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Abstract

Spiro- heterocyclic compounds are a class of compounds containing Spiro linkage and hetero atoms.
Structural rigidity of spiro compounds makes them biologically a potent. Many Spiro-heterocyclic compounds
are known for their biological activities. Number of Spiro-heterocyclic compounds exhibits various biological
activities such as anticancer agents, antibacterial, anti-tubercular, anti-inflammatory, antipyretic, insecticidal and
anthelmintic, insect anti-feedant , antibiotic and antifungal, cytotoxic, anti-food-deteriorating agent , anti-
protozoal, CNS stimulant, cardiac glycoside, HIV-1 reverse transcriptase inhibitor, cholesterol absorption
inhibitor, stimulant and convulsant, antitumor, anti-coagulant , antineoplastic, diuretic, antipsychotic, anti-
broncho-constrictor, anxiolytic, anti-diabetic, anti-ulcer agent, antihypertensive. This aspect attract attention of
the Chemist towards the synthesis of spiroheterocyclic compounds by using green environmental eco-friendly
green synthesis.

There numerous methods are available for the synthesis of Spiro heterocyclic compounds and they are
mentioned in the literature. In present study we have mentioned some of them which are environmental eco-
friendly green synthesis. We have briefly reviewed the methods that are used for the solvent free green synthesis

of spiroheterocyclic compounds.Fig.1
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Fig.1 Green Synthesis of Spiroheterocyclic Compounds
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Introduction:

Spiroheterocyclic compounds are the spiro compounds containing spiro linkage and one or more hetero
atoms are the part of the cyclic ring. A synthetic approach of spiro-compounds containing hetero atoms is the
interesting area of the most chemist due to their wide applications in the pharmaceutical field. A spiro compound
is that compound which has at least two molecular ring with only one common carbon atom. The spiro compound
containing hetero atom containing hetero atom such as Nitrogen, Oxygen and other hetero atoms are called as
spiro-heterocyclic compounds. Many spiro compounds containing hetero atom such as Nitrogen, Oxygen are
extensively used in the treatment of various disease due to their pharmacological and biological activities such
as anticancer agents, antibacterial, anti-tubercular, anti-inflammatory, antipyretic, insecticidal and anthelmintic,
insect anti-feedant , antibiotic and antifungal, cytotoxic, anti-food-deteriorating agent , anti- protozoal, CNS
stimulant, cardiac glycoside, HIV-1 reverse transcriptase inhibitor, cholesterol absorption inhibitor, stimulant
and convulsant, antitumor, anti-coagulant , antineoplastic, diuretic, antipsychotic, anti-broncho-constrictor,
anxiolytic, anti-diabetic, anti-ulcer agent, antihypertensive etc.

In past number of Spiro & heterocyclic compounds were prepared by using various methodologies of
synthesist. These Spiro & heterocyclic compounds possess well biological activities such as anticancer agents??,
antibacterial*®, anti-tubercular®, anti-inflammatory’, antipyreti®, insecticidal and anti-helminthic®, insect anti-
feedant!®, antibiotic and antifungal*, cytotoxic'?, anti-food-deteriorating agent'®, anti- protozoal*, CNS
stimulant®®, cardiac glycoside'®, HIV-1 reverse transcriptase inhibitor'’, cholesterol absorption inhibitor'®,
stimulant and convulsant'®, antitumor?, anti-coagulant?!, antineoplastic?®, diuretic?®, antipsychotic?®, anti-
broncho-constrictor?, anxiolytic?®, anti-diabetic?’, anti-ulcer agent?, antihypertensive?®2°, antimalarial®!, CCR
antagonist®, antiplatelet agents®,

Some of the member from the Spiroheterocylic family such as Spiroindole and Spirooxindole in which the
spiro linkage at C; and Cs position of indole acts as an building block of the various drugs. It is core of the many
drug moieties which acts as a pharmacophore and which exhibits potent pharmacological and biological activities.
Many Spiroindole and spiroxindole core containing moieties well known for their pharmacological and biological
activities such as Horsfline (S1), Mitraphylline (S2), Marefortine (S3), Welwitindolinone (S4), Elacomine (S5),
and Alstonisine (S6) (Fig.2)3*". Spiroindole possess connatural three dimensional and rigid structure which has
good affinity towards protein this fact makes Spiroindole became a synthetic target in organic chemistry and drug
discovery. Due to this fact Spiroindole exhibits potent broad spectrum biological activities such as antimicrobial,
antitumor, antidiabetic, anticonvulsant, potential antileukemic, local anesthetic, and antiviral activities. Rather
spirocyclic systems acts as a synthetic precursor for the synthesis and exploration of medicines. Spirotryprostatin
S7A and Spirotryprostatin S8B shows microtubule assembly inhibition. While Pteropodine S9 and Isopteropodine

S10 steepen the operation of muscarinic serotonin receptors. (Fig.3)% *°.
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Fig.2 Biologically active Spiroheterocyclic Compounds
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Fig.3 Pharmacologically Active Sirooxindole Moieties

Spirocyclic oxindoles are valuable synthetic intermediates and constitute many pharmacological activities
like antimicrobial, antitumor, antimicrobial, antibacterial, antifungal, anti-viral and local anesthetics.

Review of literature reveals that Spirochromone Scaffold shows diverse broad spectrum biological
activities such as antimicrobial activity*®, anticancer*, anti-tubercular and anticonvulsant*? anti-HIV*3, antiulcer**
, anti-inflammatory*®, antidiabetic®®, analgesic*’, antimalarial®®, wound healing®, immune-stimulator®,
antiplatelet®, insecticidal®®, gastro protective®, antihistamine®, antihypertensive®, calpain inhibitor®®, enzyme
and receptor agonist/antagonist®, antioxidant®®.

Spirochromone containing the coromone moiety and cromene ring widely occurred in many natural
product and the variety of spirochromone moieties and its derivatives are the precursor for drug discovery. Many
spirochromones were known for their potent biological and pharmaceutical applications such as Nedocromil
(SC1), ethuliacoumarion (SC2), Khellin (SC3), apigenin (SC4), flavoxate (SC5) etc used in the treatment of
Asthama, anthelmintic related problems, coronary disease and kidney related diseases , cancer related diseases,
muscle spam related problems respectively.(Fig.4)%°. Some of the spirochromone and chromone derivatives were

used for the treatment of tuberculosis.5°
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Fig.4 Spirochromone Scaffold moeties bearing different Biological Activities

Recently many methods were used for the synthesis of Spiro as well as heterocyclic compounds such as
1) Three component tandem cyclo-addition, 2) Microwave assisted synthesis, 3) 1,3, dipolar cycloaddition also
known as Huisgen cycloaddition or Huisgen reaction, 4) Reductive lithilation,, 5) Alkylation and reductive
cyclization, 6) Rig closing metathesis,7) [3+2] Annulation followed by reductive cleavage, 8) ring expansion, 9)
Waters’ ring closing metathesis, 10) Palladium-mediated cyclisation, 11) asymmetric Michael additions, 12)
cycloaddition, and multicomponent reactions, 13) Prins/ene cascade process, 14) Fischer indole synthesis followed
by Ugi reaction, 15) intramolecular cyclization using Eaton’s Reagent, 16) Curtius rearrangement, 17)
Regioselective Mizoroki—Heck cyclization for the synthesis of spirooxindoles,®*? 17) Aldol cascade method by
using (R)-pyroglutamic acid as catalyst.% In the literature there are numerous methods were mentioned for the
synthesis of Spiroheterocylic compounds containing hetero atoms like Nitrogen and Oxygen became a part of
Spirocyclic ring. In last decade wide verities of Spiroheterocylic compounds and their derivatives were known
such Spiroindoles, Spirooxindoles, Spirochromones, spiroperimidones, Spiroheterocylic compounds prepared
from isatin, five membered, six membered spirocomepounds prepared from various precursors bearing
heterocyclic Scaffold moieties.
Spiroheterocylic system containing one carbon atom common two rings are structurally interesting. The presence
of the sterically constrained Spiro compounds represent an important class of naturally occurring substances. Most
of the methods used for the synthesis of spirocompouds are chemical methods which is not environment
ecofriendly or they not follow the green approach.

In present study brief review about the green synthesis of Spiroheterocylic compound is done. In this article

we try to collect some methods used for the synthesis of Spiroheterocylic compounds by using green approach.

JETIRFW06021 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | 167


http://www.jetir.org/

© 2023 JETIR April 2023, Volume 10, Issue 4 www.jetir.org (ISSN-2349-5162)

Green synthesis deals with the 12 Principles of Green Chemistry i.e. 1) Prevent Waste, 2) Atom Economy, 3) Less
hazardous synthesis, 4) Design benign Chemicals, 5) Beginning Solvent and auxiliaries, 6) Design for energy
efficiency,7) Use of Renewable Feedstock’s, 8) Reduce Derivatives, 9) Catalysis, 10) Design of degradation, 11)
Real Time Analysis for Pollution Prevention, 12) Inherently Benning Chemistry for Accident Prevention. Some
of the principles were utilized and synthesized some Spiro compounds and following methods were reported for
the green synthesis.

In present review the observation is divided into different synthetic methods by adopting green approach.
Fig .5 depicts the different methodologies used for the synthesis.

1) Microwave Assisted Synthesis :

Wide varieties of Spiro heterocyclic compounds were synthesized by using different starting material and
reagent at different conditions like solvent, temperature etc. By adopting Microwave assisted synthesis.
Microwave assisted facile synthesis has tremendous importance in the area of green synthesis. This method
facilitates the easier, safe, and environmentally eco-friendly as well less time consuming and high yield synthesis
of various types of drug by one pot synthesis. This method bears good atom economy. Microwave (MW)

irradiation is a solo tool in modern organic synthesis®.
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Fig 5: Different methodologies used for green synthesis
P. N. Shinde et al.% outlined the synthesis of spiro-[indole-thiazolidine] derivatives (5) by the reaction of
isoniazid (1) and isatin (2) in the presence of the catalytic amount of glacial acetic acid gives N-(2-oxo0-1,2-dihydro-
3’ H-indol-3-ylidene) pyridine-4-carbohydrazide (3), which on further undergo cyclocondensation with
mercaptoacetic acid and anhydrous ZnCI2 to results spiro-[indole-thiazolidine] derivatives (4). Later on compound
(4) was abridged with aromatic aldehydes to provide arylidene derivatives (5) (Scheme 1). The synthetic
methodology and the procedure used for the production of this moieties facilitates: operational simplicity, reduced

reaction time, and simple work-up. The Author also investigated the antimicrobial activity of the resulted Spiro-
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[indole-thiazolidine] moieties against the gram positive and gram negative bacteria and he found that some
moieties exhibit the potent antimicrobial activities.
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Schemel Microwave assisted Synthesis of Spiro-arylidine derivatives

Arya et al.%® also reported the microwave assisted synthesis of fluorinated spiro indole (10), (11) by
cylocondensation. By reaction of different isatin (6) with heterocyclic amines (7) using thioacids (8), (9) and 1-
methylimidazolium tetrafluoroborate ([MIM]+ BF4- ) on microwave irradiation about 2-4 minutes gives 90-97%

yield of respected fluorinated Spiro compound. (Scheme2) .
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Scheme 2 Microwave Assistaed Synthesis of Spiroindole

M. A. Borad and co-authors®’ reported the synthesis of several manifold novel spiro-[indolethiazolidines]
(19) derivatives from substituted isatins and thioglycolic acid (TGA) catalysed by ZrSiO2 under microwave
influence (18). (Scheme 3) Spirosynthesized precursors by the previously reported methods namely 6-methyl-4-
phenyl-2-oxo/ thioxo-1, 2, 3,4-tetrahydropyrimidine-5-carbohydrazide(15),5-(5-amino-1,3,4-oxadiazol-2-yl)-6-
methyl-4-phe-ny 3,4dihydropyrimidin-2(1H)-one/thione (16) and 5-substituted-3-[{5-(6-methyl-2-oxo/ thioxo-4-
phenyl-1,2,3,4-tetrahydropyrimidin-5-yl)-1,3,4-oxadiazol-2-yl }imino]-1,3dihydro2H-indol-2-one  (17). Author
also explored the advantages of this method i.e. operational simplicity, expeditious workup, appreciable product
yield, reusable and recyclable catalyst. Author also screened the synthesized derivative for their antimicrobial
activities such as anti- tuberculosis activity. They found that most of the scaffold shows potent anti-tubercular

activity.
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Parthasarathy et.al.®® reported microwave assisted zinc triflate catalysed synthesis spirooxindole[pyrano-
bis-2H-I-benzo- pyrans] (22) by tandem double condensation between isatin (20) and 4-hydroxycoumarin (21)
under microwave irradiation (220 W) in DMSO solvent for 30 minute at 100°C results 86-95% yield.(Scheme 4).
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Scheme3 Microwave Assisted Efficient Synthesis of spiro-[indole-thiazolidines].
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Scheme 4 microwave assisted zinc triflate catalysed synthesis spirooxindole[pyrano-bis-2H-1-benzo- pyrans]

Bhuyan et al®® reported spiro[pyridines/piperidines] synthesis on irradiation with microwave yields 76-85%
spiro[indeno-tetrahydro- pyridines] (25,27) when 1,3-indanedione (23), substituted benzaldehyde (24) and
ammonium acetate in closed vessel is reacted in the microwave reactor about (700W) under 14 bar pressure at

110°C for 7 min (Scheme 5). By using Chalcone (26) instead of benzaldehyde get differently substituted product.
(Scheme 6).
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Scheme S microwave assisted synthesis of spiro[indeno-tetrahydro- pyridines]
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Scheme 6 microwave assisted synthesis of substituted spiro[indeno-tetrahydro- pyridines] by using Chalcone

S. Kotha and colleagues’ reported a novel synthetic methods for spirothiazoli-dinediones using [2 + 2+ 2]
cyclotrimerization, followed by functionalization with DA chemistry and click reaction. (Scheme 7). In this
method the Spirothiazolidinedione is produced from the starting material i.e. precursor thiazolidinedione which is
synthesized form N-methylthiazolidine-2,4-dione (28) and propargyl bromide (29) in DMF in the presence of
K2COs to obtain dipropargylated intermediate thiazolidinedione (30) in 85% yield. The final product i.e.
Spirothiazolidiones (31) was further produced by cyclotrimerization when dyne (30) and propargyl bromide (29)
reacted in presence of acetonitrile and catalyst Mo (CO) ¢ at 90°C by Microwave irradiation. Authors also

investigated anticancer activity.
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Sheme 7 Microwave Assisted Synthesis of Spirothiazolidiones

2) Ultrasound Promoted Green Synthesis :

Literature survey reveals that wide verities Spiro compounds was synthesized by ultrasound promoted
synthesis which follows some principle of green synthesis.

Anshu Dandia and co-authors’® reported ultrasound promoted cerium ammonium nitrate catalysed sustainable
synthesis of spiro[indoline3,4—pyrano[2,3-c]pyrazole] derivatives. Further synthesized derivative were screened
for antioxidant activities. Free radical scavenging effect on diphenylpicryl hydrazine (DPPHe), 2, 2-azino-bis-(3-
ethyl-benzthiazoline-6-sulphonic acid) (ABTSe) and nitric oxide (NO) radicals.

spiro[indoline3,4 -pyrano[2,3- c]pyrazole] derivative (35) was prepared by reacting Isatin (32),
malanonitrile (33) and 3-methyl-1-phenyl-2-pyrazolin-5-one (34) by using different reaction conditions.(Scheme
8). Variety of solvents were tested and proven that water is the better solvent of choice both in terms of time and

yield of the spiro[indoline3,4 -pyrano[2,3-c] pyrazole] derivatives.
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Sheme 8 Utrasound promoted green synthesis of spiro[indoline3,4-pyrano[2,3-c]pyrazole] derivatives

3) lonic Liquid Assisted Synthesis:
lonic liquid has tremendous importance and interest of many researchers due to eco-friendly favourable
characteristics insignificant vapour pressure, high thermal stability and reusability.’?"> Arya et al.®® also reported
the microwave assisted synthesis of fluorinated spiro indole (40), (41) by cylocondensation. By reaction of
different isatin (36) with heterocyclic amines (37) using thioacids (38), (39) and 1-methylimidazolium
tetrafluoroborate ([MIM]+ BF4- ) on microwave irradiation about 2-4 minutes gives 90-97% yield of respected

fluorinated Spiro compound. (Scheme 9).
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Scheme 9 Tonic Liquid Assisted Synthesis Spiroindole

4) Solid Supported Acid Catalysed Synthesis :
E.M. Hussein and Co-workers® reported environmental friendly solid supported acid
Catalysed synthesis of Spirothiazolidin-4-ones (45) by using sulfonated mesoporous silica (MCM- SOsH)
heterogeneous and reusable catalyst. One pot synthesis of scaffold is done by avoiding the use of harmful solvent
which results an optimal yield. Spirothiazolidin-4-one is synthesized by reaction of 1,3-dione derivative (42) with
aromatic amines (43) results respected imine derivative followed by a reaction with thioglycolic acid (44) finally
yield Spirothiazolidin-4-ones(45).(Scheme 10). This approach is fully green approach which facilitates

environment friendly, quick reaction time, high yield, ease of workup and catalyst reusability.
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ones

5) On water synthesis:

Survey of literature reveals that water is suitable solvent for the green synthesis due to their many versatile
characteristics such as water acts as universal solvent due to their solvation capability and temperature range,
inexpensive, easily availability, no harmful effect, easy isolation and purification of synthesized compounds i.e.
filtration, extraction etc. due to these characteristic water plays an excellent role in the green synthesis of
spirocompounds in fact one can call water is potent and excellent solvent for green synthesis.”’-8!

R. Sing and Co-authors®? reported one pot multicomponent environment friendly water facilitated and thiamine
hydrochloride promoted efficient synthesis of spiro[acenaphthylene-1,2'[1,3]-thiazolidine]-2,4'(1H)-diones.
Spiro[acenaphthylene-1,2'[1,3]-thiazolidine]-2,4" (1H)-diones(49) was synthesized by water facilitated and
thiamine hydrochloride promoted multicomponent reaction between acenaphthylene-1,2-dione(46), o-
mercaptocarboxylic acid(47) and substituted aniline(48) at 80°C upon condensation and cyclization results the

respected product with green approach.(Scheme 11).
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R 90°c Stering
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48
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R =CHj; OCHj, Cl, Br, NO,, F, CF,
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Scheme 11one pot multicomponent environment friendly water facilitated and thiamine hydrochloride promoted efficient
synthesis of spiro[acenaphthylene-1,2'[1,3]-thiazolidine]-2,4-(1H)-diones.
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Ying Liu and Colleague®® reported way to green and efficient synthesis spiro[indoline-3,4'(1 H'-
pyrano[2,3-c]pyrazol]-2-one derivatives. Highly efficient method of synthesis of spiropyranopyrazole using water
as a green solvent is introduced. In this method spiro[indoline-3,4'(1 H')- pyrano[2,3-c]pyrazol]-2-one (53a)
derivatives was produced by the Knoevenagel condensation and Michael addition reaction . Starting material i.e.
isatin (50a), malononitrile (51) and 1-phenyl-3- methyl-5-pyrazolone (52a) undergoes Knoevenagel condensation
and Michael addition reaction in presence of water as a green solvent and various bases like KoCOs, NaHCOs,
KF-2H>O which results a spiro[indoline-3,4'(1 H')- pyrano[2,3-c]pyrazol]-2-one derivatives with yield 79.5%,
75.8%, and 77.2% respectively. Time required for the completion of the reaction is also different i.e. 10, 75, 240
minutes respectively.(Schemel2).

Zhansheng Wang and Co-Authour®* mentioned Green synthesis of novel spiro[indoline-3,4'-pyrazolo[3,4-
blpyridine]-2,3'(7'H)-  dione,  spiro[indeno[1,2-b]pyrazolo[4,3-e]pyridine-4,3'-indoline]-2',3-dione,  and
spiro[benzo[h]pyrazolo[3,4-b]quinoline-7,3'-indoline]-2',8(5H)-dione derivatives in aqueous medium. They
observed the variation in the amount of produced compound in different conditions of using mixture of solvents
in various proportions. spiro[indoline-3,4'-pyrazolo[3,4-b]pyridine]-2,3'(7'H)- dione is produced by reacting isatin
(54), 3-amino-1-phenyl-1H-pyrazol-5(4H)-one (55) and 1,2-diphenylethan-1-one (56) in presence of water and
small amount of acetic acid. By mixing two different solvent with varying the proportion and temperature gives
variable yield of resulted product.(Scheme 13).

By altering the all three reactant and various solvent, time, temperature, solvent condition results the
remaining two derivatives i.e. spiro[indeno[1,2-b]pyrazolo[4,3-e]pyridine-4,3-indoline]-2',3-dione, and
spiro[benzo[h]pyrazolo[3,4-b]quinoline-7,3'-indoline]-2',8(5H)-dione derivatives. (Schemel4, 15, 16)
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Scheme 12 Efficient synthesis spiro[indoline-3,4'(1 H')- pyrano[2,3-c]pyrazol]-2-one derivatives
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Scheme 13 Efficient synthesis spiro[indeno[1,2-b]pyrazolo[4,3-¢]pyridine-4,3"-indoline]-2',3-dione,
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Scheme 15 Synthesis of spiro[indeno[1,2-b]pyrazolo[4,3-e]pyridine-4,3'-indoline]-2',3-dione
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Scheme 16 Synthesis of spiro[benzo[h]pyrazolo[3,4-b] quinoline-7,3"-indoline]- 2',8(5H)-dione

6) Nano catalyst Assisted Synthesis:

Now a days Nano science got tremendous importance due to the particle size i.e. nano size which increases
researchers interest in the synthesis of nano catalyst, nano composites. Due to this fact every branch of science is
doing research in the nanofield. In resent mostly green synthesis is done by using nano catalyst assisted synthesis
of the various biologically active spirheterocyclic compouds.

Naeimeh Salehi and Co-worker & reported Green Synthesis of Spiro[indoline-3,4 -pyrano[2,3-c]pyrazoles]
Using Nano-silica Supported 1,4- Diazabicyclo[2.2.2]octane as a Novel Catalyst. Synthesis of Spiro[indoline-3,4
-pyrano[2,3-c]pyrazoles] was done by grinding mixture of B-ketoester or dialkyl acetylenedicarboxylate (1 mmol)
and hydrazine hydrate 50-60% (0.1 ml) with mortar and pestle at room temperature for 1 minute. Then, the
aldehyde or isatin (1 mmol), malononitrile (1 mmol) and nano-SiO2/ DABCO (0.05 g) were added to the reaction
mixture and it was ground continuously at room temperature for the time. After completion of reaction the product
is poured into cold water.(Schemel7).

7) Asymmetric synthesis:

D.M. Du et al.® reported a bifunctional squaramide catalysed asymmetric cascade aza-Michael/ Michael
addition for the synthesis of chiral spirothiazolidinone tetrahydroquinolines (66) with three chiral centers. To
produce spirothiazolidinone tetrahydroquinolines (66) various functionalized rhodanine derivatives (64) and 2-
tosylaminochalcone (65) with squaramide catalyst were reacted in chloroform solvent and stirred at 35°C for 18

h yield final assymetric compound with high disteroselectivity and enantioselectivity. (Scheme18)
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Scheme 17 Green Synthesis of Spiro[indoline-3,4 -pyrano[2,3-c]pyrazoles] Using Nano-silica Supported
1,4- Diazabicyclo[2.2.2]octane as a Novel Catalyst
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Scheme 18 Asymmetric synthesis of highly functionalized spi rothiazolidinone tetrahydroquinolines

Q Squaramide

Conclusion: The current review briefly
environment friendly green synthesis of sp

synthetic aspects of green chemistry as

focus on the different methodologies and techniques used for the
iroheterocyclic compounds. This review also aims to focus the current

well as the research underwent in the field of green synthesis of

spiroheterocyclic compounds having biological and pharmaceutical importance. This review will helps to develop

new synthetic methodologies and it acts as

the synthesis of various biologically active

REFERENCES:
1]

a road map for the researchers in this area. This review also helpful for

and pharmaceutically potent scaffold Spiro heterocyclic. Compounds.

Mounir A.A., Hassan M. M., Mahmoud A. A., Ali E.R.2014 .An Efficient Synthesis of Some New

Azaspirocycloalkane Derivatives from1-anilinocycloalkanecarboxamide, Chem Sci J, 5:1.

2] Chin Y.W., Salim A.A., Su B.N,,

Mi Q., Chai H.B. 2008. Potential anticancer activity of naturally

occurring and semisynthetic derivatives of aculeatins A and B from Amomumaculeatum. J Nat Prod,

71:390-395.
3]

Wang W.L., Zhu T.J., Tao HW.,, Lu Z.Y., Fang Y.C. 2007. Three novel, structurally unique spirocyclic

JETIRFW06021 | Journal of Emerging T

echnologies and Innovative Research (JETIR) www.jetir.org | 177


http://www.jetir.org/

© 2023 JETIR April 2023, Volume 10, Issue 4 www.jetir.org (ISSN-2349-5162)

4]

5]

6]

7]

8]

9

10]

11]

12]

13]

14]

15]

16]

17]

18]

19]
20]

alkaloids from the halotolerant B-17 fungal strain of Aspergillusvarie color. Chem Biodivers, 4: 2913-
2919.

van der Sar S.A., Blunt J.W., Munro M.H. 2006. Spiro-Mamakone A: a unique relative of the
spirobisnaphthalene class of compounds. Org Lett, 8:2059-2061.

Park H.B., Jo N.H., Hong J.H., Choi J.H., Cho J.H. 2007. Synthesis and in-vitro activity of novel 1beta-
methylcarbapenems having spiro[2,4]heptane moieties. Arch Pharm (Weinheim)340: 530-537.

Obniska J., Kaminski K., Tatarczynska E. 2006. Impact of aromatic substitution on the anticonvulsant
activity of new N-(4-arylpiperazin-1-yl)-alkyl-2-azaspiro[4,5]decane-1,3-dione derivatives. Pharmacol
Rep, 58:207-214.

Rajanarendar E., Ramakrishna S., Reddy K. G., Nagaraju D.” Reddy Y. N.2013. A facile synthesis, anti-
inflammatory and analgesic activity of isoxazolyl-2,3-dihydrospiro[benzo[f]isoindole-1,30-indoline]-
2,4,9-triones, Bioorganic & Medicinal Chemistry Letters. 23: 3954-3958.

McMorris T.C., Chimmani R., Alisala K., Staake M.D., Banda G., Kelner M.J. 2010. J Med Chem,
53(3):109-1116.

Ananiev E.D., Ananieva K., Abdulova G., Christova N., Videnova E. 2002..Effect of abame-ctin
onprotein and RNA synthesis in primary leaves of Cucurbita pepo L. (zucchini)., Bulg J Plant Physiol,
28:(1-2), 85-91.

Goldsmith D.J., Srouji G., Kwong C. 1978. Insect antifeedants. Diels-Alders approach to the synthesis of
ajugarin 1. J Org Chem, 43(16): ss 3182-3188.

Martinez G.R., Grieco P.A., Williams E., Kanai K., Srinivasan C.V. 1982. Stereocontrolled total synthesis
of Antibiotic A-23187 (calcimycin). J Am Chem Soc, 104,(5): 1436-1438.

Yokosuka A., Mitsuno J., Yui S., Yamazaki M., Mimaki Y. 2009. Steroidal Glycosides from Agave
utahensis and Their Cytotoxic Activity. J Nat Prod, 72(8): 1399-1404.

Miyakoshi M., Tamura Y., Masuda H., Mizutani K., Tanaka O., Ikeda T., Ohtani K., Kasai R., Yamasaki
K. 2000. Steroidal Siphoning from Yucca schidigera (Mohave Yucca), a New Anti-Food-Deteriorating
Agent. J Nat Prod, 63(3): 332-338.

Taber D.F., Christos T.E., Rheingold A.L., Guzei L.A. 1999. Synthesis of (—)-Fumagillin. J Am Chem Soc,
121(23):5589-5590.

Witkop B., Gelsemine. 1948.J Am Chem Soc, , 70(4):1424-1427.

Klass D.L., Fiese M., Fieser L.F., Digitogenin. , 1955 J Am Chem Soc, 77(14): 3829-3833.

Mahmoud A.A., Ahmed A.A., Tanaka T., [inuma M. 2000. Diterpenoid Acids from Grindelia nana. J Nat
Prod, 63(3): 378-380.

DeNinno M.P., McCarthy P.A., Duplantier K.C., Eller C., Etienne J.B., Zawistoski M.P., Bangerter F.W.,
Chandler C.E., Morehouse L.A., Sugarman E.D., Wilkins R.-W., Woody H.A., Zaccaro L.M. 1997.
Steroidal Glycoside Cholesterol Absorption Inhibitors. ] Med Chem, 40(16):2547-2554.

Porter L.A. Picrotoxinin and Related Substances. Chem Rev, 1967, 67(4), 441-464.

McMorris T.C., Chimmani R., Alisala K., Staake M.D., Banda G., Kelner M.J. 2010. J Med Chem,
53(3):1109-1116.

JETIRFW06021 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | 178


http://www.jetir.org/

© 2023 JETIR April 2023, Volume 10, Issue 4 www.jetir.org (ISSN-2349-5162)

21]
22]
23]
24]

25]
26]
27]
28]
29]

30]

31]

32]

33]

34]
35]
36]
37]
38]
39]

40]

41]

42]

Poss A.J., Belter R.K. 1987.Tetrahedron Letters, 28(23): 2555-2558.

S Budavari. The Merk Index, 12th Edition, Merck & Co, INC Whitehouse station, NJ, 2001, 306.

Claire M, Faraj H, Grassy G, Aumelas A, Rondot A, Auzou G. 1993.J Med Chem, 36(16): 2404-2407.
Swain C.J, Baker R, Kneen C, Herbert R, Moseley J, Saunders J, Seward E.M, Stevenson G.I, Beer M.
1992. J Med Chem, 35(6): 1019-1031.

Laude E.A, Bee D, Crambes O, Howard P. 1995. Eur Respir J, 8(10):1699-1704.

Atack J.R. 2005.Expert Opinion on Investigational Drugs, 14(5):601-618.

Sarges R, Bordner J, Dominy B.W, Peterson MJ, Whipple E.B. 1985.J Med Chem, 28(11): 1716-1720.
Inada I, Satoh H, Inatomi N, Nagaya H, Maki Y. 1986. Eur J Pharmacol, 124(1-2):149-155.

Carmignani M, Volpe A.R, Monache F.D, Botta B, Espinal R, Bonnevaux S.C.D, Luca C.D, Botta M,
Corelli F, Tafi A, Ripanti G, Monache G.D. 1999. J Med Chem, 42(16): 3116-3125.

Smith E.M, Swiss G.F, Neustadt B.R, McNamara P., Gold E.H, Sybertz E.J, Baum T.1989. J Med Chem,
32(7):1600-1606.

M. J. Meyers, E. J. Anderson, S. A. McNitt, T. M. Krenning, M. Singh, J. Xu, W. Zeng, L. Qin, W. Xu, S.
Zhao, L. Qin, C. S. Eickhoff, J. Oliva, M. A. Campbell, S. D. Arnett, M. J. Prinsen, D. W. Griggs, P. G.
Ruminski, D. E. Goldberg, K. Ding, X. Liu, Z. Tu, M. D. Tortorella, F. M. Sverdrup, X. 2015. Chen,
Bioorg. Med. Chem., 23:5144-5150.

D. M. Rotstein, S. D. Gabriel, F. Makra, L. Filonova, S. Gleason, C. Brotherton-Pleiss, L. Q. Setti, A.
Trejo-Martin, E. K. Lee, S. Sankuratri, C. Ji, A. de Rosier, M. Dioszegi, G. Heilek, A. Jekle, P. Berry, P.
Weller and C. Mau, Bioorg. 2009.Med. Chem. Lett., 19:5401-5406.

W. Yang, Y. Wang, A. Lai, J. X. Qiao, T. C. Wang, J. Hua, L. A. Price, H. Shen, X. Chen, P. Wong, E.
Crain, C. Watson, C. S. Huang, D. A. Seiffert, R. Rehfuss, R. R. Wexler and P. Y. S. Lam. 2014. J. Med.
Chem., 57: 6150-6164.

Mei GJ, Shi F (2018) Chem Commun 54:6607—-6621.

Joshi R, Kumawat A, Singh S, Roy TK, Pardasani RT (2018) J Heterocycl Chem 55:1783—-1790.

Zhang M, Yang W, Qian M, Zhao T, Yang L, Zhu C (2018) Tetrahedron 74:955-961

Adeyemi A, Wetzel A, Bergman J, Branalt J, Larhed M (2019) Synlett 30:82-88.

Sapnakumari M, Narayana B, Shashidhara KS, Sarojini BK (2017) J Taibah Univ Sci 11:1008-1018.
Yagnam S, Akondi AM, Trivedi R, Rathod B, Prakasham RS, Sridhar B (2018) Synth Commun 48:255—
266.

Carpenter,R.D.; Fittinger, J.C.; Lam, K.L.; Kurth, M. J. 2008. Asymmetric catalysis: Resin bound
hydroxyprolylthreonine derivatives in enamine mediated reaction. Angew.Chem.Int.Ed. 6407-6410.
Battsti, U. M.; Corrado, S.; Sorabi, C.; Cornia, A.; Tait, a.; Calo, G.; Brasili, L. 2014.

Synthesis, enantiomeric separation and docking studies of spiropiperidine analogues as ligands of the
nociceptin/ orphanin FQ. receptor. J.R. Soc. Chem. Med. Chem. Commun.

Hashingak, K.; Hiramatsu, K.; Yamato, M.; Tasaka, K. 1988.Synthesis and structure activity relationship
of spiro[isochroman-piperidine] analogue for inhibition of Histamine release. I\VV. Chem. Pharm. Bull. 32,
9:3561-3568.

JETIRFW06021 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | 179


http://www.jetir.org/

© 2023 JETIR April 2023, Volume 10, Issue 4 www.jetir.org (ISSN-2349-5162)

43]

44]

45]

46]

47]

48]

49]

50]

51]

52]

53]

54]

55]

56]

57]

Hartone, D.A.; Burne, G.T.; Smythe, M.L. The combinatorial synthesis of bicyclic privileged structure or
privileged substructures. Chem. Rev.103:893-930.

Evans, B.E.; Ritte, K.E.; Bock, M.G; Dipardo, R.M.; Whitter, W.L.; Lundell, G.F.; Veber, D.F.; Anderson,
P.S.; Chang, R.S.L.; Lotti, V.J.; Cerino, D.J.; Chen, T.B.; Kling, P.J.; Kunkel, K.A. Springer, J.P.;
Hirshfield, J. 1988. Methods for drug discovery-development of potent, selective, orally effective
cholecystokinin antagonist. J. Med. Chem.31:2235-2246.

Bhatnagar, S.; Sahi, S.; Kackar, P.; Kaushik, S.; Dave, M.K.; Shukla, A.; Goel, A. 2010 Synthesis and
docking studies on styryl chromones exhibiting cytotoxicity in human breast cancer cell line. Bioorg. Med.
Chem. Lett.20:4945-4950.

Alves, C.N.; Pinheiro, J.C.; Camargo, A.J.; de Souza, A.J.; Carvalho, R.B.; Shilva, A.B.F. 1999. A
qguantum chemical and statistical studies of flavonoid compounds with anti-HIV activity. J. Mol. Struct.
(Theochem). 491: 123-131.

Ungwitayatorn, H.; Samee, W.; Pimthon, J. 2004. 3D-QSAR studies on chromone derivative as HIV-I
protease inhibitors. J Mol. Struct. 689:99-106.

Goker, H.; Ozden, S.; Boykin, D.W. 2005.Synthesis and potent antibacterial activity against MRSA of
some novel 1,2 disubstituted — 1H- benzimidazol- N- alkylated -5- carboxamidines. Eur. J. Med. Chem.
40: 1062-1069.

Liu, G.B.; Xu, R.; Hui, R. R.; Zhao, J.W.; Xu, Q.; Xu, H.X.; Li, J.X. 2010. synthesis of a Novel series of
diphenolic chromone derivatives as a inhibitors of NO production in LPS activated RAW264.7
macrophages. Bioorg. Med. Chem.18: 2864-2874.

Hanna, A. Taufik.; Ewise F. Ewise.; Wgheeh, S.; EI-Hamouly. 2014. Synthesis of chromones and their
applications during the last ten year. IJRPC. 4, (4): 1046-1085.

Madgy , A. I.; Tarik, E. A.; Youssef, A. A.; Yassin, A.G. 2010(i). Synthesis and chemical activity of 2-
methyl chromone. AKIVOC.98-135.

Keri, R.S.; Budagumpi S.; Pai R.K.; Balkrishanan, R.G. 2014, Chromones as a privilegedscaffold in drug
discovery: A review. Eur. J. Med. Chem. 78: 340-374.

Javanovic, S.V.; Steeken, S.; Tosic, M.; Marijanovic, B.; Simic, M.G. 1994. Flavonoids as antioxidants.
J. Am. Chem. Soc. 116: 4846-4851.

Zhou, T.; Shi, Q.; Lee, K.H. 2010. Anti- Aids agent 83, efficient microwave assisted one pot preparation
of angular 2,2-dimethyl-2H-chromone containing Compounds. Tetrahedron Lett. 5:4382-4386.

Ganguly, A.; Kaur, S.; Mahata, P.; Biswas, P.; Pramanik, B.; Chan, T. 2005.Synthesis and properties of
3- acyl-y-pyrones, a novel class of flavones and chromones. Tetrahedron Lett. 46:4119-4121.

Kowalski, K.; Koceva-chyl, A.; Szczupak, Q.; Hikisz, P.; Bernasinska, J.; Rajnisz, A.; Solecka, J.;
Therrien, B. 2013.Ferrrocenyl vinyl- flavones: Synthesis, structure , anticancer and antibacterial activity
studies. J. organometallic chem. 741,742: 153-161.

Shawa,A.Y.; Chang, C.; Liau, H. Lu, P.; Chen, Y.H.; Li, H. 2009. Synthesis of 2-styrylchromones as a

novel class of anti-proliferative agent targeting carcinoma cell. Eur. J. Med. Chem. 44: 2552-2562.

JETIRFW06021 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | 180


http://www.jetir.org/

© 2023 JETIR April 2023, Volume 10, Issue 4 www.jetir.org (ISSN-2349-5162)

58]

59]
60]

61]
62]
63]

64]

65]

66]

67]

68]

69]

70]

71]

72]
73]
74]
75]
76]
77]
78]

79]

80]

Mohameda, Y.M.A.; Vika, A. Hoferb, T.; Andersen, J. H.; Hansena, T.V. 2013.Polyunsaturated fatty acid-
derived chromones exhibiting potent antioxidant activity. Chemistry and physics of Lipids.170-171: 41-
45,

WHO global tuberculosis report. 2018.

Nalla, V.; Shaikh, A.; Bapat, S.;Vyas, R.; Karthikeyan, M.; Yogeshwari, p.; Sriram, D.; Muthukrishnan,
M.; 2018. Identification of chromone embedded [1,2,3] — triazole as a novel anti-tubercular agent. R. Soc.
Open sci. 5:171750.

QinL,Ren X, LuY, LiY, Zhou J (2012) Angew Chem 124:6017-6021.

Shima Nasri, Mohammad Bayat, Faezeh Mirzaei, (2021) Topics in Current Chemistry 379:25, 1-37
Achut R. Shinde, Dyanoba B. Muley. (2020) Synthesis, Characterization and Evaluation of Antioxidant
and Antimicrobial activity of Spirochromones Derivatives. Anti-infective Agent 18: 352-361.

M. A. Borad, M. N. Bhoi, J. A. Parmar and J. A. Patel, 2015. Int. Lett. Chem., Phys. Astron., 53: 122—
129.

31 P. N. Shinde and M. A. Raskar, 2019,Int. J. Curr. Pharm. Res., 11: 71-74

Arya, K.; Rawat, D.S.; Dandia, A.; Sasai, H. 2012. Brgnsted acidic ionic liquids: Green, efficient and
reusable catalyst for synthesis of fluorinated spiro [indole-thiazinones/thiazolidinones] as antihistamic
agents. J. Fluorine Chem., 137:117-122.

M. A. Borad, M. N. Bhoi, S. K. Rathwa, M. S. Vasava, H. D. Patel, C. N. Patel, H. A. Pandya, E. A.
Pithawala and J. J. Georrge, 2018. Interdiscip. Sci.: Comput. Life Sci., 10:411-418.

Parthasarathy, K.; Praveen, C.; Saranraj, K.; Balachandran, C.; Kumar, S.P. 2016. Synthesis, antimicrobial
and cytotoxic evaluation of spirooxindole[pyrano-bis-2H-1-benzopyrans]. Med. Chem. Res., 25: 2155-
2170.

Bhuyan, D.; Sarmah, M.M.; Dommaraju, Y.; Prajapati, D. 2014. Microwave promoted efficient synthesis
of spiroindenotetrahydropyridine derivatives via a catalyst- and solvent-free pseudo one-pot five-
component tandem Knoevenagel/aza-Diels-Alder reaction. Tetrahedron Lett., 55:5133-5136.

S. Kotha, G. Sreevani, L. U. Dzhemileva, M. M. Yunusbaeva, U. M. Dzhemilev and V. A. D’yakonov,
Beilstein J. Org. Chem., 15: 2774-2781.

Anshu D., Deepti S., Sumit B., Dinesh K. Saini. 2013. Ultrasound promoted green synthesis of
spiro[pyrano[2,3-c]pyrazoles] as antioxidant agents.J. Med. Chem.Res., 671-8.

34 P. Wasserscheid and T. Welton, 2008.lonic Liquids in Synthesis, Wiley-VCH Verlag,

J. Ranke, S. Stolte, R. Stérmann, J. Arning and B. Jastorff, 2007. Chem. Rev., 107:2183-2206.

N. V. Plechkova and K. R. Seddon, 2008. Chem. Soc. Rev., 37: 123-150.

T. L. Greaves and C. J. Drummond, 2008.Chem. Rev., 108: 206—237.

E. M. Hussein and S. A. Ahmed, 2017.Chem. Heterocycl. Compd. 53:1148-1155.

C.J. Liand L. Chen, 2006. Chem. Soc. Rev., 35: 68-82.

S. Chitra, N. Paul, S. Muthusubramanian and P. A. Manisankar, 2011,Green Chem 13:2777-2785.

P. Klumphu and B. H. Lipshutz, 2014. J. Org. Chem., 79: 888— 900.

J. H. Clark, 2009. Nat. Chem., 1: 12-13.

JETIRFW06021 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | 181


http://www.jetir.org/

© 2023 JETIR April 2023, Volume 10, Issue 4 www.jetir.org (ISSN-2349-5162)
81] K. Eskandari, B. Karami and S. Khodabakhshi, .2014 J. Chem. Res, 38 :600-603.
82] R.SinghandS. A. Ganaie, 2017. Res. Chem. Intermed., 43: 45— 55.
83]  Ying Liua, Dong Zhoua, Zhongjiao Rena, Weiguo Caoa,b, Jie Chena, Hongmei Deng C and Qing

Gu.(2009) A green efficient synthesis of spiro[indoline-3,4'(1 H"-pyrano [2,3-c]pyrazol]-2-one
derivative. J. Chem.Res.154-156.

84]  Zhansheng Wang, Lingli Gao, Zhongyun Xu, Zhi Ling, Yaqi Qin, Liangce Rong, Shu-Jiang Tu (2016).
Green synthesis of novel spiro[indoline-3,4'-pyrazolo[3,4-b]pyridine]-2,3'(7'H)- dione, spiro[indeno[1,2-
b]pyrazolo[4,3-e]pyridine-4,3'-indoline]-2',3-dione, and spiro[benzo [h]pyrazolo[3,4-b]quinoline-7,3'-
indoline]-2',8(5H)-dione derivatives in aqueous medium. Tetrahedron. 1-34.

85] Naeimeh Salehi & Bi Bi Fatemeh Mirjalili (2018). Green Synthesis of Pyrano[2,3-c]pyrazoles and
Spiro[indoline-3,4'-pyrano[2,3-c]pyrazoles] Using Nano-silica Supported 1,4- Diazabicyclo[2.2.2]octane
as a Novel Catalyst. J. Organic Preparations and Procedures International, 50:578-587,

86] S. Nallamala, S. Mannem and R. Raghavachary, 2017.SynOpen, , 1:0063-0067.

JETIRFW06021 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | 182


http://www.jetir.org/

