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AbstractÐStereoselective bimolecular radical coupling of enantiopure phenylpropenoidic phenols are described, starting from enantiopure
amidic derivatives of ferulic acid. The latter were prepared from ferulic acid by reaction with (S)-alanine or Oppolzer camphor sultam. The
oxidation step was performed both enzymatically (HRP/H2O2) and chemically (Ag2O). The observed enantioselectivity in the oxidation step
encompasses the range 65±84% and is consistent with the conformational analysis of the quinone methide intermediates at the PM3 level.
q 2000 Elsevier Science Ltd. All rights reserved.

1. Introduction

Organic compounds obtained from radical coupling of
phenylpropenoidic phenols account for nearly 30% of the
organic carbon circulating in the biosphere, and display
important biological roles. In fact, they constitute organic
polymers such as lignin,1 suberin2 and algal cell wall3 and an
important class of bioactive substances, the lignans.4 Since
the 1950's, oxidative coupling of monolignols have been
postulated to be a stereorandom process,5 but naturally
occurring lignans and neolignans are known to be homo-
chiral.

Recently, it has been found that neolignans characterised by
the presence of the phenylcoumaran skeleton appear to be
ubiquitous in the plant kingdom, being found in plants as
diverse as loblolly pine,6 tobacco,7 ferns,8 and hornworts,9

thus spanning all major groups of vascular plants and
suggesting their involvement in an universal chemical
defense system.10 Moreover, the dilignol 3 0-4-di-O-methyl-
cedrusin11 is a wound healing agent and an inhibitor of
thymidine incorporation in endothelial cells12 and dehydro-
diconiferyl alcohol plays a role in promoting cell division in
tobacco tissue cultures.13

The total synthesis of phenylcoumarans are known to

involve multistep procedures with low overall yields;14

nevertheless, the oxidative phenol coupling is often used
as the key step of the synthetic sequence. Although a lot
of different methodologies involving radical phenol
coupling have been described to prepare molecules with
2,3-dihydrobenzo[b]furan skeleton (Scheme 1, Table 1),
the bimolecular phenoxy radical coupling does not appear
to be regio- and stereo- controlled.25 This is probably due to
the fact that phenoxy radicals are very persistent species,26

and the dimerization reaction is rather slow. Hence, the new
stereogenic centres which arises from the in vitro oxidative
phenol coupling are racemic27,28 but naturally occurring
lignans are homochiral.4 The biosynthetic pathway to
enantiopure lignans have been proposed quite recently. A
protein isolated from Forsythia species has been suggested
to be responsible for the formation of enantiopure pino-
resinol from achiral coniferyl alcohol,29 and another protein
which enantiospeci®cally converts (1)-pinoresinol into
(2)-secolarciresinol30 has also been isolated. We have
recently reported that regio- and diastereoselectivity are
operative in the oxidative phenol coupling reaction with
horseradish peroxidase (HRP) as catalyst and hydrogen per-
oxide as the oxidant.19 This reaction takes advantage from
mild conditions and fast reaction rates. It is possible to
enhance the selectivity of this reaction by tuning the pH
and using the appropriate organic cosolvent, but stereo-
selection is missing under these conditions. The same
negative results have been obtained with cyclodextrine as
external chiral auxiliary.31 It is important to note the fact
that the enzyme does not effect any stereocontrol.
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Nevertheless, we recently observed stereocontrol in the
enzymatic oxidative coupling of phenylpropenoidic
phenols;32,33 furthermore, Charlton et al. have reported
that chiral sinapate esters can be coupled with FeCl3 to
aryltetralin lignans with moderate stereoselectivity.34

We report here the synthesis of enantiopure phenyl-
coumarans by means of stereoselective phenol coupling
oxidation of enantiopure ferulic acid derivatives catalyzed
by HRP.

2. Results

The ®rst synthetic approach adopted by us involved the
oxidation of ferulic acid amidic derivative 4 containing
the ethyl (S)-alaninate pendant as the chiral auxiliary. The
starting amide 4 was prepared through condensation with
an equimolecular amount of ferulic acid 3 and ethyl (S)-
alaninate 2 and in the presence of dicyclohexylcarbodiimide
(Scheme 2). The HPR-catalyzed oxidative phenol coupling
was performed in a dioxane-aqueous buffer at pH 3, obtain-
ing a mixture of the two diastereoisomers 5 and 6 with 70%
yield (Scheme 3). Separation by silica gel ¯ash chromato-
graphy followed by crystallization and ®nal puri®cation by
preparative RP-HPLC, allowed to obtain enantiopure 5 and
6. The diastereomeric excess (d.e.�65%) was evaluated by
RP-HPLC analysis of the reaction crude.

The absolute con®guration of the newly formed stereo-
centres of the major diastereoisomer 6 was attributed by
chemical methods. Hydrolysis of 6 with LiOH/H2O2 in
THF35 gave the diacid 7; subsequent treatment with diazo-
methane gave the dimethylester 8, which was then reduced
with LiBH4 to optically pure dehydrodiconiferyl alcohol
(DDA) 9 (Scheme 4). Comparison of 9 (chiral HPLC)
with authentical specimens of both enantiomers of

Scheme 1.

Table 1. Literature radical phenol coupling methods for the synthesis of
dihydrobenzo[b]furan

Authors Reactants [a] Yields

Cousin 190915 FeCl3 ±a

Neish 196816 Laccase/O2 ±a

Fukuzumi 197817 HRP/H2O2water/acet 45%
Drago 198618 Co(II)smpt/O2 30%
Brunow 199319 HRP/H2O2 water/methanol. 56%
Quideau199420 Ag2O /CH2Cl2 50%
Lemiere 199521 Ag2O acetone/benzene 40%
Backa 199622 hn 60Co/O2 40%
Ralph 198823 HRP/H2O2acetate buffer 408C 50%
Bolzacchini 200024 HRP/H2O2 buffer Ph3/dioxane 70%

a Yields not reported.

Scheme 2.

Scheme 3.
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dehydrodiconiferyl alcohol36 allowed to assign the absolute
con®guration (2S,3R).

The second approach was performed by using Oppolzer's
sultam37 11 as the chiral auxiliary. The derivative 13 was
prepared from O-acetylferulic acid chloride 1038 with
Oppolzer's sultam followed by deacetylation of inter-
mediate 1238,39 (Scheme 5). Compound 13 was coupled
oxidatively in two different ways to obtain the diastereo-
isomers 14,15: (i) enzymatically, by using HRP/H2O2 with
40% yield (ii) chemically, by using silver oxide20,21also with
40% yield (Scheme 6). After the dimerization, and separa-
tion of the pure diastereoisomers 14 and 15 by preparative

RP-HPLC the absolute con®guration of the newly formed
stereocentres of the major diastereoisomer 15 was attributed
by chemical method. The camphor sultam auxiliary of
phenylcoumaran 15 was removed by reduction with
LiAlH4/THF37 to DDA 9. Comparison of 9 (chiral HPLC)
with authentical specimens of both enantiomers of dehydro-
diconiferyl alcohol36 allowed to assign the absolute
con®guration (2S,3R).

The yields of the diastereoisomeric phenylcoumarans 14,
15 and the d.e. are given in Table 2. Diastereomeric
ratios were determined by 1H NMR from the reaction
mixtures.

Scheme 4.

Scheme 5.

Scheme 6.
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Scheme 7 shows the postulated mechanism40 for the oxida-
tive dimerization of phenylpropenoic phenols, which is
based upon the formation of a very persistent phenoxy
radical.14,36 An initial single electron transfer gives the inter-
mediate p-complex 20, which undergoes carbon±carbon
bond formation in a reversible way41,19,24 to give isomeric
quinomethides 21,22 (R�OCH3) possessing, respectively,
the (E) and (Z) con®guration to the hexocyclic quinonoid
double bond and (R,S) con®guration to the stereogenic C-3
center. Hence, in principle, two pairs of enantiomers, i.e.

E-(R,S)-23 and Z-(R,S)-24 can be produced. Then, a suitable
conformation of E-(R,S)-23 and Z-(R,S)-24 undergoes
nucleophilic attack from the phenolic oxygen to the quino-
methide double bond giving the phenylcoumaran products.

The analysis of conformations 25±30, which arises from the
rotation about the C2±C3 bond of E-(R,S)-23 and Z-(R,S)-
24, is of central importance to elucidate the stereochemistry
of the nucleophilic attack from the phenolic oxygen to the
quinomethide double bond (Scheme 8). Two diastereofaces

Table 2. Oxidations of chiral phenols

Substrate Oxidant Solvent pH T/8C Yield in
phenylcoumaran

mixture %

d.e. % Absolute con®guration
of the major

diastereoisomer after
reduction to DDA

4 HRP/H2O2 Dioxane/Buffer 3.5 25 70 65 trans 2S,3R-(1)
13 HRP/H2O2 Acetone/Buffer 3.5 0 40 81 trans 2S,3R-(1)
13 Ag2O CH2Cl2 220 40 80 trans 2S,3R-(1)
13 Ag2O CH2Cl2 25 35 84 trans 2S,3R-(1)

Scheme 7.
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can be involved in the ®nal cyclization to the dihydrofuran.
In fact, the anti conformation 25 leads to the nucleophilic
attack of the phenolic hydroxyl group to the quinomethide
double bond from the Si face, whereas the two syn confor-
mations 26,27 (syn1, 26 and syn2, 27), give nucleophilic
attack from the Re face.

In order to account for the ®nding that racemic trans-
phenylcoumaran was obtained from the cyclization of
methyl ferulate, we undertook the conformational analysis
on rotating about the C2±C3 bond by PM3 calculations of

the MM2 optimized geometries. The observed trans-stereo-
selectivity suggests that the formation of diastereoisomeric
intermediates 23±24 occurs under thermodynamic control.
This implies the equilibration to the most stable quino-
methide, thus leading to diastereoselection in the ®nal
cyclization step. Our calculations revealed (Table 3) that
all the conformations leading to a trans-phenylcoumaran
were nearly 5 kcal/mol more stable than those leading to a
cis-phenylcoumaran. This accounts very well for the
observed ring closure to a trans-phenylcoumaran, if
the assumption is made that the energy of activation for

Scheme 8.

Table 3. Conformational analysis on rotating the C2±C3 bond of quinomethides 21 and 22 (R�COOMe) using semiempirical calculations with PM3 on the
geometries optimized with MM2

Compound
(con®guration)

C2±C3
conformation

PM3 Heat
of formation
(kcal/mol)

Angle
Ca7C2±C3±Ca 0

(8)

Distance
C±O
(AÊ )

Predicted
phenylcoumaran

(DDF)

Z,3S anti 2231 2141 3.84 trans 2S,3S
Z,3S syn1 2226 282 3.84 cis 2R,3S
Z,3S syn2 2225 21 3.67 cis 2R,3S
Z,3R anti 2229 2140 3.75 trans 2R,3R
Z,3R syn1 2223 94 3.81 cis 2S,3R
Z,3R syn2 2230 265 4.00 trans 2R,3R
E,3R anti 2231 2131 3.81 trans 2R,3R
E,3R syn1 2225 97 3.88 cis 2S,3R
E,3R syn2 2228 261 4.03 trans 2R,3R
E,3S anti 2229 131 3.45 trans 2S,3S
E,3S syn2 2223 257 4.32 trans 2S,3S
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the cyclization reaction is similar for all the conformations
of all the intermediate quinomethides. These ®ndings
suggested that a similar computational approach could
explain the observed enantioselection when using starting
phenols derivatized with a chiral auxiliary. In fact, the
presence of the chiral auxiliary should generate an equi-
librium mixture of diastereoisomeric quinomethides of
different stability. It can be noted however that in conforma-
tions 25±30 which predict the stereochemical course of the
cyclization reactions the topological indexes such as bond
angles and C±O distances can hardly be related with the
observed selectivity.

Again, the conformational analysis on rotating the C2±C3
bond was performed by using semiempirical PM3 calcula-
tions on the MM2 optimized geometries of the alaninate
amide-derivatized quinomethides 23,24 (R�(S)-phenyl-
alaninate). Three conformations of different stability was
found: one anti and two sin conformations. Calculations
performed on the anti conformations (Table 4) showed
that, because of the presence of the chiral auxiliary, there
is a difference of 2.0 kcal/mol among the conformations
generating the (2S,3S)-trans-phenylcoumaran and those
generating the (2R,3R)-trans-diastereoisomer. This accounts
for the 65% d.e. observed in the oxidative cyclization.

In the case of camphor sultam-derivatized quinomethides
23,24 (R�camphor sultam) more than 5 kcal/mol energy
difference was calculated between the quinomethide
E-(3S)-anti conformation generating the (2S,3S)-trans-
phenylcoumaran and the quinomethide E-(3R)-anti confor-
mation (Table 5) generating the trans-(2R,3R)-phenyl-
coumaran. This ®tted well with the observed
diastereomeric excess of 81±84% in favour of the trans-
(2S,2R)-DDA phenylcoumaran.

3. Conclusions

These results show that chiral auxiliaries provide signi®cant
levels of diastereoselection in bimolecular coupling

reactions of phenoxyl radicals, and this results in enantio-
selection in the ®nal product. It is expected that this method-
ology could be extended to various lignan structures thus
providing a new approach to the synthesis of valuable
lignans. Experiments to ®nd the optimal chiral auxiliaries
and reaction conditions are underway.

4. Experimental

Melting points were determined with a BuÈchi apparatus and
are uncorrected. IR spectra were recorded with a FT-IR
Jasco spectrophotometer. Mass spectra were determined
by the direct injection system mode with positive electron
impact a VG 7070 EQ instrument. 1H NMR spectra were
taken with a Bruker AC 300 or a Bruker AMX 300 instru-
ment (in CDCl3 solutions). Chemical shifts are given as ppm
from tetramethylsilane and J values are given in Hz. Optical
rotations were recorded on a Perkin±Elmer 241 polarimeter
at the sodium D line at 258C. HPLC analysis were
performed on a WATERS 600 E instrument by using an
HP 1040 Diode Array Detector.

4.1. Oxidative phenol coupling of compound 4 catalyzed
by Horseradish Peroxidase (HRP)

Ethyl N-ferulyl (S)-alaninate 4 (1.00 g, 2.7 mmol) was
dissolved in dioxane (30 mL) and phosphate/citric acid
buffer pH 3.5 (0.002 M, 70 mL) was added. 1 M Aqueous
hydrogen peroxide (1.35 mL, 1.35 mmol) and HRP (1230
U) were added over 20 min. The mixture was stirred for
2.5 h at room temperature and then extracted with ethyl
acetate (4£40 mL). The combined organic extracts were
washed with 5% aqueous NaHCO3 (20 mL), water
(25 mL) and dried over Na2SO4. The solvent was evapo-
rated under reduced pressure, and the residue was chroma-
tographed on a silica gel ¯ash column with hexane±ethyl
acetate (gradient mode, from 4:1 to 1:1) yielding a mixture
of the phenylcoumarans 5 and 6 (0.55 g, 70%) with 1:4
ratio. The minor diastereomer 5 and the major one 6 were
then separated by fractional crystallisation from ethanol.

Table 4. Conformational analysis on rotating the C2±C3 bond of quinomethides 23 and 24 (R�S-phenylalaninate) using semiempirical calculations with PM3
on the geometries optimized with MM2. The conformation at C2±C3 bond is anti

Compound
(con®guration)

PM3 Heat of
formation
(kcal/mol)

Angle
Ca±C2±C3±Ca 0

(8)

Distance
C±O
(AÊ )

Predicted
phenylcoumaran

(DDF)

Predicted
phenylcoumaran

(DDA)

(SS),E,3S 2268 137 3.83 trans 2S,3S trans 2S,3R
(SS),Z,3S 2270 130 3.81 trans 2S,3S trans 2S,3R
(SS),E,3R 2267 2123 3.15 trans 2R,3S trans 2R,3S
(SS),Z,3R 2268 2116 3.14 trans 2R,3R trans 2R,3S

Table 5. Conformational analysis on rotating the C2±C3 bond of quinomethides 23 and 24 (R�camphorsultame) using semiempirical calculations with PM3
on the geometries optimized with MM2. The conformation at C2±C3 bond is anti

Compound
(con®guration)

PM3 Heat of
formation
(kcal/mol)

Angle
Ca±C2±C3±Ca 0

(8)

Distance
C±O
(AÊ )

Predicted
phenylcoumaran

(14±15)

Predicted
phenylcoumaran

(DDA)

(SRS), E,3S 2270 159 3.72 trans 2S,3S trans 2S,3R
(SRS), Z,3S 2275 138 3.59 trans 2S,3S trans 2S,3R
(SRS), E,3R 2269 296 2.70 trans 2R,3R trans 2R,3S
(SRS), Z,3R 2268 290 2.66 trans 2R,3R trans 2R,3S



M. Orlandi et al. / Tetrahedron 57 (2001) 371±378 377

Further puri®cation by preparative HPLC (isocratic gradient
CH3CN±H2O 1:1) yielded analytically pure phenyl-
coumaran 6: (0.44 g, 56% yield), mp 2058C; 1H NMR:
7.58 (d, J�15.0 Hz, 1H), 6.35 (d, J�8.0 Hz, 1H), 6.31 (d,
J�15.0 Hz, 1H), 6.12 (d, J�8.0 Hz, 1H), 5.95 (d, J�7 Hz,
1H), 5.60 (s, 1H), 4.71 (dq, J�7.0, 8.0 Hz, 1H), 4.60 (dq,
J�7.0, 8.0 Hz, 1H), 4.30 (q, J�8.0 Hz, 2H), 4.30 (q,
J�8.0 Hz, 2H), 3.95 (s, 3H), 3.90 (s, 3H) 1.45 (d,
J�7.0 Hz, 3H), 1.40, (d, J�7.0 Hz, 3H), 1.25 (t,
J�8.0 Hz, 3H),1.20 (t, J�8.0 Hz, 3H); MS (EI) m/z 584
(M1) (100), 495 (20), 481 (20); IR (nujol): 3200, 1462
(cm21); Anal. Calcd for C30H36O10N2: C, 61.64; H, 6.16;
N, 4.79. Found: C, 61.68; H, 6.19; N, 4.75. [a ]D

25�148.3
(AcOEt, c 0.1).

4.2. Hydrolysis of major phenylcoumaran 6 and esteri-
®cation of the diacid 7

Phenylcoumaran 6 (0.10 g, 0.24 mmol) was dissolved in
THF (20 mL), and aqueous 10 M hydrogen peroxide
(1.0 mL, 10.0 mmol) was added. LiOH (70 mg, 2.4 mmol)
in water (3 mL) was added over 10 min under stirring. After
18 h at room temperature the reaction mixture was ice-
cooled, then saturated aqueous sodium bisul®te was added
dropwise until a negative response was observed with
starch-iodide paper. THF was removed by rotary evapora-
tion, and aqueous 0.1 M HCl was added dropwise to pH 5.
The aqueous mixture was extracted with ethyl acetate
(3£30 mL), and the combined organic extract were washed
with water (25 mL) and dried over Na2SO4. The solvent was
evaporated under reduced pressure affording crude 7, which
was dissolved in 40 mL of saturated ethereal diazomethane.
The solvent was removed and the residue was puri®ed by
preparative HPLC (isocratic CH3CN±H2O 1:1) giving
analytically pure (2)-trans-(2S,3S)-dehydrodiferulate 8
(10 mg, 10% yield), [a]D

25�274.0 (CHCl3, c 0.2).

4.3. Preparation of camphor sultam derivative 13

NaH (37 mg 1.54 mmol) was suspended in toluene (50 mL)
and 11 (0.30 g, 1.4 mmol) was added under magnetic stir-
ring. After 30 min, 4-acetylferulic acid chloride 1042

(0.39 g, 1.7 mmol) was added, and the mixture was stirred
for 2 h at room temperature. The organic layer was washed
with water (20 mL), dried over Na2SO4 and evaporated. The
residue was dissolved in CH3OH (8 mL), and 1 M CH3ONa
in CH3OH (0.75 mL, 0.75 mmol) was added. The mixture
was stirred for 30 min; water (5 mL) was added, the organic
layer was dried over Na2SO4 and evaporated affording crude
13. Silica gel ¯ash chromatography of the residue (isocratic;
hexane±AcOEt 1:1) gave pure 13 (0.52 g, 85% yield). 1H
NMR 7.73 (d, J�15.0 Hz, 1H), 6.88±7.19 (m, 4H), 5.89 (s,
1H), 3.99 (dd, J�5.5, 7.0 Hz), 3.92 (s, 3.0), 3.51 (d,
J�4.0 Hz, 2H), 2.15±2.20 (m, 2H), 1.85±1.96 (m, 3H),
1.25±1.45 (m, 3.0), 1.21 (s, 3.0), 0.99 (s, 3.0). MS of 12
(EI) m/z 433 (M1) (10), 391, (65), 177 (100). [a ]D

25�163.0
(CHCl3, c 0.043); HREIMS of 12 calculated for
C22H27O6NS: 433.1559; found 433.1573.

4.4. Horseradish Peroxidase (HRP) promoted oxidative
phenol coupling of compound 13

A solution of 13 (0.40 g, 1.0 mmol) in acetone (14 mL) and

0.02 M phosphate/citric acid buffer (4.0 mL, pH 3.5) was
cooled to 08C. 0.86 M Aqueous hydrogen peroxide
(0.60 mL, 0.5 mmol) and aqueous HRP (0.93 mL, 837 U)
were added to the reaction vessel in small portions over
15 min. The mixture was stirred at 08C for 4 h, and saturated
aqueous NaCl (20 mL) was added. Acetone was removed by
rotary evaporation, and the resulting solution was extracted
with AcOEt (4£20 mL). The combined organic extracts
were washed with 5% aqueous NaHCO3 (25 mL), water
(25 mL), and dried over Na2SO4. The solvent was evapo-
rated under reduced pressure, and the residue was puri®ed
by silica gel ¯ash cromatography with toluene±AcOEt
(gradient mode, from 4:1 to 1:1) yielding a mixture of
phenylcoumarans 14 and 15 (156 mg, 40%) with 1:9 ratio.
The minor diastereomer 14 and the major one 15 were then
separated by preparative HPLC (isocratic mode, CH3CN±
H2O 1:1) yielding pure 15 (140 mg, 36% yield). 1H NMR:
7.73 (d, J�15.0 Hz,1H), 6.88±7.19 (m, 5H), 6.10 (d,
J�8.0 Hz, 1H), 5.90 (s, 1H), 5.80 (d, J�8.0 Hz, 1H), 4.20
(d, J�8.0 Hz, 1H), 4.00 (dd, J�5.5, 7.0 Hz), 3.99 (dd,
J�5.5, 7.0 Hz), 3.92 (s, 3.0), 3.85 (s, 3.0), 3.60 (d,
J�4.0 Hz, 2H), 3.51 (d, J�4.0 Hz, 2H), 2.15±2.20 (m,
4H), 1.85±1.96 (m, 6H), 1.25±1.45 (m, 6H), 1.30 (s, 3H),
1.21 (s, 3H), 0.99 (s, 3H), 0.80 (s, 3H); MS (FAB1) m/z 781
(M11)1 (10), 564 (20), 536 (20), 351 (100). Anal. Calcd for
C40H48O10N2S2: C, 61.54; H, 6.15; N, 3.59. Found: C, 61.60;
H, 6.20; N, 3.50. The minor diastereoisomer 14 was not
characterized.

4.5. Ag2O Promoted oxidative phenol coupling of
compound 13

A solution of 13 (0.20 g, 0.5 mmol) in dry CH2Cl2 (5.0 mL)
was added with silver(I)oxide (0.18 g, 0.8 mmol) under
argon atmosphere at room temperature. After stirring for
24 h, the mixture was ®ltered through a Celite pad and
evaporated under reduced pressure. The residue was puri-
®ed by silica gel ¯ash chromatography with toluene±AcOEt
(gradient mode, from 4:1 to 1:1) yielding a mixture of
phenylcoumarans 14 and 15 (62 mg, 35%) with 1:12 ratio.
The minor diastereomer 14 and the major one 15 were
separated by preparative HPLC (isocratic mode, CH3CN±
H2O 1:1) yielding pure phenylcoumaran 15 (57 mg, 32%
yield). The minor diastereoisomer 14 was not characterized.

4.6. Reduction of major phenylcoumaran 8

trans-(2S,3S)-Dehydrodiferulate 8 (10 mg, 0.024 mmol)
was dissolved in dry THF (5 mL) under argon at 2788C.
LiBH4 (1 mg, 0.054 mmol) was suspended in dry THF
(1.0 mL) and added to the reaction mixture, which was
further stirred for 2 h at 2788C. 80% Aqueous THF
(10 mL) was added slowly, and aqueous 0.1 M ammonium
chloride (5 ml) was then added. The mixture was extracted
with AcOEt (2£10 mL), and the combined organic extracts
were washed with water (10 mL) and then dried over
Na2SO4. The solvent was evaporated under reduced pres-
sure, and the residue was analysed by HPLC with a chiral
column (Chiralcell OF; isocratic mode, hexane±isopropanol
1:1) in comparison with authentical specimens of both
enantiomers of dehydrodiconiferyl alcohol.36 The major
diastereoisomer is trans-(2S,3R)-(1)-dehydrodiconiferyl
alcohol.43,44
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4.7. Reduction of phenylcoumaran 15

LiAlH4 (1 mg, 0.026 mmol) was suspended in THF (10 mL)
and cooled to 2208C. Compound 15 (20 mg, 0.025 mmol)
in THF (5.0 mL) was added slowly, and the mixture was
stirred for 2 h at 2208C. 80% Aqueous THF (1.0 mL) was
added, followed by treatment with 0.1 M aqueous
ammonium chloride (5.0 mL). The mixture was extracted
with AcOEt (2£10 mL), and the combined organic extracts
were washed with water (20 mL), dried over Na2SO4 and
evaporated. The residue was analysed by HPLC with chiral
column (Chiralcell OF, isocratic; hexane±2-propanol 1:1)
in comparison with authentical specimens of both enantio-
mers of dehydrodiconiferyl alcohol36 The major diastereo-
isomer is trans-(2S,3R)-(1)-dehydrodiconiferyl alcohol.43,44
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