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Regiospecific synthesis of functionalised 1,3-diarylisobenzofurans via
palladium- and rhodium-catalysed reaction of boronic acids with
o-acylbenzaldehydes under thermal or microwave activation†
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Variously substituted 1,3-diarylisobenzofurans have been regiospecifically prepared via palladium- and
rhodium-catalysed reaction of functionalised boronic acids onto o-acylbenzaldehydes. Rhodium
catalysis has furthermore been improved using microwave activation. Thus, isobenzofurans containing
aryl groups substituted by halogens, unprotected amine, alcohol and even aldehyde groups, have been
obtained directly in good to satisfactory yields. Divergent results have been observed when palladium-,
rhodium- and MW-activated rhodium-catalysis was applied to the reaction of phenylboronic acid with
an iodinated o-acylbenzaldehyde, leading principally to Suzuki coupling product and/or to iodinated
isobenzofuran.

Introduction

Benzo[c]furans (or isobenzofurans) constitute a class of hete-
rocyclic compounds behaving as highly reactive dienes,1 their
Diels–Alder reaction with dienophiles for the synthesis of
natural and non-natural products being well documented.2

We became interested in the synthesis of variously function-
alised 1,3-diarylisobenzofurans, as precursors of functional N-
hydroxyphthalimide analogues possessing interesting catalytic
and biological properties.3 In this context, we have recently
developed a fairly general synthesis of functionalised 1,3-
diarylisobenzofurans.4 Our approach was based on chemos-
elective addition of aryl Grignard reagents to the aldehyde
function of o-aroylbenzaldehydes, themselves readily obtained by
lead(IV) acetate oxidation of N-aroylhydrazones of salicylalde-
hydes (Kotali reaction).5 This method allows the synthesis of
1,3-diarylisobenzofurans bearing a broad diversity of functional
groups, including nitro, halogen, methoxy and ester groups, at
any position of the 1,3-diarylisobenzofuran backbone. It is also
totally regiospecific, as the position of each functional group is
directly related to its original position on the N-aroylhydrazide-,
salicylaldehyde-, or Grignard reagent aromatic rings. Noteworthy,
it allows straightforward functionalisation of the central carbo-
cycle of the isobenzofuran core, leading to previously unknown
isobenzofuran derivatives.

Although functional aryl Grignard reagents, including highly
functionalised ones described by Knochel,6 can be used without
difficulties, some limitations still remain related to the high
reactivity and/or low stability of some Grignard reagents, making
necessary protection of some functional groups and/or careful
control of the reaction conditions. Consequently, we became
interested in replacing Grignard reagents by other organometallic
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species able to overcome the susmentioned limitations. In this
context, boronic acids possess ideal features such as low toxicity,
ease of manipulation and very high functional groups tolerance
(Scheme 1). Moreover, a broad diversity of aryl- and heteroaryl-
boronic acids are now commercially available. Boronic acids do not
add spontaneously to aldehydes or ketones, but they do so using
catalytic systems involving various transition metal complexes.7

Scheme 1 Synthesis of 1,3-diarylisobenzofurans from o-acylbenzal-
dehydes via Grignard vs. boronic acid addition.

Herein we report a new approach to 1,3-diarylisobenzofurans
via palladium and rhodium catalysed reaction of arylboronic acids
with o-ketoaldehydes resulting from the Kotali reaction, associated
or not with microwave activation.

Results and discussion

Among various catalytic activation methods for arylboronic addi-
tion to carbonyl compounds, we choose two of them, owing to their
efficiency, broad scope and convenience: catalysis by palladium(II)
chloride in the presence of tri-1-naphthylphosphine reported by
Wu and Cheng,7o and catalysis by rhodium(III) chloride in the
presence of an N-heterocyclic carbene 4a ligand formed in situ
from imidazolium salt 4b, as reported by Fürstner.7h

In our first experiment, o-benzoylbenzaldehyde 1 was reacted
with 2 equiv of phenylboronic acid 2a in the presence of 5 mol%
PdCl2, 5 mol% P(1-Nap)3 and 3 equiv of K2CO3 in THF at
60 ◦C for 24 h. After acidic treatment,8 1,3-diphenylisobenzofuran
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Table 1 Synthesis of 1,3-diarylisobenzofurans via palladium- and
rhodium-catalysed reaction of boronic acids with ketoaldehyde 1

Entry Boronic acid Conditionsa Isobenzofuran Yield (%)b

1
2

Ac

Bd
90
89

3
4

A
B

95
92

5
6
7

Ae

Bf

C

(93)
(20)
62 (90)

8
9
10

Ae

Bf

C

(96)
(20)
60 (92)

11 C 96

12
13
14

A
B
D

—
88
(10)

15
16
17
18

A
B
C
D

—
(25)
36 (90)
—

19
20
21
22

Ae

Bf

C
D

(28)
(25)
90 (96)
(3)

3a was isolated in 90% yield (entry 1, Table 1). An experiment
was next performed using the conditions reported by Fürstner:
1 was reacted with 2 equiv of phenylboronic acid 2a in the
presence of 1 mol% RhCl3, 1 mol% NHC precursor 4b and

Table 1 (Contd.)

Entry Boronic acid Conditionsa Isobenzofuran Yield (%)b

23
24
25
26

Ag

Bg

Cg

Dg

(18)
(16)
33 (45)
(4)

a Conditions A: Boronic acid (2 equiv), 10 mol% PdCl2, 10 mol% P(1-
Nap)3, K2CO3 (3 equiv), THF at 60 ◦C for 24 h. Conditions B: Boronic acid
(2 equiv), 2 mol% RhCl3·3H2O, 2 mol% 4b, MeONa (1 equiv), DME/H2O
4 : 1 at 90 ◦C for 24 h. Conditions C: as conditions B, replacing heating by
MW irradiation (150 W) at 150 ◦C for 20 min. Conditions D: as conditions
A, replacing heating by MW irradiation (150 W) at 150 ◦C for 20 min.
b Isolated yield; yields determined by 1H NMR of the crude using an
internal standard are given in parentheses. c 5 mol% of catalyst and ligand.
d 1 mol% of catalyst and ligand. e 20 mol% of catalyst and ligand. f 4 mol%
of catalyst and ligand. g One equiv of boronic acid.

1 equiv of MeONa in DME/water. Heating at 90 ◦C for 24 h
was necessary to obtain complete conversion of the starting
material and isobenzofuran 3a was obtained in 89% yield after
acidic workup (entry 2, Table 1). Using 4-methoxyphenylboronic
acid 2b, complete conversions required twofold amounts of
catalysts and ligands: thus isobenzofuran 3b was obtained in
95% yield using 10 mol% PdCl2 and P(1-Nap)3 and in 92%
yield using 2 mol% RhCl3 and imidazolium salt 4b (entries 3–
4, Table 1). We next examined the case of more sterically hindered
2-methoxyphenylboronic acid 2c. With 10 mol% catalyst and
ligand, palladium catalysed reaction of 2c (2 equiv) with 1 at
60 ◦C furnished isobenzofuran 3c, but large amounts of unreacted
starting materials remained even after prolonged reaction times.
Good conversions were observed when 20 mol% PdCl2 and P(1-
Nap)3 were used, yielding 93% (NMR calculated) of 3c after 24 h.
Rhodium catalysis was even more sluggish: using 4 mol% of both
RhCl3 and imidazolium salt 4b, only 20% of isobenzofuran 3c
was formed after 24 h reaction at 90 ◦C. Gratifyingly, microwave
activation had a dramatic effect on this reaction: using 2 mol%
of RhCl3 and imidazolium salt 4b and submitting the reaction
medium to microwave irradiation for 20 min (150 ◦C, 150 W
power) gave isobenzofuran 3c in 90% yield.9 Due to air oxidation,
3c was obtained in only 62% after column chromatography pu-
rification (entries 5–7, Table 1). Similar trends were found with 1-
naphthylboronic acid 2d (entries 8–10, Table 1). We next examined
the case of arylboronic acids bearing various sensitive functional
groups. Microwave activated rhodium-catalysed reaction using 4-
chlorophenylboronic acid 2e gave isobenzofuran 3e in 96% yield
(entry 11, Table 1). With 4-iodophenylboronic acid 2f, palladium
catalysis failed to give the expected product, whereas rhodium
catalysis under classical activation gave iodinated isobenzofuran
3f in 88% yield. Considering the complete failure of palladium
catalysis in this case, the reaction was attempted using microwave
heating.9 A poor yield of 10% of isobenzofuran 3f was obtained
after 20 min irradiation (150 ◦C, 150 W power) (entries 12–14,
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Table 1). With boronic acid bearing a free amino group 2g,
palladium catalysis failed, both under classical conditions and
MW activation, whereas rhodium catalysis gave air-sensitive
isobenzofuran 3g in 25% calculated yield under classical activation
and in 90% calculated yield under MW activation (36% isolated
yield), (entries 15–18, Table 1). The case of a free hydroxymethyl
functionalised boronic acid 2h was also examined. Isobenzofuran
3h has been obtained in resp 28, 25, 96 and 3% yields (NMR
calculated) via palladium-, rhodium-, MW-activated rhodium-
and MW-activated palladium catalysis (entries 19–22, Table 1).
Experiment of entry 21 gave 3h in 90% isolated yield. We next
examined the highly challenging case of an aldehyde functionalised
boronic acid 2i. To our delight, isobenzofuran 3i bearing a free
aldehyde group was formed in respectively 18, 16, 45 and 4%
yields (NMR calculated) via palladium-, rhodium-, MW-activated
rhodium- and MW-activated palladium catalysis (entries 23–26,
Table 1). Isobenzofuran 3i was isolated in 33% yield from the
experiment reported in entry 25. The obtention of 3i is remarkable
as it requires the reaction of ketoaldehyde 1 with an organometallic
species bearing itself a free aldehyde function.

We were also interested in the synthesis of isobenzofurans
iodinated on the central carbocycle. Ketoaldehyde 6 is readily
available in 68% overall yield from 5-iodosalicylaldehyde10 via
lead(IV) acetate oxidation of its N-benzoylhydrazide 5. The
reaction of phenylmagnesium bromide with 6 gave isobenzofuran
7 in 75% isolated yield (Scheme 2).

Scheme 2 Synthesis of iodinated isobenzofuran 6 via a Kotali reac-
tion/Grignard addition sequence.

Contrastingly, the implementation of palladium- and rhodium-
catalysed reaction of phenylboronic acid with ketoaldehyde 6 led
to some surprising results, reported in Table 2. 1H NMR analysis
of the crude product after palladium catalysis gave a 12 : 88 ratio
of starting 6 and 5-phenyl-2-benzoylbenzaldehyde 8, resulting
from a Suzuki coupling reaction between boronic acid 2a with
iodo compound 6 (entry 1, Table 2). Rhodium catalysis under
classical heating gave a 52 : 47 : 1 ratio of starting 6, coupling
product 811 and de-iodinated compound 1 (entry 2, Table 2). The
reaction went to completion when twice the amount of catalyst
and ligand were used and the reaction carried on for 48 h. A
97 : 3 ratio of 8 and 1 was determined and 7 was obtained in
74% isolated yield after purification (entry 3, Table 2). The results
where dramatically different using rhodium-catalysis with MW
activation: reaction at 150 ◦C for 20 min led to a total consumption
of starting 6 and to a 43 : 57 mixture of de-iodinated and iodinated
isobenzofuran 3a and 7 (entry 4, Table 2). Reducing the reaction

Table 2 Palladium- and rhodium-catalysed reaction of phenylboronic
acid with ketoaldehyde 6

Entry Conditionsa T/◦C Time/h Ratio of productsb

6 8 1 3a 7
1 A 60 24 h 12 88 — — —
2 B 90 24 h 52 47 1 — —
3 Bc 90 48 h — 97d 3 — —
4 C 150 20 min — — — 43 57
5 C 90 20 min 62 — — — 38
6 C 90 80 min 25 4 1 — 70e

7 D 150 20 min 38 48 — — 14
8 D 90 20 min 48 42 — — 10
9 D 90 80 min 42 49 — — 9

a Condition A: Boronic acid (2 equiv), 10 mol% PdCl2, 10 mol% P(1-Nap)3,
K2CO3 (3 equiv) in THF. Condition B: Boronic acid (2 equiv), 2 mol%
RhCl3·3H2O, 2 mol% 4b, MeONa (1 equiv) in DME/H2O 4 : 1. Condition
C: as condition B, replacing heating by MW irradiation. Condition D: as
condition A, replacing heating by MW irradiation. b Determined by 1H
NMR. c Reaction performed with 3 equiv MeONa. d Isolated in 74% yield.
e Isolated in 68% yield.

temperature to 90 ◦C led to an uncomplete reaction but with
iodinated isobenzofuran 7 as the sole product (entry 5, Table 2).
At last, when MW irradiation was carried on for 80 min at 90 ◦C, a
25 : 4 : 1 : 70 ratio of starting 6, coupling product 8, ketoaldehyde 1
and isobenzofuran 7 was determined, and isobenzofuran 7 was
isolated in 68% yield (entry 6, Table 2). Comparison between
experiments reported in entries 3 and 6 is particularly intriguing:
they only differ in their heating method (classical vs. MW heating),
yet their outcome is completely different: classical heating gives
almost exclusively Suzuki-type coupling product 8, whereas MW
favours almost exclusively addition of the boronic acid to the
aldehyde function of 6, yielding isobenzofuran 7 without affecting
the carbon-iodine bond.

The explanation for this selectivity switch might be ascribed
to the formation of different catalytic species from the initial
RhCl3/NHC mixture according to the heating process.12 Thus
the catalyticaly active hydroxorhodium(I) species (LnRhI–OH)13

for the addition on carbonyls would be preferentially formed
under MW irradiation whereas the active LnRhI–Cl species for
the Suzuki cross coupling,11e,11m would be produce mostly under
classical heating. This hypothesis would also explain the yield
enhancement reported in Table 1 (entries 6–7, 9–10, 16–17, 20–
21 and 24–25). Considering this remarkable switching involving
rhodium catalysis, we also examined the case of MW-activated
palladium catalysis. Irradiation for 20 min at 150 ◦C (150 W
power) resulted in a 38 : 48 : 14 ratio of starting 6, Suzuki coupling
compound 8 and iodinated isobenzofuran 7 (entry 7, Table 2).
Similar ratios were obtained from experiments performed at
90 ◦C for 20 and 80 min (entries 8–9, Table 2). Thus, in
the case of palladium catalysis, no complete reversal of the
reaction outcome was observed. Nevertheless, whereas classical
heating gave Suzuki coupling compound 8 as the sole reaction
product, some iodinated isobenzofuran 7 was also formed under
MW.

This journal is © The Royal Society of Chemistry 2010 Org. Biomol. Chem., 2010, 8, 4927–4933 | 4929
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Conclusions

The present report describes a new regiospecific synthesis of func-
tionalised 1,3-diarylisobenzofurans via palladium- and rhodium-
catalysed reaction of arylboronic acids with readily available
o-aroylbenzaldehydes. Rhodium catalysis has furthermore been
improved using microwave activation. Whereas in simple cases,
palladium-, rhodium- and MW activated rhodium-catalysis all
lead to excellent yields of isobenzofuranes, larger differences
between the three methods appear with sterically hindered boronic
acids or when sensitive functional groups are present. In the last
case, MW activated rhodium-catalysis is of particular interest,
as it allows the presence of free amino-, hydroxymethyl- and
even aldehyde functions, giving the corresponding isobenzofurans
in satisfactory to good yields, thus avoiding tedious protection-
deprotection sequences. In comparison, MW irradiation had much
less effect on palladium catalysed reactions. Dramatic differences
in the reaction outcome using rhodium- vs. MW activated
rhodium-catalysis have also been evidenced when phenylboronic
acid was reacted with a iodinated o-benzoylbenzaldehyde, making
questionable whether or not the same catalytic species are formed
in both conditions. Further experiments will be undertaken in
order to gain more evidences on these points.

Experimental

General

Commercial reagents were used without further purification unless
otherwise stated. Solvents were dried prior to use according
to standard methods. Reactions were monitored by thin layer
chromatography (TLC) using commercial aluminium-backed sil-
ica gel plates. Plates were visualized under UV light (254 nm),
followed by heating the plate after treatment with a 10% ethanolic
solution of phosphomolybdic acid. Column chromatography were
performed over silica gel 60 (40–60 mesh). Elemental analysis
were performed at the microanalysis service of the Département
de Chimie Moléculaire, Grenoble, France. Melting points were
recorded on a Büchi B35 apparatus and are uncorrected. IR
spectra were recorded on a Nicolet Impact-400 Fourier transform
IR spectrometer (FTIR), using ATR (Attenuated Total Reflection)
for solid compounds and the data are reported in reciprocal
centimetres (cm-1).1H NMR Spectra (300 or 400 MHz), 13C
NMR spectra (75 or 100 MHz) were recorded on either a
Bruker Advance 300 or Advance 400 spectrometers. Chemical
shifts are given in ppm (d) and were referenced to the internal
solvent signal or to TMS used as an internal standard. Low
Resolution Mass Spectra (LRMS) were recorded on a Brücker
Esquire 3000 plus (ESI) or a ThermoFinnigan PolarisQ ion-
trap spectrometer, using DCI. High Resolution Mass Spectra
(HRMS) were recorded on Thermoquest Orbitrap spectrometer
at the LCOSB, UMR 7613, Université Pierre et Marie Curie,
Paris. Microwave irradiation were performed on a monomode
CEM Discover apparatus. (0–20 bar operating pressure, 15–300W
power range from a 2.45 MHz magnetron). The reactions were
carried out in a 5 mL vial equipped with a magnetic stirrer and the
temperature was monitored by an internal IR sensor. The samples
were irradiated at a maximum power of 150 W, and when the set
temperature was reached (usually in less than 2 min), the irradi-

ation power was temperature controlled for the duration of the
experiment.

General methods for the Pd– and Rh– catalysed reactions

Condition A. A 10 mL vial was charged with PdCl2 (4.4 mg,
0.025 mmol, 10 mol%), tri-1-naphthylphosphine (10.3 mg,
0.025 mmol, 10 mol%), arylboronic acid 2 (0.5 mmol, 2 equiv),
o-acylbenzaldehyde (0.25 mmol, 1 equiv), K2CO3 (135 mg,
0.75 mmol, 3 equiv), and THF (2.5 mL). The reaction vial was
purged with argon and sealed. The mixture was heated at 65 ◦C
for 24 h. The resulting mixture was cooled to room temperature.
An aqueous solution of HCl (4 M, 1 mL) was slowly added.
The mixture (under argon) was stirred for 1h, then extracted
several times with ether. The combined organic extracts were
washed with a saturated solution of NaHCO3, with brine and
dried over Na2SO4 and the solvent was removed under reduced
pressure. Yields were determined from the crude product by
1H NMR. Isolated yields were determined after purification by
column chromatography.

Condition B. A mixture of arylboronic acid 2 (0.5 mmol,
2 equiv), 1,3-bis(2,6-diisopropylphenyl)imidazolium chloride
(2.1 mg, 0.005 mmol, 2 mol%), sodium methoxide (13.5 mg,
0.25 mmol, 1 equiv), o-acylbenzaldehyde (0.25 mmol, 1 equiv)
and RhCl3·3H2O (1.3 mg, 0.005 mmol, 2 mol%) in DME (2.0 mL)
and water (0.5 mL) was heated at 90 ◦C in a sealed vial for 24 h. The
resulting mixture was cooled to room temperature. An aqueous
solution of HCl (4 M, 1 mL) was slowly added. The mixture
(under argon) was stirred for 1h, then extracted several times
with ether. The combined organic extracts were washed with a
saturated solution of NaHCO3, with brine, dried over Na2SO4

and the solvent was removed under reduced pressure. Yields were
determined from crude products by 1H NMR. Isolated yields were
determined after purification by column chromatography.

Condition C. A mixture of arylboronic acid 2 (0.5 mmol,
2 equiv), 1,2-bis(2,6-diisopropylphenyl)imidazolium chloride
(2.1 mg, 0,005 mmol, 2 mol%), sodium methoxide (13.5 mg,
0.25 mmol, 1 equiv), o-acylbenzaldehyde (0.25 mmol, 1 equiv)
and RhCl3·3H2O (1.3 mg, 0.005 mmol, 2 mol%) in DME (2.0 mL)
and water (0.5 mL) were charged in a 5 mL microwave vial. The
mixture was heated at 150 ◦C for 20 min (150 W). The resulting
mixture was cooled to room temperature. An aqueous solution of
HCl (4 M, 1 mL) was slowly added. The mixture (under argon)
was stirred for 1h, then extracted several times with ether. The
combined organic extracts were washed with a saturated solution
of NaHCO3, with brine, dried over Na2SO4 and the solvent was
removed under reduced pressure. Yields were determined from
crude products by 1H NMR. Isolated yields were determined after
purification by column chromatography.

Condition D. A mixture of arylboronic acid 2 (0.5 mmol,
2 equiv), o-acylbenzaldehyde (0.25 mmol, 1 equiv), PdCl2

(4.4 mg, 0.025 mmol, 10 mol%), tri-1-naphthylphosphine (10.3 mg,
0.025 mmol, 10 mol%), K2CO3 (135 mg, 0.75 mmol, 3 equiv), and
THF (2.5 mL). were charged in a 5 mL microwave vial. The vial
was purged with argon and sealed. The mixture was heated at
150 ◦C for 20 min (150 W). The resulting mixture was cooled
to room temperature. An aqueous solution of HCl (4 M, 1 mL)
was slowly added. The mixture (under argon) was stirred for 1h,
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then extracted several times with ether. The combined organic
extracts were washed with a saturated solution of NaHCO3, with
brine, dried over Na2SO4 and the solvent was removed under
reduced pressure. Yields were determined from crude products
by 1H NMR. Isolated yields were determined after purification by
column chromatography.

1,3-Diphenylbenzo[c]furan (3a). Yellow solid; mp 127–128 ◦C
(from ethyl acetate–pentane) [lit.14 129–131 ◦C]; dH (CDCl3,
300 MHz) 7.03 (dd, J = 6.9, 2.9 Hz, 2H), 7.28 (t, J = 7.4 Hz,
2H), 7.47 (t, J = 7.8 Hz, 4H), 7.84, (dd, J = 6.9, 2.9 Hz, 2H),
7.95 (d, J = 7.3 Hz, 4H). dC (CDCl3, 75 MHz) 120.3, 122.3, 125.0,
125.3, 127.0, 129.1, 131.9, 144.0.

1-(4-Methoxyphenyl)-3-phenylbenzo[c]furan (3b). Purifi-
cation by flash chromatography, using dichloromethane as eluant,
gave a yellow solid; mp 92 ◦C [lit.15 95 ◦C]; dH (CDCl3, 300 MHz)
3.88 (s, 3H), 6.95–7.05 (m, 4H), 7.25–7.30 (m, 1H), 7.45–7.50 (m,
2H), 7.77–7.81 (m, 2H), 7.83–7.95 (m, 4H). dC (CDCl3, 75 MHz)
55.5, 114.6, 120.2, 120.4, 121.2, 122.2, 124.7, 124.9, 125.3, 126.5,
126.7, 129.3, 132.0, 143.0, 144.3, 159.0.

1-(2-Methoxyphenyl)-3-phenylbenzo[c]furan (3c). Purifi-
cation by flash chromatography, using dichloromethane as eluant,
gave a green-yellow oil; nmax (film) 3056, 2929, 2834, 1597, 1579,
1491, 1465 1246, 1180, 1023, 753; dH (CDCl3, 300 MHz) 3.92 (s,
3H), 6.89–7.11 (m, 4H), 7.22–7.35 (m, 2H), 7.45 (m, 2H), 7.66
(d, J = 8.7 Hz, 1H), 7.75 (dd, J = 7.7, 1.7 Hz, 1H), 7.80 (d, J =
8.7 Hz, 1H), 7.91–7.94 (m, 2H); dC (CDCl3, 75 MHz) 55.7, 111.8,
119.7, 121.1, 122.0, 123.6, 123.8, 124.9, 125.1, 126.7, 129.0, 129.1,
129.8, 132.1, 134.4, 142.2, 144.4, 156.1; m/z (CI+) 301 ([M+H]+,
100), 317 ([M+CH5]+, 30); HRMS (ESI) m/z: calcd for C21H16O2:
300.11448 [M]+; found: 300.11485.

1-(1-Naphthyl)-3-phenylbenzo[c]furan (3d). Purification by
flash chromatography, using dichloromethane as eluant, gave a
yellow oil;16 dH (CDCl3, 300 MHz) 7.01–7.11 (m, 2H), 7.31–7.36
(m, 1H), 7.49–7.62 (m, 6H), 7.86–8.04 (m, 6H), 8.41–8.45 (m, 1H).
dC (CDCl3, 75 MHz) 120.0, 120.5, 121.7, 124.1, 124.8, 125.5, 125.6,
126.3, 126.8, 127.0, 127.5, 128.6, 128.8, 129.1, 129.7, 131.2, 132.0,
134.4, 144.6, 144.8.

1-(4-Chlorophenyl)-3-phenylbenzo[c]furan (3e). Purification
by flash chromatography, using dichloromethane as eluant, gave a
yellow solid; mp 113 ◦C [lit.17 111–112 ◦C]; dH (CDCl3, 400 MHz)
7.00–7.04 (m, 1H), 7.28–7.57 (m, 5H), 7.60–7.70 (m, 4H) 7.79–7.93
(m, 3H). dC (CDCl3, 75 MHz) 119.8, 120.3, 124.9, 125.2, 125.6,
125.8, 127.1, 128.4, 129.0, 130.4, 130.6, 131.1, 133.1.

1-(4-Iodophenyl)-3-phenylbenzo[c]furan (3f). Purification by
flash chromatography, using cyclohexane/EtOAc (9/1) as eluant,
gave a yellow solid; mp 135–137 ◦C (from ethyl acetate–pentane)
[lit.4 135–137 ◦C]; dH (CDCl3, 300 MHz) 7.01–7.08 (m, 2H), 7.29–
7.35 (m, 1H), 7.47–7.52 (m, 2H), 7.66–7.69 (m, 2H), 7.76–7.87 (m,
4H), 7.92–7.96 (m, 2H).). dC (CDCl3, 75 MHz) 91.8, 119.9, 120.4,
122.3, 122.7, 125.0, 125.3, 125.7, 126.2, 127.3, 129.1, 131.1, 131.5,
138.0, 142.7, 144.4.

1-(3-Aminophenyl)-3-phenylbenzo[c]furan (3g). Purification
by flash chromatography, using dichloromethane as eluant, gave
a green oil;18 dH (CDCl3, 300 MHz) 3.75 (br s, 2H), 6.61–6.65
(m, 1H), 6.99–7.02 (m, 2H), 7.25–7.37 (m, 4H), 7.45–7.50 (m,
2H), 7.81–7.84 (m, 2H), 7.92–7.95 (m, 2H).). dC (CDCl3, 75 MHz)
111.4, 114.2, 115.7, 120.3, 120.5, 122.3, 124.9, 125.1, 125.3, 126.9,
129.1, 130.0, 131.9, 132.7, 143.7, 144.2, 147.0.

1-(4-Hydroxymethylphenyl)-3-phenylbenzo[c]furan (3h). Pu-
rification by flash chromatography, using dichloromethane as
eluant, gave a yellow solid; mp 116 ◦C. nmax (film) 3337, 3032,
2918, 2873, 1624, 1559, 1497, 1449, 1293, 1212, 1005, 970, 760;
dH (CDCl3, 300 MHz) 1.66 (bs, 1H), 4.74 (s, 2H), 6.99–7.05 (m,
2H), 7.30 (tt, J = 7.4, 1.3 Hz, 1H), 7.45–7.50 (m, 4H), 7.80–7.85
(m, 2H), 7.92–7.96 (m, 4H); dC (CDCl3, 75 MHz) 65.3, 120.26,
120.34, 122.27, 122.32, 124.9, 125.0, 125.30, 125.35, 127.1, 127.7,
129.1, 131.2, 131.8, 139.5, 143.7, 144.0; m/z (CI+) 301 ([M+H]+,
100), 317 ([M+CH5]+, 30); HRMS (ESI) m/z: calcd for C21H16O2:
300.11448 [M]+; found: 300.11477.

1-(4-Formylphenyl)-3-phenylbenzo[c]furan (3i). Purification
by flash chromatography, using dichloromethane as eluant, gave
an orange–red oil; nmax (film) 3050, 2922 2827, 2741, 1692, 1593,
1560, 1449, 1304, 1217, 1164, 834, 817, 743; dH (CDCl3, 300 MHz)
7.06–7.17 (m, 2H), 7.33–7.38 (m, 1H), 7.51–7.54 (m, 2H), 7.90 (dd,
J = 9.7, 1.2 Hz, 2H), 7.94–7.99 (m, 4H), 8.06–8.09 (m, 2H), 9.99
(s, 1H); dC (CDCl3, 75 MHz) 120.0, 120.8, 122.7, 124.4, 124.5,
125.5, 125.6, 126.9, 128.0, 129.7, 130.6, 131.2, 134.1, 137.0, 142.3,
146.2, 191.4; m/z (CI+) 299 ([M+H]+, 100), 315 ([M+CH5]+, 20),
327 ([M+C2H5]+, 15); HRMS (ESI) m/z: calcd for C21H14NaO2:
321.08860 [M+Na]+; found: 321.08883.

5-Iodosalicylaldehyde N-benzoylhydrazone (5). Benzohy-
drazide (3.41 g, 20 mmol)) was added at room temperature to
a solution of 5-iodosalicylaldehyde (4.96 g, 20 mmol) in acetic
acid (60 mL). The reaction mixture was stirred for 15 min then
poured into cold water (15 mL). The resulting solid was filtered,
washed with water, triturated with pentane, filtered and dried
under vacuum to give 5 as a white solid (6.73 g, 18.4 mmol, 92%);
mp 193 ◦C; nmax (ATR) 3447, 3385, 3198, 3026, 1640, 1612, 1602,
1577, 1473, 1351, 1295, 1186, 1084, 972, 921, 693; dH (DMSO-d6,
300 MHz) 6.78 (d, J = 8.6 Hz, 1H), 7.51–7.61 (m, 4H), 7.93–7.95
(m, 3H), 8.59 (s, 1H), 11.28 (s, 1H), 12.16 (s, 1H); dC (DMSO-d6,
75 MHz) 81.2, 119.0, 121.9, 127.6, 128.5, 132.0, 132.8, 136.4,
139.3, 145.7, 157.0, 163.0; m/z (CI+) 377 ([M+H]+, 100), 389
([M+Na]+, 100); Anal. calcd for C14H11IN2O2, 1H2O: C, 43,77; H,
3.41, N, 7.29. Found: C, 44.02; H, 3.59, N, 7.55.

2-Benzoyl-5-iodobenzaldehyde (6). At room temperature, the
appropriate hydrazone 5 (9.15 g, 25 mmol) was dissolved in
tetrahydrofuran (200 mL, analytical grade). At 0 ◦C, lead tetraac-
etate (11.67 g, 25 mmol) was gradually added to the solution. The
resulting mixture was stirred during 4 h at 0 ◦C. Progress of the
reaction was monitored by the evolution of nitrogen. The solvent
was removed under reduce pressure. Ethyl acetate (30 mL) was
added to the residue. The suspension was filtered over celite. The
organic layer was washed with a saturated solution of NaHCO3,
with brine and dried over Na2SO4. The solvent was removed
under reduced pressure. The oily residue was purified by flash
column chromatography using dichloromethane as eluent to give
6 as a yellow solid (6.20 g, 18.5 mmol, 74%); mp 93–94 ◦C; nmax

(ATR) 3061, 2844, 2741, 1696, 1433, 1240, 1140, 920; dH (CDCl3,
300 MHz) 7.27 (d, J = 8.0 Hz, 1H), 7.46–7.51 (m, 2H), 7.60–7.65
(m, 1H), 7.78–7.7.81 (m, 2H), 8.02 (dd, J = 8.0, 1.8 Hz, 1H), 8.35
(d, J = 1.8 Hz, 1H), 9.95 (s, 1H); dC (CDCl3, 75 MHz) 97.1, 128.9,
130.1, 130.6, 134.0, 136.80, 136.84, 138.6, 140.5, 142.0, 189.1,
195.5; m/z (CI+) 337 ([M+H]+, 100); Anal. calcd for C14H9IO2:
C, 50.03; H, 2.70. Found: C, 50.01; H, 2.51.

1,3-Diphenyl-5-iodobenzo[c]furan (7). A dry and argon-
flushed flask, equipped with a magnetic stirrer, was charged with 6
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(3.36 g, 10 mmol) in anhydrous tetrahydrofuran (40 mL). PhMgBr
(6.33 mL, 1.58 M in THF, 10 mmol) was added dropwise at
0 ◦C and the resulted mixture was stirred at 0 ◦C. Progress of
the reaction was monitored by TLC. When no starting material
remained, an aqueous solution of HCl (4M, 20 mL) was slowly
added at 0 ◦C. The mixture (still under argon) was warmed to
room temperature and stirred for 1 h, then extracted several times
with ether. The combined organic extracts were washed with a
saturated solution of NaHCO3, brine and dried over Na2SO4

and the solvent was removed under reduced pressure. The crude
product 7 was obtained as a yellow solid (3.01 g, 76% yield de-
termined by 1H NMR) of sufficient purity for synthetic purposes.
Analytically pure samples were obtained after purification by flash
chromatography (cyclohexane/ethyl acetate 9/1), gave product 7
as a yellow solid (2.96 g, 7.5 mmol, 75%); mp 127.5 ◦C; nmax (ATR)
3056, 3024, 1597, 1527, 1484, 1447, 1279, 1202, 938, 787, 758; dH

(CDCl3, 400 MHz) 7.20 (d, J = 9.3, 1H), 7.30–7.34 (m, 2H), 7.47–
7.51 (m, 4H), 7.59 (d, J = 9.2 Hz, 1H), 7.88–7.92 (m, 4H), 8.28 (s,
1H); dC (CDCl3, 75 MHz) 90.8, 120.2, 121.8, 123.7, 125.0, 125.1,
127.5, 129.16, 129.18, 129.9, 131.19, 131.22, 133.5, 144.7, 153.7;
m/z (CI+) 270 ([M–I+H]+, 50), 397 ([M+H]+, 100); Anal. calcd for
C20H13IO: C, 60.63; H, 3.31. Found: C, 60.81; H, 3.36.

2-Benzoyl-5-phenylbenzaldehyde (8). A mixture of phenyl
boronic acid (61 mg, 0.5 mmol, 2 equiv), 1,3-bis(2,6-diisopropyl-
phenyl)imidazolium chloride (4.2 mg, 0,01 mmol, 4 mol%),
sodium methoxide (30.5 mg, 0.75 mmol, 3 equiv), aldehyde 6
(84 mg, 0.25 mmol, 1 equiv) and rhodium chloride (2.6 mg,
0.01 mmol, 4 mol%) in DME (4 mL) and water (1 mL) was heated
at 90 ◦C in a sealed tube for 24 h. The resulting mixture was cooled
to room temperature; an aqueous solution of HCl (4M, 1 mL)
was slowly added. The mixture (under argon) was stirred for 1h,
then extracted several times with ether. The combined organic
extracts were washed with a saturated solution of NaHCO3, with
brine, dried over Na2SO4 and the solvent was removed under
reduced pressure. The crude product 8 was obtained as colorless
oil (70 mg, 97% of 8 and 3% of o-benzoylbenzaldehyde 1 deter-
mined by 1H NMR). After purification by flash chromatography
(dichloromethane), compound 8 was obtained as colourless oil
(53 mg, 0.19 mmol, 74%); nmax (ATR) 3059, 3032, 2923, 2851,
1770, 1694, 1659, 1596, 1448, 1279; dH (CDCl3, 300 MHz) 7.44–
7.54 (m, 5H), 7.59–7.63 (m, 2H), 7.67–7.70 (m, 2H), 7.84–7.88 (m,
3H), 8.26 (d, J = 1.8 Hz, 1H), 10.12 (s, 1H); dC (CDCl3, 75 MHz)
127.3, 128.3, 128.7, 128.8, 129.7, 130.0, 130.2, 131.6, 133.8, 136.4,
137.3, 138.9, 139.9, 143.9, 190.7, 196.3; m/z (CI+) 287 ([M+H]+,
50), 309 ([M+Na]+, 100); HRMS (ESI) m/z: calcd for C20H14O2Na:
309.08860 [M+Na]+; found: 309.08890.
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