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Structure of Bis(formato)dimethyltin(IV)

By FRED MISTRY, STEVEN J. RETTIG, JAMES TROTTER AND FELIX AUBKE
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Canada, V6T 1Y6
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Abstract. [Sn(CH,),(CHO,),],, (C;HgO,Sn),, M,=
238-79, orthorhombic, Pnma, a=12-693(2), b=
9128 (2), c=6-013(2) A, V=16967(2) A3, Z=4,
D,=228gcm 3 A(Mo Ka)=0-71069 A, pu=
36:25cm ™", F(000) = 456, T=294 K, R = 0-030 (wR
=0-037) for 2683 reflections with I=30(l). The
structure is that of a sheet polymer with linear
Me,Sn moieties nearly symmetrically bridged by for-
mate anions. The coordination about the Sn atom is
octahedral with Sn—O = 2-246 (2) and 2-249 (1) A
and Sn—C =2-097 (3) and 2116 (2) A.

Introduction. Structural information on many
dimethyltin(IV) salts of various acids has been
reported over the years. Invariably, associated struc-
tures are encountered in which the dimethyltin(IV)
groups are linked by bridging polydentate anions. A
survey of important structural features allows classi-
fication into two general groups; (a) dimethyltin salts
of strong protonic acids, like (CH;),SnF, (Schlemper
& Hamilton, 1966) and (CH;),Sn(SO;F), (Allen,
Lerbscher & Trotter, 1971), where symmetrical anion
bridges between linear C—Sn—C groups and short
Sn—C distances are found, resulting in regular octa-
hedral coordination about tin; (b) other dimethyltin
derivatives, such as (CH;),SnCl, (Davies, Milledge,
Puxley & Smith, 1970), (CH;),Sn(CN), (Konnert,
Britton & Chow, 1972), (CH,),Sn(NCS), (Chow,
1970) and (CH,),Sn(MoQ,) (Sasaki, Imoto &
Nagano, 1984) where asymmetric bridges are
encountered, with C—Sn—C angles departing
noticeably from 180°, and longer Sn—C distances
resulting in somewhat more distorted coordination

0108-2701/90/112091-03$03.00

geometries about the Sn centre. The coordinative
asymmetry of bridging groups such as —CN— or
—NCS— may be seen as a plausible cause for the
observed distortions, but this explanation is invalid
for the MoOZ~ groups.

To gain a better understanding of the reasons for
the substantially disorted geometries when anions of
weaker acids are involved, we became interested in
structural studies of dimethyltin(IV) carboxylates of
the type (CH;),Sn(O,CR), and selected the dimethyl-
tin(IV) formate for this purpose because, with R = H
in this case, steric repulsion induced by the R group
will be minimized.

Experimental. The dimethyltin bis(formate) was syn-
thesized as reported previously (Okawara &
Rochow, 1960). Colorless prisms, 0-25 x 0-30 x
0-42 mm, Rigaku AFC6S diffractometer, lattice
parameters from 25 reflections with 6= 31-33°,
Intensities for 8 < 50°, hkl: 0 to 27, 0 to 19, 0 to 12,
w-26 scan, w-scan width (1-5+ 0-30tand)° at
32°min~"' (up to eight rescans), stationary back-
grounds at each end of the scan counted 50% of the
scan time, three standard reflections showed negli-
gible variations in intensity, Lp and absorption cor-
rections (analytical, relative transmission factors
0-572-1-000), 3764 independent reflections measured,
2683 with I=30(l), o (F)=[S¥C+4B)+
(0:023F,%)?)/Lp?, S = scan rate, C = scan count, B =
background count. Structure by Patterson and
Fourier syntheses in the non-centrosymmetric space
group Pn2,a, subsequent calculations in Pnma after
the presence of a mirror plane was verified, full-
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Table 1. Final atomic coordinates (fractional) and B,y
values (A?)

o = BT7/3)E2, Uya*a*a; ;.

X y z ch
Sn 019756 (1) . i 0-39207 (2) 1657 (4)
o(1) 0-2732 (1) 0-0769 (2) 0-6040 (2) 2:79 (5)
0oQ) 03967 (1)  —0-0847 (2) 0-6989 (3) 2:97 (5)
c(1) 0-3198 (2) i 0-1528 (5) 2:55 (8)
CcQ) 0-0758 (2) i 0-6275 (4) 32 (1)
Cc@3) 0-3646 (2) 0-0267 (2) 0-5974 (3) 2:65 (6)
H(1) 0-3882 i 0-2285 31
H(Q) 0-3139 0-1623 0-0595 31
H(@3) 0-1060 1 07775 39
H() 0-0322 0-1623 0-6076 3-9
H(5) 0-4158 0-0789 0-5047 32

Table 2. Bond lengths (A) and angles (°) with e.s.d.’s
in parentheses

So—C(1) 2116 (2) Sn—O0(2y 2249 (1)
Sn—C(2) 2097 (3) 0o(1)—C(3) 1249 (2)
Sn—0(1) 2246 (2) 0(2—C(3) 1:254 (2)
C(1)—Sn—C(2) 1797 (2) O(1)—Sn—O0(2y 9278 (7)
C(2—Sn—0(1) 86:09 (7)  O(1)'—Sn—OQy 17307 (5)
C(2—Sn—O02y 8751(7)  OQ2y—Sn—O2)* 84-29 (8)
C(1—So—0(1) 9415(7)  C(3)—O(1)—Sn 129-6 (1)
C(1)—Sn—O0(2y 9223(8)  CE—O(2)—sn* 1285 (1)
O(1)—Sn—0(1)” 89-4 (1) o —C3—0(2)  1257(2)

Symmetry operations: () =x=yz2-5()x3-ypz*™Mi—x
ity,z—5(®21—x, —y 2tz

matrix least squares on wA(F)?, w=4F>2/0*(F?),
hydrogen positions indealized from difference-map
positions (C—H = 0-98 A, By; = 1-2 times that of the
parent C atom), scattering factors from International
Tables for X-ray Crystallography (1974, Vol. IV, pp.
99-102, 149). TEXSAN/TEXRAY crystallographic
software package (Molecular Structure Corporation,
1985); final R=0-030, wR = 0-037 for 2683 reflec-
tions, S = 1-79, extinction parameter 1:65 x 1077, 47
parameters, R = 0-058 for all 3764 reflections, 4/ .,
= 0-09, maximum final difference density —1-1 to
+0-67e A3,

Discussion. Final positional and equivalent isotropic
thermal parameters are given in Table 1, and
geometrical data appear in Table 2. Stereoviews of
the polymer and of the coordination about the Sn
atom are shown in Figs. 1 and 2.*

The structure of (CHj3),Sn(O,CH), consists of
infinite sheets (Fig. 1), the shortest distances between
non-H atoms of adjacent layers being O(2)—C(2)
G-x,—y3+2=3007(2A and OQ)—C(1)

* Lists of anisotropic thermal parameters, torsion angles, inter-
molecular contacts, least-squares planes and structure factors have
been deposited with the British Library Document Supply Centre
as Supplementary Publication No. SUP 53168 (34 pp.). Copies
may be obtained through The Technical Editor, International
Union of Crystallography, 5 Abbey Square, Chester CH1 2HU,
England.

BIS(FORMATO)DIMETHYLTIN(IV)

G—x,—y3+2)=3148(3)A. The coordination
about the Sn atom is that of a relatively undistorted
octahedron [exact mirror symmetry with Sn, C(1)
and C(2) in the mirror plane] with Sn—O = 2-246 (2)
and 2:249 (1) A, Sn—C =2-097 (3) and 2:116 (2) A,
and C—Sn—C = 179-7 (2)°. The structure thus falls
into the same category as those of (CH;),SnF, and
(CH,),Sn(SO5F), (see Introduction) although the

. Sn—C distances in the present structure (mean

2:107 A), while short, are probably longer than the
corresponding distances of 2:08 (1) A reported for
both (CHj;),SnF, and (CH3),Sn(SOsF),. The small,
but significant difference between the two Sn—C
distances probably arises from intra-layer steric
interactions between the formate H atom and the
meth%il H atom H(1) bound to C(1) [H(1)---H(5) =
2-31 A].

It is noteworthy that the Sn—O bonds involving
each. u-O,CH ligand are different even though the
two Sn—O distances are essentially equal. The
Sn—O(1) bond is cis to the formate H atom H(S)
(with respect to the C—O bond) while Sn*—O0(2) is
trans to H(5). Sn and Sn¥ are displaced by —0-337
and —0-255 A from the plane of the formate ligand.

Fig. 1. Stereoview down the a axis of the structure of

[Me;Sn(0,CH)),.

Fig. 2.
[Me,Sn(0,CH),),. Shaded non-H atoms comprise the asym- .
metric unit; 50% probability thermal ellipsoids are shown for
the non-H atoms.

Stereoview of the coordination about Sn in
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An H(5)+H(5) separation of 2-58 A suggests that
compounds of the type (CHs),Sn(O,CR), with R
different from H would not have the same structure
as that described here for the formate.

We thank the Natural Sciences and Engineering
Research Council of Canada for financial support.
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Structure of trans-Dichlorotetra(2-furaldehyde oxime)cobalt(II)
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Abstract. [CoCl,(CsHsNO,),], M, = 574-24, triclinic,
PI, a=6-9707 (8), b=9-4963 (12), c=
10-7001 (11) A, a =77-691 (12), B =70-739 (11), ¥
=81-750 (11)°, V=651-23(10)A3, Z=1, D,=
1-464 Mg m ™2, A(Mo Ka) =0-7107 A, U=
091 mm™"', F(000) =293, room temperature. The
refinements converged to R = 0-036 for 2028 unique
reflections with 7> 3¢ (/). The Co atom is bonded to
four N atoms from four furaldehyde oxime ligands
in a square-planar geometry and to two Cl atoms in
a trans position thus forming an octahedral complex.
The compound consists of van der Waals packed
molecules. Each Cl atom forms two internal hydro-
gen bonds to the OH group from the two different
oxime ligands. Acceptor—donor distances observed
are: Co—Cl=24377(8) and Co—N=2-171 2}~
2:173 (2) A.

Introduction. Oxime compounds contain the group
C=N-—OH and possess two potential donor sites,
i.e. the N and the O atoms. Hence, they can act as
ambidentate ligands in coordinating metal ions
(Mehrotra, Rai, Singh & Bohra, 1975; Chakravorty,
1974; Chatterjee, 1978; Nakamura, Konishi &
Otsuka, 1979; Singh, Gupta, Srivastava & Mehrotra,
1974). The various modes of possible metal-oxime
bonding include monodentate as well as bidentate
oxime ligands coordinating via the N and/or O atom.
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In the second case the oximes preferably react as the
conjugate base, i.e. the oximate anion. Polynuclear
complexes could also be formed in which different
metal atoms are bonded to the N atom and the O
atom, respectively. Intra- or intermolecular hydrogen
bonds are also important for the formation of dis-
crete or polymeric coordination compounds.

The present investigation was performed to estab-
lish the donor behaviour of furaldehyde oxime
towards cobalt(II). Moreover there seem to be only
few earlier X-ray investigations of cobalt(II) oxime
compounds (Bekaroglu, Sarisaban, Koray & Ziegler,
1977; Alcock, Atkins, Curzon, Golding & Sellars,
1980; Kubel & Strihle, 1981, 1982).

Experimental. The title compound was prepared by
reacting CoCl,.6H,O (1 mmol) with furaldehyde
oxime (FDH, CsH;NO,, 4mmol) in ethanol at
333 K. Cooling to room temperature and recrystalli-
zation from a mixture of methanol and ethanol gave
single crystals. The intensity data set was collected at
room temperature with the aid of a CAD-4 diffrac-
tometer. The intensities in one half of the reflection
sphere (3 < 0 < 28°) were measured with w280 scans.
The ratio o(/)/I requested in a scan was 0-028. Three
standard reflections were measured at regular inter-
vals. The intensities decreased linearly by 0-24% in
one hour exposure time (total 34%). All the collected
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