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A simple protocol for the clean preparation of heterocyclic compounds containing dibenzofuran's core via

oxodefluorination of fluoroarenes on activated g-Al2O3 is reported. Alumina can be considered as a reliable

oxygen source enabling one-pot substitution of fluorine atoms and yielding benzoannulated furan

derivatives. The corresponding C–F bond activation is selective towards less stable C–Br/C–I and occurs

under metal- and solvent-free conditions.
Dibenzo[b,d]furan is an important moiety as its derivatives
constitute a long list of natural products.1,2 Moreover, multiple
synthetic compounds bearing such a fragment also show bio-
logical activity3–5 e.g. mimic fragments of complex biological
structures.6,7 Due to its rigidity, dibenzofuran is oentimes used
as a bridge xing fragment of the molecule at a desired distance
giving rise to various chelating ligands,8–13 cryptands,14 and
other supramolecular hosts.15–19 Furthermore, the stable
dibenzofuran core enables different patterns of substitution.
These features, in combination with appropriate electronic
properties, make dibenzofuran and its derivatives potentially
valuable components of phosphorescent OLEDs20–22 thermally
activated delayed uorescence emitters,23–25 perovskite solar
cells26 etc. Thus, functionalized dibenzofurans appear to be
important building blocks.

Despite numerous synthetic approaches to this class of
compounds, the construction of functionalized dibenzofurans
is far from being trivial since all existing methods are generally
reduced to either C–O or C–C coupling (Fig. 1). This is mainly
connected to the fact that oxygen has to be present in the
precursor's structure because there is no reliable oxygen source
that would enable double C–O bond incorporation. The
majority of the available methods are based on Pd-catalysis,27–34

while others exploit strong bases/acids and toxic solvent.35–38 In
addition, these methods rarely tolerate C–Br and C–I function-
alities, which could have been used for further modications.

Herein, we report a transformation of uorinated biphenyls
into dibenzofuran's derivatives. The reaction occurs on the
surface of activated g-Al2O3 and does not require other reagents.
The scope and limitations of the reactions are considered: the
technique is compatible with C–Br and C–I functionalities,
uernberg, Department of Chemistry and

us-Fiebiger Str. 10, 91058 Erlangen,

e

istry, Martin-Luther-University Halle-

Halle, Germany

tion (ESI) available. See DOI:

f Chemistry 2020
enables double oxodeuorination and incorporation of hexa-
gons, thus yielding ladder-type p-conjugated heteroacenes and
xanthene's derivatives, respectively.

As a part of our ongoing research on alumina mediated C–F
activation,39,40 we have observed an interesting competition
between C(aryl)–C(aryl) coupling and formation of oxygen-
containing side products.41 In certain cases (i.e. when two
uorine atoms are dislocated in bay-region) the side products
turned out to contain dibenzofuran's moiety.42 Some additional
data on this competition are briey discussed in ESI.†

To investigate the formation of dibenzofuran's core in more
details, we have excluded one of the competitors i.e. the possi-
bility for intramolecular C(aryl)–C(aryl) coupling. The simplest
model meeting the requirements is 2,20-diuorobiphenyl (1a),
Fig. 1 Synthesis of dibenzofuran. Existing approaches vs.
oxodefluorination.
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which upon exposure to activated alumina transforms into
dibenzofuran 1 in 65% yield. As a matter of fact, the desired 1 is
the only product that can be extracted from the reactionary
mixture with aprotic solvent such as toluene (Fig. 2). Thus, ash
chromatography is not required, since reactionary alumina
already plays the role of a plug enabling effective separation
from intermediate and side products, which can be extracted
with methanol aerwards (see ESI†). Notably, eliminated uo-
rine atoms are most likely to be bound to alumina in the form of
extremely strong and naturally occurring Al–F bond yielding
partially uorinated alumina, which is of interest in multiple
elds including catalysis.43,44

As any other heterogeneous process, this reaction is quite
likely to have a complicated manner. However, some pieces of
evidence on C(aryl)–F polarization41,45,46 allow us to suggest the
key steps of the transformation. Alumina induces a partial
positive charge on carbon generating incipient phenyl cation
species,47 which are to interact with proximal moieties. In the
case of 2,20-diuorobiphenyl, no aryl functionalities are avail-
able for intramolecular C(aryl)–C(aryl) coupling; therefore
oxygen on alumina surface serves as an alternative nucleophile
interacting with cation-like species. Such hydrolysis of C–F
bond has already been observed as a side process.41 Unlike the
reported transformation, the current precursor contains two
uorine atoms, whereas the polarization of the second C(aryl)–F
bond induces the second C–O coupling, this time intra-
molecular, and subsequent covalent detachment of the product.
Some other possible mechanisms occurring via aryne-particles
Fig. 2 (A) Synthesis of dibenzofuran and suggested mechanism of the
reaction. (B) 1H NMR of the reactionary mixture as obtained after
extraction with toluene.

10880 | RSC Adv., 2020, 10, 10879–10882
or dehydration were excluded (see ESI†). Noteworthy, the
outcome of the reaction resembles double SNAr, which can be
generally achieved in activated arenes i.e. containing multiple
electron-withdrawing groups. Such restriction does not apply to
the alumina-promoted oxodeuorination due to its cationic
nature.

An interesting aspect of C(aryl)–F bond is that it can be used
as both directing and functional groups, although it is seldom
considered as the latter. In accordance with Table 1, para-
substituted uorobenzenes undergo directed ortho-metalation
enabling simple one-pot synthesis of functionalized biphenyls
bearing two uorine atoms in 2,20-positions. This gives a facile
approach to several precursors, which were used to investigate
the scope and limitation of the alumina-promoted oxode-
uorination. Aer heating with activated alumina at 190 �C
under vacuum, the reactionary mixture was extracted with
toluene. The obtained extract containing the target molecule
did not require ash chromatography unless stated otherwise.

While tolerance to methyl group comes as no surprise,
selective C–F activation in presence of C–Br and more inter-
estingly C–I is a quite notable feature since uorine forms
stronger bonds with carbon in comparison to other halogens. At
the same time, the reaction has a rather poor selectivity to
C(aryl)–F bonds since only traces of 5 were extracted, whereas
the rest of the precursor has remained on the surface in forms
of hydrolyzed side products. A similar, although anticipated,
outcome was observed in the case of 6, where nothing could be
extracted with toluene due to the rapid hydrolysis of CF3
Table 1 Synthesis of 2,8-substituted dibenzofurans. (a) n-BuLi, (1.5
eq.), tetramethylpiperidine (1.5 eq.), CuBr2 (1 eq.), PhNO2 (1 eq.), THF,
�78 �C; (b) g-Al2O3, 190 �C, 12 h

This journal is © The Royal Society of Chemistry 2020
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groups.48 As of methoxy groups, the corresponding toluene
extract revealed no desired product 7. Presumably, it is con-
nected to the fact that OCH3 occupies reactive sites of alumina
more rapidly than C–F polarization takes place.

This observation is especially interesting in light of the
following evidence. Oligophenylenes 8a, 9a, and 10a synthe-
sized in one step via Suzuki coupling undergo double annula-
tion yielding respective ladder-type p-conjugated compounds
8–10, which are promising candidates as organic semi-
conductors (Scheme 1).37 Here, the formation of the rst
dibenzofuran's moiety, apparently, does not prevent the second
region from annulation.

To investigate whether the approach is applicable to the
synthesis of xanthene's derivatives such as benzo[kl]xanthene
(11), we have designed the corresponding precursor 11a having
a choice between C–F and C–C couplings. Due to this compe-
tition, several products were extracted with toluene in this
particular case. Therefore, toluene and methanol extracts were
combined and separated by means of ash chromatography to
reveal three major products 11b, 11c, and 11. To preclude the
variability, we have synthesized rigid precursor 12a with two
Scheme 1 Synthesis of ladder-type p-conjugated compounds, benzo
[kl]xanthene and incorporation of oxygen into cove region.

This journal is © The Royal Society of Chemistry 2020
uorine atoms in cove region. Thus, 12a transforms into 12 in
considerable 75% yield enabling the synthesis of elusive
naphtho[2,1,8,7-klmn]xanthene's core.49

Conclusions

In summary, we have occasionally come across an attractive
method enabling the incorporation of oxygen in place of two
C(aryl)–F bonds, where alumina serves as a reliable oxygen
source. The simplicity of the required uorinated moiety makes
precursors, in general, readily available via facile one-step
synthesis. The method allows the synthesis of dibenzofuran's,
xanthene's, and ladder-type p-conjugated derivatives under
metal- and solvent-free conditions. In principle, alumina-
promoted oxodeuorination tolerates such useful functional-
ities as C–Br and C–I. The synthetic procedure is straightfor-
ward and requires activated g-Al2O3 as a reagent and simple
extraction to yield high purity target products without ash
chromatography and respective solvent and silica wastes.
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