracted with ethylacetate. The etylacetate soluble fraction
was concentrated and the products were chromatographed on silicic
acid column using mixture solutions of benzene-ethyl acetate (2:1)
1:2) as solvents. The products isolated were purified by prepa-
rative tlc of silicagel (PFZSM) with benzene-ethyl acetate (2:1)
and methanol-chloroform (1:9), respectively.

o Q}Coumaryl aldehyde, p-coumarylresinol, dehydrodi-p-coumaryl
aiéohol: Q;hydroxyphenylglycerol—s—g—coumaryl ether and 2-(4-
hydroxyphenyl)—3—hydroxyﬁéthyl—4-(a,M—dihydroxybenzyl)—tetra—
hydrofuran which are reported separately were obtained from the
dehydrogenation products of p-coumaryl alcohol.

The ethylacetate soluble fraction of the dehydrogenation
products of coniferyl alcohol gave coniferyl aldehyde, dl-pino-
resinol, dehydrodiconiferyl alcohol and gualacylglycerol-f-coni-
feryl ether, the analytical data of whiéh were identical with
those of authentie compounds.

Coniferyl aldehyde, yMgr § (ppm: CDCl3), 3.92 (3H, s, OCH3),
6.56 (1H, dd, J=16.0, 7.8, CB-H), 6.88-7.16 (3H, m, arom.),

7.38 (1H, d, J=16.0, Co-H), 9.62 (1H, d, J=7.8, Cy-H). Red pur-
ple coloration with phlorogluoinol—HCl.

Pinoresinol, NMR S(ppm: CDBCOCD3), 2.90-3.20 (2H, m, CBR~ -
H), 3.82 (2H, 44, J=9.0, 4.0, Cyy” -Ha), 3.84_(6H, s, OCH3),

4.11 (2H, a4, J=9.0, 7.0 Cyy“-He), 4.68 (2H, d, J=4.2, Caa” -H),

6.77-7.00 (6H, m, arom.), ﬁehydrodiconiferyl alcohol, NMR &
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(ppm: CDC1,), 3.35-3.70 (1H, m, CB-H), 3.76 (3H, s, 0CH,), 3.82
(3H, s, OCH3), 4,19 (2H, 4, J=5.5, Cy*-H,), 5.49 (1H, 4, J=6.0,
Ca-H), 6.12 (1H, dt, J=15.5, 5.0 CR~-H), 6.49 (1", &, J=15.5,
Co”=H), 6.70-7.00 (5H, m, arom.).

Guaiacylglycerol-g-coniferyl ether tetraacetate, NMR § (
ppm: CDC13), 2.00 (3H, s, erythrd Cy-0Ac), 2.03 (3H, s, threo
Cy;OAC), 2.07 (3H, s, Cy“-0OAc), 2.14 (3H, s, Ca-OAc), 2.28 (3H,
s, phenolic OAc), 3.81 (3H, s, OCH3), 3.82 (3H, s, OCH3), 3.98-
b 4y (2H, m, Cy—HE), 4.51-4.78 (1H, m, CB-H), 4.69 (2H, d, J=
5.9, Cy'-Hz), 6.02-6.13 (1H, m, Ca=H), 5.85-6.33 (1H, m, CB”-
H), 6.57 (1H, &, J=16.0, Ca”-H), 6.73~-7.11 (6H, m, arom.).

h Siﬁapaldehyde and syringaresinol were also obtained from

the ethyl acetate soluble fraction of the dehydrogenation products
of sinapyl alcohol and the analytical data were identical with
those of au@hentic compounds.

Sinapaldehyde, NMR & (ppm: CDCl3); 3.94 (6H, s, OCH35 6.59
(14, dd4, J=16.0, 7.8, CB-H), 6.82 (2H, s, arom.), 7.40 (1H, 4,
J=16.0, Ca-H), 9.67 (1H, d, J=7.8, Cy-H). Purple coloration
with phloroglucinol-HCl. Syringaresinol, NMR & (ppm: CDCl3),
2.95-3.15 (2H, m, CBB”-H), 3.75 to 4,00 (2H, m, Cyy -He), 4.75
(2H, 4, J=5.0, Caa”-H), 6.6Q (4LH, s, arom.).

The water soluble fraction separated from ethyl acetate
soluble fraction was evaporated to drynesé in vacuo and dis-
solved in acetone. A small amount of the acetone solublé pro-
ducts was subjected to tlc on silicagel (solvent, ethylacetate-
benzene (2:1)), and arylglycerols were detected with.the aid of
UV light and quinone-monochloroimide spray. Major portion was

acetylated and the acetates were subjected to preparative tlc
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(PF25M) with n-hexane-ether (1:1). The corresponding band to
authentic acetate which was found under UV light was extraéted

with acetohe, and the product was furthér purified by second
preparative tlc with n-hexane-methylene chloride (1:2). The
purified product giving a single spot on the tlc plate was sub-
Jected to nmr and mass spectrometries. Guaiacylglycerol, syringyl-
glycerol énd p-hydroxyphenylglycerol were isolated from the water
soluble fractions of the dehydrogenation products of the re-, .
spective thydroxycinnamyl alcohols, and the analytical data of
their acetates were completely identical with those of authentic

-eompounds;.-

I-2-4 Summary

Gualacyl-, syringyl- and p~-hydroxyphenylglycerols were
'isolated from the enzymic dehydrogenatioﬁ products of the cor-
responding p-hydroxycinnamyl alcohols and identified. These
arylglycerols were a mixture of threo and erythro isomers and
the amount of the former was 1-4 times higher than that of the
latter. Possible occurrence of free arylglycerol side chains in

lignin molecules were discussed.
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I-3 Configuration of phenylcoumarans

I-3-1 Introduction

In Section I-1, isolation and identification of the four
dimers obtained by dehydrogenation of p-coumaryl alcohol were
described. These dimers are p-coumarylresinol, dehydrodi-p-
coumaryl alcohol, Q—hydroxyphenylglycerol—ﬁ—gfooumaryi ether
and monoepoxylignan, a new dimer, But the configuration of the
éoumaran ring of dehydrodi-p-coumaryl aocohol (3) has remained
unknown, |

G. A. Erdtman et al.l)determined that the configuration of
the coumaran portion of dehydrodiisoeugenol (i) is to be trans
on the fact that the compound gave erythro-g-methyl malic acid
by treating with ozone in acetic acid. C. H. Ludwilg et gl.a)
subsequently reported that on the. NMR spectrum of dehydrodiconi-
feryl alcohol triacetate, the y-methylene peak reflected the
nonequivalence and that the a-methine peak (85.61) gave the re-
latively large coupling constant of 7.2 cps. From these results,

Chey suggested that the methylene acetoxyl group attached .to the
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g-carbon is cis to the aromatic ring on the a-carbon of the cou-
maran ring. But Ludwig later described in "Lignins"3)with5ﬁt
any reliable evidence that the configuration of dehydrodiconiferyl
alcohol 1is trans.

In the present Section, the trans coniguration of the cou-
maran portions of both dehydrodiconiferyl alcohol (2) and de-

hydrodi-p-coumaryl alcohol (3) is discussed.

I1-3-2 Configuration of dehydrodiconiferyl alcohol

o Since_the configuration of dehydrodiisoeugenol (1) was
dééermiﬁédrto be trans, the configuration of dehydrodiconiferyl
alcohol (2) is considered to be determined by comparing the
spectral property of (1) to that of (2) after the Y, v -hydroxy-
methyl groups of the latter are reduced to the methyl groups.

" FO Y -
Y CH=CH—CH3 CHZCHZCH CH=CH‘CH20H
}Ci

%0, .0 RS
CH ocH,  §A R CH R

&CH—O CH—O0 dCH~—0

@ Route(A) @ Route(B)
OCHy R R

OH OCH4 OH

4a,4b! R=0CH, 2:
~4e; R=H 3.

1=

R=0CH
RH3

Thus, comparison of the two coumarans (ﬂa) and (4b) 'which
are synthesized through both (A) and (B) routes should make
possible to determine the configuration of (2). The model
experiment was then carried out’for reduction.of the v, vy’ -
hydroxymethyl groups to methyl groups. Dihydroconiferyl alcohol

benzyl ether (5) used as a model compound was synthesized in
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:l;HZCHZCHzOH (IZHZCHZCH20502§ |CHZCH2CH3R 0823
"R T Tnr = z
: ¢ ’
almost quantitative yileld from eugenol by benzylation and sub-
sequent hydroboration. The compound (5) was sulfonated with
benzene sulfonyl chloride in pyridine and the sulfonate (6) was
reduced with lithium aluminum hydride to the expected compound
(7) inan 85% overall yield. Thus, the hydroxymethyl groups were
reduced to methyl groups, and the synthesis of (U4b) was undertaken.
First, the compound (la) was synthesized through the route (4)

py methylation of (1) with diazomethane followed by catalytic
reduction with Pd-carbon in methanol, and the product was
crystallized from methanol. Alternatively, the compound (4b)
Wés synthesized through the fouté (B) according to the same

method used in the case of model compound (5). That is, the

JR
Lo JRCTRRs g giap,eRg=0CH, R <Rs=0H
2 4 : -
}EH Ry 9 Ry=Rp=R3=0CH3.R,=R5=050,
dCH-—0 11; R{=0CH3. Ry=Ry=H,R,=Rg=0H
13; Ri=0CH3, Ry=Ry=H.R,=R5=050
Y Ry 14 Ry=0CH3, Ry=Ry=H,R;z050,0.Rg =H
1
& B’ ¥
o CH,CHoCHyRg
i
poH R3
dCH, OH

R
Ry
10;Ry = OCHy.Ry=Ry=H,
~ R,=Rg=0H
!ZZR'[:OC}’%.Rz:Rj:H
~ R,=0H.Rg=H

2
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compound (2) was reduced with Pd-carbon in methanol and the di-
hydro compound thus obtained was methylated with diazomethane

to the compound (8). On the NMR spectrum of (8), both the chemi-
cal shift and coupling constant of a-methine proton were almost
the same as those of the compound (2) suggesting that the chemi-
cal shift of a-methine proton was little affected by the substi-
tuent groups of the aromatic rings. Since the configuration of
the coumaran portion seems to be unchanged ‘during reaction
steps, the compound (8) must hold the same configuration as

(2). The compound (8) was sulfonated with benzene sulfonyl
ghloride,in pyridine at 5°C and the sulfonate (9) obtained was
iﬁhediaéely reduced with lithium aluminum hydride without crys-= |
tatallization. After reduction for 30 minutes at room tempera-
ture, the product (4b) was extfacted with ether, purified by

preparative tlc and crystallized from methanol.

W\V

\jﬂ

R
mww W '

3600

Fig. 1. IR spectra of 4a and 4b

It waé concluded that these two coumarans (4a) ;nd (4p)
synthesized through both (A) and (B) routes, were .
identical by the following facts. 1) The mixed melting point
showed no depression. 2) All the spectral data of NMR, IR (Fig.
1), UV and mass were completely identical between the two com-

pounds. Since the configuration of the compound (1) is trans,
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both the compounds (4a) and (4b) must be trans. lConsequently,
dehydrodiconiferyl alcohol (2), which is the starting material

of (L4b) must be of trans configuration.

I-3-3 Configuration of dehydrodi-p-coumaryl alcohol

The reduction of the Y,Y'—hydroxymethyl groups of dehydrodi-
p-coumaryl alcohol (3) to methyl groups was tried in the same
way. However, the coumaran ring of (3) was sensitive to poth
the catalytic and hydride reductions, and a ring cleavage compound
was easily‘produced. That 1s, when the catalytic hydrogenation
of (3) was carried out in methanol, the ring cleavage compound
(%O) was obtained in over 80% yield. It is known that the
acﬁivity of catalytic hydrogenation réagent increases in a polar
acidic solvent than in a neutral nonpolar solventu). Therefore,
the hydrogenation of (3) was carried out in a mixed solution of
methanol/dioxane (1:2) to avoid the ring opening as much as
possible and the dihydrocompound (11) was obtained quantitatively.
These experiments suggested that the oa-position of the coumaran
(3) was 1less stable:- for nucleophilic attack than that of (2).
This 1s a characteristic property of the coumaran (2) in com-
parison with (3). But in contrast with such instability of the
coumaran ring, yY-sulfonyl group was stable for the hydride attack
and the reduction of the y-sulfonyl group without fission of the
coumaran ring was very difficult. Under relatively drastic
condition (using about 20 eq. of LAH at room temperature), the
ring fissioncompound (12) was produced as a main product, whereas

under the milder condition the starting sulfonate (13) was
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recovered, and the hydride reduction gave many products contain-
ing a trace amount of the desired compound (lc). From thééé
facts, the synthesis of (4c) by the one step reduction seemed to bé
difficultly feasible so that the monosulfonate (14) was synthesized
and then it was reduced to the compound (4c)(about 34% yield).

Easy opening of the coumaran ring to the compound (13) under

such reduction condition suggests that the configuration of the
coumaran ring is alterable to the more stable trans form by recycliza-
tion of.the'ring fission compound. But, once the ring »
fission occurs, o-methine compound must be altered to a-methylene
ene which'is no longer capable of cyclization. Therefore,
iévshouia be assumed that the compound (l4c) obtained without any

ring fission through sulfonation and subsequent reduction holds

the same configuration with (3).

Table 1
Chemical Shifts (§, ppm) and Coupling Constants (Hz) of Protons in 4a, 4b and 4¢

5-CH- B-CH- | y-CH, ~'-CH,- F-CH, s-CH,
4¢ 5.12,d,] = 9.0 3.20 — 3.60;, m 1.34;d, ] =7.0 2.54,t, ] = 8.0 1.65, m 0.93,t,] = 7.0
4a, 4b 5.05,d,J = 9.5 3.20—3.73, m 1.34,d,] = 7.0 2.51,t,] = 8.0 1.60, m 0.93; 5, ] = 7.0

d = doublet, t = triplet, m = multiplet

On NMR spectra of both compounds, (4a) and (l4c), the chemical
shifts and coupling constants of the corresponding protons of
side chains were completely identical with eéch other. For mani-
festing the similarity, only signals of the side chains are
listed on Table 1. These NMR data suggest the following facts.
1) y—CH3 protons (81.34, J=7.0) of (4a) and (4c) gave the same
chemical shifts and coupling constants. If the configuration of

(4e) is cis, two limited conformations- will be concelvable, in which
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Y-CH3 group lies on the same plane with A ring (a) or vertical

to the A ring (b) as shown in Figure 2. However, the preferred

conformation of both cases seems to be((b), because in the
A ~
¢ {’ hhs
& *
0= 0=l
(a) HH (b) HH

Fig. 2. Two limited conformations of cis-coumaran

case of (a), a strong steric repulsion exists between Y—CH3

group and A ring. Consequently, the peak of Y—CH3 group of cis
~eompound - would shift , to the higher field by the shield-

~ing ef%edt of A ring than in the trans compound. However, the
signal of Y—CH3 protons of (4c) gave almost the same chemical

shift and coupling constant as (4a) which has trans configu-
ration. Taking in consideration quite a slight difference in the chem-
ical shifts and coupling constants of the side chain protons by the |
substituent group on the aromatic ring, the Y--CH3 group of (lic)

does not seem to be influenced by such an effect of A ring.
Consequently, the compound (U4c) must have the same frans con-
figuration as (4a). On the basis of.the above results, it is
concluded that dehydrodi-p-coumaryl alcohol (3) has the same

frans configuration with dehydrodiisceugenol (1). 2) The signals

of a-methine protons of both (2) and (3) at‘a 5.49 (J=6.0) and

§ 5.54 (J=5.8) were shifted to & 5.05 (J=9.5) and § 5.12 (J=9.0),
respectively, by conversionof the Y~-hydroxymethyl groups to

methyl groups. This indicates that a-methine protons are in-
fluenced Dby the deshielding effect of y-hydroxymethyl groups,

especially due to the lone pairs of hydroxyl groups.
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I-3-U4 Experimental

Dihydroconiferyl alcohol benzyi ether (5)

Hydroboration was carried out by a modified methdd of the
method of Brown and RaoB). The solution contalning sodium boro-
hydride (498 mg, 13.15 mM) and. aluminum chloride (589 mg,‘ﬂ.uz
mM) in 50 ml of anhydrous diglyme in a 500 ml three necked flask
was flushed with nitrogen and maintained under a slightly static
pressure of the gas with stirring. Eugenol benzyl ether (6.67 g,
26.3 mM) which was synthesized from eugenol in the usual way,
was dissblved in 20 ml of anhydrous diglyme and added into the
séiutioé o?er a period of 0.5 hour. The reaction was allowed
to proceed without external heating for 3 hours, and then heated
at 90°C for an hour, with swirling. The hot reaction mixture
was hydrolyzed by the slow addition of 2 ml of water (hydrogen
evolved) and then 10 ml of 3N sodium hydroxide, yielding a homo-
geneous solution. The separatory funnel was replaced by a water-
cooled condenser and 11.7 ml of 35% agueous hydrogen peroxide
was added slowly, at a rate sufficient to maintain a gentle re-
flux. After the addition of the hydrogen péroxide, stirring was
continued for additional an hogr, and the flask was then cooled
and diluted with ice-water. The products were extracted with
ether after acidifying with 10% HC1 solutioﬁ. The organic layer
was washed with water and dried over anhydrous sodium sulfate,
and-the solvent was evaporated in vacuo. A colorless oily sub-
stance which was crystallized from n-hexane was obtained (6.83g,
95.5%>{ NMR § (ppm: CDCl3) 1.69-2.00 (2H, m), 2.48-2.73 (2H, m),

3.62 (2H, t, J=6.5), 5.09 (2H, s), 6.50-6.89 (3H, m), 7.22-7.51
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(5H, m).

Guaiacylpropane benzyl ether (7)
To the stirred solution of the alcohol (5)(381 mg, 1.4 mM)
dissolved in anhydrous pyridine, benzene sulfonyl chloride (0.2
ml, 1.57 mM) was added at 0°C, and the reaction mixture was
placed at 5°C in a refrigerator for 28 hours. The mixture was
then poured onto ice and extracted with several portions of
ether. The ether solutions were combined, washed with cold
dilute HCl and bicarbonate solutions, and dried over anhydrous
.sodium sulfate, and tﬁen the ether was evaporated to dryness
iﬁrzgggé. The colorless oily sulfonate which gave one spot on
silica gel tlc plate developed with ether/gfhexane (1:1), was
obtained. The sulfonate (6) dissolved in 2 ml of anhydrous
ether was added dropwise to 114 mg of lithium aluminum hydride
in 10 ml of ether at room temperature with stirring and the
stirring was continued for an hour. The reaction mixture was
cooled and a small portion of water was added to decompose the
excess lithium aluminum hydride and then extracted with ether
after acidification with 10% HCl solution. The ether solution
was washed with water and dried over anhydrous sodium sulfate
and then the ether was evaporatéd to dryness in XéEEQ to yield
a colorless oily substance. The product which was purified
with silica gél tlc (developed with n-hexane) gave 256 mg of
gualacylpropane benzyl ether (7)(85% yield). NMR &(ppm: CDC1
0.89 (3H, t, J=7.0), 1.25-1.85 (2H, m), 2.25 (2H, t,‘J=7.0),
3.74 (3H, s), 4.92 (2H,s), 6.40-6.70 (3K, m), 7.10 to 7.u0

(5H, m).
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Compound (4a), Synthesis through the route (A)
Dehydrodiisoeugenol (1) was synthesized by the method of

B. Leopold6)

and recrystallized from a small amount of alcohol,
.mp 133°C (ref. mp 132-133°C). |

To the stirred solution of (1)(652 mg, 2mM) dissolved in
10 ml1 of methanol, diazomethane ether solution was added at room
ftemperature.  After methylétion was completed (checked by tle),
the reaction mixture was evaporated‘ig vacuo to yield colorless
needles (646 mg, 95% yield). The methylated dehydrodiisoceugenol
(510 mg, 1.5 mM) was dissolved in the methanol containing 500 mg
of 5% Pd carbon and hydrogenated until hydrogen uptake ceased.
The mixture was filtered and the filtrate was evaporated in vacuo.
A .slightly yellow oily substance which was crystallized from
methanol was obtained. Recrystallization of the compound from
methanol afforded colorless needles, mp 91-92°C, IR (KBP);
Fig. 1, NMR § (ppm: CDCl3) 0.93 (3H, t, J=7.0), 1.34 k3H, d, J=
7.0), 1.40-1.85 (2H, m), 2.51 (2H, t, J=8.0), 3.20-3.75 (2H, m),
3.83 (9H, s), 5.05 (1H, d, J=9.5), 6.50-7.05 (5H, m). Mass

fragmentation pattern of this compound was completely identical

EtOH

with that of (4b). UV
max

nm(log €): 280(4.63)
Compound (4b), Synthesis through the route (B)

Dehydrodiconiferyl alcohol (2) was synﬁhesized by the method
of K. Freudenberg et g;.7)and recrystallized from methylene
chloride/pet. ether, mp 155-156°C (ref. 156-157°C).

Fifty mg of (2) dissolved in 2 ml of methanél containing
50 mg df 5%-Pd carbon was hydrogenated until hydrogen uptake

ceased. The mixture was filtered and the filtrate was evaporated.
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The product was dissolved in methanol again and methylated with
diazomethane ether solution in the usual way. A colorless’oily
substance (8, 46.7 mg, 90% yield) was obtained by means of preparative

TLC with 2.5% methanol/chloroform used as developer.

Reduction of compound (8) to (4b)

To the stirred solution of the compound (8) (37.4 mg, 0.1
mM) diséolved in 2 ml of anhydrous pyridine, benzene sulfonyl
chloride (70.6 mg, 0.4 mM) was added at 0°C and the reaction
mixture was placed in a refrigerator for 24 hours. Then, the
Egactibnvmixture was treated in the same way as‘ for ’
the model compound (5). The sulfonate (9), which gave one spot
on the silica gel tlc developed with methylene chloride, was
reduced with 20 mg of lithium aluminum hydride in 5 ml of an-
hydrous ether solution at room temperature for an hour. The
reduced products were purified by tlc developed with ether/n-
hexane (1:2). A colorless oily substance (about 10 mg, 29.2 3 -
overall yield) was obtained and crystallized from methanol, mp
92-93°C, IR (KBr); (Fig. 1). NMR was completely agreement with
that of (4a). MS (75 ev); 342.18229 (m', Ch1H,g0,, requires;
342.18310) (100), 340 (2.0), 328 (2.0), 327 (9.2), 313 (7.0),
311 (2.5), 299 (3.2), 295 (3.7), 283 (2.0), 281 (1.7), 268 (1.6),
267 (3.2), 253 (2.0), 239 (1.9), 225 (1.8), 223 (1.9), 191 (2.9),
181 (1.9), 178 (1.9), 176 (4.7), 175 (8.3), 171 (2.5), 165 (4.5),
164 (3.1), 163 (4.5), 161 (3.4), 156 (2.6), 153 (2.0), 152 (3.5),
151 (9.8), 150 (2.0), 147 (2.3), 145 (2.2), 141 (2.0), 137 (2.2),
131 (2.0), 115 (4.2), 107 (2.3), 105 (2.2), 104 (2.0), 103 (2.8),

91 (5.1), 77 (3.9), 65 (2.2), 55 (2.0), 51 (1.9), 43 (3.2), 41
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(3.8). UV 2B Min(10g e): 280(k.63)
Monosulfonate (14)

| Dehydrodi-p-coumaryl alcohol (3) was synthesizedrby the
method described in Section I—l8), mp 155-157°C.

A hundred thirty mg of (3) dissolved in 6 ml of dioxane/
methanol (2:1) containing 50 mg of 5%-Pd carboh was hydrogenated
until hydrogen uptake ceased. The mixture was filtered and the
filtrate was evaporated in vacuo. The dihydro compound was‘
dissolved in methanol and methylated with diazomethane ether
gylutién,in the usual way (checked by tlc developed with 5%
méfhanol}chioroform). After evaporation of the Solvent, a color-
less oily substance (11) was obtained almost quantitatively.

To the stirred solution of the compound (11) (120 mg, 0.38
mM) dissolved in 2 ml of anhydrous pyridine, benzene sulfonyl
chloride (135 mg, 0.76 mM) was added at 0°C and the reaction
mixture was placed at 5°C for 24 hours. Then, the reaction mix- -
ture was treated in the same way described above and the sulfo-
nate (13) (170 mg) which gave one spot on the silica gel tlec
plate deveioped with n-hexane/ether (2:1) was obtained. The
sulfonate (13) was dissolved in 6 ml of anhydrous THF at 0°C
and lithium aluminum hydride (24.5 mg) was added. Aftqr stirring
for 1.5 hours, the reaction mixture was workéd up in the same way
as described above and the product was purified by the prepa-
rative tlc developed with n-hexan/ether (4:1) to obtain mono-
sulfonate (14) (50.5 mg). The NMR date of this compound (14)
~were as follows; NMR § (ppm: CDCl3) 9.17 (3H, t, J=7.O),Al.20—

1.80 (2H, m), 2.52 (2H, %, J=8.0), 3.50-3.90 (1H, m), 3.78 (3H,

1=



s), 4.29 (1H, broad 4, J=7.0, y-H), 4.30 (1H, Eroad da, J=6.5,
v-H), 5.39 (1H, d, J=6.0), 6.60-7.35 (7H, m), 7.45-8.00 (5H,m).

Compound (4c¢)

Monosulfonate (14) (50 mg) was dissolved in 1 ml of anhydrous
ether and lithium aluminum hydride (5 mg) was added to the‘soiu—
tion at 0°C. The reaction mixture was stirred for an houf at
0°C.and then for two hours at room temperature. The expected
compound (4e) (11 mg) was purified by the preparative tlec devel-
| oped with n-hexane and its structure was established by the NMR
and masé spectra. NMR § (ppm: CDCl3) 0.93 (3H, t, J=7.0), 1.34
(Bﬁ; d, 3¥7.0), 1.65 (2H? m), 2.54 (2ﬁ, t, J=8.0), 3.20-3.60
(1H, m), 3.83 (3H, s), 5.12 (1H, d, J=9.0), 6.73-7.09 (5H, m),

7.41 (2H, d, J=9.0). MS (75eV); 282.16272 (', ¢ 0,, re-

1922
quires; 282.16197) (100), 281 (3.1), 280 (4.2), 268 (2.4), 267
(10.6), 254 (7.0), 253 (24), 251 (2.9), 239 (3.9), 238 (1.5), )
235 (2.7), 224 (1.7), 223 (4.4), 221 (1.4), 209 (1.3), 205 (2.2),-
195 (1.5), 178 (1.4), 165 (2.0), 161 (3.1), 150 (2.L), 146 (3.8),
145 (15.4), 141 (4.0), 135 (2.3), 134 (3.8), 133 (3.1), 131

(1.7), 127 (5.6), 125 (2.8), 122 (1.9), 121 (12.5), 120 (2.5),

119 (3.2), 117 (2.2), 115 (4.2), 105 (1.7), 104 (1.4), 91 (3.8),

77 (2.4), 57 (2.1), 56 (1.8), 55 (1.3), 44 (1.7), 43 (2.3), 11
(2.3). | -

I-3~5 Summary

Dehydrodiconiferyl alcohol (2) was reduced with H2/Pd—carbon

and the reductibn product was methylated with diazomethane. The

Lo



methylated product was then sulfonated with benzene sulfonyl
chloride and the product was reduced with lithium aluminum
hydride to y, y'-methyl derivative (Ub), the structure of which
was the same to dihydrodehydrodiisoeugenol methyl ether (4a).

By comparison of the spectral data of both compounds, the con-
figuration of dehydrodicbniferyl alcohol (2) was determined to
be trans. Furthermore, Y,Y'-methyl derivative (lc) of dehydrodi-
p-coumaryl alcohol (3) was synthesized by the same method used
in the case of (2). On the NMR spectrum, the chemical shifts
and coupling constants of protons of the side chain of (l4e¢)

were closely identical with those of (4a). These results indi-
cated that the configuration of dehydrodi-p-coumaryl alcohol (3)

was trans.
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I-4. Analysis of dilignols by gas chromatography and

NMR spectrometry

I-4-1. Introduction

In 1951, Freudenberg et g;.l)

reported that p-coumaryl
alcohol produced a very similar dehydrogenation polymer (DHP)

to that of coniferyl alcohol based on the hydrogen uptake by
both DHP's and their elementary analysis. Later, Bland et gl.2>
reported that an artificial lignin prepared from p-coumaric acid
on potato parenchyma and Sphagnum MWL were highly condensed
polymers eontaining double condensations at C-3 and C-5 of the
E;hydroéyphenyl ring, and suggested the different reactivity
between p-coumaryl and coniferyl alcohols on dehydrogénation.
Recently, Yamasaki et g;.3)reported that no difference of conden-
sation pattern between p-coumaryl and coniferyl alcohols occurred
in their DHP formation from the yield of the condensed and non-
condensed type compounds obtained by permanganate and hydrogen
peroxide4oxidation of both the methylated DHP's.

It seems that this problem is solved more clearly from the
yield of the dilignols of both the alcohols. In previous Section
I-1, the isolation and identification of the four dilignols of
p-coumaryl alcohol, p-coumarylresinol (1), dehydrodi-p-coumaryl
alcohol (2), g—hydroxyphenylglycerol-B—E—coﬁmaryl ether (3) and
monoepoxylignan (u)u), and the trans configuration of the cou-
maran ring of the dilignol (2)5> were described. In this Section,
configuration of the dilignol (3) and the yields of these di-
lignols determined by gas chromatography and NMR spectrometry

are described.
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I;ﬁ—2. éonfiguration of p-hydroxyphenylglycerol-g-p-coumaryl

ether

Recently guaiaéylglycerol-g-guaiacyl ether, the model com-
pound of arylglycerol-g-aryl ether structure in lignin was synthe-
sized in high yield by the condensation reaction between benzyl
vanillin and ethyl 2-methoxyphenoxy acetate and Subsequent re-
duction with 5% PAd-C and lithium aluminum hydride. The ratio

6)

of two isomers (erythro/threo) was about 3:1°’. These configu-~

rations were determined by comparison with the results by Miksche
et §l7). In NMR spectra of these acetates, the chemical shifts
and coupling constants of g-methine protons were § 6.12 (1H, 4,
J=5.0, erythro isomer) and §&§ 6.17 (1H, d, J=6.2, threo isomer),
respectively and a doublet peak of a-CH of erythro isomer

appeared in higher field and gave a smaller coupling constant

than that of threo isomer. On the other hand, NMR spectrum of
the dihydro acetyl derivative of the dilignol (3) gave two

doublet peaks at § 6.09 (1H, d, J=5.0) and & 6.13 (1H, d, J=6.2)
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Fig. 1. Gas chromatogram of TMS derivatives of dihydro-dilignol (3).
Column: 2% OV-17 on chromosorb AW, 2m~glass column, 200°C. Carrier
gas: helium, 28 ml/min.

whose ratio was about 1:7 .5;:4nd-this result was also suppOrted

by gas chromatography as shown in Fig. 1. The retention times

of TMS derivatives of erythro and fhreo dihydrodilignols (3)

were 47.1 and 49.8 min., respectively and the ratio of the peak
areas was about 1 :.4.7, Thus, it was concluded that the dilignol
(3) was a mixture consisting of erythro and threo isomer whose

ratio was 1 : L4.7.

I-4-3. Analysis of dilignols

A dilignol fraction was converted to its hydro-dilignol

fraction by catalytic hydrogenation with 5%Pd/C and H, in

6



dioxane/ethanol (2:1);this catalytic hydrogenation was indis-
pensable from the following two reasons.

First, the peak area of the propenol dilignols, e.g.,
dilignol (2) and (3) etc., on gas chromatogram is not propor-
tional to the amounts of the compounds injected, but only when
the propenol side chains are reduced to the propanol side chains,
the peak area of the dilignols is almost proporticonal to their
amounts.

Second, the 5-5'-dilignol (5) seems =  to be stable when
its propenocl side chains are converted to the propancl side
chains by reductions, as found for the coniferyl 5—5'-dilign018).

| Fuf£hermore, since the formation of the ring cleavage compound
has been reported by catalytic hydrogenation of the dilignol (2)
in methanol, the mixed solvent, dioxane/methanol (2:1) which
avoided the ring fission ha@ to be usedS).

Figure 2 shows the gas chromatogram of TMS derivatives of
the hydro-dilignol fraction. Six of ten peaks were identified by
comparison with the retention times and mass fragmentation
pattern of authentic dilignols. The amounts of the dilignols
are caluculated from the peak areas, and summarized in Table 1.
In the Table, numbers in columnv(A) represent the retention times
of each peak, and,those in (B), (C) and (D), peak areas, ratio of

. the peak areas and .product distributionof three‘main dilignols,
respectively. In the last coiumn (F) are reproduced the product
distribution ©f three main dilignols of coniferyl alcohol which

was reported earlier8).
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Fig. 2. Gas chromatogram of TMS derivatives of hydro-dilignol fraction
obtained by dehydrogenation of p-coumaryl alcohol with H§OQ and per-
oxlidase system. Column: 2% OV-17 on chromosorb AW, 2m, 220°C.

Peak 3: tetrahydro dilignol (19), Peak 5: dihydro erythro dilignol (3),
Peak 6: dihydro threo dilignol (3), Peak 7: monoepoxylignan (L),
Peak 8: dihydrodIIlignol (2), Peak 10: dilignol (1).

The NMR spectrum of the hydro-dilignol fraction is shown

in Fig. 3. «a-Methine protons of the three main dilignols (1),

(2) and (3) give the peak at § 4.68 (2H, 4, J=4.0), 6&65.50 (1H,

R ICHyCHoCH,0H

¢:<:>OH

70 60 50 30 20 10

40
PPM($)
Fig. 3. NMR Spectrum of hydro-ddignol fraction obtained by dehvdrogenation of

p-coumaryl alcohot.
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m) and & 4.69 (1H, d, J=6.0), respectively and these peaks dé

not interfere with other peaks. Therefore, the product distribu-
tion of-these dilignols may be determined by the integration
curve of their a-methine peaks. The result is given in the column‘

(E) of the Table 1.

Table 1. Estimation of dilignois by gas chromatography and NMR spectrometry.

Peak number* | A(min.) | B(cm?) C(%) P D(®) . E(®m) . F(#)
1 7.7 L7 1.0 ‘ ;
2 11.2 5.0 3.0
3 142 10 0.6
4 158 05 03
> 0.0 303 180 o200 20 19

) 6 21.5 ,
) T 244 52 . 30 1.0 _

8 3.0 76.3 . 45.0 .49 48 54
9 20 . 14 08
10 67.5 48.3 28.3 9.4 31 32 . 27

A retention time, B: peak area, C: ratio of the peak area, D: ratio of three main
dilignols, E: ratio of three main diligonls obtained by NMR analysis, F: ratio of three
main dilignols of conifery] alcohol®.

* peak number corresponds to those of the compounds in Fig. 2.

These<data lead to the following conclusions. TMS
derivative of synthetie 1,2-diarylpropane-1,3-diol (6) gives a
peak at 5.8 min. on gas chromatogram, but the hydro-dilignol
fraction did not give any peak at the same retentlon time (Fig.
2). Furthermore, p,p'-dihydroxystilbene which was synthesized
from the dilignol (6) by alkali degradation could not be found
-in the alkali degradation products of DHP and dilignol fraction.
Therefore, the dilignol (6) seems to be forﬁed at a later stage
of dehydrogenation. Only 0.6% of 5-5'-dilignol (5) was detect-
ed by gas chromatography, and then the double condensation at
C-3 and C-5 reported by Bland et g;.2)may not be possiblerat

this dehydrogenation stage and also at DHP's stage3). The ratio

1

of the p-coumarylresinol (1) and monoepoxylignan (4) which were
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formed on the racemecid and mesoldecouplings at é—BIand C-B' car-
bons, respectively, was 9.4:1. Thus, it is expected that coni-
feryl and sinapyl alcohols give the corresponding monoepoxy-
lignans with the same ratio on dehydrogenation. Inveétigation
on this point, is now in progress. The ratio of the amounts of
the three main dilignols (1), (2) and (3) was 31:49:20, respec-
tively by gas chromatography, and the same result was obtained
by NMR analysis as shown in column (E) of Table 1. The ratio

of the three coniferyl dilignols corresponding to the dilignols
(1), (2) and (3) formed on dehydrogenation of coniferyl alcoholg)
is shown in column (F) of Table 1. - The most reactive radical of
tﬂé foufirésonance radicals of both alcdﬁols is B—radical
because the three main dilignols are not formed without any
participation of g-radical of the side chain, and the second
reactive one is the radical at 5-position of aromatic ring be-
cause the ylelds of the coumaran type dilignols are lérger than
that of B-ether type dilignols.

Both p-hydroxycinnamyl alcohols, p-coumaryl and coniferyl
alcohols have a comparable reactivity on enzymic dehydrogenation
as described above, but a typical difference manifests in the
amounts of the coumarans. That is, the percentage of dehydrodi-
coniferyl alcohol (54%) is larger than that of dehydrodi-p-
coumaryl alcohol, dilignol (2) (49%), indicafing the radical
activating effect of the methoxyl group at 3-position of aroma-

tic ring.

I-4-4, Experimental
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Preparation of authentic dilignols (1), (2), (3), (4), (5) and (6)

Dilignols (1), (2), (3) and (4) were prepared by dehydro-
genation of p-coumaryl alcohol with peroxidase and H,0, system
L)

as described in Section I-1"/, and dilignols (2) and (3) were
hydrogenated with 5% Pd-C and hydrogen in a mixed solvent of
dioxane/ethanol (2:1).

Tetrahydro-5-5'-dilignol (5) was obtained by dehydrogenation
of dihydro-p-coumaryl alcochol with peroxidase and H202 system.
The spot of this compound on a silica gel TLC piate (Merck
Kieselgel PFESM) showed a sky blue color under UV lamp (TOSHIBA.
E}—3—S;typ¢), and easily isolated by preparative TLC. NMR §
(ppm: CﬁClg) of tetra acetate: 1.99 (6H, s,y,y -acebyl groups),
2.01 (6H, s, phenolic acetyl groups), 1.80-2.30 (4H, m, B.B”-
methylene protons), 2.69 (4H, t, J=6.5,a,a "-methylene protons),
4.01 (BH, t, J=6.5,y,y -methylene protons), 6.90 7.30 (8H, m,
aromatic protons). It is characteristic of 5=5'~-dilignol that
the phenolic acetyl protons give the peaks at aimost the same -
field with y,y -primary alcoholic acetyl protons by the éhiel
'ing effects of each aromatic ring . MS (70 eV):320 (M+, 100),
256 (66.7), 239 (57.2), 211 (35), 197 (33.4).

1,2-Diarylpropane-1,3-diol (6) was synthesized by conden-
satlion of benzyl p-hydroxybenzaldehyde and behzyl p~hydroxy-
benzoic acid methyl ester and subsequent hydrogenation_with 5%
Pd-C and reduction with lithium aluminum hydride. This synthe-
tic method and the determination of configuration of the products
are described in Section II-4. NMR S{ppm: CDBCOCDS): 2.70 3.20
(1H, m, B-methine proton), 3.50-4.20 (2H, m, y-methylene protons),

4,89 (1H, d, J=9.0, a-methine proton of threo isomer), 5.02 (1H,
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d, J=5.5, a-methine proton of erythro isomer), 6.55-7.10 (84, m,

aromatic protons). -

Dehydrogenation of p—ooumarylkalcohol

Dehydrogenation of p-coumaryl alcohol was carried out by
the method described in Section I—lu), and the dilignols were
extracted with ethyl acetate and then hydrogenated with 5% Pd-C
and hydf@gen in dioxane/ethanol (2:1). A colorless foaming
product, hydro-dilignol fraction (about Smg) was dissolved in
pyridine (0.1 ml) and then hexamethyl disilazane (0.1 ml) and
?;imethquhlorosilane (0.05 ml) were added, successively. The
reédction mixture was shaken vigorously for 1 min. and after 5
mi@. keeping at room temperatﬁre, it was evaporated to dryness

in a vacuum desiccator containing P The residue was dis-

205.
solved in CClu (0.5 ml) and analyzed by gas chromatograph-mass
spectrometer. The amounts of dilignols were calculated from
the peak area on the chromatogram by using calibration curves
prepared previously for the respective authentic compounds.
Alternatively the hydro-dilignol fraction was analyzed by NMR
spectrometer.

NIHONDENSHI J.G.C-750 gas chromatograph with a flame ioni-
zation detector and a SHIMADZU-LKB 9000 gas chromatograph-mass
spectrometer were used for analysis of the tfimethylsiiyl,ethers
of the hydro-dilignol fraqtion at the following condition.
Stainless steel column (2 m, 3 mm ID) packed with 2% 0OV-17 on
chromosorb AW. Column temperature: 220°C. Iqjector temperature:
250°C. Carrier gas: helium, 2 kg/cmz. Mass spectra were taken

by the use of a glass columr at the same condition, and relative

W



abundance of each peak was designated in parentheses. NMR
spectra were taken by the use of anR-22 HITACHI high resolution
NMR spectrbmeter (90 MHz) with TMS internal standard. Chemical
shifts and coupling constants were given in'é—value and Hz,

respectively.

I-4-5. Summary

p-Coumaryl alcohol was dehydrogenated with peroxidase and
H202 system. Five dilignols, p-coumarylresinol (1), dehydrodi-
E—couméryl»alcohOl (2), p-hydroxyphenylglycerol-B-p-coumaryl
eéﬂer (5),‘monoepoxylignan (4) and 5-5'-dilignol (5) were
identified and determined by both gas chromatography and NMR
spectrometry, and the ratio of the amounts of the three main
dilignols (1, 2 and 3) was 31:49:20. The dilignol (5) was detected
'in a .trace (0.6%), and 1,2-dlarylpropane-1,3-diol (6) could
not be found. The ratio of the racemoid and mesoid couplings
at C-g and C-g~ carbons was about 9.4:1, and the dilignol (3)
was a mixture consisting of erythro and threo isomers (1:4.7)
whose ratio was determined byrgas chromatography. From these
results, it was concluded that coniferyl and p-coumaryl alcohols
had almost the same reactivity on enzymic dehydrogenation.
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I-5. Reactivity of gquinonemethide

I-5-1. Introduction

It is well knowﬁ that quinonemethide intermediates play an
important role in the polymerization of lignins. Subsequent to
the coupling reactions of mesomeric radicals of p~-hydroxycinnamyl
alcohols, lonic reactions occur between quinonemethides and
various nucleophilles. Thus, investigations on the reactivity
of gquinonemethide are indispensable to understand the mechanism
of the polymerization of ligning as has been discussed by

Freudenberg et gl.l) and Adler.2)

Stereochemistry of the pro-
ducts is especially interesting when one chiral center is intro-
duced by the attack of water to quinonemethides as in the forma-
tion of B-0-4 dilignols. Sarkanen reported that threo g-0-4
dilignol iskformed more than erythro isomer on the dehydrogenation
of isoeugenol.3) Our investigations also showed that threo

isomers are produced more than erythPOpounterparts on. the

dehydrogenation
—5h_



of p-coumaryl, sinapyl and coniferyl alcohols.B)

As quinonemethide intermediates are almost a planar mole-
cule, it is considered that watér attacks from both éides of the
compound with equal probability, giVing almost 1.0 in the ratio

of erythro to threo isomers. Sarkanen suggested that the pre-

dominant formation of the threo isomer is ascribed to steric
reasons.3)

In this Section, based on the reaction of the duinonemethide
derived from guaiacylglycerol-g-guaiacyl ether with various

nucleophiles, factors which have an effect on the ratio of both

dsomers are discussed.

I-5-2. Reaction of quinonemethide with various nucleophiles

Quinonemethide (3) was prepared by the method of B.
6) '

Johansson et al. as shown in Fig.l.‘ Guaiacylglycerbl—e—
guaiacyl ether (1) synthesized by the method of Nakatsubo et gl.7)
was converted to its bromide (2) with hydrogen bromide at -60°C
in chloroform. The chloroform solution of the bromide (2) was
treated with a saturated sodium bicarbonate solution, and a
yellow quinonemethide solution which is stable at 5°C was ob-
tained. The chloroform solution of the quinonemethide (Q.M.)
was used for the following reactions. .

The UV spectrum of this quinonemethide .showed the maximum
peak at 301 nm(e=15150) as shown in Fig.2, and the reaction rate
with nucleophiles could be followed by the decreasing rate of

the absorption at the maximum spedtrometrically. The configu-

ration of this reaction products was determined by the analysis
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CH,OH (I:HZOH ?HZOH
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CHOH OCH;  HBr CH-Br OCH; NaHCO, ICH OCH,

“
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Fig.1. Synthetic route of quinonemethide.

Absorbance

o R 250 300 350 nm

- ! Fig.2. UV Spectrum of quinonemethide in
CHCls.

of ﬁMR spectra. On the NMR spectrum of triacetyl gualacylglycerol-
B-guaiacyl ether (1), the a-methine doublet peak of erythro isomer
appears at higher field ( §6.12, J=5.0) than that of threo counter-
part at & 6.17(J=6.2). Moreover, the a-methine doublet peak of
erythro a-acetyl derivative of the compound (1) which is synthesized
by the reaction of Q.M. (3) with acetic acid, appears at 6 6.02¢(
J=6.0) and that of threo counterpart at § 6.11 (J=8.0) as shown

in Fig.3. As B-protons which couple with these a-protons give
spectra in the field significantly higher than a;methine ones;
a-protons give parallel lines which are of the same heiéhp\and do
not interfere with other peaks. From these considerations, the

ratio of erythro to threo isomers (E/T) can be determined by the

measurement of the height or integration curve of both side peaks

among three peaks. As oa-methine peaks are only important for

the determination of the E/T ratio, the peaks
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of the products, which were obtained by the reactions between
Q.M. (3) and aliphatic carboxylic acids, such as formic, pro-

plonic, isobutyric and trimethyl acetic acids, are given in Fig.3.

,JLL Lot
== denog-dech,

: 5 in, r(':HZOH
ol )
- | «cHoAcOCH,
alro-g-ch ;
: T8 Nem ;
CHy
OH
|
I g&!_"\__ ‘mén-o-gcn,cn,
| =M a.é*o'g-n
A , (
. - - .
7.0 6.0 5.0 4.0 3.0 2.0 1.0

3(ppm)

Fig.3. NMR Spéctrum of a-acetyl guaiacylglycerol-3-guaiacyl ether.

These NMR data indicated that the more bulky nucleophiles give
the more erythro isomers. The relative reaction times and E/T
ratio8 by the differences of various nucleophiles are summa-

rized in Table 1.

Table 1. Reaction of quinonemethide and
nucleophiles.

Relative Erythro
ROH reaction times “Threo
HCGH 1.1
CH;CH:0OH 2.1 105
CH;0H 1.3 108
(CH3»CCOOH 3.9
(CH3)CHCOOH 3.2x 104 3.8
CH3;CH:COOH 1.0x 104 3.2
CHyCCOH 1.8x 103 2.6
HCOOH 1 1.6

These reactions were conducted quantitatively, and all re-

actions were carried out in chloroform sclution of Q.M.(3).

-57-



The relative reaction times which correspond to the decrease

in  maximum absorption S of Q.M. (3)
caused by reaction of the nucleophiles are also listed in Table
1. The configuration of gualacylglycerol-B-guaiacyl ether (1)
was derermined by NMR spectrometry after acetylation as described
above, but the stereochemistry of the a-alkoxy derivatives ob-
tained by reactions of methyl and ethyl alcohols has not been
determined. Water reacted with the Q.M. in chloroform only in
the presence of catalytic amounts of acid (e.g. HCl) because of

two-phase reaction, and the reaction with trimethyl acetic acid

was very sluggish because of the steric hindrance, hence the rates
of;%heseftwdreactionswere not listed in Table 1.

The data 1n Table 1 clearly show that the raté of the re-
actlons is proportional to the acidity of nucleocphiles because
aclds act as substrates for the Q.M; and also as acid catalyst.
On the other hand, the more the steric hindrance of nucleophiles
increases, the more the rate decreases, but the formation of erythro
isomers:remarkably'incréases. For example, the mixture consisting of
erythro (80%) and threo (20%) isomers was obtained by reaction
of trimethyl acetic acid. Consequently, the E/T ratio was re-
markably influenced by the steric hindrance of nucleophiles.
This result was also supported by the fact that the reaction
with water which does not give such a steric hindrance gave a
mixture consisting of almost equal amount of the isomers (E/T
ratio was about 1.0).

Thus, three limited conformations of the transition state

in which the quinonemethide group takes trans orientation for

each of y-hydroxymethyl group (A), B-hydrogen (B) and B-phenoxy
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group (C), respectively, are conceivable as shown in Fig. 4.

For each conformation, erythro or threo isomer 1s formed b§ the

attack of a nucleophile from the right or left side of the planar
quinonemethide group, respectively. In these conformations,
(B) may not participate in the reaction because of the unstability
due to‘a large steric hindrénce existing between Q.M. group and
Y-hydroxymethyl or B-phenyoxy group. If the reaction proceeds
via (C)—conformation, threo isomer may be preferentially pro-
duced, because nucleophiles attack from the same side of B-
hydrogen, but not from the side of Y-hydroxymethyl group for
the stéric,hindrance. By a similar steric factor, erythro isomar
méy be fgrmed predomiantly via (A)-conformation, which favors
erythro isomer.
However, it has been found that threo isomer predominates
on enzymic dehydrogenations of p-hydroxycinnamyl alcohols 4)5)
and isoeugenol,3) and thé difference between the reactions should
be ascribed to the properties of solvent used. )
All the reactions described above have been carried out in
chloroform solution, whereas enzymic dehydrogenation have been con-
ducted in agqueous solution. Thus, the reaction of Q.M. in agqueous
solution was subsequently tested. The chloroform solution of
Q.M. was evaporated in vacuo at 10°C under nitrogen étyeam, and
the residue was dissolved in dioxane. All the reactions "discussed
below were carried out using dioxane solution of Q.M. (3).
When the Q.M. dioxane solution was added dropwise into water,
a bright yellow color of Q.M. disappeared after 15 min in dioxane/
water (1:9) and 4 hours in dioxane/water (1:1), respectively.

Guaiacylglycerol—B—guaiacyl ether which was quantitatively
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Fig.4. Possible conformations of quinonemethide in transition state.

obtained, was acetylated with Acgo/pyridiné for determination
of the configuration by NMR spectometry. Surprisingly, the E/T
ratio was about 0.5 in dioxane/water (1:9) and 0.4 in dioxane/
water (1:1), respectively, and these Vaiues did not change when
phosphate buffer (pH=6.0, 0.05 M) was used instead of "water, or
when reaction temperature was changed (20°C and 50°C). These

results suggest that the E/T ratio is determined onl§ by the dif-

ference of solvent. As the reason for variations of E/T ratio
by the differencé of solvent, the following three views might
be considered; 1) the difference of the conformation on the tran-
sition state in the respective solvents, 2) stability of the
products and 3) others.

If the reaction occurs via (C)=conformation in water, the

more threo isomer must be p;gguced by the reaction with acetic

acid in water because acetic acid has larger steric hindrance
than that of water. On the basis of this assumption, the re-
action was carried out in the equimolar solution of water and
acetic acid. Q.M. (0.16 mM) dissolved in dioxane (1 ml) was

added dropwise at 20°C into a mixture of water (1.98 g, 0.11 M)

O3
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and acetic acid (6.60 g, 0.11 M) under stirring, and almost
equimolar mixture of a-hydroxy. and a-acetyl derivatives which
were formed by the attack of water and acetic acid to the Q.M.,
respectively, was obtained. Unexpectedly, the E/T raﬁios of
o-hydroxy and a-acetyl derivatives were about 0.66 and 1.0,
respectively. Therefore, the Q.M. reaction in water does not
proceed via (C)-conformation, and the first view is ruled out.
However, 1t is noteworthy that the formation of threo isomer
increases by the exchange of chloroform for water in both re-
actlions of water and acetic acid.

o As the next step, the isomerization reaction of a crystal-
liﬁe ergﬁhro isomer of guaiacylglycerol-B-guaiacyl ether (1) was
carried out in order to determine the thermodynamicbstability of
threo and erythro isomers. Erythro guaiacylglycerol-g-guaiacyl
ether (1) was dissolved in dioxane/water (9:1) containing 0.2 N
HC1 and heated at 50°C for 1, 12 and 24 hours (condition of mild
8)>.

acidolysis Reaction product in each case gave one spot. which
has the same Rf value with the starting compound, on silica gel
TSC plate developed with 5% methanol/chloroform. After acety-
lation, the E/T ratio in respective reactions were determined
to be about 9.0, 1.0 and 1.0, shoWing that the isomerization waé
completed 4in 12 hours. These results indicate that thermo-
dynamic stabilities are not different betweén erythro and threo
isomers. Thus, the E/T ratio on the reaction of Q.M. in water
is not determined by the product development control,g) and the
‘second view must be ruled out.

Finally, 1t was proved from the results described above

»

that the attack of water in agueous solution is not controlled
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by steric factor, thermodynamic stabllity of the products and
salt effect of buffer. However, water actually approachs pre-
ferentially to the almost planar Q.M. molecule from the favorable
side for the formation of threo isomer, suggesting the formation
of some attracting force, such as a hydrogen bonding between two
molecules on the transition state of the reaction. Among five
oxygens of the Q.M. molecule, ketonic, methoxyl and Y—CHon
groups should be ruled out because threo isomer predominates on
the dehydrogenation of isoeugenol which has y-—CH3 group, instead
of y—CH2OH. Therefore, a hydrogen bonding formed with oxygen of
B-phenoxy group might be important for the control of the E/T
rétio. i

Thus, it is concluded that water attacks preferentially
from the same left side with B-phenoxy or B-hydroxyl (in the.case'
of the formation of arylglycefolé) group of quinonemethide via
(A)-conformation by forming a hydfogen bonding between a hydrogen
of water and oxygen of B-phenoxy or B-hydroxyl group, resulting_
in predominant threo isomer on enzymic dehydrogenation. The
results also suggest that such a hydrogen bonding factor par-

ticipates in the polymerization of lignins.

I-5-3 Experimental

Chloroform and dioxane solutions of quinonemethide (3)

To a solution of gualacylglycerol-B-guaiacyl ether (1)
(320 mg, 1mM) in 50 ml of chloroform, HBr was blown at -60°C
‘for 30 min under stirring. The chioroform solution which

turned ‘pale yellow , was transferred into a 100 ml
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separating funnel and shaken twice with 20 ml of saturated
NaHCO3 solution. A bright yellow chloroform solution which
contains the corresponding quincnemethide was separated and
dried over anhydrous Nagsou. This quinonemethide solﬁtion was
evaporated in vacuo at 10°C under nitrogen and dissolved in 10
ml of dioxane.

Reactions of quinonemethide (3) with aliphatic carboxylic

A chloroform solution of the quinonemethide prepared by
the method described above was added to the solution of each
carboxylic acid dissolved in chloroform under stirring. After
céhfirmétion of the absence of quinonemethide by the dis- .
appearance of yellow color or UV-maximum at 301 nm the reaction
mixture was washed with a saturated NaHCO3 solution to remove an
excess carboxylic acid and dried over NaESOq. The chloroform
solution was evaporated in vacuo, and a colorless substance was
used for NMR spectrometry.

Isomerization of guaiacylglycerol-f-guaiacyl ether (1)

An erythro gualacylglycerol-g-guaiacyl ether (1) (32 mg,
0.1 mM) was dissolved in 3 ml of a solution of dioxane-water
(9:1) containing 0.2 N HCl and heated at 50°C under nitrogen
stream for definite hours. The product was extracted with
chloroform and the solvent was evaporated iﬁ vacuo. A colorless
substance formed was acetylated with 1 ml of Acgo/pyridine (1:1).
Acetylated compound was extracted with chloroform and used for
NMR spectrometry after purification using a preparative TLC

developed with chloroform.
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I-5-4. Summary

It was found that the rate of the reactions between quinone-
methide and various nucleophiles (aliphatic carboxylic acids,
water and alcohols) depends on the acidity and the steric factor
of nucleophiles. That is, a nucleophile with stronger acidity
reacts faster than that with lesser acidity, and a bulky nucleo-
phile reacts‘slower than a smaller one. Erythro isomers are
produced more than fhreo ones in chloroform solution, whereas
in water threo isomers tend to be produced more than erythro

ones. The ratio of erythro to threo isomers (0.5) in the re-

action of quinoﬁemethide with water in dioxane/water (1:9) was
similar to that of the isomers obtained by enzymic dehydro- .
genation of p-hydroxycinnamyl alcohols. These results suggest
that water attacks predominantly from the same side with B-
phenoxy group of quinonemethide by forming a hydrogen bonding
between-water and oxygen atom of B-phenoxy group, resulting in

predominant threo isomer,
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CHAPTER II
SYNTHESES OF A LIGNIN MODEL COMPOUND AND OLIGOLICNOLS

II-1 Synthesis of gualacylglycerol-B-guaiacyl ether

IT-1-1 Introduction

Arylglycerol-B-aryl ether structure is one of the most
important interphenylpropane linkage in lignins and it has been
reported that the structure comprises about 30 to 50% of the

phenylpropane units}’g)

Therefore, gualacylglycerol-B-guaicyl
ether (1) has been used as an important model compound fér Varidﬁs
reactions of lignin such as pulping processes.

This compound (1) had been synthesized by Adler et gl3),
kgatzl et gi?)and Miksche et 3;5) However, the synthetic method
by these investigators required many reaction steps in a linear
syﬂthesis and the overall yield of the product was low. The method
proposed by Miksche et gl?) requires by far the most steps
although both the erythro (75%) and threo (10%) isomers of the
B-hydroxy ester were obtained as crystals by the reduction of
B-keto ester, and then the final compound (1) was also obtained
as crystal by this method.

Since the compound (1) has been in increasing use for the
reaction and chemical elucidation of lignin, the synthetic method
by which the compound (1) is obtained in high yield by shorter
reaction>steps will be required.

A new method by a convergent synthesis of the B-hydroxy

ester (6), one of the intermediate in the method by Miksche et

al. is described in this Section.

II-1-2 A new convergent synthesis of the compound
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The compound (6) which is a g-hydroxy ester is expected to
be cleaved to the compound (4) and (5) by a retro aldol condensa-
tion type reaction as shown in Fig.l. Thus, it is assumed that
the compound (6) can - Dbe synthesized through the reverse
reaction from the compound (4) which is obtained from commercially
available ethyl chloroacetate (2) and benzyl vanillin (5). Along
the above described synthetic route, following experiments were

carried out.

COOEt COOEt i%IOE‘
CHpll —— CHzo-«g::> <}H-O (

2 Y
CHO CHO iiij/:>»____* CrgopHOCHs

g R s
OCH; OCH3 0CH,

OH © OBz 08z

3 5 6
COOEt CH,0H CH,HOH
CH-0 CH-0 CH-0

0CHy

CH. cHon OCH3 ——— (o OCH3

OCONH$
Ef:IOCH3 [f:lom3 [i:lOCH :
0Bz OH 3

0Bz
7 8 : 1
Fig. 1. Synthetic Route of Guaiacylglycerol-g-guaiacyl Ether
The compound (4) was synthesized in quantitative yield
with stirring of ethyl chloroacetate (2) and guaiacol in acetone
at room temperature in the presence of potassium iodide and potas-
sium carbonate. In this case, the absence of porassium iodide

decreased the reaction rate. The compound (4) which was determined
by NMR and IR spectra was obtained pure as an o0il by distillation
under reduced pressure 1in ca. 70% yleld. A singlet peak appeared

at 64.66 in NMR and the IR spectrum showed the presence of the
carbonyl band at 1780 em L.

It 1s assumed that even if the compound (6) could be synthe-
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sized by the condensation of (4) and (5) under the drastic-con-
dition, the compound would be converted immediately to an a,B -
unsaturated ester. On the other hand, under themild condition
by the use of the same base, the condensation does not proceed.
In fact, this was reported earlier by Freudenberg et g;.6) in a
convergent synthesis of the B-hydroxy ester. That is, when the
condensétion was cérried out at the reflux temperature of ether
using sodium as the base, the osB-unsaturated ester was obtained
in high yield, while the R-hydroxy ester was obtained in a low
yield at a low temperature ( OOC). The low yield of the B-hydroxy
éster suggésts that the self-condensation of the a-phenoxy acetate
proceeded under their reaction condition in addition to the con-
Vefsion of the B-hydroxy ester to the a,B-unsaturated ester,
although the reason for this low yield was not described in their
paper. It was indicated in the present investigation that the
enolate anion of the compound (4) was liable to self-condensation.
Therefore, this reaction step should be carried out at low temp~—
erature. Furthermore, as the a-hydrogens of the ester are less
acidic than those of aldehyde and ketone groups, by far the stronger
bases should be used for synthesis of ag-carbanion of ester.

In consideration of these facts, the condensation reaction
which is the key step in this synthetic route must be éanried
out under the mild condition at very low temperature, and under
such condition the carbanion of the compound (4) must be synthe-
sized in high yield. Thus, it is assumed that lithium diisopropyl

amide satisfies such conditions. Actually, Cregge et al.7)reported

the alkylation of g-position of the ester in a high yield using
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this reagent. But such an example as the condehsation reaction
between & -phenoxy ester and aldehyde has not so far been reported.
In the present investigation, the reaction sequence was
considered to be divided into two steps, Synthesis of carbanion
(Step A) and condensation between the carbanion and the aldehyde

(Step B) as shown in Table 1. The ratio of geometrical isomers

Table 1

Effect of Reaction Conditions on the Yieid of Erythro
and Threo Isomers

Temp. (°C) .
Condition | Solvent Yf,ld e?:hm/
Step A Step B ‘e reo
1 Et,0 —30 ~—70 30 o.8
) o I Et,O —70 —70: 70 0.8
- . 111 THF —70 —70 85 3.5
o v THF —70 —70 77 3.0
v THF —70 —70 90 3.5
Vi THF —74 —74 95 3.5
Condition I—V: methyl lithium/ether solution was used as the
base
Condition VI:  n-buryl lithium/n-hexane solution was used
as the base
Condition IV: 1.0 eq. of hexametapol was added
Condition V: 1.2 eq. of the compound (4) was added

[N
Li N(isopropyi)y

| cooEt-cHr0g,«— Stepa

O e (4)
g 0-c=cH-0g
CEt
$,~CHO ~—— StepB
l )

COOEt ~CH-0
(6) CHOH~§

in the reaction mixture and the yield of the B-hydroxy ester (6)
from the aldehyde were determined by the NMR spectra. The oa-protons
of the B-hydroxy ester (6) and aldehydic proton of benzyl vanillin
gave doublets at S4.48(threo) and §4.71(erythro) and a singlet
at 69.98, respectively, and these peaks gid not interfere with
the other peaks.. The results were summarized in Tablel. Under the
condition I-V, ether solution of methyl lithium was used, and
n-hexane solution‘of n-butyl lithium was used under the condi-

tion VI. From these results, the following points are indicated.
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First, when the step A was carried out at —3OOC, the yield
of the compound (6) was only 30% and the self-condensation product
of the compound (4) was found, but no unreacted (4). The results
indicated that the self-condensation of the compound (4) proceeded

at such a temperature. In:fact, it has been reported that by
1.7)

Crégge et that the self-condensation of methyl acetate is
found under —78OC, which ié avolded by using t-butyl ester

Thus, the self-condensation is supposed to be avoided by using
the ester with a large steric hindrance. However, this is not
avallable for‘the present investigation, and then the reaction
must be carried out under the temperature as low as possible.
Tﬂas, theﬂﬁémperature was kept at lower than —7OOC, and the self-
condensation was avoided.

Second, the ratio of threo and erythro isomers depended on

the solvent used. The ratio (erythro/threo) was about 0.8 and

3.0 in ether and in tetrahydrofuran, respectively and value some-
what varied with changes in experimental condition. It seemed that
the ratio was proportional to the yield of the B-hydroxy ester

(6), and in tetrahydrofuran the increase in the yield of compound
(6) paralleled that of the erythro isomer.

There is no definite explanation for this result at present.
However, it seems that the results are due to the differences of
the transition state of the condensation reaction in both solvents.
In considération of the experimental conditions described above,
the reaction was carried out under the optimized condition, that is n-
butyl lithium in hexane solution was used as base in tetrahydro-
furan at -74°C. Under this condition, the mixture of erythro (

75%) and threo (25%) isomers.in 95% vield could be obtained in

-70-



which only erythro‘isomer was crystallized in 51% yieid. Since
the mother liquor consisting of the mixture of isomers did not
crystallize, the compound was converted to its carbamate (7)
which easily crystallized from ether in 70% yield. Although the
acetate and carboethoxy derivatives of the compound (6) were also
prepared, these derivatives did not crystallize. At this step,
about forty five grams of the B-hydroxy ester (6) was easily obt-
ained by one reaction. The B-hydroxy ester (6) was reduced with
lithium aluminum hydride to the compound (8) which was converted
in almost quantitative yield to the final compound (1) by catalytic
hg@rogenatign. The erythro isomer of the compound (1) was crystal-
1ized from ethyl acetate. Melting points of the compound (1)
and{its triacetate were 94—9500 and 16700, respectively, which
were ldentical with those obtained by Miksche et g;?) The carba-
mate (7) was also treated as described above and the mixture of
stereoisomers Of the compound (1) was obtained in almost quanti-
tative yield as a colorless foaming substance which gave one
spot on TLC developed with 5%-methanol/chloroformn. The overall
yileld of the final compound (1) from benzyl vanillin was about

72%.

IT-1-3 Experimental

Benzyl vanillin (5) was prepared from vanillin and benzyl
chloride in the presence of KOH in ethanol by the usual way and
recrystallized from n-hexane/ethanol. Mp 60-61°C. Anal.Calcd.

for C15H1u03:0,7ﬂ.36; H,5.83. Found: €,73.99; H,5.82.

Ethyl 2-methoxyphenoxy acetate (4)

Ethyl chloroacetate (122.56 g, 1M), guaiacol (137 g, 1.1M),
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K, C0, (300 g, 2.17 M) and XI (83 g, 0.5 M) wefe stirred in 1.6 1
of acetone at room temperature for 170 hours. Inorganic salts
were filtered and washed with acetone. The combined filtrate
was evaporated in vacuo to dryness and the residue was parti-
tioned with ether and saturated NaCl solution. The ether layer
was washed with 10% KOH solution (100 ml x 3) and saturated NaCl
solution containing diiute HC1l successively and then the agueous
layer was neutralized. The organic layer was dried over Nagsou
and evaporated in vacuo. A pale yellow 0ily substance (190 g,
90% yield) which gave a colorless 0ily substance by distillation
under the reduced pressure (114°C/0.8 mmHg). IR(film); 1780
erimt.  WMR s (ppm: CDC1;) 1.26 (3H, t, J=7.0), 3.86 (3H, s),
4.24 (2H, q, J=7.0), 4.66 (oH, s), 6.78=7.00 (3H, m). Anal.
Calcd. for CllHlqu: C, 62.84; H; 6.71. 'Found: C, 62.72; H,
6.97. UVAiEanm(log e): 272(4.40).
B-Hydroxy ester (6)

n-Butyl lithium in n-hexane solution was obtained commer-—
cially (Merck, 20% solution) and titrated in the usual way8)
before using. Diisopropyl amine was dried over sodium metal
and distilled. Tetrahydrofuran was refiuxed with calcium chlo-
ride for 48 hours and distilled, and the distillate waé re-
distilled from lithium aluminum hydride under nitrogen. Benzyl
vanillin was dried over P205 for 2 days before using. All
glasswares were dried at 110°C in oven for 2 days.

To the stirred solution which contained 16.3 ml (0.12 M)
of diisopropyl amine in 100 ml of anhydrous THF, 62.5 ml (0.12

M) of n-butyl lithium hexane solution (1.92 N) was added at 4°

C over a period of 15 min. under nitrogen gas, and the stirring
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was continued for additional 30 min. at the same temperature.
After cooling the reaction mixture to -74°C, 21 g (0.1 M) of
ethyl 2-methoxyphenoxy acetate dissolved in 100 ml of anhydrous
THF was added at the same temperature over a period of 2.5 hours.
The reaction mixture became pale yellow color. The stirring was
continued for additional 4 hours at -74°C, and the resulting
pale yellow reaction mixture was transferred into a 2 1 sepa-
ratory funnel and 100 ml of saturated NaCl solution was added.
After neutralization with 10% HC1 solution, the reaction mixture
was extracted with 500 ml of ethér and the agueous layer was
then extracted twice with 40 ml of ether. The ether solution
wéé comb;ned'and washed With 50 ml of saturated NaCl solution
and dried over Na,30, and evaporated in vacuo. A pale yellow
viscous 0ily substance (48_g) was obtained. After crystallization
from géhexane/ethanol, the product gave crystalline erythro iso-
mer' of B-hydroxy ester (23 g, 51%). The mother liquof was evapo-
rated and applied onto silica gel cblumn chromatography (silica
gel 300 g, 5 x 4 cm) and eluted with CHCl;. A pale yellow sub-
stance (20 g) of the mixture (erythro/threo=about 1:1) of the
B-hydroxy ester which gave one Spot on silica gel TLC developed
with CHCl3(4M%) was obtained. This isomeric mixture was con-
verted to its carbamate. The total yield of the B-hydroxy ester
was 95%. Crystalline erythro isomer was recfystallized from n-
hexane/ethanol.

Mp 80.5-81°cC. Anal. Calecd. for 026H2807: C, 69.01; H, 6.24.

Found: C, 68.84; H, 6.39. IR (KBr): 1765 cm™t. NMR 6(ppm: CDC1.)

3
of erythro isomer: 1.11 (3H, t, J=7.0), 3.86 (3H, s), 3.92 (3H,

s), H.17 (2H, q, J=7.0), 4.71 (1H, d, J=5.3), 5.18 (2H, s), 5.16
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(1H, 4, J=5.3), 6.61-7.17 (TH, m), 7.22-7.50 (5H, m). Threo
isomer: 0.99 (3H, t, J=7.0), 3.99 (24, q, J=7.0),»4.48 (1H, 4,
J=7.0). MS (70 eV): 452 (0.07), 434 (0.06), 343 (0.14), 312
(0.3), 242 (8), 210 (24), 137 (22.6), 124 <8), 123 (10), 122
(8), 109 (7), 91 (100), 77 (10), 65 (8). UV nn(1og €):275.5
(3.74). |

Carbamate (7) of the isomeric B-hydroxy esters (6)

To a stirred solution of the isomeric B-hydroxy ester (20
g, 0.0449 M) dissolved in 50 ml of anhydrous pyridine, 8.02 g
L0.0674 1) of phenylisocyanate was.added and the mixture was
heated at 100°C for 5 hours, and then anhydrous methanol (20 ml)
was added and boiled for another 10 min. to destroy excess phenyl
isocyanate. nThe reaction mixture was cooled and transferred into

a I 1 separatory funnel and 300 ml of CHC1 100 ml of saturated

3
NaCl solution containing a small amount of NaHCO3 andAdried over
NaL2SOLL and evaporated in vacuo. A brown oily substance which
gave a pale brown crystal (18 g, 70% yield) from ether was
obtained. After recrystallization from ethanol it gave colorless
needles. Mp 124—125°C./égé£3 Caled. for C33H3308N: C, 69.34;

H, 5.82; N, 2.45. Found: C, 69.13; H, 5.74; N, 2.48. IR(KBr):
3446, 3386, 1752, 1745, 1733, 1603, 1555, 1540, 1517, 1268 cm >,

NMR s (ppm: CDC13) of erythro isomer: 1.16 (jH, t, J=7.0), 1.83

1.83(1H, broad s), 3.75(3H,s), 3.92(3H,s), 4.18(2H,q,7=7.0),
5.03(1H,d,J=6.2), 5.15(2H,s), 6.22(1H,d,J=6.2), 6.73-6.84(17H,
m). Threo isomer: 1.16(3H,t,J=7.0), 1.83(1H, broad s), 3.73(3H,
s), 3.89(3H,s), 4.18(2H,q,J=7.0), 4.86(1H,d,J=4.5), 5.13(24,s),

6.28(1H,d,J=4.5), 0.73-6.84(17H,m).MS(70eV): 442(0.54), 435(14.2),
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343(29.3), 312(23.7), 242(8.9), 210(34.1), 137(17.9), 123(14.3),

119(67.1), 109(10.7), 91(100), 77(13;2),v64(15), BU(15.7). UV A

EtOH

A% nm(log g): 275(3.82).

Reduction of the compound (6) to the compound (1) with LAH
and Pd—C/H2
To a stirred solution cohtaining 1.14g (0.03M) of LAH in

70 ml of anhydrous THF, 4.52g (0.01M) of the compound (6) dis-
solved in 30 ml of THF was added dropwise over a period of 50 min.
at SOOC under nitrogen and the stirring was continued for addi-
tional 3 hours. The reaction mixture was cooled to 0°C and 3 ml
Cfiwater diésqlved in 16 ml of THF was added dropwise for decom-
position of excess LAH. The lithium complex was decomposed by
adding dry ice, and the resulting inorganic lithium salt was
filtered and washed with ethyl acetate. The filtrate and the
washings were combined and dried over Nazsoa, and the solvent was
evaporated in vzcuo. A colorless substance (4.2g) which gave one
spot on the TLC plate developed with 5% methanol/chloroform was
obtained. The colorless substance was dissolved in 60 ml of ethanol
containing lg of 5% Pd-C and stirred under hydrogen for 5.5 hours.
After confirmation of disappearance of the starting material by
TLC, palladium charcol was filtered off and washed with ethanol.
The solvent was evaporated in vacuo to afford a colorless foaming
substance (3.1 g) which gave the colorless crystal (2.8 g, 91%
yield) from ethyl acetate. Mp 94—9500 (acetate: lO7OC). Anal.
Calecd. for Cl7H2OO6: C,63.74;H,6.29. Found: C,63.81;H,6.35. IR
(KBr): 3600, 1600, 1518, 1285, 1265, 1128, 1020 cm_l. NMR S(ppm:
CDC13): 3.45-3.90(2H,m), 3.88(6H,s), 3.99-4.28(1H,m), u.97§1H,d,
J=4.5), €.75-7.00(7H,m). MS(70eV): 320(0.11), 272(0.9), 167(0.6),
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153(10.7), 151(10.6), 150(100), 137(10), 125(26.8), 121(9.6), 109

(25.2), 93(10.07), 91(7.5), 82(9.6), 78(7.7), 65(8.1). UV.KESQH

nm(log €): 277(3.62).

Reduction of the carbamate (7) to the compound (1) with LAH and
Pd—C/H2

To a stirred solution containing 2;28 g (0.06M) of LAH dis-
solved in 140 ml of anhydrous THF, 10.58 g (0.02M) of the carba-
mate (7) dissolved in 70 ml of THF was added dropwise over a
period of 90 min. at BOOC under nitrogen and the stirring was
continued for additional 60 min. The reaction mixture was cooled
téwOQC and}éﬁl of water dissolved in 32 ml of THF was added drop-
wise for decomposition of excess LAH. The aluminum complex was
decémposed by adding dry ice, and the resulting inorganic lithium
salt was filteréd and washed with ethyl acetate. The filtrate and
the washings were combined, washed with 10% HC1 solution (50x2 ml)
and brine ( 50x2 ml), and then dried over Nazsou. The solvent was
evaporated in vacuo. A colorless substance ( 7.5 g) which gave
one spot on the TLC plate developed with 5% methanol/chloroform
was obtained. The colorless substance was dissolved in 100 ml of
ethanol containing 2 g of 5% Pd-C and stirred under hydrogen for
5 hours. After confirmation of disappearance of the starting
material by TLC, palladium charcol was filtered off and washed
with ethanol and the solvent was evaporated in vacuo to give a
colorless foaming substance, the compound (1)(5.8 g, 90.6%) which
was the mixture consisting of erythro and threo isomers.
NMRﬁ(ppm;CDCl3) of triacetyl erythro isomer: 2.02(3H,s), 2.10(3H,

s), 2.30(6H,s), 3.80(3H,s), 3.83(3H,s)y 4.00-4.50(2H,m), 4.50-4.80
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6.12(1H,d,J=5.0), 6.70-7.15(7H,m). Threo isomer: 1.99(3H,s), 2.06
(3H,s), 2.30(3H,s), 3.83(6H,s), 3.90~4.40(2H,m), 4.50-4.85(1H,m),

6.17(1H,d,J3=6.2), 6.70-7.15(7H,m).

I1-1-3 Summary

Guaiacylglycerol-g-guaiacyl ether (1), the model compound
of arylglycerol-g~aryl ether structure in lignin was synthesized
in high yield through five reaction steps from vanillin. The key
step of this synthetic method was the condensation reaction be-
tween ethyl 2-methoxyphenoxy acetate (4) and benzyl vanillin (5).
At this step, lithium diisopropyl amide was used as the base,
and B-hydroxy ester (6) was obtained in 95% yield as an oily
substance consisted of two isomers, from which only erythro isomer
was obtained as crystal in 51% yield. The residual oily substance
was converted to its carbamate (7) and crystallized in 70% yield.
The crystalline B-hydroxy ester (6) and the carbamate (7) were
then converted to the final compound (1) by the lithium aluminum
hydride reduction and subsequent hydrogenation with Pd-—C/H2
The overall yield of the guaiacylglycerol—B—guaiacyl ether (1)

from benzyl vanillin was about 729%.

REFERENCES
1) Y.Z.Lai and K.V.Sarkanen:"Lignins", ed. by K.V.Sarkanen and
C.H.Ludwig, Wiley-Interscience, p-165 (1971)

2) T.Higuchi, M.Tanahashi and F.Nakatsubo: Wood Research, 54,9(1973)

3) E.Adler and E.Erikson: Acta Chemn. Scand., 9,341 (1955)

1) K.Kratzl,W.Kisser,J.Gratzl and H.Silbernagel: Monatsh.Chem. ,

90

. |

771 (1959)



5) G.E.Miksche,J.Gratzl and M.Fried-Matzka:Acta Chem. Scand.,
20, 1038 (1966)

6) K.Freudenberg and H.G.Miller: Liebigs Ann. Chem., 584,40(1953)

7) R.J.Cregge,J.L.Herrmann,C.S.Lee,J.E.Richman and R.H.Schlessinger:

Tetrahedron Letters, 26, 2425 (1973)

8) R.G.Johnes and H.Gilman: Org. Reactions, 6, 352 (1951)

II-2 Syntheses of guaiacylglycerol-B-coniferyl and coniferyl

aldehyde ethers

1I-2-1 Introduction

3 The arylglycerol-g-aryl ether substructure is the most
important” in lignins. It has been reported that 30-50% or more

of the phenylpropane units are found in these structuresl’z).
For’this reason, guaiacyiglycerol—B—guaiacyl ether has been used
as a lignin model compound for studying various lignih reactions,
such as in pulping, in chemical utilization and in biodegradation.
However, this compound is not truly representative of the lignin
structure, because the B-aryl ether residues in lignins contain
C3—side chains. To study the effect of chemical changes on func-
tiocanl groups in the side chains‘of B-aryl ether substructure,

it is desirable to use structural models containing allyl alcoholic
Or allylaldehyde type side chains, which do occur in lignins.
Guaiacylglycerol-g-coniferyl (5) and B-coniferyl aldehyde ()
ethers, therefore, are suitable model compounds. These compounds
(4) and (5) have been isolated in low yield as lignin hydrolysis
products3’4>, and as products formed by the oxidative coupling

of coniferyl alcoh015’6). However, the separation and purifica=

tion of the two ethers are difficult because many other products
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are formed in both hydrolysis and dehydrbgenation,
and compounds are obtained as a mixture of erythro and threo
isomers which cannot be purified by crystallization..

In this Section, one in a series of synthetic $tudies of
lignin model compounds, is described the novel synthetic method for
preparing guaiacylglycerol-B-coniferyl (5) and p-coniferyl alde-
hyde (4) ethers.

_—

11-2-2 A new high yield syntheses of the compounds

.. The synthetic method for the target ethers is analogous to
thatvused To prepare guaiacylglycerol—s~guaiacyl ether’) deécribed

in Section II-1. For the present syntheses (Fig.1l), coniferyl

0
CH=CH—GtD] G 0CH: o/i>

=~ ~ o}

4 HO ;

9 ocH “ 0 i
I 3 77% OCH3 §7.5%

CHo 0 cro
PHPO 3
0CHy 3
THPO

2

H 0 : CHO HO CH50H
HO m HO /©/\\/ 2
0 d o]
0CH; 105 7 @\ 0CH,
0CH; 0CH,
OH OH
4 5
Fig. [ Synthetic route of guaiacylglycerol-g-conifery (5) and B-conifervl aldehyde {4} ethers.

eLithium diisopiopyl amide/ THF! ~78°C SLIAIHYTHES0°C. <1 N-HCLTH Flooe
INaBH./McOHOC i

aldehyde is used as the starting materials instead;of guaiacol.

The condensation of compound (l)iwith (2) by the use of lithium
liisopropyl amide (LDA) gives the expected compound (3), with
che small amounts of the starting materials and polar impurities.

Purification by silica gel TLC (PF-254 Merck), developed with



ethyl acetate/g-hexane (1:1), gives the pure cémpound (3). The use
of silica gel chromatography (Wako gel C-100) for large-scale
preparation, resulted in a partial deacetalization. Thus, the
purification is carried out after the subsequent LAH reduction

or at the stage of compound (4). The structure of compound (3) is
substantiated by IR, which shows the absorption of the ester group
at 1760 cm_l, and by NMR spectra. The compound (3) is a mixture
consisting of the erythro and threo isomers; the'ratio was found
to be about 3.5 : 1.0 by the NMR spectrum, which shows clearly

distinguishable peaks of the ester protons at §3.55(s, threo)

‘and 53.68(5, erythro) and of the B-methineproton at §4.48(a,J=6.0,

threo) and ¢4.66(d,J=5.3, erythro). The erythro isomer might be
expected to predominate from the reaction mechanism involving \
a six-membered transition state intermediate.

Compound (3) was subjected sequentially to lithium aluminum
hydride reduction in THF at SOOC (75%), and to hydrolysis with
1N-HC1 /THF (1 : 2) at 0°C (90%) to afford the expected compound
(4). The yield of compound (4) from the starting material (1)
is about 52%. Compound (L) was converted to the final compound (5)
by sodium borohydride reduction in methanol at OOC (909%). Tﬁe
structures of compound (4) and (5) are supported by UV,IR,MS and
NMR spectra, as described in the Experimental section. The NMR
spectra of the acetyl derivatives are shown in Figs.2 and 3. It
is noteworthy that the peaks of the<u-methine, yY-methylene and
o,y —alcoholic acetyl are clearly distinguishable between the

erythro and threo isomers in the NMR spectra. The assignment of

these protons is based on the presumed reaction mechanism, which
gives predominantly the erythro isomer, and also by comparison

with the NMR spectra of compound consisting of erythro/threo
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(about 1.0 : 1.1 ratio) obtained by the oxidative coupling of
coniferyl alcohol. g-Methine protons 1n erythro isomers, having

a smaller coupling constant, appear at higher magnetic flelds than
in threo isomers. y-Methylene and also Y-alcoholic acetyl protons
of erythro isomers appear at lower magnetic fields than these in

the threo isomers. -
— -01-



II-2-3 Experimental

Compounds (1) and (2)
These compounds were prepared by the method reported pre-

8,9)

viously » and stored in a refrigerator to avoid partial decom-

position of the acetals at room temperature.

Compound (3)
To a stirred solution of lithium diisopropyl amide (5.6mM)

in 20 ml of anhydrous THF, 1.37 g (4.66mM) of compound (1) in 15

ml of THF was added dropwise over a period of about 40 min. at

:7800 under nitrogen. The reaction mixture gradually turned to

orange-red color. The miiture was stirred for an additional 30

mié., and 1.1 g (4.66mM) of compound (2) in 15 ml of THF was added

dropwise over a period of 30 min. at the same temperature. The

orange-red color of the ‘solution gradually disappeared during

the addition of compound (2) and finally turned to pale

yellow. After stirring for an additional 30 min., the reaction

mixture was neutralized by the addition of finely-powdered dry-

ice. The solution was partitioned between ethyl acetate and brine.

The ethyl acetate layer was washed with brine, dried over NazSOu

and evaporated in vacuo to give a yellow-colored oil (2.5 g) which

was used for the subsequent LAH reduction without purification.

An allquot of the product obtained above was purified by silica

gel TLC developed with ethyl acetate/n-hexane (1 : 1) for the NMR

and IR measurements.

1

IR(CH2C12): 1760 cm ~. NMR 6(ppm:CD013): 1.4-2.0(6H,m,-CH.-

2
of THP), 3.&—3.7(2H,m,—CH2—O- of THP), 3.55(s, threo) and 3.63

~8o.



(s, erythro)(3H, two singlets, CHB— of methyl ester), 3.79 and

3~ of methoxyl), 3.7-4.1(4H,m, —CH2—

of acetal), 4.48(d,J=6.0, threo) and 4.66(d,J=5.3, erythro)(1H,

3.80(6H, two singlets, CH

tow doublets, B-CH-), 5.0-5.2(1H,m, o-CH-), 5.25-5,45(1H,m,-0-
CH-0- of THP), 5.32(1H,d,J=5.7, ~0-CH-0- of acetal), 5.59(1H,dd,
J=15.5, 5.7, B'=CH-), 6.59(1H,d,J=15.5, o'-CH=), 6.6-7.1(6H,m,

aromatic).

Compound (4)

To a stirred solution of LAH (497.8 mg, 13.1mM) suspended in
20 ml of ‘anhydrous THF, 2.3 g of the crude yellow o0il obtained
'ébove inléo ml of THF was added droﬁwise over a period of 50 min.
at SOOC under nitrogen. After stirring for an additional 30 min.,
the reaction mixture was cooled to 0°C and about 1 ml of water
in 5 ml of THF was added dropwise to the solution to decompose
the excess hydride. After the addition of dry-ice to the solution,
- the reaction mixture was partitioned between ethyl acetate and
water. The aqueous layer was extracted twice with ethyl acetate.
The combined ethyl acetate solution was washed with brine, dried
over Nasta and evaporated 1n vacuo to give a slightly yellow
glass (2.3 g). An aliquot of the product was purified by silica
gel TLC developed twice with ethyl acetate/n-hexane (3 : 2) for
NMR analysis.

NMR 6(ppm:0DCl3):1.9—2.0(6H,m,-CH - of THP), 3.4-3.7(2H,m,

2

-CH,-0O- of THP), 3.78(6H,s, CH,- of methoxyl), 3.80-4.10(4H,m,

2 3

-CH,-0~ of acetal), 4.80-5.00(1H,m, a-CH), 5.2-5.4(1H,m, -O-CH-

2
O- of THP), 5.32(1H,d,J=6, -O-CH-O- of acetal), 5.96(1H,dd,J=16,

6, B'=CH-), 6.60(1H,d,J=16, a'~-CH=), 6.15-7.10(6H,m, aromatic).
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The product obtained above was purified oﬁ a silica gel
column (Wakogel C-100, 40 g, 2.6x10 em) eluted with ethyl acetate/
n-hexane (1 : 1) to give the expected diol product (1.36 g, 58%
overall yield from compound (1)) containing some partly hydroly-
zed aldehyde; this mixture was used for the subsequent reaction
as follows.

To a stirred solution of the diol derivative (1.36 g, 2.71
mM) obtained above in 15 ml of THF, 7.5 ml of 1N-HCl was added
dropwise at OOC under nitrogen. After stirring for 2 hours, the
solution was partitioned between ethyl acetate and brine. The
ethyl acetate solution was washed with brine until the washings
became neutral, and then dried over Na,S0,. Evaporation of the

solvent in vacuo afforded a yellow glass which was purified by

TLC developed twice with 3% methanol/methylene chloride to give
the expected compound (4), pure by TLC, as a slightly yellow
glass (913 mg, 90%).

UV Ag:gHHm(log €): 230(4.14), 336.5(4.27). IR(KBr): 3500,

1665, 1625, 1595, 1520, 1510, 1465, 1450, 1425, 1275, 1220, 1130,
1020, 965. NMR 6(ppm:d6—acetone): 3.40—3.80(2H,m,—CH2-), 3.82¢
3H,s,CH3O— of A-ring), 3.88(erythro) and 3.92(32533)(3H,two sin-
glets, CH3O- of B-ring), 4.51(1H, broad q,J=4.5, g-CH), 4.91(1H,
broad d,J=5.5, o-CH), 6.60(dd,J=16, 7.5, erythro) and 6.62(dd,
J=16, 7.5, threo) (1H, g'=CH-), 6.63—7.35(6H,ﬁ,aromatic), 7.50(
erythro) and 7.52(threo)(1H, two doublets, J=16, o'-CH=), 9.57(
d,J=7.5, erythro) and 9.58(d,J=7.5, threo)(1H, y'-CHO). MS(70eV):
37407, 0.9), 356(4.2), 338(L.2), 326(33.2), 297(7.3), 265(7.3),
237(3.9), 204(48.8), 178(100), 161(29.3), 151(38), 147(38), 137¢(
61), 135(46.3), 124(23.4), 119(24.4), 107(41), 91(35.6), 89(32.

1), 77(52.7), 65(34.1), 51(40.5).
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Compound (5)

To a stirred solution of compound (4) (194.2 mg, 0.52mM) in
4 ml of methanol, 9.5 mg (0.26m) of NaBH, was added at 0°C under
nitrogen. After 30 min., the product was partitioned between
ethyl acetate and brine. The ethyl acetate solution was dried
ovér NaESOu and evaporated in vacuo to give a colorless glass
which was purified by TLC developed with 5% methanol/methylene
chloride to afford the pure éompound (5) (176 mg, 90%) as a co-
lorless glass.

o7 A m(log e): 265.6(4.22). IR(KBr): 2500, 1605, 1520,
1270, 1155, 1130, 1085, 1028, 965, 855 cm™ L. NMR 8 (ppm:dg~acet-
one): 3.&2(3H,s,,CH3o- of A-ring), 3.85(CH30— of erythro B-ring),
and 3.89(CH30— of threo B-ring)(3H, two singlets), 4.23(2H,broad
d, J=5.0, y'-CH,, in one drop of D,0), 4.43(1H,q,J=5, B-CH, in
one drop of DgO), 4.94(1H, groad d,J=5, q-CH, in one drop of D2O)’
6.23(erythro) and 6.24(threo) (1H, two dt,J=16, 5.0, g'=CH-), 6.53
(1H, broad d, J=16, o'-CH=), 6.65-7.15(6H,m, aromatic). MS(70eV):
376(M+, 3.7), 358(3.7), 340(1.8), 328(12.9), 326(5.2), 206(48),
180(60), 162(23), 151(37), 137(100), 131(25), 124(h8), 119(38),

91(49), 77(33), 65(33).

Acetates of compounds (4) :and (5)

About 50 mg of compound (4) or (5) dissolved in 2 ml of
THF was treated with 2 ml of acetic anhydride/pyridine(1:1)
overnight at room temperature. The reaction mixture was evapora-
ted in vacuo and acetic anhydride/pyridine were removed azeo-
tropically by evaporation with benzene. Thé products were purified

Dy TLC (ethyl acetate/n-hexane=1:1) for the NMR measurements.



NMR spectrum of acetyl compound (4)(Fig.2) 6(ppm:CDClg):
1.98(threo) and 2.02(erythro) (3H, two singlets, Y'-0Ac), 2.04¢(
threo) and 2.09(erythro) (3H, two singlets, a'-0Ac), 2.26(3H,
phenolic-0Ac), 3.83(CH3O— of A-ring and erythro B-ring) and 3.87
(CHgO— of threo B-ring)(6H, two singlets), about 3.95-4.25(threo),
and 4.26-4.70(erythro) (2H,m, Y—CH2), 4.80(1H, broad g, J=5, B-CH),
6.06(d,J=5.3, erythro) and 6.11(4,J=6.0, threo)(1H,0-CH), 6.58¢
1H,dd,J=16, 7.8, '=CH-), 6.78-7.20(6H,m, aromatic), 7.37(1H,d,
J=16, a'-CH=), 9.62(1H,d,J=7.8, Y'-CHO).

NMR spectrum of acetyl compound (5)(Fig.3) 6(ppm:CDC13):
1.96(threo) and 2.00(erythro) (3H, two singlets, y-0OAc), 2.02(threo,
- Z04c) and/2.08(erythro,u—OAc and Y}—OAC)(6H, two singlets, metho-
xyl), about 3.9-4.2(threo) and 4.2—4.6(erzthro)(2H,m, Y—CHQ),
4.5—4.8(iH,m,B-CH), 4.68(2H, broad d;J=6, Y'—CHZ), 6.04(d,J=5.5,
erythro) and 6.09(d,J=6.5, threo)(1H, two doublets, a-CH), 6.12
(1H, dt,J=16, 6, B'=CH-), 6.56(1H, broad d J=16, a'-CH=), 7.65-

7.10(6H,m, aromatic).

II-2-4 Summary

A new synthetic method for the preparation of guaiacylglycer-—
ol—B—coniferyl and B-coniferyl aldehyde ethers, representing
the most important lignin substructure is described as one in

a serles of synthetic studies of lignin model compounds.
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I1-3 Syntheses of 1,2-diarylpropane-1,3-diocls and determination

of their configurations

I1-3-1 Introduction

1,2-Bis-(4-hydroxy-3-methoxyphenyl)-1,3-diol which is one
of the typical structural mode in lignin was synthesized by Lund-
quist et gll). The key step of their synthetic method is benzo-
in condensation of benzyl vanillins, Y-hydroxymethyl group is
derived by aldol condensation with formaldehyde, and the 1,3-diol
compourid is obtained as a colorless foaming substance consisting
of threo and erythro isomers. However, it is difficult to syn-
‘hesize the 1,3-diol compounds containing different aryl groups
by this method. Although the syntheses of many asymmetric benzoins
2)

were reported ", it has not been known whether the condensation

reaction between each of vanillin, syringaldehyde and p-hydroxy-

benzaldehyde occurs or not. If the reaction would occur, 1t is

-0f=



sti1ll unknown whether the only desired asymmetric benzoin of
the possible benzoins is syntheslized and isolable.
Therefore, thelr synthetic method does not seem to be a general
one for the synthesis of 1,2-dlarylpropane-1,3-diols. Since some
1,2-diarylpropane~1,3-diol compounds containing different aryl
groups ha&e been isolateds), a new synthetic method which is
applied for any combination between different aryl groups should
be required for identification and studies of their chemical
properties.

I In this Section, the synthesis of 1-(l4-~hydroxy-3,5-dimetho-
Xyphenyl)f2—(4—hydroxy—3—methoxyphenyl)—propane—l,3—diol(l) by

" general synthetic method of 1,2-diarylpropane-1,3-diol is described.

IT-3-2 A new general sythetic method of the compound

The key step of this synthetic method is thé formation of

o, -carbon-carbon bond by condensation of methyl benzylhomova-

nillate (3) with benzyl syringaldehyde (4). Methyl benzylhomo -

vanillate (3) was synthesized in over 80% yield by oxidative re-
arrangement, treating benzyl vanilloylmethylketone (2) with thal-
lium (III) nitrate and 70% perchloric acid in methanol at room-

temperature. This synthetic method reported by Mckillop et alqz

OCHy CH,COOCH,
@ocn C)ocm3
3 COOCH €ooc OH
z G862z ' 3 ocry € CHy . (RO ock,

2 3 Cl Bz C OAC C OH

CHOH CHOAc

CHO
H co@oc co@o
3 OBz " H3
4

H H H
| | |
CHOH
CHy o OCH3. H,CO OCH,
ez il 78 o3
5 6 1

Fig. 1. Synthetic route of 1,2-diarylpropane-1,3-diol



is superior to the method reported earlier5). However, the method
can not be employed for syringyl analogue, because by the Friedel-
Crafts reaction between methyl ketonium ion and 2,6—dimethoxy—
phenol, 3-acetyl-2,6-dimethoxyphenol is mainly obtained iristead
of expected methyl ketone derivative. p-Hydroxyphenyl analogue

was also synthesized by this method. B-Hydroxy ester (5) was syn-
thesized from the homoacid ester (3) in about 70% yield using
1lithium diiscpropyl amide as  base which was also used on the
synthesis of guaiacylglycerol-g-guaiacyl ether, the model com=
pound of arylglycefdl—B—aryl ether in lignin as described in Sec-

tion II- 16)

The reaction was carried out in anhydrous THF below
—70 c and unreacted starting compounds were removed by silica
gel column chromatography with chloroform as eluent. The eluate
ga&e colorless needles in about 18% yield (5a, erythro isomer,
Rf=0.18, developed with ether/g—hexane=l:l on silica gel plate)
and colorless prisms from the mother liquor in about 54% yield
(50, threo isomer, Rf=0.09, developed with the same solvent and
plate). The ratio of the amounts of (5a) and (5b) is about 1:3
which obtained on the synthesis of guaiacylglycerol-B-guaiacyl

6)

ether as described in Section II-1 Thus, the condensation
reactions on the syntheses of both guaiacylglycerol—B—guaiacyl
ether and 1,2-diarylpropane-1,3-diol (1) in THF below ~-70% using
lithium diisopropyl amide as base, seem to assume the six-membered
ring transition states including lithium cation, in which o-phenyl
groups and g-phenyl ( or phenoxy ) groups take the trans and cis
configurations with ratio of about 3:1 due to the steric hindrance.

The g-hydroxy esters(5a) and (5b) were converted to the

final compounds (la) and (1b) by subséquent experiments described
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below. Preliminarily, the compound (5a) was reduced with

lithium aluminum hydride and hydrogenated with 5% Pd-C and hydrogen,
but the desired end product (la) could not be obtained because of the
formation of by-products on the catalytic hydrogenation in ethanol.
Therefore,the synthesis of the diol (1) was carried out along

the route shown in Fig.l. The compounds (5a) and (5b) were hydro-
genated with 5% Pd-C and hydrogen in dioxéne/ethanol (1:1) and
acetylated subsequently with acetic anhydride and pyridine, and
triacetyl esters (6a) and (6b) were obtained in over 95% yield,
respectively. The triacetyl esters were then oonverted to the
%&Z—diarylpropane—l,3—diols,(la, erythro isomer) and (1b, threo
isbmer) in about 80% yield, by reduction with LAH in THF at SOOC.
Thq structures of these compounds were determined by NMR, MS,

IR, UV spectra and elementary analysis.

The NMR spectra of the tetraacetates of these erythro (la)
and threo (1b) compounds are shown in Fig.?2 and 3,.respectively.
Each peak was determined by the decoupling method, and the results
are visualized in the same Figs. The aromatic protons of both
the compounds give sufficiently separated peaks, and these spec-

tra show the same pattern except for the difference of the ace-
tyl proton region (at 81.90 to §2.30). That is, the peak of a-
acetoxyl group of the acetyl compound of (la) gives almost the
same chemical shift to that of y-acetoxyl group, and therefore,
the acetoxyl protons of erythro isomer (Fig.2) gives almost two
peaks, while threo isomer (Fig.S) three peaks. From these char-
acteristics, three 1l,2-diarylpropane-1,3-diols reported by Nisz)

were determined to be all erythro isomers:
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II-3-3 Determination of the configuration by NMR spectrometry

Since guaiacylglycerol-Bf-guaiacyl ether (7) and 1,3-propane-
diol (1) have a séme 1,3-dihydroxy structure, the reagent which
reacts with the 1,3-dihydroxyl groups of the g-aryl ether (7)ris
supposed to react with those of the compound (1). Thus, the con-
figurations of these derivatives might be determined by the same
method. The configuration of the B-aryl ether (7) was determined
by NMR spectrometry first. Gualacylglycerol- Bguaiacyl ether (7)

was synthesized through long tedious reaction steps by Adler and

7)

(SN . 0
Eriksoo'’, Kratzl et a_;.g’ and Miksche et al’’ The high yield



synthesis of this compound by a convergent route with only five
reactlion steps was described in Section II-1. The configuration
of the compound (7) was determined by Gierer et gl}o)baséd on

the fact that the borate complex of the threo isomer moved faster

than that of the erythro isomer in paper electrophoresis.

It seems that if éonformation of the compound (7) is fixed
through the six-membered ring structure by cyclic ester forma-
tion between the 1,3-dihydroxyl groups of the compound (7) and
phenyl boronic acid, its configuration and also conformation will
be determined by NMR spectrometry. The phenylboronate (8) could
bg‘synthesized in quantitative yield by refluxing equimolar amounts

" of the compound (7) and phenylboronic acid in benzene for

4 hours without any acidic catalyst. The phenylboronate (8) thus
obtained was stable and purified by preparative TLC, and the
phenylboronate group coﬁld be removed easily by treating the
ester with 1,3-propanediol in a suitable solvent at room temper-
ature. Moreover, the phenylboronate obtained from a mixture of
erythro (7a) and threo (7b) isomers which could not be separated
on the silica gel TLC plate developed with various solvent Sys-
tems, gave separable spots on the silica gel plate developed with
l.SZ methanol/chloroform, and each isomer could‘be obtained as
pure substance, respectively.

NMR spectra of these phenylboronates (8a) and (8b) are shown
in Figs. 4 and 5. On NMR analysis, thé following two points have
to be noted. These six-membered ring compounds may prefer the
stable chalr forms, and then the coupling constant (J) between
B~ and y-axial protons may be almost 10 cps (VBH, y-Ha =180°)

when the g-proton takes axial orientation.
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Fig. 4. NMR spectrum of phenylboronate of erythro-guaiacyl-
glycerol-p-guaiacyl ether (8a)

Respectlve peaks of the phenylboronate (8a) were assigned
b; the decoupllng method as shown in Fig.l4.
The B-proton gives a quartet at &4, 52 whose coupling con-
stants are JBH,aH=JBH,yHe=JBH,yHa=3.0 cps, indicating equatorial
orlentation. Furthermore, the quartet peak of the B-protone changed
fo triplet, and in addition Y-proton peak gave surprisingly

a triplet when a doublet peak of a-proton, at §5.41, was irradiated.

Such results indicated the occurrence of a long range coupling

between a- and y-equatorial protons. Thus,

CHy
0 ~Ha (FLY1)
w0 p-wnry THUCR) o
BONSY X 1

the equatorial orient-

|

89 0 60 S0 &0 30

Fig. 5. NMR spectrum of phenylboronate of threoc-guaiacyl-
glycerol-Jl-guaiacyl cther (8b)



ation of g-proton was determined, and the erythro configuration
and its conformation of the compound (8a) were determined as
shown in Fig.l4. NMR spectrum of the compound (8b) gave the same
pattern as that of the compound (8a). But a long range coupling
between o~ and y-He protons was not found in this case suggesting
thé axial orientation of a-proton. Furthermore, the small coupling
constants, JBH,aH=JgH,yHa=JgH,yHe=2.0 suggest equatorial orient-
ation of the g-proton. Such configuration is also supported by
the high—fieldnshift of one of the methoxyl groups, which is
attributable to the g-orientations of both a=phenyl and B-phenoxy
groups. Therefore, the compound (8b) is unequivocally threo iso-
mé},and tgkés the conformation showﬁ in Fig.5. Thus, the confi-
guration of gualacylglycerol-g-guaiacyl ether (7) was determined
by NMR spectrometry of the only one phenylboronate isomer,
Similarly, the stereochemistry of the 1,2-diarylpropane-1,3-
diol (1) is discussed. The phenylboronates of the compound (la)
and (1b) were synthesized by the same method, and these NMR spec-
fra are shown in Figs. 6 and 7, respectively. Both NMR spectra
did not show any long range coupling betweén o~ and y-He protons
reflecting the axially oriented a=protons. Large coupling con-
stans, JBH,QH=JBH,yHa=10 cps on the NMR spectrum of the compound
(9b) shown in Fig.7, suggests that the dihedral angles between
these protons are 1800, respectively, corresponding frans confi-
guration, and then the low-field shift of the vy-Ha peak is at-
tributable to the deshielding effect by the B-equatorial phenyl
group. These results indicate that the compound (9b) is threo
isomer, and takes the conformation shown in Fig.7. Ry contfast,

a small coupling constant between o~ and B-protons of the com-
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Fig. 7. NMR spectrum of phenylboronate of threo-1,2-diaryl-
propane-1,3-diol (9b)

pound (9a), 4.3 cps shown in Fig.6, corresponds to about 45° of

the dihedral angle reflecting axial a-proton and equatorigl B-

proton. Consequently, the configuration of the compound (la)

was determined to be erythro.

IT-3-4 Experimental

Benzyl vanilloylmethyl ketone (2) was prepared by the benzyl=

ation of vanilloylmethyl ketone which was synthesized by the

method reported earlier%l) Mp 86°¢ (Lit}g) 86-86.5°C).

Benzyl p-hydroxyacetophenone was prepared by the benzyl-
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ation of commércially obtained p-hydroxyacetophenone. Mp 90.5-91°C.
Benzylsyringaldehyde was prepared by the benzylation of

commercially available syringaldehyde. Mp 62.5°C.

Synthesis of homoacid methyl ester by oxidative rearrangement
with thallium (III) nitrate

Methyl benzylhomovanillate (3) and methyl p-hydroxyphenyl-
homobenzoate were synthesized by the modified method reported
by McKillop et al?) The methyl ketone derivative (0.01M) was added
to a solution of 0.01M of thallium (III) nitrat%B) in 25 ml of
methanol containing 5 ml of 70% perchloric acid, and the mixture
W;g‘stirfed‘at room temperature for 4 hours. After confirmation
of the disapperance of the starting methyl ketones by TLC, the
methanol was evaporated in vacuo, and the residue was partitioned
between CHCl3 and brine. The chloroform solution was washed with
a saturated NaHCO3 solution and brine, successively and then
dried over NaZSOM’ and the solvent was evaporated in vacuo.

A pale brown oily substance was purified with silica gel column
chromatography (1.5x9 cm) eluted with ether/n-hexane(2:1), the

eluent was evaporated in vacuo, and the crude crystal was re-

crystallized from ethanol. ‘

Methyl benzylhomovanillate (3): Mp 64.5-65°C. Anal. Caled.
for Cl7Hl8OM: C,71.31;H,6.34. Found: C,71.33;H,6.45. IR(KBr):
1765 emTt NMR 6(ppm:CDC13): 3.43(2H,s), 3.62(3H,s), 3.82(3H,s),
4.99(2H,8), 6.55-6.85(3H,m), 7.10-7.50(58,m). UV AE Mn(10ge) 1275
(3.32), 282(3.27). ,

Methyl benzyl-p-hydroxyhomobenzoate: Mp 56-57.5. Anal.Calcd.
for Cl6H1603:C,?H.98;H,6.29.‘Found:C,?M.Mu;H,6.39. IR(KBr):1744
emTt »
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NMR § (ppm:CDC1,): 3.42(2H,s), 3.58(3H,s), 4.98(2H,s), 6.83(2H,
4,J=8.0), 7.13(2H,d,J=8.0), 7.10-7.40(5H,m). UV Aiganm(log e):

275(3.32), 282(3.27).

g-Hydroxy ester (5)
A commercial n-butyl lithium in n-hexane (Merck 20% solu-

14)'befor*e use. Diisopropyl

tion) was titrated in the usual way
amine was dried over sodium metal and distilled. Tetrahydrofuran
was distilled from potassium metal and benzophenone. Methyl benz-
ylhomovanillate (3) and benzyl syringaldehyde (4) were dried in

a vacuum desiccator containing P for 2 days.

205
To a stirred solution which contained 4.13 ml (0.03M) of

di;sopropyl amine in 100 ml of THF, 15.63 ml (0.03M) of n-outyl
lithium in n-hexane (1.92N) was added at 4°c over a period of

15 min. under nitrogen, and the stirring was continued for ad;
ditional 30 min. at the same temperature. After cooling the reac-
tion mixture to -7300, 5.72g (0.02M) of methyl benzylhémovanillate -
(3) dissolved in 50 ml of THF was added dropwise over a period of
1 hour, and then 5.44g (0.02M) of benzyl syringaldehyde dissolved
in 50 ml of THF was added dropwise at the same temperature over

a period of 1.5 hour. The stirring was continued for additional

5 hours at —7&00, and the reéulting pale yellow reaction mixture
was transferred into a 1000 ml of separating funnel and 100 ml

of brine was added. After neutralization with a 10% HC1l solu-
tion, the reaction mixture was extracted with 200 ml of ether

and the aqueous layer was then extracted twice with 50 ml of
ether. The ether solution was combined and washed with 50 ml of

brine and dried over NaQSOM and evaporated in vacuo. A pale yellow
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yiscous substance ( 12.6g) was obtained. The products were puri-
fied with silica gel column chromatography ( Silica gel 300g,
5x33cm) eluted with CHClB, and colorless crystals of the erythro
compound (5a, 2g, 18%) and the Eﬁﬁgg compound (5b, 6g, 54% yield)
were obtained in 72% total yield, respectively. These compounds
(5a) and (5b) which were recrystallized from ethanol gave color-
less needles and colorless prisms, respectively.

Erythro B-hydroxy ester (52): Mp 126-127°C. Anal. Calcd.
for C33H3MO8: C,70.95;H,6.14. Found: C,71.14;H,6.16. IR(KBr):
1737, 1595, 1255, 1130 cm.' NMR §(ppm:CDC1,): 2.69(1H,d,7=2.0),
3-5T(3H,8), 3.77(6H,s), 3.87(3H,s), 4.99(2H,s), 4.03(2H,s), 4.11
(18,d,7=2), 6.50(2H,5), 6.75-6.90(3H,m), 7.20~7,50(10H,m). MS(
70eV): 286(9.8), 272(6.9), 227(2.9), 195(5.9), 163(15.5), 91(100),
77(7.8), 65(8.8). UV Kiganm(log €): 277.5(3.71).

Threo B-hydroxy ester (5b): Mp 131—13200. Anal. Caled. for
c33H3408:c,7o.95;H,6.14. Found: C,71.08;H,6.27. IR(KBr): 1740,

1597, 1270, 1130 cm-t

NMR S(ppm:CDCl3): 3.17(1H,d,J=3.5), 3.63¢
6H,s), 3.76(6H,s), 4.93(2H,s), 4.99(1H,d,J=3.5), 5.07(2H,s), 6.26
(2H,s), 6.53(1H, dd, J=8, 2), 6.59(1H,d4,J=2), 6.71(1H,d,J=8),

7-.20-7.45(10H,m). MS(70eV): showed the same fragmentation pattern

as the erythro isoﬁer. uv AiggH

nm(logbe):278(3.58).
Triacetyl esters (6a) and (6b)

B-Hydroxy ester (5a, 837 mg, 1.5mM) was dissolved in 20 ml
of dioxane/ethanol (1:1) containing 450 mg of 5% Pd—C and stirred
under hydrogen for 5 hours. After confirmation of the disappear-
ance of the starting material by silica gel TLC developed with

CHCl3, palladium charcol was filtered off and washed with ethanol,
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The solvent was evaporated in vacuo, and the residue was acetylated
by dissolying in 10 ml of pyridine/acefic anhydride(1l:1) at room
temperature for 20 hours. The reéction mixture was diluted with
50 ml of ether, and transferred into a 100 ml of separating
funnel and washed with 10% HC1l solution (10x2 ml), brine(10 ml)
and a saturated NaHCO3 solution(10x2 ml), sucoessi?ely. The ether
solution was dfied over Nazsou and evaporated in vacuo. The col-
orless crystal(6a, 750 mg, 99% yield) which was recrystallized
from ethanol was obtained. Triacetyl ester (6b) was also synthe-
sized by the same method described above from B-hydroxy ester
(5b) in 95% overall yield.

Erythro triacetyl ester (6a): Mp 161-161.5°C. Anal.Caled.
for_C25H28Oll: C,59.52;H,5.59. Found:C,59.44;H,5.69. IR(KBr):

1773, 1755, 1613, 1255, 1205, 1140 cm~% NMR §(ppm:CDC1,): 1.85
(3H,s), 2.29(3H,s), 2.31(3H,s), 3.57(3H,s), 3.80(6H,s), 3.83(3H,
s), H.04(1H,da.J=9), 6.42(1H,d,JT=9), 6.39(2H,s), 6.90-7.10(3H,m).
MS(70eV): SOM(MT 5.7), 462(15.7), 413(2), 402(2.1), 360(15.5),
302(4), 280(3.1),’268(1&.3), 238(25.7), 225(64.3), 196(28.5),
183(100). UV A2 %% nn(1log ¢):274(3.69), 279(3.68).

Threo triacetyl ester (6b): Mp 164°C. Anal.Caled. for Cys
H28Oll: C,59.52;H,5.59. Found:C,59.01;H,5.69. IR(KBr): 1775,
1753, 1610, 1205, 1132, 1032 Cm_.-l NMR 6<ppm:CD013): 2.10(3H,s),
2.24(3H,s), 2.25(3H,s), 3.67(6H,s), 3.69(3H,s), 3.76(3H,s), 3.93
(1H,d,J=10), 6.14(1H,d,J=10), 6.62(1H,d,J=2), 6.74(1H,dd,J=8,2),
6.90(1H,d,J=8). MS(70eV): showed the same fragmentation pattern

as the erythro isomer. UV Aiganm(log €):274(3.60), 279(3.58).

1,2-Diarylpropane-1,3-diols {1la) and (1b)
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To a stirred solution containing 228 mg (6mM) of LAH in 20
ml of anhydrous THF, 504 mg (1mM) of the triacetyl ester (6a)
dissolved in 10 ml of anhydrous THF was added dropwise at SOOC
under nitrogen for a period of 30 min. and the stirring was con-
tinued for additional 2 hours. The reaction mixture was cooled
to 0°¢ and 1 ml of water dissolved in 4 ml of THF was added
dropwise for decomposition of excess LAH. The aluminum .complex
was decomposed by adding of dry ice, and the resulting inorganic
salts was filtered off and washed with ethyl acetate. The fil-
trate and the washings were combined and dried oVer Nagsoa, and
the solvent was evaporated in vacuo. A colorless crystal (298 mg,
85% yielQ)KWhich,gave one spot on the silica gel TLC developed
with 2.5% methanol/chloroform was obtained aﬁd recrystallizéd
from ethyl acetate. 1,2-Diarylpropane-1,3-diol (1b) was also
Synthesized by the method described above from the triacetyl
ester (6b) in 80% yield. _

Erythro 1,2-diarylpropane-1,3-diol (la): Mp 195—19800. Anal.
Calecd. for Cl8H2207:C,61.7O;H,6.33. Found:C,60.67;H,6.51. IR(KBr):
3560, 2910, 1615, 1520, 1463, 1280, 1225, 1125 emst NMR & (ppm:
CDCl3)(Acetate Fig. 2): 1.99(3H,s), 2.00(3H,s), 2.28(3H,s), 2.29
(3H,s), 3.38(1H,m), 3.73(3H,s), 3.74(6H,s), 4.21(1H,dd4,J=11,6.8),
b.46(1H,dd,J=11,7.5), 6.08(1H,d,J=6.0), 6.36(2H,s), 6.63(1H,d,J=
2), 6.77(1H,4d,7=8,2), 6.97(1H,d,J=8). MS(70eV): 35001t 0.5),
332(0.6),.330(0.8), 313(4.8), 302(100), 229(6.5), 167(27), 150

EtOH
(45.7). UV A~

nm(log €): 279(3.64).

Threo 1,2-diarylproapne-1,3-diol (1b): Mp 160.5%. Anal.
Calcd. for Cl8H2207:C,61.7O;H,6.33. Found:C,61.67;H,6.50. IR(KBr):
3400, 2900, 1625, 1520, 1465, 1435, 1235, 1130, 1028 cm=Y NMR &

(ppm:CDCl3)(Acetate, Fig.3): 2.04(3H,s), 2.13(3H,s), 2.27(3H,s),
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2.28(3H,s), 3.31(1H,m), 3.68(3H,s), 3.70(6H,s), 4.39(1H,dd,J=11,
6.0), 4.57(1H,dd,J=11, 7.Q), 5.97(1H,d,J=8), 6.27(2H,s), 6.46¢
1H,d,J=2), 6.68(1H,dd,J=8, 2), 6.93(1H,d,J=8). Uvaiganm(log £):

279(3.50).

Phenylboronates (8a), (8b), (9a) and (9b)

1,3-Propanediol derivatives (7a),(7b),(la) and (1b) (0.1mM,
each) and phenylboronic acid (0,1mM) in a mixed solution of an-
hydrous dioxane ( 1 ml) and anhydrous benzene (20 ml) was refluxed
for 4 hours collecting the water in a Dean-Stark head. After con-
vﬁ;rmation_gf the dissapearance of the starting compouud by silica
gel TLC,éthe solvent was removed, and then boronate formed was
purified by preparative TLC developed with 1.5% methanol/chloro-
form, and each phenylboronate wasbused for NMR spectrometry
without any crystallization.

Erythro phenylboronate (8a): NMR 6(ppm:CDCl3) (Fig.4):
3.7H(3H,s), 3.76(3H,s), 4.11(1H,d,J=3,y-Ha), 4.13(1H,dd,J=3, 1,
Y—He), 4.52(1H,q,J=3,B-H), 5.41(1H,dd,J=l, 3, a=H), 6.70-7.10¢
7H,m, aromatic), 7.20-7.50(3H,m, =B-@, m,p -protons), 7.85-8.05
(2H,m, =B-@, o-protons).

Threo phenylboronate (8b): NMRa(ppm:CD013)(Fig.5): 3.6L4(3H,
s), 3.84(3H,s), 4.27(1H,d,J=2, y-Ha), 4.31(1H,d4,J=2, y-He), 4.72
(1H,q9,J=2, 8-H), 5.42(1H,d,J=2, o-H), 6.70-7.20(7H,m,aromatic),
7.25-7.55(3H,m, =B-@, m,p-protons), 7.75-8.10(2H,m, =B-@, o-pro-
tons).

Erythro phenylboronate (9a); NMR 6(ppm:CDCl3)(Fig.6); 3.53
(1H,ddd,J=7, 6, 4.5, g-H), 3.62(3H,s), 3.69(6H,s), 4.319(1H,d,J=

6, y-Ha), h.321(1H,4,J=7, y-He), 5.42(1H,d,J=4.5, a-H), 6.16(2H,
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s, aromatic ), 6.19(1H,d,J=2, aromatic), 6.44(1H,dd, =8, 2, aro-
matic), 6.77(1H,d,J=8, aromatic),7.30—7.50(3H,m, =B-@, m,p-pro-
tons), 7.80-8.00(2H,m, =B—Q; o-protons).

Threo phenylboronate (9b): NMR 6(ppm:CDCl3)(Fig.7): 2.97¢(
1H,dt,J=10, 6, B-H), 4.32(1H,d,J=6, y-He), h.37(1H,d,7=10, y-Ha),
5.17(1H,d,J=10, a-H), 6.36(2H,s, aromatic), 6.44(1H,d4,7=2, aromatic),
6.66(1H,dd,J=8, 2, aromatic), 6.91(1H,d,J=8, aromatic), 7.20-7.50

(3H,m, =B-g. m,p-protons), 7.80-8.00(2H,m, =B-g, o-protons).

II-3-5 Summary

e

1-(41Hydroxy—3,5—dimethoxyphenyl)—2—(M-hydroxy—B—methoXy—
phenyl)—propane—l,3—diol‘(l), one of the main structural units

in hardwood lignin was synthesized. The key step of this synthe-
tic method 1s the condensation reaction between methyl benzyl-
homovanillate (3) and benzylsyringaldehyde (4). At this step,
lithium diisopropyl amide was used as base, and threo and erythro
isomers of g-hydroxy ester (5) whose ratio was about 3:1 were
obtained as crystal, respectively. These B-hydroxy esters (5)

were converted to the final compounds (1) by hydrogenation with
Pd-C and hydrogen, and subsequent acetylation and reduction with
lithium aluminum hydride. The configurations of these 1,2-diaryl-
propane-1,3-diols were established by NMR analyéis of ﬂheir
phenylboronates. The coupling constants between a- and B-protons
were 10 cps (threo) and 4.3 cps (erythro), respectively, and the

values supported these configurations.
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II-4 Syntheses of phenylcoumarans

II-4-1 Introduction

Phenylcoumaran structure, one of the main constitutional units,
in lignin is present in about 14% per Cg—uni%> and has been inves-—
tigated in relation to lignin reactions such as pulping, chemi-
cal utilization and biodegradation of lignin. Besides, the phenyl-

coumaran derivatives have been isolated from plant extractives2)

recently, and this has promoted interest in the studies of bio-
~genetlc differences between optically inactive lignin and optically
'égtive ligﬁans._To elucidate sgch pfoblems, the most suitable
phenylcoumaran compounds must be used in each experiment. Never-
theless, only two phenylcoumaran compounds, dehydrodiconiferyl
alcohol and dehydrodiisoeugenol, both obtained by dxidative cou-
plings of coniferyl alcohol and isoeugenol are availab;e, and
the general synthetic method of phenylcoumaran is not established
yet. In the previous Sections, the syntheses of guaiacylglycerol-
B-guailacyl ether 3)(Section IT-1) and l,2—diarylpropame-l,3—diolg)
(Section II-3) were described in a series of the synthetic studies
of lignin model compounds.

In this Section, the syntheses of dehydrodiconiferyl alcohol
and its derivatives, and the first general synthetic method of

phenylcoumaran are described.

I1-4-2 A new general synthetic method of phenylcoumarans

An "irrational" synthetic method for the phenylcoumarans

was reported by E.Schmid et al. earlier5) who demonstrated that
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on heating in N,N-diethylaniline at 22500 2-(l-arylally)-phenols
are transformed into trans 2—ary1—3—methyl‘coumarans by an abnor-
mal Claisen rearrangement, However,'3—hydroxymethyl coumarans can

-not be obtained by their method without any modification.

4 2 6
SO I I I
HO HO Route A Q +
—_— —_m —_
O 2 ] O OHOH OHOH CHO CH
.a l b A d

e
Route B

O OfOH O ogOH

Flg.l Synthetic pathway of phenylcoumaran

L e

In consideration of a "rational” synthetic method affording

3-hydroxymethyl ébumarans, the expected coumaran (a) is'thought
to be synthetically equivalent to 1,2-diarylipropane-1,3-diol
system (b) which could be obtained by the two synthetiec routes.
First, if the terminal hydroxymethyl group is assumed to be equi-
valent to the ester group, the compound (b) can be con&erted
anti-synthetically into B-hydroxy ester (c) which could be syn-
thesized by an aldol condendation between ortho-hydroxyphenyl
‘acetate derivative (d) and an aldehyde (c¢) (route A). On the
other hand, if the benzylcarbinol group is assumed to be equiva-
lent to the ketone group, the resultant B-hydroxy ketone (f)
might be synthesized by an aldol condensation of the deoxybenzoin
(g) with formaldehyde (route B). In the present Section, the

former possibility via a B-hydroxy ester intermediate is discussed.

II-4-3 Synthesis of dehydrodiconiferyl alcohol

The synthetic route of dehydrodiconiferyl alcohol (12) in
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Figv2 is divided into three main steps, i.e., the introduction
of a two carbon side cahin to CS—position of vanillin derivative
(compound 5), the formation of the phenylcoumaran ring, which
is a key step in the present synthetic method (compound 9), and

finally the side chain extention.

CH(OCH3)2 CH(O(:H3)2 CH(OCH3)2
T T CHy 5313 7%
I OCHy ~ OHC™"0CH5 N OCH4
OBzl (o} & 03zt
1 2 3
CHO CH(OCH,),

d. . 2

R OCH4100% R OCH3 803
08zt OBzl

4R= CHpC00CHs  5,R=CH,C00CH;

CH(OCH3)2

Fig.2 Synthetic route of dehydz‘odiconif‘eryl aleohol (12)

an—BuLi/DHF/EtZO/—3S°C.bFAMSO/NaH/DMF/r‘t.cHCI/MeOH/SOC.dCH(CCH Yo/
p-TsCH/MeCH/reflux.Lithium dilsepropylami

de/Benzyl vanillin/THF/
j7D°C.IMe3SiCl/Et N/THF/e .t Inia1n

u/TH?/SOOC.hﬂa/lOZPd-C/HEOle. t.

tap _= . F . Y On ku on (=00
874 EE,0/CH,C /v ¢ I Dihyaropyran/p TsO0H/CH,C1,/07C. 32CH,CH(~0CH,
=) 5Br/t~BuOK/ ¢ -BuOH-THF /re flux., Lioznc1/vhp/e. s .mHaBHu/MeCH/OOC .

The first target molecule (5) is assumed to be obtained by
the Claisen rearrangement of Q—allylvanillin; and subsequent
oxidative split-off of the carbon-carbon double bond of 5-allyl-
benzylvanillin derivative. The oxidation of 5-allyl-benzylvani-
11lin acetal gave 5-(2,3-dihydroxypropyl) and 5-formyl vanillin
derivatives in low yield even if the mildest condition (OsOa/

NaIOM) and resulted in deproéection of'aldehyde at Cl—position.
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Therefore, the compound (5) was finally obtained by the following
method (Fig.2). -

The compcund (1) was pfepared by Freudenberg et al. earlieré)
but the intermediate, 5-iodovanillin dimethylacetal, was unstable
and decomposed to the starting material without any acid catalysis.
Thus, this compound was prepared in over 90% crystal-isolation yield
form 5-1odovanillin by the benzylation and subsequent acetalization.
The compdund (1) was treated with n-butyl lithium in ether and
subsequent N,N-dimethylformamide to give the aldehyde (2) in
the quantitative yield. In this case, when l,3—didxolans were
used instead of dimethylacetal as protcting group, the cleavage
of the acétél occurred. It is assumed that this acetal is fairly
unstable because of the eledtron -donating effect of benzyloxy
group at p-position and in addition, coordination of lithium
cation to the two fixed oxygens of dioxolan having a cyclic
structure. It 1is considered that the coordination acts as a driving
force for the cleavage of the acetal, but in the case of dimethyl-
acetal with free rotation, lithium cation can not coordinate so
well. When THF was used as solvent instead of ether, the yield
was low with the formation of by-products, which was due to that
5-1lithio derivative is soluble and unstable in THF. The use of
the dimethylacetal as protcting group and ether as solvent are
therefore essential. i

Condensation of the aldehyde (2) with a commercially avail -

able methyl methylthiomethyi sulfoxide (FAMSO)7) in the presence
of sodium hydride in DMF and the subsequent acid-catalyzed meth-
anolysis of the resultant l—methylsulfinyl—l—méthylthioethylenyl
derivative (3) led to the formation of the compound (4) in 70%

yield.
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This methanolysis was condiserably sensitive to the concentra-
tion of acid, and the best yield was obtained under the reaction
condition of about 30% hydrogen chloride in methanol at 5°C for
60 hours. The aldehyde (L) was converted to the first target
molecule (5) in the gquantitative yield by the acetalization.
The next conversion of the compound (5) to the compound (9)
is the most significant and interesting step in the synthetic
route. Condensation of the compound (5) with benzylvanillin in
the presence of lithium diisopropylamide (LDA) in THF at- -70°C
afforded the expected B-hydroxyester (7) in 80% yields. The
ester gave\colorless crystals from ethyl acetate and n-hexane
and was }ound to be only a threo isomer, but not a mixture of

erythro and threo isomers generally obtained by aldol condensa-

tion reactions. The ratios of erythro and threo isomers cor-
responding to the g-hydroxyester (7) in the syntheses of guaiacyl-
glycerol-g-guaiacyl ether and 1,2-diarylpropane-1,3-diol were

found to be 3:13)and 1:34)

s respectively. Such condensations -
conceivably proceed via a six-membered fransition state, in which
the Eggg§diequatofialorientation of the bulky functional groups
(¢, and ¢B) 1s more favorable than cis orientation for each other
because of a steriec repulsiqn in a transition state (6). In the
present case, however, the only trans diequatorial oriegtation
might take place because of the extraordinary steric repulsion
with an additional steric hindrance of a benzyloxy group sub-
stituted on A-ring, and brought a highly stereoselective reaction
to give only threo isomer of B -hydroxyester (7). This inter-

bretation is supported by NMR of the ester (7); the methylene

protons of the benzyl group attached to the B-ring appear as a
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singlet at ¢§4.97, whereas those of A-ring give an AB type at §
b.34 (d, J=11) and &4.84 (4, J=11), respectively, due to a free
rotational hindrance,

It was difficult to obtain the expected diol (8) in high

yields by the hydride reduction under various conditions, e.g

<>
reduction with lithium alumin hydride at -50°, 0° and 50°C
and with sodium borohydride in the presence of Cu012 in THF at
reflux i temperature, etc. An'a—deoxy derivative of the diol (8)
was aiways obtained as a main product under these conditions.
However, the difficulty was finally solved by trimethylsilylation
of the ester (7) with trimethylsilyl chloride and triethyl amine
at room*tempefature and subsequent reduction with lithium alumi-
num ' hydride at 50°C afforded the expected diol (8) in 85% yield
after a purification by silica gel TLC developed with ethyl
acetate/n-hexane (1:3).

The diol (8), a key intermediate (b) in Fig.l, thus obtained
was unexpectedly easily converted to the phenylcoumaran (9) in .
85% yield by catalytie hydrogenation with 10% palladium on car-
bon and subsequent treatment with catalytic amounts of boron
trifluoride etherate in methylene chloride. On addition of boron
trifluoride etherate to the hydrogenated compound suspended in
methylene chloride, previously dried over alumina, the reaction
mixture turned yellow in a moment suggesting instahtaneous
formation of a quinonemethide-like intermediate in this cycliza-
tion.

The phenylcoumaran (9) was unequivocally identifiedygom—
paring with those obtained by the oxidation of dehydrodiconiferyl

alcohol (OsOU/NaIOu in ether and water, about 60% yield) and
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also by biodegradation of dehydrodiconiferyl alcohol with

8)

Fusarium solani M-13-1"‘. Since the trans configuration of

dehydrodiconiferyl alcohol was determined earlier9), the phenyl-
coumaran (9) must be Eﬁggg.

Finally, the sidechain extention of phenylcoumaran (9) to
dehydrodiconiferyl alcohol (12) was achieved. In general, malonic
acid derivatives have been used as a two-carbon source, but the
condensétion of a ditetrahydropyranyl ether derivative (10) with
these reagents did not proceed smoothly. And Wittig reaction

was found to be suitable for this purpose.

The‘Wittig reaction of the compound (10) with 3.0 mol. equiv.
‘ ’ 0)

of 1,3-dioxan-2-ylmethyl triphenylphosphonium bromidel in the
presence of potassium t-butoxide in THF at reflux temperature
and subsequent acid hydrolysis afforded the aldehyde (11) in
about 90% overall yield . The aldehyde was unequivocally identi-
fied comparing with those obtained by oxidative coupling of coni-

feryl alcoholll)and also by biodegradation of dehydrodiconiferyl _

alcoholSz.

The aldehyde (11) was finally converted to dehydro-
diconiferyl alcohol (12) in quantitative yield by sodium boro-

hydride reduction.

II-4-U4. Syntheses of dehydrodiconiferyl alcohol derivatives

To prove that the synthetic method thus established is a
general one, we tried the syntheses of various dehydrodiconiferyl
alcohol derivatives which are difficult to obtain in high yield

by oxidative couplings of p-hydroxycinnamyl alcohols. When

benzylsyringaldehyde was used instead of benzylvanillin at the
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stage of condensation with the compound (5) in Fig. 2 and the
subsequent reactions were followed; the final compound (137,
2—(4—hydroXy—3,S-dimethoxy) phenyl-3—hydroxymethyl—5 (3-hydroxy)
propenyl-7T-methoxy coumaran was obtained in almost the same

yield 1in the respective steps as in the cése of the compound
(12). The compound (13) seems to be important in hardwood lignin
which i§ known to be a copolymer of coniferyl and sinapyl alcohols.
Its dihydro derivative was actually isolated from hydrolysis

products of Mizunara (Quercus mongolica) woodl2).
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Fig. 4 IR spectrum of a dehydrodiconiferyl

Fig- 3 IR spectrum of a dehydrodiconiferyl alcohol derivacive (14)

alcohol derivative (13)

When géhydroxybenzaldehyde benzyl ether was used at the
stage of the condensation, the phenylcoumaran (14), 2-(p-hydroxy)
phenyl-3-hydroxymethyl-5(3-hydroxy) propenyl-7-methoxy coumaran
was obtained. The IR spectra of these compounds are shown in
Fig. 3 and 4, respectively.

Another possible rout (B) shown in Fig. 1 and also the con-
versions of the phenylcoumaran (9) to trimeric models Which con-
sist of phenylcoumaran and each of arylglycérol—s—aryl ether,

and 1,2—diarylpropane—l,3fdiol moleties, are in progress.

II-4-5. Experimental

5-Iodobenzylvanillin dimethylacetal (1)
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This compound was prepared from S5-iodovanillin by the
benzylation (benzyl chloride/K2003/Kl in DMF at 70°C) and then
dacetalization (trimethylorthoformate/B—TSOH in methanol at room
temperature) in over 90% yield. mp. L3°C (MeOH).

o-Formyl benzylvanillin dimethylacetal (2)

To a stirred solution of 5 ~-1iodobenzylvanillin dimethyl-
acetal (10.35g; 25mM) in 50 ml of ether (dridd over sodium metal),
n-butyl 1lithium (1.37 N) in n-hexane solution (20.07 ml, 27.5
mM) was added dropwise at -70°C under nitrogen over a period of
20 min. On addition of about one-half of n-butyl 1lithium, white
pTécipit%tés (Sflithio benzylvanillin dimethylacetal) appeared.
After: the addition of total n-butyl lithium, the temperature was
raised to -35°C, ahd 8.1 ml of DMF (105 mM, dried over‘moiecular
sieves 3A) was added over a period of 5 min. to give a pale
yellow clear solution which was partitioned between ether and
water; The aqueous layer was extradted with ether. The com-
bined ether solution was washed with brine three times and dried
over Na2SOM. The evaporétion of the ether in vacuo gave a
slightly yellow o0il which was crystallized from n-hexane to
give colorless crystals (7.88 g, 99.7%).

. C’
1

Mp. 55.5-56°C (n-hexane). Anal: Caled. for C18H5005¢
68.34; H, 6.37, Found: C, 68.17; H, 6.24. TR(KBr): 1705 cm™
NMRlé(ppm:CDClg): 3.31(6H,s), 3.92(3H,s), 5.13(2H,s), 5.28(1H,s),
7.20-7.45(TH,m). MS(70eV): 316(M) 2.6), 285(18.3), 257(L.4), 241
(1.8), 224(6.6), 193(14), 179€2.8), 166(18.8), 152(2.2), 136(3.4),
135(3.4), 91(100), 65(17.5). UV A" n(10g ¢): 320(3.45), 261.3

max
(3.83).
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5—(l—MethyISulfinyl—l—methylthioethylenyl) benzylvanillin dimethyl-

acetal (3) and 54carbomethoxymethy1benzylvanillin dimethyl

acetal (1)

To a stirred solution containing methyl thiomethyl sulfoxide
(FAMSO0)(1.25 g, 1lmM) and 5-formyl benzylvanillin dimethylacetal
(2) (3.16g, 10mM) in 30 ml1 of DMF, 254 mg of sodium hydride(50%
in mineral 011), which was washed with n-hexane at least three
times before use, was added at room temperature under nitrogen,
and then the stirring was continued for one hour at the same tem—
perature. The reaction mixture was poured onto . ice/water, and
the proauct\was extracted with ether. The ether extracts were
washed wgth,brihé at least three times , dried over Nazsou'and
evaporated in vacuo to give a pale yellow oil (4.17g). The oil
contained a small amount of impurity which is less polar and gives
a higher Rf value than the starting compound on silica gel TLC
developed with ethyl acetate/n-hexane (1;2). The product could be
used for the followingmethanolysis without purification because
the S-carbomethoxymethylbenzylvanillin was easily crystallized
- from methanol,

TR(KBr): 1054 em~t NMR G(ppm:CDCl3): 2.14(3H,s), 2.65(3H,s),
3.34(6H,s), 3.90(3H,s), 5.01(2H,s), 5.32(1H,s), 7.01(1H,d,J-1.5),
7.10-7.45(5H,m), 7.66(1H,d,J=1.5), 7.82(1H.s). MS(70eV): 422(M+,
2), H06(2.3), 391(1), 290(1), 375(2), 360(3),~359(3), 343(2), 327
(3), 315(7), 299(3), 295(3), 285(4), 269(34), 268(34), 252(35),
237(85), 223(100), 222(56), 207(28), 137(24), 91(74), 75(39).

Into the stirred solution of  the slightly -yellow oil (3)(
13.7g, 32.5mM) dissolved in 100 ml of methanol, hydrogen chloride

generated from 60 ml of conc.H2SOu and 40 ml of conec.HCl solution
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was bubbled at —2OOC over a period of one hQur; and then the
solution was stirred for 60 hours at BOC; The slightly red reac-
tion mixture resultéd was evaporatéd ;ﬁ vacuo to about 50 ml at
3OOC and partitioned between ethyl acetate and brine. The ethyl
acetate solution was dried over Nazsou‘and evaporatéd in vacuo
to give a pale yellow o0il which was crystallized from methanol
to give colorless crystals (8.14g, 703).
Mp 82.5-83°C (ether). Anal. Calecd. for CigH1g0s: C, 68.87 ;

H, 5.77, Found: C,68.64;H,5.78. IR(KBr): 1742, 1704 emTL NMR &¢(
ppm:CDClg): 3.60(3H,s), 3.62(2H,s), 3.93(3H,s), 5.13(2H.s), 7.28
(1H,d,J=2), 7.32(5H,broad s), 7.39(1H,d,J=2), 9.82(1H,s). MS m/e
(9): 310 (', 7), 282 (4), 245 (3), 240 (3.5), 223 (2), 222 (2),
192 (11), 164 (5), 163 (7), 135 (4), 134 (1), 133 (4), 121 (4),
107 (5), 105 (4), 91 (100), 65 (31). UV AeOtin(1og €): 273.2(k.
106),.308.8(3.78).

S—Carbomethoxymethylbenzylvanillin dimethylacetal (5)

The reaction mixture containing the aldehyde (4)(628 mg, 2
mM), trimethylorthoformate (1 ml) and Q~TSOH'H2O(6O mg) in methanol
(10 ml) was refluxed for 2 hours under nitrogen. After cooling
the reaction mixture, excess amounts of NaHCO3 (about 500 mg)
was added and then filtered off and washed with ethyl acetate.
The combined solution of the filtrate and washings wasgévgporated.
The products were partitioned between ether and a saturated NaHCO

3

solution. The ether layer was washed with brine, dried over Na2

SOM and evaporated in vacuo to dryness to give a colorless oil (
720 mg. quantitative yield). The oil gives one spot on TLC deve-
loped with methylene chloride and can be used for the subsequent

reaction without any purification, but must be dried in a vacuum
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desiccator containing PZOs overnight before use.

IR(KBr): 1746 emTl NMR 6(ppm:0DCl3): 3;33(6H;s), 3.59(5H,s),
3.89(3H,s), 5.02(2H,s), 5{32<1H;s), 6.87(1H,d,J=2), 6.97(1H,d,J=2),
7.15-7.45(5H,m). MS(70eV): 360(Mf, 3.5), 329(5.5), 314(3), 297(2.
5), 282(2), 269(5), 265(2), 254(2); 238(20), 222(5.5), 209(6),
207(7), 192(5), 179(8), 178(18), 165(4.5), 163(5.5), 149(k.5),
135(4), 121(4), 105(3.5), 91(100), 75(17), 65(27).

B-Hydroxy ester (7)

This compound was prepared by the modified methods previdﬁsly'
rggorted?’é?

To a stirred solution of lithium diisopropylamide (2.4mM),
brepared by the usual method in anhydrous THF ( freshly distilled
from benzophenone and potassium metal before use), 720 mg (2mM)
of the ester (5) dissolved in 5 ml of anhydrous THF was added
dropwise over a period of 40 min. at —7OOC under nitrogen. The
stirring was continued for additional 40 min. at the same tempera-
ture and then 484 mg of benzylvanillin (2mM) dissolved in 5 ml
of anhydrous THF was added dropwise over a period of 40 min.

After the stirring for oﬁe hour, a pale yellow reaction mixture
was partitioned between ethyl acetate and brine. The organic layer
was washed with brine until the washings became to neutral, dried
over Nazsoq and evaporated in vacuo to give a slightly &ellow

01l which was crystallizedrfrom ethyl acetate/n-hexane to give
colorless crystals (963 mg, 80%).

Mp 105°C (ether). Anal.Caled. for C35HagOg: C, 69.75 ; H,6.
36. Found: C,69.45 ; H,6.36. TR(KBr): 1737 cm~! NMR 8 (ppm:CDC1,):

3.23(6H,s), 3.57(3H,s), 3.62(3H,s), 3.76(3H,s), 4.34(1H,d,J=11),
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4.40(1H,d,J=9), 4.48(1H,d,J=11), 4.97(2H,d), 5.05-5.25(1H,m),
5.20(1H,s), 6.45-6.70(3H,m), 6.80(1H,d,J=2), 6.87(1H,d,J=2)- 7.15-
7.40(10H,m). MS(70eV): 360(1), 329(1.2), 314(0.5), 297(0.6), 296
(1.5), 242(1.5), 238(3), 222(1.2), 209(2), 207(2), 194(1), 191(1),
179(3.5), 178(4), 165(1.5), 163(2.3), 151(1.5), 150(1.5), 133(2),
121(2.3), 105(7), 91(100), 75(34), 65(77). UV Alcofnn(log &):280.2
(3.70).

Diol (8)

To a stirred solution of the B-hydroxy ester (7) (301 mg, 0.5
ml) diséolved in 5 ml of anhydrous THF, triethylamine (0.418ml,
3mM) and¢then'tfimethylsilyl chloride (0.19ml, 1.5mM) were added
at 0°c under nitrogen. After the stirring for 30 min. at room tem-
perature, the solution of TMS derivative was added dropwise into
a suspension of lithium aluminum hydride (76 mg, 2mM) in 10 ml
of anhydrous THF at SOOC over a period of 30 min. and the stirring
was continued for 30 min. The reaction mixture was partitioned -
between ethyl acetate and water, The agueous layer was extracted
with ethyl acgtqte. The combined ethyl acetate extracts were
waéﬁéd ﬁith brine, dried over Na2SO4 and evaporated in vacuo to
give a colorless oil which was purified by silica gel TLC deve-
loped with 2% methanol in methylené chloride to give a pure ex-
pected diol as colorless glass (24lmg, 85%). A

NMR S (ppm:CDC1,): 3.24(6H,s), 3.59(3H,s), 3.78(3H,s), 3.45-
4.15(3H,m), 4,34(1H,d,JT=11), 4.81(1H,d,J=11), 4.97(1h,d,J=8), &.
98(2H,s), 5.22(1H,s), 6.54(2H,broad s), 6.69(;ﬁ, broad s), 6.80

(2H,s), 7.15-7.40(10H,m).



Phenylcoumaran (9)

The diol (8)(250 mg, 0.44mM) and 10% Pd-C(100 mg) were _sus-
pended in 8 ml of methanol and stirred under hydrogen for 30 min.
at room temperature and then Pd-C was filtered off and washed
Wwith methanol. The filtrate and the washings were combined and
evaporated in vacuo to give a colorless glass in the quantitative
yield. To a stirred suspension of the product thus obtained in 10
ml of meﬁhylene chloride (dried over alumina, Alumina Woelm B,
Akt.1), one drop of boron trifluoride etherate was added at room
temperature under nitrogen, and the stirring was continued for
one hour, The reaction mixture was Washed with brine; dried over
ﬁ;ESOM andrfhen'evapofated in vacuo to give a colorless glass
(162 mg, 98%). |

Mp 135-136°C (MeOH). Anal.Calcd. for Cl8Hl8O6:C,65.MH s H,
5.49, Found: C,65.18 ; H,5.60. IR(XBr): 1685 emTl NMR é(ppm:CDCls):
3.55-4.10(3H,m), 3.84(3H,s), 3.92(3H,s), 5.67(1H,d,J=7), 6.8L4(3H,
s), 7.29-7.40(2H,m), 9.7(1H,s). MS(70eV): 330(M+, br.5), 312(100)3
300(59.6), 297(97.5), 280(34.5), 269(16.4), 252(24.8), 239(35.6),
223(15.1), 211(21.2), 197(16.6), 183(14.5), 181(15.5), 178(13),
169(12.5), 152(13.4), 137(25). UV Ax:anm(loge): 235.1(4.26),
289.4(4.14), 303(4.13).

Ditetrahydropyranyl ether (10)

To a stirred solution of the phenylcoumaran (9)(330 mg, 1mM)
and dihydropyran (1 ml, about 10mM) in 10 ml of methylene chloride,
3 mg of p-TsOH-H,0 was added at 0°C under. nitrogen. After the

stirring for 30 min., three drops of triethylamine was added

and then the reaction mixture was washed with a saturated NaHCOQ
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solution and brine, dried over Na2SJOLl and evaporated in vacuo to
give a colorless oil which was purified by silica gel TLC deve-
loped with ethyl acetate/n-hexane (1:2) to afford the pure ditetra-
hydropyranyl ether (10)(480 mg. 96;4%).

NMR d(ppm:CDCl3): 3.83(3H,s), 3.94(3H,s), 4.63(1H, broad t),

5.36(1H, broad t), 5.66(1H,m), 6.78-7.18(3H,m), 9.73(1H,s).

Aldehydeiof dehydrodiconiferyl alcohol(1l)

To a stirred suspension of the ditetrahydropyranyl eﬁher (10)
(480 mg, 0.96LmM) and.l,3—dioxan—2—ylmethyl triphenylphosphonium
bromide (1.24g, 2.9mM) in anhydrous THF (20 ml), 325 mg (2.9mM)
;% potaséiﬁm f-butoxide dissolved in 6 ml of anhydrous E—bﬁtanol
and 4 ml of THF was added dropwise over a period of 30 min. at
reflux temperature under nitrogen and the stirring was continued
for one hour. The reaction mixture was partitioned between ethyl
acetate and brine, and then the ethyl acetate layer was dried
over NaLzSOLl and evaporated in vacuo to give a yellow oil which
was purified by TLC developed with ethyl acetate/n-hexane (1:2)
to afford a slightly yellow oil which gives a strong magenta
coloration with phloroglucinol-hydrochloric acid reagent. The -
product obtained was dissolved in 10 ml of each of THF and 10%
hydrozhloric acid solution at room temperature under nitrogen and
stirred for 5 hours. After the disappearance- of the stdft;ng mat-
erial, the reaction mixture was diluted with ethyl acetate, washed
with brine three times, dried over Na,30, and evaporated in vacuo
to give an oil which was crystallized from methylene chloride/n-
hexane to give slightly yellow crystal (320 mé} 89.8%).

Mp 165.5-166.5°C (MeOH). Anal. Caled. for C, H, O,: C, 67.40;

2072076°
H,5.66, Found:C, 67.32;H,5.65. IR(XBr): 1670 cm-t NMR S(ppm:CDCl3):
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3.5o-ur05(3H,m); 3.84(3H,é), 3.91(3H,s), 5.59(1H,d,J=6.5), 6.51
(1H,dd,Jd=15, 7.5), 6.82(3H;S), 6.96(1H,d,J=1.5), 7.06(1H,d,$=l.5),
7.33(1H,d,J=15), 9.51(1H,d,J=7.5). MS(70eV): 356(M*, 60.3). 338(
100), 326(27.6), 323(60.3), 306(22.6), 295(17), 277(12.1), 177(9.
6), 165(12.1), 151(11.1), 137(22.9). UV Aenn(log &) 229.7(4,

29), 294(3.85, sh), 342.6(4.39).

Dehydrodiconiferyl alcohol (12)

To a stirred solution of the aldehyde (11)(178 mg, O.5mM)
dissolved in 3 ml of methanol and 2 ml of THEF, 12 mg of sodium
pgrohydfide‘(0.32mM) was added at OOQ under nitrogen. The stirring
was continued for 30 min. The reaction mixture was partitioned
between ethyl acetate and brine, and then the ethyl acetate layer
was dried over NaQSOLl and evaporated in vacuo to give colorless
crystals (175 mg, 98%).

Mp 165-166°¢C (ethyl acetate). Anal.Calcd. for C20H22O6: c,
67.02 ; H,6.19, Found: C,66.73 ; H,6.03. IR(KBr): agreed with
that reported earlier. NMR 5(ppm:d6—acetone): 3.54(1H, broad t,
J=6.5), 3.75-4.00(2H.m), 3.81(3H,s), 3.86(3H,s), 4.18(2H,d,J=5,
in the presence of one drop of DZO)’ 5.57(1H,d,J=6.3), 6.22(1H,d4d,
J=15.5, 5.0), 6.56(1H,d,J=15.5), 6.80-7.10(5H,m). MS(70eV): 358¢(
M+, 30), 340(95.5), 322(100), 307(75.5), 291(40.9), 279(27), 275
(23.9), 263(20.8), 247(23.9), 235(24.5), 165(20.9), 162(24.9),

151(24.5), 137(39.8). UV Agngnm(log e): 278 (4.29).

Dehydrodiconiferyl alcohol derivative (13)

Mp 158-159°C ( ethyl acetate). Anal. Calcd. for CppHy 0

C, 64.93; H,6.23, Found: C,6%.38;H,6.10. IR(XKBr): Fig.3. NMR §(
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(ppm:d6—acetone): 3.55(1H, broad t J=6), 3.65-3.95(2H,m), 3.76
(6H,s), 3.83(3H,s), 4.14(2H,d,J=5, in the presence of one drop of
D,0), 5.49(1H,d,J=5.2), 6.13(1H,dt,J=15.5, 5), 6.46(1H,d,J=15.5),
6.64(2H,s), 6.86(2H, braod gq), 7.08(1H, braod s). MS(70eV): 388
(1", 38.9), 370(84.0), 354(98.3), 353(83.8), 340(78.3), 323(85.7),
321(100), 309(4), 293(3.8), 279(3.8), 265(3.2), 252(84), 235(5),
219(3.3), 191(2.9), 181(3.9), 167(74.3), 163(87.4), 149(84.6).

uv Ao Man(1og e): 273(4.34).

Dehydrodiconifreyl alcohol derivative (14)

B Mp 155—15700 (ethyl acetate). Anal.Calcd. for Cl9H2005: cC,
69.50 ; H,6.14, Found: C,68.89 ; H,6.17. IR(KBr): Fig.4. NMR &(
ppm:d6—acetone): 3.47(1H; braod t,J=6), 3.65-3.90(2H,m), 4.16(2H,
d,J=5, in the presence of one drop of Dzo), 5.5( 1H,d,J=6), 6.12
(1H,dt,J=15.5, 5), 6.43(1H,d,J=15.5), 6.71(2H,d,J=8.5), 6.84(2H,
braod q), 7.13(2H,d,J=8.5). MS(70eV): 328(M',82), 310(100), 298(
H7.2), 294(30), 282(50), 280(38.8), 267(27.2), 253(19.2), 237(18),
221(16.8), 219(16.8), 207(16.8), 181(18.8), 165(25.2), 152(16.8),
131(28.8), 121(36), 115(28), 107(56.4), 91(19.8), 77(27.3), 65(

MeOH

18.8), 55(28.2). UV Amax nm(log e):274.5(4.31).

II-4-6 Summary

The first general synthetic method of phenylcoumarans was
established starting from vanillin. The present synthetic method
must be important not only in the fields of lignin chemistry

but also extractives, e.g., lignans.
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IT-5 Syntheses of trilignols composed of phenylcoumaran and

B-0-4 structures

II-5-1 Introduction

The general synthetic method of phenylcoumaran was described

l). In this Section, the syntheses of the tri-

in previous Section
lignols composed of phenylcoumaran and g-0-L structures are describ-
ed. The trimer is generally difficult to obtain by oxidative
couplings of p-hydroxycinnamyl alcohols. The syntheses of the
compounds(?) and (8) should be important for the following reasons:
1) Demonétratioﬁrfor the applicability of B-ether synthetic
method‘previouly describedz)(Section ITI-1) to the syntheses of the
trimeric lignin model compounds. 2)Acidolysis product due to the
phenylcoumaran attached to the B-0-L component has been actually
isolated3) and such a structure is considered %o play a fairly
important role in 1ignins. 3) The compounds (7) and (8) must be -
useful for the studies of lignin reactiorns such as pulping, chem-
ical utilization and biodegradation of lignin. The lignin monomers
and dimers exist as the bonded units to consist lignin polymer,
and not as individual entities for each other. Nevertheless,
the lignin model compounds used so far are only monomers and
dimers. It 1s reasonable to consider that thé chemical change
arising in one structural unit causes the different chemical
reactivity in another, as in the case of neighbouring participa-
tion of functional group in organic chemistry. For example, when
a benzylcarbinol group of the structural unit (a) in lignin mole-

cule 1s oxidized to keto group, the structure (b) which expressed
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as a resonance hybrid (c¢) is formed. Accordingly the ether bond
between R" and oxygen must be unstable than in the case of Ha),
and which results in easy deoompositiOh to R"€B and the structure
(d) as shown in Fig.1l. Actually, syringaldehyde has been obtained
from 3,4,5-trimethoxybenzaldehyde by the selective demethylation
with sodium p-thiocresolate in 90% yie1d§) For such a experiment,

trimeric compounds could be used conveniently.

. R‘ R‘ R’ R*
R- R': : ;E(c} R': :%’ R"
v OH _. o 0 o o]
R SR R R+
\OK)/‘;O) ‘0' :\8 e QKJ*
OcH, OCH, OCH, OCH,
a b c

Fig. 1 Effects of neighbouring groups in lignin
molecule

11-5-2 First syntheses of trilignols

The synthetic route to trilignol (8) shown in Fig.2 is divi-
ded into three main steps, 1.e., the synthesis of a-phenoxy acetate
derivative (1 — 4), the synthesis of B-hydroxy ester by an aldol
condensation ( 4 + 5 —= 6) and finally the transformation of -
functional groups in the side chain ( 6 — 8).

In the first step, coniferyl alcohol was used instead of
coniferyl aldehyde (3). That is, coniferyl alcohol was converted
to a-phenoxy acetate derivative with methyl monochloroacetate
and base by the usual method, and then thehjdroxyl group was pro-
tected with tetrahydropyranyl (THP) ether. Tﬁe subsequent” reac-
tions were followed in the. reasonable yields except that the
final step, the acid-catalyzed hydrolysis of THP'ether, resulted
in low yield. In general, coniferyl aldehyde is more stable than
coniferyl alcohol under acidic condition and reduced to the alcohol

with sodium borohydride in a high yield. Coniferyl aldehyde was
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then used as the starting material in the present syntheses.
Although many synthetic methods for coniferyl aldehyde  has
5)

been reported so far-’, the present method is the easiest and gives the

best yleld. Because, the oxidation of an allylic alcohol with

26) generally gives an aldehyde in a high yield in

active MnO
non-polar solvent, especially, carbon tetrachloride which can
dissolverthe THP ether of methyl ferulate. The overall yield
from methyl ferulate was about 70%. This synthetic method will be
reported in detaill elsewhere together with the syntheses of'other
lignin monomer, p-hydroxycinnamaldehyde and sinap aldehyde7).

- Thé coniferyl aldehyde (3) was converted to the a=phenoxy
acetate éerivatiVe with methyl monochloroacetate and potassium
carbonate and then thé aldehyde group of the derivative was pro-
tected with dioxolan to give the compound (4) in 74.6% overall
yield. When dimethyl acetal which could be easily obtalined by the
reaction with methyl orthoformate and catalytic amounts of p-
toluenesulfonic acid was used as a preliminary, the subsequent -
condensation reaction gave g-hydroxy ester in only 67.5%. And it
was shown that dimethyl acetal is more labile than dioxolan
and partly decomposed to aldehyde during drying in a desiccator
with PBOS before use. Dioxolan derivative (&) gave the B-hydroxy
ester (6) by the condensation with phenylcoumaran (5)1)_as a
colorless glass in 85% yield after purification by siliga“gel TLC
developed twice with ethyl acetate/n-hexane (1:1). On the NMR
spectrum of the g-hydroxy ester (6), respective protons attached
to the side chain appear as fairly isoclated peaks for each other

as assigned in the experimental section, nevertheless the B-hydroxy

ester (6) has six asymmetric carbons. It is considered on the basis of
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CH=CH-COOCH3 CH=CH-CH, OH CH=CH-CHO
a-b c-d 2-F

: -2 .
OCH 2% Hy 715 CE -
3 oc OcH

H omHp : on 3

3

“Dihyjropyran/p-?soa/CH2c12/o°c.bLiAlﬁu/THF/-zscc.°Mn02/cc1u/

s vl x"t.dlfl—HCI/THF‘/r‘.t.eCICHZCOOCHs/K2C03/KI/acetone/rer‘lux.

. fsthylene g1ycol/p—TsOH/benzene/reflux.7L1thium dlisopropylanide/
THF/be low —7OOC.nLiAlHu/THF/SO-SODC.prridinium p-toluenesulfonate/

ethanol/50°C. 7 biasH, /methano1/0°C.

Fig. 2 Synithetic route of trimeric lignin model composed of phenylcoumaran
and 7-0-4 structures

the discussion of six-membered transition state reported precious-
lyl) that the erythro form is predominant in the configuration
between o' and B{Qcarbons although no experimental evidence has .
been obtained.

The B-hydroxy ester (6) was reduced with lithium aluminum
hydride to 1,3-propane diol derivative whcih was then subJected
to the hydrolysis of THP ether in ethanol with a tenth equivalent
of pyridinium_Q—toluenesulfonate8) at SOOC, and the trimeric al-
dehyde (7) was obtained in 65.8% overall yield. The tri%eric al-
dehyde gavean strong magen@a coloration with phloroglucinol-HC1 reagent
gradually turning blue with 2,6-dichloro-quinone chloroimide/
IN-NaOH solution and orange-yellow with alcoho}ic 2,4-dinitro-
phenylhydrazine/HC1 solution, respectively. The NMR spectrum is

shown in Fig.3. Finally, sodium borohydride reduction of the
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trimeric aldehyde (7) obtained gave the target’molecule, triliéhol
(8) composed phenylcoumaran and 8-0-l4 sturctures in 96% yield.

Tﬁe NMR spectrum of this compound is shown in Fig.4. The trilignol
(8) was fairly susceptible to air oxidation and gave the trimeric
aldehyde (7) in about 20% on standing at room temperature for a
month. This observation reasonably explains that freshly cut and
thoroughly extracted sections of Spruce wood gave a strong color-

ation . for coniferyl alcohol groups, and that the reaction was

70 50 =0 X 30 70
5 (Pev)

Fig: 3 NMR spectrum. of trimeric aldehyde (7)

5 R
i P
Je——y rr
| IEL] &0 S0 «0 30 29

5tpew
Fig. 4 NMR spectrum of trilignol (8}
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negative for sections stored in air for six monthsg).

Here, it was confirmed that our synthetic method of B—ether
lignin model can be applied to thefsynthesis of trilignol. It is
suspected that the other methods hitherto reported may give

unsatisfactory results in the synthesis of the trilignol (8).

II-5-3 Experimental

Coniferyl aldehyde (3)

This synthetic method will be reported in detall elsewhere .

‘ togethef with the syntheses of other lignin monomers, g—hydroxy
cinnamaldehyde and sinap aldehyde7)
O Phenoxy acetate (4)

The reaction mixture containing coniferyl aldehyde (1.7g,
9.5mM), methyl monochloroacetate (1.0 ml. 11.5mM), potassium
iodide (2g, 12mM) and potassium carbonate (1.66g, 12mM) suspended
in acetone (30 ml) was refluxed for 5 hours with vigorous stirring
and then cooled to room temperatufe. The i1norganic salts'were
filtered off and washed with acetone. The combined filtrate and
washings were evaporated in vacuo to dryness. The products were
partitioned between ethyl acetate and brine. The ethyl acetate
layer was dried over Nast_q and the evaporation of the Fthyl
acetate in vacuo gave a slightly yellow oil which was crystallized
from ether to give colorless crystals (2.13g, 91.4%).

Mp 108.5-109.5°C (ether).IR(KBr): 1740, 1670 cm™t

NMR &(ppm:
CDCIS): 3.79(3H,s), 3.92(3H,s), 4.72(2H,s), 6.56(1H,dd,J=16, 8),
6.78(1H,d,J=8), 7.16-6.98(2H,m), 7 36(1H,d.J=16), 9.59(1H,d,J=8).

The suspension containing the aldehyde obtained above (1.22g,

m
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5mM), ethylene glycol (1.4 ml, 25mM) and EfTsOH-Hzo (50 mg) in °*
dry benzene (100 ml) was refluxed for 1.5 hours with vigorous

- stirring. During the reaction, the water formed was collected
azeotropically in a Dean-Stark head. The reaction mixtﬁre was
cooled, neutralized by the addition of a solid NaHCO3 ( about 500
mg) and washed with brine at least three times. The benzene solu-
tion was dried over NaZSO4 and evaporated in vacuo. The resultant
slightlyryellow syrup was crystallized from methanol to give
slightly yellow needles (1.2g, 81.6%).

Mp 76—7700 (methanol). IR(KBr): 1769 cm—} NMR é(ppm:CDCl3):
§:78(3H5s), 3.88(3H,s), 3.87-4.09(L4H,m), 4.68(2H,s), 5.39(1H,d.J=
6), 6.03(1H,dd,J=16, 6), 6.69(1H,d,J=16), 6.67-7.02(3H,m). MS(70 |
eV): 298(M+, 85.6), 222(i00), 149(95.2).

B-Hydroxy ester (6)

To a stirred solution of lithium diisopropylamide(0.92mM),
prepared by the usual method in 10 ml of anhydrous THF (freshly
distilled from benzophenone and potassium metal before use), 265
mg (0.92 mM) of a-phenoxy acetate (4) dissolved in 3 ml of anhy-
drous THF was added dropwise over a period of 30 min. below —7OOC
under nitrogen. The stirring was continued for an additional 30
min. at the same temperature and then 227 mg (0.46 mg) of phenyl-
coumaran (5)1) dissolved in 3 ml of anhydrous THF was édd@d drop-
wise over a period of 50 min. After the stirring for 30 min., the
pale yellow reaction mixture was partitioned between ethyl acetate
and brine. The organic layer was washed with bfine until the wash-

ings became neutral, dried over Nazsou and evaporated in vacuo

to give a slightly yellow Syrup which was purified by a silica gel
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TLC developed twice with ethyl acetate/n-hexane(1:;1) and then
the pure g-hydroxy ester (6) was cbtained as a colorless galss
(305.3 mg, 84.4% based on the startng phenylcoumaran).

1

IR(KBr): 1755 cm” . NMR 6(ppm:CDC13): 3.70(3H,s), 3.84(3H,s),

3.86 and 3.88(6H, two singlet), 3.85~u.15(4H,m,—o-CHQCH2-o-),,u.
63(1H, braod t, -0-CH-0- of" -O-THP), 4.69(1H,d,J=5.5, B'-CH-),
5.12(1H,m, o'-CH-), 5.37(1H, braod t, -0-CH-O- of pehnolic -0-

THP), 5.#1(1H,d,J=6, y"-CH-), 5.58(1H,m, a-CH-), 6.01(1H,dd,J=

16, 6, g"=CH-), 6.69(1H,d,J=16, a"-CH=), 6.65-7.20(8H,m). MS(70eV):
413(14.5), 329(7.2), 328(7.2), 312(58), 300(47.1), 294(65.2), 280
QEO.H),\273(7-2), 235(13), 222(66.7), 149(62-3), 137(29), 121(14.5),
102(20.3), 85(68.8), 84(62.5), 83(34.8), 55(100). uv AMEOHn (10, e):
269(4.31), 300(3.85, Sh);~

Trimeric aldehyde (7)

To & stirred solution of lithium alumintim hydride (64.6 mg,
1.7mM) suspended in anhydrous THF (10 ml), 273 mg (0.34mM) of g-
hydroxy ester (6) in anhydrous THF (10 ml) was added dropwise
over a peridd of 40 min. at 50-60°C under nitrogen. The stirring
was continued for an additional 30 min. After decomposition of
excesé hydride by the addition of water-THF mixture at OOC, the
reaction mixture was partitioned between ethyl acetate and water.
The ethyl acetate layer was washed with brine, dried over Nastu
and evaporated in vacuo to give a colorless o¢il which wéskpurified
by silica gel TLC developed +twice with ethyl acetate/gfhexané
(1:1) to give a pure diol compound (243.7 mg, 94%).

NMR 6(ppm:CDCl3); 3.85(3H,s), 3.91 and 3.?3(6H, two singlet),
3.85-4.15(&H,m,~O-CHZCH2—O-), 4.66(1H,m,-0-CH-0- of y-0-THP), 4.77

(1H,m, &'-CH-), 5.41(1H,m, -0-CH-O- of phenolic THP), 5.44(1H, 4,
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J=6, y"-CH-), 5.60(1H, broad't, a=CH-), 6.10(1H,dd,J=16, 6, g"=CH-),
6.76(1H,d.J=16, o"-CH=), 6.80-7.20(8H,m). -

The diol compound obtained above (235 mg, 0.31mM) and‘pyri—
dinium p-toluenesulfonate (7.8 mg, 0.031 mM) was dissolved in 10
ml of ethanol and heated at 50°C for about 16 hours. The reaction
mixture was partitioned between ethyl acetate and brine. The ethyl
acetate layer was dried over NagsOa, evaporated in vacuo to give
a yellow 01l which was purified by silica gel TLC developed with
7% methanol/methylene chloride to yield g pure trimeric aldehyde
(7) (120 mg, 70%) as a slightly yellow glass.

ggél.Calcd. for C3OH32010: ¢, 63.15 ; H,6.01, Found: C, 63.
/CD

57 3 H,5.97. TR(KBr): 1666. NMR § (ppm:CDC1 OD): 3.56(1H, coll-

apsed t, g~CH-), 3.82(3H,s), 3.87(3H,s), 3?88(§H,s), 4.34(1H,m,
B'-CH-), 4.94(1H,d,J=5.2, o'-CH~), 5.49(1H,d,J=6.5, a-CH-), 6.56
(1H,dd,J=15.8, 7.3, g8"=CH-), 6.73-7,18(8H,m), 7.36(1H,d,J=15.8,
o"-CH=), 9.56(1H,d,J=7.3, y"-CHO)(Fig.3). MS(70eV): 552(M", 3.5),
534(3.7), 522(9.3), 516(1.7), 504(5.8), 486(1.5), L474(0.9), 356( -
10), 344(13), 340(21.9), 328(57.8), 312(56.9), 300(28.1), 204(
32.5), 192(17.2), 178(100), 161(29.7), 147(26.6), 137(36.9), 107

(18.8). UV A o nm(log e): 236.2(4.41), 288.2(4.18), 336.5(4.32).

Trilignol (8)

To a stirred solution of the trimeric aldéhyde (7) (&7 mg,
0.085 mM) dissolved in 3 ml of methanol, 3.2 mg (0.085mM) of NaBHu
was added at 0°C under nitrogen. The stirring was continued for
10 min. The reaction mixture was partitioned between ethyl acetate
and brine and then the ethyl acetate layer was dried over Nazsou.

Evaporation of the solvent in vacuo gave a colorless 61l which
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afforded a pure trilignol (8)(#5 mg, 96%) by a silica '
gel TLC developed twice with 7% methanol/methylene chloride:
Anal.Calcl.for C3OH§M010.H2O: c,62.92 ; H;6.3u, Found:C,63.61
; H,6.40. NMR 6(ppm:CD013/CD3OC): 3.50(1H,m. B-CH-), 3.74-3.76
(6H, two singlets), 3.80(3H,s), 4.18(2H,d,J=4.8, Y"—CH2—), b,.86¢(
1H, colapsed d, J=4.6, a'-CH-), 5.43(1H,d,J=6, a-CH-), 6.10(1H,
colapsed dt, J=16, 4.8, B"=CH-), 6.41(1H, broad d,J=16, a"-CH=),
6.61-7.1i(8H,m)(Fig.u). MS(70eV):554 (M, 2.1), 536(2.3), 524(2.5),
518(2.5), 506(6.2), 356(12.9), 344(9.2), 340(12.9), 328(25.9),
312(14.8), 300(17.9), 206(100), 180(30.2), 137(39.4). uv AMe0H

max

(log €): 267.1(4.23), 285(4.06,sh), 300(3.76,sh).

II-5-3 Summary

A trilignol (8) composed of phenylcoumaran and B-0-1 Struct—
ures was synthesized in high yleld in a series of the synthetic
studies of lignin model compounds. This synthetic method should .
be important for the studies of lignin reactions such as pulping

chemlcal utilization and biodegradation of lignin.
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IT-6 Synthesis of a trilignol composed of phenylcoumaran and

B—listructures

IT-6-1 Introduction

o

A trilignol -(5) composed of phenylcoumaran and g-1 structures
has been isolated from the lignin hydrolysis products of Ezomatsu

(Picea jezoensis) as an optically inactive compoundl>. Such a st-

ructural unit is considered to play an important role in lignin,
and its synthesis is believed to be useful for the studies of
lignin reaction such as pulping , chemical utilization and especi-
ally bilodegradation-of lignin.

An optically active trilignol (5) was recently isolatedz)

from the heart wood extractives of Japanese larch (Larix leptolepis

Gord.), which is interested in relation to study of biogenetic

differences between optically inactive lignin and optically active

lignans.

Thus, the trilignol (5) is really attractive compound in
such fields, but the synthetic method has not yet been reported.

The synthesis of a trimeric lignin model compdund composed of

phenylcoumaran and g-0-4 structures was described in Section II-

53). In this Section, the synthesis of the trilignol (5) is described
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starting from methyl homovanillate benzyl ether (1) and phenyl=’
coumaran (2)4)’ in a serles of the synthetic studies on ligain

model compounds.

II-6-2 A high yield synthesis of the compound

The synthesis of trilignol (5) may be easily understood
based onithe synthetic method of 1,2-diarylpropane-1,3-diol previ-
ously reportedS); the compound might be synthesized from homo-
benzoic acid derivative (1) and benzaldehyde derivative (2) as
s@gwn in Fig.1l. Lithium enolate prepared from methylhomovanillate
benzyl ether (1) and lithium diisopropyl amide (LDA) reacted suc-
cessfully with the phenylcoumaran (2) in THF below —7OOC to give
the expected B-hydroxy ester (3) in 87% yield. The compound (3)
wheilh contains six asymmetric carbons may occur theoretically as
a mixture of thirty two diastereomers. However, the phenylcoumaran
ring is fixed trans and then the compound (3) presently prepared
is considered to consist of sixteen diastereomers. The B-hydroxy
ester (3) gave two spots with Rf-value 0.45 and 0.35, respectively,
on a silica gel TLC plate developed with ethyl acetate/n-hexane
(1:1). Since these two spots become a single spot after acid hy-
drolysis of THP ethers, the separation of these two compounds is
not needed at this stage. The NMR spectrum of the compaﬁnd (3)
is too complicated to be a;signed, but the spectrum supported the
existence of phenylcoumaran moiety as shown by the acetal protons
of alcoholic and phenolic THPs at &4.00-4.20 (1H,m) and §5.33(1H,
m), respectively, g-methine proton of phenylcoumaran at §5.51

(1H,m) and furthermore, homovanillate moiety by the benzylic me-
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thylene and a';methine protons at $§4.94-5.17(3H,m) and aromatic
protons of benzyl ether at ¢7.17-7.39(5H,m). IR spectrum also
showed the existence of the ester group at 1745 cm‘l. These data
and the reaction mechanism support that the structure exactly

corresponds to the expected B-hydroxy ester.

4
OCH3 OCH,

Fig: 1 Synthetic route of a trimeric lignin model composed of phenylcoumaran
and #-1 structures
Lithium diisopropyl amide/THF/ below —~70°C. 2 A¢OH-H, 0 (9:1)/50°C
(78.3%). ©H,/10% Pd-C/MeOH/r.t. (97.4%). 4 Ac;0/Pyridine/EtOA¢/50°C
(99.2%): *Lithium aluminium hydride/THF/30°C.

The conversion of the B-hydroxy ester (3) to trilignol (5)
might be accomplished by the two methods, i.e., 1) LAH reduction
to diol derivative and the subsequent removal of the protecting
groups and 2) the removal of the protecting groups and the sub-
sequent LAH reduction. The former method which had been used for
the synthesis of trilignol composed of phenylcoumaran aéd-B—O—M
structures was examined first3). The LAH reduction of the B-hydr-

oxy ester (3) in THF at SOQC gave three spots on a silica gel TLC
plate developed with ethyl acetate/n-hexane(l:1), in which the

lowest spot gave the expected diol derivative in only 40% yield

after the purification by TLC. The other two compounds were found
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to be reduction products from the compound (1) and (2) in 45% and 50

% ylelds, respectively. The formation of. these two by-produets

are due to the retro-aldol condensation of the B-hydroxy ester

under the LAH reduction condition. This retro-aldol condensation

was avolded to some extent by the frimethylsilylation of the 8-
hydroxy ester before LAH reductionu) and the yield was improved to 66.6
% by this treatment. A similar result had been also obtained in

the syntﬁesis of the dimeric l,2—diary1propane—l.3—diolsS). For

the complete elimination of such an unexpected reaction, however,

the second method shown in Fig.l was carried out.

N " i i
3600 2800 2000 1800 1500( h 1200 1200 1000 800 €00
<m-!

Fig. 2 IR spectrum of a trilignol {5)

L0 30
§ (PPM}

Fig. 3 NMR spectrum of a penraacetyl trilignol (5)

B-Hydroxy ester (3) was dissolved in a solution of acetic
acid/H2O(9:1) and heated at SOOC for 30 min. uﬁder nitrogen. The

expected triol derivative wheih was obtained in 78.3% yield was
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subjected to the catalytic hydrogenation on 109% palladium carbon
to afford the tetraocl derivative in 97.6% yield. The acetylation
of the tetraol gave the tetraacetyl ester (4) in 99.2% yield.
The LAH reduction of the tetraacetyl ester (4) at 50°C in THF
gave target molecule, trilignol (5) in 947% yield expectedly.

The trilignol (5) is slightly hygroscopic and its elementary
analysis corrected for the addition of one mole of water agreed
very cloéely with the calculated value. The spectroscopic data,
UV, IR (Fig.2) and Mass were completely identical with thosé of

the lignin hydrolysis product from Ezomatsu (Picea jezoensis)

isolatéd.by Sano et g;.l) The structure of the isolated trilignol
was, theTefore,'confirmed by this synthetic method except for the
stereochemistry of the side chain.

NMR analysis of the trilignol (5) is difficult because of
overlapping of the signals of hydroxyl groups and the protons of
the side chains, and then, the NMR spectrum of the acetylated com-
pound was analyzed as shown in Fig.3.Respective peaks of the pro-
tons attached to the side chains could be easily assigned by the
decoupling method as shown in Fig.3. Although B-proton of the
compound could not be found because of overlapping with methoxyl
groups, two doublet peaks of g-methine protons at 85.M6 and 5.51
gave a broad triplet by the irradiation at §3.70 assigned genera-
11y as the g-methine proton of phenylcoumaran. On the éther hand,
two doublet peakslof a'-methine proton at §5.90 and 6.03 gave a
broad doublet by the irradiation of the g'-proton at 63.40. It
was found that the NMR spectrum is somewhat different from that
of the isolated compound. The difference betwéen the synthetic

and isolated trilignols seems to be ascribed to the different
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ratio of the dlastereomers. Triiignol containiﬁg four asymmetric
carbons in which two asymmetric carbons of phenylcoumaran ring
are fixed trans, is considered to be a mixture of four diastereo-
mers, a(S)-g(R)-a"(R)-B"(R), a(S)-B(R)=-a"(S)-B8"(3), a(S)-8(R)-g"

(8)-B"(R), a(3)=B(R)-a"(R)-B"(S), respectively. However, threo

isomers, a(S)-B(R)-a"(R)-B"(R) and a(S)-B8(R)-a"(S)=8"(S) seems

to be predominant than erythro isomers, oa(S)-8(R)-a"(S)=-8"(R) and
a(S)-B(R);a"(R)—B"(S) based on the reaction mechanism via six-mem-
bered transition state containing lithium at the step of B-hydroxy
ester synthesis. However, no evidence supporting this reasoning
has been obtained by this NMR spectrum.

It should be nofed that a- and oa'-methine protons appear as
two doublets with almost the same ratio which is reasonably under-
stood to correspond to threo isomers rather than erythro isomers.
To elucidate such a problem, NMR analysis of the phenyl boronate
and other six-membered cyclic kétal derivatives of the trilignol

(5) is in progress. )

II-6-3 Experimental

B-Hydroxy ester (3)

To a stirred solution of 1lithium diisopropylamide (0.7mM)
prepared by theusualnmthod, in 10 ml of anhydrous THF Efneshly
distilled from benzophenong and potassium metal before use), 200.2
mg (0.7mM) of methyl homovanillate benzyl ether (2) dissolved in
3 ml of anhydrous THF was added dropwise over a period of 30 min.
below —7OOC under nitrogen. The étirring was continued for addi-

tiocanl 30 min. at the same temperature and then 233.7 mg (0.469mM)
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of phenylcoumaran (1) dissolved in 3 ml of anhydrous THF was added
dropwise over a period 30 min, After the stirring for 30 min.,

the pale yellow reaction mixture was neutralized by the addition
of dry ice, and partitioned between ethyl acetate and brine.

The ethyl acetate layer was dried over NaESOu and evaporated ;Q
vacuo to give a slightly yellow syrup which was purified by a
silica gel TLC plate developed with ethyl acetate/g—hexane(2:3),
and thenApure B-hydroxy ester (3) was obtained as a colorless
glass (320 mg, 87% based on the starting phenylcoumaran).

IR(KBr): 1745 cm—%

NMR 6(ppm:CD013>: 3.54, 3.72, 3.80, 3.82
and 3.84(12H, five singlets), 4.00-4.20(1H,m, -0-CH-O- of y-O-THP),
4.94-5.17(3H,m,'-o-CH2—@,and a'-CH-), 5.33(1H,m, -0-CH-0- of phe-
nolic -O-THP), 5.51(1H,m, a-CH-), 6.28-7.11(8H,m), 7.17-7.39(5H,

m, aromatic protons of benzyl ether).

Tetraacetyl ester (U4)

g-Hydroxy ester (131.8 mg, 0.168mM) dissolved in 2ml of ace-
tic acid/Hgo‘(9:l) was heated at 50°C for 30 min. under nitrogen.
The reaction mixture was evaporated in vacuo below 55°C to give
a colorless syrup which was purified by a silica gel TLC plate
developed with ethyl acetate/n-hexane (1:1). The trihydroxyester
was obtained as a colorless glass (81 mg, 78.3%).

IR(KBr): 1739 cm +

NMR &(ppm:CDC1.): 3.52, 3.54, 3.72, 3.79,
3.80 and 3.82(12H, six singlets), L4.94-5.18(3H,m, —O—CH2—® and
a'-CH-), 5.37-5.54(1H, broad t, a-CH-), 6.22-6/9L(8H,m), 7.17-
7.44(5H,m, aromatic protons of benzyl ether).

Trihydroxy ester (79 mg, 0.128mM) obtained above was dis-

solved in 10 ml of methanol and 40 mg of 10% Pd-C was suspended to

~138-~



the solution. The reaction mixture was stirred under hydrogen for
30 min. at room temperature; and filtered, and then Pd-C was
washed with methanol. The combined filtrate and washings was
evaporated in vacuo to give a colorless syrup (66 mg) which was
acetylated at SOOC for 2 hours by the treatment of 0.2 ml of ace—
tic anhydride/pyridine (1:1) in 3 ml of ethyl acetate. The reac-
tion mixture was evaporated in vacuo to give a colorless syrup
which waé purified by a silica gel TLC plate developed with ethyl
acetate/n-hexane(l:1). The tetraacetyl ester (5) was obtained as
a colorless glass (85.8 mg, 96.6% overall yield from trihydroxy
ester).\.r

IR(KBr): 1745, 1770 cm~t

'NMR 6(ppm:CDC13): 1;81, 1.97, 2.02

2.04 and 2.06(6H, five singlets, alcoholic acetates), 2.23 and

2.28(6H, two singlets, phenolic acetates), 3.52, 3.67, 3.70, 3.73,
.81, 3.83 and 3.89(12H, nine singlets, methyl ester and methoxyl),

3

3.67(1H,m, B-CH-), 3.39(1H,m, B'-CH-), 4.00-4.44(2H,m, Y=CH,-),
5.25-5.57(1H, collapsed t, a-CH-), 6.11 and 6.33(1H, two doublets,
J

=10, o'-CH-), 6.33-7.06(8H,m, aromatic).

Trilignol (5)

To a stirred solution of lithium aluminum hydride (L47.12 mg,
1.24mM) suspended in 10 ml of anhydrous THF, 85.8 mg (0,124mM)
of tetraacetyl ester (4) dissolved in 5 ml of anhydrouéuTﬁF was
added dropwise at SOOC over a period of 30 min. under nitrogen.
After decomposition of excess hydride by the addition of water-
THF mixture at OOC, the reaction mixture was neutralized by the

addition of dry ice, and then partitioned between ethyl acetate

and water. The ethyl acetate- layer was washed with brine, dried
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over Nazsoa and evaporated 12 vacuo to give a éolorless glassv
which was purified by a silicé gel TLC plate developed twice with
7% methénol/methylene chloride. Trilignol (5) was thus obtained
as a colorless glass (60 mg, 94%).

Anal. Caled. for C27H3009'H20: C, 62.78 ; H, 6.24, Found:
C, 62.75 ; H, 6.24. IR(KBr): Fig.2. NMR S(ppm:CDCl3)(Acetate):
1.96, 1.99, 2.00, 2.01 and 2.11(9H, five singlets, alcoholic
acetates), 2.26 and 2.29(6H, two singlets, phenolic acetates),
3.40(1H,m, 8'~CH-), about 3.70 (1H,m, B-CH-), 3.66, 3.70, 3.TA
3.77 and 3,81(9H, five singlets, methoxyl), L,o7-4.60(4Hd,m, y-
and y’;CHZf), 5.46(d,J=6.8) and 5.51(d,J=6.8) (1H, a-CH-), 5.90
(d,7=8.3) and 6.03(d,J=7.4)(1H, a'-CH-), 6.39-7.09(8H,m, aromatic).
MS(70ev): 480(1.9), 462(8.6), bso(41.4), 432(89.3), 420(100), 150

(55.4), 137(96.2). UV_Agngnm(ng e): 281.3(3.88).

IT-6-4 Summary

A trilignol (5) composed of phenylcoumaran and B8-1 struct—
ures, a main substructure compound in lignin, was synthesized
in high yields in a series of the synthetic studies of lignin
model compounds. This synthetic method should be important for
the studies of lignin reactions such as pulping, chemical utiliza-

tion and biodegradation of_1lignins.
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CHAPTER III
CONCLUSION

Enzimic dehydrogenation of p-coumaryl alcohol

p-Coumaryl alcohol was dehydrogenated with peroxidase/H202
to give four dimeric compounds, p-coumarylresinol, dehydrodi-p-
coumaryl alcohol, p-hydroxyphenylglycerol-g-p-coumaryl ether and
2-(4-hydroxyphenyl)-3-hydroxymethyl-4-(a,4-dihydroxybenzyl)-tetra-
hydrofuran (monoepoxylignan). These dimers corresponded to those
from coniferyl alcohol except for monoepoxylignan resulted in the
mesoid B-B' coupling which was first identified in the present
experiment (Section I-1). Furthermore, thydroxyphenylglycerol-
“was isqiéfed‘from.aqueoussolution éf dehydrogenation mixture of
p~-coumaryl alcohol aftef extraction with ethyl acetate, and iden-
tified by GC-MS spectrometry compared with the synthetic compound.
Both guaiacylglycerol and syringylglycerol were also isolated from
the enzymic dehydrogenation products of the corresponding p-hyd-
roxycinnamyl alcohols and identified. These arylglycerols were
a mixture of the threo and erythro isomers and the amount of thew
former was 1-4 times higher than that of the latter. Arylglycerol
was suggested to be formed from the corresponding p-hydroxycinn-

amyl alcohols with peroxidase/H20 and incorporated into aryl-

2
glycerol-B-arylglycerol ether substructure in lignin polymer
during dehydrogenation (Section I-2). A -

The direct chemical proof on the configuration of pkenyl—
coumaran ring has not yet been reported and then the stereochem-
istry of the both rings of dehydrodi-p-coumaryl alcohol (Séctionr
I-1) and dehydrodiconiferyl aleohol obtained by the dehydrogena-

tion of coniferyl alcohol was investigated chemically in the
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Section I-3. Thg y-methyl derivative of dihydrodehydrodiconiferyl
alcohol synthesized by the reduction of the double bond in the
side chain and also of y-hydroxymethyl to methyl group was com-
pletely ldentical with methyl diHydrodehydrodiisoeugenol whose
Egggg configuratiqn had been determined by ozonolysis. The
y-methyl derivative of dihydrodehydrodi—gfcoumaryl alcohol was
synthesized subsequently by thersame method and its trans con-
figuratidn was determined by the comparison of its NMR spectrum
with that of methyl dihydrodehydrodiisoeugenol.

Four dilignols, Efcoumarylresinoi, dehydrodi-p-coumaryl -
alcohol, g—hydroxyphenylglycerol—B—choumaryl ether and monoepoxy-
iignan isoiated~and identified in Section I-1 were analyzed by
both gas chromatography and NMR spectrometry, and the ratio of
the amounts of former three dilignols was found to be 31 : 49
20. Furthermore, following four points were clarified by gas
chromatographic analysis; 1) 5-5' dilignol was trace (0.6%), 2)
1,2-di-p~hydroxyphenylpropane-1l,3-diol which is considered to
be formed by B-1 coupling could not be found. 3) the ratio of
the racemoid and mesoid couplings at C-g and C-B' carbons was
about 9.4 : 1. M)Vthydroxyphenylglycerol—B—g—coumaryl ether was
é mixture of erythro and threo isomers (1 : 4.7). These results-
indicated that coniferyl and p-coumaryl alcohols have almost the
same reaétivity on enzymlc dehydrogenation (Section I-4).

As described in Section I-2 and I-4, the water addition to
quinonemethide intermediaté which is formed by radical coupling
during enzymic dehydrogenation participates in the formation of
arylglycerols and g—hydroxyphenylglycerol—b—g—éoumaryl ethér.

Both compounds occurred as diasereomeric mixture and threo iso-

mers are predominant than erythro counﬁerparts. This 1is different from
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the expectation that the attack of nucleophile,'water in this

case, to quinonemethide mayi occur with the same proﬁability

from the both sides of planner molecule to afford 1 : 1 mixture.

It was found in Section I-5 that the rate of the reaction between

quinonemethide and various nucleophiles and also the stereochemi-

stry of the products depend on the acidity and the steric factor

of the nucleophiles. It was suggested that water attacks predomi-

nantly from the same side with B-hydroxyl or B-phenoxy groups of

quinonemethide by forming a hydrogen bonding between water and oxygen

atom of B-hydroxyl or B-phenoxy groups, resulting in threo isomer.
The present study oh the dehydrogenation of p-coumaryl alco-

hol described in Chapter I might be better to be extended 1in

connection with the étruétural studies of grass lignins and also

of compression wood lignin which contains much more p-hydroxy-

phenyl unit compared with hormal wood lignin. The remarkable

difference of reactivity between coniferyi and p-coumaryl alcohols

is the possible contribution by condensation via CS—pOSition of

the latter alcohol; 1t is expected that the prolonged dehydro-

genation of p-coumaryl alcohol and aging of the DHP in acid

condition promote the férmation of C-C linkage via C

5
Syntheses of oligolignols

Considering the main substructure units in lignins, such as

B-0-4(1),8-5(2), B=1(3) and g-g' (4), the common structural unit

in these substructures is thought to be E-oxyphenylpropéﬁéll,éé
dioxy structure (5) as shown byproag lines in Fig.l which is equi-
valent to p-hydroxyphenylpropane-1,3-dihydroxy system (6) from the
synthetic point of view. Therefore, the synthesis of lignols and

lignin model compounds would be understood as a problem how to prepare
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0
/l Ll_ '
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07 = OH
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" Filg.1l Common structural unit in lignin substructures

o

this syséem Succéssfﬁlly, In consideration of a "rational" syn-
thetic method affording this system, Q—hydroxyphenylpropane—l,3—
diol (6) would be prepared by the three synthetic routes depend-
ing on the key intermediates as shown in Fig.2. As the benzyl-
carbinol group is presumed to be equivalent to the ketone group,

the B-hydroxy ketone (7) might be synthesized by an aldol con-

0 0
A gﬂﬁ>\6»1=g./ﬂw + HCHO
¢ R ¢ R
7 8 9

§ 3 B '%p 2 CHO 2
¢)‘\f(\ OHT 9" T or™ 9" Rfu\ OR,
6 10 11 12 -
o 0 28
C ) ¢ = OR1*R’
L > =3
6 T o gig "
13 @~ 3 OR+R
15 -

Fig.2 Synthetic methods of p-hydroxyphenyl-
propane-1,3-diol (6)
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densation of the acetophehone derivative (8) and formaldehyde (9)
(method A). On the other hand, presuming that the terminal hydroxy¥
methyl group is equivalent to the ester group, this system would
be converted into B-hydroxy ester (10) which could be synthesized
anti-synthetically by an aldol condensation between acetate (12)
and benzaldehyde derivative (11) (method B). The third Method C
involves B-keto ester (13) as key intermediate which is derived
from theiconsideration that the terminal hydroxymethyl and benzyl-

carbinol groups are thought to be equivalent to ester and keéto

Bl s [ e [ e
A [¢] 0
B o] 0 0 6]
c o] o]
A(B-0-4): .Adlér,gﬁ al., Sv. Papperstidn.,55,245(1952)

.Adler,et al., Acta Chem. Scand.,9,341(1955)
.Freudenberg,et al., Chem. Ber.,88,626(1955)
.Kratzl,et al., Monatsh.,80,771(1959)

.Nima, Chem. Ber., 100,2633(1967) _
.E.Miksche, Acta Chem. Scand.,27,1355(1973) -
.Hosoya,et al.,Mokuzai Gakkaishi,26,118(1980)
.Freudenberg,et al., Ann.,584,40(1953)
.Lundquist,et al.,Acta Chem. Scand.,29,1355(1973)
.Nakatsubo,et al.,Holzforschung,29,165(1975)
.Lundquist,et al.,Acta Chem. Scand.,31,725(1977)
.Nakatsubo,et al.,Wood Research,66,23(1980)
.Nakatsubo,et al., Mokuzai Gakkaishi,26,31(1880)
.Katayama,et al., 1bid,26(1380)

.Namba,et al., 1bid,26(1980)

.Kamaya,et al., ibid, 26(1980)

B(B-0-4):

bez IS s B < TR o IS » R L B B« B~ SR~ S B 7 T T« I O S = B o]

C(B-0-4): I.A.Pearl,et al.,J.Org. Chem.,27,2111¢1962)
.E.Miksche,et al., Acta Chem. Scand.,20,1038(1966)

B(B=5) -Nakatsubo,et al.,Mokuzai Gakkaishi,25,735(1979)

A{B8-1) -Lundquist,et al., Terahedron Letters,25,2131(1965)

B(B-1) .Nakatsubo,et al., Holzforschung,29,193(1975)
F.Nakatsubo,et al., Mokuzai Gakkaishi,26,107(1980)

B(B-B') : H.Fujimoto,et al., ibid,26(1980)

C(B-B") K.Kratzl,et al.,Monatsh.,94,435(1963)

Table 1. Synthetic methods of lignin related compounds

reported hitherto and hereafter
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groups, respectively. The B-keto ester intermediate (13) could
be used as carbanion source (14) treating with base and also as
carbonium ion s&urce (15) after halogenation in carbon-carbon
bond formation. The synthetic method of oligolignols and lignin
model compounds reported hitherto and hereafter are summarized
on Table 1 based on this basic idea. The circles on the table
indicate the methods reported already. For example, A(B-0-1)
shows the synthetic method of gualacylglycerol-f-guaiacyl ether
by E.Adler et al. and K.Kratzl et &l., B(B-0-4) shows the con-
vergent synthetic method by F.Nakatsubo et al., and C(B-0-4)
shows the method by I.A.Pearl §E éi.,"and G.E.Miksche et al.
A;§ng thesé\three methods A, B and C, the method B seems to be
especially attractive because of the convérgent synthesis involv-
ing direct a,B-bond formation of lignin substructures.

In general, two major synthetic ways are conceivable to
polyatomic molecules: In the "linear" method the molecule comp-
rised of the units A,B,C,D,cvvueneenn. M is synthesized commencing
with unit A, adding B, subseQuently adding C to the resultant A-B,

and so on:

A—E2 a3 C apc D _aaop e

Sincé organic reactions scarcely give a 100% vyield it is
clear that with the linear method a long sequence of reactions
will reguire a large amount of starting material A. Addiné a
similar amount of unit B may increase the yield of A-B but soon
the amount of A-B-C~D becomes larger compared to the added units

E,F,G and the yield may decrease alarmingly resulting in véry

little end product.
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For this reason the second "convergent" method is generally
preferable: the units A-B-C, D-E-F, G-H-I-J which are separately
built up by the linear method would be linked together subsequently.
This strategy enables wokers to keep reasonable amounts of the units
A-B-C and D-E-F separately: when approximately equal weights of
the both units are used the resulting A-B-C-D-E-F is probably
obtained in good yield. Another advantage of the convergent method
is that even if a batch of A-B-C is inadvertently lost it does
not bring a catastrophic result because these subunits will be
obtained by the comparative short steps different from the case
of that\the material A-........ J becomes increasingly preéious
as single*uﬁits'in the linear method. In generél, for short
syntheses the linear metﬁod may be used whereas for long synthe-

ses a combinatlon of the linear and convergent methods may be
B
-B-

Consequently, although the "linear" method A and C.in Fig.?2

preferable.

A C D
D

A C D-E-F-G-H-I

A-B-C-D-E-F~G~-H-I-J

could be used for the syntheses of comparatively smaller mole-
cules, i.e., monomeric and dimeric compounds, the syn-
theses of other higher lignols, trimeric and tetrameric compounds
etc. would be achieved only by the convergent method B which

make possible the synthesis of any kind of oligolignols.

In Chapter II, based on the above discussion the generality
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of this convergent synthetic method B was confirmed experimentally.
In Section II-1, the high yield convergent synthesis of guaiacyl-
glycerol-B-guaiacyl ether which has been used as the most popular
model for the Bg-0-4 substructure in lignins was achieved via

five steps involving key condensation between ethyl 2-methoxy-
phencxy acetate and benzylvanillin in the presence of 1lithium
diisopropyl amide. The overall yield of the expected compouﬁd

from beniylvanillin was about 72% which is the best yield recor-
ded so far. This basic i1dea was further applied for the synthe-
sis of dilignols, gualacylglycerol-g-coniferyl and B-coniferyl
aldehyde ethers which are difficult to obtain by the dehydro-
g;hation*of‘coniferyl alcohol and the first high yield synthesis
of these compounds was accomplished as described in Section II-
2. In Section II-3, a new general synthesis involving B-hydroxy
ester key intermediate of 1,2-diarylpropane-1,3-diols containing
different aryl groups was established in high yield and their
configurations were determined by NMR analysis of their phenyl
boronate derived from the 1,3-propanediol system of the lignols.
The first synthéﬁicrﬁéthbd of dehydrodiconiferyl alcohol is de-
scribed in Section II-4 and the method was applied successfully
for the syntheses of different types of phenylcoumarans which
have been isolated from the lignin degradation products in low
yield but hardly from the dehydrogenation of .p-hydroxycinnamyl
alcohols. The usefulness and validity of the above synthetic method-
ology was further proved by its application for the syntheses of
trilignols composed of phenylcoumaran, B-0-% and B-1 substruct-

ures as described in Section II-5 and II-6, respectively.

Arylglycerol-f-aryl ether (B-0-4) structure is the most
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important substructure in lignins, and BO;SO%~br more of the
phenylpropane uniﬁs have been found as this structure. It is
interesting to know that the present convergent synthetic method
could be applied for the syntheses of another higher oligolignols
by the B-0-4 bond formation between oligomers which have been
synthesized so far: The principle of the present synthetic method
is the direct ao,B-bond formation by the use of commercially
available methyl monochloroacetate, "joint reagent", as two-carbon

source between a phenol (RloH) and a benzaldehyde derivative

(Rz—CHO) as follow:

OH
COOCH COOCH
2 RoH Y, R2CHO Rz//J\T//\\OH
——— O/ 1T = O\R
Cl . 1
Rl(mon"omer) + R2 (monomer) -—— . Dimer
Rl(monomer) + Rz(dimer’) —_ S Trimer
Rl(dimer) + Rz(monomer) —_ = Trimer
Rl(dimer) + Rz(dimer) —_ - Tetramer
Rl(trimer) + Rz(dimer) e - Pentamer
Rl(trimer) + R2(trimer') ————— > Hexamer

R.= G-p(B-0-4)-G-CHO + R.= G-p(B-0=4)=G-p

OH  OCHy OH  OCHj
O\(tlﬁ%zoj:;TJ\[OTi:LV/\¢
OH
HO OH 0 OH =
OCHy OH  .0CHj

G-p(B-0-4)-G-p(B-0-4)~G-p(B-0-4)-G-p(16)

R,= G-p(B-0-4)-G-CHO + R;= G-p(B-5)-G-p

2

OH  OCH,
/l:;T/LW:O
HO OH

OCH3 OH OCH

G-p(8-0-4)~G-p(B-0-4)-G-p(B-5)-G-p(17)

R,= G-p{B=0-U4)-G-CHO -+ Ry= G- p(B-1)-G

LA,

0CH,
G-p (8- 4)_U—Q(B Ly- J—D(S—L)‘U (18)



R,= G-p{(B=5)-G-CHO + R,= G-p(8-5)-G-p(B-0-U4)~-G-p

2 1 -
OCH
0CHj
H
0
oH OH ~  OCHg

OCHj
G-p(8-5)=G-p(8-0-1)-G-p(8-5)-G-p(8-0-4)-G-p(19)

R,= G-p(B-0-4)-G-CHO + R;= G-p(8-5)-G-p(B-0-4)-G-p

OH CH )
o OCHy
OH OCH OH
o g
H OH
O Ten, OH ~  OCHy

G-p (8~0-4)-G-p(B~0-4)~G-p(B~5)-G-p{B-0=4)~G-p(20)
If a dimeric benzaldehyde derivative, Gep(B-0-4)-G-CHO and a
dimeric éhenol,md-p(B—O—M)—G—p synthesized in Section II-2 were
used as the starﬁing materials, finally the tetrameric lignol
(16) composed of only efo-u linkage would be obtained as end
product. Similarly if a dimeric benzaldehyde, G-p(B-5)-G-CHO and
a trimeric phenol, G-p(B-5)-p(B-0-4)-G-p synthesized in Section
IT-4 and II-5, respectively were used, a pentameric lignol (19)
would be prepared and so on.

Thus, the convergent synthetic method B of oligolignols
involving B-hydroxy ester key intermediate prepared by tThe use
of lithium diisopropyl amide has satisfactorily established, and
the method would be applied successfully for the syntheses of
higher oligolignols, tetramers, pentamers and hexamer etecy, only
in consideration of protecting groups. It seems that the present
synthetic strategy would be increasingly important for the future
lignin chemistry toward the complete utilization of lignins,
fourth period in lignin history after the end of third period

in 1970.
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