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Abstract: The catalytic activity of an aliphatic oxime-derived palladacycle based on tert-butylphenyl
oxime in the Suzuki-Miyaura cross-coupling reaction has been studied. The complex was shown to
efficiently catalyze reaction of model aryl bromides with phenylboronic acid (0.01 mol% [Pd], 35
min, H2O, 100 °C, conversion >94%), as well as the synthesis of CFs-substituted biaryls using
deactivated 4-(trifluoromethyl)phenylboronic acid. In the latter case, for substrates bearing electron-
donating substituents, extending the reaction time from 2 to 5 h allowed conversion to be increased
from 44-47% to 95-96%. Furthermore, using this (pre)catalyst under mild conditions (MeOH, 25 °C,
1 h), a structural analogue of the anti-inflammatory drug diflunisal bearing an aldehyde group was
obtained in 89% vyield.

Keywords: CFs-containing biaryls, oxime-derived palladacycle, homogeneous catalysis, Suzuki-
Miyaura cross-coupling.

Introduction
Fluorine-containing organic compounds occupy a prominent place in modern medicinal
chemistry. The introduction of fluorine atoms or fluorinated substituents into a molecule markedly
affects its properties by enhancing lipophilicity and metabolic stability without significantly altering
the steric profile [1].
The palladium-catalyzed Suzuki-Miyaura cross-coupling is one of the simplest, highly
efficient, and practical methods for synthesis of biaryls, including fluorine-containing ones [2,3].

Figure 1 shows selected fluorine-containing pharmaceuticals that are synthesized using this reaction.
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Figure 1. Fluorine-containing pharmaceuticals obtained via the Suzuki-Miyaura reaction.

ortho-Palladated oxime-derived palladacycles are known as efficient (pre)catalysts for the
Suzuki-Miyaura reaction [4,5]; however, their aliphatic counterparts, such as complex 1, have not
previously been tested in this capacity (Figure 2).
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Figure 2. Known oxime-derived palladacycles.

Results and Discussion
The aim of this work was synthesis of aliphatic palladacycle 1 based on tert-butylphenyl
oxime and investigation of its catalytic activity in the Suzuki-Miyaura cross-coupling of aryl halides
with fluorine-containing arylboronic acids.
The dimeric oxime-derived palladacycle 1 was prepared according to a reported procedure [6]
by palladation of tert-butylphenyl oxime 2 with LioPdCls (Scheme 1). It should be noted that C-H
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bond activation in this case proceeds regioselectively at one of methyl groups of tert-butyl substituent,

while ortho-position of phenyl ring remains unaffected.
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Scheme 1. Preparation of palladacycle 1.

Preliminarily, activity of complex 1 as a (pre)catalyst was evaluated in the Suzuki-Miyaura
reaction of PhB(OH)2with 4-bromoanisole and 4-bromoacetophenone, bearing electron-donating and

electron-withdrawing groups, respectively (Scheme 2).
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Scheme 2. Catalysis of the Suzuki-Miyaura reaction by palladacycle 1.

The aliphatic oxime-derived complex 1 at a fairly low loading (0.01 mol% [Pd]) efficiently
catalyzed reaction with both substrates in water within a short time (35 min). Thus, catalytic activity
of this palladacycle in the Suzuki-Miyaura reaction is comparable to that of the known ortho-
palladated oxime-derived complexes [7].

In the next stage of this work, we evaluated catalytic activity of palladacycle 1 in the Suzuki-
Miyaura cross-coupling of aryl bromides series with a deactivated CFs-substituted arylboronic acid.
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Scheme 3. Catalysis of the Suzuki-Miyaura reaction by palladacycle 1 for synthesis of CFs-
substituted biaryls.

In the case of activated bromide 4 bearing an electron-withdrawing group, conversion to the
target biaryl 11 was 88%; however, when switching to substrates 3 and 8 with electron-donating
substituents, conversion dropped to 44% and 47%, respectively (Scheme 3). The result was
significantly improved by extending reaction time from 2 to 5 h (95% and 96%).

Diflunisal is a well-known drug for the treatment of rheumatoid arthritis, osteoarthritis,
primary dysmenorrhea, and cardiac amyloidosis from the group of nonsteroidal anti-inflammatory
drugs (NSAIDs) [8]. Its structural analogue 15 bearing an aldehyde group was obtained in 89% yield
under mild conditions (Scheme 4).
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Scheme 4. Synthesis of an analogue of the anti-inflammatory agent diflunisal.

Conclusions
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Thus, the aliphatic dimeric palladacycle 1 based on tert-butylphenyl oxime exhibited high
catalytic activity in synthesis of fluorine-containing biaryls via the Suzuki-Miyaura reaction.
Moreover, this complex was shown to be suitable for preparation of more complex biologically

oriented structures, such as a diflunisal analogue.

Experimental Section

'H and ®F NMR spectra were recorded in CDCls on a Bruker Avance 300 instrument
operating at 300 and 282 MHz, respectively. Chemical shifts are reported in the 6 scale (ppm), and
coupling constants are given in Hz. All reactions were carried out without protection from light,
moisture, and air. Reaction progress was monitored by TLC on Merck plates (silica gel 60 F254,
0.25 mm).

Synthesis of palladacycle 1

A mixture of pivalophenone oxime 2 (1 equiv., 0.050 g, 0.282 mmol), Li.PdCls (1 equiv.,
0.0740 g, 0.282 mmol), and CH3COONa-3H>0 (1 equiv., 0.0384 g, 0.282 mmol) in MeOH (3 mL)
was stirred at reflux in air for 1.5 h. The reaction mixture was then evaporated to dryness. After
purification on a dry column (SiO2, h = 3.5 cm, d = 2.5 cm; eluent — dichloromethane), dimeric
complex was obtained as a cream-colored powder in 51% yield (0.0457 g, 0.072 mmol). *H NMR
(300 MHz, CDCls) 6 8.14 (s, 1H), 7.51-7.40 (m, 3H), 7.30-7.19 (m, 2H), 2.05 (s, 2H), 1.21 (s, 6H).

General procedure for the Suzuki-Miyaura reaction

A mixture of aryl bromide (1 equiv.), 4-(trifluoromethyl)phenylboronic acid 9 (1.5 equiv.),
K2CO3 (5 equiv.), and palladacycle 1 (0.01 or 0.25 mol% [Pd]) in H20 (2 mL) was stirred at reflux
in air for the indicated time. The reaction mixture was cooled, diluted with water (3 mL), and extracted
with dichloromethane (3 x 5 mL). The combined organic fractions were dried over MgSO4 and
evaporated to dryness. The samples were dissolved in CDCIz and transferred into NMR tubes. The
conversion was determined by *H NMR spectroscopy. Isolation of individual products was carried
out by chromatography on a dry column (SiO2, h = 35 cm, d = 25 cm; eluent -
hexane/dichloromethane, gradient from 10:1 to 1:1).

4-Methyl-4'-(trifluoromethyl)biphenyl 12:

'H NMR (300 MHz, CDCl3) & 7.69 (s, 4H), 7.51 (d, J = 8.0 Hz, 2H), 7.29 (d, J = 8.0 Hz, 2H),
2.42 (s, 3H).

1F NMR (282 MHz, CDCls) & -62.36.

4-Methoxy-4'-(trifluoromethyl)biphenyl 10:
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'H NMR (300 MHz, CDCls) & 7.66 (s, 4H), 7.55 (d, J = 9.1 Hz, 2H), 7.01 (d, J = 9.1 Hz, 2H),
3.87 (s, 3H).
19F NMR (282 MHz, CDCls) § —62.14.

4-Acetyl-4'-(trifluoromethyl)biphenyl 11:
'H NMR (300 MHz, CDCl3) & 8.06 (d, J = 8.4 Hz, 2H), 7.73 (s, 4H), 7.69 (d, J = 8.4 Hz, 2H),
2.65 (s, 3H).
19F NMR (282 MHz, CDCl3) & —65.7.

Synthesis of 5-(2,4-difluorophenyl)-2-hydroxybenzaldehyde 15
A mixture of 2-hydroxy-5-iodobenzaldehyde 13 (1 equiv., 0.0265 g, 0.107 mmol), 2,4-
difluorophenylboronic acid 14 (1.5 equiv., 0.0253 g, 0.160 mmol), KoCOz3 (5 equiv., 0.0739 g, 0.535
mmol), and palladacycle 1 (0.25 mol% [Pd], 0.000085 g, 0.000134 mmol) in MeOH (1 mL) was
stirred at room temperature in air for 1 h. The reaction mixture was then acidified with 10%
hydrochloric acid until a red litmus paper reaction and extracted with dichloromethane (3 x 5 mL).
The combined organic fractions were dried over MgSO4 and evaporated to dryness, affording 0.025
g (89%, 0.0952 mmol) of a white solid powder. 'H NMR (300 MHz, CDCls) § 11.06 (s, 1H), 9.95 (s,

1H), 7.76-7.60 (m, 2H), 7.39 (m, 1H), 7.08 (d, J = 8.6 Hz, 1H), 7.03-6.88 (m, 2H).
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