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Sydnones are mesioionic compounds studied for years for their versatile reactivity in substitution reac-

tions, sydnone-alkyne or sydnone-alkene cycloaddition reactions. This perspective article focuses on the

use of sydnones in coordination complexes, either through a metalation on one of the carbons of the

sydnone ring, its modification to obtain polydentate ligands, or its use as a polar moiety that could

influence the properties of the final complex. Such compounds are valuable either from a synthetic point

of view or for their biological properties.

Introduction
Sydnones, originally discovered by Earl and Mackney in 1935,1

are mesoionic compounds that have attracted significant inter-
est in recent years, particularly with the discovery of the
copper-catalyzed 1,3-dipolar sydnone-alkyne cycloaddition (Cu-
SAC) and its use in bioconjugation.2 These heterocycles are
also potentially of interest for their biological properties, such
as their antibacterial, antifungal, anti-inflammatory or anti-
neoplastic activity.3 Due to their particular electronic structure,
sydnones are classified as a subclass of mesomeric betaines.4

As defined by IUPAC, mesoionic compounds are “dipolar five-
(possibly 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 formal positive charge is associated with the ring atoms,
and the formal negative charge is associated with ring atoms
or an exocyclic nitrogen or chalcogen atom”.5 Among eight
resonance structures of sydnones, the most used in the litera-
ture is form I (Fig. 1), in which the positive charge is located
on the N3 and the negative charge on the exocyclic oxygen O6.
Such a structure was originally drawn to represent the aromati-
city of the heterocycle. Indeed, calculated bond orders (A)
suggested an enolate character of the exocyclic oxygen.6

However, calculated net charges (B,7 C 8) and scaled dipole-
moment representation D indicated a large negative charge on
the exocyclic oxygen, and more importantly a rather small
negative charge on C4, inconsistent with a nucleophilic
enolate. Since these calculations, performed in the middle of

the 20th century, NICS (nucleus-independent chemical shift)9

value of N-phenylsydnone was calculated at −6.8.10 In compari-
son, cyclopentadienyl anion and cyclopentane have NICS values
of −12.3 and −2, respectively, demonstrating sydnone is not aro-
matic. The double bond character, even if consistent with a
CvO stretching band (ν ≈ 1730 cm−1), was rejected in the early
studies because of the particular mesoionic structure of syd-
nones. However, studies based on XRD (X-ray diffraction) ana-
lysis, IR measurements and electronic density calculations
demonstrate that (i) the exocyclic C–O bond has indeed a
double bond character, (ii) the π electrons are unequally deloca-
lized on the sydnone ring, and (iii) the N2–N3 and N3–C4 bonds
have partial double bond character.10,11 Thus, representations II
and III (Fig. 1) may be more consistent with the gathered data.
Additionally, in XRD data obtained from 4-substituted-syd-
nones, the C4-substituent bond is found in the plane of the
sydnone,12 thus showing an sp2 character for C4, at least in the
solid state. Thus, in the rest of this article, we decided to use
representation III, which is in agreement with such observation.

Fig. 1 Mesomeric structures of sydnones, calculated bond orders (A)
and net charges (B–D).
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Since the first report,1 sydnone synthesis from α-amino
acids (Scheme 1) involves a nitrosylation step, using sodium
nitrite together with concentrated HCl or isoamyl nitrite,13

and subsequent cyclization using acetic or trifluoroacetic anhy-
dride (TFAA).14 Specklin et al. recently showed that it was poss-
ible to work under solvent-free conditions, using tert-butylni-
trite and TFAA.15 However, sydnones were not isolated but
directly engaged in a Cu-SAC reaction to furnish corresponding
pyrazoles. In 2019, our group developed a one-pot two-step
mechanochemical synthesis of sydnones.12h Notably, the nitro-
sylation step was performed using sodium nitrite without acid,
the protons necessary for the reaction arising from the amine
and acid functions of the N-arylglycine substrate.

As described above, the application of sydnones in organic
synthesis and cell biology are increasingly topical.
Nevertheless, the involvement of sydnones in coordination
chemistry is less studied. This report will focus on coordi-
nation complexes featuring sydnones as ligands, either directly
linked to the metal or involved in the structure of the ligand.

Metalation at C4

Several examples are reported in literature regarding the for-
mation of sydnonyl-metal complexes with a C4–metal bond

formed either directly or through a deprotonation step.
Mercuration of N-(3-pyridyl)sydnone 1 was realized in the pres-
ence of mercury(II) chloride and excess sodium acetate.16

Interestingly, in most of the solvents, reaction led to the
coordination of the pyridine onto mercury (compound 2).
However, reaction in ethanol with a short reflux furnished the
heteroleptic mercury complex 3 while a longer reaction pro-
vided the homoleptic 4 (Scheme 2, top). This strategy was
latter used to effect the iodination of N-(2-aminophenyl)
sydnone after a mercuration step,17 or to perform cross coup-
lings, using palladium chloride and cuprous chloride, and
obtain dimers or cyclodimers like compound 5 (Scheme 2,
bottom).18

In 1988, 4-copper-3-phenylsydnone 7 was generated in situ
from deprotonation of the parent sydnone 6 with butyl
lithium, followed by transmetallation with copper(I)
bromide.19 Such product was found to be more stable in solu-
tion than the lithiated species and participated in palladium-
catalyzed cross-coupling reactions, to yield sydnones 8 substi-
tuted in position C4,19,20 or the formation of σ-sydnon-4-yl-
cyclopentadienyl(dicarbonyl)iron 9 (Scheme 3, top). The same
group also reported the formation of the zinc intermediate
species 10 to introduce substituents at C4.20a However, reac-
tion was less efficient than with the copper derivative and pro-
ceeded only with 4-nitroiodobenzene and bromostyrene as
coupling partners (Scheme 3, bottom).

The Kalinin group also reported the synthesis of Ni, Pd and
Pt derivatives of sydnones.21 Oxidative addition of 4-bromo-3-
phenylsydnone22 11 to palladium tetrakis(triphenylphosphine)
yields the corresponding palladium complex as a trans/cis
mixture (Scheme 4). On the other hand, reactions with plati-
num or nickel give only the complexes with a trans configur-
ation. Interestingly, reaction of the complexes with carbon
monoxide resulted in CO insertion into the sydnone–metal
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Scheme 1 Different existing synthetic methods for the preparation of
sydnones.
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bond, as confirmed by IR spectroscopy.21b,23 However, these
acyl-metal compounds were relatively unstable and could not
be isolated in their pure form. Of note, reaction of 4-chloro-
mercury-3-phenylsydnone 12 with nickel tetrakis (triethyl-

phosphine) furnished the chloride sydnonyl nickel complex 13
(Scheme 5, left). With palladium tetrakis(triphenylphosphine)
a dimeric structure 14 was isolated (Scheme 5, right), while in
the presence of a platinum, stable bimetallic complex 15 was
obtained, which upon UV irradiation underwent a demercura-
tion step providing the sydnonylplatinum chloride complex 16
(Scheme 5, bottom).

More recently, the Taran group developed the synthesis of
palladium complexes featuring either phosphines (17) or sub-
stituted bipyridines (18) as ancillary ligands in a view to produce
readily 3-fluorosydnones (Scheme 6).24 Interestingly, solely bipyri-
dine-containing complexes reacted with Selecfluor to furnish the
desired 3-fluorosydnone. As obtaining pure 3-fluorosydnone
proved challenging, the Cu-SAC was performed on the crude reac-
tion mixture, leading to 5-fluoro-1,4-pyrazoles 19.

The Schmidt group studied sydnone anions as
N-heterocyclic carbenes (NHC).10,25 Upon reaction with cyano-
methyllithium, deprotonated 4-arylsydnones 20 could be iso-
lated (Scheme 7). Interestingly, ethylation of the exocyclic
oxygen of 6 furnished O-ethylsydnone, precursor of an abnor-
mal NHC (aNHC, also known as mesoionic NHC).
Deprotonation of O-ethylsydnones proved unsuccessful and
resulted in decomposition. Calculated HOMO of 20 and of the
anion of O-ethyl-N-phenylsydnone were quite different. HOMO
of 20 was more a π-orbital, with a large coefficient at C4, while
HOMO of the latter was more σ-type, as in aNHC. However,
direct metalation of the anions was unsuccessful and corres-

Scheme 2 Mercuration of the sydnone ring and its use in self cross-
coupling reactions.

Scheme 3 In situ generation of sydnonyl copper and zinc species and
further reactions.

Scheme 4 Oxidative addition to palladium, platinum and nickel.

Scheme 5 Reactivity of sydnonylmercury chloride with different tran-
sition metals.

Scheme 6 Synthesis of palladium complexes for efficient fluorination
reaction.
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ponding palladium complexes 21 and 22 were obtained using
the method described previously, i.e. bromination at C4 and
subsequent oxidative addition to palladium tetrakis(triphenyl-
phosphine). Complexes 21 and 22 were found to be more
efficient in the Suzuki–Miyaura cross-coupling reaction than
classical Pd0 and PdII salts.10,25,26 Of note, the same group also
studied the generation of an anionic NHC derived from
sydnone imines and corresponding metallic adducts.27

Sydnone-containing polydentate ligands

Sydnones were also modified to act as bidentate ligands. The
group of Wang described the use of sydnone as a P,C ligand.28

After deprotonation with n-butyl lithium of N-(4-methoxyphe-
nyl)-sydnone and reaction with chloro(di-tert-butyl)phosphine,
ligand 23 was isolated in 84% yield. Reaction with palladium(II)
chloride and concentrated HCl in refluxing ethanol furnished
compound 24, which was formed upon coordination of the
phosphorus atom to the metal and C–H insertion in the aryl-
sydnone (Scheme 8, left). The structure was confirmed by XRD
analysis. The C–C bond lengths in the aryl moiety, ranging
from 1.353 to 1.430 Å, proved the distortion in the aromatic
system, and thus confirmed the C–H insertion. Interestingly,
the same group reacted similar phosphine ligands featuring
either N-phenylsydnone instead of N-(4-methoxyphenyl)-
sydnone29 or diphenylphosphine instead of di-tert-butylpho-
sphine30 with palladium(II) chloride. In these cases, no ortho-
metalation through C–H activation was observed and complex
25 was isolated (Scheme 8, right). Further reaction of the
complex with different amines or phosphine/phosphite led to
the displacement of one sydnonylphosphine ligand. In the
reaction with amines, a trans arrangement was obtained in the
final complexes 26 while it resulted in a cis-dichloro complex
27 with the phosphorus ligand.

The synthesis of bidentate diphenyl(2-diphenylphosphino-
phenylsydnonyl)phosphine ligand 28 and corresponding palla-
dium complex 29 were also developed (Scheme 9).29,31 The
bond lengths in the sydnone ring, upon coordination of 28 on
palladium, substantially decrease, which is in correlation with

Scheme 7 Generation of sydnone anion NHC and novel aNHC palla-
dium complex.

Scheme 8 Influence of the aryl moiety on C–H insertion.
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the donation of electron density to the metal via the phos-
phorus atom. The decrease in bond length is much higher for
the CPh–P bond than for the CSyd–P bond, suggesting that the
phenyl moiety is more donating than the sydnone to the
phosphorus.

Shih et al. reported the synthesis of novel palladium com-
plexes featuring 3-arylsydnone-4-carbaldehyde N(4)-phenylthio-
semicarbazone 30 as ligand and tested their biological
activity.32 The different ligands were prepared from the con-
densation of 3-aryl-4-formylsydnone and 4-phenylthiosemicar-
bazide at 45 °C for several days in ethanol (Scheme 10).
Subsequent metalation in the presence of potassium tetra-
chloropalladate for 7 days in methanol furnished the desired
sydnone–palladium complexes 31. Interestingly, the exocyclic
oxygen of the sydnone was involved in the chelation of palla-
dium and acted as a two-electron donor rather than a single
electron donor. This was demonstrated by the shift of the
νCvO from 1745 cm−1 in the free ligand to lower wave number
1660 cm−1 in the complex. Thus ligand 30 was found to be a
tridentate O,N,S-ligand, as shown by X-ray diffraction of
complex 31 (Ar = 4-Tol). Noteworthy, in the free ligand, the
sulfur atom points away from the sydnone in the solid state
(XRD analysis), while upon metal complexation, during which
a deprotonation occurs, a change in configuration results in a
tridentate ligand behavior. Additionally, the exocyclic CvO
bond slightly elongates from 1.211 Å to 1.239 Å in the complex
(Table 2). Free ligands and corresponding complexes were
tested for their anticancer activity against human hepatocellu-
lar carcinoma (HepG2) and human cervical epithelioid carci-
noma (HeLa) cells. Introducing a metal might help in finding

novel active compounds without the resistance to chemo-
therapy involving 5-fluorouracil (5-FU). Gratifyingly, the com-
plexes were found more active than both the free ligands and
5-FU, with IC50 values down to 0.77 µM and 0.36 µM for
HepG2 and HeLa cells, respectively.

In 2019, Pétry et al. reported the mechanochemical syn-
thesis of coordination complexes33 featuring a N-phenyl-(4-
pyridyl)sydnone 32 as N,O ligand.12h Ball-milling enabled the
efficient synthesis of N-arylglycines and corresponding syd-
nones, without the need for concentrated HCl during the nitro-
sylation step. After introduction of a pyridine at C3 using a pal-
ladium-catalysed cross-coupling, corresponding cobalt, copper
and zinc complexes 33–36 were formed in 1 h of milling in a
vibratory ball-mill (Scheme 11). Conversion was confirmed in
the solid state by ex situ IR spectroscopy of the crude reaction
mixture, with a shift of the CvO stretching band from ν =
1757 cm−1 in the free ligand to lower wave numbers in the
complexes (ν = 1660–1726 cm−1). Depending on the metal
used, different structures were obtained (octahedral for cobalt
with a dimeric structure 33, octahedral for copper 34–35 and
tetrahedral for zinc 36) and confirmed by XRD analysis.

Miscellaneous
Sydnone is not always participating in the coordination of the
metal. The first example of this kind was patented in 1970 and
disclosed the formation of N-(3-pyridyl)sydnone 1 and corres-
ponding copper, nickel and iron complexes for applications as
pigments (Scheme 12, top).34 Yet, the complexes were charac-
terized only by their melting point and IR spectra. One could
question the reported structures 37 in which the metal is che-
lated by the nitrogen atoms of the sydnone and the pyridine,
geometrically difficult to picture considering the orbitals over-
lapping. Sydnone 1 may more probably act as a monodentate
ligand, solely with a coordination of the pyridine, as shown by
Lin et al. in the formation of penta(cyano)ferrate(II) complex 38
featuring the same N-(3-pyridyl)sydnone ligand (Scheme 12,
bottom).35 1H NMR analysis and comparison with complexes
featuring differently substituted 3-pyridine ligands unequivo-
cally rejects a possible metal/sydnone ring interaction.

Scheme 9 Formation of a sydnonyldiphosphine-containing palladium
complex.

Scheme 10 Synthesis of palladium complexes with anticancer activity.
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Additionally, UV-Vis absorption and electrochemical analyses
showed a π-stabilization of the complex due to the presence of
the sydnone. The same group reported the reaction of
N-methyl and N-phenylsydnones with penta(cyano)ferrate(II) to
study the complexation of the sydnone heterocycle to a metal
(Scheme 12).36 Even though it cannot be unambiguously
proved, the authors propose coordination of iron by the N2 of
the sydnone. Spectral and electrochemical studies of the com-
plexes 39 suggest a stronger backbonding than for pyridine
bound complexes of penta(cyano)ferrate(II).

In 2005, Cooper et al. synthesized sydnone-containing plati-
num acetylide oligomers 40 and demonstrated the influence of

the sydnone on the spectroscopic properties of the compounds
compared to similar sydnone-free oligomers (Fig. 2).37 The
study of the compounds using 13C NMR analysis demonstrated

Scheme 11 Mechanosynthesis of Co, Cu and Zn sydnone-containing
complexes.

Scheme 12 Synthesis of copper, nickel and iron complexes.

Fig. 2 Formation of sydnone-containing platinum acetylide oligomers.

Fig. 3 Sydnonyl-Schiff base containing coordination complexes.

Fig. 4 X-ray structures of compounds (a) 33, (b) 21, (c) 34, (d) 35 and
(e) 36.
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an electronic interaction between the sydnone and the plati-
num. However, this interaction decreased in longer oligomers.
The absorption spectra of the compounds showed that there is
an influence of the sydnone ring, in the smaller oligomer
(n = 0), suggesting that the ground-state absorption spectra of
40 may include ligand-centered transitions and MLCT

(metal to ligand charge transfer) transitions. The complexes
have weak room temperature fluorescence but exhibit intense
phosphorescence (after dissolving in 2-MeTHF, cooling and
irradiating). Comparison with the sydnone-free oligomers out-
lined the contribution of the sydnone to fluorescence, which
decreased in longer oligomers.

In 2008, Phaniband et al. described the synthesis of Schiff
base ligands, featuring sydnone, and corresponding cobalt,
nickel, copper and zinc complexes 41 (Fig. 3).38 Their approach
was to combine both the sydnone moiety and a metal centre to
obtain highly biologically active compounds. Even though
XRD analysis was not reported on those complexes, their struc-
ture was deduced by measuring NMR, IR, ESR, electronic
spectra as well as performing elemental analysis, thermo-
gravimetric study (TGA and DTG), magnetic study and mass
spectroscopy. The antibacterial and antifungal activity of the
ligands and complexes were tested against two bacteria,
Escherichia coli and Bacillus cirroglagellous, and two fungi,
Aspergillus niger and Candida albicans. In all cases, the com-
plexes were found more active than the parent ligand.
Amongst all, the copper complexes showed better antifungal
activity than the others.

Comparison of crystallographic data
Fig. 4 shows selected structures obtained by X-ray diffraction,
in which the sydnone heterocycle is directly coordinated to the
metal. Depending on the ligand and the metal, different struc-
tures were obtained. Indeed, for compound 21, which was syn-
thesized by oxidative addition of corresponding bromo-
sydnone to palladium (Scheme 7),10 a square planar arrange-
ment is observed. Additionally, it should be noted that in 21,

Table 1 Selected bond distances and angles for 42 and 21

42 21

Bond length (Å)
C1–O1 1.217 1.222 (2)

C1–O2 1.408 1.406 (2)
O2–N1 1.384 1.385 (2)
N1–N2 1.314 1.324 (2)
N2–C2 1.329 1.385 (2)
C1–C2 1.404 1.421 (3)
Pd–P1 2.3534 (5)
Pd–P2 2.3584 (5)
Pd–C2 1.9991 (18)
Pd–Br 2.4778 (3)

Bond angle (°)
C2–Pd–P1 91.72 (5)
C2–Pd–P2 90.97 (5)
C2–Pd–Br 178.42 (5)

Table 2 Selected bond distances and angles for compounds 30–36

30 31 32 33 34 35 36

Bond length (Å)
C1–O1 1.211 (5) 1.239 (5) 1.209 (3) 1.232 (3) 1.2089 (19) 1.241 (3) 1.236 (2)

C1–O2 1.387 (5) 1.386 (5) 1.410 (3) 1.362 (4) 1.3991 (19) 1.357 (3) 1.376 (2)
O2–N1 1.375 (5) 1.363 (5) 1.371 (3) 1.379 (3) 1.376 (2) 1.375 (3) 1.373 (2)
N1–N2 1.311 (6) 1.309 (4) 1.316 (3) 1.305 (4) 1.3065 (18) 1.303 (4) 1.304 (2)
N2–C2 1.335 (5) 1.357 (5) 1.351 (3) 1.339 (4) 1.3512 (19) 1.355 (3) 1.357 (2)
C1–C2 1.421 (5) 1.391 (5) 1.412 (3) 1.403 (4) 1.4128 (19) 1.400 (4) 1.402 (2)
C2–C3 1.432 (6) 1.427 (5) 1.460 (3) 1.469 (4) 1.4606 (18) 1.450 (4) 1.458 (2)
M–O1 2.096 (3) 2.079 (2) 2.588 1.967 (2) 2.0603 (13)
M–N3 2.019 (3) 2.164 (2) 2.0285 (11) 2.064 (2) 2.0605 (13)

Bond angle (°)
C2–C3–N3 118.3 (3) 120.9 (3) 117.1 (2) 114.6 (2) 125.55 (12) 114.2 (2) 115.10 (13)
C1–O1–M 113.7 (2) 112.74 (18) 98.71 114.65 (17) 110.41 (10)
C3–N3–M 124.9 (3) 125.76 (19) 126.13 (9) 125.91 (18) 123.74 (10)

Torsion angle (°)
C1–C2–C3–N3 7.12 5.40 139.7 (3) 25.9 (4) 34.5 (2) 23.4 (3) 25.3 (2)
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the sydnone–palladium bond is 1.9991 Å, as for the Pd–C
bond in palladium complexes featuring NHC ligands (Table 1).
Concomitantly, the N2–C2 and C1–C2 bonds in 21 are
longer than in parent sydnone 42. Complexes 33–36 were pre-
pared by coordination of bidentate ligand 32, featuring a
sydnone and a pyridine moiety (Scheme 11). Cobalt complex
33 adopts a dimeric structure, with two sydnones in cis-
arrangement on each cobalt atom. Copper complexes 34 and
35 display an octahedral geometry with the two sydnone
ligands in trans. Zinc complex 36 exhibits a tetrahedral geome-
try with only one sydnone ligand. Interestingly, the C1–O1
bond has a double bond character in all the complexes, and
stretches upon coordination except for copper complex 34, for
which the bond length is similar to the one in ligand 32
(Table 2). This is in correlation with the Cu–O1 distances,
which are of 2.588 Å and 1.967 Å in copper complexes 34
and 35, respectively, and bond angles C1–O1–Cu. In com-
pound 34, this angle is about 98.71° while in complex 35 it is
144.65°. However, even if there is a weak interaction between
the exocyclic oxygen of the sydnone and the copper centre in
34, the chelation is present as shown by the torsion angle
C1–C2–C3–N3, with a value of 34.5° while in the free ligand, it
is 139.7°.

Conclusions
Even if sydnones attracted much attention in the 1960s, their
interest was renewed in the last 10 years with their use in
modern heterocycle synthesis. On the other hand, only scarce
examples demonstrated that sydnone could act as ligand in
coordination structures. If some examples were developed with
a metalation of the sydnone at position C4, mainly for further
synthetic purposes, fewer reports deal with the involvement of
other sydnone atoms in the coordination of the metal. These
compounds may be of interest either for their reactivity,
including catalysis, or for their electronic or biological pro-
perties. One can expect promising future developments with
new molecules involving a sydnone moiety in their structures,
whether by new coordination modes, by the involvement of a
variety of metals or by the contribution of the electronic pro-
perties of the mesoionic compound.
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