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Abstract—Ni(COD), promoted coupling of bromofluorenes functionalised with boronic esters or trimethylsilyl groups proves to be
an efficient method for the preparation of reactive bifluorenes, which are key intermediates for the synthesis of bis-substituted
oligofluorenes. The synthetic method has been exploited as a key step for the synthesis of a chiral 2,7"”-diiodo-quaterfluorene and a

2,7"-bis-amino quaterfluorene.
© 2004 Elsevier Ltd. All rights reserved.

Organic mw-conjugated macromolecules increasingly
attract industrial and scientific interest because of their
potential applications in optoelectronic devices.! Their
plastic properties, unattainable with traditional inor-
ganic substances, can be exploited for the construction
of light emitting diodes (LEDs) to be used in large area
and flexible displays. In previous years synthetic efforts
have been aimed at obtaining well-defined n-conjugated
oligomers which, different from the corresponding
polymers, can be synthesised with very high purities,
indispensable for LEDs spectral stability.> Among them,
chiral oligofluorenes are the subject of intense investi-
gations® because of their strong blue and circularly
polarised light emission.

In the framework of the acknowledged procedures for
the synthesis of oligofluorenes, bromination of the aro-
matic rings, usually carried out with Br,/FeCl;, is the
crucial step for further chain growth,* because it pro-
vides suitable intermediates that can be used in Suzuki—
Miyaura and Stille cross-couplings either as such, or
after conversion into their corresponding boron or tin
derivatives.’ However, bromination may not proceed
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with the desired regioselectivity and can produce
impurities of structural isomers, often difficult to
remove,® which can be deleterious for the final perfor-
mance of the electroluminescent device.

Here we report the use of the Yamamoto coupling
reaction for a simple and high-yielding synthesis of the
2,7'-bis(trimethylsilyl)-{9,9,9",9 -tetrakis[(S)-3,7-dimethyl-
octyl]-7,2'-bifluorene (3) and of the 2,2'-{9,9,9',9'-tetra-
kis[(S)-3,7-dimethyloctyl]-2,2’-bifluoren-7,7'-diyl } -bis(4,
4,5,5-tetramethyl-[1,3,2]dioxaborolane) (8), which are
high-value intermediates for the preparation of new
quaterfluorene derivatives. Compound 4 has in fact been
successfully used for the synthesis of the new 2,7"”-di-
10d0-9,9,9,9',9",9” 9" 9" -octakis[(S)-3,7-dimethyloctyl]-
7,2'57,2"7" 2" -quaterfluorene (6) whereas 8 has been
the building block for the obtainment of the new 2,7"”-
bis-amino-9,9,9’,9',9”,9”,9"” 9" -octakis[(S)-3,7-dimethyl-
octyl]-7,2;7,2";7" 2" -quaterfluorene (11).

The interest for new efficient synthetic approaches for
the obtainment of bis-functionalised oligofluorenes is
justified by the facile modulation of their optical and
charge injection properties by means of the introduction
of specific end groups.” For instance, the presence of
reactive iodides in 6 makes it the ideal substrate for
further functionalisation in order to create cross-link-
able or supramolecular polymers, while the amines in
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Scheme 1. Synthesis of 6.

11, could facilitate, as electron-donor groups, the hole
injection by raising the HOMO energy level .®

The synthesis of 6 is depicted in Scheme 1 and started
from the commercially available 2,7-dibromo-fluorene,
which was reacted with (S)-3,7-dimethyloctyl-bromide
in a NaOH aqueous solution to afford 1 in 85% yield.
Minor impurities of mono-alkyl derivatives (<1%), the
presence of which may lead to keto-defects under LEDs
operating conditions, have been removed by treating 1
with an excess solution of ‘BuOK in THF.? Subsequent
lithiation with one equiv of n-BuLi and reaction with
trimethylsilyl chloride yielded 2 in 93% vyield. The
Ni(COD),-promoted dimerisation of 2 gave the 2,7-
bistrimethylsilyl-bifluorene 3'° in 80% yield, which was
transformed into the corresponding bis-iodide 4!! by ICI

nBuLi

(97%
(A
N AN,
R* 'R
6 (95%)

R = Hzc/\i/\/Y

in 97% yield. It can therefore be concluded that the
Yamamoto coupling conditions are tolerant towards
trimethylsilyl groups, which can be used as protective
moieties during C-C linkage step and easily converted
into reactive iodides. Submitting 4 to a Suzuki reaction
with two equiv of 2-trimethylsilyl-9,9-bis[(S)-3,7-di-
methyloctyl]-fluoren-7-yl-boronic acid? and treating the
obtained quaterfluorene derivative 5'> with ICl afforded
the 2,7"-diiodo-quaterfluorene derivative 6.'3

We have tested the reactivity of 6 in the synthesis of 11,
which has been achieved via copper catalysed amino-
dehalogenation of 6 with potassium phthalimide!*
followed by reaction with hydrazine. However, unsat-
isfactory yields in the first step (less than 10%), directed
our efforts towards an alternative approach, namely the
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Pd-catalysed Suzuki coupling reaction between the
bis(boronate) 8° and the 2-bromo-7-aminofluorene
derivative 10 (Scheme 2).

The synthesis of 8'¢ is depicted in Scheme 2. The lithi-
ation of 1 with 1 equiv of #n-BuLi, followed by treatment
with 2-isopropoxy-4.,4,5,5-tetramethyl-1,3,2-dioxaboro-
lane, gave the boronic ester 7, which was submitted to a
Ni(COD), promoted Yamamoto coupling reaction. The
Yamamoto aryl-aryl coupling is usually employed in
synthetic procedures to achieve several types of m-con-
jugated polymers; to the best of our knowledge, this is
the first example of a Yamamoto coupling reaction!” of
aryl bromides bearing boronic ester moieties.!® The
potential risks of transmetallation, and consequent
polymerisation could in fact dissuade from the use of
Ni(COD), in the presence of boron derivatives,"
although the fact that the Yamamoto coupling does not
involve the use of a base, encouraged our choice. The
reaction afforded 8 in 90% yield and can thus be con-
sidered a powerful and general tool for increasing the
oligomeric unit, while preserving reactive groups, like
boronates.

Compound 10 was obtained in two steps starting from 1
(Scheme 2). The copper catalysed amino-dehalogenation
of 1 with 1equiv of potassium phthalimide yielded 48%
of 9,%° which was reacted with NH,NH,-H,O giving 10*!
in 93% yield. Compound 11?2 was synthesised in good
yield by reacting 2 equiv of 10 with 8 in the above cited
Suzuki coupling.

In conclusion, we have described the synthesis of two
new quaterfluorenes. In both cases the synthesis of the
bifluorenyl ‘core’ used for the subsequent reactions with
2equiv of suitable end-cappers was achieved by a
Ni(COD), promoted coupling of suitable bromofluo-
renes (2 or 7). The proposed strategy represents a valid
alternative to bromination and subsequent functionali-
sation of bifluorenes and bears a high potential as a
simple and high-yielding method for the preparation of
reactive fluorene oligomers.
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(m, 96H).
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crude residue was purified by flash chromatography (silica
gel, petroleum ether bp 40-60°C/CH,Cl, = 100:0, 75:25
then 50:50) to yield 9 (48%) as pale yellow oil. '"H NMR
(400 MHz, CDCl;): ¢ 7.97-8.02 (m, 2H), 7.78-7.85 (m,
3H), 7.59-7.63 (d, J = 8.58 Hz, 1H), 7.43-7.52 (m, 4H),
1.99-2.15 (m, 4H), 1.40-1.52 (m, 2H), 1.02-1.27 (m, 12H),
0.54-0.97 (m, 24H); *C NMR (101 MHz, CDCl3) § 167.3,
153.3,151.0, 139.7, 139.4, 134.4, 131.8, 130.9, 130.1, 126.2,
125.1, 123.7, 121.5, 121.3, 121.1, 120.1, 55.5, 39.2, 37.5,
37.2,36.7, 36.5, 32.9, 32.8, 30.6, 30.4, 27.9, 24.6, 24.5, 22.7,
22.6, 19.5; IR (CsD): v [em~'] 2927, 2867, 1778, 1728, 1612,
1456, 1372, 1230, 813, 715.

Synthesis of 10: To a solution of 9 (0.98 g, 1.5mmol) in
ethanol (60.0 mL), NH,NH,-H,O (73.0 mg, 1.5 mmol) was
added in one portion. The mixture was refluxed for 3h.
After cooling to room temperature, the solution was
filtered. After solvent evaporation, the residue was purified
by passage through a short silica gel plug using CH,Cl, as
eluent, to yield 10 (93%) as a pale yellow oil. '"H NMR
(400 MHz, CDCl;): ¢ 7.37-7.48 (m, 4H), 6.62-6.70 (m,
2H), 3.85 (s, 2H), 1.99-2.15 (m, 4H), 1.40-1.52 (m, 2H),
1.02-1.27 (m, 12H), 0.54-0.97 (m, 24H); C NMR
(101 MHz, CDCl3) 152.3, 152.0, 146.2, 140.7, 1314,
129.7, 125.7, 120.6, 119.6, 119.0, 114.1, 109.6, 54.9, 39.2,
37.8,37.7,36.6,32.9, 30.4, 27.9, 24.6, 24.5, 22.7, 22.6, 19.5;
IR (CsI): v [em™!] 3477, 3382, 2927, 2867, 1733, 1616,
1456, 1373, 1215, 809.

Synthesis of 11: a mixture of 8 (0.51g, 0.45mmol), 10
(0.49g, 0.90mmol), Pd(PPh;), (0.10g, 9x10~2mmol),
toluene (5.0mL), ethanol (1.0mL) and a 2.0 M Na,CO;
solution (2.0mL) was refluxed for 2days. After the
solution was cooled to room temperature, diethyl ether
was added. The organic layer was separated, washed with
water and dried over Na,SO,. After solvent evaporation,
the residue was purified by flash chromatography (silica
gel, petroleum ether/CH,Cl, = 2:1) to yield 11 in 69% as
pale yellow oil. "H NMR (400 MHz, CDCls): 6 7.79-7.86
(m, 4H), 7.51-7.71 (m, 16H), 6.70-6.75 (m, 4H), 1.88-2.19
(m, 16H), 1.39-1.50 (m, 8H), 1.02-1.26 (m, 48H), 0.56—
0.99 (m, 96H); 3C NMR (101 MHz, CDCl;) & 152.9,
151.7,150.4, 140.8, 140.4, 140.2, 139.9, 138.9, 126.0, 121.5,
121.0, 120.6, 119.8, 118.4, 114.1, 109.9, 55.0, 54.7, 39.3,
37.4, 36.7, 32.9, 30.6, 27.8, 24.7, 22.6, 19.6; IR (Csl): v
[cm~!] 3476, 3364, 2926, 2867, 1716, 1619, 1585, 1461,
1366, 1261, 1040, 812, 740; MS (APCI): m/z calculated:
1809.54, found: 1810.6 (M™* + H).
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