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Abstract: An efficient method for the preparation of aryltriethoxy-
silanes from arenediazonium tosylate salts has been developed,
which expands the substrates of rhodium-catalyzed silylation from
iodides, bromides, and triflates to diazonium salts. A new method
for hydrodediazoniation has also been explored.
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As versatile reagents'™ for carbon—carbon and carbon—
heteroatom bond formation, arylsiloxanes are widely em-
ployed in the metal-catalyzed cross-coupling reactions
(e.g., Hiyama coupling®) for the synthesis of unsymmetri-
cal biaryl derivatives and substituted alkenes. The most
common method for the synthesis of arylsiloxanes is
based on the reactions of tetraalkyl orthosilicate with
Grignard® or lithium’ reagents. These metalloid reactions
generally suffer from inferior yields during the prepara-
tion of siloxanes and difficulties in synthesizing arylmet-
alloids having electrophilic functional groups (i.e., esters,
ketones, etc.). In order to overcome these drawbacks,
Murata®!? and DeShong!! have developed new approach-
es for the synthesis of aryltriethoxysilanes using transi-
tion-metal-catalyzed (palladium or rhodium) metalation
of aryl halides or aryl triflate esters with triethoxysilanes
HSi(OEt);. The rhodium(I)-catalyzed silylation has been
optimized to occur in mild conditions, and the substrates
has been expanded from aryl iodides to aryl bromides, tri-
flates, and nonaflates.'° However, there are still some lim-
itations remained to be solved. For example, aromatic
amino groups are widely used for positional control in
many electrophilic substitutions and coupling reactions.'?
Further transformation of aromatic amino groups is, there-
fore, often necessary. Accordingly, the goal of this study
is to extend the rhodium(I)-catalyzed silylation reaction to
achieve further transformations of arylamine substrates.
Meanwhile, a new method for removal of amino groups
via hydrodediazoniation is also explored during the
course of our research.

At first, we focused on the silylation reaction with arene-
diazonium tetrafluoroborate salts because they can be
easily prepared from arylamines in high yields.!*~'8 Addi-
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tionally, the arenediazonium salts are more reactive than
the corresponding aryl halides and triflates.'*-?! The rhod-
ium(I)-catalyzed silylation of arenediazonium tetrafluo-
roborate salts was performed in one-pot as described by
Murata'® and Deshong.!! However, our GC-MS results
showed that, instead of the desired aryltriethoxysilane,
hydrodediazoniation product occurred exclusively
(Table 1, entry 1). We suspected that the presence of
fluorinated groups might interfere with the silylation. In
order to demonstrate this, an equivalent amount of sodium
tetrafluoroborate was added to the reaction system with 1-
1odo-4-methyl-benzene as the starting material (Table 1,
entry 3). Similar to the result obtained with arenediazoni-
um tetrafluoroborate salts, GC-MS results showed no ev-
idence for the formation of any siloxane compounds. By
contrast, triethoxysilane product occurred in good yield
when an equivalent amount of sodium tosylate was added
instead (Table 1, entry 4).

We, therefore, started out to employ the rhodium(I)-
catalyzed silylation with arenediazonium tosylate salts
(Scheme 1). Filimonov reported very recently a facile
method for the preparation of pure arenediazonium tosy-
late salts from arylamines.?? Various arenediazonium to-
sylate salts were accordingly prepared in our laboratory
under modified reaction conditions by replacement of the
reported AcOH/Resin NO,™ with --BuONO-THF.?* The
expected silylation reaction of arenediazonium tosylate
salt took place with a moderate yield of the desired aryl-
triethoxylsilane after heating at 80 °C for one hour
(Table 1, entry 5). However, considerable amount of hy-
drodediazoniation product was formed simultaneously in
a competing side reaction. Fortunately, when changing
the feeding sequence to optimize the reaction conditions,
the aryltriethoxylsilane product was obtained in a good
yield (Table 1, entry 6).

Our results obtained for the rhodium(I)-catalyzed silyla-
tion with representative diazonium tosylate salts were
summarized in Table 2. All experiments were performed
in the presence of 1.0 equivalent of Bu,NI and 0.05 equiv-
alent of rhodium(I) catalyst (Scheme 1). Other reagents
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Scheme 1 Reagents and conditions: [Rh(cod)Cl],, Et;N, Bu,NI,
DMF, r.t., 2 h, then HSi(OEt)s, reflux, 8 h.
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Table 1 Selected Contrasting Reactions
Entry Starting material Conditions Yield (%)*
N® BFe
1 /@/ 2 =4 [Rh(cod)Cl],, Et;N, Bu,NI, DMF, HSi(OEt),, reflux, 8 h 0ob
Me
I
2 /©/ [Rh(cod)Cl],, Et;N, DMF, HSi(OEt)s, reflux, 8 h 88
Me
|
3 /©/ NaBF,, [Rh(cod)Cl],, EN, DMF, HSi(OE),, reflux, 8 h 0P
Me
|
4 /©/ NaTsO, [Rh(cod)Cl],, Et,;N, DMF, HSi(OEt),, reflux, 8 h 89
Me
N2® TsO® .
5 J©/ [Rh(cod)Cl],, Et;N, Bu,NI, DMF, HSi(OEt);, reflux, 1 h 41
Me
Ns> Ts0®
6 /©/ (1) [Rh(cod)Cl],, Et;N, Bu,NI, DMF, r.t., 2 h; (2) HSi(OEt),, reflux, 8h 88

2 Isolated yields of the silylation product (4-tolyltriethoxysilane) after silica gel column chromatography.
® Yields based on the GC-MS analysis. However, the hydrodediazoniation product (toluene) was obtained exclusively.

were added according to the protocol reported by Mura-
ta.>~1% For most substrates, the desired products, that is,
aryltriethoxysilanes, were obtained in good yields after
isolation by silica gel column chromatography. In com-
parison with the methods via Grignard reagent or lithium
reagent which are inapplicable to arylamines attaching
some functional groups (e.g., COMe and CO,Me), this
rhodium-catalyzed silylation reaction showed remarkable
advantages (Table 2, entries 5 and 6). Moreover, the diaz-
onium tosylate salts with electron-donating or -withdraw-
ing groups both gave good product yields (Table 2).

We proposed that two successive reactions might take
place in the one-pot procedure. When diazonium salts
were treated with an equivalent of tetrabutylammonium

Table 2 Silylation of Arenediazonium Tosylate Salts*

iodide, a quantitative Sandmeyer reaction proceeded to
give the corresponding products via nucleophilic replace-
ment.? Triethoxysilane was then added to carry out the si-
lylation via a typical procedure.?* For the substrate with
ortho-substituted groups, the desired reaction failed to oc-
cur (Table 2, entry 7). GC-MS investigation on the reac-
tion mixture indicated that the first Sandmeyer reaction
did not proceed completely, which prevented further
transformation to the aryltriethoxylsilane product. For the
arylamines with strong electron-withdrawing groups, the
silylation did not proceed (Table 2, entries 8 and 10).

Entry Starting material

Product Yield (%)
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2 : N, TsO

Me
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MeO
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Table 2 Silylation of Arenediazonium Tosylate Salts* (continued)
Entry Starting material Product Yield (%)

(O] C]
N, TsO
5
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S
6 /@/ 2
MGOZC
@ S
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COzMe

NS 750”0
8 | N2 e
02N Z
®_ 0
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9
a
(
®_ 0o
FaC N, TsO
10

Si(OEt)s
Si(OEt)s
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MeO,C

\ 7

— Ob
Si(OEt)3
~
oy :
02N
Si(OEt)3
)
FsC Si(OEt)s
0
CF3

2 The reaction conditions are listed in Scheme 1. The yields of silylation products are isolated yields after silica gel column chromatography.
® The desired silylation product was not obtained. Methyl benzoate was obtained in 91% yield instead.
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Scheme 2 Reagents and conditions: [Rh(cod)Cl],, HSi(OEt),,
DMF, r.t., 2 h.

Meanwhile, we found that the rhodium(I) catalyst togeth-
er with HSi(OEt), could smoothly reduce the arenediazo-
nium tetrafluoroborate salts to arenes in high yields,
which showed a potential application for hydrodediazoni-
ation (Scheme 2). The representative results are listed in
Table 3. Although numerous organic® and inorganic?®-3!
reagents have been employed to realize the hydrodediaz-
oniation reaction, our method using triethoxysilane turned
out to have unique advantages, especially for those reac-
tions performed under anhydrous conditions.?

In conclusion, we have explored an efficient rhodium(I)-
catalyzed method for silylation of arenediazonium tosy-
late salts, which has extended the scopes of substrates
from aryl halides and triflates to arylamines. By this
means, a wide range of substituted arylamines could be
converted into aryltriethoxysilanes, complex functional
siloxanes, and other silicon materials in practical synthe-
sis. In addition, a new method for hydrodediazoniation of
arenediazonium tetrafluoroborate salts has been devel-
oped, which is general and mild for use.
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Table 3 Hydrodediazoniation of Diazonium Tetrafluoroborate
Salts

Entry Starting material Product Yield (%)
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Table 3 Hydrodediazoniation of Diazonium Tetrafluoroborate
Salts (continued)

Entry Starting material Product Yield (%)
®_ 0O
N, BF.
D e
O,N 7 O2N
® ©
N2 BF4
g O
Cl
N2® BF4®
L C
91*

-0

®_ O
F30 N2 BF4
10 (;r
CF3

? Yields based on the GC-MS analysis.
® Isolated yields after silica gel column chromatography.
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to obtain the required arene with yields from 85-95%.



Copyright of Synlett is the property of Georg Thieme Verlag Stuttgart and its content may not
be copied or emailed to multiple sites or posted to a listserv without the copyright holder's
express written permission. However, users may print, download, or email articles for
individual use.



	Rhodium(I)-Catalyzed Synthesis of Aryltriethoxysilanes from Arenediazonium Tosylate Salts with Tr...

