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Abstract

Two new organotin  (IV) bipyrazole-dicarboxylate macrocyclic complexes, C1
(CsgH100NgO10Sns) and C2 (CsgHioNsO12Sns, 4 H,O), are synthesized by reaction of the
bipyrazole-dicarboxylic acids L1= 1,1'-(propane-1,3-diyl)bis(5-methyl-1H-pyrazole-3-
carboxylic acid) and L2= 1,1'-(2-hydroxypropane-1,3-diyl)bis(5-methyl-1H-pyrazole-3-
carboxylic acid) with oxide di-(n-butyDtin. The structure of these complexes is characterized
using NMR, IR and UV-visible spectroscopies as well as single crystal X-ray diffraction.
Compound C1 crystallizes within the triclinic symmetry in space group P1 with a=
12.9410(5), b= 13.6143(5), c = 22.7675(8) A, o= 92.981(1), B = 91.180(1), y = 116.966(1) °, while
C2 crystallizes within the rhombohedral symmetry in space group R3 with a= b= 29.4419(5),
c=23.0326(5) A, o= B=90 and y= 120 °. The analysis by X-ray crystallography diffraction
reveals that both complexes are centrosymmetric macrocycles and contain a tetra-nuclear
four-fold ladder-like organo-oxotin cluster. Two Sn atoms are found to be five-coordinated
while the two others are four-coordinated. The antifungal activity of these metal-cyclic
compounds C1 and C2 is examined and compared to that of the corresponding ligands against
the pathogenic strain Fusarium oxysporum f. sp. albedinis. The complexes C1 and C2 possess

an interesting fungicidal power even higher than the ligands L1 and L2.

Keywords: Organotin (IV) compound; Synthesis; Bipyrazole-dicarboxylic Acid; Crystal

Structure; Antifungal Activity; Macrocycle.



1. Introduction

Organotin (IV) carboxylate complexes have generated a lot of interest among the
scientific community over the past 20 years."® This is due to their structural diversity and

their potential application in several fields,” especially in medicinal chemistry.® ° In fact, the
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literature reports that organotin carboxylates can act as antitumor,® ° antivira
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antifunga antibacteria anti-proliferative, anti-inflammatory,*® and antioxidant

potent agents.'* %

Among the studies reporting on the various types of organotin complexes, only a few
describe the synthesis and characterization of macrocyclic organotin compounds.
Chandrasekhar et al. present macrocycle-containing coordination polymers elaborated by
condensing the 3,5-pyrazole dicarboxylic acid with di- and tri-organotin substrates.”* They
also communicate on the synthesis of one- and two-dimensional coordination polymers that
contain organotin macrocycles by condensation of (n-BusSn),O with several pyridine
dicarboxylic acids.?? In 2011, Du and coworkers have reported the synthesis of six new
organotin carboxylates based on derivatives of the 1,3-benzenedicarboxylic and 1,4-
benzenedicarboxylic acids.”® One of these compounds is shown to be a more efficient
antitumor agent against HeLa than the cis-platinum used clinically. Moreover, Sougoule et al.
describe the synthesis and characterization of a novel macrocyclic organotin carboxylate
prepared by reaction of di-(n-butyltin oxide with the 3-(carboxy-methoxy-phenoxy) acetic
acid.?* Their study has also shown a good antitumor activity for this complex against HeLa
cells. The elaboration of an organotin(IVV) macrocycle based on (1,3,4-thiadiazole-2,5-
diyldithio) diacetic acid is also published by Yan et al. who have evaluated its antitumor

activity against A549, Hela and HepG-2 cells.?® Recently, Rojas-Leon et al. reported the

synthesis and the characterization of a family of tin-based compounds, 21- and 22-membered



macrocycles, which contain 2,5-pyridine dicarboxylate, 3,5-pyridine dicarboxylate and
piperazine moieties.?®

On the other hand, bipyrazolic compounds bearing two carboxylic groups (Fig. 1) are of
increased interest due to their abilities to form stable complexes with heavy metals, such as

copper and cobalt.?”?*

HO,C—&. N—R—N_ ~—CO,H
N N

L1: R=-CH,-CH,-CH,-
L2: R =-CH,-CH(OH)-CH,-

Fig. 1 Examples of bipyrazolic dicarboxylic acids

However, and to the best of our knowledge, no study reports the synthesis of organotin
macrocyclic compounds based on bipyrazole functionalized by dicarboxylic groups.

Thus, this paper presents a pioneering work with the synthesis and characterization of
two organotin macrocycles based on such bipyrazolic ligands (Fig. 1), which differ by the
nature of the spacers between pyrazolic rings. The subsequent modifications in the crystal
structures of the two complexes are discussed. The antifungal activity of these complexes is
also examined against the pathogenic fungus Fusarium oxysporum f. sp. albedinis compared

to their corresponding ligands.
2. Experimental
2.1. General and instrumental

All reagents and solvents were purchased from Sigma-Aldrich and used as received. A
spectrometer BRUKER AC 300 was used to record the NMR spectra. Spin resonances are

given in the form of chemical shifts (5) in parts per million (ppm) with reference to the
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residual peak of the solvent used as an internal standard, namely CDCl; 7.27 ppm and
DMSO-ds 2.50 ppm for *H NMR, and 77 ppm 39.5 ppm for *C NMR. Spin multiplicity is
presented by s = singlet, d = doublet, t = triplet, g = quartet, m = multiplet. The melting point
(uncorrected) was recorded in a capillary using IA9100 (Electrothermal) apparatus. Elemental
analysis was carried out on EA 3000 analyzer. The FTIR spectra were acquired on a
Shimadzu FTIR 8400s spectrophotometer and the UV-Vis spectra on a Shimadzu Europe -

UV-1650PC equipment.
2.2. Synthesis
2.2.1. Synthesis of ligands L1 and L2

The two ligands 1,1'-(propane-1,3-diyl)bis(5-methyl-1H-pyrazole-3-carboxylic acid) L1
and 1,1'-(2-hydroxypropane-1,3-diyl)bis(5-methyl-1H-pyrazole-3-carboxylic acid) L2 were
synthesized following the procedure already described in our previous works.?"?

2.2.2. Synthesis of organotin (IV) carboxylates C1 and C2

The details of the synthetic experiments to complexes C1 and C2 are displayed in

Scheme 1.
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Scheme 1. Synthesis pathway of tin complexes C1-C2.

2.2.2.1. Synthesis of macrocyclic complex C1

A mixture of di-n-butyltin oxide (1 mmol) and L1 (0.5mmol) was heated under reflux in
toluene (50 mL) for 10h in a Dean-Stark apparatus for azeotropic removal of the water formed
in the reaction. After cooling to room temperature, the solution was filtered. Suitable colorless
crystals were obtained by slow evaporation of the solvent. Yield = 67%. mp = 104-105 °C. 'H
NMR (300MHz, DMSO-dg) &: 0.62-0.81 (t, 24 H, J= 8 Hz, CHs); 1.29-1.60 (m, 48H,
CH,CH,CH,); 2.25 (s, 12H, CH3s—Pz); 2.41 (m, 4H,~CH,—CH,—N); 4.10 (t, 8H, J= 6 Hz—
CH»-N); 6.53 (s, 4H, HPz). *C NMR (75 MHz, DMSO-dg) &: 11.27 (CH3-Pz); 14.03 (CH,—
CH3); 26.06 (CH,—CHo-N); 26.91, 27.07, 27.47, 28.3, 28.44 (CH,~CHy—CH,); 46.43 (-CH,—
N); 108.42 (CH-Pz); 138.85 (CH5—C=C); 145.30 (C-C=0); 166.28 (C=0). IR (cm™): 1630
vas(COO0); 1420 vs(COO); 560 v(Sn—C); 465 v(Sn—0O). Anal. Calcd for CsgHipoNgO10Sns: C,

45.11; H, 6.53; N, 7.26; O, 10.36; Found: C, 45.14; H, 6.56; N, 7.29; O, 10.38.



2.2.2.2. Synthesis of macrocyclic complex C2

The complex C2 was synthesized in a similar way to C1. Suitable colorless crystals were
obtained by slow evaporation of the solvent. Yield = 62%. mp= 97-98 °C. *H NMR (250
MHz, DMSO-dg) &: 0.6-1.60 (m, 72H, CH,CH,CH,CHs); 1.75 (s, 8H, H,0); 2.27 (s, 12 H,
CH3Pz); 3.95-4.24 (m, 8H, CH,-CH(HO)-CH,); 4.73 (m, 2H, HO-CH-CH,-Pz); 5.57 (d, 2H,
J= 6Hz, HO-CH-CH,); 6.45 (s, 4H, HPz). *C NMR (75 MHz, DMSO-dg) &: 11.37
(CH3Pz); 13.62, 13.64 (CH,—CHs); 25.85, 26.74, 26.95, 27.45 (CH,—CH,—CHy); 52.45 (CH,-
CH(HO)-CH,); 56.48 (CH,-CH(HO)-CH,); 108.42 (CH-Pz); 141.63 (CH3-C=C); 144.55 (C-
C=0); 165.92 (C=0). IR (cm™): 1630 v.(CO0); 1420 v5(COO); 560 v(Sn-C); 465 v(Sn-O).
Anal. Calcd for CsgHi00NgO12Sn..4 H,O: C, 42.26; H, 6.60; N, 6.80; O, 15.53; Found: C, 42.29;

H, 6.64; N, 6.83; O, 15.56.

2.3. X-ray crystallography

Crystals suitable for X-ray data collection were selected using a stereo microscope with a
polarizing filter. The diffracted intensities were recorded on a 4-circle diffractometer (Bruker
D8 Venture) equipped with a Mo Ko micro-source (Incoatec IuS 3.0, 110um beam, A=
0.71073 A) and a Photon Il CPAD detector. Data were handled with the Apex software suite
for reduction, absorption corrections (multi-scan SADABS),*® and the structures were solved
and refined using the SHELX programs.®" ** For the non-H atoms, all positional and
anisotropic displacement parameters were refined while the H-atoms were treated using a
riding model with displacement parameters equal to 1.2 (1.5 for —CHs) times the Uy of the
parent atom. The crystal data and the main refinement parameters are given in Table 1. The
full crystallographic data (CIF files) can be obtained free of charge from the Cambridge

Crystallographic Data Center mentioning the corresponding CCDC numbers.*

Table 1. Crystal data and refinement parameters.



Compound C58H100N80108n4 (Cl) C58H100N80128n4, 4 Hzo (C2)

CCDC number 2070454 2070462

System, space group Triclinic, P1 Rhombohedral, R3
a=12.9410(5), b = 13.6143(5), o _

Unit cell dimensions A, © c= 22.7675((8)), o= 92.981((1)), a=b= 29'_441_9(5)’ C: 23.0326(3)

B =91.180(1), v = 116.966(1) a.=p=90,y=120

Volume A® 3565.9(2) 17290.4(7)

Temperature K 296(2) 173(2)

M, Z 1543.21,2 1648.28,9

Calc:ulgated density 1437 L4

Mg/m

Abs. coefficient mm™ 1.439 1.346

0 range ° 2.455 0 27.502 1.940t0 27.993

Index ranges -16<h<16,-17<k<17,-29<1<29 | —38<h<38,-38<k<33,-30<1<30

Unique reflections. 16311 [Rix = 0.0418] 18571 [Rixy = 0.0418]

Data / restraints / params. 16311/54/736 18571/19/817

Goodness-of-fit on F2 1.045 1.096

Flack parameter - 0.44(3)

Final R indices [1 > 20(I)] R1=0.0426, wR2 =0.1191 R1=0.0310, wR2 = 0.0780

R indices (all data) R1=0.0654, wR2 = 0.1396 R1=0.0450, wR2 = 0.0890

Extinction coefficient 0.0070(7) 0.0089(9)

Residual density e.A® 4.086 and -0.749 1.352 and -0.810

The colorless and diamond-shaped crystals of C1, obtained by recrystallization from a
mixture of solvents (ethanol/diethyl-ether), were cut into small parts and two fragments were
used for data collection at room temperature. Subsequent low-temperature recording failed,
giving only a data overlay of multiple components, even for crystals grown from
ethanol/dichloromethane solvents. It appears that lowering the temperature causes a
misalignment of components generated by cleavage during the crystal cutting operation.
Despite this drawback, the structure could be solved in the P 1centrosymmetric space group
(according to statistics) from the data collected at ambient temperature. The refinement of the
main part of the molecule converged to R1 ~ 10%, then the C atoms of the butyl groups
attached to tin atoms were found in the Fourier difference. Most aliphatic branches refine
normally, except three which have stability issues that could not be resolved in the non-
centrosymmetric space group P1. Then geometrical DFIX restraints were applied to the C—C
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bonds of all the butyl groups. The presence of large ellipsoids would require consideration of
disorder to further improve the refinement, but this was not possible with the current data sets.

The data collection was performed both at room temperature and 173K for fragments of
the colorless crystals of C2. Statistics indicate centrosymmetry and data appear to be
rhombohedral with a surprisingly high symmetry compared to C1. The unit cell was defined
with the hexagonal axes (a=b =29.44,¢c=23.03 A a=p = 90,y =120) as conventionally
done for rhombohedral systems, preferred to the rhombohedral axes of the reduced cell
(a =b=c= 187 A, a = p = y =104°). The structure was initially solved in the
centrosymmetric space group R 3 but some abnormal/strange behavior was noted at the butyl
chain atoms in the refinements even when using the low-temperature data set. Attempts to
model and to solve such intricate disorder remained unsuccessful. This situation
resembles that of an example of twinning reported by Sheldrick®* but, although a
(pseudo)merohedral twin can be suspected, no twin law could be found and none of the
attempts considering alternative lattices and/or space groups was fully satisfactory. In fact,
the 3-fold symmetry could be generated by several crystal components having
potentially lower symmetry, as is the case for the monoclinic crystals in this example®
appearing to be rhombohedral from the diffraction symmetry. Hence, the structure
which is given here in the non-centrosymmetric space group R3 may not be described
with its "true symmetry/cell. Structural validation is to be provided with the study of
better crystallized and higher quality crystals in future works. Four water molecules can
be located around the cell origin from the Fourier difference, their H-atoms are involved in H-
bonds and refined using DFIX instructions. Likewise in the nearby butyl chains, restraints
were applied to the C—C distances involving atoms with fairly large ellipsoids. In addition to
this phenomenon related to the great mobility of the alkyl chains, small residual density

peaks distributed along the c-axis indicate that the accessible void remaining around the



origin (3a positions) could be filled with additional water molecules. Such molecules
would be in more disordered positions due to their lack of involvement in H-bonds. Or
else, the molecular arrangement induced by the solvent molecules present in these channels
could remain strongly stabilized by the hydrogen bonds even after total or partial elimination

of the solvent (disordered residual solvent molecules).

2.4. Antifungal activity

The in vitro antifungal activity of the di-n-butylyltin (IV) dicarboxylate complexes (C1,
C2) and their corresponding ligands (L1, L2) was examined against fungus Fusarium
oxysporum f. sp. albedinis (FAQ) using the agar diffusion technique, as reported in our recent
work.™ Potato dextrose agar (PDA) medium was mixed with different volumes (40, 160, and
500 uL) of DMSO solutions of the complexes and the corresponding ligands. Then, discs (6
mm in diameter) of the microorganism (FAO) were put in the middle of these Petri plates.
After incubation at 28 °C for 7 days, inhibition percentages (% 1) of the growth rate were
calculated as follows: % |= ((Do — Dx) / Do) x 100, where Do and Dx are the respective
diameters (cm) of the FOA in the absence and presence of the product tested. Benomyl was

used as the positive control.
3. Discussion

3.1. NMR spectroscopy

In the *H NMR spectra of the macrocyclic organotin carboxylates C1 and C2, we note
the absence of signal associated with the carboxyl proton that appears around 12.5 ppm for
the ligands L1 and L2.2"%° This evidences the participation of both carboxylic groups in the
coordination of the tin atom in these complexes. On the other hand, the rest of the protons
belonging to the ligands keep the same integration and multiplicities as in the free ligands.

The protons of the butyl groups attached to the Sn atom are found at chemical shifts from 0.6

10



to 1.8 ppm, in a range where some signals are duplicated twice (Fig. 2). Furthermore, the
NMR spectrum of the complex C2 displays a massive pic at 1.65 ppm, a signal which is

attributed to the protons of the four water molecules resulting from the reaction.

i P VPN W irirind § 57

(@)

@

3)

p_zm-{
w

T T T T T T T T T T T T T T !
8.0 75 7.0 6.0 55 50 45 4.0 35 3.0 25 2.0 15 1.0 05 0.0
f1 (ppm)

Fig. 2. *H NMR spectrum of C1.
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Fig. 3. *C NMR spectrum of C1.

This proves the presence of two butyl categories and the result agrees with the crystal
structures determined for the complexes C1 and C2. As well, the above remark is also
confirmed by the **C NMR spectra (Fig. 3.) of both complexes in which is observed the
duplication of some carbon atom signals of the butyl group. Also, the signals corresponding to
the carboxyl carbon atoms of the complexes C1 and C2, appearing at 166 and 167 ppm
respectively, show a slight downfield shift compared to their free ligands L1 and L2. These
results are very consistent with those reported in several related works and such behavior is

due to a transfer of the electron density from the ligands towards the tin atoms.*

3.2. FTIR and UV-visible spectroscopy

In the FTIR spectra of the complexes C1 (Fig. 4) and C2, no large band in the range of
3500-2850 cm™ is observed attributed to O-H stretching vibrations as in free ligands. This

indicates that the Sn—to—ligand bond is established via these sites.
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Fig. 4. FTIR spectra of L1 ligand and their corresponding complexes CL1.
In addition, strong absorption peaks are observed at ~1670 and 1463 cm™, they are
attributed to the asymmetric and symmetric vibrations of the COO fragments (Fig. 3). The
difference between the asymmetric and symmetric COO stretching vibrations, Av = v,(OCO)
—vs(OCO) is known as a good tool to determine the mode of coordination of the ligands
carboxylate with metals.”® The Av values higher than 200 cm™ are typical for monodentate
complexes. In the present case, the values of 210 and 215 cm™ for C1 and C2, respectively,
prove the monodentate coordination mode for both the carboxylic ligands L1 and L2.* On
the other hand, the FTIR spectra of the two complexes C1 and C2 present bands at 640 and
631 cm. These bands are attributed to v(Sn—O—Sn) stretching vibrations, which evidences
the presence of diorganotin dicarboxylates containing Sn,O, units.* *® The conclusions drawn
from the FTIR spectroscopy analysis are also in agreement with the structures obtained from
X-ray crystallography.
The electronic absorption spectra have also been recorded for the two complexes in

methylene chloride using UV-visible spectroscopy. The acquired spectra (Fig. 5) are found
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almost similar and show absorption peaks in the region 235-280 nm resulting from the

n-m+ and the n—* transitions.
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Fig. 5. UV-visible spectra of C1 (A) and C2 (B).

3.3. Crystal structures of C1 and C2

The triclinic P1 unit cell of C1 contains two independent molecules SnsNgO10CsgH100
otherwise formulated SnsNgO10CosH2sRs (R= C4Hg) since each Sn atom bears two butyl
groups. Only one independent molecule of the formula SnyNgO12CsgHig0 (OF
SnyNgO12Co6H28Rsg) is found in the noncentrosymmetric R3 rhombohedral cell of C2. As
shown in the ORTEP ¥ drawing given in Fig. 6, the butyl chains are placed above and below
the midplane of the molecules, both represented with their nearly planar Sn,Og central cores
approximately in the horizontal plane. The C2 molecule differs from the C1 molecule by the
—OH group attached to the chain connecting the two pyrazole rings. Moreover, it crystallizes
with water molecules to which it interacts through hydrogen bonds, as shown in Fig. 6. This
could be the reason behind such a difference in the crystal symmetry between the two

structures.
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In the triclinic unit cell of C1, the two independent molecules are placed at the special

positions 1a (0 0 0) and 1h (%2 %2 %) on inversion centers and therefore are centrosymmetric.

Instead, the molecule of C2 does not display a

n inversion center. Looking at the molecular

representations given in Fig. 7, one first notices two types of Sn atoms, either coordinated

with 2 or 3 oxygen neighbors. The existence of two coordination modes for the tin atoms was

later confirmed by spectroscopic and RMN studies. Also, the molecules differ in geometry,

especially at their SnsO¢ central cores. The first molecule of C1 displays a fairly regular

oxygen arrangement around the Sn1l and Sn12

centers while the environment is much more

distorted around the Sn21 and Sn22 centers within the second molecule of C1. The rest of the

molecule therefore also differs. Such variations arise from molecular packing effects in the

crystal and intermolecular interactions in the solid-state.
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According to the Pearson database, the experimental Sn-O bonds are reported in the
typical range of 1.90-2.25 A. This means that the Sn11 atom is bi-coordinated and the Sn12
atom is tri-coordinated in the first molecule of C1 (Fig. 8), while each of the Sn atoms of the
second molecule (Sn21 and Sn22) is involved in two classical bonds and one long interaction
of about 2.3 A, out of range given for bond distances. The longer Sn—O interatomic distances
of ~2.6 and ~3.3A cannot be considered as bonds. The experimental geometry of the C2
molecule can be described with three classical Sn—O bonds around Sn1 and Sn3 atoms and
two classical bonds plus a long and most certainly non-bonding Sn—O interaction of ~2.4 A
for the Sn2 and Sn4 atoms. It would be useful to compare these molecular geometries with
that of an isolated molecule to assess the stresses to which molecules are subjected in the
crystalline solid state. This is why we performed a geometry optimization for the C1 molecule
in a DFT calculation (Dmol®, LDA/PWC functional, DND basis set). The distances within the

SnyO¢ central core are given in Fig. 8 for the optimized molecule comparatively with the
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experimental distances measured for the molecules in the C1 and C2 crystal structures. In the
optimized isolated molecule, Sn1 atom is involved in two Sn—O bonds of 2.068 and 2.077A
and Sn2 atom in three Sn—O bonds from 2.002 to 2.216A, all in the range of classical bonds,
and the oxygen atoms distant by more than 2.6 A do not form bonds. Such a comparison
provides information on how the molecule deforms in the crystal causing these oxygen atoms

to move closer or further away from the Sn centers.

Fig. 8. The Sn—O distances within the Sn,O¢ central core in (left to right) the two molecules

of C1, the molecule of C2, and the optimized isolated molecule of C1.

3.4. Antifungal activity

The organotin compounds C1-C2 and their corresponding ligands L1-L2 have been
examined in vitro for their antifungal activity against Fusarium oxysporum f. sp. Albedinis
(FOA) fungal. First, as can be seen in the results obtained collated in Table 2, the dose used

affects the antifungal activity of the complexes and ligands.

Table 2. Antifungal activity of C1 and C2 complexes and corresponding L1 and L2 ligands.

17



Volume S train Inhibition
Compound withdrawn (u) diameter %
P (m)

40 8,5 0,00

C1 160 8,5 0,00
500 0,8 90,59

40 8,5 0,00

C2 160 8,5 0,00
500 2,3 72,94

40 8,5 0,00

L1 160 8,5 0,00
500 1,4 83,53

40 8,5 0,00

L2 160 8,5 0,00
500 6,5 23,53

40 2,3 54,00

Benomyl 160 1,1 78,00
500 0,3 94,00

The bipyrazole dicarboxylic acid ligands L1-L.2 possess no activity towards FOA for
volume withdrawal of 40 and 160 ul. An increase in volume up to 500 ul confers L1 some
antifungal potency, while it remains rather weak for L2. The present finding proves the effect
of the nature of the spacer between the two pyrazolic rings on the antifungal activity as is
reported in one of our recent studies.*® For the complexes C1 and C2, it is clear that the
coordination of di-n-butyltin by ligands L1 and L2 does not affect the antifungal activity at
the volume withdrawal of 40 and 160 ul which remains zero. By contrast, both complexes
have shown activity at 500 pl with values that are different. This indicates that the nature of
the spacer between the two pyrazolic rings still affects the antifungal activity, as well as the
presence of di-n-butyltin. The literature reports that the antifungal activity of tin complexes
increases with the increase of their lipid-solubility.®® 3 This give them the possibility to
penetrate through the cytoplasmic membrane and then to become a possible site of action.*® *

Thus, the low activity of C2 can be explained by a lower lipid-solubility compared to that of

CL1. This is due to the presence of a hydroxyl moiety on the spacer between the two pyrazole
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cycles. Finally, despite their significant antifungal activities, these complexes remain with

lower efficiencies than the positive control, the Benomyl.

4. Conclusion

In this paper, we have presented the synthesis of two new macrocyclic organotin (IV)
carboxylates C1 and C2 based on bipyrazole dicarboxylic acid, which differ by the nature of
spacers between the two pyrazole rings. This difference affects considerably their
conformation as revealed by their single crystal X-ray structures. The NMR and FTIR
spectroscopies as well as the elemental analyses are perfectly consistent with the structural
determinations. The antifungal activity was investigated for the complexes C1 and C2 and the
corresponding ligands L1 and L2 against Fusariumoxysporum f. sp. albedinis (FOA) and it
depends on the presence of tin, on the nature of the spacer between the two pyrazole rings and

on the dose used.
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Appendix A. Supplementary data

CIF files <CCDC 2070454> for CsgHioNgO1oSns (C1l) and <CCDC 2070462> for

CsgH100NsO125Nn4, 4 H,O (C2) are deposited at Cambridge Crystallographic Data Center.
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