
RSC Advances

PAPER

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 2

1 
N

ov
em

be
r 

20
22

. D
ow

nl
oa

de
d 

on
 7

/1
9/

20
25

 3
:5

2:
06

 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
Intramolecular re
aHubei Engineering Research Centers for Clea

and Gas Fields, College of Chemistry an

University, Jingzhou 434023, P. R. Ch

yuweichu@126.com
bHubei Key Laboratory of Pollutant Analy

University, Huangshi 435002, P. R. China

† Electronic supplementary informa
https://doi.org/10.1039/d2ra06523a

Cite this: RSC Adv., 2022, 12, 33260

Received 16th October 2022
Accepted 16th November 2022

DOI: 10.1039/d2ra06523a

rsc.li/rsc-advances

33260 | RSC Adv., 2022, 12, 33260–
dox cyclization reaction access to
cinnolines from 2-nitrobenzyl alcohol and
benzylamine via intermediate 2-
nitrosobenzaldehyde†

Yun Sa,a Mao-Xin Cai,a Xin Lv,a Ai-Bin Wu,a Wen-Ming Shu *ab and Wei-Chu Yu*a

A transition-metal-free intramolecular redox cyclization reaction for the synthesis of cinnolines has been

developed from 2-nitrobenzyl alcohol and benzylamine. Mechanistic investigations disclosed the

involvement of a key intramolecular redox reaction, followed by condensation, azo isomerization to

hydrazone, cyclization, and aromatization to form the desired products. Notably, the formation of

intermediate 2-nitrosobenzaldehyde and (E)-2-(2-benzylidenehydrazineyl) benzaldehyde plays an

important role in this transformation.
Cinnolines are important nitrogen-containing heterocyclic
organic compounds which have attracted widespread attention
in the eld of organic, materials and pharmaceutical chem-
istry.1 They are known to display interesting biological activities
such as inhibitory activity toward CSF-1R,2 antitumor,3 anti-
viral,4 anti-inammatory5 and sedative effects6 (Fig. 1).

The classical synthetic approaches to cinnolines start from
N-phenylhydrazones or N-phenylazo compounds via Rh-
catalyzed C–H activation,7 Pd-catalyzed annulation,8 or Cu-
catalyzed C–H functionalization/cyclization strategies.9 For
example, in 2012, Ge's group reported a Cu-catalyzed aerobic
intramolecular dehydrogenative cyclization reaction of N-
methyl-N-phenylhydrazones for the formation of cinnolines
(Scheme 1a).10 Subsequently, Lin and coworkers described a Rh-
catalyzed redox-neutral annulation of azo and diazo
compounds through a tandem C–H activation and C–N bond
formation strategy (Scheme 1b).11 More recently, Xu et al.
developed a copper-catalyzed aerobic annulation involving
a dehydrogenative amination to afford cinnolines (Scheme
1c).12 Interestingly, Wang's group reported a Cu-catalyzed
cascade cyclization to achieve regioselective synthesis of func-
tionalized cinnolines (Scheme 1d).13 Although great achieve-
ments have been made,14 the development of a novel transition-
metal-free mediated reaction from simple substrates to obtain
the cinnoline framework is highly desirable. For example, in
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2016, Wang and coworkers developed a one-pot cascade reac-
tion for the construction of 4-amido-cinnoline derivatives
(Scheme 1e).15 In our previous works, we developed a novel
transition-metal-free multicomponent coupling cyclization
reaction for synthesis of cinnoline derivatives.16 Inspired by
these works, herein, we reported a transition-metal-free intra-
molecular redox cyclization reaction for straightforward access
to cinnolines from 2-nitrobenzyl alcohol and benzylamine
(Scheme 1f).

Initially, the reaction was investigated using 2-nitrobenzyl
alcohol (1a) and benzylamine (2a) as model substrates (Table 1).
The desired product, 3-phenylcinnoline (3aa), was furnished
with 15% yield when the reaction proceeded in the presence of
20.0 equiv. of KOH at 100 °C for 3 h in iPrOH (entry 1). At the
same time, 2-phenylquinazoline (4) was also obtained in 12%
yield. Unfortunately, the target product 3aa was not obtained
when the reaction proceeded in H2O (entry 2). Intriguingly, the
yield of 3-phenylcinnoline (3aa) was increased to 36% when the
Fig. 1 Bioactive cinnoline derivatives.
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Table 1 Optimization of the reaction conditionsa

Entry Solvent (ratio) Base (equiv.) T (°C)

Yieldb

(%)

3aa 4

1 iPrOH KOH (20) 100 15 12
2 H2O KOH (20) 100 0 0
3 iPrOH/H2O (5/1) KOH (20) 100 36 20
4 iPrOH/H2O (5/1) CSOH$H2O (20) 100 56 19
5 iPrOH/H2O (5/1) NaOH (20) 100 35 21
6 iPrOH/H2O (5/1) LiOH (20) 100 42 10
7 iPrOH/H2O (5/1) K2CO3 (20) 100 0 0
8 iPrOH/H2O (5/1) Cs2CO3 (20) 100 0 0
9 iPrOH/H2O (5/1) Na2CO3 (20) 100 0 0
10 iPrOH/H2O (5/1) DABCO (20) 100 0 0
11 iPrOH/H2O (5/1) t-BuOK (20) 100 0 0
12 iPrOH/H2O (5/1) DBU (20) 100 0 0
13 iPrOH/H2O (5/1) CSOH$H2O (10) 100 57 25
14 iPrOH/H2O (5/1) CSOH$H2O (5) 100 55 27
15 iPrOH/H2O (5/1) CSOH$H2O (3) 100 59 22
16 MeOH/H2O (5/1) CSOH$H2O (3) 100 17 <5
17 DMSO/H2O (5/1) CSOH$H2O (3) 100 <5 51
18 Dioxane/H2O (5/1) CSOH$H2O (3) 100 41 <5
19 EtOAc/H2O (5/1) CSOH$H2O (3) 100 0 0
20 THF/H2O (5/1) CSOH$H2O (3) 100 0 0
21 EtOH/H2O (5/1) CSOH$H2O (3) 100 63 31
22 EtOH/H2O (3/1) CSOH$H2O (3) 100 67 23
23 EtOH/H2O (2/1) CSOH$H2O (3) 100 81 <5
24 EtOH/H2O (1/1) CSOH$H2O (3) 100 73 <5
25 EtOH/H2O (1/2) CSOH$H2O (3) 100 <5 <5
26 EtOH/H2O (1/3) CSOH$H2O (3) 100 <5 <5
27 EtOH/H2O (2/1) CSOH$H2O (3) 90 70 11
28 EtOH/H2O 2/1) CSOH$H2O (3) 110 74 <5

a Reaction conditions: 1a (0.5 mmol, 1.0 equiv.), 2a (1.5 mmol, 3.0
equiv.), base (1.5 mmol, 3.0 equiv.) and solvent (6 ml) heated in oil
bath for 3 h in sealed tube. b Isolated yields.

Scheme 1 Strategic access to cinnolines.
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reaction was carried out in the mixed solvent iPrOH/H2O (5 : 1)
at 100 °C for 3 h (entry 3). Encouraged by this result, we
continued to optimize the reaction conditions. Several bases,
solvents, and temperatures were examined, and the results were
summarized in Table 1. Remarkably, when the reaction was
conducted in the presence of CSOH$H2O, the yield of 3aa was
given to 56% (entry 4). Other bases (NaOH and LiOH) were
found to give lower yields (entries 5 and 6). However, we did not
detect the desired product when using some inorganic bases
(K2CO3, Cs2CO3 and Na2CO3) and organic bases (DABCO, t-
BuOK and DBU) (entries 7–12). Next, the amount of CSOH$H2O
was examined (entries 13–15). The reaction could proceed
smoothly with 59% yield, when only 3.0 equiv. of CSOH$H2O
was used in the reaction (entry 15). Subsequently, examination
of different mixed solvents (MeOH/H2O, DMSO/H2O, dioxane/
H2O, EtOAc/H2O, THF/H2O and EtOH/H2O) revealed that EtOH/
H2O was the best choice for the reaction, and the corresponding
yield increased to 63% (entries 16–21). Following the above
investigations, the ratio of EtOH/H2O was evaluated (entries 22–
26), and a higher yield (81%) was observed with the ratio 2 : 1
(entry 23). Temperature screening suggested that neither a rise
nor a drop of the temperature promoted the reaction (entries 27
and 28).

Aer optimizing the reaction conditions, we explored the
substrate scope of benzylamine (2), as shown in Table 2. It is
© 2022 The Author(s). Published by the Royal Society of Chemistry
noteworthy that the electronic properties of the substituents on
the aromatic ring system were shown to have a signicant
inuence on the efficiency of this transformation. The benzyl-
amine bearing electron-neutral (H) and electron-donating
groups (2-Me, 3-Me, 4-Me, 3,4-2Me, 2-OMe, 4-OMe, –NH2, 3,4-
(OCH2O)–) attached to the benzene ring, transformed smoothly
into the corresponding products inmoderate to good yields (53–
81%; 3aa–3ai). Much to our satisfaction, halo-substituted (2-Br,
3-Br, 4-Br, 2-Cl, 4-Cl, 4-F, 4-I) substrates were also compatible,
giving moderate yields (45–60%; 3aj–3ap). Fortunately, hetero-
cyclic substituents (3-pyridyl, 4-pyridyl, 2-furyl, 2-thienyl) were
also compatible, affording the expected products (3aq–3at) in
45–56% yields. In addition, naphthyl group substrates were also
compatible, affording the expected products 3au and 3av in
46% and 50% yields, respectively. However, when the substrate
was 2-aminoacetonitrile, the desired product 3ax was not
afforded.
RSC Adv., 2022, 12, 33260–33263 | 33261
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Table 2 Scope of benzylaminea

a Reaction conditions: 1a (1.0 mmol, 1.0 equiv.), 2 (3.0 mmol, 3.0 equiv.)
andCSOH$H2O (3.0mmol, 3.0 equiv.) was stirred in EtOH/H2O (4ml/2ml)
at 100 °C heated in oil bath for 3 h in sealed tube. Isolated yields.
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Encouraged by the results described above, the scope of
2-nitrobenzyl alcohol (1) was subsequently examined (Table 3).
At rst, electron-donating substituted 2-nitrobenzyl alcohols 1b
and 1c were explored, and the corresponding products 3ba and
3ca were obtained in 63% and 51% yields, respectively. Halo-
substituted (2-Br, 4-Br, 2-Cl, 4-Cl, 5-Cl) groups substrates were
also compatible, affording the expected products (45–50%;
Table 3 Scope of 2-nitrobenzyl alcohola

a Reaction conditions: 1 (0.5 mmol, 1.0 equiv.), 2a (1.5 mmol, 3.0 equiv.)
and CSOH$H2O (1.5 mmol, 3.0 equiv.) was stirred in EtOH/H2O (4 ml/2
ml) at 100 °C heated in oil bath for 3 h in sealed tube. Isolated yields.

33262 | RSC Adv., 2022, 12, 33260–33263
3da–3ha). In addition, when the substrate was secondary
alcohol 1i, the desired product 3ia was not afforded.

To gain insights into the reaction process, control experi-
ments were performed (Scheme 2). The reaction of 2-nitro-
benzyl alcohol 1a converted to 2-nitrosobenzaldehyde 5 in 33%
yield under the standard conditions (eqn 1). Later, the reaction
between compound 5 and 2a proceeded to give the target
product 3aa in 39% yield (eqn 2). To our surprise, when the
reaction was carried out in EtOH/H2O at 100 °C for 20min in the
presence of 3.0 equiv. CSOH$H2O, the desired product (3aa) was
obtained in 20% yield together with unexpected (E)-2-(2-benzy-
lidenehydrazineyl) benzaldehyde 6 (16%) (eqn 3). Moreover,
compound 6 converted to the desired product 3aa in excellent
yield (90%) under standard conditions (eqn 4). These results
identied that compounds 5 and 6 were very probably inter-
mediates for this reaction.

On the basis of the above-mentioned experimental results,
a possible mechanism for this reaction is proposed as shown in
Scheme 3 (using 3aa as an example). Initially, 2-nitrobenzyl
alcohol 1a undergoes deprotonation in the presence of
CSOH$H2O to form 2-nitrosobenzaldehyde 5,17 which is gener-
ated in situ via intramolecular redox reaction. Subsequently,
intermediate 5 reacts with benzylamine 2a through a conden-
sation reaction with elimination of H2O to afford (E)-2-(benzyl-
diazenyl)benzaldehyde C. Meanwhile, ortho-azo intermediate C
is isomerized to form (E)-2-(2-benzylidenehydrazineyl) benzal-
dehyde 6. Subsequently, hydrazone 6 undergoes an intra-
molecular cyclization process to afford intermediate D. Finally,
intermediate D is converted to the desired product 3aa through
an aromatization reaction with elimination of H2O.

In order to demonstrate the potential applications for
organic synthesis, the reaction of 2-nitrobenzyl alcohol (1a) and
benzylamine (2a) was performed on a gram scale (Scheme 4). To
our satisfaction, the reaction was carried out very well, and the
3aa was furnished in 57% yield.
Scheme 2 Control experiments.

© 2022 The Author(s). Published by the Royal Society of Chemistry
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Scheme 3 A possible mechanism.

Scheme 4 Gram scale experiment.
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In summary, we have developed a novel transition-metal-free
intramolecular redox cyclization reaction for the efficient
synthesis of cinnoline derivatives by simple treatment with CS-
OH$H2O in EtOH/H2O. This method obtained 2-nitro-
benzaldehyde intermediate by intramolecular redox reaction of
2-nitrobenzyl alcohol, which then condenses with benzylamine,
followed by azo is isomerized to form hydrazone, cyclization,
and aromatization processes to form cinnoline compounds.
Further studies on this method for the synthesis of other
bioactive compounds and applications are in progress in our
laboratory.
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