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Directed arylation of sp? C-H bonds is often considered one of the most
convenient methods to rapidly increase the complexity of organic molecules.
However, most of the available methods utilized fluoroalcohols such as
hexafluoroisopropanol (HFIP) as the solvent. Herein we report a simple
method for palladium-catalyzed, directed arylation of arene C-H bond using
acetic acid solvent. The successful functionalization relies on the use of

pyrazole directing group.

1. Introduction

Recent decades have witnessed tremendous
development of methods for directed functionalization
of C—H bonds as the tactic is perhaps one of the most
universal methods to rapidly increase the complexity of
organic molecules [1-3]. Among the available
examples, those for arylation of C-H bonds have
attracted substantial attention since aryl electrophiles
are often inert [4-6]. Encouraged by pioneering works
[7-9], more attempts are devoted to developing
general scope of substrates and/or practical reaction
conditions. Notably, most successes have relied on the
use of well-designed anionic bidentate directing
groups [10,11].

It is scarcely rare for using a removable, neutral, and
monodentate directing groups for directed arylation of
C-H bonds [12-15]. Daugulis and co-workers reported
two exemplary methods for arylation of sp? and sp?
C-H bonds using pyrazole directing groups [14,16].
The approaches are considerably helpful in
functionalization of C-H bonds in amines. Despite
certain successes, the methods still suffer from the use
of  expensive, unpleasantly  smelling  solvent

hexafluoroisopropanol (HFIP). Given that HFIP solvent
plays the important role in many transformations
[17,18], it is still more beneficial if directed arylation of
arene C—H bonds proceeds without the requirement of
such solvent. It should be noted that early examples for
directed functionalization of C-H bonds showed that
arylation could feasibly occur in the present of acetic
acid solvent [7,8]. As such, herein we would like to
develop a method for pyrazole-directed, HFIP-free
arylation of sp? C—-H bonds which utilized palladium
acetate (Pd(OAc)y catalyst, silver acetate (AgOAC)
promoter, and acetic acid as the sole solvent. Our
successes would offer an convenient tactic to obtain
ortho-arylation without handling fluoroalcohol solvents.

2. Experimental

Chemicals were obtained from AK Scientific,
Bidepharm, Acros, and Sigma-Aldrich and used
without further purification. Synthesis of derivatives of
3,5-dimethyl-1-phenyl-1H-pyrazole 1a followed a
known procedure [14]. For the ortho-arylation, a typical
experiment was as follows: a mixture of 3,5-dimethyl-1-
phenyl-1H-pyrazole 1a (172 mg, 01 mmol),
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iodobenzene 2a (61.2 mg, 0.3 mmol), Pd(OAc), (1.2
mg, 5 umol), AgOAc (34.8 mg, 0.15 mmol), and acetic
acid (0.5 mL) was added to a 4-mL dried vial equipped
with a magnetic stir bar. The mixture was then heated
at 140 °C for 48 h. The crude mixture was diluted with
ethyl acetate (EtOAc, 10 mL) and extracted with
NaHCOs (saturated aqueous solution, 3x10 mL). The
organic phase was dried over anhydrous NaySOs,
filtered, and concentrated. For GC analyses, diphenyl
ether (17.0 mg, 0.1 mmol) as the internal standard was
added, then the mixture was further diluted with ethyl
acetate (5 mL) before GC  determination.
Characterization was carried out on a Shimadzu GC
2010-Plus equipped with a flame ionization detector
(FID) and an SPB-5 column (inner diameter = 0.25 mm
and film thickness = 0.25 pm). For isolation, the
aforementioned crude mixture was purified by column
chromatography (eluent hexanes/EtOAc 20:1) to obtain
203 mg (82% vyield) the desired product 3aa. The
structure of 3aa was determined by NMR (recorded on
a Bruker AV 500 spectrometer). The results were in
agreement with that previously reported [13] and as
shown below:

1-([1,1'-Biphenyl]-2-yl)-3,5-dimethyl-1H-pyrazole  3aa:
'H NMR (500 MHz, CDCls, ppm) & 7.52 — 7.40 (m, 4H),
7.26 — 7.24 (m, 3H, overlapping with CHCls signal), 7.12
—7.09 (m, 2H), 5.73 (s, TH), 2.29 (s, 3H), 1.61 (s, 3H). BC
NMR (125 MHz, CDCls, ppm) ¢ 148.6, 140.5, 139.0,
138.6, 137.4, 130.4, 129.1, 129.0, 128.7, 128.3, 128.2, 127 1,
105.5, 13.6, 11.1.

3. Results and discussion

We firstly studied the arylation of phenylpyrazole 1a by
iodobenzene 2a. The arylation product 3aa, as shown
in Fig. 1, could be observed by GC (later confirmed by
results of GC-MS and NMR).
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Fig. 1: Pyrazole-directed arylation of C—H bond in
acetic acid solvent

Reaction temperature was pivotal to the successful
coupling. As seen in Fig. 2, ortho-arylation of 1a hardly
proceeded at the temperature lower than 120 °C. A
15% vyield of 3aa was obtained at 120 °C. Running the
arylation at 140 °C furnished 3aa in 68% yield.
However, increasing the temperature above 140 °C led

to significant drops of yields as acetic acid rapidly
evaporated. It should be noted that the reasonable
yield of 3aa was obtained only if PA(OAC), catalyst was
used. A 42% vield of 3aa was observed in case PdCl,
catalyst, while no product was detected if Pd(dppf)Cl2
(dppf = 1,1-bis(diphenylphosphino)ferrocene) was
used.
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Fig. 2: Effect of reaction temperature. Reactions
followed the general procedure except 10 mol%
Pd(OAC), (0.01 mmol) was used

We next turned our attention to the effect of additives.
The results are shown in Table 1. The arylation could
proceed in the presence of Cu(OAc), additive, albeit
affording 3aa in moderate yield (33%). Better vyields
were obtained if silver salts were used. Among those,
AgOAc was superior. Omitting the additive did not
furnish the product, confirming the crucial role of those
salts.

Table 1: Effect of additives

Additive Yield of 3aa (%)
Cu(OAQ), 33
Ag2COs3 46
Ag20 57
AgOAc 68
no additive <5

Reactions followed the general procedure except 10
mol% Pd(OAC). (0.01 mmol) was used.

Investigation on how solvents affect the arylation was
next studied. The results are shown in Table 2. Most of
polar aprotic solvents including DMF, DMSO, and
DMAc were not suitable for the reaction. Aromatic
solvents were examined, as m-xylene gave the product
3aa in 53% yield. The solvent-free arylation afforded
3aa in 20% vyield. We also studied the effect of
Pd(OAC), concentration on the reaction yield. It could
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be observed that no improvement was obtained if
more than 5 mol% Pd(OAc), was used (70% yield of
3aa was obtained in the presence of 7.5 mol%
Pd(OAc),). Meanwhile, omitting Pd(OAc), did not
furnish 3aa, confirming the pivotal role of Pd(ll) in this
arylation. As such, 5 mol% of Pd(OAc), was used for
further studies.

Table 2: Effect of solvents

Solvent Yield of 3aa (%)
DMF, DMSO, DMAc <5
m-xylene 53
acetic acid 68
no solvent 20

Reactions followed the general procedure except 10
mol% Pd(OACc), (0.01 mmol) was used.

With the reaction conditions in hands, we wondered if
obtaining other derivatives of ortho-arylated 3,5-
dimethyl-1-phenyl-1H-pyrazole 1a was feasible. To our
expectation, 4-nitro-1-iodobenzene 2b could afford
the arylation product 3ab in moderate yield (54%,
equation 1, Fig. 3). Meanwhile, methoxy-substituted
pyrazole 1b only gave the arylation product 3ba given
that two ortho C-H bonds are possibly functionalized
(equation 2, Fig. 3). Expansion of substrate scope is
ongoing in our lab.
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Fig. 3: Preliminary results of substrate scope. Reaction
conditions: 1a/1b (0.1 mmol), 2a/2b (0.3 mmol),
Pd(OAC)z (5 umol), AgOAc (0.15 mmol), CH3COOH (0.5
mL), 140 °C, 48 h. Yields are isolated yields

We proposed the possible mechanism as that shown in
Fig. 4. Coordination of substrate 1a to Pd(OAc):
followed by a directed ortho C-H functionalization (1a
- 4 — 5) would afford the palladacycle 5. Oxidative
addition of iodobenzene 2a to 5 gave the Pd(IV)
complex 6. Reductive elimination on 6 would furnish
the desired product 3aa and the palladium adduct 7.
Regeneration perhaps occurred in the presence of
AgOAC to deliver PA(OAC); for the next catalytic cycle.

To somewhat support our hypothesis of Pd(ll)/Pd(IV)
mechanism, we examined the arylation of 1a with
chlorobenzene and phenyl tosylate. To our
expectation, no product 3aa was obtained, confirming
that a catalytic cycle of Pd(0)/Pd(ll) was unlikely.
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Fig. 4: Plausible mechanism
4. Conclusion

In conclusion, we have developed a convenient
method for ortho-arylation of C(sp?)-H bonds in N-
aryl pyrazoles with aryl iodides. Notably the conditions
did not require the use of HFIP solvent. Momentarily,
the reaction mechanism was proposed to follow a
Pd(I)/Pd(IV) catalytic cycle. Studies regarding substrate
scope are of our next attention.

Acknowledgments

We thank Ho Chi Minh City University of Technology
(HCMUT), VNU-HCM for supporting this study.

References

1. P. Gandeepan, T. Muller, D. Zell, G. Cera, S. Warratz, L.
Ackermann, Chem. Rev. 119 (2019) 2192-2452.
https://doi.org/10.1027/acs.chemrev.8b00507

2. J. Zhang, X. Ly, C. Shen, L. Xy, L. Ding, G. Zhong, Chem.
Soc. Rev. 50 (2027) 3263-3314.
https://doi.org/10.1039/D0CS00447B

3. S. Rej, A Das, N. Chatani, Coord. Chem. Rev. 431 (2021)
213683. https://doi.org/10.1016/j.ccr.2020.213683

4. ). Grover, G. Prakash, N. Goswami, D. Maiti, Nat.
Commun. 13 (2022) 1085.
https://doi.org/10.1021/acs.accounts.1c00168

5. G. Albano, A. Punzi, M. A. M. Capozzi, G. M. Farinola,

Green Chem. 24 (2022) 1809-1894.
https://doi.org/10.1039/D1GC03168F
6. M. Lii J. Wang, Synthesis 54 (2022) 4734-4752.

https://doi.org/10.1055/a-1677-5870

7. R. Giri, N. L. Maugel, J.-J. Li, D.-H. Wang, S. P. Breazzano,
L. B. Saunders, J.-Q. Yu, J. Am. Chem. Soc. 129 (2007)
3510-3571. https://doi.org/10.1021/ja0701614

https://doi.org/10.62239/jca.2024.001
24


https://doi.org/10.62239/jca.2024.0

8.

10.

1.

2.

13.

Vietnam Journal of Catalysis and Adsorption, 13 —issue 1(2024) 22-25

V. G. Zaitsev, D. Shabashov, O. Daugulis, J. Am. Chem.
Soc. 127 (2009) 13154-13155.
https://doi.org/10.1021/ja054549f

K. L. Hull, E. L. Lanni, M. S. Sanford, J. Am. Chem. Soc. 128
(2006) 14047-14049. https://doi.org/10.1021/ja065718e

J. Jeon, C. Lee, I. Park, S. Hong, Chem. Rec. 21 (2021)
3613-3627. https://doi.org/10.1002/tcr.202100117

G. Rouquet, N. Chatani, Angew. Chem. Int. Ed. 52 (2013)
11726-11743. https://doi.org/10.1002/anie.201301451

L. Ackermann, A. Althammer, R. Born, Angew. Chem. Int.
Ed. 45 (2006) 2619-2622.
https://doi.org/10.1002/anie.200504450

C. J. Teskey, S. M. A. Sohel, D. L. Bunting, S. G. Modha, M.
F. Greaney, Angew. Chem. Int. Ed. 56 (2017) 5263-5266.

4.

15.

16.

7.

18.

https://doi.org/10.1002/anie.201701523

S. H. Kwak, N. Gulia, O. Daugulis, J. Org. Chem. 82 (2018)
5844-5850. https://doi.org/10.1021/acs.joc.8b00659

N. Gulia, J. Fornalski, A. Gumienna, M. Ambroziak, S.
Szafert, Chem. Eur. J. 28 (2022) e202202449.
https://doi.org/10.1002/chem.202202449

N. Gulia, O. Daugulis, Angew. Chem. Int. Ed. 56 (2017)
3630-3634. https://doi.org/10.1002/anie.201611407

T. Bhattacharya, A. Ghosh, D. Maiti, Chem. Sci. 12 (2021)
3857-3870. https://doi.org/10.1039/D0SC06937)

H. F. Motiwala, A. M. Armaly, J. G. Cacioppo, T. C.
Coombs, K. R. K. Koehn, V. M. Norwood, IV, J. Aubé,
Chem. Rev. 122 (2022) 12544-12747.
https://doi.org/10.1021/acs.chemrev.1c00749

https://doi.org/10.62239/jca.2024.001
25


https://doi.org/10.62239/jca.2024.0



