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Abstract

The title compounds have been prepared by reacting the corresponding diorganotin(IV) oxide with sahcylaldehyde
thiosemicarbazone (H,L). [SnMe,(L)] crystallizes in the monoclinic space group P2,/n with a =9 480(3), b=13.532(7),
c=10.541(3) A, B=100.33(2)° and Z=4 (R=0.0230, R'=0.0258). [SnPhy(L)] crystallizes 1n the space group
P2jja with a=13.483(8), b=10.078(1), c=15.622(4) A, B=113.66(4)° and Z=4 (R=0030, R’ =0.031). Both
complexes consist of molecules in which the bisdeprotonated ligand is O,N,S-bonded and the tin atom exhibits
distorted pentacoordination, with small differences between the methyl and phenyl derivatives in bond distances,
bond angles and intermolecular hydrogen bonds. The spectral properties of the complexes (IR, Mossbauer and
'H, *C and '"Sn NMR spectra) are discussed in the light of this structural mformation.
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Introduction

Thiosemicarbazones possess a range of interesting
pharmacological properties that are in some cases en-
hanced in their metallic derivatives. This fact has
prompted a considerable increase in the study of the
coordination behaviour of these ligands in recent years
[1]. Bearing in mind that diorganotin(IV) compounds
too have significant biological applications [2], we de-
cided to explore the chemistry and pharmacological
activity of diorganotin thiosemicarbazonates [SnR,(L)],
where H,L is salicylaldehyde thiosemicarbazone and
R=Me or Ph. Some previous work has been done in
this field [3, 4] including the synthesis and spectroscopic
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(mainly IR) study of [SnPh,(L)] [4b]. We report here
the crystal structure of [SnMe,(L)] and [SnPh,(L)] and,
in the light of this information, we discuss the spectral
behaviour of these complexes in the solid state and in
solution, using IR, Mossbauer and 'H, *C and '"°Sn
NMR spectroscopy to establish structural-spectral cor-
relations. As far as we know, this is the first X-ray
diffraction study of a salicylaldehyde thiosemicarba-
zonate of a main group element.

OH
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Experimental

Thiosemicarbazide (Merck), salicylaldehyde (Merck),
dimethyltin dichloride (Alfa) and diphenyltin dichloride
(Aldrich) were used as supplied. The higand H,L and
the diorganotin(IV) oxides were obtained by the pro-
cedure described in ref. Sa and 5b, respectively. Ele-
mental analyses were performed with a Carlo Erba
1108 analyser. Melting points were determined with a
Buchi apparatus. IR spectra were recorded in KBr
pellets on a Perkin-Elmer 1330 spectrometer The mass
spectra were obtained using a Kratos MS50TC spec-
trometer connected to a DS90 data system and operating
in electron impact (EI)} mode (direct msertion probe,
70 eV, 250 °C); all the fragments were 1dentified using
DS-90 software. 'H, *C and '**Sn NMR spectra were
recorded at room temperature on a Bruker WM250
instrument and were referred to the solvent signal ('H,
7.27 and 2.48; C, 77.00 and 39.51 ppm for CDCl,
and DMSO-d,, respectively) and to neat SnMe, as
external reference. The Mossbauer spectra were re-
corded at 80 K in a constant acceleration apparatus
and & was referred to r.t. SnQO,.

Synthesis of [SnMe,(L)]

Dimethyltin(IV) oxide (0.50 g, 3 mmol) and H,L
(0.49 g, 3 mmol) were suspended in 100 ml of benzene
(caution) 1n a 250 ml, two-neck, round-bottomed flask
fitted with a Dean-Stark moisture trap and condenser.
The reaction mixture was refluxed for 5 days and the
solid residue removed by filtration. After cooling and
slow concentration of the clear solution, a crystalline
solid formed that was isolated and vacuum dried. M.p.
150 °C. Anal. Found: C, 35.8; H, 3.9; N, 12.4 Calc.
for C,,HsN;08Sn: C, 35.1; H, 3.8; N, 12.3%.

Synthesis of [SnPh,(L)]

The same procedure was used for preparing the
diphenyltin analogue. H,L. (0.28 g, 1.4 mmol) and
diphenyltin(IV) oxide (0.40 g, 1.4 mmol) were suspended
in 100 ml of benzene (caution) and refluxed for 5 days
in a 250 ml, two-neck, round-bottomed flask fitted with
a Dean-Stark trap. After removal of the solid residue
by filtration, the solution was slowly concentrated until
a crystalline solid formed which was filtered off and
dried under vacuum. M.p. 130 °C. Anal. Found: C,
50.9; H, 3.8; N, 8.3. Calc. for C,,H;;N,0SSn: C, 51.5;
H, 3.7; N, 9.0%. This compound has the same analytical
composition as the product isolated before [4b] by
different synthetic routes, but the m.p. observed in our
work differs from the decomposition temperature quoted
by Nath et al. [4b], and the 'H NMR spectrum of our
complex after melting and resolidification shows no
change indicating decomposition.

Crystal structure determinations

All X-ray crystallography was carrnied out using an
Enraf-Nonius CAD-4 diffractometer with graphite-mon-
ochromated Mo Ka radiation (A=0.71073 A). The
intensity of three standard reflections was essentially
constant throughout the experiments. Crystal data and
experimental conditions are listed in Table 1. Final
atomic coordinates are listed in Tables 2 and 3.

Structures were solved using the standard heavy atom
Patterson method and difference Fourier techniques
In final cycles of full-matrix least-squares refinement
all non-H atoms were treated amsotropically H atoms
were 1ncluded, as fixed contributors, at positions found
m difference synthesis (slightly modified, when nec-
essary, on stereochemical grounds), all with a common
isotropic temperature factor that refined to U/=0.081(3)
A3 ([SnMe,(L)]) or 0.094(5) A® ([SnPhy(L)]). Data
were corrected for Lp and absorption [6]. The programs
and the computer used, sources of scattering factors
and corrections for anomalous dispersion for non-H
atoms are given in ref. 7 Scattering factors for H atoms
were taken from ref. 8.

Results and discussion

Crystal structures of the complexes

In both complexes the ligand 1s tridentate via its
sulfur, N(3) and oxygen atoms (Figs. 1 and 2), giving
a coordination polyhedron around the tin atom that
can be described as a distorted trigonal bipyramid with
the ligand occupying the two axial positions and one
equatorial position. The value of the C-Sn—C angle
makes the description involving trans axial phenyl groups
which has been proposed on spectroscopic grounds [4b],
untenable.

As in other complexes of tridentate thiosemicarba-
zones [9], the main distortion from regular bipyramidal
geometry comes from the stereochemical limitations of
the ligand, which reduce the S-Sn—-O angle from the
ideal value of 180° to the values of 158.10(5) and
161.1(1)° observed in [SnMe,(L)] and [SnPh,(L)], re-
spectively. The low degree of planarity of the ligand
in the dimethyltin complex (see below) also contributes
to the distortion. The Sn—O and Sn-N distances (Tables
4 and 5) are close to the sums of the non-polar covalent
radii (2.13 and 2.15 A, respectively [10]) indicating
strong bonds. The Sn-S distance, though longer than
the sum of the non-polar covalent radii (2.42 A) [10]
and than the Sn—S distance in the solely S-bound complex
formed by triphenyltin(IV) and a rather similar thio-
semicarbazone [11}, is considerably shorter than the
sum of the van der Waals radii (4.0 A) [12], suggesting
a farly strong bond. The Sn-C distances are unre-
markable [13]. A similar coordination kernel for the



TABLE 1 Crystal data, details of intensity measurements and structure refinement for [SnR,(L)] complexes
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[SnMe,(L)] [SnPh,(L)]
Formula C,0H3N;0S8Sn C,0H{7N;OS8Sn
M 34199 466.13
Space group P2in P2,/a
a (A) 9 480(3) 13.483(8)
b (A) 13.532(7) 10.078(1)
c (A) 10.541(3) 15 622(4)
B () 100.33(2) 113.66(4)
v (Ay 1330(2) 1945(2)
Z 4 4
D (g cm™?) 1707 1.592
Sample dimenstons (mm) 0.50x0.45%0.20 0.26x0.17x010
A(Mo Ka) (A) 0.71073 0.71073
T (K) 293 293
Linear absorption coeffictent, g (cm™?) 20.62 14.33
Absorption correction max., min 1.19, 0.82 1127, 0.841
Scan technique w/26 w/26
h Range for data collection (%) 0-30 0-25
F(000) 672 928
No. reflections measured 4036 3090
No. of unique reflections 3665 3060
R, 00212 0.016
No reflections above 3o(J) 3142 2292
Function mimmized Sw(|F,| - F)? Sw(|F,|—|F)*
Weighting scheme [r*(F,)+00001|F]*17" [F?(F,) + 0.0001|F ]!
R="3|F | —|F|/Z|F,| 00230 0.030
R' =[Sw(|F |- [F)y*/Sw|F["? 0.0258 0.031
S=[Sw(|F,| = |F)*(M— N 1.72 1.52
Foos Prass Kons Fonaxs dromns e —13.13, 018; 0.14 —1614, 0.11, 018
Residual Ap max, mm. (e A7?) 046, —0.42 0.48, —0.41

TABLE 2 Positional parameters for [SnMe,(L)] with e.s.d.s in
parentheses

Atom x/a yib z/c B

Sn 02446(1) 0.0967(1) 0 0635(1) 3.184(5)
S 02367(1) —0.0666(1) 0.1813(1) 550(3)
] 03074(2) 02428(1) 0.0307(2) 375(5)
CcQ1) 0.3558(3) —00317(2) 03173(2) 335(7)
C(2) 0.5378(2) 0.1655(2) 0.2242(2) 342(7)
N(Q1) 03641(3) —0.0904(2) 04204(2) 439(7)
N(2) 04395(2) 00462(2) 03296(2) 339(6)
N(3) 0.4282(2) 01076(1) 02233(2) 297(5)
C(@3) 05549(3) 0.2387(2) 01298(2) 3.33(7)
C#4) 04407(3) 0.2755(2) 00370(2) 331(7)
C(5) 04690(3) 0.3508(2) —0.0458(3) 4.38(9)
C(6) 0.6053(4) 03869(2) ~0.0386(3) 5.1(1)
C(7) 07184(3) 03510(3) 0 0499(3) 5.3()
C(8) 06927(3) 0.2782(2) 0.1339(3) 4.56(9)
C(Mel) 0.0444(3) 01518(3) 0.0896(4) 56(1)
C(Me2) 0 3000(4) 0.0390(3) —0.1085(3) 59(1)

tin atom has been observed 1n [N-(2-mercaptophenyl)-
salicylideneaminato-N, O, S]dimethyltin(IV) [14].

Even though the coordination scheme is basically the
same in both complexes, a close look at the bond
distances and bond angles (Tables 4 and 5) shows

certain differences. In the phenyl derivative the Sn-O
distance is shorter and the Sn-S bond slightly longer
than in the methyl complex, possibly due to the SnPh,
moiety being ‘harder’ [15] than SnMe, because of the
greater electronegativity of the phenyl group [16]. Also,
the angle N-Sn—O [15] is slightly wider in the phenyl
complex.

The main changes mn the free ligand structure [17]
under coordination are those usually accompanying the
formation of metallic thiosemicarbazonates, and can
be described as follows: (i) a 180° rotation about
N(2)-C(1) that switches the positions of N(1) and S
(giving a Z configuration about the C(1)-N(2) bond)
and thereby allows the sulfur atom to form a five-
membered chelate ring with the metal and N(3); (ii)
modifications in bond distances and bond angles in the
thiocarbamide group, namely the lengthening of C(1)-S
(thione~-thiol evolution) and C(1)-N(1) (reduction in
the resonance contribution of R-CH=N-NH-C(S7)
=NH,"), shortening of C(1)-N(2) (increase in bond
order), widening of S—C(1)-N(2) and narrowing of
the other two angles at C(1); (iii) narrowing of
C(1)-N(2)-N(3) (probably because the bonding pair
involved in the N(2)-H bond of the free hgand becomes
a lone pair in the complexes). In addition, the C(4)-O
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TABLE 3 Positional parameters for [SnPhy(L)] with esds in
parentheses

Atom xla y/b z/e B,
Sn —00050(1) 0 2449(1) 02423(1) 320Q1)
S 0 0020(1) 0 1543(2) 0 0927(1) 4.70(4)
O 0 0380(3) 0.2871(4) 0.3825(2) 45(1)
N(1) 01762(3) 0 0519(5) 0.0843(3) 55(2)
N(2) 02073(3) 0 1348(4) 02276(3) 36(1)
N@3) 01674(3) 0.1969(4) 02872(2) 3.0(1)
C(1) 01377(4) 0.1107(5) 0 1430(3) 35(1)
C(2) 02434(4) 02241(4) 0 3679(3) 34D
C(3) 02325(4) 0.2837(4) 04473(3) 33(1)
C4) 01327(4) 0.3141(5) 0451(3) 34D
C(5) 01314(4) 0 3716(5) 05330(3) 41(2)
C(6) 02279(5) 0 3967(5) 0 6076(3) 47(2)
C() 0 3271(5) 0.3685(6) 0.6038(3) 5.2(2)
C(8) 0 3289(4) 03115(6) 0.5251(3) 48(2)
C(9) —01149(4) 0 0987(5) 0 2499(4) 38(2)
C(10) —02015(4) 0 0603(6) 0 1686(4) 50(2)
C(11) —02767(5) —00322(7) 0 1722(5) 65(2)
C(12) —02681(5) —00824(7) 0 2553(6) 66(3)
C(13) —01842(6) —00484(06) 0 3363(5) 59(2)
C(14) —01059(4) 0.0443(5) 03341(4) 4 8(2)
C(15) —00411(3) 0.4457(5) 0.1988(3) 341
C(16) —00572(4) 0.4857(5) 0 1085(3) 42(2)
C(17) —00807(5) 0 6185(6) 0 0823(4) 56(2)
C(18) — 0 0868(5) 0 7103(6) 0.1456(6) 6.5(2)
C(19) —00702(5) 0 6706(6) 0.2348(5) 6 0(2)
C(20) —00482(4) 0.5393(5) 02615(4) 44(2)

Fig 1 The structure of [SnMe,(L)], with the atom-numbering
scheme

bond becomes shorter upon deprotonation and complex
formation, suggesting a participation of this bond in
the 7 charge delocalization induced by the metalation

There are also differences in ligand structure between
[SnMe,(L)] and [SnPh,(L)]. For example, changes (i)
are larger in the phenyl derivative (except for the
narrowing of N(1)-C(1)-N(2), for which the difference
is of the order of the e.s.d.s). More conspicuously, the
ligand is rather planar in [SnPh,(L)] (for the least-
squares plane through N(1), S, C(1), N(2), N(3), C(2),

Fig 2. The structure of [SnPh,(L)], with the atom-numbering
scheme

TABLE 4 Bond distances (A) and angles (°) for [SnMe,(L)]

Sn-S 2.5425(8)  C(1)-N(2) 1312(3)
Sn-N(3) 2199(2)  C(2)-C(3) 1434(3)
Sn-O 2111(2)  C(3)-C(4) 1413(3)
Sn-C(Mel) 2103(3)  C(4)-C(5) 1.399(4)
Sn-C(Me2) 2.1253)  C(6)-C(7) 1377(5)
S-C(1) 172433)  C(3)-C(8) 1 405(4)
C(1)-N(1) 1.337(3)  C(5)-C(6) 1371(5)
C(2)-N(3) 1300(3)  C(7)-C(8) 1.375(5)
N(2)-N(3) 13843)  0-C(4) 1.329(3)
S-Sn-0O 158 10(5)  N(3)-C(2)-C(3) 126 9(2)
S-Sn-N(3) 7687(5)  C(1)-N(2)-N(3)  116.4(2)
S-Sn—-C(Mel) 97 93(9)  Sn-N(3)-C(2) 124 6(2)
$-Sn—C(Me2) 975(1)  Sn-N(3)-N(2) 121 0(1)
0-Sn-N(3) 8166(7) C(2)-N(3)-N(2)  1142(2)
0-Sn-C(Mel) 887(1)  C(2)-C(3)-C(4) 123 8(2)
0-Sn-C(Me2) 948(1)  C(2)-C(3)-C(8)  1175(2)
N(3)-Sn—C(Mel) 1190(1)  C(4)-C(3)-C(8) 1187(2)
N(3)-Sn-C(Me2) 1133(1)  0-C(4)-C(3) 121 4(2)
C(Mel}-Sn-C(Me2)  127.5(1)  O-C(4)-C(5) 119 9(2)
Sn-S-C(1) 0550(9) C(3)-C(4)-C(5)  118.7(2)
Sn-0-C(4) 126 7(1)  C(4)-C(5)-C(6) 120 6(3)
S-C(1)-N(1) 116.6(2)  C(5)-C(6)-C(7) 121 6(3)
S-C(1)-N(2) 126 6(2)  C(6)-C(7)-C(8)  118.8(3)
N(1)-C(1)-N(2) 116 8(2)  C(3)-C(8)-C(7)  1216(3)

C(3), C(4) and O, x*=8178.2) and forms a dihedral
angle of 86.5° with the equatorial plane (N(3), C(9),
C(15), Sn, x*=86.5). This planarity is to a great extent
lost in the methyl complex (for the least-squares plane
through N(1), S, C(1), N(2), N(3), C(2), C(3), C(4)
and O, y*=230893.4) in which the equatorial plane
(N(3), C(Mel), C(Me2), Sn) is also less perfect
(x*=593.2).

The hydrogen bond network of H,L [17] 1s obviously
altered upon complexation. Intramolecular O-H...N(3)
and N(1)-H...N(3) bonds and the intermolecular
N(2)-H ..S bond disappear due to the deprotonation
of O and N(2) and the rotation of the thioamide group
about the N(2)-C(1) bond. However an intermolecular



TABLE 5. Bond distances (A) and angles (°) for [SnPhy(L)]

Sn-S 2546(1)  N(1)-C(1) 1358(7)
Sn-O 2.072(3)  N(2)-N(3) 1 396(6)
Sn-N(3) 2196(4)  N(2)-C(1) 1 300(6)
Sn—-C(9) 2127(5)  N(3)-C(2) 1295(6)
Sn—C(15) 2128(5)  C(9)-C(14) 1385(8)
S-C(1) 1.733(5)  C(10)-C(11) 1395(9)
0-C(4) 1.327(6)  C(11)-C(12) 1.35(1)
C(2)-C(3) 1438(6)  C(12)-C(13) 136(1)
C(3)~C(4) 1.406(8)  C(13)-C(14) 142(1)
C(3)~C(8) 1.406(7)  C(15)-C(16) 1398(7)
C(4H)-C(5) 1.407(7)  C(15)-C(20) 1391(7)
C(5)~C(6) 1378(8)  C(16)-C(17) 1 398(8)
C(6)-C(7) 1.39(1) C(17)-C(18) 138(1)
C(N)-C(8) 1366(8)  C(18)-C(19) 138(1)
C(9)~C(10) 1.391(8)  C(19)-C(20) 1 383(8)
$-Sn-O 161.1(1)  C(2)-C(3)-C(4) 124 1(4)
S-Sn-N(2) 5591(8) C(2)-C(3)-C(8) 116 7(4)
S-Sn-N(3) 779(1)  C(4)-C(3)-C(8) 119 1(4)
$-Sn-C(9) 949(1)  O-C(4)-C(3) 123 0(4)
$-Sn-C(15) 978(1)  O-C(4)-C(5) 117 5(4)
0-Sn-N(2) 1057(1)  C3)-C(4)-C(5) 119.4(4)
0-Sn-N(3) 840(1)  C(4)-C(5)-C(6) 119 4(5)
0-Sn-C(9) 894(2)  C(5)-C(6)-C(7) 121 6(5)
0O-Sn-C(15) 942(2)  C(6)-C(7)-C(8) 119 3(5)
N(2)-Sn-N{(3) 220(1)  C(3)-C(8)-C(7) 121 2(5)
N(2)-Sn—C(9) 1156(2)  C(10)-C(9)-C(14) 118.6(5)
N(2)-Sn-C(15)  1141(1)  C(9)-C(10)-C(11) 120.4(6)
N(3)-Sn—C(9) 120.12)  C(10)-C(11)-C(12)  120.3(6)
N(3)-Sn—C(15) 1129(2) C(11)-C(12)-C(13)  121.1(7)
C(9)-Sn-C(15) 127.0(2)  C(12)-C(13)-C(14)  119.5(6)
Sn-S-C(1) 955(2)  C(9)-C(14)-C(13) 120 0(5)
Sn-0-C(4) 13203)  C(16)-C(15)-C(20) 119 2(5)
Sn-N(3)-N(2) 1218(3) CO5-C16)-C(17)  119.8(5)
Sn-N(3)-C(2) 1259(3)  C(16)-C(17)-C(18)  120.2(6)
N(3)-N@2)-C(1)  1166(4) C(17)-C(18)-C(19) 119 8(7)
N(2)-N(3)-C(2)  112.2(4)  C(18)-C(19)-C(20) 120 7(6)
S-C(1)-N(1) 1151(4)  C(15)-C(20)-C(19) 120 2(5)
S-C(1)-N(2) 1278(4)  N(1)-C(1)-N(2) 116 9(4)
N(3)-C(2)-C(3)  1278(4)

N(1)-H...O bond remains in  [SnMe,(L)]

(O...N(1)'=2.882(3), O...H(N(1))'=2.021(2), N(1)-H
=0.835(2) A, O...H(N(1))-N(1)'=159.6(2)°, where
N(1) 1s generated by the symmetry operation (3—x,
$+y, $—z). In [SnPh,(L)] this bond is replaced by a
weak interaction between the S atom and the -N(1)H,
group (S...N(1)'=3.522,S... H(N(1))'=2.612(2), N(1)*-
H=0.968(4) A, N(1)-H(N(1))...S=156.6(3)°).

Mass spectra

Table 6 lists the most relevant ions detected in the
EI mass spectra. Both spectra show the molecular ions,
suggesting appreciable stability under electron impact
in the thermal conditions used. According to the peak
intensities, [SnPh,(L)] is more stable than [SnMe,(L)].
In general, the fragmentation pathways of the two
complexes are similar and consistent with the mechanism
proposed for the iontzation of [SnBu,(L)] [3a], although
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TABLE 6. Main peaks 1n the IE mass spectra of [SnMe,(L)]
and [SnPh,(L)]

mjz Intensity (rel.) Assignment
[SnMe(L)]

343 28 [M]

328 100 [M —Me]
313 73 [M —2Mej}
254 15 [C;HgN,OS8n]
238 18 [C;HsNOSn]
135 19 {SnCH;]

120 3 [Sn]

119 14 [C;HsNO]
118 27 [C;HNO]
[SnPhy(L)]

467 48 [M]

350 100 [M—Ph]

313 14 [M —-2Ph]
280 10 [M~-2Ph—S]
238 20 [C;HsNOSn]
197 29 [SnPh]

120 15 [Sn]

119 10 [C,HNOJ
118 11 [C;H4NO]

TABLE 7. Mam IR bands of the Iigand and complexes (cm™')

H.L [SnMe,(L)] [SnPh,(L)] Assignment
3440s 3320s, b 34405 y(NH), »(OH)
3320s 3145s, b 3315s
3160s, b
3120m

1610s 1650s 1600s 8(INH,)
1600s 1600s 1590s y(C=N)
1280m 1290m 1300m y(C-0)
1060m 1040m 1040m v(C=S8)

830m 820m 820m

560m 280m* v,s(Sn-C)

“+ ligand band.

in the spectra of the methyl and phenyl derivatives the
base peak 1s the fragment [M — R] not the [C;H,NOSn]
ion. The cleavage of the NC(S)NH, fragment (and the
Sn-S bond) while the Sn—O and Sn-N bonds remain
is in keeping with the bond strength sequence indicated
by the X-ray study (vide supra) and with the frag-
mentation sequence for the butyl analogue suggested
by Tandon et al. [3a]

IR spectra

Table 7 shows the assignment of the main IR bands
of the ligand and the complexes. In the region 3500-3100
cm™?, H,L shows four bands attributed [18-21] to
(N-H) and »(O-H) of the hydrogen bonded NH,,
N-H and O-H groups [17]. As a result of the double
deprotonation of the ligand, the spectrum of the complex
[SnPh,(L)] lacks the bands located at smaller wave-
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numbers but retains those attributed to the -NH, group
practically unchanged at 3440 and 3315 cm ™', in keeping
with the amine group of the phenyl complex being
involved in weak hydrogen bond interactions but not
mm coordination to the metal. The spectrum of
[SnMe,(L)] in this region is different, showing two
broad bands shifted to smaller wavenumbers than in
the free ligand spectrum. These shifts and that of
8(NH,) to higher wavenumbers, are probably due to
the hydrogen bond in which the NH, group 1s involved
being stronger than in [SnPh,(L)] (see the X-ray results).

The coordination of N(3) does not significantly change
the position of ¥(C=N); O-coordination shifts »(C-O)
to slightly higher wavenumbers, while S-coordination
shifts the bands contributed to by »(C=S) to lower
wavenumbers. This behaviour is typical for this ligand
when it is N,S,0-coordinated [19-21].

Although the complexity of the ligand spectrum in
the 600-200 cm™~' range makes it difficult to interpret
changes in this region and masks some bands due to
the organometallic moieties (€.8. v,,,(Sn—-C)), it seems
likely that new bands in the range 400-300 ¢cm ' (at
385 and 350 cm ™' for [SnPh,(L)] and at 380 and 340,
330 cm ™' for [SnMe,(L)]), though not pure, are con-
tributed to by »(Sn-N) and »(Sn-S).

Mossbauer spectra

In keeping with the X-ray results, the isomer shift
values and quadrupole splitting values of the complexes
(Table 8) are consistent with diorganotin(IV) com-
pounds with pentacoordinate geometries, and the nar-
row linewidths are ndicative of the presence of a single
tin site. The quadrupole splitting values deserve some
comment because they are much lower than those
calculated by the simple symmetrization method [22]
(3.28 and 2.70 mm/s for the methyl and phenyl deriv-
atives, respectively). This fact seems to imply a large
effect of the thiosemicarbazonate anion on the electron
distribution among the tin p-orbitals. Moreover, it was
not possible to fit the spectrum of [SnMe,(L)] to a
simple quadrupole doublet; only a continuous distri-
bution of AE, values gave acceptable results (the value
listed in Table 8 is the most probable). This behaviour
may be related to the non-plananty of the thiosemi-
carbazone moicty 1n the monocrystal studied by X-ray
diffraction (it is planar in the diphenyl derivative); it
is possible that a polycrystalline sample contains mol-
ecules with a variety of different conformations, each

TABLE 8. Mossbauer parameters at 80 0 K (mm/s)

Compounds 3 AEq r
[SnMe,(L)] 1.27 2.43 080
[SnPh,(L)] 1.30 230 0.99

of which gives rise to a slightly different Mossbauer
spectrum.

NMR spectra

Both complexes are soluble in chloroform, even
though the solubility of the ligand in this solvent 1s
very slight. The changes in the 'H NMR spectrum of
H.L under complexation are as follows: (i) deproton-
ation of the hgand supresses the -OH and -N(2)-H
singlets appearing at 9.87 and 11.38 ppm in the spectrum
of H,L. in DMSO-d,; (ii) the —-C(2)-H proton 1s de-
shielded, appearing at 8.51 and 8.54 ppm in [SnMe,(L)]
and [SnPh,(L)], respectively (in CDCl,), as against 8.36
ppm in H,L (in DMSO-d); (ui) the two —-NH, protons,
which appear at 8.12 and 7.89 ppm in the spectrum
of H,L. in DMSO-d,, become magnetically equivalent
in the complexes, probably due to the reduction in
C(1)-N(1) bond order indicated by the X-ray study
(vide supra) and to the rupture of the intramolecular
hydrogen bond N(1)-H.. N(3) [17] when the confor-
mation of the ligand is modified upon complexation
(vide supra).

Table 9 shows the most relevant *C and ***Sn NMR
data. Due to scant solubility of H,I. in CDCI;, its
spectrum was recorded in DMSO-d,. To find out the
mfluence of the solvent, spectra were recorded for
[SnMe,(L)] in both CDCl, and DMSO-d,. The change
of solvent shifts the carbon signals only slightly (by
< 1.1 ppm), except for the C(2) signal, which in DMSO-
de solution lies 3.4 ppm upfield of its position in CDCl,
(see Table 9).

C(1) is more shielded in the complexes than in the
free ligand, suggesting that the shielding effect [23] due
to the thione-thiol evolution of the C(1)-S group and
to the reinforcement of C(1)-N(2) bond order outweigh
the deshielding inductive effect of the S-Sn bond. Note
that C(1) is deshielded upon formation of [Cd(PyTSC),]
(PyTSC=2-formylpyridine thiosemicarbazonate) [8],
this difference with respect to the tin complexes possibly
being ascribable to the sulfur-metal bond being stronger
than in the latter.

C(2), and to a lesser extent C(4), are strongly de-
shielded by complexation. The C(2) signals show weak
satellite peaks (at 20.8 and 20.6 Hz for [SnMe,(L)]
and [SnPh,(L)], respectively) that may derive from
carbon-tin coupling through the N(3) atom as proposed
in Table 9.

Substitution of the value of J(*>C-'"°Sn) (Table 9)
in the Lockhart-Manders equation [24] yields a C-Sn-C
angle of ¢. 132° for the dimethyltin(IV) complex, in
reasonable agreement with the angle observed in the
sohd state (Table 4). (*"H-''°Sn) for this compound
(70.0 Hz) is in the usual range for pentacoordinated
compounds.
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13C and '"Sn NMR spectral data (8, ppm, J, Hz) of the ligand and complexes®

Complex  Solvent  8[C(1)] S8[C(2)] B[C(3)] [CA] BCB) B[CO6) SC(N] d[CB) 8MR,] JR'"""Sn) (C(2)~Sn) §[Sn]
H,L DMSO-d, 17787 13998 12035 15649 11612 131.14 11934 12691
[SnMey(L)] CDCl, 16798 16129 11691 16626 11728 13484 12162 13279 592 627 7/600 4 208 —1047
DMSO-d, 16807 15789 11654 16577 11793 13399 12112 13388 777
[SnPhy(L)] CDCl, 16692 16123 11693 16631 11749 13507 12182 13391 1426 206 —-2354
1359 o 563
1287 m  812/843
1301p 170
“Numbering scheme see Figs 1 and 2
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