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022—C22 1.243 (2) C2—N3 1.325(2)
021—-C22 1.257(2) C22—C21 1.531 (2)
N5—05 1.290 (2) C4—N4 1.311(2)
N5—CS5 1.338(2) C4—N3 1.346 (2)
C6—06 1.221(2)

02W—Zn1—O3W 92.69 (5) 05—N5—C5 117.75 (15)
02W—Zn1—01W 91.24 (6) 022—C22—021 125.21(17)
O3W—Zn1—01W 89.92 (6)

N2—C21—C22—021 —179.32(15) N2—C21—C22—022 0.1(2)

Symmetry code: (i) —x, —y, —z.

Table 2. Hydrogen-bonding geometry (A °)

D—H---A D—H H-A D--A D—H.A
OIW—HIWB---022  081(3)  222(3)  2.903(2) 142 (3)
OIW—HIWA---04W  088(3)  1.99(3)  2.776(2) 148 (3)
O2W—H2WA---022'  084(3)  1.89(3)  2.729(2) 172 (3)
02W—H2WB- - -05" 088(2)  1.79(2)  26662(19) 176(2)
O3W—H3WA---021'  086(2)  1.79(2)  26415(19)  170(2)
O3W—H3WB---021"  086(2)  1.88(2)  2.728(2) 172(2)
O4W—HAWA. --06%  085(3)  2.12(3)  2.905(2) 153 (3)
N2—H2- - -03W 0.86 227 3.086 (2) 159.3
N4—H4A- - .05 085(3) 1.94(3)  2613(2) 135(3)
N4—H4B- - -06" 093(3)  192(3)  2.749(2) 147 (2)

Symmetry codes: (i) x, y—1,z; (i) { —x,y—§, § —2¢ i) l—x, -y, —2:
(VL —x i+t -l —x -y -z vi)x,1+y,z

H atoms were placed at their calculated positions (C—H
0.96 A) and were refined at the final cycle, except for the
H atoms on N2, C21 and CI.

Data collection: XSCANS (Siemens, 1994). Cell refinement:
XSCANS. Data reduction: XSCANS. Program(s) used to solve
structure; SHELXS97 (Sheldrick, 19974a). Program(s) used to
refine structure: SHELXL97 (Sheldrick, 1997b). Molecular
graphics: PLUTON (Spek, 1995). Software used to prepare
material for publication: SHELXL97.

Supplementary data for this paper are available from the IUCr
electronic archives (Reference: GD1042). Services for accessing these
data are described at the back of the journal.
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Abstract

In the title compound, [Snl(C;H;03),]-CoH3N, the
ligand donor atoms are arranged around the Sn atom
in a distorted octahedron, with the iodide ligands cis
with respect to one another. The acetonitrile molecule
of crystallization occupies interstitial positions in the
structure.

Comment

The tin-ligand bond distances, some of the angles sub-
tended by ligand donor atoms at tin, and carbon—oxygen
and carbon—carbon bond distances in the chelate rings of
the coordinated 2-ethyl-3-hydroxy-4-pyranonate (ethyl-
maltolate, etma) ligands in the title compound, bis(2-
ethyl-3-hydroxy-4-pyranonato)diiodotin(IV) acetonitrile
solvate, (I), are given in Table 1. The structure of

I

\/
0—-Sn—0, Et
/ < O/\OQZj ‘MeCN
/ o]
o) —
Et

I
Sn(etma),I, (Fig. 1) is, as expected, similar to that of
its chloro analogue Sn(etma),;Cl, (Alsheri et al., 1999).
In both cases, the geometry around the Sn atom is ap-
proximately octahedral, with the halide ligands in cis
positions. There is, however, a difference in the rela-
tive disposition of the two etma ligands. In Sn(etma),I,,
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one iodide is trans to a hydroxy-O atom and the other
is trans to a keto-O atom, whereas in Sn(etma),Cl,,
both chlorides are zrans to keto-O atoms, and the two
hydroxy-O atoms are thus trans to each other and the
two keto-O atoms are cis to each other. So whereas the
two tin—chlorine bonds in Sn(etma);Cl, are equivalent
and equal in length, the tin—iodide bond trans to the
hydroxy-O atom in Sn(etma),l, is significantly longer
than that trans to the keto-O atom. The angle subtended
at tin by the two iodides is slightly larger (1.5°) than that
subtended by the two chlorides in Sn(etma),Cl,, consis-
tent with the greater bulk of the iodide ligands. Dif-
ferences between the tin—oxygen distances, chelate bite
angles, and carbon—carbon and carbon—oxygen bond dis-
tances in the chelate rings of the two compounds are not
statistically significant, so there is no detectable differ-
ence between the extent of delocalization in the chelate
rings of Sn(etma),I, and Sn(etma),Cl,.

Fig. 1. The molecular structure of (I} showing the atom-numbering
scheme and 30% displacement ellipsoids. H atoms are drawn as
spheres of arbitrary radii and the acetonitrile solvate molecule has
been omitted.

The ethyl groups of the maltolate ligands exhibit
high anisotropic displacement parameters perpendicular
to the C—C bonds, which are typically found for this
ligand even when data are measured at low temperature.
The most anisotropic atom is C1 and as a consequence
the apparent C1—C2 bond distance is 1.327 A. A riding-
model bond-length correction (Johnson, 1970) gives a
value of 1.503 A.

The acetonitrile molecule of crystallization occupies
interstitial positions in the structure and does not interact
significantly with surrounding Sn(etma),;I, molecules.

Experimental

The title compound was prepared by adding a solution of
tin(I'V) iodide (1.56 g) in anhydrous dichloromethane (40 ml)
dropwise, with stirring, to a solution of 2-ethyl-3-hydroxy-4-
pyranone (ethylmaltol, 1.00 g) in anhydrous dichloromethane
(15ml). The reaction mixture was refluxed for 3h and

[Snl;(C;H705),]-C;H3N

then filtered. The filtrate was allowed to cool to laboratory
temperature, then further cooled in a refrigerator to obtain
crystals suitable for X-ray analysis.

Crystal data

[Snl>(C7H;0;):1-C2H3N
M, = 691.80
Monoclinic

P2|/n

a=7658(1)A
b=25364(4) A
c=11.500(2) A

B=9517(1)°
V =2224.6(6) A’
Z=4

D, = 2.066 Mg m~?
D,, not measured

Data collection

Siemens P4 diffractometer
w scans
Absorption correction:

% scan (SHELXTL/PC:;

Sheldrick, 1996)

Tmin = 0.181, Tiax = 0.647
5084 measured reflections
3911 independent reflections
2730 reflections with

I > 20

Refinement

Refinement on F>
RIF? > 20(F%)] = 0.044
wR(F?) = 0.098
S =1.042
3911 reflections
238 parameters
H atoms constrained
w = U/[o?(F2) + (0.0313P)?
+ 1.5444P)
where P = (F2? + 2FH3

Mo Ko radiation

A=0.71073 A

Cell parameters from 37
reflections

6 = 5.30-12.47°
p=3.952 mm™!
T=29312)K
Needle

0.59 x 0.12 x 0.11 mm
Yellow

Rint = 0.031
0m3x=250
h=-1—-9
k=-1— 30
I=-13—-13

3 standard reflections
every 100 reflections
intensity decay: <1%

(A/0)max = 0.004

Apmax =053 e A7°

Apmin = —0.55e AP

Extinction correction: none

Scattering factors from
International Tables for
Crystallography (Vol. C)

Table 1. Selected geometric parameters (/i, °)

Sni—O1 2.054 (5)
Sn1—014 2.067 (4)
Sn1—02 2.127(5)
Sn1—024 2.130(5)
Snl—I2 2.7298 (9)
Snl—I1i 2.7417(8)
01—Sn1—014 90.03 (19)
O1—Sn1—02 79.20 (19)
01A—Sn1—02 162.81 (19)
O1—Sn1—024 86.2(2)
OlA—Sn1—024 79.25 (18)
02—Sn1—024 86.6 (2)
Ol—Snl—I2 89.54 (16)
OlA—Sn1—I2 96.58 (12)

Data collection: XSCANS (Fait,

01—C4 1.351(8)
02—C5 1.274 (8)
C4+—C5 1.411 (10)
O1A—C4A 1.321 (8)
02A—C5A 1.281(9)
C4A—C5A 1.426 (9)
02—Sn1—1I2 96.68 (15)
02A—Sn1—I2 174.02 (15)
O1—Snl—I1 169.56 (15)
OlA—S8n1—11 97.55 (13)
02—Sn1—I1! 91.71 (14)
02A—Sn1—I1 88.17 (14)
12—Sn1—1I1 96.67 (3)

1991). Cell refinement:

XSCANS. Data reduction: XSCANS. Program(s) used to
solve structure: SHELXTL/PC (Sheldrick, 1996). Program(s)
used to refine structure: SHELXTL/PC. Molecular graphics:
SHELXTL/PC. Software used to prepare material for publica-
tion: SHELXTL/PC.



ZAISHENG LU et al.

Supplementary data for this paper are available from the IUCr
electronic archives (Reference: HA1269). Services for accessing these
data are described at the back of the journal.
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Abstract

The title compound, [Ru{n’-Cs(CH3)s }{n*-CH,C(CH3)-
CHCH, }(CH3;CN)](CF3803) or [Ru(CsHg)(CioH;s)-
(C,H;3N)I(CF3S03), contains a half-sandwich ruthenium
complex with an exo-oriented m-bonded diene moiety
inclined at an angle of 16.0 (2)° to the cyclopentadienyl
ring. The coordination geometry of ruthenium can be
described as a three-legged piano stool.

Comment

Nucleophilic attack at metal-coordinated ligands is an
important route in synthetic organic chemistry for ob-
taining new regio- and stereoselective functionalized
molecules (Collman er al., 1987). Such a process is
particularly facile when the metal center is coordina-
tively saturated, substitutionally inert and sufficiently
electron deficient, and when the ligand to be attacked
is a conjugated or non-conjugated olefin (Davies et al.,
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1978). Thus, cationic complexes of the type [Ru(n’-
Cp*)(n*-diene)(CH;CN)]* (Cp* is pentamethylcyclo-
pentadienyl) are expected to react readily with nu-
cleophiles to give 3-allyl complexes and constitute a
good model system for mechanistic studies. In this con-
text and in the context of related work (Gemel et al.,
1996, 1997), the title compound, (acetonitrile-N)(n*-2-
methylbuta-1,3-diene)(n’ -pentamethylcyclopentadienyl)-
ruthenium(II) trifluoromethanesulfonate, (I), was studied
by X-ray diffraction.

j+
{ _NCMe _
Ru “CF35803

(I

A view of (I) is shown in Fig. 1. The Ru—C
bond lengths exhibit a comparatively narrow spread of
2.180(3)-2.241 (3) A for_ the cyclopentadienyl moiety
and 2.173(3)-2.242(3) A for the 2-methylbutadiene
moiety. A moderate asymmetry in the Ru—C bond
lengths (Table 1) should stem from repulsive inter-
actions between the methyl groups of Cp* and the
2-methylbutadiene moiety. The Cp* moiety shows
mean values for cyclic and exocyclic C—C bonds of
1.426 (14) and 1.504 (4) A, respectively. The 2-methyl-
butadiene moiety is exo-oriented and adopts a stag-
gered configuration relative to the Cp* unit. The angle
between the least-squares planes through the cyclo-
pentadienyl ring and the 2-methylbutadiene C atoms is
16.0 (2)°. The diene exhibits the expected short—long—
short pattern of bond lengths (Table 1). Its terminal
CH, groups were refined with respect to H-atom posi-
tions and adopt orientations indicating that the Ru atom
polarizes the diene m-electron system considerably and
alters the hybridization of C11 and C14 from pure sp? in
the free diene towards sp* in the 7-bonded diene [note
that the CH, groups in Fig. 1 are distinctly inclined to
the diene least-squares plane by 34 (2)° for C11H; and
35(2)° for C14H;]. This corroborates earlier findings
on two related neutral complexes, namely [Ru(n’-Cp*)-
(n*-butadiene)(n'-0S0,CF3)] and [Ru(n’-Cp*)(n*-buta-
diene)(n'-OCOCF;)] (Gemel et al., 1997), which also
show a staggered orientation of butadiene versus Cp*,
but which display larger inclination angles between the
Cp* and butadiene moieties of 20.2 and 19.7°, respec-
tively. It should be mentioned that the exo-orientation
of the butadiene in the title compound and these two
complexes is controlled by the electron configuration at
the divalent ruthenium center. In corresponding com-
plexes of tetravalent ruthenium, e.g. [Ru(n’-Cp*)(n*-
2,3-dimethylbutadiene)Br,]* (Gemel ez al., 1996), the
butadiene moiety is reverted relative to Fig. 1, i.e. with
the terminal C atoms of the butadiene on the left side of
the figure and the inner C atoms on the right side (endo
orientation). In compounds of this type, the inclination
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