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Summary: Under hydrothermal conditions, the reaction
of vanillic acid with trimethyltin chloride gives rise to a
novel 2D rhombohedral grid, {([Me2Sn(VA)0.5]2O)2‚
2H2O}n (1), with a tetraorganodistannoxane as corner
unit.

Introduction

The search for molecular constructs, such as squares,
rhomboids, or metal-macrocycles is driven largely by the
desire to perform catalysis,1 host-guest chemistry,2
enantioselective separation,3 nonlinear material inclu-
sions,4 and fluorescent molecular structures or sensors.5
Most of such structures are based on mononuclear metal
ions, which are corner units.5 Squares containing multi-
nuclear or cluster units, as far as we are aware, are
relatively rare.6,7 Inspired by the pioneering work on
one-dimensional organotin polymers containing tre-
traorganodistannoxane units, explored by Lockhart et
al.,8 we have used a tridentate dianion, VA2- (4-hydroxy-

3-methoxybenzoic acid or vanillic acid, HVAH) as the
bridging ligand in a reaction with trimethyltin chloride
under hydrothermal conditions to construct a novel two-
dimensional, rhombohedral neutral grid, {([Me2Sn-
(VA)0.5]2O)2‚2H2O}n (1), with tetraorganodistannoxane
corner unit. Here, we present its synthesis, crystal
structure, and fluorescence. For comparison, a tetraor-
ganodistannoxane unit analogue, ([Me2Sn(BA)]2O)2 (2),
(HBA ) 4-quinolinecarboxylic acid), is also reported.

Results and Discussion

Compounds 1 and 2 were synthesized under hydro-
thermal conditions by reactions of Me3SnCl with HVAH
and HBA, respectively (Schemes 1 and 2).

The presence of the carboxylate group was confirmed
by the presence of very strong peaks in their IR spectra
at 1737 (m), 1592, 1506, 1369 cm-1 for 1 and 1717 (m),
1565, 1376 cm-1 for 2, respectively. Moreover, in the
IR spectrum, complex 1 displayed a broad absorption
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band at ca. 3575-3488 cm-1, indicating the presence
of uncoordinated water, which also was confirmed by
thermogravimetric analysis (TGA) of a polycrystalline
sample. The results indicate that a weight loss of 3.89%
occurred at ca. 118 °C, which corresponds to the removal
of two water molecules per ([Me2Sn(VA)0.5]2O)2‚2H2O
unit (3.61% calculated). Most important is the fact that
no weight loss was observed in the temperature range
of ca. 120-220 °C, which suggested the formation of a
stable molecular rhombohedral grid formulated as
([Me2Sn(VA)0.5]2O)2. It is noteworthy that coordination
polymer 1 is insoluble in common solvents, such as
ethanol, acetone, acetonitrile, and water.

The molecular structure of 1, as shown in Figure 1,
exhibits a 2D molecular rhomboid in which the corner
of the rhombic grid is composed of a typical ladder-type
tetraorganodistannoxane unit. The ladder core can be
viewed as four-rung ladders, with Sn(1)-O(4), Sn(2)-
O(5), and their symmetry equivalents representing the
rungs. Similar ladder frameworks have been docu-
mented in those arrangements found in [(n-BuSn(O)-
O2CR)2-n-BuSn(O2CR)3]2 (RdPh and Me),9 [(n-Bu-

Sn(O)O2CC6H11)2(n-BuSn(O2CC6H11)3]2,9 and [(n-Bu-
Sn(O)O2CPh)2(n-BuSn(Cl)(O2CPh)2]2.9 The central Sn-
(2)O(5)Sn(2A)O(5A) ring is strictly planar, with the
terminal tins being 0.0522 Å out of the ladder plane.
Similarly, the terminal oxygen atoms deviate by 0.0167
Å from this plane (with a dihedral angles of 5° between
the central and outer rings). In this case, the ladder does
not have linear sides but is bent, with the angles Sn-
(1)-O(5)-Sn(2A) and O(4)-Sn(2)-O(5A) being 133.9°
and 146.5°, respectively. Each tin atom has a distorted
trigonal bipyramidal geometry. Both Sn(1) and Sn(2) are
each coordinated by two Me groups and by O(5) in
equatorial positions. The axial positions at Sn(1) and
Sn(2) are occupied by O(4) of a phenolato group and
O(2B) of a carboxylate from different VA2- groups and
by O(4) and O(5A), respectively. Thus, each VA2- ligand
affords one µ2 oxygen atom of phenolato and one oxygen
atom of carboxylate as a tridentate ligand connecting
two ladders to give rise to a 2D rhombic grid with an
approximate dimension of 10.06 × 13.63 Å, as defined
Sn1F-Sn1C-Sn1-Sn1O (Figure 2). The structural
feature of 1 is quite different from that of {([Me2Sn-
(OAc)]2O)2}n, the only known 1D polymeric organotin
compound in which a tetraorganodistannoxane core is
composed of four distorted octahedral Me2Sn moieties
and further connected by two tetradentate acetate
groups, resulting in the formation of a 1D chain

(9) (a) Holmes, R. R. Acc. Chem. Res. 1989, 22, 190, and references
therein. (b) Holmes, R. R. Phosphorus, Sulfur Silicon 1999, 150-
151, 1.

Scheme 2

Figure 1. Rhombohedral grid unit representation of {-
([Me2Sn(VA)0.5]2O)2‚2H2O}n (1). The thermal ellipsoids are
drawn at 30% probability level. Selected bond lengths (Å)
and angles (deg): Sn(1)-O(5) 2.018(2), Sn(2)-O(5) 2.027-
(2), Sn(1)-O(4) 2.381(2), Sn(2)-O(4) 2.252(2); O(5)-Sn(1)-
O(4) 69.53(8), Sn(1)-O(4)-Sn(2) 97.98(8), Sn(1)-O(5)-
Sn(2) 119.65(10), O(5)-Sn(2)-O(4) 72.13(8).

Figure 2. 2D rhombic grid diagram of {([Me2Sn(VA)0.5]2O)2‚
2H2O}n (1) illustrating the connectivity between different
ladder corners bridged by the carboxylate and phenolate
ends of the VA2- group. For clarity, the 3-methoxybenzene
ring of the VA2- group is represented with a straight line,
and two Me groups on the Sn atom and clathrated waters
are omitted. The open, cross-hatched and hatched circles
are Sn, C, and O, respectively.

4184 Organometallics, Vol. 19, No. 20, 2000 Notes
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structure.8 Interestingly, two guest water molecules are
strongly held in the rhombic cavity of 1 by strong
hydrogen bondings between water and carboxylate/
water (O(1C)‚‚‚O(1WD) (2.836 Å), O(1WA)‚‚‚O(1B) (2.836
Å), and O(1WD)‚‚‚O(1WA) (2.804 Å)) (Figure 1). Also,
it can be seen from the packing diagram (see the
Supporting Information) that the methyl group acts as
a pillar supporting the different 2D grid (clay mimics)
layers, similar to those found in 4,4′-bpy-Cd1,4 and
organic clay.10

Unlike 1, the molecular structure of 2, as depicted in
Figure 3, is a tetranuclear centrosymmetric dimeric
structure with one four-membered planar Sn(2)-O(5)-
Sn(2A)-O(5A) ring and two six-membered planar Sn-
(1)-O(4)-C(20)-O(3)-Sn(2)-O(5) and Sn(1A)-O(4A)-
C(20A)-O(3A)-Sn(2A)-O(5A) rings. The four Me2Sn

moieties are linked by two bridging carboxylate groups,
while the remaining two carboxylate groups are at-
tached to each of the exocyclic Me2Sn moieties. Similar
tretraorganodistannoxane units have been documented
in the arrangements of [(n-Bu2SnO2CC6H4-o-CH3)2O]2

11

and [(n-Bu2SnO2CC6H4-o-Cl)2O]2.11 Thus, there are two
distinct types of BA- groups in 2; two are bidentate,
bridging two Me2Sn moieties, and two BA- are mono-
dentate to a single Me2Sn moiety. The remaining N
atom of the pyridine ring in the BA- group failed to
coordinate to the Me2Sn moiety, reulting in the forma-
tion of a tetranuclear centrosymmetric dimer.

Finally, both Sn-O and Sn-C bonds in 1 and 2 are
unexceptional (see notes of Figure 1 and Figure 3).
Although the Sn-Sn distance (3.302 and 3.301 Å for 1
and 2) is indicative of some M-M interaction, it does
not represent an actual bond.12

As expected, a strong yellow fluorescent emission (at
ca. 520 nm with an exciting wavelength of 254 nm) for
2 was observed since a similar peak was observed for
the free ligand. Very important is the fact that the
fluorescent emission (Figure 4) of 1 makes it a candidate
for sensing applications on the basis of recognition and
inclusion of appropriate guest molecules.5

Experimental Section

{([Me2Sn(VA)0.5]2O)2‚2H2O}n (1). Samples of 1.2 mmol of
Me3SnCl and 1 mmol of HAVH were placed in a thick-walled
Pyrex tube (ca. 20 cm long). After addition of 0.2 mL of pyridine
and 1.75 mL of water, the tube contents were frozen with
liquid N2, and the tube was evacuated under vacuum and
flame-sealed. The tube was heated at 130 °C for 2 days. A pale-
yellow, crystalline product was formed (only one pure phase).
The yield of 1 was 35.5% (0.106 g) based on Me3SnCl. Anal.
Calcd for C12H20O6Sn2: C, 28.96; H, 4.05. Found: C, 29.10; H,
4.10. IR (KBr, cm-1): 3575(m), 3488(m), 3002(w), 1737(s),
1592(s), 1559(m), 1506(m), 1369(vs), 1282(s), 1225(s), 1114-
(m), 1028(w),775(s), 634(m), 597(s), and 556(m).

([Me2Sn(BA)]2O)2 (2). Samples of 1.2 mmol of Me3SnCl and
1 mmol of HBA were placed in a thick-walled Pyrex tube (ca.
20 cm long). Addition of 0.2 mL of pyridine and 1.75 mL of
water was followed by the procedures described above. A
yellow crystalline product was formed (only one pure phase).
The yield of 2 was 45.5% (0.180 g) based on Me3SnCl. Anal.
Calcd for C24H24N2O5Sn2: C, 43.82; H, 3.68; N, 4.26. Found:
C, 43.65; H, 3.90; N, 4.42. IR (KBr, cm-1): 3441(m), 3002(w),
2362(m), 1717(s), 1565(s), 1418(m), 1376(vs), 1338(sh,m), 1202-
(s), 1225(s), 1149(w), 1076(w),777(s), 635(m), and 492(m).

X-ray Crystallographic Determinations of 1 and 2.
Crystal data for 1: C12H20O6Sn2, monoclinic, P21/c, a ) 8.4156-
(1), b ) 14.9765(1), c ) 13.4185(2) Å, â ) 98.3130(10)°, V )
1673.45(3) Å3, Z ) 4, M ) 497.66, Dc ) 1.975 Mg m-3, R1 )
2.88%, wR2 ) 7.07% (3616 reflections). T ) 293 K, µ ) 3.003
mm-1. Crystal data for 2: C24H24N2O5Sn2, triclinic, P1h (No.
2), a ) 9.4860(1), b ) 10.6219(1), c ) 13.6199(2) Å, R ) 73.975-
(1), â ) 83.405(1), γ ) 67.590(1)°, V ) 1219.32(2) Å3, Z ) 2, M
) 657.83, Dc ) 1.792 Mg m-3, R1 ) 3.89%, wR2 ) 10.36% (4632
reflections). T ) 293K, µ )2.085 mm-1. The data were collected
on a Siemens SMART CCD area detector diffractometer
equipped with Mo KR radiation (λ ) 0.71073 Å) using ω-scan
mode. The data collection covered over a hemisphere of
reciprocal space by a combination of three sets of exposures;

(10) (a) Biradha, K.; Dennis, D.; MacKinnon, V. A.; Sharma, C. V.
K.; Zaworotko, M. J. J. Am. Chem. Soc. 1998, 120, 11894. (b) Russell,
V. A.; Evans, C. C.; Li, W.; Ward, M. D. Science 1997, 276, 575.

(11) (a) Narula, S. P.; Kaur, S.; Shankar, R.; Bharadwaj, S. K.;
Chadha, R. K. J. Organomet. Chem. 1996, 506, 181. (b) Beckmann, J.;
Biesemans, M.; Hassler, K.; Jurkschat, K.; Martins, J. C.; Schurmann,
M.; Willem, R. Inorg. Chem. 1998, 37, 4891.

(12) Wells, A. F. Structure Inorganic Chemistry, 5th ed.; Clarendon
Press: Oxford, U.K., 1984, p 1157.

Figure 3. ORTEP view of tetraorganodistannoxane of
([Me2Sn(BA)]2O)2 (2). The thermal ellipsoids are drawn at
30% probability level. Selected bond lengths (Å) and angles
(deg): Sn(1)-O(1) 2.191(3), Sn(1)-O(4) 2.290(3), Sn(1)-
O(5) 2.035(3), Sn(2)-O(5) 2.033(3), Sn(2)-O(3) 2.230(4);
O(5)-Sn(1)-O(4) 94.57(12), O(3)-Sn(2)-O(5) 90.16(12),
Sn(1)-O(5)-Sn(2) 133.10(13).

Figure 4. Fluorescent emission spectrum of {([Me2Sn-
(VA)0.5]2O)2‚2H2O}n (1) in the solid state.
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each set had a different φ angle (0°, 88°, and 180°) for the
crystal, and each exposure of 30 s covered 0.3° in ω. The
crystal-to-detector distance was 4 cm, and the detector swing
angle was -35°. Coverage of the unique set is over 99%
complete. Crystal decay was monitored by repeating 30 initial
frames at the end of data collection and analyzing the duplicate
reflections and was found to be negligible. The unit cell
parameters were determined using SMART (Siemens, 1996a).13

The three sets of data collected were reduced using the
program SAINT (Siemens, 1996b).14 The structure was solved
with Direct methods using the program SHELXTL (Sheldrick,
1997).15 All the non-hydrogen atoms were located from the trial
structure and then refined anisotropically with SHELXTL
using full-matrix least-squares procedure. The hydrogen atom

positions were fixed geometrically at calculated distances and
allowed to ride on the parent carbon atoms. The final difference
Fourier map was found to be featureless.
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