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Regioselective terminal bromination of fluorinated
oligophenylenes

In the presence of excess iron, terminal bromination of
fluorinated biphenylenes and oligophenylenes proceeds at
room temperature, delivering up to 98% vield. Iron shields
internal rings, “deflecting” Br2 to the termini, enabling
scalable synthesis with exceptional regioselectivity and
operational simplicity.
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Herein, we demonstrate an unprecedentedly selective terminal
bromination of fluorinated biphenylenes and oligophenylenes in
the presence of excess metallic iron. The reaction can be carried
out under ambient conditions at room temperature, yielding the
target compounds with up to 98% yield. The high regioselectivity
and scalability make this approach superior to existing methods.

Bromoarenes are essential building blocks in the bottom-up
synthesis of carbon-based nanostructures. Electrophilic aro-
matic substitution using molecular bromine remains a power-
ful synthetic tool, providing facile access to this class of
compounds. However, direct bromination often suffers from
low selectivity and is rarely applicable to strongly deactivated,
fluorine-substituted oligophenylenes. Terminally brominated
fluoro-oligophenylenes have been identified as crucial intermedi-
ates in the synthesis of intricate carbon-based nanomaterials.
The most notable examples are summarized in Fig. 1. Thus, it
was shown that HF-zipping of fluorinated oligophenylenes via
alumina mediated C-F bond activation'” provides facile access to
various pristine nanographenes.” Kolmer et al. reported a chal-
lenging synthesis of nanographenes and nanoribbons, by
enabling intramolecular fluorine promoted aryl-aryl coupling
directly on non-metallic titania surfaces. In our group a wide
range of heteroacenes were prepared by ladderization of fluori-
nated oligophenylenes.”” Recently, Gottfried et al. reported the
synthesis of a unique nonbenzenoid carbon allotrope via inter-
molecular aryl-aryl coupling of fluorinated polyparaphenylene,
demonstrating that the cyclodehydrofluorination approach is a
powerful tool in the on-surface synthesis.® Finally, Itami et al.
reported unprecedented synthesis of thiophene-fused aromatic
belts from fluorinated cycloparaphenylene.’

In all of the aforementioned cases, terminally brominated
fluorooligophenylenes were employed as key intermediates

(Fig. 1). Since fluorinated oligophenylenes are usually
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Regioselective terminal bromination of
fluorinated oligophenylenes
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constructed by Suzuki coupling, brominated oligophenylenes
cannot be obtained directly. In these studies, the introduction of
protective groups or masked bromofunctionalization was
employed to overcome this issue. Alternatively, a post synthetic
ortho lithiation-bromination approach can be applied for the
introduction of bromine to fluoroarenes.'®**> However, extended
fluoro aromatic scaffolds frequently pose a challenge to lithiation
due to low solubility and low stability of intermediates. Direct
bromination appears to be a significantly more attractive approach
due to the simplicity of the reaction and its scalability. However
selective bromination of oligophenylenes has rarely been
reported.”*'® The main reason lies in the large number of centers
for electrophilic attack, which leads to a lack of regioselectivity,
yielding a complex mixture.

From this perspective, selective bromination of fluorinated
oligophenylenes appears even more challenging, as the bromi-
nation of the strongly deactivated fluorine-substituted n-system
requires harsh conditions, which could further reduce selectiv-
ity. In this work, we demonstrate that direct bromination of
fluorinated oligophenylenes and model fluorinated bipheny-
lenes using an excess of iron results in unprecedentedly high
regioselectivity, yielding terminally brominated oligopheny-
lenes with high yields. The scope and limitations of the reac-
tion are investigated on variously fluorinated biphenylenes and
several ortho-, meta-, and para-oligophenylenes.

The terminally dibrominated oligophenylenes serve as ideal
starting materials for Pd-catalyzed cross-coupling reactions,
enabling the introduction of additional terminal phenyl units.
Furthermore, the selective bromination-Suzuki cross-coupling
cycle can be repeated multiple times. This offers exceptional
flexibility in designing fluorinated oligophenylenes with complex
architectures.

In general, this approach provides easy access to differently
functionalized oligophenylenes, as the bromine group can be
readily converted into various functional groups via transition
metal-catalyzed reactions.

2,6-Difluorotoluene (1) was chosen as the starting material
for the synthesis of fluorinated meta-phenylenes, which serve as

This journal is © The Royal Society of Chemistry 2025
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Fig. 1 Representative examples of terminally brominated fluoro-
oligophenylenes employed as key intermediates in the synthesis of
carbon-based nanomaterials.

promising building blocks for the construction of fluorinated
phenylene-based macrocyclic systems. The presence of a
methyl group enables regioselective lithiation and enhances
the solubility of the target oligophenylenes. We initiated the
synthesis with ortho-lithiation of 2,6-difluorotoluene, followed
by the addition of 2 equivalents of copper(u) bromide at —78 °C,
which promoted homocoupling to afford compounds 2, 3, and
4 inyields of 32%, 18%, and 7%, respectively (Fig. 2). Structural
assignments were confirmed using 'H, 'F, and “C NMR
spectroscopy, as well as mass spectrometry.

Compound 2 was selected as a model system to explore
ortho-functionalization relative to fluorine, using butyllithium
chemistry to introduce either an iodine or a boronic acid group.
Various iodine sources, including elemental iodine and 1,2-
diiodoethane, as well as boron sources such as trimethyl borate
and isopropoxy pinacolborane, were tested. However, in all
cases, no reaction was observed (Fig. 2).

Following unsuccessful attempts to introduce iodine or
boronic acid at the ortho position, we turned to direct halogena-
tion using the conventional iron catalysed bromination. Initial
treatment of the substrate 2 with 2 equivalents of iron and 10
equivalents of bromine resulted in a complex mixture that

This journal is © The Royal Society of Chemistry 2025
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Fig. 2 Bromination of fluorinated biphenyl 2 and oligophenylenes 3 and
4. Conditions: (a) LDA then E: 5, CoHyl,, B(OEt)s, isopropoxy pinacolbor-
ane. (b) Fe(30 eq.)/Br,(3 eq.), rt, 22 h. (c) Fe(20 eq.)/Br,(3 eq.), rt, 22 h. (d)
Fe(10 eq.)/Braleq.), rt, 22 h.

could not be identified or purified by column chromatography
or HPLC. Interestingly, reversing the stoichiometry—treating
biphenyl 2 with 3 equivalents of bromine and 10 equivalents of
iron at room temperature—led to a mixture of the desired
dibrominated product 2a with 65% yield and unreacted starting
material 2 (see SI). Increasing the iron loading to 20 equivalents
improved the yield to 80%. Further increase to 30 equivalents of
iron resulted in virtually complete conversion and afforded the
dibrominated product 2a in a 90% yield. Remarkably, this
method exhibited high selectivity for bromination at the para
position relative to fluorine, even when increasing the amount
of bromine to 5 or 7 equivalents. The methyl-activated para
position remained unreacted under these conditions.

Applying the same optimized protocol to compound 3,
treatment with 20 equivalents of iron produced compound 3a
in 90% yield (Fig. 2). Likewise, compound 4 treated with
10 equivalents of iron and 3 equivalents of bromine yielded
compound 4a virtually quantitatively (98% yield). The products
(2a, 3a and 4a) were fully characterized by NMR spectroscopy
(*H, "F, °C) and mass spectrometry. In contrast, the use of
classical bromination conditions (2 equivalents of iron and 10
equivalents of bromine) with compounds 3 and 4 resulted in
complex, uncharacterizable mixtures.

This behaviour suggests that the reaction likely occurs on
the surface of metallic iron. To support this hypothesis, we
investigated direct bromination using alternative brominating
agents. Biphenylene 2 was selected as a model compound, with
the aim of preferentially obtaining the dibrominated product
2a. However, no bromination was observed when using cupric
bromide or cuprous bromide as the brominating agents (see SI,
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entries 1-8). Similarly, attempts using FeBr, or FeBr; (2 eq.) in
various stoichiometries (SI entries 9, 10 and 13) did not yield
any detectable brominated products. Under more forcing con-
ditions—combinations of Br, with FeBr,, complex mixtures
were observed (SI entries 11 and 12). Upon increasing the
amount of FeBr;, only mixtures of the desired dibrominated
product (2a) and unreacted starting material (2) were obtained
(SI entries 14 and 15). Use of bromine with FeBr; had a
disappointing outcome where a complex mixture was detected
(SL, entries 16 and 17). Thus, none of the examined conditions
matched the selectivity and efficiency achieved with bromina-
tion in the presence of excess metallic iron.

Inspired by the high selectivity observed, we extended this
approach to other differently fluorinated biphenylenes and
compared the bromination selectivity with classical conditions
that do not involve a large excess of iron. As a first step we
compare bromination of difluorotoluene 1. These results show
that bromination is milder and more selective (Fig. 3). The
reaction of 2,6-difluorotoluene was conducted using two
approaches. The first method employed 3 equivalents of bromine
and 30 equivalents of iron at room temperature, yielding 3,5-
dibromo-2,6-difluorotoluene (1a) with a high efficiency of 90%. In
contrast, the second method utilized conventional conditions
with 2 equivalents of iron and 10 equivalents of bromine,
producing 3,4,5-tribromo-2,6-difluorotoluene (1b) in an 87%
yield. The employed method for synthesizing (1a) showed a
remarkable selectivity for bromination at the para position
relative to fluorine. Further reactions were conducted with dif-
ferently fluorinated biphenylenes (Fig. 3) using the optimised
conditions obtained above for the synthesis of 2a from 2.

Bromination of fluorobiphenyls 5 and 6 using an excess of
iron afforded compounds 5a and 6a in 76% and 83% yields,
respectively, whereas standard bromination conditions led to
complex mixtures in both cases. Fluorobiphenyls 7 and 8 were
brominated by employing 30 eq. of iron and 3 eq. of bromine
affording 7a and 8a in yields of 97% and 81%, respectively (Fig. 3).
Conventional bromination of 7 gave 7b in a yield of 68% (tetra-
bromination). Applying the same bromination condition to 8
resulted in a mixture of 8a (di-bromination) and 8b (tri-
bromination) in yields of 7% and 15%, respectively. The reaction
of tetrafluorobiphenyl 9 proceeded in both conditions to give
dibromo-tetrafluoro-biphenyl 9a in comparable yields (70% and
67%). Nevertheless, by blocking the para position to fluorine with a
methyl group (compound 10), bromination with 30 eq. of iron and
3 eq. of Br, leads to selective ortho bromination with 73% yield
(compound 10a). However, applying classical conditions gave
perbrominated 10b in 85% yield. In addition, 4,4’-difluoro-1,1'-
biphenyl (11) and 2,2/,3,3'-tetrafluoro-1,1’-biphenyl (12) gave a
complex mixture under both conditions. Additionally, in the two
different reaction conditions, 2,2',5,5"-tetrafluoro-1,1’-biphenyl (13)
was converted to 13a with yields of 93% and 82%, respectively.

Concluding, we report a selective terminal bromination of
fluorinated oligophenylenes using a simple reaction setup,
readily available reagents and mild conditions. We demon-
strate that this methodology is applicable to a broad range of
fluorinated oligophenylenes that are challenging to access
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Fig. 3 Bromination of 1 and fluorinated oligophenylenes 5-13. Condi-
tions (right) Fe(30 eq.)/Brx(3 eq.), rt, 22 h. (left) Fe(2 eq.)/Br,(10 eq.), rt, 22 h.

through existing synthetic methods. Our results show that the
position of the fluorine substituent plays a decisive role in
directing bromination to the para (ortho) positions, enabling the
synthesis of the desired dibrominated compounds with high
yields and excellent selectivity. This strategy provides a versatile
platform for constructing more complex molecular architectures
based on these building blocks, and we anticipate that the
reaction will find wide application in synthetic chemistry, parti-
cularly in materials science.
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Data availability

All data supporting the findings of this study are available
within the article and its supplementary information (SI).
Supplementary information is available. See DOI: https://doi.
0rg/10.1039/d5¢c05074;.
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