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An efficient palladium catalyzed atom-economic synthesis of functionalized 9-(diarylmethylene)-9H-
fluorenes has been accomplished in one-pot bis-coupling process using triarylbismuths as organometallic
reagents. These bis-couplings in 1 hour short reaction time afforded various 9-(diarylmethylene)-9H-
fluorenes in good to high yields.
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9-(Diarylmethylene)-9H-fluorenes or diarylmethylidenefluo-
renes are novel structural components useful in various material
applications.! Metal catalyzed reactions are indispensable for facile
synthesis of organic skeletons useful in materials chemistry.? Var-
ious synthetic methods are reported recently for the synthesis of 9-
(diarylmethylene)-9H-fluorenes under palladium catalyzed condi-
tions.> These reactions include: (i) couplings of oxime ether with
aryl iodide involving long hours heating,>? (ii) 5-exo-dig cyclization
of 2-bromo-2'-(phenylethynyl)biphenyl with arylboronic acids,>®
(iii) double cross-coupling reaction of 9-stannafluorenes with
1,1-dibromoalkenes, (iv) 5-exo-dig annulations of o-alkynylbiar-
yls with aryl halides,>® and (v) double cross-couplings of 9-(dibro-
momethylene)-9H-fluorene with arylboronic acids®® reported by
Ramana et al. A few other synthetic methods are also available.*
For example, the 9-(diphenylmethylene)-9H-fluorene was also
prepared through the addition-elimination protocol involving flu-
orenyl lithium addition to diphenyl ketone** or diphenylmethyl
lithium addition to 9-fluorenone.> However, some of these meth-
ods involve cumbersome procedures.

The double Suzuki coupling process® is of special interest as
this provides the desired flexibility in the synthesis of various func-
tionalized diarylmethylidenefluorenes.

The required 9-(dibromomethylene)-9H-fluorenes® and several
aryl organometallic reagents are readily available and these factors
bestow this process an edge over other methods. However, only
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one palladium catalyzed protocol involving double bis-couplings
of 9-(dibromomethylene)-9H-fluorene with aryl boronic acids
was reported so far.3¢ This prompted us to expand the scope and
general utility of this bis-couplings with triarylbismuths, as these
reagents demonstrated an excellent multi-coupling ability as orga-
nometallic nucleophiles under palladium catalysis.” Advantage of
using BiArs; reagents is that they serve three aryl groups efficiently
in an atom-economic manner and this reduces the organometallic
loadings to one third in such couplings.® In tune with the growing
importance of the utility of diarylmethylidenefluorenes, we report
here a facile palladium catalyzed atom-economic synthesis of func-
tionalized 9-(diarylmethylene)-9H-fluorenes in one-pot bis-cou-
pling process using triarylbismuth reagents.

Synthesis of 9-(dibromomethylene)-9H-fluorene (1) was car-
ried out using Ramirez gem-dibromoolefination with Horner-
Wadsworth-Emmons modification reported for aldehydes and ke-
tones.® This reaction using 9-fluorenone in combination with tetr-
abromomethane and triethylphosphite afforded the desired 9-
(dibromomethylene)-9H-fluorene in an 86% yield after treating
with mixture of acids under reflux condition (Scheme 1).1°

As three aryl groups are available, 1 equiv of triarylbismuths
was chosen to couple with 1.5 equiv of 9-(dibromomethylene)-
9H-fluorene to afford 1.5 equiv of 9-(diarylmethylene)-9H-fluo-
renes (Scheme 2).

To establish a viable palladium catalyzed protocol for efficient
bis-couplings, a systematic screening was carried out using 9-
(dibromomethylene)-9H-fluorene (1) and BiPhs; as model sub-
strates to obtain 9-(diphenylmethylene)-9H-fluorene (1a) product.
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Scheme 1. Synthesis of 9-(dibromomethylene)-9H-fluorene.'®
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Scheme 2. Bis-couplings with dibromide and BiArs.

The coupling reaction carried out using Pd(PPhs), catalyst and
K5PO4 base in N,N-dimethylformamide (DMF) at 90 °C afforded
bis-coupled product 1a in a 36% yield (entry 1, Table 1). This reac-
tion at 110 °C afforded a marginal change in yield up to 45% (entry
2, Table 1). Other solvents such as N,N-dimethylacetamide (DMA),
N-methylpyrrolidinone (NMP) did not improve the yield under
similar coupling conditions (entries 3 and 4, Table 1). The effect
of various bases was studied to check their efficacy. For example,
Cs,C0O3 and Na,COs3 bases furnished 41% and 54% yields (entries 5

Table 1
Screening conditions*><4
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and 7, Table 1), whereas K,CO3 and KOAc proved to be more effi-
cient with 78-79% yields (entries 6 and 8, Table 1). Reaction with
PdCl,(PPhs), as catalyst precursor furnished a 76% yield of the de-
sired product (entry 9, Table 1). Thus, additional scrutiny was car-
ried out with low catalyst loadings of Pd(PPhs),; using 0.04 and
0.02 equiv and KOAc base. These reactions provided 82% and 77%
yields, respectively (entries 10 and 11, Table 1). Different KOAc
loadings using 1-4 equiv revealed that bis-coupling process is
more effective with either 4 or 3 equiv (entries 12 and 13, Table 1).
However, moderate yields were obtained with 2 and 1 equiv of
base (entries 14 and 15, Table 1). Reaction checked for optimum
reaction time with 3 and 1 h revealed a marginal improvement
in yield with longer reaction time (entries 16 and 17, Table 1).
Two control reactions carried out without base and catalyst (en-
tries 18 and 19, Table 1) amply indicated their importance for
effective bis-couplings. Triarylbismuths are thermally labile to give
biaryls in the presence of palladium catalyst.!! This resulted in the
formation of biphenyl as a minor side product in all screening reac-
tions. In some cases, the mono phenylated product 9-benzylidene-
9H-fluorene was also formed in minor amounts.>® From this study,
it was realized that Pd(PPhs)4 (0.02 equiv), KOAc (4 equiv) in DMF
at 110 °C and 1 hour reaction time as an optimum condition to ob-
tain high coupling yield (entry 17, Table 1).

With optimized condition in hand, generality of this one-pot
bis-coupling process was checked using electronically different
BiAr; reagents'? (Table 2). It is fascinating to see that the bis-cou-
plings using various BiAr; reagents are facile to furnish a variety of
functionalized 9-(diarylmethylene)-9H-fluorenes in good to high
yields. For example, BiAr; reagents substituted with various alkoxy
and methyl substituents furnished high product yields in short

s¥e
vew

(1 equiv)
(1.5 equiv)
1 (1.5 equiv)
1a
Entry Catalyst (equiv) Base (equiv) Solvent Time (h) Yield (%)
1 Pd(PPhs), (0.09) K3POy4 (6) DMF 4 36°¢
2 Pd(PPhs)4 (0.09) K3PO4 (6) DMF 4 45
3 Pd(PPhs)4 (0.09) K3PO4 (6) DMA 4 35
4 Pd(PPhs), (0.09) K3PO4 (6) NMP 4 34
5 Pd(PPhs)4 (0.09) Cs,COs (6) DMF 4 41
6 Pd(PPhs)4 (0.09) K,COs3 (6) DMF 4 78
7 Pd(PPhs)4 (0.09) Na,COs (6) DMF 4 54
8 Pd(PPhs)4 (0.09) KOAc (6) DMF 4 79
9 PdCl,(PPhs); (0.09) KOAc (6) DMF 4 76
10 Pd(PPhs)4 (0.04) KOAc (6) DMF 4 82
11 Pd(PPhs), (0.02) KOACc (6) DMF 4 77
12 Pd(PPhs), (0.02) KOAc (4) DMF 4 82
13 Pd(PPhs)4 (0.02) KOAc (3) DMF 4 81
14 Pd(PPhs)4 (0.02) KOAc (2) DMF 4 55
15 Pd(PPhs), (0.02) KOAc (1) DMF 4 52
16 Pd(PPhs)4 (0.02) KOAc (4) DMF 3 81
17 Pd(PPhs)4 (0.02) KOAc (4) DMF 1 79
18 Pd(PPh;s), none DMF 1 35
19 none KOAc DMF 1 -
@ Coupling conditions: 9-(dibromomethylene)-9H-fluorene (0.375 mmol, 1.5 equiv), BiPh; (0.25 mmol, 1 equiv), base, catalyst, solvent (3 mL), 110 °C.
b Isolated yields.
¢ Biphenyl as a minor side homo-coupling product was formed in all the reactions.
4 Mono phenylated product 9-benzylidene-9H-fluorene was also formed in some reactions in minor amounts.
e

At 90 °C.
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Table 2
One-pot bis-couplings with different triarylbismuths®><d-
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¢ Coupling conditions: 9-(dibromomethylene)-9H-fluorene (0.375 mmol, 1.5 equiv), BiArs (0.25 mmol, 1equiv), KOAc (1 mmol, 4 equiv), Pd(PPhs), (0.005 mmol,

0.02 equiv), DMF (3 mL), 110°C, 1 h.

b

c
d
e

Isolated yields.
Biaryls as a minor side homo-coupling products were formed in all the reactions.

Mono arylated product 9-benzylidene-9H-fluorene was formed in some reactions in minor amounts.
All the product were identified by 'H NMR, '>C NMR, EI-HRMS and IR spectroscopic analyses.

reaction time. Triarylbismuths substituted with electron-with-
drawing halo substituents provided moderate yields. It is impor-
tant to note that electronically rich aryl boronic acids did not
fare well in the reported double Suzuki coupling process.>® How-

ev

er, it is highly satisfying to note that similar couplings with BiAr;

afforded good yields in an atom-efficient manner under present

co

nditions.

In summary, we have demonstrated a facile palladium cata-
lyzed protocol for an efficient synthesis of various functionalized
9-(diarylmethylene)-9H-fluorenes using triarylbismuths as multi-
coupling organometallic nucleophiles under palladium catalyzed
condition. These one-pot bis-couplings are fast and completed in
1 hour reaction time furnishing good to high yields. Given the
importance of 9-(diarylmethylene)-9H-fluorenes, this method is



M.L.N. Rao, P. Dasgupta/ Tetrahedron Letters 53 (2012) 162-165

expected to provide an easy access to a plethora of these molecular
entities in a facile manner.
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(0.110g, 0.25mmol, 1.0equiv), KOAc (0.098g, 1.0 mmol, 4.0equiv),
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