TETRAHEDRON
— Tetrahedron 54 (1998) 12429-12444

Mabel S. M. Yuen,!2 Feng Xue, Thomas C. W. Mak!b and Henry N. C. Wong*!¢

Department of Chernistry, The Chinese University of Hong Kong,

Shatin, New Territories, Hong Kong.

Abstract: Several optically pure neolignans containing a dihydrobenzo[b]}furan skeleton were
synthesized. Based on an X-ray crystaliographic study and circuiar dichroism resuits, the absoiute
configurations of some naturally occurring neolignans, namely balanophonin (1), PGI7 inducer
(2), dehydrodiconiferyl alcohol-4-B-D-glucoside (3), dehydroconiferyl alcohol (4) and 3',4-di-O-
methylcedrusin (5) have been unambiguously established. © 1998 Elsevier Scicnce Ltd. All rights reserved.

Introduction

Neolignans have attracted a great deal of interests due to their widespread occurrence in Nature and their
broad spectrum of biological and pharmacological activities.2-11 Several naturally occurring optically active
neolignans containing a dihydrobenzo[b]furan skeleton, namely balanophonin (1),!2 PGI; inducer (2),13
dehvdrodiconiferyl alcohol-4-8-D-glucoside (3),!4.15 dehydroconiferyl alcohol (4)!6 and 3'.4-di-O-
methylcedrusin (5)17-19 have already been isolz i

determined

1 > > . 21T ¢ e re
Qal wuviuial u L « Al SR SL]REse wile R0 01

-
1l
"
=
W
p£S
-l
o]
—
=]
o
]
1]
1

by !H NMR and 13C NMR spectroscopy ell as by mass spectrometry.12-19 The determination of the
absolute configurations for balanophonin (1) and 3',4-di-O-methylcedrusin (5) was based on the comparison of

C

their CD and ORD curves with those of the known and structuraily similar natural products.!2:18 Ito!2 and
Pieters!8 assigned tentative (25,3R) configurations to balanophonin (1) and 3',4-di-O-methylcedrusin (5) by
comparison with (25,35)-melanoxin20 and (25,35)-licarins A and B, respectively.2l The absolute
configuration of PGI; inducer (2), dehydrodiconiferyl alcohol-4--D-glucoside (3) and dehydroconiferyl

alcohol (4), however, have never been ascertained (Scheme 1).
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Scheme 1 Some Naturally Occt

Herein we would like to report the synthesis of the five aforementioned naturally occurring neolignans and
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diastereomer and the CD study of some dihydrobenzo{b]furans, the C-2 and C-3 absolute configurations of

these five molecules have been substantiated. Interestingly, the absolute configurations of balanophonin (1) and
3',4-di-O-methylcedrusin (5) are found to be antipodal to those reported previously.12.18

Resuits and Discussion
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oxidative coupling promoted by silver oxide.22 The opticaily pure (-)-(1S5,4R)-camphanoyl chloride (7)
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then introduced to 6 to offer a pair of diastercomers 8, which were separated by column chromatography on
silica gel (Scheme 2). Since the less polar component 9a and the more polar component 9b of the
diastereomeric mixture 8 were both in oil forms, their methoxymethyl protecting group were removed by
reacting with dilute hydrochloric acid in methanol to furnish phenols 10a and 10b, respectively (Scheme 2).
Fortunately, dihydrobenzo[b}furan 10b crystallized readily from hexanes/acetone to give single crystals
while its diastereomer 10a did not crystallize from the same hexanes/acetone solvent mixture, as well as from

several other oreanic solvents. An X-r diffmrhnn analvsis of a sinele crvstal of 10b successfullv secured the
several other organic soivents. An A diffraction analysis of a single crystal of 10bh successtully secured
AanFigrratinn ~f (2. MOP 207 2 Aihudra2-rarmnhanmulayy athul.Tomethayvo? (A hvdrayvo2omethayve
COnIiguration of (L )-3-1{<4R,50 j-4,5-GlNYAro-s-CampnanoyioXymetnyi- /-metnoxXy-2-(4 -Nyaroxy-3 -meinoxy

phenyl)-1-benzo[b]furan-5-yl]-2-propenal (10b) (Figure 1).% In an indirect manner, the absolute structure (E)-
3-[(2S,3R)-2,3-dihydro-3-camphanoyloxymethyl-7-methoxy-2-(4'-hydroxy-3'-methoxy-phenyl)-1-
benzo[blfuran-5-yl]-2-propenal was given to 10a.
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Scheme 2 Reagents: i, (-)-( 1S,4R)-camphanoy! chloride (7), iPerEt, CH;Cly;
ii, C¢Hg-THF, column chromatography on silica gel; iii, dil. HCI, MeOH
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10a and 10b, respectively, the absolute configurations of 9a and 9b could therefore be identical to those of
10a and 10b. From optically pure diastereomers 9a and 9b, the five natural products 1-5 and their antipodes

were realized via classical and straightforward procedures as shown in Schemes 3-7.



Synthesis of balanophonin.

As shown in Scheme 3, (+)-(25,3R)-12a and (-)-(2R,35)-12b were prepared via 11a and 11b utilizing 9a
and 9b as starting materials. The phenols 10a and 10b also furnished 12a and 12b respectively in a single
step. The synthetic (+)-(25,3R)-12a and (-)-(2R,35)-12b exhibited many similar properties (!H NMR, 13C
NMR, MS) as the natural balanophonin (1) reported by Ito.!2 The gross structures of these three products are
identical except for their stereochemistry. However, the specific rotation and the CD spectrum of the synthetic
(+)-(25,3R)-12a were 0
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balanophonin (1),
thereby he attributed the (25,3R)-configuration to balanophonin (1). It is worth noting that the assignment of
(25,3R)-configuration to 1 by comparing with (25,35)-melanoxin was not convincing.2425 On the basis of the
chemical correlation between the X-ray crystallographic analysis, specific rotation and CD data (Table 1), we are
confident that the absolute configuration of natural balanophonin is identical to (-)-(2R,35)-12b. Ito's
assignment of (25,3R) configuration to balanoptionin (1) should therefore be amended.
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Scheme 3 Reagents: i, K,CO3, MeOH; ii, dil. HCI, MeOH; iii, K,CO3, MeOH

Synthesis of PGI inducer.

As illustrated in Scheme 4, compounds (+)-(25,3R)-14a and (-)-(2R,35)-14b were synthesized starting
from 11a and 11b, respectively. A comparison of the synthetic (+)-(25,3R)-14a and (-)-(2R,35)-14b with
natural PGl inducer (2)13 revealed that 14a and 14b exhibited the same optical (Table 1), physical and

enectrametric data ac thaoge of the natiral PGla inducer Fukuvamal3 renorted the structure of PGl

DP\.‘\J‘LUIII\JLI I UALA Qo LIV OW UL UL 1dluial 3 U/ andvviel A ux\uJ (299914 lvl—/vl Vel AW Dbl MWLM W WL L N 1 = B}
b ial icima mhisaiAdaraAd no a Anmeaman afF lhalamaale anlon IV v naa + £ tha alonlista ~Anfignratinn nnrealarinn
WIHCIHT WdS CLUCIUALICU ad a LULIEELICL UL Ud ldllUPllU“lll k].} 2 CALCCPL IUL LG aLSUIUC LUNLIgULALIUIL LULITIallUILL

Due to the fact that insufficient information on the absolute configuration of natural PGIz inducer (2) was
recorded, we could only propose that the PGI; inducer (2) should possess the same absolute configuration as
either (+)-(25,3R)-14a or (-)-(2R,35)-14b.
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Scheme 4 Reagents: i, KCN, MnQ,, MeOH; ii, dil. HCI, MeOH

Table 1. CD Extrema of Some Dihydrobenzo[b]furans.?

200 +49958
205 +4783
208 0
211 0 0 0

213 +5956 -6616 25167  -6667

216 0 0

222 0 0

224 0

228 +4554
234 20615 +18976 -12394 +9695 422485 +12672 0

244 0
246 0 0 0

N
[V (V)
255 +5447 -5092 +5473 -4780 0
263 +581
271 0 0

276 0 0

279 -1
284 0 0 -28985

296 -1739
303 0
318 0
327 +13296 -9884

335 +10442 -9862

363 0 0

376 +1199 +806

a. Concentration (x 10 mol/L): (+)-12a, 1.85; (-)-12b, 1.91; (+)-14a, 2.59; (-)-14b, 2.46;
(-)-16b, 4.81; (-)-17b, 4.20; (-)-20b, 6.68.

D
1
[\
)
0]
O

(=

Synthesis of dehydrodiconiferyl alcohol-4-8-D-glucoside.

The synthetic (-)-(2R,35)-16b was obtained from (-)-12b in a usual manner (Scheme 5). Since (-)-(2R,3S)-
16b showed almost identical 'H NMR, 13C NMR, MS and optical rotation data (Table 1) as those reported for
natural dehydrodiconiferyl alcohol-4-B-D-glucoside (3),14.15 the absolute configuration of natural
dehydrodiconiferyl alcohol-4-8-D-glucoside was determined as (-)-(2R,35)-16b.
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Scheme 5 Reagents: i, o-D-glucopyranoyl bromide tetraacetate, K5COs, acetone; i, NaBHg, MeOH; iii, K,CO3, MeOH

Synthesis of dehydrodiconiferyl alcohol.
Again, compounds (+)-(25,3R)-17a and (-)-(2R,3S5)-17b were prepared from 12a and 12b, respectively
(Scheme 6). Tt was discovered that the synthetic (+)-(2S, 3R) 17a dlsplayed the same optical (Table 1),

to the natural denydrocncomreryl alcohol (4)
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Scheme 6§ Reagents: i, DIBAL, 0°C, E,O-THF
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As shown in Scheme 7, compounds (+)-(25,3R)-20a and (-)-(2R,35)-20b were synthesized employing
12a and 12b respectively as precursors. In determining the absolute configuration of natural 3',4-di-O-
methylcedrusin (5), there have been two literature assignments. Pieters!8 provided a tentative (25,3R)-
conﬁguration to the natural 3',4-di-O-methylcedrusin (5) through a comparison of its CD spectrum with that of
(25,38)-licarins A and B.2! Due to the aforementioned reason for the absolute configuration assignment for
natural balanophonin (1),2425 we considered that the (25,3R)-configuration, as compared with (25,3S)-licarins
A and B, also demanded a rectification. On the other hand, Lemigre!? reported that a tentative (2R,35)-

configuration could be assigned to

—

he natural 3' 4-di-O-methylcedrusin (5). In his study, Lemiére

1atural 3 LGy iced

the CD spectrum of methyl (E) 3- [(2R 3R* ) 2,3- dlhydro -7- mcthoxy 3- methoxycarbony -(3'-methoxy-4'-

A,26 which was determined by an anomalous dispersion X-ray crystallography of ephedradine A. Thus, the
structure of the compound was accordingly assigned as (2R,3R).19 It appeared to us that this comparison with
(2R,3R)-ephedradine A was more reasonable. Thus, reduction of 18b gave 19b, whose subsequent catalytic
hydrogenation afforded (2R,3S5)-20b. It is noteworthy that the CD spectrum of 20b was identical to that of

natural 3',4-di-O-methylcedrusin (5). Lemiére's assignment!? of the absolute configuration to the natural 3',4-
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Scheme 7 Reagents: 1, Mel, K;CO3, Acetone; ii, DIBAL, 0°C, Et;O-THF; iii, Hp, PtO,, EtOH
Table 2 Comparison of Specific Rotation Between Synthetic and Natural Molecules
Compound Synthetic Natural
12a [a]p? = +108° (¢ = 0.41, CHCl3) -
Balanophonin (12b) [alp? = -114° (c = 0.34, CHCly) [alp=-115.1° (c = 1.3, CHCI3)!?
PGI, inducer (i4a) [a]p?® = +82° (¢ = 0.25, CHCl3) No Record!?
PGI, inducer (14b) [a)p®® = -81° (¢ = 0.10, CHCl3) No Record '
Dehydrodlcomferyl alcohol-
4-p-D-glucoside (16b) [odp? = -76° (c = 0.25, MeOH)  [a]p?®=-71.2° (c = 0.56, MeOH)'>
TNl o X I€ Y Vbl /AN foa 23 11 ca g e Te T o 20 0o s A wx. L6
1JENyaroqiconiieryi aiconol {17a) [ajp~ = +11.5° (¢ = 0.13, CHCl3)  [&]s73~ = +10.5° (¢ = Z, Me,CO)
17b [alp? =-11° (c = 0.8, CHCl3) -
20a [a]p? = +9.5° (¢ = 0.20, CHCl3) No Record'3!
3',4-Di-O-methylcedrusin (20b) [a]p? = -8.5° (¢ = 0.25, CHCl3) No Record'319
Conclusion
As can be seen in the aforementioned experiments, the five aforementioned naturally occurring neolignans,
namely balanophonin, dehydrodiconhery! alcohol-4-B-D-glucoside, 3',4-di-O-methylcedrusin and

dehydrodiconiferyl alcohol should possess the absolute structures as shown by formulae 12b, 16b, 20b and
rr~ Sl Y _a . e a - L.l YMWT o1 | T mmmamd lim mmol e Ph FOR U P of iy
17a, respecuvely 1N€ apsoiute suucwure o1 ine rul Inaucer, NoOwever, caniot be ubaluucu aue o insutticiént

literature data.
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e measured on a ATAGO POLAX-L polarimeter, a JASCO DIP-370 polarimeter or a
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(E)-3-[(28*,3R*)-2,3- thydro 3-camphanoyloxymethyl-7-methoxy-2-(3'-methoxy-4'-
methoxymethoxyphenyl)-1-benzo[b]furan-5-yl]-2-propenal (8), (E)-3-[(2S5,3R)-2,3-Dihydro-
3-camphanoyloxymethyl-7-methoxy-2-(3'-methoxy-4'-methoxymethoxyphenyl)-1-benzo[4]-
furan-5-yl]-2-propenal (9a) and (E)-3-[(2R,3S5)-2,3-Dihydro-3-camphanoyloxy-methyl-7-
methoxy-2-(3'-methoxy-4'-methoxymethoxyphenyl)-1-benzo[b Jfuran-5-yl]-2-propenal (9b).
To a stirred solution of 622 (1 g, 2.5 mmol) in dichloromethane (40 mL), (-)-(15,4R)- camphanoy! chloride

JTVA A ) Lailipllqllo

17\23 (542 mg, 2.5 rnmrﬂ\ and N, N-Hllcnnrnnv]pthvlam ne (0.7 mL, 3.75

AX222NA ) RREINe LV a7 TNMARSU PN Py AvaR Y Gadiikd \We i 1illky,

temperature. After stirred for 3 h, water (5 mL) was added. The product was extracted with dichloromethane
(3 x 100 mL), dried over anhyd. magnesium sulfate, fiitered and evaporated. The residue was first purified by
column chromatography on silica gel (30 g, hexanes/ethyl acetate 2:1) to give a mixture of diastereomers 8 as a
yellowish oil (1.2 g, 83%). The diastercomeric mixture 8 (10 mg) was separated by carefully flash
chromatography on silica gel (200 g, benzene/tetrahydrofuran 48:1) to afford the less polar 9a (5 mg) and the
more polar 9b (5 mg), both as yellowish oil.

Compound 8: 'TH NMR 5 0.83 (m, 3H), 0.98 (m, 3H), 1.09 (s, 3H), 1.67-1.73 (m, 1H), 1.87-1.98 (m, 2H),

2.29-2.36 (m, 1H), 3.49 (s, 3H), 3.88 (s, 3H), 3.92-3.94 (m, 1H), 3.94 (s, 3H), 4.49-4.55 (m 1H), 4.57-
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>
oy
9]
™ '
o %

R Y
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4
3.75, 144.81, 146.79, 150.21, 151.13, 152.29, 167.20, 177.59, 193.13; MS m/e
for C32H36010: C, 66.19; H, 6.24. Found: C, 65.83; H, 6.27.
Compound 9a: [a]p?3-5 + 85° (¢ 1.06 , CHCl3); 'H NMR 8 0.82 (s, 3H), 0.93 (s, 3H), 1.09 (s, 3H), 1.66-
1.73 (m, 1H), 1.86-1.96 (m, 2H), 2.27-2.35 (m, 1H), 3.49 (s, 3H), 3.88 (s, 3H), 3.86-3.91 (m, 1H), 3.94
(s, 3H), 4.47-4.53 (m, 1H), 4.59-4.66 (m, 1H), 5.22 (s, 2H), 5.62 (d, J = 6.8 Hz, 1H), 6.58-6.67 (dd, J =
15.8 Hz, 7.7 Hz, 1H), 6.90-7.17 (m, 5H), 7.43 (d, J = 15.8 Hz, 1H), 9.67 (d, J = 7.7 Hz, 1H); 13C NMR &
9.60, 16.53, 28.80, 30 66, 50.17, 54.15, 54.74, 56.10, 56 21, 65.73, 88.74, 90 R7 QQ,AQ 109.82, 112.64,

VUV, AU, LO.0V, JUVLVY, JV. SV A, JUNLD, Vo N0 V.04

116.68, 118.54, 126.75, 127.70, 128.49, 133.77, 144.90, 146.86, 150.24, 151.24, 152.44, 167.34, 177.72,

/s EQN /NALN Al ad LO._ ™ 10 L ‘7

193.31; MS m/e 580 (M™). Anal. Calcd. for C32H36010: C, 66.19; H, 6.2
Compound 9b: [a]p2® -46° (¢ 0.98, CHCI3); 'H NMR 5 0.82 (s, 3H), 0.93 (s, 3H), 1.1
(m, 1H), 1.86-2.07 (m, 2H), 2.29-2.39 (m, 1H), 3.51 (s, 3H), 3.88 (s, 3H), 3.92-3.94 (m, 1H), 3.94 (s,
3H), 4.49-4.55 (m, 1H), 4.59-4.66 (m, 1H), 5.22 (s, 2H), 5.63 (d, J = 6.8 Hz, 1H), 6.61 (dd, J = 15.8 Hz,
7.7 Hz, 1H), 7.09-7.18 (m, 5H), 7.43 (d, J = 15.8 Hz, 1H), 9.65 (d, J = 7.7 Hz, 1H); 13C NMR § 9.43,

16.33, 28.69, 30.57, 49.94, 53.89, 54.54, 55.96, 56.06, 65.7, 88.55, 90.71, 95.36, 109.66, 112.44,
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114 £1 110 AN 174 &7 1777 £1 170 4 117 £0 1AA 12 1AL 1A 12Mn 14 10 -/ 1FA/\ e IR 4 —_
110.01, 1106.44, 1£0.37, 1£/.00, 1406.4, 155,00, 144./), 140.72, 15U0.14, 151.16, 132.3, 167.11, 177.49,
i93.i3; MS m/e 580 (M*). Anal. Calcd. for C3pH3600: C, 66.19; H, 6.24. Found C, 65.97; H, 6.28.
(E)-3-[(25,3R)-2,3-Dihydro-3-camphanoyloxymethyl-7-methoxy-2-(4'-hydroxy-3'-methoxy-

phenyl)-1-benzo[b]furan-5-yl]-2-propenal (10a)
To the less polar 9a (20 mg, 34.5 mmoL) in methanol (10 mL) was added dilute hydrochloric acid. The
mixture was stirred for 2 h. Then the mixture was extracted with ethyl acetate (3 x 20 mL). The organic

solution was dried over anhyd. magnesium sulfate and evaporated. The residue was purified by column

g

.58-4.66 (m, 1H), 5.59
(d, J = 7.1 Hz, lH) 5.72 (s, 1H), 6.62 (dd, J = 15.8 Hz, 7.6 Hz, 1H), 6.90 (s, 3H), 7.06 (s, 1H), 7.16 (s,
1H), 7.42 (d, J = 15.8 Hz, 1H), 9.67 (d, J = 7.6 Hz, 1H); 13C NMR § 9.63, 16.50, 28.75, 30.61, 50.11,
54.20, 54.76, 56.07, 65.66, 89.07, 90.88, 108.67, 112.23, 114.45, 118.50, 119.28, 126.65, 127.64,
128.35, 131.26, 144.84, 146.09, 146.79, 151.18, 152.65, 167.36, 177.84, 193.52; MS m/e 536 (M™).
Accurate mass calcd for C3gH37209 536.2037, Found 536.2035.

(E)-3-[(2R,3S5)-2, 3-Dihvdro-3-camphanovloxvmethyl-7-methoxy-2-(4‘-hydroxy-3'—methoxy-
phenyl)-1-benzolblfuran-5 -yll-2-propenal (10h)

LLR RS b A A Liaxl &HopaUptaial AV

The more polar 9b (20 mg, 34.5 mmol) was converted to 10b using the same procedure as described for
the preparation of 10a. Chromatography o

86.5%) as a yellowish oil. Pure 10b crystallized from hexanes/acetone to give single crystals, mp 157-158
[a]p20 -77° (c 1.58, CHCl3); 'H NMR 3 0.82 (s, 3H), 0.94 (s, 3H), 1.09 (s, 3H), 1.65-1.74 (m, 1H), 1
2.01 (m, 2H), 2.28-2.35 (m, 1H), 3.89 (m, 4H), 3.94 (s, 3H), 4.47-4.62 (m, 2H), 5.59 (d, J = 6.9 Hz, 1H),
5.75 (s, 1H), 6.60 (dd, J = 15.8 Hz, 7.7 Hz, 1H), 6.89 (s, 3H), 7.07 (s, 1H), 7.16 (s, 1H), 742 (d, J = 15.8
Hz, 1H), 9.66 (d, J = 7.7 Hz, 1H); 13C NMR & 9.62, 16.49, 28.81, 30.72, 50.03, 54.14, 54.72, 56.07,

65.86, 89.05, 90.86, 108.56, 112.06, 114.46, 118.58, 119.31, 126.65, 127.69, 128.39, 131.26, 144.85,

n silica gel (2 g, hexanes/ethyl acetate 3:2) provided 10b (16

146.13, 146.83, 151.14, 152.62, 167.33, 177.77, 193.52; MS m/e 536 (M*). Accurate mass calcd for
AT A §2A 2027 FEannd S2K 2049

\_tlel. Luy- CSIULUI Ty R VLML JIOV. LVT e

/TN 2 T/AC 2D 2 2 _TyIL o 2 L e [ JRSArS TN, Y2, ¥ SIS TN, LI s I
(E)-3-1(25,3R)-2,5-Dinya 7-methioxy-2-(3'-metnoxy-4 -metnoxy-

To a stirred solution of 9a (58 mg, 0.1 mmol) in methanol (15 mL) and tetrahydrofuran (2 mL), potassium
carbonate (21 mg, 0.15 mmol) was added. After 30 min, the mixture was diluted with water, and extracted
with diethyl ether (3 x 80 mL). The organic layer was dried over anhyd. magnesium sulfate. The mixture was
filtered and evaporated. The desired product 11a was obtained by column chromatography on silica gel (3 g)
with hexanes/ethyl acetate (3:2) as yellowish oil (35 mg, 88%); [«¢]p23 + 87° (¢ 0.52, CHCl3); lTHNMR 5 3.41
(s, 3H), 3.48-3.63 (m, 1H), 3.84 (s, 3H), 3.91 (s, 3H), 3.91-4.0 (m, 2H), 5.20 (s, 2H), 5.67 (d, J = 6.8 Hz,

23125 Jil)

1H), 6.58 (dd, J = 15.8 Hz, 7.7 Hz, 1H), 6.90-7.13 (m, 5H), 7.40 (d, J = 15.8 Hz, 1H), 9.59 (d, / = 7.7 Hz,

1INy 1370 WIMD £ 82 NA S&NT S£ 1N S£ 17 A2 Q7 Q@2 &0 Q& KQ 110NnN4 11727 A0 1164 Q0 119 25
iy, “~U INIViRN © J32.VUU, JU.VUL, JU.1V, JU.1/, US.F77, 00.07, 7J.97, 11VU.UT, 114L.U7, 11V.0V, 110.4J,

o eV Va) 1RO 171 Q~ 144 ON 1AL £ 14N n 121 &7 125 0N 107 277, AQ 7. ANN
118,07, 120.40, 128.1/ /, 144.8U, | 0/, 10U.1Y9, 151.37, 134.94, 175.07] NIO m/e€ 4UU
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(EY_2I(IC IPY. D 2_N:ily Pre BV 0 LR "RPYs PRI | RS IS TR LU, SN S ST | v -
AL J=IO= (4D IR Juky I LI ] l] U=&=13 -0nyurluvxy-o -meinoxypnenyij-s-nyaroxymetnyi-7/-
methoxy-i-benzo[d]furan-5-yij-2-propenai (12a)

Method 1 : To a solution of 11a (30 mg, 0.08 mmol) in methanol (15 mL), 10% hydrochloric acid (1.5
mL) was added. The mixture was stirred for 3 h, and then diluted with water (10 mL). The mixture was
extracted with diethyl ether (3 x 50 mL). The organic layer was dried over anhyd. magnesium sulfate, filtered
and evaporated. The residue was purified by column chromatography on silica gel (2 g, hexanes/ethyl acetate
1:1) to give 12a as a yellowish oil (24 mg, 90%).

Method 2 - To comnound 10a (78 me. 0.05 mm was added notassium carbonate fl Sme. 0.11 mmol) in

1p 18; wads 4CQUCE POASSIUIN Calbonate (12 mg, MUy I

methanal 10 MT Y The miviire wac ctirrad far AN min and than watar /10 =T ) wae addad Tha mivenre grac
IUCLIIGOUL LV Luw /. Ll AUl Ao SUUIILU IVUE JV HLHEL. atlu el waltl (1V 1) wad aUucdl, 1IIC MIXIUIC wWas

extracted with diethyl ether (3 x 50 mL). The organic layer was dried over anhyd. magnesium sulfate, filtered
and evaporated. The residue was purified by column chromatography on silica gel (2 g, hexanes/ethyl acetate
1:1) to afford 12a as a yellowish oil (16.4 mg, 88%).

Compound 12a: [a]p?3 + 108° (c 0.41, CHCl3); 'H NMR § 3.64-3.72 (m, 1H), 3.87 (s, 3H), 3.97 (s, 3H),
3.93-4.03 (m, 2H), 5.65 (d, J = 7.1 Hz, 1H), 5.77 (br s, 1H), 6.60 (dd, J = 15.8 Hz, 7.7 Hz, 1H), 6.89 (s,
3H), 7.04 (s, 1H), 7.14 (s, 1H), 7.42 (d, J = 15.8 Hz, 1H), 9.63 (d, J = 7.7 Hz, 1H); 13C NMR & 53.07,
56.06, 56.21, 64.03, 88.95, 108.87, 112.64, 114.55, 118.19, i19.41, 126.53, 128.22, 129.29, 132.34,
144.89, 146.05, 146.84, 151.63, 152.87, 193.39; MS m/e 356 (M*). Accurate mass calcd for CygH200s:

254 1260 Fannd- 284 17287
JJG. 120y, L'OUllil. 300,143
IS ARNIEs SR Ve B » Bile N o AR, s BN & V- FRPONUR BURSIEEE, SN Myl MpRpIpusmpapay s s . SRS SeipuE. NIV g J RN S Ny AV e L d L ..
LL )= 0= &1 ,I0 )= 4, 2-DINYyUIVU-0-HYUTIVXYINCLNYI~/=~MNELINNVOXY=&4=(O ~HICLUOUX Y4 -1IMeLnoxy-

methoxyphenyl)-1-benzo[b]furan-5-yij-2-propenal (11b)

Compound 9b (50 mg, 0.09 mmol) was converted to 11b using the same procedure as described for the
preparation of 11a. The desired 11b was obtained by column chromatography on silica gel (3 g, hexanes/ethyl
acetate 3:2) as a yellowish oil (31 mg, 90%); [a]p23 - 88° (¢ 0.7, CHCl3); !H NMR & 3.49 (s, 3H), 3.64-3.71
(m, 1H), 3.86 (s, 3H), 3.93 (s, 3H), 3.95-4.0 (m, 2H), 5.21 (s, 2H), 5.68 (d, J = 6.8 Hz, 1H), 6.60 (dd, J =
15.8 Hz, 7.7 Hz, 1H), 6.90-7.13 (m, 5H), 7.41 (d, J = 15.8 Hz, 1H), 9.63 (d, J = 7.7 Hz, 1H); 13C NMR &
53.09, 56.04, 536.18, 64.03, 88.64, 95.59, 109.99, 112.63, 116.73, 118.19, 118.62, 126.52, 128.24,

- 129.19, 134.81, 144.87, 146.73, 150.18, 151.60, 152.85, 193.38; MS m/e 400 (M*). Accurate mass calcd

£ PATT RN ANN 18712
Dbk FUUHU "I'UU 1J40.

-y

(E)-3-[(2R,35)-2,3-Dihydro-2-(4'-hydroxy-3'-methoxyphenyl)-3-hydroxymethyl-7-
methoxy-1-benzo[b]furan-5-yl]-2-propenal (12b)i2

Method 1 : Compound 11b (35 mg, 0.1 mmol) was converted to 12b using the same procedure as described
for the preparation of 12a (Method 1). The resulting residue was purified by column chromatography on silica
gel (3 g, hexanes/ethyl acetate 1:1) to give 12b as a yellowish oil (28 mg, 90%);

Method 2 : Compound 10b (25 mg, 0.05 mmol) was converted to 12b using the same procedure as described
for the preparation of 12a (Method 2). The resulting residue was purified by column chromatography on silica
s a yellowish oil (14.6 mg, 88%).

r-‘

gel (2 g, hexanes/ethyl acetate 1:1) to give 12b as S 12, 8

Compound 12b: [a]p23 - 114° (¢ 0.34, CHCl3) [lit.!2 [a]p -115.1° (¢ 1.3, CHCl3)}; 'H NMR § 3.64-3.72
(m, 1H), 3.87 (s, 3H), 3.97 (s, 3H), 3.93-4.03 (m, 2H), 5.65 (d, J = 7.1 Hz, 1H), 5.74 (br s, 1H), 6.60 (dd,
J =15.8 Hz, 7.8 Hz, 1H), 6.89 (s, 3H), 7.04 (s, 1H), 7.17 (s, 1H), 742 (d, / = 15.8 Hz, 1H), 9.63 (d, J/ =
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.8 Hz, 1H); *?C NMR & 53.11, 56.08, 56.27, 64.10, 88.98, 108.89, 112.76, 114.57, 118.18, 119.45,

126.63, 128.28, 129.31, 132.37, 144.94, 146.11, 146.86, 151.66, 152.70, 193.25: MS m/e 356 (MH).
Accurate mass calcd. for CogH006: 356.1260, Found: 356.1262.
Methyl (E)-3-[(25,3R)-2,3-dihydro-3-hydroxymethyl-7-methoxy-2-(3'-methoxy-4'-
methoxy-methoxyphenyl)-1-benzo[b]furan-5-yl]-propenoate (13a)

To a solution of 11a (22.8 mg, 0.05 mmol) in methanol (15 mL), potassium cyanide (5 equiv, 17.2 mg,

IV 92.2 mg, 1.1 mmnl\ were added. The mixture was stirred

0.26 mmol) and manganese dioxide27:28 (20 eq

o

3 Fs
i1

cr

t 1perature for il and evaporate he residue was purified by column
, 31 al (1 5 hayanec bl oo 3.1 te oiva
chromatography on silica gc{ ( g, ucAauca/cth_yx acetate 2:1) to give 13a as a yellowish oil (18 mg, 71%);

391 (s, 3 2 (m, 2H), 5.21 (s, 2H), 5.66 (d. J = 6.8 Hz, 1H), 6.30 (d, J = 15.8 Hz, 1H), 6.90-

7.13 (m, SH), 7.64 (d, J = 15.8 Hz, 1H); 13C NMR & 51.61, 53.14, 55.95, 56.15, 63.88, 88.41, 95.36,

109.61, 111.79, 115.16, 116.20, 117.25, 118.61, 128.49, 134,74, 144.59, 144.87, 146.48, 149.86, 150.56,

167.70; MS m/e 430 (M*). Accurate mass calcd. for Cp3H3603: 430.1620, Found: 430.1636.

Methyl (E)-3-[(25,3R)-2,3-dihydro-3-hydroxymethyl-7-methoxy-2-(4'-hydroxy-3'-methoxy-

phenyl)-1-benzo[b]furan-5-yl]-propenoate (14a)!3 \
To a solution of 13a (16 mg, 0.04 mmol) in methanol (10 mL), 10% hydrochloric acid (1.5 mL) was added.

¢ 0.95, CHCl3); 'H NMR 5 3.49 (s, 3H), 3.64-3.72 (m, 1H), 3.80 (s, 3H), 3.85 (s, 3H),
9-4.0

1 1 “ 4 Tl & rmivtrren wxrao ol sxritle axinban N T Y A ranta ia <
he mixture was stirred for 2 h. Then the mixture was diluted with water {10 mL) and extracted with dieth 1yl

ether (3 x 50 mL). The ethereal layer was dried over anhyd. magnesium suifate, filtered and evaporated. The
residue was purified by column chromatography on silica gel (2 g, hexanes/ethyl acetate 2:1) to give 14a as
white solids (12.6 mg, 88%); mp 188-190°C [lit.13 mp 190-192°C}; [«]p20 + 82° (¢ 0.25, CHCl3); 'H NMR 5
3.46-3.67 (m, 1H), 3.80 (s, 3H), 3.87 (s, 3H), 3.92 (s, 3H), 3.92-4.14 (m, 2H), 5.63 (d, J = 7 Hz, 1H),
5.64 (s, 1H), 6.31 (d, J = 16 Hz, 1H), 6.90 (s, 3H), 7.01 (s, 1H), 7.07 (s, 1H), 7.65 (d, J = 16 Hz, 1H); 13C
NMR & 51.63, 53.13, 55.96, 63.85, 88.70, 108.68, 111.74, 114.35, 115.12, 117.26, 119.40, 128.61,
128.61, 132.39, 144.58, 144.92, 145.79, 146.66, 150.55, 167.74; MS m/e 386 (M*). Accurate mass calcd

for Ca1HaaO+: 386.1357. Found: 386.1357
b S EEFNA AR ~ P < o
Methyl (E)-3-[(2R,3S)-2,3-dihydro-3-hydroxymethyl-7-methoxy-2-(3'-methoxy-4"-

methoxy-methoxyphenyl)-1-benzo[b]furan-5-yl]-propenoate (13b)

Compound 11b (22 mg, 0.06 mmol) was converted to 13b using the same procedure as described for the
preparation of 13a. The resulting residue was purified by column chromatography on silica gel (2 g,
hexanes/ethyl acetate 2:1) to give 13b as a yellowish oil (17 mg, 72%); [«]p20 -29.3° (¢ 1.69, CHCl3); 'H
NMR & 3.50 (s, 3H), 3.65-3.68 (m, [H), 3.80 (s, 3H), 3.86 (s, 3H), 3.94 (s, 3H), 3.92-3.98 (m, 2H), 5.21
(s, 2H), 5.66 (d, J = 7 Hz, 1H), 6.31 (d, J = 16 Hz, 1H), 6.90-7.13 (m, 5H), 7.64 (d, J = 16 Hz, 1H); 13C
NMR & 51.62, 53.14, 55.95, 56.15, 88.41, 95.38, 109.61, 111.79, 115.17, 116.20, 117.24, 118.61,
128.48, 134.72, 144.60, 144.86, 146.48, 149.86, 150.55, 167.69; MS m/e 430 (M*). Accurate mass calcd.
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b
4

dro-3-hydro 'ymethyi -methoxy-2-(4'-hydroxy-3'-methoxy-
-propenoate (14b):3

15 mg, 0.03 mmol) was converted to 14b using the same procedure as described for the

'U“"-'

A
phenyl)-i-benzo|
Compound 13b
preparation of 14a. The resulting residue was purified by column chromatography on silica gel (2 g,
hexanes/ethyl acetate 2:1) to give 14b as white solids (11.6 mg, 86%); mp 188-190°C [lit.!3 mp 190-192°C];
[a]p20 -81° (¢ 0.10, CHCl3); 1H NMR § 3.64-3.68 (m, 1H), 3.80 (s, 3H), 3.86 (s, 3H), 3.91 (s, 3H), 3.91-
3.97 (m, 2H), 5.63 (d, J = 7.2, 1H), 5.70 (s, 1H), 6.31 (d, J = 16 Hz, 1H), 6.89 (s, 3H), 7.0 (s, 1H), 7.07

~ o
—
-‘9

h')

=

0

U

(s, 1H), 7.64 (d, J = 16 Hz, 1H); 13C NMR (acetone -dg) 5 51.33, 54.18, 56.09, 56.21, 64.14, 89.01,
110.34, 113.06, 115.40, 115.53, 118.64, 119.51, 128.76, 130 27, 133.69, 145.33, 145.68, 147.28, 148.24,
151.49, 167.69; MS m/e 386 (M*). Accurate mass caled for Co1HppO7: 386.1357, Found: 386.1358.

(E)-3-1(28,3R)-2,3-Dihydro-2-(3'-methoxy-4'-tetraacetyl-pg-D-gilucose-phenyl)-3-
hydroxymethyl-7-methoxy-1-benzo[blfuran-5-yl]-2-propenal (15a)

To a solution of compound 12a (20 mg, 0.06 mmol) in acetone (10 mL) was added a-D-glucopyranosyl
bromide tetraacetate (24 mg, 0.06 mmol) in the presence of potassium carbonate (10 equiv, 78 mg, 0.6 mmol).
The mixture was stirred at room temperature for 20 h. Water (20 mL) was then added. The mixture was
extracted with diethyl ether (3 x 50 mL). The ethereal layer was dried over anhyd. magnesium sulfate, filtered
and evaporated. The residue was purified by column chromatography on silica gel (2 g, hexanes/ethyl acetate

1:1) to give 15a as a yellowish oil (21.6 mg, 56 %); [a]p2? + 30.5° (¢ 0.90, CHCl3); lH NMR 5 1.66 (brs,
1H), 2.04 (s, 6H), 2.08 (s, 6H), 3.46-3.52 (m, H), 3.63-3.77 (m, 1H), 3.80 (s, 3H), 3.91 (s. 3H), 3.94-
3.99 (m, 2H), 4.12-4.17 (m, 1H), 4.23-4.31 (dd, J = 4.8 Hz, 12.3 Hz, 1H), 4.93 (d, / = 7.5 Hz, 1H), 5.12-
5.29 (m, 3H), 5.69 (d, J = 6.6 Hz, 1H), 6.61 (dd J = 15.8 Hz, 7.8 Hz, 1H), 6.89-7.12 9m, 5H), 7.42 (d, J

15.8 Hz, 1H), 9.65 (d, J = 7.7 Hz, 1H); 13C NMR & 20.65, 53.13, 56.15, 61.86, 64.04, 68.33, 71.15,
71.97, 72.53, 88.42, 100.76, 110.62, 112.22, 118.27, 118.27, 120.24, 126.57, 128.32, 128.77, 137.10,
144.83, 146.09, 150.83, 152.89, 169.40, 170.30, 170.63, 193.53. Accurate mass calc for C34H3805:
686.2199, Found 709.2097 (ESI, C34H33015Na).

(E)-3-[(2R,3S)-2,3-Dihydro-2-(3'-methoxy-4'-tetraacetyl-p-D-glucose-phenyl)-3-hydroxy-
methyl-7-methoxy-1-benzo[b]furan-5S-ylj-2-propenal (15b)

Compound 12b (22 mg, 0.06 mmol) was converted to 15b using the same procedure as described for the
preparation of i5a. The resuiting residue was purified by column chromatography on silica gel (3 g,
hexanes/ethyl acetate 1:1) to give 15b as a yellowish oil (23.3 mg, 55 %); [«]p20 -71° (¢ 0.90, CHCI3); 'H
NMR 8 2.04 (s, 6H), 2.07 (s, 6H), 3.65-3.67 (m, 1H), 3.67-3.71(m, 1H), 3.79 (s, 3H), 3.94 (s, 3H), 3.87-
3.94 (m, 2H), 4.12-4.16 (m, 1H), 4.24-4.28 (m, 1H), 4.93 (d, J = 7.7 Hz, 1H), 5.12-5.19 (m, 1H), 5.26-
5.29 (m, 2H), 5.69 (d, J = 6.5 Hz, 1H), 6.61 (dd, J = 15.8 Hz, 7.8 Hz, 1H), 6.90-7.12 (m, 5H), 742 (d, J =
15.8 Hz, 1H), 9.64 (d, J = 7.8 Hz, 1H); 13C NMR & 20.64, 53.13, 56.10, 61.87, 63.99, 68.33, 71.14,
71.96, 72.52, 88.42, 100.74, 110.33, 112.22, 118.11, 118.50, 120.20, 126.55, 128.31, 137.11, 144.82,

1 .

146.09. 150.94, 151.38, 152.93, 169.40, 170.29, 170.62, 193.55 Accurate mass calc for C14H2¢O 15
09, 094, 151.38, 122.9: , b 70.62, 19353, 3438015
£QL 21100 Bainde 700 9007 (BT o ITa00): <N a)
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,3 -methoxy-4'-g-D-glucosylphenyl)-3-hydroxymethyli-7-
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1

methoxy-i-benzo{b]furan-5-yij-2-propen-i-ol (16b)

Compound 15b (20 mg, 0.03 mmol) in methanol (10 mL) was reduced with sodium borohydride (1 equiv,
1.1 mg, 0.03 mmol) at room temperature for 30 min. Then potassium carbonate (5 equiv, 21 mg, 0.14 mmol)
was added. The mixture continued to stir for 30 min. Water (10 mL) was added and the resulting mixture was
extracted with diethyl ether (3 x 50 mL). The ethereal layer was dried over anhyd. magnesium sulfate. The
solvent was filtered and evaporated. The pure product of 16b was obtained by reversed pha
plate as white powders (12 mg, 79%); [a]p20 -76° (¢ 0.25, MeOH) [lit.!5 [a]p20-71.2° (

NMR f")"lﬂ 1\/”—'(-7\ fﬁl\/fQﬂ dsy § 3.25-3.37

VISO-dg) & 3.25-3.37 (m, 2H), 3 ) .

3.79 (s, 3H), 4.06 (d, J = 4.9 Hz, 2H), 4.87 (d, J = 7.3 Hz, 1H), 551 (d, J = 6.8 Hz, 1H), 6.22 (dt, J = 16
Hz, 5.3 Hz, 1H), 6.45 (d, / = 16 Hz, 1H), 6.83 (d, J = 8.4 Hz, 1H), 6.92-6.94 (m, 3H), 7.05 (d, J = 8.4 Hz,
1H) [lit!3 TH NMR (360 MHz, DMSO-dg) 6 3.44 (m, 2H), 3.65 (m, 2H), 3.75 (m, 1H), 3.75 (s, 3H), 3.82
(s, 3H), 4.06 (d, J = 4.9 Hz, 2H), 4.88 (d, / = 7.3 Hz, 1H), 5.51 (d, J = 6.5 Hz, 1H), 6.22 (dt, J = 16 Hz,
5.3 Hz, 1H), 6.47 (d, J = 16 Hz, 1H), 6.84 (dd, J = 8.5 Hz, 2 Hz, 1H), 6.93 (d, / = 2 Hz, 2H), 6.96 (d, J =
2 Hz, 1H), 7.07 (d, J = 8.5 Hz, 1H)]; 13C NMR (270 MHz, DMSO-dg) 5 53.25, 55.69, 55.69, 60.59, 61.66,
62.95, 63.06, 69.63, 73.19, 76.86, 77.06, 86.89, 100.00, 110.29, 114.93, 115.22, 118.02, 128.11, 128.91,

129.26, 130.66, 135.20, 143.72, 146.22, 147.03, 148.93; MS m/e 520 (M+).

‘3 I-—4
h
(@)}
§
Q

n n
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pnenyi)-i-penzo|sjiuran-3-yij-z-propen-i-oi1 (17a)*°
To compound 12a (10 mg, 0.03 mmol) in a mixture of anhyd. diethyl ether (5 mL) and tetrahydrofuran (5

mL) was added a solution of diisobutylaluminum hydride (1.5 mL, 1 M, 1.5 mmol) in hexane at 0°C with
stirring under nitrogen atmosphere. After | h, a few drops of ethyl acetate was added to the stirred solution to
decompose the excess diisobutylaluminum hydride. After dilution with water (5 mL) and neutralized with dilute
hydrochloric acid, the product was extracted with diethy] ether (3 x 30 mL), then dried over anhyd. magnesium
sulfate, filtered and evaporated. Column chromatography of the resulting residue on silica gel (1 g,
hexanes/ethyl acetate 2:3) furnished 17a as colorless solids (8 mg, 80%); mp 141-142°C; [a]p23 +11.6° (¢

0.13, CHCI3) [1it.16 mp 141-142°C; [0]57820 +10.9°, [a]54620 +13.3° (¢ 2, acetone)]; 'H NMR & 3.58-3.66
gl

fee TITY 2 770 fo 2LTY 2 0K (o 2TTY 2 QN A NN (mn ILTIY A 27Q A 21 4+ TN & 85Q 1A ] — 7 O, 1T\ & AR
(m, 151}, 53./7 {8, 511}, 5.0 (8, 201, 3.7U-4.UU (N, <21}, 4.25-4.01 (M, <11}, 3.36 (4, v = /.4 nZ, iri), 5.00

T 4o o~ 7Y ¥ 12 a 1Y ~ o YT TY\' £ £~ s 13 ¥ 120 1Y Yr\ /na £ s oYX TN 13~
(br s, 1H), 6.18-6.29 (dt, J = 15.8 Hz, 5.8 Hz, 1H), 6.55 (d, J = 15.8 Hz, 1H), 6.82-6.91 (m, 5H); *°C
NMR & 53.49, 55.97, 55.97, 63.79, 88.21, 108.73, 110.48, 114.31, 114.76, 119.38, 126.40, 128.08,

130.81, 131.29, 132.84, 144 .40, 145.69, 146.66, 148.31; MS m/e 358 (M™*).
(E)-3-[(2R,35)-2,3-Dihydro-3-hydroxymethyl-7-methoxy-2-(4'-hydroxy-3'-methoxy-
phenyl)-1-benzo[b]furan-5-yl]-2-propen-1-ol (17b)16

Compound 12b (10 mg, 0.03 mmol) was converted to 17b using the same procedure as described for the
aration of 17a. Column chromatography of the resulting residue on silica gel (1 g hexanes/ethvl acetate

V. O,
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U.04-0.71 M1, o), “~U INMIN 0 J3.9Y, 3J3.7/, 335.9/, 05.79, 88.21, 1Us.735, 110.48, 114.31, 114.76,
119.38, 126.40, 128.08, 130.81, 131.29, 132.84, 144.40, 145.69, 146.66, 148.31; MS m/e 358 (M*).

(E)-3-[(25,3R)-2,3-Dihydro-3-hydroxymethyl-7-methoxy-2-
benzo[b])furan-5-yl]-2-propenal (18a)

r‘\

3! ,4'-d1methoxyphenyl)-1—

To a stirred solution of 12a (52 mg, 0.15 mmol) and potassium carbonate (25 mg, 0.15 mmol) in dry
acetone (10 mL) was added methyl iodide (0.01 mL, 0.16 mmol). After 1 h, water (2 mL) was added. The

product was extracted with diethyl ether (3 x 50 mL). The organic layer was dried over anhyd. magnesium
sulfate, filtered and evaporated. The residue was senarated bv flash column chromatoeranhy an cilica cal (2 o

N + - Go obpriaibis Uy LGoid Vuldini vildvildivgiapily Ul siula gl o g,
havanac/ sthyl acatata 1:1) tn affard 180 ac a yallawich il 7/4Q g QQO0LN. TA1-23 AQO /1~ 1 Q& AMIYAT N, 11T
HOAAICS, Tyl allrall 1.1 W aliviu 204 ad a yCuUwisil Ol (70 THiE, 0770, (GID TS7 W0 1.00, LiLI3)}, ‘I
NMR 3§ 3.63-3.70 (m, 1H), 3.82 (s, 3H), 3.83 (s, 3H), 3.89-4.00 (m, 2H), 3.95 (s, 3H), 5.66 (d, J = 7 Hz,
1H), 6.57 (dd, J = 15.8 Hz, 7.7 Hz, 1H), 6.81-6.84 (m, 1H), 6.88-6.92 (m, 2H), 6.70 (s, 1H), 7.13 (s, 1H),

7.39 (d, J = 15.8 Hz, 1H), 9.57 (d, / = 7.7 Hz, |H); 13C NMR § 52.98, 55.92, 56.12, 63.86, 88.7, 109.5,
111.41, 112.62, 118.24, 118.60, 126.25, 128.05, 129.37, 133.03, 144.72, 149.31, 151.55, 153.04, 193.42;
MS m/e 370 (M+). Accurate mass calcd for C21H220¢: 370.1417, Found: 370.1417.
(E)-3-[(25,3R)-2,3-Dihydro-3-hydroxymethyl-7-methoxy-2-(3',4'-dimethoxyphenyl)-1-
benzo[b]furan-5-yl]-2-propen-1-o0l (19a)

To compound 18a (25 mg, 0.07 mmol) in a mixture of anhyd. diethyl ether (5 mL) and tetrahydrofuran (5

mT Y wac added lithinnm aliiminnm hvdride 7S mo 0 12 mmal) at N9 with ctirring nnder nitragan atmaosnhere

lll.Ll) WAy AUULU LIULIULILIL AiUizliiiuiidl i yulius (J llls, V.1 llllllu‘} at v o ovwiua QL‘I‘I!‘E uiiusel llllluacll aLlllUbPll\wl‘r

AL . 1 L . £ R thyl acetate ae m SN TN TR PRSPt T i 1.1
Iteér 1 n, a iew arops O lyl dieidic w Cd SOIULION 10 ACCOIINPOST LIe EXCESS 11t “luul

aluminium hydride. After dilution with water (5 mL) and neutraiized with dilute hydrochioric acid, the product
was extracted with diethyl ether (3 x 30 mL), then dried over anhyd. magnesium sulfate, filtered and
evaporated. The residue was purified by column chromatography on silica gel (2 g, hexanes/ethy! acetate 2:3)
to give 19a as a colorless oil (21 mg, 84%); [a]p23 +13.6° (¢ 0.66, CHCl3); IH NMR § 3.56-3.63 (m, 1H),
3.83 (s, 3H), 3.85 (s, 3H), 3.93 (s, 3H), 3.92-3.96 (m, 2H), 4.25-4.27 (m, 2H), 5.57 (d, J = 7 Hz, 1H),
6.14-6.26 (dt, J = 15.8 Hz, 5.8 Hz, 1H), 6.51 (d, J = 15.8 Hz, 1H), 6.70-7.07 (m, 5H); 13C NMR & 53.45,
55.89. 55.97, 63.62, 63.93, 88.02, 109.37, 110.57, 111.10, 1 14;847 118.59, 126.40, 128.21, 130.82,

............................

, .
AT 1E7TY TasiemA: 2717 1807
Ji4.1070, COUUNG., O/74.1000
{(25,3R)-3-Hydroxymethyi-7-methoxy-2,3-dihydro-2-(3*,4'-dimethoxyphenyi)-

benzo[b]furan-5-yl]-propan-1-ol (20a)17-19

A solution of compound 1%9a (15 mg, 0.04 mmol) in ethanol (20 mL) was hydrogenated over a catalytic
amount of platinum dioxide for | h with stirring. Then the mixture was filtered and evaporated. The product
20a was obtained by column chromatography on silica gel (2 g, hexanes/ethyl acetate 2:3) (11.2 mg, 74%),
[¢]p23 49.5° (¢ 0.2, CHCI3) [1it!7-19 [a]p no record]; IH NMR & 1.83-1.94 (m, 2H), 2.68 (t, J = 7.7 Hz, 7.7
Hz, 2H), 3.58-3.63 (m, 1H), 3.69 (t, J = 6.3 Hz, 6.3 Hz, 2H), 3.86 (s, 3H), 3.87 (s, 3H), 3.89 (s, 3H),

L14, £11

3.88-3.98 (m, 2H), 5.57 (4, J = 7.4 Hz, 1H), 6.68-6.98 (m, SH); 13C NMR § 32.00, 34.61, 53.81, 55.97,
S 07 £290 £AN4A 774 1INQSA 11197 117272 116N 110 A&7 172778 111 RS 125 41 144 24
JI Ty QbidaZy U VU, O/.17y LUZ. IV, LY 144, LiL. iy, LIV UL, 110.US,y 1&i. iU, 1J0.0J, 1JJ.TL, 177.L77,
146.66, 149.07, 149.26; MS m/e 374 (M*).
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jfuran-5-yij-2-propenai (i8b)

Compound 12b (45 mg, 0.13 mmol) was converted to 18b using the same procedure as described for the
preparation of 18a. The resulting residue was purified by flash column chromatography on silica gel (3 g
hexanes/ethyl acetate 1:1) to afford 18b as a yellowish oil (40 mg, 86%); [a]p24 - 44° (¢ 1.07, CHCl3); 'H
NMR 8§ 3.65-3.73 (m, 1H), 3.86 (s, 3H), 3.87 (s, 3H), 3.89-4.00 (m, 2H), 3.95 (s, 3H), 5.67 (d, J = 7 Hz,
1H), 6.61 (dd, J = 15.8 Hz, 7.7 Hz, 1H), 6.83-6.86 (d, J =8.1 Hz, 1H), 6.92-6.94 (m, 2H), 6.98 (s, 1
7.0 (s, 1
88.84, 109. 58
152.85, 193.38; M d :

(E)-3-[(2R,35)-2 1hydrn -3-hydroxymethyl-7-methoxy-2- (3' 4'- dlmethoxyphenyl) -1-
benzo[b]furan-S-yl]-2-propen-l-ol (19b)

Compound 18b (25 mg, 0.07 mmol) was converted to 19b using the same procedure as described for the
preparation of 19a. The resulting residue was purified by column chromatography on silica gel (2 g,
hexanes/ethyl acetate 2:3) to give 19b as a colorless oil (21 mg, 84%); [a]p?3 -12.5° (¢ 0.35, CHCl3); 'H
NMR 35 3.60-3.65 (m, 1H), 3.84 (s, 3H), 3.86 (s, 3H), 3.88-3.95 (m, 2H), 3.89 (s, 3H), 4.27-4.30 (m, 2H),
5.59 (d, J =7 Hz, 1H), 6.17-6.28 (dt, J/ = 15.8 Hz, 5.8 Hz, 1H), 6.54 (d, J = 15.8 Hz, 1H), 6.80-6.96 (m,

114, 2311) o QA AlL, 11%) 114, 111), D0V 7

5H); 13C NMR & 53.44, 55.9, 56.04, 63.5, 63.98, 87.85, 109.60, 110.83, 111.37, 114.93, 118.54, 126.43,

179 277 12N QA 121 N7 122 &7 144 97Q 14AQ NA 140 NQ. = 1Y INARY Acrniiemntda mmnce ~Aalad Fae
120.5/4, 153U.64, 131.U/, 135.0/, 144.408, 140..4, 147.U0, MS m/e 372 (V17 ). ACCUrdi€ mass caiCa 10r1
~oTr o~ 1z T T -l

J/3, rounda: 3/4.10/74.

[(2R,35)-3-Hydroxymethyl-7-methoxy-2,3-dihydro-2-(3',4'-dimethoxyphenyl)-1-
benzo[b]furan-5-yl]-propan-1-0l (205)!7-19

Compound 19b (30 mg, 0.1 mmol) was converted to 20b using the same procedure as described for the
preparation of 20a. The product 20b was obtained by column chromatography on silica gel (3 g, hexanes/ethyl
acetate 2:3) as a yel]owxsh oil (26 mg, 74%); [a]p23 -10° (¢ 0.4, CHCI3); 'H NMR 8 1.85-1.94 (m, 2H), 2.66

3.88 (¢ 3H). 3.8 556 (d, J =7.5 Hz, 1H). 6.67-6.98 (m, 5H): 13(‘ NMR § 31.97, 34.57

. 15, 21, 2.8 . \n, 1), 2.20 4, J /.2 1Z, 141, C.0/-0.78 (I, 253), CINVINK O 210, 290/,

£2 77 L& QO &5 Q0 F<o Mo X A2 Q0 Q7 772 1NQ 20 111 NA 117 89 118 Q7 11Q AA 127 74 122 72

I3.11, 33.94, I33.F92, Ou.25, 05.74, 0/./3, 1UZ.07, 111.U4, 11404, 113.7/, 110.00, 14/./%, 135./20,

135.38, 144.17 146.57, 149.13, 149.13; MS m/e 374 (M)
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Chemistry, The Chinese Academy of Sciences, who passed away on May 6, 1997.

§ Crystal data of 10b. C30H3209 = 536.6, monoclinic, space group P21, a = 6.272(1) A b=16. 831(2)

A, ¢ = 13.405(1) A, B = 93.69(1)°, V = 1412.2(7) A3, Z = 2, D, = 1.262 Mg/m3, F(000) = 568, MoK
radiation A = 0.71073 A. Intensity data were collected on a Rigaku RAXIS IIC diffractometer: 4844
reflections in the range 3.0 <26<55.0°,0<h <7,-21 £k <21,-16 <1< 16; 4632 independent (Ript =
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tropic thermal parameters were used for all nonhydrogen atoms. The hydrogen atoms were
located in difference Fourier maps and refined isotropically. The final agreement was Rg = 0.073 for
2955 observed data [F > 6a(F)]. Tables of fractional atomic coordinates, thermal parameters, bond
lengths and angles have been deposited at the Cambridge Crystallographic Data Centre, 12 Union Road,
Cambridge CB2 1EZ, United Kingdom.

(a) Taken in part from the Ph.D. Thesis of M.S.M.Y., The Chinese University of Hong Kong, 1997. (b) To whom
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