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ABSTRACT

Mesoionic compounds are dipolar five or six membered heterocyclic compounds in which both the negative and the
positive charge are delocalized, for which a totally covalent structure cannot be written, and which cannot be
represented satisfactorily by any one polar structure. The most important member of the mesoionic category of
compounds is the sydnone ring system. Sydnones are mesoionic compounds having the 1, 2, 3-oxadiazole skeleton
bearing an oxygen atom attached to the 5 position. Sydnones are dipolar, pseudo-aromatic heterocycles with a
unique variation in electron density around the ring. These characteristics have encouraged extensive study of the
chemical, physical, and biological properties of sydnones, as well as their potential applications. A large number of
sydnone derivatives have been synthesized with biological interest and reported to possess a wide spectrum of
biological and pharmacological activities like antimicrobial, anti-inflammatory, analgesic, anti-pyretic, antitumour,
antiarthritic and antioxidant properties. The research and devel opment of new sydnone functionalisation methodsin
conjunction with the cycloaddition reactions will provide the focus of future research in the devel opment of sydnone
drugs. Thus there is wide scope for structurally modified sydnone derivatives to explore more potent biodynamic
mol ecules.

Keywords: Sydnone, mesoionic compounds, 1, 2, 3-oxadiazobtmiates.

INTRODUCTION

Over 120 years ago, Emil Fischer oxidized dithizogielding an orange, crystalline compound he kit
dehydrodithizone. Fischer assigned the bicycliacdture 1 to this speciediowever, better understanding of the
nature of such species was gained as time progresgemore advanced analytical techniques becaaibhe. In
1946, Baker, Ollis, and Pootmined the term mesoionic (mesomeric/ionic) to dbscthe monocyclic, dipolar
nature of compounds such as dehydrodithizone. 55 1fhese three authors published a papezhemistry and
Industry which specifically defined the term mesoionic. Usiheir definition, dehydrodithizone is considetbd
first known mesoionic species and is assigned ifh@at, monocyclic structurg.
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In 1935 the first sydnone was synthesized in SydAesstralia. Earl and Mackney reported that tresatbof N-
nitroso-N-phenylglycine with acetic anhydride affed a general, anhydro derivative to which thedicystructure
was assigned. Due to the general utility of thetiea a variety of analogous compounds where pegpand given
name “sydnone”(due to their preparation in Sydiaystralia )
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Sydnones show evidence of a greater degree ofifyolstability towards heating and lower reactivibyvards acids
and bases than would be predicted for the straibiegiclic representation 4. Thus in the 1940’s Bakellis and
Poole published a series of paper in which theylkeamted that synones were infact monocyclic, dipdirivatives
of oxadiazoles[1]. In 1946 Bakes, Ollis and Pootened term mesoionic (mesomeric/ionic) to describe

monocyclic dipolar nature of compounds such as diefdithizone. In 1955 these three authors spedificefined

the term mesoionic. Using their definition, dehydithizone is considered the first known mesoiomieces and is
assigned the dipolar, monocyclic structure.

The most important member of the mesoionic categérgompounds is the sydnone ring system. Sydnanes
dipolar, pseudo-aromatic heterocycles with a unioagiation in electron density around the ring. Jde
characteristics have encouraged extensive stuttyeothemical, physical, and biological propertiésymnones, as
well as their potential applications. Mesoionic gmunds are dipolar five or six membered heterocymimpounds
in which both the negative and the positive changedelocalized, for which a totally covalent stane cannot be
written, and which cannot be represented satisfiictioy any one polar structure. The formal pogtigharge is
associated with the ring atoms, and the formal tnegyaharge is associated with ring atoms or arcgsc nitrogen
or chalcogen atom. Mesoionic compounds are a ssholisbetaineSydnones arenesoionic compoundsaving the
1,2,3-oxadiazole skeleton bearing an oxygen atdaclad to the 5 position[2]. Imines of sydnone @mpounds
of sydnone having an imino group in place of theogclic oxygen atom([3].

Baker, Ollis, and Poole also suggested that sydnsheuld be placed in a class by themselves calkegbionic
(meaning mesomeric/ionic), because of the uniqueadheristics of the sydnone ring system. They geded to
outline the general concepts governing their edaitr structure until formal qualifications for ampound to be
deemed mesoionic were set forth in 1953. It wa® theposed that to be considered mesoionic, a cantbo
should: (1) contain a fully delocalized positivedanegative charge; (2) be planar and contain arfieebered
heterocyclic ring with an exocyclic atom or grougpable of bearing a considerable amount of negatieege
density; and (3) possess a considerable resonaecgye These three characteristics allowed mesogystems to
be clearly distinguished from formally related dgospecies such as ylides and zwitterions. Inldkter species,
there is a great deal of charge localization whemnedhe mesoionic systems, charge distributiotelscalized and
no single fitting resonance form can be drawn. Rdlynsydnones are derivatives of 1, 2, 3-oxadiezohowever,
since 1, 2, 3-oxadiazoles are known to be opemgladpha carbonyl diazo derivatives, it appears slgednones are
the only derivatives of this class that are cy@licnature. Therefore, the name “sydnone” has bectiraemost

1186



Sachin K. Bhosale et al J. Chem. Pharm. Res,, 2012, 4(2):1185-1199

common way to describe these compounds becausésafrique distinction, and is used by Chemicaltfduds as
a way of grouping these oxadiazole derivatives.nBpes are generally represented by a positivelygelda
aromatic ring with an enolate type exocyclic oxygelany possible resonance hybrids allow for muttipanonical
representations for which structisés preffered representation.
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In structure 5, N3 is an iminium-type and is therefacting as an electron withdrawing substitudtatched on
phenyl ring. This suggestion is refuted by the wofkVang and co-workers which agreed with the satige that
the sydnoner-electrons are unequally delocalized[4]. Sydnoresng nitrogenous compounds, are chemically
1,2,3-oxadiazolium-5-olate® and are unique, dipolar, heteroatomic memberthefgeneral class of mesoionic

compounds[5].
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A large number of sydnone derivatives have beethsgized with biological interest[5-8hd reported to possess a
wide spectrum of biological and pharmacologicaivégts like antimicrobial, anti-inflammatory, amgdsic, anti-
pyretic, antitumour and antiarthritic. Many sydnomerivatives have also been reported for antiotidan
properties[10-12]. A number of sydnones have beemé@ed in search for antitumor agents. In thisardga
number of polymethylene-bis-sydnonédiave been synthesized by Daeniker and Drueyt8]some antitumor
activity for the ethylene homolog was reported lgse workers.
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Grecoet al. [14]have screened a series of sydnones for anticantieityaand it was found by these workers that, 3-
(p-methoxybenzyl) sydnon@ was effective against carcinoma-755 in mice and imactive against sarcoma-180

and leukemia-1210 systems.
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In a study, two series of compounds have been sgizthd by Satyanarayana and RHs8| belonging to 4-[1-oxo-
(3-substituted aryl)-2-propenyl]-3-phenylsydnon@sand 3-[4-[3-(substituted aryl)-1-ox0-2- propenyhenyl]
sydnonesl0. Some of the compounds from both the series shasignificant analgesic (acetic acid induced
writhing in mice), anti-inflammatory (carrageenardiiced paw edema in rats) and antiarthritic (adjtivaduced
arthritis in rats) activities. The compounds Dfseries were also tested for tumor reducing effecttgivo and
antioxidant effectsn vitro by Anto et. al[16]. All of them were cytotoxic tamor cellsin vitro, while only methyl
substituted derivative showed increasedsivo tumor reducing activity. Some of the compoundseneund to
inhibit lipid peroxidation and scavenged superogidad hydroxyl radicalis vitro. The tumor reducing activity was
found to be independent of their antioxidant atfiviSatyanarayanet al.[17] tested three derivatives in the series
9 (9a, Ar = Ph, R = 4-CH 9b, Ar = Ph, R = 3-OCKand 4-OH and®c, Ar = Ph, R = 4-Ck) for in vitro
cytotoxicity in 56 cell lines representing cancefsion-small cell lung, colon, CNS, melanoma, caayiprostate,
breast and leukemia and all these compounds egtipitomising activity. Average growth inhibition 9% was in
the range of 1.7-3.pM. 9a was highly selective against SNB-75 tumor cell liriecCNS.
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A series of compounds, N- (4’-substituted-3’-nith@pyl) sydnonesll with potential antitumor activity was
prepared based on active analogues by Dunkley Anth@n[18].Out of the six compounds, 4’-fluoro derivativé (
R=F) has an improved activity against all thred lieés namely, MCF7 (Breast), NCI-H460 (Lung) a8&-268

(CNS).
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The heterocyclic substituted sydnone derivatives gossess 4-oxo-thiazolidid and thiazolinel3 groups were
prepared by Shih and Ke[1#mong these compounds, 4-methyl-2- [(3-arylsydneyi-thethylene) hydrazono]-2,
3-dihydro-thiazole-5-carboxylic acid ethyl estermldhd 4-phenyl-2- [(3-arylsydnon-4-yl-methylene) tazbno]-2,
3-dihydro-thiazoles 18 exhibited the potent DPPH (1,1-diphenyl-2-picryghgzyl) radical scavenging activity,
comparable to that of vitamin E.

1188



Sachin K. Bhosale et al J. Chem. Pharm. Res,, 2012, 4(2):1185-1199

H
N— OC_H
oGt M
NS5~ CH,
13a
H S
N—N=(
A—N N /
O H
o~ "o
13b

The effects of new aryl-sydnones, 3-[4-X-3-nitropiig1,2,3-oxadiazolium-5-olates 14, where X = QY([D-1);
pyrrolidino (SYD-2); piperidino (SYD-3) and morplib (SYD-4) on the survival of mice bearing Sarcoh&®,
Ehrlich carcinoma, B1OMCII (Fibrous histiocytomajdal 1210 leukemia ascitic tumors, on proliferatafrcultured
tumor cells and on synthesis of DNA in L1210 leukemere determined by Grynberg et al[20]. SYD-1 &¥D-2
in vivo significantly enhanced the survival of S180, Hirland B1LOMCII tumor-bearing mice. Furthermore, S¥D
showed significant activity against L1210. SYD-3Ia&\YD-4 did not show antitumor activity. SYD-h, vitro was
the most cytotoxic against all the above tumorscellll of the drugs tested inhibited thymidine dmaby L1210

cells, SYD-4 being the least active.
O,N
|
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The most attractive of the many potential applaradiof sydnones, is their biological propertiesiclwtinclude anti-
fungal, anti-inflammatory, analgesic, antibacteriahd anti-tumor activities. 3-tertiary amino-4tiary amino
methyl sydnone derivatives[21] and 3-hydrocarbae+tiary amino methyl sydnones[22] showed analgasiivity.
3-arylthioalkyl-4-optionally substituted sydnondswed anti-inflammatory and antibacterial activ&$]. Sydnone
imine compounds showed antihypertensive and aritiang activity[24].1,5-disubstituted alkyl sydnones showed
anti-inflammatory activity[25]. 3-aminosydnoneimireompounds showed reducing pulmonary systemic blood
pressure[26]3-[4-(Azidocarbonyl)] phenylsydnone obtained from(43hydrazinocarbonyl) phenylsydnone on
curtius rearrangement with alcohols, water and amafforded the corresponding carbamates, 4,4nh(@yet-3-yl)
diphenyl urea and 4-(heterocyclyl)phenyl ureas. @oamds on one-pot ring conversion yielded the 1,3,4
oxadiazolin-2-one derivatives, which on reactiorthwN,H, gave the 4-amino-1,2,4-triazolin-3-ones. All these
compounds exhibited moderate antimicrobial actigityainstEscherichia coli (Gram —ve) andVicrococcus luteus
(Gram +ve) and two fungal strainsfsperigillus niger and Penicillium notatum[27]. The 3-aryl-(4-
cinnamoyl)sydnones obtained from 4-acetyl-3-aryheytes and arylaldehydes, used for synthesis of 3-
arylpropenoic acids and 5-phenyl-2,4-pentadienoid.aMany cinnamic acids are bioactive moleculeg are also
precursors for many pharmacologically active mdlesuEsters and amide derivatives of cinnamic acél®e been
shown to exihibit antibacterial and antifungal @ities while 4-methoxy cinnamic acid and its ettsytgs have been
classified as a new group of glycosidase inhibit@®me oligomers of this acid have shown to posisgskitory
action of coagulation proteinases[28]. 5-PhenyH#atadienoic acid and its derivatives have bearsidered as
potential antimalarial® Deaminatively produced carbonium ions are inter@iedi of high reactivity and they have
been utilized for this reason in several methodsHe inhibition monoamine oxidase enzyme by syas{20]. A
simple and high yielding method for the integratioha 1,2,4-triazole ring with 1,2,4-triazine-5-ohas been
developed starting from 3-arylsydnones. The strestuvere proved by their spectral data and scredoed
antihaemostatic activity[30They have attained importance due, not only torthieuctural features and chemical
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properties, but also to their biological properti€&ydnones are less toxic, but potent porphyrinmgend anti-
inflammatory compounds, and have the effect of enging free radicals[315ome azodyestuffs containing a
sydnone ring were prepared by the diazonium cogptifi 3-(p/m-aminophenyl)sydnones with phenol or241-/
naphthols possesses a significant response of iagrodilation and inhibition of collagen inducedaf#let
aggreation[32]Sydnones are relatively non-toxic, but potent, pgrmogenic and anti-inflammatory compounds.
Coumarins (2H- 1-benzopyrans) possess a varietybiofogical activities such as antibacterial antgah
antimicrobial anticancer, anti-ulcer and antifegdd990. It was also found that coumarins displayeey strong
anti-invasive activity in vitro against human mammnaarcinoma cells , Further research In view oéirth
importance, the 3-[(7-Acetoxy-4-methylcoumarin-3-ylethyl] sydnone derivatives may possess a varadty
biological activities[33]Sydnones and coumarins (2H-1-benzopyrans) possessety of biological activities such
as antibacterial, antifungal, antimicrobial, anticar, anti-ulcer, and antifeedant. It was also €bthrat coumarins
display a very strong anti-invasive activity inreitagainst human mammary carcinoma cells. In viéwheir
importance, further study of biological screenirigsynthesized compound 3-[(7-Acetoxy-4-methylcouima-yl)-
methyl] sydnone may show related potent activiBég[Molsidomine, N-(Ethoxycarbonyl)-3-(4-morpholinyl)-
sydnone imine is mesoionic sydnone imine an oradlyve, long acting vasodilator drug[35].

Mesocarb is a mesoionic sydnone imine. It has Isbemvn to act as dopamine reuptake inhibitor wigcslower
acting but longer lasting and less neurotoxic tkhi@xtroamphetamine. Mesocarb is still used for dewarof
application; these include counteracting the sedagffects of benzodiazepine drugs, increasing lwatkcapacity
and cardiovascular function, treatment of hypevégtiin children as a nootropic, and as a drug thaace
resistance to extremely cold temperature. It i® dilted as having antidepressant and anticovulgemyerties.
Some novel bismesoionic compounds, 3[4/8/gubstituted- 2-sulphido-1,3,4-thiadiazolium-4-
carbonyl)phenyl]sydnones and 4-[4/5ubstituted-2-sulphido-1,3,4-thiadiazolium)ben}éHi/substituted-1,3,4-
thiadiazolium- 2-thiolates have been synthesized from 3-[(hydrazinocarbonghplj sydnones and these
compounds exhibiteth vitro antitubercular activity and also antimicrobial =iti[36]. A series of novel 3-[4-
(diethylamino)phenyl]-4-substituted-1-ylsulfonylikyones have been synthesized.Compound 3-[4-
(Diethylamino)phenyl]-4-(piperazin-1-ylsulfonyl)sydne and 3-[4-(Diethylamino)phenyl]-4-[(4-methylpiazin-
1-yhsulfonyl]sydnone exhibited highest activity aigst micrococcus,Staphylococcus aureus, Bacillus subtilis,
Escherichia coli, and Pseudomonas aeruginosa[37]. 4-acetyl-3-(4-chlorophenyl)sydnone synthedibg acetylation
of 3-(4-chlorophenyl) sydnone showed promisinglaatterial and anti-inflammatory activities[38].

Cephanone, 3-(5-methyl-1,3,4 thiadiazol-2- ylthidiny-7-[2-(3-sydnone)acetamido]-3-cephem- 4-casbiaxacid
sodium salt , is a new semisynthetic cephalospdeiivative with a broad antibacterial spectrum Emio that of
cephalothin . The compound was active in vitro agfaa variety of gram-positive and gram-negativetdrga. All
strains of Staphylococcus aureus tested were tellitily concentrations of 6.2 g or less of cephanan ml [39].

Stability of sydnone

Many sydnones are isolated as crystalline solida@mdmonly purified by recrystallisation from ethan8ydnones
can be stored at room temperature, although a fexe been known to degrade in the presence of éigtitheat.
Conc. HCI can also cause degradation of sydnonekling the hydrazine derivatives with loss of Ci@eat can
also cause degradation of the mesoionic ring systethe formation of pyrrolidinehydrazine and £(3cheme 1)
as follows.
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Scheme 1.
Synthesis of sydnone derivatives
Sydnones can readily prepared by cyclodehydratfoN-substitutedN-nitroso-amino acids with reagents such as
acetic anhydride. The resulting compounds contaimeaoionic aromatic system which can be depicted polar
resonance structures. Classically sydnones aresytd in just in two steps from N-substituted amaeid. N-
nitrosation followed by cyclohydration generallyriishes the mesoionic products in good to exceligeids.
Whilst this is this is the most common method. $alvénprovement or alternative have been introducete
employment of trifluoroacetic anhydride (TFAA) hasperseded the use of acetic anhydride largelytouan
increased rate of cyclisation. The cyclisation efioso-N-phenyl-glycine by means of acetic anigelrseems to
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proceed through the following mechanisms proposed@dékers et al. Turnbull et al. have describedosdtion
using isoamyl nitrite (IAN) for acid-sensitive diag materials (Scheme 2)
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Improved cyclodehydration
Scheme 2.

Similarly some other mesoionic compounds are forimethe loss of NECI. It has been found that dehydration can
proceed through other reagents like trifluoroacatibydride (TFAA), thionyl chloride and carbonyll@tide. This
reaction is found to be temperature dependentheasdate of reaction speeds up when the mraatixture is
heated [40].

Functionalisation of synonesat C4 position
In figure 1, the C4 position of the sydnone ringp@h acidic and nucleophilic. This gives risevwm tpossible modes
of functionalisation;

1) Electophilic aromatic substitution or
2) Deprotonation followed by electrophile addition
I Sa
o 1 -'ll.t.i'-'-_-l.'ml'lillt' ard bears L. DI:B i ! ;
anackicpraion 2 L4 % { N3t siecton poor the '
M 1 atached aromatc ring s}
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o | eleclrophilc susshiution :
[} Se==
Figure 1.

Direct acylation:

The classical friedal-craft reaction has remainkiee as a means for the electrophilic acylatiérsymnones.
Direct acylation has been achieved by sonicatioth ywerchloric acid and acetic anhydride, as repoky Tien
(Scheme 3).
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Scheme 3.
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Halogenation

A range of halogenations method has been develfmpethe introduction of halogens into the C4 pasitiof

sydnone. To date chloro, bromo, and iodo analocwes been synthesized employing a broad spectfuypioal

electrophilic halogenating reagents. Dumitrascal etynthesized a range of halo sydnones employietjcaacid,
sodium acetate and appropriate halogen source rf&cHg¢ Both N-alkyl and N-aryl-substituted sydnocasa be
transformed by this method in good to excellentdyiith esters, nitriles, ethers carboxylic acidsl énalogens
being tolerated on N- aryl substituents.
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Lithiation

Lithiation of sydnones provides a convenient means for the inttazh of a variety of a variety of substituents by
two main processes.

1)Deprotonation followed by quench with an electrépl@R

2)lithiation followed by transmetalation and subsequehemistries.

Lithiation of the sydnone C4 proton is relatively facile and is comiyccarried with n-butyllithium. Tien et al.
reported the generation of the sydnone anion lagrirent with methyl magnesium bromide (Scheme 5)
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Scheme5.

Kalinin and co-worker described the transmetafatof lithiated sydnone to the corresponding ogapper
reagents. The intermediate sydnonylcopper was #hemvn to efficiently undergo palladium-mediated mlng
processes with aryl and alkenyl halides in gooddgie This methodology was extended by Turnbull thoe
acylation and aroylation of sydnone C4 positione Teaction proceeds via the copper sydnone anausly some
examples work better in the absence of palladiuchsmme in its presence (Scheme 6).
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Scheme 6.
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M odification of C-4 halogenated sydnones

Kato and Ohta conducted studies on the reactiffit§-d —bromo-N-phenyl sydnone. They found that imgathis
compound in the presence of magnesium metal, amsbguently quenching with water, returned the ustiulbed
parent sydnone presumably via the Grignard rdagdternatively sodium bromohydride can be used tfee
removal of a sydnonyl bromide. Tien developed drasbund accelerated zinc mediated method forgimoval of
bromine from a variety of sydnones (Scheme 7)

oo {L’: S0 {3 13 amamples
3 Zn powder 1)) B {inzluding Br-substituted Ar)
Br " W " d5imin-8h
I&' A!.[ TD-96%
Scheme 7.

Both traditional and microwave-heating processdivated the coupled products in good yields, witkimple and
practical protocol. Furthermore Moran et al havecdiered a direct arylation, alkenylation and akgtion
protocol for the synthesis of C-4 substituted reytks. A variety of aromatic iodides and bromid®s loe coupled
in good yield. A selection of bromoalkenes wer® asccessfully (Scheme 8)
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Scheme 8.

M odification of C-4 carbonyl sydnones
C-4 carbonylated sydnones have recently been ugeS8hin and co-workers for the synthesis of imidglizol
substituted sydnones. Treatment of 4-formyl sydsomi¢h aromatic glyoxals in the presence of ammuanacetate
and acetic acid, delivers the imidazoles in goagldg (Scheme 9). The introduction of a primary astarting
material results in its incorporation into the iswdle products.
L+]

=) & i 1 an -

= Eﬂ AF ’JW( C’:‘D _g

'IIIN —U-_ Ar' L _:il

N T NHOAYAECH 1 N

O Ar with or without REH. HHIR A

Scheme 9.

arl

The some authors has also converted the C-4 aldeinyd a chlorooxime and the studied the reactiiityitrile
oxide cycloadditions and nucleophilic substitutreactions (Scheme 10).
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Tien has described the application of the Schr@dttion to C-4 acylated sydnones for the synthefssydnonyl—

methylamides. A range of sydnones were treated sdathium oxide and sulfuric acid to give the proddetiving
from methyl migration (Scheme 11).

B0, g 0

&

o} -

o, I % Schmidt reaction I

g i . o N
I I‘I\l Mahy, Ha50k ? |

oty isciesad product

Scheme 11.

M odification at N-3

On employment of sodium borohydride in tert-butijdofiol, they obtained the desired product in 70@dyi and,
presumably, the electron-withdrawing nature of sgdnone ring promoted the reduction of the estehim case.

With this in hand, oxidation with pyridinium dichmate (PDC) and oxime formation with hydroxylamine
hydrochloride gave the aldoxim8¢heme 1R

IS
MaBH, 'BuCH g N
1) FDC, DCM
21 HNOH HGI, Pyr

N SondiSars N N
E

Scheme 12.

Modification at N-3 with C-4 protection with bromine

Kalinin et al found that treatment of N-methyl-4gutylsydnone, with butylithium gives the N-lithiorhgt-4-
phenylsydnone, which can be quenched with a vadéslectrophiles. This discovery makes an impdrtaathod
for the rapid elaboration of the sydnone nitrogeistituent. The same authors then opted to asbes<€4
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protection with bromine followed by subsequent Npyl substituent manipulation. Some interestingifigs were
made, which are attributable to the electron-wilndng nature of the sydnone (Scheme 13).
Do @ Sa @
0

VS . 023
Br— gy _MeNHy .
MalyC, i MaHROC, i

AT
Scheme 13.

Synthesis of tricyclic sydnones with modification at C-4 and N-3

Treatment of N-(2-aminophenyl) sydnone with nitrcasd led toa diazonium intermediate, which underwe
intramolecular addition by the sydnone at the Cesition (Scheme 14). Alternatively, synthesis oé tand
conversion in to the phosphineimide followed by @sgre to an isocynate or isothiocynate delivers
sydnoquinoxalines in moderate-to-good yield. Bathreples serve to highlight the stability of the sgdes to a
range of relatively harsh reaction conditions atfekir potential for dual reactivity[40].

ooy :
2o @ g /@ e o
o

o @
. o3 [ he
N?N Haty, HEI, NaNGs r"“" M| sendog N, N i

: M
W — = M

S G I

B1%
l N5 Mahly
@ -
2o % o @ %}@ 2 8@
Q&  R-N=C=Q R o L]
I " & Y
e PPh, phye SN ponzces ‘!E ;N M| Gono-dig MT‘I "

10 examples. £8-B2%
B

Scheme 14.

The palladium-catalysed direct cross-coupling rieacbf electron- rich heteroaromatics with aryl idlas and
pseudohalides has emerged as an incredibly usetllganeral synthetic technique to access biaryicttresl
These processes are superior to traditional crogphlng techniques because a stoichiometric amadfinan
organometallic reagent is not required. This resiatiower costs, less waste and, if the organdiiteteould need
to be prepared, shorter syntheses. This concepbédes applied successfully to the direct couplihg eange of
heterocycles including furanspxazoles, imidazoles, triazoles, purines, indoles and pyrroles. Examples of
intramolecular direct couplings have also beenntepoScheme 15)[41].

5 e PeliDAc]y e
Fh.@ ) 10 ma PPh Ph.@ /
M %P e i N, E
o - , i
Nowgy 2 eouiv KaGOy o] Lo
wet OMF 0
1209, nir 8%

An example of the direct arylation of N-phenyl sydnone with iodobenzene.

5 mal% Pd(OAC), .

RO 10 mol% PPh R.®
. 3 .
NN 2 + R —04m80 5 N o
! o ] i S—g
N‘O 2 equiv K,CO4 N
wet DMF
120 °C, air

=0

Direct alkenylation of sydnones
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Ph
5 mal% Pd(OAc);

@
Ph.& e o 10 mol% PPh; Vi
Ul 0 * Ph———8 P
N -0 2 equiv K,CO4 N N e
wet DMF A
120 °C, air 0
34%

=
@

Direct alkynylation of N-phenyl sydnone.
Scheme 15

Cycloaddition of sydnone:

Sydnone rings possess not only a mesoionic charhotealso a labile nature. The charge distributbonthe ring
can be varied according to their resonance forned@pg on their aryl substituents at the positiN(3) and C(4).1
In general, N(3) behaves as an electron-withdrawirgstituent and C(4) shows as an electron-donahiagacter to
form the so-called duality effect for the ring. 8gees can be converted to dihydropyrazoles by irepetith

cyclopentadiene. Dehydrogenation of dihydropyratoleorm a pyrazole is strongly dependent on thenesof aryl
substituents[42]Sydnones undergo smooth cycloaddition with acegdeto give pyrazolesin high yield. The
reaction involves a 1,3-dipolar cycloaddition oktkydnones, behaving like a cyclic azomethine imtoethe
corresponding acetylene followed by carbon dioxddelution and aromatization(Scheme 16)[43].

el
-4
- 3
o | 3 O Ms
" Az — OO Me A o0 M \ —
R—N—CH-CODE—= RN — "’f“_ K 3 —= RN
| + -0 A B -0 =
Mo 5 H\CD_M‘ COMa
Scheme 16.

Alkyne cycloadditions

The most important synthetic application of sydroisetheir cycloaddition reaction with alkynes. Tdyeloaddition
was compatible with a range of simple hydrocarbamstituted alkynes as well as those bearing, alcauetal,
acyl, and ester groups. Cycloaddition reactionsyofhones are most commonly carried out with eleetieficient
alkynes. For example, the reactive dienophile, tliyleacetylenedicarboxylate, reacts readily with-sCébstituted
sydnones, and this chemistry has been exploitgénerate functionalised pyrazole products (Scheme 1

-N, Me0,C—==—CO,M -N
A Mo T 7 S—come
s == benzene, reflux, 6 hrs s =

©

(o] 77% CO,Me

©

o® MeO,C—==—CO,Me  MeO;C CO,Me
I‘h toluene, reflux, 6 hrs i’ N
1 i N

N I N

) ]

R

R = Ar, Me, (CH,),CN, 70-85%

Scheme 17.

An interesting and highly functionalised class ef-acetylenic ketones has been employed in sydnone
cycloadditions by Hegde et al. and was found toegate the corresponding pyrazoles in excellendyaid as
single regioisomers .The authors also demonstrated that replacing thenfwith a 5-nitrothiophene provided
similar results (Scheme 18). These compounds wetlect tested for their antibacterial and antifuregaivities
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o2 ®
R Q xny—NO2
s o
o N R o
r i \N
I | xylenes, reflux, 4 hrs |}1’
Ar
=~ "0 R =H, Me, CI

Ar = Ph, p-Tol, p-MeOPh

72-83%

Scheme 18.

Alkene cycloadditions

The dipolar cycloaddition of sydnones to alkenesl¢aive rise ta’pyrazolines, and that the addition of an
oxidant to this mixture allowed the corresponditygagoles to be isolated. The general reaction paghnvolves a
cycloaddition/cycloreversion process with evolut@nCO,. In the case of alkene dienophiles, this gives tisan
azomethine imine and it is the subsequent chemistrihis intermediate that determines the ultimpteduct
distribution Scheme 1P

6

©o
y (R@) \_/ @ -CO;,
_N N ?{/ — \N,N@
N
8 CRNN 52
Scheme 19.

Kato confirmed the potential of sydnones to reaith wyclobutenes to furnish ring-expanded produstecifically,
heating benzocyclobutene with sydnone 1 providedctirresponding benzodiazepine, albeit in low y{&cheme

20).
Z DMF =N
NPh
95 °c .
30%

Scheme 20.

Quinones are an alternative class of activatedogiites/ dipolarophiles and the group of Nan'ya Hasonstrated
that these can participate in sydnone cycloaddittorproduce indazole-4,7-dion&cheme 21)

o)

N
Z’ o Xylenes Me-K : ‘N=Ph
reﬂux
10 hrs Ie)

42% (1:1)
Scheme 21.

Martin has shown that diazepinones can be prep&ad alkylidenecyclobutenones, presumably via [3+2]
cycloaddition followed by in situ ring opening iisited by the azomethine imine intermediate (Taple 1

Tablel

= _‘
l—‘?h H R+
Rt Pli I'nll,lﬁrlu L

Hi
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R R? Yield (40:41) (%)
Ph Me 56 (100:0)

Ph H 93(100:0)

Ph cl 84(100:0)

Me H 65(4:3)

Bn H 58(4:3)

Me Me 75 (100:0)
(CHy)4 57 (100:0)
(CH2)343 (lOOC

Intramolecular reactions provide a powerful strgtefigr generating products with defined regiochengist
particularly when the corresponding intermolecutsiocesses are poorly selective. In the contextyohene
cycloadditions, this approach has been employetierassembly of an antidepressant indazole, FF{3&mally
induced 1, 3-dipolar cycloaddition reaction of Ntmg sydnone with methyl propionate gave 1-methyl-3
pyrazolecarboxylate with good regioselectivity amelv pyrazolylimidazolinone has been synthesizedgushe
cycloadduct as a key intermediate. There herbi@dtvity evaluations are in progress[44].

Conclusions and future outlook

Sydnones are highly versatile and robust memberthefmesoionic class of heteroaromatic compountiey T
possess an array of interesting chemical and ptwgis@mical properties, as well as a variety of lgadal activities.
With respect to their functionalisation, modern higiques such as metal catalysed cross-coupling chmedt
arylation processes have been found to be as lgiggmplicable to these unusual compounds as theyoathe more
common heteroaromatic substrates. The cycloadddfoalkynes consistently gives pyrazole productsese all
have the potential to furnish some very interestinglecular moities. The research and developmenheof
sydnone functionalisation methods in conjunctiothwhe aforementioned cycloaddition reactions pithvide the
focus of future research in the development of epeéndrugs.
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