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Spiro-heterocycles represent an important class of heterocyclic compounds with diverse area of application.
These types of heterocycles are found in nature and also available synthetically. Especially, pyran based spiro
heterocycles are one such important class of heterocycles among others. Here, in our review we have tried to
focus on the recent developments in the synthesis of spiro-heterocycles using malononitrile as a simple and
effective building block. We have also focused on alcohol mediated reactions as in most of the cases, the
organic compounds are soluble in alcohol. Most of the alcohols are cost effective, easily available and easy to

handle.
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1. Introduction

Malononitrile, over the years, has been serving as a useful building block for various important heterocyclic
compounds.'? Heterocycles are sought after by the synthetic chemists due to its overwhelming applications in
medicinal and other applied arenas. Various methodologies have been developed to access interesting
heterocyclic motifs and to further modify them. One such interesting class of heterocycles is spiro-
heterocycles.*” A number of reports can be found on spiro pyran, spiro oxindole, spiro pyrrolidine and other
similar moieties and they often depict biological importance such as anti-bacterial and anti-fungal activity?,
anti-tumour activity, anti-tubercular activity or other application.’'? Apart from that, some naturally isolated
spiro-heterocycles are also used as remedy for food-poisoning and poisonous snake bites.? Several spiro-
heterocycles show properties like photo-initiated ring closure!3 and also some spiro-bezopyrans have been
found to help in the prevention of myocardial ischemia.* The two forms of spiro-heterocycles which are
generated under photochemical influence can be utilized to develop 3D-optical storage memory device as
shown by two eminent researchers Parthenopoulos and Rentzepis.?® This type of molecules can also act as
chemosensors.'® The ring opening tendency of spiro-heterocycles has also been utilized for other synthetic
purpose.'” Therefore, due to such versatile application of such spiro-heterocycles, it has become important to
synthesize new types of spiro-heterocycles as well as the development of new methodologies. Malononitrile
often plays an important role in the formation of different types of spiro-heterocycles. ¥1° As a starting
material it is comparatively cheaper and easy to handle. Malononitrile itself also incorporates a nitrile group in
the product. A number of pharmaceutically active moieties contain nitrile as a substituent.?° The nitrile group
being a good rt-acceptor, often helps to design electronic devices.?' Therefore, synthesis of a diverse range of
spiro-heterocycles using malononitrile as a useful tool has attracted chemists far and wide. A number of other
strategies have also been employed by different groups using different starting materials, reaction condition
and reaction medium. 2226 Among other solvents, alcohols are comparatively less harmful towards human
health as well as environment. The alcohols also dissolve a large number of organic compounds. Therefore, in
our review, we have tried to focus on recent developments on the synthesis of spiro-heterocycles in alcohol as
solvent using malononitrile as one of the reagents.

2. Synthesis of Spiro-heterocycles with a Pyran Core

An efficient multi-component reaction protocol for the synthesis of spiro[indoline-3,4'-pyrano[2,3-c]pyrazole]
system 3 has been developed?’ by Shi et al. They involved malononitrie, hydrazine, B-keto ester 2 and isatin 1
in the four component reaction methodology. The reaction was performed in ethanol solvent under the
catalytic influence of piperidine and ultrasound irradiation. The reaction completed in one hour at room
temperature (Scheme 1). The reactions follow the non-hazardous ultra-sound driven green procedure. No
traditional column chromatography was required for purification of spiro[indoline-3,4'-pyrano[2,3-c]pyrazole]
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derivatives. A triclinic crystal system was found with space group P-1 upon X-ray crystallography of its selected
derivative.

4
o Piperidine (20 mol%) Ry= \
+ +
. RINHNH; + R OCHs* SCN  RT, Uitrasound, 1h ~ o
1 R3 (1 mmol) 2 (1 mmol) N\’I | R®
(1 mmol) (1 mmol) N-—N0” “NH,
R! 3
R'= H, Ph, 3-MeCgH,, 4-OMeCgH,
R2=CHj,, Ph, CH;CH,CH, 29 examples
R3=H, Me Yield: 68%- 93%
R*=H, Me, F, CI, Br
R5=CN, CO,Et

Scheme 1. Synthesis of spiro[indoline-3,4'-pyrano[2,3-c]pyrazole] system under ultra-sound condition.

Synthesis of an interesting spiroacenaphthylene heterocycles containing a pyran ring 5 was achieved?®
by Elinson et al. in 2012. This multi component reaction methodology involved the heating of a mixture of
three components namely malononitrile, acenaphthenequinone and a cyclic active methylene carbon
containing compound 4 at 80 °C in alcohol solvent. The reaction is also achievable in water (Scheme 2) as
solvent. A broad range of active C-H containing compounds has been studied. Ultimately, this new
methodology is a good example of a noncatalytic green procedure.

o, ,0 ROH O
! o X
s CN H;0 -~
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78 °C-80 °C ~ o NH,
(1 equiv.) (1 equiv.)

15-30 min. 5
C-H acid 8_examp|es
Yield: 90%-95%
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o
N‘N‘ N\N‘ N‘N OAN o
Ph Me H |

Scheme 2. Synthesis of spiro acenaphthylene type of heterocycles containing a pyran ring.

Bez et al. developed?® a methodology to synthesize spirocyclic dihydropyrano[2,3-c]pyrazole
derivatives using Amberlyst A21 as the catalyst in ethanol medium (Scheme 3). The methodology involved a
four-component reaction involving malononitrile, hydrazine hydrate, ethyl acetoacetate and cyclic ketone 6. In
this methodolgy they have shown a green approach for the synthesis of spiro-substituted dihydropyrano(2,3-
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c]pyrazoles 7. Amberlyst A21 here, acted as an efficient reusable catalyst and the methodology also didn’t
involve hazardous organic solvent or high temperature.

o CN O  Amberlyst A21 ~ CN
+ HN-NH, + < ( ——» HN _
070N CN n Ethanol, RT N=~0”“NH,
n=1.2,3 10-12 h 7
Amberlyst A21: 30mg/ mmol of ketone. 6
All other reactants are in equimolar ratio. Yield: 77-90%

Scheme 3. Synthesis of spiro-substituted dihydropyrano[2,3-c]pyrazoles using Amberlyst A21 as the catalyst.

Spiro[4H-pyran-oxindole] derivatives 10 were synthesized®® by the magnesium perchlorate catalyzed
methodology involving malononitrile, isatins 8 and 1, 3-dicarbonyl compounds 9. Ethyl cyano acetate was also
used in place of malononitrile for the synthesis of other derivatives (Scheme 4). The reactions were performed
in 50% aqueous ethanol medium and the reaction completed within 30 min. to 60 min. The described protocol
is simple, eco-friendly and easy to carry out. The Mg(ClOa), catalyst is non-toxic, inexpensive and readily
available also.

H,N
o] o °
10 mol% Mg(CIO,), x{ R2
N CN RZ
R O + R? + < - N
—Z N 2 o) X EtOH/H,0(1:1 vIv) RiT _ b o
8 9 30 min.-60 min. H
\ 10
Rz- H, 5-CHj, 5-CI, 7-CH;, 7-NO,, 7-CI 14 examples
R2= H, CH, Yield: 88%- 95%

X=CN, CO,Et The reactants are used in equimolar ratio

Scheme 4. Synthesis of spiro[4H-pyran-oxindole] derivatives using magnesium perchlorate as catalyst.

Synthesis of methyl 6’-amino-5’-cyano-1,3-dihydro-1,3-dioxo-1’H-spiro[indene-2,4’-pyrano(2,3-
clpyrazole]-3’-carboxylate 14 has been achieved3! by Alizadeh and Bayat in 2014. They developed a one-pot
methodology involving dimethyl acetylenedicarboxylate (11), ninhydrin (12), hydrazine derivatives and
malononitrile. This reaction occurred at room temperature. This four component methodology was carried
out in ethanol medium. On the other hand, derivatives of 6'-amino-1,3-dioxo-1,3-dihydro-1'H-spiro[indene-
2,4'-pyrano[2,3-c]pyrazole]-5'-carbonitrile 15 were obtained when B-keto ester 13 was used instead of the
dimethyl acetylenedicarboxylate under refluxing condition. The reactions completed within a short span of
time (1 hour) and good yields were obtained and the protocol also had operational simplicity (Scheme 5). The
mechanism of the reaction is shown in Scheme 6.
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MeO oMe R OR
11 13
A - 120 ———»
S — R'NHNH, + R'NHNH,
MeO_ /X -N~R! EtOH CN EtOH
(o} RT,1h < Reflux, 1h
14 N 15
R1=H R1= Ph,4-N°2-C5H4
Yield: 78% R_et?‘ctantzwerefus_ed |pd_equ|molatr |I'at|to R2= Me, Pr
with one drop of piperidine as catalys R3=Me, Et
4 examples

Yield: 81%- 90%

Scheme 5. Regioselective synthesis of spiro-pyranopyrazole derivatives.
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Scheme 6. Mechanism for the regioselective synthesis of spiro-pyranopyrazole derivatives.

Mal, S. et al.

Another work by Rahmati et al. showed3? the utility of malononitrile in a one-pot, three component
reaction methodology in methanol medium under refluxing condition for the synthesis of spiro[indoline-3,4'-
pyrano([3,2-b]pyran]-2,8'-dione derivatives 17. N-substituted or unsubstituted isatin, kojic acid (16) and

malononitrile were employed for the synthesis in presence of DABCO. Phenanthrene-9, 10-dion

e was also

used in place of isatin. Some other active methylene groups like methyl cyanoacetate or ethyl cyanoacetate
was also used to obtain different derivatives. The reaction completed within 12h under refluxing condition

(Scheme 7).The mechanism of the reaction is shown in Scheme 8.
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<CN /Enj/\ OH DABCO (20 mol%)
o +
X Methanol Reflux

12 h
R=H
R'=H, CH;, OCH3, CI, Br, I, NO, 14 examples
R2= H, CH,4 Yield: 74%- 95%

X=CN, CO,Et, CO,Me
Reactants were used in equimolar ratio

Scheme 7. Synthesis of spiro [indoline-3, 4’-pyrano [3, 2-b]pyran]-2,8'-dione derivatives.

Scheme 8. Mechanistic interpretation of the synthesis of spiro[indoline-3,4'-pyrano(3,2-b]pyran]-2,8'-dione
derivatives.

Spiropyrans 19 have been synthesized3? using poly (styrene-co-maleic anhydride) based N-sulfonic acid
containing solid catalyst by Heravi et al. in 2014. The methodology was based on multicomponent procedure
involving isatin, malononitrile and 3-methyl-1H-pyrazol-5-one 18 and the three components were allowed to
react together to produce the desired spiro-pyran (Scheme 9). Heravi et al. have extended the methodology
using acenaphthenequinone or ninhydrin in place of isatin. And, 4-hydroxy coumarin or dimedone was also
used in place of pyrazole derivatives for the synthesis of spiro-pyran derivatives. The catalyst was reusable up
to six times without any notable loss in activity.
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o) R3

1
R . <CN o h',\ SMI-SO;H (0.03g)
o cN T N —
N
18

\ Ethanol,Reflux
RZ

20 min.-45 min.
(1 mmol) (1 mmol) (1 mmol)

Yield: 78%-97%

B Ere
0N 0

R'=H, Br, CI R3=H, Ph
R2=H, Me, Benzyl

SMI-SO;H  $0,H

Scheme-9. Synthesis of spiropyrans using poly (styrene-co-maleic anhydride) based N-sulfonic acid containing
solid catalyst

Spiro [2-amino-4H-pyran-oxindole]s 23-25 were synthesized®* by Karimi et al. by using magnetic nanoparticles.
Silica-sulfuric acid based nanoparticle 20 was used for this purpose. Isatin, malononitrile and dimedone were
used under this three-component reaction methodology to produce spiro [2-amino-4H-pyran-oxindole]
derivatives 23. 1,3-dimethylbarbituric acid (21) or 4-hydroxycoumarin (22) was also used in place of dimedone
to produce 24 and 25 respectively. The reactions were performed in aqueous ethanol medium at 60 °C with
ultrasound (Scheme 10).

Such silica-sulfuric acid based nanoparticle catalyst is reusable and makes the process environmentally benign
in comparison with homogeneous acid catalysts.

0SO;H

20

Silica-sulfuric acid magnetic nanoparticles
(Catalyst)
(o} (o}

R 21 1
22 o+ <CN—> R
- N CN
R2
EtOH/H,0 24
R'=H,Br 60 °C, Ultrasound wave,
R2=H,CH,Ph 80min.-120 min., Yield: 91%-95%

Reactants are used in egimolar ratio (1 mmol) with 0.1 g of catalyst

Scheme 10. Synthesis of spiro [2-amino-4H-pyran-oxindole]s using magnetic nanoparticles.
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Pyran ring containing 2-amino-2',5-dioxo-5,6,7,8-tetrahydrospiro[chromene-4,3'-indoline]-3-
carbonitrile derivatives 27 were synthesized3> using CsF as catalyst in ethanol medium by Dalal et al. A
multicomponent reaction involving malononitrile, indoline-2, 3-dione 26 (isatin) and dimedone or 1, 3-
cyclohexadione was performed at room temperature (Scheme 11). Excellent yields of the derivatives were
obtained. Dalal et. al. have shown that 10 mol% of CsF was sufficient for optimum yield of the reaction.

H H,N
N ° o CN CsF (10 mol%)
o + + < e
R2 CN EtOH

26 O RT
5-7 min.
R'=H, CH,
R2=H, CI, Br
Molar ratio of reactants:- 1:1:1 4 examples

Yield: 82%- 88%
Scheme 11. Synthesis of pyran ring containing spiro oxindole derivatives using CsF as catalyst.

Spiro[indoline-3,4’-pyrano[2,3-c]pyrazole] derivatives 30 were synthesized3® using L-proline as catalyst
under the influence of ultrasound wave. The protocol developed by Ablajan et al. described a one-pot
multicomponent synthetic strategy in aqueous ethanol medium. Excellent yields were obtained at room
temperature within an hour. This multicomponent reaction methodology involved malononitrile, an aromatic
hydrazine derivative 28, diethyl acetylenedicarboxylate 29 and isatin (Scheme 12). The methodology has the
additional advantage of simple workup and rapid reaction under neutral conditions.

<C N

CN
R20,C

o)
CO,R? R3 L-proline (10 mol%)
Water/Ethanol (1:1, viv) N
R' NHNH, + | | + y o >
H

Sonication, RT

2 .
28 COZR 30-60 min. 30
29
R'=H, F, COOH, NO, R! 18 examples
R?= CH3, C,H; o .
Reactants were used in "equimolar ratio Yield: 84%-93%

R3=H, CH,, Br, NO,
Scheme 12. Synthesis of spiro[indoline-3,4’-pyrano[2,3-c]pyrazole] derivatives using L-proline as catalyst.

An ionic liquid mediated synthesis of 2-amino 7,7-dimethyl-2',5-dioxo-5,6,7,8-
tetrahydrospiro[chromene-4,3'-indoline]-3-carbonitrile derivatives 31 and 6’-amino-2-oxo-1'H-spiro[indoline-
3,4'-pyrano[2,3-c]pyrazole]-5'-carbonitrile derivatives 32 has been developed3®’ by Dalal et al. using [bmim]OH
as the effective ionic liquid. The reaction proceeded at room temperature in ethanol medium. This
straightforward one-pot synthetic route was effective for both mono and bis-spirooxindole systems. The use
of toxic catalyst was avoided in this methodology. Malononitrile, isatins and 3-methyl-1H-pyrazole-5(4H)-one
derivatives 18 or dimedone (9) were the ingredients for this one-pot, multicomponent methodology (Scheme
13). Excellent yields were obtained in a short span of time (10-15 min.). The solid product was obtained by
filtration and the ionic liquid catalyst was recovered from the ethanol filtrate and it was also recyclable up to
five times.
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o o
3
N’R
9
<— 0o +
\ [bmim]OH [bmlm]OH
32 R EtOH, RT EtOH, RT
10 min. 10-15min.
6 examples 5 examples
iald: 91%. 979 R'=H, Cl, Br
Yield: 91%-97% R?= H. Et CH.Ph Yield: 89%- 94%
=Tl ] 2
Reactants were used in equimolar ratio R3= H, Ph

Scheme 13. lonic liquid mediated synthesis of spiro oxindole derivatives.

Another multicomponent reaction for the synthesis of spiro oxindole-3, 4’-pyrano [4, 3-b]pyran
derivatives 34 was developed?®® by Elinson et al. in ethanol under reflux. Malononitrile, isatin and 4-hydroxy-6-
methyl-2H-pyran-2-one (33) was used in this protocol (Scheme 14). The reaction could also be performed
under solvent-free condition by grinding in mortar. Only 10 mol% of catalyst was required for the reaction.

0 o}
R1
o, <CN , O | Reflux, KF (10 mol%)
N CN NS >
» R® OH  Ethanol, 3 min.
R 33 34
7 examples

R'=H, CI, Br, NO,
R2=H, Me, Br Yield: 92%-96%

R3=H, Me, Ac

Reactants were used in equimolar ratio

Scheme 14. Multicomponent synthesis of spirooxindole-3, 4’-pyrano [4, 3-b]pyran derivatives using KF as
catalyst.

Darvish, Mirza and Makarem established an electrolytic green methodology for the synthesis of pyran
containing spiro oxindole 36 derivatives.3? In this protocol, malononitrile, isatin 35 and dimedone 9 were taken
in an undivided cell using NaBr as electrolyte. In this protocol, propanol played the dual role as the solvent and
the base as alkoxide anion as well (Scheme 15). The alkoxide anion is generated via cathode reduction.The
reaction proceeded at 50 °C. Nanoparticles of spiro oxindoles were obtained in excellent yields under this
protocol.
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O
CN R Electrolysis
+ < + o
o] CN N >
9 35 é1 Propanol
NaBr (0.5 mmol)
(1 mmol) (1 mmol) (1 mmol) 45-90 min.
5 examples

R'=H, Me

R2= H, Br, ClI, N02 Yield: 85%-98%

Alkooxide generation in cathode: 2ROH+2e ——— 2RO +H,

Scheme 15. Synthesis of pyran containing spirooxindole derivatives under electrolysis.

A green methodology was developed*® for the synthesis of pyran containing 2-amino-2',5- dioxo-5,6-
dihydro-spiro[pyrano[3,2-c]quinoline-4,3'-indoline]-3-carbonitrile systems 38 by Moghadam et al. using
chitosan derived heterogeneous catalyst (Scheme 16). The catalyst had a cobalt-ferrite core with amine and
hydroxyl groups. Particularly these amine and hydroxyl groups catalyzed the reaction and also the catalyst was
recyclable up to 5 times without loss of much reactivity. Malononitrile, isatin and 4-hydroxyquinolin-2-one (37)
were employed for the synthesis of spiro oxindole systems using multicomponent process.

OH
CF@[SB-CS] (12 mg)

0
CN
m c LI >
Z
N"~©0 N FZN EtOH, Reflux, 15-20 min.

(1 mmol)

(1.1 mmol) (1 mmol)

3 examples

R= H, OCH., NO
»Tm2 Yield: 88%-89 %

S0,

CF@[SB-CS] = A HO o

Scheme 16. Synthesis of pyran containing spiro oxindole systems using chitosan derived heterogeneous
catalyst.

Another one-pot multicomponent reaction methodology was developed®! by Xu et al. by using DABCO-
based ionic liquid in ethanol solvent. The reaction involved malononitrile, isatin and dialkyl acetylene
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dicarboxylate. These three components when combined with a primary aromatic amine 39, produced spiro
1,4-dihydro pyridine compounds 41 and when combined with hydrazine derivatives 40 spiro pyrano[2,3-
c]pyrazole systems 42 was produced (Scheme 17). This protocol was also extended to carbonyl compounds
apart from isatin, like ninhydrin and acenaphthylene-1, 2-dione. A number of DABCO based ionic liquid was
screened for optimization and the catalyst could be recycled up to 5 times without loss of much reactivity.

0
BN
NH R T o
re-NH N Ar-NH, R
40 (1 mmol) R 39 RLF
(1 mmol) + (1 mmol) N
R2
10 mol% [Dabco-H][AcO] OR%g mol% [Dabco-H][AcO] R?0,C
= X | I > 2
EtOH EtOH R?0,C7 “N” “NH,
40 min.-6 h CN  CO.R? 4-8 h AT
(1.05 mmol) (1.05 mmol)
> 12 examples
Yield: 78%-96% R'=H, 5-Cl, 5-F,5-OMe,1-Me 11 examples
RZ=Me, Et Yield: 52%-93%
3=
R"=H,Ph Ar= 4-OMeC¢H,, 4-BrCgH,,
X=CN, CO,Et 4-MeCgH,, 4-FC¢H,

Scheme 17. Synthesis of spiro 1,4-dihydro pyridine and spiro pyrano[2,3-c]pyrazole systems using DABCO-
based ionic liquid.

An ultrasound promoted multi-component reaction methodology for the synthesis of spiro-4H-pyrans
43-44 was developed® by Naeimi and Lahouti (Scheme 18). The reactions were performed in aqueous ethanol
medium at room temperature. Malononitrile, 1, 3-dicarbonyl compounds and isatin or acenaphthoquinone
were involved in this three-component methodology. The reaction was catalyzed by a recyclable chitosan
encapsulated magnetic FesOs nanoparticles (FesOs@CS-SOsH NPs). A range of 1, 3-dicarbonyl compounds
were studied under this methodology.

CN Ultrasonic irradiation
or
+ + Or or Fe;0,@CS-SO;H
(0] (o] CN
OH H,O0 + EtOH
. Q o RT
N Or
CC SORI S

Yield: 91%-97%

Reactants were used in equimolar ratio with 20mg of catalyst/mmol of reactant

Scheme 18. Ultrasound promoted multi-component reaction methodology for the synthesis of spiro-4H-
pyrans.

Another multi-component methodology for the synthesis of spiro-pyran derivatives 45-46 as well as
spiro-acenaphthylenes was developed*® by Safari and Nasab using magnetic NiFe;0.@SiO,@Melamine
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nanoparticles as an effective and reusable catalyst (Scheme 19). Different 1,3-dicarbonyl compounds were
allowed to react with ninhydrin/acenaphthoquinone and malononitrile/ethyl cyanoacetate under this one-pot
multi-component methodology. The reactions proceeded under reflux in ethanol solvent. The magnetic
nanoparticle catalyst was easily separated from the reaction mixture by using an external magnet.

(o] ;'
en o NiFe,0,@Si0,@Melamine .
o + < + . >
X : ; \0 Ethanol, Reflux
o - 15-25 min.
or X=CN, CO,Et
(o) (o]

‘ 16 examples
OO Yield: 85%- 95%
OH e ‘
.. o N/CH3
n" = , N , /& ’ N‘/ etc.
\ N O0“ "N O HN
..o o} 0”0 I o

b CH;
Reactants were used in equimolar ratio with 0.025g of catalyst/ mmol of reactant

Scheme 19. Synthesis of spiro-pyran derivatives and spiro-acenaphthylenes using magnetic
NiFe,0,@SiO,@Melamine nanoparticles as an effective and reusable catalyst.

Pawar et al. also independently developed* a multi-component methodology to synthesize pyran
containing spiro-oxindole derivatives using malononitrile, enolizable ketones and isatins in (1:1) aqueous

ethanol solvent under the catalytic influence of Cu nanoparticles embeded on carbon microsphere under
reflux.

0 o]
RY en el 10 mol% CsF
\@:s@ *len i —_—
R *.._..- OH Ethanol, RT
47 3 min.- 25 min.
(1 equiv.) (1.1 equiv.) (1 equiv.) 48
R'=H, Et, Bn, allyl 27 examples

Yield: 91%- 99%
R2=H, Cl, Br, NO,, Me etc.

o] OH 0 o o 0
|
KlL EI\] \N)i HN)i \l/[g \I/[g
; = N<
N . “OH 0o Py sPyNo Moy N
| H H Ph
Scheme 20. CsF promoted multi component synthesis of spiro oxindole based heterocycles.
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Spirooxindole based heterocycles 48 have been synthesized* by the CsF promoted multi component
reaction methodology involving isatin and malononitrile along with different 1, 3-dicarbonyl compounds or its
equivalent compounds 47 as the third component (Scheme 20). 4-hydroxycoumarin or barbituric acid or
pyrazolone was used as the third component in this one-pot three component methodology in ethanol at
room temperature. The methodology also worked with bis-isatins.

A catalytic amount of triethyl amine was also found effective for the synthesis of 2-amino-2’,5-dioxo-
5H-spiro[benzo[4,5]thiazolo[3,2-a]pyrano[2,3-d]pyrimidine-4,3’-indoline]-3-carbonitrile derivatives 50.*¢ Here,
Miri et al, in this methodology involved malononitrile/active methylene compound, isatins and 2-Hydroxy-4H-
benzo[4,5]thiazolo[3,2-a]pyrimidin-4-ones 49 in one-pot (Scheme 21). The reaction proceeded in ethanol
medium at 70 °C. The merits of this protocol are easy operation, benign towards environment and excellent
yields. The methodology avoids purification by column chromatography and follows group assisted
purification (GAP)strategy.

S

N
2
R R! r?‘\»’o"' CN Et;N(5 mol%)
o .
N
H

\@ =N +< —— R RO X

s X EtOH, 70 °C o
49 2-2.5h H

R=H, OCH, 50

R'=H, CH, 8 examples

X=CN, CO,Me, CO,Et Reactants were used in equimolar ratio Yield: 86%- 94%

Scheme 21. Synthesis of pyran containing spiro oxindole derivatives using triethyl amine as catalyst.
3. Synthesis of Spiro-heterocycles without a Pyran Core

An ultrasound promoted methodology for the synthesis of spiro [indoline-3,1'-pyrazolo [1,2-
b]phthalazine]systems 52 has been developed*’ by Wang et al. under a one-pot multi-component reaction
protocol in ethanol solvent. Isatin, malononitrile or ethyl cyanoacetate, phthalhydrazide (51) and piperidine
were involved in this reaction methodology (Scheme 22). The mechanism of the reaction is shown in

Scheme 23.

O  NH,
o (o] Piperidine (20 mol %)
N
Ethanol 1 \)—X
AN CN NH
ReG 0+ & 4 A > N N 2
N X Ultrasonic irradiation, RT o / | y/
R’ 51 O N
1-2h R!
52
X=CN, CO,Et
1=
R'=H,CH, 14 examples
R2=H, CH,, Br, CI, F Yield: 69%-93%

Reactants were used in equimolar ratio

Scheme 22. Ultrasound promoted methodology for the synthesis of spiro [indoline-3, 1’-pyrazolo [1, 2-
blphthalazine]systems
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o)
H, H
NC N O, N
-N o]
[o) CN CN H
$en L= s N
0O ——— . 0O —m H E:N
N Piveridi
N iperidine H o N
H
H
N o QN
N
- N/ CN
N/ CN
\H o NH

52
Scheme 23. Mechanism for ultrasound promoted methodology for the synthesis of spiro [indoline-3, 1’-
pyrazolo [1, 2-b]phthalazine]systems

2’,7’-diamino-2-oxo-1’,4’-dihydrospiro[indoline-3,4’-quinoline]-3’-carbonitriles 54 were also
synthesized using meta-phenylene diamine (53), isatin and malononitrile as starting materials.® In this
methodology Pramanik et al. illustrated one-pot multicomponent reaction which was performed in ethanol
medium under reflux. The reaction completed within one hour (Scheme 24).

(o]

R% EtOH
° Q
N R fl
R eriux H,N
30 min.-2 h
(1 equiv.) (1.5 equiv.) (1 equw.)

R'=H, Me, Et, Ph 12 examples
R2=H, F, Cl, Br,| Yield: 70%- 91%

Scheme 24. Synthesis of isatin based spiro heterocycles from meta-phenylene diamines.

A one-pot multicomponent reaction methodology was developed*® for the synthesis of spiro-2,4-
diaminopyrimidines 57 by Balalaie et al. in 2013. The methodology involved guadinium carbonate (56), cyclic
ketones 55 and malononitrile/methylcyanoacetate. The reaction proceeded in methanol solvent under reflux
(Scheme 25). The reaction progressed via Knoevenagel reaction followed by Michael reaction and cyclization.
The unique feature of the synthesized compounds is that they are capable of earning extra stability by virtue
of having hydrogen bonding property. Moreover, the careful study of antibacterial activity of these spiro
aminopyrimidines revealed notable results. The mechanism is shown in Scheme 26.
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(o]
NH,
CN
, Methanol
) & (e, et
X CN 2 Reflux, 2h
55 56

(1 equiv.) (1.1 equiv.) (0.7 equiv.)

X=C,N 12 examples
R'=H, 9-Et, 8-Me, 9-Me, 9-tert Bu, 9-Me Yield: 65%-80%

Scheme 25. One-pot multicomponent synthesis of spiro-2,4-diaminopyrimidines.

N { N HN
\)
o “C¥ _cN (NH; A\ S
V NH
CN CO;%, MeOH HNZ > NH, NC
+ < > —_—
X CN X X
55
Cyclization
H,N_ _N_ _NH, H
| Y HN N\rNH2
NC NH Tautomerization IN
NC
X X
57

Scheme 26. Mechanism for one-pot multicomponent synthesis of spiro-2-aminopyrimidines.

A multi-component synthetic methodology of spiro[indoline-3,4’-pyrrolo[3,4-b]pyridine] derivatives 59
was achieved® using triethylamine as base by Yan et al. Malononitrile or ethyl cyanoacetate was chosen as a
building block along with isatins and 3-arylamino-1-methyl-1H-pyrrole-2,5-dione (58). A range of spiro
oxindole systems were obtained under this methodology. The reaction proceeded under reflux in ethanol
solvent (Scheme 27). This protocol is very simple to handle with respect to easy purification, short span of
reaction time (1 hour), easily available starting material.

Another one-pot, four component reaction protocol to synthesize spiro oxindole-1,4-dihydropyridine
derivatives 61 was developed® by Tao et al. in aqueous ethanol medium. The components of the reaction
methodology include N-benzylpyrrolidine-2,4-dione (60), aniline, isatin and malononitrile (Scheme 28). The
reaction proceeded in presence of 4-DMAP as catalyst and good yields were obtained under this methodology.
The aqueous ethanol contained water and ethanol in 1:1 ratio. Comparative study has been done by this
group and they also showed a better yield of the product in four component strategy compared to an
alternative three-component methodology (Scheme 29).
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th
HN 0
o) xd/
H O R I N-me
A O - & o OIS
N-Me * + —_— o
! N X EtOH, Reflux N O
58 0 R’ 1h 59 R
R=H, Cl, F, CH; 14 examples
R'=H, Bn Yield: 84%- 94%
X=CN, CO,Et

Reactants were used in equimolar ratio

Scheme 27. Synthesis of spiro [indoline-3, 4’-pyrrolo [3, 4-b] pyridine] derivatives using triethylamine as base.

Ag. EtOH (1:1)
80 °C, 2h

o J o)
N - VH2 CN DMAP (20 mol%)
(L 0 < -
o N N R CN
Bn R!

60

Reactants were used in equimolar ratio
R'= H,Me
R2= H, 5-NO,, 5-Me
R3= Ph, 3-Br, 4-Me, 4-F, 4-Cl, 4-NO,, 4-OEt, 2-Naphthyl, 4-SO,NH,

26 examples
Yield: 80%-96%

Scheme 28. Synthesis of spiro oxindole-1,4-dihydropyridine derivatives using 4-DMAP as catalyst.

o) o BnN N;
NH, CN DMAP (20 mol%) /4 NH
* O+ ©/ ' <CN > 2 7
o“N N

Aq. EtOH (1:1) CN

80 °C N ‘O
H

61 Yield: 95%

Bn
(o] on n \© DMAP (20 mol%) BnN NS
- ' /4 NH
@f;s:o # Lt 0Ty o) Y/

Aq. EtOH (1:1)

él’l 80 °C CN
N ‘0
H

61 Yield: 93%

Scheme 29. Comparison between three and four component reaction methodology.
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Spirocyclopropylbarbiturates (2-aryl-4,6,8-trioxo-5,7-diazaspiro[2.5]octane-1,1-dicarbonitrile) 64 have
been synthesized®! by Vaghei et al by reacting arylidenemalononitriles 62 with barbituric acids 63. Different
catalysts were used for the purpose of this synthesis like N,N,N,N-tetrabromobenzene-1,3-disulfonamide
(TBBDA), poly(N-bromo-N-ethyl-benzene-1,3-disulfonamide)(PBBS), N,N,N,N-tetrachlorobenzene-1,3-
disulfonamide (TCBDA), poly(N-chloro-N-ethylbenzene-1,3-disulfonamide) (PCBS) and more or less
comparable yields were obtained for all the catalysts (Scheme 30). The optimum yield were obtained in
aqueous ethanol in presence of sodium acetate as base at room temperature. The mechanism of the reaction
is shown in Scheme 31.

TBBDA (0.25 mmol) or PBBS(0.2 g) Ar O

o)
Y\ /A’ N-R or TCBDA (0.25 mmol) or PCBS (0.15 g) "\ R
Y + /& > 1
N N7
N R
62 63

Aq. Ethanol, NaOAc (1 mmol), RT (o) N (o)
)
1-20 min. 64 R
(1 mmol) (1 mmol) 15 examples
R= H,Me Yield:80%-97%

Ar= CgHs, 4-NO,CgH,, 2-C4oH;, 3-MeC4~H,,4-CIC4-H, etc.

Scheme 30. Synthesis of spirocyclopropylbarbiturates using arylidenemalononitriles.

CN
(o) o Ar
: o} ® Ar\ACN o Ar R, N
j\ NaOAc R~N <) Na 62 R‘N CN @ N ()
S S — . Na <~ ™ CN
. N
1) r;] 0 -HOAc OJ\I;I 0 OJ\,;‘ OC o r;l (o]
R R R R
63
?r ?r
N
Br” s ,s’\N\BI’
o\ 0’ Yo
® /@\
H,NO,S SO,NH
O(B Ar Na OBrAr 2NU> 2NF2
R~NJ%%CN NaOAc R*N)IK(CN
- 1 CN
N -AcOH
OAr;l o © cOH o7 N o
R R
l -NaBr
(o) Ar
R N
\N%c
OJ\'# o CN
R
64

Scheme 31. Mechanism for the synthesis of spirocyclopropylbarbiturates using arylidenemalononitriles.
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A DABCO (1,4-diazabicyclo[2.2.2]octane) catalyzed methodology for the synthesis of spiro oxindole
derivatives 66 has been developed®? by Pore et al. in agueous ethanol at room temperature (Scheme 32). This
one-pot, three component methodology involved malononitrile, isatin and cyclohexanone 65. This

methodology was further improvised by this group to prepare bis spiro compounds 68 (Scheme 33) by using
bis-isatins 67.

R! o
20 mol% DABCO
CN 1
l\\ 0+ 2 < + R X CN

Aqueous EtOH (30%), RT \“—~N o
1

—X

|
R 65
8 min.-40 min. R
=H 66
1 I
R'=H, 5,7-Me,, 5-Me, 5-OMe, 5-Br, 5-Cl, 5-I, 5-NO,, 5-F 0 examples

Yield: 80%-95%
Scheme 32. DABCO catalyzed synthesis of spiro oxindole derivatives.

NH,
3 i ®
0,
CN 20 mol% DABCO o
N\/\/N + 4 < + 2 L
(o) CN Aqueous EtOH, RT
(0]
67

40 min. N O
o

2o
Yield: 85% NC
H,N

CN

A,
O
(2]
z

68

Scheme 33. Synthesis of bis spirooxindole derivatives.

lodine catalyzed multicomponent reaction methodology for the synthesis of spiro[indoline-3,4'-pyridine]
derivatives 70 has been developed®?® by Mukhopadhyay et al. and they further utilized the compounds as
chemosensor devices. The developed product could be utilized selectively for Cu?* detection among other
cations. The methodology was based on one-pot, four component strategy involving aniline, diethyl but-2-
ynedioate (69), isatin and malononitrile. The substrate scope was explored in aqueous ethanol at 60 °C. Only
10 mol% of the catalyst was required for the reaction (Scheme 34).
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CO,Et

|‘| + Ar-NH, +X©:‘2:o + NC__CN

CO,Et
69

Ar= CgHj5, 2-MeCgH5, 4-MeCgH5, 4-BrCgH; etc.
X=H,Br,NO,

Reactants were used in equimolar ratio

EtOH: H,0 (1:1)

Mal, S. et al.

Qo

EtO,C % o

2 | ) CN

Et0,C” N7 “NH
H |

Ar
70

27 examples
Yield: 70%-95%

Scheme 34. lodine catalyzed synthesis of spiro[indoline-3,4'-pyridine] derivatives.

An electrochemical process was developed®* by Elinson et al. to synthesize 6-heterospiro [2.5] octane-
1, 1, 2, 2-tetracarbonitrile derivatives 72 in alcohol in presence of bromide salt. One equivalent of heterocyclic
ketone 71 and two equivalents of malononitrile were reacted together at 20 °C (Scheme 35).

R
R

(1 equiv.)

R CN CN
R +<CN * <CN

(2.5 equiv.)

R'= Me, Et
X=NCO,Et, NCO,-‘Bu, NAc, NCH,Ph, NH,CI, NH, O, S

Electrolysis

—_—
M-Hal (0.5 equiv.)

R1-OH

40 min.-64 min.

M-Hal=NaBr, Nal, LiBr, KBr

8 examples
Yield: 48%-75%

Scheme 35. Electrochemical synthesis of 6-heterospiro [2.5] octane-1, 1, 2, 2-tetracarbonitrile derivatives.

A basic ionic

(1-[3-(dimethylamino)propyl]-1,4-diazabicyclo[2.2.2]octan-1-ium hydroxide)

promoted methodology for the synthesis of spiro [naphthalene-2, 5’-pyrimidine]-4-carbonitrile derivatives 74
was developed® by Gaikwad et al. in aqueous ethanol (1:1) at room temperature (Scheme 36). This work also
was based on a four component, one-pot methodology involving cyclohexanone, aldehydes 73, 1, 3-dimethyl
barbituric acid and malononitrile.This methodology uses an alternative green catalyst for the synthesis of such

type of heterocycles.
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Basic lonic liquid

CN CHO N 20 mol%
é RO S AR —
(
CN N Aqueous ethanol, RT
73 o \

1-4 h

Reactants were used in equimolar ratio

R=4-OMe, 3,4-Cl, 4-NO,, 4-N(CH),, 2-thiophene, 4-OEt, 1-Naphthaldehyde,
341, 4-OH, 5-OMe, 3-OCH,Ph, 4-CN, 3,4-OMe, 4-Cl, 4-Br 13 examples
Yield: 83%-95%

H\ /
lonic liquid: N7\_N""N
=~ oH |

1-[3-(dimethylamino)propyl]-1,4-diazabicyclo[2.2.2]octan-1-ium hydroxide

Scheme 36. lonic liquid promoted synthesis of spiro [naphthalene-2, 5’-pyrimidine]-4-carbonitrile derivatives.

Brahamachari and Nurjamal also developed®® another straightforward and simple strategy for the
synthesis of spiro[indoline-3,5’-pyrido[2,3-d]pyrimidine] derivatives 76 (Scheme 37) and also
spiro[acenaphthylene-1,5"-pyrido[2,3-d]-pyrimidine]derivatives 78-79 (Scheme 38) in aqueous ethanol (1:1) in
presence of sodium formate as catalyst under reflux. 6-aminouracil 75 or 6-aminothiouracil 77 was used along
with C-H acids and isatin or acenaphthylene-1, 2-dione in this multicomponent strategy.

-~ 1
HN R

o) ? o \

CN 40 mol% Sodium formate (0]
R1_' N o + < + HN | CN
Z A »  HN
N CN 0P N“>NH,  (1:1 EtOH-H,0) P | |
H H 02 N7 N7 NH
75 Reflux 80 °C, 8-12h H H 2
(1 equiv.) (2 equiv.) (1 equiv.) 76
R'=H, Br, CI, F, OCF3, |, 7 examples

Yield: 80%-90%
Scheme 37. Synthesis of spiro[indoline-3,5’-pyrido[2,3-d]pyrimidine] derivatives.

5'-Amino-8'-nitro-2-oxo-2',3'-dihydrospiro[indoline-3,7'-thiazolo[3,2-a] pyridine]-6'-carbonitrile
derivatives 82 were synthesized®” under the catalytic influence of SiO, nanoparticles in ethanol under reflux
(Scheme 39). The methodology is based on one-pot multi component strategy. The components of the
protocol include different C-H acid like malononitrile etc. along with nitroketene dithioacetal (80), isatin and
cysteamine hydrochloride (81).
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(o]
3
R‘N (1 equiv.)
A
o (0] 0 "N” "NH,
2
‘ CN R Catalytic Sodium formate
GO T >
or (11 EtOH'Hzo)
(1 equiv.) (2 equiv.) OH Reflux 80 °C, 6-8 h
X=CN, SOZCGHS N )
_ (1 equiv.)
HS” "N” "NH,
6 examples
2=
77 R°=H,CH, Yield: 53%- 94%
R3=H,CH;

Scheme 38. Synthesis of spiro [acenaphthylene-1, 5’-pyrido[2,3-d]-pyrimidine]derivatives.

R\
=\” NH
R 7 EtOH/refl X I: 2

N MeS . NO, NH, CN reflux on 1, CN

I o+ X . [ + < > N

Z/~N MeS H SH CN Nano SiO, (20 mol%)
H Hel 8h s” N NH,
80 81 - ]
Reactants were used in equimolar ratio 82
R=H, Br,Cl Yield: 65%-85%

Scheme 39. Synthesis of 5'-amino-8'-nitro-2-oxo-2',3'-dihydrospiro[indoline-3,7'-thiazolo[3,2-a]pyridine]-6'-
carbonitrile derivatives using SiO, nanoparticles in ethanol.

4. Conclusions

Spiroheterocycles are structurally interesting molecules having several useful properties. Hence, development
of various synthetic methodologies to synthesize interesting spiroheterocycles has always attracted attention
of synthetic chemists as well as medicinal and material chemists. Malononitrile often plays an important role
in the synthesis of various important heterocycles and commercially it is also very easily available. Therefore,
we have tried to sum up some recent reports on synthesis of spiro-heterocycles using malononitrile as a
building block. We have tried to focus on alcohol mediated syntheses which are comparatively operationally
simple.

Acknowledgements

M.J. acknowledges the financial support from DSTBT, WB (FILE NO. 490(Sanc.)/STBT-11012(25)/20/2021-ST
SEC). Also, we acknowledge the DST-FIST (level-2,SR/FST/CS-11/2019/96, Dt.07.01.2020) and DSTPURSE Il

Page 381 ©AUTHOR(S)



Arkivoc 2022, i, 361-385 Mal, S. et al.

programme. Department of Chemistry, University of Kalyani for providing necessary facilities. We also extend
our thanks to RUSA 10 Component (CH & E).

References

10.

11.

12.

13.

14.

15.

16.

17.

Dotsenko, V. V.; Krivokolysko, S. G.; Semenova, A. M. Chemistry of Heterocyclic Compounds 2018, 54,
989-1019.

https://doi.org/10.1007/s10593-018-2383-y

Evdokimov, N. M.; Kireev, A.S.; Yakovenko, A. A.; Antipin, M. Y.; Magedov, I. V.; Kornienko, A. J. Org.
Chem. 2007, 72, 3443-3453.

https://doi.org/10.1021/jo070114u

Shaabani, A.; Hooshmand, S. E. Mol. Diversity 2018, 22,207-224.
https://doi.org/10.1007/s11030-017-9807-y

Saraswat, P.; Jeyabalan, G.; Hassan, M. Z.; Rahman, M. U.; Nyola, N. K. Synth. Commun. 2016, 46, 1643—
1664.

https://doi.org/10.1080/00397911.2016.1211704

Singh, R.; Bhardwaj, D.; Saini, M. R. RSC Adv. 2021, 11, 4760-4804.
https://doi.org/10.1039/DORA09130H

Borad, M. A.; Bhoi, M. N.; Prajapati, N. P.; Patel, H. D. Synth. Commun. 2014, 44, 897-922.
https://doi.org/10.1080/00397911.2013.843196

Ziarani, G.M.; Moradi, R.; Lashgarib, N. Arkivoc 2016, (i), 1-81.
https://dx.doi.org/10.3998/ark.5550190.p009.385

Dawood, K. M. J. Heterocycl. Chem. 2005, 42, 221-225.

https://doi.org/10.1002/jhet.5570420207

Lukyanov, B. S.; Lukyanova, M. B. Chemistry of heterocyclic compounds 2005, 41, 281-311.
https://doi.org/10.1007/s10593-005-0148-x

Ryu, H.; Seo, J.; Ko, H. M. J. Org. Chem. 2018, 83, 14102-141009.
https://doi.org/10.1021/acs.joc.8b02117

Marti, C.; Carreira, E. M. Eur. J. Org. Chem. 2003, 2003, 2209-2219.
https://doi.org/10.1002/ejoc.200300050

Liu, Y.; Zhang, X.; Zeng, R.; Zhang, Y.; Dai, Q. S.; Leng, H.J.; Gou, X. J.; Li, J. L. Molecules 2017, 22, 1882.
https://doi.org/10.3390/molecules22111882

Liao, Y. Acc. Chem. Res. 2017, 50, 1956—1964.

https://doi.org/10.1021/acs.accounts.7b00190

Rapposelli, S.; Breschi, M. C.; Calderone, V.; Digiacomo, M.; Martelli, A.; Testai, L.; Vanni, M.; Balsamo, A.
Eur. J. Med. Chem. 2011, 46, 966-973.

https://doi.org/10.1016/j.ejmech.2011.01.003

Parthenopoulos, D. A.; Rentzepis, P. M. Science 1989, 245, 843-845.
https://doi.org/10.1126/science.245.4920.843

Kundu, A.; Pathak, S.; Pramanik, A. Asian J. Org. Chem. 2013, 2, 869 — 876.
https://doi.org/10.1002/ajoc.201300153

Dawood, K. M.; Fuchigami, T. J. Org. Chem. 2005, 70, 7537-7541.

https://doi.org/10.1021/jo0507587

Page 382 ©AUTHOR(S)


https://doi.org/10.1007/s10593-018-2383-y
https://doi.org/10.1021/jo070114u
https://doi.org/10.1007/s11030-017-9807-y
https://doi.org/10.1080/00397911.2016.1211704
https://doi.org/10.1039/D0RA09130H
https://doi.org/10.1080/00397911.2013.843196
https://dx.doi.org/10.3998/ark.5550190.p009.385
https://doi.org/10.1002/jhet.5570420207
https://doi.org/10.1007/s10593-005-0148-x
https://doi.org/10.1021/acs.joc.8b02117
https://doi.org/10.1002/ejoc.200300050
https://doi.org/10.3390/molecules22111882
https://doi.org/10.1021/acs.accounts.7b00190
https://doi.org/10.1016/j.ejmech.2011.01.003
https://doi.org/10.1126/science.245.4920.843
https://doi.org/10.1002/ajoc.201300153
https://doi.org/10.1021/jo0507587

Arkivoc 2022, i, 361-385 Mal, S. et al.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Dandia, A.; Laxkar, A. K.; Singh, R. Tetrahedron Lett. 2012, 53, 3012-3017.
https://doi.org/10.1016/j.tetlet.2012.03.136

Diyanatizadeh, M. H.; Yavari, |. Journal of Sulfur Chemistry 2016, 37, 54-60.
https://doi.org/10.1080/17415993.2015.1089439

Fleming, F. F.; Yao, L. P.; Ravikumar, C.; Funk, L.; Shook, B. C. J. Med. Chem. 2010, 53, 7902—-7917.
https://doi.org/10.1021/jm100762r

Koleva, B.B.; Kolev, T.; Nikolova, R.; Zagraniarsky, Y.; Spiteller, M. Cent. Eur. J. Chem. 2008, 6, 592—-599.
https://doi.org/10.2478/s11532-008-0061-0

Jayashankaran, J.; Durga, R.; Manian, R. S.; Sivaguru, M.; Raghunathan, R. Tetrahedron Lett.2006, 47,
5535-5538.

https://doi.org/10.1016/j.tetlet.2006.05.149

Ghandi, M.; Taheri, A.; Abbasi, A. Tetrahedron 2010, 66, 6744-6748.
https://doi.org/10.1016/j.tet.2010.06.078

Sridhar, G.; Gunasundari, T.; Raghunathan, R. Tetrahedron Lett.2007, 48, 319-322.
https://doi.org/10.1016/|.tetlet.2006.11.002

Huang, H.; Xu, Y.; Mao, F.; Zhu, J.; Jiang, H.; Li, J. Tetrahedron Lett. 2015, 56, 586—589.
https://doi.org/10.1016/j.tetlet.2014.12.011

Dawood, K. M. Tetrahedron 2005, 61, 5229-5233.

https://doi.org/10.1016/j.tet.2005.03.083

Zou, Y.; Hu, Y.; Liu, H.; Shi, D. ACS Comb. Sci. 2012, 14, 38-43.

https://doi.org/10.1021/c0200128k

Elinson, M. N.; llovaisky, A. |.; Merkulova, V. M. ; Belyakov, P. A.; Barba, F.; Batanero, B. Tetrahedron
2012, 68, 5833-5837.

https://doi.org/10.1016/j.tet.2012.05.005

Bihani, M.; Bora, P.P.; Bez, G.; Askari, H. ACS Sustainable Chem. Eng. 2013, 1, 440-447.
https://doi.org/10.1021/sc300173z

Wu, C.; Shen, R.; Chen, J.; Hu, C. Bull. Korean Chem. Soc. 2013, 34, 2431-2435.
https://doi.org/10.5012/bkcs.2013.34.8.2431

Alizadeh, A.; Bayat, F. Helv. Chim. Acta 2014, 97, 694-700.

https://doi.org/10.1002/hlca.201300260

Rahmati, A.; Khalesi, Z.; Kenarkoohi, T. Comb. Chem. High Throughput Screening 2014, 17, 132-140.
https://doi.org/10.2174/13862073113166660067

Heravi, M. M.; Hashemi, E.; Azimian, F. J Iran Chem Soc 2015, 12, 647-653.
https://doi.org/10.1007/s13738-014-0523-6

Karimi, A.R.; Sourinia, M.; Dalirnasab, Z.; Karimi, M. Canadian Journal of Chemistry 2015, 93, 546-549.
https://doi.org/10.1139/cjc-2014-0345

Wagh, Y. B.; Tayade, Y. A.; Padvi, S. A.; Patil, B. S.; Patil, N. B.; Dalal, D. S. Chin. Chem. Lett. 2015, 26,
1273-1277.

https://doi.org/10.1016/j.cclet.2015.06.014

Liju, W.; Ablajan, K.; Jun, F. Ultrason. Sonochem.2015, 22, 113-118.
https://doi.org/10.1016/j.ultsonch.2014.05.013

Padvi, S. A.; Tayade, Y. A.; Wagh, Y. B.; Dalal, D. S. Chin. Chem.Lett. 2016, 27, 714-720.
https://doi.org/10.1016/j.cclet.2016.01.016

Elinson, M. N.; Ryzhkov, F. V.; Korolev, V. A.; Egorov, M. P. Heterocycl. Commun. 2016, 22, 11-15.

Page 383 ©AUTHOR(S)



https://doi.org/10.1016/j.tetlet.2012.03.136
https://doi.org/10.1080/17415993.2015.1089439
https://doi.org/10.1021/jm100762r
https://doi.org/10.2478/s11532-008-0061-0
https://doi.org/10.1016/j.tetlet.2006.05.149
https://doi.org/10.1016/j.tet.2010.06.078
https://doi.org/10.1016/j.tetlet.2006.11.002
https://doi.org/10.1016/j.tetlet.2014.12.011
https://doi.org/10.1016/j.tet.2005.03.083
https://doi.org/10.1021/co200128k
https://doi.org/10.1016/j.tet.2012.05.005
https://doi.org/10.1021/sc300173z
https://doi.org/10.5012/bkcs.2013.34.8.2431
https://doi.org/10.1002/hlca.201300260
https://doi.org/10.2174/13862073113166660067
https://doi.org/10.1007/s13738-014-0523-6
https://doi.org/10.1139/cjc-2014-0345
https://doi.org/10.1016/j.cclet.2015.06.014
https://doi.org/10.1016/j.ultsonch.2014.05.013
https://doi.org/10.1016/j.cclet.2016.01.016

Arkivoc 2022, i, 361-385 Mal, S. et al.

39.

40.

41.

42.

43.

44,

45,

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

https://doi.org/10.1515/hc-2015-0232

Darvish, Z. M.; Mirza, B.; Makarem, S. J Heterocycl Chem 2017, 54, 1763-1766.
https://doi.org/10.1002/jhet.2755

Haiji, F. A.; Moghadam, K. R.; Mahmoodi, N. O.; Tonekaboni, T.; Rahimi, N. App/ Organometal Chem.
2017, 31, e3891.
https://doi.org/10.1002/a0c.3891

Liu, T.; Lai, Y. H.; Yu, Y.Q.; Xu, D. Z. New J. Chem. 2018, 42, 1046-1051.
https://doi.org/10.1039/C7NJ03967K

Naeimi, H.; Lahouti, S. J Iran Chem Soc 2018, 15, 2017-2031.
https://doi.org/10.1007/s13738-018-1399-7

Nasab, N. H.; Safari, J. J. Mol. Struct. 2019, 1193, 118-124.
https://doi.org/10.1016/j.molstruc.2019.05.023

Kaminwar, N. S.; Patwari, S. B.; Goskulwad, S. P. ; More, S. D. ; Vyawahare, S. K. ; Pasinszki, T. ; Kotai, L.;
Pawar, R. P. Eur. Chem. Bull. 2019, 8, 153-159.
http://dx.doi.org/10.17628/ecb.2019.8.153-159

Wagh, Y.B.; Padvi, S. A.; Mahulikar, P. P.; Dalal, D. S. J Heterocycl Chem. 2020, 57, 1101-1110.
https://doi.org/10.1002/jhet.3846

Gholami, M. ; Miri, L. Y.; Askarizadeh, E.; Pirdehi, H. H. J. Mol. Struct. 2021, 1245, 131044.
https://doi.org/10.1016/j.molstruc.2021.131044

Wang, J.; Bai, X.; Xu, C.; Wang, Y.; Lin, W.; Zou, Y.; Shi, D. Molecules 2012, 17, 8674-8686.
https://doi.org/10.3390/molecules17078674

Balalaie, S.; Moghimi, H.; Bararjanian, M.; Rominger, F.; Bijanzadeh, H. R.; Sheikhahmadia, M. J
Heterocycl Chem. 2013, 50, 1304-1312.

https://doi.org/10.1002/jhet.1690

Wang, C.; Jiang, Y.H.; Yan, C. G. Mol Divers 2014, 18, 809-820.
https://doi.org/10.1007/s11030-014-9540-8

Han, C.; Meng, W.; Liu, H.; Liu, Y.; Tao, J. Tetrahedron 2014, 70, 8768-8774.
https://doi.org/10.1016/j.tet.2014.08.048

Vaghei, R. G.; Maghbooli, Y.; Shahriari, A.; Mahmoodi, J. Mol Divers 2016, 20, 907-917.
https://doi.org/10.1007/s11030-016-9682-y

Hegade, P. G.; Chinchkar, S. D.; Pore, D. M. Monatsh Chem 2016, 147, 1243-1249.
https://doi.org/10.1007/s00706-015-1637-y

Mondal, A.; Naskar, B.; Goswami, S.; Prodhan, C.; Chaudhuri, K.; Mukhopadhyay, C. Org. Biomol. Chem.
2018, 16, 302-315.

https://doi.org/10.1039/C70B02651J

Elinson, M. N.; Vereshchagin, A. N.; Korshunov, A. D.; Zaimovskaya, T. A.; Egorov, M. P. Monatshefte fiir
Chemie - Chemical Monthly 2018, 149, 1069-1074.

https://doi.org/10.1007/s00706-018-2158-2

Gaikwad, D. S.; Gawade, V. B.; Kamble, A. B.; Nimbalkar, N. H.; Pujari, Y. B.; Undale, K. A.; Patil, D. B.;
Pore, D. M. Research on Chemical Intermediates 2018, 44, 7437-7447.
https://doi.org/10.1007/s11164-018-3565-z

Nurjamal, K.; Brahmachari, G. ChemistrySelect 2019, 4, 2363-2367.
https://doi.org/10.1002/slct.201803508

Nasri, S.; Bayat, M.; Farahani, H. V.; Karami, S. Heliyon 2020, 6, e03687.

Page 384 ©AUTHOR(S)



https://doi.org/10.1515/hc-2015-0232
https://doi.org/10.1002/jhet.2755
https://doi.org/10.1002/aoc.3891
https://doi.org/10.1039/C7NJ03967K
https://doi.org/10.1007/s13738-018-1399-7
https://doi.org/10.1016/j.molstruc.2019.05.023
http://dx.doi.org/10.17628/ecb.2019.8.153-159
https://doi.org/10.1002/jhet.3846
https://doi.org/10.1016/j.molstruc.2021.131044
https://doi.org/10.3390/molecules17078674
https://doi.org/10.1002/jhet.1690
https://doi.org/10.1007/s11030-014-9540-8
https://doi.org/10.1016/j.tet.2014.08.048
https://doi.org/10.1007/s11030-016-9682-
https://doi.org/10.1007/s00706-015-1637-y
https://doi.org/10.1039/C7OB02651J
https://doi.org/10.1007/s00706-018-2158-2
https://doi.org/10.1007/s11164-018-3565-z
https://doi.org/10.1002/slct.201803508

Arkivoc 2022, i, 361-385 Mal, S. et al.

https://doi.org/10.1016/j.heliyon.2020.e03687

Authors’ Biographies

Dr. Manoranjan Jana was awarded his Ph.D degree from the University of Kalyani, India in 2006 under the
supervision of Professor (Dr.) K.C. Majumdar. He started his career as Lecturer from 2007 and presently he is
serving as Associate Professor in the Department of Chemistry, University of Kalyani. He has published a
number of peer-reviewed articles in different international journals. His research interest includes synthesis of
heterocycles and development of new synthetic methodologies.

Sourav Mal completed his graduation with Chemistry Honours in 2012 from West Bengal State University,
India. He obtained his M.Sc in Chemistry from Presidency University, Kolkata in 2014. Presently, he is working
under the guidance of Dr. Manoranjan Jana in the University of Kalyani as a Ph.D student. His research interest
revolves around organic synthesis.

This paper is an open access article distributed under the terms of the Creative Commons Attribution (CC BY) license
(http://creativecommons.org/licenses/by/4.0/)

Page 385 ©AUTHOR(S)


https://doi.org/10.1016/j.heliyon.2020.e03687
http://creativecommons.org/licenses/by/4.0/

