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coupling partners proceed in moderate to high yields using only 0.1-0.5 mol% Pd(OAc), or 1
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mol% PdCI(Cz;Hs)(dppb) as the catalysts and KOAc as the base.
heteroarenes have been successfully employed allowing to tune easily their properties. From

A wide variety of

2,7-dibromofluorene, successive arylations allows to introduce two different heteroarenes at

carbons C2 and C7.

Introduction

Fluorene derivatives including fluorenes bearing heteroaromatics at
C2 and C7 continue to attract the attention of synthetic organic
chemists, due to their inherent physical properties.!Y! Polyfluorenes
have also been investigated for use as luminophores in organic light-
emitting diodes.

In 1990, Ohta and co-workers reported that the 2- or 5-arylation of
several heteroaromatics, including furans and thiophenes, with aryl
halides proceed in moderate to good vyields, via a C-H bond
activation, using palladium catalysts.?*® Since these results, the
palladium-catalysed so-called direct arylation?+24 of
heteroaromatics with aryl halides has proved to be a very powerful
method for the synthesis of a wide variety of arylated
heteroaromatics.®>” The major by-products of these reactions are a
base associated to HX, instead of metallic salts produced under more
classical cross-coupling procedures.

However, only a few examples of Pd-catalysed direct couplings of
halo-fluorenes with heteroaromatics have been reported so far.[%!
In most cases, heteroarylfluorenes are still prepared using more
classical palladium-catalysed reactions such as Stille, Suzuki or
Negishi couplings.™ From a dibromofluorene derivative and 3,4-
ethylenedioxythiophene, Mohanakrishnan and co-workers obtained
the desired coupling product in 45% yield using 10 mol% Pd(PPhs),
catalyst (Scheme 1, top).® Ohe et al. reported the arylation of a
furan derivative with a dibromofluorene using 5 mol% Pd(OAc),
associated to 10 mol% PPh3.®® Other example of coupling of 2-
halofluorenes with an imidazopyridine,® a benzothiazole,®? a
thiophene!® or an indolizine® have also been described. For these
reactions, high catalyst loadings (3-15 mol%) were generally
employed and, in some cases low yields were obtained. Therefore,
the substrate scope for the direct arylation of heteroaromatics with
fluorene derivatives needed to be extended for accessing to a wider
variety of heteroarylated fluorene derivatives. Moreover, simpler
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reaction conditions using low loadings of easily accessible catalyst
for the couplings with such compounds have to be found, in order to
provide economically viable procedures.

Here, we wish to report on the reactivity of bromofluorene
derivatives for coupling with a wide variety of heteroaromatics using
either a phosphine-free palladium catalyst or palladium associated to
the simple diphosphine ligand dppb in the presence of an
inexpensive base.
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Results and discussion

We initially studied the reactivity of 2-bromofluorene for coupling
with 2-i-butylthiazole (Scheme 2, table 1). The use of 1 mol%
PdCI(CsHs)(dppb) or 0.5 mol% PdCI, and Pd(OAc), at 150 °C led
to 1 in very similar yields with high conversions of 2-
bromofluorene (Table 1, entries 1-3). Pd(OAc), associated to PPh;
or dppb led to lower conversions of 2-bromofluorene (Table 1,
entries 4 and 5). We also examined the influence of some bases.
Potassium carbonate was found to be quite effective; whereas,
caesium carbonate and sodium acetate led to moderate conversions
of 2-bromofluorene (Table 1, entries 6-8). The influence of the
nature of the solvent was also examined. The reactions performed
in DMF or NMP were found to afford 1 in high yields; whereas the
use of xylene and cyclopentyl methyl ether (CPME), which had
been found to be an suitable solvent for the direct arylation of
several heteroaromatics, 1 was less effective (Table 1, entries 9-
12). The reaction also proceed nicely at 120°C instead of 150°C
using 0.5 mol% of both PdCI(CsHs)(dppb) or Pd(OAc), catalysts
(Table 1, entries 13 and 14).

In 2003, de Vries and co-workers described extremely promising
results for the Heck and Suzuki reactions using a very low loading
(0.1-0.01 mol%) of ligand-free catalyst Pd(OAc),.’?) They have
demonstrated that, at elevated temperature, when Pd(OACc), is
employed as the catalyst precursor, soluble palladium(0) colloids or
nanoparticles are formed, and that the Heck or Suzuki reaction
takes place. We have recently reported that the use of the “de Vries
conditions” allows the coupling or several heteroaromatics using
ligand-free palladium catalyst.?®!  With 2-bromofluorene, a
reaction using only 0.1 mol% Pd(OAc), at 120°C also afforded the
target product 1 in a very high yield of 94% (Table 1, entry 15).
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Scheme 2: Coupling of 2-i-butylthiazole with 2-bromofluorene

Table 1: Arylation of 2-i-butylthiazole with 2-bromofluorene, influence of the
reaction conditions (Scheme 2)

Ent Solven Base Catalyst (mol%) Temp. Conv. Yieldin
ry t Q) (%) 1 (%)
1 DMA KOAc PdCI(CsHs)(dppb) 150 91 80
1)
2 DMA KOAc PdCl, (0.5) 150 87 77
3 DMA KOAcC Pd(OAc); (0.5) 150 86 80
4 DMA KOAc Pd(OAc), (1) / 150 69
PPh; (2)
5 DMA KOAc Pd(OAc), (1) / 150 71
dppb (1)
6 DMA  KyCOs PdCI(CsHs)(dppb) 150 90 76
1)
7 DMA  Cs,CO;  PdCI(CsHs)(dppb) 150 76
1
8 DMA  NaOAc  PdCI(CsHs)(dppb) 150 71
1
9 DMF KOAc PdCI(C3Hs)(dppb) 150 85 78
1
10 NMP  KOAc PdCI(C3Hs)(dppb) 150 94 82
(€]

2| J. Name., 2012, 00, 1-3

11  xylene KOAc PdCI(CsHs)(dppb) 150 62
12 CPME KOAc PldCI(CgHs)(dppb) 120 61
13 DMA  KOAc f’l(i(OAc)z (0.5) 120 93 84
14 DMA  KOAc PACI(CsHs)(dppb) 120 100 93
15 DMA  KOAc g)&?()JAc)g (0.1) 120 100 94

Conditions: [Pd], 2-bromofluorene (1 eq.), 2-i-butylthiaziole (1.5 eq.), base (2
eq.), 17 h, conversions of 2-bromofluorene determined by GC and NMR,
isolated yields.

Then, we studied the scope of this reaction with various
heteroaromatics using either 1 mol% PdCI(CsHs)(dppb) or 0.1-0.5
mol% Pd(OAc), as the catalysts, KOAc as the base in DMA at
150°C or at 120°C (Scheme 3). Coupling of 2-bromofluorene with
2-ethyl-4-methylthiazole or 2-methyl-4-tert-butylthiazole proceed
nicely to afford 2 and 3 in 85% and 79% vyields, respectively using
0.5 mol% Pd(OAc), (Scheme 3, top). A high yield in 2 was also
obtained with only 0.1 mol% Pd(OAc),; whereas, under these
conditions, with more congested 2-methyl-4-tert-butylthiazole, a
moderate yield in 3 was obtained due to a partial conversion of 2-
bromofluorene. From 2-methylthiophene, 4 was also obtained in
good yields using 1 mol% PdCI(C3Hs)(dppb) or 0.5 mol% Pd(OAc),
catalysts. Again, the use of only 0.1 mol% Pd(OAc), was ineffective
with this substrate. In the presence of a larger excess of thiophene (3
equiv.), 5 was obtained in 74% yield. A few thiophene derivatives
bearing useful functional groups at C2 were also employed. From 2-
methyl-2-thiophen-2-yl-[1,3]dioxolane, the target product 6 was
isolated in 78% yield; whereas, from 2-acetylthiophene degradation
products were observed. The reaction of thiophene-2-carbonitrile
with 2-bromofluorene, using similar reaction conditions, gave 7 in
lower yield. A regioselective arylation at carbon C2 of
benzothiophene affords 8 in 61% yield. Then, four furan derivatives
were employed. In all cases, the desired products 9-12 were
obtained in relatively good yields. Even 2-acetylfuran reacts nicely
without significant degradation of the acetyl function to give 9 in
62% vyield. As expected, the reaction with benzofuran led to a
mixture of mono- and di-arylation products, as both carbons C2 and
C3 of benzofuran display quite similar reactivity for Pd-catalysed
direct arylation.®™ On the other hand, 2-ethylbenzofuran selectively
affords the C3 arylation product 12 in 71% yield. Moderate yields
of 13-15 (53-65%) were obtained from 1-methylpyrrole, methyl 1-
methylpyrrole-2-carboxylate and 1-methylindole. It should be noted
that with 1-methylindole the formation of a mixture of C2 and C3
arylated products was observed (ratio C2:C3 = 72:28). Both 1,2-
dimethylimidazole and an imidazopyridine affords the expected
products 16 and 17 in high yields. In all cases, with these thiophene,
furan, pyrrole, imidazole and imidazopyridine derivatives (except
benzofuran and 1-methylindole) a regioselective arylation was
observed. On the other hand, from 1-methylpyrazole a lower yield
in 18 was obtained due to some formation of the 4-arylated product.
The formation of mixtures of 4- and 5-arylation products in the
course of the arylation of pyrazoles is known.™  35-
Dimethylisoxazole reacts nicely to give the C4 arylated isoxazole 19
in 82% yield. On the other hand, the coupling of benzoxazole with
2-bromofluorene was found to afford 20 in only 17% yield due to the
formation of several unidentified side-products.
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Scheme 3: Direct arylation of heteroaromatics with 2-
bromofluorene.

The presence of alkyl chains at carbon 9 of 2-bromofluorene, which
are often employed as fluorene substituents for the preparation of
materials, only has a minor influence of the yields (Scheme 4).
From 2-bromo-9,9-dioctylfluorene and 2-ethyl-4-methylthiazole or

This journal is © The Royal Society of Chemistry 2012
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thiophene as the coupling partners, the expected products 21 and 22
were obtained in 82% and 60% yields, respectively.

j
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Scheme 4: Direct arylation of heteroaromatics with 2-
bromofluorene derivatives.

Then, we examined the reactivity of 2,7-dibromofluorene for
the preparation of 2,7-di(heteroaryl)fluorenes (Scheme 5).
Using 3 equiv. of 2-ethyl-4-methylthiazole and 2-
methylthiophene, in the presence of 1 mol% PdCI(C3Hs)(dppb),
the desired products 23 and 24 were selectively obtained in
81% and 71% vyields, respectively. Again, the use of only 0.5
mol% Pd(OACc), catalyst at 120 °C was also very effective with
2-ethyl-4-methylthiazole as the coupling partner, as 23 was
obtained in 83% vyield. It should be noted that no significant
amounts of the monoheteroarylated products were detected in
the crude mixtures. The reaction of 6 equiv. of thiophene
allows to prepare 25 in 66% yield. A high yield in 26 was also
obtained from 2-methyl-2-thiophen-2-yl-[1,3]dioxolane.
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Scheme 5: Direct arylation of heteroaromatics with 2,7-
dibromofluorene.

In order to have access to fluorenes derivatives bearing two
different heteroarene units at carbons C2 and C7, we studied the
influence of the ratio of 2,7-dibromofluorene and 2-
methylthiophene or 2-ethyl-4-methylthiazole on the products
formation (Scheme 6). From 1 equiv. of the thiophene or thiazole
derivative and 3 equiv. of 2,7-dibromofluorene, the desired mono-
heteroarylated fluorenes 27 and 28 were obtained in 64% and 72%
yields, respectively. Then, the reaction of 28 with imidazo[1,2-
a]pyridine, using again 0.5 mol% Pd(OAc), catalyst, affords 29 in
82% vyield.

g
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iicheiiing
+ DMA, KOAc, s O. Br
120 °C, 17 h
Br Br 27 64%
3 equiv.
Nj
\/< \
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120°C, 17 h
BrBr 28 72%
3 equiv. Pd(OAc), 0.5 mol%, Z /)3
DMA, KOAc, 150 °C, 17 h
1 5 equiv.

29 82% N
Scheme 6: Direct arylation of heteroaromatics with 2,7-
dibromofluorene.

Finally, the reactivity of 2,7-dibromofluorenone was examined
using again 1 mol% PdCI(C3Hs)(dppb), or 0.5 mol% Pd(OAc),
catalysts (Scheme 7). The product 30 was obtained in 88-90%
yields using 3 equiv. of 2-ethyl-4-methylthiazole as coupling
partner. 2-Methylthiophene, thiophene and 2-methyl-2-
thiophen-2-yl-[1,3]dioxolane also afforded the diheteroarylated
fluorenones 31-33 in good yields.

4| J. Name., 2012, 00, 1-3
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Scheme 7: Direct arylation of heteroaromatics with 2,7-
dibromofluorenone.

Conclusion

In summary, we demonstrated that 2-bromofluorene derivatives
including a fluorenone can be employed as coupling partners for
palladium-catalysed direct arylations with a very wide variety of
heteroarenes. Bromofluorenes reacts nicely in the presence of 1
mol% PdCI(C3Hs)(dppb) or 0.1-0.5 mol% Pd(OAc), catalysts and
KOAC as the base. Moreover, sequential C-H bond activations allow
to introduce two different heteroaryl units at carbons C2 and C7 of
fluorenes. This procedure is economically and environmentally
attractive as the major by-products of these couplings are AcOH /
KBr instead of metallic salts with more classical coupling
procedures such as Suzuki, Negishi or Stille reactions, and as it
reduces the number of steps to prepare these compounds compared
to other types of couplings (the method avoids the preliminary
preparation of a requisite organometallic).
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Experimental section

DMA (99%), 2-bromofluorene (97%) and 2,7-dibromofluorene
(99%) were purchased from Acros. Pd(OAc);, [Pd(CsHs)Cl]2,
1.4-bis(diphenylphosphino)butane (98%) and KOAc (99%),
2,7-dibromo-9-fluorenone (96%) were purchased from Alfa
Aesar. These compounds were not purified before use.

Preparation of the PdCI(CzHs)(dppb) catalyst:m] An oven-
dried 40 mL Schlenk tube equipped with a magnetic stirring
bar under argon atmosphere, was charged with [Pd(C3Hs)Cl]2
(182 mg, 0.5 mmol) and dppb (426 mg, 1 mmol). 10 mL of
anhydrous dichloromethane was added, then the solution was
stirred at room temperature for twenty minutes. The solvent
was removed in vacuum. The yellow powder was used
without purification. *'P NMR (81 MHz, CDCls) 6= 19.3 (s).

General procedure for the synthesis of compounds 1-33
In a typical experiment, the bromofluorene derivative (1
mmol), heteroarene (1.5-6 mmol, see tables or schemes),
KOAc (2-4 mmol) and PdCI(CsHs)(dppb) (6.1 mg, 0.01 mmol)
or Pd(OAc), (1.1 mg, 0.005 mmol) or were dissolved in DMA
(4 mL) under an argon atmosphere. The reaction mixture was
stirred at 120 or 150 °C for 17h. Then, the solvent was
evaporated and the product was purified by silica gel column
chromatography.

5-(Fluoren-2-yl)-2-isobutylthiazole (1)

From 2-bromofluorene (0.245 g, 1 mmol) and 2-
isobutylthiazole (0.211 g, 1.5 mmol), 1 was obtained in 84%
(0.256 @) yield as a white solid (mp: 142-147 °C). (Column
chromatography: EtOAc:pentane 1:19, Rf: 0.45)

"H NMR (400 MHz, CDCls): & = 7.88 (s, 1H), 7.77 (d, J = 8.0
Hz, 1H), 7.75 (d, J = 8.0 Hz, 1H), 7.69 (s, 1H), 7.55 (d, J =
8.0 Hz, 2H), 7.39 (t, J = 8.0 Hz, 1H), 7.32 (t, J = 8.0 Hz, 1H),
3.91 (s, 2H), 2.90 (d, J = 7.5 Hz, 2H), 2.17 (m, 1H), 1.05 (d, J
= 7.5 Hz, 6H). °C NMR (100 MHz, CDCls): & = 169.3,
144.0, 143.3, 141.6, 141.0, 138.9, 137.3, 130.0, 126.9,
126.8, 125.4, 125.0, 123.1, 120.2, 119.9, 42.5, 36.8, 29.8,
22.3. Elemental analysis: calcd (%) for C2oH19NS (305.44):
C 78.65, H 6.27; found: C 78.78, H 6.10.

2-Ethyl-5-(fluoren-2-yl)-4-methylthiazole (2)

From 2-bromofluorene (0.245 g, 1 mmol) and 2-ethyl-4-
methylthiazole (0.191 g, 1.5 mmol), 2 was obtained in 88%
(0.256 @) yield as a white solid (mp: 86-91 °C). (Column
chromatography: EtOAc:pentane 1:19, Rf: 0.40)

'H NMR (400 MHz, CDCl3): § = 7.69 (d, J = 8.0 Hz, 2H),
7.48 (s, 1H), 7.45 (d, J = 8.0 Hz, 1H), 7.33 (d, J = 8.0 Hz,
1H), 7.32 (t, J = 8.0 Hz, 1H), 7.22 (t, J = 8.0 Hz, 1H), 3.83 (s,
2H), 2.93 (q, J = 7.5 Hz, 2H), 2.42 (s, 3H), 1.32 (t, J = 7.5 Hz,
3H). *C NMR (100 MHz, CDCls): § = 170.4, 146.9, 143.9,
143.6, 141.5, 141.3, 131.7, 130.9, 128.2, 127.2, 127.1,
126.0, 125.3, 120.3, 120.2, 37.1, 27.1, 16.4, 14.6. Elemental
analysis: calcd (%) for C19H17NS (291.41): C 78.31, H 5.88;
found: C 78.44, H 5.99.

4-tert-Butyl-5-(fluoren-2-yl)-2-methylthiazole (3)

From 2-bromofluorene (0.245 g, 1 mmol) and 2-methyl-4-
tert-butylthiazole (0.232 g, 1.5 mmol), 3 was obtained in 79%

This journal is © The Royal Society of Chemistry 2012

(0.252 g) yield as a yellow solid (mp: 180-185 °C). (Column
chromatography: EtOAc:pentane 1:19, Rf: 0.75)

'"H NMR (400 MHz, CDClz): § = 7.80 (d, J = 8.0 Hz, 1H),
7.74 (d, J = 8.0 Hz, 1H), 7.56 (d, J = 8.0 Hz, 1H), 7.52 (s,
1H), 7.40-7.25 (m, 3H), 3.93 (s, 2H), 2.67 (s, 3H), 1.24 (s,
9H). "*C NMR (100 MHz, CDCls): § = 161.6, 158.6, 143.2,
142.4, 141.3, 140.9, 131.8, 129.9, 129.6, 127.5, 126.8,
126.6, 124.9, 119.8, 118.8, 36.6, 36.1, 31.3, 18.8. Elemental
analysis: calcd (%) for C,1H21NS (319.46): C 78.95, H 6.63;
found: C 79.14, H 6.55.

2-(Fluoren-2-yl)-5-methylthiophene (4)

From 2-bromofluorene (0.245 g, 1 mmol) and 2-
methylthiophene (0.147 g, 1.5 mmol), 4 was obtained in 81%
(0.212 g) yield as a white solid (mp: 208-213 °C). (Column
chromatography: pentane, Rf: 0.55)

'"H NMR (400 MHz, CDCls): 5 = 7.80-7.70 (m, 3H), 7.58 (d, J
= 8.0 Hz, 1H), 7.54 (d, J = 8.0 Hz, 1H), 7.38 (t, J = 8.0 Hz,
1H), 7.30 (t, J = 8.0 Hz, 1H), 7.15 (d, J = 2.5 Hz, 1H), 6.75
(d, J = 2.5 Hz, 1H), 3.93 (s, 2H), 2.53 (s, 3H). *C NMR (100
MHz, CDCls): 6 = 143.7, 143.1, 142.2, 141.1, 140.5, 139.0,
133.1, 126.6, 126.4, 126.0, 124.8, 124.1, 122.5, 121.8,
119.9, 119.6, 36.7, 15.3. Elemental analysis: calcd (%) for
Ci1sH14S (262.37): C 82.40, H 5.38; found: C 82.21, H 5.47.

2-(Fluoren-2-yl)-thiophene (5)™

From 2-bromofluorene (0.245 g, 1 mmol) and thiophene
(0.252 g, 3 mmol), 5 was obtained in 74% (0.183 g) yield as
a white solid (mp: 200-205 °C). (Column chromatography:
pentane, Rf: 0.52)

'H NMR (400 MHz, CDCls): 5 = 7.80-7.75 (m, 3H), 7.65 (d, J
= 8.0 Hz, 1H), 7.56 (d, J = 8.0 Hz, 1H), 7.40-7.25 (m, 4H),
7.13-7.09 (m, 1H), 3.94 (s, 2H). *C NMR (100 MHz, CDCls):
6 = 144.9, 143.9, 143.3, 141.2, 141.1, 132.9, 128.0, 126.8,
126.7, 125.0, 124.8, 124.5, 122.8, 122.5, 120.2, 119.9, 36.9.

2-[5-(Fluoren-2-yl)-thiophen-2-yl]-2-methyl-[1,3]dioxolane
(6)

From 2-bromofluorene (0.245 g, 1 mmol) and 2-methyl-2-
thiophen-2-yl-[1,3]dioxolane (0.255 g, 1.5 mmol), 6 was
obtained in 78% (0.260 g) yield as a white solid (mp: 230-
235 °C). (Column chromatography: EtOAc:pentane 1:19, Rf:
0.31)

"H NMR (400 MHz, CDCls): 5 = 7.80-7.70 (m, 3H), 7.61 (d, J
= 8.0 Hz, 1H), 7.55 (d, J = 8.0 Hz, 1H), 7.37 (t, J = 8.0 Hz,
1H), 7.32 (t, J = 8.0 Hz, 1H), 7.20 (d, J = 3.6 Hz, 1H), 7.02
(d, J = 3.6 Hz, 1H), 4.12-4.00 (m, 4H), 3.93 (s, 2H), 1.83 (s,
3H). *C NMR (100 MHz, CDCls): § = 190.5, 153.4, 144.1,
143.6, 142.8, 142.7, 140.9, 133.5, 131.7, 127.3, 127.0,
125.2, 125.1, 123.6, 122.8, 120.4, 120.2, 36.9, 26.6.
Elemental analysis: calcd (%) for C21H180.S (334.43): C
75.42, H 5.43; found: C 75.55, H 5.31.

5-(Fluoren-2-yl)thiophene-2-carbonitrile (7)

From 2-bromofluorene (0.245 g, 1 mmol) and thiophene-2-
carbonitrile (0.164 g, 1.5 mmol), 7 was obtained in 42%
(0.115 g) yield as a yellow solid (mp: 160-165 °C). (Column
chromatography: Et,O:pentane 1:9, Rf: 0.58)

'H NMR (400 MHz, CDCls): § = 7.82 (d, J = 8.0 Hz, 2H),
7.77 (s, 1H), 7.65-7.55 (m, 3H), 7.41 (t, J = 8.0 Hz, 1H), 7.35
(t, J = 8.0 Hz, 1H), 7.32 (d, J = 4.0 Hz, 1H), 3.96 (s, 2H). *°C
NMR (100 MHz, CDCls): 6 = 152.4, 144.2, 1435, 143.1,
140.7, 138.4, 130.6, 127.5, 127.0, 125.4, 125.2, 123.0,
122.9, 120.5, 120.3, 114.5, 107.7, 36.9. Elemental analysis:
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calcd (%) for C1gH11NS (273.35): C 79.09, H 4.06; found: C
79.21, H 4.00.

2-(Fluoren-2-yl)benzo[b]thiophene (8)

From 2-bromofluorene (0.245 g, 1 mmol) and
benzothiophene (0.201 g, 1.5 mmol), 8 was obtained in 61%
(0.182 g) yield as a yellow solid (mp: 212-217 °C). (Column
chromatography: EtOAc:pentane 1:19, Rf: 0.53)

'H NMR (400 MHz, CDCls): § = 7.90 (s, 1H), 7.86-7.72 (m,
5H), 7.60 (s, 1H), 7.57 (d, J = 8.0 Hz, 1H), 7.44-7.30 (m, 4H),
3.98 (s, 2H). 3C NMR (100 MHz, CDCls): § = 144.7, 144.0,
143.5, 142.0, 141.1, 140.8, 139.4, 132.8, 127.0, 126.9,
125.4, 125.1, 124.5, 124.2, 123.4, 123.1, 122.2, 120.2,
120.0, 119.2, 36.9. Elemental analysis: calcd (%) for
C21H14S (298.40): C 84.53, H 4.73; found: C 84.37, H 4.49.

Methyl 5-(fluoren-2-yl)-2-methylfuran-3-carboxylate (9)
From 2-bromofluorene (0.245 g, 1 mmol) and methyl 2-
methylfuran-3-carboxylate (0.210 g, 1.5 mmol), 9 was
obtained in 79% (0.240 g) yield as a white solid (mp: 158-
163 °C). (Column chromatography: EtOAc:pentane 1:19, Rf:
0.64)

'H NMR (400 MHz, CDCls): 5 = 7.84-7.75 (m, 3H), 7.66 (d, J
= 8.0 Hz, 1H), 7.55 (d, J = 8.0 Hz, 1H), 7.39 (t, J = 7.8 Hz,
1H), 7.31 (t, J = 7.8 Hz, 1H), 6.91 (s, 1H), 3.93 (s, 2H), 3.87
(s, 3H), 2.67 (s, 3H). *C NMR (100 MHz, CDCls): 5 = 164.5,
159.0, 152.2, 143.7, 143.4, 141.3, 141.2, 128.5, 126.8,
125.0, 122.6, 120.2, 120.1, 119.9, 115.2, 105.1, 51.4, 36.9,
13.9. Elemental analysis: calcd (%) for C2oH1603 (304.34): C
78.93, H 5.30; found: C 79.19, H 5.12.

1-[5-(Fluoren-2-yl)-furan-2-yl]-ethanone (10)

From 2-bromofluorene (0.245 g, 1 mmol) and 1-furan-2-
ylethanone (0.165 g, 1.5 mmol), 10 was obtained in 62%
(0.170 g) yield as a white solid (mp: 114-119 °C). (Column
chromatography: EtOAc:pentane 3:17, Rf: 0.62)

'H NMR (400 MHz, CDCls): § = 7.99 (s, 1H), 7.84-7.77 (m,
3H), 7.57 (d, 3 = 8.0 Hz, 1H), 7.40 (t, J = 7.8 Hz, 1H), 7.34 (1,
J=7.8Hz 1H), 7.28 (d, J = 3.5 Hz, 1H), 6.81 (d, J = 3.5 Hz,
1H), 3.95 (s, 2H), 2.55 (s, 3H). *C NMR (100 MHz, CDCls):
6 = 186.2, 158.3, 151.7, 143.8, 143.7, 142.9, 140.9, 127.7,
127.3, 127.0, 125.1, 124.0, 1215, 120.3, 120.2, 119.8,
107.2, 36.9, 25.9. Elemental analysis: calcd (%) for
C19H1407 (274.31): C 83.19, H 5.14; found: C 83.34, H 5.19.

Acetic acid 5-(fluoren-2-yl)-furan-2-ylmethyl ester (11)
From 2-bromofluorene (0.245 g, 1 mmol) and acetic acid
furan-2-ylmethyl ester (0.210 g, 1.5 mmol), 11 was obtained
in 65% (0.197 g) yield as a yellow solid (mp: 100-105 °C).
(Column chromatography: EtOAc:pentane 3:17, Rf: 0.39)

"H NMR (400 MHz, CDCls): 6 = 7.79 (s, 1H), 7.70 (d, J = 8.0
Hz, 2H), 7.63 (d, J = 8.0 Hz, 1H), 7.46 (d, J = 8.0 Hz, 1H),
7.31(t, J = 7.8 Hz, 1H), 7.23 (t, J = 7.8 Hz, 1H), 6.57 (d, J =
2.5 Hz, 1H), 6.43 (d, J = 2.5 Hz, 1H), 5.05 (s, 2H), 3.86 (s,
2H), 2.04 (s, 3H). *C NMR (100 MHz, CDCls): & = 169.7,
154.1, 147.7, 142.7, 142.4, 140.3, 140.2, 128.0, 12538,
125.7, 124.0, 121.9, 119.5, 119.1, 118.9, 111.9, 104.6, 57.3,
35.9, 20.0. Elemental analysis: calcd (%) for CzoH1603
(304.34): C 78.93, H 5.30; found: C 78.69, H 5.21.

2-Ethyl-3-(fluoren-2-yl)-benzofuran (12)

From 2-bromofluorene (0.245 g, 1 mmol) and 2-
ethylbenzofuran (0.219 g, 1.5 mmol), 12 was obtained in
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71% (0.220 g) yield as a yellow solid (mp: 110-115 °C).
(Column chromatography: EtOAc:pentane 1:9, Rf: 0.35)

'H NMR (400 MHz, CDCls): § = 7.91 (d, J = 8.0 Hz, 1H),
7.83 (d, J = 8.0 Hz, 1H), 7.67 (s, 1H), 7.61 (d, J = 8.0 Hz,
1H), 7.58 (d, J = 8.0 Hz, 1H), 7.53-7.45 (m, 2H), 7.41 (t, J =
7.8 Hz, 1H), 7.35-7.20 (m, 3H), 3.99 (s, 2H), 2.94 (q, J = 7.6
Hz, 2H), 1.39 (t, J = 7.6 Hz, 3H). **C NMR (100 MHz,
CDCl3): § = 156.2, 154.0, 143.8, 143.3, 141.4, 140.7, 131.3,
129.0, 127.8, 126.8, 126.7, 125.6, 125.1, 123.5, 1225,
120.1, 119.9, 119.5, 116.4, 110.8, 37.0, 20.4, 13.0.
Elemental analysis: calcd (%) for C23H150 (310.39): C 89.00,
H 5.85; found: C 89.14, H 5.99.

2-(Fluoren-2-yl)-1-methylpyrrole (13)

From 2-bromofluorene (0.245 g, 1 mmol) and 1-
methylpyrrole (0.242 g, 3 mmol), 13 was obtained in 62%
(0.152 g) yield as a white solid (mp: 116-121 °C). (Column
chromatography: pentane, Rf: 0.46)

'H NMR (400 MHz, CDCls): § = 7.84-7.75 (m, 3H), 7.58 (s,
1H), 7.55 (d, J = 8.0 Hz, 1H), 7.42 (d, J = 8.0 Hz, 1H), 7.39
(t, J = 7.8 Hz, 1H), 7.29 (t, J = 7.8 Hz, 1H), 6.74 (m, 1H),
6.28 (m, 1H), 6.23 (m, 1H), 3.94 (s, 2H), 3.71 (s, 3H). *°C
NMR (100 MHz, CDCl3): 6 = 143.5, 143.4, 141.5, 140.5,
135.1, 131.9, 1275, 126.9, 126.8, 125.4, 125.2, 123.7,
120.0, 119.8, 108.8, 107.9, 37.1, 35.3. Elemental analysis:
calcd (%) for CigHisN (245.32): C 88.13, H 6.16; found: C
88.20, H 6.27.

Methyl
(14)
From 2-bromofluorene (0.245 g, 1 mmol) and methyl 1-
methylpyrrole-2-carboxylate (0.417 g, 3 mmol), 14 was
obtained in 65% (0.197 g) yield as a yellow solid (mp: 110-
115 °C). (Column chromatography: EtOAc:pentane 1:19, Rf:
0.62)

'"H NMR (400 MHz, CDClz): § = 7.84 (d, J = 8.0 Hz, 1H),
7.82 (d, J = 8.0 Hz, 1H), 7.58 (d, J = 8.0 Hz, 1H), 7.57 (s,
1H), 7.41 (d, J = 8.0 Hz, 1H), 7.40 (t, J = 8.0 Hz, 1H), 7.33 (t,
J =8.0 Hz, 1H), 7.05 (d, J = 4.0 Hz, 1H), 6.25 7.05 (d, J = 4.0
Hz, 1H), 3.96 (s, 2H), 3.93 (s, 3H), 3.85 (s, 3H). *C NMR
(100 MHz, CDCls): 6 = 161.9, 143.5, 143.4, 142.1, 141.6,
141.1, 130.4, 128.1, 127.1, 126.9, 125.9, 125.1, 123.4,
120.1, 119.8, 117.7, 109.2, 51.0, 36.9, 34.5. Elemental
analysis: calcd (%) for C20H17NO> (303.35): C 79.19, H 5.65;
found: C 79.30, H 5.41.

5-(fluoren-2-yl)-1-methylpyrrole-2-carboxylate

2-(Fluoren-2-yl)-1-methylindole (15)

From 2-bromofluorene (0.245 g, 1 mmol) and 1-methylindole
(0.197 g, 1.5 mmol), 15 was obtained in 53% (0.156 g) yield
as a yellow solid (mp: 250-255 °C). (Column
chromatography: EtOAc:pentane 1:19, Rf: 0.45) The
formation of C3-arylated indole was also observedby GC/MS
analysis of the crude mixture. Ratio C2:C3 72:28

'"H NMR (400 MHz, CDClz): § = 7.88 (d, J = 8.0 Hz, 1H),
7.84 (d, J = 8.0 Hz, 1H), 7.69 (s, 1H), 7.66 (d, J = 8.0 Hz,
1H), 7.59 (d, J = 8.0 Hz, 1H), 7.54 (d, J = 8.0 Hz, 1H), 7.41
(t, J = 7.8 Hz, 1H), 7.39 (d, J = 8.0 Hz, 1H), 7.32 (t, J = 7.8
Hz, 1H), 7.26 (t, J = 7.8 Hz, 1H), 7.16 g J = 7.8 Hz, 1H),
6.62 (s, 1H), 3.99 (s, 2H), 3.80 (s, 3H). *C NMR (100 MHz,
CDCls): § = 143.5, 143.4, 142.0, 1415, 141.2, 138.4, 131.2,
128.1, 128.0, 127.0, 126.9, 125.9, 125.1, 121.6, 120.4,
120.0, 119.8, 119.8, 109.6, 101.6, 37.0, 30.9. Elemental
analysis: calcd (%) for Cz2H17N (295.38): C 89.46, H 5.80;
found: C 89.41, H 5.67.
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5-(Fluoren-2-yl)-1,2-dimethylimidazole (16)

From 2-bromofluorene (0.245 g, 1 mmol) and 1,2-
dimethylimidazole (0.144 g, 1.5 mmol), 16 was obtained in
80% (0.208 g) vyield as a yellow solid (mp: 190-190 °C).
(Column chromatography: MeOH:pentane 1:1, Rf: 0.60)

'H NMR (400 MHz, CDCl3): § = 7.82 (d, J = 8.0 Hz, 1H),
7.80 (d, J = 8.0 Hz, 1H), 7.55 (d, J = 8.0 Hz, 1H), 7.52 (s,
1H), 7.37 (t, J = 7.8 Hz, 1H), 7.34 (d, J = 8.0 Hz, 1H), 7.32 (t,
J = 7.8 Hz, 1H), 3.94 (s, 2H), 3.56 (s, 3H), 2.46 (s, 3H). =C
NMR (100 MHz, CDCls): 6 = 146.2, 143.9, 143.6, 141.5,
141.4, 134.2, 129.2, 127.6, 127.2, 127.1, 126.2, 125.5,
125.3, 120.2, 120.2, 37.2, 31.7, 14.1. Elemental analysis:
calcd (%) for CigHi6N2 (260.33): C 83.04, H 6.19; found: C
82.87, H 6.28.

3-(Fluoren-2-yl)imidazo[1,2-a]pyridine (17)

From 2-bromofluorene (0.245 g, 1 mmol) and imidazo[1,2-
a]pyridine (0.177 g, 1.5 mmol), 17 was obtained in 88%
(0.248 g) yield as a yellow solid (mp: 140-145 °C). (Column
chromatography: EtOAc:pentane 3:7, Rf: 0.41)

'H NMR (400 MHz, CDCls): § = 8.39 (d, J = 8.0 Hz, 1H),
7.90 (d, J = 8.0 Hz, 1H), 7.83 (d, J = 8.0 Hz, 1H), 7.78-7.70
(m, 2H), 7.69 (d, J = 8.0 Hz, 1H), 7.60-7.55 (m, 2H), 7.42 (t, J
= 8.0 Hz, 1H), 7.35 (t, J = 8.0 Hz, 1H), 7.20 g J = 8.0 Hz,
1H), 6.80 (t, J = 8.0 Hz, 1H), 3.98 (s, 2H). *C NMR (100
MHz, CDCls): § = 146.1, 144.2, 143.3, 141.8, 141.0, 132.6,
127.5, 127.1, 126.9, 126.7, 126.1, 125.1, 124.6, 124.1,
123.4, 120.5, 120.0, 118.3, 112.5, 36.9. Elemental analysis:
calcd (%) for CzoH14N2 (282.34): C 85.08, H 5.00; found: C
85.18, H 5.12.

5-(Fluoren-2-yl)-1-methylpyrazole (18)

From 2-bromofluorene (0.245 g, 1 mmol) and 1-
methylpyrazole (0.123 g, 1.5 mmol), 18 was obtained in 58%
(0.143 g) yield as a yellow solid (mp: 84-89 °C). (Column
chromatography: EtOAc:pentane 1:9, Rf: 0.43)

'H NMR (400 MHz, CDCls): § = 7.81 (s, 1H), 7.76 (d, J = 8.0
Hz, 2H), 7.65 (m, 2H), 7.54 (d, J = 8.0 Hz, 1H), 7.49 (d, J =
8.0 Hz, 1H), 7.37 (t, J = 8.0 Hz, 1H), 7.31 (t, J = 8.0 Hz, 1H),
3.97 (s, 3H), 3.92 (s, 2H).

3C NMR (100 MHz, CDCls): § = 143.6, 143.4, 142.1, 140.9,
138.3, 128.8, 127.5, 127.2, 126.9, 125.4, 125.1, 120.2,
119.9, 106.1, 37.5, 36.9. Elemental analysis: calcd (%) for
Ci17H14N2 (246.31): C 82.90, H 5.73; found: C 82.98, H 5.59.

4-(Fluoren-2-yl)-3,5-dimethylisoxazole (19)

From 2-bromofluorene (0.245 g, 1 mmol) and 3,5-dimethyl-
isoxazole (0.146 g, 1.5 mmol), 19 was obtained in 82%
(0.214 g) yield as a yellow solid (mp: 156-161 °C). (Column
chromatography: EtOAc:pentane 1:19, Rf: 0.48)

"H NMR (400 MHz, CDCl3): § = 7.76 (d, J = 8.0 Hz, 1H),
7.73 (d, J = 8.0 Hz, 1H), 7.48 (d, J = 8.0 Hz, 1H), 7.34 (s,
1H), 7.32 (t, J = 7.8 Hz, 1H), 7.24 (t, J = 7.8 Hz, 1H), 7.20-
7.17 (m, 1H), 3.87 (s, 2H), 2.36 (s, 3H), 2.23 (s, 3H). **C
NMR (100 MHz, CDClg): 6 = 165.4, 159.1, 144.1, 143.5,
1415, 1414, 129.0, 128.1, 127.3, 127.2, 126.0, 1254,
120.4, 120.3, 117.3, 37.1, 11.9, 11.2. Elemental analysis:
calcd (%) for C1gH1sNO (261.32): C 82.73, H 5.79; found: C
82.89, H 5.69.

2-(Fluoren-2-yl)-benzoxazole (20)

From 2-bromofluorene (0.245 g, 1 mmol) and benzoxazole
(0.178 g, 1.5 mmol), 20 was obtained in 17% (0.048 g) yield
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as a yelow solid (mp: 160-165 °C).
chromatography: EtOAc:pentane 1:9, Rf: 0.46)
'H NMR (400 MHz, CDCl3): & = 8.45 (s, 1H), 8.30 (d, J = 8.0
Hz, 1H), 7.92 (d, J = 8.0 Hz, 1H), 7.86 (d, J = 8.0 Hz, 1H),
7.80-7.75 (m, 1H), 7.63-7.58 (m, 2H), 7.45-7.30 (m, 4H),
4.02 (s, 2H). *C NMR (100 MHz, CDCls): § = 163.6, 150.8,
1451, 144.1, 143.7, 142.3, 140.7, 127.8, 127.1, 126.7,
125.3, 125.2, 124.9, 1245, 124.2, 120.6, 120.2, 119.8,
110.5, 36.9. Elemental analysis: calcd (%) for CzoH13NO
(283.32): C 84.78, H 4.62; found: C 84.50, H 4.60.

(Column

5-(9,9-Dioctylfluoren-2-yl)-2-ethyl-4-methylthiazole (21)
From 2-bromo-9,9-dioctylfluorene (0.470 g, 1 mmol) and 2-
ethyl-4-methylthiazole (0.191 g, 1.5 mmol), 21 was obtained
in 82% (0.422 g) yield as a yellow oil. (Column
chromatography: EtOAc:pentane 1:9, Rf: 0.67)

'H NMR (400 MHz, CDClz): 6 = 7.63 (d, J = 8.0 Hz, 2H),
7.49 (s, 1H), 7.45 (d, J = 8.0 Hz, 1H), 7.41 (d, J = 8.0 Hz,
1H), 7.38 (t, J = 8.0 Hz, 1H), 7.31 (t, J = 8.0 Hz, 1H), 3.01 (q,
J = 7.5 Hz, 2H), 2.82 (t, J = 7.5 Hz, 2H), 2.52 (s, 3H), 2.15-
2.05 (m, 2H), 1.45-1.35 (m, 5H), 1.25-0.75 (m, 28H). *°C
NMR (100 MHz, CDCls): 6 = 170.1, 147.1, 146.9, 146.7,
140.0, 131.6, 131.3, 129.6, 128.7, 127.8, 124.4, 124.0,
119.9, 119.8, 87.7, 63.6, 40.2, 31.8, 31.7, 30.2, 29.8, 29.4,
29.3, 29.2, 29.1, 26.9, 26.1, 23.4, 22.6, 22.5, 16.3, 14.3,
14.1. Elemental analysis: calcd (%) for CssHagNS (515.84):
C 81.49, H 9.57; found: C 81.60, H 9.47.

2-(9,9-Dioctylfluoren-2-yl)-thiophene (22)

From 2-bromo-9,9-dioctylfluorene (0.470 g, 1 mmol) and
thiophene (0.252 g, 3 mmol), 22 was obtained in 60% (0.283
g) yield as a yellow oil. (Column chromatography:
EtOAc:pentane 1:9, Rf: 0.70)

'"H NMR (400 MHz, CDCls): 5 = 7.66 (d, J = 8.0 Hz, 2H),
7.57 (d, J = 8.0 Hz, 1H), 7.54 (s, 1H), 7.35 (d, J = 3.6 Hz,
1H), 7.33-7.25 (m, 4H), 7.08 (dd, J = 5.1, 3.6 Hz, 1H), 1.96 (t,
J = 7.5 Hz, 4H), 1.20-0.95 (m, 20H), 0.77 (t, J = 7.5 Hz, 6H),
0.70-0.60 (m, 4H). **C NMR (100 MHz, CDCls): & = 151.7,
150.5, 144.9, 140.4, 140.3, 132.8, 127.7, 126.7, 126.4,
1245, 124.1, 122.5, 122.4, 119.8, 119.7, 119.3, 54.8, 40.0,
31.4, 29.7, 28.8, 23.4, 22.2, 13.7. Elemental analysis: calcd
(%) for C33HasS (472.77): C 83.84, H 9.38; found: C 83.74, H
9.48.

2,7-Di(2-ethyl-4-methylthiazol-5-yl)-fluorene (23)

From 2,7-dibromofluorene (0.324 g, 1 mmol) and 2-ethyl-4-
methylthiazole (0.382 g, 3 mmol), 23 was obtained in 81%
(0.337 g) yield as a white solid (mp: 164-169 °C). (Column
chromatography: EtOAc:pentane 1:9, Rf: 0.35)

'H NMR (400 MHz, CDCls): § = 7.80 (d, J = 8.0 Hz, 2H),
7.59 (s, 2H), 7.44 (d, J = 8.0 Hz, 2H), 3.97 (s, 2H), 3.02 (q, J
= 7.5 Hz, 4H), 2.52 (s, 6H), 1.42 (t, J = 7.5 Hz, 6H). “C
NMR (100 MHz, CDCl3): 6 = 170.3, 146.7, 143.8, 140.5,
131.2, 130.9, 128.0, 125.7, 120.0, 36.8, 26.8, 14.6, 14.2.
Elemental analysis: calcd (%) for CzsH2aN2S, (416.60): C
72.08, H 5.81; found: C 72.01, H 5.68.

2,7-Di(5-methylthiophen-2-yl)-fluorene (24)

From 2,7-dibromofluorene (0.324 g, 1 mmol) and 2-
methylthiophene (0.294 g, 3 mmol), 24 was obtained in 71%
(0.254 g) yield as a white solid (mp: 210-215 °C). (Column
chromatography: pentane, Rf: 0.32)

'"H NMR (400 MHz, CDClz): § = 7.72 (d, J = 8.0 Hz, 2H),
7.71 (s, 2H), 7.58 (d, J = 8.0 Hz, 2H), 7.15 (d, J = 3.5 Hz,
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2H), 6.75 (d, J = 3.5 Hz, 2H), 3.95 (s, 2H), 2.53 (s, 6H). *C
NMR (100 MHz, CDClz): ¢ = 143.9, 142.3, 140.3, 139.2,
133.1, 126.1, 124.3, 122.6, 121.9, 119.9, 36.7, 15.4.
Elemental analysis: calcd (%) for C23H1sS2 (358.52): C 77.05,
H 5.06; found: C 77.18, H 5.00.

2,7-Di(thiophen-2-yl)-fluorene (25)™

From 2,7-dibromofluorene (0.324 g, 1 mmol) and thiophene
(0.504 g, 6 mmol), 25 was obtained in 66% (0.218 g) yield as
a yellow solid (mp: 240-245 °C). (Column chromatography:
EtOAc:pentane 1:19, Rf: 0.32)

'H NMR (400 MHz, CDCls): § = 7.80 (s, 2H), 7.77 (d, J = 8.0
Hz, 2H), 7.65 (d, J = 8.0 Hz, 2H), 7.36 (d, J = 3.6 Hz, 2H),
7.29 (d, J = 5.1 Hz, 2H), 7.10 (dd, J = 5.1, 3.6 Hz, 2H), 3.98
(s, 2H). C NMR (100 MHz, CDCls): & = 144.5, 143.8,
140.4, 132.7,127.7, 124.6, 124.3, 122.6, 122.2, 119.9, 36.6.

2,7-Di[5-(2-methyl-[1,3]dioxolan-2-yl)-thiophen-2-yl]-
fluorene (26)

From 2,7-dibromofluorene (0.324 g, 1 mmol) and 2-methyl-2-
thiophen-2-yl-[1,3]dioxolane (0.510 g, 3 mmol), 26 was
obtained in 77% (0.386 @) yield as a white solid (mp: 240-
245 °C). (Column chromatography: EtOAc:pentane 3:17, Rf:
0.40)

'H NMR (400 MHz, CDCls): & = 7.68 (s, 2H), 7.67 (d, J = 8.0
Hz, 2H), 7.53 (d, J = 8.0 Hz, 2H), 7.13 (d, J = 3.5 Hz, 2H),
6.95 (d, J = 3.5 Hz, 2H), 4.05-3.90 (m, 8H), 3.88 (s, 2H), 1.75
(s, 6H). C NMR (100 MHz, CDCls): & = 146.4, 144.3,
144.1, 140.7, 133.0, 125.1, 124.7, 122.5, 122.2, 120.2,
107.2, 65.0, 36.9, 27.5. Elemental analysis: calcd (%) for
C29H2604S, (502.64): C 69.30, H 5.21; found: C 69.04, H
5.08.

2-(7-Bromofluoren-2-yl)-5-methylthiophene (27)

From 2,7-dibromofluorene (0.972 g, 3 mmol) and 2-
methylthiophene (0.098 g, 3 mmol), 27 was obtained in 64%
(0.218 g) yield as a yellow solid (mp: 178-183 °C). (Column
chromatography: EtOAc:pentane 1:19, Rf: 0.65)

"H NMR (400 MHz, CDCls): & = 7.73-7.45 (m, 6H), 7.15 (d, J
= 3.5 Hz, 1H), 6.75 (d, J = 3.5 Hz, 1H), 3.91 (s, 2H), 2.52 (s,
3H). *C NMR (100 MHz, CDCls): 5 = 145.3, 143.6, 142.2,
140.4, 139.6, 139.5, 133.8, 130.0, 128.2, 126.3, 124.5,
122.9, 122.0, 121.0, 120.4, 120.2, 36.7, 15.5. Elemental
analysis: calcd (%) for C1gH13BrS (341.26): C 63.35, H 3.84;
found: C 63.47, H 3.99.

5-(7-Bromofluoren-2-yl)-2-ethyl-4-methylthiazole (28)
From 2,7-dibromofluorene (0.972 g, 3 mmol) and 2-ethyl-4-
methylthiazole (0.128g, 1 mmol), 28 was obtained in 72%
(0.266 @) yield as a white solid (mp: 72-76 °C). (Column
chromatography: EtOAc:pentane 1:19, Rf: 0.50)

'H NMR (400 MHz, CDCl3): § = 7.73 (d, J = 8.0 Hz, 1H),
7.66 (s, 1H), 7.61 (d, J = 8.0 Hz, 1H), 7.55 (s, 1H), 7.49 (d, J
= 8.0 Hz, 1H), 7.42 (d, J = 8.0 Hz, 1H), 3.88 (s, 2H), 3.00 gq,
J = 7.5 Hz, 2H), 2.50 (s, 3H), 1.41 (t, J = 7.5 Hz, 3H). “C
NMR (100 MHz, CDClz): 6 = 169.3, 146.1, 144.4, 142.4,
139.2, 130.4, 130.2, 129.2, 127.4, 127.2, 124.8, 120.3,
119.9, 119.1, 35.8, 26.1, 15.4, 13.5. Elemental analysis:
calcd (%) for C19H16BrNS (370.31): C 61.63, H 4.36; found: C
61.40, H 4.47.

2-Ethyl-5-(7-(imidazo[1,2-a]pyridin-3-yl)-fluoren-2-yl)-4-
methylthiazole (29)
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From 5-(7-bromofluoren-2-yl)-2-ethyl-4-methylthiazole 28
(0.370 g, 1 mmol) and imidazo[1,2-a]pyridine (0.177 g, 1.5
mmol), 29 was obtained in 82% (0.334 @) yield as a yellow
solid (mp: 118-121 °C). (Column chromatography:
EtOAc:pentane 1:4, Rf: 0.45)

'"H NMR (400 MHz, CDCls): 5 = 8.41 (d, J = 8.0 Hz, 1H),
7.93 (d, J = 8.0 Hz, 1H), 7.86 (d, J = 8.0 Hz, 1H), 7.78-7.70
(m, 3H), 7.63 (s, 1H), 7.60 (d, J = 8.0 Hz, 1H), 7.47 (d, J =
8.0 Hz, 1H), 6.86 (t, J = 8.0 Hz, 1H), 4.04 (s, 2H), 3.02 (g, J =
7.6 Hz, 2H), 2.53 (s, 3H), 1.43 (t, J = 7.6 Hz, 3H). Elemental
analysis: calcd (%) for C2sH21N3S (407.53): C 76.63, H 5.19;
found: C 76.67, H 5.00.

2,7-Bis-(2-ethyl-4-methylthiazol-5-yl)-fluoren-9-one (30)
From 2,7-dibromofluoren-9-one (0.338 g, 1 mmol) and 2-
ethyl-4-methylthiazole (0.382 g, 3 mmol), 30 was obtained in
88% (0.378 @) vyield as a yellow solid (mp: 176-181 °C).
(Column chromatography: EtOAc:pentane 3:17, Rf: 0.52)

'H NMR (400 MHz, CDCls): & = 7.72 (s, 2H), 7.57 (d, J = 8.0
Hz, 2H), 7.54 (d, J = 8.0 Hz, 2H), 3.01 gq, J = 7.5 Hz, 4H),
2.50 (s, 6H), 1.41 (t, J = 7.5 Hz, 6H). *C NMR (100 MHz,
CDCl3): 6 =192.9, 170.8, 147.8, 142.8, 135.2, 134.7, 133.7,
129.7, 124.8, 120.6, 26.9, 16.3, 14.2. Elemental analysis:
calcd (%) for Co5H2oNL0S,; (430.58): C 69.73, H 5.15; found:
C 69.80, H 5.24.

2,7-Bis-(5-methylthiophen-2-yl)-fluoren-9-one (31)

From 2,7-dibromofluoren-9-one (0.338 g, 1 mmol) and 2-
methylthiophene (0.294 g, 3 mmol), 31 was obtained in 67%
(0.249 @) yield as a yellow solid (mp: 146-151 °C). (Column
chromatography: EtOAc:pentane 3:17, Rf: 0.73)

"H NMR (400 MHz, CDCls): § = 7.74 (s, 2H), 7.57 (d, J = 8.0
Hz, 2H), 7.40 (d, J = 8.0 Hz, 2H), 7.11 gd, J = 3.4 Hz, 2H),
6.68 (d, J = 3.4 Hz, 2H), 2.45 (s, 6H). “*C NMR (100 MHz,
CDCl3): 6§ =193.9, 142.7, 141.0, 140.7, 135.9, 135.4, 131.5,
126.8, 123.9, 121.4, 120.9, 15.8. Elemental analysis: calcd
(%) for C23H160S; (372.50): C 74.16, H 4.33; found: C 74.27,
H 4.10.

2,7-Dithiophen-2-ylfluoren-9-one (32)1°

From 2,7-dibromofluoren-9-one (0.338 g, 1 mmol) and
thiophene (0.504 g, 6 mmol), 32 was obtained in 61% (0.210
g) vield as a red solid (mp: 252-257 °C). (Column
chromatography: EtOAc:pentane 3:9, Rf: 0.38)

'H NMR (400 MHz, CDCls): & = 7.86 (s, 2H), 7.67 (d, J = 8.0
Hz, 2H), 7.45 (d, J = 8.0 Hz, 2H), 7.32 (d, J = 3.5 Hz, 2H),
7.25 (d, J = 5.1 Hz, 2H), 7.04 (dd, J = 5.1, 3.2 Hz, 2H). C
NMR (100 MHz, CDCls): 6 = 153.4, 143.1, 142.8, 135.4,
135.1, 131.8, 128.3, 125.5, 123.8, 121.7, 120.8.

2,7-Bis-[5-(2-methyl-[1,3]dioxolan-2-yl)-thiophen-2-yl]-
fluoren-9-one (33)

From 2,7-dibromofluoren-9-one (0.338 g, 1 mmol) and 2-
methyl-2-thiophen-2-yl-[1,3]dioxolane (0.510 g, 3 mmol), 33
was obtained in 90% (0.464 ) yield as a red solid (mp: 214-
219 °C). (Column chromatography: EtOAc:pentane 3:17, Rf:
0.46)

'H NMR (400 MHz, CDCls): & = 7.86 (s, 2H), 7.67 (d, J = 8.0
Hz, 2H), 7.48 (d, J = 8.0 Hz, 2H), 7.22 (d, J = 3.6 Hz, 2H),
7.03 (d, J = 3.6 Hz, 2H), 4.12-4.00 (m, 8H), 1.81 (s, 6H). °C
NMR (100 MHz, CDCls): 6 = 193.2, 147.5, 142.8, 1425,
135.3, 135.1, 131.5, 125.2, 123.4, 121.3, 120.8, 107.0, 65.0,
27.4. Elemental analysis: calcd (%) for C29H2405S; (516.63):
C 67.42, H 4.68; found: C 67.30, H 4.74.

This journal is © The Royal Society of Chemistry 2012
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The palladium-catalysed direct arylation using 2-bromofluorene
of 2,7-dibromofluorene and heteroaromatics as the coupling
partners proceed using only 0.1-0.5 mol% catalysts.

ABSTRACT

- Low catalyst loading - Easily available substrates
- No expensive base - Wide heteroarenes tolerance
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