
RSC Advances

PAPER

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 1

9 
Ja

nu
ar

y 
20

24
. D

ow
nl

oa
de

d 
on

 1
0/

20
/2

02
5 

10
:2

0:
20

 P
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
Synthesis of 2-am
aState Key Laboratory of Drug Research,

Chinese Academy of Sciences, 555 Zucho

E-mail: heshijun@shutcm.edu.cn; chyang@
bSchool of Pharmacy, University of Chinese A

Beijing 100049, China
cInnovation Research Institute of Traditional

Traditional Chinese Medicine, Shanghai 20

† Electronic supplementary informa
https://doi.org/10.1039/d3ra07209f

‡ These authors contributed equally to th

Cite this: RSC Adv., 2024, 14, 3158

Received 23rd October 2023
Accepted 9th January 2024

DOI: 10.1039/d3ra07209f

rsc.li/rsc-advances

3158 | RSC Adv., 2024, 14, 3158–3162
ino-9H-chromeno[2,3-d]thiazol-
9-ones with anti-inflammatory activity via cascade
reactions of 2-amino-3 iodochromones with
amines and carbon disulfide†

Jiangtao Tan,‡ab Yifan He,‡ab Yu Lin,a Yuanchen Zhong,a Shijun He,*ac Jianping Zuoab

and Chunhao Yang *ab

A simple and efficient synthetic approach to 2-amino-9H-chromeno[2,3-d]thiazol-9-ones via copper-

promoted cascade reactions was developed. The reaction employed easily available 2-amino-3-

iodochromones and amines as substrates and the targeting tricyclic compounds could be obtained with

moderate to good yields. Even more important, several synthesized compounds exhibited potent anti-

inflammatory activities, which suggested that this protocol may provide valuable hits for drug

development in the future.
Introduction

Chromones (4H-chromen-4-ones) are an important class of
oxygen-containing heterocyclic compounds with a benzopyrone
scaffold that are ubiquitous in nature, particularly in plants.1,2

Chromone derivatives exhibit various pharmacological activi-
ties, such as anti-inammatory,3,4 antimicrobial,5 antifungal,6

antiviral,7 anti-cancer,8 anti-oxidant,9 and so on. Chromones are
also useful building blocks for constructing diverse and
complex heterocycles.10–17 Among the chromone containing
scaffolds, tricyclic chromone fused heterocycle compounds are
quite important. Some of the tricyclic compounds are recurrent
drugs or drug candidates, for example, the anti-inammatory
and anti-allergic drug amlexanox (1),18 the anti-tubercular
compound 2,19 the antimicrobial compound 3,20 and the anti-
tumor compounds 4 (ref. 21) and 5 (ref. 22) (Fig. 1). Although
there has been extensive research on chromone-fused six-
membered heterocycles, the synthesis and pharmaceutical
activities of ve-membered heterocycle fused chromones have
been seldomly reported so far.

Thiazole is a common heterocyclic skeleton in drug mole-
cules that exhibits various biological activities and excellent
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physical and chemical properties.23 Among the thiazole deriv-
atives, 2-aminothiazoles are unique and signicant in the eld
of bio-active compounds and drugs, such as the antibacterial
drug sulfathiazole,24 the antifungal drug dimazole,25 the anti-
tumor drug dasatinib,26 and the non-steroidal anti-
inammatory drug meloxicam27 (Fig. 2). Based on the broad
applications of tricyclic heterocycle-fused chromone and 2-
aminothiazole scaffolds in pharmaceutical researches, we
aimed to synthesize novel chromone-fused 2-aminothiazole
compounds and tried to discover their pharmacological
activity from these 2-amino-9H-chromeno[2,3-d]thiazol-9-ones
(Scheme 1).

2-Aminobenzothiazoles, as simple 2-aminothiazole-fused
derivatives, are commonly synthesized in two ways, employing
phenylthiourea28–31 and 2-halogenated aniline32,33 as starting
materials. The synthesis of 2-amino-9H-chromeno[2,3-d]thiazol-
9-ones using the rst method requires the prior synthesis of the
Fig. 1 Representative examples of chromone-fused tricyclic deriva-
tives with pharmaceutical activities.

© 2024 The Author(s). Published by the Royal Society of Chemistry
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Fig. 2 Representative drugs with 2-aminothiazole scaffold.

Scheme 1 (a) Synthetic strategies of 2-aminobenzothiazole deriva-
tives. (b) Our strategy for synthesis of 2-amino-9H-chromeno[2,3-d]
thiazol-9-ones.

Table 1 Optimization of reaction conditionsa

Entry [Cu] Base Solvent Yieldb (%)

1 CuCl2$2H2O K2CO3 DMF 25
2 CuSO4$5H2O K2CO3 DMF 15
3 CuO K2CO3 DMF 50
4 CuBr2 K2CO3 DMF 24
5 Cu(AcO)2$H2O K2CO3 DMF 18
6 Cu2O K2CO3 DMF 28
7 CuI K2CO3 DMF 0
8 CuO CS2CO3 DMF 27
9 CuO Na2CO3 DMF 36
10 CuO KHCO3 DMF 39
11c CuO K2CO3 DMF 49
12d CuO K2CO3 DMF 56
13e CuO K2CO3 DMF 59
14 CuO K2CO3 NMP 43
15 CuO K2CO3 DMSO 39
16 CuO K2CO3 DMA 55
17d,e CuO K2CO3 DMA 81

a Reaction conditions: a (0.35 mmol), b (0.52 mmol), CuO (0.35 mmol),
K2CO3 (1.05 mol), and CS2 (0.42 mmol) at 110 °C for 11 h. b Isolated
yields. c T = 110 °C, time = 1 h. d T = 130 °C, time = 1 h. e CS2 (0.7
mmol), piperidine (1.05 mmol).
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starting materials 1-(4-oxo-4H-chromen-2-yl)thioureas, which
involves tedious procedures. In 2011, Ma's group32 reported an
efficient method for preparing 2-N-substituted benzothiazole
derivatives through a copper-mediated three-component reac-
tion of ortho-iodoanilines with carbon disulde and amines. In
2014, inspired by Ma's work, our group reported the synthesis of
2-C-substituted benzothiazoles via a copper-promoted domino
reaction.34 Based on the research mentioned above, we
proposed using 2-amino-3-iodo-4H-chromen-4-ones which are
easy for preparation as substrates to synthesize 2-amino-9H-
chromeno[2,3-d]thiazol-9-ones. Aer successfully constructing
this privileged scaffold, we conducted anti-inammatory tests
due to the similar structure of amlexanox. Actually, the results
showed several 2-amino-9H-chromeno[2,3-d]thiazol-9-ones had
good anti-inammatory activity.
Results and discussion

We initially chose 2-amino-3-iodo-4H-chromen-4-one a1 and
piperidine b1 as the model substrates using optimal reaction
condition reported by Ma.32 Although we were able to detect the
target product c1, the yield was only 25% (Table 1, entry 1).
Later, several copper salts were screened, namely CuCl2$2H2O,
CuSO4$5H2O, CuO, CuBr2, Cu(AcO)2$H2O, Cu2O and CuI (Table
© 2024 The Author(s). Published by the Royal Society of Chemistry
1, entries 2–7). Among these copper salts, CuO was optimal and
provided a 50% yield of the desired compound c1. Subse-
quently, we investigated the inuence of several common
inorganic bases (Table 1, entries 8–10) in the reaction under the
CuO condition. Compared to potassium carbonate, it was found
that stronger and weaker bases all gave negative impacts on the
reaction. Therefore, potassium carbonate was chosen to be the
optimal base. There was only a slight change in yield when the
reaction time was reduced from 11 hours to 1 hour (Table 1,
entries 11). Notably, increasing the reaction temperature to
130 °C resulted in an increased yield of 56% (Table 1, entries
12). Moreover, by increasing the equivalent of carbon disulde
and piperidine (Table 1, entries 13), the yield was also obviously
improved. We next screened several polar aprotic solvents
(entries 14–16) and observed a slight reduction when using N-
methylpyrrolidone (NMP) and dimethyl sulfoxide (DMSO) as
solvents. In contrast, the yield was improved when the N,N-
dimethylacetamide (DMA) was used. Aer combining these
optimal conditions, the yield of target compound c1 reached
81% (Table 1, entries 17).

Aer determining the optimal reaction conditions, we
investigated the scope of the substrates by employing various
amines (Table 2). From the results, most target compounds
could be obtained withmoderate to good yields. Compared with
piperidine, the yields of pyrrolidine and alkyl amines were
decreased to moderate level (Table 2, c2–c4). For thiomorpho-
line, the yield was signicantly reduced to 41%. While most
RSC Adv., 2024, 14, 3158–3162 | 3159

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d3ra07209f


Table 2 Scope of aminesa,b

a Reaction conditions: a (0.35 mmol), b (1.05 mmol), CuO (0.35 mmol),
K2CO3 (1.05 mol) and CS2 (0.7 mmol) in DMA (2.5 mL) at 130 °C for 1 h.
b Isolated yields. c Total yield aer deprotection of –Boc and
alkalinizing. d NaOH was used instead of K2CO3.

e Total yield aer the
deprotection of –PMB.

Table 3 Scope of 2-amino-3-iodo-4H-chromen-4-onesa,b

a Reaction conditions: 1 (0.35 mmol), 2 (1.05 mmol), CuO (0.35 mmol),
K2CO3 (1.05 mol) and CS2 (0.7 mmol) in DMA (2.5 mL) at 130 °C for 1 h.
b Isolated yields. c The reactions were performed at 90 °C for 4 hours.
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piperazines were smoothly transferred under the reaction
condition with acceptable results (Table 2, c6–c10). For
substituted piperidine, 4,4-diuoropiperidine gave an excellent
yield of 80% (Table 2, c11). Meanwhile, most substituents on
piperidine like amino, dimethyl hydroxyl, and phenyl resulted
in moderate yields (Table 2, c12–c14, c17, c19–c21). However,
the spiro compounds were obtained with relatively low yields
(Table 2, c15 and c16). This may be attributed to the instability
of spiro oxacyclobutyl and azacyclobutyl groups under high
temperatures with transition metal. Notably, when pyrrole was
employed as the substrate, the desired compound could not be
obtained. Our LC-MS analysis revealed that amount of pyrrole
did not react, leading us to speculate that the relatively low
density of electron clouds on the nitrogen atom of pyrrole
resulted in decreased nucleophilic performance. Aer the
replacement of potassium carbonate to sodium hydroxide,
compound c24 was synthesized with a yield of 38%. We tried to
3160 | RSC Adv., 2024, 14, 3158–3162
expand substrates from secondary amines to primary amines,
but only a trace amount of the target compound was detected.
Nevertheless, the tandem reaction proceeded smoothly when p-
methoxybenzyl (–PMB) was utilized as protecting group (Table
2, c25). Aer removing –PMB, the target compound c25 was
nally obtained with a total yield of 32%. In summary, the yields
of different substrates in Table 2 varied due to many factors
including nucleophilicity, steric hindrance and stability of the
amines.

Later, we investigated the impact of different substituents on
the chromones for this reaction (Table 3). The results showed
that electron-withdrawing substituents, such as uorine, chlo-
rine, and bromine, had an adverse effect on the reaction (Table
3, c26–c31, c38–c40). Specically, when these substituents were
located at the C-5 position, the yield of –F and –Br substitution
was only 19% and 23%, respectively (Table 3, c28 and c40). This
may be attributed to the side reaction of the amines with
halogen atoms which were on the ortho-position of a ketone.
Therefore, we performed the reaction at 90 °C and extended the
reaction time to 4 hours, the yields of c28 and c40 were signif-
icantly increased to 50% and 48%, respectively. Substrates with
an electron-donating group reacted smoothly to give products
in moderate to good yields. In the cases of methyl or methoxy
substituents, slightly decreased yields could be obtained
compared to the unsubstituted chromones (Table 3, c32–c37).

According to the available literature,32,33 a plausible reaction
mechanism was outlined in Scheme 2. Initially, the amines
react with carbon disulde in the presence of base, resulting in
the formation of dithiocarbamate salts 4. Subsequently, the
© 2024 The Author(s). Published by the Royal Society of Chemistry
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Scheme 2 Proposed mechanism.

Fig. 3 c12 inhibits the secretion of IL-1b and IL-6 in LPS-stimulated
RAW264.7 cells by suppressing phosphorylation of NF-kB/IkB. (a) Cell
viability of RAW264.7 cells cultured with c12 for 48 h. CC50 repre-
sented the concentration of c12 that reduced cell viability to 50%. (b)
Inhibition of cytokines production by c12 in the 48 h culture of LPS-
stimulated RAW264.7 cells. IC50 value represented the concentration
of c12 that reduced the cytokine production by 50%. (c) Immuno-
blotting of NF-kB, p-NF-kB, p-IkB, JNK, p-JNK in RAW264.7 cells
following LPS stimulation with or without c12 treatment. (d) Protein
expression levels were normalized against the indicated protein. Data
are given as mean values of two independent experiments ± SD. *P <
0.05, **P < 0.01, ***P < 0.001 vs. cells cultured with LPS only.
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dithiocarbamate salts act as a coupling agent and participate in
Ullmann coupling reaction with 2-amino-3-iodo-4H-chromen-4-
ones amediated by copper(II) oxide, leading to the generation of
dithiocarbamates 5. Then, the amino at the C-2 position of the
chromones undergoes intramolecular nucleophilic addition to
form intermediates 6. Finally, the target product, chromone[2,3-
d]thiazole derivatives c, are obtained by intramolecular elimi-
nation of hydrogen sulde. To verify this hypothesis, we con-
ducted a series of stepwise experiments. Initially, we employed
piperidine, carbon disulde, and potassium carbonate in DMA
at room temperature for 0.5 hours under Ar to verify the
formation of intermediate 4-1 by LC-MS. Aer that, we added
copper oxide and a1 to the mixture and kept the reaction at
room temperature for another 12 hours. The intermediate 5-1
was also successfully detected by LC-MS.

We next tested the anti-inammatory activity of these
compounds as planned. Lipopolysaccharide (LPS) is widely
used to establish inammation models due to the ability of
stimulating various cell types to release inammatory cytokines,
such as IL-1b, IL-6, and TNF-a.35 We assessed our compounds
on the level of inammatory cytokine IL-1b on LPS induced
RAW264.7 cells. Among these compounds, c1, c3, c12, c14, c30,
and c39 showed good anti-inammatory activity (Table 4). The
IC50 values of these compounds were lower than the positive
control diacerein which was known as a typical IL-1b inhibitor.
Compound c12 exhibited the most potent activity (IC50 = 8.19
mM) and showed excellent safety with extremely low cytotoxicity
(CC50 = 84.64 mM, Fig. 3a and b). Subsequently, we further
deepened the investigation of the anti-inammatory mecha-
nism of compound c12. The results showed that c12 also per-
formed potent suppression on the production of IL-6 (IC50 =
Table 4 Inhibitory effects of 2-amino-9H-chromeno[2,3-d]thiazol-
9-ones on expression levels of IL-1b

Compounds CC50 (mM)

IC50 (mM)

IL-1b SI

c1 51.40 9.64 5.33
c3 47.81 16.98 2.82
c12 84.64 8.19 10.33
c14 107.50 24.40 4.41
c30 >200 35.43 >5.64
c39 >200 22.22 >9.00
Diacerein 151.4 26.57 5.70

© 2024 The Author(s). Published by the Royal Society of Chemistry
12.62 mM) but weaker inhibition on TNF-a (IC50 = 38.62 mM).
Furthermore, since both NF-kB and c-Jun N-terminal kinase
(JNK) signallings are involved in regulating immune responses
and the secretion of inammatory cytokines,36 we analysed the
impact of c12 on these two pathways. As shown in Fig. 3c and d,
c12 signicantly inhibited the phosphorylation of NF-kB and
IkB proteins rather than JNK. It meant that, compound c12
suppressed the release of IL-1b by acting on a specic target
through the NF-kB pathway and this result may provide a clue
for drug development.
Conclusions

In conclusion, we have developed a novel copper(II) oxide
promoted cascade reaction of 2-amino-3-iodo-4H-chromen-4-
ones with secondary amines and carbon disulde in the pres-
ence of bases, leading to the formation of 2-amino-9H-chro-
meno[2,3-d]thiazol-9-ones. The reaction is simple and efficient,
and moderate to good yields can be obtained for most tested
substrates. In addition, several compounds with good anti-
inammatory activities were obtained from the synthesized
molecules, especially compound c12. Therefore, this method
can be used for constructing a compound library of natural-like
molecules with pharmacological activity.
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