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This work discusses the synthesis of complex small molecules spirooxindoles
using imidazole as an efficient organocatalyst. The three components
coupling reactions of isatin, malononitrile, and enolizable 4-
hydroxycoumarin were performed in water as a green solvent. The reaction
was done with imidazole, an amphoteric organocatalyst, to construct the
spiro-molecules with high yields. The significant features of this protocol are
neutral reaction condition, availability, low cost, metal free, strong acid/base
free, and reusable reaction medium with no column chromatography

KE;YWORDS separation. This methodology is useful for the easy access of structurally
Imlldazo.le complex, highly functionalized spirooxindole molecules with the important
Spirooxindole medicinal chemistry applications.
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Introduction

Multicomponent reactions (MCRs) are one of the popular synthetic techniques where more than
two substrates react, and have been extensively utilized to obtain simple to complex organic
molecules [1-2]. Recently, it has gained significant attention due to its several advantages such as
atom, step, and pot economy and are considered as a vital tool in combinatorial chemistry [3] and
diversity oriented synthesis [4]. MCRs have played a giant role in synthesis of heterocycles in drug
discovery programme [5-6]. Modern organic synthesis construction of the complex heterocycles by
MCRs has become an attractive approach [7].

The spirooxindoles are structurally complex natural products and possess some bioactive
properties [8-12]. Many naturally obtained spirooxindoles are elacomine, coerulescine, horsfiline,
welwitindolinone A, alstonisine, spirotryprostatin A, and surugatoxin. They show potent cytotoxic
activity and are known as h5-HT6 serotonin receptors, oxytocin antagonist, estrogen-receptor
modulators, and antiproliferative agents [13-15]. Spirooxindoles are promising medicinal molecules
in clinical phases [16, 17]. MK-1602 (Scheme 1, 1) has completed phase-2 clinical trials and reported
to treat migraine. Similarly, MI 77301 (Scheme 1, 2), a highly complex spirooxindole, has been
reported in phase-1 clinical trials that may inhibit the interaction of p53 to mouse double minute 2
homolog (MDM2), and a protein-protein interaction [17].

[satin is one of the most important scaffolds that provides spiro-molecules bearing oxindole
moiety [18]. Due to the importance of the spirooxindoles, extensive work has been done for its
synthesis. In this direction, we have also explored methods for the synthesis of oxindoles spirofused-
pyrans along with the embedded coumarin moiety [19-21]. Literature survey revealed the fact that
several synthetic methods have been developed to obtain spirooxindoles attached pyran and
coumarin moiety. A three-components condensation is including isatin, malononitrile, and 4-
hydroxycoumarin [22-41]. Each of the known procedures for the synthesis of corresponding
spirooxindoles has its merits; however, further studies are still needed to develop a facile,
environmental, and economical multicomponent methodology. To improve yields, most of the
reported methods employed nano-particles as heterogeneous catalysts. Although the reports have
importance in fundamental research and merit in terms of sustainable chemistry, the issues lie with
the reproducibility of morphology and particle sizes [42-44]. To accelerate the organic reactions
using small organic molecules, the organocatalysis has played a giant role in organic synthetic
transformations. Recently, organocatalysis has gained a great deal of attention in organic synthesis
and is one of the important promising area of research [45-47].

Imidazole is one of the organocatalyst and has a very unique reactivity pattern. It has aza (-N=)

and amine (-NH-) functionalities in its five membered ring that makes it amphoteric in nature.
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Because of pyridine like, nitrogen atom in the imidazole ring basicity is mild. Due to its mild catalytic
nature it may minimize the formation of the side products and improve the yield of the desired
compound. Catalytic nature of imidazole has been explored by different groups [48-50].

In continuation of our work to explore the potential of imidazole as organocatalyst in
multicomponent reactions (MCRs) [51] we became interested in exploring the imidazole in the
synthesis of spirooxindoles. Considering the importance of these molecules, and in continuation of
our efforts towards the synthesis of functionalized heterocycles by MCRs, we wanted to explore
imidazole to access a complex spiro-heterocycles using in situ generated isatylidene malononitriles
derivatives and 4-hydroxycoumarin (Scheme 2). To develop a green and sustainable process for the
synthesis of heterocyclic molecules using MCRs, we have developed an efficient method for synthesis
of the spirooxindoles embedded with pyrans and coumarin moiety using imidazole as an

organocatalyst, and employing water as a green solvent.

_________________________________________________________________

/,,,' ;
N
C Q N

CF; O

NC
0 / CN
~@E/g: <CN Imidazole
R 0 + ——F— | R 0
N\ CN Water N\
1 Ry 2 R4
Isatylidene

malononitriles

Scheme 2. Three component reaction for the synthesis of spirooxindole.
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All the reagents were used without further purification and were procured from commercial
sources. The reactions were performed under the normal atmosphere condition. The progress of the
reaction and purity of the compound were monitored using the thin layer chromatography (TLC)
carried out on the silica gel with UV light and iodine as visualizing agent. A Shimadzu FT-IR-8400
spectrophotometer was used for recording the IR spectra. 1H NMR and 13C NMR spectra were
recorded using the Bruker advance-III 400 MHz spectrometers in DMSO-ds using TMS as an internal
reference. The chemical shift (6 scale) was reported in parts per million (ppm). Elemental analysis
was carried out using a Euro Vector EA3000 CHNS-O analyser at NFDD Saurashtra University, Rajkot,

Gujarat.

General procedure for synthesis of compound 4

A mixture of isatin (1 mmol), malononitrile (1 mmol), 4-hydroxycoumarin (1 mmol), and
imidazole (20 mol%) in distilled water (5 mL) was taken in a 25 mL single neck round bottom flask
containing magnetic bar and, under stirring, heated at 50 °C on water bath. The progress of the
reaction was monitored with TLC (hexane/ethyl acetate, 7:3). After completion of the reaction it was
cooled down to room temperature. The obtained solid was filtered under the suction and crystallized
in methanol. The obtained filtrate containing imidazole was further used two more times, following
the same procedure. The percentage of yields obtained in two different runs were found to be 87%

(1st) and 80% (2nd), respectively.

The selected spectral data for 2'-Amino-2,5"-dioxo-5"H-spiro[indoline-3,4"-pyrano[3,2-c]Jchromene]-3'-
carbonitrile (4a)

White solid, yield 95%, mp >300 °C, IR (KBr) (vmax/ cm1): 3358, 3293, 3192, 3057, 2208, 1733,
1610, 1473,1352,1171,1092,978, 931, and 763. 1H NMR (DMSO0-ds, 400 MHz): § 10.73 (1H, s, -NH),
7.95 (1H, d,J = 7.2 Hz, Ar-H), 7.82-7.75 (1H, m, Ar-H), 7.72 (2H, br s, NH2), 7.55 (1H, t, ] = 7.6 Hz, Ar-
H), 7.50 (1H, d, ] = 8.4 Hz, Ar-H), 7.28-7.21 (2H, m, Ar-H), 6.95 (1H, t,/ = 7.6 Hz, Ar-H), 6.88 (1H, d, ] =
8.0 Hz, Ar-H). 13C NMR (DMSO0-d¢, 100 MHz): 6§ 177.1, 158.4, 158.2, 155.0, 152.0, 142.1, 133.6, 133.0,
128.8, 124.9, 124.0, 122.6, 122.0, 116.9, 116.6, 112.4, 109.4, 101.3, 57.0, 47.5. Anal. Calcd. for
C20H11N304: C, 67.23; H, 3.10; N, 11.76; found: C, 67.27; H, 3.11; N, 11.80.

Results and Discussion

In our initial study, isatin (1 mmol), malononitrile (1 mmol) and 4-hydroxycoumarin (1 mmol)
were allowed to react under the catalyst-free conditions in distilled water as a solvent and at room

temperature. The desired product, 4a, was obtained only in a very small amount after 24 h (Table 1,
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entry 1), and slight increase in yield was observed at reflux condition in 10 h (Table 1, entry 2). With
the same substrates combination at room temperature when imidazole 10 mol% as a catalyst was
added, 45% yield of the desired product was obtained (Table 1, entry 3). To our surprise, the
substrates combinations in water with imidazole as catalyst when refluxed, increase in yield of 78%
was observed (Table 1, entry 4) and also reduced the reaction time to 1 h. It was found that, both
imidazole and temperature has impact on the reaction time and yield. The increase in loading of
imidazole 20 mol% significantly increased the yield to 90% of the product and reduced the reaction
time (Table 1, entry 5). The reaction model with 20 mol% of imidazole in water when maintained at
50 °C instead of reflux condition surprisingly, little more increase in yield was observed along with
reaction time (Table 1, entry 6). Also, when catalyst loading was increased from 20 mol% to 30 mol%
no large improvement in yield and time was observed rather yield was decreased in small amount
(Table 1, entry 7). The reaction model was checked with different acid/base such as L-proline, TEA,
DABCO and benzoic acid (Table 1, entries 8-11), but were not so efficient compared to imidazole.
Finally, we have screened the model reaction with polar protic solvents such as ethanol (Table 1,
entry 12) and polar aprotic solvents such as DMSO and acetonitrile (Table 1, entries 13-14),
respectively, but no significant impact on yield was observed compared with that of the water
solvent. Non-polar solvent such as toluene (Table 1, entry 15) was also tested in this reaction;
however, the yields were found in trace amount. From the optimization, Table 1, imidazole as a
catalyst and water as a solvent was observed to be the most suitable for this type of reactions.

With the optimized conditions in hand we turned our attention to explore the scope and general
applicability of this process by carrying out the synthesis of spirooxindoles using different isatins and
4-hydroxycoumarin (Table 2). Isatin derivatives with varying electron donating/withdrawing
functionality in the aromatic ring as well as N-substituted methyl/phenyl were tested and were found
to be suitable in this reaction (Table 2, 4b-4g) in good yields. Highest yields were observed for N-
protected isatin derivatives and in case of nitro derivative lower yield was observed among all the
synthesized spirooxindole molecules. 6-nitro derivative of 4-hdroxycoumarin was prepared
according to the reported procedure [52] and was utilized for the synthesis of 4h (Table 2, entry 8).
These synthesized molecules were confirmed from IR spectra and melting point reported in the
literature. 1H NMR and 13C NMR spectra for one of the compound 4a is provided in Figure 1 and Figure
2, respectively.

To check the feasibility of this developed process, a scale-up reaction was performed under the
optimized reaction condition to obtain 4a by taking isatin (10 mmol), malononitrile (10 mmol) and

4-hydroxycoumarin (10 mmol) and the obtained yield was 97%.
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Table 1. Optimization of reaction conditions2

0 OH
Crpe - I
N CN 0 0
1 H 2 3
Entry Catalyst Solvent Temp. (°C) Time Yield® (%)
1 - Water Rt 24 h 15
2 - Water Reflux 10h 35
3 Imidazole (10 mol%) Water Rt 24 h 45
4 Imidazole (10 mol%) Water Reflux 1h 78
5 Imidazole (20 mol%) Water Reflux 20 min 90
6 Imidazole (20 mol%) Water 50 30 min 95
7 Imidazole (30 mol%) Water 50 25 min 92
8 L-Proline (20 mol%) Water 50 1.5h 72
9 TEA (20 mol%) Water 50 45 min 65
10 DABCO (20 mol%) Water 50 30 min 76
11 Benzoic acid (20 mol%) Water 50 6h 40
12 Imidazole (20 mol%) Ethanol reflux 1h 80
13 Imidazole (20 mol%) DMSO 50 5h Trace
14 Imidazole (20 mol%) acetonitrile reflux 1.5h 70
15 Imidazole (20 mol%) Toluene reflux 8 Trace

a Reaction of isatin (1 mmol), malononitrile (1 mmol), 4-hydroxycoumarin (1 mmol) at different reaction
conditions

b[solated yields

Table 2. Substrates Scope=

0 OH
CN N Imidazole (20 mol%)
R 0 + < +
N CN R; 0 0 Water, 50 oC
1 R, 2 3
Entry R R1 R Product Time Yield® Colour M.p (°C) [Lit.]

(min) (%)
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1 H
2 Cl
3 Br
4 NO;
5 OCH3
6 H
7 H

CHs

CeHs

30

30

40

35

25

30

25

95

92

94

88

94

96

97

white
solid

grey
solid

white
solid

orange
solid

white
solid

white
solid

cream
solid

>300 [37]

>300 [26]

>300 [26]

>300 [37]

272-274[30]

286-288 [41]

278-280 [27]
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30

95

white
solid

>300

aReaction of isatin (1 mmol), malononitrile (1 mmol), 4-hydroxycoumarin (1 mmol), imidazole (20 mol%) and

distilled water (5 mL) at 50 °C
b]solated yield

Finally, a comparison was made between the present reaction process and many other earlier

reported protocols for the synthesis of 4a as a model compound. The results summarized in Table 3

reveals that the process developed by us is superior to most of the earlier reported methods in terms

of operational simplicity, yields, reaction time, cost, easy availability, reusability, and environmental

compatibility.

Proposed mechanism

In catalytic cycle of imidazole, we believed that it condenses the isatin (1) and malononitrile (2)

to form an intermediate A (isatylidene malononitriles) which subsequently reacts

Figure 1. 'H NMR
spectra for 4a
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Figure 2. 13C NMR spectra for 4a
Table 3. Comparison of imidazole catalyzed synthesis of 4a with earlier reported protocols
Entry Catalyst Solvent/condition Time  Yield (%) Ref[Lit]

1 Borax EtOH/Reflux 2h 91 22
2 Cu(1II)-B-Cyclodextrin EtOH/RT 8h 80 23
3 Fes0,@APTPOSS2 MNPs EtOH/RT 50 min 83 24
4 Fe;03 NPs@SiO,@vitB>-NPs H,0/US 10 min 94 25
5 Trisodium citrate trihydrate EtOH:H20 (1:1)/RT 3h 92 26
6 CuFe204 NPs EtOH/H,0 (1:1)/Reflux 80 min 85 27
7 BNc@Fe304 H,0/Reflux 45 min 88 28
8 NiO NPs H.0/RT 5 min 96 29
9 a-Amylase (246 U) EtOH:H20 (9:1)/RT 2 days 55 30
10 DCDBTSDd H,0/80 °C 40 min 95 31
11 [Ch-OSO3H]3W12P040 (HILe) EtOH/RT 40 min 86 32
12 EDDFf PEG-600/RT 12 min 89 33
13 DBUs H,0/Reflux 10 min 88 34
14 (Silica-bonded DBU)CI EtOH/RT 4.5h 97 35
15 FeNi3-SiO; MNPs H,0/RT 15 min 93 36
16 Meglumine EtOH-H:0 (1:1)/RT 20 95 37
17 SBAh-Pr-NH; H,0/Reflux 20 min 88 38
18 Glycerol Glycerol/80 °C 80 min 91 39
19 PEI@MCM-41 NPsi Ethylene glycol, MW 15 min 97 40
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20 Alum Hz0 RT 10 h 85 41
60 °C 2 h. 92
21 Imidazole H,0/50 C 30 min 95 This
work

a APTPOSS: Octakis[3-(3-aminopropyl triethoxysilane) propyl] octasilses -quioxane

bVitB1: Thiamine

¢BN: Boron nitride

dDCDBTSD: N,2-dibromo-6-chloro-3,4-dihydro-2H-benzo[e][1,2,4] thiadiazine-7-sulfonamide 1,1-dioxide
e HIL: Sulfated ionic liquid

fEDDF: Ethylenediammonium diformate

g¢DBU: 1,8-diazabicyclo[5.4.0]Jundec-7-ene

hSBA-Pr-NHz:: An organoamine-functionalized mesoporous silica

IPEI: Polyethyleneimine, MCM-41: Mesoporous solid

@ 0
Imidazole-H
NH
A~
Imidazole-H NC /‘ NC 0 NH
pL 4
NC 1 NC H

¢
i
NH

N4 OH

Imidazole Catalytic Cycle

NC =
P
NC

N

Imidazole

® .
Imidazole-H 0 Imidazole

®
Imidazole-H

Scheme 3. Proposed mechanism for imidazole catalysed spirooxindoles.

H,0
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with 4-hydroxycoumarin (3) to form the desired product 4 (Scheme 3). In the very first step, anion
of 2 is generated by imidazole which undergoes Knoevenagel condensation with the ketone group of
1 and forms an a, a-dicyanoalkene A. In situ generated A undergoes Michael addition with 3 to form
another intermediate B. Further, intermediate B after keto-enol tautomerization and intramolecular

condensation reaction forms the desired product 4.

Conclusion

The present work describes an imidazole-mediated organocatalysed multicomponent reactions
in water. In situ generation of isatylidene malononitriles followed by the reaction with 4-
hydroxycoumarin leads to easy access of a wide range of spirofused 4H-pyrans embedded coumarin
derivatives. This protocol has the advantages of a wide scope of substrates, ready availability, lower
cost recyclable process, operational simplicity and there is no need for column chromatographic

separation with good to high isolated yields.
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