CHAPTER III
TOTAL FACILE SYNTHESIS OF BIOACTIVE ISOFLAVONOIDS

3L INTRODUCTION

Isoflavonoids represent a large class of natural products and exhbit
remarkably diverse biological properties. They are found in many plants and are
especially abundant in Leguminosae family, such as soya, lentils, chick pea,
fenugreek, clovers and alfafa [85]. Compounds with isoflavonoid as the core structure
have been shown to possess antioxidant [ss, 87}, antitumor [ss, 89], anticataract [90],
anti-inflammatory [91] and antifertility [92] activity. Some isoflavonoids are well-
known as tyrosine kinase inhibitor [93]. Recent studies have also revealed that
isoflavonoids bind to G-protien couple receptors, including serotonin, dopamine, 5-
opiate and henzodiazepine receptors [94],

Concerning with their remarkably rich biological activities and excellent
pharmacological properties, isoflavonoids have been the target of a grate deal of
research into their synthesis.

As aforementioned in previous chapter, eight isolated substances (o1-os)
were obtained from the dichloromethane extract of D. oliveri heartwood. Among
them, os, (f)-mucronulatol, displayed the significant radical scavenging effect on
DPPH radical with 1Cso value 0.32 mM as well as the highest antifungal activity
against F. oxysporum at the minimum amount required for the inhibition of fungal
growth on TLC of 0.5 pg. o, (i)-violanone, showed moderate scavenging activity
towards DPPH radical with ICso value 0.48 mM and antifungal activity against
F. oxysporum at the minimum amount required for the inhibition of fungal growth on
TLC of 1 pg. In addition, os and o7 displayed cytotoxicity against human
hepatocellular carcinoma (HepG2) with 1Cs values of 3.7 and 4.7 pg/mL,
respectively. Furthermore, o7 also showed high cytotoxicity against diamondback
moth and mosquito larvae with LCso values of 92 and 121 ppm, respectively.
Nevertheless, os and o7 obtained in limited quantitative yield (4.5 x 103 and 9.5
1096 based on the dried heartwoods (4 kg), respectively). As a result, subsequent
biological studies have been very limited. Various biological activities of isolated
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substances mainly with the same reason have not heen established due to its scarce
natural abundance.

Therefore, to complete structure activity relationship study, (z)-mucronulatol
(0s5) and (£)-violanone (o7) were selected to synthesize as a representative of
isoflavan and isoflavanone, respectively. Furthermore, 7-hydroxy-3'4'-dimethoxy-
Isoflavone was also synthesized as a representative of isoflavone.

3.1.1 Literature Review
3.1.1.1 Synthetic Routes to Isoflavones
Many different procedures exist for the preparation of isoflavones can be
categorized to one of the following general methods;
o The addition of a one-carbon unit to a deoxyhenzoin and
subsequent ring closure
* The oxidative conversion of chalcones
* The rearrangement of flavanones
* The arylation of chromanane moiety

(a) via deoxyhenzoin

The general synthetic route for isoflavonoids generally involves the
condensation of an appropriate phenol with either a substituted phenyl acetic acid or
benzyl nitrile. This gives deoxybenzoin which then undergoes formylation and finally
cyclization to give isoflavonoid [95].
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Spath and Lederer [96] reported that minute amount of isoflavone derivatives
could be obtained through the reaction of o-hydroxydeoxyhenzoins with ethylformate
and sodium. Later, the procedure was improved by Venkataraman and co-workers
[97, 98] to receive isoflavones in moderate to good yield with necessary protection of
all hydroxyl groups except the 2-hydroxyl group prior to performing the reaction in
order to prevent ring formylation and consequent polymerization.

Recently, daidzein (48), the soy isoflavones, was synthesized by Oldfield and
co-workers [95]. Condensation of the resorcinol (45) and p-hydroxyphenylacetic acid
(46) was carried out in neat BF3.0 Etz, giving the deoxybenzoin intermediate (47). The
formylation cyclization step was achieved using dimethylformamide dimethylacetal in
DMF.
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Furthermore, in 2004 Zhang and Botting [99] reported the synthesis of
glycitein, another soy isoflavone. This procedure involved the reaction of
2,4-dihydroxy-5-methoxyacetophenone (50) via acetylation of isovanillin (49) with
acetyl chloride followed by a Baeyer-Villiger reaction, selective hydrolysis and
finally a BFs catalyzed Fries rearrangement. An aldol reaction using
4-henzyloxyhenzaldehyde gave a chalcone (52) and then thallium (I11) mediated
oxidative rearrangement, deprotection and cyclization provided glycitein (54).
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i) CH3COCI, EtsN, THF/Et20; i) -CPBA, CH2C12) reflux, then NaHC03, EtOH; iii) BF3.0Et2 70°C; iv) BnBr,
K2C03 acetone, reflux; v) HCO- IQ"CHO KOH, MeOH/THF Vi) T1(N03)2.3H20, HC(OMe)3 MeQOH; vii) H2, 5%
Pd/C, MeOH/Acetone; viii) MeOH, cone HCL, reflux
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(b) via chalcones

Synthesis of isoflavones usually involves ring closure of benzyl phenyl kenone
[100], the preparation of which is often unsatisfactory [101] or unsuccessful. The
generally more accessible chalcones can be converted into isoflavones via chalcone
epoxides [102-104] or by the oxidative rearrangement of chalcone [105-107],
Chalcones are readily obtained by condensation of aromatic acetophenone with
aromatic aldehydes.

- via chalcone epoxidation
In 1963, Jain and co-workers [102-104] synthesized isoflavones by BFs
catalyzed rearrangement of 2-benzyloxychalcone epoxides. The application of this
method to the synthesis of pseudoptigenin (s9) is shown below:
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1) BnBr, K2C03 acetone, reflux; ii) 30% H20 2 NaOH; iii) BF3 OEt2, henzene; iv) AcOH, HCL

The 2-hydroxy group of chalcone (s5) was protected by benzylation and
following epoxidation with H202. BFs-catalyzed rearrangement of the chalcone
epoxide (s7) receieved the a-formyldeoxybenzoin (ss) which in the presence of acid
underwent benzyl group cleavage and ring closure to obtain pseudoptigenin (s9).

Moreover, Westhuizen and co-workers [105] reported the reaction of a
chalocon epoxide (s0) with 2,4,6-trihydroxyhenzoic acid to give the [Tester (61). Acid
treatment of (s1) provided 4'5,7-trimethoxyisoflavone (s 2) in 25% an overall yield.



118

OH MeO OH OMe
MeO OCH,OMe_~_ _OMe . O OH O
P g =
* HO OH

OMe O
OMe O CO,H

60 HO OH

61 OH

i)

MeO (0]
|O I
OMe O O

62

OMe

i) (CH3)2CO, RT, 1h; ii) TsOH, benzene, A 1 min

- via oxidative rearrangement of chalcone

The oxidative rearrangement of chalcones has been widespread application
for the synthesis of isoflavones, for examples:

Ollis and co-workers [106-108] disclosed that isoflavones could he
synthesized by the oxidative rearrangement of fully protected chalcones with thallium
(1) acetate. The initial product was a |2-diaryl-3,3-dimethylpropan-I-one (63)
which after deprotection and hydrolysis provided the isoflavone in moderate yield.
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Later, Mckillop and co-workers [109] found that thallium (I11) nitrate (TTN)
was more efficient than the triacetate for the rearrangement of simple chalcone to 1,2-
diaryl-3,3-dimethoxyprapan-l-ones. The reaction was usually complete within a few
minutes at room temperature, whereas, thallium (I11) triacetate required up to 100 h at
65°c. In addition, Farkas and co-workers [110] extended this improved reaction to the
synthesis of isoflavones and found that simple unprotected 2'-hydroxychalcones could
be smoothly converted by TTN into |, 2-diaryl-3,3-dimethoxyprapan-l-ones and that
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acid catalyzed ring closure of the acetal provided the corresponding isoflavones. For
example, mucronulatol (ss) and violanone (2s) were conveniently prepared by the
oxidative rearrangement of 2-hydroxychalcone (64) with TTN in MeOH into I-(2-
hydroxyphenyl)-3,3-dimethoxy-2-phenylpropane-l-one (65) followed by cyclization
to give isoflavone derivative (66). Finally, deprotection and following with catalytic
hydrogenation in the presence of acetic acid gave mucronulatol (ss) or hydrogenation
in acetone on palladium charcoal catalyst yielded violanone (2s).
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i) TTN, MeQH; ii) HC1, MeOH; iii) H2, Pd/C; iv) H2, Pd/C, AcOH; v) H2, Pd/C, acetone

However, the utilization of the above method was unsatisfied since reactions
proceeded in very poor yield with those chalcones, possibly due to their highly
insoluble in MeOH.

(c) The rearrangement of flavanones
- with silver hexafluoroantimonate (AgShFfi)
Pelter and co-workers [L11] exposed that treating 3-bromoflavanones (67a)
and (67b) with silver hexafluoroantimonate in CHzCl2 yielded the corresponding
isoflavones (68a) and (68D), respectively, in moderate yield via 2,3-aryl migration,
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- with [hydroxyl(tosyloxy)iodo]benzene (Phl(OH)OTS)
Oxidative rearrangement of flavanone (69) occurred with stiochiometric of
[hydroxyl(tosyloxy)iodo]oenzene in  refluxing  acetonitrile  generating  the
corresponding isoflavones (70) in good yield (72-80%) [112].
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- with thallium (I11) salts
Isoflavones have been obtained by oxidative rearrangement of flavanones
using thallium (II1) toluene-p-sulphonate in propionitrile [113, 114], TTN in
acetonitrile [114], TTN in MeOH-CHCT containing 70% perchloric acid [115] and
thallium (I11) perchlorate in acetonitrile or dimethoxyethane [116]. Each of these
methods suffered however in requiring the use of stoichiometric quantities of toxic
thallium salts,

(d) The arylation of a chromanone moiety

Although the aforementioned methods could produce isoflavones individually
in good yield, they were not efficient for synthesis of a series of isoflavones with
different substituted groups at 3-position. Therefore, to dissolve this problem a series
of 3-aryl isoflavones derivatives could be efficiently synthesized by using arylation of
chromanone reaction.
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- with ArB(OH)z0r ArB(OBu)2
The palladium catalyzed cross coupling reaction of 3-bromochromanes (71)
[117] and 3-iodochromones (72) [118] with arylboronic acids or its butyl ester
afforded isoflavones in moderate to good yield (47-98%). The reaction was found to
be sensitive to steric effects: arylation with dibutyl mesitylboronate (73) gave a low
yield of isoflavone (74) after a long reaction time (48 h under reflux condition).
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Recently, Ding and Wang [85] reported the synthesis of analogues of 3-aryl-8-
isobutyl-5,6,7-trihydroxy-2-methyl-4//-chromen-4-one  (76) via Suzuki coupling
reaction of 3-iodo-8-isobutyl-5,6, 7-trimethoxy-2-methyl-4i/-chromen-4-one (75) with
different aryl boronic acids.
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- with organobismuth reagents
The  phénylation of  3-phenylsulfonylchroman-4-ones  (77)  with
tripheylbismuth carbonate yielded isoflavones (79) and isoflavanone (80) after
oxidative and reductive removal respectively of the phenylsulphonyl group from
3-phenyl-3-phenylsulphonylchroman-4-on intermediates (78) [119, 120].
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In spite of the organobismuth mediated ligand coupling route to isoflavonoids
was good yield, this method was severely limited with regards to natural product
synthesis because of the lack of availability of suitably substituted arylbismuth
reagents.

- with arylleadtriacetate ArPb(OAC)s
Arylation of 3-(phenylthio)-chroman-4-ones (s1) with a range of aryllead
(IV) triacetate gave a series of 3-aryl-3-(phenylthio)-chroman-4-ones (s2). Removal
of the phenylthio group by oxidation with dimethyldioxirane and subsequent thermal
elimination lead to the corresponding isoflavones (s3). Isoflavanones (s4) were also
obtained from (s2) by reduction with nickel boride [121].
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In addition, Donnelly and co-workers [122, 123] reported arylation of ring-A
substituted and unsubstituted 3-allyloxycarbonylchroman-4-ones with aryllead (IV)
triacetate followed by selective catalytic dealloxycarbonylation afforded the
corresponding isoflavanones or isoflavanes in high overall yield.
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3.1.1.2 Synthetic Routes to Isoflavanones
The synthetic routes to isoflavanones are not as numerous as their isoflavones
analogues but are quite similar in approach and many distribute a common pathway.
The various approaches can be classified under the following heading for discussion:
* The reduction of isoflavones
» The oxidation of isoflavans
* Via deoxybenzoins
*  Arylation methods

(a) The reduction of isoflavones

Isoflavanones are ffequenty synthesized by hydrogenation of isoflavones using
noble metal catalyst. PtC [124] and Pd-C [125] are routinely employed but the
process must be monitored carefully to avoid-reduction to isoflavan-4-ols (so) and
isoflavans (a1).

Hz
R catalysl | ——R catalyst 2 R

catalyst

In 1981, Antus and co-workers [126] reported the synthesis of 2'-hydroxy-
3' &' 7-trimethoxyisoflavanones (s2), a constituent of Myroxylon peruiferum [127], by
reduction with diisobutylaluminium hydride (DIBAH) in THF-toluene.
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(;-CsHo )2 AlH, toluene, THF, -65°C; it) MeOH, rt; iii) H2 Pd-C
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(b) The oxidation of isoflavans

Whalley and co-workers [128, 129] reported that the oxidation of isoflavans
with potassium permanganate Yielded isoflavanones in low to moderate yield. La:er,
Bretenach and co-workers [130] found that much better yields were obtained when
2,3-dichloro-5,6-dicyanobenzoquinone (DDQ) in MeOH was used to oxidize fully
protected isoflavans.

(c) via deoxyhenzoin

Gandhidasan and co-workers [131] reported the synthesis of isoflavanones
(94) using the Mannich reaction of 2-hydroxydeoxybenzoins (93) with
paraformaldehyde in refluxing ethanol in the presence of secondary amines such as
piperidine, dimethylamine or diethylamines.

R, OH R, 0
(CH,0)x, NH(CHj),, EtOH
E i hilL
R| O = R[ O =

Ine syn?n3e3|s 0t hydroxyIsoTiavanones nas neen emC|ent|y9é‘ccompusned
using ethoxymethyl chloride as the methylene source [132, 133], The application of
this method to the synthesis of dihydrodaidzein (95) is depicted as shown belcw
[133].
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2'-Hydroxybenzoins (96, 97) with a phloroglucinol unit in ring-A were
converted to the corresponding a-hydroxymethyldeoxybenzoin (98, 99) on treatment
with formaldehyde in a CHCIs-K-CO5 biphase system which easily cyclized to the
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corresponding isoflavanones (100, 101) on treatment with diethylamine in refluxing
ethanol [134].
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(d) Arylation method

The synthetic routes to isoflavanane using arylation method are quite similar
synthetic routes to isoflavone which aforementioned discussion in Section 3.1.1.1.
Moreover, the Heck reaction of chroman-4-one enol ester (102) with arylpalladium
compounds afforded isoflavanone in good yield (60-75%) [135]. The arylpalladium
compounds were generated in situ from the reaction of arylmercuric chloride or aryl
mercuric acetate with palladium acetate. The arylation reaction was believed to
proceed by the cA'-addition of an arylpalladium compound to the chromene double
bond of (102) with the aryl group addition to the least hindered C-3 position to give
the intermediate (103). The required isoflavanone was then obtained by elimination of
palladium with an acetyl group (pathway a) or by a tram-palladium hydrice
elimination and subsequent hydrolysis (pathway b).
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3.1.1.3 Synthetic Routes to Isoflavans

Farkas and co-workers [110, 136] reported the synthesis of mucronulatol via
oxidative rearrangement of chalcones with TTN as aforementioned discussion in
Section 3.1.1.L.

In addition, isoflavans were frequently synthesized by hydrogenation of
isoflavanones using noble metal catalysts as aforementioned discussion in Section
3112

According to the above-mentioned evidence of many existing synthesis routes,
TTN mediated rearrangement of chalcones has seen wide spread application to the
synthesis of isoflavonoids. An example of this procedure was the synthesis of
violanone and mucronulatol as aforementioned in Section 3.1.1.1. However, that
method had limitations, not the least of which was the use of stoichiometric quantities
oftoxic TTN. Moreover, the reaction was susceptible to the nature of the substituents:
in the case of a 2'-hydroxy-4,5',6-trioxygenated chalcone, ring-A oxidation by TNN
in MeOH gave a quinine monoacetate [137-139]. Finally, the yields of isolated
isoflavonoids are often low because nitric acid generated from TTN during reaction
causes the hydrolysis of labile acetate group [140] or the formation of unwanted nitro
by-products [141].

In this research, selected isoflavonoids were synthesized using arylation of a
common a-phenylthiocarbonyl intermediate with aryllead reagents as a key step
afforded a direct, efficient and selective entry into the synthesis of isoflavanones,
isoflavones and isoflavans. Moreover, for the synthesis of the naturally occurring
isoflavonoids, this method is more general than the described phénylations of
3-hydroxymethylene- and 3-ethyloxalyl-chroman-4-one with various pentavalent
triphenylbismuth ~ derivatives [120] or  3-phenylsulfonylchroman-4-ones  with
triphenylbismuth carbonate [119]. However, these latter methods suffer from the
limited range of available polyalkoxyphenylbismuth derivatives as opposed to the
wide range of easily accessible polyalkoxyphenyllead derivatives.

Furthermore, the synthesis of violanone, mucronulatol and 3'7-dihydroxy-
2 A-dimethoxyisoflavone using aryllation of activated chroman-4-one with aryllead
(IV) triacetate was addressed the first time in chemical literature.

In addition, the aryllation of chroman-4-one with aryllead (IV/) triacetate is
also efficient for synthesis of a series of isoflavonoids with different substituents on
ring-B.
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3.1.2 The GoalofThis Research

According to the biological results of isolated substances from CHzCl2 extract
of the heartwoods of D. oliveri, o5, (£)-mucronulatol, showed the interesting radical
scavenging effect on DPPH radical and antifungal activity against F. oxysporum.
p7, (£)-violanone, in addition displayed moderate scavenging activity toward DPPH
radical and antifungal activity against F. oxysporum. Furthermore, os and ov
displayed cytotoxicity against human hepatocellular carcinoma (HepG2). o7 also
showed high cytotoxicity against diamondback moth and mosquito larvae. Therefore,
the goal of this chapter can be summarized as:

1. To synthesize the selected isoflavonoids such as mucronulatol, violanone

and 3',7-dihydroxy-2' 4'-dimethoxyisoflavone
2. To explore the biological activities of synthesized compounds

32 EXPERIMENTAL
3.2.1 Instruments and Equipment

Melting points were taken on a Bichi B-540 capillary apparatus and are
uncorrected. NMR spectra were obtained on a Bruker AC 300 spectrometer. Chemical
shifts (s) are reported in ppm for a solution of the compound in CDCls with internal
reference MeaSi and J-values in hertz. Elemental analyses were performed at the
Laboratoire de Microanalyse of the Centre National de la Recherche Scientifique,
Vemaison. Separation by column chromatography was performed using Merck
Kieselgel 60 (70-230 mesh).

3.2.2 Chemicals

Ether refers to diethyl ether and petroleum spirit refers to the fraction with
distillation range 40-65°C. All solvents were purified by standard techniques; the
solvents were distilled under dry argon atmosphere: THF and Et2) in the presence of
sodium and benzophenone, and CH=C in the presence of P.Qs. All chemicals and
organic solvents were commercially available and were used as supplied.
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3.2.3 Synthesis oflsoflavonoids using the Arylation of Chromanone Moiety

3.2.3.1 Preparation of Activated Chromanone

3-Chloro-I-(2,4-dihydroxyphenyl)-propane-l-one (» 1)

HO OH

0

At 0°c, under Ar, to a solution of resorcinol (10.10 g, 100 mmol) in dry Etz0
(100 mL) was injected 3-chloropropionylchloride (9.55 mL, 100 mmol). Under a
vigorous stirring, a solution of ALC1s (33.34 ¢, 100 mmol) in dry Et20 (100 mL) was
slowly added drop by drop over 1 h. The resulting mixture was warmed up to room
temperature, stirred over 0.5 h at this temperature, refluxed for 1h, and then stirred at
room temperature overnight. The mixture was poured into an acidic solution (10%
HC1 100 mL) and then extracted with Et2U (3 x 150 mL). The solvent was distilled
off under reduce pressure to afford » 1 [142] as orange oil which was used in the next
step.

‘H-NMR (300 MHz, CDCl3) & (ppm): 12.54 ( , 1H), 7.60 (1H, d, J= 85 Hz,
He), 6.36-6.41 (2H, m, H3, H5), 3.89 (2H, t, J= es Hz, -CH2LCI) and 3.38 (2H, t,
J- 6.8 Hz, -COCH2)

7-Hydroxy-4-chromanong (p 2)

0
To a stirred solution of 2M NaOH (100 mL) at 5°c was added » 1 in one
portion. The solution was warmed to room temperature over 2 h and then re-cooled to
5°c, and the pH was adjusted to 2 with 6M H.S0.. The mixture was extracted with
Et2) (3 x 50 mL), washed with bring, dried over anh Na2SCxand filtered. The solvent

was distilled off under reduce pressure to afford r2 (16.49 g, quantitative yield) as
yellow solid, m.p. 140.5-141.0°% (lit, mp. 145°C) [142].
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‘H-NMR (300 MHz, acetone-dd) s (ppm): 9.40 (1H, ), 7.12 (1H, d,J= 85
Hz, H5), 6.56 (1H, dd, 1= 2.3, 85 Hz, Hs), 6.39 (1H, d, )= 2.3 Hz, Hs), 453 (2H, t,
J= 64 Hz, H2) and 2.69 (2H,t,J= 6.6 Hz, H3).

O

7-Benzyloxy-4-chromanone (P 3)

Under Ar, K2COs (27.64 g, 200 mmol) was added to a solution of henzyl
bromide (14.35 mL, 120 mmol) and »2 (16.40 g, 100 mmol) in dry acetone (200 mL).
The reaction mixture was refluxed for overnight and then filtered. The filtrate was
evaporated to dryness. The residue was extracted with Et2) (3 x 200 mL). The
combined organic layers were washed with 10% NaOH solution, water and dried over
anh Naz2 o4. The solvent was distilled off under reduce pressure to afford yellow solid
which was washed with EtOH. Filtrate was evaporated to dryness and further purified
by column chromatography using Et20: pentane (4:6) as eluent to obtain p3 (13.29 g,
52 %) as pale yellow solid, m.p.102.1-103.2°c (lit, m.p.103-104°C) [143].

'H-NMR (300 MHz, CDCl3) & (ppm): 7.84 (1H, d,J= 8.7 Hz, H5), 7.34-7.41
(5H, m, Ph), 6.65 (1H, d,J= 8.9 Hz, He), 648 (1H, , Hs), 5.09 (2H, ,-00"Ph),
450 (2H,1,3= 6.9 Hz, H2) and 2.74 (2H, t,J= 6.9 Hz, H3).

3-Bromo-7-benzyloxy-2,3-dihydro-4H-I-benzopyran-4-one (P 4)

BnO 0]
@;}&

O

Under Ar, to a refluxing mixture of copper (Il) bromide (7.81 g, 33.46 mmol)
in EtOAc (15 mL) was added a solution of p3 (5.00 g, 19.46 mmol) in anh CHCls
(30 mL). The resulting mixture was refluxed with vigorous stirring for overnight. The
insoluble copper (1) bromide which formed was filtered off and washed through with
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EtOAc. The solvent was distilled off under reduce pressure to afford brown sticky
liquid which purified by crystallization with CHzCl2 and Et02 The filtrate was
evaporated to dryness and then purified by column chromatography using CH=Clz as
eluent to obtain p4 [144] (4.23 g, e6%) as white solid, m.p. 108.9-109.8°c.

'H-NMR (300 MHz, CDCl3)  (ppm): 7.89 (1H, d,J= 8.9 Hz, Hb), 7.34-7.41
(5H, m, Ph), 6.72 (1H, dd, J = 2.3, 8.9 Hz, He), 6.54 (1H, d, J = 2.3 Hz, Hs), 5.29
(2H, ,-OCHzPh) and 4.55-4.66 (3H, m, H2 and H3).

7-Benzyloxy-3-phenylthio-2,3-dihydro-4H-|-benzopyran-4-one (e s)

BnO O
\©1“J\8Ph

O

Thiophenol (1.29 mL, 12.64 mmol) was dissolved with stirring in dry THF (30
mL) and the resultant solution was cooled to 0°c prior to the addition of NaH (051 g,
12.64 mmol). After standing for 30 min at 0°c, a solution of p4 (4.13 g, 12.39 mmol)
in dry THF (60 mL) was added dropwise over a period of 30 min at 0°c. The reaction
mixture was then brought to room temperature, stirred for 10 min and filtered through
celite. The filtrate was washed with dil HCL and water and dried over anh Naz3C.
The solvent was removed in vacuo to give yellow oil which was purified by column
chromatography using Etzo-pentane (3:7) as eluent to obtain ps (3.98 g, 89%) as
white solid, m.p. 79°c.

'H-NMR (300 MHz, CDCl3) & (ppm): 7.87 (1H, d,J= 8.9 Hz, Hb), 7.29-7.54
(10H, m, 2 x Ph), 6.69 (1H, dd, J= 2.3, 89 Hz, He), 6.49 (IH, d, J = 2.3 Hz, Hs),
5.09 (2H, , OCFhPh), 461 (1H, dd, J =39, 11.7 Hz, max or H2eq), 4.50 (1H, dd,
J= 6.4, 11.7 Hz, H2ax or H2eq) and 4.02 (1H, dd, J= 3.9, 6.4 Hz, H3).

13C-NMR (300 MHz, CDCl3) & (ppm): 186.5 (1C, ¢, C4), 165.0 (1C, ¢, C7),
1625 (IC, C, C9), 1356 (1C, C), 1328 (2C, CH), 1319 (1C, C), 129.8 (1C, CH, C5),
1289 (2C, CH), 1285 (2C, CH), 1281 (1C, CH), 1279 (1C, CH), 127.3 (2C, CH),
1138 (1C, CH, Ce), 110.8 (iC, ¢, ClO), 1014 (:C, CH, Cs), 70.4 (:C, CH2
OCH:zPh), 70.1 (1C, CH2 C2) and 50.9 (1C, CH, C3).
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3.2.3.2 Preparation of Aryliead (IV) Triacetate Derivatives
3-Bromo-2,6-dimethoxyphenol (ps)

OH

Me0\©:OMe
Br
At -20°C, under Ar, to a solution of 2-dimethoxyphenol (1000 g, &4 mmol)
in anh CHCls was added a solution of Br (320mL, 64mmol) in anh CHCla drop by
drop over Lh. The reaction mixture was poured into ice water and then extracted with
CHCIs (3 X 150mL).The combined organic layers were washed with brine, water and
dried over anh Na=Soa. The solvent was distilled off under reduce pressure to affcrd
Fo (1506 g, quantitative yield) as brown liguid (iit, D.0.J20°C at 4mm Hg) [145),

‘H-NMR (300 MHz, CDCI3) O(ppm): 7.02 (1H, d, J= 8.9 Hz, H4), 6.57 (1H,

d,J= 8.9 Hz, H5), 563 (IH, ,OH),3.92 (3H, , OMe) and 3.88 (3H, , OMe).

2-Benzyloxy-4-bromo-1, 3-dimethoxybenzene (P7)

OBn
MeO OMe

Br

K2COs (17.70 ¢, 128 mmol) was added to a solution of benzyl bromide
(9.21 mL, 77 mmol) and ps (14.88 g, 64 mmol) in dry acetone (150 mL). The
reaction mixture was refluxed for overnight and then filtered. The filtrate was
evaporated to dryness. The residue was extracted with Etz0 (3 X 150 mL). The
combined organic layers were washed with 10% NaOH solution, water and dried over
anh NazSUs. The solvent was distilled off under reduce pressure to afford orange oil
which was purified by distillation to obtain p7 (19.77 ¢, 96%), as Yellow oil,
b.p. 150°C at 5 X 10'3mm Hg (lit, b.p. 159-164°C at 0.2 mm Hg) [146].

'H-NMR (300 MHz, CDCl3) O (ppm): 7.32-7.51 (5H, m, Ph), 7.23 (1H, d,
J= 89 Hz, Hb), 6.60 (1H, d,J =89 Hz, He), 5.03 (2H, , -OClfcPh), 3.90 (3H,
OMe) and 3.82 (3H, , OMe).
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(3-Benzyloxy-2,4-dimethoxyphenyl)-tributylstannane (r s)

OBn
MeONLAOMe

NS nBus3

Under Ar, «-butyllithiun (25 M solution in hexane, 20.14 mL, 50.35 mmol)
was added over 15 min to a well stirred solution of p7 (13.56 g, 41.96 mmol) in cry
THF (80 mL) at -78°c and the resulting mixture was stirred at this temperature for 30
min. Tributylchlorostannane (13.66 mL, 50.35 mmol) was then added with stirring
over 5 min at -78°c. After stirring for 20 min at this temperature, the reaction mixture
was poured into a saturated NH.CI solution (32 mL) then water was added and a
mixture was extracted with Et20. The Et2U extract was washed with brine, dried over
anh Na2SCxand the solvent was removed to afford yellow oil (27.13 g, crude) which
was purified by distillation to give rs (20.14 g, 90%) as yellow oil (pb.p. >180°C at
10-3mm Hg).

'H-NMR (300 MHz, CDClg) s (ppm): 7.32-7.50 (5H, m, Ph), 7.01 (1H, d,
J= 79 Hz, Hb), 6.69 (2H, d,J= 7.9 Hz, H4 and He), 5.00 (2H, , -OCH=PL), L47-
153 (6H, m, 3 XCH2), 1.27-1.39 (6H, m, 3 XCH2), 1.00-1.24 (6H, m, 9 X CH2) and
089 (H,t, 74 Hz, 3XCH))

AC-NMR (300 MHz, CDC13) O (ppm): 1581 (1C, ¢, C2), 154.7 (IC, ¢, C4),
140.0 (:C, C, CF), 137.7 (:C, ¢, C3), 1310 (1C, CH, Ce), 128.2 (2C, 2 XCH, C3’
and C5), 128.1 (2C, 2 X CH, C2 and C¢'), 1274 (1C, CH, C4), 1258 (1C, ¢, Cl),
108.0 (1C, CH, C5), 74.7 (1C, CH2 -OCHPh), 60.7 (1C, CH3 OMe), 55.8 (1C, CH3
OMe), 29.1 (3C, 3 XCH2, 27.3 (3C, 3 X CH2), 136 (3C, 3 XCH2) and 9.8 (3C, 3 X
CH3.
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3-Benzyloxy-2 4-dimethoxyphenyllead triacetate (o)

OBn
MeO\ﬁIOMe
Pb(OAc),

Under Ar, a solution of 3-benzyloxy-2,4-dimethoxy-tributylstannane (4.27 g,
8.00 mmol) in dry CHCls (30 mL) was quickly added drop by drop to a mixture of
lead tetraacetate (3.90 g, 8.80 mmol) and mercuric acetate (0.13 g, 0.40 mmol) in dry
CHCls (50 mL). The reaction mixture was heated at 40°c for 3 h after this time
filtered through celite and solvent was concentrated under reduce pressure to a small
volume. Petroleum ether was added and the solution was kept overnight at -15°c. The
precipitate was collected, washed with petroleum Et2) and dried to give po (4.14 g,
82 %) as brown powder, m.p. 160.8-162.0°c.

'H-NMR (300 MHz, CDCl3)  (ppm): 7.49 (1H, d,J= 9.1 Hz, H5), 7.33-7.44
(5H, m, Ph), 6.84 (1H, d, J= 9.1 Hz, He), 5.03 (2H, ,-OCHaPh), 4.02 (3H, , OMe),
388 (3H, ,OMe) and 2.11 (9H, , 3 XCH3)

13C-NMR (300 MHz, CDCla) & (ppm): 180.0 (3C, C), 157.8 (IC, C), 1529
(1C, C), 1473 (1C, C), 1414 (1C, C), 137.2 (1C, C), 1288 (2C, 2 XCH), 128.7 (2C,
2 XCH), 1286 (1C, CH), 126.7 (1C, CH), 1093 (1C, CH), 75.8 (1C, CH2, 625 (1C,
CH3 OMe), 56.9 (1C, CH3 OMe) and 20.9 (3C, 3 XCH?3)

3.2.3.3 Preparation of3-Aryl-3-phenylthio-2,3-dihydro-4JT-l-benzopyran-4-one
T-Benzyloxy-3-(3-benzyloxy2 4-dimethoxyphenyl)-3-phenylthio-2,3-dihydro-4H-I-
benzopyran-4-ong (p10)

BnO (0]
O SPhOMe N
W O OMe
Under Ar, dry pyridine (0.78 mL, 9.64 mmol) was added to a stirred mixture

of p5 (1,06 g, 2.92 mmol) and ps (2.20 g, 351 mmol) in dry CHCls (30 mL) (1.0 mL
per 0.6 mmol of substrate) and the resultant mixture was refluxed at 55°c for
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overnight. After this time the reaction mixture was diluted with CHCls (150 mL) and
washed with 6% H2504 (150 mL). The organic layer was retained and the aq layer
was extracted with CHCla. All the organic layers were combined, filtered through
celite, dried over anh NazSo4 and the solvent was evaporated. The residue was
dissolved with hot ethanol and added 10% NaOH. After that extracted with CHClz,
dried over anh Na2 Q4 and the solvent was evaporated. The residue was purified by
column chromatography by using Et2o-pentane (4:6) as eluent to give p10 (0.89 g, 51
%) as yellow solid, m.p. 50.7-52.8°C.

‘H-NMR (300 MHz, CDCl3) 8 (ppm): 7.86 (1H, d,J= 8.9 Hz, He'), 7.74 (1H,
d,J =87 Hz, H5), 7.10-7.40 (15H, m, 3 XPh), 6.67 (IH, d, J= 8.9 Hz, H5', 6.64
(IH, dd, J = 2.3, 8.7 Hz, He), 6.47 (1H, d, J= 2.3 Hz, Hs), 5.04 (2H, , OC"Ph),
493 (2H, dd, J= 109, 153 Hz, OCHPLy), 4.84 (IH, d,J= 121 Hz, max or meq),
415 (1H,d,J= 121 Hz, H2ax ormeq), 3.80 (3H, , OMe) and 3.67 (3H, , OMe).

lC-NMR (300 MHz, CDCl3) s (ppm): 185.2 (1C, ¢, C4), 164.4 (1C, ¢, C7),
1616 (:C, C, C9), 1543 (:C, ¢, C2), 151.7(1C, ¢, C4), 14L1 (sC, ¢, C3), 1372
(1C, C) 136.0 (1C, C), 135.4(2C, 2 XCH), 1305 (1C, CH, Ce)), 1298 (1C, CH), C5),
186 (2C, 2 XCH), 1285 (1C, CH), 1283 (2C, 2 XCH), 128.2 (2C, 2 XCH), 128.1
(1C, CH), 128.0 (2C, 2 XCH), 127.9 (1C, CH), 1275 (2C, 2 X CH), 1253 (1C, C),
122.0 (1C, ¢, Cl0), 1143 (:C, ¢, CI'), 1105 (:C, CH, Ce), 1064 (:C, CH, C5),
1015 (1C, CH, Cs), 74.6 (:C, CH2), 734 (1C, CH2), 70.2 (.C, CH2, 626 (:C, c,
C3), 60.0 (1C, CH3 OMe) and 55.9 (1C, CH3 OMe).

3.2.3.4 Preparation of 3-Aryl-4//-I-benzopyran-4-one Via Desulphurization of
3-Aryl-3-phenylthio-4ii-I-benzopyran-4-one using /In-CPBA

7-Benzyloxy-3-(3-benzyloxy-2,4-dimethoxyphenyl)-4H-I-benzopyran-4-one (e 1)

BnO (0]
" | OMC
OBn
e

OMe

m-CPBA (67 mg, 0.387 mmol) in dry EtOAc (10 mL) was added to a solution
of p1o (78 mg, 0.129 mmol) in dry EtOAc s mL) at 0°c. The solution was stirred at
room temperature and reaction was followed by TLC. The solvent was removed in
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vacuo ielding a crude product which was purified by preparative chromatography
using CH=CI>EtOH (9.98:0.02) as eluent. The product obtained was then boiled in
toluene to remove the phenylsulfoxide group. The reaction was checked by TLC until
starting material was completely disappeared. The solvent was evaporated to give p 1
(0.038 g, 59 %) as yellow solid, m.p. 143-145° (lit, m.p. 145-147°c [110]).

‘H-NMR (300 MHz, CDCls) s (ppm): 8.23 (1H, d,J= 8.9 Hz, H5), 7.91 (1H,
, H2), 7.31-7.54 (10H, m, 2 X Ph), 7.08 (1H, d,J = 8.7 Hz, H5), 7.07 (1H, dd,
J= 23,89 Hz, He), 6.95 (1H, d, J= 2.3 Hz, Hs), 6.75 (IH, d, J= 8.7 Hz, He"), 5.18
(2H, ,0q&ph), 507 (2H, , OClfePh), 3.88 (3H, , OMe) and 3.81 (3H, , OMe).

13C-NMR (300 MHz, CDCl3) s (ppm): 1748 (1C, ¢, C4), 162.0 (1C, c, C7),
1569 (iC, C, C9), 1533 (:C, CH, C2), 1527 (:C, c, C4), 1515 (1C, ¢, C2'), 1404
(1C, C, C3), 136.7 (+C, ¢, OCHh), 1348 (:C, ¢, OCHzPh), 127.8 (2C, 2 XCH),
1274 (1C, CH), 1273 (4C, 4 XCH), 1269 (2C, CH), 1265 (2C, 2 XCH), 125.2 (1C,
C, C3), 121.2 (1C, CH, Ce)), 1176 (:C, ¢, ClQ), 1175 (C, CI'), 1139 (:C, CH,
Ce), 106.5 (1C, CH, C5), 100.3 (1C, CH, Cs), 74.2 (1C, CH2 OCHZ h), 69.5 (1C,
CH2, OCH:Ph), 60.3 (1C, CH3 OMe) and 55.1 (1C, CH3 OMe).

3.3.2.5 Preparation oflsoflavone

T-Hydroxy-3-(3-hydroxy-2,4-dimethoxyphenyf)chromen-4-one (p12)

HO (0)
| OMe
OH
B

OMe

HBr (47% in water, 10 mL) was added to » 11 (0.022 g, 0.070 mmol). The
resultant was refluxed at 50°c for overnight. After that the reaction mixture was
evaporated to a small volume and extracted with CHCl=. All the organic layer was
dried over anh ] 2 o4 and concentrated to give p12 (0.011 g, 95%) as yellow solid,
m.p. 253°c (lit, 251-252°C [127]).

'H-NMR (300 MHz, acetone-do) § (ppm): 9.60 (1H, , OH), 8.07 (IH, d,
J= 8.7 Hz, Hb), 800 (1H, ,H2), 7.53 (1H, , OH), 7.03 (1H, dd, J= 2.3 and 8.7 Hz,
Hs), 6.93 (1H, d, J= 23 Hz, Hs), 6.78 (2H, , H5' and He'), 3.89 (3H, , OMe) and
377 (3H, , OMe).
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C-NMR (300 MHz, acetone-d6) O (ppm): 1755 (IC, ¢, C4), 1630 (IC, c,
C7), 1887 (:C, C, C9), 1540 (:C, CH, C2), 1495 (1C, ¢, C4), 147.0 (:C, c, C2),
140.2 (:C, C, C3), 128.2 (1C, CH, C5), 1234 (:C, ¢, C3), 1216 (1C, CH, Cé,
1200 (1C, ¢, CI'), 1183 («C, ¢, CIO), 1153 (1C, CH, Cs), 107.1 (:C, CH, Cs),
103.0 (1C, CH, Csg), 60.1 (1C, CH3 OMe) and 56.4 (1C, CH3 OMe).

3.2.3.6 Preparation of 3-Aryl-2,3-dihydro-4/7-I-benzopyran-4-one Via Desul-
phurisation of3-Aryl-3-phenylthio-4f/-I-benzopyran-4-one using NickelBoride

7-Benzyloxy-3-(3-benzyloxy-2,4-dimethoxyphenyl)-2,3-dihydro-4H-l-benzopyran-4-

0ne (p13)
BnO Q) OMe
O OBn
S

OMe

p10 (0.60 g, 0.99 mmol) and nickel chloride hexahydrate (5.66 g, 2381
mmol) in EtOH (150 mL) was stirred under Ar and treated dropwise with a solution
of NaH (0.75, 19.84 mmol) in water (10 mL). The formation of black precipitate was
observed. The mixture was then heated under reflux for 4 h. The reaction mixture was
filtered through celite and the filter cake was washed with EtOH. The combined
filtrates were evaporated to small bulk and extracted with Etzo. The ether solution
was dried over anh 2 o4 and concentrated to give yellow oil which was purified by
column chromatography using Et20-pentane (4:6) as eluent to give p13 (0.42 g, s6%)
as brown sticky syrup.

‘H-NMR (300 MHz, CDCL3) O(ppm): 7.94 (IH, d, J= 8.7 Hz, H5), 7.31-7.50
(10H, m, 2 x Ph), 6.83 (1H, d, J= 8.7 Hz, He), 6.70 (1H, dd, J= 2.3, 8.7 Hz, Hs),
6.65 (1H, d, J= 8.7 Hz, H5), 6.53 (IH, d, J= 23 Hz, Hs), 5.11 (2H, , OClfcPh),
501 (2H, , OCHiPh), 4.59 (1H, dd, J= 10.9, 11.7 Hz, H2ax or H2eq), 4.47 (1H, dd,
J= 57, 109 Hz, H2ax or u.2eq), 4.18 (1H, dd, J= 55, 11.8 Hz, H3), 3.84 (3H,
OMe) and 3.83 (3H, , OMe).

15C-NMR (300 MHz, CDCL3) 5 (ppm): 1915 (1C, ¢, C4), 164.8 (1C, c, C7),
163.7 (1C, C, C9), 1537 (:C, ¢, C2), 1524 (1C, ¢, C4), 1412 (:C, ¢, C3), 1375
(1C, C), 1359 (1C, C), 1293 (1C, CH, C5), 1286 (2C, CH), 128.2 (5C, CH), 1278
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(:C, CH), 127.4 (2C, CH), 1246 (:C, CH, Ce}, 1214 (<C, ¢, CI, 1155 (<C, c,
CI0), 1104 (1C, CH, Ce), 1075 (IC, CH, C5), 107 (1C, CH, Cs), 749 (1C, CH),
714 (LC, CH2, 7022 (LC, CH2), 6.0 (1C, CH3 OMe), 56.0 (1C, CH3 OMe) and 48.1
(1C, CH, C3).

3.2.3.7 Preparation oflsoflavanone

1-Hydroxy-3-(3-hydrloxy-2,4-dimethoxyphenyl)-2,3-dihydro-4H-1-benzopyran-4-one

(P14)

HO (0]
OMe
OH
29

OMe

HBr (47% in water, 10 mL) was added to p13 (0.23 g, 0.49 mmol). The
resultant was refluxed at 50°c for 22 hr. After that the reaction mixture was
evaporated to a small volume and extracted with CH2C12. All the organic layer was
dried over anh Naz 0. and concentrated to give brown sticky liquid which was
purified by column chromatography using Etz0-pentane (9:1) as eluent to give 14
(0.148 g, 95%) as white crystal, m.p. 200.4-202.4°C (lit, m.p. 200-204°C [43, 110,
127, 147)).

'H-NMR (300 MHz, acetone-6) O(ppm): 781 (IH, d, J= 85 Hz, H5), 6.71
(IH, d,J= 85 Hz, He'), 6.64 (1H, d, J= 81 Hz, H), 6.62 (1H, dd, J= 2.3, 85 Hz,
He), 6.44 (1H, d,.7=2.3 Hz, Hs), 461 (1H, dd, J= 110, 115 Hz, max), 448 (IH,
dd, J= 55, 110 Hz, H2eq), 4.15 (1H, dd, J= 55, 115 Hz, H3), 3.86 (3H, , OMe)
and 381 (3H, , OMe).

C-NMR (300 MHz, acetone-d6) O (ppm): 1913 (1C, ¢, C4), 1649 (IC, c,
C7), 1647 (:C, C, C9), 149.1 (:C, ¢, C2'), 1469 (:C, c, C4), 1403 (+C, ¢, C3),
1300 (:C, CH, C5), 1231 (1C, ¢, CI'), 1204 (:C, CH, Cé'), 1158 (1C, c, CIO),
1112 (1C, CH, Ce), 1074 (1C, CH, C5), 1035 (1C, CH, Cs), 721 (1C, CH2 C2),
60.L (1C, CH3 OMe), 56.5 (1C, CH3 OMe) and 48.9 (1C, CH, C3).
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3.2.3.8 Preparation oflsofavan

T-Hydroxy-3-(3-hydrloxy-2,4-dimethoxyphenyl)-2,3-dihydro-4H-I-benzopyran-4-ol

(P15)
HO O @) OMe
OH

O OMe

Under Ar, 10% Pd/C (20 mg, 2% by weight of substrate) was added to a
stirred solution of p13 (0.078 g, 0.159 mmol) in EtOH (10 mL). The mixture was
stirred at room temperature and the reaction was checked by TLC until starting
material was completely disappeared. The reaction mixture was filtered through celite
and washed with acetone. The combined filtrates were evaporated to give pis
(quantitative yield) as white crystal, m.p. 221-224° (lit, m.p. 227-229°C [72, 110,
136, 148]).

‘H-NMR (300 MHz, acetone-d6) O(ppm): 6.90 (1H, d, J= 8.3 Hz, H5), 6.74
(1H, d, J= 85 Hz, H5), 6.67 (1H, d,y = 85 Hz, He), 6.39 (1H, dd, J =2.3, 83 Hz,
He), 6.31 (1H, d,J= 2.3 Hz, Hs), 4.20 (1H, dad, JmegMeq = 1.9 Hz, JHiHB =35 Hz,
JHeoH- 10.3 Hz, H2eq), 3.95 (1H, t, Had = HatB= 10.3 Hz, H2ax), 3.88 (3H,
, OMe), 3.84 (3H, , OMe), 346 (1H, ddd, Jmmeq - 35 Hz, JnHeg = 5.9 Hz,
Jmrmax - 10.3 Hz, H3), 292 (1H, dd, JhdotB- 10.9 Hz, HiatHley- 15.6 Hz, Hdax)
and 2.80 (1H, dad, JHieoH3~ 5.4 Hz, J{decH = 10.9 Hz, JideoHlax = 15.6 Hz, WAeq).

&C-NMR (300 MHz, acetone-dd) O (ppm): 157.8 (1C, ¢, C7), 1563 (IC, c,
C9), 148.7 (:C, C, C2'), 1470 (:C, c, C4), 1406 (C, ¢, C3), 1312 (:C, CH, C5),
1284 (1C, ¢, CI'), 117.6 (:C, CH, C¢'), 1145 (1C, ¢, CIQ), 109.1 (:C, CH, Ce),
108.2 (1C, CH, C5), 1039 (1C, CH, Cs), 71.2 (1C, CH2 C2), 61.1 (1C, CH3 OMe),
56.7 (1C, CH3 OMe), 33.0 (1C, CH, C3) and 32.3 (1C, CH2, C4).
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3.2.4 Synthesis oflsoflavone Via Deoxybenzoin

2-Benzyloxy-l, 3-dimethoxybenzene (s 1)
OBn

MeO\©/OMe

Under Ar, to a solution of 2,6-dimethoxyphenol (40.00 g, 0.259 mol) and
benzyl chloride (37 mL, 0.312 mol) in dry THF was added, in small solid portion,
NaH 60% in oil (12.48 g, 0.312 mol). After the addition, the mixture was refluxed for
12 h, then poured into water (100 mL) and extracted with Et20 (3 x 50 mL). The
combinated organic layers were successively washed with 10% aq NaOH solution
(3x 30 mL) and brine, and then dried over anh Na2 04. Solvent was removed and the
residue was purified by distillation under reduce pressure to afford SI (50.89 g, 80%)
as a colorless oil, b.p. 140°c/10'3mmHg (lit, 178-180°C/7 mmHg [148(a), 149]).

‘H-NMR (300 MHz, CDC13 s (ppm): 7.50 (2H, d, J= 8.1 Hz, H2' and He),
1.28-1.31 (3H, m, H3', H4'" and HY), 6.99 (IH, t, J = 8.3 Hz, H4), 6.57 (2H, d,
J= 83 Hz, H5 and He), 5.01 (2H, , OCFhPh) and 3.82 (eH, , OMe).

3-Benzyloxy-2,4-dimethoxybenzaldehyde (S2)

OBn
MeO OMe

CHO

Under Ar, at 0-5°C, to a solution of SI (31.30 g, 0.128 mol) in DMF (22 mL,
0.282 mol) was added dropwise over 3 h of phosphoryl chloride (30 mL, 0.32 mol).
Stirring was continued at room temperature for an additional 1 h and then at 70°c for
4 h. The reaction was checked by TLC until starting material was completely
disappeared. The mixture was cooled, poured into ice water (200 mL) and extracted
with EtD0 (3 x 50 mL). The combined organic layers were washed with 10% ag
NaOH (3 x 40 mL) and brine, dried over anh Na2 0. and solvent was distilled off.
Residue was left under reduce pressure at 60°c using oil pump to remove impurities
to afford S2 (12.50 g, 36%) as colorless oil [148(a), 149).
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‘H-NMR (300 MHz, CDClg) s (ppm): 10.25 (1H, , HCO) 7.62 (IH, d,
J= 88 Hz, He), 749 (2H, d,J= 81 Hz, H2'and He), 7.33-7.41 (3H, m, H3', H4"and
H5"), 6.76 (1H, d,J =s.8 Hz, H5), 5.04 (2H, , OE"Ph), 4.02 (3H, , OMe) and 391
(3H, , OMe).

3-Benzyloxy-2,4-dimethoxybenzylalcohol (s3)

OBn

MeO OMe
OH

To a solution of s2 (1250 g, 46 mmol) in a mixture of EtOH and water (3:1)
(65 mL) was added by solid fraction LiBH* (0.60 g, 27 mmol). After the addition,
stirring was continued for 30 minutes. The mixture was poured into aqueous saturated
NH.CI solution (150 mL) and extracted with Et20 (3 x 40 mL). The extracts were
washed with brine and dried over anh 2 o4. The solvent was distilled off under
reduce pressure and the residue was purified by column chromatography using Etzo-
pentane (6:4) as eluent to afford s (12.25 g, 97%) as colorless oil.

‘H-NMR (300 MHz, CDCls) s (ppm): 7.49 (2H, d, J = 7.6 Hz, H2' and He),
1.31-7.40 (3H, m, H3, H4' and H5'), 6.99 (1H, d, J = 84 Hz, He), 6.64 (1H, d,
J= 84 Hz, Hb), 5.02 (2H, , OCIfcPh), 4.62 (2H, d, J= 5.3 Hz, CH:0H), 3.95 (3H, ,
OMe), 3.84 (3H, , OMe) and 2.08 (1H, , OH).

13C-NMR (300 MHz, CDCl3) & (ppm): 1538 (1C, ¢, C4 or C2), 1521 (IC,
¢, C2 or C4), 141.0 (1C, c, CI'), 137.6 (1C, ¢, C3), 1283 (2C, CH, C2' and Ce)),
1282 (2C, CH, C3 and C5)), 127.9 (1C, CH, C4), 126.9 (1C, ¢, Cl), 1236 (1C, CH,
Ce), 107.2 (1C, CH, C5), 75.1 (1C, CH2 OCH-Ph), 614 (1C, CH2 € 0H), 61.2
(1C, CH3 OMe) and 56.0 (1C, CH3 OMe).
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3 Benzyloxy-24-dimethoxybenzyichloride ()
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Synthesis o f Three TargetIsoflavonoids
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