Available online at www.pelagiar esear chlibrary.com

Pelagia Research Library

Der Chemica Sinica, 2015, 6(4):79-95

Library
ISSN: 0976-8505
CODEN (USA) CSHIAS

Biological activitiesof 1, 2, 3-oxadiazolium-5-olate derivatives

Sachin K. Bhosale™, Shreenivas R. Deshpande®, Rajendra D. Wagh®and Avinash S. Dhake?

®Department of Pharmaceutical Chemistry, S. M. BCdllege of Pharmacy, Nandi hills, Dhamangaon, Tah:
Igatpuri, Dist: Nashik, Maharashtra(India)
*Research and Development Cell, Jawahalal Nehrthfielgical University, Kukatpally, Hyderabad, A.(fhdia)
®Department of Medicinal and Pharmaceutical ChergisttSK College of Pharmacy, BVVS Campus, Bagalkote,
Karnataka (India)
‘Department of Pharmaceutical Chemistry, A. R. Allege of Pharmacy, Nagaon, Dhule, Maharashtra (&)di

ABSTRACT

1, 2, 3-oxadiazolium-5-olate (Sydnone) is used asraatile synthon in heterocyclic synthesis. Ayéanumber of
sydnone derivatives have been synthesized witlodidall interest and reported to possess a wide tspec of
biological and pharmacological activities like amicrobial, anti-inflammatory, analgesic, anti-pyietantitumour,
antiarthritic and antioxidant properties. Among dle mesoionic compounds, sydnone ring is the mvikly
studied because of ease of its synthesis from pyigaines and it is the only mesoionic ring whictdergoes a
wide variety of chemical reactions of synthetidityti Sydnones form a subclass of mesoionic comguwhich
again form a subclass of mesomeric betaines. Tleleseacteristics of five membered heterocyclic nwsoi
compounds have encouraged concentration on the stuchemical, physical and biological propertidssgdnones,
as well as their potential applications. Thus thésewide scope to explore more novel sydnones astent
biodynamic molecules.

INTRODUCTION

Mesoionic compounds are distinct type of hetercaydffive and six membered) which belong to the sclaf
nonbenzenoid aromatics. Mesoionics are compoundmdidoth delocalized negative and positive chardess
which a totally covalent structure cannot be dramd which can exclusively be represented by dipcdenonical
formulas. Mesoionic heterocycles contain two or enoeteroatoms with an exocyclic heteroatom (oxyg#érmgen,
and sulphur). The formal positive charge is assediavith the ring atoms and the formal negativerghais
associated with ring atoms or an exocyclic hetemmafoxygen, nitrogen, and sulphur). The most imgadrtnember
of the mesoionic category of compounds is the sydnong system. These characteristics of five mestbe
heterocyclic mesoionic compounds have encouragguighting their potential biological activitiesy@ones are
mesoionic compounds having the 1, 2, 3-oxadiazdadeton bearing an oxygen atom attached to thie fiftsition.
[1, 23] Sydnoneimines are compounds of sydnonenigaam imino group in place of the exocyclic oxyggéom. [2]

Sydnones of phar macological interest:
Sydnones, are chemically 1, 2, 3-oxadiazolium-Gesidl), are  unique, nonbenzenoid heteroatomic mesoioni
compounds which can exclusively be representeddmlat canonical formulas. [3]
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The most striking potential applications of sydnane their antioxidant, antimicrobial, anti-inflaratory, analgesic
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and anti-tumor activities. A large number of sydeaterivatives have been synthesized and reportpodsess a
wide spectrum of biological and pharmacologicalivéots like antimicrobial, anti-inflammatory, ammsic,
anti-pyretic, antitumour, antiarthritic and antidant properties. [4, 5, 6, 7, 8, 9, 12, 66]

Anticancer activities

Grecoet al, have screened a series of sydnones for anticawctgity and it was found that, 3-(p-methoxybelhzy
sydnone2 was effective against carcinoma-755 in mice. Thenes compound was found inactive against
sarcoma-180 and leukemia-1210. [10]

+ + +
%O@_H Ofw_(CHZ)n_wj @,FIITCO-CH:CH-AFR
N\O \O* O/N N\O \O N\O \O’
2 3 4
4a Ar= Ph, R=4-CH
4b Ar= Ph, R=3-OCH 4-OH,
4c Ar= Ph, R=4-Ck,

A number of polymethylene-bis-sydnon8shave been synthesized and shown potent antitunmirityc[11]
Satyanarayanat al, screened three derivativeta( 4b, 4c) for in vitro cytotoxicity in 56 cell lines representing
cancers of non-small cell lung, colon, CNS, melaapmvarian, prostate, breast and leukemia andhalet
compounds exhibited promising activity. Averagewvgitoinhibition of 50% was in the range of 1.7-3/9. 4a was
highly selective against SNB-75 tumor cell lineQNS. [13]

+
R-Ar-CH=CH-CO N
i
~ o \O*
5

5a Ar=Ph, R= H,5b Ar=Ph, R=4-CH 5c Ar=Ph, R=4-OCH 5d Ar=PH, R=2,4-(OCH) ,, 5g Ar=Ph, R=3-ClI,5h
Ar=Ph, R=2-Cbe Ar=Ph, R=4-NHCOCH, 5f Ar=Ph, R=4-Cl,5g Ar=Ph, R=3-CI,5h Ar=Ph, R=2-ClI

A series of N- (4'-substituted-3’-nitrophenyl) syahre with potential antitumor activity was prepargased on
active analogues. 4'-fluoro derivative, R=F) has an improved activity against all threk lmes MCF7 (Breast),
NCI-H460 (Lung) and SF-268 (CNS). [14] The effects of new aryl-sydnones,
3-[4-X-3-nitrophenyl]-1,2,3-oxadiazolium-5-olaté®a, 7b, 7c, 7d) on the survival of mice bearing Sarcoma 180,
Ehrlich carcinoma, B1OMCII (Fibrous histiocytomagdal 1210 leukemia ascitic tumors, on proliferatadrcultured
tumor cells and on synthesis of DNA in L1210 leuieemere determined by Grynbeeg al[15]. 7a and7b in-vivo
significantly enhanced the survival of S180, EMrlend B10MCII tumor-bearing mice. Furthermoré, showed
significant activity against L1210c and7d did not show antitumor activitya in vitro was the most cytotoxic and
7d being the least active against all the above tucedls. All screened derivatives inhibited thymiglinptake by
L1210 cells. [15]

ON ON
+ +
R N X N
N ] - N l -
\O \O \O o)

6 (R=F) 7a, 7b, 7c, 7d
M
s, 0
Antioxidant activity

Compounds of the series 3-(substituted phenyl);13-8xadiazolium-5-olate have shown potential DPfaHical
scavenging activity. Methyl substitution @tho andmetaposition of the phenyl ring of sydnon@a( 8b) improved
the radical scavenging activity. Surprisingly, @iswobserved that methyl substitutiorpata position 8c) could not
improve radical scavenging activity of 3-phenyl sgde. Similar observations were made for methoXgstution.
Chloro and nitro substitution gtara position g, 8h) and carboxyl and nitro airtho position 8i, 8j) showed
potent DPPH radical scavenging activity. [9]
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8a R=2-CH; 8b R=3-CH,, 8¢ R=4-CH; 8d R=2-OCH; 8e R=3-OCH;, 8 f R=4-OCH; 8y R=4-Cl, 8h R=4-NQ, 8
R=2-NQ, 8] R=2-COOH

Some compounds of the series 4-[1-oxo- (3-substtutaryl)-2-propenyl]-3-phenylsydnonest and
3-[4-[3-(substituted aryl)-1-oxo-2- propenyl] phdngydnones5, were found to inhibit lipid peroxidation and
scavenged superoxides and hydroxyl radisaldtro. The heterocyclic substituted sydnone derivatihes possess
4-oxo-thiazolidined and thiazolinea, 9b groups were prepared by Shih and Ying. [16] Amtrgse compounds,
4-methyl-2- [(3-arylsydnon-4-yl- methylene) hydrapd-2, 3-dihydro-thiazole-5-carboxylic acid ethyter9a and
4-phenyl-2- [(3-arylsydnon-4-yl-methylene) hydraabl, 3-dihydro-thiazole®b exhibited the potent DPPH (1,
1-diphenyl-2-picrylhydrazyl) radical scavengingiwity, comparable to that of vitamin E. The antidant activity
of sydnones may have been attributed to variousham@sms, among which are prevention of chain itig
binding of transition metal ion catalyst, decomgiosi of peroxides, prevention of continued hydrogéstraction,
reductive capacity and radical scavenging.

Antihypertensive and antianginal activity: Sydnone imine compounds showed antihypertensideaatianginal
activity. [17] 3-aminosydnoneimine compounds showestliction in pulmonary systemic blood pressur8] Home
azodyestuffs containing a sydnone ring were prepafey the diazonium coupling of 3-(para/
meta-aminophenyl)sydnones with phenol or 1-napihohphthol possesses a significant response ahaoy
dilation and inhibition of collagen induced plateleaggregation. [19] Molsidomine, N-(ethoxy
carbonyl)-3-(4-morpholinyl)-sydnone imine is meso® sydnone imine an orally active, long acting odiktor
drug. [20]

Diuretic and hypotensive properties:

Diuretic and hypotensive properties of s&ebutylsydnone 10, 3-butyl-4-ethylsydnone 10a and
3-iso-propyl-4-sodium carboxylate sydnotdé were studied by Freglgt al With comparable dose%0a was the
most active with respect to urinary output. [21] 22

H s
H S N—
+ N—N:{ \Z + N Ar— N{
N=—7F OC_H i N
Ar_'ﬁ'{ N AN - B Mo | o "
N< - o - H
\O N\O \O CH3

o
9 %a 9b
CH N COONa
+ C.H 3
o\\h( CH,CH,CH,CH;— wj[ 2 CH3>CH_'hl |
. X - N B
O’Q/N\)\ N\O o \O O
10 10a 11

Antimicrobial activity:

3-[4-(azidocarbonyl)] phenylsydnon&2 obtained from 3-(4-hydrazinocarbonyl) phenylsydnonen Curtius
rearrangement with alcohols, water and aminesddfibthe corresponding carbamates’-ésydnone-3-yl) diphenyl
urea and N-aryl-N [4-(sydnon-3-yl)phenyl] ureafl3). Compounds on one-pot ring conversion yielded tha, 1,
4-oxadiazolin-2-one derivativel!, which on reaction with pH, gave the 4-amino-1, 2, 4-triazolin-3-orEs All
these compounds exhibited moderate antimicrobid@igcagainstEscherichia colilgram-negative)Micrococcus
luteus (gram-positive) and two fungal strainssperigillus nigerand Penicillium notatum [23-24] Compounds of
series 3-[4-(diethylamino) phenyl]-4-(substitutegidulfonyl) sydnonel6 exhibited moderate activity against
Staphylococcus aureus, Bacillus subtilis, Eschégicili, andPseudomonas aeruginagas]
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16a X=-0, 16b X=-NH, 16¢c X= -CH,, 16d X=-NCH; 16e X=-NCH,CHj; 16f X=-NCsHs 16g X= -N-CsH,-4-OCH;
16h X=-N-CsH3z-2, 3-Cl16i X=-N-CsH4-4-F 16 X=-N-CsH5-2, 6-ClI

Cephanone, 3-(5-methyl-1, 3, 4-thiadiazol-2-ylthmethyl)-7-[2-(3-sydnone) acetamido]-3-cephem--dsoaylic
acid sodium salt7 is a semisynthetic cephalosporin derivative wittr@ad spectrum antibacterial similar to that of
cephalothin. The compound was actimevitro against a variety of gram-positive and gram-negaliacteria. All
tested strains obtaphylococcus aureussted were inhibited by concentrations of 6.2opdess of cephanone per
ml. [26] In a study undertaken by Hosamani and Bada-[-4-(6’-carbethoxy-5'-arylcyclohex-2'-en-1're-3"-yl)]

18 and 4-(1',2’,4’,5'-tetrahydro-4’-arylindazolin -3ne -6’-yl) arylsydnoned9 were synthesized and tested for
antimicrobial activity. Thep-chloro andp-methyl derivative inl8 series showed moderate activity agaBatillus
andE. coli. None of the compounds showed antifungal actiagginst tested organisms. [27]
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18 19

18a, 19a R=H, R'=H18b, 19b R=H, R’=CH;18c, 19c R=H, R'=OCH;18d, 19d R=H, R'=Cl18e, 19e R=0CH;,

R'=H18f, 19f R=0OCH;, R'=CH318g, 199 R=OCH;, R’=0CHz18h, 19h R=0OCH;, R’=CI18i, 19i R=CHs, R'=H

18j, 19] R=CH,;, R'=CH318k, 19k R=CH,, R'=OCH;18l, 191 R=CHs, R'=Cl 18m, 19m R=CI, R’=H 18n, 19n

R=Cl, R'=CH3 180, 190 R=Cl, R’'=0OCH; 18p, 19p R= Cl, R'=ClI

A number of 3-aryl-4-[2’-aryl-2’, 4', 6', 7'-tetraydro-(1'H)-1’, 5’-benzodiazepine-4'-yl] sydnone®0 were
synthesized and screened for antibacterial anfuagtl activities by Kavali and Badami. Some of tmenpounds
showed better antibacterial and antifungal actsithan the reference drugs used in the study. [28]

20

20a R=H, R'=H, R"=H 20b R=Br, R'=H, R"=H 20cR=CH;, R’=H, R”"=H 20dR=Cl, R’=H, R”=H 20eR=CH;,
R'=H, R"=0-Cl 20f R= OCH, R'=H, R"= H 20g R=H, R'=H, R”=0-Cl 20h R=H, R’=H, R”"=p-Cl 20i
R=H, R'=H, R"=p-OCH320] R=H, R’=H, R"=p-NO, 20k R=CH; R'=H, R"=p-CH; 20l R= OCH;, R’=H,
R”=0-NO,20m R=CH;, R'=H, R"=p-Cl 20n R=CH;, R’=H, R"=0-NO, 200 R=Br, R'=H, R"=p-Cl 20p R=ClI,
R’=H, R"=p-CH320q R=Cl, R'=H, R”=0-Cl 20r R=Cl, R’=H, R"=p-NO, 20t R=OCH;, R'=H, R"=0-Cl

Kalluraya and Vishwanatha synthesized 3-substitasdi4-(3-arylaminomethyl-7H-S-triazolo [3, 4-bl,[ 3, 4]
thiadiazin-6-yl)-sydnone2l. Some of the compounds exhibited antifungal agti@gainstA. nigerandC. albicans
and antibacterial activity agairSt typhj Klebsiellg E. coli, S. aureuandB. subtilis [29]

N—N
NH-CH2—< N
S

sl

X
|
O—O

R
I a
N

21

21a R=H, R'=H 21b R=4-Cl, R'=H 21c R=2-Cl, R'=H 21d R=4-CH;, R'=H 21e R= 4-OCH,, R’=H 21f R= H,
R'=CHj3; 21g R=4-Cl, R'=CH; 21h R=2-Cl, R'=CH; 21i R=4-CH;, R'=CH321j R=4-OCH;, R'=CH321k R=H,
R'=0CH21l R=2-Cl, R'=0CH21m R=4-CH;, R’'=OCH321nR=4-OCH; R'=OCHj3

A number of sydnone Mannich bases, 1-aminoethyt®gtituted)-4-(3-aryl-4-sydnonyldiene)amino-1, 2,
4-triazole-5-thione22 were synthesized by Rahimat al, and some compounds have shown antimicrobial,
anti-inflammatory, analgesic and CNS depressantities. [30]
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22aR=H, R'=H, RH, R- 22b R=H, R'=H, R= H, R "~ 22cR=H, R'=H, R H, R.-
/M
\N—Q—CI —NN O C>
22d R=H, R'=CHj, Ri-H, Ro- 226 R=H, R'=CH;, R- ', R 22f R= H, R'=CH, Ri-H,

[\

1= NP

Ry Q 22g R= CHy, R'= H, Ri-H, R2 22h R=CHs, R'=H, R.H R. " 22i R=CH,, R'= H,
[\

-+ ) Yo +{ o
RiH, R 22j R=CH,, R'=CHs, Ri- H, R 22k R=CH,;, R'=CHs, R. H, R, 221

\
N—< >—CI

U
R=CHs, R'=CHj, Ri= H, Ro- 22m R=C;Hy, R'=H, Ri- H, Re= 22n R=CiHy, R'=H, Ry H,

Wmo — C> \N—Q—CI

R “’ 220 R=CiH., R'=H, Ry- H, R. 22p R=CiH;, R'=CHs, Ri- H, R 22q R=C;H-,

it O
R'=CH3, Ri- H, R- oo R=C;H;R'=CH3R;- H, NR-
Mannich base of sydnones, 3-aryl-4-[2'-(1"-methylimobenzimidazole)-thiazol-4’-yl]sydnones23 and

1",3"-bis-{3-aryl-4-[(2’-aminomethyl)thiazol-4’-\]] sydnonyl]benzimidazol-2"-thione&4, have shown antifungal
activity againstR. bataticolaand C. albicansand methyl substituted compounds showed enhanceflireyal

activity. [31]
R1 s
N / Y nHeH,
i N I
N ) N
€ e (X
N

23

23a R', R =H 23bR'= 4-CHg; R? =H 23c R'=2-CHj; R? =H 23d R'=4-OCHs; R* =H 23e R'=2-OCH;; R* =H
23f R'=4-Cl; R? =H 23g R'= 3-Cl; R? =H 23h R'= 4-Br; R? =H 23i R'= 3-CHj;; R? =4-CH;23j R'= 3-Cl; R?

=4-CH3
. S + R1
ol X
N N N R2
s=/ j@ g °
R1 s N
O
v

R2 e

24
24a R, R =H 24b R'=4-CHs; R? =H 24c R'=2-CHj; R? =H 24d R'=4-OCHjg; R’=H 24e R'=2-OCHjz; R’*=H
24f R'=4-Cl; R? =H 24g R'=3-Cl; R? =H 24h R'= 4-Br; R? =H 24i R'= 3-CHj,; R? =4-CH;24j R'=3-Cl; R?
=4-CH3
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(0] N
@N SN
| g
25
25aR= H, R1=H25bR=H, R1=4-CH 25c R=H, R1=2-CH 25d R=H, R1=4-OCH 25e R=H, R1=2-OCH25f R=H,

R1= 4-Cl25g R=H, R1=3-CI25h R=H, R1=4-Br25i R=3-CH, R1=4-CH, 25] R=2-CH,, R1=5-CH; 25k R=4-CH,
R1=3-CI 25| R=2-OCH;, R1=4-Cl25m R=4-Cl, R1=3-F

26

26a R=H, R1=H26b R=H, R1=4-CH 26c R=H, R1=2-CH 26d R=H, R1=4-OCH 26e R=H, R1=2-OCH 26f
R=H, R1=4-CI26g R=H, R1=3-CI26h R=H, R1=4-Br26i R=3-CH;, R1=4-CH326j R=2-CH;, R1=5-CH; 26k
R=4-CH;, R1=3-Cl26] R=2-OCH;, R1=3-CI26m R=4-CI, R1=3-F

s CH, -
N/)—NH-Nzcm
0™ "o

27

27a R=H, R'=H 27b R=CH;, R'’=H 27c R=0OCH;, R’=H 27d R=Cl, R’=H 27e R=H, R’=Br 27f R=CH;, R’=Br
279 R=0OCH;, R’=Br 27h R=Cl, R’=Br 27i R=H, R’=CI 27] R=CH,, R'=Cl 27k R=0CH;, R’=Cl 27| R=CI, R'=ClI

A number of 3-aryl-4-[3-(1", 2’. 4'-triazino-5’, 6b] indolo) mercaptoacetyl] sydnon@5 were synthesized and
tested for antibacterial and antifungal activity diyp plate method againgt coli, P. pyccyanousndA. niger, R.
bataticolarespectively by Mallur and Badami. [32] The halegebstituted derivatives of these compounds showed
both the activities substantially. In an investigatby Mallur and Badami, [33] 3-aryl-4- [6’-spi{ayclohexane-1",
3"-(4’-H)-[2H] thiazolo [3, 2-b]-S-tetrazino] sydmes26 were synthesized and tested for antibacteriatifumgal
activities. Only the halogenated compounds showsitbacterial activity againgE. coli and P. pyocyanousand
antifungal activity against A. niger and R. bataticola A series of 3-aryl-4-[2-(3’-coumarylidene
hydrazino)-4-thiazolyl] sydnone®7 reported moderate antibacterial activity at 20 gogcentration again&. coli

and inactive againss. aureudor all the synthesized compounds. The methyl aaldgen substituted derivatives
showed equal activity to that of standard drugr@gidi. nigerandC. albicans [34]

Novel 3-aryl-4-[2’-(8"-hydroxy-7"-quinolinylmethyamino)-thiazol- 4’-yl] sydnones 28 and 3-aryl-4-
[2’-(3"-acetyl-2"-hydroxybenzylamino)-thiazol-4yl] sydnones29 were synthesized as possible antimicrobial
agents by Mallur and Badami. [35] The antibactetedting was carried out by cup-plate method atug0
concentration againgdP. pyocyanousand E. coli and the antifungal activity againgt. niger and Rhizocona
batiticola; p-chloro andm-chloro derivatives in both the series showed poaetimicrobial activity. Onlyp-chloro
derivative in the quinolinyl series showed 99% hition againstMycobacterium aviumat 12.5ug/ml concentration.

OH
COCH,

28a, 29a R=H; R1= H 28b, 29b R=H; R1=4-CH; 28c, 29c R=H; R1=2-CH;28d, 29d R=H; R1=4-OCH 28e, 29
R=H; R1=2-OCH; 28f, 29f R=H; R1=4-Cl 28g, 299 R=H; R1=3-CI 28h, 29h R=H; R1=4-Br 28i, 29i R=3-CH;;
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R1=4-CH; 28], 29] R=2-CH;; R1=5-CH; 28k, 29k R=4-CH;; R1=3-Cl 28I, 291 R=2-OCH;; R1=4-C| 28m, 29m
R=4-Cl; R1=3-F

30 -
30a R=H, R1= CH30b R=H, R1=GHs30c R=CH; R1=CH,; 30d R=CH; R1=CsHs 30e R= CH, R1:/©/

30f R=0OCH;, R1=CH;30g R= OCH;, R1=GH5 30h R=OCH;, R1=

31

CH; CH,

HaC HaC

3laR=H, R1= GHs31bR=H, R1= o 31cR=H, R1=-CH31ld R=CH; R1= GHs3le R=CH; R1= o«

HaC

31f R=CH, R1=-CH,; 31g R=OCH, R1= GHs31h R=OCH; R1= & 31i R=OCH; R1=-CH

A series of 4-[3-methyl/aryl-7H-S-triazol [3, 4-f], 3, 4] thiadiazin-6-yl]-3-arylsydnone3 were synthesized and
evaluated for antibacterial and antifungal actgtby Yelamaggadt al [36] Some of the compounds showed the
antibacterial activity agains. aureusand E. coli equivalent to standard drug, while no compoundwsitb
inhibition against fungC. albicansandA. niger.Synthesis of a series of 3-substituted-7- (3-drglfdnonyl-8H-1, 2,
4-triazin-5-one [3, 4-a] [1, 3, 4] thiadiazin@4 is reported by Kalluray&t al Some derivatives showed good
activity againstS. aureusand moderate activity against coli.  Sydnone derivatives of chalcone moi88/were
prepared by Moustafa and Eisa [37] from 3-(34@pbenyl) sydnones. These compounds showed moderate
antimicrobial activity.

R-Ar-CH=CH-CO

-+
N
|
N\
o° O

32a Ar= Ph, R=H 32b Ar=Ph, R=4-Cl 32c Ar=Ph, R=4-CH; 32d Ar=Ph, R=4-OCH 32e Ar=Ph, R=2-CI 32f
Ar=Ph, R=2-CH;32g AR=Ph, R=3- OCH

32

(¢}

J 1\

N
i N z
H
34

W
. |
N R
+ + R1
Oy 10 O
' N R L1 ™o
07 0 ~0” o
33 35

Mallur and Badami synthesized a series of 3-arg2-4enzimidazolmercaptoacetyl) sydnor83,(R =H, 4-CH,
4-Cl, 3-Cl, 2-CH); the halogen substituted derivatives showed pod@tibacterial and antifungal activity. [38]
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Compounds of series, 3-aryl-4-(5-aryl-2-pyrazoli#iB sydnone (&, R = H, OCH; R1 = H, OCH) and
3-aryl-4-(5-aryl-3-isoxazolyl) sydnone3§, R = H, OCH; R1 = H, OCH) were synthesized and screened for
antibacterial, antifungal, anti-inflammatory, aredec activities and some of the compounds have shootent
activity. [39] Several sydnone derivatives, 4-[{§¥apropenyl] phenylsydnone36 were synthesized and screened
for antibacterial, fungicidal and antibacterialiaities along with their chalcone intermediates byilli et al [40]

All compounds are much more potent agai@&tam-negative bacteria thanGram-positive bacteria.The
intermediate N-nitroso-N-[4-[3-(2-pyridyl) propen¥toxo] phenyl] glycine37 was active againsC. albicans
Several 3-[4'-alkoxyphenyl]38a, R=Pr, Bu, R=H) and 3-[4’-arylalkoxyphenyl] 38b, R=PhCH, 4-CIGH4CH,,
3-MeGH,CH, R;=H) sydnone and their 4-acetyl and 4-bromo denesti@8c, d R1 = COCH, Br) have been
synthesized by Dhrust al. and shown moderate antimicrobial activity. [4heTdifferent heteroaromatic rings were
developed at the 4-position of the phenyl nucleud 8-phenylsydnone to give 3-[4-(2,
5-dimethylpyrrol-1-ylaminocarbonyl)]phenylsydnoB8s3-[4-(5-amino-4-ethoxycarbonyl-3-methylsulfonylpyol)
-1-ylcarbonyl)]-phenylsydnonesf0 and 3-[4-(1, 3, 4-oxadiazol-2-yl)]-phenylsydnondé showed moderate
antimicrobial activity. [42] Hydrazone42 and symmetrical azinet3 of 4-acetyl-3-phenylsydnones were prepared
and screened for antibacterial and antifungal aiets/by Shingeet al [43] In both the series, compounds with
halogen substitution on phenyl ring exhibited potentibacterial activity againsk. coli and Pseudomonas
pyocyanousOnly the methyl substituted analogs in hydrazeerges showed potent activity agaiAstNigerandR.
bataticola The m-chloro derivative in azine series showed modeaatevity againstR. bataticola Some 4-(1, 2,
3-thiadiazol-4-yl)-3-arylsydnonei4, R= H, 2-CH 4-Cl) have been synthesized by Patilal ** and have shown
moderate antibacterial and antihemostatic actijdt¥]

@ O
~—CH=CH—C
N

ITI -CH,-COOH ”

N=0O
37 38
O
CH
3 ﬁ . C,H oc
~ N—NH c@ N N
—NR- — N NH-C
- ) O
CH3 \O o CH O S ~o o
39 40
Y e T
L 3¢ }Wj
O N
O
41
R1 (|:H3 +
D’f C=N-N=C
N [
I CH -N
R2 Neo
43

42a, 43a R1=H, R2=Hi2b, 43b R1=H, R2=4-CH42c, 43c R1=H, R2=2-CH42d, 43d R1=H, R2=4-OCH42e, 43¢
R1=H, R2=2-OCH42f, 43f R1=H, R2=4-Cli2g, 43g R1=H, R2=3-Cl42h, 43h R1=H, R2=4-Br42i, 43i R1=H,
R2=4-COCH; 42j, 43j R1=H, R2=4-CQC,Hs 42k, 43k R1=3-CH, R2=4-CH; 42!, 43| R1=2-CH;, R2=5-CH42m,
43m R1=4-CH,;, R2=3-Cl42n, 43n R1=2-OCH, R2=4-Cl420, 430 R1=4-Cl, R2=3-F

Antitubercular activity:

Bismesoionic compounds, 3-[4/3-(2-Sulphido-5H-1;8&diazolium-4-carbonyl)phenyl] sydnonetb4, 45b) and
3-[4/3-(5-Methyl-2-sulphido-1,3,4-thiadiazolium-4ubonyl)phenyl] sydnones 46a, 46d),

3-[4/3-(5-Phenyl-2-sulphido-1,3,4-thiadiazolium-drbonyl) phenyl]sydnone4gb, 46¢),

3-[4/3-(5-0-Nitrophenyl-2-sulphido-1,3,4-thiadiazoh-4-carbonyl)phenyl]sydnones 46c, 46f) have been
synthesized from 3-[(4/3-(hydrazinocarbonyl)phengydnones. Among these onl§5a exhibited in vitro

antitubercular activity and all compounds, 46 showed potent antimicrobial activity. [45] Antiteficular activity
possibly due to its lipophilicity and the ability penetrate into the cell membrane.
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(@)
(@) j
N/+N N"TN +
+
/ \ N \ o / \ '\\l\ \ o
! \ _ R
_S S N\ S S N \o
45a (-para) 45b (-meta) -parba (R=CH;) 46b(R=Ph)46c (R=0-NG:Ph)

-metd (R=CHs) 466(R=Ph)46f (R=0-NO,Ph)

Analgesic, anti-inflammatory and antiarthritic agents:

4-[1-ox0-(3-substituted aryl)-2-propenyl]-3-phenyl sydnones 47 and 4-[1-oxo0-(3-substituted
aryl)-2-propenyl]-3-(4-methoxyphenyl) sydnonegl8 showed significant analgesic, antiarthritic and
anti-inflammatory activities. [46bome of the compounds also showed antiarthritiguyadit induced arthritis in
rats) activities. 3-tertiary amino-4-tertiary amimethyl sydnone derivativet® and 3-hydrocarbon-4-tertiary amino
methyl sydnoneS0 showed analgesic activity. [47, 48] 3-arylthioaldybptionally substituted sydnong% showed

anti-inflammatory and antibacterial activity. [49B, 4-disubstituted alkyl sydnone$2 also showed
anti-inflammatory activity. [50]
R

\Ar )
7 ]
AN
L O
\ \

N—O N—2O

47 48 (i) 48(ii)

48(i) Ar=Ph, Ph, Ph, Ph, Ph, Ph, Ph, Ph, Ph, Ph, Ph, BAfi2-thienyl R=H, 4-CH, 4-CH (CH),, 4-OCH, 2,
4-(OCH),, 4-NHCOCH, 4-Br, 4-Cl, 2, 4-GL4-F, 4-NQ, H, H

040%37 NO, —Q
48(ii)Ar:©_,</J\,/ { ,OZNO’,/\N@, @,HOG, (:(;(OH

R3
\N\RA, 0 O\N
Ry
/N/ CHz/ R, \ l{l/
R \I\T \ \Rl
N// \ ] /N—CH2
o ° R3
49 50

49 R, and R = methyl, allyl or pyrrolidino, R+R,= morpholino or piperidino, Rand R= alkyl (C;-Cs), allyl or
benzyl, R . R,= morpholino, piperidino, 4-benzylpiperazino hexdnyenimino, 4-formylpiperazino,
hexamethylenipiperolino or pyrrolidino

50 Ry=Hydrocarbon G-C; atoms, R and R=C;-Cs alkyl, G-Cs alkenyl, G-Cg=aralkyl,
-NR:R;= 5-7 membered heterocyclic ring are analgesickaf toxicity in mammals
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_0 N
\ /7
N
+
o
R \Alkyl _0 AN
\ 7
X
N
+
(Alkyl")x \
R Alk
Ar s—R2
51 52
R= H, halogens, carboxyl, alkyl, benzyl, phenyl R1=H, Halogens, lower alkyl or cycloalkyl
Alkyl’ and Alkl"= lower alkylene R2= Lower alkyl, cycloalkyl or adamantyl
X=0xygen x=0, 1 Alewer alkylene

Ar= phenyl, naphthyl, phenanthryl, pyridyl, furghienyl

Analgesic effect was observed in a number of 3-aaikyl sydnones by Bruzzess al [51], particularly with
3-diethylaminoethyl-4-methylsydnon&3 and 3-morpholinyl ethylsydnon&4. They also noted hypoglycemic

activity for several compounds in the series.
+

om \N{HZ {HZ
53 54 55

In an extensive study, Satyanarayana and Rao [53hthesized 4-[5-(substituted aryl)-4,
5-dihydro-1H-pyrazol-3-yl]-3-phenyl sydnoneS§5 as analgesic, anti-inflammatory and antiarthritigerats.
3-aryl-4-[1’-substituted-2’-H-4’,5’-dihydro-4'-(3,4nethylenedioxyphenyl)-3’-oxo-indazolin-6’-yl] sydnes 56
were synthesized by Kalluraya and Rahiman [53] #r&l compounds witlo-chlorobenzoyl moiety showed
significant anti-inflammatory and analgesic activit

56a R= H: Ri=H 56b R=CHj; R;=H 56¢ R= OCH;: R=H 56d R=H: R;= >‘© 56e R=CHy

R= >—© 56f R= OCHy; Ry= >/ C 569 R=H:; R1—>_© 56h R=CHs; Ry= %@ 561 R=OCH;
R= %O 56r R=OCH; Ry= YO 56] R=H; Rl=cho 56k R=CHy; R= |

56l R =OCH; Ri= | 56m R=H: Rl— 56n R=CHy Ry= | 560 R=OCH;;

R= hi 56p R=H; R,= Y‘ 56q R=CHs; Ry= ﬁﬁ‘
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HzCiO\o CH
57a R= -CHy; R'=H: Ar =-C ¢Hs57b R=-C¢Hs; R'= H; Ar = -C¢Hs 57cR = < > :

o

/
R'= H; Ar = -CgHs57d R= 7 : R'=H; Ar = -C¢Hs 57e R=-CH; R’= C|:|3; Ar = -C¢Hs57F R= -GH5

/ O /
R'= -CHg; Ar = -C¢Hs57g R= - R'= CHg; Ar =-CgHs57h R=T - R'= CHg Ar = -C¢Hs

57i R=-CHyR'=OCH3Ar=-C¢Hs 57j R= -GiHs; R'= OCHz; Ar = -CgHs 57k R= . R'=
) HgC\
_J 0

OCHg; Ar = -CgHs57I R= 7 - R'= OCHj; Ar = -CgHs 57m R= -CHy; R'= H; Ar= D 57 R=

ct H/z C70\0 CHs Hsc\o z >
-CeHs; R'=H; Ar= C 570 R= < > © R'=H; Ar= D 57pR:”7°

H,

i O O
R'= H; Ar = 57q R= -CHg; R’—CHg;Ar: 571 R= -GeHs; R'=CHj; Ar = 57s
C \
R=—/ C "R'’=CH3Ar =CH; 57tR= D CR'=  Ar = CH; 57u R=CH;: R'= D
\ HaC\U Hzc—o
Ar=CH; 57v R=OCHs; R'= D © Ar=-CgHs 57w R=OCH; R’ D Ar = < >

—c<; ch\o
57x R=OCHy;, R'= @;Ar=o/ C '57y R= -CHy; R'=OCHj; Ar = O

3-substituted-6-(3-arylsydnonyl)-8-aryl-1,2,4-trda 3,4-b][1,3,4]thiadiazepines? were synthesized and evaluated
for analgesic, anti-inflammatory and anthelmintitiaties by Kallurayaet al Some compounds have shown good
analgesic and anti-inflammatory activities but dbete anthelmintic activity comparable to standdrdg. [54] In
the series 3-[4-[2,3-dihydro-2-(substituted ary/$-benzothiazepin-4-yl]sydnonés8, only the phenyl substituted
derivatives showed significant anti-inflammatoryigty in carrageenan induced rat paw edema mqgB].

Cop,

58

—z+

I
N\ -

58a Ar =Ph; R= H 58b Ar=Ph; R=4-CH ;58c Ar=Ph; R=4-OCH; 58d Ar=Ph; R=2, 4-(OCH), 58e Ar=Ph;
R=4-NHCOCH

58f Ar=Ph; R=4-Cl58g Ar=Ph; R=3-CI58h Ar= Ph; R=4-N (CH),58i Ar= Ph; R=2-CI58j Ar=PH; R=2, 4-C},
58k Ar=Ph; R=4-F 58| Ar=2-furyl; R= H 58m Ar=2-thienyl; R=H

N' 3

59a R=H, R'=H 59b R=NO,, R’=H 59c¢ R=Br, R'=H 59d R=H, R’=CH;59e R=NO,, R'=CH;59f R=Br, R’'=CHjz
59g R=H, R'=0CH;5% R=NG,, R'=OCH;59 R=Br, R'=0CH;

_Z+

Kallurayaet al, synthesized a series of 3-aryl-4-[substitutguemnylidenehydrazino-4-thiazolyl] sydnorg®and
evaluated for biological activities. Most of thengpounds showed potent anti-inflammatory activityt tm acetic
acid induced test none of the compounds showedfisegnmt analgesic activity. In anthelmintic scremgiagainst
earthworms, the compound bearing nitro and metisoogtituents showed potent activity. [56]
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4-(arylsydnonyl)-2-(4-arylhydrazono-3-methyl-5-o%epyrazolin-1-yl)  thiazoles ®& showed  significant
anti-inflammatory activity comparable with that standard drug ibuprofen. Compounds containing atgoand
carboxylic substituents are more active. Few showrdked analgesic activity while most of the conmmisi
showed promising CNS depressant activity comparabith that of standard drug pentobarbitone. [57]
Triazolothiadiazines with aryl sydnone at sixth iioa 61 were synthesized by Kalluraya and Rahiman. Sévera
compounds showed anti-inflammatory activity. [58]

3-[4-(diethylamino)phenyl]-4-substituted-1-ylsulfgh sydnone and 4-acetyl-3-(4-chlorophenyl) sydnam®wed
promising antibacterial and anti-inflammatory aitiés. [59] Anti-inflammatory activity may be pobsy through
interference with synthesis of prostaglandins pcking the enzymeyclooxygenas¢COX) and orlipoxygenase
enzyme#n the second phase of inflammation.

Miscellaneous activities:

Compounds2 synthesized with the integration of 1, 2, 4-tri@zang with 1, 2, 4-triazine-5-one, has been depet
from 3-arylsydnones and proved antihaemostatizieti60] Coumarins (2H-1-benzopyrans) possesaréety of
biological activities such as antibacterial, anifal, antimicrobial, anticancer, antiulcer and faetiant. It was also
found that coumarins display a very strong antagive activity

in vitro against human mammary carcinoma cells. Furthetodiital screening of synthesized compound
3-[(7-Acetoxy-4-methylcoumarin-8-yl)-methyl] sydn®62a may show related potential activities. [61] Mestcia

a mesoionic sydnone imine, shown to act as doparmeimgtake inhibitor which is slow in action but ¢ lasting
and less neurotoxic than dextroamphetamine. Meboisastill used for a variety of applications; whiaclude
counteracting the sedative effects of benzodiazemirugs, increasing workload capacity and cardiovas
function, treatment of hyperactivity in children@asootropic, and as a drug to enhance resistanegitemely cold
temperature. It is also listed as having antideganeis and anticovulsant properties. A number of [38tuted
sydnone$3, viz, 3-aryl compounds showed ascaricidal actiis2]

R . .
O -
N
Nvo o o Q
63 64

63a R= H, R'=H 63b R=2-Cl, R'=H 63c R=3-Cl, R’=H 63d R=4-Cl, R'=H 63e R=2, 4-Ch, R'=H 63f R=3, 4-Cb,
R'=H

63g R=4-Br, R'=H 63h R=4-NO,, R'=H 63i R=4-CH;, R'=H 63j R=4-OCH;, R'=H 63k R=2-C,Hs, R'=H 63|
R=C¢Hs, R'=CH; 63m R=CgHs, R'=NO, 63n R=C¢Hs, R’'=Cl 630 R=CgHs, R’=Br 63p R=CH,;, R'=H 63q
R=CgHsCH,, R'=H

Some sydnone imines were found to be useful fotrémment and prophylaxis of cardiovascular diseasich as
angina pectoris and hypertension.[63] A number-afkyl sydnones were found to be potent CNS stimtsldoy
Kier et al[64] The 3secbutylsydnones4 was found to be a powerful respiratory stimulanaiheavily barbitalised
dog.

Recent medicinal uses of sydnone derivatives:
Reactions obrtho-alkynylphenyl sydnone85 with various acids result in sydnoquinoline derives 66. Treatment
of o-alkynylphenylsydnones with trifluoroacetic acicbpides novel 3-arylcinnolines?. [65]
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\
® \ Ar
N ¢N Ar o ‘ \
\ / / Ar
o N |
oe ° oS N/
65 66 67

Indole derivatives were reported for antimicrobiakecticidal and anthelmintic activities. Compo@&idisplayed
significant biological spectrum. Derivatives ofistture69 may be useds dopamine receptor inhibitors. [66]

N"‘N\ // Rs
ST A 0
: o=d__ NV NH—[CH]

o WU % o

68 69

Wallace et al described the reaction of a phenginepe 1, 3-dipole with a bicyclononyne dipolaroghiThis
strain-promoted reaction proceeds without transititetal catalysis in aqueous buffer, at physiolalgiemperature
and pressure with a rate comparable to that ofr dtife®@rthogonal reactions. They also demonstrageqtiantitative
and specific labelling of a genetically encodedybicnonyne with a sydnone fluorophore conjugd@
demonstrating the utility of this approach for bithmgonal protein labelling.[67] Compourtd and 72 showed
highest activity againss.aureusB.subtilis P.aeruginosaandE.coli. Both compounds have phenyl group at 2nd
position and methyl group at 4th position. [68]

[e) (e3

>—©—T\<\(
HN N—O

a “
HNZ\C : Q“\/o

72

Amide benzotriazole derivatives synthesized fromn®ne fragment were reported to display good dittular
activities. Amino benzotriazol&@3 was manifested to be a potent antitubercular agétit better inhibition
(MIC=4.5 pg/mL) againstM. tuberculosishan standard drugs streptomycin (MIC=ag/mL) and pyrazinamide
(MIC=10 pg/mL). [69]
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o NH@ .
QNH“ / A
"N AN o© \< /

N @) [S
73 74 R=H, CH;R1=H, CH;, OCH;, CI, NG,

N:N

A series of 4-aryl-2-[3-arylsydnolydine-4-hydrazehthiazoles74 compounds were screened for their antibacterial
and antifungal studies. Compounds containing chlmd nitro groups showed promising activity. Quilame
derivatives condensed with sydnone have been ssintband evaluated for their antimicrobial acivitompound

75 possessing nitro group at' gosition of phenyl ring at vinyl linkage are fouta posses the highest activity
againstS. aureus, B. subtilis, E. coli and P. aerugindg8] Compounds76 containing coumarinyl sydnone
derivatives from 4-methyl-7-hydroxy-8-nitro counrarivere synthesized. The antimicrobial evaluationtlof
compounds showed that some of them revealed pnognisioad spectrum antimicrobial activity with resp®
standard drug Ampicillin. [71]

o
o //<
(o] NO
H *N 2
NN §N/
:<< —< >—No2
R/\)\N/ 75R= NO,

R,
§
)
N OH ‘
W N|/
O, (0] OH R
Ry
S R
(]
R N @)
e | °
CH, N—¢ N—0o
76 77 (R=-n-Bu, R1=Ph) 78 (R=CH; R'=CHy) 79 (R=Ph, R'=Cl)

A series of benzophenone oximes appended with syhearing different substituents on aroyl moietgrav
synthesized to evaluate vivo andin vitro for their inhibitory activity against purified pholsolipase A2 (PLA2)
enzymes from snake venom and human inflammatoyral@nd ascites fluidn vivoandin vitro inhibition studies
were carried out against PLA2. The substituenthat aroyl ring was responsible for enhancing thebitibn
towards PLA2 enzymes. The most active interactmgmound?7 from in vitro inhibition of PLA2 activity showed
similar potency in thén vivo neutralization of PLA2 induced mouse paw edemahamdolytic activity. Thus, tha
vitro inhibition correlated well with thén vivo inhibition and hence the reported derivatives &erapeutically
important anti-inflammatory drugs.[72] A series nbvel stilbene-sydnone derivatives were synthesitech
methyl anthranilate via glycine- and nitrosoglycine derivatives the cormyting
3-(o-carbomethoxyphenyl)-4-H/Me/Ph-sydnones were peghand transformed to stilbenylsydnone derivat{igs
Witting reaction with various phosphonium saltsy avaluated for their cytotoxic properties on fis@ncer cell
lines, whereby the cis-4-methyl-3-[2-[2-(4-methylphenyl) ethenyl] phenyl] sydnone 78 and
cis-4-phenyl-3-[2-[2-(4-chlorophenyl) ethenyl]-phenyflydnone79 showed the most pronounced activity.[73]
Several 2-[{(4-Substituted-1-sulphonyl) Sydnon-3Hll, 3, 4-thiadiazino (6, 5-b) indole880 have shown
antimicrobial and antihelmintic activity.[74]
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4.
§ O§/S‘§o

X
80 X=0,, NHz, CH,, NCH3, N-CgHs, N-CH,CH;
CONCLUSION AND FUTURE OUTLOOK

This review shows that sydnones are highly veesatild robust members of the mesoionic class ofdat®matic
compounds. They possess an array of remarkableichieamd physicochemical properties, as well aargety of
biological activities. Due to the large varietystfuctures that have been tested so far it iscdiffio establish SAR.
Maximum structural modification takes at N-3 andtCFhe most explored properties of sydnones ar¢uardur,
antimicrobial, antioxidant, antiinflamatory-analgesactivities. In this area, the presence of stilstits
(aromatic/alliphatic/heterocyclic) especially at3Nand C-4 has proven to adopt an essential roldin@molecules
efficiency. Different substituents and their pasis on phenyl ring differently influence DPPH aittivand
therefore, may provide clues to design and devbdifer free radical scavenging sydnones with meltiztivities
and same pattern can be applied for a series fefelift compoundswith different biological activigiéNith respect
to their functionalisation, modern techniques sastmetal catalysed cross-coupling and direct aoylgirocesses
have been found to be directly applicable to theeasual compounds like they are to the more common
heteroaromatic substrates. The cycloaddition otradkand alkynes with sydnones consistently givaszoje
products. To conclude, some of the ascertainedeptieg of sydnones are fairly promising and desduvther
investigation in the attempt of finding new therape alternatives.
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