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Fluoreno nes are an important structural scaffold found in many 
natural products, such as dengibsin, dengibsinin, and dendroflorin
which have been isolated from Asiatic orchid Dendrobium gibsonii 
Lindley.1 Fluorenones constitute the central core of a variety of
compounds which exhibit important biomedical activity as well 
as optical and electronic propertie s. For example, they act as virus 
and enzyme inhibitors,2,3 organic light emitting devices (OLED),4

photosensit izers,5 and liquid crystals (Fig. 1).6,7 Because of the mul- 
tifold applications of fluorenone derivatives, several synthetic 
methodologi es have been developed which include, for example,
Friedel–Crafts type cyclizations of biarylcarbox ylic acids,8 oxida-
tions of fluorenol and fluorenes,9,10 intramolecu lar Diels–Alder
reactions of conjugat ed enynes or diarylace tylene systems,11a,b for-
mal 3+3 cyclocondensati ons of 1,3-bis(silyloxy)-1,3-buatdienes ,11c

and remote metalation of 2-biphenylcar boxamides or 2-
biphenyloxazo lines.12

In the last decade palladium catalyzed cross-coupl ing reactions 
have been applied to the preparation of the fluorenone moiety.
Examples include Pd-catalyze d cyclizations of ortho-iodobenzophe-
nones,13 the Pd-catalyzed cyclocarbonyla tion of ortho-halobiaryls,14

the annulation of arynes to 2-haloare necarbaldehyd es,15 sequential
coupling of aryl halides, alkynes, and arynes,16 reactions of 2-iodo- 
ll rights reserved.
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phenyl-(2-phenyl-benzy lidene)-amines,17 and reactions of aro- 
matic amides with aryl halides.18 Fluorenones have been recently 
prepared by Pd-catalyze d C–H activation of aryl aldoxime ethers 
with arenes 19 or with aryl iodides followed by oxidative Heck cycli- 
zation,20 by sequential reaction of 2-bromobenza ldehydes with 
arylboronic acids,21,22 by double CH-activation of diarylketones,23

and by decarboxylative C–H arylation of benzoic acids under radical 
condition s.24 The synthesis of arylated fluorenones has only scarcely 
been reported so far.18,22–25 In recent years, we have studied the syn- 
thesis of benzoannulate d heterocycles by domino double Heck elec- 
trocyclization reactions.26,27 Herein, we wish to report the first
applicati on of this methodology to indenones. The domino double 
Heck electrocyclizat ion reactions of 2,3-dibromoi ndenone with sty- 
renes provides a convenient approach to 2,3-diarylfluorenones 
which are not readily available by other methods .

The palladium catalyzed reaction of 2,3-dibrom oindenone (1),
which was prepared according to the literature,28 with styrene 
2a afforded fluorenone 3a by a domino double Heck electrocy cliza- 
tion reaction in up to 95% yield (Scheme 1, Table 1).29,30 The reac- 
tion had to be thoroughly optimized because the yields were,
under standard conditions, very low. The best yields were obtained 
when Pd(OAc)2 (5 mol %) in the presence of t-Butyl-X-Pho s
(10 mol %) was used as the catalyst (Table 1, entry 4, Fig. 2). The 
reaction was carried out in DMF at 65 �C and was complete d al- 
ready in 5 h. The yields dropped when other catalysts and ligands 
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Scheme 1. Synthesis of 3a–n. Reagents and condition: (a) 2a–n (2.3 equiv),
Pd(OAc)2 (5 mol %), X-Phos (10 mol %), NEt 3 (8 equiv), DMF, 65 �C, 5 h.
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Figure 2. Structures of ligands.

Table 2
Synthesis of 3a–n

2,3 Ar Yield a (%)

a 4-(tBuO)C6H4 95
b 4-tBuC6H4 92
c 4-(MeO)C6H4 81
d 4-(EtO)C6H4 85
e 4-MeC6H4 77
f 3-MeC6H4 89
g Ph 80
h 4-BrC6H4 75
j 3-BrC6H4 71
i 4-ClC6H4 70
k 3-ClC6H4 73
l 4-FC6H4 72
m 3-FC6H4 68
n 4-(MeCO)C6H4 65

a Isolated yields.
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Figure 1. Important natural and synthetic fluorenones.
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or other solvents and higher temperatures were employed . It is
interesting to note that the novel, more sterically hindered ligand 
tButyl-X-Pho s gave a considerable better yield thanparent X-Phos.
It is noteworthy , that the electrocyclizat ion proceeded already at
Table 1
Optimization of the reaction conditi ons for 3a

No. Catalysis Ligand Solvent 

1 Pd(PPh3)4 — DMF 
2 Pd(PPh3)4 — Toluene 
3 Pd(OAc)2 Ru-Phos DMF 
4 Pd(OAc)2 t-Butyl-X-Phos DMF 
5 Pd(OAc)2 P(Cy)3 DMF 
6 Pd(OAc)2 P(Cy)3 Toluene
7 Pd(OAc)2 S-Phos DMF 
8 Pd(OAc)2 X-Phos Toluene 
9 Pd(OAc)2 P(tBu)3�HBF4 DMF 

a Isolated yields.
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65 �C while other substrates, such as 2,3-dialkenylth iophenes,26 re-
quire temperat ures of up to 200 �C.

Having the optimized conditions in hand, we next focused on
the preparative scope. The reaction of 1 with styrenes 2a–n affor-
ded fluorenones 3a–n in 65–95% yields (Table 2). The yields of
products 3a–g, derived from styrenes containing electron donating 
substitue nts, were higher than the yields of the other products 
which are derived from styrenes containing electron withdraw ing 
substitue nts. It is notewort hy, that brominat ed styrenes 2h,j could
be successfu lly employed without competing side reactions. This 
might be explained by the fact that carbon atoms C-2 and C-3 of
indenone 1 are rather electron poor and more rapidly undergo 
the oxidative addition with the Pd catalyst than the respective car- 
bon atom of the styrene. The acetyl substituted styrene 2n also
underwent the reaction in good yield.
Base T (�C) t (h) Yield a (%)

NEt 3 50 48 20
iPr2NEt 80 24 43
NEt 3 65 5 68
NEt 3 65 5 95
NEt 3 50 48 34
iPr2NEt 80 24 52
NEt 3 65 5 63
NEt 3 80 5 75
Na2CO3 50 48 30

. (2013), http:// dx.doi.org/10 .1016/j.tet let.2013 .03.011 
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Figure 3. Ortep plot of 3b.
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The structures of all products were analyzed by spectroscopi c
methods. The structure of 3b was independently confirmed by X-
ray crystal structure analysis (Fig. 3).31

In conclusion, we have reported a new and convenie nt synthe- 
sis of 2,3-diary lfluorenones by domino double Heck/electrocycl iza- 
tion/dehydroge nation reactions of 2,3-dibromo- 1H-inden-1-one.
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