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Quadruple addition of phenyl groups to a diphenylpyridylmethane skeleton was achieved. The derived (3,5-difluoro-4-

pyridyl)bis(2,6-dichloro-3,4-diphenylphenyl)methyl radical (Ph,-F,PyBTM) displayed superior luminescent properties to the

previously reported organic diphenylpyridylmethyl radicals in various organic solutions at room temperature, and it reached

33% photoluminescence quantum efficiency in PMMA film. With the introduction of methoxy groups, quadruple adduct
(MeOPh),-F,PyBTM and triple adduct (MeOPh);-F,PyBTM were isolated. The excited state of these radicals showed an
intramolecular charge transfer character and efficient fluorescence only in nonpolar solvents. The radicals retained not only

persistency at the ground state but also durability under photoirradiation, with a 6 to 14 fold improved photostability with

respect to the original PyBTM.

Introduction

Stable luminescent radicals, which show fluorescence
associated with the transition from the doublet lowest excited
state to the doublet ground state, have been actively developed
recently.! Due to the absence of quenching via the triplet state
seen in the closed-shell luminescent molecules, they are
suitable luminophores for electroluminescent devices.? Their
unique luminescence also allows other possible applications,
such as use in heavy atom environments® and
magnetoluminescence.*

The biggest concern in using a luminescent radical has been
its stability. We reported that the introduction of a pyridyl group
instead of a phenyl group in the polychlorotriphenylmethyl
radical, the most common stable luminescent radical, largely
improved the stability of the radical under photoirradiation.>
Compared with tris(2,4,6-trichlorophenyl)methyl  radical
(TTM),® (3,5-dichloro-4-pyridyl)bis(2,4,6-
trichlorophenyl)methyl radical (PyBTM, Scheme 1) showed ca.
70 times higher photostability in dichloromethane. The
photostability of PyBTM can be further improved by the
introduction of additional pyridyl groups’ or Au' complexation.®
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Scheme 1 Structures of TTM and PyBTM derivatives.

Replacing chlorine with fluorine on the pyiridine leads to a
(3,5-difluoro-4-pyridyl)bis(2,4,6-trichlorophenyl)methyl radical
(F,PyBTM) having higher fluorescence efficiency but lower
photostability than PyBTM.® The introduction of two phenyl
rings at the meta position with respect to the radical site (o-
carbon) vyields a (3,5-difluoro-4-pyridyl)bis(3-phenyl-2,4,6-
trichlorophenyl)methyl radical (mPh,-F,PyBTM) with higher
photostability but lower fluorescence efficiency than PyBTM.*°
Recently, we made the first report on the use of a radical as an
organic luminophore for a transparent luminescent solar
concentrator (LSC).'* A PyBTM derivative having phenyl groups
para to the a-carbon: (3,5-dichloro-4-pyridyl)bis(2,6-dichloro-
4-phenylphenyl)methyl  radical (PyPBTM) provided a
particularly suitable combination of emission efficiency and
separation between absorption and emission spectra. The
selective substitution of the 4-chloro group of aH-PyBTM
(precursor of PyBTM) was achieved with the development of



Journal of'Materials' Chemistry/C

the Suzuki-Miyaura coupling reaction with micellar catalysis
(Micellar Suzuki-Miyaura MSM).12

Here, we applied the MSM protocol and succeeded in
synthesizing new diphenylpyridylmethyl radical derivatives
having phenyl groups both para and meta to the a-carbon.
Triarylmethyl radicals in this substitution form have not been
previously reported. We report a (3,5-difluoro-4-pyridyl)bis(2,6-
dichloro-3,4-diphenylphenyl)methyl radical (Phs-F,PyBTM, 1)
and related compounds (2, 3, Scheme 2) as well as their
improved fluorescence quantum yields and photostability.

The radicals (MeOPh),-F,PyBTM (2) and (MeOPh);-F,PyBTM
(3) have electron-rich p-methoxyphenyl groups.
Polychlorotriphenylmethyl radicals with electron donors such
as carbazoles?®®3 or triphenylamines'3¢14 have been reported
to show high fluorescence quantum yields. Recently, improved
photostability by adding donors to radicals has also been
reported.2¢f13415 We studied whether methoxy groups could
serve as such donors to improve fluorescence efficiency and
photostability.

Results and discussion

The precursor of Phy-F,PyBTM (1): aH-Phy-F,PyBTM (1H) was
synthesized by Suzuki-Miyaura coupling between
phenylboronic acid and (3,5-difluoro-4-pyridyl)bis(3-bromo-
2,4,6-trichlorophenyl)methane (otH-mBr,-F,PyBTM), the
compound we previously used to prepare mPh,-F,PyBTM by
Migita-Kosugi-Stille coupling.® Probably two bromine atoms at
the meta-positions were first substituted and then two chlorine
atoms at para-positions were substituted by phenyl groups. The
substitution at adjacent bromo and chloro groups show the
powerful nature of this reaction. No such result was possible by
performing the reaction under standard, organic solvent-based
conditions. The compound 1H was purified by column

Scheme 2 Synthetic scheme of 1, 2, and 3.
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chromatography and GPC separation (see Supporting
Information). A compound with three phenyl rings, aH-Phs-
F,PyBTM was observed as a by-product, but we could not
isolate it as a pure compound.

The precursor of (MeOPh),;-F,PyBTM (2): aH-(MeOPh),-
F,PyBTM (2H) and the precursor of (MeOPh);-F,PyBTM (3): atH-
(MeOPh)3-F,PyBTM (3H) were synthesized by Suzuki-Miyaura
coupling between 4-methoxyphenylboronic acid and aH-mBr,-
F,PyBTM. Thanks to the methoxy group, these compounds were
relatively easily separated.

The radicals 1, 2, and 3 were prepared by deprotonation and
oxidation of the corresponding precursors. All radicals were
stable under ambient conditions. Cyclohexane solutions
showed ESR signals for the spin S = 1/2 (Fig. 1a).

The electronic structures of the radicals were calculated by
DFT at the UB3LYP/6-31G(d) level (Fig. 1b, Table S1). The lowest
energy electron transition of each radical is expected to consist
of the B-HOMO->B-LUMO transition, which is typical for
polychlorotriarylmethyl radicals.?c¢%357 The B-LUMOs are
centered on a-carbon atoms and delocalized on bonded pyridyl
and two phenyl rings. The B-HOMOs are distributed on o-
diphenylphenyl groups, which are the most electron-rich part of
these molecules. Energy levels of the frontier orbitals of 2 and
3 were slightly raised by the electron-rich methoxy groups.

The absorption and emission spectra of 1, 2, and 3 in
cyclohexane are shown in Fig. 1c. Weak absorption between
15,000 and 22,000 cm™ is derived from transitions of the B-spin
electrons to the B-LUMO. The radicals with methoxy groups (2
and 3) indicate lower energy absorption since they have higher
occupied B-spin orbitals. Stronger absorption around 24,000-
28,000 cm™ is mainly attributed to the transition of the a-
HOMO electron to the a-spin unoccupied orbitals. These are
characteristic absorption bands of triarylmethyl radicals, and
they are confirmed by TD-DFT calculations (Table S2). The short-

ome ! !TB,_f? K

i) AQNO3
THF, CH;CN

OMe

aH-(MeOPh),-F,PyBTM (3H)
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(MeOPh),-F,PyBTM (3)
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(a) EPR spectra of 1, 2, and 3 in cyclohexane (ca. 4.4). The g factors of the radicals were g = 2.003. The concentrations of the ESR solutions were ca. 44, 32, 65 uM,

respectively, and the double integral of the signal was 34: 22: 53. The signal per concentration was 0.77: 0.69: 0.82, which is within the error range. (b) Energies of frontier orbitals
and shapes of the B-HOMO and B-LUMO of 1, 2, and 3 at D, ground state optimized using UB3LYP/6-31G(d). (c) Absorption (solid line) and emission (broken line) spectra of 1 (green),
2 (red), and 3 (orange). (d) Shapes of the B-HOMO and -LUMO of 1, 2, and 3 at D, excited state optimized using UM06-2X/6-31G(d).

wavelength absorption between 35,000 and 40,000 cm™ is
stronger than that of the previously reported PyBTM derivatives
due to the increased number of phenyl rings.

To consider the fluorescence from the D; lowest excited
state, the molecular structures at the D; excited state were
optimized using UMO06-2X/6-31G(d), since this was reported to
demonstrate better agreement with the emission for
triarylmethyl radicals.'’® The shapes of the B-LUMOs were
similar to the ground states, while the B-HOMOs were localized
on one side of the o-diphenylphenyl group (Fig. 1d). The
symmetry of the dihedral angles of 1 and 2 (Table S1) was
broken, and the p-phenyl group under B-HOMO conjugated
more strongly with the dichlorophenyl group with a smaller
dihedral angle (Table S3, 4). As a result, the shapes of the -
HOMOs of 2 and 3 were similar. In both the ground (Dy) and
lowest excited (D,) states, the electronic structures of these
radicals are classified as donor-m-acceptor (D-m-A)-type,” in
which the added o-diphenylphenyl group works as a donor and
the radical (unpaired orbital) works as an acceptor.

The emission maxima of 1, 2, and 3 in cyclohexane were 639,
666, and 676 nm, respectively. The order of emission maxima
was similar to the order expected by TD-DFT calculations at the
D, state in various methods (Table S5). Use of UBMK/6-31G(d)
gave a relatively good expectation of the emission wavelengths,
as reported for the calculations of other triarylmethyl radicals.*®
The longer wavelengths of emission for the radicals with
methoxy groups are attributed to the higher energies of -
HOMO orbitals.

Table 1 Fluorescence quantum yields and emission maxima of 1, 2, and 3.

1 2 3

Cyclohexane
Toluene

6% (639 nm)
9% (641 nm)
13% (643 nm)
11% (653 nm)
11% (655 nm)

17% (666 nm)
19% (718 nm)
2% (745 nm)
0.3% (780 nm)
0%

15% (676 nm)
11% (725 nm)
1% (769 nm)
0.3% (815 nm)
0%

Chloroform
Dichloromethane
Acetone
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Fig. 2 (a) Picture of 1 in toluene, 1 in acetone, 2 in toluene, and 2 in acetone under UV (1 = 365 nm) light. (b) Picture of a PMMA film containing 1, 2, and 3 in a Petri dish under

white light. (c) Picture of a PMMA film containing 1, 2, and 3 in a Petri dish under UV (1=

365 nm) light. (d) Plots showing emission decay of 1 and PyBTM in dichloromethane under

continuous excitation with light at A., = 370 nm + 10 nm. (e) Plots showing emission decay of 2, 3, and PyBTM in cyclohexane under continuous excitation with light at Ae, =370 nm

+10 nm.

The fluorescence spectra and fluorescence quantum vyields
(@) upon excitation at Ae, = 370 nm in various solvents were
measured (Table 1). Fluorescence lifetimes and photophysical
parameters are shown in Table S6. The fluorescence of the
radicals with methoxy groups indicated quenching of
luminescence in polar solvents, with the effect becoming more
evident at increased polarity in this series: chloroform,
dichloromethane, acetone (Fig. 2a). Polarity also red shifts the
emission. Such a bathochromic shift is explained by the
relaxation of the polar D, state by reorganization of the polar
solvent molecules, and the quenching is the fast deactivation of
the low-lying excited state. The bathochromic shift was slightly
larger in 3 than in 2, because the B-HOMO of 3 was more
localized on one side of the o-(dimethoxyphenyl)phenyl group
(Fig. 1d). Probably this is why 3 had a shorter lifetime (Table S6)
and lower quantum yield (Table 1) in toluene and chloroform
than 2. Quenching in the polar solvent was reported in furan or
thiophene ring-attached F,PyBTM (mFu,-F,PyBTM and mTh,-
F,PyBTM) and other donor-n-radical systems.'318

In contrast, 1 was fluorescent in both nonpolar and polar
organic solvents. Indeed, 1 showed the strongest fluorescence
in chloroform among the organic solvents, similarly to PyBTM?>
and F,PyBTM.° Remarkably, 1 is also brightly fluorescent in
toluene, where the aforementioned related radicals are
efficiently quenched.> Molecular interaction such as 7-w
stacking between excited radical and toluene solvent was

4| J. Name., 2012, 00, 1-3

probably prevented by four phenyl groups. Emission maxima
shifted slightly to longer wavelengths with increasing solvent
polarity. However, these shifts were much smaller than those
observed for 2 and 3. This means that 1 has a locally excited
character rather than an intramolecular charge transfer (ICT)
character. These phenomena were also reported in D-n-A-type
radicals with a diminished donor character.'3¢'> The lack of
electron-donation from the methoxy group caused the
difference in the D, excited state properties.

PyBTM derivatives are superior radicals in their
photostability, showing highly efficient (@ = 89%) luminescence
in doped crystals;*® however, they suffer from their low
fluorescence efficiency in solutions.® The fluorescence quantum
yield of F,PyBTM (6% in chloroform) was enhanced by Au'
coordination to the nitrogen atom,%*° but no pure organic
PyBTM derivative has achieved @; above 10% in organic
solvents. The fluorescence quantum yields of 13% of 1 in
chloroform and 19% of 2 in toluene are the largest ever
reported for PyBTM-like derivatives. The quantum yield of 15%
of 3 in cyclohexane is also a relatively large value, hinting at the
possibility of avoiding the fourth addition of the benzene ring.
Since their fluorescence lifetimes (z=13-15 ns at most, Table S6)
were not so much longer than that of F,PyBTM (7 =12.5 ns in
chloroform),’ the fluorescence enhancement is mainly
attributed to the increased rates of fluorescence transition (k;,
Table S6). A similar phenomenon was seen in locally excited

This journal is © The Royal Society of Chemistry 20xx
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gold complexes as the breaking of forbidden transitions due to
three-fold symmetry.® In donor-acceptor radicals, the
phenomenon is theoretically explained as intensity borrowing
effects.?"1?

Considering its application in devices such as OLEDs and
LSCs, fluorescence in solid film is important. We made a
poly(methyl methacrylate) (PMMA) film containing 1, 2, and 3
(Fig. 2b). The fluorescence quantum yield of the film containing
1 was 33%, which was the largest value of the PyBTM
derivatives in PMMA film (Fig. 2c). Rigid polymer chains are
thought to suppress the relaxation of the excited molecule, thus
enhancing the fluorescence. On the other hand, the
fluorescence quantum vyields of the films containing 2 and 3
were both 16%. These values were lower due to the polarity of
the carboxyl groups in PMMA, but the effect of polarity was
smaller than in solution.

The photostability of 1 was measured in dichloromethane
under UV light (370 nm) irradiation (Fig. 2d), similarly to other
PyBTM derivatives.>”#% Since the emission of 2 and 3 was too
weak to monitor in dichloromethane, the photostabilities of 2
and 3 were measured in cyclohexane (Fig. 2e).>10 It should be
noted that no decomposition of these radicals was observed in
the dark. The half-lives (Table S7) indicated that 1 was 8-13
times more photostable than PyBTM in dichloromethane, while
2 and 3 were 6-9 times and 8-14 times more photostable than
PyBTM in cyclohexane, respectively. The higher photostability
of 3 than 2 indicates that the cationic methoxy groups
generated by ICT may be vulnerable to nucleophilic attack in the
excited state. In general, it has been reported that the addition
of a donor on a radical improved the photostability of the
radicals.2¢f30101113d15 Considering that the photostability of
PyBTM was 71 times that of TTM in dichloromethane and 45
times that of TTM in cyclohexane, and that it was even
comparable to closed-shell molecules with a long t-system such
as TIPS pentacene,’® the improved photostability of 1, 2, and 3
showed excellent values.

Conclusions

In summary, we synthesized novel photostable fluorescent
radicals 1, 2, and 3 by attaching three or four phenyl groups to
the meta and para positions of F,PyBTM. By DFT calculation,
their fluorescence is attributed to the radiation caused by the
B-LUMO-B-HOMO  electron transition, and the o-
diphenylphenyl group works mainly as components of [3-
HOMO. Fluorescence brighter than that of the previous organic
PyBTM derivatives in organic solvents, regardless of the polarity
of the solvents, was observed for 1. Electron-donating methoxy
groups increased the polarization of the D; state, changing it
from a locally excited state to an ICT state. The reorganization
of the surrounding polar solvents then relaxed the excited state
and quenched the fluorescence in the polar solvents. The
fluorescence quantum yield of 19% of 2 in toluene was the
highest among organic solvents. In polymer film, 1 showed a
higher quantum vyield of 33% in PMMA. Photostability, an
advantage of introducing pyridyl groups, was further improved
from PyBTM. Therefore, the luminescent materials produced in

This journal is © The Royal Society of Chemistry 20xx
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this study are superior to PyBTM in both efficiency and
durability, and will be useful for electroluminescent devices and
a luminescent solar concentrator. The unique one-pot synthetic
method of meta- and para-substitution is expected to produce
other luminescent materials with photophysical advantages. In
the future, we plan to develop a quadruple adduct of
triarylmethyl radicals with higher fluorescence quantum yield
and photostability.

Experimental
Materials and methods

The starting material, aH-mBr,-F,PyBTM was prepared
according to the previous report.’® Commercially available
compounds were used as received without further purification.
Preparative recycling gel permeation chromatography was
performed with a recycling preparative HPLC, LaboACE LC-5060,
Japan Analytical Industry Co., Ltd. H (400 MHz) and 13C NMR
(100 MHz) spectra were recorded on a JEOL JNM-ECS 400
spectrometer using CDCls. The residual solvent signals (*H NMR:
57.26, 13C NMR: 6 77.16) were used as the internal standards.
ESR spectra JEOL JES-FR30EX
spectrometer with X-band microwave. Sample solutions were
charged in a 5mm¢ sample tube. Magnetic field was calibrated
with the Mn?*/MgO standard. Mass spectrometry was
performed with a JEOL-JMS-S3000 (MALDI-Spiral-TOF MS) mass
spectrometer with DCTB (20 mg/mL in CHCI3) as a matrix and
TFANa (1 mg/mL in THF) as a cationization agent. Absorption
and emission spectra were monitored on Hitachi U-4150

were recorded with a

spectrophotometer and Hitachi F-7100 fluorescence
spectrophotometer, respectively. Photostability under 370 nm
light were recorded with a JASCO FP-8600KS

spectrofluorometer. Absolute luminescence quantum yields
were measured using Hamamatsu Photonics Quantaurus QY.
Photoluminescence decay curves were measured using a
measurement system with a picosecond diode laser with the
emission wavelength of 375 nm (Advanced Laser Diode Systems
PILO37X) as light source, a single grating spectrometer (Andor
Kymeral93i-B1), and a photon counting detector (MPD SPD-
050-CTE) operated with a time-correlated single photon
counting (TCSPC) technique.

Synthesis of aH-Ph,-F,PyBTM (1H)

Water was carefully deoxygenated by bubbling N, under reflux
for three hours, and EtsN was carefully deoxygenated by freeze-
pump-thaw degassing before use. In a 10 mL test tube equipped
with a Schlenk-type adapter, aH-mBr,-F,PyBTM¥® (171 mg,
0.267 mmol), phenylboronic acid (114 mg, 0.935 mmol),
Pd(dtbpf)Cl, (6.96 mg, 0.0107 mmol), and Kolliphor EL (K-EL, 20
mg) were put under N, atmosphere. Deoxygenated water (1.0
mL) and toluene (0.11 mL) were added, and the mixture was
vigorously stirred for 5 minutes. The mixture was therefore
heated at 70 °C, and finally degassed Et3N (0.26 mL, 1.9 mmol)
was added. The reaction was maintained at 70 °C for four hours,
checking the progress by TLC (eluent heptane/AcOEt 9:1), and
finally cooled down to room temperature. The mixture was

J. Name., 2013, 00, 1-3 | 5
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extracted with AcOEt and the organic phase passed on a silica
plug to collect the crude product in the form of an off-white
powder. The crude product (136.6 mg) was separated by GPC
(CHCI5) to obtain pure 1H (30.8 mg, 0.0426 mmol, 16%). A
fraction including (3,5-difluoro-4-pyridyl)(2,6-dichloro-3,4-
diphenyl)(3-phenyl-2,4,6-trichlorophenyl)methane (56.3 mg,
ca. 85% purity by NMR) was obtained as a byproduct.

1H NMR (400 MHz, CDCls, ppm): §8.36 (s, 1H), 8.25 (s, 1H), 7.39
(s, 2H), 7.25-7.18 (m, 6H), 7.18-7.12 (m, 6H), 7.12-7.01 (m, 9H).
13C NMR (100 MHz, CDCl;, ppm): 6 143.1, 139.4, 138.2, 136.6,
133.5, 130.8, 130.7, 129.6, 127.9, 127.4,127.3, 120.1, 43.9.
HRMS (MALDI-TOF MS) m/z:[MH]* Calcd for CsoHyeClaF,N*
722.07819; Found 722.07824.

Synthesis of aH-(MeOPh),-F,PyBTM (2H) and otH-(MeOPh);-
F,PyBTM (3H)

Water was carefully deoxygenated by bubbling N, under reflux
for three hours, and Et3N was carefully deoxygenated by freeze-
pump-thaw degassing before use. In a 10 mL test tube equipped
with a Schlenk-type adapter, oH-mBr,-F,PyBTM® (136 mg,
0.211 mmol), 4-methoxyphenylboronic acid (138 mg, 0.908
mmol), Pd(dtbpf)Cl, (5.50 mg, 0.0844 mmol), and Kolliphor EL
(K-EL, 16 mg) were put under N, atmosphere. Deoxygenated
water (0.80 mL) and toluene (0.09 mL) were added, and the
mixture was vigorously stirred for 5 minutes. The mixture was
therefore heated at 70 °C, and finally degassed Et3N (0.28 mL,
1.8 mmol) was added. The reaction was maintained at 70 °C for
16 hours, checking the progress by TLC (eluent heptane/AcOEt
8:2), and finally cooled down to room temperature. The mixture
was extracted with AcOEt and the organic phase passed on a
silica plug to collect the crude product in the form of an off-
white powder. The crude product (156.3 mg) was separated by
GPC (CHCIs) to obtain pure 2H (20.6 mg, 0.0244 mmol, 12%) and
3H (64.5 mg, 0.0836 mmol, 40%). From another reaction, 3H

could be also separated by chromatography using
heptane/AcOEt 8:2 as eluent.
2H

1H NMR (400 MHz, CDCls, ppm): 58.34 (s, 1H), 8.23 (s, 1H), 7.35
(s, 2H) 7.03-3.92 (m, 9H), 6.82-6.73 (m, 4H), 6.73-6.67 (m, 4H),
3.77 (s, 6H), 3.75 (s, 6H).

13C NMR (100 MHz, CDCls, ppm): 5 158.7, 142.9, 137.0, 135.2,
135.1, 135.0, 133.4, 133.1, 132.0, 131.9, 130.8, 130.7, 113.4,
55.3, 44.0.

HRMS (MALDI-TOF MS) m/z:[M]* Calcd for CagHssCl,F,NOg*
841.11263; Found 841.11245.

3H

1H NMR (400 MHz, CDClz, ppm): 68.34 (s, 1H), 8.23 (s, 1H), 7.48
(s, 1H), 7.35 (s, 1H), 7.18-7.08 (m, 2H), 7.02-6.92 (m, 6H), 6.90
(s, 1H), 6.80-6.73 (m, 2H), 6.72-6.67 (m, 2H).

13C NMR (100 MHz, CDCls, ppm): & 159.5, 158.8, 143.1, 139.3,
137.8, 136.9, 135.7, 135.6, 135.3, 135.0, 134.7, 133.7, 133.5,
132.5, 131.9, 131.8, 130.8, 130.6, 129.9, 129.8, 125.3, 125.1,
125.0,113.8,113.4, 55.3, 43.8.

HRMS (MALDI-TOF MS) m/z:[M]* Calcd for CszgH,6ClsFaNOs*
769.03179; Found 769.03184.

Synthesis of Ph,-F,PyBTM (1)

6 | J. Name., 2012, 00, 1-3

Under an argon atmosphere, aH-Phy-F,PyBTM (1H, 30.6 mg,
0.0423 mmol) was dissolved in dry THF (~3 mL), and tBuOK
inTHF (1M solution, 0.15 mL, 3.5 eq.) was added. The reaction
mixture was stirred overnight in the dark. I, (70.5 mg, 0.278
mmol, 6.6 eq.) in dry THF was added and stirred for 2.5 h. The
reaction mixture was quenched with Na,S,03; aqg, brine was
added, and extracted with Et,0. The organic layer was dried
with Na,S0,, filtered, evaporated, purified by flash
chromatography on silica gel (CHCl3: hexane = 1: 2->1: 1) and
dried in vacuo to afford 1 (29.7 mg, 0.0411 mmol, 97%) as a dark
red solid.

HRMS (MALDI-TOF MS) m/z:[M]* Calcd for CayH»4ClaF,N*
720.06254; Found 720.06227.

Synthesis of (MeOPh),-F,PyBTM (2)

Under an argon atmosphere, aH-(MeOPh),;-F,PyBTM (2H, 20.6
mg, 0.0244 mmol) was dissolved in dry THF (~3 mL), and tBuOK
in THF (1 M solution, 0.1 mL, 4.1 eq.) was added. The reaction
mixture was stirred overnight in the dark. Because the amount
of 2H was small, we used silver nitrate as an oxidant to avoid
yield of byproducts from iodination of the methoxyphenyl
rings.'C Silver nitrate (27.4 mg, 0.16 mmol) in acetonitrile (0.6
mL) was added and stirred for 1 h. The reaction mixture was
purified by Al,03 column chromatography with CHCl3 and dried
in vacuo to afford 2 (19.2 mg, 0.0228 mmol, 93%) as a black
solid.

HRMS (MALDI-TOF MS) m/z:[M]* Calcd for CasH3>ClaF,NO4*
840.10480; Found 841.10429.

Synthesis of (MeOPh);-F,PyBTM (3)

Under nitrogen atmosphere, aH-(MeOPh)s-F,PyBTM (3H, 77.1
mg, 0.0100 mmol) was dissolved in dry THF (1.5 mL), and tBuOK
(39.3 mg, 0.350 mmol) in THF (1.5 mL) was added. The reaction
mixture was stirred for 4.5 hours in the dark. lodine (147 mg,
0.579 mmol) in THF (1.5 mL) was added and stirred for 2 h. The
reaction mixture was quenched with aqueous NaHSOs; and
extracted with Et,0. The organic layer was dried with Na,SO,4,
filtered, evaporated, purified by flash chromatography on silica
gel (CH,Cl,=> CH,Cl,:Et,0 4:1) and dried in vacuo to afford 3
(25.0 mg, 0.0324 mmol, 32%) as a black solid.

HRMS (MALDI-TOF MS) m/z:[M]* Calcd for CigH»sClsF,NOs*
768.02397; Found 768.02450.
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