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The synthesis and the IR, NMR (*H, *C, and *°Sn), and Mdssbauer spectroscopies and single-crystal X-ray
diffraction studies of seven-coordinated diorganotin(IV) complexes, namely, [Ph,Sn(Hdapsc)]Cl-H,O-DMF [7; H,-
dapsc = 2,6-diacetylpyridine his(semicarbazone)], [Me,Sn(H2,6Achexim)]Br-H,O [8; H,2,6Achexim = 2,6-
diacetylpyridine bis(3-hexamethyleneiminylthiosemicarbazone)], [Me,Sn(dapmts)] [9; H.dapmts = 2,6-diacetylpyridine
bis(4-methythiosemicarbazone)], and ["Bu,Sn(dapmditc)] [10; H.dapmdtc = 2,6-diacetylpyridine bis(S-methydithio-
carbazate)], were done. The determination of the structures of [Ph,Sn(Hdapsc)]*, [Me,Sn(H2,6Achexim)]* and [Me,-
Sn(dapmts)], ["Bu,Sn(dapmdtc)] revealed the presence of monocationic and neutral complexes, respectively. The
structures consist of monomeric units in which the Sn" ions exhibit distorted pentagonal-bipyramidal geometries,
with the X,N,N,N,X-donor (X = O, S) systems of the ligands lying in the equatorial plane and the organic groups
in the apical positions. The C—Sn—C angle in the seven-coordinated diorganotin(lV) complexes was estimated
using a correlation between Mdssbauer and X-ray data based on the point-charge model and using new values
obtained in this work for [alkyl] = —1.00 mm s~* and [aryl] = —0.80 mm s~ for complexes containing O,N,N,N,O-
pentadentate ligands and new values for [alkyl] = —0.87 mm s! and [aryl] = —0.75 mm s~ for complexes
containing S,N,N,N,S-pentadentate ligands.

Introduction complexes have been extensively studied by X-ray structural
Metal complexes of X,N,N,N,X-pentadentate £XO, S) analysis and a number of other spectroscopic technitfues.
Schiff base ligands derived from semicarbazones, thiosemi-However, organotin(IV) complexes of these classes of
carbazones, an8-alkyldithiosemicarbazates comprise im- €0mpounds have received less attention. - ,
portant classes of compounds because of their interesting "€ chelating properties of 2,6-diacetylpyridine bis-
physicochemical properties and potential relevance in bio- (S€micarbazones) and 2,6-diacetylpyridine bis(thiosemicar-

logical systemd:# In this context, a number of 3d metal bazones) have been investigated for a great number of
transition-metal ions, as well as with main-group metal
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Seven-Coordinated Diorganotin(lV) Complexes

were observed with bis(thiosemicarbazdfiejerivatives. recorded in CDGl(SiMey) using a Varian Mercury Plus 300-MHz
Metal complexes of 2,6-diacetylpyridine &sglkyldithio- spectrophotometet®Sn Méssbauer spectra were collected at 90
carbazate) ligands have not received much attention, so theK in the transmission geometry on a constant-acceleration conven-
present work allows us to say that seven-coordinated tional spectrometer by using a CaSn®ource kept at room
diorganotin(lV) complexes containing pentadentate bis- temperature. All isomer shift values reported in this work are given
(dithiocarbazate) ligands have not yet been reported. with respect to this source. All Mizbauer spectra were computer-

Thi . tensi f h devot dfitted assuming Lorentzian line shapes, and the resulting isomer
IS paper IS an extension of research programs 0evoletypqs ang quadrupole splittings are accurate tate®05 mm st

to the investigation of the coordination modes of bis- Ejemental analyses (C, H, and N) were carried out using a Carlo
(semicarbazones) and bis(thiosemicarbazones) with organogrha 1104 elemental analyzer.

tin(IV) compounds as well as to the chemistry and structures  preparation of the Quinquedentate Ligands.The ligands H-

of five-, six-, and seven-coordinated organotin(i9.The dapscl? H,2,6AcheximH,0 13 Hydpmtst4 and Hdapmdtés were
ligands shown below were chosen because they have therepared as described previously.

potential to form four-, five-, and six-coordinated or higher  Preparation of the Organotin(lV) Complexes.R,SnCh (R =
tin(IV) compounds. Furthermore, different possibilities of Me,"Bu, Ph; 1.4 mmol) in 15 mL of MeOH was added to a warmed
binding to the metal in the keteenol and thiokete-thioenol MeOH solution (20 mL) of the appropriate ligand (1.3 mmol). The

tautomerisms make a Comparison between the |igands evermixture was refluxed for about 1 h. After fiItration, a clear solution

more interesting. was obtained, and slow evaporation of the solvent led to the
appearance of a crystalline product. Crystals suitable for X-ray
diffraction studies for compleX were grown by a slow-evaporation

technique from a MeOH/dimethylformamide (DMF) (1:1, v/v)
Q solution. The yields were found in the 480% range, and not one

H;C CH; of the complexes melted below 28C. [Ph.Sn(Hdapsc)]GH,0-
N N o DME (7). Anal. Calcd for GeHssCINGOsSN (675.74): C, 46.17:

|| || H, 4.88; N, 16.57. Found: C, 45.95; H, 4.76; N, 16.48. [Sie-

H N N H (H2,6Achecim)]BFH,O (8). Anal. Calcd for GsH4,BrN;OSSn
\N/ \N/ (719.38): C, 41.70; H, 5.84; N, 13.62; S, 8.89. Found: C, 41.64;
| | H, 5.81; N, 13.58; S, 8.83. [M&apmts)] 0). Anal. Calcd for

CisH24N7S;Sn (485.22): C, 37.10; H, 4.95; N, 20.10; S, 13.19.
P PN Found: C, 36.89; H, 4.91; N, 19.78; S, 13.1%B,(dapmdtc)]

Y X X Y (10). Anal. Calcd for GHsaNsS:Sn (602.45): C, 41.86; H, 5.48;
Hy2,6Achexim; X =S, Y =-N(CHa)e N, 11.63; S, 21.26. Found: C, 40.17; H, 5.33; N, 10.34; S, 20.58.
Hadapmts; X =S, Y =-NHCH;3 X-ray Structure Determination. Single crystals for X-ray data
Hydapmdtc; X =S, Y =-SCH3 collectiort® were obtained as reported in the syntheses section.
Hydapsc; X =0, Y =-NH, Experimental parameters and crystallographic data are given in

Table 1. The data reduction was carried out with the XCAD-4
The C-Sn—C angle ) in seven-coordinated diorganotin- ~ softwaré’ for complex9 and with HELENA® for complexes, 8,
(IV) complexes containing O,N,N,N,O-pentadentate ligands and10. The structures were solved using the heavy-atom méthod
was first estimated by Carini et #using established point- and refi_ned by fuII_-matrix least-squares calculatfms F 2, after
charge procedures. Carini’s team found partial quadrupole absorption correction. The d.ata collected from crystals of complexes
splitting (PQS) values of [R] 0£-0.97 and—0.78 mm s* 7 and10 were corrected using DELAB®.The W scan methott

. . . . was applied to crystals & and9. The positions of the H atoms
for dialkyl- and diaryltin(IV) complexes, respectively. So, were calculated using the riding model except for the crystal water

this work allows us to calculate new refined values for [alkyl] . oiecules in the structures &f and 8, whose coordinates were
and [Ph] in seven-coordinated complexes embodying
X,N,N,N,X-pentadentate (%= O, S) ligands using crystal-  (12) de Sousa, G. F.; Filgueiras, C. A. L.; Al-juaid, S. S.; Hitchcock, P.

lographic data ) and observed quadrupole splitting)( B.; Nixon, J. F.Inorg. Chim. Actal994 218 139.
(13) de Sousa, G. F.; West, D. X.; Brown, C. A.; Swearingen, J. K.; \éalde

values. Martines, J.; Toscano, R. A.; Hefmdez-Ortega, S.; Haer, M.;
. . Bortoluzzi, A. J.Polyhedron200Q 19, 841.
Experimental Section (14) Bermejo, M. R.; Pedrido, R.; Femdez, M. J.; GonZas-Noya, A.
. . . . M.; Moreno, M.; Rodrigues, M. J.; Romero, M. J.; 8&quez, MInorg.
General Details.Solvents were purified and dried according to Chem. Commur2004 7, 4.
standard procedures. Semicarbazide, 4-methyl-3-thiosemicarbazide(15) Mélljli]mger, S. M. M.; Akbar Ali, M.; Smith, F. E.; Mridha, M. A. U.
_di i ; ; ; ; ; ; Polyhedron1988 21, 2183.
2,6-diacetylpyridine, dimethyltin(IV) dichloride, dimethyltin(IV) - ;¢\ £ 26 N0l CADEXpress Softwatéonius: Delft, The Netherlands,
dibromide, din-butyltin(IV) dichloride, and diphenyltin(IV) dichlo- 1994,
ride were of the highest commercially available grade. IR spectra (17) Harms, K.; Wocadlo, SXCAD-4: Program for Processing CAD-4
were recorded on a Nicolet 5ZDX-FT spectrophotometer in the 1Défg5actometerData; University of Marburg: Marburg, Germany,

4000-400-cm* range using KBr pellets. NMR spectra were (18) Spek, A. L.PLATON-HELENA: A Multipurpose Crystallographic

Tool; University of Utrecht: Utrecht, The Netherlands, 2004.

(9) Bino, A.; Frim, R.; Genderen, M. Minorg. Chim. Actal987, 127, (19) Sheldrick, G. MSHELXL97: Program for Crystal Structure Refine-
95. ment University of Gdtingen: Gitingen, Germany, 1997.
(10) de Sousa, G. F.; Deflon, V. M.; Niguet, E.; Abras,JABraz. Chem. (20) Sheldrick, G. MSHELXS97: Program for Crystal Structure Solution
Soc.2001, 12, 493. University of Gdtingen: Gitingen, Germany, 1997.
(11) Carini, C.; Pelizzi, G.; Tarasconi, P.; Pelizzi, C.; Molloy, K. C.;  (21) North, A. C. T.; Phillips, D. C.; Mathews, F. #&cta Crystallogr.
Waterfield, C.J. Chem. Soc., Dalton Tran$989 289. 1968 24A 351.
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Table 1. Crystallographic Data for Complex&s-10

de Sousa et al.

7 8 9 10
formula C26H33C|N804SI'1 Cst4zBI'N7OSQSH 015H23N7828n C21H33N534SI’1
fw 675.74 719.38 484.21 602.45
cryst syst monoclinic triclinic monoclinic monoclinic
cryst color yellow yellow orange orange
z 4 2 4 4
space group P2i/c P1 P2:/n P2i/c
T (K) 293(2) 213(2) 293(2) 298(2)

a(h) 9.9825(14) 8.7028(8) 8.8640(9) 11.260(3)

b (A) 31.177(4) 10.750(2) 15.208(4) 17.070(8)

c(A) 9.436(2) 17.027(5) 14.540(3) 14.207(4)

f (deg) 96.78(3) 80.533(15) 92.268(12) 94.20(4)

V (A3) 2916.2(8) 1526.7(5) 1958.5(6) 2723.5(17)

Pcalcd (g €M 3) 1.539 1.565 1.642 1.469

index ranges —12=<h=<12 —1=<h=<10 0<h=12 —1l<h=<12
—39=<k=0 —12<k=<12 O<k=21 O<k=21
-1l=<1=12 —19<1=<19 —20=<1=<20 —18<1=<18

F(000) 1376 732 976 1232

u (mm1) 1.014 9.711 1.531 1.263

refinement method a a a a

refins collected 7496 6311 6042 6580

data/param 6348/388 5182/346 5709/233 5675/280

GOF onF2 1.029 1.036 0.973 0.999

R1[l > 20(1)]° 0.0484 0.0494 0.0503 0.0529

WR2 [I > 20(1)]¢ 0.1146 0.1181 0.833 0.905

aFull-matrix least square8.R1 = Y ||Fo| — |Fcll/3 |Fol. SWR2 = [SW(|Fo|? — [Fc|)¥ 3 wW|Fo?3Y2

found in a Fourier map and refined with isotopic displacement H—N6 atom loses its proton and the azomethineN2 atom
parameters. The C atoms of a DMF solvate molecule were refined remains protonated. So, the O2 atom coordinates in the
disordered into two positions, assignedaandb, with occupation enolate form, while O1 is in the ketone form. The former
factors of 52 and 48%, respectively. has its basicity enhanced with the O2 atom, and theGh
distance is shortened. This complex seems to be the fourth
case in a series of diorganotin(lV) bis(semicarbazone)
X-ray Structures. Single crystals for complexes-10, complexes in which the ligand suffers a partial deprotonation.
suitable for X-ray data collection, were obtained as reported These results are in good agreement with analogous bond
in the syntheses section. The structure determinations for allgnq angle parameters found in the reported complex{Me
of the compounds revealed similar molecular structures with Sn(Hdapf}[Me,SnCl]22 [H.dapt= 2,6-diacetylpyridine bis-
the occurrence of seven-coordinatedVStomplexes, with (2-furoylhydrazone)].
a pentagonal-bipyramidal (PBP) geometry. The ORTEP  The pond distances SiC1 = 2.159(5) A and SRC2 =

drawings for four compounds are depicted in Figure 1. 2.189(5) A and the angle GiSn—C2 = 174.50(17) are
Experimental parameters and crystallographic data of com-pigher than the analogous bond distances and angles found
plexes are ;hown in Table 1 and selected bond distancesp, [Me,Sn(Hdaph}[Me,SnCL]. The reported compounds
and angles in Table 2. . _ [UO,(dapsc)HO]-2DMSC® and [MeSn(H.dapsc)][Me-
[Ph2Sn(Hdapsc)]CHH,O-DMF (7). During the formation  gncp123 are instances of eigth- and seven-coordinated
of 7, the ligand loses a proton and BmCL loses two Cl ¢ ympjexes in which the bis(semicarbazone) ligand is fully
ions, one as HCl and the other as a counterlo_n. One moleculedeprotonated and doubly protonated, respectively. X-ray
of water and another of DMF help the packing mode. The rystaliographic data is available in CIF format for the
single-deprotonated complexed ligand (Hdgstas the O1  fo]i0wing CCDC numbers: 242639; 242640,8; 279132,

atom in the ketone form and the O2 as an enolate. Theg: 242641 10, These data can be obtained free of charge
monocation complex adopts a distorted PBP geometry, with s,5 1, The Cambridge Crystallographic Data Centre via

the larger ligand as a pentadentate species occupying thg ccdc.cam.ac.uk/data._request/cif or 12 Union Road,
equatorial plane and two phenyl groups in the axial positions Cambridge CB2 1EK UK. tek44 1223 336408,

forming an angle of 66.7(2)etween the planes defined by [Me,Sn(H2,6Achexim)]Br-H.0 (8). This complex has an
C1-C21-C31-C41-C51-C61 and C2-C22-C32-C42- approximately PBP stereochemistry, with the bis(thiosemi-

CSZ__CGZ atoms, as shown in Figure 1a. carbazone) ligand lying in the equatorial plane and the two
) Differences can be_ observed be_tween the_bond pgrameterﬁ]ethw groups in the axial positions, as shown in Figure 1b.
in both arms of the ligand. The differences in the distances 5 \;ater molecule helps the packing mode. During the
were found in the pairs SrO1 = 2.294(3) A, Sr-02 = reaction, the H-N6 proton leaves the molecule whereas the
2.170(3) A and SaN3 = 2.378(4) A, Sr-N5 = 2.255(4)
A. The pairs of different angles are ©8n—-N3 = 67.92- (22) Francisco, R. H. P.; Moreno, P. C.; Gambardella, M. T. do P.; de
(13)°, 02—-Sn—N5 = 70_87(14) and N3-Sn—N4 = 66.51- Sousa, G. F.; Mangas, M. B. P.; Abras, Acta Crystallogr 1998
(14)°, N5—Sn—N4 = 69.86(15). These differences occur S4C, 1444.

. . . (23) de Sousa, G. F.; VdldeMartnez, J.; Pees, G. E.; Toscano, R. A;;
because, during the complexation process, the azomethine ~ Abras, A ; Filgueiras, C. A. LJ. Braz. Chem. So@002 13, 559.

Results and Discussion
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@)

Figure 1. ORTEP drawing with the numbering scheme for the non-H atoms of complexés ({aj clarity reasons, only the positions with greater
occupation factors, assigned wighare shown), (bB, (c) 9, and (d)10.

other H-N2 proton remains in the structure. As a conse- [Me,Sn(dapmts)] (9).The reaction of Hdapmt with Me-
quence, differences between bond distances and angle$SnCh in MeOH yields crystals of the neutral compl8xin
around the metal can be observed; the S1 atom is in awhich the S,N,N,N,S-pentahapto ligand is fully deprotonated,
thioenolate form, which has greater basicity, while the S2 as shown in Figure 1c. The metal is six-coordinated, showing
atom is in a thioketone form. distorted PBP geometry, with the organic ligand on the

The bond distances Si81 = 2.7318(13) A, SrS2 = equatorial plane and the two methyl groups at the axial
2.5814(13) A, SAN3 = 2.537(4) A, SA-N,,4 = 2.349(4) positions. Because of the structural requirements of the bis-
A, and Sr-N5 = 2.327(4) A and bond angles SSn—N3 (thiosemicarbazone) moieties, the pentagonal geometry is not
= 67.87(14), N3-Sn—N,4 = 65.32(13), N,4—Sn—N5 regular arounq the $ﬁatom. The angle subtended by the
= 69.77(13), and N5-Sn—S2 = 74.36(103 are in good WO S atoms is §|gn|f|cantly greater than the others, which
agreement with the analogous bond distances observed i€ closer to the internal ideal angle {y.21s shown in Table
[Phy(Hdaptsc)]Cl [Hdaptsc = 2,6-diacetylpyridine bis- 2_. The_ axial methyl groups also contribute to the observed
(thiosemicarbazone§}. The Sn-C1 = 2.136(5) A and Sa distortion because they have an angle-Gh—C2 of 174.0-
C2=2.138(5) A distances are slightly shorter than the-Sn ().

C1=2.163(4) A and SrC7 = 2.170(4) A distances found The equatorial coordination bond distances—Si =

in [Ph.Sn(Hdaptsc)]CH However, the C+Sn—C2=168.8-  2.6487(16) A, SArS2= 2.6946(16) A, SAN3 = 2.405(4)
(2)° angle is very similar to the Gi1Sn—C7 angle reported A, Sn—Np4 = 2.367(5) A, and SRN5 = 2.428(5) A are
as 167.9(2). The reported compleXBu,Sn(Hdaptsc)]C- shorter than the analogous bonds foundBuiSn(Hdaptsc)]-

MeNO,2 is an example of a seven-coordinated PBP dior- Clz"MeNQ,?* Coordination to the S center by the imine
ganotin(lV) compound in which the ligand is doubly N atomand the thiolate S atom shortens the bond distances

protonated. around the metal because of the strong attraction of the
negatively charged dapfntby the metal atom. The equato-
(24) Moreno, P. C.; Francisco, R. H. P.; Gambardella, M. T. do P.; de rial bond distances SIJFC_l = 2'154(6_) A and SrC2 =
Sousa, G. F.; Abras, Mcta Crystallogr 1997 53C, 1411. 2.134(6) A are very similar to the axial bond lengths-Sn

Inorganic Chemistry, Vol. 45, No. 11, 2006 4521



de Sousa et al.

Table 2. Selected Bond Distances (A) and Angles (deg) for Complexes = 2,6-diacetylpyridine bis(4-phenylthiosemicarbazoHe)le

7-10

72 8 9 10
Bond Distances
Sn—X1bP 2.294(3) 2.7318(13) 2.6487(16) 2.656(2)
Sn—X2b 2.170(3) 2.5814(13) 2.6946(16) 2.680(2)
Sn—C1 2.159(5) 2.136(5) 2.154(6) 2.157(6)
Sn—C2 2.189(5) 2.138(5) 2.134(6) 2.137(7)
Sn—N3 2.378(4) 2.537(4) 2.405(4) 2.423(5)
Sn—N4 2.315(4) 2.349(4) 2.367(5) 2.382(5)
Sn—N5 2.255(4) 2.327(4) 2.428(5) 2.429(5)
C3—X1 1.237(6) 1.701(5) 1.725(5) 1.705(7)
C14-X2 1.287(6) 1.739(5) 1.735(7) 1.705(7)
C3—N2 1.374(6) 1.365(6) 1.335(7) 1.312(7)
C14—-N6 1.344(7) 1.333(6) 1.319(7) 1.304(8)
N2—N3 1.363(6) 1.380(6) 1.359(6) 1.376(7)
N5—N6 1.353(6) 1.372(5) 1.371(6) 1.384(7)
C5—-N3 1.272(6) 1.288(6) 1.298(7) 1.279(7)
C12-N5 1.288(6) 1.307(6) 1.302(7) 1.294(7)
Bond Angles
Cl-Sn—C2 174.50(17) 168.8(2) 174.0(2) 174.5(3)
X1-Sn—X2  84.86(13) 81.44(4) 81.47(5) 82.20(6)
X1-Sn—N3  67.92(13) 69.11(30) 72.19(12) 72.13(13)
X2—-Sn—N5  70.87(14) 74.36(10) 71.49(12) 71.92(13)
X1-Sn—N4 134.35(14) 134.28(9) 140.00(12) 138.77(14)
X2—-Sn—N4 140.72(15) 144.11(10) 138.50(12) 139.00(14)
N3—Sn—N5 136.36(15) 135.09(13) 134.85(16) 133.80(17)
N3—Sn—N4  66.51(14) 65.32(13) 67.95(16) 66.76(18)
N4—Sn—N5  69.86(15) 69.77(13) 67.02(16) 67.08(18)

aThe arms of the ligands i@ and 8 are not equivalen X = O for
complex7 and X =S for complexes8—10.

C13=2.143(7) A and SRC17= 2.126(8) A, observed in
["Bu,Sn(Hdaptsc)]Cl-MeNO,.22

examples of seven-coordinated dibutyltin(IV) derivatives
containing fully deprotonated bis(thiosemicarbazone) ligands
in the pentagonal girdle.

IR Spectroscopy.Table 3 shows the assignments of the
main IR absorption bands for the ligands and their com-
plexes. The free ligand Jdapsc shows IR bands at ca. 3383
3082, 1677, and 15991549 cn1?, which may be assigned
to »(N—H), amide | p(C=0)], and amide Il §(C=N) +
O0(N—H)] stretching vibrations, respectively. The IR spectrum
of 7 shows several bands in the 3438L29-cm! range
assigned to(O—H) andv(N—H) absorptions. The amide |
and amide Il absorptions are shifted to lower wavenumbers
and are found at 1635 and 1592, 1520 ¢mespectively,
indicating that one of the amide O atoms takes part in the
ketone form coordination, in agreement with the X-ray
structural data. The amide | band was previously observed
at 1655 cm? in [Me,Sn(Hdapsc)][MeSnG),%® a similar
seven-coordinated diorganotin(lV) complex. The IR spectrum
also exhibits a very strong band at 1670 ¢nattributed to
v(C=0) stretching vibration due to DMF of crystallization.

The IR spectrum 08 differs in several aspects from that
of the free ligand, which exhibits&N—H) absorption band
at 3221 cm?, but nov(S—H) at ca. 2570 cmt is observed.
Hence, in the solid state, the ligand exists in the thione
form.*® As a consequence of the presence of the water of
crystallization and the single deprotonation (H2,6AcheXim
of the ligand, the spectrum of the complex shows bands at

These two complexes also differ with respect to the bond 3418 and 3330 cni, which are likely due ta’(O—H) and

distances in both arms of the ligand. Thus, the-81 =
1.731(5) A, S2-C9 = 1.729(5) A, N2-C1 = 1.331(7) A,
N6—C9 = 1.333(6) A, N2-N3 = 1.365(5) A, N5-N6 =
1.381(5) A, N3-C2=1.307(6) A, and N5C8 = 1.306(7)
A bond distances observed itBL,Sn(Hdaptsc)]C-MeNO,
are different from those found @& These differences occur
because the double deprotonation of theHNgroups allows
the delocalization of tha electrons in the deprotonated arms
of dapmt~, lengthening the &S and N=C double bonds
and shortening the €N and N—N single bonds (see Table
2). The reported compleXBu,Sn(2,6Achexim)fis a seven-
coordinated diorganotin(lV) compound in which the ligand
is doubly deprotonated.

["BuzSn(dapmdtc)] (10). The structure determination of
10 revealed the presence of a neutral complex df Sn

O0(N—H), respectively. The spectrum oL2{6AcheximH,0
has bands in the 1635.519-cn1? range, and the spectrum
of 8 has bands at 1605, 1588, and 1544 &nwhich we
suggest are due tC=N) for N3—C5/N5-C12, N6-C14,
and N2-C3, respectively. When two bands are present in
the spectrum of a coordinated anionic bis(thiosemicarbazone)
that are assignable igC=N), one is usually at lower energy,
e.g., N2-C3, and the other at higher energy, e.g.; &4,
compared ta/(C=N) of the free ligand? The bands at ca.
1272 and 836 crt in the spectrum of b2,6AcheximH.0,
which have a significant contribution from thg(C=S)
stretching vibrations, are shifted to lower frequencies at 1213,
802, and 771 cmt, suggesting coordination through the S
atomsto13

The IR spectrum 08 shows several bands in the 3381

which the metal is seven-coordinated, showing a distorted 3124-cnm range due ta(N—H) vibrations and strong bands

PBP geometry, with the pentahapto ligandd&pmdc, on
the equatorial plane and the twebutyl groups on the axial
positions, as shown in Figure 1d.

The chelating bond distances-S81= 2.656(2) A, Sr-
S2=12.680(2) A, SA-N3 = 2.423(5) A, SA-N,,4 = 2.382-
(5) A, and SA-N5 = 2.429(5) A are significantly shorter
than the equivalent values found #B[,Sn(H.daptsc)]Cj-
MeNQO,,% indicating a stronger interaction in dapnfiie-
Bu,Sr?t than in Hdaptsc/Bu,Sr¢™. On the other hand, the

at 1619, 1543, 1519, and 1429 chwhich are assigned to
the combination of(C=N) + »(C=C) modes. The bands
around 1235 and 819 crh observed in the free ligand,
assigned ta(C=S) stretching vibrations, are shifted to lower
frequencies, suggesting removal of betNH— azomethine
protons via thioenolization. The coordination of the azome-
thine N atoms to the $hions is supported by displacement
to higher wavenumbers of the(N—N) band of the free
ligand at 10471095 cm® upon complexation.

bond lengths and angles observed along the bis(thiosemi- The IR spectrum 0fl0, when compared with that of the

carbazone) moieties 0 are nearly identical with those
found in 9 (see Table 2). The complexedBL,Sn-
(2,6Achexim)I® and ['Bu,Sn(dappt){(Me,CQO) s [H.dappt

4522 Inorganic Chemistry, Vol. 45, No. 11, 2006

ligand, shows that the{N—H) bands at 3320 and 3182 cin
of the free ligand disappear in the spectrum of the complex,
supporting the double deprotonation of the ligand upon
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Table 3. Important IR Spectral Bands (crf) and Their Assignments for Ligands and Their Complexes

compound v(N—H) v(C=N) + »(C=C) »(C—N) v(N—N) »(C=S)
Hodapsé 3383, 3206, 3082 1655, 1599, 1577, 1549 1347 1070
[PheSn(Hdapsc)]GH20-DMP® (7) 3335, 3196, 3129 1593, 1520, 1429 1386 1096
H,2,6AcheximH,0¢ 3221 1615, 1580, 1561, 1519 1366, 1335 1017 1272, 836
[Me,Sn(H2,6Achexim)]BrH,0¢ (8) 3330 1605, 1588, 1544, 1486 1368 1078 1213, 802, 771
Hodapmts 3370, 3329 1606, 1550, 1514, 1451 1335 1047 1335, 819
[MezSn(dapmts)]9) 3381, 3333, 3201 1619, 1543, 1519, 1429 1385 1095 1200, 810, 741
Hodapmdtc 3182 1629, 1567, 1487, 1445 1361, 1338 1066 1272, 811, 749
["Bu,Sn(dapmdtc)] 10) 1592, 1561, 1543, 1455 1394, 1304 1047 1136, 807, 795

ay(C=0) = 1677 cntL. P »(C=0) = 1670 cnt! (DMF), »(C=0) = 1635 cnt’, andr(O—H) = 3438 cnrL. ¢ »(O—H) = 3435 cnrl. 4 »(O—H) = 3418
cm L

complex formation. Significant changes in the ligand bonds dowfield or upfield upon bonding to a Lewis base. The
upon complexation include variations in the azomethine upfield chemicab value of—370 ppm observed for complex
v(C=N) absorptions at 1629 and 1567 cinwhich shift to 10is indicative of considerable shielding of the"Snucleus
lower wavenumbers in the spectrum of the complex, indicat- and a high coordination number, consistent with literature
ing coordination via azomethine N ato#t€® The bands data for seven-coordinated diorganotin(lV) compleXekhe
around 1272 and 811, 749 cfobserved in the free ligand complex [MeSn(DPTSC)] [HDPTSC= 2,6-diacetylpyri-
that may be assigned t(C=S) vibrations are shifted to  dine bis(thiosemicarbazoné&]showed a singlet at-393
lower frequencies upon complexation. This behavior is ppm. On the other hand, the compléBi,Sn(dib)F° [H2-
typical for this ligand when it is S,N,N,N,S-coordinatebh dib = 2,6-diacetylpyridine bis(benzoylhydrazone)] showed
the spectrum of the free ligand, a band at ca. 960cis a singlet at—441 ppm, indicating that S,N,N,N,S-donor
assigned ta/(C—S—S) of the dithiocarbazate moiety, and ligands have a smaller shielding effect on thé'Snicleus
in the spectrum of the complex, this band appears as a well-than O,N,N,N,O-donor ligands. The complex {Bh-
defined peak shifted to slightly lower frequencies at 946 (DPTSC)}2DMF3° showed a chemical shift at453 ppm
cm L. Metal complexes of N,N,S-chelating agents derived (—60 ppm higher than the value found in the dimethyl
from Salkyldithiocarbazates have been extensively inves- analogue), indicating that high acidity on the Lewis diorga-
tigated, and their IR spectra show that théC—S—S) notin(IV) precursor produces an increase in the shielding of
absorption either is split into two components or has well- the S# nucleus.
defined shoulders, indicating that the ligands coordinate to Mdssbauer Spectroscopy:®Sn Massbauer spectral pa-
the metal ions through one of the S donors of the CSS rameters of all of the compounds are reported in Table 4,
group?7’28 which includes parameters from the literature for comparison.
NMR Spectroscopy.Only complex10 was soluble in The spectra of the diorganotin(IVV) complexgs10 shown
CDCl;, and its'H NMR spectrum showed three singlets in in Figure 2 indicated the presence of two overlapping
the methyl region occurring at 1.62){Sn—CH,—) = 132 guadrupole doublets (two lines); the areas under principal
Hz], 2.61, and 2.72 ppm, due to magnetically and chemically lines determined by computer evaluation indicated 90, 82,
nonequivalent protons assigned to-SPH,—, S—CHjs, and 90, and 87% of complexe§—10, respectively. These
N=C—CHg, respectively. The SAC—CH,—CH,— protons doublets were associated with the pure compounds and a
appear as two complicated multiplets centered at about 1.02small doublet withd = 0.30 mm s andA = 2.20 mm s*
and 1.16 ppm, while theBu-C—C—C—CHgz protons appear  was added in order to take into account a small contribution
as a triplet centered at 0.65 ppm. The spectruri@élso from SrlV phases.

shows no peaks assignable to-N2 or N6—H but shows a The isomer shiftsq) of the complexes presented in Table
triplet centered at 8.16 ppm and a doublet at 7.93 ppm for 4 are lower than those of the parent acids (80 K,84teCh
the pyridine ring H atoms. (1.52 mm s?),31 Me;SnBK, (1.59 mm s1),3t Et,SnCh (1.66

The *C NMR spectrum ofL0 shows 11 separate signals: mm s1),32 "P,SnC} (1.67 mm s?), "Bu,SnCh (1.62 mm
7 peaks for ligand C atoms, C9 141.0, C8,C10 123.9, C7,C11s%)%? and PRSNnCh (1.34 mm s%).3! Isomer shifts decrease
152.8, C5,C12 149.5, C3,C14 188.9, C6,C13 14.7, C4,C15upon complexation, as a result of rehybridization to higher
16.5 ppm and four peaks féBu,Sr#* C atoms, C1,C2 42.4  coordination for Si atoms in the complexes, indicating
[2J(Sn—CH,—) = 1096 Hz], C21,C22 28.5, C31,C32 26.2, lower s electron density of the 8mucleus in the complexes
C41,C42 13.6 ppm. compared to those of the parent acids. This can be attributed

The®Sn NMR 6 value in diorganotin(IV) derivatives is  to a greater involvement of d orbitals, which now take part
very sensitive to complexation and is usually greatly shifted in the S# hybridization scheme, thus reducing the weight
of the s orbitals in the overall hybridization of the metat?

(25) John, R. P.; Sreekanth, A.; Kurup, M. R. P.; Mobin, S.Rdlyhedron

2002 21, 2515. (29) Carine, M.; Mangia, A.; Pedrieri, G.; Vignali, @. Organomet. Chem
(26) de Sousa, G. F.; Defron, V. M.: Niquet, E.Mol. Struct 2004 687, 1989 375, 39.

17. (30) Casas, J. S.; Castinas, A.; Sachez, A.; Sordo, J.; VasqueZ-es,
(27) Ali, M. A.; Mirza, A. H.; Voo, C. W.; Tan, A. L.; Bernhardt, P. V. A.; Rodriguez-Argelles, M. C.; Russo, Unorg. Chim. Actal994

Polyhedron2003 22, 3433. 221, 61.
(28) Crouse, K. A.; Chew, K.-B.; Tarafder, M. T. H.; Kasbollah. A.; Ali,  (31) Stakler, H. A.; Sano, HTrans. Faraday Sacl968 64, 577.

M. A.; Yamin, B. M.; Fun, H. K.Polyhedron2004 23, 161. (32) Debye, N. W. G.; Linzer, MJ. Chem. Physl974 61, 4770.
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Table 4. Mossbauer Data and-€Sn—C Angles (deg) for Seven-Coordinated"S€omplexed

0 A PQS
compound (mm st (mms? (mms? C—Sn—C(®, exptl) C-Sn—C(6, calcd) A6
1. [Me;Sn((Hdapt)]BrH,09 1.25 3.80 -0.97 165.5 158D 6.6
2. [Me;Sn(Hdapf)}[Me,SnCl]" 1.29 3.96 -1.01 166.0 1706 -4.6
3. [MexSn(Hdapsc)][MeSnCl]! 1.29 4.36 —1.10 169.5 1800 —10.5
4. [E,Sn(dapt)] 1.31 3.72 ~0.94 172.4 1549 175
5. ['Pr,Sn(daps]] 1.31 3.82 —-0.96 170.4 1600 10.4
6. [PhSn(dapalj 0.89 3.12 -0.78 176.4 1695 6.9
7. [PheSn(Hdapsc)]GH,0-DMFX 1.05 3.32 -0.83 174.5 1800 5.3
8. [MexSn(H2,6Achexim)]BrH,0k 1.29 3.45 —-0.87 168.8 1718 —-2.5
9. [Me;Sn(dapmts}] 1.03 3.38 ~0.85 174.0 1640 10.0
10. "Bu,Sn(dapmdtc)] 1.46 3.53 —0.88 174.5 1800 -55
11. [BuzSn(2,6Achexim)] 1.38 3.40 ~0.86 1716 1659 5.9
12. ['BuzSn(dappt)j(Me,CO).g" 1.43 3.51 —0.89 168.1 1809 —-11.9
13. [PhSn(daptsc)RDMF 1.22 2.84 —-0.72 166.9 1582 8.7
14. [PhSn(Hdaptsc)]Cl 1.21 3.13 -0.79 167.9 1599 8.0
15. [Me;Sn(NCS)(terp)] 4.29 -1.08 173.7 17212 1.5
16. [E6SNCh(oxphen)] 3.94 -1.09 150.4 1517 -13
17. PBuSnCh(aip)J 1.69 4.19 —-1.10 158.3 16317 -54
18. ['BuzSn(picolinate)] 1.45 4.26 -1.08 169.0 1689 0.1
19. ['BuzSn(dipicolinate)] 1.47 4.17 -1.08 162.5 1624 0.1
20. [PRSN(NQy)2(PhASO)] 1.32 4.03 -1.07 156.0 1554 0.6
21. [PhSN(NQ)(PhsPO)] 1.36 4.28 -1.07 178.0 17110 -7.0
22. [PhSn(NCS)][Ni(3MeO-salpd)(NCS)(MeCN)] 1.19 431 -1.10 166.7 17515 -8.8

a Abbreviations: PQS= partial quadrupole splitting, #dapt = 2,6-diacetylpyridine bis(2-thionylhydrazone)d&pf = 2,6-diacetylpyridine bis(2-
furanoylhydrazonej? Hpdapsc = 2,6-diacetylpyridine bis(semicarbazone).deps = 2,6-diacetylpyridine bis(salicyloylhydrazone),.d&pa = 2,6-
diacetylpyridine bis(2-aminobenzoylhydrazonep2BlAchexim = 2,6-diacetylpyridine bis(3-hexamethyleneiminylthiosemicarbazongjapimts= 2,6-
diacetylpyridine bis(4-methylthiosemicarbazone}dbpmdtc= 2,6-diacetylpyridine bismethyldithiocarbazate), ddappt= 2,6-diacetylpyridine bis(4-
phenylthiosemicarbazone), terpy2,2:6',2"-terpyridyl, DMF = dimethylformamide, 3MeOfsalpd= N',N'-bis(3-methoxysalicylidene)propane-1,3-diamine,
oxphen= 2-(5-methyl-1,2,4-oxadiazol-3-yl)-1,10-phenanthroline,aig-phenylN-(2'-pyridylmethyl)imino]-4-oxo-1,2,3,4-tetrahydroquinazoline, picolinate
= anion of pyridine-2-carboxylic acid, dipicolinate anion of pyridine-2,6-dicarboxylic aci#.Calculated using [alkyl= —1.00 mm s, ¢ Calculated
using [Ph]= —0.80 mm s?. 4 Calculated using [alkyl}i= —0.87 mm s. € Calculated using [Ph¥ —0.75 mm s?. f Calculated using [RE —1.08 mm s™.

9 Reference 35" Reference 22\ Reference 23.Reference 11X This work.' Reference 13" Reference 107 Reference 30° Reference 24P Reference 40.

4 Reference 41.
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Figure 2. 1195n Missbauer effect spectra obtained at 90 K to complexes
(@) 7, (b) 8, (c) 9, and (d)10.

The increase in the isomer shifi)(in complex10 (1.46
mm s1) compared to that i (1.05 mm s?) is due to the
differences ino donation of S atoms anatbutyl groups in
10 compared to O atoms and phenyl groups7inOther
similar effects are observed, as indicated in Table 4, and
isomer shifts decrease in the sequencgSRh< Me,Sn <
"Bu,Sn.

(33) Randall, R. S.; Wedd, R. W. J.; Sams, RJJOrganomet. Chem
1971, 30, 19C.

(34) Cunningham, D.; Little, M.; Mcloughlin, KJ. Organomet. Chem
1979 165 287.
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Quadrupole splitting A) values are not sufficient to
characterize Sh complexes as being four-, five-, six-, or
seven-coordinatett. However, a successful correlation be-
tweenA and the angl® has been reportét**-3>for a series
of distorted seven-coordinated diorganotin(lV) derivatives
by eq 1, wherd) is the C-Sn—C angle and [R] is the PQS

|Al = —4[R](1 — 0.75 sirf ) (1)

of the R group arising from either the alkyl or aryl groups.
Equation 1 has also been satisfactorily applied to the
characterization of four-, five-, and six-coordinated“VSn
complexes using appropriate values of [R] for each coordina-
tion number®3 The model assumes that quadrupole
splitting (A) arises from point-charge hydrocarbon groups
separated by a €Sn—C angle of (180— 20)°, with
contributions from other coordinated ligands being ignored.
The quadrupole splitting has been used to estimate the
C—Sn—C angle, and the accuracy of the predicted angle is
shown in Table 4.

(35) de Sousa, G. F.; Mangas, M. B. P.; Francisco, R. H. P.; Gambardella,
M. T. do P.; Rodrigues, A. M. G. D.; Anuar, A. Braz. Chem. Soc
1999 10, 222.

(36) Sham, T. K.; Bancroft, G. Mnorg. Chem 1975 14, 2281.
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(38) Harrison, P. GAdv. Chem. Ser1976 157, 258.
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M.; Guta, C.; Ruse, Dlnorg. Chem 198Q 19, 2861.

(40) Szorcsik, A.; Nagy, L.; Sletten, J.; Szalontai, G.; Kamu, E.; Fiore, T;
Pellerito, L.; Kdman, E. J. Organomet. Chen2004 689, 1145.
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P.; McGinley, J.; Cholchin, M. N.; Sheerin, DJ. Chem. Soc., Dalton
Trans 1994 2473.
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Considering the complexds(3.80 mm s1), 2 (3.96 mm These data indicate that the exchange of O by S donor atoms
s 1), 3(4.36 mm s%), 4 (3.72 mm s?), and5 (3.82 mm in analogous complexes results in an increase of the isomer
s 1) and using® and A values (Table 4), the PQS can be shift values, indicating an increased electron density at the
estimated. Equation 1 yields [alky#} —1.01,—1.10,—0.97, site of the SHY nucleus, and in a decrease of the quadrupole
—0.94, and—0.96 mm s?, respectively, and allows us to  splitting values, reflecting the increased symmetry of the
evaluate an average value for [alky] —1.00 mm st in electronic shell around the Sratont° (compare compleg
seven-coordinated dialkylorganotin(lV) systems. Similarly, with 8 and compound6 and7 with 13 and14, respectively).
from complexe$ and7, we obtain a value for [Ph§ —0.80 An interesting feature shown in Table 4 is the fact that the
mm s! (average of-0.78 and—0.83 mm s?, respectively) PQS values found in diarylorganotin(lV) complexes are
in similar seven-coordinated diarylorganotin(lV) derivatives lower than those observed in dialkylorganotin(lV) derivatives
containing O,N,N,N,O-pentadentate ligands lying in the containing X,N,N,N,X-pentadentate (> O, S) ligands.
pentagonal girdle. Following the same reasoning, eq 1 allows  As a diagnostic of the $hcoordination number, coupling
us to calculate working values for [alky#} —0.87 mm s? constantstJ(11°Sn13C) and!1°Sn NMR chemical shifts are
(complexes3—12) and for [Ph]= —0.75 mm s1 (complexes  potentially more accurate and more easily obtainable than
13 and 14) in dialkyl- and diarylorganotin(lV) derivatives  Mgssbauer quadrupole splittings (PQS model) because of
containing single S,N,N,N,S-pentadentate ligands in the the greater range and sensitivity of the NMR technique.

equatorial plane, respectively. However, our attempts to evaluate this supposition in seven-

The PQS values for [alkyl= —0.97 mm s* and [Ph]= coordinated diorganotin(IV) complexes have been hindered
—0.78 mm s, obtained from the complexe$-6, were  py the considerably low solubility of most of the reported
reported by Carini et dft and used by Casas et4lto Compounds in uncoordina’[ing solvents.

quantify the deviation of the €Sn—C bond angle from the

ideal 180. The angle calculated for the dimethyl derivative Conclusions

[Me,Sn(daptsc)P (154°) is approximately 26narrower than

the value of 180 obtained by our new PQS value for [alkyl] The correlation between Msbauer and X-ray structural

= —0.87 mm s A similar value of 152 was obtained for ~ data, using a simple point-charge model, gave working values
the diphenyl derivative [PSn(daptscypDMF® (complex  for [alkyl] = —1.00 mm s* and [Ph]= —0.80 mm s* for

13), and an angle approximately .6maller than the value ~ seven-coordinated diorganotin(lV) complexes containing
of 166.9 was observed by X-ray diffraction. Now, using O,N,N,N,O-pentadentate ligands lying in the pentagonal
our alternative value for [PhE —0.75 mm s?, we predict plane. On the other hand, this same correlation gave different
a Ph-Sn—Ph angle of 169 only approximately 8 lower values for similar complexes containing S,N,N,N,S-penta-
than the experimental value (198 These results show us ~dentate ligands, namely, [alky#} —0.87 mm s* and [Ph]

that the PQS values found by Carini et al. are not satisfac-= —0.75 mm s®. For a seven-coordinated derivative
torily applicable for similar complexes containing S,N,N,N,S- involving low-denticity ligands, [RF= —1.10 mm s* (R =
pentadentate bis(thiosemicarbazones). alkyl and Ph) seems more appropriate. The PQS [Ph] values

The concept of PQS is best applied to seven-coordinatedof —0.80 and—0.75 mm s* found by us for seven-
diorganotin(IV) systems that involve coordination between coordinated diphenyltin(IV) complexes were obtained from

the metal and ligands of low denticity. Compourids-22 limited crystallographic data, so we are sure that these values
form a group that allows one to calculate a consistent value Will be subject to refinement as more crystallographic data
of [R] = —1.10 mm s! (R = alkyl and Ph; average of become available.

—1.08,-1.09,-1.10,—1.08,-1.08—1.07, and—1.07 mm
s™1, respectively) in other analogous seven-coordinatéd Sn
complexes containing ligands of low denticity.

The PQS values of the individual R groups shown in Table
4 depend on the nature of the other ligands in the complex. IC0516360
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