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Introduction

Over time, coordination chemistry experienced a real development through the
identification, classification and understanding of the formation processes of coordination
compounds. One of the important pillars of coordination chemistry is the ligand that can
allow the generation of coordination complexes with particular structural aspect and desired
properties. From this category of ligands, Schiff bases and Mannich bases are often used due
to their relatively easy synthesis, varied denticity and sites that have the ability to selectively
interact with metal ions of a certain stereochemical preference. At the same time, the
reduction and oxidation of the metal ion or the substitution of the ligand are reactions that can
induce changes in the chemical and physical properties of the compounds. Unlike Schiff
bases, Mannich bases show greater flexibility due to the lack of a C=N double bond making
the accommodation of metal ions easier.

Transition metal complexes are noted not only because of their interesting properties
and functionalities, but also because of the beauty of their crystal structure and the variety of
colors that the crystals of the compounds present.

As a result of this variety and complexity in the synthesis of compounds, coordination
chemistry represents an attraction with inexhaustible sources, but also with challenges, which
is why in this work the compound of transition metals with bases Schiff, Mannich bases and
ligands showing both arms, Schiff-Mannich were evaluated and investigated, from the
structural point of view, but also their properties were studied.

Thus, the doctoral thesis with the title Homometallic and Heterometallic Coordination
Compounds Obtained from Schiff-Mannich Bases aims to approach various strategies in the
synthesis of coordination compounds, their characterization and the investigation of potential
properties.

The doctoral thesis includes a theoretical part structured in two chapters (chapters |
and I1) and an original part (chapters Ill, IV, V and VI). The literature part of the paper is
dedicated to the Mannich reaction by which ligands with varying denticities are generated
and, also to the coordination compounds obtained using these ligands called Mannich bases
(chapter I).

Chapter Il of the literature part focuses on ligands that simultaneously present the
Schiff arm and the Mannich arm highlighting their importance in the structural design of
coordination complexes and on the potential properties of the final compounds. Coordination

complexes selected from the literature for this chapter are structurally described, and

5



magnetic or biological properties are presented. An important aspect in these chapters,
besides highlighting the synthesis strategies, was the description of the principles of magneto-

structural correlation, supported by examples from the literature.

Study directions in the original part:

- Synthesis of Mannich bases starting from 4-chloro- or 4-bromo-salicylaldehyde and
various secondary amines (N,N,N'-trimethyl-ethylenediamine, methyl-piperazine,
N,N'-dimethyl-ethylenediamine, methyl-ethyl- amine);

- Self-assembly of Mannich bases with metal ions Coll, Nill, Cull;

- Synthesis of Schiff bases and the corresponding metalloligands starting from
salicylaldehyde or o-vanillin and various (di)amines;

- Self-assembly of metalloligands with hexfluoroacetylacetonato derivatives of Coll,
Nill, Cull;

- Synthesis of mixt ligands, Schiff-Mannich;

- Self-assembly of small ligands with metal ions Cull, Nill, Coll, Znll;

- Synthesis of metallacyclophanes [Ni2Na2] and [Ni2K2];

- Structural and spectral characterization of the synthesized compounds;

- Performing magnetic studies, biological studies and performing DFT calculations.
Original contributions

In Chapter 111 of the doctoral thesis, the first two research directions mentioned above
are addressed. Thus, the Mannich bases, HL* — HL* (Table 1) synthesized by the reaction of
4-chloro- or 4-bromo-salicylaldehyde with secondary amines (N,N,N'-trimethyl-
ethylenediamine, methyl-piperazine, N,N'-dimethyl -ethylenediamine, methyl-ethyl-amine)
were characterized by NMR spectrometry, and the structure of the Mannich base HL1 was
also determined by single-crystal X-ray diffraction.

The coordination versatility of the four Mannich bases was highlighted by the use of
Cull, Nill, Coll, Znll salts (perchlorates, tetrafluoroborates, nitrates) or
hexafluoroacetylacetonates, generating a series of 11 complex combinations: [Cu(L")(hfac)]
(1), [Cox(LMaA(hfac)] (2), [Niz(L')a(hfac)] (3), [Niz(L*)2(NO3)(Hz0)]-(NO3)(H20) (4),
[Niz(L)2(NO3)(4.4-bipy)]  (5),  [Nio(L)2(NCS)2l  (6),  [CoxL)aNCS)e] (7).
[Cuz(L")2(NCS),]- (H0) (8), [Cuz(LY)2]-(Cl04)(CH5;OH) 9),
[Niz(L")2(CH3CN)]-(Cl04)2(CHCN) (10), [Cu(H,L*)(H20)]- (BF4)2(H20) (11).
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Tabel 1. Structural representation of the Mannich bases synthesized and used in this

thesis.
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The synthesized compounds were characterized by single crystal X-ray diffraction
and the FTIR and UV-Vis spectra were discussed. From the structures of the compounds, it
can be observed that the anions of the raw materials (nitrate, hexafluoroacetylacetonate) or
the sulfocyanide anion have the role of co-ligands. In the structure of compound 5 (Figure 1)
it is observed that 4,4'-bipy functions as a bridge. In compound 6 (Figure 1), the sulfocyanide
anion coordinates terminally while in compound 8 (Figure 1) it acts as a bridge. It should be
noted that the structure of compound 10 (Figure 1) shows two nickel(ll) ions in different
stereochemistries (octahedral and square pyramidal - being rarely encountered in the

coordination chemistry of nickel(ll)).



(© (d)

Figure 1. Structures of compounds (a) 5, (b) 6, (c) 8, and (d) 10. Hydrogen atoms have been omitted for clarity.

Also, the uncoordinated water molecule in compound 8 , the uncoordinated perchlorate anions and the methanol

molecule in compound 10 have been omitted for clarity of the structures.

It is known from the literature that Mannich bases and certain dinuclear complexes
show biological activities (being used as study models), which is why it was desired to
investigate the biological behavior for two of the compounds of this series. For compounds 4
and 9 (Figure 2) and the corresponding ligands, a biological, preclinical study was carried
out, determining the in vitro cytotoxicity on HepG2 cells (human liver cancer cell line) by the
XTT colorimetric test based on the transformation of the reagent 2,3- of bis-(2-methoxy-4-
nitro-5-sulfophenyl)-2H-tetrazolium-5-carboxanilide (XTT) to formazan (orange color) by
metabolically active cells in the presence of the reducing agent, phenazine metasulfate
(PMS). The antioxidant capacity (in vitro) was also determined for the same compounds. A

higher antioxidant activity was found for compound 9.



(a) (b)
Figure 2. Structures of compounds (a) 4, symmetry code: * = -X, ¥, 0.5 -z and (b) 9, symmetry code: > = 2-X, -y,
-z. Hydrogen atoms have been omitted for clarity.

It can be seen in Figure 3 that both compounds and ligands significantly reduce the viability
of HepG2 cells in a dose-dependent manner (p < 0.05) compared to control cells. Compound
9 induces greater cytotoxicity against HepG2 cells at concentrations between 4.5x10-5 and

5x%10-4 M, with cell viability being reduced to 20 and 90%, respectively (Table 2).
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Figure 3. Cytotoxic effect of HL', 9, HL? and 4 on HepG2 cells. The results are expressed as the mean #+ SD of
three identical experiments done in triplicate and analyzed using the independent t-student test. *p<0.05,
***p<0.001 in comparison with the Control sample; ###p<0.001 versus HL1; $p < 0.05, $$$p < 0.001 vs.
HL2;&&p < 0.01, &&&p<0.001 vs. 4. SD = standard deviation.
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Figure 4. The antioxidant effect of ascorbic acid, HL®, 9, HL? and 4 expressed in percentage of hydroxyl radical
scavenging activity of the compounds at different concentrations (5x10-6 - 5x10-4 M). Results are expressed as
mean + SD of five identical experiments, done in duplicate and analyzed using independent student t-test.*p <
0.05, **p < 0.01, ***p < 0.001 compared to Control; ###p < 0.001 vs. HL1; $$p < 0.01, $$$p < 0.001 vs. HL2;
&p <0.05, &&p < 0.01, &&&p < 0.001 compared to compound 4.

Table 2. ICso ( M) value of the compounds.

Compounds IC50 £ SD (M)
HL 2,67x10™ +0,25x10™
9 6,35x10°+0,49x10> "
$$$
HL? 4,03x10+0,32x10* ™
4 7,56x10™+1,11x10™

Results are expressed as mean + SD and analyzed using Student's independent t-test; *** p<0.001 vs. HL1;
###p<0.001 vs. HL2; $$$p<0.001 vs. compound 4, SD = standard deviation.

As a result, the study of the antitumor activity of compound 9 can continue, while
compound 4 shows no potential to further investigate the antitumor behavior. However,
compound 4 can be studied for antioxidant activities having significant hydroxyl radical
scavenging activity.

Chapter IV describes the strategy for obtaining polynuclear compounds using

metalloligands of Schiff bases (salen® type derivatives). The coordination of metalloligands
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to another metal ion is facilitated by the use of a hexafluoroacetylacetonate anion of the
second metal ion. The hexafluoroacetylacetonate derivatives have an important role in
obtaining homo- and heteropolynuclear systems.* Following the reactions, they can fully
retain the hfac™ groups, or an hfac- ligand can be replaced by another anionic ligand. The
Lewis acidity of Mn" ions is high due to the hexafluoroacetylacetonate ligands, thus
facilitating the coordination of other molecules, even if the coordination ability is low.

hus, a series of eight coordination compounds, characterized structurally and
spectroscopically, results: [Cu(saldmpn)Co(hfac),], 12, [Cu(saldmpn)Zn(hfac),;], 13,
[Cuy(saldmpn),(u-atfac),Zn]-2(ACN), 14, where atfac = trifluoroacetate anion,
[Cuy(saldmpn),(u-atfac),Mn], 15,  [Cuz(saldmpn),(us-OCHgs),Cuy(hfac),], 16,  si
[Cuy(salpn)(us-OH)sNiz(hfac),], 17, [Nix(valaepy)z(hfac),], 18, si [Niy(valampy).(hfac),], 19.

Compounds 12 and 13 are heterobinuclear, and for compound 12 (Figure 5) the
cryomagnetic properties were investigated. The magnetic behavior of complex 12 is
antiferromagnetic, the interactions between the two metal ions being mediated by the two
phenoxide bridges. Data fitting led to the following parameter values: J = -74,3(8) cm™, D =
79,6(8) cm™, geu =2,07(1) si geo = 2,48(2). The curve of the experimental data and that of the
theoretical data are similar.

The trinuclear compounds 14 and 15 were obtained starting from the same
metalloligand and the corresponding hexafluoroacetylacetonates. The trifluoroacetate ion
(atfac’), which functions as a bridging ligand, comes from the partial decomposition of the

hfac™ ions.

¢ T/cm®mol™ K

(a) (b)
Figure 5. (a) Structure of compound 12 and (b) ymT vs. T for compound 12: (0) experimental; (-)

theoretically. Hydrogen atoms were omitted for clarity.
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Compounds 16 and 17 are tetranuclear, presenting an interesting topology (Figure 6).
For compound 16 the magnetic properties were investigated and explained. The interactions

between the metal centers are ferromagnetic, being mediated by phenoxido and methoxido

bridges.

3.5

1 3.2]
3.0

2.84

¢ T/em®mol™ K

M

254

¢ T/em®mol* K

(a) (b)
Figure 6. (a) Structure of compound 16 and (b) Dependence of yT on temperature: (0) experimental;

(-) theoretically. Inset: detail of the low temperature region.

Compounds 18 (Figure 7) and 19 represent another class of compounds obtained by
Schiff bases derived from o-vanillin and diamine (2-aminomethyl- and 2-aminoethyl-
pyridine). These compounds are binuclear, the double bridges being reality through the
oxygen atoms in the phenoxide groups. The coupling between nickel(ll) ions in compound 18

is ferromagnetic, mediated by two phenoxido bridges.

¢ T/em®mol™ K

(a) (b)
Figure 7. (a) Structure of compound 18 and (b) Temperature dependence of the ;T product of compound 18:

(o) experimental; (-) theoretically. Inset: field dependence of magnetization at 2.0 K.
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Chapter V presents interesting original results for coordination chemistry through the
use in the synthesis of coordination compounds of ligands that simultaneously present
Mannich and Schiff functions. For this purpose, the Mannich bases presented in Chapter Ill,
which contain an aldehyde group, have the Schiff arm attached to them by reaction with
various amines.

By coordinating the new ligands to the metallic ions of cobalt(ll), nickel(ll),
copper(ll) and zinc(ll), the following compounds resulted: [Cos(L'pn)(NOs)s], 20,
[Nis(L'pn)(NOs)a], 21,  [Nis(L'pn)(Na)2(NOs)o], 22, [Cos(L'pn)(N3)o(NOs),], 23,
[Cos(L'pn)(NCS)2(NOs),]- (ACN)-(H,0), 24, [Nis(L'pn)(NCS)x(NO3)2]-(ACN)-(H20), 25,
[Niz(L'en)(NO3)s](ACN), 26, [Nig(L'diox)2(NOs)s], 27, [Cu(HzL*pn)](CIO4)2(H-0), 28,
[Cuy(L'ampol)(Cl04)], 29, [Ni(HL ametol)(NO3)](NO3), 30,
[Nis(L'dampnol)(NO3)2(H20)4], 31, [Nis(L*amdiol);(MeOH)(H20)](ClO4)2(MeOH), 32,
[Zns(L*damdiol)(u-OH),(H20)](Cl04)(H20),, 33, [Cu(HzL*S-bnaf)(ClO4)]-(ClO4)(MeOH)
34, [Cu(H,L"R-bnaf)(Cl04)]-(ClO4)(MeOH) 35, [Co(H,L*R-bnaf)(Cl04)]-(Cl0,)(MeOH) 36
and [Co(H2L"S-bnaf)(Cl104)]-(Cl04)(MeOH) 37.

In a first step, the trinuclear compounds 20 (Figure 8), 21 and 26 were synthesized,
where two nitrate anions function as a bridge, each through an oxygen atom. The interesting
aspect of this chapter is given by the possibility of replacing these bridges with other anions
that can function as a bridge between metal ions like azide and sulfocyanide anions (Scheme
1) generating compounds 22 — 25 (structures confirmed by single crystal X-ray diffraction).
The trinuclear compounds 20-26 show an angular topology influenced by metal ions,
nickel(I1) or cobalt(l1).

Scheme 1. Schematic representation of the replacement of the two bridging nitrate ligands.

13



(a) (b) (©)
Figure 8. Structure of compound 20, (b) Coordination sphere of cobalt(ll) ions in compound 20 and (c)

structure of ligand showing Mannich and Schiff functions. Hydrogen atoms have been omitted for clarity.

Due to the different types of bridging in compounds 20 — 25, the investigation and
interpretation of the magnetic properties led to varied results. The magnetic properties were
rationalized by DFT calculations.

Compounds 22 - 24 show ferromagnetic behavior mediated by the azido bridge and
the isothiocyanato bridge (24). For the interpretation of the magnetic properties of the three
cobalt compounds, 20, 24 and 25, the spin-orbit coupling effect was taken into account.
Regarding the nickel complexes, 21 and 22, the magnetic behavior observed experimentally
is antiferro- and ferromagnetic, respectively.

By selecting various types of primary amines functionalized with various donor
groups (amino, hydroxyl) other complex combinations with interesting structures were
obtained such as hexanuclear 27, [Ni's], binuclear [Ni";] 29, tetranuclear [Cu'",] 31, and
trinuclear [Ni's] 32, [Zn"'5] 33 (Figure 9).

(a) (b) Fluture Monarh

Figure 9. (a) The butterfly structure of compound 31, (b) the structure of compound 33 and the

Monarch butterfly. Hydrogen atoms have been omitted for clarity.
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Compounds 34-37 are isostructural, having the Schiff compartment obtained by
condensation of the chiral amines S-1,1-binaphthyl-2,2-diamine and R-1,1-binaphthyl-2,2-
diamine with the Mannich base. Thanks to this compartment, the complexes can be studied
by circular dichroism. By varying the two arms of the ligand and the metal ions, the design of
the structures is predefined and the nuclearity and properties of the complexes can be

controlled.

Chapter VI represents the last chapter of the doctoral thesis. In this part, coordination
compounds with an interesting structure, metallacyclophane, are presented.
Metallacyclophanes are part of a category of coordination compounds that have a molecular
structure similar to that of cyclophanes in organic chemistry, more precisely, two aromatic
nuclei are positioned face to face by means of bridges that can be, for example, aliphatic
groups. In the case of these compounds, the role of metal ions is very important in the self-
assembly process, as part of the molecular architecture and its direction.

When binuclear moieties are used to construct metallacyclophanes, the intramolecular
distance between the aromatic cores of the spacers can only be given by the distance between
the metal ions in the binuclear units.

The ligand (HsL) used for the synthesis of the compounds resulted from the
condensation of o-vanillin with 2,3-diaminopropionic acid (Figure 10). The two compounds,
[NiNaL]2<2H,0 (38) and [NiKL], (39), resulting from the reaction of the ligand with
nickel(I) in the presence of sodium and potassium hydroxide, respectively, were
characterized by X-ray diffraction on single crystal, FTIR and electron spectroscopy. DFT

calculations for these compounds were performed.

=

OH

HO

Figure 10. Structure of the HsL ligand.
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The structure of the compounds shows a Ni'" ion coordinated by the {N202}
compartment and is assembled by mutual coordination of two {MNiL} units (M = Na, K). An
interesting aspect of this structure is represented by the coordination geometry of the sodium
ions. At first glance, this is a planar pentagonal geometry, which is rarely encountered in
classical coordination chemistry, being observed for a few main group elements (ex: XeFs’,
”:52-)_19

For the correct evaluation of the stereochemistry of the sodium ions, the crystal
packing diagram of the compound was analyzed (Figure 11). Surprisingly, neither water nor
ethanol molecules were observed to interact with the metal ions. The most important
characteristic is represented by the intermolecular interactions made between the sodium ion
of one molecule and the C atom of the phenyl ring of the neighboring molecule. It is also
observed that the sodium ion tends towards a carbon atom, but eventually interacts with the
hydrogen atom attached to it, defining an agostic interaction. The distance between two

neighboring molecules is 3.04 A.

This observation is supported by DFT calculations.

Figure 11. (a) Structure of compound 38. Hydrogen atoms have been omitted for clarity. (b) Packing diagram
for compound 38 showing the intermolecular interactions between the sodium ions and the carbon atoms of the

aromatic rings.

In the literature, there is only one compound of a Schiff base that accommodates the
nickel(Il) cation in the N,O, compartment and the sodium(l) cation in the O, compartment,
which exhibits interaction between the Na® ion and the carbon atom of the aromatic ring of a
neighboring molecule , but its structure is not metallacyclophane as in the case of compounds

38 and 39 presented in this work.
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The results obtained and presented in this PhD thesis illustrate the rich chemistry of
Schiff bases, Mannich bases and hybrid ligands that present the two arms, Schiff and
Mannich, simultaneously. The research carried out in the PhD thesis "Homometallic and
heterometallic coordination compounds obtained from Mannich-Schiff bases” resulted in 39
new compounds with discrete structures and varied nuclearities that highlight the versatility
of the ligands.

The influence of Schiff and Mannich arms in the architecture and properties of the
obtained compounds was observed by investigating the magnetic properties. Also, these
compounds were structurally and spectroscopically characterized (by FTIR and UV-Vis
spectroscopy), and for compounds 1-3, 12, 16, 18, 20-24, 38 and 39 the elemental analysis

was determined.

17



Referinces — selection

Chapter |

[3] (@) M. Tramontini, L. Angiolini, Tetrahedron, 1990, 46, 1791; (b) M. Tramontini,
Synthesis, 1973, 12, 703; (c) J. F. A. Filho, B. C. Lemos, A. S. de Souza, S. Pinheiro, S. J.
Greco, Tetrahedron, 2017, 73, 6977; (d) F. A. Carey, R. J. Sundberg, Advanced Organic
Chemistry: Part B: Reaction and Synthesis, Springer Science, 2010, 140; (e) C. Xu, C. Reep,
J. Jarvis, B. Naumann, B. Captain, N. Takenaka, Catalysts, 2021, 11, 712; (f) B. M. Trost, C.
Zhu, Org. Lett. 2020, 24, 9683; (g) B. B. Thompson, J. Pharm. Sci., 1968, 57, 715;

[4] (@) C. Vashishtha, G. A. Zello, K. H. Nienaber, J. Balzarini, E. De Clercq, J. P.
Stables, J. R. Dimmock, Eur. J. Med. Chem., 2004, 39, 27; (b) M. Kdéksal, N. Gokhan, E.
Kdpeli, E. Yesilada, H. Erdogan, Arch. Pharm. Res., 2007, 30, 419; (c) P. S. Manjula, B. K.
Sarojini, B. Narayana, C. G. Darshan Raj, J. Fundam. Appl. Sci., 2016, 8, 115;

[5] (@) D. Sriram, D. Banerjee, P. Yogeeswari, J. Enzyme Inhib. Med. Chem., 2009, 24, 1;
(b) Y. Ivanova, G. Momekov, O. Petrov, M. Karaivanova, V. Kalcheva, Eur. J. Med. Chem.,
2007, 42, 1382;

[6] (a) M. Ashok, B. S. Holla, B. Poojary, Eur. J. Med. Chem., 2007, 42, 1095; (b) S. N.
Pandeya, D. Sriram, G. Nath, E. De Clercq, Eur. J. Med. Chem., 2000, 35, 249; (c) R.
Bamnela, S. P. Shrivastava, Chem. Sci. Trans., 2012, 1, 431;

[7] E. Colacio, Mannich Base Ligands as Versatile Platforms for SMMs in
Organometallic Magnets, Springer, 2019, 64, 101;

[17] G.Roman, Eur. J. Med. Chem., 2015, 89, 743;

[24] M. Andruh, Dalton Trans., 2015, 44, 16633,

[29] S. Dasgupta, A. Mandal, D. Samanta, E. Zangrando, S. Maity, D. Das, Inorg. Chim.
Acta, 2020, 505, 119480;

[31] A.Das, S.Jana, A. Ghosh, Cryst. Growth Des., 2018, 18, 2335;

[43] M. Mondal, S. Giri, P. M. Guha, A. Ghosh, Dalton Trans., 2017, 46, 697;

[44] P. Mahapatra, S. Ghosh, S. Giri, A. Ghosh, Polyhedron, 2016, 117, 427,

[45] S. Mandal, V. Balamurugan, F. Lloret, R. Mukherjee, Inorg. Chem., 2009, 48, 7544,
[46] A. Das, M. Chakraborty, S. Maity, A. Ghosh, Dalton Trans., 2019, 48, 9342.

Chapter 11

[8] N. F. Curtis, J. Chem. Soc., 1960, 4409;

[10] H. Adams, D. E. Fenton, S. R. Haque, S. L. Heath, M. Ohba, H. Okawa, S. E. Spey, J.
Chem. Soc., Dalton Trans., 2000, 1849;

18


https://sciprofiles.com/profile/1662280
https://sciprofiles.com/profile/author/OE9SWkZjTWVHdWg2ekN5UUk3Y1Y1d2FJay9TTSt2WDZ2YzlSMGIvYmphND0=
https://sciprofiles.com/profile/author/MWN4QldKaUphS2tEbG9LYWhSSTV2M1RWUUpuOGZ5UW1qTFNpWjAvQXZUWT0=
https://sciprofiles.com/profile/author/UjRRVllzU0gyUjRNWXlHQy9QZjNQREJCVE9Hb1k4aEN4R3FZRm1tRGNBND0=
https://sciprofiles.com/profile/author/ZXQ4MzVQYlBVUVROV3dFVmJtY1lFcHpoOHo3NjdZRG1jRWVMNEhMNm1CQT0=
https://sciprofiles.com/profile/1638406
https://www.sciencedirect.com/science/article/pii/S0223523403002149?via%3Dihub#!
https://www.sciencedirect.com/science/article/pii/S0223523403002149?via%3Dihub#!
https://www.sciencedirect.com/science/article/pii/S0223523403002149?via%3Dihub#!
https://www.sciencedirect.com/science/article/pii/S0223523403002149?via%3Dihub#!
https://www.sciencedirect.com/science/article/pii/S0223523403002149?via%3Dihub#!

[11] D.E. Fenton, H. Okawa, Chem. Ber., 1997, 130, 433;

[12] H. Adams, G. Candeland, J. D. Crane, D. E. Fenton, A. J. Smith, J. Chem. Soc.,
Chem. Commun., 1990, 93;

[13] N.F. Curtis, Coord. Chem. Rev., 1968, 3, 3;

[19] S. Hazra, S. Bhattacharya, M. K. Singh, L. Carrella, E. Rentschler, T. Weyhermueller,
G. Rajaraman, S. Mohanta, Inorg. Chem. 2013, 52, 12881,

[29] S. Sasmal, S. Hazra, P. Kundu, S. Dutta, G. Rajaraman, E. C. Safiudo, S. Mohanta,
Inorg. Chem., 2011, 50, 7257,

Chapter 111

[1] (@) J. Manonmani, M. Kandaswamy, Polyhedron, 2003, 22, 989; (b) M. Yonemura, H.
Okawa, M. Ohba, D. E. Fenton, L. K. Thompson, Chem. Commun., 2000, 817; (c) N. F.
Curtis, Coord. Chem. Rev., 2018, 366, 109;

[5] L. B. L. Escobar, G. P. Guedes, S. Soriano, N. L. Speziali, A. K. Jordao, A. C. Cunha,
V. F. Ferreira, C. Maxim, M. A. Novak, M. Andruh, M. G. F. Vaz, Inorg. Chem., 2014, 53,
7508;

[11] A. Flredi, S. Téth, K. Szebényi, V. F. S. Pape, D. Turk, N. Kucsma, L. Cervenak, J.
Tévari, G. Szakacs, Mol. Cancer Ther., 2017, 16, 45; V. F. S. Pape, N. V. May, G. Tamas
Gal, |. Szatmari, F. Szeri, F. Filop, G. Szakacs, E. A. Enyedy, Dalton Trans., 2018, 47,
17032; V. F. S. Pape, A. Gaal, I. Szatmari, N. Kucsma, N. Szoboszlai, C. Streli, F. Fuldp, E.
A. Enyedy, G. Szakacs, Cancers, 2021, 13, 154;

Chapter 1V

[13] E. Raczuk, B. Dmochowska, J. Samaszko-Fiertek, J. Madaj, Molecules, 2022, 27,
787;

[15] P. Mahapatra, S. Giri, M. G. B. Drew, A. Ghosh, Dalton Trans., 2018, 47, 3568;

[16] S. Ghosh, G. Aromi, P. Gamez, A. Ghosh, Eur. J. Inorg. Chem., 2014, 21, 3341,

17]  S. Ghosh, S. Mukherjee, P. Seth, P. S. Mukherjee, A. Ghosh, Dalton Trans., 2013, 42,
13554;

[25] F. Lloret, M. Julve, J. Cano, E. Pardo, Inorg. Chim. Acta, 2008, 361, 3432;

Chapter V
[6] H. Adams, S. Clunas, D. E. Fenton, D. N. Towers, J. Chem. Soc., Dalton Trans. 2002,
3933,

19


https://pubmed.ncbi.nlm.nih.gov/?term=Raczuk%20E%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Dmochowska%20B%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Samaszko-Fiertek%20J%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Madaj%20J%5BAuthor%5D
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8839460/
https://pubs.rsc.org/en/results?searchtext=Author%3APrithwish%20Mahapatra
https://pubs.rsc.org/en/results?searchtext=Author%3ASanjib%20Giri
https://pubs.rsc.org/en/results?searchtext=Author%3AMichael%20G.%20B.%20Drew
https://pubs.rsc.org/en/results?searchtext=Author%3AAshutosh%20Ghosh

[10] S. C. Manna, S. Dolai, H. Masu, A. Figuerola, S. Manna, J. Mol. Struct. 2018, 1180,
849;

[14] S.Mandal, S. Majumder, S. Mondal, S. Mohanta, Eur. J. Inorg. Chem. 2018, 41, 4556;

[15]  P.P. Chakrabarty, S. Giri, D. Schollmeyer, H. Sakiyama, M. Mikuriya, A. Sarkar, S.
Saha, Polyhedron 2015, 89, 49;

Chapter VI

[3] F.R. Fortea-Pérez, M.L.E. Idrissi Moubtassim, D. Armentano, G. De Munno, M.
Julve, S.E. Stiriba, Inorg. Chem. Front., 2018, 5, 2148;

[4] M.A. Palacios, J. Morlieras, J.M. Herrera, A.J. Mota, E.K. Brechin, S. Triki, E.
Colacio, Dalton Trans., 2017, 46, 10469;

[13] (a) P. Bhowmik, K. Harms, S. Chattopadhyay, Polyhedron, 2013, 49, 113; (b) P.
Bhowmik, S. Jana, P.P. Jana, K. Harms, S. Chattopadhyay, Inorg. Chem. Commun.
2012, 18, 50; (c) P. Bhowmik, S. Jana, P. Patram Jana, K. Harms, S. Chattopadhyay,
Inorg. Chim. Acta, 2012, 390, 53; (d) P. Bhowmik, S. Chatterjee, S. Chattopadhyay,
Polyhedron, 2013, 63, 214;

[21] B.Chan, G.E. Ball. J. Chem. Theory Comput., 2013, 9, 2199;

Publications

1. M. I. Mocanu, A. A. Patrascu, S. lonescu, M. Andruh, J. Coord. Chem., 2020, 73, 2773,;

2. M. I. Mocanu, A. A. Pastrascu, M. Hillebrand, S. Shova, F. Lloret, M. Julve, M. Andruh,
Eur. J. Inorg. Chem., 2019, 44, 4773;

3. M. L. Mocanu, S. Shova, F. Lloret, M. Julve, M. Andruh, J. Coord. Chem., 2018, 71, 693;

4. M. I. Mocanu, A. A. Patrascu, A. M. Madalan, M. Andruh, Rev. Roum. Chim., 2018, 63,
545.

Conferences - selection
1. XXXV National Conference of Chemistry, 2-5 October, 2018, Caciulata, Romania
Homo- and Heterometallic Complexes Constructed from Hexafluoroacetylacetonato and

Schiff Base Complexes as Building-Blocks — Mihaela Mocanu, Sergiu Shova,

Francesc Lloret, Miguel Julve, Marius Andruh

2. 16" International Conference on Molecular-Based Magnets, 1-5 September 2018,

Rio de Janeiro, Brazil

20


https://www.sciencedirect.com/science/journal/00201693

A new family of polynuclear complexes using mixed Schiff and Mannich base ligands —

Mihaela Mocanu, Andrei A. Patrascu, Francisco Lloret, Miguel Julve, Marius Andruh

3. 6™ European Conference on Molecular Magnetism, 27-31 August 2017,
Bucharest, Romania
A new synthetic approach towards polynuclear complexes using mixed Schiff and Mannich
base ligands- Mihaela Mocanu, Andrei A. Patrascu, Francisco Lloret, Miguel Julve, Marius
Andruh

4. Workshop “Crystal Engineering of Multifunctional Molecule-Based Materials”, 2-6
May 2016, Sinaia, Romania
New oligonuclear complexes derived from M"(hfac), precursors. Synthesis and characterization. -

Mihaela Mocanu, Augustin M. Madalan, Sergiu Shova, Marius Andruh

21



