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h towards the on-water synthesis
of multifunctional 3-amino/hydroxy thieno[3,2-c]
pyrans†

Satya Narayan Sahu,a Ranjay Shaw, b Saroj Yadav,c Ismail Althagafi,d

Manmohan Krishna Upadhyaye and Ramendra Pratap *c

An efficient, one-pot, and green synthetic strategy was established for 3-amino/hydroxy thieno[3,2-c]

pyrans in water through a reaction of 6-aryl-4-(methylthio)-2-oxo-2H-pyran-3-carbonitriles/

carboxylates with methyl thioglycolate, yielding excellent results (65–95%). The present approach was

also employed to synthesize benzo[h]thieno[3,2-c]chromene-2-carboxylate derivatives in good yield.

This efficient method eliminated the need for tedious purification steps, and the products were purified

by simply washing the crude material with lukewarm water. Furthermore, the reaction medium was

reusable and could be repeated up to six cycles, producing the desired product with only minimal loss,

although the reaction time increased with each cycle. All the synthesized compounds were

characterized by spectroscopic analysis, and the structure of one compound was confirmed by single-

crystal X-ray analysis.
Introduction

Thiophene derivatives constitute an important scaffold of
heterocyclic compounds and demonstrate many applications in
pharmaceuticals, agrochemicals, and dyes.1 Their synthetic
derivatives exhibit anti-avian inuenza virus (H5N1) activity,2

antitumour,3 antimycobactrial,4 and antibacterial activity.5 In
addition to these, fused thiophenes, such as thienothiophene
and dithienothiophene derivatives, have been extensively
explored in organic eld-effect transistors (OFETs) and organic
photovoltaics (OPVs).6–12 Thiophene fused with a pyranone ring
forms highly promising bioactive thienopyranone scaffolds
(Fig. 1).13–16 It exhibits potent tumor cell growth inhibitor
properties. For example, thieno[2,3-c]pyran and 5-morpholino-
7H-thieno[3,2-b]pyran-7-ones are P13K inhibitors.17 In addition
to bioactivity, it also exhibits aggregation-induced emission
(AIE),18 as well as piezo- and acido-chromic properties.19
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The potential uses of thienopyranone compounds in mate-
rials science and pharmaceuticals have drawn considerable
interest from chemists to synthesize them. The most common
approach for synthesizing thienopyranones involves Pd- and/or
Cu-catalyzed alkynylation of thiophene-2-carboxylic acid, fol-
lowed by 6-endo-dig cyclization.20–23 In contrast, I2-mediated
iodolactonisation of alkynyl thiophene carboxylates to thieno-
pyranones offers a mild approach for this purpose.24,25

Anhydride-mediated dehydration of 1-(3-hydroxythiophen-2-yl)-
3-amino-propane-1,3-dione17 or 2-(2-alkylthiophen-3-yl)acetic
acid26 also produced the corresponding thienopyranones in
good to moderate yield. Turchi et al. reported that BCl3 medi-
ates the demethylation of 1-(3-hydroxythiophen-2-yl)-3-
methylbut-2-en-1-ones, followed by ring closure in the pres-
ence of catalytic amounts of protic acid (p-TSA), to afford the
desired thieno[3,2-b]pyranone products.27 In this context,
Wünsch reported the synthesis of spirothieno[3,4-c] and [2,3-c]
pyranone derivatives from their 4-(2,2-dimethoxyethyl)
thiophen-2-yl-piperidin-4-ol precursors via subsequent cycliza-
tion by HCl and oxidation by pyridinium chlorochromate
(PCC).28 Later, our team described the synthesis of highly
functionalized thieno[3,2-c]pyran-4-ones from 6-aryl-3-cyano-4-
methylthio-2H-pyran-2-one and mercaptoacetate, either in the
presence of KOH in MeOH or without a base in DMF.29,30

All of the above-reported syntheses use either environmen-
tally harmful, expensive metal catalysts or hazardous reagents
or solvents. The environmental impact on biological growth is
currently a major issue due to the industrial crisis, which can
affect human development on a large scale. To overcome this
issue, green chemistry can play an important role and motivate
RSC Adv., 2025, 15, 12117–12124 | 12117
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Fig. 1 Bioactive thienopyrans.
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researchers toward greener approaches.31 The choice of solvent
system in organic synthesis is a major concern, as it generates
large amounts of hazardous, toxic, and waste materials.32 Water
serves as a green solvent system because it is non-toxic, easily
handled, inexpensive, non-ammable, and has attracted many
research groups in recent times.33,34 However, the hydropho-
bicity of organic substrates limits the application of water as
a solvent in organic reactions. To overcome this pitfall, surfac-
tants provide an effectively organized medium,35,36 in aqueous
solution via the formation of micelles, vesicular cavities, or
organized nanoreactors,37 which not only have a conned
hydrophobic interior to solubilize the organic reagents but also
bring the reagents into closer proximity, leading to enhanced
rates and efficiency of chemical reactions. All reacting mole-
cules are concentrated by solubilization due to the hydrophobic
Table 1 Optimization of reaction conditions for the synthesis of pyrano

Entry Deviation from the reaction conditions

1 None
2 Without surfactant, using only base (10
3 Without base, using only surfactant
4 CTAB/Et3N (100 mol%)
5 CTAB/Et3N (20 mol%)
6 CTAB/Et3N (40 mol%)
7 Other surfactant/Et3N (100 mol%)

a Reactions were carried out by stirring 1a (2 mmol), methylthioglycolate 2
optimisation results, please refer ESI (Table SI1).

12118 | RSC Adv., 2025, 15, 12117–12124
effect and electrostatic attraction among counter ions, thereby
enhancing the rate and efficiency of the water-mediated
chemical reaction.38–41 Considering the above background, we
herein reported the synthesis of thieno[3,2-c]pyran-4-ones
under mild conditions in an aqueous medium using surfac-
tants and a catalytic amount of base in a metal-free
environment.
Results and discussion

Our initial efforts were focused on assessing the efficacy of base
and surfactant for the synthesis of pyranothiophene in aqueous
conditions (ESI, Table SI1†). For this investigation, 6-(4-bro-
mophenyl)-4-(methylthio)-2-oxo-2H-pyran-3-carbonitrile42,43 (1a)
and methyl thioglycolate (2a) were used as model substrates for
thiophene 3a a

mentioned above in the scheme Yield of 3a

93%
0 mol%) #54%

#50%
91%
80%
92%

#84%

(3mmol), base, and surfactant (0.50mmol) in water (20mL). For detailed

© 2025 The Author(s). Published by the Royal Society of Chemistry

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d5ra01296a


Paper RSC Advances

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 1

7 
A

pr
il 

20
25

. D
ow

nl
oa

de
d 

on
 6

/2
8/

20
26

 1
:0

4:
03

 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
the reaction. When the reaction was performed with hydroxide
bases, the desired product, methyl 3-amino-6-(4-bromophenyl)-
4-oxo-4H-thieno[3,2-c]pyran-2-carboxylate (3a), was obtained in
only up to 32% yield, along with a trace amount of side product
4a (Table SI1, entries 3 and 4†). However, in due course, the
reaction mixture turned into a gummed solid that stuck to the
magnet, and the reaction was incomplete. Therefore, we
screened some organic amines as bases, but the effort with
piperidine was futile, as the desired product was not obtained
and instead yielded a complex mixture (Table SI1, entry 5†). In
contrast, Et3N and DBU afforded a moderate yield of product 3a
without any side products (Table SI1, entry 6 and 7†). However,
the formation of a solid lump persisted, preventing the reaction
from completing. We then used a surfactant to resolve the
problem of solubility and incomplete reaction. Application of
CTAB as a surfactant in the reaction afforded up to 50% of
product 3a even in the absence of a base (Table 1, entry 3).
However, the use of base (100 mol%) provided up to 54% yield
of the product (Table 1, entry 2). Trials with different base
stoichiometries showed that using 30 mol% of triethylamine
provided the best reaction conditions (Table 1, entries 4–6).
Finally, a series of surfactants were screened with various
Table 2 Micelle-promoted synthesis of 3-amino-4H-thieno[3,2-c]pyran

Entry Ar– R

3a p-Br$C6H4 H
3b C6H5 H
3c p-CH3$C6H4 H
3d p-OCH3$C6H4 H
3e p-F$C6H4 H
3f p-Cl$C6H4 H
3g p-NO2$C6H4 H
3h o-Br$C6H4 H
3i o-OCH3$C6H4 H
3j 2,4-(Cl)2$C6H3 H
3k 3,4-(OCH3)2$C6H3 H
3l 2-Furyl H
3m 2-Theinyl H
3n 1-Naphthyl H
3o C6H5 CH
3p C6H5 C6H
3q p-OCH3$C6H4 p-O

a Reactions were carried out by stirring 1 (2 mmol), methyl thioglycolate 2
(20 mL) at 85 °C temperature. b Isolated yield of 3 was reported.

© 2025 The Author(s). Published by the Royal Society of Chemistry
organic bases in different amounts under aqueous conditions,
and the best yield of product 3a (93%) was obtained with 0.5
equivalent of surfactant CTAB and 30 mol% of Et3N at 85 °C
(Table 1, entry 1 or Table SI1, entry 29†). This efficient method
eliminated the need for tedious purication steps, achieving an
excellent yield of product 3a simply by washing the crude
material with lukewarm water.

To evaluate the scope and limitations of the present
approach, a series of 6-aryl-4-(methylthio)-2-oxo-2H-pyrans (1)
were treated with methyl thioglycolate (2) to prepare the corre-
sponding 3-amino pyrano-fused thiophene (3a–q) derivatives
under optimized reaction conditions (Table 2). In general, the
electron-donating (–CH3 and –OCH3) or mild electron-
withdrawing (–F and –Cl) nature of substitution at the para
position of the C-6 aryl ring of substrate 1 did not have
a substantial impact on the overall yield of the products (3c–f).
However, a strong electron-withdrawing substitution (–NO2)
signicantly reduced the yield (3g). Similarly, ortho-substitution
(3h–i) or multiple substitution (3j–k) on the aromatic ring also
resulted in comparatively lower yields of the product. The
reaction conditions provides good tolerance for C-6 haloge-
nated aryls, heteroaryl (3l–m), as well as C-5 aryl and alkyl (3o–q)
-2-carboxylates in watera

Time (h) Yieldb

2 93%
2 90%
2 92%
2 85%
2 90%
2.5 88%
3 ∼8%
2 80%
2 75%
2.5 75%
2 78%
2.5 88%
2.5 86%
3 76%

3 3 91%
5 3 93%
CH3$C6H4 3 90%

(3 mmol), Et3N (30 mol%, 0.085 mL), and surfactant (0.5 mmol) in water

RSC Adv., 2025, 15, 12117–12124 | 12119
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Fig. 2 ORTEP diagram of the compound 3b.

Table 3 Synthesis of 3-hydroxy-4H-thieno[3,2-c]pyran-2-carboxylates in watera

Entry Ar– R Time (h) Yield of 6b

6a C6H5 H 14 70%
6b p-Br$C6H4 H 14 85%
6c p-CH3$C6H4 H 14 79%
6d 2-Naphthyl H 14 69%
6e 2-Furyl H 16 71%
6f 2-Thienyl H 16 82%
6g 3,4-(OCH3)2$C6H3 H 14 95%
6h C6H5 C6H5 18 65%

a Reactions were carried out by stirring 5 (2 mmol), methyl thioglycolate 2 (3 mmol), Et3N (30 mol%, 0.085 mL), and surfactant (0.5 mmol) in water
(20 mL) at 85 °C temperature. b Isolated yield of 6 was reported.

12120 | RSC Adv., 2025, 15, 12117–12124 © 2025 The Author(s). Published by the Royal Society of Chemistry
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Scheme 1 Synthesis of methyl 1-amino-11-oxo-5,11-dihydro-4H-benzo[h]thieno[3,2-c]chromene-2-carboxylate (8).
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substitutions. The synthesized compound 3b was characterized
by single crystal X-ray, and the data are provided in the ESI†
(Fig. 2).

The established method was further employed for the
synthesis of C3-hydroxy pyranofused thiophenes (6) from the
reaction of methylthioglycolate (2) and 6-aryl-4-(methylthio)-2-
oxo-2H-pyran-3-carboxylates (5). Instead of the nitrile group, the
presence of the ester group at C3 of the pyran ring reduced the
reactivity of substrate 5 and slowed the reaction progression.
Under the optimized reaction conditions, this reaction afforded
a relatively lower yield (65–95%) of C3-hydroxy pyranofused
thiophenes (6a–h) and required more reaction time (20–24 h)
compared to C3-amino pyranofused thiophenes (3) (Table 3).

The above-optimized reaction conditions were applied to
extend the scope of the reaction by using 2-oxobenzo[h]chro-
menes as precursors. The reaction of 4-(methylthio)-2-oxo-5,6-
dihydro-2H-benzo[h]chromene-3-carbonitriles (7) with methyl
thioglycolate (2) produced analogous naphtha-fused
thienopyran-2-carboxylate products (8). The present approach
afforded a relatively enhanced yield of products compared to
the L-proline-catalyzed methodology reported earlier (Scheme
1).44
Fig. 3 Reusability of the reaction medium and corresponding reaction t

© 2025 The Author(s). Published by the Royal Society of Chemistry
To investigate the feasibility of reusing the reaction medium,
the desired product was ltered off upon completion of the
reaction using simple ltration. The ltrate was directly reused
for subsequent reactions without any additional purication.
Fresh reactants 1a and 2, in the samemolar ratio, were added to
the ltrate without introducing additional base or surfactant,
and the reaction was carried out under optimized conditions. It
was observed that while the desired product was obtained with
only a marginal loss in yield, the reaction time had to be
increased. This process was successfully repeated for up to six
cycles, although the duration of each subsequent reaction
progressively increased (Fig. 3).

The mechanism for the conversion of 6-(aryl)-4-(methylthio)-
2-oxo-2H-pyran-3-carbonitrile (1) to the corresponding 3-amino
thieno[3,2-c]pyrans (3) has been previously reported by Ram
et al. under different reaction conditions.45 To evaluate the role
of CTAB and base in the reaction, the reaction was rst per-
formed in the absence of both base and surfactant under low to
high-temperature conditions, and no product was observed
(Scheme 2, entry i). The same reaction was then carried out in
water using an equimolar amount of base, and only 52% of the
product was observed (Scheme 2, entry ii). This was likely due to
ime.

RSC Adv., 2025, 15, 12117–12124 | 12121
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Scheme 2 Control experiments.
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the limited solubility of the reactant under aqueous conditions,
which impeded the process. However, the use of the surfactant
CTAB in the absence of a base provided only 50% yield of
product 3a (Scheme 2, entry iii). This observation suggested that
both base and surfactant were required for the completion of
the reaction in an aqueous medium. Since CTAB is also driving
Scheme 3 Plausible mechanism for the formation of pyranothiophenes

12122 | RSC Adv., 2025, 15, 12117–12124
the reaction, the catalytic amount of base is sufficient for
a complete reaction.

The results indicated that the reaction proceeded via
a similar pathway, and hence a plausible mechanism for the
formation of pyranothiophenes (3 & 6) is depicted in Scheme 3.
Examining the structure of methyl thioglycolate (2), we observe
two nucleophilic centers: one is the S-nucleophile, and the other
is the C-nucleophile adjacent to sulfur. The required precursor
2-pyranone contains three electrophilic positions, namely, C-2,
C-4, and C-6. Among these, C-4 and C-6 are more prone to
nucleophilic attack due to the presence of the nitrile group at
position C-3. Most of the nucleophilic attacks were observed at
C-6 and C-4, with very few occurring at the C-2 center.44

Mechanistically, we proposed that S-nucleophiles from
methyl thioglycolate undergo nucleophilic addition at the C4
position of the pyran ring, followed by the loss of methanethiol
to generate intermediates C and G. In the presence of excess
base, a further carbanion is generated at the carbon next to
sulfur, which undergoes cyclization to generate intermediate D
and H, involving the CN or CO2CH3 group, respectively, present
at the C-3 position of the pyran ring. Intermediate D undergoes
tautomerization to afford the desired product 3. Base-mediated
aromatization of intermediate H, via the loss of methanol,
affords the desired product 6. The regioselectivity of the reac-
tion may be inuenced by the polarity of the reaction medium,
3 and 6.

© 2025 The Author(s). Published by the Royal Society of Chemistry
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the nature of the nucleophile, and the size of the aromatic
substituent. A similar reaction pathway is proposed to involve
the formation of naphtha-fused thienopyran-2-carboxylate
products (8).

Conclusion

In conclusion, an eco-friendly and efficient approach was
developed for the synthesis of thermally stable thieno[3,2-c]
pyrans under aqueous conditions. The present method afforded
higher yields compared to previously reported methods. This is
a column-free method, and the pure product is obtained simply
by ltration. The reusability of the reactionmedium provides an
advantage over other methods. These functionalized thieno[3,2-
c]pyrans are highly uorescent and can be used as uorescent
probes in bioimaging. Some of their photophysical properties
have already been explored by our group. The present approach
was also utilized to synthesize benzo[h]thieno[3,2-c]chromene-
2-carboxylate derivatives in good yield. This method is green
and sustainable, exhibiting high yields.

Data availability

The data supporting this article have been included as part of
the ESI.† Data for some of the compounds are reported in
Biomedicine & Pharmacotherapy, 2021, 142, 112084; New Journal
of Chemistry, 2020, 44, 12019–12026 and RSC Advances, 2016, 6,
85515–85520.

Conflicts of interest

There are no conicts to declare.

Acknowledgements

We thank the University of Delhi for providing research funding
under the IoE and USIC, Delhi University, for the instrumen-
tation facility. RP thanks CSIR, New Delhi, for providing the
research funding (02(469)/23/EMR-II) to carry out the research.
SY thanks DST for providing fellowship under DST Women
scientist program (SR/WOS-A/CS-97/2017).

References

1 R. W. Sabnis, D. W. Rangnekar and N. D. Sonawane, J.
Heterocycl. Chem., 1999, 36, 333–345.

2 A. E. Rashad, A. H. Shamroukh, R. E. Abdel-Megeid,
A. Mostafa, R. El-Shesheny, A. Kandeil, M. A. Ali and
K. Banert, Eur. J. Med. Chem., 2010, 45, 5251–5257.

3 R. Romagnoli, P. G. Baraldi, C. Lopez-Cara, M. K. Salvador,
D. Preti, M. A. Tabrizi, J. Balzarini, P. Nussbaumer,
M. Bassetto and A. Brancale, Bioorg. Med. Chem., 2014, 22,
5097–5109.

4 K. Balamurugan, S. Perumal, A. S. K. Reddy, P. Yogeeswari
and D. Sriram, Tetrahedron Lett., 2009, 50, 6191–6195.

5 A. M. Khalil, M. A. Berghot and M. A. Gouda, Eur. J. Med.
Chem., 2009, 44, 4434–4440.
© 2025 The Author(s). Published by the Royal Society of Chemistry
6 I. McCulloch, M. Heeney, C. Bailey, K. Genevicius,
I. MacDonald, M. Shkunov, D. Sparrowe, S. Tierney,
R. Wagner and W. Zhang, Nat. Mater., 2006, 5, 328–333.

7 Y. Li, S. P. Singh and P. Sonar, Adv. Mater., 2010, 22, 4862–
4866.

8 H. Bronstein, Z. Chen, R. S. Ashraf, W. Zhang, J. Du,
J. R. Durrant, P. Shakya Tuladhar, K. Song, S. E. Watkins
and Y. Geerts, J. Am. Chem. Soc., 2011, 133, 3272–3275.

9 L. Zhang, L. Tan, Z. Wang, W. Hu and D. Zhu, Chem. Mater.,
2009, 21, 1993–1999.

10 X.-C. Li, H. Sirringhaus, F. Garnier, A. B. Holmes,
S. C. Moratti, N. Feeder, W. Clegg, S. J. Teat and
R. H. Friend, J. Am. Chem. Soc., 1998, 120, 2206–2207.

11 L. Wang, Q. Chen, G.-B. Pan, L.-J. Wan, S. Zhang, X. Zhan,
B. H. Northrop and P. J. Stang, J. Am. Chem. Soc., 2008,
130, 13433–13441.

12 X. Zhan, Z. a. Tan, E. Zhou, Y. Li, R. Misra, A. Grant,
B. Domercq, X.-H. Zhang, Z. An and X. Zhang, J. Mater.
Chem., 2009, 19, 5794–5803.

13 M.-J. R. P. Queiroz, R. C. Calhelha, L. A. Vale-Silva, E. Pinto
and M. S.-J. Nascimento, Eur. J. Med. Chem., 2009, 44, 1893–
1899.

14 P. J. Sanlippo, J. J. McNally, J. B. Press, L. J. Fitzpatrick,
M. J. Urbanski, L. B. Katz, E. Giardino, R. Falotico and
J. Salata, J. Med. Chem., 1992, 35, 4425–4433.

15 D. K. Yadav, S. Kumar, Saloni, S. Misra, L. Yadav, M. Teli,
P. Sharma, S. Chaudhary, N. Kumar and E. H. Choi, Sci.
Rep., 2018, 8, 4777.

16 G. R. Dwivedi, R. Rai, R. Pratap, K. Singh, S. Pati, S. N. Sahu,
R. Kant, M. P. Darokar and D. K. Yadav, Biomed.
Pharmacother., 2021, 142, 112084.

17 G. A. Morales, J. R. Garlich, J. Su, X. Peng, J. Newblom,
K. Weber and D. L. Durden, J. Med. Chem., 2013, 56, 1922–
1939.

18 D. Singhal, I. Althaga, A. Kumar, S. Yadav, A. K. Prasad and
R. Pratap, New J. Chem., 2020, 44, 12019–12026.

19 C.-W. Liao and S.-S. Sun, J. Mater. Chem. C, 2013, 1, 6386–
6394.

20 R. Mancuso, I. Ziccarelli, M. Novello, C. Cuocci, R. Centore,
N. Della Ca, D. Olivieri, C. Carfagna and B. Gabriele, J. Catal.,
2022, 405, 164–182.

21 M. S. Rao, M. Haritha, N. Chandrasekhar, M. V. B. Rao and
M. Pal, Tetrahedron Lett., 2014, 55, 1660–1663.

22 S. Inack Ngi, V. Guilloteau, M. Abarbri and J. Thibonnet, J.
Org. Chem., 2011, 76, 8347–8354.

23 S. Raju, V. R. Batchu, N. K. Swamy, R. V. Dev, B. R. Sreekanth,
J. M. Babu, K. Vyas, P. R. Kumar, K. Mukkanti and
P. Annamalai, Tetrahedron, 2006, 62, 9554–9570.

24 R. Mancuso, M. Novello, P. Russo, A. Palumbo Piccionello
and B. Gabriele, Eur. J. Org Chem., 2020, 2020, 3712–3725.

25 A. Nakhi, R. Adepu, D. Rambabu, R. Kishore, G. R. Vanaja,
A. M. Kalle and M. Pal, Bioorg. Med. Chem. Lett., 2012, 22,
4418–4427.

26 P. M. Jackson, C. J. Moody and P. Shah, J. Chem. Soc., Perkin
Trans. 1, 1990, 2909–2918.

27 I. J. Turchi, J. B. Press, J. J. McNally, M. P. Bonner and
K. L. Sorgi, J. Org. Chem., 1993, 58, 4629–4633.
RSC Adv., 2025, 15, 12117–12124 | 12123

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d5ra01296a


RSC Advances Paper

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 1

7 
A

pr
il 

20
25

. D
ow

nl
oa

de
d 

on
 6

/2
8/

20
26

 1
:0

4:
03

 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
28 C. Meyer, B. Neue, D. Schepmann, S. Yanagisawa,
J. Yamaguchi, E.-U. Würthwein, K. Itami and B. Wünsch,
Bioorg. Med. Chem., 2013, 21, 1844–1856.

29 V. J. Ram, A. Goel, P. K. Shukla and A. Kapil, Bioorg. Med.
Chem. Lett., 1997, 7, 3101–3106.

30 S. N. Sahu, S. Singh, R. Shaw, V. J. Ram and R. Pratap, RSC
Adv., 2016, 6, 85515–85520.

31 P. T. Anastas and J. C. Warner, Green Chem.: Theory and
Practice, Oxford University Press, 2000.

32 M.-O. Simon and C.-J. Li, Chem. Soc. Rev., 2012, 41, 1415–
1427.

33 J. H. Clark and S. J. Tavener, Org. Process Res. Dev., 2007, 11,
149–155.

34 C. S. Wang, Q. Sun, G. Wang, W. He, Z. Fang and K. Guo,
Green Solvents in Org. Synth., 2024, pp. 317–442.

35 A. Chatterjee and P. K. Bhattacharya, J. Org. Chem., 2006, 71,
345–348.

36 K. Manabe, S. Iimura, X.-M. Sun and S. Kobayashi, J. Am.
Chem. Soc., 2002, 124, 11971–11978.
12124 | RSC Adv., 2025, 15, 12117–12124
37 D. M. Vriezema, M. Comellas Aragonès, J. A. A. W. Elemans,
J. J. L. M. Cornelissen, A. E. Rowan and R. J. M. Nolte, Chem.
Rev., 2005, 105, 1445–1490.

38 M. Shiri and M. A. Zolgol, Tetrahedron, 2009, 65, 587–598.
39 U. M. Lindström, Chem. Rev., 2002, 102, 2751–2772.
40 P. V. Shinde, A. H. Kategaonkar, B. B. Shingate and

M. S. Shingare, Beilstein J. Org. Chem., 2011, 7, 53–58.
41 T. Dwars, E. Paetzold and G. Oehme, Angew. Chem., Int. Ed.,

2005, 44, 7174–7199.
42 A. Sharon, P. R. Maulik, C. Vithana, Y. Ohashi and V. J. Ram,

Eur. J. Org Chem., 2004, 2004, 886–893.
43 Y. Tominaga, A. Ushirogochi, Y. Matsuda and G. Kobayashi,

Chem. Pharm. Bull., 1984, 32, 3384–3395.
44 S. N. Sahu, M. K. Gupta, T. Jadhav, P. Yadav, S. Singh,

R. Misra and R. Pratap, RSC Adv., 2014, 4, 56779–56783.
45 P. Mishra, H. K. Maurya, B. Kumar, V. K. Tandon and

V. J. Ram, Tetrahedron Lett., 2012, 53, 1056–1059.
© 2025 The Author(s). Published by the Royal Society of Chemistry

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d5ra01296a

	A green approach towards the on-water synthesis of multifunctional 3-amino/hydroxy thieno[3,2-c]pyransElectronic supplementary information (ESI)...
	A green approach towards the on-water synthesis of multifunctional 3-amino/hydroxy thieno[3,2-c]pyransElectronic supplementary information (ESI)...
	A green approach towards the on-water synthesis of multifunctional 3-amino/hydroxy thieno[3,2-c]pyransElectronic supplementary information (ESI)...
	A green approach towards the on-water synthesis of multifunctional 3-amino/hydroxy thieno[3,2-c]pyransElectronic supplementary information (ESI)...
	A green approach towards the on-water synthesis of multifunctional 3-amino/hydroxy thieno[3,2-c]pyransElectronic supplementary information (ESI)...
	A green approach towards the on-water synthesis of multifunctional 3-amino/hydroxy thieno[3,2-c]pyransElectronic supplementary information (ESI)...
	A green approach towards the on-water synthesis of multifunctional 3-amino/hydroxy thieno[3,2-c]pyransElectronic supplementary information (ESI)...


