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Abstract A stereo- and regioselective synthesis of hitherto unexplored novel class of b-lactam
embedded spirooxindolopyrrolidine hybrid heterocycles have been accomplished via ionic liquid

accelerated [3 + 2]-cycloaddition reaction process. The expected unusual lactonization/lactamiza-

tion product could not be observed even in traces. The in vitro antimycobacterium tubercular activ-

ity of the synthesized spiroheterocyclic hybrids were assessed against Mycobacterium tuberculosis

H37Rv. Among them, the compounds with no substitution and chlorosubstitution on the oxindole

ring showed the most potent activity with a MIC 0.78 lg/mL and 1.56 lg/mL, respectively which

were two-fold and equal activity than the standard drug, ethambutol (MIC = 1.56 lg/mL).
� 2020 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open

access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
1. Introduction

Tuberculosis (TB) is lethal communicable diseases caused
mainly by the pathogenic aerobic bacteria Mycobacterium
tuberculosis (Mtb) which usually form an infection in the lung

of the host and is one of the leading inauspicious health issues
globally since prehistoric times (Fogel, 2015). According to
World Health Organization (WHO) statistics in 2018, around

10.0 million people fell ill and 1.2 million deaths from TB. The
pathogenic synergy of TB is lifelong risk for immune compro-
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mised individual and human immunodeficiency virus (HIV)
infected patients (Koul et al., 2011). Although, the current
therapies include a combination of available anti-tuberculosis

drugs that inhibits both metabolic and non-metabolic targets,
these therapies will inevitably become less effective, poor effi-
cacy in eliminating latent pathogens, prolong treatment

(Somoskovi and Parson, 2001) inducing hepatotoxicity
(ATDH) besides triggering substantial morbidity and mortal-
ity (Ramappa and Aithal, 2013). In addition, emergency mul-

tidrug resistant (MDR) and extensively drug resistant (XRD)
strain of Mtb is another challenge towards curbing TB. Hence,
the search of new natural or synthetic compounds having high
efficient, fast acting, capable to shortening and simplify the

actual treatment with unique mechanism of action, low toxic-
ity profiles, active against MDR-TB and XDR-TB including
suitable with anti-HIV treatment in TB-HIV individuals to

efficiently combat this disease is imperative (see Schemes 1
and 2).

Spirocycles are privileged class of heterocyclic motif as they

have been employed both as core unit and adjoined to the
periphery of molecules in drug discovery. Such spiro com-
pounds are expected to interact more proficiently with active

site of protein more easily than flat aromatic ring systems
due to their unique three-dimensional structural properties.
Ultimately, spirocycle embedded heterocycles are of interest
to modulate log P, metabolic stability and have sp3 hybridiza-

tion which probably favors water solubility, a crucial property
in the course of drug development. Spirooxindolopyrrolidines
are very attractive in this connection as they are ubiquitous in

many natural products and biological relevant synthetic ana-
logs, which showed multifarious biological and pharmaceutical
activities (Yu et al., 2015; Rajesh et al., 2011; Bhaskar et al.,

2012; Rajanarendar et al., 2013; Kornet and Thio, 1976;
Arumugam et al., 2019; Kia et al., 2014).

b-Lactam is another important class of heterocyclic moiety

as these structural motifs prevalent in most commonly existing
antibiotics such as penicillin, cephalosporins, carbapenems,
nocardicins and monobactams which has unveiled a prominent
place in protection against bacterial infections (Hubbard and

Walsh, 2003). Moreover, b-lactam moiety is relatively highly
reactive structural unit owing to their strained four membered
ring system which makes them diverse chiral analogs (Ojima

and Delaloge, 1997; Deshmukh et al., 2004; Alcaide and
Almendros, 2004). In recent past years, we have been engaged
in the construction of spirooxindolopyrrolidine and b-lactam
employing domino multicomponent reaction sequence
(Arumugam et al., 2013; Malathi et al., 2015). Among them,
Scheme 1 Synthesis of b
1,3-dipolar cycloaddition reaction (Suresh Kumar et al.,
2018) is a protuberant methodology for the construction of
structurally intriguing hybrid heterocycles including spiroox-

oindolopyrrolidines as this synthetic strategy allows the cre-
ation of multiple bonds in a single synthetic cascade process
with the following advantages such as (i) non-isolation of

intermediates, (ii) reduction in number of synthetic steps and
work ups, (iii) minimization of waste, (iv) facile automization
(v) operational simplicity, and (vi) atom economy.

Taking into consideration the above notable biological
precedents, we postulate that heterocycles comprising
spirooxindolopyrrolidine and b-lactam motifs in a single mole-
cule would be of great value in medicinal chemistry. Besides,

integration of b-lactam unit into spirohybrid heterocycles has
often brought about the intensification of biological activity
of the molecules. Keeping in mind the above-mentioned facts,

herein we report an easy access to b-lactam fused spirooxin-
dolopyrrolidine hybrid heterocycles via a one-pot three com-
ponent synthetic protocol employing an ionic liquid

accelerated 1,3-dipolar cycloaddition strategy and their
antimycobacterium activity against Mycobacterium tuberculo-
sis H37Rv. It is noteworthy to mention that the b-lactam inte-

grated spirooxindolopyrrolidine hybrids are relatively meagre
in the literature (Rajesh and Raghunathan, 2013, Rajesh and
Raghunathan, 2014) and this is the first report on the synthesis
and biological intervention of spirooxindolopyrrolidine

embedded b-lactam from the combination of 1,3-dipole com-
ponent derived from isatin and L-phenylalanine and Baylis-
Hillman adduct of b-lactam through 1,3-dipolar cycloaddition

process. The synthetic approach for the spiroheterocyclic
hybrids has been described in Fig. 1. The expected latonization
and lactomization product could not be observed, a probable

reason for the non-formation of these expected products has
also been investigated through computational study. In addi-
tion, the biological intervention of these spirooxindolopyrro-

lidine heterocyclic hybrids has also been explored in this
article.
2. Material and methods

2.1. Preparation of b-lactam integrated
spirooxindolopyrrolidines, 6a-h

A mixture of Baylis-Hillman adduct of azetidinone 3a (0.20 g,
0.545 mmol), substituted isatin 4a (0.080 g, 0.545 mmol), and

L-phenylalanine 5 (0.090 g, 0.545 mmol) were heated in
-lactam alkene, 3a-b.



Scheme 2 b-lactam integrated spirooxindolopyrrolidine hybrid heterocycles, 6a-h.

Fig. 1 Synthetic strategy for the formation of b-lactam grafted spiropyrrolidine hybrid heterocycles.
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[bmim]Br (3 mL) for 1 h at 100 �C. After completion of the
reaction (TLC), the reaction mixture was diluted with EtOAc

(2 � 5 mL) and water (15 mL). The ethyl acetate layer was
extracted and dried over anhydrous sodium sulfate. The sol-
vent was removed under reduced temperature. The crude pro-

duct was purified by column chromatography in EtOAc:
petroleum ether (3:7 v/v). Similarly, the same reaction protocol
was used for the compounds 3b, 4b-d and 5.

Methyl 50-benzyl-30-(hydroxy(1-(4-methoxyphenyl)-4-oxo-
3-phenylazetidin-2-yl)methyl)-2-oxospiro[indoline-3,20-pyrroli
dine]-30-carboxylate, 6a: White solid; Mp: 147–149 �C; 1H
NMR: 2.00–2.06 (dd, J = 15.0, 10.5 Hz, 1H), 2.16–2.21 (dd,

J = 14.5, 6.5 Hz, 1H), 2.55–2.60 (dd, J = 13.5, 6.5 Hz, 1H),
2.68–2.72 (dd, J = 13.0, 6.0 Hz, 1H), 3.32–3.35 (m, 1H),
3.45 (s, 3H), 3.70 (s, 3H), 3.77 (d, J = 2.0 Hz, 1H, NH),

4.47 (d, J = 2.0 Hz, 1H), 4.73 (d, J = 2.5 Hz, 1H), 4.83 (m,
1H), 6.79–6.85 (m, 3H, ArH), 7.07–7.12 (m, 5H, ArH), 7.21–
7.29 (m, 9H, ArH), 7.69 (d, J = 7.5 Hz, 1H), 8.79 (s, NH,

1H): 13C NMR: 37.5, 41.9, 50.8, 54.7, 55.3, 55.6, 58.7, 59.7,
70.3, 76.0, 114.9, 116.3, 116.5, 119.8, 124.9, 126.9, 127.8,
128.1, 128.3, 128.7, 128.8, 128.9, 129.5, 130.8, 133.5, 135.1,
137.8, 157.0, 164.4, 169.8, 176.4. Mass: m/z= 617 (M+); Anal.
Calcd for C37H35N3O6: C, 71.94; H, 5.71; N, 6.80; Found C,
72.02; H, 5.82; N, 6.91%.

Methyl 50-benzyl-5-bromo-30-(hydroxy(1-(4-methoxyphe
nyl)-4-oxo-3-phenylazetidin-2-yl)methyl)-2-oxospiro[indoline-
3,20-pyrrolidine]-30-carboxylate, 6b: White solid; Mp: 175–

177 �C; 1H NMR: 1.87–1.92 (dd, J = 14.4, 5.6 Hz, 1H),
2.17–2.24 (m, 1H), 2.53–2.61 (m, 2H), 2.87–2.92 (dd,
J = 13.2, 4.8 Hz, 1H), 3.06 (s, 3H), 3.49 (s, 1H, NH), 3.62 (s,

3H), 4.34 (m, 1H), 4.65 (m, 1H), 5.27 (d, J = 3.6 Hz, 1H),
6.63–6.78 (m, 6H, ArH), 6.97–7.11 (m, 9H, ArH), 7.18–7.22
(m, 2H, ArH), 10.49 (s, NH, 1H): 13C NMR: 35.7, 44.2, 51.9,
54.6, 55.3, 61.1, 62.0, 67.1, 69.6, 74.5, 111.1, 114.2, 118.9,

124.2, 126.4, 127.3, 127.5, 128.2, 128.5, 128.7, 128.9, 129.0,
129.6, 134.3, 134.6, 138.3, 139.0, 156.0, 165.4, 171.1, 179.9;
Mass: m/z: = 696 (M+); Anal. Calcd for C37H34BrN3O6: C,

63.80; H, 4.92; N, 6.03; Found C, 63.97; H, 5.01; N, 6.11%.
Methyl 50-benzyl-5-chloro-30-(hydroxy(1-(4-methoxyphe

nyl)-4-oxo-3-phenylazetidin-2-yl)methyl)-2-oxospiro[indoline-

3,20-pyrrolidine]-30-carboxylate, 6c: White solid; Mp: 188–
190 �C; 1H NMR: 1.86–1.91 (dd, J = 14.4, 5.6 Hz, 1H),
2.16–2.23 (m, 1H), 2.51–2.59 (m, 2H), 2.86–2.91 (dd,
J = 13.2, 4.8 Hz, 1H), 3.05 (s, 3H), 3.48 (s, 1H, NH), 3.60
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(s, 3H), 4.23 (brs, 1H, OH), 4.33 (m, 1H), 4.64 (m, 1H), 5.25 (d,
J = 3.6 Hz, 1H), 6.60–6.77 (m, 6H, ArH), 6.96–7.10 (m, 9H,
ArH), 7.13–7.21 (m, 2H, ArH), 10.48 (s, NH, 1H): 13C

NMR: 35.5, 44.0, 51.7, 54.5, 55.1, 60.9, 61.8, 67.0, 69.5, 74.3,
110.9, 114.1, 118.7, 124.0, 126.2, 127.2, 127.3, 128.2, 128.3,
128.6, 128.7, 128.8, 129.4, 134.1, 134.4, 138.1, 138.8, 155.8,

162.2, 170.9, 179.7. Mass: m/z = 652 (M+); Anal. Calcd for
C37H34ClN3O6: C, 68.14; H, 5.26; Cl, 5.44; N, 6.44; Found
C, 72.11; H, 5.94; N, 6.97%.

Methyl 50-benzyl-30-(hydroxy(1-(4-methoxyphenyl)-4-oxo-
3-phenylazetidin-2-yl)methyl)-5-nitro-2-oxospiro[indoline-3,20-
pyrrolidine]-30-carboxylate, 6d: White solid; Mp: 204–206 �C;
1H NMR:1.92–1.98 (dd, J = 13.6, 9.2 Hz, 1H), 2.08–2.13

(dd, J = 14.8, 6.8 Hz, 1H), 2.47–2.52 (dd, J = 13.2, 6.4 Hz,
1H), 2.60–2.64 (dd, J = 13.2, 6.8 Hz, 1H), 3.23–3.28 (m,
1H), 3.38 (s, 3H), 3.65 (s, 3H), 4.39 (d, J = 2.4 Hz, 1H),

4.65 (d, J = 2.4 Hz, 1H), 4.76 (m, 1H), 6.72–6.77 (m, 3H,
ArH), 6.99–7.26 (m, 13H, ArH), 7.61 (d, J = 8.4 Hz, 1H),
8.59 (s, NH, 1H): 13C NMR: 37.8, 42.2, 51.2, 55.1, 55.7,

56.0, 59.0, 60.0, 70.6, 76.3, 115.3, 116.6, 116.9, 119.7, 120.1,
125.2, 127.3, 128.2, 128.5, 128.7, 129.0, 129.2, 129.8, 131.2,
133.8, 135.5, 138.2, 142.9, 157.3, 164.7, 170.1, 176.8. Mass:

m/z = 662 (M+); Anal. Calcd for C37H34N4O8: C, 67.06; H,
5.17; N, 8.45; Found C, 67.17; H, 5.26; N, 8.52%.

Ethyl 50-benzyl-30-(hydroxy(1-(4-methoxyphenyl)-4-oxo-3-
phenylazetidin-2-yl)methyl)-2-oxospiro[indoline-3,20-pyrroli
dine]-30-carboxylate, 6e: White solid; Mp: 156–158 �C; 1H
NMR: 0.82 (t, J = 7.5 Hz, 3H), 2.08–2.12 (dd, J = 14.5,
6.0 Hz, 1H), 2.39–2.44 (m, 1H), 2.66–2.70 (dd, J = 13.5,

8.5 Hz, 1H), 3.03–3.07 (dd, J = 12.5, 5.5 Hz, 1H), 3.47–3.52
(m, 1H), 3.69–3.71 (m, 2H), 3.75 (s, 3H), 4.38–4.41 (brs, 1H),
4.56 (d, J = 2.0 Hz, 1H), 4.86 (d, J = 4.5 Hz, 1H), 5.16 (d,

J = 3.5 Hz, 1H), 6.76–6.84 (m, 5H, ArH), 6.97–7.00 (m, 1H,
ArH), 7.06–7.08 (m, 1H, ArH), 7.15–7.25 (m, 9H, ArH),
7.29–7.36 (m, 2H), 7.92 (s, NH, 1H): 13C NMR: 13.5, 36.2,

44.6, 55.0, 55.6, 61.4, 61.7, 62.1, 67.5, 70.0, 74.4, 110.0,
114.5, 119.2, 123.6, 124.5, 126.6, 127.6, 127.9, 128.9, 129.0,
129.3, 129.6, 130.0, 133.4, 134.7, 138.6, 139.3, 156.3, 165.8,
171.0, 180.5. Mass: m/z = 631 (M+); Anal. Calcd for

C38H37N3O6: C, 72.25; H, 5.90; N, 6.65; Found C, 72.36; H,
5.97; N, 6.73%.

Ethyl 50-benzyl-5-chloro-30-(hydroxy(1-(4-methoxyphenyl)-

4-oxo-3-phenylazetidin-2-yl)methyl)-2-oxospiro[indoline-3,20-
pyrrolidine]-30-carboxylate 6f: White solid; Mp: 196–197 �C;
1H NMR: 0.86 (t, J = 7.0 Hz, 3H), 2.08–2.13 (dd, J = 13.5,

5.5 Hz, 1H), 2.34–2.39 (m, 1H), 2.68–2.72 (dd, J = 12.5,
8.0 Hz, 1H), 3.00–3.04 (dd, J = 13.0, 5.5 Hz, 1H), 3.46 (s,
1H, NH), 3.58–3.62 (m, 1H), 3.74 (s, 3H), 3.76–3.79 (m, 2H),
4.41–4.41 (brs, 1H), 4.55 (m, 1H), 4.84 (d, J = 4.5 Hz, 1H),

5.05 (d, J = 4.0 Hz, 1H), 6.67 (d, J = 8.5 Hz, 1H, ArH),
6.80–6.86 (m, 4H, ArH), 6.95 (s, 1H, ArH), 7.13–7.25 (m,
9H, ArH), 7.32–7.38 (m, 2H, ArH), 8.26 (s, 1H, NH); 13C

NMR: 13.5, 35.9, 44.4, 54.9, 55.6, 61.4, 61.9, 62.1, 67.5, 70.2,
74.6, 111.1, 114.6, 119.1, 124.9, 126.8, 127.7, 127.8, 128.8,
128.9, 129.1, 129.4, 130.0, 134.5, 135.0, 137.9, 138.3, 156.3,

165.8, 170.9. 180.2. Mass: m/z: m/z = 666 (M+); Anal. Calcd
for C38H36ClN3O6: C, 68.51; H, 5.45; N, 6.31; Found C, 68.63;
H, 5.53; N, 6.40%.

Ethyl 50-benzyl-30-(hydroxy(1-(4-methoxyphenyl)-4-oxo-3-
phenylazetidin-2-yl)methyl)-2-oxo-5-(trifluoromethoxy)spiro[i
ndoline-3,20-pyrrolidine]-30-carboxylate, 6 g: White solid; Mp:
146–148 �C; 1H NMR: 0.84 (t, J = 6.8 Hz, 3H), 2.11–2.16
(dd, J = 14.0, 6.0 Hz, 1H), 2.34–2.41 (m, 1H), 2.68–2.73
(dd, J = 13.2, 8.4 Hz, 1H), 2.98–3.03 (dd, J = 13.2, 6.0 Hz,
1H), 3.60–3.63 (m, 1H), 3.73 (s, 3H),3.68–3.70 (m, 2H), 4.41

(brs, 1H, OH), 4.39–4.44 (brs, 1H), 4.58 (d, J = 1.2 Hz,
1H), 4.86 (d, J = 5.2 Hz, 1H), 5.10–5.11 (m, 1H), 6.72 (d,
J = 8.4 Hz, 1H, ArH), 6.79–6.82 (m, 2H, ArH), 6.86–6.88

(m, 3H, ArH), 7.02–7.05 (m, 1H), 7.18–7.25 (m, 8H, ArH),
7.31–7.37 (m, 2H, ArH), 8.72 (s, 1H, NH); 13C NMR: 13.3,
35.8, 44.4, 54.8, 55.4, 61.1, 61.7, 62.0, 67.3, 70.0, 74.5, 110.7,

114.5, 114.9, 118.4, 119.0, 122.5, 126.7, 127.7, 128.8, 129.0,
129.2, 129.8, 134.4, 134.8, 138.2, 144.9, 156.3, 165.8, 170.8,
180.6. Mass: m/z = 715 (M+); Anal. Calcd for C39H36F3N3-
O7: C, 65.45; H, 5.07; N, 5.87; Found C, 65.56; H, 5.18; N,

5.95%.
Ethyl 50-benzyl-30-(hydroxy(1-(4-methoxyphenyl)-4-oxo-3-

phenylazetidin-2-yl)methyl)-5-nitro-2-oxospiro[indoline-3,20-p
yrrolidine]-30-carboxylate, 6h: White solid; Mp: 211–213 �C;
1H NMR: 0.87 (t, J = 7.5 Hz, 3H), 2.13–2.17 (dd,
J = 14.5, 6.0 Hz, 1H), 2.44–2.49 (m, 1H), 2.71–2.75 (dd,

J = 13.5, 8.5 Hz, 1H), 3.07–3.11 (d, J = 12.5, 5.5 Hz, 1H),
3.51–3.56 (m, 1H), 3.71–3.78 (m, 2H), 3.79 (s, 3H), 4.41–
4.50 (brs, 1H), 4.60 (d, J = 2.0 Hz, 1H), 4.90 (d,

J = 4.5 Hz, 1H), 5.20 (d, J = 3.5 Hz, 1H), 6.81–6.89 (m,
5H, ArH), 7.02–7.05 (m, 1H, ArH), 7.11–7.12 (m, 1H,
ArH), 7.19–7.41 (m, 10H, ArH), 7.97 (s, NH, 1H): 13C
NMR: 13.7, 36.5, 44.8, 55.2, 55.8, 61.7, 61.9, 62.4, 67.7,

70.2, 74.6, 110.2, 114.8, 119.4, 123.8, 124.8, 126.9, 127.8,
128.1, 129.1, 129.3, 129.5, 129.8, 130.3, 133.6, 134.9, 138.8,
142.5, 156.6, 171.3, 166.6, 180.8. Mass: m/z = 676 (M+);

Anal. Calcd for C38H36N4O8: C, 67.44; H, 5.36; N, 8.28;
Found C, 67.57; H, 5.44; N, 8.40; %.
3. Results and discussion

3.1. Chemistry

The highly functionalized b-lactam Baylis-Hillman adducts
3a/3b (Scheme 1) were prepared from 4-formyl azetidinone 1

(Alcaide et al., 1992) and methyl/ethylacrylate in presence of
DABCO according to the literature report (Prasanna et al.,
2011). It is pertinent to note that the utilization of Baylis-
Hillman adducts of b-lactam as dipolarophile for the multi-

component process has not been explored much. With dipo-
larophiles 3a/3b in hand, we initiated our investigation on
the 1,3-dipolar cycloaddition process of Baylis-Hillman

adducts 3a/3b with azomethine ylide derived from isatin/sub-
stituted isatin and a-amino acid under heating at 100 �C in
[bmim]Br, which led to the construction of b-lactam integrated

spirooxindolopyrrolidine hybrid heterocycles 6 as a single
diastereoisomer in good to excellent yields (85–95%) after 1
h (Scheme 2). Firstly, the solvent optimization was studied

with an equimolar mixture of 3a, isatin 4a and L-
phenylalanine 5 in various organic solvents viz., CH3OH,
EtOH, CH3CN, 1,4-dioxane including mixture of solvents
viz. acetonitrile:1,4-dioxane (1:1 v/v) afforded 62, 65, 58, 60

and 63% (Table 1). Alternatively, the reaction was also carried
out with an ionic liquid, [bmim]br. An equimolar mixture of 4,
5 and 3a in [bmim]br at 100 �C for 1 h. The formation of the

product was observed by TLC, the reaction mixture was
diluted with EtOAc and water. The organic layer was evapo-
rated under reduced pressure and the crude product obtained



Table 1 Solvent optimization of spirocycloadduct, 6a.

Entry Solvents Time (h) Yield (%)

1 MeOH 2 62

2 EtOH 2 65

3 MeCN 2 58

4 1,4-Dioxane 2 60

5 1.4-Dioxane: MeOH 2 63

5 [bmim]Br 30 min 87

A stereo, regioselective synthesis and discovery of antimycobaterium tuberculosis activity 5
was purified by column chromatography to afford the product
in 87% yield (see Fig. 3).

The structure of proposed compounds was in agreement
with their one- and two-dimensional NMR spectroscopic data
as evidenced for a representative example 6a (Fig. 2). The 1H

NMR spectrum of 6a has a doublet at d 4.47 (J = 2.0 Hz)
ppm ascribable to H-30 hydrogen of b-lactam which showed
(i) H, H-COSY correlation with the multiplet at d 4.72–

4.73 ppm assignable to H-40 hydrogen of b-lactam (ii) HMBCs
(Fig. 3) with carbon signal C-40 at 59.7 ppm, besides showing a
correlation with b-lactam ring carbonyl (C-20) at d 164.4 ppm.
H-40 hydrogen showed (i) HMBCs with C-30, C-7, methyl ester

carbonyl at d 55.3, 76.0 and 169.8 ppm respectively, (ii) H, H-
COSY correlation with the multiplet at d 4.83 ppm assignable
to H-7 hydrogen. H-7 hydrogen showed HMBCs with C-3

(quaternary carbon), C-6, C-20 0 (oxindole ring carbonyl)
respectively at 54.7, 37.5 and 176.4 ppm. The two doublet of
doublets at d 2.00–2.06 (J = 15.0, 10.5 Hz) and 2.16–2.21

(J = 14.5, 6.0 Hz) ppm related by H, H-COSY correlation
were assigned to H-6 hydrogens, which shows (i) H, H-
COSY correlations with the multiplets at d 3.32–3.35 ppm
due to H-5 hydrogen (ii) HMBCs with spirocarbon (C-30 0),
C-4, C-5, at d 70.3, 41.9 and 58.7 ppm, respectively. The two
doublets of doublets at 2.55–2.60 and 2.68–2.72 (J = 13.0,
6.0 Hz) can be assigned to H-4 hydrogens as both hydrogens

coupled with each other. H-4 hydrogen showed HMBCs with
C-5 and C-6 at 58.7, 37.5 ppm, respectively. Further, methoxy,
methylene, methine hydrogens, spiro and quaternatry carbon

were assigned based on the DEPT-135 spectrum. Finally, the
cycloadduct was undoubtedly determined by single crystal
Fig. 2
1H and 13C Ch
X-ray (deposition CCDC no.1949551) diffraction analysis
(Fig. 4).

The persuasive mechanism for the formation b-lactam inte-

grated spiroheterocyclic hybrids 6 is described in Scheme 3.
The reaction of acrylate and DABCO furnished the intermedi-
ate 8 which further reacts with active carbonyl carbon of 4-

formyl azetidinone 1 to furnish Baylis-Hillman adduct of b-
lactam 3 by elimination of DBACO via intermediate 9. Three
component cycloaddition process was initiated by the reaction

of ketone function of 4 and 5 afforded spiro intermediate 11

via 10 followed by the in situ generation of highly reactive
1,3-dipole component 12 via decarboxylative condensation.
The subsequent reaction of 12 with electron deficient alkene

of b-lactam 3 may occur via path A or path B. However, the
exclusive formation of b-lactam grafted spirooxindolopyrro-
lidines 6 disclose that path A is favored over path B. Presum-

ably, due to the electrostatic repulsion wielded between the
oxindole and ester carbonyls present in the same face during
the approach of 1,3-dipole 12 over the alkene 3 which led to

unfavored formation of compound 16. In path A, the car-
bonyls of ylide 12 and ester carbonyl of dipolarophile 3 in
the opposite face which overcomes possible electrostatic repul-

sion. The above dispute is further proved by the X-ray struc-
ture of a representative compound 6g (Fig. 4). In addition,
the three component cycloadditions were found to be regiose-
lective and the regioisomer of spirooxindolopyrrolidines 6 was

not found in the reaction (Scheme 3). Possibly, this may be
occurred from the electron rich carbon of the azomethine ylide
12 adds to the more electron deficient b-carbon of the a, b-
unsaturated 3. Also, the above cycloaddition process creates
up to six adjacent stereogenic carbon in a single transforma-
tion. Further, the expected lactonization 14 /lactamization

product 15 was not observed and this has been investigated
through energy minimization calculations using the Density
functional theory (DFT) study. For the purpose, we employed

Gaussian 09 quantum chemistry software. The optimized
structure of both compounds (6 and 15) are presented in
Fig. 5. It is clear from the optimized energies of the com-
pounds that the compound 6 is nearly 155 Hartree energy les-

ser than that of the compound 15, and therefore the formation
of former compound 6 is found to be highly favored than 15.
emical shift of 6a.



Scheme 3 The plausible pathway for the construction of b-lactam integrated spirooxindolopyrrolidine hybrid heterocycles, 6.
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3.2. Biology

In recent years, we have reported the usefulness of spiro moi-
ety embedded hybrid heterocycles as anticancer, antimicrobial,
cholinesterase inhibitors, anti-inflammatory and antimycoba-
terium agents [27–31]. Some of the spiroheterocycles, exhibited

significant activity comparable to or even higher activity than
the respective reference standards [31,32]. In this perspective,



Fig. 5 Optimized structure of the compounds 6 and 15.
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in the present work, the synthesized Baylis-Hillman adduct of

b-lactam 3a/3b and b-lactam embedded spirooxindolopyrro-
lidines 6 were assessed for their tubercular activity against
Mycobacterium tuberculosis H37Rv. Compounds 6a, 6c, 6e

and 6f displayed good to excellent activity against Mtb with
MIC values 0.78, 1.56, 1.56 and 3.25 lg/mL, respectively
(Table 2). Among them, compound 6a (MIC 0.78 lg/mL) pos-
sessing unsubstituted oxindole ring displayed higher potency
Fig. 3 Selected HMBCs of 6a. Fig. 4 ORETP diagram of 6g.



Table 2 b-lactam integrated spiroxindolopyrrolidine 6a-h against Mtb.

Entry Compound Yield (%) MIC (mg/mL) Toxicity (% inhibition when tested at 50 mg/mL)

1 72 >25 –

2 70 >25 –

3 84 0.78 27.94

4 79 >25 –

5 85 1.56 34.02

6 81 12.5 –

7 88 1.56 1.05

8 84 3.25 –

9 87 6.25 –

10 85 12.5 –

81 >25 –

11 Isoniazid – 0.05

12 Rifampicin – 0.1

13 Ethambutol – 1.56

8 N. Arumugam et al.
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which disclose comparable or even higher activity than that of
the standard drug, ethambutol (MIC = 1.56 lg/mL). Com-
pound 6c (MIC 1.56 lg/mL) and 6e (MIC 1.56 lg/mL) bearing

chloro and unsubstituted oxindole ring showed excellent activ-
ity which are equipotent that of standard drug ethambutol
(MIC 1.56 lg/mL). Whereas compound 6f (MIC 3.25 lg/
mL) carrying chloro subsititutent on the oxindole ring exhib-
ited good activity. The most active compounds 6a, 6c and 6e

were evaluated for their toxicity effect and these compounds

displayed minimal toxicity on Raw 264.7 macrophage cell lines
at 50 lg/mL concentration. With respect to structure-MTB
activity relationship disclosed that b-lactam tethered spiropy-
rrolidine carrying unsubstituted and chloro substituent on

oxindole ring is more potent than the other substituted deriva-
tives. In this series, chloro and unsubstituted on the oxindole
ring displayed good to excellent activities with the order being

6a > 6c � 6e when compared to the standard drug.

4. Conclusion

A stereo- and regioselective synthesis of structurally intriguing
novel b-lactam integrated spirooxindolopyrrolidine hybrid
heterocycles in excellent yields employing multicomponent

cycloaddition reaction sequence. These spirooxindolopyrro-
lidine hybrid heterocycles possess six adjacent stereocenter
out of which one is one spirocarbon via two C-C bonds and

one C-N bonds in single-pot transformation. The synthesized
compounds were elucidated by spectroscopic analysis and
the regio-/stereochemistry outcome was further determined
by X-ray diffraction studies. Anti-tubercular activity of these

heterocyclic hybrids revealed that compounds 6a, 6c, 6e

showed potent activity against mycobacterium tuberculosis
and displayed less toxicity at 50 mg concentration.
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