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A NEW STRUCTURAL FORM OF TIN
OCTAHEDRALLY COORDINATED IN A
DRUM-SHAPED MOLECULE!

V. CHANDRASEKHAR, ROBERTA O. DAY and ROBERT R. HOLMES*

Department of Chemistry, University of Massachusetts,
Ambherst, Massachusetts 01003

(Received February 11, 1985)

Although oligomeric organotin oxycarboxylates based on the composition
[RSn(O)O,CR’], have been known for some time,? no indications of their possible
structural features are available. As early as 1921 some members of this class were
reported® to be hexameric, e.g., [CH;Sn(O)O,CR],.

We report herein the synthesis and X-ray crystal structure of hexameric phenyltin
oxycyclohexanecarboxylate, [PhSn(O)O,CCH ,,|¢. The X-ray characterization shows
tin(IV) present in a new structural environment appearing as a drum-shaped mol-
ecule containing hexacoordinated tin atoms. '

During the course of our work*® on triorganotin esters of carboxylic acids, we
first obtained the hexamer while recrystallizing triphenyltin cyclohexanoate,
Ph,SnO,C(C.H,,). Presumably, it formed as a result of slow hydrolysis of the latter
compound with the loss of two molecules of benzene. A more direct route involves
the reaction of PhSnCl, with the sodium salt of the acid in CCl, solution, followed
by a hydrolysis step which gave the compound as a powdery substance in modest
yield® present in a mixture of products:

ccCl
PhSnCly + Na*CgH,CO,~ —t= PhSn(Cl,)0,CCeH,, + NaCl
‘mzo
PhSn(0)0,CCeH,, + 2HCI

Although a pure product has yet to be obtained by this route, both the crystalline
hexamer and the powder had similar Nujol mull infrared spectra, melted with
decomposition at 340°C, and were insoluble in organic solvents and in water. It
thus appears that the hexamer is hydrolytically and thermally stable.

The schematic in Figure 1 portrays the drum-shaped structure resulting from the
X-ray analysis’ and shows the atom labeling. The high symmetry associated with
the molecule is revealed in Figure 2. The hexamer has crystallographic C; symmetry.
However, the noncrystallographic symmetry of the molecule is higher, namely S,
assuming free rotation about the C—C single bonds.

Reprinted with permission from Inorg. Chem., 1985, 24, 1970. Copyright 1985 American Chemical
Society.
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FIGURE 1 Schematic representation of the drum structure of [PhSn(O)0O,CC.H,,],

FIGURE 2 orteP plot of [PhSn(0)O,CC.H, ], viewed down the S, axis with thermal ellipsoids at
the 50% probability level

The six tin atoms are chemically equivalent, as are the six trivalent oxygen atoms.
The Sn—O framework of the molecule can be described as a drum with top and
bottom faces each being comprised of a six-membered (—Sn—QO—), tristannoxane
ring.
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The drum faces are joined together by six Sn—Q bonds containing tricoordinated
oxygen atoms. The sides of the drum are thus comprised of six four-membered
(—Sn—O—), distannoxane rings, each of which is spanned by a carboxylate group
that forms a symmetrical bridge between two tin atoms. The sides of the structure
are reminiscent of the ladder arrangement in dimeric distannoxanes recently found
for aryl® and alkyl®' derivatives, e.g., [Phy,(C1)SnOSnOPh,(Cl)],. Concomitant
with the equivalence of the Sn—O bonds to a particular carboxylate group is the
corresponding equivalence of the pairs of C—O carboxylate bond lengths. The
hexamer provides the first example of tin atoms symmetrically bridged by a car-
boxylate group. A summary of important bond parameters are listed in Table I.

The distannoxane ring units of the sides of the drum (i.e., Sn1—01—Sn2—02)
are not planar but are folded along the Sn—Sn vectors so that the oxygen atoms
are directed toward the interior of the cavity. This is apparent in Figure 2. Similarly,
the tristannoxane ring faces of the drum (i.e., Sn1—02—S8n3—01'—8n2'—03")
are not planar but have the oxygen atoms directed toward the interior of the cavity

TABLE 1

Summary of Selected Bond Distances (A) and Angles (deg) for
{[PhSn(0)O,CCH, ],

Tristannoxane Ring, (-Sn—0-),*

Sn3'-01-Sn2 133.7 (2) Sn2-03-Snl’ 135.2 (2)
Sn1-02-8Sn3 133.8 (2) av 134.2
03'-Sn1-02 102.2 (1) 02-Sn3-0V’ 104.1 (1)
01-Sn2-03 102.7 (1) av 103.0
Sn1-02 2.083 (3) Sn3-02 2.080 (3)
Sn1-03’ 2.073 (3) Sn3-0OV’ 2.069 (3)
Sn2-01 2.081 (3) av 2.079
Sn2-03 2.089 (3)
Distannoxane Ring, (-Sn-0-),
Sn1-01-Sn2 99.3 (1) Sn3-03-Sn2 99.6 (1)
Sn1-01-Sn3’ 99.6 (1) Sn3-03-Snl’ 100.3 (1)
Sn2-02-Snl 100.1 (1) av 99.8
Sn2-02-Sn3 100.0 (1)
01-8Sn1-02 71.1 Q1) 03-Sn3-02 78.0 (1)
01-8n1-03% 776 (1) 03-Sn3-0V/ 78.2 (1)
02-8n2-01 78.4 (1) av 78.0
02-5n2-03 77.9 (1)
Sn1-01 2.124 (3) Sn3-03 2.098 (3)
Sn2-02 2.096 (3) av 2.106
Carboxylate
Sn1-011 2.165 (3) Sn3-031 2.139 (4)
Sn1-022 2,155 (4) Sn3-012/ 2.149 (4)
Sn2-021 2,153 (4) av 2.153
Sn2-032 2.154 (4)
Cl11-011 1.266 (6) C31-031 1.242 (8)
C11-012 1.261 (6) C31-032 1.277 (D
C21-021 1.259 (6) av 1.260
C21~022 1.252 (6)

2Similar Sn—-O-Sn (133.1-134.5°) and O-Sn-O (105.9-106.9°)
bond angles and slightly shorter Sn~O bond lengths (1.952-1.978 A)
are present in the oxides (#-Bu,SnO), and (-Am,Sn0),.1?



10: 52 29 January 2011

Downl oaded At:

420 V. CHANDRASEKHAR, R. O. DAY and R. R. HOLMES

an average of 0.24 A, relative to the Sn atoms. This contrasts with the planar six-
membered tin—oxygen rings found in the di-ters-butyltin'*'> and di-terr-amyltin'2
oxides, (+-Bu,Sn0); and (--Am,SnQ),, containing tetracoordinate tin. The distance
between the plane defined by Snl, Sn2’, Sn3 and Snl’, Sn2, Sn3’ is 2.315 A. The
corresponding distance between the planes defined by the oxygen atoms is 1.844

Thus, the interior of the cavity is defined by a crown of six oxygen atoms, in a
trigonal-antiprismatic arrangement, where the average O—OQ distance is 2.633 A
and the average distance from the center of the cavity to the O atoms is 2.093 A.
On the basis of a van der Waals radius'? of 1.40 A for oxygen, the interior of the
cavity could thus host a species with a radius of approximately 0.69 A. The entrance
to the cavity is defined by three oxygen atoms arranged as an approximate equi-
lateral triangle with an average edge length (oxygen center to oxygen center) of
3.254 A. Again with 1.40 A as the van der Waals radius of oxygen, species with
radii up to about 0.5 A could gain entrance to the cavity. Thus, encapsulation of
ions as large as Li*, Be2*, or Mg?* might be possible.
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