W) Check for updates
Full Papers

EurJOC . .
doi.org/10.1002/ejoc.202001644

European Journal of Organic Chemistry

European Chemical
Societies Publishing

Arsenic-Bridged Silafluorene and Germafluorene as a Novel

Class of Mixed-Heteroatom-Bridged Heterofluorenes

Hiroshi Sasaki,” Ippei Akioka,” Hiroaki Imoto,*

Arsenic-bridged silafluorene and germafluorene were synthe-
sized as a novel class of mixed-heteroatom-bridged heterofluor-
enes. Their structures, photophysical properties, and electronic
natures were studied by experimental and computational
means. The doubly-bridged biphenyl moieties were distorted

Introduction

The fusion of heteroatoms into m-conjugated systems is an
important tool to attain the unique structure, reactivity, and
optoelectronic properties. Heterofluorene, heteroatom-bridged
biphenyl, is one of the most typical frameworks to incorporate
heteroatoms into s-conjugation. The resultant heterofluorene
materials reflect the intrinsic nature of the elements. The
elements employed for heterofluorene have been expanding to
heavy atoms such as gallium,” germanium,? arsenic” etc.
There are systematic studies on a series of heterofluorenes,
which cover a variety of elements. For example, Kuehne
synthesized a series of heterofluorene-based polymers to reveal
that the photophysical properties such as emission wavelength,
quantum vyield, and amplified spontaneous emission are highly
dependent on the fused elements.”*?

For further electronic perturbation, heteroatom-bridged
heterofluorene, which has a second heteroatom, has recently
attracted considerable attention. As a pioneering work, Shimizu
and Hiyama reported that silicon-bridged silafluorene attains
expansion of the o*-7t* conjugation as well as adopts a highly
planar conformation.” Moreover, Yamaguchi showed that
phosphoryl-bridged phosphafluorene oxide can enhance the
electron-acceptance when compared with the conventional
phosphafluorene oxide.” On the other hand, mixed-heteroa-
tom-bridged heterofluorenes, which contain two kinds of
bridging elements, have been rarely examined so far; sulfur-
bridged silafluorene is a limited example.” A computational
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from the reported singly-bridged ones. The intersystem crossing
from the singlet excitation states to the triplet ones was
enhanced by the arsenic-bridging structures, implying that
bridging through an arsenic atom is favorable for phosphor-
escence.

study of C,N-, C,Si-, and N,S-bridged fluorenes was conducted in
20209

We have been working on the development of functional
organoarsenic chemistry, particularly m-conjugated materials.””
In a series of arsole derivatives, arsafluorenes can show
phosphorescence, though phosphafluorenes exhibit only
fluorescence.™ It is rational that bridging the heterofluorenes
by an arsenic atom should be beneficial for phosphorescence
due to the heavy-atom effect as well as the enhanced rigidity
(Figure 1). In this work, we selected silafluorene and germafluor-
ene as the target heterofluorenes bridged by an arsenic atom
because they are suitable for demonstration for the effects of
the bridging arsenic atoms due to sufficient stability. Addition-
ally, no stereoisomers are not produced after bridging by an
arsenic atom because of the G,,-symmetrical structures of 9,9-
dimethyl-silafluorene and 9,9-dimethylgermafluorene, and thus
the synthetic procedures would be simple. Herein, arsenic-
bridged dimethylsilafluorene and dimethylgermafluorene were
synthesized, and their structures and optoelectronic properties
were investigated in comparison to those of 9-
phenylarsafluorene,* 9,9-dimethylsilafluorene,'”  9,9-dimeth-
ylgermafluorene."? The bridging structures affected the emis-
sion behaviors. This is the first study on arsenic-bridged
heterofluorenes.

Arsenic-bridged
heterofluorene
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Figure 1. Molecular design of the arsenic-bridged heterofluorenes, i.e.,
silafluorene and germafluorene, investigated in the present work.
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Results and Discussion

Dimethylsilyl- and dimethylgermyl-bridged 9-phenylarsafluor-
enes (3a and 3b, respectively) were synthesized as shown in
Scheme 1. 2,2,6,6'-Tetrabromobiphenyl (1)"* was di-lithiated by
n-butyllithium (n-BuLi), and diiodophenylarsine (PhAsl,)®? was
added to obtain 4,5-dibromo-9-phenyl-arsafluorene (2). After di-
lithiation of 2, addition of dichlorodimethylsilane (Me,SiCl,) or
dichlorodimethylgermane (Me,GeCl,) produced arsenic-bridged
heterofluorenes 3a and 3b, respectively. The chemical struc-
tures of 2, 3a, and 3b were determined by NMR, high-
resolution mass analysis, and single-crystal X-ray diffraction
(XRD) analysis."” The solids and solutions of 3a and 3b were
stable under ambient conditions for at least several months.
The single crystals of 3a and 3b suitable for XRD were
grown by recrystallization from dichloromethane and methanol
(Figure 2). For comparison, the structure of 9,9-dimeth-
ylgermafluorene (5b) were analyzed (for detail, see supporting
information) and those of 9-phenyarsafluorene (4)®? and 9,9-
dimethylsilafluorene (5a)""® was cited from the previous papers.
Both the singly and doubly-bridged biphenyls adopted highly
planar structures. The C—C single bond of the biphenyl moieties

E = Si: 3a (56%)
= Ge: 3b (76%)

1) n-BulLi

1) n-BulLi
(2.0eq.)

(2.0eq.)
MeZECIZ

Br PhAsl2
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Scheme 1. Synthesis of arsenic-bridged heterofluorenes 3a and 3 b.
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Figure 2. ORTEP and selected bond lengths (A, blue) and angles (°, red) of (a)
3a and (b) 3b. Hydrogen atoms are omitted for clarity. Thermal ellipsoids
are drawn at the 50% probability level.
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was shortened by the bridging through the silane and germane;
the C—C bond lengths were 1.449(3) A (3a), 1.450(3) A (3b),
1.479(6) A (4), 1.488(5) and 1.495(5) A (5a), and 1.49(1) and
1.50(1) A (5b). Considering the internal angles, the fused
benzene rings of 3 were distorted from those of non-bridged
heterofluorenes 4 and 5. That is, the distributions of the inner
angles of 3a and 3b (3a: 115.3(2)-125.6(2)°, 3b: 116.0(2)-
124.5(2)°) were wider than those of 4, 5a, and 5b (4: 119.3(4)-
121.2(5)°, 5a: 118.4(3)-121.5(3)°, 5b: 118.4(6)-122.0(7)°). These
results suggested that the doubly-bridged biphenyl moieties of
3a and 3b were strained when compared with the singly-
bridged ones of 4, 5a, and 5b. In addition, the phenyl groups
on the arsenic atoms of 3a and 3b were tilted to one of the
phenylene rings, when compared with the optimized structures
(vide infra). This is probably because of the molecular packing.

The aromaticity of the heterole rings of 3-5 was estimated
by nucleus-independent chemical shift (NICS) value and bond
alternation (Figure 3)."® The geometries were fully optimized by
density functional theory (DFT) calculations based on B3LYP/6-
31G+(d,p)."” The NICS(1),, values, which were obtained by
GIAO—B3LYP/6-311G+ (d,p), were 4.3 (arsole of 3a), 7.0 (silole of
3a), 4.8 (arsole of 3b), 6.6 (germole of 3b), 2.9 (4), 9.4 (5a), and
7.6 (5b). Considering that the calculated NICS(1),, value of
benzene was —29.1, the heterole rings of 3-5 were non-
aromatic. We estimated the Wiberg bond indices (WBIs) of the
heterole rings in 3-5 by conducting natural bond orbital (NBO)
analysis using DFT calculations at the B3LYP/6-31G(d) level of
theory." The WBIs of 3-5 indicated that the heteroles have
bond-alternations, corresponding to the X-ray observations
(Figure 2). Thus the heteroles of 3-5 were lack of conjugation,
which well agreed with the results of the NICS estimations.

The photophysical properties of 3a and 3b were examined
in comparison with those of 4, 5a, and 5b as summarized in
Table 1. The UV-vis absorption spectra were measured in 2-
methyltetrahydrofuran (2-MeTHF) solutions (c=1.0x 10> mol/
L) (Figure 4a). The longest absorption maxima (1,,) of 3a
(285 nm) and 3b (284 nm) were similar to singly-bridged
heterofluorenes (1,,,=279 nm (4), 277 nm (5a), 277 nm (5b)).
DFT and time-dependent DFT (TD-DFT) calculations was

0.73/ si_ 107 o 75/ Ge 107
NICS(1),, (arsole): 4.3 NICS(1),, (arsole): 4.8
(silole): 7.0 (germole): 6.6
3a 3b
090 073 Ny 076,

1 35 ! 35 1 35

NICS(1),5: 2.9 NICS(1),5: 9.4 NICS(1)zz: 7.6
4 5a 5b

Figure 3. NICS(1),, values and WBIs of the heteroles of 3-5.
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Table 1. Optical properties of 3-5.
298 K 77K
Solution (2-MeTHF)® Solid Solution (2-MeTHF)®! Solid
l " [b] A [c l [d] A [c] l [d] i [ l [d] l [ i [d]
[nm] [nm] [nm] (@) [nm] [nm] (&™) [nm] [nm] (&) [nm] [nm] (&)
3a 285 308 341 (<0.01) n.d. n.d. 297 359 (<0.01) 348 401 (0.01)
490 (<0.01) 543 (0.13)
3b 284 278 332 (<0.01) n.d. n.d. 295 354 (<0.01) 342 393 (0.02)
489 (<0.01) 539 (0.29)
4 279 280 307 (<0.01) n.d. n.d. 293 345 (<0.01) 322 399 (<0.01)
489 (<0.01) 524 (<0.01)
5a 277 276 341 (0.24) 257 350 (0.34) 278 333 (0.33) 255 343 (0.41)
486 (<0.01)
5b 277 285 332 (<0.01) 259 341 (<0.01) 291 338 (<0.01) 265 355 (<0.01)
490 (<0.01)
[a]l c=1.0x10"° mol/L. [b] Absorption maxima. [c] Excitation maxima. [d] Emission maxima. [e] Absolute quantum yields.
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Figure 4. (a) UV-vis absorption spectra of 3-5 (c=1.0x10"> mol/L in 2-
MeTHF), and (b) frontier orbitals of 3a and 3 b: HOMO and LUMO levels, and
transition energies (E) and oscillator strengths (f) for the HOMO-LUMO
transitions.

conducted to understand the electron transitions for the
absorption (B3LYP/6-31G+(d,p)) (Figure 4b). The fully opti-
mized structures were used for the calculations. The TD-DFT
calculations revealed that the highest occupied molecular
orbitals (HOMOs) and lowest unoccupied molecular orbitals
(LUMOs) were responsible for the absorption considering the
oscillator strengths (f). The estimated transition energies (E)
were similar, and it is thus evident that the absorption wave-
lengths of 3-5 were similar. The HOMOs of 3-5 were located at
the biphenyl moieties, and the LUMOs included o*-m* con-
jugations besides the biphenyl moieties. The o*-nt* conjugation
for the LUMO of 3a was contributed by the o* orbital of the
C=Si bond, whereas that of 3b was due to the C—As bond. This
means that the conjugations of 3a and 3b were not expanded
to the whole of the doubly-bridged biphenyls, resulting in
similar UV-vis absorption spectra to those of singly-bridged
biphenyls 4, 5a, and 5b.

The photoluminescence (PL) spectra of 3-5 were then
measured in the solution (c=1.0x10"> M in 2-MeTHF) and solid
states. Initially, the measurements were carried out at room
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temperature. In solutions, luminescence was observed around
300-400 nm for all the compounds (Figure 5a). The emission
maxima (4.,) were similar for 3-5 (307-341 nm), corresponding
to the absorption spectra. The quantum yield (@) of 5a (®=
0.24) was remarkably higher than the others. In the solid states
(Figure 5b), 3a, 3b, and 4 showed negligible emission, though
5a and 5b emitted the fluorescence at the similar wavelengths
to those in the solutions: 5a (,,=350nm) and 5b (1.,=
341 nm). When measured in solutions at 77 K (Figure 5c), the
longer-wavelength emissions appeared in the range of 420-
600 nm in addition to the shorter-wavelength emissions for all
the compounds. On the other hand, in the solid states
(Figure 5d), 5a and 5b showed fluorescence, whereas the
longer-wavelength emissions were dominant in 3a, 3b, and 4.
The A.,s of 3a, 3b, and 4 were red-sifted in the solid states
from the solutions because of the intermolecular interactions.
The emission lifetimes for the shorter-wavelength emissions of
4, 5a, and 5b were measured in the solid-state at 77 K to be on
the ns order, suggesting that they are attributed to
fluorescence. On the other hand, the emissions of 3a and 3b
and the longer-wavelengths emissions of 4, 5a, and 5b were
too weak under any conditions to measure the lifetimes.
However, it is rational that the longer-wavelength emissions are
attributed to phosphorescence.

For further understanding of the emission properties of 3-5,
the energy levels at the S, and T, (h=1, 2, 3...) states were
analyzed by TD-DFT calculations at B3LYP/ for C, H, and SDD for
Si, Ge, As (Figure S16). The full geometries were optimized at
the S, states. It is notable that there were multiple low-lying T,
states under the S, states for 3-5 (3a, 4, 5b: T,-T;, 3b: T,-T,, 5a:
T, and T,). Therefore, the intersystem crossing (ISC) for all the
compounds was likely to occur. On the other hand, Si atom is
less beneficial for ISC than As and Ge atoms from the viewpoint
of heavy-atom effect. This is why the fluorescence was
dominant in 5a under all the conditions. In turn, the emissions
of 3a, 3b, 4, and 5b were quite weak at room temperature in
the solution and solid states. It is probable that the ISC
effectively occurred, and the excitons at the T, states were
deactivated via non-radiative thermal motions at room temper-
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Figure 5. PL spectra of 3-5: (a) solution (c=1.0x10"° mol/L in 2-MeTHF) and
(b) solid at 298 K, and (c) solution (c=1.0x 10> mol/L in 2-MeTHF) and (d)
solid at 77 K. The emissions of 3a, 3b, and 4 in the solid states at 298 K were
too weak, and the spectra were omitted from (b) for clarity.

ature. The phosphorescence was observed when the molecular
motions were frozen states at 77 K. In particular, the emission
efficiency for the phosphorescence of 3a and 3b was
significantly high, and the @ of 3b (0.29) was higher than that
of 3a (0.13). This result means that the doubly-bridged
structures using the arsenic atom, being a heavy atom, were
effective to freeze the molecular motions and that the heavy-
atom effect of the Ge atom enhanced the ISC.

Conclusion

In the present work, arsenic-bridged silafluorene and germa-
fluorene were synthesized as a novel class of mixed-heteroa-
tom-bridged heterofluorenes. The obtained dimethylsilyl- and
dimethylgermyl-bridged 9-phenylarsafluorenes (3a and 3b,
respectively) are the first examples of arsenic-bridged hetero-
fluorenes. The doubly-bridged biphenyl moieties of 3a were
strained when compared with the singly-bridged ones of 4, 5a,
and 5b. On the other hand, the heterole rings of 3-5 were non-
aromatic, regardless of the bridging fashion. The bridging
arsenic atoms could effectively promote the ISC from the singlet
excitation states to the triplet ones when compared with Si and
Ge, considering the results of the photophysical studies at 77 K.
We are now extensively investigating the effect of the arsenic
atom on phosphorescence as well as the development of other
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arsenic-bridged heterofluorenes, and the results will be re-
ported in future publications.

Experimental Section

Materials

Chloroform (CHCl;), dichloromethane (CH,Cl,), methanol (MeOH),
sodium thiosulfate pentahydrate (Na,S,0;-5H,0), copper(ll) chloride
anhydrous (CuCl,), and dimethyldichlorosilane (Me,SiCl,) were
purchased from Nacalai Tesque, Inc (Kyoto, Japan). Tetrahydrofuran
(THF), diethyl ether (Et,0), n-hexane, n-buthyllitium (n-BuLi, 1.6 M in
hexane solution), iodine (I,), magnesium sulfate (MgSO,), sodium
chloride (NaCl), and distilled water were purchased from Wako Pure
Chemical Industry, Ltd (Osaka, Japan). Dimethyldichlorogermane
(Me,GeCl,), lithium diisopropylamide (LDA, ca. 20% in THF/Ethyl-
benzene/Heptane, ca. 1.5 mol/L), and 2-methyltetrahydrofuran (2-
MeTHF) were purchased from Sigma-Aldrich Co., Ltd. 1,2-Dibromo-
benzene and 1,3-dibromobenzene were purchased from Tokyo
Chemical Industry Co., Ltd (Tokyo, Japan). All commercially available
chemicals were wused without further purification. 2,2'-
Dibromobiphenyl,l"?  2,2',6,6-tetrabromobiphenyl (1)'? and 9-
phenyl-9-arsafluorene (4),%? and hexaphenylhexaarsine (AssPhy)™"
were prepared according to literature procedures.

Measurement

'H (400 MHz), "C (100 MHz), and *Si (80 MHz) nuclear magnetic
resonance (NMR) spectra were recorded on a Bruker AVANCE Il 400
NMR spectrometer. High-resolution mass spectra (HRMS) were
obtained on a JEOL JMS-5X102 A spectrometer. UV/Vis spectra were
recorded on a JASCO spectrophotometer V-670 KNN. Emission and
excitation spectra were obtained on an FP-8500 (JASCO) spectrom-
eter and the absolute PL quantum yields (@) were determined by
using a JASCO ILFC-847S; the quantum yield of quinine sulfate as a
reference was 0.52, which is in agreement with the literature
value.”” Emission lifetimes were measured by using a Quantaurus-
Tau (Hamamatsu Photonics, Shizuoka, Japan) instrument.

X-ray crystallographic data for single-crystalline products

The single crystal was mounted on a glass fiber. Intensity data were
collected at room temperature on a Rigaku XtaLAB mini with
graphite monochromated Mo Ka radiation. Readout was performed
in the 0.073 mm pixel mode. The data were collected to a
maximum 26 value of 55.0°. Data were processed using the Crystal
Clear program® and CrysAlisPro.”® An analytical numeric absorp-
tion correction® was applied. The data were corrected for Lorentz
and polarization effects. The structure was solved by the direct
method®’ and ShelXT? and expanded using Fourier techniques.
Non-hydrogen atoms were refined anisotropically. Hydrogen atoms
were refined using the riding model. The final cycle of full-matrix
least-squares refinement on F> was based on observed reflections
and variable parameters. All calculations were performed using the
CrystalStructure”” or Olex2® crystallographic software package
except for refinement, which was performed using SHELXL2013,
SHELXL2016"” respectively.

Synthesis

Note: Low molecular weight organoarsenic compounds have
volatility, and it is necessary to avoid the procedures generating
volatile organoarsenic compounds. For safety, experiments should
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be performed in a fume hood. Besides, in a few cases, sponta-
neously flammable compounds are obtained as described in the
literature,®" and thus fire prevention measures should be taken.

4,5-Dibromo-9-phenyl-9-arsafluorene (2). To a THF solution
(25.0 mL) of 1 (1.01 g, 2.15 mmol) was added n-BuLi (1.6 M in n-
hexane, 2.70 mL, 4.32 mmol) at —78°C under N, atmosphere. After
stirring at —78°C for 2 h, a THF solution (2.0 mL) of PhAsl, (1.3 eq),
which was prepared from AscPh, (427.3 g, 0.468 mmol) and |,
(717.0g, 2.83 mmol),*® was added dropwise to the reaction
mixture. The resulting mixture was gradually warmed to room
temperature and stirred for 14 h. Distilled water was poured into
the reaction mixture at 0°C, and the organic layer was concentrated
in vacuo. The aqueous layer was extracted with CH,Cl,, and the
combined organic layer was dried over MgSO,. After filtration, the
solvents were removed in vacuo. The residue was purified through
the silica column chromatography (eluent: n-hexane). The title
compound was obtained as light yellow solids (398 mg, 0.86 mmol,
40%). A single crystal of 2 was obtained by recrystallization (CH,Cl,/
MeOH). 'H-NMR (acetone-ds;, 400 MHz): 6 7.84 (dd, J=7.2, 1.2 Hz,
2H), 7.75 (dd, J=7.2, 1.2 Hz, 2H), 7.44-7.38 (t, J=7.4 Hz, 2H), 7.29-
7.21 (m, 5H) ppm; *C-NMR (acetone-d,, 100 MHz): & 148.8, 144.9,
140.0, 134.8, 131.8, 130.0, 129.7, 129.1, 129.0, 119.9 ppm; HR-FAB-
MS (m/z): calculated for C;gH;,Br,As [M+H]", 460.8522; found,
460.8517.

4,8-Dihydro-4,4-dimethyl-8-phenylarsindoro[4,3,2-bcd]benzosilole
(3a). To a THF solution (25.0 mL) of 2 (506.3 mg, 1.10 mmol) was
added n-BuLi (1.6 M in n-hexane, 1.4 mL, 2.24 mmol) at —78°C
under N, atmosphere. After stirring at —78°C for 2 h, a THF solution
(2.0 mL) of Me,SiCl, (0.16 mL, 1.32 mmol) was added dropwise to
the reaction mixture. The resulting mixture was gradually warmed
to room temperature, and stirred for 15 h. Distilled water was
poured into the reaction mixture at 0°C, and the organic layer was
concentrated in vacuo. The aqueous layer was extracted with
CH,Cl,, and the combined organic layer was dried over MgSO,.
After filtration, the solvents were removed in vacuo. The residue
was purified through the silica column chromatography (eluent: n-
hexane/ toluene=100/1). The title compound was obtained as
colorless solids (220 mg, 0.61 mmol, 56%). A single crystal of 3a
was obtained by recrystallization (CH,Cl,/MeOH). '"H-NMR (acetone-
dg, 400 MHz): 6 7.79 (dd, J=7.4, 0.8 Hz, 2H), 7.69 (dd, J=7.4, 0.8 Hz,
2H), 7.44-7.38 (m, 2H), 7.31 (t, J=7.4 Hz, 2H), 7.27-7.22 (m, 3H),
0.52 (s, 3H), 0.51 (s, 3H) ppm; *C-NMR (CDCl;, 100 MHz): 6 158.5,
140.9, 139.5, 1352, 1324, 1320, 128.7, 1284, 128.1, —-2.2,
—2.4 ppm; *Si-NMR (acetone-ds, 80 MHz): 6 13.1 ppm; HR-FAB-MS
(m/2): calculated for C,oH,,SiAs [M] ", 360.0315; found, 360.0308.

4,8-Dihydro-4,4-dimethyl-8-phenylarsindoro[4,3,2-bcd]

benzogermole (3b). To a THF solution (12.5mL) of 2 (250.4 mg,
0.54 mmol) was added n-BuLi (1.6 M in n-hexane, 0.90 mL,
1.44 mmol) at —78°C under N, atmosphere. After stirring at —78°C
for 2 h, a THF solution (1.0 mL) of Me,GeCl, (0.08 mL, 0.69 mmol)
was added dropwise to the reaction mixture. The resulting mixture
was gradually warmed to room temperature, and stirred for 15 h.
Distilled water was poured into the reaction mixture at 0°C, and
the organic layer was concentrated in vacuo. The aqueous layer was
extracted with CH,Cl,, and the combined organic layer was dried
over MgSO,. After filtration, the solvents were removed in vacuo.
The residue was purified through the silica column chromatography
(eluent: n-hexane/ toluene=100/1). The title compound was
obtained as colorless solids (167 mg, 0.41 mmol, 76%). A single
crystal of 3b was obtained by recrystallization (CH,Cl,/MeOH). 'H-
NMR (acetone-d,, 400 MHz): 6 7.77 (dd, J=7.4, 0.8 Hz, 2H), 7.69 (dd,
J=7.4, 0.8 Hz, 2H), 7.44-7.38 (m, 2H), 7.32 (t, J=7.4 Hz, 2H), 7.26-
7.22 (m, 3H), 0.70 (s, 3H), 0.69 (s, 3H) ppm; "C-NMR (CDCl;,
100 MHz): 6 157.5, 141.4, 139.7, 137.6, 132.4, 132.1, 131.4, 128.7,
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1284, 1283, —1.2, —1.3 ppm; HR-FAB-MS (m/z): calculated for
C,oH;,GeAs [M] ™, 405.9758; found, 405.9768.

9,9-Dimethylsilafluorene (5a). To a THF solution (15.0 mL) of 2,2"-
dibromobiphenyl (1.25 g, 4.00 mmol) was added n-BulLi (1.6 M in n-
hexane, 5.0 mL, 8.0 mmol) at —78°C under N, atmosphere. After
stirring at —78°C for 2 h, Me,SiCl, (0.58 mL, 4.8 mmol) was added
dropwise to the reaction mixture. The resulting mixture was
gradually warmed to room temperature and stirred for 2 h. Distilled
water was poured into the reaction mixture at 0°C, and the organic
layer was concentrated in vacuo. The aqueous layer was extracted
with CH,Cl,, and the combined organic layer was dried over MgSO,.
After filtration, the solvents were removed in vacuo. The residue
was purified through the silica column chromatography (eluent: n-
hexane). The title compound was obtained as colorless solids
(626 mg, 2.98 mmol, 74%). 'H-NMR (acetone-d;, 400 MHz): 6 7.90
(d, J=8.0 Hz, 2H), 7.70 (d, J=8.0 Hz, 2H), 7.43 (t, J/=7.6 Hz, 2H), 7.28
(t, J=7.3 Hz, 2H), 041 (s, 6H) ppm; “C-NMR (CDCl;, 100 MHz): ¢
147.8, 139.0, 132.8, 130.2, 127.4, 120.8, —3.21 ppm; **Si-NMR (CDCls,
80 MHz): 6 0.39 ppm. These NMR data correspond to the reported
ones.

9,9-Dimethylgermafluorene (5b). To a THF solution (15.0 mL) of
2,2'-dibromobiphenyl (505 mg, 1.62 mmol) was added n-BuLi (1.6 M
in n-hexane, 2.1 mL, 3.36 mmol) at —78°C under N, atmosphere.
After stirring at —78°C for 2 h, a THF solution (1.0 mL) of Me,GeCl,
(0.20 mL, 1.73 mmol) was added dropwise to the reaction mixture.
The resulting mixture was gradually warmed to room temperature
and stirred for 2 h. Distilled water was poured into the reaction
mixture at 0°C, and the organic layer was concentrated in vacuo.
The aqueous layer was extracted with CH,Cl,, and the combined
organic layer was dried over MgSO,. After filtration, the solvents
were removed in vacuo. The residue was purified through the silica
column chromatography (eluent: n-hexane). The title compound
was obtained as colorless solids (333 mg, 1.31 mmol, 81%). A single
crystal of 3b was obtained by slow evaporation of saturated
solution in MeOH. 'H-NMR (acetone-d,, 400 MHz): 6 7.90 (d, J=
8.0 Hz, 2H), 7.70 (d, J=7.2 Hz, 2H), 7.41 (t, J=7.6 Hz, 2H), 7.28 (t, J=
7.2 Hz, 2H), 0.57 (s, 6H) ppm; “C-NMR (CDCl;, 100 MHz): & 146.4,
141.2, 1329, 129.5, 127.5, 1214, —2.6 ppm. These NMR data
correspond to the reported ones."
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