
RSC Advances

PAPER

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 0

8 
D

ec
em

be
r 

20
22

. D
ow

nl
oa

de
d 

on
 1

0/
21

/2
02

5 
9:

34
:5

9 
A

M
. 

 T
hi

s 
ar

tic
le

 is
 li

ce
ns

ed
 u

nd
er

 a
 C

re
at

iv
e 

C
om

m
on

s 
A

ttr
ib

ut
io

n-
N

on
C

om
m

er
ci

al
 3

.0
 U

np
or

te
d 

L
ic

en
ce

.

View Article Online
View Journal  | View Issue
Visible light-indu
aDepartment of Chemistry, CMP Degre

Prayagraj-211002, Uttar Pradesh, India. E-m
bDepartment of Chemistry, United Colle

Prayagraj-211010, Uttar Pradesh, India. E-m

† Electronic supplementary informa
https://doi.org/10.1039/d2ra07065k

Cite this: RSC Adv., 2022, 12, 35221

Received 7th November 2022
Accepted 2nd December 2022

DOI: 10.1039/d2ra07065k

rsc.li/rsc-advances

© 2022 The Author(s). Published by
ced photoredox catalyzed C–N
coupling of amides with alcohols†

Shraddha Tivari,a Pravin K. Singh,a Praveen P. Singh b and Vishal Srivastava *a

A visible-light-mediated method for the construction of N-monoalkylated products from easily available

benzamides and benzyl alcohol in the presence of eosin Y has been developed. The reaction proceeded

smoothly, for a wide range of derivatives of benzamides and benzyl alcohols, to give the desired

products in good to excellent yields. Biological studies, such as those on drug-likeness and molecular

docking, are carried out on the molecules.
1. Introduction

Organic compounds containing nitrogen are the most
important in pharmaceutical molecules and agricultural
chemicals. The basic building blocks of life, such as proteins,
DNA, and RNA, are nitrogen-containing organic structural
units. C–N bonds are found in more than 80% of commonly
used medications. In current synthetic chemistry, green and
mild methodology for preparing different C–N bonds to
replace old harsh preparation protocols is always a hotspot.1

The technique of N-alkylation of amides is well-known, effi-
cient, and essential in the synthesis of natural products,
polymers, and peptides.2–4 Alcohols would be an appropriate
option as alkylating reagents for the production of C–N bonds
from a green chemistry perspective.5–13 When compared to
other reagents used for N-alkylation of amides, alcohols are
widely available and relatively inexpensive. N-Monoalkylated
product is a versatile building block that is commonly utilized
in the production of many bioactive compounds14–17 and
pharmaceuticals (Fig. 1).

They are also generally non- or less-toxic and easier to
handle. Alcohols, on the other hand, have a poor electrophi-
licity, required either harsh conditions or further processes.
These reactions usually required higher temperatures and/or
catalyst loadings, because amides are less nucleophilic than
amines. In 2009, Fujita and co-workers developed a method for
N-alkylation of amides with alcohols using iridium catalysts.18

Watanabe and Jenner19,20 and some other researcher21,22 re-
ported successful use of alcohols as alkylating reagents in the
N-alkylation of amides using ruthenium and rhodium catalysts
at high temperatures. Dean and co-workers reported N-
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tion (ESI) available. See DOI:

the Royal Society of Chemistry
alkylation of amides with alcohols utilizing heterogeneous Ag/
Mo oxides in 2011.23 Alcohols were also reported as alkylating
reagents in N-alkylation catalyzed by copper,24 ruthenium,25

and iridium catalysts26 in the same year. Sun and coworkers27

used ruthenium/iridium dual catalyst systems for the alkyl-
ation of aldoximes with alcohols to produce N-monoalkylated
amide. Transition metal based photocatalysts, such as
iridium, ruthenium, and polypyridyl complexes, on the other
hand, have been associated with numerous of disadvantages,
including high cost, low sustainability, and low toughness,
possibility of toxicity, as well as being inconvenient during
separation.28–30

In response to visible light stimulation, the photochemistry
of eosin Y has been extensively studied, and it has been
discovered that eosin Y undergoes rapid intersystem crossing
to the lowest energy triplet state.31,32 Metal-free organic dyes,
particularly eosin Y, were used instead of metal-based photo-
redox catalysts because they are more cost-effective and envi-
ronment friendly.33,34 Visible-light mediated photoredox
catalysis for single electron transfer (SET) has emerged in
recent years as a viable, versatile, cost-effective, and eco-
friendly method for essential chemical transformations such
Fig. 1 Some commercially available amide drugs.
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Scheme 1 Photoredox catalyzed C–N coupling of amides with
alcohols.
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as oxidation/reduction and C–C/C–X bond synthesis in
heterocyclic compounds.35–37a–d In presence of visible light, an
organo-photoredox catalyst has the unique ability to activate
air oxygen, a green and natural oxidizing agent, for organic
reactions involving SET.38,39On the basis of above mentioned
previous work, related studies on C–N coupling and in
continuation of our work40–58 on visible light induced photo-
redox catalysed synthesis, we have proposed eosin Y catalyzed
visible-light-induced synthetic protocol for the formation C–N
Table 1 Optimization of reaction conditionsa,g

Entry Catalyst (mol%) Solvent

1 Eosin Y (2) EtOH
2 Eosin Y (2) EtOH
3 Rose bengal (2) EtOH
4 Fluorescein (2) EtOH
5 Nile red (2) EtOH
6 Perylene (2) EtOH
7 Rhodamine B (2) EtOH
8 Eosin Y (2) DMSO
9 Eosin Y (2) DMF
10 Eosin Y (2) Toluene
11 Eosin Y (1) EtOH
12 Eosin Y (3) EtOH
13 Eosin Y (2) EtOH
14 — EtOH
15 Eosin Y (2) EtOH
16 Eosin Y (2) EtOH

a Reaction conditions: 1a (1.0 mmol), 2a (1.0 mmol), catalyst (mol%), in 3
at rt for 6–10 h. b Isolated yield of the pure product 3a. c Reaction was perfo
CFL (compact uorescent lamp, Philips) was used. f Reaction was carried o
out in presence of NaBH4 without isolation.

35222 | RSC Adv., 2022, 12, 35221–35226
bond in N-monoalkylated product from easily available ben-
zamides and benzyl alcohol (Scheme 1). To the best of our
knowledge, this is the rst example of photoredox catalysis for
the synthesis of N-benzylbenzamide. This novel method
utilizes visible light photoredox catalysis, which is mechanis-
tically attractive for the production of N-monoalkylated
product and its derivatives.
2. Results and discussion

In order to realize our idea and optimize the reaction
conditions, the key reaction of benzamide (1a) and benzyl
alcohol (2a), in presence of base with a catalytic amount of
eosin Y in a solvent under irradiation with green LEDs [18 W]
was carried out (Table 1). By applying several catalysts and
bases, we rst focused on optimizing the reaction condi-
tions. We were delighted to obtain the desired substituted N-
monoalkylated product 3a, in 96% yield (Table 1, entries 1
and 2). Then, the control experiments were carried out,
which show that eosin Y, base and visible light are essential
for the reaction, because in the absence of any of the
reagents/reaction parameters either the product was not
detected (n.d.) or was formed in traces (Table 1, entries 2
Base (equiv.) Time (h) Yieldb (%)

KOH (0.5) 6 96
KOH (0.2) 6 96
KOH (0.2) 6 76
KOH (0.2) 6 74
KOH (0.2) 6 78
KOH (0.2) 6 80
KOH (0.2) 6 83
NaHCO3 (0.5) 6 40
K2CO3 (0.5) 6 82
NaOH (0.5) 6 86
KOH (0.2) 6 65
KOH (0.2) 6 96
KOH (0.2) 10 Tracesc

KOH (0.2) 10 n.dd

KOH (0.2) 10 60e

— 10 n.df

mL solvent irradiated using Luxeon Rebel high power green LEDs [18 W]
rmed in the dark. d Reaction was carried out without the catalyst. e 18 W
ut without the base. g Aer synthesis of I, further, reactions were carried

© 2022 The Author(s). Published by the Royal Society of Chemistry
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Scheme 2 Plausible mechanism for C–N coupling of amides with
alcohols.60,61

Table 2 Scope of the reaction

Entry Product Time/h Yield

1 6 96

2 6 95

3 6 97

4 8 82

5 6 98

6 7 90

7 6 97

8 10 63

9 10 72

10 6 96

11 6 97
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versus 13, 14 and 16). Further, the reaction was carried out at
room temperature (rt) in EtOH with 0.5 equivalents of a base
and using 0.2 mol% of eosin Y for 6 hours (Table 1, entries 1
and 8–10). The use of KOH produced the N-monoalkylated
product in the highest isolated yield (Table 1, entry 1). The
quantity of KOH could be decreased to 0.2 equivalents,
without any signicant loss in yield (Table 1, entry 2). In any
case, the product yields were unaffected by the longer reac-
tion times. EtOH as a solvent was found to be superior for
increasing yield and accelerating reaction times for the
comparable product. In this approach, we reduce waste,
tedious workup, and process costs.

We then turned our focus to investigating the adaptability
of various substrates or anticipated reaction conditions as we
continued to search for the best reaction conditions for our
model reaction (Scheme 2). The scope of the present protocol
across a range of benzamide and benzyl alcohol incorpo-
rating various substituents were studied. One important
insight was that at the reaction conditions used, benzyl
alcohol and benzamide with strong electron withdrawing
groups as well as electron donating groups were well toler-
ated, and N-monoalkylated products were produced in good
to excellent yields (Table 2). However, it was observed that
benzyl alcohol and benzamide with electron-donating groups
like methoxy and methyl at various positions exhibited
improved reactivity and produced the corresponding prod-
ucts in good to excellent yields (3e, 3f and 3k). On the other
hand, substrate containing electron-withdrawing groups,
such as bromo and uoro provided the corresponding prod-
ucts in good yields (3c, 3d and 3j). Further, it was also
observed that the condensation reaction carried out between
alkyl amide and alkyl alcohol then the yield of resultant
product was found very low (3m).

On the basis of the observed reactivity and above investiga-
tions, even though the exact reaction mechanism is not clear,
a plausible mechanistic pathway is depicted in Scheme 2. On
absorption of visible light irradiation, the photo-excited eosin Y
would induce an event of electron abstraction from benzyl
alcohol 2a, whose oxidation potential might be signicantly
decreased under alkaline conditions, and thus gave rise to the
highly active radical intermediate A and radical anion eosin Y.
This radical anion eosin Y was able to be expediently oxidized by
the molecular oxygen to go back to the ground state. The key
© 2022 The Author(s). Published by the Royal Society of Chemistry RSC Adv., 2022, 12, 35221–35226 | 35223
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Table 2 (Contd. )

Entry Product Time/h Yield

12 6 97

13 10 35

Fig. 2 Ligand N-benzylbenzamide embedded in the active site of
1U3U protein.

Table 3 Molecular docking and hydrogen bonding with centromere
related protein inhibitors protein targets

Target molecule N-Benzylbenzamide

Protein (PDB ID) 1U3U
No. of residues 3
Bond distance (Å) 2.39
Inhibition constant (micromolar) 4.46
Binding energy (kcal mol−1) −7.3
Reference RMSD (Å) 9.34
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intermediate, benzaldehyde B, would then be produced by
further oxidizing and deprotonating the radical intermediate
species A under the synergistic interactions of KOH and oxygen.
Then, it went through a sequence of nucleophilic addition and
dehydration reactions to produce the intermediate I without
isolation, which further reduced59 by NaBH4 to give the desired
product 3a.
3. Molecular docking

\It is usually known that drug design plays an important role
in the pharma industry. This compound, referred to as
a ligand, interacts with the appropriate protein that has been
chosen using online drug target prediction Swiss ADME-
35224 | RSC Adv., 2022, 12, 35221–35226
Target prediction. By using Chimera 1.14 (ref. 62) and
Autodock vina63 soware, N-benzylbenzamide molecule is
docked with 1U3U protein belongs to oxidoreductase
domain.64 The best binding energy is shown −7.3 kcal mol−1

is obtained as shown in Fig. 2 and the values are shown in
Table 3. The low value of the binding energy indicates the
bioactive nature of the molecule. The H-bond distance
between bonded residue and ligand is 2.39 Å indicating the
suitability of this ligand with given protein. The number of
residue that contain by the protein 1U3U are 3 and KI value is
4.46.
4. Drug-likeness

In order to produce effective and efficient results in drug
development, the structural property of the ligands plays
a signicant role for guidelines, described as drug-likeness.
The calculations are based on a variety of rules, including
QED, Lipinski's rule, MDDR-like rule, Veber rule, Ghose lter,
and BBB rule, CMC-50 rule.65 N-Benzylbenzamide and its
derivatives demonstrate a wide range of activities that are
applied to the drug-likeness rule and efficiency is obtained.
For the title compound and its derivatives, the essential ADME
parameters such as Hydrogen bond donors (HBD), Hydrogen
bond acceptors (HBA), molar refractivity (MR), topological
polar surface area (TPSA), blood–brain barrier penetration
(BBB), log kp, and bioavailability score are calculated as given
in Table 4. The values of HBD and HBA should be less than 10.
Here, all of the molecule's values are less than 3. The
maximum TPSA value is 140 A2. For all target molecules, this
value is between 29 and 39. The molar refractivity should also
range from 40 to 130.66,67 The MR value of N-Benzylbenzamide
is 63.93 and the MR value for N-(4-methoxybenzyl)benzamide
and N-[(4-uorophenyl)methyl]benzamide is 70.42 and 63.88
respectively. Table 4 reveals that the GI absorption is high for
all target molecules, the skin's permeability (log kp) is between
−6.01 and −6.21. The BBB is permeant available for all the
target molecules, and the bioavailability score of N-benzyl-
benzamide and its derivative is the same as 0.55. The above
comparison shows that the title compound (N-benzylbenza-
mide) and its derivatives are useful building blocks, frequently
used in the synthesis of numerous bioactive components and
medicines.
© 2022 The Author(s). Published by the Royal Society of Chemistry
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Table 4 ADME properties of N-benzylbenzamide and its derivativesa

ADME properties

Target molecule

N-Benzylben-zamide N-(4-Methoxybenz-yl)benzamide
N-[(4-Fluorophenyl)-methyl]
benza-mide

HBD 1 1 1
HBA 1 2 2
MR 63.93 70.42 63.88
TPSA A2 29.10 38.33 29.10
GI absorption High High High
BBB permeant Yes Yes Yes
CYP1A2 inhibitor Yes Yes Yes
log kp (cm s−1) −6.01 −6.21 −6.04
Lipinski violations 0 0 0
Bioavailability score 0.55 0.55 0.55

a HBD – hydrogen bond donor, HBA – hydrogen bond acceptor, MR –molar refractivity, TPSA – topological polar surface area, GI – gastrointestinal,
BBB – blood–brain barrier penetration and log kp – skin permeability.
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5. Conclusions

In conclusion, we have established an effective synthetic
protocol for N-monoalkylated product and its derivatives, via
C–N bond formation by interaction of benzamide and benzyl
alcohol with high reactivity and good selectivity. A variety of
substrate amides were converted to the desired product with
excellent yield along with low catalyst loading. This green
synthetic pathway is superior to other synthetic process that
uses harmful and corrosive chemicals. The range of substrates
for visible light photoredox reaction is expanded by this
synthesis. The proposed method also offers other benets of
green chemistry such high atom economy, shortened reaction
time, and high efficiency. Molecular docking studies carried out
on the 1U3U protein associated with the centromere protein
inhibitor exhibited binding energy of−7.3 kcal mol−1, resulting
it's application in the medical eld.
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