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The first heterogeneous catalyzed example for the direct synthesis of aromatic ketones via
intermolecular carbopalladation of aliphatic nitriles and organoboron compounds was
developed. This mild method proceeds with a supported palladium nanoparticles catalyst
that could be reused and recycled five times. The fresh and used catalysts were
characterized by XPS and TEM. The XPS analysis indicated that Pd0 was the active
species for the reaction. This methodology provides a mild and cost-effective strategy for
the efficient synthesis of ketones.
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INTRODUCTION

Palladium (Pd) catalysis has emerged as an efficient platform to construct various C–C bonds and
C–X (X = N and O) bonds over the past decade (Chen et al., 2009; McGlacken and Bateman, 2009;
Ruiz-Castillo and Buchwald, 2016; Biffis et al., 2018), while there are strict restrictions for the level of
viable trace Pd impurities in food and pharmaceutical owing to its toxicity (Gandeepan et al., 2019).
As a result, typical tedious workup procedures are necessary to isolate the product from the reaction
mixture, which undoubtedly hindered the further applications of Pd. With the development of state-
of-the-art technology, heterogeneous catalysis employing reusable and recyclable supported Pd
nanoparticles (PdNPs) has developed as an efficient strategy that carries the promise of industrialized
and sustainable syntheses of high-value chemicals (Djakovitch and Felpin, 2014; Pla and Gómez,
2016; Dhakshinamoorthy et al., 2019; Hong et al., 2020). The Pd/γ-Al2O3 as a promising
heterogeneous catalyst has been utilized to construct various C–C and C–X bonds (Suhelen
et al., 2014; Chen et al., 2013; Bao et al., 2016a; Zhang et al., 2015).

The ketonemoiety, a common structural element, occurring in numerous pharmaceutical molecules,
natural products, and other biological function molecules, was regarded as an important building block
and useful synthons in organic synthesis and natural products (Surburg and Panten, 2006). In view of the
importance of ketone structure, it is at first glance remarkable that the construction of this omnipresent
skeleton has been extensively studied, such as the oxidation of secondary alcohols and Friedel–Crafts
acylation of aromatic compounds in the presence of an acid, while the addition of oxidants or acid result
in functional group tolerance problem (Olah, 1973; Tojo and Fernandez, 2006; Sartori andMaggi, 2009;
Dobereiner and Crabtree, 2010). Transition-metal-catalyzed reactions provided a blueprint to efficiently
synthesize ketones under mild reaction conditions with a simple operation (Takemiya and Hartwig,
2006; Ruan et al., 2008; Desai et al., 2010). Thereinto, carbopalladation of nitriles with various coupling
partners offered a particularly powerful approach to assembling ketones via the ketamine intermediate
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because nitriles, cheap and commercially available feedstocks, are
abundant surrogates for organic synthesis. In 1999, seminal
studies from Larock presented that the use of a palladium
catalyst can indeed produce a variety of ketones from the
corresponding arenes or arylboronic acids with nitrile (Larock
et al., 1999). Following this pioneering work, a number of related
works were reported, and a broad range of coupling partners
could react with nitriles via intermolecular carbopalladation, such
as potassium aryltrifluoroborates (Chen et al., 2013; Wang et al.,
2013), benzoic acid (Lindh et al., 2010), heteroarene (Jiang and
Wang, 2013; Jiang and Wang, 2014), sodium arylsulfinates (Liu
et al., 2011; Skillinghaug et al., 2014), arylhydrazines (Cheng et al.,
2017), and arylsulfonyl hydrazides (Meng et al., 2018) (Scheme
1). Inspired by our previous work that supported PdNPs as
suitable catalysts for pyridine synthesis via tandem
carbopalladation/cyclization of acetonitrile, arylboronic acids,
and aldehydes (Bai et al., 2021), we recently questioned
whether supported PdNPs could be an ideal alternative
heterogeneous catalyst for the construction of ketone under
mild condition. To the best of our knowledge, general
methods for employing heterogeneous catalysts to synthesize
ketone via carbopalladation of nitrile are currently unknown.

Herein, we prepared a variety of supported PdNPs catalysts
that were found to be efficient heterogeneous catalysts for the
construction of ketone via intermolecular carbopalladation of
nitrile with various coupling partners, which could be reused and
recycled five times. The TEM characterization showed that the
mean diameter of PdNPs for the heterogeneous catalyst,
supported Pd/γ-Al2O3, is 3.00 nm, and no conspicuous
agglomeration of PdNPs was observed during the reaction.
The XPS revealed that this reaction proceeds via the Pd0/PdII

catalytic cycle.

MATERIALS AND METHODS

Catalyst Preparation
The PdNPs on γ-Al2O3 were prepared by a modified
impregnation-reduction method. (Bao et al., 2016a; Bao

et al., 2016b): γ-Al2O3 powder (0.97 g) was suspended in
distilled water (50 ml), followed by the addition of aqueous
PdCl2 solution (0.01 M, 28.2 ml), and stirred at room
temperature. Then, aqueous L-lysine solution (0.03 M, 1 ml)
was added to the aforementioned mixture. Subsequently, NaOH
aqueous solution (0.1 M) was added to the mixture to adjust the
pH to 7. Whereafter, aqueous NaBH4 solution (0.35 M, 4.5 ml)
was added dropwise within 10 min while vigorously stirring.
The mixture was aged for 24 h, and the solid was separated by
centrifugation, washed with distilled water four times and
ethanol once, and dried at 80°C. The dried solid was used
directly as the catalyst.

Activity Test
The reaction was carried out in a 25 ml dry reaction tube. 4-
Methylphenylboronic acid 1a (27.2 mg, 0.2 mmol), acetonitrile
(1 ml), 3 wt.% Pd/γ-Al2O3 (25 mg), L1 (6.5 μL, 20 mol%), and
H2O (200 μL) were added in turn to the reaction tube and reflux
at 120°C for 48 h. After the reaction is complete, the reaction is
cooled to room temperature. The product was purified by thin-
layer chromatography.

SCHEME 1 | General methods to synthesize ketone via
carbopalladation of nitrile.

TABLE 1 | The reaction optimization of 4-methylphenylboronic acida,b.

Entry Pd source Ligands Yield (%)b

1c Pd(OAc)2 L1 63
2c Pd(PPh3)4 L1 57
3 3 wt.% Pd/γ-Al2O3 L1 92
4 5 wt.% Pd/C L1 53
5 3 wt.% Pd/γ-Al2O3 L2 45
6 3 wt.% Pd/γ-Al2O3 L3 57
7 3 wt.% Pd/γ-Al2O3 L4 52
8 3 wt.% Pd/γ-Al2O3 L5 57
9 3 wt.% Pd/γ-Al2O3 L6 46
10 3 wt.% Pd/γ-Al2O3 L7 30
11 3 wt.% Pd/γ-Al2O3 L8 72
12 3 wt.% Pd/γ-Al2O3 L9 30
13 1 wt.% Pd/γ-Al2O3 L1 49
14 2 wt.% Pd/γ-Al2O3 L1 61
15 4 wt.% Pd/γ-Al2O3 L1 60
16 5 wt.% Pd/γ-Al2O3 L1 56
17d 3 wt.% Pd/γ-Al2O3 L1 18

aReaction conditions: 1a (0.2 mmol), catalyst (25 mg), ligand (20 mol%), solvent
(CH3CN: H2O = 5:1, 1.2 ml), and 120°C, 48 h.
bIsolated yield.
cCatalyst (10 mol%).
dWithout water.
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Catalyst Recycle Experiment
After each reaction cycle, the mixture is layered through a
centrifuge, and the separated 3 wt.% Pd/γ-Al2O3 was washed
thoroughly with distilled water until pH = 7 and then washed
twice with anhydrous ethanol followed by centrifugal separation
and drying at 40°C for 12 h. The recovered catalyst is used for the
next cycle.

Gram-Scale Synthesis
4-Methylphenylboronic acid 1a (1.00 g, 7.35 mmol), CH3CN:
H2O = 5:1 (44 ml), 3 wt.% Pd/γ-Al2O3 (0.918 g), and L1
(229.5 μL, 1.47 mmol) were added in a round-bottom
flask, and the reaction was carried out at 120°C for 48 h in
an oil bath under air condition. The resulting mixture
was cooled to room temperature and evaporated in vacuo.
The residue was purified by flash column chromatography
(silica gel, ethyl acetate/petroleum ether = 1:10 as an eluent)
to afford the desired product 2a (0.561 g, 57% yield).

RESULTS AND DISCUSSION

We started our investigation by subjecting 4-
methylphenylboronic acid 1a in the presence of a Pd
catalyst and ligand in MeCN and H2O (Table 1, and
Supplementary Tables S1, S2). Firstly, we investigated
Pd(OAc)2 or Pd(PPh3)4 as a homogeneous catalyst and 6-
methyl-2,2′-bipyridine (L1) as a ligand that was an efficient
ligand in Larhed works, and the product was formed in 63% or
57% yield, respectively (entries 1 and 2) (Lindh et al., 2010).

Due to the success of our previous works, we considered
whether supported PdNPs could act as an alternative
catalyst and found that 3 wt.% Pd/γ-Al2O3 afforded the
desired product in 92% yield (entry 3). Regretfully,
commercially available 5 wt.% Pd/C gave 2a in the yield of
53% (entry 8). Next, different ligands were tested, and L1 was
proved to be optimal for this reaction (entries 5–12). Any
fluctuation in the Pd loading from 3 wt.% resulted in a decrease
in reaction yields (entries 13–16). Notably, the reaction
proceeded in the absence of water with a significant
decrease in yield (entry 17). This indicated that water is
critical to the success of the reaction, which may be
attributed to the fact that water could increase the solubility
of phenylboronic acid and contribute to the hydrolysis of
ketamine intermediate.

Having established the optimized reaction conditions for Pd/
γ-Al2O3 catalyzed intermolecular carbopalladation of nitrile with
arylboronic acids to synthesize ketone, we next explored the scope
of arylboronic acids (Table 2). Electron-rich and electron-
deficient arylboronic acids were tolerated under this reaction
condition, affording the desired product in moderate to excellent
yield (2a–2k). In general, substrates containing electron-donating
groups worked better than those with electron-withdrawing
groups (2k). Unfortunately, substrates with a strong electron-
withdrawing group (such as 4-F) failed to afford the product.
Sterically demanding substrates were found to be significantly less
active for this protocol, providing products in diminished yield
(2m and 2n). To our delight, naphthalen-1-yl boronic acid and
(1H-indol-4-yl) boronic acid served as suitable substrates for this
reaction.

The recyclability of the catalyst was examined in
intermolecular carbopalladation of nitriles with 4-
methylphenylboronic acid under the optimal reaction
condition. As illustrated in Figure 1, Pd/γ-Al2O3 could be
recovered by centrifugation and reused five times with
somewhat deactivation of the catalyst. The ICP-MS analysis
revealed 19.08 ppm Pd leaching in the reaction solution, which
may lead to the decrease in yield.

TABLE 2 | Scope of phenylboronic acida,b.

aReaction conditions: 1a (0.2 mmol), 3 wt.% Pd/γ-Al2O3 (25 mg), L1 (20 mol%), CH3CN: H2O = 5:1 (1.2 ml), and 120 °C, 48 h.
bIsolated yield.

TABLE 3 | The results of the hot filtration test.

Time (hour) Yield (%)a

0 0
2 15.4
4 (after hot filtration) 15.9
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TABLE 4 | Scope of potassium phenyltrifluoroboratea,b.

Entry Substrate Product Yield (%)

1
3a

2b

70

2
3b 2a

90

3

3c
2q

55

4
3d 2r

81

5
3e

2s

61

6
3f 2t

56

7
3g

2u

70

8

3h
2v

79

9
3i

2w

37

10
3j 2x

39

11
3k

2m

44

12
3l

NR

13
3m

NR

14
3n 2y

37

15

3o 2o

51

aReaction conditions: 3a (0.2 mmol), 3 wt.% Pd/γ-Al2O3 (25 mg), L1 (20 mol%), CH3CN: H2O = 5:1 (1.2 ml), and 120°C, 48 h.
bIsolated yield.
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This protocol appeared to be performed mainly by
heterogeneous pathways, which were demonstrated by a hot
filtration test. After filtering the 3 wt.% PdNPs/γ-Al2O3 in the
middle of the reaction, no further reaction was observed
precluding the possibility of homogeneous catalysis, which was
confirmed by the yield of 1a, as shown in Table 3.

Building on our strategy to synthesize ketone employing Pd/γ-
Al2O3, we sought to realize the intermolecular carbopalladation
reaction of acetonitrile with potassium trifluoro (p-tolyl)borate.
As shown in Table 4, a broad range of potassium
phenyltrifluoroborate that exhibit diverse electronic properties
readily participate in this reaction. This reaction of potassium

trifluoro (p-tolyl)borate is tolerant to substrates that incorporate
various electron-donating substituents in different sites, such as
alkyl, alkoxy (entries 1–7, 2a-2b, and 2q-2u), and -OH (entry 8,
2v). A preference for the electron-donating groups on the
potassium phenyltrifluoroborate was observed for this reaction.
Pleasingly, compared with arylboronic acids, potassium
phenyltrifluoroborate with 4-F could also give a corresponding
product in a moderate yield of 37%. Gratifyingly, the substrate
with naphthalene was suitable for this reaction, delivering
products in 37% and 51% yield, respectively (entries 14 and
15, 2y, and 2o).

To gain some insight into the mechanism of the present
carbopalladation of nitrile, the reaction solution of 4-
methylphenylboronic acid and potassium trifluoro (p-tolyl)
borate was detected by GC-MS after the end of the reactions,
respectively (see Supplementary Material). A small amount of
4,4′-dimethyl-biphenyl was found as a byproduct both in
those two reactions, which demonstrated that the
transmetalation of the palladium catalyst and aryboronic
acid occurred firstly. Based on the literature and our
previous work (Chen et al., 2013; Wang et al., 2013; Bai
et al., 2021), the proposed mechanism of the present reaction
is presented in Scheme 2. The reaction began with
transmetalation of the palladium catalyst and aryboronic
acid to form intermediate A. Subsequently, the cyano
group coordinated with intermediate A followed by the
1,2-carbopalladation of the cyano group to furnish the
intermediate C that was hydrolyzed to deliver the desired
ketone.

In order to investigate the practical application of this newly
heterogeneous catalytic reaction in organic synthesis, we carried
out a scaleup experiment and isolated desired ketone with a slight

FIGURE 1 | Recyclability of catalysts.

SCHEME 2 | The proposed mechanism.

SCHEME 3 | Synthetic application.
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decrease in yield (Scheme 3A). Gratifyingly, pentanenitrile was
found to be compatible under this reaction condition, which
could react with both arylboronic acid and potassium
phenyltrifluoroborate to give the corresponding products 3A
in 35% and 42% yield, respectively (Scheme 3B,C). Perhaps
even more notable, the use of benzoic acid with steric

hindrance has enabled the synthesis of sterically demanding
disubstituted ketone, which further extends the scope of
ketones (Scheme 3D).

To obtain a better understanding of the catalyst of the
reaction, the fresh and used catalysts were analyzed by
transmission electron microscopy (TEM) and X-ray
photoelectron spectroscopy (XPS). The transmission
electron microscopy (TEM) images of the fresh and used
3 wt.% Pd/γ-Al2O3 catalysts are given in Figure 2. The
PdNPs are distributed uniformly on the surface of γ-
Al2O3 (see Figures 2A–D). The TEM showed the Pd
particles 3.23 and 3.74 nm in diameter for fresh and used
catalysts, respectively (Figures 2E,F). Although the used Pd
particle size is slightly larger, the PdNPs were still
distributed evenly, and no apparent agglomeration was
observed.

The valence state of fresh and used supported PdNPs was
confirmed by the X-ray photoelectron spectroscopy (XPS)
analysis, which confirm that Pd exists in the metallic state on
the γ-Al2O3 supports before and after the reaction. As shown
in Figure 3, the binding energies of Pd 3d5/2 and Pd 3d3/2 for
the fresh catalyst are 335.43 and 340.58 eV, respectively, and
those for the used catalyst (after first recycling) are 335.03
and 340.63 eV, respectively, which is in line with the
literature. It is shown that Pd0 is the active center in the
catalytic cycle.

FIGURE 2 | TEM images of 3 wt.% Pd/γ-Al2O3: (A,B) fresh catalyst; (C,D) used (after first recycling) catalyst; (E,F) PdNP size distributions of fresh and used
catalysts, respectively.

FIGURE 3 | The XPS analysis of fresh (red) and used (blue) supported
PdNPs.
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CONCLUSION

In conclusion, we have reported the first example of the direct
synthesis of aromatic ketones via intermolecular
carbopalladation of aliphatic nitriles with organoboron
compound employing Pd/γ-Al2O3 as a heterogeneous
catalyst. This catalyst represents excellent catalytical activity
and could be reused and recycled five times. The XPS analysis
indicated that Pd0 was active species for this reaction. Potassium
phenyltrifluoroborate and benzoic acid were also viable
substrates for this protocol. This methodology provides a
mild and cost-effective strategy for the efficient synthesis of
ketones.

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in
the article/Supplementary Material, further inquiries can be
directed to the corresponding author.

AUTHOR CONTRIBUTIONS

All authors listed have made a substantial, direct, and intellectual
contribution to the work and approved it for publication.

FUNDING

This work received financial support from the National Nature
Science Foundation of China (21861030), the Inner Mongolia
Nature Science Foundation (2021MS02030, 2020LH02010, and
2021BS02005), the Special Founded Project for Cultivating Major
Project of Inner Mongolia Normal University (2020ZD02), and the
Innovative and Entrepreneurial Startup Supporting Program of
Returned Overseas Scholars of Inner Mongolia Autonomous Region.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at
https://www.frontiersin.org/articles/10.3389/fchem.2022.855850/
full#supplementary-material

REFERENCES

Bai, C., Guo, H., Liu, X., Liu, D., Sun, Z., Bao, A., et al. (2021). [3 + 2 + 1] Pyridine
Skeleton Synthesis Using Acetonitrile as C4N1 Units and Solvent. J. Org. Chem.
86, 12664–12675. doi:10.1021/acs.joc.1c01194

Bao, Y.-S., Wang, L., Jia, M., Xu, A., Agula, B., Baiyin, M., et al. (2016a). Heterogeneous
Recyclable Nano-Palladium Catalyzed Amidation of Esters Using Formamides as
Amine Sources. Green. Chem. 18, 3808–3814. doi:10.1039/c5gc02985f

Bao, Y.-S., Zhang, D., Jia, M., and Zhaorigetu, B. (2016b). Replacing Pd(OAc)2 with
Supported Palladium Nanoparticles in Ortho-Directed CDC Reactions of
Alkylbenzenes. Green. Chem. 18, 2072–2077. doi:10.1039/c5gc02554k

Biffis, A., Centomo, P., Del Zotto, A., and Zecca, M. (2018). Pd Metal Catalysts for
Cross-Couplings and Related Reactions in the 21st Century: A Critical Review.
Chem. Rev. 118, 2249–2295. doi:10.1021/acs.chemrev.7b00443

Chen, X., Engle, K. M., Wang, D.-H., and Yu, J.-Q. (2009). Palladium(II)-Catalyzed
C-H Activation/C-C Cross-Coupling Reactions: Versatility and Practicality.
Angew. Chem. Int. Ed. 48, 5094–5115. doi:10.1002/anie.200806273

Cheng, K.,Wang, G., Meng, M., and Qi, C. (2017). Acid-promoted Denitrogenative
Pd-Catalyzed Addition of Arylhydrazines with Nitriles at Room Temperature.
Org. Chem. Front. 4, 398–403. doi:10.1039/c6qo00634e

Desai, L. V., Ren, D. T., and Rosner, T. (2010). Mild and General Method for the α-
Arylation ofHeteroaromatic Ketones.Org. Lett. 12, 1032–1035. doi:10.1021/ol1000318

Dhakshinamoorthy, A., Asiri, A. M., and Garcia, H. (2019). Formation of C-C
and C-Heteroatom Bonds by C-H Activation by Metal Organic Frameworks
as Catalysts or Supports. ACS Catal. 9, 1081–1102. doi:10.1021/acscatal.
8b04506

Djakovitch, L., and Felpin, F.-X. (2014). Direct C Sp2-H and C Sp3-H Arylation
Enabled by Heterogeneous Palladium Catalysts. ChemCatChem 6, 2175–2187.
doi:10.1002/cctc.201402288

Dobereiner, G. E., and Crabtree, R. H. (2010). Dehydrogenation as a Substrate-
Activating Strategy in Homogeneous Transition-Metal Catalysis. Chem. Rev.
110, 681–703. doi:10.1021/cr900202j

Gandeepan, P., Müller, T., Zell, D., Cera, G., Warratz, S., and Ackermann, L.
(2019). 3d Transition Metals for C-H Activation. Chem. Rev. 119, 2192–2452.
doi:10.1021/acs.chemrev.8b00507

Hong, K., Sajjadi, M., Suh, J. M., Zhang, K., Nasrollahzadeh, M., Jang, H. W., et al.
(2020). Palladium Nanoparticles on Assorted Nanostructured Supports:
Applications for Suzuki, Heck, and Sonogashira Cross-Coupling Reactions.
ACS Appl. Nano Mater. 3, 2070–2103. doi:10.1021/acsanm.9b02017

Jiang, T.-S., andWang, G.-W. (2014). Synthesis of 2-Acylthiophenes by Palladium-
Catalyzed Addition of Thiophenes to Nitriles. Adv. Synth. Catal. 356, 369–373.
doi:10.1002/adsc.201300843

Jiang, T.-S., and Wang, G.-W. (2013). Synthesis of 3-acylindoles by Palladium-
Catalyzed Acylation of Free (N-H) Indoles with Nitriles. Org. Lett. 15, 788–791.
doi:10.1021/ol303440y

Larock, R. C., Tian, Q., and Pletnev, A. A. (1999). Carbocycle Synthesis via
CarbopalladationofNitriles. J. Am.Chem. Soc. 121, 3238–3239. doi:10.1021/ja984086w

Lindh, J., Sjöberg, P. J. R., and Larhed, M. (2010). Synthesis of Aryl Ketones by
Palladium(II)-catalyzed Decarboxylative Addition of Benzoic Acids to Nitriles.
Angew. Chem. Int. Edition 49, 7733–7737. doi:10.1002/anie.201003009

Liu, J., Zhou, X., Rao, H., Xiao, F., Li, C.-J., and Deng, G.-J. (2011). Direct Synthesis of
Aryl Ketones by Palladium-Catalyzed Desulfinative Addition of Sodium
Sulfinates to Nitriles. Chem. Eur. J. 17, 7996–7999. doi:10.1002/chem.201101252

Liu, M., Chen, J., Wang, X., Wang, X., Ding, J., andWu, H. (2013). Palladium-Catalyzed
Reaction of ArylboronicAcidswithAliphaticNitriles: Synthesis of Alkyl Aryl Ketones
and 2-Arylbenzofurans. Synthesis 45, 2241–2244. doi:10.1055/s-0033-1338909

McGlacken, G. P., and Bateman, L. M. (2009). Recent Advances in Aryl-Aryl Bond
Formation by Direct Arylation. Chem. Soc. Rev. 38, 2447–2464. doi:10.1039/
b805701j

Meng, M., Yang, L., Cheng, K., and Qi, C. (2018). Pd(II)-Catalyzed Denitrogenative
and Desulfinative Addition of Arylsulfonyl Hydrazides with Nitriles. J. Org.
Chem. 83, 3275–3284. doi:10.1021/acs.joc.8b00211

Olah, G. A. (1973). Friedel-Crafts Chemistry. NewYork: Wiley.
Pla, D., and Gómez, M. (2016). Metal and Metal Oxide Nanoparticles: A Lever for

C-H Functionalization. ACS Catal. 6, 3537–3552. doi:10.1021/acscatal.6b00684
Ruan, J., Saidi, O., Iggo, J. A., and Xiao, J. (2008). Direct Acylation of Aryl Bromides

with Aldehydes by Palladium Catalysis. J. Am. Chem. Soc. 130, 10510–10511.
doi:10.1021/ja804351z

Ruiz-Castillo, P., and Buchwald, S. L. (2016). Applications of Palladium-Catalyzed
C-N Cross-Coupling Reactions. Chem. Rev. 116, 12564–12649. doi:10.1021/acs.
chemrev.6b00512

Sartori, G., and Maggi, R. (2009). Advances in Friedel-Crafts Acylation Reactions:
Catalytic and Green Processes. Routledge.

Skillinghaug, B., Sköld, C., Rydfjord, J., Svensson, F., Behrends, M., Sävmarker, J.,
et al. (2014). Palladium(II)-catalyzed Desulfitative Synthesis of Aryl Ketones
from Sodium Arylsulfinates and Nitriles: Scope, Limitations, and Mechanistic
Studies. J. Org. Chem. 79, 12018–12032. doi:10.1021/jo501875n

Surburg, H., and Panten, J. (2006). Common Fragrance and Flavour Materials. 5th
Ed. Weinheim: Wiley-VCH Verlag GmbH.

Frontiers in Chemistry | www.frontiersin.org May 2022 | Volume 10 | Article 8558507

Liu et al. Heterogeneous Catalyzed Carbopalladation of Nitriles

https://www.frontiersin.org/articles/10.3389/fchem.2022.855850/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fchem.2022.855850/full#supplementary-material
https://doi.org/10.1021/acs.joc.1c01194
https://doi.org/10.1039/c5gc02985f
https://doi.org/10.1039/c5gc02554k
https://doi.org/10.1021/acs.chemrev.7b00443
https://doi.org/10.1002/anie.200806273
https://doi.org/10.1039/c6qo00634e
https://doi.org/10.1021/ol1000318
https://doi.org/10.1021/acscatal.8b04506
https://doi.org/10.1021/acscatal.8b04506
https://doi.org/10.1002/cctc.201402288
https://doi.org/10.1021/cr900202j
https://doi.org/10.1021/acs.chemrev.8b00507
https://doi.org/10.1021/acsanm.9b02017
https://doi.org/10.1002/adsc.201300843
https://doi.org/10.1021/ol303440y
https://doi.org/10.1021/ja984086w
https://doi.org/10.1002/anie.201003009
https://doi.org/10.1002/chem.201101252
https://doi.org/10.1055/s-0033-1338909
https://doi.org/10.1039/b805701j
https://doi.org/10.1039/b805701j
https://doi.org/10.1021/acs.joc.8b00211
https://doi.org/10.1021/acscatal.6b00684
https://doi.org/10.1021/ja804351z
https://doi.org/10.1021/acs.chemrev.6b00512
https://doi.org/10.1021/acs.chemrev.6b00512
https://doi.org/10.1021/jo501875n
https://www.frontiersin.org/journals/chemistry
www.frontiersin.org
https://www.frontiersin.org/journals/chemistry#articles


Takemiya, A., and Hartwig, J. F. (2006). Palladium-Catalyzed Synthesis of Aryl
Ketones by Coupling of Aryl Bromides with an Acyl Anion Equivalent. J. Am.
Chem. Soc. 128, 14800–14801. doi:10.1021/ja064782t

Tojo, G., and Fernandez,M. I. (2006).Oxidation of Alcohols to Aldehydes andKetones: A
Guide to Current Common Practice. Springer Science & Business Media.

Wang, X., Liu, M., Xu, L., Wang, Q., Chen, J., Ding, J., et al. (2013). Palladium-
catalyzed Addition of Potassium Aryltrifluoroborates to Aliphatic Nitriles:
Synthesis of Alkyl Aryl Ketones, Diketone Compounds, and 2-arylbenzo[b]
furans. J. Org. Chem. 78, 5273–5281. doi:10.1021/jo400433m

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors, and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Liu, Liu, Muschin, Bao, Bai and Bao. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other forums is permitted, provided the
original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice.
No use, distribution or reproduction is permitted which does not comply with
these terms.

Frontiers in Chemistry | www.frontiersin.org May 2022 | Volume 10 | Article 8558508

Liu et al. Heterogeneous Catalyzed Carbopalladation of Nitriles

https://doi.org/10.1021/ja064782t
https://doi.org/10.1021/jo400433m
https://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/chemistry
www.frontiersin.org
https://www.frontiersin.org/journals/chemistry#articles

	Supported Palladium Nanoparticles Catalyzed Intermolecular Carbopalladation of Nitriles and Organoboron Compounds
	Introduction
	Materials and Methods
	Catalyst Preparation
	Activity Test
	Catalyst Recycle Experiment
	Gram-Scale Synthesis

	Results and Discussion
	Conclusion
	Data Availability Statement
	Author Contributions
	Funding
	Supplementary Material
	References


