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The preparation of B-O-4 oligomeric compounds that mimic the lignin structure is pertinent to the study of the
mechanism of action of lignin-degrading enzymes. A strategy for the synthesis of racemic oligomers f-O-4 phenolic
models of lignin is reported here. The procedure is quite general with respect to the number of linked units. It starts
from simple building blocks that are prepared in a few conventional steps from commercially available starting
materials. The building blocks can be classified as three different units, an initiating 3, a repeating 4 and a terminating
unit 5. The combination of these units by aldol-type reactions allows the synthesis of oligomeric materials containing
the B-O-4 structure. The procedure allows the determination of the relative configurations of the stereocenters
generated in the aldol-type reactions that provide the -O-4 skeleton. The synthesis procedure reported here for the
trimer 6 and tetramer 7 can be easily extended to higher oligomers and it is suitable also for automated synthesis.

Introduction

Lignin contains a large part (about 25%) of the total carbon
fixed by photosynthesis. It is the second most abundant natural
polymer, after cellulose, as a source of renewable carbon.!
Therefore it represents a huge deposit of renewable raw
material for production of new materials. Lignin is an amorph-
ous, water-insoluble polymer of phenylpropanoid units, linked
together by a variety of carbon-carbon and carbon-oxygen
bonds and assembled in a non-repeating motif.'""* Therefore,
lignin biosynthesis and biodegradation must differ from that of
other biological polymers where identical subunits are linked by
a single type of bond.** The predominant bond type in lignin is
the aryl glycerol B-aryl ether (B-O-4) which is shown in Fig. 1.
Lignin protects cellulose from most forms of microbial
attack and gives rigidity to plants. As it is present in wood in
large amounts, lignin is the major waste product of the pulp
and paper industry.® Due to its aromatic nature, its bio-
degradation can be difficult and produces environmental pollu-
tion. On the other hand, degradation of lignin in biocompatible
products, which could serve as starting materials in synthesis
and have low environmental impact, is of great interest for
researchers. In vivo, the degradation of lignin represents the
starting step for utilization of cellulose.” It is essentially per-
formed by lignin-degrading fungi, which are able in some cases
to degrade lignin to CO,, while most of the lignin is degraded to
humic material.® Degradation of lignin by filamentous fungi is
initiated by extracellular peroxidases,” which are responsible for
oxidative depolymerization of lignin. Peroxidases are enzymes
where the prosthetic group is the heme moiety containing, in
the resting state, a five coordinate high spin iron(ur). The
enzyme reacts with hydrogen peroxide to form a two electron
oxidized form of peroxidases.'® This form then oxidizes the sub-
strate in two one-electron steps. The structural properties of
some fungal peroxidases are well characterized both in the
crystal! and in solution.'? Although it is now 15 years since
the discovery of these enzymes in the extracellular fluids of
the lignin-degrading fungi,"® no commercial processes utilizing
these fungi or their enzymes are in use. One of the main prob-
lems to be overcome is the full comprehension of the bio-
chemical process. In this respect, it is of great importance to
understand the correlation between enzymatic efficiency and
properties of substrates, i.e. the nature of the units constituting
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them and the types of linkages between the units. Therefore the
availability of molecules with a single type of linkage is useful
to understand specific aspects of the enzymatic degradation.

Since the aryl glycerol B-aryl ether bond is the major inter-
monomer linkage in lignin,® syntheses of models containing
only B-O-4 are very important for the study of the biodegrad-
ation of lignin. Syntheses of the dimeric and trimeric lignin
B-O-4 models have already been reported,'*!* together with
some trimeric compounds containing structurally different
monomeric units and types of bonds.’® Oligomeric structures
are expected to be more appropriate mimics of the lignin struc-
ture than dimeric and trimeric compounds and also our model,
containing a propane-1,3-diol terminating unit, appears to be
a more appropriate model of the polymeric f-O-4 structure of
lignin. Furthermore, none of the syntheses reported was fully
designed for an iterative process leading to the synthesis of
oligomers.

The goal of this work is to develop a general procedure for
the preparation of B-O-4 oligomeric compounds which mimic
the lignin structure, by using simple building blocks synthesized
from commercially available starting materials. The procedure
we developed can be expanded in principle to as many units as
required, with reasonably good yields.

The structure of an oligomeric B-O-4 compound like 1
(Fig. 1) consists of three types of units: (i) an initiating unit A;
(ii) a repeating unit B; (iii) a terminating unit C.

Our aldol-type synthetic approach uses vanillin 2 (Scheme 1)
as starting material from which synthetic equivalents of the B
and C units can be obtained by simple transformations, while
the A unit (compound 3) is commercially available.

J. Chem. Soc., Perkin Trans. 1, 1998, 3207-3217 3207
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The repeating and terminating units 4 and 5 should bear a
subunit responsible for the C—C bond formation. The phen-
oxyacetate function of compounds 4 and 5 was chosen to serve
as the joining element through a carbanion-promoted aldol
reaction with the vanillin molecule. The synthesis of racemic
trimeric and tetrameric phenolic compounds 6 and 7, according
to this strategy, is reported in this paper (Scheme 2).
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Results and discussion
Synthesis of the building blocks 4 and 5

Compound 4 was obtained in high overall yield (83%) from
vanillin in two steps consisting of a nucleophilic substitution
with methyl a-bromoacetate and protection of the aldehydic
group in 8 as a dioxolane (Scheme 3).

The terminating unit 5 was obtained in good overall yield
(48%) in five steps (Scheme 4). Aldol reaction between benzyl-
vanillin 3 and the lithium enolate of ethyl acetate in anhydrous
THF at —78 °C gave the hydroxypropionate 9 in high yield.
Compound 9 was reduced with LiAlH, to the diol 10, which
was protected as the bis(zert-butyldimethylsilyl) (TBDMS)
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ether. Hydrogenolysis of the benzylic group followed by
nucleophilic substitution with methyl a-bromoacetate gave the
terminating unit 5. The protection of diol 10 with the more
convenient dimethyl ketal protecting group as in 13 gave some
problems of selectivity during the hydrogenolysis step. In fact,
the hydrogenolysis of 13 also led to compounds originating
from the cleavage of the dioxane benzylic C-O bond. An
attempt to avoid this problem, by performing the hydrogenoly-
sis before the diol protection, gave poorer overall yields because
of problems encountered during purification of the phenolic
ketal. The TBDMS protecting group was found to be a satisfac-
tory solution to overcome these problems. The yield of the final
alkylation step to obtain 5 was lowered by the formation of the
by-product 14 which was formed by the partial deprotection of
the primary TBDMS ether in 12 followed by double nucleo-
philic substitution of methyl a-bromoacetate.
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Synthesis of the trimeric and tetrameric units

The assembly of the units for the production of oligomeric
compounds was carried out in a stepwise manner which started
with the synthesis of the already known dimeric compound
18'% (Scheme 5), which was synthesized in a slightly different
manner. Addition of the lithium enolate of B unit 4 to benzyl-
vanillin 3 at —78 °Cin dry THF gave a mixture of two diastereo-
meric adducts 15a and 15b, in 72:28 diastereomeric ratio as
estimated from the '"H NMR spectrum, which were separated
by flash chromatography on silica gel.

Unequivocal assignment of the stereochemistry in the
diastereomers 15a,b was only possible at a later stage of the
synthesis. The major diastereomer 15a was reduced to the diol
16 by NaBH, at room temperature, which gave the aldehyde by

View Online

treatment with pyridinium toluene-p-sulfonate (PPTS). The
use of 2,2-dimethoxypropane and PPTS to form dioxane 18 led
also to the undesired protection of the aldehydic group of 17
as the dimethyl acetal. To avoid this, dry acetone and catalytic
amounts of TsOH were used, even though the yield was some-
what lower.!” Compound 18 allowed us to determine the
relative configuration of the two stereocenters of the cyclic
ketal in the major diastereomer. The *C NMR spectrum of 18
showed an axial methyl group at 19.58 ppm, an equatorial
methyl group at 28.40 ppm and a C(2) acetal carbon at 99.63
ppm (Scheme 6), values which suggested that the 1,3-dioxolane
18 exists in a well defined chair conformation.!® Then, the
coupling constants of protons H, and H,,, measured from the
splitting of the H, '"H NMR signal (J,, =9.15 Hz) indicated
a trans diequatorial relationship of the C(4) and C(5) sub-
stituents in 18 (Scheme 6). Therefore, condensation of the E-
lithium enolate (a) of 4, formed in these reaction conditions,'
with benzylvanillin must proceed preferentially through a six
membered transition state in which the C(4) and C(5) sub-
stituents are in the most favorable trans diequatorial orien-
tation as shown in Scheme 6, to give the anti product 15a
preferentially.

At this stage of the synthesis it was also possible to synthesize
a dimeric phenolic §-O-4 model 19 in 85% yield by submitting
the aldehyde 17 to hydrogenation conditions (Scheme 5).

The synthesis of the phenolic trimeric 3-O-4 compound 6
has been performed through the five steps as depicted in
Scheme 7.

The addition of the C unit 5 to the aldehyde 18 was per-
formed through the lithium enolate of 5 generated at —78 °C

CHs
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in dry THF yielding a mixture of four diastereomers. Slightly
higher selectivity was observed in the addition of the enolate
to 18, as the anti:syn ratio was 83:17. Each anti and syn
diastereomer is present as a 1:1 mixture of isomers deriving
from the added stereocenter of unit C. The 1:1 stereomeric
couple of the major diastereomer can be separated and
assigned the anti configuration on the basis of the 'H NMR
spectrum. The reduction of the methyl ester function of
20a with NaBH, at room temperature afforded the final
protected trimeric B-O-4 structure in quantitative yields. The
protecting groups were removed selectively, first using
tetrabutylammonium fluoride (TBAF) in THF to remove the
two TBDMS groups and then PPTS in wet acetone to remove
the dimethyl ketal. It was important to use this order of
deprotection in order to obtain a better overall yield and a
simpler purification process. Finally, the benzylic group was
removed by hydrogenolysis on Pd/C in EtOH at room temper-
ature to give the phenolic trimeric f-O-4 lignin model com-
pound 6.

The synthesis of a similar p-O-4 trimer has been already
reported.’* However, the latter adduct contained as substituent
in the terminal aromatic ring the CH,OH group instead of the
CHO. This prevents the addition of further units to the trimer
and therefore the formation of a further B-O-4 bond, because
of the presence of the CH,OH group on the terminal aromatic
ring instead of the aldehydic group necessary for the following
aldolic condensation.

The synthesis of a tetrameric compound 7 required a sec-
ond addition of the repeating unit 4 to the aldehyde 18,
before the terminating unit 5 was introduced. However, the
synthetic sequence required the solution of several problems
related to protecting groups. The second addition of 4 was
carried out under the same reaction conditions as used for
the synthesis of 18; ie. with addition of the lithium enolate
of 4 generated at —78 °C in dry THF (Scheme 8). The two
diastereomeric adducts 24a and 24b were now obtained in a
77:23 diastereomeric ratio, as estimated from the 'H NMR
spectrum and the major anti-diastereomer 24a was separated
by flash chromatography. After reduction of the ester func-
tion with NaBH, at room temperature, the hydroxylic func-
tions of 25 were protected with 2,2-dimethoxypropane in the
presence of a catalytic amount of TsOH.!” Under these con-
ditions, we also induced a transacetalization of the aldehyde
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functionality, from the dioxolane 25 to the dimethyl acetal 26,
which should allow an easier, more selective deprotection of
the aldehydic group. The dimethyl acetal group of 26 was in
fact selectively removed by using silica gel as a mild agent in the
presence of a small amount of an aqueous solution of 10%
oxalic acid,” to afford the aldehyde 27 in 73% yield from 25.
The addition of the terminating unit 5 to the trimeric alde-
hyde 27 was carried out through the lithium enolate of 5
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generated at —78 °C in dry THF (Scheme 9). The aldol-type
reaction gave a mixture of four diastereomers, analogously to
what was previously observed in the same addition to 18. The
anti: syn ratio was determined to be 80:20 from the 'H NMR
spectrum and the 1:1 stereomeric couple of the major diastere-
omer can be separated as described before for the preparation
of the trimeric species. Reduction of the ester function in 28a
and deprotection of the functional groups as performed for
trimer 6 gave the tetrameric lignin model 7 in 55% yield from
28a. A tetrameric compound could be in principle obtained by

View Online
27 + 5
LDA, =78 °C
THF
71%

>

CH3 (0] CHgz OTBDMS

| z |
CH3s. O]@/\H O:QN
BnO o)
" 0 0
o CO,CH3

o

OTBDMS

Oxo CHz OH 282  +  28b(syn)
80 : 20
NaBH,
THF/H,0
94%
CHs ><o CHs OTBDMS
CH3\ (@] X (@]
o OTBDMS
o)
TBAF
THF
79%
o S
30
PPTS
wet acetone
83%
CHs OH OH
CHs o)
- :©Y\/
OH
31
Pd/C H,
EtOH
90%
?H3 HO
CHa.. e}
*0

O
OH OH

(0]

o
OH - OH
?
CHg OH
7
Scheme 9

condensation of two dimeric units. However this procedure
yielded very low amounts of products.

Conclusion

A trimeric and a tetrameric model of lignin with the B-O-4
moiety were synthesized in 17% (9 step) and 10% (13 step) yield,
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respectively, starting from vanillin. The synthetic strategy uses
an aldol-type reaction that provides the anti diol as the major
diastereomer. The synthesis can be of general application and is
designed to be extended to the synthesis of oligomeric phenolic
or non-phenolic materials. A repeating unit and a terminating
unit were synthesized from vanillin in a few conventional steps
and the combination of these building blocks, as shown in the
synthesis of the trimer 6 and tetramer 7, could be suitably
designed for an automated synthesis. This procedure makes
available a number of molecules with desired length and type of
repeating units which can be used for systematic kinetic studies
on peroxidases. These studies will shed light on the mechanism
of degradation of lignin.

Experimental

All the reactions which required dry conditions were run under
a nitrogen atmosphere using anhydrous solvents. Melting
points (mp) were measured with a Leits Wetzlar hot-plate
apparatus and are uncorrected. '"H and *C NMR spectra (in
CDClI; solution, unless otherwise stated) were recorded on a
Bruker MSL 200, DRX 500 and Avance 600 spectrometers with
coupling constants (J) given in Hz. Notations s, d, t, g, m and
br indicate singlet, doublet, triplet, quartet, multiplet and broad,
respectively. Mass spectra (MS) were recorded on a QMD 1000
Carlo Erba instrument by GC or direct inlet (EI, 70 eV) and
on an HP 1100 MSD instrument with electron spray (ES) ion-
ization mode in negative polarity (Vcap 4000 V). Elemental
analyses were performed with a Carlo Erba 1106 instrument.

Methyl (4-formyl-2-methoxyphenoxy)acetate 8

To a solution of vanillin (3 g, 19.7 mmol) in dry acetone (33
cm®), methyl a-bromoacetate (4.5 g, 29.5 mmol) and anhydrous
K,CO; (4.08 g, 29.5 mmol) were added at room temperature.
The mixture was heated at reflux for 2 h, then filtered, washed
with AcOEt and the filtrate was concentrated to give a yellow-
ish solid. The solid was recrystallized from EtOH to give pure 8
(4.1 g, 18.12 mmol, yield 92%), mp 94.5-95.5 °C (Found: C,
58.7; H, 5.5. C;H,,05 requires C, 58.9; H, 5.4%); 64(200 MHz)
3.82 (3 H, s, CO,CH,), 3.96 (3 H, s, OCHj;), 4.80 (s, 2 H,
CH,CO,CH,), 6.90 (1 H, d, J 8.1, Ar), 7.43 (1 H, d, J 8.1, Ar),
7.45 (1 H, s, Ar), 9.87 (1 H, s, CHO); 6 52.4 (q, CO,CH,;), 56.1
(q, OCH,), 65.8 (t, CH,CO,CHj;), 109.8 (d, Ar), 112.3 (d, Ar),
126.1 (d, Ar), 131.2 (s, Ar), 150.0 (2 s, Ar), 168.5 (s, CO,CHj),
190.8 (d, CHO); m/z 224 (M, 100%), 209 (3), 165 (32), 151 (65),
150 (36), 137 (21), 119 (23), 105 (18), 95 (69), 79 (49), 77 (86), 65
(36), 63 (42).

Methyl [4-(1,3-dioxolan-2-yl)-2-methoxyphenoxyJacetate 4

To a solution of 8 (3.167 g, 14.1 mmol) in 56 cm® of benzene,
ethanediol (1.18 ¢cm?®, 21.1 mmol) and a catalytic amount of
TsOH (0.05%) were added at room temperature. The solution
was heated at reflux for 2 h using a Dean-Stark apparatus to
distil off the azeotrope benzene—H,O. The reaction mixture was
then washed with water, dried over Na,SO,, filtered and con-
centrated in vacuo to give 4 as a white solid that was recrystal-
lized from EtOH (3.4 g, 12.7 mmol, yield 90%), mp 92-94 °C
(Found: C, 58.3; H, 6.0. C;;H,,O¢ requires C, 58.6; H, 5.7%);
0u(200 MHz) 3.78 (3 H, s, CO,CH,;), 3.90 (3 H, s, OCH,), 3.97—
4.18 (4 H, m, CH,CH,), 4.70 2 H, s, CH,CO,CH,), 5.75 (1 H, s,
CHO,), 6.81 (1 H, d, J 8.1, Ar), 6.95-7.07 (2 H, m, Ar); dc 52.2
(q, CO,CH,;), 55.9 (q, OCHj,), 65.2 (2 t, CH,CH,), 66.4 (t,
CH,CO,CH,), 103.4 (d, CHO,), 109.9 (d, Ar), 113.7 (d, Ar),
119.1 (d, Ar), 132.1 (s, Ar), 147.9 (s, Ar), 149.6 (s, Ar), 169.3 (s,
CO,CH,;); mlz 268 (M*, 1%), 254 (7), 224 (100), 165 (26), 149
(26), 137 (24), 119 (32), 105 (17), 95 (53), 79 (38), 77 (53), 65
(24), 63 (28).

3212 J. Chem. Soc., Perkin Trans. 1, 1998, 3207-3217
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1-(4-Benzyloxy-3-methoxyphenyl)propane-1,3-diol 10

n-Butyllithium (10.32 cm® of a 1.6 M solution in hexanes,
15.48 mmol) was added to a solution of diisopropylamine (2.17
cm?, 15.48 mmol) in dry THF (20 cm?®) at 0 °C. After 20 min
at 0 °C, AcOEt (1.21 cm?®, 12.4 mmol) was added dropwise at
—78°C and after 10 min a solution of benzylvanillin (2.5 g,
10.31 mmol) in dry THF was added. After 30 min at —78 °C,
the reaction was quenched with saturated aqueous NH,Cl (30
cm®) and extracted with Et,0 (3 X 30 cm®). The combined
organic extracts were dried over Na,SO,, filtered and concen-
trated in vacuo to give the product 9 sufficiently pure to be used
for the following step (9.69 mmol, 3.2 g, yield 94%): Jg(200
MHz) 1.27 3 H, t, J 7.2, CH,CH;), 2.60-2.80 (2 H, m,
CH,CHOH), 3.30 (1 H, br s, OH), 3.90 (3 H, s, OCH,), 4.19
(2H, q,J 7.2, CH,CH,), 5.05 (1 H, dd, J 8.5 and 3.9, CHOH),
5.15 (2 H, s, CH,Ph), 6.80-6.84 (2 H, m, Ar), 6.98 (1 H, s, Ar),
7.28-7.43 (5 H, m, Ph).

A solution of 9 (940 mg, 2.84 mmol) in 5 cm® of dry THF
was added to a suspension of LiAlH, (323 mg, 8.52 mmol) in
15 cm?® of dry THF. The solution was stirred at room temp. for
1 h, then THF-H,O 1:1 was slowly added at 0 °C to eliminate
the excess of LiAlH,. After addition of 5% HCI, the organic
layer was separated, washed with brine and dried over Na,SO,.
After filtration and concentration, the crude product was puri-
fied by flash chromatography on silica gel (eluent AcOEt-light
petroleum 80:20) to give pure 10 as a white solid (663 mg, 2.3
mmol, yield 81%), mp 89-90°C (Found: C, 70.5; H, 7.1.
C,¢H 30, requires C, 70.8; H, 7.0%); 65(200 MHz) 1.80-2.10
(2 H, m, CH,CH,0H), 2.28 (1 H, br s, OH), 2.63 (1 H, br s,
OH), 3.82(2H,t,J 5.6, CH,CH,0H), 3.88 (3 H, s, OCH,;), 4.86
(1 H, dd, J 8.5 and 3.8, CHOH), 5.13 (2 H, s, CH,Ph), 6.78-
6.85 (2 H, m, Ar), 6.94 (1 H, d, J 1.6, Ar), 7.28-7.43 (5 H,
m, Ph); 6. 40.4 (t, CH,CH,0OH), 56.0 (g, OCHj;), 61.4 (t,
CH,CH,0H), 71.1 (t, CH,Ph), 74.1 (d, CHOH), 109.4 (d, Ar),
113.9(d, Ar), 117.8 (d, Ar), 127.3 (2 d, Ph), 127.9 (d, Ph), 128.6
(2d, Ph), 132.2 (s, Ar), 137.7 (s, Ar), 147.5 (s, Ar), 149.7 (s, Ar);
miz 288 (M*, 15%), 270 (4), 243 (10), 180 (5), 149 (13), 123 (18),
95 (24), 91 (100), 77 (27), 73 (53), 65 (85).

Methyl {4-[1,3-bis(tert-butyldimethylsilyloxy)propyl]-2-
methoxyphenoxy}acetate 5

To a solution of 10 (2.66 g, 9.23 mmol) and imidazole (6.28 g,
9.23 mmol) in dry DMF (9.2 cm?®) tert-butyldimethylsilyl chlor-
ide (6.96 g, 46.16 mmol) was added portionwise at room temp.
and the mixture was stirred for 1 h. After addition of water and
extraction with light petroleum (3 X 50 cm?®), the organic layer
was washed with brine, dried and concentrated to give 11 as a
colourless solid (4.46 g, 8.62 mmol, yield 94%), sufficiently pure
to be used for the following step: 65(200 MHz) —0.14 (3 H, s,
SiCH;), 0.02 (3 H, s, SiCH,;), 0.04 (6 H, s, 2 X SiCHj;), 0.88 (9 H,
s, BuY), 0.91 (9 H, s, BuY), 1.65-1.98 (2 H, m, CH,CH,0Si),
3.50-3.80 (2 H, m, CH,CH,0Si), 3.88 (3 H, s, OCH,), 4.77
(1 H, dd, J 8.0 and 5.0, CHOSI), 5.14 (2 H, s, CH,Ph), 6.70—
6.84 (2H, m, Ar),6.93 (1 H,d, J 1.9, Ar), 7.28-7.47 (5 H, m, Ph).

A solution of 11 (4.46 g, 8.63 mmol) in EtOH (172 cm®) was
added to 10% Pd/C (274 mg) and hydrogenated at atmospheric
pressure and 20 °C for 1 h and 30 min. The solution was filtered
over Celite and concentrated to give the phenolic compound 12
(3.57 g, 8.37 mmol, yield 97%), sufficiently pure to be used for
the following step: d4(200 MHz) —0.14 (3 H, s, SiCH3), 0.015
(3H,s, SiCH;), 0.03 (6 H, s, 2 x SiCH3), 0.87 (9 H, s, Bu'), 0.90
(9 H, s, BuY, 1.64-1.98 (2 H, m, CH,CH,0Si), 3.50-3.80 (2 H,
m, CH,CH,0Si), 3.87 (3 H, s, OCH,), 4.76 (1 H, dd, J 7.9 and
5.0, CHOSI), 5.51 (1 H, br's, OH), 6.70-6.88 (3 H, m, Ar).

To a solution of 12 (3.57 g, 8.37 mmol) in dry acetone (14
cm®) methyl o-bromoacetate (2.36 cm®, 25.1 mmol) and
anhydrous K,CO; (3.47 g, 25.1 mmol) were added at room tem-
perature. The mixture was heated at reflux for 40 h, then filtered
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and washed with AcOEt and the filtrate concentrated to give a
yellow oil. The oil was dissolved in AcOEt, washed with brine
and the organic layer dried over Na,SO,, filtered and concen-
trated in vacuo. The crude material was purified by flash
chromatography on silica gel (eluent AcOEt-light petroleum
10:90) to give 5 (2.90 g, 5.81 mmol, yield 70%) (Found: C, 60.3;
H, 9.6. C,sH,x0,Si, requires C, 60.2; H, 9.9%); 04(200 MHz)
—0.15 (3 H, s, SiCH;), 0.01 (3 H, s, SiCH;), 0.03 (6 H, s,
2 x SiCH3), 0.86 (9 H, s, Bu"), 0.89 (9 H, s, Bu), 1.70-1.96 (2 H,
m, CH,CH,0Si), 3.50-3.77 (2 H, m, CH,CH,0Si), 3.79 3 H, s,
CO,CH,), 3.86 (3 H, s, OCH,;), 4.67 (2 H, s, CH,0Ar), 4.76
(1 H, dd, J 7.8 and 4.9, CHOSI), 6.74 (2 H, s, Ar), 6.92 (1 H, s,
Ar); 0c —5.3 (2 q, 2xSiCH;), —5.1 (q, SiCH;), —4.7 (q,
SiCH,), 18.1 (2 s, 2 x SiC), 25.8 (3 q, Bu'), 25.9 (3 q, Bu"), 44.0
(t, CH,CH,0Si), 52.1 (q, CO,CH;), 55.7 (g, OCH,), 59.5
(t, CH,CH,0Si), 66.6 (t, CH,0Ar), 71.3 (d, CHOSI), 109.6
(d, Ar), 113.8 (d, Ar), 117.8 (d, Ar), 140.3 (s, Ar), 146.0 (s, Ar),
149.4 (s, Ar), 169.7 (s, CO,CHj;); m/z 483 (M" —15, 2%), 413
(55), 339 (47), 325 (35), 235 (53), 189 (65), 147 (100), 131 (77),
91 (62), 89 (71), 73 (100).

(2R*,3R*)- and (2R*,3S5*)-Methyl 3-(4-benzyloxy-3-methoxy-
phenyl)-2-[4-(1,3-dioxolan-2-yl)-2-methoxyphenoxy]-3-hydroxy-
propionate 15a,b

n-Butyllithium (4.55 cm® of a 1.6 M solution in hexanes, 7.28
mmol) was added at 0 °C to a solution of diisopropylamine (1.0
cm?, 7.28 mmol) in dry THF (12 cm®). After 20 min at 0 °C, a
solution of 4 (1.74 g, 6.07 mmol) in dry THF (10 cm®) was
added dropwise at —78 °C and followed, after 10 min, by a
solution of benzylvanillin (1.47 g, 6.07 mmol) in dry THF (5
cm®). After 40 min at —78 °C, the reaction was quenched with
saturated aqueous NH,CI (20 cm®) and extracted with AcOEt
(3 x 25 cm®). The combined organic extracts were dried over
Na,SO,, filtered and concentrated in vacuo to give a viscous oil
that contained the two diastereomers 15a and 15b in 72:28
diastereomeric ratio. Purification by flash chromatography on
silica gel (eluent AcOEt-light petroleum 60:40) allowed the
separation of the two diastereomers 15a (R;=0.23, 1.59 g) and
15b (R;=0.16, 0.63 g) in 72% overall yield.

Compound 15a (Found: C, 64.9; H, 6.1. CyH;,0y:1H,0
requires C, 64.7; H, 6.0%); 05(200 MHz) 3.64 (3 H, s, CO,CH,),
3.70 (1 H, br d, J 5.0, OH), 3.83 (3 H, s, OCH,;), 3.87 (3 H,
s, OCH,;), 3.96-4.18 (4 H, m, CH,CH,), 4.70 (1 H, d, J 5.2,
CHCO,CH,), 5.13 (2 H, s, CH,Ph), 5.14 (1 H, t, J 5.2, CHOH),
5.71 (1 H, s, CHO,), 6.78-7.08 (6 H, m, Ar), 7.26-7.43 (5 H, m,
Ph); 6. 51.6 (q, CO,CH,), 55.4 (2 q, OCH;), 64.7 (2 t, CH,CH,),
70.4 (t, CH,Ph), 73.3 (d, CHCO,CH,), 82.9 (d, CHOH), 102.9
(d, CHO,), 110.3 (d, Ar), 109.9 (d, Ar), 113.1 (d, Ar), 116.7 (d,
Ar), 118.7 (d, Ar), 118.9 (d, Ar), 126.9 (2 d, Ph), 127.4 (d, Ph),
128.1 (2d, Ph), 132.3 (s, Ar), 132.6 (s, Ar), 136.8 (s, Ar), 147.39
(s, Ar), 147.44 (s, Ar), 148.9 (s, Ar), 149.8 (s, Ar), 169.6 (s,
CO,CHy,); mlz 401 (M* — 91 — 18, 5%), 268 (19), 243 (20), 209
(96), 91 (100), 77 (5), 73 (33), 65 (5).

Compound 15b: 64(200 MHz) 3.54 (3 H, s, CO,CH,;), 3.85
(3 H, s, OCH,;), 3.87 (3 H, s, OCH;), 3.96-4.18 (4 H, m,
CH,CH,), 4.52 (1 H, d, J 6.5, CHCO,CH,), 5.05 (1 H, d, J 6.4,
CHOH), 5.12 (2 H, s, CH,Ph), 5.71 (1 H, s, CHO,), 6.80-7.08 (6
H, m, Ar), 7.26-7.43 (5 H, m, Ph); 6. 51.9 (q, CO,CH,), 55.6 (q,
OCH,), 55.7 (q, OCH,), 65.0 (2 t, CH,CH,), 70.7 (t, CH,Ph),
74.5 (d, CHCO,CH,), 84.5 (d, CHOH), 103.1 (d, CHO,), 110.0
(d, Ar), 110.2 (d, Ar), 113.4 (d, Ar), 116.7 (d, Ar), 119.0 (d, Ar),
119.1 (d, Ar), 127.1 (2 d, Ph), 127.6 (d, Ph), 128.3 (2 d, Ph),
131.2 (s, Ar), 133.0 (s, Ar), 136.9 (s, Ar), 147.7 (s, Ar), 147.9 (s,
Ar), 149.5 (s, Ar), 150.0 (s, Ar), 169.6 (s, Ar).

(1R*,25*)-4-[1-(4-Benzyloxy-3-methoxyphenyl)-1,3-dihydroxy-
propan-2-yloxy]-3-methoxybenzaldehyde 17

NaBH, (1.39 g, 36.8 mmol) was added at room temp. portion-
wise in 6 h to a solution of 15a (1.881 g, 3.68 mmol) in THF—
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H,O 3:1 (36.8 cm®). After 10 h at room temp., water (20 cm®)
was added, the aqueous solution extracted with Et,O (3 x 50
cm®) and the combined organic extracts washed, dried over
Na,SO,, filtered and concentrated to give the product 16 (1.6 g,
3.31 mmol, yield 90%), sufficiently pure to be used for the next
reaction: d5(200 MHz) 2.70 (1 H, br s, OH), 3.47 (1 H, br s,
OH), 3.60-3.81 (2 H, m, CH,OH), 3.87 (3 H, s, OCH,), 3.89
(3 H, s, OCH,), 4.00-4.20 (5 H, m, CH,CH,, CHCH,OH), 4.93
(1 H, d, J 44, CHOH), 5.12 (2 H, s, CH,Ph), 5.73 (1 H, s,
CHO,), 6.80-7.10 (6 H, m, Ar), 7.28-7.44 (5 H, m, Ph); .
55.8 (q, OCH,;), 55.9 (q, OCH,), 60.8 (t, CH,OH), 65.2 (2 t,
CH,CH,), 70.9 (t, CH,Ph), 72.8 (d, CHCH,OH), 86.2 (d,
CHOH), 103.3 (d, CHO,), 110.1 (d, Ar), 110.2 (d, Ar), 113.8
(d, Ar), 118.7 (d, Ar), 119.1 (d, Ar), 119.8 (d, Ar), 127.3 (2 d,
Ph), 127.8 (d, Ph), 128.5 (2 d, Ph), 132.9 (s, Ar), 133.9 (s, Ar),
137.2 (s, Ar), 147.5 (s, Ar), 147.9 (s, Ar), 149.6 (s, Ar), 150.9
(s, Ar).

To a solution of 16 (347 mg, 0.72 mmol) in acetone-H,0 4: 1
(8.2 cm®), PPTS (54 mg, 0.215 mmol) was added at room temp.
and the mixture was heated at reflux for 4 h. After distillation
of acetone, saturated aqueous NaHCO; was added and the
aqueous solution extracted with Et,0 (3 x 10 cm®). The organic
layer was washed with brine, dried over Na,SO,, filtered and
concentrated to give 17, sufficiently pure to be used for the next
reaction (306 mg, 0.698 mmol, yield 97%). Chromatography on
silica gel (eluent AcOEt-light petroleum 70:30) gave an analyt-
ically pure sample of 17 (Found: C, 67.2; H, 6.2. C,sH,,0,-tH,0
requires C, 67.1; H, 6.1%); 05(200 MHz) 2.4 (1 H, br s, OH),
3.2 (1 H, br s, OH), 3.79 (3 H, s, OCHj,), 3.81 (3 H, s, OCHj,),
3.78-3.98 (2 H, m, CH,0OH), 4.39 (1 H, dt, J 4.7 and 3.3,
CHCH,0H),4.94 (1 H,d, J4.7, CHOH), 5.08 (2 H, s, CH,Ph),
6.79-7.00 (4 H, m, Ar), 7.27-7.43 (7 H, m, Ar, Ph), 9.77 (1 H, d,
J 1, CHO); dc 55.7 (2 q, 2 x OCH,), 60.3 (t, CH,OH), 70.7 (t,
CH,Ph), 73.1 (d, CHCH,OH), 84.3 (d, CHOH), 109.8 (d, Ar),
110.2 (d, Ar), 113.6 (d, Ar), 115.0 (d, Ar), 118.0 (d, Ar), 126.2
(d, Ar), 127.1 (2 d, Ph), 127.7 (d, Ph), 128.3 (2 d, Ph), 131.0
(s, Ar), 133.0 (s, Ar), 136.8 (s, Ar), 147.7 (s, Ar), 149.4 (s, Ar),
150.5 (s, Ar), 152.6 (s, Ar), 190.8 (d, CHO); m/z 438 (M*, 2%),
299 (2), 242 (48), 178 (24), 151 (42), 123 (16), 91 (100), 77 (20),
65 (33).

(4R*,55*)-4-[4-(4-Benzyloxy-3-methoxyphenyl)-2,2-dimethyl-
1,3-dioxan-5-yloxy]-3-methoxybenzaldehyde 18 '*

To a solution of 17 (1.35 g, 3.08 mmol) in dry acetone (40 cm®)
anhydrous TsOH (59 mg, 0.308 mmol) was added at room tem-
perature. After 1 h, molecular sieves 4 A were added and the
solution stirred vigorously for one more hour, followed by
anhydrous Na,CO, to quench the acidity. The solvent was then
evaporated and the residue dissolved in Et,0, washed with
water, dried over Na,SQ,, filtered and concentrated to leave a
mixture of 18 and 17 in 70:30 ratio. Compound 18 was separ-
ated by flash chromatography on silica gel (eluent AcOEt-light
petroleum 30:70) to give a white solid (895 mg, 1.87 mmol,
conversion yield 61%, yield 70%), mp 140-141 °C (Found: C,
70.1; H, 6.4. CysH;,O, requires C, 70.3; H, 6.3%); 65(200 MHz)
1.53 (3 H, s, CCH;), 1.64 (3 H, s, CCH;), 3.84 (6 H, s,
2 X OCH,;), 3.96-4.22 (2 H, m, CH,0C), 4.33 (1 H, dt, J 9.1
and 5.3, CHCH,0), 493 (1 H, d, J 9.1, CHOC), 5.11 (2 H, s,
CH,Ph), 6.60 (1 H, d, J 8.1, Ar), 6.79 (1 H, d, J 8.5, Ar), 6.94—
7.04 2 H, m, Ar), 7.19-7.40 (7 H, m, Ar, Ph), 9.78 (1 H, s,
CHO); ¢ 19.6 (q, CCH,;), 28.4 (q, CCHjy), 55.8 (2 q, 2%
OCH,), 62.3 (t, CH,0C), 70.8 (t, CH,Ph), 74.0 (d, CHCH,0),
76.3 (d, CHOC), 99.6 [s, C(CHj),], 109.77 (d, Ar), 110.8 (d, Ar),
113.7 (d, Ar), 114.4 (d, Ar), 119.3 (d, Ar), 126.0 (d, Ar), 127.1
(2 d, Ph), 127.7 (d, Ph), 128.4 (2 d, Ph), 130.8 (s, Ar), 131.8 (s,
Ar), 137.0 (s, Ar), 147.9 (s, Ar), 149.4 (s, Ar), 150.4 (s, Ar), 153.4
(s, Ar), 190.7 (d, CHO); m/z 478 (M™, 1%), 242 (49), 178 (31),
149 (18), 91 (100), 65 (15).
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(1R*,25*)-1-(4-Hydroxy-3-methoxyphenyl)-2-(4-hydroxy-
methyl-2-methoxyphenoxy)propane-1,3-diol 19

A solution of dimer 17 (460 mg, 1.05 mmol) in EtOH (21 cm?®)
was added to 10% Pd/C (55.6 mg) and hydrogenated at
atmospheric pressure and 20 °C for 4 h. The solution was
filtered over Celite and concentrated to give quantitatively
phenolic dimer 19 as a yellowish oil. The oil was purified by
flash chromatography on silica gel (AcOEt-light petroleum
90:10) to obtain pure colourless 19 (312 mg, 0.89 mmol, yield
85%) (Found: C, 60.5; H, 6.8. CsH,,0,-4H,0 requires C, 60.2;
H, 6.45%); 0x(200 MHz) 3.40-3.72 (2 H, m, CHCH,OH),
3.88 (3 H, s, OCH,;), 3.89 (3 H, s, OCHj;), 4.08-4.18 (1 H, m,
CHCH,0H), 4.65 (2 H, s, ArCH,0H), 4.97 (1 H, d, J 44,
CHOH), 5.62 (1 H, br s, ArOH), 6.79-7.00 (6 H, m, Ar);
mlz 350 (M*, 1%), 180 (100), 154 (28), 153 (38), 137 (46), 93
(51),91 (16), 77 (22), 65 (41).

(2R*,3R*,4'R*,5'S*,1"R* and 1"S*) and 2R*,35*,4' R*,
5'S*,1"R* and 1"S*)-Methyl 3-{4-[4’-(4-benzyloxy-3-
methoxyphenyl)-2',2’-dimethyl-1’,3’-dioxan-5'-yloxy]-3-
methoxyphenyl}-2-{4-[1”,3"-bis(tert-butyldimethylsilyl-
oxy)propyl]-2-methoxyphenoxy}-3-hydroxypropionate
20a,b

n-Butyllithium (1.5 cm® of a 1.6 M solution in hexanes, 2.4
mmol) was added at 0°C to a solution of diisopropylamine
(0.34 cm®, 2.4 mmol) in dry THF (5 cm®). After 20 min at 0 °C, a
solution of 5 (1.20 g, 2.4 mmol) in dry THF (5 cm®) was added
at —78 °C followed, after 10 min, by a solution of 18 (765 mg,
1.6 mmol) in dry THF (5 cm®). After 30 min at —78 °C, satur-
ated aqueous NH,Cl (20 cm®) was added and the mixture
extracted with AcOEt (3 x 20 cm®). The combined extracts
were dried over Na,SO,, filtered and concentrated to give a
viscous oil consisting of a mixture of the four possible diastereo-
meric compounds in 83:17 ratio of anti 20a:syn 20b (1.091 g,
1.12 mmol, yield after purification 70%) (Found: C, 64.9; H,
7.7. Cs3H,6045S1, requires C, 65.1; H, 7.8%). By flash chrom-
atography on silica gel (eluent AcOEt-light petroleum 20: 80) it
was possible to collect enriched fractions of the two inseparable
anti-diastereomers 20a which were used in the following steps
for the synthesis of 6.

Compound 20a: (R;=0.07); 65(200 MHz), signals of the two
anti major diastereomers, —0.16 (3 H, s, SiCHj;), 0.00 (3 H, s,
SiCH;), 0.03 (6 H, s, 2 x SiCH3), 0.86 (9 H, s, Bu"), 0.89 (9 H, s,
BuY), 1.49 (3 H, s, CCH,), 1.62 (3 H, s, CCH,), 1.60-1.98 (2 H,
m, CH,CH,0Si), 3.50-3.70 (2 H, m, CH,CH,0Si), 3.62 (3 H, s,
CO,CH,), 3.73 3 H, s, OCH,), 3.83 (3 H, s, OCH,;), 3.85 (3 H,
s, OCH,;), 3.97-4.19 (3 H, m, CHCH,0C), 4.68 (1 H, d, J 4.4,
CHCO,CH,), 4.76 (1 H, dd, J 7.2 and 5.0, CHOSI), 4.88 (1 H,
d, J 8.4, CHOC), 5.05 (1 H, d, J 44, CHOH), 5.12 (2 H, s,
CH,Ph), 6.43 (1 H, dd, J 8.2 and 1.6, Ar), 6.65-7.05 (8 H, m,
Ar), 7.26-7.43 (5 H, m, Ph); J. [signals of the two (a, b) anti
major diastereomers] 5.4 (2 q, 2 X SiCH;), —5.2 (q, SiCHj),
—4.7 (q, SiCH3), 18.1 [2 s, 2 X C(CH,)4], 19.6 (q, CCH,), 25.7
(3¢, BuY), 25.8 (3 q, Bu"), 28.4 (q, CCHj,), 44.0 (t, CH,CH,0Si),
52.0 (g, CO,CHy), 55.7 (2 q, 2 x OCH;), 55.9 (q, OCHy,),
59.4 (t, CH,0Si), 62.8 (t, CH,0C), 70.9 (t, CH,Ph), 71.2 (d,
CHOSI), 73.6 (d, CHCO,CH,;), 74.4 (d, CHCH,0), 77.2 (d,
CHOC), 84.12 (d, b, CHOH), 84.17 (d, a, CHOH), 99.4 [s,
C(CH,),], 109.7 (d, Ar), 110.79 (d, b, Ar), 110.84 (d, a, Ar),
111.1 (d, Ar), 113.8 (d, Ar), 116.87 (d, b, Ar), 116.92 (d, a, Ar),
118.2 (d, Ar), 118.5(d, Ar), 119.09 (d, b, Ar), 119.15 (d, a, Ar),
119.6 (d, Ar), 127.1 (2 d, Ph), 127.7 (d, Ph), 128.4 (2 d, Ph),
132.3 (s, Ar), 133.6 (s, Ar), 137.2 (s, Ar), 142.01 (s, b, Ar), 142.05
(s, a, Ar), 145.78 (s, b, Ar), 145.82 (s, a, Ar), 146.8 (s, Ar), 147.9
(s, Ar), 149.4 (s, Ar), 150.2 (s, Ar), 150.28 (s, b, Ar), 150.32 (s, a,
Ar), 169.7 (s, CO,CHj;).

Compound 20b: (R, = 0.05); 65(200 MHz) (detectable signals
of the two syn minor diastereomers) 4.41 (1 H, d, J 7.2,
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CHCO,CH,;),4.99 (1 H,d, J 7.2, CHOH); d. [detectable signals
of the two (a, b) syn minor diastereomers] 74.6 (d, CHCO,-
CH,), 85.32 (d, b, CHOH), 85.44 (d, a, CHOH), 169.8 (s,
CO,CH,;).

(1R*,28*,1' R*,2'S*,1"S* and 1" R*)-1-(4-Benzyloxy-3-
methoxyphenyl)-2-(4-{2'-[4-(1",3"-dihydroxypropyl)-2-methoxy-
phenoxy]-1',3’-dihydroxypropyl}-2-methoxyphenoxy)propane-
1,3-diol 23

To a solution of 20a (328 mg, 0.34 mmol) in THF-H,0 3:1 (4
cm?®), NaBH, (39 mg, 1.02 mmol) was added at room temp.
portionwise over a period of 3 h. After 24 h at room temper-
ature, water (3 cm®) was added, the aqueous solution extracted
with Et,0 (3 x 10 ¢cm®), the combined extracts washed with
water, dried over Na,SO,, filtered and concentrated to give the
crude product 21 (313 mg, 0.33 mmol, yield 97%), which was
used for the next reaction step without purification. Compound
21: 04(200 MHz) 0.15 (3 H, s, SiCH,), 0.015 (3 H, s, SiCH,),
0.04 (6 H, s, 2 X SiCHj,), 0.87 (9 H, s, Bu'), 0.89 (9 H, s, Bu"),
1.49 (3 H, s, CCH,;), 1.62 (3 H, s, CCH,), 1.63-1.90 (2 H, m,
CH,CH,0Si), 2.70 (1 H, br s, OH), 3.40-3.90 (4 H, m,
CH,CH,0Si, CH,0H), 3.73 (3 H, s, OCHj;), 3.84 (6 H, s,
2 x OCH,;), 3.96-4.10 (4 H, m, CHCH,OH, CHCH,0C), 4.79
(1 H, dd, J 7.3 and 4.7, CHOSI), 4.84-4.92 (2 H, m, CHOH,
CHOC), 5.12 (2 H, s, CH,Ph), 6.41 (1 H, dd, J 8.2 and 1.6, Ar),
6.65(1 H, d, J8.2, Ar), 6.76-7.05 (7 H, m, Ar), 7.26-7.42 (S H,
m, Ph).

To a solution of 21 (313 mg, 0.33 mmol) in 3.3 cm?® of dry
THF, TBAF (0.82 cm® of a 1 M solution in THF, 0.82 mmol)
was added at 0 °C and after 10 min the mixture was left at room
temp. for 28 h. The solvent was removed in vacuo, the residue
dissolved in AcOEt, washed with water, dried over Na,SO,,
filtered and concentrated to give crude 22. Purification by elu-
tion on a short pad of silica gel (AcOEt with 2% EtOH)
afforded 22 as a yellowish viscous oil (187 mg, 0.26 mmol, yield
78%). Compound 22: §4(200 MHz) 1.51 (3 H, s, CCH3;), 1.63
(3 H, s, CCH,), 1.85-2.04 (2 H, m, CH,CH,OH), 3.40-3.72
(2 H, m, CH,CH,0H), 3.72 (3 H, s, OCH,), 3.84 (3 H, s,
OCH,), 3.85 (3 H, s, OCH,), 3.80-3.90 (2 H, m, CH,0H), 4.03—
4.18 (4 H, m, CHCH,OH, CHCH,0C), 4.85-4.94 (3 H, m,
2 x CHOH, CHOC), 5.13 (2 H, s, CH,Ph), 6.41 (1 H, d, J 8.2,
Ar), 6.65 (1 H, d, J 8.2, Ar), 6.78-6.88 (4 H, m, Ar), 6.95-7.03
(3 H, m, Ar), 7.26-7.43 (5 H, m, Ph).

To a solution of 22 (187 mg, 0.26 mmol) in acetone-H,0 3:2
(5.2 cm®), PPTS (33 mg, 0.13 mmol) was added at room temp.
and the mixture was heated at reflux for 24 h. Acetone was
removed in vacuo, saturated aqueous NaHCO, added and
extracted with AcOEt (3 x 10 cm®). The organic solution was
washed with brine, dried over Na,SO,, filtered and concen-
trated in vacuo to give a crude oil, which was purified by flash
chromatography on silica gel (eluent AcOEt with 5% EtOH) to
give colourless 23 (158 mg, 0.23 mmol, yield §9%) (Found: C,
63.6; H, 6.6. C;;H,,0,,-H,0 requires C, 63.6; H, 6.6%); d5(200
MHz) 1.80-2.03 (2 H, m, CH,CH,OH), 2.34 (1 H, br s, OH),
2.80 (2 H, brs, 2% OH), 3.18 (1 H, br s, OH), 3.53 (1 H, brs,
OH), 3.60-3.80 (2 H, m, CH,CH,0OH), 3.81-4.00 (4 H, m,
2 x CH,0OH), 3.86 (3 H, s, OCH,;), 3.88 (6 H, s, 2 X OCHj,),
4.04-4.27 (2 H, m, 2x CHCH,0OH), 4.80-5.02 (3 H, m,
3 x CHOH), 5.15 (2 H, s, CH,Ph), 6.80-7.03 (9 H, m, Ar),
7.27-7.43 (5 H, m, Ph); m/z (ES) 679.7 (M — H", 40%), 393.4
(100), 345.3 (20), 197.2 (41), 149.3 (9).

(1R*,258*,1'R*,2'S*,1"S* and 1"R*)-2-(4-{2'-[4-(1",3"-
Dihydroxypropyl)-2-methoxyphenoxy]-1’,3’-dihydroxypropyl}-
2-methoxyphenoxy)-1-(4-hydroxy-3-methoxyphenyl)propane-
1,3-diol 6

A solution of 23 (108 mg, 0.158 mmol) in EtOH (3.2 cm®) was
added to 10% Pd/C (10 mg) and hydrogenated at atmospheric
pressure and 20 °C for 1 h. The solution was filtered over Celite,
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concentrated and the residue purified by flash chromatography
(gradient eluent AcOEt with 2% EtOH, AcOEt with 5% EtOH)
to give the pure colourless trimeric compound 6 (77 mg, 0.13
mmol, yield 82%). The spectroscopic analysis of 6 (particularly
13C NMR) shows the presence of many possible conform-
ational equilibria in solution. Compound 6: (Found: C, 59.1; H,
6.7. C3H3304,-H,O requires C, 59.2; H, 6.6%); dyx(D,0, 500
MHz) 1.69-1.80 (1 H, m, { x CH,CH,0OH), 1.81-1.90 (1 H, m,
{ x CH,CH,0OH), 3.38-3.75 (11 H, m, 3 X OCH;, CH,0OH),
3.77-3.93 (4 H, m, 2x CH,0OH), 435448 (2 H, m, 2 X
CHCH,0H), 4.53-4.68 (3 H, m, 3 x CHOH), 6.55-6.90 (9 H,
m, Ar); m/z (ES) 589.5 (M — H™, 100%) 541.5 (68), 393.4 (34),
391.4 (44), 345.3 (28), 343.3 (62), 197.3 (28), 195.3 (71), 149.2
(20).

(2R*,3R*,4'R*,5'S*) and (2R*,3S5*,4' R*,5' S*)-Methyl 3-
{4-[4'-(4-Benzyloxy-3-methoxyphenyl)-2’,2’-dimethyl-1',3'-
dioxan-5'-yloxy]-3-methoxyphenyl}-2-[4-(1,3-dioxolan-2-yl)-2-
methoxyphenoxy]-3-hydroxypropionate 24a,b

n-Butyllithium (5.33 cm® of a 1.6 M solution in hexanes,
8.53 mmol) was added to a solution of diisopropylamine
(1.90 cm?, 8.53 mmol) in dry THF (30 cm®) at 0 °C. After 15 min
at 0°C, compound 4 (2.44 g, 8.53 mmol) in 25 cm?® of dry
THF was added dropwise at —78 °C. Compound 18 (2.72 g,
5.68 mmol) in dry THF (40 cm®) was then added at —78 °C and
after 1 h the reaction was quenched with saturated aqueous
NH,CI. The mixture was extracted with Et,O (3 X 100 cm?),
washed with brine and the organic layer dried over Na,SO,,
filtered and concentrated to give a residue that consisted of
the two diastereomers 24a and 24b in 77:23 ratio. Purification
by flash chromatography on silica gel (eluent AcOEt-light
petroleum 1:1) afforded diastereomers 24a (2.92 g, R;=0.24)
and 24b (0.87 g, R;=0.17) as colourless oils in 89% overall
yield.

Compound 24a (Found: C, 64.05; H, 6.2. C,;H,O,;-H,O
requires C, 64.4; H, 6.3%); 05(200 MHz) 1.51 (3 H, s, CCH,),
1.63 (3 H, s, CCH;), 3.58 (1 H, br d, J 5, OH), 3.64 (3 H, s,
CO,CH,), 3.73 (3 H, s, OCH,), 3.85 (6 H, s, 2 X OCH;), 4.00—
420 (7 H, m, CH,CH,, CHCH,0C), 4.68 (1 H, d, J 4.9,
CHCO,CH,), 490 (1 H, d, J 8.4, CHOC), 5.06 (1 H, t, J 4.9,
CHOH), 5.13 (2 H, s, CH,Ph), 5.73 (1 H, s, CHO,), 6.42 (1 H,
dd, /8.2 and 1.9, Ar), 6.74 (1 H, dt, J 8.2 and 2.2, Ar), 6.80—
6.88 (2 H, m, Ar), 6.90-7.05 (5 H, m, Ar), 7.26-7.43 (5 H, m,
Ph); dc 19.3 (q, CCH;), 27.9 (g, CCH,), 51.6 (q, CO,CH;), 55.2
(q, OCH,), 55.3 (q, OCH,), 55.4 (q, OCH,), 62.3 (t, CH,00),
64.7 (2 t, CH,CH,), 70.4 (t, CH,Ph), 73.2 (d, CHCH,0), 74.0
(d, CHCO,CH,), 76.7 (d, CHOC), 82.8 (d, CHOH), 99.0 [s,
C(CH,),], 102.8 (d, CHO,), 109.8 (d, Ar), 110.5 (d, Ar), 110.8
(d, Ar), 113.3 (d, Ar), 116.3 (d, Ar), 116.7 (d, Ar), 118.7 (d, Ar),
118.9 (d, Ar), 119.3 (d, Ar), 126.8 (2 d, Ph), 127.3 (d, Ph), 128.0
(2d, Ph), 132.0 (s, Ar), 132.7 (s, Ar), 133.8 (s, Ar), 136.8 (s, Ar),
146.3 (s, Ar), 147.3 (s, Ar), 147.5 (s, Ar), 148.9 (s, Ar), 149.6 (s,
Ar), 149.8 (s, Ar), 169.4 (s, CO,CH,).

Compound 24b: 64(200 MHz) 1.51 (3 H, s, CCH,), 1.63 (3 H,
s, CCH,;), 3.54 (3 H, s, CO,CH,), 3.72 (3 H, s, OCH,;), 3.85 (6 H,
s, 2 x OCH,), 3.98-4.20 (7 H, m, CH,CH,, CHCH,OC), 4.46
(1H,d,J6.5, CHCO,CH,),4.88 (1 H, d, /8.3, CHOC), 5.00 (1
H,d,J6.5, CHOH), 5.13 (2 H, s, CH,Ph), 5.73 (1 H, s, CHO,),
6.42 (1 H,d, J8.3, Ar), 6.70 (1 H, d, J 8.4, Ar), 6.80-7.05 (7 H,
m, Ar), 7.27-7.43 (5 H, m, Ph); dc 19.6 (q, CCHj,), 28.3 (q,
CCH,), 52.0 (q, CO,CH;), 55.6 (2 q, 2 X OCH;), 55.8 (q,
OCH,), 62.7 (t, CH,0C), 65.1 (2 t, CH,CH,), 70.8 (t, CH,Ph),
74.4 (2 d, CHCO,CH,, CHCH,0), 77.1 (d, CHOC), 84.6 (d,
CHOH), 99.4 [s, C(CHj;),], 103.2 (d, CHO,), 110.0 (d, Ar),
110.5 (d, Ar), 111.0 (d, Ar), 113.6 (d, Ar), 116.8 (d, Ar), 118.9
(d, Ar), 119.2 (d, Ar), 119.3 (d, Ar), 119.5 (d, Ar), 127.1 (2 d,
Ph), 127.7 (d, Ph), 128.4 (2 d, Ar), 132.2 (s, Ar), 132.7 (s, Ar),
133.3 (s, Ar), 137.1 (s, Ar), 146.9 (s, Ar), 147.7 (s, Ar), 147.8 (s,
Ar), 149.3 (s, Ar), 150.1 (s, Ar), 150.3 (s, Ar), 169.6 (s, CO,CH,).
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(1R*,25*,4' R*,5' §*)-1-{4-[4’-(4-Benzyloxy-3-methoxy-
phenyl)-2’,2’-dimethyl-1',3'-dioxan-5'-yloxy]-3-methoxyphenyl}-
2-[4-(1,3-dioxolan-2-yl)-2-methoxyphenoxy]propane-1,3-

diol 25

To a solution of 24a (3 g, 3.92 mmol) in 39 cm® of THF-H,O
3:1, NaBH, (1.04 g, 27.44 mmol) was added at room temp.
portionwise over a period of 5 h. After 20 h at room temper-
ature, water was added, the aqueous solution was extracted
with Et,0 (3 x 40 cm®) and the combined extracts washed with
water, dried over Na,SO,, filtered and concentrated in vacuo to
give 25 (2.60 g, 3.62 mmol, yield 92%), sufficiently pure to be
used for the next reaction (Found: C, 64.9; H, 6.3. C,H,;O1,°
H,0 requires C, 65.2; H, 6.6%); 04(200 MHz) 1.50 (3 H, s,
CCH,), 1.63 (3 H, s, CCH,), 3.55(2 H, m, CH,0H), 3.72 (3 H,
s, OCH,;), 3.85 (3 H, s, OCH,), 3.89 (3 H, s, OCH,;), 4.00-4.19 (8
H, m, CH,CH,, CHCH,0OH, CHCH,0C), 4.88 (2 H, d, J 4.8,
CHOH, CHOC), 5.12 (2 H, s, CH,Ph), 5.75 (1 H, s, CHO,),
642 (1 H,d,J82, Ar), 6.63(1 H,d, J8.4, Ar), 6.79-6.87 (2 H,
m, Ar), 6.90-7.08 (5 H, m, Ar), 7.27-7.43 (5 H, m, Ph); 6. 19.6
(g, CCH,), 28.5 (q, CCH,), 55.8 (q, OCH,), 559 (2 q,
2 x OCH,), 60.6 (t, CH,OH), 62.8 (t, CH,0C), 65.3 (2 t,
CH,CH,), 70.9 (t, CH,Ph), 72.5 (d, CHCH,0C), 74.6 (d,
CHCH,OH), 77.2 (d, CHOC), 87.4 (d, CHOH), 99.5 (s,
C(CH,;),), 103.3 (d, CHO,), 109.9 (d, Ar), 110.0 (d, Ar), 111.1
(d, Ar), 113.8 (d, Ar), 117.4 (d, Ar), 118.2 (d, Ar), 119.8 (d, Ar),
120.0 (d, Ar), 120.7 (d, Ar), 127.2 (2 d, Ph), 127.8 (d, Ph), 128.5
(2d, Ph), 132.3 (s, Ar), 133.9 (s, Ar), 134.3 (s, Ar), 137.2 (s, Ar),
146.5 (s, Ar), 147.5 (s, Ar), 147.9 (s, Ar), 149.4 (s, Ar), 150.5
(s, Ar), 151.6 (s, Ar).

(4R*,55*,4' R*,5' S*)-4-(4'-{4-[4"-(4-Benzyloxy-3-methoxy-
phenyl)-2",2"-dimethyl-1",3"-dioxan-5"-yloxy]-3-methoxy-
phenyl}-2',2’-dimethyl-1',3’-dioxan-5'-yloxy)-3-methoxy-
benzaldehyde 27

A solution of 25 (2.56 g, 3.56 mmol), 2,2-dimethoxypropane
(1.75 cm?®, 14.24 mmol) and a catalytic amount of TsOH (27
mg) in dry DMF (4.75 cm?®) were stirred at room temp. for 2 h.
Saturated aqueous NaHCO; (5 cm®) was added, the aqueous
layer extracted with AcOEt (3 x 10 cm®), dried over Na,SO,,
filtered and concentrated in vacuo to give the crude compound
26 (2.64 g): 05(200 MHz) 1.49 (6 H, s, 2 x CCH,;), 1.61 (6 H,
s, 2 x CCH,), 3.28 (6 H, s, 2 x OCHj;), 3.69 (3 H, s, OCH,),
3.73 (3 H, s, OCH,;), 3.85 (3 H, s, OCH,), 3.96-4.20 (6 H,
m, 2 X CH,0C, 2x CHCH,0C), 486 (2 H, t, J 7.3, 2X
CHOC), 5.13 (2 H, s, CH,Ph), 523 [1 H, s, CH(OCH,),],
6.40-6.48 (2 H, m, Ar), 6.74-7.05 (7 H, m, Ar), 7.27-7.42 (5 H,
m, Ph).

An aqueous solution of 10% oxalic acid (0.79 g, 29 drops)
was added with continuous magnetic stirring to a suspension
of silica gel (7.92 g, silica gel 60, Merck, for column chrom-
atography, 70-230 mesh) in CH,Cl, (10.6 cm®). After 5 min, the
water phase disappeared due to the absorption on the silica gel
surface. The crude compound 26 (2.64 g, 3.47 mmol) was added
and stirring was continued at room temp. for 1 h. After neutral-
ization with NaHCOj;, the solid phase was separated by suction
filtration and the solid was washed several times with CH,Cl,.
Evaporation of the solvent under reduced pressure gave com-
pound 27, which was purified by flash chromatography on silica
gel (eluent AcOEt-light petroleum 1:1) to afford the pure alde-
hyde 27 (1.86 g, 2.60 mmol, yield from 25 73%) (Found: C, 68.6;
H, 6.65. C,;H,;0,, requires C, 68.9; H, 6.5%); 64(200 MHz)
1.49 (3 H, s, CCH,;), 1.52 (3 H, s, CCH,;), 1.61 (3 H, s, CCH,;),
1.62 (3 H, s, CCH,), 3.68 (3 H, s, OCH,), 3.83 (6 H, s,
2 x OCH,), 3.92-4.38 (6 H, m, 2 X CH,0OC, 2 x CHCH,00),
4.87(1H,d, J84,CHOC),4.89(1 H, d, /8.7, CHOC), 5.13 (2
H, s, CH,Ph), 6.40 (1 H, dd, J 8.2 and 3.1, Ar), 6.58 (1 H, dd,
J 8.2 and 2.7, Ar), 6.79-7.04 (5 H, m, Ar), 7.21 (1 H, dt, J 8.1
and 1.9, Ar), 7.27-7.43 (6 H, m, Ph, Ar), 9.77 (1 H, d, J 1.8,
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CHO);6.19.6 (2 q,2 x CCH,), 28.2 (q, CCH;), 28.4 (q, CCH,),
55.6 (q, OCHS,), 55.8 (2 q, 2 X OCHj), 62.2 (t, CH,0C), 62.7 (t,
CH,0C), 70.9 (t, CH,Ph), 73.8 (d, CHCH,0C), 74.3 (d,
CHCH,0C), 76.2 (d, CHOC), 77.2 (d, CHOC), 99.4 [s,
C(CH,),], 99.7 [s, C(CH,),], 109.7 (d, Ar), 111.1 (d, Ar), 113.8
(d, Ar), 114.3 (d, Ar), 117.0 (d, Ar), 117.1 (d, Ar), 119.3 (d, Ar),
119.5 (d, Ar), 126.0 (d, Ar), 127.2 (2 d, Ph), 127.7 (d, Ph), 128.5
(2 d, Ph), 130.9 (s, Ar), 132.4 (s, Ar), 133.3 (s, Ar), 137.2 (5, Ar),
146.9 (s, Ar), 147.8 (s, Ar), 149.4 (s, Ar), 150.1 (s, Ar), 150.3 (s,
Ar), 152. 3 (s, Ar), 190.7 (d, CHO).

(2R*,3R*,4'R*,5'S* 4"R*,5"S*,1”S* and 1" R*) and (2R*,35*,
4'R*,5'S* 4'R*,5"S*,1”S* and 1" R*)-Methyl 3-[4-(4'-{4-
[4"-(4-benzyloxy-3-methoxyphenyl)-2”,2"-dimethyl-1",3"-dioxan-
5"-yloxy]-3-methoxyphenyl}-2',2’-dimethyl-1',3’-dioxan-5'-
yloxy)-3-methoxyphenyl]-2-{4-(1",3"-bis(tert-butyldimethyl-
silyloxy)propyl]-2-methoxyphenoxy}-3-hydroxypropionate
28a,b

n-Butyllithium (2 cm® of a 1.6 M solution in hexanes, 3.19
mmol) was added at 0°C to a solution of diisopropylamine
(0.45 cm?, 3.19 mmol) in dry THF (5 cm®). After 20 min at 0 °C,
a solution of 5 (1.21 g, 2.39 mmol) in dry THF (7 cm®) was
added at —78 °C followed after 10 min by a solution of 27 (1.14
g, 1.59 mmol) in dry THF (8 cm®). After 30 min at —78 °C,
saturated aqueous NH,CI (20 ¢cm®) was added to the mixture
and then extracted with Et,0 (3 %X 30 cm?®). The combined
extracts were dried over Na,SO,, filtered and concentrated to
give a viscous oil consisting of a mixture of the four possible
diastereomeric tetrameric compounds in 80:20 ratio of anti
28a:syn 28b (1.36 g, 1.12 mmol, yield after purification 71%)
(Found: C, 65.1; H, 7.7. C4H,,04,S1, requires C, 65.3, H, 7.6%).
By flash chromatography on silica gel (eluent AcOEt-light
petroleum 40:60) it was possible to collect the enriched frac-
tions of the two anti-diastereomers 28a, which were used in the
following steps for the synthesis of 7.

Compound 28a (R; = 0.38); d4(600 MHz) (signals of the two
anti major diastereomers) —0.15 (3 H, s, SiCH;), 0.02 (3 H, s,
SiCH;), 0.038 (3 H, s, SiCHj;), 0.044 (3 H, s, SiCHj,), 0.88 (9 H,
s, BuY), 0.90 (9 H, s, Bu), 1.50 (6 H, s, 2 x CCH,), 1.61 (3 H, s,
CCH,;), 1.62 3 H, s, CCHj;), 1.68-1.75 (1 H, m, {CH,CH,0Si),
1.83-1.89 (1 H, m, iCH,CH,0Si), 3.65-3.77 (2 H, m,
CH,CH,0Si), 3.64 (3 H, s, OCH;), 3.68 (3 H, s, OCH,), 3.73
(3 H, s, OCH,), 3.82 (3 H, s, OCH,), 3.85 (3 H, s, OCHj;), 3.91-
4.17 (6 H, m, 2 X CH,0C, 2 x CHCH,0C), 4.65 (1 H, m,
CHCO,CH,), 4.77 (1 H, dd, J 7.7 and 4.7, CHOSI), 4.83 (1 H,
d, J 9.0, CHOC), 487 (1 H, d, J 9.1, CHOC), 5.04 (1 H,
m, CHOH), 5.14 (2 H, s, CH,Ph), 6.38-6.45 (2 H, m, Ar),
6.69-6.77 (3 H, m, Ar), 6.83-7.01 (6 H, m, Ar), 7.06 (1 H, s, Ar),
729 (1 H,d,J75,Ph), 734 (2 H,t,J 7.7, Ph), 741 (2 H, d,
J 7.9, Ph); 6(200 MHz) [only detectable signals of the two
(a, b) anti major diastereomers] —5.4 (2 q, 2 X SiCHj;), —5.1
(q, SiCHj;), —4.7 (q, SiCHjy), 18.1 [2 s, C(CH;),], 19.6 (2 q,
2 x CCHj,), 25.8 (3 g, BuY), 259 (3 q, Bu"), 284 (2 q, 2 %
CCH,), 44.0 (t, CH,CH,0Si), 52.0 (q, CO,CH,), 55.7 (3 q,
3 x OCH;), 559 (q, OCH,), 59.4 (t, CH,08Si), 62.7 (2 t,
2 x CH,0C), 70.9 (t, CH,Ph), 71.2 (d, CHOSI), 73.5 (d,
CHCO,CH,;), 74.4 (2 d, 2 X CHCH,0C), 76.79 (d, b, CHOC),
76.78 (d, a, CHOC), 77.41 (d, b, CHOC), 77.42 (d, a, CHOC),
84.0 (d, CHOH), 99.4 [2 s, 2 X C(CHj,),], 109.7 (d, Ar), 111.1
(d, Ar), 113.8 (d, Ar), 118.2 (d, Ar), 119.6 (d, Ar), 127.2 (2 d,
Ph), 127.7 (d, Ph), 128.5 (2 d, Ph), 132.4 (s, Ar), 133.9 (s, Ar),
134.0 (s, Ar), 137.2 (s, Ar), 141.8 (s, Ar), 145.8 (s, Ar), 146.5
(s, Ar), 146.7 (s, Ar), 147.9 (s, Ar), 149.4 (s, Ar), 150.2 (s, Ar),
169.9 (s, CO,CH,).

Compound 28b (R, = 0.34); 54(600 MHz) (detectable signals
of the two syn minor diastereomers) 4.43 (1 H, m, CHCO,-
CHj;), 5.00 (1 H, m, CHOH); J., detectable signal of the syn
minor diastereomers, 85.1 (d, CHOH).

3216 J. Chem. Soc., Perkin Trans. 1, 1998, 3207-3217

View Online

(AR*,25*,4'R*,5' S* 4'R*,5"S*,1"S* and 1" R*)-1-[4-(4'-{4-[4"-
(4-Benzyloxy-3-methoxyphenyl)-2",2"-dimethyl-1",3"-dioxan-5"-
yloxyl-3-methoxyphenyl}-2’,2'-dimethyl-1',3'-dioxan-5'-yloxy)-
3-methoxyphenyl]-2-{4-[1",3"-bis(tert-butyldimethylsilyloxy)-
propyl]-2-methoxyphenoxy}propane-1,3-diol 29

To a solution of 28a (400 mg, 0.33 mmol) in 3.3 cm® of THF-
H,0 3:1, NaBH, (85 mg, 2.31 mmol) was added portionwise at
room temp. over a period of 5 h. After 24 h at room temper-
ature, water was added and the aqueous solution was extracted
with AcOEt (3 X 5 cm®). The combined extracts were washed
with water, dried over Na,SO,, filtered and concentrated in
vacuo to give 29 (367 mg, 0.31 mmol, yield 94%), sufficiently
pure to be used for the next reaction (Found: C, 64.9; H, 7.8.
CesHoy0,651,-H,0 requires C, 64.9; H, 7.7%); 04(200 MHz)
—0.14 (3 H, s, SiCH;), 0.03 (3 H, s, SiCH;), 0.05 (6 H, s,
2 x SiCH,), 0.88 (9 H, s, Bu%), 0.91 (9 H, s, Bu®), 1.49 (6 H, s,
2 x CCH,;), 1.61 (6 H, s, 2x CCHy), 1.70-1.98 (2 H, m,
CH,CH,0Si), 2.84 (1 H, br s, OH), 3.64-3.50 (2 H, m,
CH,0Si), 3.65-3.80 (2 H, m, CH,0H), 3.68 (3 H, s, OCH,),
3.71 (3 H, s, OCH,), 3.84 (3 H, s, OCHj,), 3.85 (3 H, s, OCHj,),
3.92-4.17 (7 H, m, 2xCHCH,0C, CHCH,OH), 4.78-
4.89 (4 H, m, 2x CHOC, CHOH, CHOSi), 5.13 (2 H, s,
CH,Ph), 6.38-6.46 (2 H, m, Ar), 6.60-7.06 (10 H, m, Ar), 7.27—
7.43 (5 H, m, Ph); J. [only detectable signals of the two (a, b)
anti diastereomers] —5.4 (2 q, 2 X SiCH;), —5.2 (q, SiCHj),
—4.8 (q, SiCHj), 18.1 [2's, 2 X C(CHj;);], 19.5 (2 q, 2 X CCH,),
25.7 (3 q, Bu"), 25.8 (3 q, Bu), 28.3 (2 q, 2 x CCHy), 43.9 (t,
CH,CH,0Si), 55.6 (3 q, 3 X OCH,), 55.8 (q, OCH,), 59.4 (t,
CH,0Si), 60.6 (t, CH,OH), 62.7 (2 t, 2 X CH,0C), 70.8 (t,
CH,Ph), 71.1 (d, CHOSi), 72.4 (d, CHCH,OH), 74.3 (d,
CHCH,00), 74.4 (d, CHCH,0C), 76.71 (d, b, CHOC), 76.77
(d, a, CHOC), 77.2 (d, b, CHOC), 77.3 (d, a, CHOC), 87.0 (d,
CHOH), 99.4 [2 s, 2 X C(CHj,),], 109.5 (d, Ar), 111.0 (d, Ar),
113.7 (d, Ar), 118.6 (d, Ar), 119.6 (d, Ar), 127.1 (2 d, Ph), 127.6
(d, Ph), 128.4 (2d, Ph), 132.3 (s, Ar), 133.8 (s, Ar), 133.9 (s, Ar),
134.8 (s, Ar), 137.1 (s, Ar), 142.0 (s, Ar), 145.4 (s, Ar), 146.1 (s,
Ar), 146.7 (s, Ar), 147.8 (s, Ar), 149.3 (s, Ar), 150.1 (s, Ar), 151.1
(s, Ar).

(1R*,25*,1'R*,2' S*,1"R*,2"S*,1"S* and 1" R*)-1-(4-Benzyl-
oxy-3-methoxyphenyl)-2-{4-[2'-(4-{2"-[4-(1",3"-dihydroxy-
propyl)-2-methoxyphenoxy]-1",3"-dihydroxypropyl}-2-methoxy-
phenoxy)-1',3’-dihydroxypropyl]-2-methoxyphenoxy} propane-
1,3-diol 31

To a solution of 29 (340 mg, 0.29 mmol) in 1 cm® of dry THF,
TBAF (1.16 cm® of a 1 M solution in THF, 1.16 mmol) was
added at 0 °C and after 10 min the mixture was stirred at room
temp. for 20 h. The solvent was then evaporated and the residue
dissolved in AcOEt. The organic layer was washed with water,
dried over Na,SO,, filtered and concentrated to give an oil,
which was purified by elution on a short pad of silica gel
(AcOEt with 3% EtOH) to afford 30 (220 mg, 0.23 mmol, yield
79%): 0x(200 MHz) 1.49 (6 H, s, 2 x CCH,), 1.61 (6 H, s,
2 x CCH,), 1.80-1.96 (2 H, m, CH,CH,0H), 3.00 (4 H, br s,
4 X OH), 3.45-3.81 (4 H, m, 2 x CH,0H), 3.68 (3 H, s, OCH,),
3.81 (3 H, s, OCH,;), 3.82 (6 H, s, 2 X OCHj,), 3.90-4.10 (7 H,
m, 2x CHCH,0C, 2x CHCH,OH), 4.79-490 (4 H, m,
2 x CHOH, 2 x CHOC), 5.11 (2 H, s, CH,Ph), 6.36-6.43 (2 H,
m, Ar), 6.60-7.04 (10 H, m, Ar), 7.27-7.43 (5 H, m, Ph).

To a solution of 30 (220 mg, 0.23 mmol) in acetone-H,O 1:1
(2.3 cm®), PPTS (28 mg, 0.11 mmol) was added at room temp.
and the mixture was heated at reflux for 20 h. Acetone was
removed in vacuo to give an oil which was purified by flash
chromatography on silica gel (eluent AcOEt with 10% EtOH)
to give pure 31 (166 mg, 0.19 mmol, yield 83%) (Found: C, 61.6;
H, 6.4. C,;Hss0,,2H,0 requires C, 61.8; H, 6.6%); 54(200
MHz) 1.80-2.08 (2 H, m, CH,CH,0OH), 3.60-3.76 (2 H, m,
CH,CH,0H), 3.79-4.00 (6 H, m, 3 x CH,0OH), 3.86 (3 H, s,
OCH,), 3.88 (9 H, s, 3 xOCH,), 4.12-4.19 (3 H, m, 3 X
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CHCH,OH), 4.92 (4 H, brs, 4 x CHOH), 5.14 (2 H, s, CH,Ph),
6.75-7.03 (12 H, m, Ar), 7.27-7.45 (5 H, m, Ph); m/z (ES) 875.9
(M — H, 100%), 677.7 (10), 589.5 (35), 393.4 (37), 197.2 (11).

(AR*,28*,1'R*,2’'S*,1"R*,2"S*,1"S* and 1" R*)-2-{4-[2'-
(4-{2"-[4-(1",3"-Dihydroxypropyl)-2-methoxyphenoxy]-1",3"-
dihydroxypropyl}-2-methoxyphenoxy)-1',3’-dihydroxypropyl]-2-
methoxyphenoxy}-1-(4-hydroxy-3-methoxyphenyl)propane-1,3-
diol 7

A solution of 31 (98 mg, 0.112 mmol) in EtOH (2.2 cm®) was
added to 10% Pd/C (12 mg) and hydrogenated at atmospheric
pressure and 20 °C for 1.5 h. The solution was filtered over
Celite, concentrated to give a viscous oil, which was purified by
flash chromatography (gradient eluent AcOEt with 10% EtOH,
AcOEt with 15% EtOH and 2% NH;) to give pure colourless
tetramer 7 (79 mg, 0.10 mmol, yield 90%). The spectroscopic
analysis of 6 (particularly *C NMR) shows the presence of
many possible conformational equilibria in solution. Com-
pound 7 (Found: C, 59.1; H, 6.6. C, Hs,O44°1.5H,0 requires
C, 59.0; H, 6.6%); dx(D,0, 500 MHz) 1.67-1.80 (I H, m,
{ x CH,CH,0OH), 1.81-1.91 (1 H, m, { x CH,CH,0OH), 3.32-
3.62 (14 H, m, 4 x OCH,;, CH,CH,0OH), 3.74-3.94 (6 H, m,
3 x CH,0OH), 4.32-4.48 (3 H, m, 3 x CHCH,0OH), 4.50-4.69
(4 H, m, 4 x CHOH), 6.50-6.88 (12 H, m, Ar); m/z (ES) 785.7
(M — H", 100%) 379.1 (33), 363.1 (14), 285.1 (37), 269.1 (13),
191.1 (23).

Acknowledgements

We would like to thank Professor 1. Bertini for helpful discus-
sions. Valuable suggestions on the synthetic procedure from
Professor G. Brunow and Professor B. Rindone are warmly
acknowledged. Discussions with Professor M. Tien on the
mechanism of peroxidases have been fruitful. The study has
been carried out with financial support from the Commission
of the European Communities, Agriculture and Fisheries
(FAIR) specific RTD programme, CT95-0805, “OXEPI”. It
does not necessarily reflect its views and in no way anticipates
the Commission’s future policy in this area. We thank also
Professor G. Moneti (Centro interdipartimentale di Spettro-
metria di Massa) for performing the MS-ES experiments and
Mr S. Papaleo for MS experiments.

References

1 K. V. Sarkanen and C. H. Ludwig, Lignin: Occurrences, Formation,
Structure and Reactions, Wiley-Interscience, New York, 1968.

2 K. Freudenberg, Constitution and Biosynthesis of Lignin, ed. A.C.
Neish and K. Freudenberg, Springer, New York, 1971.

3 J. M. Harkin, Lignin—a natural polymeric product of phenolic
oxidation, in Oxidative Coupling of Phenols, ed. W. 1. Taylor and
A.R. Battersby, Marcel Dekker, New York, 1967, ch. 6.

4 T. Higuchi, Wood Sci. Technol., 1990, 24, 23.

5 E. Adler, Wood Sci. Technol., 1977, 11, 169.

6 A. B. Orth and M. Tien, Biotechnology of Lignin Degradation, in
The Mycota II Genetics and Biotechnology, ed. U. Kuck, Springer-
Verlag, Berlin, Heidelberg, 1995, p. 287; K. E. Eriksson and T. K.
Kirk, Biopulping, biobleaching, and the treatment of kraft bleaching
effluents with white rot fungi, in Comprehensive biotechnology: the
principles, applications and regulation of biotechnology in industry,
agriculture and medicine, ed. M. Y. Murray, Pergamon Press,
New York, 1985, vol. 4, p. 271.

View Online

7 R. L. Crawford, Lignin Degradation and Transformation, Wiley-
Interscience, New York, 1981.

8 J. A. Buswell and E. Odier, CRC Crit. Rev. Biotechnol., 1987, 6, 1;
M. Kuwahara, J. K. Glenn, M. A. Morgan and M. H. Gold, FEBS
Lett., 1984, 169, 247; T. K. Kirk, W. J. Connors, R. D. Bleam, W. F.
Hackett and J. G. Zeikus, Proc. Natl. Acad. Sci. USA, 1975, 72,
2515.

9 D. Cai and M. Tien, J. Biotechnol., 1993, 30, 79.

10 T. L. Poulos and J. Kraut, J. Biol. Chem., 1980, 255, 8199; L. Banci,
J. Biotechnol., 1997, 53, 253; A. Andrawis, K. A. Johnson and
M. Tien, J. Biol. Chem., 1988, 263, 1195; H. Wariishi, L. Akiles-
waran and M. H. Gold, Biochemistry, 1988, 27, 5365; 1. Kuan, K. A.
Johnson and M. Tien, J. Biol. Chem., 1993, 268, 20 064.

11 M. Sundaramoorthy, K. Kishi, M. H. Gold and T. L. Poulos,
J. Biol. Chem., 1994, 269, 32 759; L. T. Poulos, S. L. Edwards,
H. Wariishi and M. Gold, J Biol Chem., 1993, 268, 4429;
K. Piontek, T. Glumoff and K. Winterhalter, FEBS Lett., 1993, 315,
119.

12 L. Banci, I. Bertini, E. A. Pease, M. Tien and P. Turano,
Biochemistry, 1992, 31, 10 009; L. Banci, I. Bertini, E. C. Kuan,
M. Tien, P. Turano and A. J. Vila, Biochemistry, 1993, 32, 13 483;
L. Banci, I. Bertini, T. Bini, M. Tien and P. Turano, Biochemistry,
1993, 32, 5825; L. Banci, 1. Bertini, P. Turano M. Tien and T. K.
Kirk, Proc. Natl. Acad. Sci. USA, 1991, 88, 6956; J. S. de Rapp,
G. N. La Mar, H. Wariishi and M. H. Gold, J. Biol. Chem., 1991,
266, 15 001.

13 M. Tien and T. K. Kirk, Science, 1983, 221, 661; J. K. Glenn, M. A.
Morgan, M. B. Mayfield, M. Kuwahara and M. H. Gold, Biochem.
Biophys. Res. Commun., 1983, 114, 1077.

14 T. Katayama, F. Nakatsubo and T. Higuchi, Mokuzai Gakkaishi,
1981, 27, 223; F. Nakatsubo, Methods Enzymol., 1988, 161, 57;
T. Ahvonen, G. Brunow, P. Kristersson and K. Lundquist, Acta
Chem. Scand., 1983, B37, 845; L. L. Landucci, S. A. Geddes and
T. K. Kirk, Holzforschung, 1981, 35, 66; J. Ralph and R. A. Young,
Holzforschung, 1981, 35, 39; F. Nakatsubo, K. Sato and T. Higuchi,
Holzforschung, 1975, 29, 165; F. Nakatsubo and T. Higuchi, Wood
Res., 1980, 66, 23.

15 (a) 1. Kilpelainen, A. Tervila-Wilo, H. Perakyla, J. Matikainen and
G. Brunow, Holzforschung, 1994, 48, 381; (b) J. Ralph, R. M. Ede
and A. L. Wilkins, Holzforschung, 1986, 40, 23.

16 B-O-4/Phenylcoumaran structure: (a) J. Ralph, R. M. Ede and
A. L. Wilkins, Holzforschung, 1986, 40, 23; (b) F. Nakatsubo and
T. Higuchi, Mokuzai Gakkaishi, 1980, 26, 31. B-1/Phenylcoumaran
structure: (¢) F. Nakatsubo and T. Higuchi, Mokuzai Gakkaishi,
1980, 26, 107. B-O-4/p-1 Structure: (d) H. Namba, F. Nakatsubo
and T. Higuchi, Mokuzai Gakkaishi, 1980, 26, 426. B-O-4/
Syringaresinol structure: (¢) Y. Kamaya, F. Nakatsubo and
T. Higuchi, Mokuzai Gakkaishi, 1980, 26, 471.

17 M. E. Evans, F. W. Parrish and L. Long, Carbohydr. Res., 1967, 3,
453; B. H. Lipshutz and J. C. Barton, J. Org. Chem., 1988, 53, 4495;
O. Th. Schmidt, Methods Carbohydr. Chem., 1963, 11, 318; A. N. De
Belder, Adv. Carbohydr. Chem., 1965, 20, 219.

18 S. D. Rychnovsky, B. Rogers and G. Yang, J. Org. Chem., 1993, 58,
3511; S. D. Rychnovsky and D. J. Skalitzky, Tetrahedron Lett., 1990,
31,945; D. A. Evans, D. L. Rieger and J. R. Gage, Tetrahedron Lett.,
1990, 31, 7099.

19 H. W. Hoppe, B. Stammen, U. Werner, H. Stein and P. Welzel,
Tetrahedron Lett., 1989, 45, 3710; R. E. Ireland, P. Wipf and J. D.
Armstrong, J. Org Chem., 1991, 56, 650; D. A. Oare and C. H.
Heathcock, J. Org. Chem., 1990, 55, 157; R. E. Babston, V. Lynch
and C. S. Wilcox, Tetrahedron Lett., 1989, 30, 447.

20 F. Huet, A. Lechevallier, M. Pellet and J. M. Conia, Synthesis, 1978,
63; D. A. Evans, S. P. Tanis and D. J. Hart, J. Am. Chem. Soc., 1981,
103, 5813.

Paper 81050271

J. Chem. Soc., Perkin Trans. 1, 1998, 3207-3217 3217


http://dx.doi.org/10.1039/a805027i

