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Abstract: A one-pot synthesis of aurones from substituted aceto-
phenone and benzaldehyde has been developed on the basis of an
improved Algar—Flynn—Oyamada reaction. By using this method,
several aurones were prepared in three steps from commercial start-
ing materials. The usefulness of this one-pot strategy was confirmed
by a synthesis of aureusidin, an inhibitor of iodothyronine deiodin-
ase, in 41% overall yield. In comparison with a two-step synthesis
of this product from the same substrates, the one-pot strategy was
more effective, giving a higher yield and requiring fewer and sim-
pler operations.

Key words: heterocycles, natural products, total synthesis, cycliza-
tions, furans, bicyclic compounds

Flavonoids have been considered as pharmacological
agents since these natural products were shown to consti-
tute the active ingredients of many folk medicines.! Au-
rones [2-benzylidenebenzofuran-3(2H)-ones], a sub-class
of flavonoids that are isomeric with flavones, display
analgesic and other activities.> For example, aureusidin
(Figure 1) inhibits iodothyronine deiodinase,’ hamiltron
shows DNA strand-scission activity,* and sulfuretin
shows antiradical activity.
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Figure 1 Selected members of the aurone family
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The interesting biological activities and structural feature
of the aurones have stimulated many studies on their syn-
thesis.> The most popular method for the preparation of
aurones® is based on the condensation of benzaldehydes
with benzofuran-3(2H)-one derivatives obtained from the
corresponding acetophenones or phenols. Other important
methods for the synthesis of aurones include the oxidative
cyclization of 2’-hydroxychalcones’'° and the ring clo-
sure of o-hydroxyaryl phenylethynyl ketones.'! In addi-
tion, some other unusual methods have been reported,
such as the Wheeler aurone synthesis from chalcone
dihalides'? and a gold(I) iodide-catalyzed cyclization.'?
Furthermore, aurones have been obtained as byproducts in
the Algar-Flynn—Oyamada synthesis of flavonols.'

Our continued interest in the chemistry of naturally occur-
ring flavonoid,'> and the shortage of investigations on
aurones” prompted us to develop a convenient and general
method for the synthesis of these compounds. We report
here a simple one-pot synthesis of aurones from substitut-
ed acetophenones and benzaldehydes. Although Britsch
and Grisebach have reported a synthesis of aurones by the
Algar-Flynn—Oyamada reaction,'® to the best of our
knowledge there is no precedent for a one-pot synthesis of
aurones from substituted acetophenones and benzalde-
hydes.>!”

In our initial studies of the one-pot synthesis of aurones,
we examined the reaction of 1-(2-hydroxy-4,6-dimeth-
oxyphenyl)ethanone (1a) with 4-methoxybenzaldehyde
(2a). In most cases, chalcones are prepared from the ap-
propriate 1-(2-hydroxyphenyl)ethanones and benzalde-
hydes by condensation in the presence of sodium or
potassium hydroxide in an alcoholic solvent. By follow-
ing this procedure, we prepared the corresponding chal-
cone in a good yield. However, when the 30% or 50% of
hydrogen peroxide was added to the mixture, most of the
chalcone decomposed to the corresponding benzoic acid
derivative, and only a trace of the desired product was de-
tected (Table 1, entry 1). There have been several reports
that chalcones can be decomposed by alkaline hydrogen
peroxide.®!® To inhibit this decomposition, we added wa-
ter (2.4 mL) to the reaction mixture and we obtained the
desired aurone 3a in 19% yield (entry 2). To improve this
yield, we examined the effects of adding various amounts
of alkali. The yield of aurone 3a increased when the num-
ber of equivalents of sodium hydroxide was increased
from 4 to 16, (entries 3 and 4). However, when the number
of equivalents of sodium hydroxide was increased to 32,
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the yield of the aurone 3a fell (entry 5). Because it is
known that water plays an important role in the retro-
Claisen—Schmidt condensation, we then attempted to op-
timize the amount of water in the system. Surprisingly,
when the amount of water was increased from 1.2 to 9.6
mL, the yield of aurone 3a increased slowly (entries 4 and
6-8). However, the yield decreased slowly on further in-
creasing the amount of water (entries 9 and 10). Next, we
examined the role of the amount of hydrogen peroxide,
which has been shown to affect the outcome of the reac-
tions. We found that excessive amounts of hydrogen per-
oxide reduced the yield of aurone 3a (entries 12 and 13)
and that two equivalents of hydrogen peroxide was the
most appropriate amount for converting 1a and 2a into au-
rone 3a.

Table 1 Optimization of the One-Pot Synthesis of Aurones

(0]
OMe O CHO MeQ
-
conditions O O
+ - o
MeO OH MeO OMe
OMe

1a 2a 3a

Entry*  NaOH (equiv) H,0 (mL) H,0, (equiv) Yield® (%)

1 4 0 2 trace
2 4 24 2 19
3 8 24 2 28
4 16 24 2 62
5 32 24 2 21
6 16 1.2 2 61
7 16 4.8 2 65
8 16 9.6 2 70
9 16 12 2 69
10 16 14.4 2 58
11 16 9.6 1 59
12 16 9.6 4 31
13 16 9.6 8 28

2 Reaction conditions: 1a (1 mmol ), 2a (1.05 mmol), NaOH, EtOH
(9.6 mL), r.t., 24 h; then H,O, H,0,, .t., 24 h.

®Yields of filtered product washed with H,O with no further purifica-
tion.

The structure of aurone 3a was confirmed by means of X-ray crystal-
lographic analysis (Figure 2)."°

Having optimized the reaction conditions, we examined
the scope of the reaction for various substrates (Table 2).
Electron-donating substituents, such as methoxymethoxy,
methoxy, alkyl, or pyrrolidinyl, on the aryl ring of the o-
hydroxyacetophenone had no apparent effect on the reac-
tion and the corresponding aurones were obtained by the
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Figure 2 The X-ray crystal structure of aurone 3a

one-pot strategy in yields of 50-72% (entries 2—4). How-
ever, the chloro derivative 1g was the only o-hydroxyace-
tophenone with an electron-withdrawing substituent that
gave the corresponding product in a significant yield
(63%) (entry 10). Attempts to perform the reaction with
o-hydroxyacetophenones containing other electron-with-
drawing group, such as nitro or and amide groups resulted
in complex products as a result of instability under the re-
action conditions. Similarly, benzaldehydes substituted
with chloro or fluoro electron-withdrawing groups gave
the desired products in similar yields (entries 8 and 9).
When both the reactants contained electron-withdrawing
groups (for example, 1g and 2d), the reaction was unsuc-
cessful. It is noteworthy that the presence of a substituent
in the 6-position of the 2-hydroxyacetophenone reactant is
vital for the Algar—Flynn—Oyamada reaction. However,
despite this constraint on the choice of substrate, the meth-
od is suitable for the synthesis of polysubstituted aurones
such as 3e and 3f (entries 5 and 6, respectively). Further-
more, the Algar—Flynn—Oyamada reaction showed a good
regioselectivity and only small amounts of flavonols were
detected in the filtrate as byproducts (entries 4-6).

To test the effectiveness and usefulness of our one-pot
strategy, we examined the synthesis of aureusidin, the
best-known aurone. Reactants 1d and 2¢ were prepared
from commercially available 1-(2,4,6-trihydroxyphe-
nyl)ethanone and 3,4-dihydroxybenzaldehyde in 78% and
84% yields, respectively. Aurone 3h was then obtained
from 1d and 2¢ in 66% yield by our one-pot method.
Detsi’ and Hu'® have reported syntheses of 3h from same
substrates in two-step operations in yields of 53% and
58%, respectively. Those results confirm that our one-pot
strategy is more effective than the two-step method in
terms of the yield. Furthermore, our method has a signifi-
cant advantage in requiring simpler operations. The au-
rone product can be collected as a solid merely by
filtration of the reaction medium and it can then be
washed with water and dried without the need for any ad-
ditional purification. The methoxymethyl protecting
groups of aurone 3h were readily removed by treatment
with 10% hydrochloric acid in methanol to give aureusi-
din (Scheme 1). The 'H NMR, *C NMR, and high-
resolution mass spectra of the product were identical with
those previously reported for the natural product.?
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Table 2 Scope of the One-Pot Synthesis of Aurones from Substituted Acetophenones and Benzaldehydes

Entry® Acetophenone Benzaldehyde Product Yield (%)°
OMe O CHO
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Table 2 Scope of the One-Pot Synthesis of Aurones from Substituted Acetophenones and Benzaldehydes (continued)
Entry* Acetophenone Benzaldehyde Product Yield (%)°

OMe O CHO
8
MeO OH MOMO OMOM
1a 2d
OMe O CHO
9
MeQO’ OH F
la 2e
a o CHO
10
cl OH MeG
1g 2a

62

63

63°¢

? Reaction conditions: 1a (1 mmol), 2a (1.05 mmol), NaOH (16 equiv), EtOH (9.6 mL), r.t., 24 h, then H,0O (9.6 mL), H,0, (2 equiv), r.t., 24 h.

b Isolated yield.
¢ Yield after column chromatography.

In conclusion, we have developed a simple and effective = commercial starting materials. The effectiveness and use-
one-pot strategy for the synthesis of aurones from substi- fulness of the one-pot strategy were demonstrated by
tuted acetophenones and benzaldehydes. By using this means of a synthesis of aureusidin, an inhibitor of iodo-
method, several aurones were prepared in three steps from  thyroninedeiodinase, in 41% overall yield.

OH O
KgCOg
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MOMCI
HO OH

78%  MOMO OH
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OHC OHC
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Scheme 1 Application of the one-pot procedure to the synthesis of aureusidin
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Solvents were purified and dried by standard methods before use.
Column chromatography was performed on silica gel (200-300
mesh). EtOH, H,0,, and other commercially available reagents
were used without additional purification. 'H and '*C NMR spectra
were recorded on a Bruker AM-400 MHz spectrometer, and chem-
ical shifts are reported in ppm relative to TMS as internal standard.
Mass spectra were recorded by direct inlet at 70 eV. High-resolution
mass spectra were recorded on a Bruker Daltonics APEX 1147¢ FT-
ICR spectrometer operating in the ESI mode.

1-(2-Hydroxy-4,6-dimethoxyphenyl)ethanone (1a)

A stirred soln of 1-(2,4,6-trihydroxyphenyl)ethanone (2.5 g, 15
mmol), Me,SO, (2.7 mL, 28 mmol), and anhyd K,CO; (4.1 g, 28
mmol) in acetone (40 mL) was refluxed for 5 h. The mixture was
then filtered and concentrated in vacuo. Crystallization of the solid
residue from PE-hexane (1:9) gave a white solid; yield: 2.6 g
(90%).

'H NMR (400 MHz, CDCL,): § = 14.05 (s, 1 H), 6.06 (d, J = 2.4 Hz,
1 H),5.92 (d,J=2.4 Hz, | H), 3.85 (s, 3 H), 3.82 (s, 3 H), 2.61 (s,
3 H).

3CNMR (100 MHz, CDCl,): § = 203.1, 167.5, 166.0, 162.9, 105.9,
93.4,90.7, 55.5, 32.9.

The spectra of the product matched those of the known compound.?

1-[2-(Benzyloxy)-6-hydroxyphenyl]ethanone (1b)

BnClI (1.15 mL, 10 mmol) was added to a mixture of 1-(2,6-dihy-
droxyphenyl)ethanone (1.52 g, 10 mmol) and anhyd K,CO; (2.76 g,
20 mmol) in DMF (15 mL). The mixture was stirred for 24 h then
poured into 1 M HCI (100 mL). The mixture was extracted with
EtOAc (3 x 50 mL) and the organic layer was washed successively
with H,O (2 x 20 mL) and brine (3 x 20 mL), dried (Na,SO,), and
concentrated. The resulting mixture was purified by flash column
chromatography [PE-EtOAc (6:1)] to give a colorless oil; yield:
1.997 g (78.0%).

'H NMR (400 MHz, CDCly): 8 = 13.26 (s, 1 H), 7.41 (m, 5 H), 7.30
(t,J=8.4Hz, 1 H), 657 (d,J=8.4Hz, 1 H), 644 (d,J=8.4 Hz, |
H), 5.10 (s, 2 H), 2.59 (s, 3 H).

3CNMR (100 MHz, CDCl,): § = 205.0, 164.7, 160.6, 136.0, 135.7,
128.7,128.4,127.9,110.9, 102.2, 71.1, 33.9.

The spectra of the product matched those of the known compound.?!

1-[2-Hydroxy-6-(methoxymethoxy)-4-pyrrolidin-1-ylphe-
nyl]ethanone (1c¢)

MOMCI (0.83 mL, 11 mmol) was added dropwise to a mixture of
1-(2,6-dihydroxy-4-pyrrolidin-1-ylphenyl)ethanone (2.21 g, 10
mmol) and anhyd K,CO; (2.025 g, 15 mmol) in anhyd acetone (30
mL). The mixture was refluxed for 2 h, cooled to r.t. and filtered.
The filtrate was washed with acetone and concentrated to give a yel-
lowish oil that was purified by flash column chromatography [PE—
EtOAc (8:1)] to give a yellowish solid; yield: 1.64 g, (62.0%); mp
81 °C.

'H NMR (400 MHz, CDCL,): 8 = 14.15 (s, 1 H), 5.78 (s, 1 H), 5.70
(s, 1 H),5.25(s,2 H), 3.51 (s, 3 H), 3.34 (m, 4 H), 2.60 (s, 3 H), 2.00
(m, 4 H).

3CNMR (100 MHz, CDCl,): § = 200.8, 166.6, 160.5, 152.9, 102.8,
94.3,92.4,89.3,56.5,47.5,32.3,25.3.

HRMS-FAB: m/z [M + H]" calcd for C,,H,,NO,: 266.1387; found:
266.1386.

Compounds 1d, 1f, and 2¢; General Procedure

MOMCI (1.64 mL, 22 mmol) was added dropwise to a mixture of
the appropriate o-hydroxyacetophenone (10 mmol) and anhyd
K,CO; (3.375 g, 25 mmol) in anhyd acetone (50 mL). The mixture
was refluxed for 2 h, cooled to r.t., and filtered. The filtrate was
washed with acetone and concentrated to give an oil that was
purified by flash column chromatography (PE-EtOAc) to give the
corresponding protected acetophenone.

© Georg Thieme Verlag Stuttgart - New York

1-[2-Hydroxy-4,6-bis(methoxymethoxy)phenyl]ethanone (1d)
Prepared by the general procedure from 1-(2,4,6-trihydroxyphe-
nyl)ethanone as a colorless oil; yield: 1.997 g (78.0%).

'HNMR (400 MHz, CDCl,): § = 13.66 (s, 1 H), 6.18 (d,.J = 4.4 Hz,
2H),5.19 (s, 2 H), 5.10 (s, 2 H), 3.46 (s, 3 H), 3.41 (s, 3 H), 2.59 (s,
3 H).

3CNMR (100 MHz, CDCl,): § = 202.9, 166.6, 163.2, 160.2, 106.6,
96.8,94.3,93.7,56.4, 56.1, 32.7.

The spectra of this product matched those of the known com-
pound.??

1-[2-Hydroxy-4,6-bis(methoxymethoxy)-3-(3-methylbut-2-en-
1-yDphenyl]ethanone (1f)

Prepared by the general procedure and purified by flash column
chromatography [PE-EtOAc, (8:1)] as a colorless oil; yield: 2.50 g
(77.0%).

'H NMR (400 MHz, CDCly): § = 13.82 (s, 1 H), 6.40 (s, 1 H), 5.26
(s, 2 H), 5.24 (s,2 H), 5.20 (m, 1 H), 3.51 (s, 3 H), 3.48 (s, 3 H), 3.31
(d,J=7.2 Hz, 2 H), 2.66 (s, 3 H), 1.78 (s, 3 H), 1.67 (s, 3 H).

3CNMR (100 MHz, CDCl,): § = 203.5, 163 .4, 160.7, 158.7,131.3,
122.5, 111.6, 106.9, 94.5, 93.9, 91.2, 56.6, 56.3, 33.1, 25.8, 21.5,
17.7.

The spectra of this product matched those of the known com-
pound.?

3,4-Bis(methoxymethoxy)benzaldehyde (2¢)

Prepared by the general procedure and purified by flash column
chromatography [PE-EtOAc (16:1)] as a colorless oil; yield: 1.89 g
(83.6%).

'H NMR (400 MHz, CDCL,): §=9.86 (s, 1 H), 7.68 (s, 1 H), 7.51
(d,J=8.4Hz, 1 H),7.29 (d,J = 8.4 Hz, 1 H), 5.33 (s, 2 H), 5.30 (s,
2 H),3.53(d,J= 1.2 Hz, 6 H).

13C NMR (100 MHz, CDCL,): § = 190.5, 152.4, 147.2, 130.9, 126.1,
115.7, 115.2,95.1, 94.7, 56.2, 56.1.

1-{2,4-Bis(methoxymethoxy)-6-[(3-methylbut-2-en-1-
yh)oxy]|phenyl}ethanone

60% NaH (0.56 g, 14 mmol) was added to a stirred soln of hydroxy
ketone 1d (3.582 g, 14 mmol) in anhyd DMF (40 mL) under argon,
and the mixture was stirred for 10 min. Me,C=CHCH,Br (1.696
mL, 14.5 mmol) was added dropwise and the mixture was stirred
overnight at r.t. The reaction was quenched with H,0O and the mix-
ture was extracted with Et,O (3 x 30 mL). The organic phases were
combined, washed with H,O (3 x 30 mL) and brine (30 mL), dried
(Na,S0O,), and concentrated under vacuum. The residue was puri-
fied by flash column chromatography [PE-EtOAc (8:1)] to give a
colorless oil; yield: 4.5 g (99%).

'HNMR (400 MHz, CDCL,): § = 6.44 (d, J = 1.9 Hz, 1 H), 6.32 (d,
J=1.9Hz, 1 H), 5.45-5.36 (m, 1 H), 5.15 (s, 2 H), 5.13 (s, 2 H),
4.50 (d, J= 6.6 Hz, 2 H), 3.48 (s, 3 H), 3.46 (s, 3 H), 2.47 (s, 3 H),
1.76 (s, 3 H), 1.71 (s, 3 H).

13C NMR (100 MHz, CDCLy): & =201.62, 159.44, 157.14, 155.14,
137.81, 119.27, 116.25, 95.94, 94.99, 94.71, 94.37, 65.55, 56.21,
56.05, 32.43,25.63, 18.14.

The spectra of this product matched those of the known com-
pound.?*

1-[6-Hydroxy-2,4-bis(methoxymethoxy)-3-(3-methylbut-2-en-
1-yD)phenyl]ethanone (1e)
1-{2,4-Bis(methoxymethoxy)-6-[(3-methylbut-2-en-1-yl)oxy|phe-
nyl}ethanone (0.324 g, 1 mmol) was dissolved in PhNEt, (10 mL)
and the mixture was heated at 200 °C for 35 min. EtOAc (50 mL)
was added and the mixture washed with 1 M aq HCI (2 x 50 mL).
The organic layer was dried (Na,SO,), filtered, and concentrated.
The residue was purified by chromatography [silica gel, PE-EtOAc

Synthesis 2012, 44, 2217-2224
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(20:1 gradient to 5:1)]. Evaporation of the organic fractions gave a
yellowish oil; yield: 0.226 g (70%).

'H NMR (400 MHz, CDCLy): 8 = 12.95 (s, 1 H), 6.47 (s, 1 H), 5.22
(s, 2 H), 5.14-5.16 (m, 1 H), 4.96 (s, 2 H), 3.52 (s, 3 H), 3.46 (s, 3
H), 3.31 (d, J= 6.4 Hz, 2 H), 2.70 (s, 3 H), 1.76 (s, 3 H), 1.69 (s, 3
H).

3CNMR (100 MHz, CDCl,): § = 203.9, 163.5, 161.6, 157.1, 131.6,
123.0, 116.2, 111.0, 101.4, 98.8, 93.9, 58.4, 56.3, 31.4, 25.7, 23.1,
17.9.

The spectra of this product matched those of the known com-
pound.??

1-(2,4-Dichloro-6-hydroxyphenyl)ethanone (1g)
3,5-Dichlorophenol (5g, 30.7 mmol) was dissolved in anhyd
CH,Cl, (150 mL) under argon at 0 °C. DIPEA (15.2 mL, 92.1
mmol) was added and the mixture was stirred for 10 min. MOMCI
(4.66 mL, 61.4 mmol) was slowly added and the resulting mixture
was stirred for 10 h. Anhyd CH,Cl, (200 mL) was then added and
the resulting mixture was washed successively with 1 M aq HCl
(130 mL), H,0O (100 mL), and brine (100 mL), dried (Na,SO,), and
concentrated to give crude 1,3-dichloro-5-(methoxymethoxy)ben-
zene as a yellowish oil.

This oil was dissolved in THF (50 mL) and a 1.3 M soln of sec-BuLi
in hexane (23.1 mL, 30 mmol) was added at —78 °C. The mixture
was stirred for 30 min then added to a soln of distilled Ac,0 (3.12
mL, 33 mmol) in THF (20 mL) at—78 °C. The resulting mixture was
stirred for another 2 h at —78 °C, diluted with sat. aq NH,Cl1 (50
mL), and extracted with EtOAc (3 x 100 mL). The organic layer
was separated and washed successively with H,O and brine, dried
(Na,S0,) and concentrated under reduced pressure to give a yellow-
ish oil. This oil was dissolved in MeOH (40 mL) and 10% HCI (5
mL) was added. The mixture was refluxed for 1 h, the MeOH was
evaporated, and the concentrated mixture was extracted with EtOAc
(3 x 100 mL). The combined organic layer was washed with H,O
(2 x 50 mL) and brine (50 mL), dried (Na,SO,), and concentrated.
The residue was purified by flash column chromatography (petro-
leum ether) to give a white solid; yield: 5.38 g (86.0%); R,= 0.6
(EtOACc-PE, 16:1); mp 40 °C.

'H NMR (400 MHz, CDCL,): § = 12.75 (s, 1 H), 6.95 (d, J = 2.0 Hz,
1 H), 6.91 (d, J=2.0 Hz, 1 H), 2.82 (s, 3 H).

BCNMR (100 MHz, CDCl,): § = 204.3, 164.3, 140.5, 135.9, 122.3,
118.1,117.7,33.5.

HRMS-FAB: m/z [M — H]" caled for CgH;Cl1,0,: 202.9627; found:
202.9674.

One-Pot Synthesis of Aurones; General Procedure

The appropriate o-hydroxyacetophenone (1 mmol) was added to a
soln of NaOH (0.64 g) in EtOH (9.6 mL) at r.t. and the mixture was
stirred for 5 min. The benzaldehyde component (1.05 mmol) was
added and the mixture was stirred for 24 h. H,0 (9.6 mL) was added
and then 30% H,0, (0.272 mL) was added dropwise over 5 min.
The mixture was stirred for another 24 h then filtered. The resulting
yellowish solid was washed with H,O (5 x 2 mL) and dried to give
the desired aurone without any further purification.

(272)-4,6-Dimethoxy-2-(4-methoxybenzylidene)-1-benzofuran-
3(2H)-one (3a)

Prepared by the general procedure from 1a and 4-methoxybenzal-
dehyde (2a) as a yellowish solid; yield: 219 mg (70%); mp 172—
174 °C.

"H NMR (400 MHz, CDCl,): 8 = 7.83 (d, J = 8.8 Hz, 2 H), 6.96 (d,
J=8.8 Hz, 2 H), 6.74 (s, 1 H), 6.37 (d, /J=1.6 Hz, 1 H), 6.11 (d,
J=1.6 Hz, 1 H), 3.94 (s, 3 H), 3.90 (s, 3 H), 3.85 (s, 3 H).
BCNMR (100 MHz, CDCl5): 8 = 180.6, 168.8, 168.7, 160.5, 159.3,

146.8, 132.8, 125.3, 114.3, 110.9, 105.4, 93.9, 89.1, 56.2, 56.0,
55.3.

Synthesis 2012, 44,2217-2224

The spectra of this product matched those of the known com-
pound.?’

(2Z)-4-(Benzyloxy)-2-(4-methoxybenzylidene)-1-benzofuran-
3(2H)-one (3b)

Prepared by the general procedure from 1b and 4-methoxybenzal-
dehyde (2a) as a yellowish solid; yield: 183 mg (51%); mp 177—
179 °C.

'H NMR (400 MHz, CDCL): 5 ="7.85 (d, J= 8.0 Hz, 2 H), 7.50—
7.30 (m, 6 H), 6.96 (d, J= 8.0 Hz, 2 H), 6.84 (d, J = 8.0 Hz, 2 H),
6.59 (d,J=8.0 Hz, 1 H), 5.32 (s, 2 H), 3.84 (s, 3 H).

13C NMR (100 MHz, CDCL,): § = 182.0, 166.8, 160.7, 157.4, 145.7,
137.8,136.2, 133.1, 128.6, 127.9, 126.7, 125.2, 114.4, 112.0, 111.6,
106.9, 104.9, 70.6, 55.3.

HRMS-FAB: m/z [M + H]" calcd for C,3H,,0,: 359.1278; found:
359.1271.

(2Z2)-2-(4-Methoxybenzylidene)-4-(methoxymethoxy)-6-pyrro-
lidin-1-yl-1-benzofuran-3(2H)-one (3¢)

Prepared by the general procedure from 1¢ and 4-methoxybenzalde-
hyde (2a) as a yellowish solid; yield: 191 mg (50%); mp 182—
183 °C.

'H NMR (400 MHz, CDCL): § = 7.82 (d, J = 8.4 Hz, 2 H), 6.94 (d,
J=8.4Hz, 2 H), 6.63 (s, | H), 6.01 (d, J=4.4 Hz, 2 H), 5.39 (s, 2
H), 3.85 (s, 3 H), 3.54 (s, 3 H), 3.41 (s, 4 H), 2.05 (s, 4 H).

3CNMR (100 MHz, CDCl,): = 179.2, 168.5, 160.0, 157.0, 155.2,
147.8, 132.4, 126.0, 114.2, 108.6, 101.8, 95.2, 93.8, 87.9, 56.6,
55.3,48.2,253.

HRMS-FAB: m/z [M + H]" caled for C,,H,,NOs: 382.1649; found:
382.1654.

(272)-2-(4-Methoxybenzylidene)-4,6-bis(methoxymethoxy)-1-
benzofuran-3(2H)-one (3d)

Prepared by the general procedure from 1d and 4-methoxybenzal-
dehyde (2a) as a yellowish solid; yield: 268 mg (72%); mp 90—
93 °C.

'H NMR (400 MHz, CDCL,): § = 7.83 (d, J = 8.8 Hz, 2 H), 6.95 (d,
J=8.8Hz, 2 H), 6.75 (s, | H), 6.63 (d, J= 1.6 Hz, 1 H), 6.51 (d,
J=1.6Hz, 1 H), 5.37 (s, 2 H), 5.25 (s, 2 H), 3.86 (s, 3 H), 3.54 (s,
3 H),3.52 (s, 3 H).

3CNMR (100 MHz, CDCl,): § = 180.7, 168.2, 165.8, 160.6, 156.7,
146.6, 132.9, 125.2, 114.3, 111.3, 106.7, 98.7, 95.0, 94.5, 92.8,
56.6, 56.5, 55.3.

HRMS-FAB: m/z [M + H]" calcd for C,yH,,0;: 373.1282; found:
373.12809.

(2Z2)-4,6-Bis(methoxymethoxy)-2-[4-(methoxymethoxy)benzyli-
dene]-5-(3-methylbut-2-en-1-yl)-1-benzofuran-3(2H)-one (3e)
Prepared by the general procedure from le and 4-(methoxy-
methoxy)benzaldehyde (2b) as a yellowish solid; yield: 320 mg
(68%); mp 113-115 °C.

'H NMR (400 MHz, CDCL,): § = 7.82 (d, J = 8.8 Hz, 2 H), 7.09 (d,
J=8.8Hz, 2 H), 6.77 (s, | H), 6.73 (s, 1 H), 5.54 (s, 2 H), 5.31 (s,
2 H),5.23 (s, 2 H), 5.17 (m, 1 H), 3.57 (s, 3 H), 3.50 (s, 3 H), 3.50
(s, 3 H),3.41 (m, 2 H), 1.79 (s, 3 H), 1.67 (s, 3 H).

13C NMR (100 MHz, CDCL,): § = 180.7, 166.7, 163.4, 158.2, 153.6,
146.7,132.9,131.6,126.3,122.5, 118.2, 116.4, 111.3, 107.5, 100.3,
94.2,94.1,93.2, 57.6, 56.4, 56.2, 25.7,22.7, 17.8.

HRMS-FAB: m/z [M + H]" calcd for C,¢H;,04: 471.2013; found:
471.2005.

(2Z2)-4,6-Bis(methoxymethoxy)-2-[4-(methoxymethoxy)benzyli-
dene]-7-(3-methylbut-2-en-1-yl)-1-benzofuran-3(2 H)-one (3f)
Prepared by the general procedure from 1f and 4-(methoxy-
methoxy)benzaldehyde (2b) as a yellowish solid; yield: 329 mg
(70%); mp 117-119 °C.
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'H NMR (400 MHz, CDCL,): § = 7.86 (d, J = 8.8 Hz, 2 H), 7.10 (d,
J=8.8Hz,2H),6.75 (s, 1 H), 6.64 (s, | H), 5.38 (s, 2 H), 5.32-5.29
(m, 3 H), 5.24 (s, 2 H), 3.54 (s, 3 H), 3.52 (5, 3 H), 3.51 (s, 3 H), 3.47
(d,J=7.2Hz,2 H), 1.87 (s, 3 H), 1.71 (s, 3 H).

BCNMR (100 MHz, CDCl,): § = 181.3, 165.1, 162.9, 158.0, 155.0,
147.0, 132.8, 132.2, 126.5, 121.6, 116.4, 110.6, 108.3, 106.4, 96.3,
95.3,94.5,94.2,56.7, 56.5,56.2,25.8,21.9, 17.9.

HRMS-FAB: m/z [M + H]" calcd for C,¢H;,04: 471.2013; found:
471.2023.

(2Z2)-2-13,4-Bis(methoxymethoxy)benzylidene]-4,6-bis(meth-
oxymethoxy)-1-benzofuran-3(2H)-one (3h)

Prepared by the general procedure from 1d and 2¢ as a yellowish
solid; yield: 305 mg (66%); mp 8688 °C.

'H NMR (400 MHz, CDCLy): 8 =7.69 (s, 1 H), 7.54 (d, J= 8.8 Hz,
1 H), 7.21 (d, J=8.8 Hz, 1 H), 6.72 (s, 1 H), 6.60 (s, 1 H), 6.52 (s,
1 H),5.37 (s, 2 H), 5.29 (s, 4 H), 5.26 (s, 2 H), 3.56 (s, 3 H), 3.54 (s,
3H),3.53 (s, 3 H), 3.52 (s, 3 H).

13C NMR (100 MHz, CDCL,): § = 180.6, 168.3, 166.0, 156.8, 148.6,
147.1, 147.0, 126.9, 126.4, 119.6, 116.3, 111.0, 106.6, 98.7, 95.7,
95.1, 95.0, 94.5, 92.9, 56.7, 56.5, 56.3, 56.3.

HRMS-FAB: m/z [M + H]" calcd for C,3H,,0,,: 463.1599; found:
463.1590.

(2Z)-2-(4-Chlorobenzylidene)-4,6-dimethoxy-1-benzofuran-
3(2H)-one (3i)

Prepared by the general procedure from 1a and 2d as a yellowish
solid; yield: 196 mg (62%); mp 169-171 °C.

'H NMR (400 MHz, CDCL,): 8 = 7.75 (d, J = 8.4 Hz, 2 H), 7.54 (d,
J=8.4Hz 2 H),6.67(d,J=7.2Hz, 1 H),6.36 (d,J= 3.6 Hz, 1 H),
6.11 (d, J=3.6 Hz, 1 H), 3.93 (s, 3 H), 3.90 (s, 3 H).

3CNMR (100 MHz, CDCl,): § = 180.3, 169.0, 168.9, 159.3, 147.9,
135.0,132.1, 131.0, 128.9, 109.1, 104.9, 94.0, 89.2, 56.1, 56.0.

HRMS-FAB: m/z [M + H]" calcd for C,,H,,C10,: 317.0575; found:
317.0568.

(2Z)-2-(4-Fluorobenzylidene)-4,6-dimethoxy-1-benzofuran-
3(2H)-one (3j)

Prepared by the general procedure from 1a and 2e as a yellowish
solid; yield: 189 mg (63%); mp 174 °C.

'H NMR (400 MHz, CDCl,): § = 7.83 (m, 2 H), 7.10 (m, 2 H), 6.70
(s, 1 H), 636 (s, 1 H), 6.1 (s, 1 H), 3.94 (s, 3 H), 3.90 (s, 3 H).

13C NMR (100 MHz, CDCL,): § = 180.5, 169.0, 168.9, 164.3, 161.8,
159.4, 147.5,147.4,133.0, 132.9, 128.8, 128.7, 116.0, 115.7, 109.5,
105.1, 94.0, 89.2, 56.1, 56.0.

HRMS-FAB: m/z [M + H]" calcd for C,;H,,FO,: 301.0871; found:
301.0874.

(2Z2)-4,6-Dichloro-2-(4-methoxybenzylidene)-1-benzofuran-
3(2H)-one (3g)

Dichloro ketone 1g (204 mg, 1 mmol) was added to a soln of NaOH
(0.64 g) in EtOH (9.6 mL) at r.t. and the mixture was stirred for 5
min. Aldehyde 2a (143 mg, 1.05 mmol) was then added and the
mixture was stirred for 24 h. H,0 (9.6 mL) was added, followed by
30% H,0, (0.272 mL) added dropwise over 5 min. The mixture was
stirred for another 24 h then extracted with EtOAc (3 x 20 mL). The
organic layer was washed successively with 1 M HCI (20 mL), H,0O
(20 mL), and brine (20 mL) then dried (Na,SO,) and concentrated.
The resulting mixture was purified by flash column chromatography
(petroleum ether) to give a yellowish solid; yield: 202 mg (63.0%);
mp 167-169 °C.

'H NMR (400 MHz, CDCL,): 8 = 7.75 (d, J = 8.8 Hz, 2 H), 6.96 (d,
J=1.6Hz, 1H), 6.88(d,J=8.8 Hz,2 H), 6.77 (d,J = 1.6 Hz, 1 H),
6.24 (s, 1 H), 3.80 (s, 3 H).

© Georg Thieme Verlag Stuttgart - New York

3CNMR (100 MHz, CDCl,): § = 190.9, 160.5, 155.5, 146.4,136.7,
132.8,132.7,132.3,126.5,122.2,121.5,121.2,115.4,114.1, 113.7,
55.3.

MS (EI): m/z (%) = 320 (100) [M*], 322 (73), 324 (15).

Aureusidin [(22)-2-(3,4-dihydroxybenzylidene)-4,6-dihydroxy-
1-benzofuran-3(2H)-one]

10% aq HCI (5 mL) was added dropwise to a mixture of benzofura-
none 3h (463 mg, 1 mmol) and MeOH (20 mL) and the resulting
mixture was refluxed for 30 min. Evaporation of the solvent gave a
yellow precipitate that was filtered off and washed successively
with H,0 and CH,Cl,; yield: 80% (230 mg).

'H NMR (400 MHz, CD;0D): § = 7.47 (d, J = 2.0 Hz, 1 H), 7.18
(dd, J=8.4,2.0 Hz, 1 H), 6.82 (d, J = 8.4 Hz, 1 H), 6.56 (s, 1 H),
6.20 (d, J = 1.6 Hz, 1 H), 6.02 (d, J = 1.6 Hz, 1 H).

3C NMR (100 MHz, CD;0D): §=183.0, 169.7, 169.5, 160.0,
149.0, 148.0, 146.7, 126.1, 125.9, 118.8, 116.7, 113.0, 104.8, 98.7,
91.8.

HRMS-FAB: m/z [M + H]" calcd for C,sH,,04: 287.0550; found:
287.0544.
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