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New Access to Cross-Coupling Reaction between Arylsilanes or Heteroarylsilanes
and Aryl Halides Mediated by a Copper(I) Salt1
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Copper(l) salt can be used as a promoter for the cross-
coupling reactions between aryl- or heteroarylsilanes and aryl
halides without a fluoride ion. Under these mild conditions,
even a substrate containing a fluoride ion-sensitive silyloxyl
group was employed directly.

Organosilanes have been extensively utilized in selective
organic syntheses. Among them, palladium-catalyzed cross-
coupling reactions between organosilanes and organic halides
and triflates have been one of the most useful methods for the
carbon-carbon bond formation under mild conditions.2
However, in most cases except for organosilicates,3 the addition
of a fluoride ion as an activator of organosilanes is generally
necessary for promoting these cross-coupling reactions.
Unfortunately, a fluoride ion would cause desilylation of silyl
ethers. We report here new fluoride ion-free cross-coupling
reactions between aryl- or heteroarylsilanes and aryl halides
mediated by a copper(l) salt (eq. 1).4-6
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In order to optimize the general procedure of this reaction,
we first examined the cross-coupling reaction of 2-
trimethylsilylthiazole (1a)7 with iodobenzene (2a) under various
conditions (eq. 2). The results are summarized in Table 1.
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Table 1. CuX-mediated cross-couplings of trimethysilyllthiazole (1a)
with iodobenzene (2a)*

Entry Copper salt Solvent Yield of 3a / %°

1 CuCl Toluene 4
2 CuCl Diglyme 48

CuCl DMI 76
4° Cucl DMI 82
5¢ CuOC4F5 DMI 93
6 CuBr DMI 53
7 Cul DMI 53
8 CuCN DMI 12
9 CuCl, DMI 0

#A mixture of CuX (0.75 mmol), 1a (118 mg, 0.75 mmol) and 2a
(102 mg, 0.5 mmol) was heated at 130 °C for 12 h under nitrogen.
“Isolated yield, ©2 equivalents of 1a (157 mg, 1.0 mmol) and CuCl
(99 mg, 1.0 mmol) were used. ‘CuOCgFs was in situ prepared by the
addition of NaOCgFs to Cul. See ref. 8.

Table 2. Cu(l)-mediated cross-couplings of arylsilanes 1 with aryl
halides 2*

Entry  Arylsilanes 1 Aryl halide 2 3, Yield of / %P
N
1 [ Y-sime @_, 3a 93
L/—S\>_ 1a 2a
N SiMe,(OMe) 22 b 93
Me 1b
3 Q— SiMe,(OMe) 2a 3¢ 75
1c _
4 @—— SiMe3 Me @— I 3d 0
1d ) 2b
5 @— SiMe,(OMe) 2b ad 72
1e
6 @— SiMe(OMe), 2b ad 20
1f
7 Q Si(OMe); 2b 3d 0
1g

2A mixture of an aryl halide (1.0 mmol) and an arylsilane (0.5 mmol)
in DMI (0.25 mL) was heated at 130 °C for 12 h in the presence of Cul
(1.0 mmol) and sodium pentafluorophenoxide (4.0 M in DMI solution,
0.25 ml) under nitrogen. lsolated yield.

When a less polar solvent such as toluene or diglyme was
used in the presence of CuCl, the yield of the cross-coupling
product 3a was low (entries 1, 2). However, in 1,3-dimethyl-2-
imidazolidinone (DMI) the product 3a was obtained in good
yield (entries 3, 4). Moreover, we found that CuOCgF5 was the
best promoter for this reaction. The pentafluorophenoxide ion
reveals strong affinity to the silicon atom of 1 to accelerate the
transfer of the Ar! group on silicon to copper. On the contrary,
a decrease in yield was observed by use of CuBr, Cul, or CuiCN
instead of CuCl or CuOCgF5 (entries 6-8).8:9 A copper(Il) salt
such as CuCly was not effective for this reaction (entry 9). For
other less reactive organosilanes 1, however, the product yield
was improved by introduction of a methoxyl group on the
silicon atom of the substrate (eq. 3). Representative results are
summarized in Table 2.

S (OM o _SULCFONa _
- + —_f ————— —_
Ar'=3i e;‘( e)an Az | DMmI,130°C, 12 sA @

A general procedure for the coupling reaction of 2-
trimethylsilylthiazole with iodobenzene is as follows.
Iodobenzene (2a) (102 mg, 0.5 mmol) and 1a (157 mg, 1.0
mmol) were added successively to a mixture of copper(I) iodide
(190 mg, 1.0 mmol), sodium pentafluorophenoxide (4.0 M in
DMI, 0.25 mL)10 and DMI (0.25 mL) under nitrogen at room
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temperature. The mixture was stirred at 130 °C for 12 h. After
cooling to room temperature, the reaction mixture was diluted
with chloroform.  Filtration through a short-column
chromatography using Florisil® followed by purification by
preparative TLC (SiOy, ethyl acetate : hexane = 1 : 10) gave 75
mg (93% yield) of 2-phenylthiazole (3a). Under these
conditions the cross-coupling reactions between various
arylsilanes 11112 and aryl halides 2 proceeded in moderate to
good yields. Monomethoxysilanes 1b, 1c, and 1e were the most
effective substrates (entries 2, 3, 5), though trimethylsilyl,
dimethoxysilyl and trimethoxysilyl derivatives (1d, 1f, and 1g,
respectively) gave poor yields (entries 4, 6, 7).

The synthetic utility of the present fluoride-free cross-
coupling reaction can be demonstrated by the expedient reaction
of a substrate containing a silyl ether moiety which is easily
cleaved by a fluoride ion (eq. 4). For instance, 4-
(triisopropylsiloxy)iodobenzene (2¢) effectively reacted with 1a
in the presence of copper(I) iodide and sodium
pentafluorophenoxide. The heterodiaryl product 3e was
obtained in good yield and no desilylation was observed.
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In conclusion, we have developed a new fluoride- and
palladium-free cross-coupling reaction between arylsilanes and
aryl iodide mediated by a copper(I) salt. The present method
provides a new synthetic route to C(sp?)-C(sp2) coupled
compounds.
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