chemistry
proceedings

3

Proceeding Paper

Suzuki-Miyaura Cross-Coupling for the Synthesis of Key

Intermediates of Ketoprofen and Bifonazole Analogues

T

Nayane Abreu do Amaral e Silva * and Daniela de Luna Martins

check for
updates

Citation: Silva, N.A.d.A.e.; Martins,
D.d.L. Suzuki-Miyaura Cross-
Coupling for the Synthesis of Key
Intermediates of Ketoprofen and
Bifonazole Analogues. Chem. Proc.
2023, 14, 105. https://doi.org/
10.3390/ ecsoc-27-16068

Academic Editor: Julio A. Seijas

Published: 15 November 2023

Copyright: © 2023 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

Instituto de Quimica, Laboratdrio de Catalise e Sintese (LabCSI), Laboratdrio 413, Campus do Valonguinho,

Centro, Universidade Federal Fluminense, Niterdi, R] 24020-141, Brazil; dlmartins@id.uff.com.br

* Correspondence: nayaneabreu@id.uff.com.br

* Presented at the 27th International Electronic Conference on Synthetic Organic Chemistry (ECSOC-27),
15-30 November 2023; Available online: https://ecsoc-27.sciforum.net/.

Abstract: Aromatic ketones are important compounds because of their utility as synthetic intermedi-
ates and applications as light absorbing compounds and biological activities. Bifonazole (antifungal)
and ketoprofen (anti-inflammatory) are commercial drugs with aryl ketones as synthetic interme-
diates. The Suzuki coupling reaction is a C-C bond forming procedure catalyzed with palladium
species under a basic medium. Acyl chlorides can be used as electrophiles in Suzuki couplings,
resulting in aryl ketones. In this work, the selectivity in Suzuki coupling reactions between acid
chlorides and boronic acids, the catalytic system for such reactions and other aspects of the reaction
are studied. The intermediates of interest are 4-bromobenzophenone, 4-phenylbenzophenone and
3-bromobenzophenone.

Keywords: Suzuki; bifonazole; ketoprofen; 4-bromobenzophenone; 4-phenylbenzophenone; 3-
bromobenzophenone

1. Introduction

Aromatic ketones can make up the skeleton of natural or synthetic molecules. In
organic synthesis, these ketones are very important as they can be transformed both
to generate new organic functions and to extend the carbon chain [1]. This structural
framework is present in several compounds with biological activities, for example, in anti-
inflammatory ketoprofen, antipsychotic and the neuroleptic haloperidol, antidepressant
bupropion and quercetin, a natural flavonoid with anticancer activity (Figure 1).
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Figure 1. Examples of drugs with aromatic ketone moiety.

In our research group, we apply Suzuki couplings as the synthetic tools to obtain
compounds of biological importance [2,3]. The Suzuki coupling enable the formation of a
C-C bond with the reaction between a boron organometallic and an electrophile (halide or
pseudohalide) under palladium catalysis and in the presence of a base [4-7]. Carboxylic
acids and their derivatives can also be employed as electrophiles in palladium-catalyzed
coupling reactions, and they can generate ketones as products if they are used in Suzuki
reactions [8-12].

Rammimger and collaborators reported the use of transition metal-catalyzed couplings
in the synthesis of ketoprofen (1) (Scheme 1) [13]. However, these researchers did not
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use a coupling reaction to generate the key intermediate bromobenzophenone. Instead,
they brominated benzoic acid, converted it to the acid chloride and performed a Friedel-
Crafts acylation with benzene. The couplings were used to introduce the side chain
into the aromatic ring. Friedel-Crafts acylations, however, cannot be carried out with
benzenes substituted by strongly electron-withdrawing groups, which reduces the scope
of the reaction. Reactions using carboxylic acid derivatives and lithium or magnesium
organometallics may require protective protocols, limit the functional groups that can
be present, require drying solvents and low temperatures, etc. Suzuki couplings, on the
other hand, occur with boron organometallics, which are non-toxic, easily manipulated
and commercially available. In addition, boron organometallics with strongly electron-
withdrawing substituents can be used.
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Scheme 1. Ketoprofen synthesis by Rammimger and collaborators.
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Both the anti-inflammatory ketoprofen (1) and the antifungal bifonazole (2) can be
obtained from a bromobenzophenone. While ketoprofen (1) and its analogues can be
synthesized from the benzophenone brominated at position 3, bifonazole (2) and its ana-
logues can be prepared from the benzophenone brominated at position 4 (Scheme 2). In
this work, we employed the palladium-catalyzed Suzuki reaction between bromobenzoyl
chlorides and boronic acids to prepare two bromobenzophenones, which are key synthetic
intermediates in the syntheses of ketoprofen (1) and bifonazole (2).
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Scheme 2. Key synthetic intermediates in the synthesis of ketoprofen and bifonazole.
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2. Results and Discussion
2.1. Study of the Selectivity of Suzuki Coupling: Acid Chlorides Versus Bromides

Both acyl chlorides and bromides can be electrophiles in the Suzuki reaction. Different
halides have different Suzuki coupling reactivities depending on the energy required to
break the C-X bond. Studies were therefore carried out with 4-bromobenzoyl chloride in
order to check the selectivity of the reaction with respect to the two electrophilic centers
present in the molecule (Scheme 3). Martins and collaborators reported the study of the
reaction between different acid chlorides and boronic acids under microwave irradiation. It
was found that the use of an inorganic base in toluene was efficient in promoting coupling
while minimizing hydrolysis [11]. The researchers found that the best yields were obtained
with the Pdydbaj precatalyst. When applying heterogeneous precatalysts (e.g., Pd/BaSOy),
the addition of PEG-200 accelerated the reaction. Based on Martins et al.’s work, we
evaluated catalytic systems and the influence of reaction conditions on chloride versus
bromide selectivity (Scheme 3).
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Scheme 3. Reaction between 4-bromobenzoyl chloride and phenylboronic acid.

In the initial reaction condition, potassium carbonate was selected as the inorganic base
in toluene with 5 mol % of the Pd,dbaj precatalyst (10% Pd). Through GC-MS analysis, we
observed that acid chloride was more reactive under the reaction conditions, with ketone
being the favored product (Figure 2). The first peak with a significant intensity had a reten-
tion time of 18.537 min (78%) and the corresponding mass spectrum indicated a molecular
ion in 260 with an isotopic pattern consistent with the presence of a bromine in the structure
(M/(M + 2) ratio approximately 1:1) (Figure 3). In total, 13% of 4-phenylbenzophenone
was identified with a retention time of 23.389 min. This is the product of the coupling of
phenylboronic acid with the bromobenzophenone formed in the previous coupling at the
acyl electrophilic center. In Figure 4, the mass spectrum of this ketone is shown (Figure 4).

2.2. Study of the Influence of Reaction Conditions on the Suzuki Coupling between 4-bromobenzoyl
Chloride and Phenylboronic Acid

The reaction conditions were changed in an attempt to reduce 4-phenylbenzophenone
formation (Table 1). The condition in which the lowest formation of 4-phenylbenzophenone
occurred is described in the entry 6 in Table 1.

Table 1. Study of reaction conditions to maximize the formation of 4-bromobenzophenone *.

PhB(OH); (mmol) Pd,dba; Toluene Yield %
1 0.52 mmol 1.00% 1.0 mL 80%
2 0.52 mmol 0.50% 1.0 mL 81%
3 0.52 mmol 0.25% 1.0 mL 86%
4 0.50 mmol 0.50% 1.0 mL 71%
5 0.50 mmol 0.50% 1.0 mL 76%
6 0.52 mmol 0.50% 2.5 mL 76%
7 0.52 mmol 0.25% 2.5 mL 67%
8 0.52mmol 0.10% 2.5mL 70%

*0.50 mmol of 4-bromobenzoyl chloride was used in all reactions.
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Figure 2. Chromatogram of the reaction mixture.
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Figure 3. Mass spectrum of the bromobenzophenone 3b.
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Figure 4. Mass spectrum of the 4-phenylbenzophenone.

After purification of the crude product with column chromatography, 4-
bromobenzophenone was obtained as a white solid with a melting point of 80 °C
(m.p. =79-81 °C, Sigma Aldrich, St. Louis, MI, USA https://www.sigmaaldrich.com/),
being characterized by spectroscopy in the infrared region (IR) and 'H nuclear magnetic
resonance (\H-NMR). The 'H-NMR spectrum indicates a substitution pattern for benzophe-
none (two doublets with coupling constant | = 9 Hz). We can notice that the monosubsti-
tuted ring hydrogens are the most unshielded (doublet around 7.781-7.767 ppm/Hc,c’).
This can be due to the inductive withdrawal effect of electrons exerted by the carbonyl
(Figure 5).
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Figure 5. 'H-NMR spectrum of the pure 4-bromobenzophenone.

When 1.0% Pd/BaSO; in toluene was used, 4-phenylbenzophenone (23.735 min) was
obtained in 70% of the yield as observed when analyzed with gas chromatography. 4-
Bromobenzophenone (18.830 min) was present in 28% of the yield. With the addition
of a drop of PEG-200, 10% of 4-bromobenzophenone (RT = 18.882 min) and 88% of 4-
phenylbenzophenone (RT = 23.729 min) were formed, which indicates that the addition
of PEG favors double coupling, that is, the coupling between the acyl chloride and the
bromide. The double coupling is interesting for the synthesis of bifonazole itself, since the
ring present in the formed biphenyl is phenyl. However, this double coupling is interesting
in the formation of bifonazole analogues where the A ring is the same as the C ring. In
this case, the use of Pdydbas enabled the synthesis of 4-bromoacetophenone, which can be
coupled sequentially with another boronic acid to provide a structure with three different
aromatic rings as intermediates for bifonazole analogues.
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2.3. Synthesis of the Key Intermediate to Obtain Ketoprofen

Since we were successful in obtaining 4-bromobenzophenone 3b in the coupling
reactions with 4-bromobenzoyl chloride, this protocol was extended to the formation of
3-bromobenzophenone 3a.

Thus, this study began using 0.5% mmol of Pdydbaz in 1.0 mL of toluene and 2 equiv-
alents of base K,COs in relation to the limiting chloride. After 4 h of the reaction, 3-
phenylbenzophenone was observed in a greater proportion than 3-bromobenzophenone.
We then decided to reduce the amount of base used in the reaction, expecting that the
Suzuki reaction would be slower, both in the chloride portion and in the bromide portion.
When using 1.3 equivalents of base for the reaction, the c.c.f. carried out after 1.5 h indi-
cated the presence of 3-bromobenzophenone and the beginning of the formation of the
biaryl-containing ketone. Thus, the reaction was stopped, isolated and the crude product
was analyzed with 'H-NMR (Figure 6). By observing the 'H-NMR of the crude product, we
can conclude that 3-bromobenzophenone was formed in 64% of the yield and the biphenyl
product from the double coupling was formed in 36% of the yield (bromobenzophenone:
biphenyl = 1,7: 1,0). Thus, we can conclude that, although in 1.5 h of reaction bromoben-
zophenone is the majority product, in this time, a significant amount of double coupling
has already occurred. Therefore, it is necessary to carry out a more detailed study of other
reaction conditions to find the one where selectivity is best.
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Figure 6. 'H-NMR spectrum of 3-bromobenzophenone.

3. Experimental Procedure
Typical Suzuki Couplings between Bromobenzoyl Chlorides and Phenylboronic Acids

In a 10 mL flask equipped with a magnetic stirrer, 4-bromobenzoyl chloride (0.5 mmol),
phenylboronic acid (0.52 mmol), K,CO3 (1.0 mmol) and Pd;dbas (5 mol%,; 0.025 mmol) were
added. Then, toluene (1.0 mL) was added. The reaction mixture was left under magnetic
stirring and reflux for 4 h with the aid of an oil bath. At the end of the reaction, washing
was carried out with 1.5 M sodium hydroxide solution (2 times of 5 mL). The aqueous phase
was extracted and treated with ethyl acetate (3 times of 5 mL). Anhydrous sodium sulfate
was added to the organic phase of the extraction, and the solvent was evaporated using a
rotary evaporator. The obtained product was thus called a crude product. This product
was purified using silica flash chromatography with an ethyl acetate/hexane mixture as
eluent starting at 10%.
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4. Conclusions

Homogeneous catalysts seem to favor the formation of bromobenzophenones 3a and
3b, while the heterogeneous catalyst favors “double coupling”, that is, a sequence of
couplings in both acyl chloride and bromide, generating biphenylbenzophenone. The use
of a phase transfer catalyst led to the conversion of the electrophile to the double coupling
product in higher concentrations, probably by facilitating the mass transport processes that
determine heterogeneous catalysis.

In reactions with 3-bromobenzoyl chloride, it was necessary to reduce the amount
of base used to minimize the formation of a double coupling. We consider that this
occurred because this electrophile is more reactive in relation to the Suzuki reaction, so the
“activation” of the phenylboronic acid through the use of the base makes coupling faster at
both electrophilic points present.

Author Contributions: Conceptualization work, D.d.L.M.; funding acquisition, D.d.L.M.; supervision,
D.d.L.M.; writing, review and editing, D.d.L.M.; experimental work, N.A.d.A.e.S.; writing—original
draft preparation, N.A.d.A.e.S. All authors have read and agreed to the published version of the
manuscript.

Funding: This research was funded by FAPER] (E-26/010.001861/2019), PROPPI-UFF (FOPESQ-2022)
and PPGQ-UFF (Postgraduate Program at the Universidade Federal Fluminense).

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: The raw data supporting the conclusions of this article will be made
available by the authors on request.

Acknowledgments: The authors are indebted to CNPq (National Council of Research of Brazil),
CAPES and FAPER] for funding this work and for the research fellowships. This study was financed
in part by the Coordenagao de Aperfeicoamento de Pessoal de Nivel Superior—Brazil (CAPES).

Conflicts of Interest: The authors declare no conflicts of interest.

References

1. Ruzi, R; Liu, K;; Zhu, C;; Xie, J. Upgrading ketone synthesis direct from carboxylic acids and organohalides. Nat. Commun. 2020,
11, 3312. [CrossRef] [PubMed]

2. Louvis, A.R;; Silva, N.A.A.; Semaan, ES.; Silva, Fd.C.d.; Saramago, G.; de Souza, L.C.S.V.; Ferreira, B.L.A.; Castro, H.C,;
Salles, J.P.; Souza, A.L.A; et al. Synthesis, characterization and biological activities of 3-aryl-1,4-naphthoquinones—Green
palladium-catalysed Suzuki cross coupling. New J. Chem. 2016, 40, 7643. [CrossRef]

3. Martins, D.d.L.; e Silva, N.A.D.A ; Ferreira, V.E;; Rangel, L.d.S.; dos Santos, ].A.A.; Faria, R.X. Molluskicidal activity of 3-aryl-2-
hydroxy-1,4-naphthoquinones against Biomphalaria glabrata. Acta Trop. 2022, 231, 106414. [CrossRef] [PubMed]

4. Farhang, M.; Akbarzadeh, A.R.; Rabbani, M.; Ghadiri, A.M. A retrospective-prospective review of Suzuki-Miyaura reaction:
From cross-coupling reaction to pharmaceutical industry applications. Polyhedron 2022, 227, 116124. [CrossRef]

5. Hooshmand, S.E.; Hiedari Bahreh Sedghi, R.; Varma, R.S. Recent advances in the Suzuki-Miyaura cross-coupling reaction using
efficient catalysts in ecofriendly media. Green Chem. 2018, 21, 381-405. [CrossRef]

6. Martins, D.d.L.; Alvarez, HM.; Aguiar, L.C. Microwave-assisted Suzuki reaction catalyzed by Pd(0)-PVP nanoparticles. Tetrahe-
dron Lett. 2010, 51, 6814. [CrossRef]

7. Martins, D.L. Kumada-Corriu-Tamao couplings catalyzed by Ni and Pd as an important tool for the biaryl synthesis. Rev. Chem.
2010, 2, 231. [CrossRef]

8. Koy, M,; Sandfort, F.,; Tlahuext-Aca, A.; Quach, L.; Daniliuc, C.G.; Glorius, F. Palladium-Catalyzed Decarboxylative Heck-Type
Coupling of Activated Aliphatic Carboxylic Acids Enabled by Visible Light. Chem. A Eur. ]. 2018, 24, 4552. [CrossRef]

9.  Patra, T.; Maiti, D. Decarboxylation as the Key Step in C—-C Bond-Forming Reactions. Chem. A Eur. J. 2017, 23, 7382. [CrossRef]
[PubMed]

10. Rodriguez, N.; Goossen, L.]. Decarboxylative coupling reactions: A modern strategy for C-C-bond formation. Chem. Soc. Rev.
2011, 40, 5030. [CrossRef]

11. Martins, D.L.; Aguiar Lucia, C.S.; Antunes, O.A.C. Microwave promoted Suzuki reactions between aroyl chlorides and boronic

acids catalyzed by heterogeneous and homogeneous phosphine-free palladium catalysts. J. Organomet. Chem. 2011, 696, 2845.
[CrossRef]


https://doi.org/10.1038/s41467-020-17224-2
https://www.ncbi.nlm.nih.gov/pubmed/32620758
https://doi.org/10.1039/C6NJ00872K
https://doi.org/10.1016/j.actatropica.2022.106414
https://www.ncbi.nlm.nih.gov/pubmed/35346667
https://doi.org/10.1016/j.poly.2022.116124
https://doi.org/10.1039/C8GC02860E
https://doi.org/10.1016/j.tetlet.2010.09.145
https://doi.org/10.5935/1984-6835.20100023
https://doi.org/10.1002/chem.201800813
https://doi.org/10.1002/chem.201604496
https://www.ncbi.nlm.nih.gov/pubmed/27859719
https://doi.org/10.1039/c1cs15093f
https://doi.org/10.1016/j.jorganchem.2011.04.013

Chem. Proc. 2023, 14, 105 80f8

12.  Martins, D.d.L.; Alvarez, HM.; Aguiar, L.C.; Antunes, O. Palladium Catalyzed Decarbonylative Mizoroki-Heck Reactions of
Benzoyl Chloride and Styrene Under Microwave Irradiation. Lett. Org. Chem. 2007, 4, 253. [CrossRef]

13.  Ramminger, C.; Zim, D.; Lando, V.R; Fassina, V.; Monteiro, A.L. Transition-metal catalyzed synthesis of Ketoprofen. J. Braz. Chem.
Soc. 2000, 11, 105-111. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.2174/157017807781024282
https://doi.org/10.1590/S0103-50532000000200002

	Introduction 
	Results and Discussion 
	Study of the Selectivity of Suzuki Coupling: Acid Chlorides Versus Bromides 
	Study of the Influence of Reaction Conditions on the Suzuki Coupling between 4-bromobenzoyl Chloride and Phenylboronic Acid 
	Synthesis of the Key Intermediate to Obtain Ketoprofen 

	Experimental Procedure 
	Conclusions 
	References

