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The synthesis of silafluorene derivatives from aminobiphenyl
compounds and dihydrosilanes via a double sila-Friedel-Crafts
reaction using a borane catalyst has been achieved. This method is
applicable toward the synthesis of a variety of silafluorene
derivatives, such as multisubstituted silafluorenes,
spirosilabifluorenes, and silicon-bridged terphenyl compounds,
which are not readily obtained using conventional synthetic
methods. In addition, we have demonstrated the transformation of
the amino groups in these silafluorene derivatives into other
substituents.

Introduction

Silafluorenes (dibenzosiloles) derivatives are one of the most
important compounds applied as organic functional materials,
such as organic electroluminescent compounds,? light emitting
materials,>? field effect transistors,® and photovoltaics.*
Therefore, several useful methods for the synthesis of
silafluorene derivatives have been developed. As the
conventional method, dilithiation of 2,2’-dibromobiphenyls and
successive transmetalation of the dilithiated biphenyls with
dichlorosilanes is well known (Scheme 1a).> Although this
method is useful, it has some drawbacks including: (1) multiple
reaction steps are required to synthesize the target silafluorene
derivatives, (2) it is difficult to synthesize silafluorene
derivatives with functional group(s), which react with
organolithium reagents, and (3) the synthesis of
multisubstituted silafluorene derivatives is difficult because the
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preparation of their multisubstituted dibromobiphenyl
precursors is troublesome. Hence, a straightforward synthetic
method for the preparation of multisubstituted silafluorenes is
still desirable.

Recently, the synthesis of silafluorene derivatives using an
intramolecular sila-Friedel-Crafts reaction of
biphenylhydrosilanes has been reported (Scheme 1b).5=8 In
addition, we have successfully prepared a variety of silafluorene
derivatives via a rhodium-catalyzed intramolecular C-H
silylation of biphenylhydrosilanes (Scheme 1c).>'! Several
transition metal-catalyzed synthetic methods to prepare
silafluorenes have also been reported by other research
groups.'?

Based on the above-mentioned synthetic strategies, the
reaction between biphenyl compounds and dihydrosilanes is a

(a) Transmetalation of dilithiated biphenyls with dichlorosilanes
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Scheme 1. Several Synthetic Methods of Silafluorene Derivatives.
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more ideal and promising approach to synthesize silafluorene
derivatives. Recently, Ingleson’ and Hou®?® independently
reported an effective borane-catalyzed C-H silylation of
aromatic compounds via intra- and intermolecular sila-Friedel-
Crafts reactions.!* We then considered that the synthesis of
silafluorene derivatives was feasible based on a double sila-
Friedel-Crafts reaction. Although a ruthenium-catalyzed
reaction between 2-phenylindoles and dihydrosilanes via
sequential C-H silylation was reported, there is no exmaple of
the synthesis of silafluorenes.’®> Herein, we report a direct
borane-catalyzed synthesis of silafluorene derivatives from
biphenyls and dihydrosilanes (Scheme 1d). This is the first
example of the synthesis of silafluorene derivatives from
biphenyls and dihydrosilanes via a double C-H silylation
reaction.

Results and discussion

We initially investigated the feasibility of our synthetic
approach using diaminobiphenyl 1a and dihydrodiphenylsilane
2a as model substrates (Scheme 2). As a result, the double sila-
Friedel-Crafts reaction of 1a with 2a in the presence of a
catalytic amount of B(CsFs)3 in chlorobenzene heated at 100 °C
for 24 h afforded silafluorene 3ain 73% yield. Ingleson reported
that 2,6-dichloropyridine is crucial during the catalytic cycle of
the intramolecular sila-Friedel-Crafts reaction of
biphenylhydrosilanes.  2,6-Dichloropyridine is  probably
effective for the deprotonation of the silylated arenium
cation.” Therefore, we investigated several additives as a base.
The yield of 3a was improved to 80% in the presence of 5.0
mol% 2,6-dichlroropyridine and 3a was obtained in 93% vyield
(87% isolated yield) using 7.5 mol% 2,6-lutidine.

Et;N NEt, B(CgFs)3 (5.0 mol%)
additive (5 0 mol%)
O o nem
chIorobenzene
100°C, 24 h
(3.0 equw)
additive ield/%
Et,N NEt, N
none 73
O O 2,6-dichloropyridine 80
Si 2,6-lutidine 89
PH Ph 2,6-lutidine!® 93 (87)°
3a a7.5 mol%. blsolated yield.

Scheme 2. Synthesis of Silafluorene Derivative 3a from Diaminobiphenyl 1a and
Dihydrodiphenylsilane (2a).
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3h-k were obtained in good to excellent yield from their
corresponding biphenyls (1h—k), which can be readily
synthesized. Notably, tetrasubstituted silafluorene 3l can be
obtained in 52% vyield. The reaction system is also applicable to
mono-aminobiphenyls 1m and 1n, which gave their
corresponding silafluorenes 3m and 3n in 40 and 53% yields,

respectively.

RN NR',

X /N K

B(CeFs)s (5.0 mol%) R'aN

R2 . R3 2,6-lutidine (7.5 mol%) \/ g \/
+ chlorobenzene RZ/\ . X
HySiPh, 100 °C, 24 h Ph’SI‘Ph
2a (3.0 equiv) 3

We then investigated the scope of the biaryl compounds used
in the reaction (Scheme 3). Biphenyls bearing acyclic or cyclic
N,N-dialkylamino groups 1b—e gave their corresponding
silafluorene derivatives (3b—e) in 81-95% yield.1¢ Silafluorenes
3f and 3g were formed using N-benzyl-N-methylamino and N-
aryl-N-methylamino group-substituted biphenyls 1f and 1g,
respectively. The previous synthetic methods used to prepare
multisubstituted silafluorene derivatives have drawbacks due
to the difficulties preparing their multisubstituted starting
materials. In contrast, trisubstituted silafluorene derivatives
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Scheme 3. Substrate Scope of Biaryls 1.

This journal is © The Royal Society of Chemistry 20xx

Please do not adjust margins




PIEasecl® 1=11(80clns19 1 SFEIFEINS

Journal Name

Subsequently, the scope of the dihydrosilane substrate (2)
was investigated (Scheme 4). Diaryldihydrosilanes bearing
electron-donating and electron-withdrawing groups gave
silafluorene derivatives 30, 3p, and 3q in 73, 87, and 91% yield,
respectively. Silafluorene 3r was obtained using di(2-
naphthyl)silane (2e) in high yield. Phenylmethylsilane and
diethyldihydrosilane were also transformed into silafluorene
derivatives 3s and 3t in high yield.

Me,N NMe;
B(CeFs)s (5.0 mol%) Me2N NMe
1 2,6-lutidine (7.5 mol%) O
* chlorobenzene Si
H,SIR'R? 100 °C, 24 h R e
2 (3.0 equiv) 3
Me,N NMe;, Me,N NMe;
jSiz : :Si
Me Me F: : : ZF
30 73%” 3p 87%°
Me,N NMe, Me,N NMe,
jSiz : si
B 3q019%0 B 3r 81%°
Me,N NMe;, Me,N NMe;
Sl :Si
/Y 2t
Ph Me Et Et
35 80% 3t 84%

9 |solated yield. » 140 °C.

Scheme 4. Substrate Scope of Dihydrosilanes 2.9

COMMUNICATION

Silicon-bridged terphenyl compounds have attracted a lot of
attention due to their optoelectronic properties. Although
silicon-bridged  para-terphenyl compounds are well
known,7a93,12a.17¢,18 axamples of the synthesis of silicon-bridged
meta-terphenyl compounds are quite rare.’® Hence, we
investigated the synthesis of a silicon-bridged meta-terphenyl
compound using our synthetic method. A quadruple sila-
Friedel-Crafts reaction of meta-terphenyl derivative 6 with
diphenylsilane (2a) afforded silicon-bridged meta-terphenyl
compound 7 in only 9% yield (Scheme 6). After the reaction, a
mixture of biphenylhydrosilanes was observed using 'H NMR
spectroscopy. This result indicates that the intramolecular sila-
Friedel-Crafts reaction on the central benzene ring did not
proceed effectively. Therefore, after the intermolecular borane-
catalyzed sila-Friedel-Crafts reaction, a successive rhodium-
catalyzed intramolecular C-H silylation® was carried out. As a
result, the yield of 7 was improved to 28% (Scheme 5).

1) B(CgFs)3 (5.0 mol%)
2,6-lutidine (7.5 mol%)

100°C, 24 h
chlorobenzene

2) RhCI(PPhs); (1 mol%)

Me,N

NMe,

O + H,SiPh,
SR
(6.0 equiv)

140 °C, 24 h
6 chlorobenzene
MeoN NMe,
A > i\
PA" ph  pn Ph

9% (only 1st step)
28% (1st and 2nd steps)

Scheme 6. Synthesis of Silicon-bridged Terphenyl Molecule 7.

Spirosilabifluorenes are an attractive scaffold for organic
optoelectronic materials due to their decreased HOMO-LUMO
energy gap and fluorescent properties.?*12217 |t s notable that
spirosilabifluorene derivative 5 was obtained from biphenyl 1d
and 9,9-dihydro-5-silafluorene (4) in 42% yield (Scheme 5).

- (D
GO
1d (3.0 equiv) Q

B(C¢Fs5)3 (5.0 mol%)
2,6-lutidine (7.5 mol%)

chlorobenzene
9

100 °C, 24 h

o

3

'Si

5 42%

Scheme 5. Synthesis of Spirosilabifluorene Derivative 5.
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Silafluorene 3b was obtained in good yield, even on a gram-
scale (Scheme 7). Treating 1.00 g of biphenyl 1b with 2.33 g of
dihydrodiphenylsilane (2a) in the presence of catalytic amounts
of B(CsFs)3 and 2,6-lutidine in chlorobenzene afforded 1.68 g of
silafluorene 3b (96% yield).

MezN NMez
MeoN NMe,
O O B(CoFs)s (5.0 mol%) O O
1b 2,6-lutidine (7.5 mol%)
(1.00g) chlorobenzene PH Ph
+ 100 °C, 24 h
H,SiPhy 3b 96%
(1.68 g)

2a (3.0 equiv)

Scheme 7. Gram-scale Synthesis of Silafluorene Derivative 3b.

The amino groups on the silafluorene derivatives can be
converted into other functional groups (Scheme 8).20 Initially,
the amino groups in 3b were converted into their ammonium
salts upon treatment with MeOTf and gave 8 in 97% vyield.
Ammonium salt 8 was then treated with a Grignard reagent
(PhMgBr) in the presence of a palladium catalyst (PdCl,(PPhs),)
to give the cross-coupling product (9) in 96% yield. Other
Grignard reagents including 4-(MeO)CgH;MgBr, 4-FCgH;MgBr
and (CH,=CH-CH,)MgBr also gave their corresponding
silafluorenes (10—12) in moderate to good yield.
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3b
MeOTf (2.2 quiv) - PdCl,(PPhs), (2.0 mol%)
CH,Cl, O
25°C. 4h ArMgBr (2.2-4.0 equiv)
THF, 25 °C, 1 h
®OTf ®OTf Ph Ph
Ar=Ph (9) 96%
'\"93"‘ NMes 4-(OMe)CgH, (10) 53%
4-FCgH, (11) 71%
Allyl Allyl
Ph o PdCl,(PPhs), (2.0 mol%)
8 97% AllylMgBr (2.2 equiv)
THF, 25°C, 1h
Ph Ph
12 34%

Scheme 8. Conversions of Amino Groups.

Conclusions

In summary, we have successfully prepared a variety of
silafluorene derivatives from electron-rich biaryls and
dihydrosilanes using a double sila-Friedel-Crafts reaction. The
silafluorene derivatives were obtained in good to excellent
yield, even on a gram-scale. Multisubstituted silafluorene
derivatives were afforded from their corresponding biphenyl
derivatives, which can be readily prepared. This new method is
also applicable toward the synthesis of spirosilabifluorenes and
silicon-bridged terphenyl derivatives. In addition, we have
demonstrated the transformation of the amino groups in the
silafluorene derivatives into several other substituents. We
hope that the developed reaction will become a useful and
effective protocol to synthesize a variety of silafluorene
derivatives.
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