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A series of novel dispiroheterocyclic system containing 4-quinolone nucleus are prepared by 1,3
dipolar cycloaddition of azomethine ylides with a newly prepared (E)-3-arylidene-2,3-dihydro-8-nitro-
4-quinolone as dipolarophile. The ylide was generated in situ from isatin and sarcosine/1,3-thiazolane-
4-carboxylic acid. The regio and stereochemistry of the synthesized product was established by 'H,
13C, 2D NMR techniques and single crystal X-ray analysis. The molecular mechanism of this cycloaddition
has been investigated by means of the density functional theory (DFT) method. The experimental results
of regioselectivity product of 1,3 dipolar cycloaddition have shown good agreement with the computed
Frontier molecular orbital calculation (FMO) and fukui function analysis.

© 2013 Elsevier Ltd. All rights reserved.

Recent years have witnessed an increased interest! on the use
of 1,3 dipolar cycloaddition reaction of azomethine ylide with a
dipolarophile to construct five membered heterocycles® and spiro
compounds® in a regio and stereo controlled fashion.* The spiro
pyrrolidinyl oxindole nucleus is found in the molecular framework
of many natural products such as horsifiline,’> elacomine,®
spirotryptostatine A and B” and coreleucine.® The derivatives of
spiropyrrolidinyl oxindole find important biological applications
such as inhibition of microtubule assembly,® modulation of the
function of muscarinic serotonin receptor,'® potent non-peptide
inhibitor of the p53-MDM?2 interaction,!! inhibitors of human
NK-1 receptor,'? poliovirus and rhinovirus 3C-proteinase inhibi-
tor.!® Similarly pyrrolothiazoles are endowed with a wide range
of biological activities, namely hepatoprotective,'* antibiotic,'®
antidiabetic'® and anticonvulsant actions.!” Further we have found
that 2,3 dihydro-4-quinolone ring system is present in a large
number of alkaloids'® and as important intermediates in organic
synthesis'® and exhibits a range of pharmacological properties by
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serving as analgesic,?® antibacterial,?! antimalarial, ?? antitumour,?3
CRTH2 antagonist receptor?* and 5HT6 serotonin receptor.?®> In
particular, nitro substituted 2,3 dihydro-4-quinolone derivatives
have also been found to act as poly(ADP-ribosyl) transferase
(PARP) inhibitor?® and induce necrotic death of leukaemic cells
HL-60%7 besides acting as important biosensors.?® It is pertinent
to note that several quinolone heterocycles show improved
biological activities when they are attached with other heterocy-
cles.?° Hence it would be an attractive idea to prepare quinolone
attached spiro pyrrolidinyl oxindole system in order to utilize such
derivatives for the above mentioned properties. Based on these
expectations, we have devised a strategy to prepare a rare class
of dispiroheterocycles containing spiropyrrolidine oxindole/spiro-
thiapyrrolizidine oxindole and 2,3-dihydro-8-nitro-4-quinolone
ring fragments. In this connection, we have chosen the dipolaro-
phile (E)-3-arylidene-2,3-dihydro-8-nitro-4-quinolone to undergo
1,3 dipolar cycloaddition reaction with azomethine ylide.

To begin with, the dipolarophile (E)-3-arylidene-2,3-dihydro-8-
nitro-4-quinolones 3a-g were prepared by the pyrrolidine base
catalysed condensation of 2,3-dihydro-8-nitro-4-quinolone®® 1
with substituted aromatic aldehydes 2a-g which is shown in
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0 Table 2
Ethanol/ Optimization of the reaction condition for synthesis of compound 6a
Pyrrolidine = SAr - -
+ Ar-CHO —————> Entry Solvent Temperature Time (h) Yield @ (%)
Stirred at RT
N 50 min N 1 Toluene Reflux 8 65
NOZ H NO, H 2 1,4-Dioxane Reflux 10 62
3 Acetonitrile Reflux 10 53
1 2a-g 3a-g 4 Ethanol Reflux 2.5 80
5 Methanol Reflux 30 min 97
Ar=a) 4-CH3CgHy, b) 4-OCH3CgH,, c) 4-CICgH,, 6 Tetrahydrofuran Reflux 10 -
d) 4-BrCgHy, ) CgHs, f) furfuryl, g) thienyl
2 Isolated yield after recrystallization.
Scheme 1. Synthesis of (E)-3-arylidene-2,3-dihydro-8-nitro-4-quinolones 3a-g.
Table 1 Table 3
Synthesis of (E)-3-arylidene-8-nitro-2,3-dihydro-4-quinolone 3a-g Synthesis of dispiropyrrolidine oxindole derivatives 6a-g
Entry Ar Product Yield® (%) Mp (°C) Entry Ar Product Time (min) Yield® (%) Mp (°C)
1 4-CH3CgHy 3a 95 166-168 1 4-CH3CgHy 6a 30 97 202-204
2 4-0CH;3CgHq4 3b 92 180-182 2 4-0CH;CeHs  6b 30 94 210-212
3 4-ClC¢H,4 3c 90 182-184 3 4-C1CgHy 6¢c 50 92 212-214
4 4- BrCgH4 3d 91 180-182 4 4-BrCgHy 6d 50 94 216-218
5 CHs 3e 93 154-156 5 CsHs Ge 50 95 208-210
6 Furfuryl 3f 88 184-186 6 Furfuryl 6f 40 91 206-208
7 Thienyl 3g 89 178-180 7 Thienyl 6g 50 87 200-202

¢ Isolated yield after recrystallization.

Scheme 1 and Table 1.3! Subsequent 1,3 dipolar cycloaddition of
azomethine ylide 5a, which was generated from the decarboxlative
condensation of isatin 4 and sarcosine 5, with 3a-g, afforded novel
dispiropyrrolidine oxindole derivatives 6a-g (Scheme 2).

The choice of an appropriate reaction medium plays a pivotal
role in the successful synthesis of 1,3 dipolar cycloaddition reac-
tion. We have carried one-pot three component reaction of isatin
4 (1 mmol), sarcosine 5 (1.5 mmol) and (E)-3-(4-methylbenzylid-
ene)-2,3-dihydro-8-nitro-4-quinolone 3a (1 mmol) as a model
substrate to optimize the reaction conditions. The reaction was
conducted in diverse solvents such as toluene, 1,4-dioxane, aceto-
nitrile, ethanol, methanol and tetrahydrofuran (Table 2). As seen
from Table 2, the best results were obtained by refluxing the

H
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TZ

e No;
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¢ Isolated yield after recrystallization.

reaction mixture in methanol for 30 min to furnish dispiropyrrol-
idine oxindole derivative 6a in good yield (97%) with high regiose-
lectivity (Table 2, entry 5). After standardizing the optimum
reaction conditions, we found that replacing the substituent in
the aryl group (OCHs, Cl, Br, H, furfuryl and thienyl) has not af-
fected the yield of the product (Scheme 2, Table 3).3?

The formation of the cycloadduct 6a was characterized
unequivocally by spectroscopic and crystallographic studies. The
IR spectrum of compound 6a showed two intense absorption
bands at 1713 and 1692 cm™! characteristic of 4-quinolone and
oxindole ring carbonyl functionalities, respectively. The 'H NMR
spectrum (Fig. 1) of product 6a showed a sharp singlet at § 1.97
and two triplets at § 3.30 (J=8.0 Hz) and 3.85 (J = 10.0 Hz) which

Azomethine ylide
5a

Iz

7a-g

Ar= a) 4-CH3CgHy, b) 4-OCH;CgHy, c) 4-CICgHy,, d) 4- BrCgHy,

e) CgHs, f) furfuryl, g) thienyl

Scheme 2. Synthesis of dispiropyrrolidine oxindole derivatives 6a-g.
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Figure 1. Selected 'H and '*C NMR and HMBC chemical shifts of 6a.

were accounted for pyrrolidine N-CH; and N-CH, protons, respec-
tively. The pyrrolidinyl methine proton appeared as a doublet of
doublet at 6 4.76 (J=10.5Hz, 7.5 Hz) clearly demonstrating the
regiochemistry of the cycloaddition reaction. Had the other regio
isomer 7a formed, the pyrrolidinyl methine proton would have
appeared as a singlet in the "H NMR spectrum. The doublet, reso-
nating at 6 8.29 (J = 5.5 Hz) and a singlet at 6 10.45, were assignable
to quinolone and oxindole N-H protons (D,O exchangeable
proton), respectively. In 1*C NMR spectrum (Fig. 1) the peaks reso-
nated at ¢ 34.06, 57.01, 58.97, 74.33, 177.20 and 191.62 ppm, and
were assignable to N-CHs, N-CH,, spirocarbons, amide and 4-quin-
olone carbonyl, respectively. The presence of spiro carbons was
also confirmed by the disappearance of peaks at § 58.97 and
74.33 in DEPT-135 spectrum.

0 HsC. @

H
N
HSC,N\/C(?’OH O

-H,0 N
: H

The long range HMBC correlation (Fig. 1) was noticed between
pyrrolidinyl methylene H-5 (6 3.30) and quinolonyl methylene
H-2" (6 3.95) with C-4 (6 43.73), C-3 (6 58.97) and C-2 (6 74.33) car-
bons. The pyrrolidinyl methine H-4 (6 4.76) correlated with C-2” (§
46.53), C-3 (6 58.97), C-5 (6 57.01), C-4” (4 191.62) and C-1" (o
136.68) supporting the structure 6a. The presence of a molecular
ion peak at m/z = 468 (M+) in the mass spectrum further confirmed
the formation of 6a. Finally, the regio and stereochemical outcome
of the cycloaddition was determined unambiguously by single
crystal X-ray analysis>* of cycloadduct 6b (Fig. S1, Supplementary
data).

The formation of regioisomers 6a could be explained as follows:
decarboxylative condensation of the isatin 4 with sarcosine 5 gives
the azomethine ylide (dipole 5a) which then undergoes 1,3 dipolar

) g

0

0 }——,F‘ @

Y a N—©
5 2

o — 0 —% o)

N N

H H

5a

Scheme 3. Formation of compound 6a.
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cycloaddition reaction with the dipolarophile 3a in a regioselective
manner as shown in Scheme 3. To understand the relative stereo-
chemistry of cycloadduct 6a, the conformation of ylide 5a was
studied by the quantum chemical density functional theory (DFT)
method. The anti conformation has higher structural stability and
showed strong hydrogen bond (2.073 A) between one of the meth-
ylene hydrogen atoms and amide carbonyl oxygen leading to huge
stabilization energy compared with syn conformation (Fig. S2, Sup-
plementary data).

Frontier molecular orbital (FMO) calculations were carried out
to understand the observed regio selectivity. The FMO calculation
revealed that the HOMO of dipole and LUMO of dipolarophile
interaction (normal electron demand condition) are more feasible
than the HOMO of dipolarophile and LUMO of dipole (inverse elec-
tron demand condition) as it involves lower energy transition
which is shown in Figure S3. 34 The DFT based local chemical reac-
tivity fukui function parameters, for nucleophilic (f;") and electro-
philic attack (fi7), were calculated through the Mullikan atomic
charges.>*3> The calculated local chemical reactivity parameters
of azomethine ylide 5a and dipolarophile 3a are given in Table 4.
For the dipole 5a, C18 (0.032 a.u.) has a larger f value than C16
(0.022 a.u.). The C14 site of dipolarophile 3a (the B position) exhib-
its larger local electrophilicity value than C12 site. Therefore, C14
of the dipolarophile 3a is the preferred position for a nucleophilic
attack by C18 of the azomethine ylide 5a, which is good agreement
with experimental observation.

The possible regiochemical approach of azomethine ylide 5a
and dipolarophile 3a was further studied by the transition state
(TS) analysis as shown in Figure S5. It reveals that the favourable

Table 4
Local properties of dipolarophile 3a and azomethine ylide 5a

3899
Table 5
Synthesis of dispirothiapyrrolozidine oxindole derivatives 9a-g
Entry Ar Product Time (min) Yield® (%) Mp (°C)
1 4-CH;3CgHy 9a 70 96 236-238
2 4-0OCH5CgHy4 9b 80 94 216-218
3 4-C1CgH4 9c 90 93 228-230
4 4-BrCgHy 9d 90 91 234-236
5 CeHs 9e 80 94 218-216
6 Furfuryl of 80 90 208-210
7 Thienyl 9g 90 89 214-216

¢ Isolated yield after recrystallization.

secondary orbital interaction (SOI) takes place through the
hydrogen bond between one of the methylene hydrogen atoms
of quinolone dipolarophile 3a with amide carbonyl of azomethine
ylide 5a (2.030 A) and the methyl hydrogen atom of azomethine
ylide 5a with quinolone carbonyl of dipolarophile 3a (2.147 A).>®
Moreover, low activation energy (9.44, 12.83 kcal/mol) and reac-
tion energy (—19.63, —17.88 kcal/mol) indicate the formation of
compound 6a was exothermic in nature and the calculated energy
barrier, at B3LYP/6-31G* and MO05-2X/6-31G* levels, which are
shown in Figure S6 (Supplementary data). All the computational
calculations were performed using the caussian 09W program.3”

The scope and generality of the aforementioned cycloaddition
methodology were further established by the reaction of deriva-
tives of (E)-3-arylidene-2,3-dihydro-8-nitro-4-quinolone 3a-g
with azomethine ylide generated in situ from isatin 4 and thiapro-
line 8 to afford the corresponding dispirothiapyrrolizidines 9a-g in
good yield (Scheme 4, Table 5).

In conclusion, we have developed a simplified approach for the
synthesis of novel dispiropyrrolidines/dispirothiapyrrolizidines
oxindole by using the substrate of the type (E)-3-arylidene-8-ni-
tro-2,3 dihydro-4-quinolone for the first time as dipolarophile.
The method is carried out by one-pot, three-component 1,3-dipo-

Reactant Site ff(@u) fi (au)

- - lar cycloaddition of azomethine ylides which affords high yield of
Dipolarophile 3a cl2 0.076 0.003 roducts in short reaction time with high regio and stereoselectiv-
Dipolarophile 3a C14 0.329 0.004 [J . ) g g .
Azomethine ylide 5a c16 0.022 0.057 ity. The regiochemistry of the cycloaddition has been explained by
Azomethine ylide 5a C18 0.032 0.081 using the density functional theory based on FMO calculation and

Fukui function analysis. The presence of the 8-nitro group in
©)
S
O + L COOH
N N
H H
4 8
Methanol
reflux for
70-90 min o »
=
<S Ar
@j N
N
/e No, 1
3a-g
(o
N
H
Azomethine ylide
8a

Ar= a) 4-CH,CgH,, b) 4-OCH4CgH,, ¢) 4-CICgH,, d) 4-BrCqH,,

e) CgHs, f) furfuryl, g) thienyl

Scheme 4. Synthesis of dispirothiapyrrolozidine oxindole derivatives 9a-g.
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dihydroquinolone provides scope for preparing products in a wide
range of applications such as sensors, drugs and other materials of
biological importance.
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General procedure for synthesis of (E)-3-arylidene-2,3-dihydro-8-nitro-4-
quinolone 3a-g: An equimolar mixture of 2,3-dihydro-8-nitro-4-quinolone 1
(1 mmol) and the appropriate aldehydes 2a-g (1 mmol) were dissolved in
15 ml of ethanol, five drops of pyrrolidine base was added and stirred at room
temperature for 50 min. The solid formed in the reaction mixture was
separated by filtration, dried, and recrystallized from mixture of chloroform/
ethanol (1:1) to obtain the pure product 3a-g in good yields (89-95%). Spectral
data for a representative compound 3a is given below.
(E)-3-(4-Methylbenzylidene)-8-nitro-2,3-dihydroquinolin-4(1H)-one 3a: Isolated
as red solid, yield (95%); mp=166-168 °C; IR (KBr) vmax: 3363, 1656,
1623 cm~'. 'H NMR (400 MHz, DMSO-dg): ¢ 2.36 (s, 3H), 4.78 (t, 2H,
J=4.0Hz), 6.79 (t, 1H, J = 7.9 Hz, Ar-H), 7.31 (d, 2H, J = 7.4 Hz, Ar-H), 7.38 (d,
2H, J = 8.7 Hz, Ar-H), 7.65 (s, 1H), 8.17-8.33 (m, 2H, Ar-H), 8.67 (br s, 1H, N-H,
D,0 exchangeable proton). >C APT (100 MHz, DMSO-dg): 21.63, 44.29, 115.32,
121.75, 129.27, 129.84, 130.92, 132.00, 132.99, 133.11, 136.29, 136.57, 140.27,
146.38, 181.77. Anal. Calcd for C;7H4N,05: C, 69.38; H, 4.79; N, 9.52. Found C,
69.29; H, 4.86; N, 9.61.

General procedure for the synthesis of dispiro pyrrolidine oxindole derivatives 6a—
g: A mixture of isatin 4 (1 mmol), sarcosine 5 (1.5 mmol) and (E)-3-arylidene-
2,3-dihydro-8-nitro-4-quinolone 3a-g in methanol was refluxed for 30-
50 min. The solid formed in the reaction mixture was cooled to room
temperature, the solid separated by filtration, dried and recrystallized from
mixture of methanol/dimethylforamide (3:1) to obtain the pure products 6a-g
in good yields (87-97%). Spectral data for a representative compound 6a is
given below.

4-(4""-Methylphenyl)-1-methylpyrrolidine-spiro[2.3’ Joxindole-spiro[3.3" ]-8"-
nitro-1"H-quinolin-4(2"H)-one 6a. Isolated as red solid. yield (97%); mp = 202-
204 °C; IR (KBr) vimax: 3402, 3297, 1713, 1692, 1618 cm™'; 'H NMR (500 MHz,
DMSO-de): § 1.97 (s, 3H), 2.27 (s, 3H), 2.41 (d, 1H, J=14.5Hz), 3.30 (t, 1H,
J=8.0Hz), 3.85 (t, 1H, J = 10.0 Hz), 3.95 (dd, 1H, J = 14.0, 5.5 Hz), 4.76 (dd, 1H,
J=10.5, 7.5 Hz), 6.46-6.54 (m, 4H, Ar-H), 6.84-6.88 (m, 1H, Ar-H), 7.15 (d, 2H,
J=7.5Hz, Ar-H), 7.30 (d, 2H, J = 8.0 Hz, Ar-H), 7.85 (dd, 1H, J = 7.5, 1.0 Hz, Ar-
H), 7.96 (dd, 1H, J=8.0, 1.5Hz, Ar-H), 8.29 (d, 1H, J=5.5Hz, N-H, D,0
exchangeable proton), 10.45 (s, 1H, N-H, D,0 exchangeable proton). '3C NMR
(125 MHz, DMSO-ds): 6 21.10, 34.60, 43.73, 46.53, 57.01, 58.97, 74.33, 109.19,
115.11, 121.25, 122.83, 126.35, 126.51, 129.37, 129.48, 129.61, 131.85, 132.09,
134.80, 136.68, 143.19, 145.60, 177.20, 191.62. Mass (ESI) m/z; 468 [M+H]".
Anal. Calcd for Cp7H24N404: C, 69.22; H, 5.16; N, 11.96. Found C, 69.12; H, 5.24;
N, 12.02.

Crystallographic data for compound 6b in this paper have been deposited with
the Cambridge Crystallographic Data centre as supplemental publication no:
CCDC-858966. Copies of the data can be obtained, free of charge on application
to CCDC, 12 Union Road, Cambridge CB2 1EZ, UK. Fax: +44 01223 336033 or
email:deposit@ccdc.cam.ac.uk.
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