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e-pot multi-component approach
toward the synthesis of symmetric and
unsymmetrical spiro heterocycles catalyzed by the
Brønsted acidic ionic liquid [CMMIM][BF4]

Rujuma Begum and Barnali Maiti *

An efficient and sustainable one-pot protocol is developed for the synthesis of a broad range of isatin- and

acenaphthoquinone-based spiroxanthene and spirochromenecarboxylate derivatives in aqueous ethanol.

This approach involves the condensation of isatin- and acenaphthoquinone-based 1, 2 diketones with

cyclic and acyclic active-methylene compounds, catalyzed by 5–6 mol% of the Brønsted acidic ionic

liquid [CMMIM][BF4]. The versatility of the protocol is demonstrated by the successful synthesis of 20

isatin- and acenaphthoquinone-derived spiroxanthene and spirochromenecarboxylate derivatives. This

sustainable methodology offers a short reaction time and good to excellent yield (up to 97%), with easy

product isolation, avoiding column chromatographic purification and providing valuable green chemistry

metrics for symmetric 8a (E-factor: 0.15 and RME: 86.92%) and unsymmetrical 9a (E-factor: 0.08 and

RME: 92.5%) derivatives. This study highlights the potential activity of Brønsted acidic ionic liquids

[CMMIM][BF4] as green and reusable catalysts for the atom-economical, environmentally benign

construction of bioactive spiro-heterocycles.
Introduction

Heterocyclic compounds play a vital role in the design of
medicines and natural products.1 Their chemical diversity and
structural exibility support the development of molecules with
biological activity.2,3 Over the past two decades, nitrogen-
containing heterocycles have become increasingly important
in various organic synthesis approaches.4 Isatin is acknowl-
edged as a crucial privileged skeleton for bioactive molecule
development.5 It was rst synthesized in 1840 by Erdmann and
Laurent through the oxidation of indigo dye.6 Isatin consists of
a fused benzene ring with a ve-membered nitrogen-containing
ring, making it a versatile building block in organic chemistry.
It can be easily modied at the N-1, C-3, C-5, and C-7 positions
to create a new skeleton with tailored activities.7 It has unique
reactivity due to the presence of a carbonyl group at the C-3
position.8 The development of spiro-oxindole derivatives
through an isatin-mediated multicomponent approach repre-
sents a signicant breakthrough in rapidly generating drug-like
compound libraries with extensive scaffold diversity.9 Isatin
derivatives are promising molecules in medicinal chemistry
owing to their diverse biological activities, including anticancer,
antiviral, antioxidant, antimicrobial, and central nervous
system activity.10–12 Xanthenes exhibit similar biological
d Sciences, Vellore Institute of Technology,
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activities. Xanthene can also be used as a uorescent dye in
photodynamic therapy, chemoanalytics, and bioanalytics.13–16

The potentially bioactive spirooxiindoles and xanthenes are
shown in Fig. 1 and 2.

Recent advances highlight the importance of designing
synthetic routes that combine efficiency, resource stability, and
environmental sustainability.17–20 Minimizing waste is a core
goal of organic synthetic chemistry; in this respect, MCRs are
a remarkable example of sustainable and environmentally
benign processes. Multicomponent reactions (MCRs) are
a cornerstone of synthetic organic chemistry, with a legacy
extending over a century.21 Although the precise origin of MCR
chemistry is difficult to trace, one of the earliest documented
examples is the Hantzsch synthesis of dihydropyridines, rst
reported in 1882. This was soon followed by the Biginelli three-
component condensation in 1893, further illustrating the
foundational role of MCRs in constructing complex molecular
architectures from simple precursors.22 In recent years, MCRs
have become a major focus of current chemistry research. In
MCRs, three or more reactants are added simultaneously in
a one-pot manner. MCRs are also known as sequential or
tandem reactions, in which the intermediate formed in one step
reacts with additional reagents in the medium, yielding a nal
product that is a combination of all the atoms of the starting
components.23–27 MCRs have several advantages compared to
linear synthetic protocols, as they can be carried out under
solvent-free, aqueous, aqueous ethanol, or ionic liquid
RSC Adv., 2026, 16, 21953–21966 | 21953
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Fig. 1 Potentially bioactive spirooxindole compounds.

Fig. 2 Potentially bioactive xanthene derivatives.
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conditions and sometimes at room temperature or under
microwave irradiation, reducing energy and solvent consump-
tion.28 Since all the reactants are combined in one pot, MCRs
reduce the number of synthetic steps and purication steps, so
there is no need to isolate the reaction intermediate, which
minimizes reliance on toxic solvents and reagents, saving time
and resources. MCRs are highly atom economical, as almost all
the carbon atoms from the starting materials are incorporated
into the nal product.26 In MCRs, multiple bonds are formed
simultaneously, so they reduce the number of synthetic steps
but require careful control of selectivity.

In the context of the green chemistry principle, ionic liquids
are types of salts that exist in the liquid state at or below 100 °C.
It is composed of a large organic cation and a small organic/
inorganic anion, which results in a low melting point.29 Their
remarkable properties make them of potential interest to all
chemists, as they consist of at least two tunable components
(the anion and cation).30 Hence, the terminology “designer
solvents” is now widely used.31 In 1914, Walden reported the
synthesis of [EtNH3][NO3] ionic liquid with a melting point of
12 °C, which is recognized as the origin of ionic liquid chem-
istry.29 Ionic liquid has a range of unique and tunable proper-
ties, including high thermal and chemical stability, excellent
solvation ability, non-volatility, non-ammability, low vapor
pressure, high ionic conductivity and electrical conductivity.32–34

Task-specic ionic liquids are one of the most prominent
subclasses of ionic liquids in which functional groups are
introduced in either the anion or cation of the ionic liquid. The
introduction of such functional anions or cations leads to the
formation of wide acidic or basic ionic liquids suited for various
organic reactions.35,36 By altering the cation and the anion as
well as the length of the alkyl groups on the cation, the physical
and chemical properties of ionic liquid may be nely tuned;
21954 | RSC Adv., 2026, 16, 21953–21966
such structural modication endows these materials with the
dual capability to act as both solvents and catalytic species, thus
enhancing catalytic performance, selectivity, and recyclability in
alignment with green chemistry principles.36,37

Because of the biologically active nature of both isatins and
xanthenes, the concept of merging them through the synthesis
of spirooxindoles bearing a xanthene moiety holds great
promise for generating valuable heterocyclic structures.38

However, current research on these compounds remains scarce.
In recent years signicant efforts have been explored to the
synthesise of symmetric and unsymmetrical spiroindoline
using various catalyst including p-TSA,39 SBA-15-Pr-SO3H,40

ZnO,41 LTTM,42 Mg(ClO4)2,43 solid acids as catalyst,44 CAN,45 g-
Fe2O3@SiO2-EC-Zn,46 DIL@GO,47 MNPs@SiO2@PUF@Zn,48

ionic liquid 1-methylimidazolium chloride,49 b-cyclodextrin-
SO3H,50 PS-PTSA,51 ZnCl2 + urea,52 FeCl3,53 DES,54 GO/Cys–
Cu(II),55 MoO3/BF3 in ball milling,56 and in Zr-MOF/rGO-nano-
composites.57 Although certain methods demonstrate accept-
able performance, many are hindered by severe reaction
conditions, long reaction durations, poor product yields, costly
catalysts, use of metal-supported catalysts and the reliance on
hazardous solvents, which complicate post-reaction processing.
Therefore, there is an urgent demand for the development of
more efficient approaches that employ affordable and reusable
catalysts to advance environmentally sustainable synthesis
practices. With a strong emphasis on green chemistry princi-
ples, our research group has focused on developing efficient
and environmentally responsible synthetic methodologies for
constructing pharmacologically important heterocyclic systems
using a one-pot tandem reaction in green solvents.60–62 Herein,
we report a one-pot three-component synthesis of isatin- and
acenaphthoquinone-based spiroindoline derivatives using
[CMMIM][BF4], a reusable green catalyst.
© 2026 The Author(s). Published by the Royal Society of Chemistry
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Scheme 1 Synthesis of Brønsted acid ionic liquid [CMMIM][BF4] 4.
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Results and discussion

Initially, our study commenced with the synthesis of [CMMIM]
[BF4] 4 following a previously reported protocol by our research
group (Scheme 1).58 The synthesized ionic liquid [CMMIM][BF4]
4 was extensively characterized using 1H and 13C NMR and FT-
IR spectroscopy and compared with those described in the
literature. According to literature reports, ionic liquid [CMMIM]
[BF4] 4 exhibits a pKa value of 2.59

The catalytic potential of ionic liquid [CMMIM][BF4] 4 was
investigated to construct nitrogen-containing heterocyclic
compounds, including spiro xanthene 8 and spiro chromene 9
Table 1 Solvent screening for the syntheses of 8a a and 9aa

Entry Solvent Cond

1 Acetonitrile Reu
2 DMF Reu
3 THF Reu
4 DCM Reu
5 CHCl3 Reu
6 MeOH Reu
7 EtOH Reu
8 IPA Reu
9 EtOH : H2O (1 : 1 v/v: 6 mL) 80 °C
10 EtOH : H2O (1 : 2 v/v: 6 mL) 80 °C
11 EtOH : H2O (2 : 1 v/v: 6 mL) 80 °C
12 EtOH : H2O (1 : 1 v/v: 6 mL) rt
13 H2O Reu
14 Neat 80 °C

a Reaction was conducted using 5a (1 equiv.), 6a (2 equiv.) for the synthe
synthesis of compound 9a in various solvents.

© 2026 The Author(s). Published by the Royal Society of Chemistry
derivatives. We initiated our investigation to explore a range of
reaction variables to acquire the most efficient reaction condi-
tions for the construction of 8 and 9 derivatives using a one-pot
reaction, as shown in Table 1. The starting materials for our
model reaction are isatin 5a and dimedone 6a in a 1 : 2 molar
ratio for the construction of spiro xanthene derivative 8a and
isatin 5a, dimedone 6a and ethyl cyanoacetate 7, all of which are
in equimolar ratios for the construction of spiro chromeno
derivative 9a. We started optimization using a range of polar
protic and polar aprotic solvents under reux conditions. The
desired products 8a and 9a were obtained up to 45–55% in 24 h
under reux conditions upon the addition of polar aprotic
ition Time (h)

Yield (%)

8a 9a

x 24 50 55
x 24 48 55
x 24 45 53
x 24 49 52
x 24 40 46
x 24 70 72
x 24 72 78
x 24 65 69

3 95 97
3 85 90
3 65 73
12 47 53

x 24 47 50
12 42 45

sis of compound 8a and 5a (1 equiv.), 6a (1 equiv.), 7 (1 equiv.) for the

RSC Adv., 2026, 16, 21953–21966 | 21955
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Table 2 Catalyst screening and catalyst loading mol% for the syntheses of 8a a and 9aa

Entry Catalyst Time (h)

Yield (%)

8a 9a

1 No catalyst 24 Trace Trace
2 [CMMIM][BF4] (3 mol%) 18 75 78
3 [CMMIM][BF4] (5 mol%) 3 93 97
4 [CMMIM][BF4] (6 mol%) 3 95 97
5 [CMMIM][BF4] (7 mol%) 3 95 97
6 [CMMIM][BF4] (10 mol%) 3 95 97
7 p-TSA (20 mol%) 24 55 57
8 CH3COOH (20 mol%) 24 50 53
9 H2SO4 (20 mol%) 24 60 64

a Reaction was conducted using 5a (1 equiv.), 6a (2 equiv.) for the synthesis of compound 8a and 5a (1 equiv.), 6a (1 equiv.), 7 (1 equiv.) for the
synthesis of compound 9a in various catalyst mol%.

RSC Advances Paper

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 2

8 
A

pr
il 

20
26

. D
ow

nl
oa

de
d 

on
 5

/3
/2

02
6 

12
:3

0:
48

 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
solvents, including acetonitrile (CH3CN), dimethylformamide
(DMF), and tetrahydrofuran (THF) (Table 1, entry 1–3). Using
chlorinated solvents, such as dichloromethane (DCM) and
chloroform (CHCl3), the yield of the product increases to 52%
under reux conditions in 24 h (Table 1, entry 4–5). Later, the
use of polar protic solvents like methanol (MeOH), ethanol
(EtOH), and isopropyl alcohol (IPA) gratifyingly increases the
desired product yield to 78% at the same time and under the
same conditions (Table 1, entry 6–8). Interestingly, we obtain
amajor change in the yield when an aqueous ethanol solution is
used to optimize the reaction conditions in a short time. Later,
we conduct the reaction by changing the ratio of the aqueous
ethanol (1 : 1) to obtain the most effective condition for the
desired products 8a and 9a (Table 1, entries 9–11).

Upon initiating the reaction in EtOH : H2O (1 : 1 v/v: 6 mL),
the desired products 8a and 9a were obtained in a yield of up to
97% in 3 h at 80 °C. When we conduct the same reaction at
room temperature in EtOH : H2O (1 : 1), the yield of the product
decreased to 53% in 12 h (Table 1, entry 12). When water is used
as a solvent, it decreases the reaction yield because of the non-
solubility of isatin in water (Table 1, entry 13). Without any
solvent, we obtain a yield of up to 45% in 12 h (Table 1, entry
14).

To prove the efficiency of the catalyst, initially, the reaction
was conducted without a catalyst; the results showed that the
product is formed with a very low yield (Table 2, entry 1). To
21956 | RSC Adv., 2026, 16, 21953–21966
conrm the effective involvement of catalyst 4 in the reaction,
the model reaction was investigated with various amounts of
catalyst 4 (Table 2, entries 2–6). The results showed that the best
amounts of catalyst 4 are 6 mol% and 5 mol% for 8a and 9a,
respectively (Table 2, entries 3–4). When the loading of catalyst
4 is increased, there is no signicant change in the reaction
duration, and the yield of the product (Table 2, entries 5–6).
Furthermore, the reaction was carried out in a series of acid
catalysts, including p-TSA, CH3COOH, and H2SO4, to compare
the yield and reaction time with our ionic liquid catalyst 4. We
have observed that there is no signicant increment in the yield
(Table 2, entries 7–9). Based on our investigation, we concluded
that the use of 5–6 mol% of catalyst 4 at 80 °C in ethanol : water
(1 : 1 v/v 6 mL) was assumed to be optimal. We intended to
explore the potential of this strategy for the construction of
a series of spiro xanthene 8 derivatives and spiro chromeno 9
derivatives using halide-substituted isatin 5,
acenaphthenequinone 5e, and active-methylene compounds,
such as 1,3 cyclohexanedione, dimedone and 3-methyl-1-
phenyl-5-pyrazolone 6, along with ethyl cyanoacetate 7 (Fig. 3).
All these reactions successfully afforded the desired products
8a–8g and 9a–9m in excellent yields, irrespective of the
substituent nature of isatin 5 and active-methylene compound 6
(Fig. 4 and 5). All these substituents afforded the maximum
yields. All the resulting spiro derivatives 8a–8g and 9a–9m were
isolated by the simple ltration of the reaction mixture. The
© 2026 The Author(s). Published by the Royal Society of Chemistry
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Fig. 3 Substrate scope.
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crude product was washed with 20–30% ethyl acetate/hexane
and diethyl ether and then dried under vacuum. The synthe-
sized spiro derivatives were characterized by 1H NMR, 13C NMR,
and FTIR spectroscopy and were conrmed to be similar to
those described in the literature.

Additionally, the proposed structures of products 8c, 9a and
9i were conrmed using single crystal XRD analysis. These
crystals were obtained from a DCM :MeOH (1 : 1) solvent
mixture. The obtained crystal structures 8c (CCDC no. 2498521),
Fig. 4 Library of the synthesized spiroxanthene derivatives 8a–8g.

© 2026 The Author(s). Published by the Royal Society of Chemistry
9a (CCDC no. 2500027) and 9i (CCDC no. 2515684) are shown in
Fig. 6–8.63 The summary of this crystallographic information is
provided in Tables S2–S4 of the SI.
Plausible reaction mechanism

The plausible reaction mechanism for the synthesis of spiro
xanthene 8 derivatives and spiro chromeno 9 derivatives is
proposed with respect to the structural characteristics of the
RSC Adv., 2026, 16, 21953–21966 | 21957
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Fig. 5 Library of the synthesized spiro chromeno derivatives 9a–9m.

Fig. 6 ORTEP diagram of compound 8c (CCDC no. 2498521).
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catalyst and the previously reported studies.39–42 To produce
spiro xanthene initially, the carbonyl group of isatin was acti-
vated using Brønsted acidic catalyst 4 through hydrogen
bonding, thereby facilitating its reactivity towards nucleophilic
attack of enolizable dimedone to generate the aldol condensa-
tion product. Meanwhile, the process continues with the
Michael addition of another enolizable C–H activated di-
medone or 1,3-cyclohexadione, followed by intramolecular
cyclization and dehydration, to obtain the desired product 8
(Fig. 9).

Similarly, for the synthesis of spiro-chromeno 9 derivatives,
the carbonyl group of isatin was activated by catalyst 4 through
hydrogen bonding, thereby facilitating its reactivity towards the
21958 | RSC Adv., 2026, 16, 21953–21966 © 2026 The Author(s). Published by the Royal Society of Chemistry
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Fig. 7 ORTEP diagram of compound 9a (CCDC no. 2500027).

Fig. 8 ORTEP diagram of compound 9i (CCDC no. 2515684).
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nucleophilic attack of active methylene compound (ethyl cya-
noacetate) 7 to generate intermediate B. Knoevenagel conden-
sation of intermediate B, leading to the formation of
© 2026 The Author(s). Published by the Royal Society of Chemistry
intermediate C. Subsequently, the Michael addition of the
intermediate C with enolizable C–H activated dimedone or 1,3-
cyclohexadione 6a, followed by intramolecular cyclization,
dehydration and subsequent tautomerization, to afford the
nal product 9 (Fig. 10). The structure of intermediate C was
conrmed by 1H and 13C NMR, HRMS and FT-IR spectroscopy;
the corresponding spectra are included in the SI.
Catalyst recovery and recyclability

Due to its hydrophilic nature, the catalyst [CMMIM][BF4] 4
dissolves in aqueous ethanol and can be easily recovered. Aer
completing the reaction, the solid product was isolated by
ltration, and the ltrate containing ionic liquid catalyst 4 was
evaporated under reduced pressure to recover [CMMIM][BF4]
ionic liquid catalyst 4. The recovered catalyst was washed with
diethyl ether and then dried under a high vacuum to reuse it in
successive cycles. Aer each cycle, the efficiency of the recovered
catalyst 4 was checked and reused for a minimum of ve
successive cycles for both model reactions without any notice-
able loss in catalytic activity, as shown in Fig. 11 and 12.
Gram-scale synthesis

Gram-scale synthesis was performed to demonstrate the prac-
tical applicability of the optimized reaction conditions for the
synthesis of spiro derivatives. Compound 8a was obtained with
95% yields using 10 mmol of isatin 5a and 20 mmol of di-
medone 6a in the presence of 6 mol% catalyst 4 in aqueous
ethanol at 80 °C for 3 h. Similarly, compound 9a was synthe-
sized with 95% yields by employing 10 mmol of isatin 5a, 10
mmol of dimedone 6a, and 10 mmol of ethyl cyanoacetate 7
with 5 mol% catalyst 4 in aqueous ethanol at 80 °C for 3h.
RSC Adv., 2026, 16, 21953–21966 | 21959
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Fig. 9 Plausible reaction mechanism for the synthesis of 8a.
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Conclusions

In summary, we developed a sustainable, efficient and versatile
protocol for the construction of diverse spiro-heterocyclic
frameworks, including spiroxanthene and spirochromeno
derivatives, using task-specic ionic liquid [CMMIM][BF4] 4 as
a catalyst in aqueous ethanol media. A series of 20 derivatives
was successfully obtained with high yields ranging from 88% to
97% and characterized by 1H NMR, 13C NMR and FT-IR spec-
troscopy. The present synthetic approach shows several
advantages, including mild reaction conditions, short reaction
time, transition-metal-free synthesis, low catalyst loading mol
percentage, simple product isolation without column chroma-
tography and excellent yields. In both model reactions, catalyst
4 could be reused for at least ve successive cycles without any
noticeable loss in catalytic activity, and the method was
successfully scaled up to the gram level, conrming its
21960 | RSC Adv., 2026, 16, 21953–21966
practicality. Furthermore, spiroxanthene and spirochromeno
derivatives 8c, 9a and 9i were conrmed using single-crystal
XRD analysis. This methodology demonstrates greater envi-
ronmental performance, evidenced by a low E-factor 8a (0.15),
a high RME (86.9%), a low E-factor 9a (0.08) and a high RME
(92.5%), expressively outperforming conventional routes. Green
chemistry matrices were also calculated, as included in the SI.
Experimental section
Materials and methods

All chemicals were purchased from different commercial
companies and their purity has been included here. Isatin
(98%) from Avra, 5-bromoisatin (88%) from Avra, 5-uoro-
isatine (98%) from Sigma-Aldrich, 5-chloroisatine (98%) from
Merck, acenaphthenequinone (95%) from Hyma, ethyl cyanoa-
cetate (95%) from Hyma, 3-methyl-1-phenyl-5-pyrazolone (98%)
© 2026 The Author(s). Published by the Royal Society of Chemistry
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Fig. 10 Plausible reaction mechanism for the synthesis of 9a.

Fig. 11 Recyclability of catalyst 4 for 8a.
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from TCI, dimedone (95%) from Sigma-Aldrich, cyclohexane-
1,3-dione (99.85%) from BLD pharm, 1-methylimidazole
(98%) from Hyma, and 2-chloroacetic acid (99%) from TCI, and
all organic solvents were acquired from commercial suppliers
and utilized without any additional purication. Analytical thin-
layer chromatography (TLC) was carried out using 0.25 mm
silica gel-coated Kieselgel 60 F254 plates. 1H NMR (400 MHz),
© 2026 The Author(s). Published by the Royal Society of Chemistry
13C NMR (100 MHz), and DEPT-135 NMR (100 MHz) spectra
were obtained using a Bruker AVANCE III 400 MHz spectrom-
eter. Chemical shis and coupling constants are expressed in
parts per million (ppm) and Hertz (Hz), respectively, using tetra-
methyl silane (TMS) as an internal standard. The residual
solvent peak appears at 2.5 ppm for DMSO-d6, while D2O reso-
nates at 4.79 ppm. The multiplicities was written as singlet (s),
doublet (d), doublet of doublet (dd), multiplet (m), and triplet
(t). The FT-IR spectra were collected by employing the Perki-
nElmer RX-I FTIR spectrometer in ATR mode.

General procedure for the synthesis of 1-carboxymethyl 3-
methyl imidazolium tetrauoroborate 4

In a 250 mL round-bottom ask, 2.0 g (1.0 equiv., 2.43 mmol) of
1-methylimidazole 1 was added to 2.5 g (1.1 equiv., 2.68 mmol)
of chloroacetic acid 2. Themixture was stirred for 2 hours at 80 °
C. Then, the reaction mixture was le to cool, and the pale-
RSC Adv., 2026, 16, 21953–21966 | 21961
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Fig. 12 Recyclability of catalyst 4 for 9a.
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yellow viscous liquid was washed several times with ether and
then dried under a vacuum. The resulting [BMMIM][Cl] ionic-
liquid 3 was mixed with NaBF4 (2.94 g, 1.1 equiv., 2.68 mmol),
diluted in 20 mL of dry acetonitrile, and stirred for 36 hours at
room temperature. The resultant white precipitate (NaCl) was
ltered and washed frequently with acetonitrile (3 × 30 mL).
The concentration of cumulative ltrates provides 1-carbox-
ymethyl 3-methyl imidazolium tetrauoroborate [CMMIM][BF4]
4 as a pale-yellow viscous liquid, with 97% yield. The product
was characterized by 1H NMR, 13C NMR, DEPT-135, and FT-IR
spectra and was discovered to be the same as those
mentioned in the literature.

Characterization data for product 4

1-Carboxymethyl 3-methyl imidazolium tetrauoroborate
[CMMIM][BF4

−] 4 (ref. 58). Pale yellow liquid, 97% yield; FT-IR
(ATR mode, cm−1): 3330, 1760, 1030, 759, 625, 523; 1H NMR
(400MHz, D2O, ppm) d 8.66 (s, 1H), 7.42 (s, 1H), 7.41 (s, 1H), 5.03
(s, 2H), 3.86 (s, 3H); 13C NMR (100 MHz, D2O, ppm) d 172.41,
139.83, 125.96, 52.28, 38.34; 19F NMR (400 MHz, D2O, ppm)
d −150.36, −150.41; 11B NMR (128 MHz, D2O, ppm) d −1.43.

General procedure for the synthesis of 30,30,60,60-tetramethyl-
30,40,60,70-tetrahydrospiro[indoline-3,90-xanthene]-
10,2,80(20H,50H)-trione 8a

To a dry 25 mL round-bottom ask, isatin 5a (1 equiv.), di-
medone 6a (2 equiv.) and 6 mol% of [CMMIM][BF4

−] ionic
liquid 4 were successively added to 6 mL of ethanol: water (1 : 1
v/v 6 mL) and reuxed at 80 °C for 3 h. The progress of the
reaction was monitored using TLC. Aer the completion of the
reaction, the resulting solid precipitate was ltered out and
then washed with 30% ethyl acetate (10 mL × 3) and ether
without any column chromatography to achieve the desired
product 8a, with 95% yield. The obtained products were
analyzed using 1H NMR, 13C NMR, and FT-IR spectra and were
found to resemble those previously published in the literature.

Characterization data for products 8a–8g

30,30,60,60-Tetramethyl-30,40,60,70-tetrahydrospiro[indoline-
3,90-xanthene]-10,2,80(20H,50H)-trione, 8a. White solid, 95%
yield; mp (°C): >300;64 FT-IR (ATR mode, cm−1): 3363, 2966,
1712, 1666, 1616, 1469, 1307, 1170, 1126, 1018, 748, 524; 1H
NMR (400 MHz, DMSO-d6, ppm) d 10.28 (s, 1H), 7.06 (t, J =
7.5 Hz, 1H), 6.84 (d, J = 7.0 Hz, 1H), 6.77 (t, J = 7.4 Hz, 1H), 6.71
(d, J = 7.6 Hz, 1H), 2.64 (d, J = 17.6 Hz, 2H), 2.57–2.48 (m, 2H),
2.19 (d, J = 15.9 Hz, 2H), 2.03 (d, J = 15.9 Hz, 2H), 1.03 (s, 6H),
21962 | RSC Adv., 2026, 16, 21953–21966
0.95 (s, 6H); 13C NMR (100 MHz, DMSO-d6, ppm) d 195.45,
178.69, 163.92, 144.30, 134.51, 128.19, 122.67, 121.13, 113.46,
108.93, 51.00, 45.67, 32.12, 28.40, 27.06; DEPT-135 (100 MHz,
DMSO-d6, ppm) d 128.19, 122.67, 121.13, 108.93, 51.00, 40.59,
28.40, 27.06.

5-Fluoro-30,30,60,60-tetramethyl-30,40,60,70-tetrahydrospiro
[indoline-3,90-xanthene]-10,2,80(20H,50H)-trione, 8b. White solid,
92% yield; mp (°C):289–291;64 FT-IR (ATR mode, cm−1): 3370,
2972, 1728, 1666, 1620, 1485, 1340, 1172, 1114, 1033, 817, 582;
1H NMR (400 MHz, DMSO-d6, ppm) d 10.34 (s, 1H), 6.88 (t, J =
8.9 Hz, 1H), 6.78 (d, J = 6.4 Hz, 1H), 6.68 (dd, J = 8.1, 4.2 Hz,
1H), 2.62 (d, J = 17.6 Hz, 2H), 2.54 (d, J = 18.1 Hz, 2H), 2.19 (d, J
= 15.9 Hz, 2H), 2.07 (d, J = 15.9 Hz, 2H), 1.02 (s, 6H), 0.97 (s,
6H); 13C NMR (100 MHz, DMSO-d6, ppm) d 195.11, 178.16,
163.74, 156.51, 140.22, 135.61, 135.54, 113.80, 113.57, 112.48,
110.27, 110.03, 108.77, 50.46, 45.69, 31.62, 27.70, 26.86.

30,40,60,70-Tetrahydrospiro[indoline-3,90-xanthene]-
10,2,80(20H,50H)-trione 8c. Pale yellow solid, 90% yield; mp (°C):
>300;64 FT-IR (ATR mode, cm−1): 3360, 2951, 1732, 1674, 1620,
1477, 1303, 1207, 1130, 983, 748, 621, 532; 1H NMR (400 MHz,
DMSO-d6, ppm) d 10.28 (s, 1H), 7.05 (t, J = 7.5 Hz, 1H), 6.86 (d, J
= 7.0 Hz, 1H), 6.76 (t, J = 7.3 Hz, 1H), 6.69 (d, J = 7.4 Hz, 1H),
2.66 (d, J = 5.4 Hz, 4H), 2.27–2.09 (m, 4H), 1.88 (d, J = 5.5 Hz,
4H); 13C NMR (100 MHz, DMSO-d6, ppm) d 195.26, 178.50,
165.19, 143.82, 134.34, 127.70, 122.71, 120.73, 114.15, 108.32,
45.41, 37.05, 26.95, 19.77.

5-Chloro-30,40,60,70-tetrahydrospiro[indoline-3,90-xanthene]-
10,2,80(20H,50H)-trione 8d. Pale yellow solid, 88% yield; mp (°C):
>300;64 FT-IR (ATR mode, cm−1): 3359, 2958, 1724, 1670, 1620,
1481, 1303, 1219, 1126, 979, 837, 736, 628, 540; 1H NMR (400
MHz, DMSO-d6, ppm) d 10.44 (s, 1H), 7.10 (dd, J = 8.2, 2.2 Hz,
1H), 6.97 (d, J = 2.1 Hz, 1H), 6.70 (d, J = 8.2 Hz, 1H), 2.67 (t, J =
6.1 Hz, 4H), 2.22 (dd, J = 11.0, 6.2 Hz, 4H), 1.92–1.87 (m, 4H);
13C NMR (100 MHz, DMSO-d6, ppm) d 19.78, 27.08, 29.13, 37.07,
45.79, 109.73, 113.64, 123.01, 124.78, 127.66, 136.40, 142.99,
165.87, 178.48, 195.68.

5-Bromo-30,40,60,70-tetrahydrospiro[indoline-3,90-xanthene]-
10,2,80(20H,50H)-trione 8e. Pale yellow solid, 89% yield; mp (°C):
>300;64 FT-IR (ATR mode, cm−1): 3356, 2958, 1735, 1658, 1608,
1469, 1350, 1303, 1207, 1134, 987, 833, 617, 540; 1H NMR (400
MHz, DMSO-d6, ppm) d 10.45 (s, 1H), 7.23 (dd, J = 8.2, 2.0 Hz,
1H), 7.08 (d, J = 1.8 Hz, 1H), 6.66 (d, J = 8.2 Hz, 1H), 2.67 (t, J =
6.1 Hz, 4H), 2.26–2.18 (m, 4H), 1.91 (dd, J = 12.5, 6.2 Hz, 4H);
13C NMR (100 MHz, DMSO-d6, ppm) d 19.79, 27.09, 29.14, 37.08,
45.76, 110.36, 112.53, 113.65, 125.64, 130.55, 136.81, 143.41,
165.92, 178.40, 195.73.

5-Fluoro-30,40,60,70-tetrahydrospiro[indoline-3,90-xanthene]-
10,2,80(20H,50H)-trione 8f. White solid, 93% yield; mp (°C): >300;
FT-IR (ATR mode, cm−1): 3359, 2958, 1724, 1689, 1666, 1485,
1300, 1219, 1130, 979, 794, 601, 532; 1H NMR (400 MHz, DMSO-
d6, ppm) d 10.39 (s, 1H), 6.93 (t, J = 9.1 Hz, 1H), 6.87 (d, J =
8.1 Hz, 1H), 6.73 (dd, J= 8.3, 4.3 Hz, 1H), 2.72 (t, J= 5.9 Hz, 4H),
2.34–2.20 (m, 4H), 2.01–1.88 (m, 4H); 13C NMR (100 MHz,
DMSO-d6, ppm) d 195.48, 178.59, 165.61, 158.99, 156.65, 140.24,
135.94, 113.84, 113.69, 113.61, 110.92, 110.68, 108.74, 108.66,
45.98, 37.05, 27.04, 19.75.
© 2026 The Author(s). Published by the Royal Society of Chemistry
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30,50-Dimethyl-10,70-diphenyl-10H,2H,70H-spiro[acenaph-
thylene-1,40-pyrano[2,3-c:6,5-c0]dipyrazol]-2-one 8g. Yellow
solid, 95% yield; mp (°C): 202–204;65 FT-IR (ATR mode, cm−1):
3050, 2796, 1728, 1624, 1566,1492, 1396, 1361, 1303, 1215, 1118,
995, 783, 732, 690, 582, 543; 1H NMR (400 MHz, DMSO-d6, ppm)
d 8.29 (d, J = 8.0 Hz, 1H), 8.12–7.93 (m, 2H), 7.88 (dt, J = 14.9,
7.5 Hz, 1H), 7.78–7.46 (m, 6H), 7.51–7.25 (m, 4H), 7.19 (dd, J =
24.0, 17.1 Hz, 2H), 2.00 (d, J = 25.9 Hz, 6H); 13C NMR (100 MHz,
DMSO-d6, ppm) d 13.34, 53.31, 118.30, 119.21, 121.48, 122.14,
123.83, 124.84, 128.14, 128.68, 128.90, 129.12, 130.39, 131.39,
133.19, 137.44, 140.26, 141.94, 147.85, 203.07.
General procedure for the synthesis of ethyl 2-amino-7,7-
dimethyl-20,5-dioxo-5,6,7,8-tetrahydrospiro[chromene-4,30-
indoline]-3-carboxylate 9a

To a dry 25 mL round-bottom ask, isatin 5a (1 equiv.), di-
medone 6a (1 equiv.), ethyl cyanoacetate 7 (1 equiv.) and 5mol%
of [CMMIM][BF4] ionic liquid 4 were successively added to 6 mL
of ethanol : water (1 : 1 v/v) and reuxed at 80 °C for 3 h. The
progress of the reaction was monitored using TLC. Aer the
completion of the reaction, the resulting solid precipitate was
ltered out and then washed with 30% ethyl acetate (10 mL× 3)
and ether without column chromatography to achieve the
desired product 9a, with 97% yield. The obtained products were
analyzed using 1H NMR, 13C NMR, and FT-IR spectra and were
found to resemble those published previously in the literature.
Characterization data for products 9a–9m

Ethyl 2-amino-7,7-dimethyl-20,5-dioxo-5,6,7,8-tetra-
hydrospiro[chromene-4,30-indoline]-3-carboxylate 9a. Ivory
solid, 95% yield; mp (°C): 255–257;67 FT-IR (ATR mode, cm−1):
3375, 3186, 1696, 1681, 1639, 1527, 1469, 1342, 1292, 1222,
1138, 1029, 748, 675, 601; 1H NMR (400 MHz, DMSO-d6, ppm)
d 10.15 (s, 1H), 7.86 (s, 2H), 7.04 (t, J = 7.5 Hz, 1H), 6.84 (d, J =
7.1 Hz, 1H), 6.76 (t, J = 7.4 Hz, 1H), 6.68 (d, J = 7.6 Hz, 1H), 3.70
(td, J = 6.9, 4.2 Hz, 2H), 2.59 (d, J = 17.5 Hz, 1H), 2.49 (d, J =
17.1 Hz, 1H), 2.16 (d, J = 15.8 Hz, 1H), 2.02 (d, J = 15.8 Hz, 1H),
1.02 (s, 3H), 0.95 (s, 3H), 0.80 (t, J = 7.1 Hz, 3H); 13C NMR (100
MHz, DMSO-d6, ppm) d 194.64, 179.77, 167.63, 162.39, 159.09,
144.03, 135.97, 127.15, 122.21, 120.51, 113.08, 108.10, 76.30,
58.82, 50.63, 46.59, 31.53, 27.77, 26.66, 13.08; DEPT-135 (100
MHz, DMSO-d6, ppm) d 127.15, 122.21, 120.51, 108.09, 58.81,
50.62, 40.10, 27.77, 26.65, 13.08.

Ethyl 2-amino-50-chloro-7,7-dimethyl-20,5-dioxo-5,6,7,8-
tetrahydrospiro[chromene-4,30-indoline]-3-carboxylate 9b. Ivory
solid, 97% yield; mp (°C): 250–251;67 FT-IR (ATR mode, cm−1):
3387, 3285, 1724, 1678, 1651, 1516, 1481, 1300, 1222, 1168,
1041, 636, 551; 1H NMR (400 MHz, DMSO-d6, ppm) d 10.31 (s,
1H), 7.94 (s, 2H), 7.10 (dd, J = 8.2, 2.0 Hz, 1H), 6.91 (d, J =
1.8 Hz, 1H), 6.68 (d, J = 8.2 Hz, 1H), 3.76–3.71 (m, 2H), 2.53 (d, J
= 14.2 Hz, 2H), 2.11 (q, J = 15.8 Hz, 2H), 1.01 (s, 3H), 0.97 (s,
3H), 0.83 (t, J= 7.1 Hz, 3H); 13C NMR (100 MHz, DMSO-d6, ppm)
d 194.84, 179.52, 167.43, 162.88, 159.18, 143.13, 138.12, 126.98,
124.38, 122.37, 112.47, 109.36, 75.66, 58.95, 50.56, 46.89, 27.42,
27.08, 13.12.
© 2026 The Author(s). Published by the Royal Society of Chemistry
Ethyl 2-amino-50-bromo-7,7-dimethyl-20,5-dioxo-5,6,7,8-
tetrahydrospiro[chromene-4,30-indoline]-3-carboxylate 9c.
White solid, 95% yield; mp (°C): 295–298;68 FT-IR (ATR
mode, cm−1): 3390, 3282, 1720, 1685, 1616, 1516, 1477, 1350,
1296, 1211, 1165, 1053, 1018, 821, 632, 536; 1H NMR (400 MHz,
DMSO-d6, ppm) d 10.32 (s, 1H), 7.94 (s, 2H), 7.23 (dd, J = 8.2,
1.9 Hz, 1H), 7.01 (d, J = 1.6 Hz, 1H), 6.66 (t, J = 11.2 Hz, 1H),
3.82–3.66 (m, 2H), 2.51 (s, 2H), 2.11 (q, J = 15.8 Hz, 2H), 0.99 (d,
J = 15.5 Hz, 6H), 0.83 (t, J = 7.1 Hz, 3H); 13C NMR (100 MHz,
DMSO-d6, ppm) d 194.86, 179.39, 167.42, 162.90, 159.18, 143.53,
138.50, 129.84, 125.05, 112.48, 112.04, 109.99, 75.66, 58.97,
50.55, 46.84, 31.56, 27.40, 27.09, 13.12.

Ethyl 2-amino-50-uoro-7,7-dimethyl-20,5-dioxo-5,6,7,8-tetra-
hydrospiro[chromene-4,30-indoline]-3-carboxylate 9d. White
solid, 97% yield; mp (°C): 291–292;69 FT-IR (ATR mode, cm−1):
3383, 3275, 1724, 1689, 1647, 1481, 1354, 1296, 1165, 1053, 802,
536; 1H NMR (400 MHz, DMSO-d6, ppm) d 10.18 (s, 1H), 7.91 (s,
2H), 6.90–6.83 (m, 1H), 6.77 (dd, J = 8.1, 2.5 Hz, 1H), 6.64 (dd, J
= 8.3, 4.3 Hz, 1H), 3.82–3.65 (m, 2H), 2.54 (dd, J = 21.1, 11.6 Hz,
2H), 2.19–2.01 (m, 2H), 1.02 (s, 3H), 0.97 (s, 3H), 0.81 (t, J =
7.1 Hz, 3H); 13C NMR (100 MHz, DMSO-d6, ppm) d 194.74,
179.75, 167.51, 162.73, 159.15, 140.41, 113.18, 112.95, 112.57,
110.26, 110.02, 108.33, 75.79, 58.89, 50.60, 47.15, 31.53, 27.58,
26.93, 13.12.

Ethyl 2-amino-20,5-dioxo-5,6,7,8-tetrahydrospiro[chromene-
4,30-indoline]-3-carboxylate 9e. White solid, 93% yield; mp (°C):
252–254;66 FT-IR (ATR mode, cm−1): 3363, 3248, 1685, 1651,
1612, 1516, 1469, 1292, 1226, 1076, 1029, 929, 740, 621, 605,
500; 1H NMR (400 MHz, DMSO-d6, ppm) d 10.21 (s, 1H), 7.92 (s,
2H), 7.10 (t, J = 7.5 Hz, 1H), 6.91 (d, J = 7.1 Hz, 1H), 6.82 (t, J =
7.4 Hz, 1H), 6.73 (d, J = 7.6 Hz, 1H), 3.87–3.68 (m, 2H), 2.70 (t, J
= 5.8 Hz, 2H), 2.36–2.15 (m, 2H), 2.08–1.78 (m, 2H), 0.94–0.76
(m, 3H); 13C NMR (100 MHz, DMSO-d6, ppm) d 194.81, 179.88,
167.66, 164.20, 158.98, 144.02, 136.10, 127.12, 122.43, 120.51,
114.22, 108.02, 76.36, 58.82, 46.71, 37.09, 26.93, 19.65, 13.09.

Ethyl 2-amino-50-chloro-20,5-dioxo-5,6,7,8-tetrahydrospiro
[chromene-4,30-indoline]-3-carboxylate 9f. White solid, 95%
yield; mp (°C): 280–282;71 FT-IR (ATR mode, cm−1): 3348, 3178,
1700, 1651, 1527, 1477, 1300, 1219, 1141, 1033, 806, 586, 532; 1H
NMR (400 MHz, DMSO-d6, ppm) d 10.31 (s, 1H), 7.93 (s, 2H),
7.09 (dd, J= 8.1, 1.9 Hz, 1H), 6.94 (d, J= 1.5 Hz, 1H), 6.68 (d, J=
8.2 Hz, 1H), 3.82–3.65 (m, 2H), 2.64 (t, J = 6.0 Hz, 2H), 2.29–2.12
(m, 2H), 1.95–1.84 (m, 2H), 0.82 (t, J= 7.1 Hz, 3H); 13C NMR (100
MHz, DMSO-d6, ppm) d 195.01, 179.63, 167.46, 164.78, 159.06,
143.10, 138.22, 126.94, 124.37, 122.62, 113.57, 109.28, 75.73,
58.96, 46.98, 36.99, 26.96, 19.57, 13.12.

Ethyl 2-amino-50-bromo-20,5-dioxo-5,6,7,8-tetrahydrospiro
[chromene-4,30-indoline]-3-carboxylate 9g. White solid, 96%
yield; mp (°C): 261–263;66 FT-IR (ATR mode, cm−1): 3359, 3190,
1685, 1651, 1527, 1480, 1300, 1222, 1134, 1029, 813, 578; 1H
NMR (400 MHz, DMSO-d6, ppm) d 10.32 (s, 1H), 7.93 (s, 2H),
7.22 (d, J = 8.0 Hz, 1H), 7.04 (s, 1H), 6.64 (d, J = 8.1 Hz, 1H),
3.85–3.58 (m, 2H), 2.64 (t, J = 5.7 Hz, 2H), 2.35–2.08 (m, 2H),
2.02–1.77 (m, 2H), 0.83 (t, J = 7.0 Hz, 3H); 13C NMR (100 MHz,
DMSO-d6, ppm) d 195.03, 179.51, 167.45, 164.82, 159.06, 143.50,
RSC Adv., 2026, 16, 21953–21966 | 21963
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138.62, 129.81, 125.27, 113.58, 112.08, 109.91, 75.75, 58.98,
46.94, 37.00, 26.96, 19.57, 13.13.

Ethyl 2-amino-50-uoro-20,5-dioxo-5,6,7,8-tetrahydrospiro
[chromene-4,30-indoline]-3-carboxylate 9h. White solid, 97%
yield; mp (°C): 223–224;69 FT-IR (ATR mode, cm−1): 3375, 3192,
1689, 1662, 1527, 1477, 1350, 1296, 1188, 1083, 1029, 806, 682,
597, 505; 1H NMR (400 MHz, DMSO-d6, ppm) d 10.18 (s, 1H),
7.91 (s, 2H), 6.91–6.82 (m, 1H), 6.78 (dd, J = 8.2, 2.4 Hz, 1H),
6.63 (dd, J = 8.3, 4.3 Hz, 1H), 3.80–3.63 (m, 2H), 2.64 (t, J =
6.0 Hz, 2H), 2.36–2.11 (m, 2H), 1.89 (dd, J = 12.3, 6.1 Hz, 2H),
0.90–0.74 (m, 3H); 13C NMR (100MHz, DMSO-d6, ppm) d 194.95,
179.90, 167.55, 164.63, 159.05, 156.55, 140.40, 137.91, 113.68,
113.16, 110.52, 108.36, 75.89, 58.92, 47.28, 37.06, 27.00, 19.61,
13.14.

Ethyl 60-amino-30-methyl-2-oxo-10-phenyl-10H-spiro[indoline-
3,40-pyrano[2,3-c]pyrazole]-50-carboxylate 9i. White solid, 96%
yield; mp (°C): 208–210;70 FT-IR (ATR mode, cm−1): 3356, 3217,
1689, 1639, 1508, 1377, 1284, 1222, 1134, 1045, 929, 744, 675,
601; 1H NMR (400 MHz, DMSO-d6, ppm) d 10.52 (s, 1H), 8.22 (s,
2H), 7.82 (d, J = 8.1 Hz, 2H), 7.52 (t, J = 7.9 Hz, 2H), 7.34 (t, J =
7.4 Hz, 1H), 7.18 (t, J = 7.5 Hz, 1H), 6.97 (d, J = 7.2 Hz, 1H), 6.88
(dd, J = 16.7, 7.7 Hz, 2H), 3.93–3.64 (m, 2H), 1.59 (s, 3H), 0.91–
0.57 (m, 3H); 13C NMR (100 MHz, DMSO-d6, ppm) d 179.25,
167.87, 161.32, 144.20, 143.94, 142.18, 137.35, 135.78, 129.41,
127.75, 126.32, 123.17, 121.74, 119.93, 108.82, 98.19, 74.57,
58.99, 47.47, 13.09, 11.71.

Ethyl 60-amino-5-bromo-30-methyl-2-oxo-10-phenyl-10H-spiro
[indoline-3,40-pyrano[2,3-c]pyrazole]-50-carboxylate 9j. White
solid, 96% yield; mp (°C): 254–256;68 FT-IR (ATR mode, cm−1):
3344, 3190, 1698, 1643, 1516, 1400, 1284, 1134, 1041, 810, 744,
690, 543; 1H NMR (400 MHz, DMSO-d6, ppm) d 10.67 (s, 1H),
8.27 (s, 2H), 7.82 (d, J = 8.0 Hz, 2H), 7.52 (t, J = 7.8 Hz, 2H), 7.35
(t, J= 7.8 Hz, 2H), 7.23 (s, 1H), 6.83 (d, J= 8.2 Hz, 1H), 3.90–3.65
(m, 2H), 1.63 (s, 3H), 0.92–0.69 (m, 3H); 13C NMR (100 MHz,
DMSO-d6, ppm) d 178.91, 167.67, 161.43, 144.08, 143.97, 141.50,
138.24, 137.31, 130.51, 126.40, 126.20, 120.10, 113.42, 110.80,
97.51, 74.04, 59.11, 47.68, 13.16, 11.78.

Ethyl 60-amino-5-uoro-30-methyl-2-oxo-10-phenyl-10H-spiro
[indoline-3,40-pyrano[2,3-c]pyrazole]-50-carboxylate 9k. White
solid, 90% yield; mp (°C): 199–200;70 FT-IR (ATR mode, cm−1):
3387, 3190, 1720, 1685, 1635, 1485, 1384, 1276, 1122, 1033, 802,
694, 586; 1H NMR (400 MHz, DMSO-d6, ppm) d 10.55 (s, 1H),
8.26 (s, 2H), 7.82 (d, J = 8.3 Hz, 2H), 7.52 (t, J = 7.8 Hz, 2H), 7.35
(t, J = 7.3 Hz, 1H), 7.08–6.91 (m, 2H), 6.85 (dd, J = 8.3, 4.2 Hz,
1H), 3.91–3.64 (m, 2H), 1.62 (s, 3H), 0.81 (m, J = 14.1, 7.1 Hz,
3H); 13C NMR (100 MHz, DMSO-d6, ppm) d 179.29, 167.73,
161.40, 157.14, 144.07, 138.37, 137.33, 129.40, 126.38, 120.00,
114.03, 111.25, 111.01, 109.52, 97.64, 74.15, 59.05, 48.01, 13.14,
11.73.

Ethyl 20-amino-70,70-dimethyl-2,50-dioxo-50,60,70,80-tetra-
hydro-2H-spiro[acenaphthylene-1,40-chromene]-30-carboxylate
9l. White solid, 95% yield; mp (°C): 244–246;69 FT-IR (ATR
mode, cm−1): 3387, 3278, 2966, 1720, 1654, 1523, 1338, 1303,
1219, 1080, 771, 597, 509; 1H NMR (400 MHz, DMSO-d6, ppm)
d 8.18 (d, J = 7.8 Hz, 1H), 8.03 (s, 2H), 7.85 (m, J = 21.2, 13.6,
7.7 Hz, 3H), 7.68–7.57 (m, 1H), 7.33 (d, J= 6.8 Hz, 1H), 3.42–3.35
(m, 2H), 2.69 (dd, J = 41.4, 17.6 Hz, 2H), 2.09 (dd, J = 60.2,
21964 | RSC Adv., 2026, 16, 21953–21966
16.0 Hz, 2H), 1.10 (s, 3H), 1.03 (s, 3H), 0.04 (t, J = 7.1 Hz, 3H);
13C NMR (100 MHz, DMSO-d6, ppm) d 205.17, 195.24, 167.43,
162.93, 159.37, 145.28, 140.61, 135.97, 129.41, 129.23, 128.20,
127.69, 123.75, 119.11, 118.99, 114.84, 77.19, 58.38, 50.68,
50.00, 31.68, 27.76, 26.69, 12.18.

Ethyl 20-amino-70,70-dimethyl-2,50-dioxo-50,60,70,80-tetra-
hydro-2H-spiro[acenaphthylene-1,40-chromene]-30-carboxylate
9m. White solid, 94% yield; mp (°C): 261–263;69 FT-IR (ATR
mode, cm−1): 3390, 3302, 1716, 1678, 1604, 1519, 1342, 1292,
1249, 1195, 1080, 1018, 887, 786, 536, 500; 1H NMR (400 MHz,
DMSO-d6, ppm) d 8.19 (d, J = 7.7 Hz, 1H), 8.02 (s, 2H), 7.95–7.75
(m, 3H), 7.63 (t, J = 7.6 Hz, 1H), 7.35 (d, J = 6.8 Hz, 1H), 3.46–
3.24 (m, 3H), 2.79 (t, J= 5.7 Hz, 2H), 2.33–2.07 (m, 2H), 1.98 (dd,
J= 11.6, 5.9 Hz, 2H), 0.04 (t, J= 7.0 Hz, 3H); 13C NMR (100 MHz,
DMSO-d6, ppm) d 205.45, 195.63, 167.61, 164.97, 159.39, 145.55,
140.70, 136.11, 129.54, 129.30, 128.38, 127.83, 123.85, 119.35,
119.21, 116.08, 77.40, 58.55, 50.91, 36.56, 26.90, 19.81, 12.30.
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