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Abstract

Seven new selenato and  hydrogenoselenatoadducts  and
derivativesorganostannic containing SnR, (R=Me, Bu) residues,
SnR,Cl, (R=Bu, 'Bu)andhalostannic containing SnCl, molecule have

Published: February 2022 been synthesizedin methanol or ethanol solution in room temperature or

at reflux. The complexes have been studied by infrared and **°Sn NMR
spectroscopies.The suggested structuresfor the organotin  (1V)
compounds are  discrete  or dimer in  which the
seleniateligandsaremonodentate (for one of them) and monochelating
or bichelating for the others; SnR,ClI residues aretetrahedral and SnR,
residues are linear.Then, in the case of halostannic adducts, the
suggested structuresare based in the process of an oxydation of tin (1)
atom to tin (IV) atom. The initial SnCl,molecule become SnCl,. A
dimerization of the molecule formular and rearrangementhave been
considered, giving an ionic structure with one cation component and
one molecule component stabilized by the ammonium cation. When the
ammonium cations in hydrogen bonds are involved, supramolecular
architectures may be obtained.
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Introduction:-

The applications found for many molecules belonging to organotin and halotin family (medicine, agriculture,
industry....) explain the focus of several research groups in this field until nowadays (Davies and al.; Evans and al.;
Gielen and al.; Zhang and al.; Shang and al.; Willem and al. The coordination between oxyanions and organotin (1V)
compounds has been studied since many years (Sougoule and al.; BasuBaul and al.; Yang).Dealing with selenato
complexes, some X ray structures of selenato complexes have been reported so far:- Diallo and al has reported an
Xray structure of [(Me3Sn);(SeO,4)(OH)]In which structure is polymeric (Diallo and al.); [n-Bu,NH,]s[SnPhs(SeQ,),]
which is first triorganotin(1V) complex with terminally coordinated selenato ligands(Diallo and al.). This has prompt
us to study the interactions between (R,NH,),Se0,.xH,O (R=Bu; 'Pr) and (BzEt;),Se0,.yH,O to react with SnR,Cl,
(R=Me, Bu, 'Bu) and SnCl,. This has yielded seven new adducts and derivateshavebeenstudied by infrared and
RMN spectroscopic, then structures suggested.
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Experimental section- _
H,SeO, was purchased from Merck Chemicals,Hohenbrunnbei Miinchen, Germanywhile 'Pr,NH.n-Bu,NH and
SnR,Cl, (R=Bu, Me, 'Bu) were acquired fromSigma-Aldrich ChemieGmbH.Steinheim. Germany and used without
any further purification.

Infrared spectra were recorded on a Bruker Vector 22 spectrometer equipped with a Specac Golden Gate™ ATR
device. *°Sn{"H} NMR spectrum was recorded on a Bruker Avance 400 MHz spectrometer with a wide band
sensor BBFO.

1950 {*H} NMR spectraare reported downfield from Me,Sn. as the internal standard. Infrared data are given in cm™
and chemical shifts ([J [J inppm[IR abbreviations: (br) broad. (vs) verystrong. (s) strong. (m) medium. (sh) shoulder.
(w) weak. (vw) veryweak].

Elemental analyses were performed at the “Institut de ChimieMoléculaire”. Universityof Burgundy. Dijon-France.

Procedure for synthesis of salts

The isoPr,NH,HSe0,.0,5H,0 (L), (isoProNH,),Se0,4.0,5H,0 (L,), (Bu,NH,),SeO,.H,O(L) salts are synthetized by
neutralized the selenic acid H,SeO,by di-substituted amine R,NH (R=isoPr, Bu) in water
solvent.(BzEt;N),SeO,.H,Osalt(L)isobtained on reactingBzEt;NCI and H,SeO4in ethanol. After two hours mixed
up, colorless solution is obtained, submitted to evaporation at 60° and white powder are obtained after one week.

L, (isoPr,NH,HSeO,.0,5H,0): 1lisoPr,NH + 1H,SeO,

L, (iSOPrQNHz)ZseO4.0,5Hzo :2iSOPr2NH + 1H,SeO,

Lj (BUzNHz)zseO4.H20: 2BuU,NH + 1H,SeO,

L4(BZEt3N)zseO4.H20: ZBZEt3NC| +1H,Se0,

The elemental analysis of all the saltsare showing in table 1.

Chemical formular
2 C H N
@ Calc Found Calc Found Calc Found
L, (isoPr,NH,HSe0,.0,5H,0) 29.40 29.44 6.43 6.43 5.71 5.54
L, (isoPr,NH,),Se0,4.0,5H,0 39.68 39.45 9.73 9.38 6.12 7.67
L, (Buy,NH,),Se0O, H,0O 45.27 45.44 10.68 10.45 6.60 6.25
L, (BzEt3N),SeO, H,0O 57.70 57.53 8.07 7.85 5.61 5.33

Table 1:-Analytical data of salts.

a/ Procedure for synthesis ofisoPro,NH,SeO,SnMe,CI(A).
A mixture of isoPr,NH,HSeO,.0,5H,0 (L,) (0.3 g; 0.782 mmol) with SnMe,Cl,(1.565 mmol)in 20 mL methanol
solutiongives a clear solution and a white powder (A) collected after a slow solvent evaporation.

Spectroscopic data:-

1. IR data (Cm_l) :(uy + 13)Se0,= (832vs-721vs); vasSnMe,= 536s; vsSnMe,=510m, vNH,= (2960-2847-
2737)L, SNH,= 1580s

2. 135, NMR data (DMSO): 5= -333.94 ppm

Elemental analysis:-

% found (% calculated): C=21.98 (22.38); H=5.10 (5.16); N=3.15 (3.26)

b/ Procedure for synthesis ofBu,NH,SeO,SnBu,Cl (B)

On mixing methanol solutions of (Bu,NH,),SeO,H,0O (Ls) (0.3 g; 0.782 mmol) with SnBu,Cl, (0.3438 g; 1.565
mmol), compounds (B) is obtained as white powder after one week in slow solvent evaporation.

Spectroscopic data:-

1. IR data (cm'l): (vy + v3)Se0,= (902vs-815vs-786vs-755vs); vasSnBu, 618tF; vsSnBu,=584f, vNH,=
(2959-2850-2728)L, SNH,= 1580s
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2. Sn NMR data : -

Elemental analysis:-% found (% calculated) : C=35.26 (35.48); H=7.32 (7.07); N=2.60 (2.59)

¢/ Procedure for synthesis ofSnBu, SeO,.EtOH (C)

When (isoPr,NH,),Se0,4.0,5H,0 (L) (0.3 g; 0.782 mmol) is reacted with SnBu,Cl, (0.4755 g; 1.565 mmol) in 20
mL of ethanol solution. The solutions are steered up during two hours and white precipitate are obtained (C).
Spectroscopic data:-

1. IR data (Cm_l) 035e0, = (860vs-840vs-762vs); vasSnBu,=633s; vsSnBu,= 592s; vOH (2957-2939-
2429)L, 5NH, 1608s

2. 13sn NMR data (CDCIg) :5 = -248.53 ppm

Elemental analysis:- -% found (% calculated) : C=28.30 (28.46); H=5.42 (5.73)

d/ Procedure for synthesis ofHSeO,SnBu,Cl.SnBu,Cl,.H,0 (D)

When (isoPr,NH,),Se0,4.0,5H,0 (L) (0.3 g; 0.782 mmol) is reacted with SnBu,Cl, (0.4755 g; 1.565 mmol) in 20
mL of methanol solution at hot temperature (80°C). The solutions are steered up during two hours and white
precipitate are obtained (D).Spectroscopic data:-

1. IR data (cm_l): (vat v1)Se0s= (834vs-775vs); vSe-OH=749s; vasSnBu, 625vs; vsSnBu,=592w; vOH
(2964-2880-2780)L, SOH=1681w

2. 119 NMR data (CDCI3) :8,= +170.73 ; 5, = +162.83 ppm

Elemental Analysis:- -% found (% calculated) : C=26.22 (26.17); H=5.30 (5.35)

e/Procedure for synthesis of(isoPr,NH,),Se0,4.2SntBu,Cl,(E)

A mixture of isoPr,NH,HSe0,.0,5H,0 (L) (0.3 g; 0.782 mmol) with Sn'Bu,Cl, (0.7406 g; 2.437 mmol) in 20 mL
methanol solution gives a clear solution and a white powder (E) collected after a slow solvent evaporation.
Spectroscopic data:-

1. IR data (cm'l) 035e0, =(854vs-843vs); v,Se0, = 799s; vasSnBu,=633vw; vsSnBu,=544w; vNH,= (2966-
2852-2739)L, SNH,= 15865

2. 119y NMR data (CDCl3)= -

Elemental analysis:- -% found (% calculated) : C=35.28 (35.10); H=7.95 (7.46); N=3.18 (2.92)

a- f/Procedurefor 'Pr,NH,HSe0,.SnCl, SeO,F

The same salt (L;) (0.3 g; 1.23 mmol) mixing with SnCl,.2H,0 (1.4619 g; 2.0475 mmol) in 20 mL of methanolat
80°C. A clear solution and a white powder is collected after a slow solvent evaporation (F).

Spectroscopic data:-

1. IR data (cm'l): (vy + vg)SeOf': 932vs-886s; vSeOH= 808s, WNH,=(3103-2983-2853)L, dNH3=1601s

2. 119 NMR data (CDCI3) :5,= -428.64 ppm ; 5,=-103 ppm
Elemental analysis:--% found (% calculated): C=12.20 (12.45); H=3.13 (2.96); N=2.36 (2.42)

g/ Procedure for synthesis of(BzEt3N),Se0,.Se04SnCl,.3H,0 (G)

On mixing methanol solutions of (BzEt3;N),SeO,H,O (L) (0.3 g; 0.5686 mmol) with SnCl,.2H,O (0.1078 g;
0.4778 mmol) in hot 20 mL of methanol (60°C), compound (G) is obtained as white powder after one week slow
solvent evaporation.

Spectroscopic data:-

1. IR data (cm'l) 03560,=(893s-790s); v,5€0,=7535
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2. 119, NMR data (CDCI3) :5,= - 411.59 ppm; 5,= -103 ppm
Elemental analysis:--% found (% calculated) : C=34.44 (34,46); H=5.16 (4.89); N=3,09 (3,09)

Results And Discussion:-

b- R,;NH,SeO,SnR’,CI(R="Pr, Bu; R’=Me, Bu) A, B

The infrared spectra of 'Pr,NH,Se0,SnMe,Cl and Bu,NH,Se0,SnBu,Cl present many bands in valence zone of
Se0,* anion showing that this oxyanion is not Td symmetry. In low frequency, it is showing a medium band at 509
cm™ and a weak one at 584 cm™, respectively in the IR spectra of AandB corresponding to vsSnMe,(for A) and
vsSnBu,(for B). The intensity of these bands is corroborated with a not linear SnC,residues(Nakamoto and al.).

The proposed structure is discrete with @ monodentate seleniate anion. The tin (IV) environment around tin (1V)
centre being tetrahedral (Diallo and al.) (figure 1).

The °Sn NMR spectrumof isoPr,NH,SeO,SnMe,Cl complex in DMSO is showing one pic at  -333 ppm which is
corresponding of a heptacoordinated tin (1) atom(Holec¢ek and al.). This chemical shift signal reveals a dissociation
of the molecular structure and the formation of [SnMe,CI]* cations and the coordination of SeO,* anions and
DMSO molecules in this complex-cation giving an heptacoordinated tin (1) atom.

NB: The forms of characteristic absorption bands in the infrared AandB spectra between 2800 and 3000 cm™ (vNH)
and around 1600 cm™(3NH)areprobably showing the presence of NH----O hydrogen bonds.

R=isoPr Bu; R'=Me, Bu
Figure 1:- Discrete structure of Aand B.

C- SnBu,SeO,.EtOHC

The infrared spectrum of thederivativeC presents three strong bands in valence zone of SeO,”oxyanion. These
bands are corresponding to the break-up of T, space of vz in three A;, B; and B, spaces. This bands show that the
Se0,> anion is C,, symmetry (Nakamoto and al.). The value of chemical shift in the ***Sn NMRspectrum (8 = -
248.53 ppm, almost-260 ppm)shows that the tin (IV) centre is hexacoordinated(Hole¢ek and al.).

The purposed structure is a dimer (figure 2). The seleniate anions are monochelating; the structure contains
bicoordinated EtOH molecules with the oxygen atom.

NB:The ABC form of vOH (2957 cm™-2939 cm™-2429 cm™) at high frequency shows the probably presence of

hydrogen bonds between the selenate anions and ethanol molecules.When NH---O hydrogen bonds are involved, a
supramolecular architecture is considered.
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Figure 2:- Dimeric structure of C.
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d- HSe0,SnBu,Cl.SnBu,Cl,.H,0D

TheHSeO,SnBu,CIl.SnBu,Cl,.H,Ocompounds (D)is a complex-addition containing two molecular components:
HSeO,SnBu,Cl derivative and one SnBu,Cl, molecules. The infrared spectrum
of Dshowstwo strong bands at 834 cm™ and 775cmin valence zone of the SeOj; residue corresponding tovsSeOzand
v;5e0;; The strong band at 749 cm™is corresponding of vSe-OH. In this spectrum, we notetoothe presence of one
band at 624 cm™ in weak intensity corresponding to the vSnBuj,, then the SnBujresidue is almost linear(Nakamoto
and al.).

The **°Sn NMR spectrum of D present two signals at +170,73 ppm and +162,83ppm. These chemical shifts values
are corresponded to tetracoordinated tin (1) atoms(Holec¢ek and al; Wrackmeyer and al.). These two signals can be
explained by a dissociation of HSeO,SnBu,CIl.SnBu,Cl,.H,0 in CDClssolventin two molecules: HSeO,SnBu,Cl
derivative and SnBu,Cl, molecule.

When we consider that the water molecule is a coordinated one, the considered structure of
SnBu,CIHSeO,.SnBu,Cl,.H,0is formed by two components: SnBu,CI(H,0)HSeO, and SnBu,Cl,molecules. The
structure is discrete with a bi-chelating HSeO, and the environment around tin (1) centre is an octahedral (figure
3).

Bu Bu
\ O/ \\\\\ e, 1, \C I
CI ///, R \\ //, . R o /// \\\
q/ |\/ \/ |\OH2

H
Figure 3:- Discrete structure of D with bichelating ligand.

e- (Pr,NH,),Se0,.2Sn'Bu,CLE

The(isoPr,NH,),S¢0,.2Sn'Bu,Cl, (E) is a complex-addition containing two molecular components:
('Pr,NH,),SeO,salt and two Sn'Bu,Cl, molecules. In the infrared spectrum of E, the valence zone of seleniate
oxyanion shows the presence of two strong bandsfor v;SeO4at 854 cm™ and 843 cm™ and one strong band for
v;5e0,at 799 cm™. This observation shows that the symmetry of this oxoanion is Td. The weak band at 633 cm™ is
corresponded of the vSn'Bu, and can corroborate witha linear Sn'Bu, residue (Nakamoto and al.).

The structure is a dimer with a bichelating Se0,* oxyanion. The Sn'Bu,residueare trans coordinated (figure 4).

tBU tBU
N\,
Cl ///, | \\\\O///, . \\\ I,I/// | \\\\ Cl
7 I\/ \/ |\c|
‘Bu

Figure 4:- Discrete structure of E with blchelatlng ligand.
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f- 'Pr,NH,HSe0,.SnCl, SeO,F

The infrared spectrum of 'Pr,NH,HSe0,.Se0,SnCl, (F) is showing a lot of strong bands between 932 cm™ and 886
cm™ corroborating with the presence of seleniate oxyanion. The strong band at 808 cm™corresponds tovSe-OH.

The large absorption around 2900cmis corresponding of hydroxyd group and can confirmed the presence of
HSeO, anion in the complex.

The °Sn RMN spectrum shows two signals: at -428 ppm in agreement with an octahedral tin atom center and at -
103 ppm corresponding to a hexacoordinated tin (IV) atom (Holecek and al; Wrackmeyer and al.).

These NMR data can explain by a dimerization and rearrangement which modified the formular of
'Pr,NH,HSe0,.5e0,SnCl,. In the CDCIl; solvent, the complex is decomposed into two components:
[SeQ,.SnCl,](iPr,NH,"),complex cation and [Sn(SeO4)(HSeO,),] complex

Thesignal at -428 ppm corresponds of [SeO,.SnCl](iProNH,), and thesignal at -103 ppm correspondsin
[Se0,.SnCl,]%.

The structure is ionic with three components; the seleniate and hydrogenoseleniateionsbeingmonochelating ligands.
The tin atoms are hexacoordinated in the two complex components(SnOg and SnO,Cl,) and the environment around
the tin (IV) centre being octahedral (figure 5).

/
O\Se.ll\\c)/// ?
A 2, O\§e B a0 ]
O—~_ ™ / / Yo—-H Q
SN—g c  .Ou, /
- \“ e
/ U, W o NH,
/O Sn%o
Se..,, cr
g @)
) \ - 4 L g

Figure 5:-lonic structure of F with two complex components.

g- (BZEth)QseO4.SnC|QSEO4.3H20G
The threebands in thevalencezoneofseleniateanion in
theinfraredspectrumshowthattheseleniateisTdsymmetry(Nakamotoand al.)

The *Sn RMNspectrumshowstwosignals at -411 ppm and -106 ppm. These values are almost look like those of the
previous complex('Pr,NH,HSeQ,.SnCl, SeQ,) in the same solvent. They are showing a dimerization giving
[Se0,.SnCl,](BzEt;N),[Sn(SeOy)s],then a decomposition into two components: [Sn(SeO,)s]> which has an
octahedral environment(3,= - 411.59 ppm) and SeO,.SnCl,]*which has an hexacoordinated environment (8,= -103
ppm)around tinenvironment (1V)(Wrackmeyer and al.).

The chemical structure of the compound G is almost identical of the previous structure of complex F. they are
simply differentfrom involved cations and anions.

Conclusion:-

The seleniato complexes studies are discrete and the essential of anions behaving mono- or bichelating ligands. The
SnBu, residue is linear. For the halostannic complexes, a dimerization and resymmetrization in solution give a
structure with two components.

Acknowledgments:-

Dakar group thanks are gratefully acknowledged Dr Laurent Plasseraud (University de Bourgogne Dijon-France) for
performing elemental analyses and for the equipment support.

926



ISSN: 2320-5407 Int. J. Adv. Res. 10(02), 921-927

References:-

1. Davies, A. G. and Smith, P. J. (1982): Tin in Comprehensive Organometallic chemistry- the Synthesis, Reactions
and Structures of Organometallic compounds (Pergamon Press, vol 2, Ch11), S. G. Wilkinson, F. G. A. Stones and
E. W. Abel editors, - Davies A. G. 1997: Organotin Chemistry, (VCH) —

2. Evans, C. J.; Karpel, S; Organotin Compounds in Modern Technology (J. Organomet. Chem. Library 1985, Vol.
16,pp. 1 — 279; Ed. Elsevier Science Ltd: Amsterdam.

3. Gielen M. Review: Organotin compounds and their therapeutic potential: a report from the Departement of the
Free University of Brussels, Appl., Organomet. Chem., 2002, 16, 9, 481.

4. Zhang, W.L., Ma, J.F., Jiang, H.: Acta Cryst., Sect E, 2006, 62, m460;

5.Shang X. Li Q. and Wu J., J. Organomet. Chem., 2005, 690, 3997

6. Willem R., Verbruggen I., Gielen M., Biesemans M., Mahieu B., Baul T. S. B. and Tiekink E. R. T.,
Organometallics, 1998, 17, 5758.

7. Sougoule A. S., Han X., Balde C. A., Sakho A. M., Zhu D.;: An Organotin(lV) Carboxylate Based on Amide
Carboxylic Acid: Synthesis, Crystal Structure, and Characterizations, Heteroat. Chem, 2015, 26(4), 270-276
8. BasuBaul T. S., Linden A.: Synthesis and Structural Facets of Dialkyltin(IVV) Complexes Constructed from 2-(2-
(3,5-Dimethyl-4-oxocyclohexa-2,5-dien-1 ylidene)hydrazinyl)benzoate, Z. Anorg. Allg. Chem., 2015, 641, 1581
1588

9.Yang Y. g, Hong M., Xu L. d., Cui J. c., Chang G. I, Li D. c., Li C.-z.: Organotin(IVV) complexes derived from
Schiff base N’-[(1E)-(2-hydroxy-3-methoxyphenyl)methylidene]pyridine-3-carbohydrazone: Synthesis, in vitro
cytotoxicities and DNA/BSA interaction, J. of Organomet. Chem., 2016, 804, 48-58

10. Waly Diallo , Libasse Diop , Cheikh AbdoulKhadir Diop , HéléneCattey and Laurent Plasseraud , Synthesis,
spectroscopic study, and crystal structure of a new organotin(1V) selenate derivative, Main Group Met. Chem. 2018;
41(5-6): 183-188

11. Diallo W., Diop L., Plasseraud L. and Cattey H.: [n-Bu2NH2]3[SnPh3(Se04)2]: the first triorganotin(1V)
complex with terminally coordinated selenato ligands, Main Group Met. Chem., 2014,37(3-4): 107-112

12. Nakamoto K. :Infrared and Raman Spectra of Inorganic and Coordination Compounds, John Wiley and Sons,
5th Edition, 1997

13. a) Holeéek , J., Ly¢ka, A. , Handlif, K. and Nadvornik M .: 13C and 119Sn NMR spectra of diphenyl- and
dibenzyltin(IV) compounds and their complexes, Collect. Czech. Chem. Commun., 1990, 55, 1193-1207; b)
Hole¢ek , J., Lyc¢ka, A. , Handli¥, K. and Nadvornik M .: 3C and 119Sn NMR Study of some four- and five-
coordinate triphenyltin(IV) compounds, J. of Organometallic Chem., 1983, 241(2), 177-184; ¢) Holecek J.,
Nadvornik M., Handlir K., A. Lycka, J. Organomet. Chem.: 3C and 119Sn NMR spectra of Di-n-butyltin(IV)
compounds,1986,315(3), 299-308

14. Wrackmeyer B. In Tin Chemistry — Fundamentals, Frontiers and Applications. Davies, A. G.;Gielen, M.;
Pannell, K.; Tiekink, E., Eds. Wiley: Chichester, 2008, 17.

927



