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1. Introduction

Tin has been mentioned since the beginning of the Bronze Age (around 3000 BC)* and
is the Earth's 49th most abundant element. It is a soft, malleable, and highly crystalline post-
transition metal element, with the electronic configuration [Kr]4d!5s25p?, situated in group 14
of the Periodic Table.

Tin displays two oxidation states (+2 or +4) in both inorganic and organometallic
compounds. The derivatives containing divalent tin are called stannous, while the compounds
containing tetravalent tin are called stannic species. The stannous state typically uses 5p
orbitals for bonding and the 5s electrons as a nonbonding pair, thus adopting an angle X—Sn—X
of 90-100°. In stannic derivatives, the metal centre is sp* hybridised with a tetrahedral geometry
and has vacant 5d orbitals, which can be involved in interactions, thus giving rise to structures
with higher coordination numbers.?

Standard Oil Development Co. was the first to obtain a patent in 1932 for the industrial
application of an organotin compound, specifically using tetraalkyltin derivatives to stabilise
transformer oils.® From that point, various application forms were studied for the organotin
compounds, like PVC stabilizers,* biocides (fungicides, pesticides, antifouling agents),® Li-ion
batteries® or in organic chemistry, as reducing agents (tin 11 species) or as catalysts in various
transformations, e.g. allylation, transmetalation, cross-coupling reactions,” and in medicine, as
antitumor agents.®

On the other hand, selenium is a chalcogen element, with the atomic number 34 and an
electronic configuration [Ar]3d%4s24p*, situated in group 16 of the Periodic Table.
Organoselenium derivatives can have various oxidation states in organoselenium compounds,
namely +1 in diorganodiselenides, +2 in diorganoselenides, and +4 in RnSeXas.n (R = alkyl,
aryl; n = 1-3, X = anionic ligand) derivatives. Very importantly, selenium can easily behave
either as Lewis acid or as Lewis base, depending on the partner in the reaction. This fact was
intensively exploited to obtain various species with a large spectrum of applications.®*°

Jons Jakob Berzelius was the discoverer of selenium, in 1817. He was working in a
sulfuric acid factory and observed that reddish deposits formed in the lead chamber while he
prepared sulfuric acid.!* However, the selenium applications were essentially unimportant until
1972, when a discovery was made, namely that selenocysteine, the 21% amino acid, which has
the same structure as cysteine but with an atom of selenium in place of the sulfur, was
discovered at the active site of glutathione peroxidase (GPx).*2 This prompted extensive

research into the structural aspects of organoselenium compounds that affect the antioxidant



properties, ultimately leading to the rational development of small molecules exhibiting GPx-
like activity.'®

The studies reported in this work combine the two elements, tin and selenium, in the
same molecule, in order to enhance the specific properties and the potential for valuable
applications as antitumor agents or as precursors for nanomaterials. The main focus of this
thesis is on the synthesis, structural characterization, and study of the potential biological
activity of several organotin compounds with organoselenolato ligands. Selected species were
also investigated for their thermal behaviour, taking into account the potential as precursors for
nanomaterials. The investigations are devoted to three main classes of complexes:

1. Homo- and heteroleptic triorganotin(IVV) organoselenolato complexes of types
R3Sn(SeCH2CH2pz) (R = Mg, "Bu, Ph, Bn), [2-(Me2NCH2)CesH4](R)2Sn(SeCH2CH2pz)
(R = Me, "Bu, Ph) and [2-(Me2NCH2)CsH4]2(R)Sn(SeCH.CHzpz) (R = Me, "Bu, Ph);

2. Diorganotin(1V) organoselenolato complexes of types [2-
(Me2NCH2)CeHa](R)SN(SeCH2CH2pz). (R = Me,  "Bu, Ph), [2-
(Me2NCH2)CeHs](R)SN(NCS)(SeCH2CH2pz) (R = Me, "Bu, Ph) and [2-

(Me2NCH:)CeH4](R)Sn(SeCH2CH2pz)CI;
3. Organotin(Il) organoselenolates of types Sn(SeCH>CH2pz), and Sn(SeCH2CH2pz) X (X
= Cl, NCS);

All the newly synthesised compounds were characterised through multinuclear NMR
(*H, BC{*H}, ""Se{*H}, ¥Sn{*H}) and 2D (H, H-COSY, H, C-HSQC and H, C-HMBC)
NMR spectra, mass spectrometry, and elemental analysis. Also, the structures of some
compounds, where single crystals could be grown, were investigated by single-crystal X-
ray diffraction.



3. Original contributions

3.1. Homo- and heteroleptic triorganotin(1V) organoselenolates

3.1.1. Synthesis and characterisation

The complexes were obtained by splitting the Se—Se bond in degassed absolute ethanol,
under argon, with NaBHa4. Then, the resulting sodium organoselenolates were reacted in a 1:1

molar ratio with the corresponding homoleptic triorganotin(IV) chloride, as depicted in
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Scheme 1.

R = Me (1), "Bu (2), Ph (3), Bn (4)

Scheme 1. Synthetic pathway for the preparation of complexes 1-4. Reagents and conditions:
i) NaBHa, degassed absolute ethanol at 0 °C, ii) RsSnCl (R = Me, "Bu, Ph, Bn).

The synthesis method is similar to the homoleptic complexes, but in this case, the
resulting sodium organoselenolates were reacted, in a 1:1 molar ratio, with a corresponding

heteroleptic triorganotin(IV) chloride as depicted in Scheme 2.

Me,N
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/// = R = Me (5), "Bu (6), Ph (7)
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NN _Se — . N"'"sgeNa —
N~ \/\Se
MezN
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L N /Sn/
N~ \/\Se
NMe,

R = Me (8), "Bu (9), Ph (10)
Scheme 2. Synthesis of complexes 5-10. Reagents and conditions: i) NaBHa4, degassed
absolute ethanol at 0 °C ii) [2-(Me2NCH2)CsH4](R)2SnClI (R = Me, "Bu, Ph), iii) [2-
(Me2NCH3)CeHa]2(R)SNCI (R = Me, "Bu, Ph).
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Nuclear magnetic resonance (NMR) spectroscopy is one of the principal techniques
used to obtain structural information in solution. Compounds 1-10 were characterised by
multinuclear NMR (*H, BC{tH}, "Se{*H}, °*Sn{*H}) spectroscopy in CDClIs solutions and
the obtained resonance signals in the proton and carbon NMR spectra were unambiguously
assigned by 2D NMR experiments (H, H-COSY, H, C-HSQC and H, C-HMBC). The 'H and
BC{*H} NMR spectra consistently display a set of characteristic resonance signals that ensure

the existence of the proposed compounds.

In the compared proton NMR spectra of compound 1 and the starting
diorganodiselenide, presented in Figure 1, all the expected resonance signals of the complex
have different chemical shift values compared to the diorganodiselenide. In the aliphatic region
of the compared spectra, three signals can be observed. A sharp singlet resonance signal
corresponds to the protons in the methyl group, which is accompanied by tin satellites with
23117501 53.2 Hz and 2J119snn 59.8 Hz coupling constants, and two triplet resonance signals
corresponding to protons in the non-equivalent methylene groups. In the aromatic region, a
triplet and two doublet resonance signals from the pyrazole group are present.

2J11QSnH 59.8 Hz
2J11TSnH 53.2 Hz

H3 H1 HZ
SnCH3
SQ Sn
. . —_— /’ ’ - . N = N~ [

: p ; ) CHZCH2Se CH2CH286
1l [ i i . Y.

CHQCste CH2CH286
Hz H; H,

AL | ‘ ﬁ

T T T T T T T T T T T T T T T
7.5 7.0 6.5 6.0 5.5 5.0 45 4.0 35 3.0 2.5 2.0 1.5 1.0 0.5
5 (ppm)

Figure 1. *H NMR spectra (CDCls) of compound 1 and the starting diorganodiselenide.
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Figure 2 presents the proton NMR spectra of compounds "BuzSn(SeCH2CH2pz) (2),
[2-(Me2NCH2)CeH4]("Bu)2Sn(SeCH2CH2pz) (6), [2-
(Me2NCH2)CeHa]2("Bu)Sn(SeCH2CH2pz) (9). In the aliphatic region, all compounds have a
triplet and three multiplet resonance signals corresponding to the butyl group present in the
molecules. Also, we can observe that [2-(Me2NCH2)CsH4]("Bu)2Sn(SeCH2CHpz) (6) has a
sharp singlet resonance corresponding to the H7 protons from the N,N-dimethylbenzylamine
group, but compound [2-(Me2NCH2)CeH4]2("Bu)Sn(SeCH2CH2pz) (9) shows an AB spin
system for the same protons. This shows that in solution, at room temperature, the nitrogen
atom from the pendant arm of the 2-(Me2NCH2)CeH4 group is involved in an intramolecular
interaction with the tin atom (N—Sn) in compound 9, while for compound 6 only a dynamic
behaviour based on decoordination, inversion at nitrogen and re-coordination, as previously
described by Iwaoka,?’ can be presumed at room temperature. In the aromatic region, all the
compared compounds have one triplet resonance signal and two doublet resonance signals from
the pyrazole group.

4

35
MezN;ﬂ@j/J NCH,

9
=10
sﬁwsgs"p ", CHaCHZCH,CHy
) ! :

NMez

CH2CH286 CH2CH(SG

'CH,CH,CH,CH,4
H /
_N k ° W A; m L JL I R
CH,CH,CH,CHs,
) .
1
3@ ~s SV

\u{ n ﬁf JJA/ MULL_

T T T T T T T T T T T T T T T T
8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
5 (ppm)

Figure 2. Stacked *H NMR spectra (CDCls) of compounds 2, 6, and 9.
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The NMR chemical shifts for 7"Se{*H} and 11°Sn{*H} for the discussed compounds
and the starting triorganotin(I\V) chlorides, as appropriate, are presented in Table 1.

Table 1. Centralised NMR data for compounds 1-10 and the triorganotin(1V) chlorides were
used as starting materials.

119Sn{1H}
cod 77Se{'H} NMR 195n{H} NMR NMR
Pe () Yitesn77se  LJ1arsnrrse ) J119sn77se  Starting material
- Epm)  (H)  (H) _ (Epm) (H)  d(pm
1 -193.3 993.7 956.2 60.1 994.2 Me;SnCl 170.1
2 -228.5 1019.6 971.6 62.3 1018.5 "BuzSnCl 157.4
3 -227 1170.6 1116.7 -68.7 1172.9 PhsSnCl -45.1
4 -193.9 1209.2 1154.4 4.68 1209.3 BnsSnCl 51.1
5 -172.8 822.8 784.3 -59.8 819.8 R(Me),SnCl -47.9
6 -218.2 872.9 832.6 -32.9 874.3 R("Bu),SnClI -46.5
7 -69.6 892.3 852.2 -148.4 891.0 R(Ph),SnCl -176.3
8 -170.0 814.3 850.7 -107.1 852.1 R,(Me)SnCl -115
9 -197.1 830.0 874.3 -92.3 872.5 Ry("Bu)SnClI -114.2
10 | -176.7 860.7 901.9 -152.7 902.1 Ry(Ph)SnClI -186.2

The 9Sn{*H} and "Se{*H} NMR spectra display one singlet resonance signal in all
compounds, showing the existence of only one tin(IV) species in solution, with a range of 60
ppm to -152 ppm, which are accompanied by selenium satellites with 1Ji1gsnse coupling

constants. Figure 3 presents the ’Se{*H} and 1*°Sn{*H} resonance signals of compound 4.

:}N_/* = @

Sn :
)

Uy 198n7786= 1208.2 Hz (4 "J11gsnrrse™ 1206.3 Hz
1 -
Ji17sn778e= 1154.4 Hz
a e b, 4.68 ppm
-193.9 ppm

, o
Iy )& M A b

G T
& (opm)

Figure 3. (a) ""Se{*H} NMR resonance (CDCls) and (b) *°Sn{*H} NMR resonance (CDCls)
of compound 4.
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It is precedent in the literature for compounds bearing R2Sn moieties (R = alkyl) to use
the 2J119snn OF the YJ119snc coupling constants to assign the coordination geometry about tin in
solution, by calculating the values of the C—Sn—C angle.®% These calculations for compounds
R3Sn(SeCH.CHzpz) (R = Me, "Bu, Bn) and [2-(Me2NCH2)CsH4](R)2Sn(SeCH.CH2pz) (R =
Me, "Bu) are presented in Table 2.

Table 2. Values of the calculated C-Sn—C angles in solution and of 2Jiiesnn and Ji1gsnc
coupling constants for compounds 1, 2, 4-6.

IH NMR BC{H} NMR
Cpd- | 2)1108nH) C-Sn-C  2J(1198n,°C) C-Sn—C
1 59.8 112,02 340.1 106.6°
2 i i 3175 104,65
4 59.1 111.6% 264.7 101.2%
5 62.4 113.4%2 463.6 117.4%
6 i 4505 119.7%

0=0.0161]2J> — 1.32|2]| + 133.4;%2 1) = 11.40 — 875;%3 13 = 9.990 — 746;%
0 = 0.0105]2J? — 0.799|2]| + 122.4;%

These calculations showed that in the homoleptic species, we can assume a monomeric
structure with the tin(I\V) atom tetrahedrally surrounded by three alkyl groups and a
pzCH>CH.Se ligand. For the heteroleptic compounds, the results indicate a distorted trigonal

bipyramidal geometry, with angles between 117.4° and 119.7°.

The APCI+ and ESI+ mass spectra of the investigated compounds revealed a similar
behaviour. The APCI+ HRMS spectrum in methanol of compounds BnzSn(SeCH2CH:zpz) (4)
with the identified peaks at m/z values 174.97736 [pzCH2.CH.Se]", 210.95842
[M—=SnCHa2(C¢Hs)]* and 393.06653 [M—pzCH.CH,Se]" are presented in Figure 4.
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Figure 4. APCI+ HRMS spectrum (in MeOH) of compound 4: (a) experimental and (b)
simulated.

Single crystals suitable for X-ray diffraction could be grown for compound
Ph3Sn(SeCH2CHzpz) (3) from a CH:Clz/hexane system (1:4 v/v), and compound [2-
(Me2NCH2)CeH4]2SnSe (10-a) by slow evaporation of a CDClz solution. The selenium atom
in compound 3 is involved in interaction with the tin atom of a neighbour molecule (Sel---Snl'

3.89 A vs. Zrvaw(Sn,Se) 4.42 A®), thus resulting in dimeric associations.

The atom numbering scheme and the molecular structure of a dimer in compound 3 are
shown in Figure 5, and a selection of important interatomic distances and angles is displayed
in Table 3.

Table 3. Interatomic distances (A) and angles (°) for compound 3.

Bond lengths Bond angles
Sn1-C1 2.1397(1) C1-Sn1-C7 113.33(1)
Sn1-C7 2.1297(1) C1-Sn1-C13 | 110.58(1)

Sn1-C13 2.1423(1) C7-Sn1-C13 108.08(1)
Sn1-Sel 2.5387(1) Sel-Sn1-C1 100.82(1)
N2---H19A 2.625(2) Sel-Sn1-C7 | 112.48(1)
Sel—Sel' 3.6926(4) Sel-Sn1-C13 | 111.49(1)
Snl—Snl' 3.5411(4) Sn1-Sel-C19 97.32(1)
C1-Snl-Sel' 161.4(5)

14



The selenium atom, due to the bridging behaviour becomes tricoordinate, with a
coordination geometry in the form of a trigonal pyramid (Sn1-Sel1-C19 97.32(1)° and Snl—
Sel1-Sel' 119.17(1)°), with the base formed by the Sn1, C19 and Sn1'atoms and Sel displayed
above this plane at a distance of 0.54 A. The coordination geometry of the tin atom is a distorted
trigonal bipyramid (C1-Sn1—Sel' 161.4(5), T=0.80),%” and the tin atom is above the SeC7C14
plane at 0.70 A. The nitrogen atoms in the planar pyrazole ring have sp? hybridization. The
lone pair of electrons of N2 in the pyrazole ring is involved in secondary bonding with the
H19A proton in the CH2CH,Se moiety (N2---H19A 2.625(2) A, vs. Zrvaw(N,H) 2.86 A%®), and

in this way, a polymeric chain of dimers is formed (Figure 6).

Figure 5. ORTEP-like representation of a dimer in the crystal of compound 3, with thermal
ellipsoids at a 50% probability level. Hydrogen atoms were omitted for clarity. Symmetry
equivalent positions (1-x, 1-y, 1-z) are given by "prime"

Figure 6. A chain of dimers in the crystal of compound 3. N2---H19A' 2.625(2) A.
Symmetry equivalent positions (1-x, 1-y, 1-z) and (-X, 1-y, 1-z) are given by "prime" and
"double prime", respectively.

15



A 3D supramolecular network is formed by = CH:--Cg short contacts [H3:--Cg2(C13-
C18) 2.95 A and H15---Cg1(C1-C6) 2.92 A]. A view of the 3D network is presented in Figure
1.

Figure 7. Best view of the supramolecular network in the crystal of compound 3. Symmetry
equivalent positions (1-x, 1-y, 1-2), (-x, 1-y, 1-2), (3/2-x, 1/2+y, 3/2-z) and (1+X, Y, z) are
given by "prime", "double prime", "triple prime" and "quadruple prime", respectively.

Compound 10, which was isolated as a colourless solid, decomposed in CDClIs solution
in the NMR tube and formed a microcrystalline precipitate. A single crystal was investigated
by X-ray diffraction. The obtained data proved a dimeric structure without the pzCH.CH»Se™
ligand, with the formula {[2-(Me2NCH2)Ce¢H4]2SnSe}. (10-a). The dimeric structure is
displayed in Figure 8, and important bond lengths and angles are given in Table 4.

Table 4. Interatomic distances (A) and angles (°) for compound 10-a

Bond lengths Bond angles
Snl-Sel | 2.5657(2) Sel-Sn1—Sel' | 92.04(1) C10—Snl1-Sel 108.06(1)
Snl-Sel' | 2.6144(2) N1-Snl-Sel 83.98(1) C10-Sn1-Sel" 105.04(1)
Sn1-N1 2.7100(2) N1-Snl—Sel' | 171.17(1) Sn1-Sel—Snl' 87.96(1)
Sn1-N2 3.049(1) N1-Snl1—Cl1 71.24(1) N2-Sn1—Sel 170.12(3)
Sn1-C1 2.1440(1) NI1-Sn1-C10 | 83.71(1) N2-Sn1—Sel' 80.71(3)
Sn1-C10 | 2.1497(1) Cl1-Snl1—Sel | 109.20(1) N2-Sn1—Cl1 79.15(5)
Sel—Sel' | 3.7276(4) C1-Snl-Sel' | 102.87(1) N2-Sn1-C10 67.87(5)
Sn1-Snl' | 3.5974(4) C1-Sn1—C10 | 131.93(1) N2-Sn1-N1 104.11(4)
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Figure 8. ORTEP-like representation of compound 10-a, with thermal ellipsoids at 50%
probability level. Hydrogen atoms were omitted for clarity. Symmetry equivalent positions
(1-x, 1-y, 1-z) are given by “prime”.

The tin atoms have a distorted octahedral coordination geometry, while the selenium atoms
have an angular coordination environment [Sn1—Se1—Sn1' 87.96(1)°]. The pendant arms of the
2-(Me2NCH2)CeHas groups are intramolecularly coordinated to tin, thus inducing planar
chirality, with the CsHa rings as chiral planes and nitrogen as pilot atoms. In this way, Ry and
Sn isomers are present in the crystal, with respect to both N1 and N2 atoms. Moreover, the tin
atoms themselves are chiral, thus determining Asn and Asn isomerism for this compound as
well.%8 In this way, each dimer in the crystal is formed by Asn1Sn1Sn2 and Asn’RniRnz: isomers.
The two N—Sn intramolecular and the Se—Sn intermolecular interactions determine the
formation of a 72—Sn—6 hypercoordinate species.®® A chain-like supramolecular association
of dimers (Figure 9) is formed by n Cg---Cg and ©= CH---Cg interactions. The Cg2 ring is
involved both in Cg---Cg interactions with the Cg2 ring in a neighbour dimer (Cg2---Cg2 3.81
A, a=0°, B =25.6°), and as well with a CH proton of the CsHa ring with the centroid Cg1 of
the neighbour dimer (H12---Cg1 2.74 A, y =10°, C12-H12---Cgl 151°).
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Figure 9. A chain in the crystal of 10-a. Hydrogen atoms were omitted for clarity. Symmetry
equivalent positions (1-x, 1-y, 1-z) and (-X, 1-y, -z) are given by "prime" and "double prime",
respectively.

3.1.2. Conclusions

Four homoleptic triorganotin(IVV) compounds of type R3Sn(SeCH2CHzpz) [R = Me (1),
"Bu (2), Ph (3), Bn (4)] and six heteroleptic triorganotin(I\V) complexes with organoselenolato
ligands, of type [2-(Me2NCH2)CsH4](R)2Sn(SeCH2CH2pz) [R = Me (5), "Bu (6), Ph (7)] and
[2-(Me2NCH2)CeHa]2(R)Sn(SeCH2CH:pz) [R = Me (8), "Bu (9), Ph (10)] were synthesised and
characterized using appropriate spectroscopic methods.

The multinuclear *H and 3C{*H} NMR spectroscopy revealed the expected resonances
for all the studied compounds. For compounds [2-(Me2NCH2)CsHa]2("Bu)Sn(SeCH2CHpz)
(9), the proton NMR spectrum recorded at room temperature showed an AB spin system for
the CH2NMe; protons, thus suggesting that in solution, the nitrogen atom from the pendant arm
is involved in an intramolecular interaction. The presence of Se—Sn bonds in solution was
ascertained for all compounds through their 7’Se and '°Sn NMR spectra, which show 7’Se-

11950 and 171195n-77Se couplings.

Based on the 2Jsnn and the *Jsnc coupling constants in the NMR spectra, the C—Sn—C
angles for compounds 1, 2, and 4 were calculated. It was assigned a monomeric structure in
solution with a tetrahedral coordination geometry around the tin atom, and for 5 and 6, a
distorted trigonal bipyramidal geometry around the tin atom.

The APCI+ and ESI+ mass spectra revealed the formation of the desired compounds.
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For PhsSn(SeCH2CH2pz) (3), the single crystal X-ray diffraction studies revealed a
distorted trigonal bipyramid coordination geometry about tin, due to the formation of dimeric

associations through bridging selenium atoms;

Compound 10 decomposed in solution with the formation of the dimeric species [{2-
(Me2NCH2)CeHas}2SnSe]2 (10-a), for which the single crystal X-ray diffraction studies showed
a hypercoordinate 12—Sn—6 species, with a distorted octahedron around each tin atom;

3.2. Diorganotin(1V) organoselenolates

3.2.1. Synthesis and characterisation

The synthesis method is similar to the case of the triorganotin(IV) organoselenolates.
After splitting the Se—Se bond in degassed absolute ethanol, under argon, with NaBHa, the
resulting sodium organoselenolates were reacted in a 2:1 molar ratio with the corresponding
heteroleptic diorganotin(IV) dichloride, as depicted in Scheme 3, to obtain complexes 11, 12,
and 13. As well, the [2-(Me2NCH:)Ce¢H4]("Bu)SnCl(SeCH2CH2pz) 14 was synthesised by
reacting the sodium organoselenolate with [2-(Me2NCH2)CeH4]("Bu)SnClz in a 1:1 molar ratio.
In the same scheme is presented the synthesis of the diorganotin(IV)pseudohalido
organoselenolates, where the corresponding diorganotin(lV) bis(pseudohalides) were reacted

with the resulting sodium organoselenolates in a 1:1 molar ratio to obtain complexes 16-18.

Compound [2-(Me2NCH2)CsH4](Me)Sn(NCS)2 (15) was obtained during the present
studies, from the reaction between [2-(Me2NCH.)CsH4](Me)SnCl, and K(SCN) in a 1:2 molar
ratio, and it was used further as starting material to obtain complex 16. A purification process
with column chromatography using ethyl acetate and dichloromethane was employed to purify
compounds [2-(Me2NCH2)CsH4]("Bu)Sn(NCS)(SeCH2CH2pz) (17) and [2-
(Me2NCH2)CeHa](Ph)Sn(NCS)(SeCH2CH2pz) (18).
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Scheme 3. Synthesis of complexes 11-18. Reagents and conditions: i) NaBHa, degassed
absolute ethanol, at 0 °C ii) [2-(Me2NCH2)CsH4](R)SnCl2 (R = Me, "Bu, Ph), iii) [2-
(Me2NCH>)CsH4]("Bu)SnCl: iv) [2-(Me2NCH2)CeH4](R)SN(NCS)2 (R = Me, "Bu, Ph).

Multinuclear NMR (*H, BC{*H}, ""Se{*H}, °Sn{*H}) experiments, in CDCls
solutions, were performed for all compounds. The obtained resonances in the proton and carbon
NMR spectra were identified by 2D NMR (H,H-COSY, H,C-HSQC and H,C-HMBC).

Figure 10 presents the 'H NMR spectra of compounds [2-
(Me2NCH3)CeHa](Me)Sn(SeCH2CH2pz)2 (11), [2-(Me2NCH2)CsHa](Me)Sn(NCS). (15) and
[2-(Me2NCH2)CeH4](Me)Sn(NCS)(SeCH2CH2pz) (16), which show all the resonance signals
expected for the organic groups attached to selenium and tin, respectively. In the case of
compounds 11 and 15, in the aliphatic region, all the expected resonance signals are well-
defined. For these complexes, we can see one sharp singlet resonance signal corresponding to
the methyl group bound to the tin atom; the signal with the chemical shift value 0.96 ppm (11)
is accompanied by tin satellites, with 2J117sn1 63.2 Hz and 2J119sn1 66.5 Hz coupling constants,
while the signal with a chemical shift value of 1.12 ppm in the spectrum of 15 is accompanied
by tin satellites with 2J117sn+ 78.7 Hz and 2J119snH 82.2 Hz coupling constants. Last but not least,
the value of 1.01 ppm in the spectrum of 16 is accompanied by tin satellites with 2J117spn 71.3
Hz and 2J119snn 74.6 Hz.
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In the case of compound 16, in contrast to the other two compounds (where all the
singlet resonance signals are sharp), the typical signals for the pendant arm with a chemical
shift value of 2.34 ppm and 3.66 ppm are broad and not well-defined at room temperature. This
behaviour might be determined by the dynamic process in which the nitrogen atom from the

pendant arm is involved in coordination to and decordination from tin, too fast to be captured

T T T
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T
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T T T
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& (ppm)
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3.0 2.5

at the NMR time scale, as was observed previously by lwaoka.”

To prove this theory, the compounds were also measured at variable temperatures; the
results are presented in Figure 11. The change of the broad singlet resonance signals into an
AB spin system at -30°C/-40°C can be seen, which means that at low temperature the CH2N
protons and the N(CHs)2 groups, respectively, are no more equivalent (at -30 °C §(*H)me= 2.24
and 2.46 ppm, and da(*H)crz= 3.47 and Ss(*H)cro= 3.94 ppm). A free enthalpy AG*= 58.7
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Figure 10. 'H NMR spectra (CDCls) of compounds [2-
(MeaNCH2)CsHa](Me)Sn(SeCH2CH2pz)z (11) [2-(MezNCH2)CsHa](Me)Sn(NCS): (15) and
[2-(Me2NCH,)CsHa](Me)Sn(NCS)(SeCH2CH2pz) (16).
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KJ/mol, also were calculated at the coalescence temperature Tc= 15 °C, for the dynamic process
suffered by the CH: protons in the CH2N(CHs)2 pendant arm, and a AG*= 70.8 KJ/mol at Tc=
10 °C for the two methyl groups. Also, the not well resolved multiplet resonance signal from
the methylene group in the SeCH>CH2pz appears as a double multiplet signal, probably because

of the not equivalent hydrogen atoms in the two methylene groups.
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Figure 11. VT *H NMR spectra of compound 16 in CDCls.

In these types of compounds, the presence of the 2-(Me2NCH2)CsH4 group can lead to
an increase in the coordination number at the tin atom because of an intramolecular N—Sn
coordination. That kind of secondary interaction can be observed in the *H and the *C NMR
spectra recorded at room temperature in the case of compound 14, where the protons from the
CH2 group and the two methyl groups in the CH>N(CH3). pendant arm are no longer
equivalent. The resonance for the CH. protons appears as an AB spin system, while the two

methyl groups give two singlet resonance signals.
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Table 5. NMR data (CDCls) for compounds 11-18 and their starting materials.

llgsn{lH}
7Se{*H} NMR 119Sn{*H} NMR NMR
() itesnrrse  Jarzsnrrse o 1J1108n-77¢ Sta”'f‘g )
 pm) (M) (H) _ (pm) _ (H)  Meral  a(ppm)

11 | -163.6 11175 1066.3 -74.2 1116.4 R(Me)SnCl, -97.3
12 | -183.2 1375.5 1317.4 -52.2 1145.2 R("Bu)SnCl, -103
13 | -1824 1173.4 11217 -107.2 11715 R(Ph)SnCl, -170
14 | -160.9 1374.2 1317.4 -104.6 1374.7 R("Bu)SnCl; -103
15 - - - -252.7 - R(Me)SnCl, -97.3
16 | -167.1 1422.3 1353.7 -161.8 1427.1 R(Me)Sn(SCN). -252.7
17 | -183.2 1145.1 1093.6 -52.2 1151.8 R("Bu)Sn(SCN), -266.6
18 | -180.2 1201.2 1112.7 -110.1 1199.5 R(Ph)Sn(SCN), -245.3

R = [2-(Me,NCH,)C H,]

In the case of compound [2-(Me2NCH2)CsH4](Me)Sn(NCS)(SeCH2CHzpz) (16), the
19Sn{*H} spectrum shows a different pattern. The observed splitting indicates dipolar
interactions involving the two *°N nuclei as well as the 11°Sn->N spin-spin coupling, as outlined
by Wrackmeyer.’ The rest of the °Sn{*H} NMR spectra display one sharp singlet resonance
signal for all compounds, showing the appearance of only one species in solution, with a range
of -52.2 ppm to -161.8 ppm. The ESI+ mass spectrum of compound 16 displays a single peak
at the m/z value of 441.99928, with the expected pattern determined by the isotopic
composition, corresponding to the cation [M—NCS]* (Figure 12). In these types of compounds,
a similar behaviour can be observed when, upon ionization, the tested compounds lose the

M-SCN]* f :
[M—SCN]"* fragment IM-NCS]*
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Figure 12. Experimental (a) and calculated (b) ESI+ MS spectra (in MeOH)
of compound 16.
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The effort to obtain single crystals of compound 11 led to its decomposition in solution,
resulting in the formation of a solid product with a dimeric structure, identified as {[2-
(Me2NCH>)CeH4](Me)SnSe}» (11-a) (Figure 13). The same situation happened to compound
12. After slow evaporation of the CDClI3 solution from the NMR tube, a solid microcrystalline
product formed, and it was investigated by X-ray diffraction when a dimeric species of type
{[2-(Me2NCH>)CeH4]("Bu)SnSe}. (12-a) (Figure 14) was found.

Figure 13. Thermal ellipsoids representation of a dimeric unit in compound 11-a. Hydrogen
atoms were omitted for clarity. Symmetry equivalent positions (-x, 1-y, -z) are given by
“prime”’.

All the important interatomic distances and bond angles for compounds 11-a and 12-a are given
in Table 6.

Figure 14. Thermal ellipsoids representation of a dimeric unit in compound 12-a. Hydrogen
atoms were omitted for clarity. Symmetry equivalent positions (1-x, 1-y, 1-z) are given by

“prime”.
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Table 6. Important interatomic distances and bond angles in 11-a and 12-a.

Bond / Angle 11-a 12-a
Sn1—Sel 2.5033(3) 2.5317(2)
Sn1-Sel' 2.6545(3) 2.6475(4)
Sn1-NI1 2.5633(3) 2.6046(2)

Sn1-Cl 2.1434(2) 2.1528(1)
Sn1-C10 2.1365(2) 2.1662(1)
Sel—Sel' 3.7960(4) 3.8025(5)
Sn1-Snl' 3.4952(4) 3.5183(4)

Sel-Snl—Sel' 94.73(1) 94.45(1)

N1-Snl-Sel 88.60(1) 87.11(1)

NI-Snl1-Sel' 173.16(1) 172.01(6)

NI-Snl1-C1 73.83(1) 72.89(1)

N1-Sn1-C10 85.76(1) 84.82(1)

C1-Snl-Sel 114.27(1) 111.92(1)

Cl1-Snl1-Sel' 99.35(1) 99.30(7)

C1-Sn1-C10 124.23(1) 123.22(1)

C10—Snl-Sel 116.50(1) 118.42(1)

C10-Snl-Sel' 98.05(1) 101.23(7)

Snl1-Sel—Snl' 85.27(1) 85.55(1)

Some similarities can be observed in both molecular structures. The molecules form
dimeric units through selenium atoms, which are interacting with both tin atoms at nearly
identical distances (range 2.5033(3)A - 2.6545(3) A, vs. Zreov(Sn,Se) 2.59 A and Zrvaw(Sn,Se)
4.24 A).%® In both cases, the tin atoms are very close to each other with a Sn'**Sn distance of
3.4952(4)A in 11-a and 3.5183(4)A in 12-a, shorter than the Zryaw(Sn,Sn) of 4.84 A.%6 Planar
SnySe; cores are formed, with Se—Sn—Se angles of 94.73(1)° in 11-a and 94.45(1)° in 12-a.

The coordination geometry of the selenium atom is angular, with Sn—Se—Sn angles of
85.27(1)°, in the case of compound 11-a, and 85.55(1)° in 12-a. The nitrogen atom from the
pendant arm is intramolecularly coordinated to tin, forming a tin(1VV) hypercoordinated species
in both cases,®® and the displayed coordination geometry is trigonal bipyramidal (ts = 0.81 for

both compounds).®’
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The compounds display planar chirality with a non-planar SnC3N five membered ring.
In that chirality, the nitrogen atom plays a key role and serves as the pilot atom with the CeHa

ring as the chiral plane, thus leading to the formation of Ry and Sy isomers.

In the crystal of compound 11-a, CH---Se contacts just at the limit of the sum of the
two elements are present (H5--Sel 3.028 A, vs. Zrvaw(H,Se) 3.10 A% while in the crystal of
compound 12-a, chains are formed by 1 HCH:--Cg interactions, based on a CH> proton in the
"Bu group (H10B---Cg 2.81 A, y =5.8°, C10-H10B---Cg 141°).”>"8 The chain like association

in compound 12-a is displayed in Figure 15.

Figure 15. Best view of a chain in the crystal of 12-a. Hydrogen atoms, except those
involved in inter-dimer interactions, were omitted for clarity. Symmetry equivalent positions
(-X, 1-y, -z) are given by “prime”.

In the case of compound 12-a, the chains are formed by t HCH: - -Cg interactions, based
on the a CH2 proton in the "Bu group (H10B---Cg 2.81 A, y=5.8°, C10-H10B---Cg 141°).>7¢

Using slow diffusion within a CH2Clz/n-hexane system (1:4 v/v) as crystallisation
method, were obtained single crystals suitable for X-ray diffraction for the complexes [2-
(Me,NCH,)CH,](Me)Sn(SCN), (15) and [2-(Me,NCH,)CH,](Me)Sn(SCN)(SeCH,CH,pz)
(16).
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The crystal of compound 15 contains two independent molecules in the unit cell, and

their thermal ellipsoids representations (15a and 15b) are displayed in Figure 16.

15a. 15b.

Figure 16. Thermal ellipsoids representation of the two independent molecules in the crystal
of compound 15. Hydrogen atoms were omitted for clarity.

The NCS groups behave as isothiocyanato moieties, with a linear N=C=S structure
(angles in the range 177.35(1)°-179.58(1)°), and the 2-(Me2NCH,)CsH4 group behaves as a
C,N-chelating moiety, thus resulting in a /0—Sn—5 hypercoordinate species.®®

The coordination geometry is a distorted square pyramid (ts = 0.26 in 15a and t5 = 0.16
in 15b), with an intramolecular N—Sn coordination. Like this, a non-planar five-membered
ring is formed in each molecule, folded about the imaginary Sn---CH> axis (Snl---C7 in 15a
and Sn2---C19 in 15b).

Therefore, planar chirality is present, which determines that a racemic mixture of R
and Sy isomers in the crystal.®® Because the tin atom itself becomes chiral in the structure of
15, the crystal also contains a racemic mixtures of Asn1,Rn1/Csn1,Sn1 and Csn2,Sna/Asn2,Rna

isomers.

A selection of important bond angles and interatomic distances for the two independent

molecules in 15, and for compound 16, is given in Table 7.
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Table 7. Important interatomic distances and bond angles in 15a, 15b, and 16.

Bond / Angle 15a 15b Bond / Angle 16
Snl1-N1 2.3926(1) Sn2—-N4 2.3804(1) Sn1—-Sel 2.5298(3)
Sn1-N2 2.1183(1) Sn2—-N5 2.1567(1) Sn1-N1 2.4110(3)
Sn1-N3 2.1874(1) Sn2-N6 2.1848(1) Snl1—-N2 2.2410(2)
Sn1-C1 2.1082(1) Sn2—C13 2.1178(1) Sn1-C1 2.1231(2)

Sn1-C10 | 2.1075(1) Sn2—C22 2.1051(1) Sn1-C10 2.1202(2)
N2—Cl11 1.1460(1) N5—C23 1.1615(1) N2—-C11 1.1354(1)
N3—-C12 1.1605(1) N6—C24 1.1229(1) S1-C11 1.6273(2)
S1-Cl11 1.6094(1) S3-C23 1.6159(1)
S2-C12 1.6241(1) S4-C24 1.6229(1)
Sn1'-S3 3.2876(6) Sn2-S2 3.1441(7)

N1-Sn1-N2 | 86.74(1) | N4-Sn2-N5 | 84.37(1) | N1-Snl-Sel 89.85(1)

N1-Sn1-N3 | 170.38(1) | N4-Sn2-N6 | 167.92(1) | C1-Snl—Sel 114.92(1)

N2-Sn1-N3 | 88.58(1) | N5-Sn2-N6 | 87.47(1) | C1-Snl-C10 | 127.58(1)

N1-Snl—C1 | 77.63(1) | N4-Sn2—C13 | 76.63(1) | C10-Snl—Sel | 116.46(1)

N1-Sn1-C10 | 94.07(1) | N4-Sn2—C22 | 93.64(1) | N2—Snl-Sel 93.37(1)

C1-Sn1—-C10 | 154.39(1) | C13—Sn2—C22 | 158.17(1) | N2-Snl-CI 92.91(1)

N2-Snl-C1 | 99.80(1) | N5-Sn2—-Cl13 | 99.24(1) | N2-Snl1-Cl10 93.86(1)

N2-Sn1—-C10 | 103.91(1) | N5-Sn2—C22 | 99.18(1) | N2-Snl-NlI 169.64(1)

N3-Sn1-C1 | 94.91(1) | N6-Sn2—C13 | 95.97(1) | N2-C11-Sl 179.09(1)

Figure 17. Best view of a chain in the crystal of 15. Hydrogen atoms, except those involved
in inter-dimer interactions, were omitted for clarity. Symmetry equivalent positions (-x, 1-y, -

z) are given by “prime”.
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Figure 17 presents a polymeric chain in the crystal of compound 15, formed by the
bridging tiochianato ligands S3---Sn1 3.2876(6) A vs. Zrcov(Sn,S) 2.44 A and Zrvaw(Sn,S) 4.31
A. This interaction modifies the coordination geometry to a distorted octahedron, resulting in
a hypercoordinate 12-Sn-6 species. A 3D supramolecular network based on S---H contacts
(S4---H21A 2.919 A, S4..-H17 2.717 A, and S4.---H7A 3.008 A, vs. Zrvaw(S,H) 3.10 A) is
formed (Figure 18).

Figure 18. 3D network in the crystal of 15 (view along axis b).

In  compound  [2-(Me2NCH2)CeH4](Me)Sn(NCS)(SeCH2CHzpz)  (16),  the
organoselenolato SeCH2CHzpz™ ligand functions as a xSe monodentate entity with a Sn—Se
interatomic distance of 2.5298(3) A, thus determining, together with the other atoms in the
coordination sphere of tin, a 10-Sn-5 hypercoordinate species with a distorted trigonal

bipyramide coordination geometry (ts = 0.70) (Figure 19).%7
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Figure 19. Thermal ellipsoids representation of compound 16. Hydrogen atoms, except that
one involved in intramolecular interaction, were omitted for clarity.
An examination of the crystal structure of this compound revealed = H>CH---Cg
interactions, involving a proton from the tin-bound methyl group, specifically H10C---Cg(C1-
Cs) = 3.01 A (Figure 20).

Figure 20. Best view of a chain in the crystal of 16. Hydrogen atoms, except those involved
in intermolecular interactions, were omitted for clarity. Symmetry equivalent positions
(1/2+X, y, 1/2-z) are given by “prime”.

3.2.2. Conclusions

Eight diorganotin(IVV) compounds with organoselenolato ligands were synthesised and
characterised using appropriate methods: three diorganotin(lV) bis(organoselenolates) of type
[2-(Me2NCH2)CesHa](R)SN(SeCH2CH2pz)2 [R = Me (11), "Bu (12), Ph (13)], four compounds
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containing only one organoselenolato ligand, namely [2-
(Me2NCH2)CeHs]("Bu)SnCI(SeCH2CH2pz)  (14) and  those  of  type  [2-
(Me2NCH:)CeH4](R)SN(NCS)(SeCH2CH2pz) [R = Me (16), "Bu (17), Ph (18)], as well as the
starting material [2-(Me2NCH2)CsHa](Me)Sn(NCS): (15).

All complexes were characterized by elemental analysis, multinuclear NMR, and mass
spectrometry. The 'H NMR spectra of compound 16 showed large resonances for the protons
from the alkyl groups in the pendant arm. Variable temperature experiments were performed,
when an AB spin system and two singlets were observed for the CH2N(CHz). protons,

respectively.

The APCI+/ESI+ mass spectra showed the base peak with a characteristic pattern,
corresponding to the loss of a SeCH2CH.pz or an NCS fragment, depending on the composition

of the investigated species;

Single crystals of the decomposition products 11-a and 12-a, as well as of compounds
15 and 16, were studied with X-ray diffraction. The N—Sn intramolecular interaction resulted
in hypercoordinated species. The studies revealed dimeric structures for {[2-
(Me2NCH>)CeH4](Me)SnSe}> (11-a) and {[2-(Me2NCH2)CesH4]("Bu)SnSe}. (12-a) with so
much similarity in their structure. The crystal of compound 15 contains two independent
molecules in the unit cell, each with a distorted square pyramidal coordination geometry, while
the crystal of compound 16 has a distorted trigonal bipyramidal coordination environment
about tin.
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3.3. Tin(l1) organoselenolates

3.3.1. Synthesis and characterisation

After the Se—Se bond in the diorganodiselenide starting material was split with NaBHa,
the resulting sodium organoselenolate was reacted in a 1:2 molar ratio with SnCl, in degassed
absolute EtOH to obtain compound 19. The same procedure, but using a 1:1 molar ratio, was
employed in the case of compound 20. The reaction of 20 with KSCN in a 1:1 molar ratio, in
a mixture of solvents (EtOH/CHCl.), led to compound 21 (Scheme 4).

— Sn—Se
N’N\/\Se/
19
NN
N" " geNa —]
. ~ ii = _
i [ Sn”CI — ) /Sn NCS
N,N\/\Se/ N~ gd
20 21

Scheme 4. Synthesis of complexes 19-21. Reagents and conditions: i) SnCl; in degassed
absolute EtOH, ii) KSCN in EtOH/CH2Cl».

The new compounds were characterised by multinuclear NMR spectroscopy, and the

resonance signals were assigned by 2D NMR spectra.

The H NMR spectra for the three compounds are presented in Figure 21. The spectra
revealed the same set of signals with different chemical shift values when compared to the
others. In the aliphatic region, the expected multiplet resonances of the CH>CH>Se group can
be seen, and in the aromatic region, one triplet and two doublet resonance signals from the
pyrazole group appear.
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Figure 21. Stacked *H NMR spectra (CDCIs) of compounds 19-21.

A similar pattern of resonances can be observed in the carbon NMR spectra for all
compounds. The sharp singlet resonance signals for Cs directly bonded to Se are accompanied

by satellites with a coupling constant *Jsnse of 20.23 Hz (Figure 22).
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Cs Co 3\N’N\/\Se/
Cq (19)
CH,CH,Se
CH,CH,Se
- it 4 ML v BRI b 4

T T T T T T T T T T T T T
140 130 120 110 100 90 80 70 60 50 40 30 20
& (ppm)

Figure 22. ®*C{*H} NMR spectra (CDCIs) of compounds 19.
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The ""Se{*H} and ¥°Sn{*H} NMR data for the compounds 19-21 and the starting SnCl,
are presented in Table 8.
Table 8. NMR data (CDCls) for compounds 19-21 and their starting materials.

77Se{'H} NMR ‘ 195n{1H} NMR i

e n .

Cpd. 7 th} 1 + Starting ~ NMR___

o J119sn-775e J117sn-778e 0 J119sn-775e material .

- (pm) (H) (H) _ (pm) _(Hp - d(pm)
19 -11.5 15135 14471 -167.6 15114 SnCl; 148.9%*
20 120.6 1513.5 1447.1 -89.3 - SnCl; 148.9%*
21 291.8 - - -109.1 - 20 120.6

*benzene-d6

The "’Se{*H} and the °Sn{*H} NMR spectra present one singlet resonance signal for
all the presented compounds, and thus undermine the existence of only one species in solution.
Figure 23 presents the observed "Se{*H} and °Sn{*H} singlet resonances for compound 19,
accompanied by satellites with the corresponding coupling constant, in case of the 7’Se{*H}
spectra 1J119sn77se 1508.94 Hz and 1J117sn77se 1453.12 Hz, and in case of the 19Sn{*H} spectra
13775611050 1516.32 Hz.

"J11esn77se= 1513.5 Hz "J1198n778e= 1511.4 Hz

] = 1447.12= Hz
a 1178n77Se b, -167.6 ppm

-11.52 ppm

A

Y

Figure 23. (a) "'Se{*H} NMR spectrum (CDCIs) and (b) ***Sn{*H} NMR spectrum (CDCls)
of compound 19.
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The Mass spectrometry, due to the variety of tin and selenium isotopes, is an
advantageous characterisation method in this case, also displaying a characteristic pattern for
the observed peaks. The peak of the anion [pzCH.CH>Se]™ was observed in the ESI- MS
spectrum of compound 19 at the m/z value 174.97685, and it is presented in Figure 24.

[SeCH2CHpz]*

174.94950

50 172.98268

20 17085827 17202817 176.00900 176.97753

174.97690

50 172.97768

170.97959
20 171.98029 176.97707

173.98104 175'18025 177.9804
A .

L e s Lt s S e e
1705 1710 1715 1720 1725 1730 1735 1740 1745 175.0 1755 176.0 176.5 177.0 1775 178,
miz

Figure 24. The experimental (a) and calculated (b) peak of the anionic ligand in the ESI- MS
spectrum (in MeOH) of compound 19.

3.3.2. Conclusions

Three new tin(ll) organoselenolates, namely Sn(SeCH>CHzpz). (19) and
SnX(SeCH2CHzpz) [X = CI (20), NCS (21)], were synthesised and characterised.

The 'H and BC{*H} NMR spectroscopy have the same set of resonance signals

showing the formation of the predicted structure in solution;

The 7"Se{*H} and °Sn{*H} NMR spectra display a singlet resonance peak with
corresponding coupling constants for all the described compounds, supporting the presence of

a single species in solution and the existence of tin-selenium bonds;

The ESI+/APC+ MS spectra of compounds 19-21, in MeOH solution, showed a peak
corresponding to the cation formed by ionisation, after elimination of a pzCH.CH2Se™, CI", or

NCS™ fragment, respectively.
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3.4. Applications

3.4.1. Thermal behaviour

To see the potential of these tin complexes as precursors for tin selenides, we
investigated the thermal behaviour of compounds 11, 15, 16 and 19. The thermal analysis data
are displayed in Figure 25 for 11 and 19, and in Figure 26 for 15 and 16. Compounds 11 (M
=616.12) and 19 (M = 467) were investigated both in inert atmosphere (argon, 100 mi/min)
and in synthetic air (100 ml/min, 12 vol.% Oz in N2 in the temperature range 25-1000°C. Under
a flow of argon, no mass loss was observed until 200°C. In the range 200°C - 346°C, a massive
loss of mass was noticed for compound 11, namely 76.48% (471 g/mol), which suggests the
elimination of Sn(SeCH2CHzpz).. The remained quantity of 145 g/mol (23.52%) was
unchanged along a plateau until 800°C, and above this temperature, almost all the residue was
volatilised.

For the complex Sn(SeCH2CH2pz). (19), we noticed a mass loss of 58.65%, which was
assigned to the diorganoselenide Se(CH2CHzpz).. The residue in this case corresponded to
SnSe (m =193 g/mol, 41.35%), a value close to the calculated SnSe content (m =196, 41.97%)
in the starting compound 19. We presume that the lower mass remaining from compound 11

might be determined by a partial sublimation of this precursor before decomposition, due to its
significant volatility.

100

100

80

(=]
o
1

60

(=23
(=]
1

Weight loss (%)
=

Weight loss (%)

20

[
o
1

IR | pR— ]

T T T T T T T T
0 200 400 600 800 1000 0 200 400 600 800 1000
Temperature (°C) Temperature (°C)

Figure 25. Thermogravimetric analysis data for compounds 11 and 19, in argon (left), and in
synthetic air (right).
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The thermogravimetric analyses performed in air for both compounds showed almost
the same behaviour in the temperature range 200°C - 400°C, but the weight of the final residue
corresponded to metallic tin, e.g. for compound 11, the remained residue of 19.07%
corresponds to a mass of 117 g/mol. For the experiments conducted in synthetic air, we have
to consider a more complex pathway, where the formation of oxidized species in the presence
of oxygen is expected.

The thermal behaviour of compounds 15 and 16 was investigated only under a flow of
synthetic air, when the final residue corresponded, in both cases, to metallic tin. For compound
16 (M =500.11), in a first degradation step most of the compound was eliminated with a mass
loss of 70.74% (m = 355.11 g/mol), which could be assigned formally to
Sn(SeCH2CH2pz)(SCN) (M = 350.88, calcd. 72.18%), similarly with the situation observed of
compound 11.

Weight loss (%)

0 200 400 600 800 1000
Temperature (°C)

Figure 26. Thermogravimetric analysis data for compounds 15 and 16 in synthetic air.

The resulting data indicate a behaviour closely aligned with that observed in other
complexes containing organoselenolato ligands.”®®! The studied compounds are volatile
species, which either sublime before decomposition or decompose easily with the elimination
of organoselenium species. Their high volatility recommends them as potential candidates for
CVD processes, but the possibility of obtaining tin selenides under certain conditions is not

excluded.
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3.4.2. Evaluation of the antiproliferative activity

A set of compounds from all the studied classes described in the above subchapters was
chosen to evaluate their antiproliferative activity: namely a homoleptic triorganotin(lV)
organoselenolate, the complex PhsSn(SeCH2CH2pz) (3), a heteroleptic triorganotin(1V)
organoselenolate, the complex [2-(Me2NCH2)CeHas]2(Ph)Sn(SeCH2CH2pz) (10), two
diorganotin(I\V) compounds, the complexes [2-(Me2NCH2)CeH4](Me)Sn(NCS)2 (15), and [2-
(Me2NCH2)CeH4](Me)Sn(NCS)(SeCH2CHzpz) (16), and two tin(ll) organoselenolates, the
complexes Sn(SeCH2CH2pz). (19), and SnCI(SeCH2CH2pz) (20).

The antiproliferative activity against the murine melanoma B16.F10 cell line for the
tested compounds was performed using the ELISA-BrdU colourimetric assay and various
concentrations of the potential active agent. The effect of compounds 3, 15 and 16 on the cancer
cell proliferation is presented in Figure 27. Table 9 displays the 1Cso values obtained for these
compounds, compared with that one observed for the standard drug Dacarbazine. A similar

effect can be seen in the case of compounds 10 and 16, as presented in Figure 28.
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Figure 27. Concentration-dependent antiproliferative effect of compounds 3, 15 and 16 in
comparison with untreated control cells.
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Figure 28. Concentration-dependent antiproliferative effect of compounds 10 and 19 in
comparison with untreated control cells.
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Table 9. I1Cso values of the tested compounds.

Compound

3

10

15

16

19

20

Dacarbazine

I1Cs0 (UM)

0.86

2.11

3.49

1.76

2.00

8.16

149.7

These results demonstrate an improvement in therapeutic efficacy when compared to the
compounds currently employed, e.g. Dacarbazine, Deltonin or Cisplatin in chemotherapy for

this specific cell line.?

3.4.3. Conclusions

e The thermogravimetric studies for compounds 11, 15, 16 and 19 suggested a significant

volatility in inert atmosphere, which recommends them as potential candidates for CVD

processes;

e The experiments under a flow of synthetic air suggested the possibility of obtaining tin
selenides under certain conditions.

e Compounds 3, 10, 15, 16, 19 and 20 showed a promising antiproliferative activity

against the murine melanoma B16.F10 cell line.
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5. General conclusions

o Four homoleptic triorganotin(1\VV) compounds of type RsSn(SeCH.CH2pz) [R =
Me (1), "Bu (2), Ph (3), Bn (4)] and six heteroleptic triorganotin(I\VV) complexes with
organoselenolato ligands, of type [2-(Me2NCH2)CeHa](R)2Sn(SeCH2CH2pz) [R = Me
(5), "Bu (6), Ph (7)] and [2-(Me2NCH2)CsH4]2(R)Sn(SeCH2CHzpz) [R = Me (8), "Bu
(9), Ph (10)] were synthesised and characterized using appropriate spectroscopic
methods.

o Seven diorganotin(lVV) compounds with organoselenolato ligands were
synthesised and characterized using appropriate methods, i.e. three diorganotin(lV)
bis(organoselenolates) of type [2-(Me2NCH:)CsH4](R)Sn(SeCH2CH2pz). [R = Me
(12), "Bu (12), Ph (13)], and four compounds containing only one organoselenolato
ligand, namely [2-(Me2NCH2)CsH4]("Bu)SnCI(SeCH2CHzpz) (14) and those of type
[2-(Me2NCH2)CsH4](R)Sn(NCS)(SeCH2CHzpz) [R = Me (16), "Bu (17), Ph (18)].

o Three new tin(ll) complexes, namely Sn(SeCH.CHzpz), (19) and
SnX(SeCH2CH3pz) [X = CI (20), NCS (21)] were synthesised and characterized,;

. The starting [2-(Me2NCH2)CsHa](Me)Sn(NCS). (15) was prepared and
characterized,

. The multinuclear *H and *C{*H} NMR spectroscopy revealed the expected
resonances for all the studied compounds.

o The presence of Se—Sn bonds in solution was ascertained for all compounds
through their 7’Se and °Sn NMR spectra, which show "’Se-'**Sn and 17119Sn-7"Se
couplings.

o Based on the 2Jshn and the Jsnc coupling constants in the NMR spectra, were
calculated the C—Sn—C angles for compounds 1, 2, 4-6, and for them was assigned a
monomeric structure in solution with a tetrahedral coordination geometry around the
tin atom.

o Not for all compounds containing the 2-(Me2NCH)CsHa group attached to tin
could be ascertained a C,N coordination behaviour in solution. Only for compound 9
the H NMR spectrum suggested a N—Sn coordination at room temperature in solution.
o For compound VT *H NMR spectra were recorded, and at low temperature they
were in accordance with the existence of a N—Sn intramolecular interaction.

o The APCI+ / ESI+ mass spectra revealed the formation of the desired

compounds;
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o For PhsSn(SeCH2CH2pz) (3), the single crystal X-ray diffraction studies
revealed a distorted trigonal bipyramide coordination geometry about tin, based on
dimerization by bridging selenium atoms.

o Compounds 10, 11, and 12 decomposed in solutions of chlorinated solvents,
with the formation of the dimeric species {[2-(Me:NCH2)CsH4]2SnSe}. (10-a), {[2-
(Me2NCH32)CeHa](Me)SnSe}. (11-a) and {[2-(Me2NCH:)CsHs]("Bu)SnSe}. (12-a),
for which the single crystal X-ray diffraction studies showed hypercoordination, i.e.
12—-Sn—6 (10-a) and 10—Sn—5 (11-a and 12-a)species, determined by intramolecularly
coordinated pendant arms and dimerization by bridging selenium atoms.

o The molecular structures of compounds 15 and 16, were studied with X-ray
diffraction and they show hypercoordination due to N—Sn intramolecular interactions,
namely molecular 10—Sn—5 species;

. The thermogravimetric studies for compounds 11, 15, 16 and 19 suggested a
significant volatility in inert atmosphere, which recommends them as potential
candidates for CVD processes;

. The experiments under a flow of synthetic air suggested the possibility of
obtaining tin selenides under certain conditions;

. Compounds 3, 10, 15, 16, 19 and 20 showed a promissing antiproliferative

activity against the murine melanoma B16.F10 cell line.
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