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Abstract: The Suzuki cross-coupling of 3-iodoselenophenes with
boronic acids in the presence of catalytic amount of palladium salt
is described. This cross-coupling reaction proceeded cleanly under
mild conditions and was performed with aryl boronic acids bearing
electron-withdrawing, electron-donating, and neutral substituents,
furnishing the correspondents products in moderate to good yields.
Key words: palladium, Suzuki cross-coupling, selenophene, bo-
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The palladium-catalyzed cross-coupling reactions of aryl
halides or triflates with boronic acids, commonly referred
to Suzuki reactions, are a powerful, versatile, and popular
tool for selective construction of carbon—carbon bonds.!
The palladium-catalyzed Suzuki cross-coupling reaction
of aryl halides with boronic acids and esters has become a
common and convenient synthetic method in organic
chemistry for biaryl compounds.> Many examples of Su-
zuki coupling reactions, between heterocyclic halides and
phenyl boronic acids, have appeared in the literature over
the past two decades,’ and as the key stage in the synthesis
of many currently interesting heterocycle-incorporated
compounds, have proved to proceed generally and effec-
tively.* More recently, significant advances have been
made in the use of organoboron reagents as coupling part-
ners in a number of palladium-mediated carbon—carbon
bond formation. Among them, the use of potassium orga-
notrifluoroborates, as the organoboron coupling partner,
has some advantages in comparison to boronic acids and
boronic esters, such as be more nucleophilic, stable in the
air, crystalline as solids, and easily prepared.’ Our con-
tinuing interest in the synthesis® and applications’ of orga-
nochalcogenides in organic synthesis prompted us to
examine the cross-coupling reaction of 3-iodosele-
nophenes 1a—c with boronic acids 2a—k in the presence of

palladium salt 3a-t

(Scheme 1).

The starting 3-iodoselenophene was readily available by
using the electrophilic cyclization protocol of Z-sele-
noenynes. The treatment of Z-selenoenyne with iodine in
CH,CI, leads to the formation of 3-iodoselenophene 1a,
isolated in 93% yield after purification (Scheme 2).

to obtain 3-arylselenophenes
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Scheme 2

Our initial studies have focused on the development of an
optimum set of reaction conditions. In this way, 2,5-
diphenyl-3-iodoselenophene (1a), and 4-methyl phenyl-
boronic acid (2a) were used as standard substrates. Thus,
a mixture of 3-iodoselenophene 1a (0.25 mmol), boronic
acid 2a (0.35 mmol), solution of K;PO, (1.2 mmol) in
H,0 (0.6 mL), using DME (2.5 mL) as a solvent with dif-
ferent palladium catalysts (Table 1).

As shown in Table 1, catalysts of Pd(0) and Pd(Il) with
different ligands tested, exhibited a moderate to good cat-
alytic activity, but the best result was obtained using
Pd(OAc), (5 mol%) which gave the desired product 3a in
excellent yield (Table 1, entry 6). It is important to note
that when the amount of catalyst is reduced from 5 mol%
to 1 mol%, a decrease in the yield was observed (Table 1,
entries 6-8). We also observed that the nature of the base
was critical for the success of the coupling. The reaction
of 3-iodoselenophene 1a with p-tolylboronic acid 2a us-
ing Pd(OAc), (5 mol%) in DME was refluxed with differ-

/@\ +  RB(OH),
R R2

Se

1a—c 2a-k

R3
Pd(OAC)s (5 mol%), KsPOj, HeO ﬂ\
DME, reflux 1 2
R~ Ngg R
3a-t
47-96%

R' = Ph, n-Bu, CMe,OH; R2 = Ph, n-Bu; R® = aryl, vinyl

Scheme 1
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Table 1 Influence of Catalyst in the Reaction of 1a and 2a*

[Pd], K3POy4, H2O
]\ + B(OH)2
Ph Ph DME, reflux /B

se Ph™"N\gg ~Ph

1a 2a 3a
Entry [Pd] (mol%) Yield of 3a (%)
1 Pd(PPhy), (5) 87
2 Pd(dba), (5) 89
3 PdCL(PPhs), (5) 71
4 PdCL(PhCN), (5) 77
5 PdCl, (5) nr.
6 Pd(OAc), (5) 95
7 Pd(OAc), (2.5) trace
8 Pd(OAc), (1) nr.

*Reactions were performed in the presence of 1a (0.25 mmol), 2a (0.35 mmol), K;PO, (1.2 mmol) in H,O (0.6 mL), DME (2.5 mL) as solvent,
under reflux, during 15 h.

Table 2 Optimization of Reactions Conditions®

Pd(OAc) (5 mol%)
/B + @B(OH)Z I\
Ph Ph base, solvent Ph Ph

Se Se
1a 2a 3a
Entry Base Solvent Yield of 3a (%)
1 K;PO, DME-H,0 95
2 K,CO; DME-H,0 86
3 Na,CO; DME-H,0 70
4 Cs,CO; DME-H,0 73
5 KOH DME-H,0 88
6 K;PO, DME 57
7 K;PO, THF 72
8 K;PO, DMF 73
9 K;PO, 1,4-dioxane 76
10 K;PO, MeOH 38
11 K;PO, CH,Cl, 55
12 K;PO, toluene 50

* Reactions were performed by using 1a (0.25 mmol), 2a (0.35 mmol), Pd(OAc), (5 mol%), basic solution (1.2 mmol) in H,O (0.6 mL) with
different solvents (2.5 mL), under reflux, during 15 h.
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ent bases as shown in Table 2. When the reaction was
carried out with inorganic bases such, K;PO,, K,CO;,
Na,CO;, Cs,CO;, and KOH afforded coupling product in
good yields (Table 2, entries 1-5). Gratifyingly, the use of
K;PO,, an inexpensive base, resulted in the coupled prod-
uct in 95% yield (Table 2, entry 1). It is also important to
mention that when dry base was used in place of an aque-
ous solution, only 57% of product was obtained (Table 2;
entry 6). Regarding the influence of the solvent, optimal
results were achieved using DME (Table 2, entry 1). By
using DMF, THF, and 1,4-dioxane (Table 2, entries 7-9)
moderate yields were obtained, while other solvents such
as MeOH, CH,Cl,, and toluene (Table 2, entries 10-12)
furnished a small amount of the desired product 3a.

Careful analysis of the optimized reactions revealed that
the optimum conditions for this coupling reaction were
found to be the use of Pd(OAc), (5 mol%), 3-iodosele-
nophene la (0.25 mmol) and p-tolylboronic acid (0.35
mmol) in DME (2.5 mL) at room temperature. After 30
minutes at this temperature, the solution of K;PO, (1.2
mmol) in H,0 (0.6 mL) was added, then the mixture was
refluxed for 15 hours. Using this reaction conditions we
were able to prepare 2,5-(diphenyl)-3-(p-tolyl)sele-
nophene (3a) in 95%.° In order to demonstrate the effi-
ciency of this protocol, we explored the generality of our
method extending the conditions to other aryl or vinylbo-

ronic acids and other 3-iodoselenophenes, the results are
summarized in Table 3.

Inspection of Table 3 shows that the reaction worked well
for a variety of arylboronic acids. A closer inspection of
the results revealed that the reaction is sensitive to the
electronic effect of an aromatic ring attached in the aryl-
boronic acid. For example, arylboronic acid bearing elec-
tron-donating group (Me and OMe) at the para position
gave a better yield than the arylboronic acids bearing elec-
tron-withdrawing group and electron-neutral group
(Table 3, entries 1 and 2 vs. 3, 8-11). We have found that
steric effects had a little influence on the coupling reac-
tion. Boronic acids containing a 2-methylphenyl, mesityl,
and naphthyl group, gave lower yields of product 3 com-
pared to unsubstituted arylboronic acids (Table 3, entries
3 vs. 4-6). Differentiation in the reactivity between
chlorine and boron atoms of boronic acids can be seen by
coupling of 4-chlorophenylboronic acid with 3-iodosele-
nophene to provide only the Suzuki product in 70% and
72% yields, without any homo-coupling product observed
(Table 3, entries 8 and 15). To the best of our knowledge,
aryl chloride could react with boronic acids to afford biar-
yl products using palladium catalysts.'” In our case, the
chlorine substituent was not affected.

Table 3 Coupling Products Using 3-Iodoselenophenes 1a—c and Boronic Acids 2a-k*

R3

Pd(OAC)Z (5 mol%), K3PO4, HZO
1/@\ , *+ FR°B(OH): R1/@\R2
R sé R DME, reflux Se
1a—c 2a—k 3a-s
1aR'=R%2=Ph
1b R' = CMe,OH, R? = Ph
1cR'=R?=n-Bu
Entry Substrate R? Product yield (%)
1 la
I\
o Ph" Ngg Ph
3a
2a 95
M
OMe OMe
2 la
/\
o Ph” Ngg Ph
3b
2b
90
3 la © A\
T Ph” >Ngg Ph
2¢ 3c
80
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Table 3 Coupling Products Using 3-Iodoselenophenes 1a—c and Boronic Acids 2a-k* (continued)

| R3
Pd(OAC), (5 mol%), KzPO4, HoO
1/@\ , + RBOH) (OACc)2 (5 mol%), K3POg, Ha 1/@\ .
R Ngg R DME, reflux R Ngg” TR
1a—c 2a-k 3a-s
1aR'=R2=Ph
1b R' = CMe,OH, R2 = Ph
1cR'=R2=n-Bu
Entry Substrate R? Product yield (%)
4 . L l@
“ Ph sé Ph
2d 3d
66
5 la /ﬁ
T PR” s P
2e 3e
74
6 1a
T Ph” >Ngg Ph
2f 3f
73
__Ph
" o %
7 1a —~ /A
e PR Ngg Ph
2g 3g
88
Cl
Cl
8 la ﬁ
lew‘ Ph Sé Ph
2h 3h
70
0
0.
9 la
]\
T Ph™ “gg Ph
2i 3i
71
NO,
NO,
10 1a ©/ 7\
e Ph” >Ngg Ph
2j 3j
67
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Table 3 Coupling Products Using 3-Iodoselenophenes 1a—c and Boronic Acids 2a-k* (continued)

R1/[§\R2 +  R°B(OH),

Pd(OAC)2 (5 mol%), K3PO4, Hgo

R3

m
R! R?

Se DME, reflux Sé
1a—c 2a—k 3a-s
1aR'=R?=Ph
1b R' = CMe,OH, R2 = Ph
1c R'=R?=n-Bu
Entry Substrate R? Product yield (%)
CF.
¢ CFa
11 la 7\
™ Ph sé Ph
2k 3k
68
12 la 2a
HO. / \
6 Ph
31
86
OMe
13 1b 2b
HO. / \
Sé Ph
3m
88
14 1b 2f 7\ O
HO. <& Ph
3n
78
Cl
15 1b 2h
HO / \
S6 Ph
30
72
CF3
16 1b 2k /B
HO <& Ph
3p
96
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Table 3 Coupling Products Using 3-Iodoselenophenes 1a—c and Boronic Acids 2a-k* (continued)
| R3
Pd(OA 5 mol%), KzPO4, HoO
1/@\ , + RBOH) (OAC)2 (5 mol%), K3PO4, Ha 1/@\ .
R N\gg R DME, reflux R™ ~sg R
1a—c 2a—k 3a-s
1aR'=R?=Ph
1b R' = CMe,OH, R? = Ph
1cR'=R?=n-Bu
Entry Substrate R? Product yield (%)
17 1b 2 KCQ
3q
OMe
18 1c 2b &
19 Ic 2¢ /L—p
n-Bu
35
20 1c 2k ﬁ
n-Bu

47

* Reactions were performed by using 1a—c (0.25 mmol), 2a-k (0.35 mmol), Pd(OAc), (5 mol%), K;PO, (1.2 mmol) in H,O (0.6 mL), DME
(2.5 mL) as solvent, under reflux, during 1-15 h.

In an attempt to broaden the scope of our methodology,
the possibility of performing the reaction with other 3-io-
doselenophenes was also investigated. Then the substrate
1b, which has a hydroxyl group in the side chain, was
cross-coupled efficiently under these conditions with
electron-rich and electron-poor arylboronic acids produc-
ing the coupled products in good yields (Table 3, entries
12-16). Additionally, the substrate 1¢, which has an alkyl
group, gave the Suzuki products in moderate yields
(Table 3, entries 18-20).

In summary, we have explored the Suzuki cross-coupling
reaction of aryl- or vinylboronic acids with symmetrical
3-iodoselenophenes using a catalytic amount of
Pd(OAc),. The reaction proceeded cleanly under mild re-
action conditions and was performed with aryl boronic ac-
ids bearing electron-withdrawing, electron-donating, and
neutral substituents. In addition, by this protocol unsym-

Synlett 2008, No. 1, 119-125 © Thieme Stuttgart - New York

metrical 3-iodoselenophenes having an alkyl or hydroxyl
group in the side chain gave the Suzuki products in good
yields. Analysis of the '"H NMR and '3*C NMR spectra
showed that all the obtained products presented data in
full agreement with their assigned structures.

Acknowledgment

We are grateful to FAPERGS, CAPES (SAUX), and CNPq for fi-
nancial support. CNPq is also acknowledged for fellowships (G.Z.).

References and Notes

(1) (a) Miyaura, N.; Suzuki, A. Chem. Rev. 1995, 95, 2457.
(b) Suzuki, A. Pure Appl. Chem. 1985, 57, 1749.
(c) Suzuki, A. Pure Appl. Chem. 1991, 63, 419. (d) Suzuki,
A. Pure Appl. Chem. 1994, 66, 213. (e) Suzuki, A. J.
Organomet. Chem. 1999, 576, 147. (f) Ohe, T.; Miyaura,



LETTER

Cross-Coupling Reaction of 3-Iodoselenophenes with Boronic Acids

125

2

3

C)

©)

(©)

N.; Suzuki, A. J. Org. Chem. 1993, 58, 2201.

(g) Gronowitz, S.; Hornfeldt, A. B.; Kristjansson, V.; Musil,
T. Chem. Scr. 1986, 26, 305.

(a) Suzuki, A. In Metal-Catalyzed Cross-Coupling
Reactions; Diederich, F.; Stang, P. J., Eds.; Wiley-VHC:
Weinheim, 1998. (b) Lloyd-Williams, P.; Giralt, E. Chem.
Soc. Rev. 2001, 30, 145.

(a) Stanforth, S. P. Tetrahedron 1998, 54, 263. (b) Cailly,
T.; Fabis, F.; Legay, R.; Oulyadi, H.; Rault, S. Tetrahedron
2007, 63, 71. (c) Sicre, C.; Alonso-Gomez, J. L.; Cid, M. M.
Tetrahedron 2006, 62, 11063. (d) Schnurch, M.; Flasik, R.;
Khan, A.F.; Spina, M.; Mihovilovic, M. D.; Stanetty, P. Eur.
J. Org. Chem. 2006, 3283.

(a) Masui, K.; Ikegami, H.; Mori, A. J. Am. Chem. Soc.
2004, 126, 5074. (b) Zeni, G.; Nogueira, C. W.; Panatieri, R.
B.; Silva, D. O.; Menezes, P. H.; Braga, A. L.; Silveira, C.
C.; Stefani, H. A.; Rocha, J. B. T. Tetrahedron Lett. 2001,
42,7921. (c) Zeni, G.; Ludtke, D. S.; Nogueira, C. W.;
Panatieri, R. B.; Braga, A. L.; Silveira, C. C.; Stefani, H.;
Rocha, J. B. T. Tetrahedron Lett. 2001, 42, 8927.

(a) Molander, G. A.; Ellis, N. Acc. Chem. Res. 2007, 40,
275. (b) Molander, G. A; Petrillo, D. E.; Landzberg, N. R.;
Rohanna, J. C.; Biolatto, B. Synlett 2005, 1763.

(c) Molander, G. A.; Figueroa, R. Aldrichimica Acta 2005,
38, 49. (d) Molander, G. A.; Felix, L. A. J. Org. Chem. 2005,
70, 3950. (e) Molander, G. A.; Yun, C. S.; Ribagorda, M.;
Biolatto, B. J. Org. Chem. 2003, 68, 5534. (f) Molander, G.
A.; Biolatto, B. J. Org. Chem. 2003, 68, 4302.

(g) Molander, G. A.; Katona, B. W.; Machrouhi, F. J. Org.
Chem. 2002, 67, 8416. (h) Molander, G. A.; Reviro, M. R.
Org. Lett. 2002, 4, 107.

(a) Prediger, P.; Moro, A. V.; Nogueira, C. W.; Savegnago,
L.; Rocha, J. B. T.; Zeni, G. J. Org. Chem. 2006, 71, 3786.
(b) Moro, A. V.; Nogueira, C. W.; Barbosa, N. B. V.;
Menezes, P. H.; Rocha, J. B. T.; Zeni, G. J. Org. Chem.
2005, 70, 5257. (¢) Zeni, G.; Stracke, M. P.; Nogueira, C.

(M

®)
&)

10)

W.; Braga, A. L.; Menezes, P. H.; Stefani, H. A. Org. Lett.
2004, 6, 1135. (d) Zeni, G.; Barros, O. S. D.; Moro, A. V;
Braga, A. L.; Peppe, C. Chem. Commun. 2003, 1258.

(e) Barros, O. S. D.; Lang, E. S.; Peppe, C.; Zeni, G. Synlett
2003, 1725.

(a) Zeni, G.; Ludtke, D. S.; Panatieri, R. B.; Braga, A. L.
Chem. Rev. 2006, 106, 1032. (b) Zeni, G.; Braga, A. L.;
Stefani, H. A. Acc. Chem. Res. 2003, 36, 731. (c) Zeni, G.;
Panatieri, R. B.; Lissner, E.; Menezes, P. H.; Braga, A. L.;
Stefani, H. A. Org. Lett. 2001, 3, 819.

Alves, D.; Luchese, C.; Nogueira, C. W.; Zeni, G. J. Org.
Chem. 2007, 72, 6726.

General Procedure for the Cross-Coupling Reaction

To a solution of appropriate 3-iodoselenophene (0.25 mmol)
in DME (2.5 mL) was added Pd(OAc), (0.003g, 5 mol%)
and boronic acid (0.35 mmol) under argon. The resulting
solution was stirred for 30 min at r.t. After this time, a
solution of K;PO, (1.2 mmol, 0.254 g) in H,0O (0.6 mL) was
added. The mixture was then heated at reflux during 1-15 h,
cooled tor.t., diluted with CH,Cl, (20 mL), and washed with
brine (2 X 20 mL). The organic phase was separated, dried
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