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ABSTRACT

An unexpected one-pot synthetic approach toward spiro[fluorene-9,9 ′-xanthene] (SFX) under excessive MeSO 3H conditions has been developed.
The key step involves a thermodynamically controlled cyclization reaction. Blue-light-emitting materials based on SFX building blocks that
exhibit high thermal stability have also been synthesized.

In recent years, spiro compounds have attracted much
attention because of their promising applications in the fields
of molecular tectonics,1 enantioselective molecular recogni-
tion,2 molecular electronics,3 and optoelectronic devices.4 For
example, supramolecular tectons and synthons based on
spirobifluorene have been used to construct porous hydrogen-

bonded networks and linear polymeric metal-organic frame-
works with square cavities.1 Spiro homopolymers exhibit
excellent spectrum stability even in air-annealing experi-
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ments.5 Spiro compounds also possess other interesting
properties, including high solubility, high fluorescent quan-
tum efficiency, nondispersive hole-transporting ability, and
ambipolar carrier transporting properties.6 Although spiro
compounds are becoming an important class of building
blocks in materials and supramolecular science, much effort
has been devoted to exploring spirobifluorene derivatives
instead of other spiro compounds, e.g. spiro[fluorene-9,9′-
xanthene]. This is partially because of the lack of convenient
and efficient synthetic routes. Therefore, developing efficient
synthetic methodologies of spiro structures is critical to
further expanding the scope of applications of spiro com-
pounds.

To date, to the best of our knowledge, there have been
few examples for the development of spiro compounds via
a one-pot route.7 A one-pot approach is appealing because
of its inherent simplicity. Recently, Shu et al. repeatedly
conducted a one-step condensation reaction of 2,7-dibromo-
9-fluorenone with resorcinol to form spiro frameworks
directly, using ZnCl2/HCl as a condensing reagent.8 To
expand the scope of preparation and facilitate the develop-
ment of spiro compounds, a one-pot synthetic route utilizing
readily available reagents has been developed in our labora-
tory and is described in the present letter, to produce a series
of spiro[fluorene-9,9′-xanthene]s (SFXs). To explain this
process theoretically, a thermodynamically controlled mech-
anism has been hypothesized. In addition, anSFX building
block has been exploited to construct blue-light-emitting
materials with high thermal stability.

In the literature,SFX has been arduously synthesized by
means of two multistep routes with complicated procedures.9

One method starts from two different kinds ofo-halobiaryls,
as shown in Scheme 1. The other involves dichlorofluorene
and was patented in 1995, as shown in Scheme 2. However,
SFX has not previously been prepared with a one-step route
as of yet.

Unexpectedly, we discovered a novel one-pot route to
synthesizeSFX, as shown in Scheme 3. Originally, we

intended to prepare 4,4′-(9-fluorenylidene)diphenol (FDPO)
starting from commercially available fluorenone according
to the procedure reported in the literature10 (Scheme 4).

However, the Eaton’s reagent was replaced by the excessive
mixture of MeSO3H and P2O5 (3:1), and the reaction time
was lengthened to 24 h. An unknown compound was
obtained with the molecular mass (M+) of 322 amu, as
determined by GC-MS. TLC demonstrated that its polarity
was lower than that of fluorenone. Thus, it was confirmed
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Scheme 1. Typical Synthetic Route toSFX9a Scheme 2. Additional Synthetic Route toSFX9b

Scheme 3. One-Pot Approach for the Synthesis ofSFX and
Its Derivatives

Scheme 4. Synthesis of 4,4′-(9-Fluorenylidene)diphenol
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that the unknown compound was notFDPO. Finally, its
structure was determined to beSFX by single-crystal X-ray
diffraction,11 as shown in Figure 1.

To confirm the process, the reaction was replicated several
times following the same conditions. To expand the scope
of this preparation, we attempted to synthesize dibromo-
substitutedSFX which is a useful building block for the
construction of optoelectronic materials, under the same
conditions asSFX. However, a complicated mixture was
obtained that could not be well characterized. Thus, the
excess P2O5/MeSO3H mixture was not efficient for the
development of dibromo-substitutedSFX. However, we
occasionally attempted to synthesize the monobromo-SFX
using only MeSO3H as the catalyst. Surprisingly, the
monobromo-SFXwas obtained with a high yield of 72%
and determined by GC-MS,1H, and13C NMR. Thus, excess
P2O5 was not essential in this one-pot ring-closure reaction.
The repeated experiments also confirmed the course, and the
dibromo-substitutedSFX was also successfully prepared with
a high yield of 78%.

Scheme 5 describes a plausible reaction pathway of the
ring-closure process in the one-pot method. First, an elec-
trophilic attack of protonized fluorenone to the o- or
p-position of phenol and the loss of equivalent water give a
carbon cation, which then attacks the o- or p-position of
another phenol to afford diphenol. Subsequently, intramo-
lecular cyclization through the loss of H2O produces theSFX
product in the presence of an acid catalyst if diphenol is the
o,o-substituted intermediate. Meanwhile, the equilibrium
should be hypothesized between the o,o-substituted inter-

mediates and the o,p-substituted or p,p-substituted intermedi-
ates. Because the last ring-closure step is not reversible, the
equilibrium moves forward when the ether bond is formed
with the loss of H2O. As the reaction time lengthens, the
yield of SFX increases. Compared with the reaction time of
6 h with a yield of 40%, a reaction time of 24 h results in
higher yields of up to 80% forSFX. In the meantime,FDPO
in a reaction mixture can be separated by silicon gel
chromatography if the reaction time is shorter than 6 h.
Therefore,SFX is a thermodynamic-controlled product and
FDPO is a kinetic-controlled product. Following the mech-
anism, we deduce thatFDPO can be transformed intoSFX
under MeSO3H conditions, which is similar to the transfor-
mation of 3,4-dimethylphenol into 9,9-dimethylxanthenes in
the literature.12 The conclusion is confirmed by the efficient
transformation experiment ofFDPO into SFX under MeSO3H/
phenol conditions in a high yield of 55%. It should be noted
that an important factor for this reaction is the amount of
MeSO3H acid used because the formation of the ether bond
needs an excessive acid catalyst, which leads to the move-
ment of the equilibrium. Nevertheless, theoretical elucidation
is needed to confirm this hypothesis; however, this is beyond
the scope of the present work.

Finally, we made use ofSFX to construct a blue-light-
emitting model compound with high morphological stability
by means of the Suzuki coupling reaction, as shown in
Scheme 6. The reactions of monobromo-SFX with 2,7-bis-
(4,4,5,5-tetramethyl-[1,3,2]dioxaborolane-2-yl)-9,9-dioctylflu-
orene under Pd(PPh3)4/K2CO3 catalytic conditions gave 2,7-
bis[spiro[fluorene-9,9′-xanthene]-2-yl]-9,9-dioctylfluorene
(BSFXF) with a yield of 90%.

BSFXF is soluble in common organic solvents such as
dichloromethane, toluene, and tetrahydrofuran. The absorp-
tion spectrum ofBSFXF in dilute chloroform with an
absorption peak at 361 nm is shown in Figure 2. The

(11) Crystal data forSFX: Crystals were grown from CH2Cl2/alcohol.
The structure was solved on a Bruker SMART CCD diffractometer using
Mo KR radiation. C25H16O (Mr ) 332.38); orthorhombic, space group
P212121, Dc ) 1.293 g cm-3, a ) 10.699(2),b ) 16.752(3),c ) 9.5269-
(18) Å, R ) 90, â ) 90, γ ) 90°, V ) 1707.5(6) Å3, Z ) 4, λ ) 0.71073
Å, µ ) 0.077 mm-1, T ) 293(2) K, R ) 0.0338 for 8370 observed
reflections [I> 2σI] and Rw ) 0.0882 for all 3344 unique reflections. (12) Caruso, A. J.; Lee, J. L.J. Org. Chem.1997,62, 1058-1063.

Figure 1. ORTEP drawing ofSFX. The ellipsoid probability is
30%.

Scheme 5. Plausible Mechanism of the One-Pot Method
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emission spectrum exhibits a typical feature of terfluorene
with the maximum emission peaks at 398 and 417 nm and
a high quantum yield of 87%. PL in the solid state shows a
red shift of about 20 nm by comparison with that in solution,
which could be attributed to different dielectric environments.
The annealing experiments exhibited no red shift and low-
energy green emission bands in PL spectra, which reveals
that no excimer or keto defect is formed. The thermal
properties ofBSFXF were investigated using differential
scanning calorimetry (DSC) and thermogravimetric analysis
(TGA) under a nitrogen atmosphere at the scan rate of 10
°C/min.BSFXF exhibits a high decomposition temperature
up to 380°C (5% weight loss temperature) and aTg up to
154 °C, which is higher than that of polyfluorene (Tg ) 75
°C).13 The above results indicate thatBSFXF based on the
SFX building block has high thermal stability and spectral
stability similar to that for the materials based on the
spirobifluorene building block.5b

In conclusion, an efficient and convenient one-pot ap-
proach for the preparation ofSFX has been developed, which
is a thermodynamic-controlled process under excessive acid
catalyst. Blue-light-emitting materials based on theSFX

building blocks have been created. The development of a
one-pot procedure for the preparation of other xanthene
derivatives is currently being pursued.
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Scheme 6. Synthesis of a Blue-Light-Emitting Model
Compound

Figure 2. UV-vis and photoluminescence (PL) spectra ofBSFXF
in chloroform (1µM) and as solid films and annealing PL at 150
°C for 12 h under a nitrogen and air atmosphere.
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