
Tetrahedron Letters 50 (2009) 5326–5328
Contents lists available at ScienceDirect

Tetrahedron Letters

journal homepage: www.elsevier .com/ locate / tet let
Synthesis of 3-aryl-4-chalcogen-2H-benzopyrans from
3-iodo-4-chalcogen-2H-benzopyrans using a Suzuki cross-coupling

Benhur Godoi, José S. S. Neto, Adriane Sperança, Carmine Ines Acker, Cristina W. Nogueira, Gilson Zeni *

Laboratório de Síntese, Reatividade, Avaliação Farmacológica e Toxicidade de Organocalcogênios, CCNE, UFSM, Santa Maria, Rio Grande do Sul CEP 97105-900, Brazil

a r t i c l e i n f o a b s t r a c t
Article history:
Received 20 April 2009
Revised 30 June 2009
Accepted 1 July 2009
Available online 8 July 2009
0040-4039/$ - see front matter � 2009 Elsevier Ltd. A
doi:10.1016/j.tetlet.2009.07.008

* Corresponding author.
E-mail address: gzeni@pq.cnpq.br (G. Zeni).
The Suzuki cross-coupling reaction of 3-iodo-4-chalcogen-2H-benzopyran derivatives with a variety of
organoboron compounds in the presence of catalytic amount of palladium salt is described. This cross-
coupling reaction proceeded cleanly and was performed with aryl boronic acids bearing electron-with-
drawing, electron-donating, and neutral substituents, furnishing the corresponding products in moderate
to good yields.
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The synthesis of heterocycles has attracted much attention in
recent years due to their interesting biological properties.1 Substi-
tuted six-membered oxygenated heterocycles or pyrans play key
pharmacophore functions in many pharmaceuticals.2 In addition
to the diverse biological activity of the naturally occurring com-
pounds, synthetically derived benzopyrans also exhibit significant
bioactivity.3

The most used strategies for the synthesis of multiple substi-
tuted 2H-benzopyran involve: (a) the construction of the 2H-benz-
opyran nucleus after the substituents have been installed and
properly functionalized; (b) a preformed 2H-benzopyran to which
carbon substituents are attached in successive order.

In connection with a project directed at the preparation of novel
3,4-disubstituted benzopyran derivatives, we reasoned that 3-
iodo-4-chalcogen-2H-benzopyran 1, easily prepared from organ-
ochalcogen propargyl aryl ethers, via electrophilic cyclization pro-
tocol,4 could become a valuable starting material on Suzuki cross-
coupling reactions (Scheme 1).

Suzuki cross-coupling reactions of various heteroaryl deriva-
tives have been well documented.5 However, the application of
this protocol to 3-iodo-4-chalcogen-2H-benzopyran remains lar-
gely unexplored,6 consequently it is necessary to design a simple,
efficient, and versatile method for the construction of benzopyran
rings having two different groups at 3- and 4-positions.

For preliminary optimization of the cross-coupling reaction
conditions, 3-iodo-6-methyl-4-(1-butylselenyl)-2H-benzopyran 1a
and phenylboronic acid 2a were chosen as standard substrates.
Thus, the reaction of 1a (0.25 mmol) and arylboronic acid 2a
(0.5 mmol) was performed under 60 �C, using different palladium
catalysts, solvents, and bases (Table 1).

As shown in Table 1, both Pd(0) and Pd(II) catalysts with differ-
ent ligands were tested, the best result was obtained using
ll rights reserved.
Pd(PPh3)2Cl2 10 mol % which gave the desired product 3a in 91%
yield (Table 1; entry 1). It is important to note that when the
amount of catalyst was reduced from 10 to 5 mol %, an increase
in the yield was observed and the product 3a was obtained quan-
titatively (Table 1, entry 8). However, using less than 5 mol % of
Pd(PPh3)2Cl2 a decrease in the yield of the coupling product was
observed. Our experiments also showed that in the absence of cat-
alysts the formation of the product was not detected, in this case
the starting material was recovered (Table 1, entry 7).

Regarding the influence of the solvent, the best results were
achieved using a mixture of DMF/H2O, which furnished the desired
product 3a in 99% yield (Table 1, entry 8). By using DMSO, MeOH,
dioxane, hexane, and THF moderate to good yields were also ob-
tained (Table 1, entries 9–13). The presence of base was crucial
for a clean, high-yielding reaction. For this reason, in our experi-
ments we investigated the influence of organic and inorganic
bases. As listed in Table 1, when the reaction was carried out using
K3PO4, Cs2CO3, NaOH, and pyrrolidine the target product was ob-
tained in moderate yields (Table 1, entries 15–18). The best result
was obtained using K2CO3, which gave the desired product 3a in
99% yield (Table 1, entry 8). When the amount of K2CO3 was re-
duced from 2 to 1 equiv a significant decrease in the yield was ob-
served (Table 1, entry 20). When the Suzuki reaction was carried
out in the absence of base the coupling product was not obtained
(Table 1, entry 19). Careful analysis of the optimized reactions re-
vealed that the optimum conditions for this coupling reaction were
the use of Pd(PPh3)2Cl2 (5 mol %), 3-iodo-6-methyl-4-(1-butylsele-
nyl)-2H-benzopyran 1a (0.25 mmol), phenylboronic acid 2a
SeR SeR
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Scheme 1. General scheme.



Table 2
Palladium-catalyzed formation of 3-aryl-4-chalcogen-2H-benzopyrans 3a–p
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Table 1
Optimization of reaction conditions for the formation of 3a
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PhB(OH)2+
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solvent, 60 ºC, 6h

O

Ph

SeBu
1a 2a

3a

# [Pd] (mol %) Solvent Base (equiv) Yielda (%)

1 PdCl2(PPh3)2 (10) DMF K2CO3 (2) 91
2 PdCl2(PhCN)2 (10) DMF K2CO3 (2) 83
3 PdCl2 (10) DMF K2CO3 (2) 71
4 Pd(Oac)2 (10) DMF K2CO3 (2) 73
5 Pd(acac)2 (10) DMF K2CO3 (2) 71
6 Pd(PPh3)4 (10) DMF K2CO3 (2) 86
7 — DMF K2CO3 (2) —
8 PdCl2(PPh3)2 (5) DMF K2CO3 (2) >99
9 PdCl2(PPh3)2 (5) DMSO K2CO3 (2) 69

10 PdCl2(PPh3)2 (5) Dioxane K2CO3 (2) 51
11 PdCl2(PPh3)2 (5) MeOH K2CO3 (2) 80
12 PdCl2(PPh3)2 (5) THF K2CO3 (2) 72
13 PdCl2(PPh3)2 (5) Hexane K2CO3 (2) 96
14 PdCl2(PPh3)2 (5) DMF K2CO3 (2) 16b

15 PdCl2(PPh3)2 (5) DMF K3PO4 (2) 80
16 PdCl2(PPh3)2 (5) DMF Cs2CO3 (2) 48
17 PdCl2(PPh3)2 (5) DMF NaOH (2) 64
18 PdCl2(PPh3)2 (5) DMF Pyrrolidine (2) 21
19 PdCl2(PPh3)2 (5) DMF — —
20 PdCl2(PPh3)2 (5) DMF K2CO3 (1) 43
21 PdCl2(PPh3)2 (5) DMF K2CO3 (2) 23c

a Yields are given by GC analysis.
b Reaction carried out in the absence of water.
c Reaction carried out under room temperature.
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(2 equiv) in DMF (5.0 mL), and H2O (1.0 mL) at room temperature.
After that, the base K2CO3 (2 equiv) was added and the mixture
was heated at 60 �C for 6 h. Using this reaction condition we were
able to prepare 3-aryl-4-chalcogen-2H-benzopyran 3a in quantita-
tive yield. In order to demonstrate the efficiency of this protocol,
we explored the generality of our method extending the conditions
to other 3-iodo-4-chalcogen-2H-benzopyran compounds 1a–c
with different arylboronic acids 2a–j and the results are summa-
rized in Table 2.7

First, to determine the real influence of the substituent at aro-
matic ring of boronic acids, we kept the substrate 1a invariable.
The results revealed that the reaction is not sensitive to the elec-
tronic effect of the aromatic ring attached in the boron atom. For
example, arylboronic acid bearing an electron-donating group
methoxyl at the para position gave a very similar yield than the
arylboronic acid bearing an electron-withdrawing group CF3 (Table
2; entry 3 vs entry 4). Differentiation in the reactivity between hal-
ogen and boron atoms can be seen by coupling shown in the exper-
iments described in table 1, entries 8 and 9, which provide only the
Suzuki product, without any homo-coupling product. To the best of
our knowledge, aryl halogen could react with boronic acids in the
presence of palladium catalysts to afford biaryl products.8 In our
case, the halogen substituent was not affected. In an attempt to
broaden the scope of our methodology, the possibility of perform-
ing the reaction with other 3-iodo-4-chalcogen-2H-benzopyran
was also investigated. Then the substrates 1b and 1c, which have
a selenophenyl group in the 4-position of the benzopyran ring,
were also cross-coupled efficiently, under the same reaction condi-
tions (Table 2; entries 12–16).

More recently, significant advances have been made in the use
of organoboron reagents as coupling partners in a number of palla-
dium-mediated carbon–carbon bond formations. Among them, the
use of potassium organotrifluoroborates, as the organoboron cou-
pling partner, has some advantages in comparison to boronic acids
and boronic esters, such as being more nucleophilic, stable in the
air, crystalline as solids, and easily prepared.9



Table 2 (continued)

# Substrate Organoboron Product yield (%)a/time

10 1a
B(OH)2

2j 

O

SeBu

3j (85)/2h 

11 1a S BF3K

2k 

O

SeBu

S

3k (48)b/2h 

12

O

I

SePh

1b 

2a

O

SePh

3l (82)/1.5h 

13 1b 2d

O

SePh

CF3

3m (55)/6h 

14 1b 2j

O

SePh

3n (30)/6h 

15
O

I

SePh
1c 

2a

O

SePh

3o (70)/2h

16 1c 2d

O

SePh

CF3

3p (55)/2h 

a Yields are given for isolated products.
b Reaction carried out at 100 �C.
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In this way, substrate 1a underwent palladium cross-coupling
with thienyl trifluoroborates furnishing the corresponding 3-thie-
nyl-4-butylselenyl-2H-benzopyran 3k in moderate yield (Table 2,
entry 11).

In summary, we have explored the Suzuki cross-coupling reac-
tion of arylboronic acids with 3-iodo-4-chalcogen-2H-benzopyran
derivatives using a catalytic amount of PdCl2(PPh3)2. The reaction
proceeded cleanly under mild reaction conditions, short reaction
time, and was performed with aryl boronic acids bearing elec-
tron-withdrawing, electron-donating, and neutral substituents. It
is important to point out that this route permits an easy and effi-
cient access to highly substituted benzopyran. The pharmacologi-
cal activity of these compounds is in progress and will appear in
a specialized journal soon.
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