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As reagdes dos ligantes Hadapf e Hadapt, com Ra-mSnXm (m =2, 3; R=Me, PheX =Cl, Br)
resultaram naformag&o de oito novos compl exos organoesténi cos heptacoordenados, osquaisforam
estudados por andlise elementar, espectroscopias no 1V, RMN de He M Ossbauer, parainvestigar
suas propriedades estruturais. O derivado metilado, [Me2Sn(Hdapt)]Br.H20, foi também caracteri-
zado por difragdo deraio X por monocristais. O complexo cristalizano sistemamonoclinico egrupo
de espaco P21/c, com a = 21.920(3), b = 7.4470(5), ¢ = 16.805(2) A, B = 110.18(1)°e Z = 4. A
determinaco estrutural revelou um complexo monocatiénico de Sn(1V), [MezSn(Hdapf)]”, numa
geometria bipiramidal trigonal, naqual o Br™ estd como contra-ion e umamoléculade agua gjudao
empacotamento cristalino. Os parametros Modssbauer para o complexo [MexSn(Hdapf)]2
[Me2SnCl4] evidenciaram dois sitios de Sn(lV), como observado pela determinacdo da estrutura
cristalina. Também uma correlacdo entre os dados de Mdsshauer e de raio X, baseada no modelo
carga-ponto, € discutida.

The reaction of the ligands Hodapf and Hadapt, with Ra-mSnXm (m=2, 3; R=Me, Phand X =
Cl, Br) led to the formation of eight new heptacoordinated organotin(lVV) complexes, which were
studied by microanalysis, IR, NMR and Mo&ssbauer spectroscopy to investigate their structural
properties. The methyl derivative [Me2Sn(Hdapt)]Br.H20 was also studied by single crystal X-ray
diffraction. It crystallizes in the monoclinic system, space group P21/c, with a = 21.920(3), b =
7.4470(5), ¢ = 16.805(2) A, B = 110.18(1)°, Z = 4. The structure determination reveaed a
monocationic complex of Sn(IV) in a distorted bipyramidal geometry [MeQSn(Hdapf)]+, with Br’
as counter ion and one molecul e of water helping the crystal packing. M éssbauer parameters of the
complex [Me2Sn(Hdapf)]2[Me2SnCl4] have evidenced two Sn(1V) sites, as observed in the crystal
structure determination. Also a correlation between Mdssbauer and X-ray data based on the
point-charge model is discussed.
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Introduction tin chlorides, RemSnClm (M = 2, 3). It has been found that

The chelating properties of 2,6-diacetyl pyridinebis(hy- these ligands act as pentadentate and coordinate to Sn (1V)
drazones) have been investigated towards several organo- through the two enol ate oxygen atoms, the two azomethine
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nitrogens and the pyridil nitrogen>?3. However, the nature
of coordination depends on the metal ion, the pH of the
medium, the reaction conditions, and also the nature of the
hydrazone®. For instance, the pentadentate hydrazone can
remain protonated as in the compound
[MeSnCl(Hzdapsc)]?*, Hadapsc = 2,6-diacetylpyridine-
bis(semicarbazone)?, it can be deprotonated asin the com-
plex [Et2Sn(dapt)], Hodapt =
2,6-diacetyl pyridinebis(2-thenoylhydrazone)?, or partialy
protonated as in the monocation [Me;Sn(Hdapf)]*, Hzodapf
= 2,6-diacetylpyridinebis(2-furanoylhydrazone)®. Single
crystal X-ray diffraction studieshave shownthatinall three
modes of complexation, the Sn(1V) atom exhibits a nearly
pentagonal bipyramidal coordination geometry with equa-
torial plane defined by the ONNNO donor set of the hydra-
zone ligand. The present work deals with the preparation
and characterization of eight new complexes with the li-
gands 2,6-diacetylpyridinebis(2-furanoylhydrazone),
Hodapf, and 2,6-diacetyl pyridinebis(2-thenoylhydrazone),
Hodapt, whose structures are shown below. These two
ligands were chosen since they have the potential to form
pentacoordinated or higher coordinated Sn(lV) complexes.
Furthermore, different possibilities of binding to the metal
in the enolate or ketone forms make this study extremely
interesting. The complexes formed were studied by mi-
croandysis, IR, *H-NMR, Md&ssbauer spectroscopy and
crystal X-ray diffraction.

‘ X
H3C\C N/ C/CH3
H. _N N_ _H
| |
X CQO O¢C X
\_J \_/
X=0,S

Experimental

Synthesis

The ligands Hodapf and Hzdapt were prepared accord-
ing to the literature®, using EtOH as solvent. The Sn(IV)
complexes were prepared by the following method. The
methanol solution of the organotin(IV) derivative was
added to the hot methanol solution of appropriate hydra-
zoneinal/1 mol ratio. The resulting mixture was refluxed
for 1 h and filtered to form a clear solution and allowed to
stand at room temperature. After cooling and slow evapo-
ration of the solvent, crystalline productswere formed with
yields about 60%, which did not melt below 250 °C.
Crystals, which were suitable for X-ray analysis, were
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isolated only for the complexes 2 and 7. The structure of 2
was determined previously®. The microanalysis were per-
formed with a Perkin EImer 2400C analyser, giving for C,
H and N the following results.

1. [MeSnCl(dapf)]. Anal. Calcd. for
(C20H18CINsO2Sn): C, 43.90; H, 3.32; N, 12.81. Found: C,
43.40; H, 2.90; N, 12.72%.

2. [MexSn(Hdapf)]2[MexSnCl4]. Anal. Calcd. for
(C23H28ClaN502Sny): C, 39.31; H, 3.67; N, 10.41. Found:
C, 38.72; H, 3.39; N, 10.62%.

3. [MeSn(Hdapf)]Br. Anal. Calcd. for
(C21H22BrNsO2Sn): C, 41.53; H, 3.62; N, 11.54. Found: C,
40.25; H, 3.87; N, 11.40%.

4, [PhZSn(dapf)]. Anal. Calcd. for (C31H25N5028ﬂ)2 C,
57.26; H, 3.11; N, 10.77. Found: C, 58.57; H, 2.93; N,
10.50%.

5. [MeSnCl(dapt)]. Anal. Calc.d for
(C20H18CINsO25n): C, 41.52; H, 3.11; N, 12.10. Found: C,
40.73; H, 2.93; N,12.11%.

6. [MexSn(Hdapt)]2[MexSnCl4]. Anal. Calcd. for
(Ca3H2sCl4NsSSnR): C, 37.51; H, 3.58; N, 9.94%. Found:
C, 37.07; H, 3.44; N, 9.77%.

7. [MeSn(Hdapt)]|Br.H20. Anal. Calcd. for
(C21H22BrNsS:Sn): C, 38.25; H, 3.61; N, 10.62%. Found:
C, 38.55; H, 3.41, N, 10.33%.

8. [Ph2Sn(dapt)]. Anal. Calcd. for (CaiH2sNsSSn): C,
54.55; H, 3.66; N, 10.26. Found: C, 53.81; H, 3.49; N,
9.87%.

Infrared spectra were recorded on a Nicolet 5ZDX-FT
spectrophotometer in the 4000-400 cm® range using KBr
pellets. Due to poor solubility of the complexes, it was
possible to perform H NMR spectra only for the com-
plexes 2, 3, 6 and 7 in CDClg, using a 250 MHz Bruker
spectrometer. Chemical shifts are relative to internal tetra-
methylsilane. 11°Sn M 6ssbauer spectra were measured us-
ing a constant accel eration spectrometer moving a CaSnOs
source at room temperature. The isomer shift values are
given with respect to this source. The samples were meas-
ured at liquid nitrogen temperature and all spectra were
computer fitted assuming Lorentzian line shapes. X-ray
diffraction data were collected at room temperature using
an Enraf-Nonius CAD-4 automatic diffractometer, with a
graphite monocromated MoK« radiation (A = 0.71073 A),
obtained in afine focus sealed tube.

X-ray structure determination of [ Mex3h(Hdapt)] Br.H2-0

The unit cell of the complex 7 was determined by a
least-squares fit of settings for 25 strong reflections, with
10° < 6 £18°. Intensity measurements were carried out up
to 27°, using w/20 scan mode. A yellow, prismatic, single-
crystal with dimensions: 0.2 x 0.15 x 0.3 mm was used.
During the data collection the intensity decay was checked
through the measurement of 3 standard reflections every
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120 min and acorrection factor was applied (average value
= 0.9976). Absorption corrections were also taken into
account according to an empirical method, Y scan®. The
maximum and minimum transmission factors were respec-
tively 0.9964 and 0.7905. The crystal data and structure
refinement parameters are givenin Table 1.

The structure was solved by heavy-atom method. The
refinement on (F(hkl))? through iterative full-matrix |east-
squares calculations including all data was done, and
weights w = 1/[S?(F2obs) + (0.0817P)? + 10.9505P] where
P= (F?ops + 2 F2caic)/3 Were assigned to them’. The observed
criterion was used only for calculating R factor for ob-
served reflections. The refinement process was applied
until convergence (mean value of shift/esd = 0.000) and the
maximum, minimum and average peaks of electronic den-
sity residues were 2.80, -2.34 and 0.14 e A3, respectively.
These peaks are high. The most positive is 0.44 A from
C132 and the negative is 0.50 A from S135. Anisotropic
displacement parameters were assigned to non-H atoms,
with exception of one of the thiophene rings (C131, C132,
C133, C134, S135). The rings have different behaviors
during the refinement process, one of them is close to the
bromide and the water molecule. The other one has a
greater volume to occupy in the crystal structure. Due to
this, the model was refined with isotropic temperature
parameters for the atoms of this thiophene ring. Conse-
quently, the highest peak and the deepest hole in the resi-
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dual eletronic density are close to these atoms. Several
attempts to refine them anisotropicaly and/or including
disorder effects were done, without any success.

The H-atom positions were calculated and refined as
riding atoms, except HN1, HO3A and HO3B, whose frac-
tional atomic coordinates were determined in a difference
Fourier map, calculated after convergence of the model
with al other atomsand refined. Anisotropic displacement
parameter was applied to all H-atoms, using values 20%
greater than the equivalent temperature factor of the corre-
sponding C-atom.

Results and Discussion

Crystal structure of [ MexSh(Hdapt)] Br.H-0O

The structure determination revealed the presence of a
complex cation of tin(IV), trans-dimethyl[2,6-diace-
tylpyridinebis(2-thenoylhydrazone]tin(IV), with bromide
as counter ion. A water molecule helps the packing mode.

The meta is heptacoordinated, showing a distorted
pentagonal bipyramidal geometry, with the pentahapto li-
gand, Hdapt", at the equatorial plane and two methyl groups
at the axial positions. Themajor ligand is planar, except for
thethiophenerings, which makedihedral anglesof 27.4(1)°
and 11.4(3)°, respectively, with the equatorial plane. Table
2 containsthefractional atomic coordinatesand theequiva
lent isotropic displacement parameters. Table 3 contains

Figure 1. View of the asymmetric unit of [Me2Sn(Hdapt)]Br.H20, with labelled atoms and 50% probability €llipsoids.
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Figure 2. View of one pair of [Me2Sn(Hdapt)]Br.H20, to show Br™ and water molecule rolesin the crystal packing.

selected bond distances and angles. Figure 1 shows the
molecule with labeled atoms.

During the reaction the proton from one of the
azomethine groups leaves the molecule. The other, HN1,
remains in the structure. As a consequence, differences
between bond distances and angles around the metal can be
observed, O1 atom isin aketo form and O2 is an enolate,
which has greater basicity (Table 3).

This fact was aso observed in the structures of other
complexes, inwhich asimilar ligand loses one proton, such
as in [Ph2Sn(Hdaptsc)] CI® [Hodaptsc = 2,6-diacetylpyrid-
i nebi s(thiosemi carbazone)] with distances Sn-S: 2.592(1)
and 2.703(1) A; Sn-N: 2.348(4), 2.353(4) and 2.491(4) A;
[MexSn(Hdapf)][MexSnCl4)®  [Hxdapf = 2,6-diace-
tylpyridinebis(furanoylhydrazone)] with distances Sn-O:
2.227(4) and 2.474(4) A; Sn-N: 2.246(4), 2.263(5), and
2.314(4) A; and [MeSnCl(Hdaptsc)]Cl.MeOH? with dis-
tances Sn-S: 2.527(2) and 2.633(2) A, Sn-N: 2.288(6),
2.328(6), and 2.430(6) A. On the other hand, when both
protons, from thetwo arms of the molecule remain attached
or leave it, the observed values of the homologue bond
distances and angles are similar, reflecting a higher sym-
metry for these complexes. Two examples of the first case
are: [MeSnCl(Hzdapsc)]Cl2.2H202, with distances Sn-O:
2.177(6) and 2.180(6) A; Sn-N: 2.252(7), 2.262(6) and
2.284(7) A; [CISNCI(H2dapsc)]Cl2.2H,0° with distances
Sn-0: 2.127(5) and 2.123(6) A; Sn-N: 2.259(6), 2.260(7),
and 2.272(7) A. Examples of the second case are:
[PhSnPh(daptsc)].2DMF, with distances Sn-S: 2.593(1)
and 2.603(1) A, Sn-N: 2.368(3), 2.421(4) and 2.427(4)
A; [EtSnEt(dapt)]* with distances: Sn-O: 2.251(13) and
2.285(14) A, Sn-N: 2.300(16), 2.306(17) and
2.356(16) A.

In the crystal packing, pairs of [MexSn(Hdapt)]
Br.H20 are observed. These pairs are built by H-interac-
tionsthrough the proton from the azomethine groups, the
water molecules and the bromide. This can be seen in

[Me2Sn(Hdapt)]Br.H20.

Table 1. Crystal data and structure refinement parameters of

Molecular Formula C21H24N503SSnBr
Molecular Weight 657.18
Crystal System monoclinic
Space group P2i1/c

a(A) 21.920(3)

b (A) 7.4470(5)
c(A) 16.805(2)
B© 110.178(10)
vV (A)3 2574.8(5)

z 4

Dealc (g.cm™) 1.696

i (mm'Y) 2.738

T (K) 298

Range of h, k, | -25 - 27,-9-0,-20-0
No. measured reflections 5831

No. of observed reflections 4218
(F>40 (F)

F(000) 1304

No. of refined parameters 289

Robs 0.0472

Rall 0.0659

Rw 0.1351

S 1.051

Fig. 2. The H-bond distances and angles are N1-O3:
2.889(8),HN1-03:2.24(7),N1-HN1-03:166(9)°,03-Br:
3.294(7), O3-HO3A: 0.58(10), O3-HO3B: 0.78(9), Br-
HO3A:2.86(12) A,HO3-03-HO3B: 109(9)°, 03-HO3A-
Br:134(14)°.
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Table 2. Fractional atomic coordinates and equivalent i sotropic displace-
ment parameters (A?) for [MezSn(Hdapt)] Br.H20.

J. Braz. Chem. Soc.

Table 3. Selected bond distances (A) and angles (°) for [MezSn(Hdapt)]
Br.H20.

Atom X y z 9]
Sn 0.207648(17) -0.03068(5) 0.19223(2) 0.03021(14)
Br 0.43929(4) 0.64998(11) 0.35530(4) 0.0567(2)
C1 0.2356(3) -0.2973(9) 0.2287(4) 0.0469(15)
Cc2 0.1867(4) 0.2452(9) 0.1891(4) 0.0490(15)
o1 0.24297(19) 0.0069(7) 0.3490(3)  0.0439(11)
C3 0.3017(3) 0.0305(8) 0.3888(3) 0.0336(12)
C31 0.3296(3) 0.0118(8) 0.4807(4) 0.0335(12)
C32 0.3910(3) -0.0279(10) 0.5304(4) 0.0482(15)
C33 0.3971(4) -0.0434(12) 0.6162(4) 0.0592(19)
C34 0.3413(3) -0.0142(11) 0.6296(4) 0.0541(18)
S35 0.27854(7) 0.0287(3) 0.53857(10) 0.0444(4)
N1 0.3444(2) 0.0678(8) 0.3490(3) 0.0378(12)
HN1 0.374(4) 0.096(10)  0.372(5) 0.045

N2 0.3230(2) 0.0504(7) 0.2628(3) 0.0333(10)
c4 0.3616(3) 0.0671(8) 0.2210(4) 0.0354(12)
C5 0.4321(3) 0.1109(12) 0.2581(4) 0.0532(18)
C6 0.3307(3) 0.0337(8) 0.1286(4) 0.0352(12)
C7 0.3645(3) 0.0393(9) 0.0723(4) 0.0453(15)
C8 0.3328(4) 0.0041(10) -0.0113(5) 0.0533(18)
C9 0.2661(3) -0.0337(10) -0.0397(4) 0.0476(15)
C10 0.2351(3) -0.0432(8) 0.0190(4) 0.0371(12)
N3 0.2666(2) -0.0094(6) 0.1009(3) 0.0325(10)
Cl1 0.1657(3) -0.0961(9) -0.0038(3) 0.0386(13)
C12 0.1256(4) -0.1434(11) -0.0933(4) 0.0559(19)
N4 0.1449(2) -0.1017(7) 0.0585(3) 0.0361(10)
N5 0.0830(2) -0.1621(8) 0.0459(3) 0.0427(12)
C13 0.0705(3) -0.1573(9) 0.1174(4) 0.0411(13)
C131 0.0077(3) -0.2312(10) 0.1135(4) 0.0485(15)
C132 -0.0455(2) -0.3020(7) 0.0296(3) 0.0230(9)
C133 -0.0953(5) -0.3664(14) 0.0663(6) 0.079(3)
C134 -0.0814(5) -0.3511(14) 0.1470(6) 0.080(3)
S135 -0.01130(15)-0.2609(4)  0.1990(2)  0.0954(8)
02 0.1088(2) -0.0990(7) 0.1893(3) 0.0468(11)
03 0.4614(3) 0.2544(9) 0.4486(4) 0.0652(17)
HO3A 0.474(6) 0.306(16)  0.433(7) 0.078
HO3B 0.477(5) 0.258(14)  0.498(6) 0.078

Infrared spectroscopy

The main vibrational bands of the ligands H.dapf and
Hodapt, and their complexes are shown in Table 4. The
disappearance of thev(NH) and v(CO) bandsin complexes
1, 4, 5 and 8, derived from the most acidic organotin
precursors, namely MeSnClz and PhySnCly, is a conse-

Sn-Cl1 2.106(7) Cl-Sn-C2  1655(3)
Sn-C2 2.102(6) Cl-Sn-01  811(2)
Sn-01 2.493(4) Cl-Sn-02  885(2)
Sn-02 2.209(4) Cl-Sn-N2  86.8(2)
Sn-N2 2.469(4) C1-Sn-N3  94.8(2)
Sn-N3 2.327(4) Cl-Sn-N4  949(2)
Sn-N4 2.255(5) C2-Sn-01  84.4(2)
01-C3 1.241(7) C2-Sn-02  91.2(2)
02-C13 1.286(7) C2-Sn-N2  87.2(2)
C3-N1 1.355(7) C2-Sn-N3  94.8(2)
C13-N5 1.322(8) C2-Sn-N4  89.7(2)
N1-N2 1.366(7) 01-Sn-02  89.64(14)
N4-N5 1.375(6) O1-S-N2  64.66(14)
N1-HN1 0.67(7) 02-Sn-N4  70.62(16)
N2-Sn-N3  65.81(15)
N3-Sn-N4  69.22(16)

guence of the double deprotonation of the ligands, indicat-
ing that these groups are involved in the formation of
deprotonated complexesviaenolisation. Onthe other hand,
the IR spectraof complexes2, 3, 6 and 7, obtained with the
same ligands and the less acidic precursors Me>SnCl, and
MexSnBr» in this region are different, showing that the
v(CO) band shiftsto lower frequencies, whichisindicative
of bonding of the carbonyl oxygen to the metal atom.

The position of thev(NH) absorption shifted to smaller
frequencies in complexes 2 and 3, is probably due to the
hydrogen bond in which the N-H group is involved being
weaker than in free ligands. The N5-HN5 distance® of
0.82(6)° found in complex 2 is longer than the N1-HN1
distanceof 0.67(7)° found herein complex 7. ThelR results
suggest that deprotonation may not occur upon complexa
tion with MexSnX» (X = Cl, Br). However, the structure
determined by X-ray diffraction of the complexes2 and 7,
shows that partial deprotonation of the ligands indeed take
place.

It isseen from Table 4 that [v(CO) + v(CN)], 8(CH)aryi
and O(CH)aky absorption bands have shifted to higher
frequencies in all the complexes. This is due to a greater
rigidity shown by thesegroups. Similar resultscan befound
in the literature™312,

'H-NMR spectroscopy

Table 5 shows the 2J(**"119sn, 1H) coupling constants
only for the ionic complexes 2, 3, 6 and 7, obtained from
the partial deprotonation of Hadapf and Hodapt. The neutral
complexes 1, 4, 5 and 8, resulting from the double depro-



Vol. 10, No. 3, 1999

[ F

Relative transmission
5%
i
w
B
<
Pl

10%

Velocity / (mm/s)

Figure 3. Experimental, partiad and fitted MOsshauer spectra at liquid
nitrogen temperature of A: [MeSnCl(dapf)], B: [MexSn(Hdapt)]2
[Me2SnCl4] and C: [Ph2Sn(dapt)].

tonation showed poor solubility in CDClz andin other usual
solvents. The observed Sn-H coupling constants are in the
range characteristic of heptacoordinated organotin(1V)
complexes't. 2] values are very close for the heptacoordi-
nated complexes?2, 3, 6 and 7, suggesting similar structures
for these species. The same can be concluded for the
anionic hexacoordinated counter ionsin 2, 6 and 9.

Maossbauer spectroscopy

11950 Mésshauer spectroscopy was performed on all
eight complexes, giving the results in Table 5, which in-
cludes parametersfromtheliteraturefor comparison. Some
of the spectra are shown in Fig. 3.

All the compl exes present one heptacoordinated Sn(1V)
site, except 2 and 6 which show the presence of two
different Sn(IV) sitesin a2:1 ratio. The most abundant site
corresponds to a monocationic complex with heptacoordi-
nated Sn(1V), inadistorted pentagonal bipyramidal geome-
try, and the other site corresponds to the hexacoordinated
Sn(1V) which isadianionic complex acting as counter ion.
This conclusion isin accordance with single crystal X-ray
analysis® of the complex 2.
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The isomer shift (8) of the complex 1 (0.68 mm/s) and
5 (0.65 mm/s) are lower than that of the parent acid
MeSnCl3'* (1.20 mmy/s). The same is true for the heptaco-
ordinated site of 2 (1.29 mm/s) and 6 (1.25 mm/s), 3 (1.31
mm/s) and 7 (1.25 mm/s), and 4 (1.01 mm/s) and 8 (1.03
mm/s) compared to their parent acids MeSnCl'* (1.49
mm/s), MexSnBr2!® (1.59 mmy/s) and PhoSnCl' (1.32
mm/s), respectively.

Isomer shifts decrease on complexation, as a result of
rehybridization to higher coordination for Sn atomsin the
complexes, indicating lower s-electron density at the Sn
nucleusin the complexes as compared to the parents acids.
This can be attributed to a greater involvement of d-orbi-
tals, which now take part in the Sn(1V) hybridization
scheme, thusreducing theweight of s-orbitalsinthe overall
hybridization of the metal*®!’. This conclusion is consis-
tent with that observed for the Sn-H coupling constants, i.e.,
an increase in the coordination number produces an in-
crease in 2J valuest'! (Table 5). Similar results have been
reported for a great variety of other Sn(IV) com-
pounds™&:19,

The complexes of the same Sn(1V) precursor with dif-
ferent ligands, i.e,, 1and 5, 2 and 6, 3and 7, and 4 and 8,
have very similar isomer shifts. Thisisin accordancetothe
fact that the only difference between the ligands is in the
5-member ring, which has oxygen in Hzdapf and sulfur in
Hodapt. Since thisdifferenceis outside of the coordination
sphere of the Sn atom, no sensible change in the s-electron
density of Sn(IV) nucleusis expected.

From Table5it can be seen that, except for the compl ex
7, the same conclusion istrue for the quadrupole splittings.
The difference between complex 3 (A = 4.01 mm/s) and 7
(A = 3.80 mm/s) may be related to the presence of a H2O
moleculein 7.

On the other hand, the complexes of the same ligand
with different Sn(IV) precursors show that the inverse
dependence of the isomer shift values with the electrone-
gativity of the substituents is quite reasonable'®?. This
behavior can be seen either for the compl exes of Hodapf or
Hodapt. Complexes 1, 2 (monaocationic), 3 and 4 have the
same ligand Hodapf in the equatorial plane and different
axial groups. Going from 1 to 2, chloride was replaced by
alesselectronegative M e group, which accountsfor higher
0 of 2 compared to 1. Complexes 2 and 3 have the same
axial groups, therefore the same o is observed. Now going
from3to 4, Meisreplaced by amoreelectronegative group
Ph, leading to adecrease in .

The Moésshauer parameters 6 and A obtained for the
dianionic complexes2 and 6 arein agreeement with similar
species, complexes 10, 11 and 12 (Table 5).

Quadrupole splitting (A) values, presented in Table 5,
arenot sufficient to characterizea Sn(1V) complex aseither
tetra-, penta-, hexa-, or heptacoordinated'. However, a
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Table 4. Main IR bands (cm'l) of the ligands Hodapf and Hodapt, and their complexes.

Compound V(NH) v(CO) v(CO) + O(CH)aryi O(CH)alkyl
V(CN)
Hodapf 3224m 1682vs 1522s 1470s 1450s
1. [MeSnCl(dapf)] - - 1553m 1506m 1474s
2. [MezSn(Hdapf)] 2 3189w 1641m 1552m 1519m 1466m
[MezSnCl 4]
3. [MexSn(Hdapf)]Br 3215w 1639m 1552m 1497m 1462m
4. [Ph2Sn(dapf)] - - 1549m 1498m 1475m
H2dapt 3166m 1698vs 1518s 1447s 1422m
5. [MeSnCl(dapt)] - - 1528m 1492m 1438m
6. [MezSn(Hdapt)]2 3167w 1606m 1530m 1480m 1423m
[MezSnCl 4]
7. [Me2Sn(Hdapt] Br.H20 3184w 1614m 1528s 1483m 1430m
8. [Ph2Sn(dapt)] - - 1526m 1484m 1427m

successful correl ation between quadrupol e splitting and the
structure of different coordinated Sn(1V) using, either sim-
ple point-charge approach'®?224 or a more elaborate hy-
bridization treatment?, has been reported. According to
these models, one assumes that L, a parameter [L], is
assigned to each ligand, which makes a fixed and inde-
pendent contribution to the quadrupole splitting.

For Sn(1V) complexes containing SnR> moiety, such a
quadrupole splitting is dominated by highly covalent Sn-C
bonds, and one can show by ignoring the contribution of

the other ligands, that A is given by??3,

CAO=4[R] (1- % sin?)” @

where [R] denotes the partial quadrupole splitting of the
group R and 6 is the R-Sn-R angle. Eq. (1) has been
satisfactorily applied to four-, five- and six-coordinated
Sn(1V) compounds, using appropriate values of [R] for
each coordination number?>?>?* Although little
M &ssbauer and structural dataareavailableintheliterature
for heptacoordinated Sn(IV) compounds, the existing data
have shown a reasonable and consistent behavior for Eq.
(1)1,9,23.

Considering the complexes 2 and 7 whose structure
were determined by single crystal X-ray diffraction, the
[Me] can be estimated. Inserting the values A = 3.96 mm/s
and 6 = 166° 2 for the heptacoordinate site of complex 2
and A = 3.80 mm/sand 6 = 164.9° of 7 into Eq. (1) we get
[Me] = -1.01 mm/s and [Me] = -0.98 mm/s, respectively.
These values agree within 4% with [alkyl] = -0.97 mm/s
reported for heptacoordinate Sn(1V) complexes embodyng
pentacoordinate ligands®. Now using the value[Me] = 1.00
mm/s (average of -1.01 and -0.98 mm/s) and A = 4.01 mm/s

of complex 3 and A = 3.94 mm/s for the heptacoordinate
Sn(1V) of complex 6, Eq. (1) allows us to predicte for the
Me-Sn-Me angle 6 = 180° and 6 = 169° for the complexes
3 and 6, respectively. The later valueisin excellent agree-
ment with 6 = 166° found for complex 2.

The Ph-Sn-Ph angle for the phenyl derivatives, com-
plexes 4 and 8, can be also predicted through Eg. (1) and
appropriate values of [Ph].

Combining Mdssbauer and structural data for the hep-
tacoordinate complex [Ph2Sn(Hdaptsc)]CI® [Hodapstc =
2,6-acetylpyridinebis(thiosemicarbazone)], i.e., A = 3.13
mm/s) and 8 = 167.9°, we found [Ph] = -0.80 mm/s, which
agrees very well with a previous reported! value [Ph] =
-0.78 mm/s. Inserting A = 3.22 mm/s 4 and A = 3.24 mm/s
8 and [Ph] = -0.80 mm/sinto Eq. (1) we get 6 = 180° for
both complexes.

Finally the predicted Me-Sn-Me angles for the hexaco-
ordinate Sn(1V) sites of complexes 2 and 6, namely
[MeSnCl4)% can be estimated using [Me] = -1.03 mmy/sfor
hexacoordinate species?>?, Inserting A = 4.11 mm/s 2 and
A = 3.99 mm/s 6 together with [Me] =-1.03 mm/sinto Eq.
(1) we obtained 8 = 175° (X-ray diffraction: 180°) and 6 =
163°, respectively for Me-Sn-Meangle of complexes2 and
6.

The correlation between Mdssbauer and X-ray struc-
tural data, using a simple point-charge model, gave values
for [Me] and [Ph] in excellent agreement with earlier
reported values. We think that this correlation isimportant
considering the poor number of published structural data
for heptacoordinate complexes as compared to penta- and
hexacoordinate species.
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Table 5. *H-NMR and Méssbauer spectroscopy data for the complexes.

Heptacoordinated Organotin(lV) Complexes Derivatives of Hzdapf, and Hodapt 229

Complex CN MsnH) (M%nH)  s(mmis A (mmiy)
(H2) (H2)
1. [MeSnCl(dapf)]? 7 - - 0.68 1.89
2. [MezSn(Hdapf)] 2 7 107 110 1.29 3.96
[Me2SnCla)? 6 70 81 1.56 411
3. [MezSn(Hdapf)]Br? 7 99 109 1.31 401
4. [PhaSn(dapf)]? 7 - - 1.01 3.22
5. [MeSnCl (dapt)]® 7 - - 0.65 1.83
6. [MexSn(Hdapt)]2 7 106 113 1.25 3.94
[MezSnCl4)? 6 78 81 1.49 3.99
7. [MezSn(Hdapt] Br.H20? 7 106 11 1.25 3.80
8. [Ph2Sn(dapt)]? 7 - - 1.03 3.24
9. [CsH7N2]2[MezSnCl4]° 6 79 83 - -
10. (Cs)z[Me2SnCl4]° 6 - - 1.63 432
11.[2-H3NCgH4C(O)NH2]2 [Me2SnCl4]© 6 92 1.19 4.09
12.(CsHsNH)2[MeSnCl4]© 6 - - 1.59 4.32

Abreviations: C.N = coordination number, CsH7N2 = 2 aminopyridine, Hoxdapf = 2,6-diacethylpyridinebis(2-furanoylhydrazone), Haxdapt = 2,6-
diacethyl pyridinebis(2-thenoyl hydrazone), &= isomer shift (+ 0.01 mm/s) relativeto CaSnOz at room temperature, A = quadrupol e splitting (+ 0.02 mm/s),

&hiswork, °Ref. 12, °Ref. 13.

Concluding, eight new heptacoordinated organotin(lV)
complexesof theligandsHz2dapf and Hzdapt were obtained,
which were investigated by means of microanalysis, IR,
IH-NMR, Méssbauer spectroscopy and X-ray diffraction.

The crystallographic data were deposited at the Cam-
bridge Crystallographic Data Centre under the number
CCDC114597.
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