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Abstract

Reaction of di-n-butyltin oxide with 2-amino-5-chlorobenzoic acid in !:2 stoichiometry yields the title compound which crystallizes
as the six-coordinate diorganotin dicarboxylate monomer. The crystal structure of the compound reveals the tin atom situated on a
crystallographic two-fold axis in a skew-trapezoidal bipyramid geometry. The trapezoidal plane is defined by two asymmetrically
chelating carboxylate groups; Sn—O bonds are 2.123(4) and 2.484(5) A and the C=Sn—C angie is 141.7(6)°. The nitrogen atom of the
amino group of the carboxylute ligand does not participate in any significant interactions with the tin atom.
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1. Introduction

The study of organotin(1V) carboxylates is of current
interest owing to their wide range of applications such
as biocides and as homogenous catalysts in industry
[1-9). More recently, the pharmaceutical properties of
organotin(IV) carboxylates have been investigated for
their antitumour activity [9,10). Crystallographic studies
have revealed that organotin carboxylates adopt struc-
tures which are dependent on both the nature of the allyl
(or aryl) substituent bound to the tin atom and on the
type of carboxylate ligand [11,12]. Relevant to this
paper are diorganotin dicarboxylates, of general formula
R,Sn(0,CR),, for several of which crystal structure
data are available [9,13-19]. We report here the synthe-
sis, spectroscopic and crystal structure characterization
of di-n-butylbis(2-amino-5-chlorobenzoato)tin(IV),
"Bu,Sn[0,CCH(NH,)Cl], as it is of interest to de-
termine whether the presence of the nitrogen atom, an
additional potential donor atom residing on the R’ group
of the uninegative carboxylate ligand, has any influence
on the structure adopted by this compound.
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2. Experimental details
2.1. General and instrumental

Dibutyltin oxide and 2-amino-5-chlorobenzoic acid
were purchased from Fluka Chemie AG.

Microanalyses were carried out at the School of
Chemical Sciences, Universiti Sains Malaysia, Penang,
Malaysia. The IR absorption spectra were recorded
using a Perkin-Elmer FTIR 1650 spectrophotometer in
the frequency range 4000-450 cm™'. Samples were
prepared as KBr discs. The '"H and "*C NMR spectra of
the samples dissolved in CDCl;-d, were recorded on a
Bruker 300 MHz AC-P NMR spectrometer.

2.2. Synthesis of di-n-butylbis(2-amino-5-chlorobenzo-
atotin(IV)

Dibutyltin oxide (4.00 g, 16 mmol), 2-amino-5-chlo-
robenzoic acid (5.52 g, 32 mmol) and 70 ml toluene
were refluxed for 1 h until a clear yellow solution was
formed. The solution was filtered while it was still hot.
Solvent was gradually removed by evaporation under
vacuum until solid product was obtained. The solid was
then recrystallized from toluene—hexane. Colourless
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needle-shaped crystals were formed. M.p. 130-132°C.
Analysis: Found: C, 46.09; H, 451; N, 4.49.
C,,H,5C1,N,0,8n. Calc.: C, 46.03; H, 4.92; N, 4.88%.
IR (KBr): W(C0OO,,,,) 1622; (COO,,,) 1353; w(Sn-C)
525; W(Sn-0) 491 cm~'. '"H NMR (CDCl;-d,) for
(H,C*H,C*H,C2H,C"),Sn[0C(0)-C¢H;-2-NH,,-5-
Cll,: 8(t, 6H, 2C*H;) 0.89; 8(m, 4H, 2C°H,) 1.40;
8(m, 8H, 2C?H,C'H,) 1.77; &(s, 4H, 2NH,) 5.71;
8(m, 6H, 2C4H,) 6.59-7.99 ppm. *C NMR (CDCl;-d,)
5: C' 25.6; C? 26.6; C? 26.2; C* 13.4; C(0)O 176.1;
C¢H, 1117, 1179, 1207, 131.8, 149.0 ppm.

2.3. Crysial structure determination

Intensity data for a crystal with dimensions 0.3 X 0.3
% 0.3 mm® were measured at 298 K on a Huber
diffractometer fitted with graphite monochromator
Mo K a radiation, A = 0.71073 A. The 6-28 scan tech-
nique was employed to measure a total of 2728 reflec-
tions up to 20,,,, = 52.0°. Corrections were applied for
Lorentz and polarization effects but not for absorption.
The 1402 out of the 2444 independent reflections (R,
= (0,025) satisfying the F > 4.00(F) criterion of ob-
servability were used for the solution and refinement.
The structure was solved by using direct methods and
refined by a full-matrix least squares procedure based
on F using Siemens SHELXTL (PC version) system [20).
Hydrogen atoms were placed in their calculated posi-
tions (C-H=096 A; N-H=090 A) and refined
isotropically. A weighting scheme of the form w =
(e(F)+0.0004F%)"" was used and the refinement
continued to final R =0.0596 and R, = 0.0578, The

Table |
Crystal data and refinement details for (C,H,),-
$n{0,CC, H,(NH, X1},

Formula €33 H 3 C13N, 0,80
Formula weight 574.1

Crystal system Monaclinic

Space group C2/c

a(A) 16.504(11)

b(A) 7.14403)

¢ (R) 23.307(12)

8 (dep) 115.25(6)

V(A 2486(2)

¥4 4

D.(Mgm~?%) 1.534

ulmm-") 1272

F{000) 160

Reflections collected 2728

Independent refleetions 444 (R, = 0.025)
Observed reflections 1402(F > 4.0¢(F)
No. of parameters refined 141

R 0.0596

R, 0.0578

w [o¥(F) +0.0004F3) !

Largest diff. peak and hole (e A~') 073 and -0.58

Table 2
Atomic coordinates (X 10%) and equivalent isotropic displacement
coefficients (A% X 10°)

x y b4 Ug?

Sn(1) 0 3451.0011) 2500 76.1(4)
CI1) —4504.1(149)  3183(4) -376.711)  96.0012)
1) -802(3) 1274(6) 1910(2) 65(2)
0o2) —136%4) 399(7) 1504(3) 90(3)
oD —220004) 13049) 973(3) 52(3)
o(5)  —3646(5) 1716012) 110(3) 64(4)
an -1426(5) 2245(11) 1473(3) 62(4)
N(1)  —1624(5) — 1843(8) 1263(3) 91(4)
)  —2884(5) 2426(11) 568(3) 5%4)
a3  -3071(5) -1334012) NN 4)
Q) -22715) -655(10) 898(3) 60(4)
4 -37345) —206(13) 33(4) 75(4)
a®) 733(7) 441X14) 2016(5) 123(6)
9 85%10) 6495(20) 2046(7) 178(11)
c(10) 1247(11) 7393(24) 1768(7) 187(11)
aal 138%(8) 937218) 1777(6) 150(10)

* Equivalent isotropic U defined as one-third of the race of the
orthogonalized U;; tensor.

final difference map had peaks between —0.58 and 0.73
e A-? only.

The crystal data and refinement details are given in
Table 1. Fractional atomic coordinates and their equiva-
lent isotropic displacement parameters are listed in Table
2 and bond lengths and angles in Table 3. Lists of
additional data, including hydrogen atom coordinates,
anisotropic temperature factors and observed and calcu-
lated structure factors have been deposited as supple-
mentary material with the editor from whom copies are
available on request.

3. Results and discussion

As depicted in Fig. 1, di-n-butylbis(2-amino-5-chlo-
robenzoato)tin(IV) is present as discrete molecules, there
being no significant intermolecular interactions in the
crystal lattice. The tin atom lies on a crystallographic
two-fold rotation axis of symmetry implying the pres-
ence of one unique type of carboxylate ligand in the
structure. The carboxylate groups coordinate in an
asymmetric mode forming both short Sn-O bonds (2 X
2.123(4) A) and long Sn-O bonds (2 X 2.484(5) A).
The anisobidentate mode of coordination of the carbox-
ylate groups is reflected in the disparity of the associ-
ated C-O bonds: as expected, the longer C-O bond
distances are associated with the shorter Sn-O bonds.
That is, the C-O bond lengths for the strongly coordi-
nating oxygen atoms (O(1), O(1A)) of 1.297(8) & are
longer than the C-O bond lengths associated with the
weakly coordinating oxygen atoms (O(2) and O(2A)) of
1.253(9) A. However, the longer Sn-O distances are
within the sum of the van der Waals radii for these
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Table 3 .
Bond lengths (A) and angles (deg) with e.s.d.s in parenthescs for non-hydrogen atoms
Sn(1)-0(1) 2.123(4) Sn(1)-0(2) 2.484(5)
Sn(1)-C(8) 2.090(13) Sn(1)-0(1A) 2.123(4)
Sn(1)-0(2A) 2.484(5) Sn(1)-C(8A) 2.090(13)
CI(D)-C(5) 1.738(8) o)-c(7 1.297(8)
0(2)-C(7) 1.253(9) - 1.475(9)
C(1)-0(6) 1.37909) C(1)-C(2) 1.408(10)
Q5)-0(6) 1.354(09) C(5)-C(4) 1.385(13)
N(1)-C(2) 1.352(9) c3)-a2) 1.39%(9)
(3)-0(4) 1.347(11) Q(®)-C(9) 1.500(17)
Q9)-C(10) 1.264(27) C(10)-C(11) 1.43221)
O(1)-Sn(1)-0(2) 56.1(2) O(1)-Sn(1)-C(8) 103.6(3)
0(2)-Sn(1)-C(8) 87.1(3) O(1)-Sn(1)-0(1A) 85.8(2)
0(2)-Sn(1)-0(1A) 141.9(2) C(8)-Sn(1)-0(1A) 104.2(3)
O(1)-Sn(1)-0(2A) 141.%2) 0(2)-Sn(1)-0(2A) 162.1(2)
C(8)-Sn(1)-0(2A) 87.0(3) O(1A)-Sn(1)-0(2A) 56.1(2)
O(1)-Sn(1)-C(8A) 104.2(3) 0(2)-Sn(1)-C(8A) 87.0(3)
Q(8)-Sn(1)-C(8A) 141.72(6) O(1A)-Sn(1)-C(8A) 103.6(3)
0O(2A)-Sn(1)-C(8A) 87.1(3) Sn(1)-O(1)-C(7) 100.6(4)
Sn(1)-0(2)-C(7) 85.0(4) C(N-C(1)-C(6) 117.1(6)
aAN-A1)-c(2) 123.6(6) a(6)-C(1)-C(2) 119.3(6)
CU(1)-C(5)-C(6) 120.%(7) Ci(1-C(5)-C(4) 120.1(5)
Q6)-C(5)-C(4) 119.(7 o(1)-C(7)-0(2) 118.3(6)
o(N-(nN-c(1) 120.4(6) o(2)-c(N-C(1) 121.3(6)
aA1-(6)-C(5) 122.3(7) «(2)-C(3)-C(4) 122.9(8)
a(1)-C(2)-N(1) 122.%6) C(1)-C(2)-C(3) 116.6(6)
N(1)-C(2)-C(3) 120.5(7) C(5)-C(4)-C(3) 119.7(7)
Sn(1)-C(8)-C(9) 113.7(10) C(8)-C(9)-C(10) 124.8(16)
(9)-C(10)-C(11) 127.5(17)

atoms (3.68 A) [21] and as a result they must be
considered as bonding.

From Fig. 1, it can be seen that ihe tin atom has a
coordination number of six. In the idealized case of a

Fig. 1. Molecular structure with atom labelling for (C,Hg),-
Sn[0,CC,H,(NH,)Cll,.

six-coordinated diorganotin bischelate, the carbon-tin-
carbon angle is 90° for the cis- and 180° for the
trans-isomers. The angle of Bu-Sn-Bu (141.7(6)°)
found for the title compound is close to the average of
these two extremes and lies in the range of C-Sn--C
angles of 122.6-156.9" found for diorganotin chelates
in which the organo subsiituents do not adopt cis- or
trans-geomeltries about the tin atom [22]. This coordina-
tion geometry is best described as skew-trapezoidal
bipyramidal. The skew-trapezoidal bipyramid can be
envisaged as a distortion of a regular trans octahedron
and it is especially favoured if the chelate bite angle is
small [23,24). Therefore, the bite angle (O(1)-Sn-0(2))
of the title compound, 56.1(2)°, is not reconcilable with
an octahedral geometry but with a skew-trapezoidal
bipyramid geometry. As a result, the Sn atom in
"Bu,Sn(0,CC H,(NH,)Cl), exists in a skew-
trapezoidal planar geometry in which the basal plane 1s
defined by the four O atoms derived from two chelating
carboxylate ligands and the axial positions are occupied
by the two organo substituents (Bu) which lie over the
weaker Sn-O bonds (Sn-0(2) and Sn-0(2A)).

The most interesting aspect of the structure concemns
the non-coordination of the nitrogen atom of amino
group of the carboxylate ligand. As can be seen from
Fig. 1, the nitrogen atom is directed away from the tin
atom. Furthermore, the nitrogen atom does not make
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close intermolecular contacts to the tin atom in the
crystal lattice.

There are now several crystal structures in the litera-
ture of compounds of the general formula
[R,Sn(0,CR),}, and the interatomic parameters deter-
mined for the title compound agree well with those
reported for these related compounds [9,13-19]. Never-
theless, meaningful comparison of the interatomic pa-
rameters between the compounds is not possible owing
to the lack of consistency in the R and R’ groups across
the series.

The assignment of IR bands of these complex has
been made by comparison with the IR spectra of the
complex, the free acid and its sodium salt. The free acid
shiows a broad O-H adsorption at 2500-3100 cm ™'
which is absent in the spectrum of the complex, show-
ing the deprotonation and coordination of the carboxyl-
ate ligands. IR spectral data of the title compound also
imply the presence of bidentate, chelating carboxylate
groups, with Av (¥(COO),,,, — w(CO0), ) of 269
em~'; this is comparable with that of the sodium salt of
the ligand (Av =268 cm™') whereas this is 90 em™!
lower than that observed in the spectrum of the free
ligand (Av = 359 cm™') [25]. The presence of a Sn-C
adsorption band at 525 cm ™' indicates a trans configu-
ration of the R-Sn moiety [18]. The band at 491 cm™!
is assigned to the stretching mode of the Sn-O linkage
[18,19].

The 'H NMR spectrum shows the expected integra-
tion and peak multiplicities. The dibutyltin compounds
exhibit resonance in the 0.87-1.89 ppm region. Signals
for the other groups, such as phenyl H appear at the
same positions as in the ligand,

The monomeric structure found for this title com-
pound is contrasted with the polymeric structure for
[(CH ), Sn(picotinate), ], [13] which also has the same
general formula, [R,Sn(O,CR'),]. In he latter com-
pound, the Sn atom is seven-coordinated because of the
multidentate nuture of the picolinate ligands, where both
of its carboxylate O und heterocyclic N atoms are
participating in coordination to the tin atom. There are
two distinct carboxylate groups in the [(CH ,), Sn(pico-
linate),],. one is bidentate, chelating the Sn atom
through one carboxylate O atom and the pyridyl N
atom, and the other is tridentate, coordinating to one Sn
atom through the N atom and one O atom and bridging
a neighbouring Sn atom via the second O atom. For the
title compound, there is no intra- and inter-molecular
coordination of the amino-type N atom which is present
in the carboxylate group to the Sn atom. This can be
explained by electionic and steric factors of the R and
R’ groups. The O atom which is more electronegative,
and hence is a stronger donating group, is preferable to
stabilize the discrete form of the title compound rather
than the N atom [26]. Therefore, the two O atoms from
the carboxylate ligands prefer to coordinate to the Sn

atom. The presence of the bulky phenyl group at the
carboxylate ligand precludes the N atomn and the O atom
from close contact with the neighbouring tin atom, and
hence there are no intermolecular contacts and no bridg-
ing to the tin atom by these atoms.

Acknowledgements

The authors (S.G.T., S.B.T.) would like to thank the
Malaysian Government and Universiti Sains Malaysia
for the R & D grant.

References

{1] A.G. Davis and P.J. Smith, in G. Wilkinson, F.G.A. Stone and
E.W. Abel (eds.). Comprehensive Organometallic Chemismry,
Vol. 2, Pergamon, Oxford, 1982,

{2] S.J. Blunden and A. Chapman, in P.J. Craig (ed.), Organometal-
lic Compounds in the Environment, Longman, Harlow, 1986.

[3] K.C. Molloy, T.G. Purcell, E. Hahn, H. Schumann and J.J.
Zuckerman, Organometallics, 5 (1986) 85.

[4] CJ. Evans and S. Karpel, Organotin Compounds in Modern
Technology, J. Organomet. Chem. Libr., Vol. 16, Elsevier,
Amsterdam, 1985,

[5] C.S. Parulekar, VK. Jain, T. Kesavadas and E.R.T. Tiekink, J.
Organomet. Chem., 387 (1990) 163.

[6} D.C. Gross, Inorg. Chem., 28 (1989) 2355,

{7} M. Yokoo, J. Ogura and T. Kanzawa, J. Polym. Sci. Polym.
Len. Ed., 5 (1967) 57.

(8] J. Otera, T. Yano and R. Owawara, Organometallics, 5 (1986)
1167,

[9] ER.T. Tienink, Appl, Organomet. Chem., 5 (1991) 1,

{10) 1. Haidue and C, Silvestru, Coord. Chem. Rev . 99 (1990) 253,

{11] €. Vasta, VK, Jain, T.K. Das and B.RT, Tiekink, J. Organemer.
Chem., 421 (1991 21,

[12] €8, Parutekar, V.K. Jain, TK. Das. AR, Gupta, B.E, Hoskins
and ER.T, Tiekink, 4. Organomect, Chem., 372 (1989) 193,

{13) TP, Lockhast and E. Davidson, ¢rganometallios, 6 (1987)
2471,

[14] V. Chandrasekhar, R.O. Day, J.M. Holmes and R.R. Holmes,
Inorg, Chom., 27 (1988) Y58,

(15] M.F. Garbauskas and ).H. Wengrovius, Acta Crysiallogr. Sect.
C:. 47 (1991) 1969,

{16] G.K. Sandhu, N. Sharma and E.R.T. Tiekink, J. Organomer.
Chem., 371 (1989) C1.

{17) S.W. Ng, V.G. Kumar Das, B.W. Skelton and A.H. White, J.
Organomer. Chem., 377 (1989) 221,

(18] G.K. Sandhu, N. Sharma and ER.T. Tiekink, J. Organomet.
Chem.. 403 (1991) 119,

[19] C. Vasta, V.K. Juin, T. Kesavadas and E.R.T. Tickink, J.
Organomet. Chem., 410 (1991) 135,

[20] G.M. Sheldrick, steaxn. re™, Release 4.1, 1990 (Sicmens
Crystallographic Research Systems, Madison, USA).

{211 A. Bondi, J. Phys. Chem.. 68 (1964) 441,

{22] SW. Ng. C. Wei, V.G, Kumar Das and T.C.W. Mak. J.
Organemet. Chem., 334 (1987) 295,

{23] D.L. Kepewt, J. Organomet. Chem., 107 (1976) 49: Prog.
Inorg. Chem., 23 (1971) 1.

[24) 1.S. Tse, T.K. Sham and G.M. Buneroft. Can. J. Chem., 57
(1979) 2223,

[25] G.K. Sundhu and S.P. Verma, Polvhedron, & (1987) 587.

[26] R.G. Swisher, J.F. Vollano, V. Chandrasekhar, R.O. Day and
R.R. Holmes, Morg. Chem., 23 (1984) 3147.



