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First raw transition metal complexes of saccharine ligand 

Sara Hamid Awlla&Lec. Rezan A. Saleh 

 

Abstract 

   My research is about first raw transition metal complexes of saccharine ligand. 

Saccharin (o-sulfobenzoimide or 1,2-benzothiazole-3(2H)-one 1,1-dioxide, Hsac) are two 

rings (6-membered and 5-membered ring) compound containing one N, one S and three 

O-atoms with chemical formula C7H5NO3S. Saccharin belong heterocyclic class 

containing via the imino-nitrogen, carbonyl- or sulfonyl-oxygen atoms and can generate 

either N- or O- or S-monodentate or (N,O)-bidentate chelating complexes. Research on 

synthesis and structural analysis of metal -saccharin complexes has been active in the last 

two decades, because of their potential effectiveness in biological systems and the 

suspected carcinogenic nature of saccharin. Saccharin is an artificial sweetener with no 

food energy. Based on the reported literature, the sac ligand form complexes with metals 

such as Mn(II), Fe(II), Co(II), Ni(II), Cu(II), Zn(II), Cd(II) and Hg(I), in which the sac 

ligand bound to the metal ions through N-atom or N,O-atoms. It has been proven that the 

sac ligands in some complexes are coordinated to the metal ions, while in some other 

complexes are uncoordinated and exist as ions outside of the coordination sphere. 

 

 

Keywords: Transition Metal complexes, saccharine ligand, review.
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Part One 

1. Introduction 

1.1 Coordination compound 

   One definition of a metal complex or coordination compound is ‘a compound formed 

from a Lewis acid and a Brønsted base’, a Lewis acid being an electron pair acceptor and 

the Brønsted bases attached to the metal ion in such compounds are called ligands. 

Ligands which interact with a metal ion through two or more donor atoms are of particular 

importance in coordination chemistry. The number of donor atoms involved is indicated 

by the denticity a didentate (or bidentate) ligand interacts with metals through two donor 

atoms, a tridentate (orterdentate) through three, and so on. If two or more of the donor 

atoms are interacting with the same metal center, the ligands are described as chelating 

and the complexes as chelates. It is generally found that there is an extra stability 

associated with complexes which contain chelating ligands the so-called chelate effect. 

Where a ligand is bound to a metal ion through a single donor atom, as with Cl-, H2O or 

NH3, the ligand is said to be unidentate(the ligand binds to the metal through a single point 

of attachment as if it had one structure(A. et al., 2010).Many ligands are found as related 

neutral and anionic species (for example, water, hydroxide and oxide).Some ligands such 

as nitrite or thiocyanate can coordinate to a metal ion in more than one way . Where two 

donor atoms can be used to bind to a metal ion, as with H2NCH2CH2NH2, the ligand is 

said to be bidentate, and where several donor atoms are present in a single ligand as with 

N(CH2CH2NH2)3, the ligand is said to bepolydentate. Sometimes ligands can bind to more 

than one metal ion in a bridging arrangement. Certainpolydentate ligands are particularly 

good at linking together several metal ions and are referred to as polynucleating ligands , 

ligands which interact with a metal ion through two or more donor atoms are of particular 

importance in coordination chemistry (Gate et al., 2005). 
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1.2. Transition metals 

   The chemistry of the transition elements has been investigated for two centuries. The 

transition elements comprise groups 3 to 12 and are found in the central region of the 

standard elements are also, and interchangeably, known as the transition metals in view 

of their typical metallic properties periodic table (Fig. 1.1). This group is further 

subdivided into those of the first row (the elements scandium to zinc), the second row (the 

elements yttrium to cadmium) and the third row (the elements lanthanum to mercury). 

The term 'transition' arises from the elements' supposed transitional positions between the 

metallic elements of groups 1 and 2 and the predominantly non-metallic elements of 

groups 13 to 18. Compounds of the transition elements account for the majority of colored 

inorganic materials, and many pigments are relatively simple derivatives of these 

elements; however, not all transition-element compounds are colored. A transition 

element are elements which possessing filled or partially filled valence d orbitals in one 

or more of its oxidation states. This definition excludes the elements in groups 13 to 18. 

Werner also recognized that in the same way that a metal had one or more characteristic 

primary valences, a given metal ion also had a number of characteristic secondary 

valences Werner's key postulate was that a given metal ion could exert two different types 

of valence. The first of these related to the number of anionic groups which was associated 

with the compound and was termed the primary valence. The crucial observation was that 

the secondary valence could refer to the attachment of both anionic and neutral groups to 

the metal center (M. Gerloch et al., 1994) 
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Figure 1.1 Periodic table of elements 

 

1.3. Heterocyclic compounds 

   Heterocyclic compounds are cyclic organic compounds which contain at least one 

hetero atom, the most common heteroatoms are nitrogen, oxygen and sulfur but 

heterocyclic rings containing other hetero atoms are also widely known (Morrison et al., 

2002). A heterocyclic compound is one that contains a ring made up of more than one 

kind of atom. Cyclic compounds such as benzene, naphthalene, cyclohexanol, 

cyclopentadiene the rings are made up only of carbon atoms; such compounds are called 

homocyclic compounds. But there are also rings containing, in addition to carbon, other 

kinds of atoms, most commonly nitrogen, oxygen, or sulfur, are called heterocyclic 

compounds. The counterparts of heterocyclic compounds are homocyclic compounds, the 

rings of which are made of a single element. Although heterocyclic compounds may be 

inorganic, most contain at least one carbon. Since in organic chemistry non-carbons 

usually are considered to replace carbon atoms, they are called heteroatom, meaning 

different from carbon and hydrogen(Saini et al., 2013). Carbocyclic compound a cyclic 

organic compound containing all carbon atoms in ring formation. Heterocyclic 

compounds considered one of the vital classes of organic compounds, which are used in 

many biological fields, due to it is activity in multiple illnesses. Heterocyclic compounds 

have a role in most fields of sciences such as medicinal chemistry, biochemistry also 
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another area of sciences. In this review, we cover most biological active heterocyclic 

compounds that it’s recently synthesized or extracted from the plants such as antifungal, 

anti-inflammatory, antibacterial, antioxidants, anticonvulsant, antiallergic, herbicidal and 

anticancer(Al-Mulla, 2017). 

 

1.4. Saccharinate ligand 

   Saccharin was discovered in 1878 by a Russian chemist named "Constantine 

Fahlberg"(Mahmood and Al-Juboori, 2020). Saccharin (o-sulfobenzoimide or 1,2-

benzothiazole-3(2H)-one 1,1-dioxide, Hsac) with chemical formula C7H5NO3S, is one of 

the most well-known and widely used synthetic sweetening agents. Saccharin is a non-

caloric sweetener, relatively insoluble in water but soluble in solvents such as ethanol, 

acetone, and methanol. Saccharin is of much interest in coordination chemistry as a 

versatile polyfunctional ligand, since the saccharinate anion offers different donor atoms 

to metal centers, the endocyclic N- and the exocyclic carbonyl or sulfonyl O-atoms. The 

coordination chemistry of the saccharin anion is very interesting as its donor atoms can 

chelate to a metallic center in different modes (Fig. 1.2), via the imino-nitrogen, carbonyl- 

or sulfonyl-oxygen atoms and can generate either N- or O- or S-monodentate or (N,O)-

bidentate chelating complexes. Mixed-ligand complexes are formed when the metal ion 

binds to two different ligand moieties. However, there have also been published reports 

on the coordination of metal cations with the carbonyl- or sulfonyl-oxygen of saccharin. 

The donor atoms determine the coordination structure of the complexes and subsequently 

impact their biological properties(Mokhtaruddin et al., 2017). 
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Figure 1.2 Coordination modes of saccharinate ligand 

 

The first studies of saccharin complexes were carried out with the formation of aquo-

complexes, due to the ability to coordinate with metals through the nitrogen atom. 

However, its poly functionality allowed to increase the number of possible complexes and 

the study of new chemical properties(Galloso et al., 2018).Saccharin is an artificial 

sweetener with no food energy. It is about 400 times as sweet as sucrose. It is a 

sulphonamide derivative of toluene, existing as acid saccharin, sodium saccharin and 

calcium saccharin (Fig. 1.3).  

 

Figure 1.3 Chemical structure of acid saccharin (1), sodium saccharin (2) and 

calcium saccharin (3) 
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Saccharin is a week organic acid, slightly soluble in water. Sodium saccharin has high 

solubility in water and because of its ease production, it is the most generally used salt. 

Also, calcium saccharin is used in different food applications. Imino hydrogen is acidic 

and, therefore, can easily convert a molecule into a corresponding nitrone. The 

coordination chemistry of this ion has been shown to be very interesting and versatile, 

providing different coordination sites for metal nuclei, i.e. one N, one O (carbonic) and 

two O (sulfonic) atoms (Al-Obaidi et al., 2022).Research on synthesis and structural 

analysis of metal -saccharin complexes has been active in the last two decades, because of 

their potential effectiveness in biological systems and the suspected carcinogenic nature 

of saccharin. Saccharin in its deprotonated form(sac) interacts with trace elements in the 

human body and readily forms complexes with a large number of metal ions(Yilmaz et 

al., 2002).Nowadays, it is generally recognized as safe in the US and it has also been 

suggested that the importance of sac lies in its potential use as an antidote for metal 

poisoning(Kumar et al., 2020). 
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Part Two 

2. Literature Review 

2.1 Complexes of saccharine ligand 

   Dillon and coworkers in 1999, synthesized [Mn(bipy)2(sac)(H2O)](sac)(Fig. 2.1) 

complex where (bipy = 2,2'-bipyridine; sac =saccharinate). The crystal structure of the 

synthesized complex reveals that the complex consists of,[Mn(bipy)2(sac)(H2O)]+cation 

and non-coordinated saccharinate (sac-) anion. The Mn(II) ion constitutes the center of a 

slightly distorted octahedron, with the water molecule hydrogen bonded to the N atom in 

the saccharinate counter-ion(Dillon et al., 1999). 

 

Figure 2.1 Crystal structure of [Mn(bipy)2(sac)(H2O)](sac) 

 

   Cakõr and coworkers in 2001, synthesized complexes of the type [Cu(na)2(sac)2(H2O)] 

(Fig. 2.2) and[M(na)2(H2O)4](sac)2 (Fig. 2.3), where M = Co(II), Ni(II) and Zn(II),na = 

nicotinamide. The complexes are characterized by elemental analysis, FT-IR 

spectroscopic study, UV-Vis spectrometric and magnetic susceptibility data. The structure 

of Cu(II) complex is completely different from those of the Co(II), Ni(II) and Zn(II) 

complexes. It has been proven that the saccharinato ligands in the structure of the Cu 

complex are coordinated to the metal ion through N-atom, while in the Co(II), Ni(II) and 

Zn(II) complexes are uncoordinated and exist as ions(Çakır et al., 2001). 
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Figure 2.2Proposed structure of [Cu(na)2(sac)2(H2O)] 

 

Figure 2.3Proposed structure of [M(na)2(H2O)4](sac)2], M = Co(II), Ni(II) and Zn(II) 

 

   Yilmaz coworkers in 2001, synthesized new complexes of saccharin with ethanolamine 

(ea) and diethanolamine (dea) of the type [Zn(ea)2(sac)2] (Fig. 2.4) and [Cu2(dea)2(sac)2] 

(Fig. 2.5). The crystal structures of the two complexes were determined by single crystal 

X-ray diffraction. In the Zn(II) complex, the Zn(II) ion is octahedrally coordinated by two 

bidentateea (N,O) and two monodentatesac (N) ligands. The saccharinate anion 

coordinates to the Cu(II) ion through its N-atom(Yilmaz et al., 2001). 
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Figure 2.4 Crystal structure of [Zn(ea)2(sac)2] 

 

 

Figure 2.5 Crystal structure of [Cu2(-dea)2(sac)2] 

 

   Yilmaz and coworkers in 2005, synthesized complexes of the type ApyH[Cu(N-sac)2(O-

sac)(H2O)2] (1) (Fig. 2.6) and ApyH[Zn(N-sac)3(H2O)] (2) (Fig. 2.7) as a result of reaction 

of Schiff base salicylideneaminopyridine (ApyH) with [M(sac)2(H2O)4].2H2O, where M 

= Cu(II) or Zn(II).The crystal structure reveal that, the sac ligands in complex (1) exhibit 

unusual and non-equivalent coordination, behaving as ambidentate ligands. One of them 

coordinates to the metals through the carbonyl O-atom, while the other two sac ligands 

are bonded to the metals via the iminoN-atom. However, the zinc(II) ion in (2) is 

tetrahedrally coordinated by three N-donor sac ligands and an aqua ligand(Yilmaz et al., 

2005). 
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Figure 2.6 Crystal structure of [Cu(N-sac)2(O-sac)(H2O)2] 

 
Figure 2.7 Crystal structure of [Zn(N-sac)3(H2O)] 

 

   Deng and coworkers in 2007, synthesized complex of the type [Cu(terpy)(sac)2] (Fig. 

2.8), where terpy= 2,2',6,2''-terpyridine.The crystal structure of the synthesized complex 

reveals that the sac ligand behaved as a monodentate fashion that coordinated to the copper 

ion through N-atom with one terpy ligand in a five coordinated arrangement(Deng et al., 

2008). 
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Figure 2.8 Crystal structure [Cu(terpy)(sac)2] 

 

   Dengand coworkers in 2009, synthesized [Cd(dipyr)2(sac)(H2O)]sac.H2O (1) (Fig. 2.9) 

and [Hg(dipyr)(sac)2] (2) (Fig. 2.10) complexes, where dipyr = dipyridylamine. Both 

complexes have been fully characterized by single-crystal X-ray diffraction. The 

geometry around Cd in 1 is approximately octahedral, with the metal coordinated by two 

bidentatedipyr ligands, one N-bonded sac and one H2O molecule; the second sac forms 

the counter-ion, and there is also a water of crystallisation. In the anhydrous Hg complex 

2, the metal has approximately tetrahedral geometry, with coordination from a 

bidentatedipyr ligand and two N-bonded sac groups(Deng et al., 2009). 

 

Figure 2.9 Crystal structure of [Cd(dipyr)2(sac)(H2O)](sac).H2O 
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Figure 2.10 Crystal structure of [Hg(dipyr)(sac)2] 

 

   Fayad and coworkers in 2012, synthesized a series of mixed ligand complexes of the 

type [M(val)2(Hsac)2] (Fig. 2.11) where M= Mn(II), Fe(II), Co(II), Ni(II), Cu(II),Zn(II) 

and Cd(II) and val= L-valine.All complexes have been characterized by molar 

conductance, magnetic susceptibility, infrared, electronic spectral and elemental analysis. 

According to characterization data, all complexes are formed as an octahedral geometry 

in which the sac ligand behaved as a monodentate N-donor fashion(Fayad et al., 2012).  

 

Figure 2.11 Proposed structure of [M(val)2(Hsac)2] 
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   Omer and coworkers in 2014, synthesized [Cu(L)(sac)(H2O)]Hsac (Fig. 2.12) complex, 

where L =(E)-N-Methyl-2-(1-(5-methylpyridin-2-

yl)ethylidene)hydrazinecarbothioamide. The molecular structure of the synthesized 

complex, reveal that the complex has distorted square-pyramidal structure and one sac 

ligand is coordinated to cupper metal through N-atom with a non-bonded saccharin 

molecule present in the outer coordination sphere(Omar et al., 2014). 

 

Figure 2.12 Crystal structure of [Cu(L)sac(H2O)]Hsac 

 

   Mokhtaruddin and coworkers in 2017, synthesized, [Cu(sac)(S2AP)]2 (Fig. 2.13) when 

S2APH= 2-acetyl-4-methylpyridine, The crystal structure of the synthesized complex 

showed that the Cu(II) atom was coordinated to the thiolate-S, azomethine-N and pyridyl-

N donors of the S2AP Schiff base and to the saccharinate-N from one anion, as well as to 

the carbonyl-O atom from a symmetry related saccharinate anion yielding a square 

pyramidal geometry(Mokhtaruddin et al., 2017). 

 

Figure 2.13 Crystal structure of [Cu(sac)(S2AP)]2 



14 

 

   Icsel and coworkers in 2020,synthesized complexes 

[Mn(NO3)(sac)(H2O)(bzimpy)].2DMF (Fig. 2.14), [Fe(sac)2(H2O)(bzimpy)].2H2O (Fig. 

2.15), [Cu(sac)2(bzimpy)].3DMF (Fig. 2.16), [Co(bzimpy)2](sac)2·2H2O (Fig. 2.17) and 

[Ni(bzimpy)2](sac)2·H2O·i-PrOH (Fig. 2.18)(where bzimpy = 2,6-bis(2-

benzimidazolyl)pyridine).The crystal structure reveal that the sac ligand function as a 

monodentate N-donor ligand while in [Cu(sac)2(bzimpy)].3DMF, the two-sac ligand 

coordinated through N and O-atoms. In Co(II) and Ni(II) complexes the sac ligand is 

located out of the coordination sphere. The Mn(II),Fe(II), Co(II) and Ni(II) ions have a 

distorted octahedral geometry(Icsel et al., 2020). 

 

Figure 2.14 Crystal structure of [Mn(NO3)(sac)(H2O)(bzimpy)].2DMF 

 

Figure 2.15 Crystal structure of [Fe(sac)2(H2O)(bzimpy)].2H2O 
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Figure 2.16 Crystal structure of [Cu(sac)2(bzimpy)].3DMF 

 

Figure 2.17 Crystal structure of [Co(bzimpy)2](sac)2.2H2O 

 

Figure 2.18 Crystal structure of [Ni(bzimpy)2](sac)2.H2O·i-PrOH 
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   Toikka and coworkers in 2021, synthesized [Cu(sac)2(NCNMe2)(H2O)2] (Fig. 2.19) 

(NCNMe2= dimethyl cyanamide). Molecular structure of the complex displayed that the 

sac ligand coordinated to the metal ion through N-atom(Toikka et al., 2021). 

 

 

Figure 2.19 Crystal structure of [Cu(sac)2(NCNR2)(H2O)2] 

 

Discussion 

   This study is a review project, aims to collect first raw transition metal complexes of 

saccharinate ligand. According to the reported literature, sac ligand form complexes with 

metals such as Mn(II), Fe(II), Co(II), Ni(II), Cu(II), Zn(II), Cd(II) and Hg(I) in a 

tetrahedral, square pyramidal, distorted square pyramidal, octahedral or distorted 

octahedral coordination geometry. Characterization data as well as X-ray structure of the 

reported complexes reveal that the sac ligand functions as a monodentate ligand 

coordinating to the metal ions through either N or O atom. While in some complexes it 

exist as ions outside of the coordination sphere. 
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Conclusion 

   Saccharin (o-sulfobenzoimide or 1,2-benzothiazole-3(2H)-one 1,1-dioxide, Hsac) with 

chemical formula C7H5NO3S, is one of the most well-known and widely used synthetic 

sweetening agents. Saccharin is of much interest in coordination chemistry as a versatile 

polyfunctional ligand, since the saccharinate anion offers different donor atoms to metal 

centers, the endocyclic N- and the exocyclic carbonyl or sulfonyl O-atoms. 

Characterization data as well as X-ray structure of the reported complexes reveal that the 

sac ligand functions either as a monodentate ligand coordinating to the metal ions through 

either N or O atoms. While in some complexes it exists as ions outside of the coordination 

sphere. 
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