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Introduction

3-Aroyl[b]benzofurans are present in the structural cores of a 
large number of bioactive molecules in current pharmaceutical 
use and development (Fig. 1) [1-4]. As a result, numerous 
approaches towards the synthesis of 3-acylbenzofurans have been 
disclosed in the literature [5,6]; however, most of them are only 
suitable for the preparation of 2-aroyl-3-benzoylbenzofuran 
derivatives bearing electron-donating groups [7].
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Figure 1. Representative 3-aroyl[b]benzofurans of pharmacological 
interest.

In our previous work, we found that the reaction of 2-
hydroxybenzyltriphenylphosphonium bromide with benzoyl 
chlorides and triethylamine in an aprotic solvent (i.e. toluene), 
leads to 3-benzoyl-2-phenylbenzo[b]furans via ylide acylation in 
addition to the expected 2-phenylbenzofurans (Scheme 1) [8,9]. 
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Scheme 1. Synthetic route towards 2-phenylbenzofurans and 3-
benzoyl-2-phenylbenzofurans.

Hercouet and Le Corre [10] reported that the intramolecular 
Wittig reaction of o-acyloxybenzylidenetriphenylphosphoranes 
leads to the corresponding benzofurans in aprotic medium 
(toluene) or to acylated products in protic medium (t-BuOH). 
Therefore, we became interested in verifying whether the o-
[(benzoyloxy)benzyl]-triphenyl-phosphorane was the key 
intermediate leading to the 3-benzoyl derivatives. Our results 
showed that benzoyl chloride reacts with phosphorane I to give a 
mixture of 2-phenylbenzofuran and 3-benzoyl-2-
phenylbenzofuran, thus confirming this hypothesis (Scheme 2). 
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Scheme 2. Formation of 2-phenylbenzofuran and 3-benzoyl-2-
phenylbenzofuran from I.

3-Benzoyl-2-phenylbenzofuran derivatives with strongly 
electron-withdrawing groups (e.g. NO2 and CN) on the 2-phenyl 
or 3-benzoyl ring, could provide convenient intermediates in the 
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The reaction of o-acyloxybenzylidenetriphenylphosphoranes with substituted benzoyl chlorides 
in an aprotic solvent led, together with the expected 2-phenylbenzofuran, to isomeric 3-benzoyl-
2-phenylbenzofuran derivatives. This result formally corresponds to intramolecular migration of 
the benzoyl group from the ortho oxygen atom to the ylide carbanion via cyclization and ring 
opening of the starting o-acyloxybenzylidenetriphenylphosphoranes. 
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preparation of more complicated compounds [11]. However, no 
methods for the synthesis of such deactivated benzofurans have 
been described. For instance, during the Friedel-Crafts acylation 
of 2-phenylbenzofuran with nitrobenzoyl chloride, other 
positions of the benzofuran ring were also acylated, leading to a 
complex mixture of regioisomers where the expected derivative 
was formed as a minor product [12]. Thus, the development of 
new synthetic routes, especially those that allow access to 
deactivated analogues, is of considerable interest. 

In this context, we envisaged that the reaction of o-
acyloxybenzylidenetriphenylphosphoranes with substituted 
benzoyl chlorides would provide access to the corresponding 3-
benzoyl-2-phenylbenzofurans bearing different substituents on 
the 2-phenyl and/or the 3-benzoyl ring. 

In the present work, we describe our efforts toward the 
synthesis of diversely 2,3-disubstituted benzofurans with 
particular attention given to the preparation of 3-benzoyl-2-
phenylbenzofuran derivatives bearing electron-withdrawing 
groups. Moreover, the unexpected formation of the 3-acyl 
isomers, prompted us to further investigate the Wittig reaction.

Results and Discussion

o-[(Benzoyloxy)benzyl]-triphenyl-phosphoranes I, prepared 
from ortho-cresol [8,13,14] (Scheme 3), were reacted with 
benzoyl chlorides substituted with electron withdrawing or 
donating groups.
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Scheme 3. Synthetic route towards o-[(benzoyloxy)benzyl]-
triphenyl-phosphoranes I (R = H, NO2, OCH3). 

When I (R = H) was reacted with 4-nitrobenzoyl chloride in 
the presence of triethylamine in toluene, the reaction mixture 
showed the formation of two 3-acyl isomers (Scheme 4), i.e. the 
expected 3-(4-nitrobenzoyl)-2-phenylbenzofuran 2b and 3-
benzoyl-2-(4-nitrophenyl)benzofuran 3b, as identified by NMR 
spectroscopy and GC/MS analysis.
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Scheme 4. Synthesis of isomeric compounds 2b and 3b.

The same behaviour was also observed when a variety of 4-
substituted benzoyl chlorides were used (vide infra). These 
results clearly suggest that benzoyl group migration occurred to 
some extent. Interestingly, Hercouet and Le Corre reported such 
a transposition only under protic condition (t-BuOH) and using a 
strong base (t-BuOK) [10]. An analogous 1,5-transposition of an 
ester acyl functional group was also observed by Gorgues and co-
workers for the σ-bonded organochromium(III) complex 
resulting from the reduction of ortho-bromomethylphenyl 
benzoate with CrCl2 [15].

A plausible mechanism is depicted in Scheme 5. Carbanion I 
reacts with the corresponding acyl chloride to give the isomer 2b 
(Route B), as previously proposed by us [8]. Alternatively, the O-
acylated phosphorane I can also cyclize directly into intermediate 
II (Route A) to give either the 2-phenylbenzofuran 1a or undergo 
ring-opening to the C-acylated phenolate III. Intermediate III is 
O-acylated to give the phenol ester IV, that leads to the isomeric 
3-benzoyl-2-phenylbenzofuran 3b via a ylide intermediate.
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Scheme 5. Proposed mechanism of benzoyl group migration from ylide I and the formation of isomeric compounds 2b and 3b.

Table 1. Synthetic route towards 2-phenylbenzofurans 1a-c, and 3-benzoyl-2-phenylbenzofurans 2-9a-e, 10 and 11.a
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Interestingly, the isomer arising from benzoyl migration 3b 
(45%) was the main product; therefore Route A was more 
favored than Route B. These data clearly indicate that the O-
acylated phosphorane I spontaneously cyclizes into II, 
presumably because intramolecular attack of the ylide carbanion 
to the ortho carbonyl group is favoured by their proximity 
(Scheme 5 and Table 1, entry 1).

This behaviour was even more pronounced when 4-
nitrobenzoyl chloride was replaced by 4-methoxybenzoyl 
chloride (Table 1, entry 2). In the latter case, the reaction of I 
with the less electrophilic 4-methoxybenzoyl chloride (Route B) 
was suppressed (4c, 3%) in favour of Route A (1a, 20%; 5c, 
15%). These results clearly indicate that deactivated benzoyl 
chlorides allow the formation of both isomeric 3-acyl derivatives, 
most likely because I and III rapidly attack the highly 
electrophilic carbonyl of the 4-nitrobenzoyl chloride. 
Accordingly, analogous trends were also observed with 4-bromo 
and 4-cyanobenzoyl chlorides (Table 1, entries 3 and 4).

When substituted o-[(benzoyloxy)benzyl]-triphenyl-
phosphoranes  were used (R = NO2, OCH3, entries 5 and 6), we 
observed that the electron withdrawing group further suppressed 
Route B in favour of cyclization to II (Route A), as reflected by 
the higher yield of 2-(4-nitrophenyl)benzofuran 1b (42%) and the 
absence of 3-benzoyl-2-(4-nitrophenyl)benzofuran 3b (Table 1, 
entry 5). This behaviour could be rationalized by the fact that the 
4-nitro group increases the electrophilicity of the carbonyl group 
of I (R = NO2), making it easier for the ylide carbanion to attack 
this electrophilic centre. Accordingly, o-[(benzoyloxy)benzyl]-
triphenyl-phosphorane bearing an electron donating group (R = 
OCH3) still resulted in the formation of isomer 5c; albeit in low 
yield (4%) (Table 1, entry 6).

The reaction of substituted o-[(benzoyloxy)benzyl]-triphenyl-
phosphoranes I (R = OCH3) with 4-nitrobenzoyl chloride (Table 
1, entry 7) again leads predominantly to 2-(4-
methoxyphenyl)benzofuran 1c (12%) and isomer 11 (15 %) via 
Route A. 

Conclusion

Our previous results demonstrated that under aprotic 
conditions 3-acylbenzofurans can be obtained from the reaction 
of o-[(benzoyloxy)benzyl]-triphenyl-phosphoranes with benzoyl 
chlorides. We have also demonstrated that under these conditions 
phosphoranes preferentially undergo intramolecular migration of 
the benzoyl group via cyclization and ring opening. This 
behaviour clarifies the unexpected formation of two sets of 3-
acylbenzofuran isomers when phosphoranes react with benzoyl 
chlorides. 

In particular, we found that the isomer arising from benzoyl 
migration is further favoured by the use of deactivated benzoyl 
chlorides or by phosphoranes I with a 4-methoxy group. This 
finding is of considerable interest as it allows preparation of a 
wide variety of 3-acylbenzofuran derivatives which are difficult 
to obtain using alternative methods.
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