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ARTICLE INFO ABSTRACT

Article history: The reaction of 2-hydroxybenzyltriphenylphosphonium bromide with substituted benzoyl

Received chlorides under Wittig conditions, led to 2-phenylbenzofuran derivatives 4a-p and the
Received in revised form unexpected formation of 3-benzoyl-2-phenylbenzofuran derivatives 5a-p. Benzoyl chlorides
Accepted possessing electron-withdrawing groups afforded 3-benzoyl-2-phenylbenzofuran derivatives in

Available online higher yields than those with electron-donating groups. This reaction represents a simple and
regioselective, one-pot route towards the preparation of deactivated 3-benzoyl-2-
phenylbenzofuran compounds which are difficult to obtain by the direct acylation of 2-

phenylbenzofurans.
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Introduction

3-Aroyl[b]benzofurans represent the structural cores of a large
number of bioactive molecules in current pharmaceutical use or
development. Representative examples of this family include
amiodarone (A), a clinically used drug for controlling intractable
cardiac arrhythmias,* LY 320135 (B), a potent cannabinoid CB,
receptor antagonist,” benzbromarone (C), an uricosuric agent,’
and SKF-64346 (D), an -amyloid binding agent with
neuroprotective and antitumor activities® (Fig. 1).
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Figure 1. Representative 3-aroyl[b]benzofurans of pharmacological
interest.

As a result, numerous approaches towards the synthesis of 3-
acylbenzofurans have been disclosed in the literature; however,
most are only suitable for the preparation of 2-aryl-3-benzoyl
benzofuran derivatives bearing electron-donating groups.”

* Corresponding author.
e-mail address: michelabegala@unica.it (M. Begala).
T This author equally contributed to the work.

Many synthetic methods to prepare 3-acylbenzofurans
introduce the C3-substituent to the preformed benzo[b]furan ring
at the end of the synthsis.>*® Among these, the simplest and most
straightforward method is the Friedel-Crafts reaction using acyl
chlorides.” However, this method suffers from limitations, e.g.
the use of excess Lewis acid, the formation of gaseous HCI and
poor regioselectivity, especially when strongly deactivated acyl
chlorides are used. In fact, during the Friedel-Crafts acylation of
2-phenylbenzofuran with nitrobenzoyl chloride, many 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.?

2-Aryl-3-benzoylbenzofuran derivatives bearing strongly
electron-withdrawing groups on both phenyl rings, such as NO,
and CN, could provide convenient intermediates in the
preparation of more complicated compounds.” However, no
methods for the synthesis of such deactivated benzo[b]furans
have been described. Thus, the development of synthetic routes,
especially those that allow access to deactivated analogues, is of
considerable interest.

Herein, we report a simple and regioselective, one-pot route

for  the preparation of deactivated 2-phenyl-3-
benzoylbenzo[b]furans via ylide acylation wunder Wittig
conditions.
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Results and Discussion

In the course of a program directed towards the synthesis of
novel monoamine oxidase (MAO) inhibitors,”® we planned to
synthesize 2-phenylbenzofurans using an intramolecular Wittig
procedure due to the accessibility and simplicity of this
methodology.™

The desired Wittig reagent was readily prepared in high yield
from 2-hydroxybenzyl alcohol 1 and triphenylphosphine
hydrobromide (Method A, Table 1)."*** Compounds 4 and 5a-p
were prepared from the appropriate triphenylphosphonium salt 2
and the commercially available aroyl chlorides 3a-p.****

However, while developing this procedure, GC/MS analysis
of the reaction mixture using triphenylphosphonium salt 2 and
benzoyl chloride 3a, revealed that, together with the desired
product of cyclization 4a, the unexpected side-product 5a was
present. This product, after purification and extensive analysis by
NMR and mass spectrometry, was determined to be 2-phenyl-3-
benzoylbenzofuran (see ESI for full spectroscopic data).

Although the Wittig reaction has been described in several
papers regarding the preparation of 2-arylbenzofuran derivatives,

the formation of secondary products was not mentioned.™ These
findings encouraged us to investigate the formation of 2-phenyl-
3-acylbenzofurans under Wittig conditions.

Initially, triphenylphosphonium salt 2 was treated with
benzoyl chloride 3a (1.0 equiv.) and triethylamine in dry toluene
for 2 hours at 110 °C. The obtained products were easily purified
by silica gel chromatography, using a mixture of hexane/ethyl
acetate (9:1) as the eluent system.

Under these conditions, 5a was isolated as the minor product
along with 2-phenylbenzofuran 4a. A higher ratio of compound
5a was achieved by altering the ratio of reagents. Upon
increasing the equivalents of both benzoyl chloride 3a and
triethylamine (3.0 equiv.), the total yield remained practically
unchanged, whereas the ratio of 4a and 5a significantly changed
from 9:1 to 1.5:1 (Table 1, entry 1). Unfortunately, attempts to
prepare a single benzofuran derivative by varying the other
reaction parameters failed. Next, we investigated the effect of
various benzoyl chlorides on the ratio of 4 and 5 after purification
(Table 1).

Table 1. Synthetic route towards 2-phenylbenzofurans 4a-p and 3-benzoyl-2-phenylbenzofurans 5a-p (Method A). Effect of various

benzoylchlorides on the ratio of 4 and 5.2
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3 Reagents and conditions: 2 (1 equiv.), benzoyl chloride 3a-p (3 equiv.); ® Total yield of products 4 and 5. ¢ Reagents and conditions: 2 (1
equiv.), benzoyl chloride 3a (1 equiv.).
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Scheme 1. Proposed reaction mechanism.
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Scheme 2. Preparation of compounds 4a and 5a from intermediate I (Method B).

Compounds 4a-p and b5a-p were prepared using
triphenylphosphonium salt 2 (1 equiv.), benzoylchlorides 3a-p (3
equiv.) and triethylamine. In general, the electronic nature of the
substituents on the phenyl ring has a strong influence on the
reaction. Benzoyl chlorides possessing electron-withdrawing
groups gave the corresponding 3-acyl derivatives 5 as the major
products. However, ortho-substituted benzoyl chlorides with
electron-withdrawing groups (NO,, CN, CF; and Br), failed to
form the acylation product (Table 1, entries 2, 5, 8, and 11).

A plausible mechanism is depicted in Scheme 1. According to
the literature,"* the phosphonium salt 2 is O-acylated in the
presence of triethylamine to afford the corresponding o-
(benzoyloxy)benzyl)-triphenyl-phosphonium salt 1. Then, salt | is
converted to the desired phosphorane 11 using triethylamine as a
base. Subsequently, phosphorane Il could either directly cyclize
to give 2-phenylbenzofuran 4a (Route A) or react with a second
molecule of the acyl chloride to afford the a-ketophosphonium
salt 111 (Route B). Compound 111 then readily eliminates HCI to
give the stabilized C-acylated  ylide IV. In the final step,
intramolecular nucleophilic attack of the ylide carbanion onto the
carboxylate group leads to 3-aroylbenzofuran 5a.

The formation of intermediate 1 was supported by the fact
that, under the same conditions, this compound prepared from o-
cresol,?* reacts with benzoyl chloride (2 equiv.) to afford a
mixture of 2-phenylbenzofuran 4a and 3-benzoyl-2-
phenylbenzofuran 5a (Method B, Scheme 2). It should be noted
that this synthetic approach cannot be considered a convenient
route to the preparation of compounds 4a and 5a as it requires
three additional synthetic steps and toxic reagents, when
compared with Method A (Table 1).

Conclusion

A series of 2-phenylbenzofurans and unexpected 3-benzoyl-2-
phenylbenzofurans were synthesized under Wittig conditions.
This operationally simple procedure, requires short reaction times
and does not involve the use of expensive reagents. The principal
advantage of this synthetic method consists of the synthesis of 3-
benzoyl-2-phenylbenzofuran  derivatives  with  electron-
withdrawing groups, which are difficult to obtain by the direct
acylation of the 2-phenylbenzofurans.

Acknowledgments

Theauthors gratefully acknowledge financial support from the
Fondazione di Sardegna - Universita degli Studi di Cagliari
(Convenzione triennale per gli esercizi 2015-2017; Annualita
2015; Progetti di Ricerca di Interesse Dipartimentale (PRID)).
The authors are grateful to Roberto Mascia for technical
assistance. MJM thanks Xunta da Galicia for the Postdoctoral
fellowship (ED481B 2014/086-0).

References and notes

1. (a) Singh, S. N.; Fletcher, R. D.; Fisher, S. G.; Singh, B. N;;
Lewis, H. D.; Deedwania, P. C.; Massie, B. M.; Colling, C.;
Layyeri, D. N. Eng. J. Med. 1995, 333, 77-82; (b) Kalai, T;
Varbié, G.; Bognér, Z.; Palfi, A.; Hantd, K.; Bognar, B.; Osz, E.;
Smegi, B.; Hideg, K. Bioorg. Med. Chem. 2005, 13, 2629-2636;
(c) Hartong, R.; Wiersinga, W. M.; Plomp, T. A. Horm. Metab.
Res. 1990, 22, 85-89; (d) Basaria, S.; Cooper, D. S. Am. J. Med.
2005, 118, 706-714.

2. Felder, C. C.; Joyce, K. E.; Briley, E. M.; Glass, M.; Mackie, K.
P.; Fahey, K. J.; Cullian, G. J.; Hunden, D. C.; Johnson, D. W.;
Chaney, M. O.; Koppel, G. A.; Brownstein, M. J. Pharmacol Exp
Ther. 1998, 284(1), 291-297.

3. Heel, R. C.; Brogden, R. N.; Speight, T. M.; Avery, G. S. Drugs
1977, 14, 349-366.

4.  (a) Brenner, L. M.; Brush, C. K. United States patent. 1997, 4,
001, 426; (b) Howlett, D. R.; Perry, A. E.; Godfrey, F.; Swatton, J.
E.; Jennings, K, H.; Spitzfaden, C.; Wadsworth, H.; Wood, S. E.;
Markwell, R. E. Biochem. J. 1999, 340, 283-289.

5. (a) Oda, K.; Machida, M. Chem. Pharm. Bull. 1993, 41, 1299-
1301; (b) Yuan, H.; Bi, K.; Li, B.; Yue, R.; Ye, J.; Shen, Y.; Shan,
L.; Jin, H.; Sun, Q.; Zhang, W. Org. Lett. 2013, 15, 4742-4745; (c)
Gong, W.; Liu, D.; Li, F.; Gao, J.; Li, H.; Lang, J. Tetrahedron
2015, 71, 1269-1275 (d) Arcadi, A.; Cacchi, S.; Del Rosario, M.;
Fabrizi, G.; Marinelli, F. J. Org. Chem. 1996, 61, 9280-9288. (e)
Jason H.; Chaplin and Bernard L. Flynn Chem. Commun. 2001,
1594-1595; (f) Mothe, S. R.; Susanti, D.; Hong Chan, P. W.
Tetrahedron Lett. 2010, 51, 2136-2140.

6. (a) Nakamura, M.; llies, L.; Otsubo, S.; Nakamura, E. Org. Lett.
2006, 8, 13, 2803-2805. (b) Zhao, J.; Fang, H.; Xie, C.; Han, J.;
Li, G.; Pan, Y. Asian J. Org. Chem. 2013, 2, 1044-1047. (c)
Farrar, M. W.; Levine, R. J. Am. Chem. Soc. 1950, 72(10), 4433-
4436.

7. Twyman, L. J.; Allsop, D. Tetrahedron Lett. 1999, 40, 9383-9384.

8. Thévenin, M.; Thoret, S.; Grellier, P.; Dubois, J. Bioorg. Med.
Chem. 2013, 21(17), 4885-4892.


http://www.ncbi.nlm.nih.gov/pubmed/?term=Johnson%20DW%5BAuthor%5D&cauthor=true&cauthor_uid=9435190
http://www.ncbi.nlm.nih.gov/pubmed/?term=Koppel%20GA%5BAuthor%5D&cauthor=true&cauthor_uid=9435190
http://www.ncbi.nlm.nih.gov/pubmed/?term=Brownstein%20M%5BAuthor%5D&cauthor=true&cauthor_uid=9435190
http://www.ncbi.nlm.nih.gov/pubmed/9435190
http://www.ncbi.nlm.nih.gov/pubmed/9435190

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.
19.

20.

21.

22.
23.

Tetrahedron
(a) Kabalka, G. W.; Varma, R. S. Comprehensive Organic

Synthesis 1991, 8, 363-379. (b) Rappoport, Z., Ed. Chemistry of

the Cyano Group; John Wiley & Sons: London, 1970

Ferino, G.; Cadoni, E.; Matos, M. J.; Quezada, E.; Uriarte, E.;
Santana, L.; Vilar, S.; Tatonetti, N. P.; Yéfiez, M.; Vifia, D.;
Picciau, C.; Serra, S.; Delogu, G. ChemMedChem 2013, 8, 956-
966.

(a) Hercouet, A.; Le Corre, M. Tetrahedron Lett. 1979, 23, 2145-
2148; (b) Hercouet, A.; Le Corre, M. Tetrahedron 1981, 37(16),
2867-2873.

Wendt, B.; Riem Ha, H.; Hesse, M. Helv. Chim. Acta 2002, 85,
2990-3001.

Meier, C.; De Clercq. E.; Balzarini, J. Eur. J. Org. Chem. 1998,
1998, 837-846.

Takeda, N.; Miyata, O.; Naito, T. Eur. J. Org. Chem. 2007, 1491-
1509.

Gaster, E.; Vainer, Y.; Regev, A,; Narute, S.; Sudheendran, K;
Werbeloff, A.; Shalit, H.; Pappo, D. Angew. Chem. Int. Ed. 2015,
54, 4198-4202.

Liu, Y.; Qian, J.; Lou, S.; Xu, Z. J. Org. Chem. 2010, 75, 6300-
6303.

Yang, J.; Shen, G.; Chen, D. Synth. Communicationsl 2013, 43,
837-847.

Mandali, P. K.; Chand, D. K. Synthesis 2015, 47, 1661-1668.
Loukotova, L.; Yuan, K.; Doucet, H. ChemCatChem 2014, 6,
1303-1309.

Durani, N.; Jain, R.; Saeed, A.; Dikshit, D. K.; Durani, S.; Kapil,
R. S.J. Med. Chem., 1989, 32(8), 1700-1707.

Delogu, G. L.; Matos, M. J.; Fanti, M.; Era, B.; Medda, R;
Pieroni, E.; Fais, F.; Kumar, A.; Pintus, F. Bioorg. Med. Chem.
Lett.2016, 26, 2308-2313.

Ghosh, S.; Das, J. Tetrahedron Lett. 2011, 52, 1112-1116.
Routasalo, T.; Helaja, J.; Kavakka, J.; Koskinen, A. M. P. Eur. J.
Org. Chem. 2008, 18, 3190-3199.

Supporting Information

Details of the experimental procedure and spectral data for
new compounds. This material is available free of charge in the
online version [http://].



Highlights

*The Wittig reaction affords 3-benzoyl-2-
phenylbenzofurans from triphenylphosphonium
salt and commercially available aroyl chlorides
*A variety of new deactivated 3-benzoyl-2-
phenylbenzofurans were obtained

*The present protocol offers direct and facile
access to 3-benzoyl-2-phenylbenzofurans and
good tolerance towards strongly deactivated
functional groups



