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We performed direct carbamoylation using heteropoly acid
(HPA) photocatalysts with a Keggin structure under UV-light.
Carbamoyl radicals were generated via the decarboxylation of
N,N-disubstituted dimethyloxamic acid under these conditions.
The HPA catalyst functioned as a photocatalyst when the
dicarbonyl bond was broken, generating carbon dioxide. We
found that disubstituted carbamoyl radicals readily coupled
with aromatic bromides to generate diverse benzoic amides. In

particular, using a homogeneous HPA photocatalyst improved
the reaction’s transmittance, which had been a problem of the
existing heterogeneous photocatalyst. This reaction condition
can be easily handled, mild, and safer than the traditional
benzoic amide synthesis. This method can be scaled up
efficiently, is eco-friendly, and can be applied to producing
active pharmaceutical ingredients.

Introduction

Amides are stable, functional groups that play a crucial role in
various fields, such as natural products, polymers, ecosystems,
material engineering, peptides, DNA, pharmaceuticals, and
RNA.[1] They are also present in various small-molecule drugs
which have biological activities. In 2021, 80% of the top 200
selling small-molecule drugs included amide bonds,[2] and
among them, approximately 3% of drug structures contain
aromatic tertiary amide moieties.

The classical method for benzoic amide formation involves
the condensation of benzoic acid with an amine. Benzoic acid is
easily synthesised. However, in the case of highly substituted
benzoic acid, it is costly and difficult to synthesise the amide at
the end of synthetic steps because of harsh condensation
conditions. If starting from simple benzoic acid, more steps will
be needed to obtain the substituted benzoic amide. Therefore,
substituted benzoic amides usually have problems during the
development of synthetic procedures.

As reported in the literature, several efforts have been made
to synthesise substituted benzoic amides. In some cases, the
nitrile introduced in the aromatic ring undergoes a photo-
reaction and catalytic synthesis. Blue LEDs,[1a,c,d,3] visible light,[4]

and solar simulators[5] have been used to synthesise amides
using photoreactions. Photoreactions have recently attracted
attention because of their applications in green chemistry,
resulting in many studies investigating their use. The photo-
catalyst mainly uses, iridium,[3–4] iron,[1d,5] and ruthenium-
based[4c] metal catalysts and other non-metal[1a] catalysts. The
classical catalyst mainly uses copper,[6] nickel[1f,7] and palladium
(Pd)[3b,8] catalysts. Examples include [(Ph)3P]4Ni(0), a nickel-based
catalyst, which was used at 75 °C for 20 hours or more.[1f] In
another example, Pd(OAc)2, a palladium-based catalyst, was
tested at 80 °C for more than 24 hours.[8a] Another palladium
catalyst, Pd(TFA)2, was used to react at 150 °C for up to
24 hours.[8f] These catalysts were used in reactions conducted at
relatively high temperatures. Conditions for decarboxylative
coupling using palladium catalyst (Pd(PhCN)2Cl2) and iridium
catalyst ([Ir{dF(CF3)ppy}2(dtbbpy)]PF6) in blue LED at room
temperature are highly reactive but difficult to use industry
because the catalyst is too expensive.[3b]

Here, we focus on the development of efficient methods
that are economical and eco-friendly for the synthesis of
benzoic amides (Figure 1). We found that using a heteropoly
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acid (HPA) with a Keggin structure (Figure 2) as a homogeneous
photocatalyst[9] and a metal-oxygen cluster[10] has many
advantages.[9b,11] It is acidic, oxidative, and is important as a
catalyst that enables effective oxidation through photoinduced
photoredox reactions in the wavelength range of 200 to
500 nm.[12] We confirmed the oxidizing potentials of HPA at
253.7 nm wavelength. HPAs are highly regarded for their
stability, fast proton mobility, electron transfer capability,[13] and
excellent physicochemical structure.[14] Besides, they are readily
soluble in polar solvents,[9b,15] and their transmittance to light
can be increased. In particular, the Keggin structure shows a
stronger Brønsted acid than other conventional acids.[9b,14] HPAs
act as excellent electron acceptors and increase their binding
capabilities with active sites.[14] HPAs exhibit strong UV
absorption and efficiently receives intramolecular charge trans-
fer in response to photoirradiation.[14] Recently, many research
results on HPAs have been reported,[16] and active research is
also being conducted in the pharmaceutical field.[15]

We selected phosphomolybdic acid (PMA, H3[PMo12O40]) as
the HPA photocatalyst. PMA is mainly used as a stain in organic
synthesis and is often used in acid-catalysed reactions.[17] It is
attractive as a catalyst for green chemistry reactions because of
its environmentally friendly characteristics and is considered
safe for humans.[11] An organic synthesis method using PMA has
been developed and commercialised.[11b] PMA is a classic
catalyst used in the past, and has recently been used as an acid
catalyst for the synthesis of challenging structures.[18] However,
we applied it to our study, confirming that it was also used as a
catalyst in a simple structure such as cresol, fluorophenol, and
methoxyphenol.[9d]

UV was selected because the high energy gap between
HPA’s lowest unoccupied molecular orbital (LUMO) and its
highest occupied molecular orbital (HOMO) is activated only
under UV irradiation. After UV absorption, PMA was activated to
generate O!M (metal) ligand-to-metal charge transfer
(LMCT).[19] Based on the existing photo-HPA,[20] the PMA

electrons from O2� to Mo6+ are expected to form a photo-
excited state from the HOMO to the LUMO.

To develop a direct and environment friend amide
formation method, we tried to connect a carbamoyl radical and
aromatic radical under photoinduced condition. Here, we
introduced a N,N-dimethyloxamic acid which can play single-
electron transfer (SET) role companied by losing one molecular
of CO2 under UV-C and PMA conditions finally formed a
carbamoyl radical.[1c,3a,4a,b,21] As a count partner of this reaction,
aromatic radical is formed via photoinduced electron transfer
(PET) under UV-C conditions from aromatic bromide.[22] After
lots of attempt, we achieved desired result to direct form an
amide bond under UV-C conditions. Herein, we describe the
synthesis of aromatic amides using UV irradiation, PMA, and
oxidants at room temperature to couple a carbamoyl precursor
with an aromatic bromide. We developed a method for
generating carbamoyl radicals through SET of PMA for
carbamoylation. The reaction proceeded under straightforward
and safe conditions and was easy to handle during experiments.
The synthesis process is non-toxic and thermally stable. Because
a homogeneous catalyst was used, the UV transmittance and
efficiency of the reactant are well-established, and the catalyst
can be easily removed from the reaction mixture during the
work up process. These properties are desirable for large-scale
pharmaceutical manufacturing.

Results and Discussion

Our study started with procuring an α-keto amide, a carbamoyl
moiety, and an easy-to-obtain aromatic bromide moiety. We
expected that the α-keto amide would provide carbamoyl
radicals through SET-based decarboxylation and directly lead to
carbamoylation. Based on this concept, we developed a
synthetic method.

To get a mild and homogeneous carbamoylation method as a
final goal, we attempted a Pd-catalysed cross-coupling method, as
shown in previous study of Scheme 1, and less than 10%
carbamoyl product 1 was obtained after purification. This
approach, which involved Pd(OAc)2, D-CSA, and 1,4-dioxane under
N2,

[8a] required a high temperature and a long reaction time.
Therefore, we envisioned that a photoreaction capable of

Figure 2. PMA structure and the expected molecular orbital system of PMA.

Scheme 1. Reaction applied to the previous study and this study; APS:
ammonium persulfate; D-CSA: camphorsulfonic acid; MeCN: acetonitrile; N2:
nitrogen gas; Pd(OAc)2: palladium(II) acetate; PMA: phosphomolybdic acid
hydrate; PPS: potassium persulfate; UV: ultraviolet.
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activating radical generation energy would be more suitable than
previous study of Scheme 1 to obtain a radical coupling product.

As we found from reports, carbamoyl radicals[1c,3a,4a,b,21] and
aromatic bromide radicals[22] can be generated by UV-C
irradiation which can be directly used for carbamoylation. We
developed a carbamoylation method in which the PMA catalyst
enters an excited state under UV irradiation and undergoes a
radical coupling decarboxylation reaction through SET (this
study of Scheme 1). Few studies have investigated PMA as an
HPA catalyst. To confirm PMA as a suitable photocatalyst, an
experiment was conducted in a quartz test tube in the presence
and absence of UV. We tested PMA, tungstosilicic acid (TSA,
H4[SiW12O40]), and phosphotungstic acid (PTA, H3[PW12O40]),
which are well-known and easy to obtain among homogeneous
HPA catalysts. In addition, ammonium persulfate and potassium
persulfate were selected because they are known oxidants that
help decarboxylation to produce radicals (Table S1).[23] A study
by Mai et al. showed that adding potassium persulfate attacks
the α-position of the quinoline derivative.[24]

The reactions reported in Tables S1, 1 and 2 were performed
in a black box with a 40 W UV-C lamp emitting energy at
253.7 nm. A solvent mixture of acetonitrile (MeCN) and water,
with a ratio of 1 :1, was selected due to its high UV-C
transmittance and oxidant dissolution capability, respectively. In
the oxidation process wherein α-keto amide was inserted, it was
observed that without UV-C and HPA catalysts, there was no
electronically excited state of electrons. At higher reaction
temperatures, SET oxidation still did not occur, radicals were
deactivated, and the reaction did not proceed (Table S1,
entries 1, 5, and 7). Additionally, it did not react without the
HPA catalyst at room temperature (Table S1, entry 6). The
reaction did not proceed even in the absence of UV-C, HPA
catalysts, and oxidants (Table S1, entries 7, and 8). Although it
proceeded in visible light by changing the wavelength band of
light, it was confirmed that SET oxidation and radicals were
inactivated (Table S1, entry 9).

For the HPA catalyst to act as a photocatalyst, electrons are
excited with light energy to become HPA* and then HPA*�

through a SET process. Simultaneously, N,N-dimethyloxamic
acid releases CO2 during the SET process to form carbamoyl
radicals.[1c] However, when experiments were conducted with
the HPA catalyst and oxidant without UV-C, the reaction did not
proceed (Table S1, entries 1 and 9). HPA was not activated
because SET did not proceed. Since, there was no light energy,
N,N-dimethyloxamic acid did not release CO2. Consequently, no
carbamoyl radicals were generated. Furthermore, little reactivity
was observed when the reaction was carried out with an
oxidant and without an HPA catalyst (Table S1, entries 5 and 6).
In consequence, the oxidant was discovered to play an auxiliary
role in carbamoylation.

When reacted solely with an HPA catalyst, the TSA yield was
31%, which was relatively good compared with other HPAs
(Table S1, entry 3). However, when reacted with potassium
persulfate, the yield of PMA was significantly better at 81%
(Table 1, entry 1). Because molybdenum has a larger binding
energy (227.95 eV) than tungsten (31.37 eV),[25] the yield would
have been better if PMA had been used. When an equal amount

of potassium persulfate (3 equiv.) was used, the yield increased as
the amount of HPA increased. However, the low solubility of
potassium persulfate’s in water (4.49 g/100 mL at 20°C) caused
synthesis problems owing to slow radical production. Accordingly,
the experiment was conducted under similar conditions (PMA
0.1 equiv., ammonium persulfate 3 equiv.) to that of potassium
persulfate by changing to ammonium persulfate with better
solubility in water (80 g/100 mL at 25°C). Since a large amount of
ammonium persulfate could be dissolved without heating due to
an increase in the solubility, the attack of carbamoyl radical on
aromatic bromide increased. Consequently, we obtained 1 with a
100% yield (Table 1, entry 7). We measured the spectra in UV-Vis
of PMA and N,N-dimethyloxamic acid, which are important catalyst
and substrate in our study (Figure 3). We used a 1:1 ratio of MeCN
and water solution for PMA and N,N-dimethyloxamic acid. These
two compounds have meaningful observances within the wave-
length range of UV-C (200–280 nm), which can be activated under
UV-C.

The generality of the HPA-catalysed carbamoylation was
tested using the optimised values in Tables S1 and 1 (Table 2).

Table 1. Optimisation of reaction conditions.[a]

Entry Catalyst equiv. Oxidant T [°C] Yield[b] [%]

1 PMA 0.1 PPS 50 81

2 PMA 0.05 PPS 50 64

3 TSA 0.1 PPS 50 77

4 TSA 0.05 PPS 50 67

5 PTA 0.1 PPS 50 58

6 PTA 0.05 PPS 50 50

7 PMA 0.1 APS r.t. 100

[a] Reactions were performed on a 100 μmol scale for 40 h under a 40 W
UV-C lamp (λmax=253.7 nm) using 1 a (1 equiv.), 2 a (1 equiv.), HPA catalyst
(0.1 equiv.), oxidant (3 equiv.), MeCN, and water. [b] Yields of products
refer to isolated material after purification. APS: ammonium persulfate;
MeCN: acetonitrile; PMA: phosphomolybdic acid hydrate; TSA: tungstosili-
cic acid hydrate; PPS: potassium persulfate; PTA: phosphotungstic acid
hydrate; UV: ultraviolet.

Figure 3. UV-Vis spectra of PMA and N,N-dimethyloxamic acid.
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We evaluated different types of aromatic bromides with various
substituents. Electron-donating groups such as benzene (1),
toluene (2), naphthalene (3), a methoxy group (6), and phenyl-
propanoic acid (16) were obtained in high yields. The electron-
rich C� C σ-bonds were advanced, and the carbamoylation
reactivity was excellent. The aromatic halides Br (7), meta-Cl (8),
ortho-Cl (9), fluorine (10) are moderately electron-withdrawing
substituents, but only the slight possibility of carbamoylation
could be confirmed due to the intervention of the second � Br,
� Cl, and � F of each structure. Among the electron-withdrawing
groups, only some groups such as cyanide (4), trifluoromethyl
group (12), and methyl benzoate (14) can be synthesized, and
nitrogen dioxide (11) and aldehyde (13) did not react. tert-Butyl
(5) and biphenyl (15) were also able to confirm the possibility
of carbamoylation. Our study conditions confirmed that
carbamoylation synthesis in the aromatic bromide of the
electron-withdrawing group is well performed. In the industry,
our photoreaction conditions can be applied when scale-up
synthesis of electron-withdrawing substituents.

The proposed mechanism is shown in Figure 4. The HPA
catalyst (PMA) was activated by UV at a wavelength of
253.7 nm, causing N,N-dimethyloxamic acid to reach an excited
state,[21d] and decarboxylation through SET was performed to
escape CO2.

[3a,26] As in the study of Bai et al. and Jouffroy et al.
UV-C activation of the HPA photocatalyst permits it to reach an
excited state HPA* that is sufficiently oxidising to generate SET
from N,N-dimethyloxamic acid via reductive quenching.[1c,3a] This
process produced a nucleophilic carbamoyl radical (I). The

process of transferring the aromatic bromide to the aromatic
radical begins with the conversion of UV-C to the aromatic
bromide radical anion through PET.[22] Aromatic bromide radical
anion causes negative ion-mediated cleavage of carbon-
bromide bonds, resulting in Br� escaping and generating highly
reactive aromatic bromide radical intermediate (II) used in
various aromatic bromide synthesis.[22] Simultaneously, as in the
report of Jouffroy et al. the HPA*� was oxidised by persulfate
(S2O8

2� ) to obtain sulphate dianions (SO4
2� ) and highly oxidis-

able sulphate radical anions (SO4
*� ) to activate the HPA

catalyst.[1c] As in the report of Westwood et al. the sulphate
radical anion escapes to form hydrogen sulphate ions (HSO4

� )
via hydrogen atom transfer (HAT).[27] II participates in the
reaction between carbamoyl radical (I) and HSO4

� via termi-
nation of radical addition to produce the expected carbamoyl
product (III). This carbamoyl radical mechanism suggests that
carbamoyl products were produced.

Conclusions

We report a photoreaction method that enables carbamoylation
at room temperature using UV and HPA catalysts. This
carbamoyl radical generation developed an HPA coupling
process by synthesising α-keto amides with readily available
aromatic bromides. This uncomplicated method can be applied
to various aromatic bromides and α-keto amides to generate
disubstituted benzoic amides. This can contribute to a faster,
safer, and more environmentally friendly synthesis method for
the pharmaceutical industry, organic synthesis, and biochemis-
try. We have confirmed that the yield at scale-up of this study

Table 2. Scope of aromatic bromides.[a]

Reactions were performed on a 1 mmol scale at room temperature for
40 h under a 40 W UV-C lamp (λmax=253.7 nm) using aromatic bromide
(1 equiv.), 2 a (3 equiv.), PMA (0.1 equiv.), APS (3 equiv.), MeCN, and water.
[a] Yields of products refer to isolated material after purification. APS:
ammonium persulfate; MeCN: acetonitrile; PMA: phosphomolybdic acid
hydrate; UV: ultraviolet.

Figure 4. The mechanism for carbamoylation using HPA of aromatic
bromide.
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in gram-scale in pharmaceutically meaningful derivatives is
more than 50%, and it will be reported in due course.

Experimental Section
A general procedure for HPA-catalysed carbamoylation of aromatic
bromide under UV-C is outlined hereafter: Ammonium persulfate
(3 equiv.) was added to a 20 mL vial and dissolved in water (6 mL).
Aromatic bromide (300 mg, 1 equiv.), N,N-dimethyloxamic acid
(3 equiv.), PMA hydrate (0.1 equiv.) and MeCN (6 mL) were added to
a quartz test tube. Transfer the dissolved mixtures in the vial to the
quartz test tube. The quartz test tube was placed in a black box
with a 40 W UV-C lamp and stirred at room temperature. The quartz
test tube was stirred under UV-C (253.7 nm) for 40 h. After
completion of the reaction, reactant, and dichloromethane (20 mL)
was added to the separatory funnel, and the reaction was
quenched saturated sodium bicarbonate solution (20 mL). Then,
the product was washed with water (20 mL). The organic layer was
dried using magnesium sulphate and filtered. The organic layer was
then concentrated using a rotary evaporator.

* When using an UV lamp, experimental suits and UV safety
goggles are worn to avoid injury due to direct exposure of UV to
the human eye and skin.

* Safety devices should be installed to avoid injuries caused by UV
exposure when manufacturing scaled-up UV photoreactor equip-
ment.

Supporting Information Summary

The supporting Information includes general information, syn-
thesis of the substrates, optimisation of the study, experimental
procedure, spectral data (1HNMR, 13CNMR, and HRMS).

Acknowledgements

We acknowledge financial support from the National Research
Foundation of Korea (NRF-2018R1A6A1A03023718), funded by
the Ministry of Education, Republic of Korea.

Conflict of Interests

The authors declare no conflict of interest.

Data Availability Statement

The data that support the findings of this study are available
from the corresponding author upon reasonable request.

Keywords: amides · cross-coupling · photocatalyst ·
photochemistry · radical reactions

[1] a) N. Alandini, L. Buzzetti, G. Favi, T. Schulte, L. Candish, K. D. Collins, P.
Melchiorre, Angew. Chem. Int. Ed. 2020, 59, 5248–5253; b) D. G. Brown, J.
Boström, J. Med. Chem. 2016, 59, 4443–4458; c) M. Jouffroy, J. Kong, Chem.

Eur. J. 2019, 25, 2217–2221; d) Y.-K. Mei, X.-T. Min, S.-Y. Guo, C.-H. Liu, X.-X.
Zhang, D.-W. Ji, B. Wan, Q.-A. Chen, Eur. J. Org. Chem. 2022, 2022,
e202200043; e) S. D. Roughley, A. M. Jordan, J. Med. Chem. 2011, 54, 3451–
3479; f) X.-P. Wen, Y.-L. Han, J.-X. Chen, RSC Adv. 2017, 7, 45107–45112.

[2] M. H. Qureshi, R. Williams, C. Marshall, “Top 200 Small Molecule
Pharmaceuticals by Retail Sales in 2021”, can be found under https://
njardarson.lab.arizona.edu/content/top-pharmaceuticals-poster, 2021
(accessed 25 October 2022).

[3] a) Q.-F. Bai, C. Jin, J.-Y. He, G. Feng, Org. Lett. 2018, 20, 2172–2175; b) W.-M.
Cheng, R. Shang, H.-Z. Yu, Y. Fu, Chem. Eur. J. 2015, 21, 13191–13195.

[4] a) A. Noble, S. J. McCarver, D. W. C. MacMillan, J. Am. Chem. Soc. 2015,
137, 624–627; b) L. Chu, J. M. Lipshultz, D. W. C. MacMillan, Angew.
Chem. Int. Ed. 2015, 54, 7929–7933; c) J. Liu, Q. Liu, H. Yi, C. Qin, R. Bai, X.
Qi, Y. Lan, A. Lei, Angew. Chem. Int. Ed. 2014, 53, 502–506.

[5] M. F. Iqbal, S. Tominaka, W. Peng, T. Takei, N. Tsunoji, T. Sano, Y. Ide,
ChemCatChem 2018, 10, 4509–4513.

[6] F. Monnier, M. Taillefer, Angew. Chem. Int. Ed. 2009, 48, 6954–6971.
[7] D.-L. Zhu, Q. Wu, D. J. Young, H. Wang, Z.-G. Ren, H.-X. Li, Org. Lett.

2020, 22, 6832–6837.
[8] a) K. Jing, P.-C. Cui, G.-W. Wang, Chem. Commun. 2019, 55, 12551–

12554; b) J. Rayadurgam, S. Sana, M. Sasikumar, Q. Gu, Org. Chem. Front.
2021, 8, 384–414; c) S. Ram, A. K. Sharma, A. S. Chauhan, P. Das, Chem.
Commun. 2020, 56, 10674–10677; d) A. Monrose, H. Salembier, T.
Bousquet, S. Pellegrini, L. Pélinski, Adv. Synth. Catal. 2017, 359, 2699–
2704; e) Y. Li, H.-H. Chen, C.-F. Wang, X.-L. Xu, Y.-S. Feng, Tetrahedron
Lett. 2012, 53, 5796–5799; f) R. Shang, Y. Fu, J.-B. Li, S.-L. Zhang, Q.-X.
Guo, L. Liu, J. Am. Chem. Soc. 2009, 131, 5738–5739.

[9] a) T. Guo, M. Qiu, X. Qi, Appl. Catal. A 2019, 572, 168–175; b) I. V.
Kozhevnikov, Chem. Rev. 1998, 98, 171–198; c) X. Zhang, Y. Li, L. Xue, S.
Wang, X. Wang, Z. Jiang, ACS Sustainable Chem. Eng. 2018, 6, 165–176;
d) Z. Hui, S. Jiang, X. Qi, X.-Y. Ye, T. Xie, Tetrahedron Lett. 2020, 61, 151995.

[10] M. M. Heravi, F. F. Bamoharram, in Heteropolyacids as Highly Efficient and
Green Catalysts Applied in Organic Transformations (Eds.: M. M. Heravi,
F. F. Bamoharram), Elsevier, 2022, pp. 61–140.

[11] a) M. Misono, I. Ono, G. Koyano, A. Aoshima, Pure Appl. Chem. 2000, 72,
1305–1311; b) S. T. Kadam, S. S. Kim, Synthesis 2008, 2008, 267–271.

[12] a) N. Mizuno, M. Misono, Chem. Rev. 1998, 98, 199–218; b) C. L. Hill,
C. M. Prosser-McCartha, Coord. Chem. Rev. 1995, 143, 407–455; c) C.
Streb, Dalton Trans. 2012, 41, 1651–1659.

[13] M. Sadakane, E. Steckhan, Chem. Rev. 1998, 98, 219–238.
[14] Y. Shan, D. Liu, C. Xu, P. Zhan, H. Wang, J. Wang, R. He, W. Wang, New J.

Chem. 2021, 45, 7344–7352.
[15] S.-S. Wang, G.-Y. Yang, Chem. Rev. 2015, 115, 4893–4962.
[16] D.-L. Long, R. Tsunashima, L. Cronin, Angew. Chem. Int. Ed. 2010, 49,

1736–1758.
[17] D. E. Katsoulis, Chem. Rev. 1998, 98, 359–388.
[18] a) I. A. Yaremenko, P. S. Radulov, Y. Y. Belyakova, A. A. Demina, D. I.

Fomenkov, D. V. Barsukov, I. R. Subbotina, F. Fleury, A. O. Terent’ev,
Chem. Eur. J. 2020, 26, 4734–4751; b) A. O. Terent’ev, I. A. Yaremenko,
V. A. Vil’, I. K. Moiseev, S. A. Kon’kov, V. M. Dembitsky, D. O. Levitsky, G. I.
Nikishin, Org. Biomol. Chem. 2013, 11, 2613–2623.

[19] T. Yamase, Chem. Rev. 1998, 98, 307–326.
[20] K. Suzuki, N. Mizuno, K. Yamaguchi, ACS Catal. 2018, 8, 10809–10825.
[21] a) H. Wang, L. N. Guo, S. Wang, X.-H. Duan, Org. Lett. 2015, 17, 3054–

3057; b) T. M. Bockman, S. M. Hubig, J. K. Kochi, J. Org. Chem. 1997, 62,
2210–2221; c) Q. Jiang, J. Jia, B. Xu, A. Zhao, C.-C. Guo, J. Org. Chem.
2015, 80, 3586–3596; d) J. M. Brégeault, C. Aubry, G. Chottard, N. Platzer,
F. Chauveau, C. Huet, H. Ledon, in Dioxygen Activation and Homoge-
neous Catalytic Oxidation, Elsevier, 1991, 521–529.

[22] J. Lan, R. Chen, F. Duo, M. Hu, X. Lu, Molecules 2022, 27, 5364.
[23] a) I. M. Ogbu, G. Kurtay, F. Robert, Y. Landais, Chem. Commun. 2022, 58,

7593–7607; b) B. T. Matsuo, P. H. R. Oliveira, E. F. Pissinati, K. B. Vega, I. S.
de Jesus, J. T. M. Correia, M. Paixao, Chem. Commun. 2022, 58, 8322–8339.

[24] W.-P. Mai, G.-C. Sun, J.-T. Wang, G. Song, P. Mao, L.-R. Yang, J.-W. Yuan,
Y.-M. Xiao, L.-B. Qu, J. Org. Chem. 2014, 79, 8094–8102.

[25] C. J. Powell, Appl. Surf. Sci. 1995, 89, 141–149.
[26] In the absence of light or HPA catalyst, N,N-dimethyloxamic acid was

observed (Table S1, entry 1 and 5 to 8).
[27] M. T. Westwood, C. J. C. Lamb, D. R. Sutherland, A.-L. Lee, Org. Lett.

2019, 21, 7119–7123.

Manuscript received: November 27, 2023

Wiley VCH Freitag, 19.04.2024

2416 / 349839 [S. 110/110] 1

ChemistrySelect 2024, 9, e202304786 (5 of 5) © 2024 Wiley-VCH GmbH

ChemistrySelect
Research Article
doi.org/10.1002/slct.202304786

 23656549, 2024, 16, D
ow

nloaded from
 https://chem

istry-europe.onlinelibrary.w
iley.com

/doi/10.1002/slct.202304786 by Y
onsei U

niversity, W
iley O

nline L
ibrary on [17/07/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org/10.1002/anie.202000224
https://doi.org/10.1021/acs.jmedchem.5b01409
https://doi.org/10.1002/chem.201806159
https://doi.org/10.1002/chem.201806159
https://doi.org/10.1021/jm200187y
https://doi.org/10.1021/jm200187y
https://doi.org/10.1039/C7RA08009C
https://njardarson.lab.arizona.edu/content/top-pharmaceuticals-poster
https://njardarson.lab.arizona.edu/content/top-pharmaceuticals-poster
https://doi.org/10.1021/acs.orglett.8b00449
https://doi.org/10.1002/chem.201502286
https://doi.org/10.1021/ja511913h
https://doi.org/10.1021/ja511913h
https://doi.org/10.1002/anie.201501908
https://doi.org/10.1002/anie.201501908
https://doi.org/10.1002/anie.201308614
https://doi.org/10.1002/cctc.201801360
https://doi.org/10.1002/anie.200804497
https://doi.org/10.1021/acs.orglett.0c02351
https://doi.org/10.1021/acs.orglett.0c02351
https://doi.org/10.1039/C9CC06460E
https://doi.org/10.1039/C9CC06460E
https://doi.org/10.1039/D0QO01146K
https://doi.org/10.1039/D0QO01146K
https://doi.org/10.1039/D0CC02941F
https://doi.org/10.1039/D0CC02941F
https://doi.org/10.1002/adsc.201700307
https://doi.org/10.1002/adsc.201700307
https://doi.org/10.1016/j.tetlet.2012.08.076
https://doi.org/10.1016/j.tetlet.2012.08.076
https://doi.org/10.1021/ja900984x
https://doi.org/10.1016/j.apcata.2019.01.004
https://doi.org/10.1021/cr960400y
https://doi.org/10.1021/acssuschemeng.7b02042
https://doi.org/10.1016/j.tetlet.2020.151995
https://doi.org/10.1351/pac200072071305
https://doi.org/10.1351/pac200072071305
https://doi.org/10.1021/cr960401q
https://doi.org/10.1016/0010-8545(95)01141-B
https://doi.org/10.1039/C1DT11220A
https://doi.org/10.1021/cr960403a
https://doi.org/10.1039/D0NJ06053D
https://doi.org/10.1039/D0NJ06053D
https://doi.org/10.1021/cr500390v
https://doi.org/10.1002/anie.200902483
https://doi.org/10.1002/anie.200902483
https://doi.org/10.1021/cr960398a
https://doi.org/10.1002/chem.201904555
https://doi.org/10.1021/cr9604043
https://doi.org/10.1021/acscatal.8b03498
https://doi.org/10.1021/acs.orglett.5b01336
https://doi.org/10.1021/acs.orglett.5b01336
https://doi.org/10.1021/jo9617833
https://doi.org/10.1021/jo9617833
https://doi.org/10.1021/acs.joc.5b00267
https://doi.org/10.1021/acs.joc.5b00267
https://doi.org/10.3390/molecules27175364
https://doi.org/10.1039/D2CC01953A
https://doi.org/10.1039/D2CC01953A
https://doi.org/10.1039/D2CC02585J
https://doi.org/10.1021/jo501301t
https://doi.org/10.1016/0169-4332(95)00027-5
https://doi.org/10.1021/acs.orglett.9b02679
https://doi.org/10.1021/acs.orglett.9b02679

	Direct Amide Formation via Carbamoylation of Aromatic Bromides using Heteropoly Acid and UV-Light
	Introduction
	Results and Discussion
	Conclusions
	Experimental Section
	Supporting Information Summary
	Acknowledgements
	Conflict of Interests
	Data Availability Statement


