This article was downloaded by:

On: 23 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Coordination Chemistry
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713455674

WENARIE 41 MMEEF
Journal of

COORDINATION
CHEMISTRY

THE CRYSTAL STRUCTURES OF [(4-MepyO) H](I",) AND [Co(4-

e | EEQ,CpyO) (2, ), PRODUCTS OF AEROBIC DECOMPOSITION FROM
O SO S ETHANOLIC SOLUTIONS OF SO, ADDUCTS CONTAINING PYRIDINE-
Gr X o f N-OXIDE DERIVATIVES
< »u J. Sanmartin®; M. R. Bermejo* M. Fondo* A. M. Garcia-Deibe*;, M. Maneiro?; C. A. McAuliffe®; R. G.
AL . Pritchard®
s i g e E * Departamento de Quimica Inorgdnica, Facultade de Quimica, Universidade de Santiago de
k Compostela, Galicia, Spain ® Department of Chemistry, University of Manchester Institute of Science

m and Technology, Manchester, United Kingdom

To cite this Article Sanmartin, J. , Bermejo, M. R. , Fondo, M. , Garcia-Deibe, A. M., Maneiro, M. , McAuliffe, C. A. and
Pritchard, R. G.(1999) THE CRYSTAL STRUCTURES OF [(4-MepyO) H](I') AND [Co(4-EtO CpyO) ](E,), PRODUCTS
OF AEROBIC DECOMPOSITION FROM ETHANOLIC SOLUTIONS OF SO, ADDUCTS CONTAINING PYRIDINE-N-
OXIDE DERIVATIVES', Journal of Coordination Chemistry, 48: 2, 97 — 111

To link to this Article: DOI: 10.1080/00958979908027958
URL: http://dx.doi.org/10.1080/00958979908027958

PLEASE SCROLL DOWN FOR ARTICLE

Full ternms and conditions of use: http://ww.informaworld. confterns-and-conditions-of-access. pdf

This article nmay be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |loan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
wi ||l be conplete or accurate or up to date. The accuracy of any instructions, fornulae and drug doses
shoul d be independently verified with prinmary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or danmges whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713455674
http://dx.doi.org/10.1080/00958979908027958
http://www.informaworld.com/terms-and-conditions-of-access.pdf

14: 40 23 January 2011

Downl oaded At:

J. Coord. Chem., 1999, Vol. 48, pp. 97-111 © 1999 OPA (Overseas Publishers Association) N.V.
Reprints available directly from the publisher Published by license under
Photocopying permitted by license only the Gordon and Breach Science
Publishers imprint.

Printed in Malaysia.
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Four samples of SO, adducts in ethanol or toluene solutions, CuCl,(2,6-MepyO),-
(803)0.5(H20)2,  CuBry(3-HOH;CpyO)x(SO3)ss,  MnlIx(4-MepyO)x(802)o 75(H,0)s  and
Col(4-CNpy0),»(S0,)0.75(H,0),, were exposed to air at room temperature by simply exposing
them to air for about a month or by bubbling air into the solution for 4h and subsequent stir-
ring for 12h. After this procedure, oxidation products and ligand derivatives, obtained from
adducts where SO, bridged between two metal centres, were isolated and characterised. Thus, the
aerobic oxidation of Mnlz(4-McpyO)z(SOz)o,75(H20)4 and C012(4-CprO)2(SOZ)0'75(H20)2,
respectively, yield the decomposition products {(4-MepyO),H](I5) and [Co(4-EtO,CpyO)e(Is),
which have been crystallographically characterised. Furthermore, we have isolated and
clearly identified blue crystals of CuSQOy4- SH,O from solutions of both CuCl,(2,6-MepyO),-
(80,)0.5(H20): and CuBr»(3-HO,HCpyO),(SO2)y.5-

Keywords: Sulfur dioxide; pyridine-N-oxide; crystal structure; aerobic decomposition;
adducts; cobalt
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INTRODUCTION

Earlier work' ™ on heavy transition metal compounds has shown that stable
SO, adducts could be formed. Our interest in the binding of sulfur dioxide
to transition metal complexes is derived, firstly, from the aim to develop a
system for reversibly coordinating this insidious air pollutant. Systems
which allow reversible coordination might eventually lead to the develop-
ment of a scrubbing system for removal of sulfur dioxide from flue gas
stacks. Our own endeavours have been directed to systems which engage
sulfur dioxide so that a labile linkage is formed and we have been able to do
this with first-row transition metal complexes. For some time we have been
investigating the binding of sulfur dioxide by complexes of the first-row
transition metals’~® and we have demonstrated reversible binding of sulfur
dioxide in a series of manganese(Il), iron(Il), cobalt(Il) and copper(Il)
species containing mainly oxygen-donor neutral ligands, such as tertiary
phosphine oxides, tertiary arsine oxides or pyridine- V-oxides.

A further interest has been raised by our observations that, in certain
cases, the coordinated sulfur dioxide is activated and, when exposed to
moist air, and in the presence of an excess of the ancillary ligand, can pro-
duce derivatives of ligands and sulfuric acid’ such as (Ph;PO)Ph;POH)-
HSO,4, and (Ph;AsOH)HSO,. There is clearly some extremely interesting
redox chemistry in these systems, so the investigation of this phenomenon
has become another aim of our research. We have been able to observe
some fascinating redox chemistry in the resulting sulfur dioxide-bound com-
plexes.g‘13 Thus, for example, Mnl,(OAsPhj3), reacts with sulfur dioxide to
yield Mn{OS(O)I},(OAsPPhj3),, I, in which sulfur dioxide is inserted into a
Mn-I bond. When complex I is heated in vaccum the novel compound
Ph3Asl,, which has a four coordinate “spoke” structure Ph3Asl-I, can be
sublimed. On the other hand, exposing I to air results in the production of
[Ph;AsI]I; and {(Ph;AsO),H]I;, among other products.

We have previously reported®® that from the solid state reaction of
Col,(4-CNpyO)»(H,0), (where 4-CNpyO is 4-cyanopyridine- N-oxide)
with sulfur dioxide, we were able to obtain a complex of stoichiometry
Col,(4-CNpy0),(50;)9 75(H,0),, I1. Allowing an ethanolic solution of IT to
interact with air led to the darkening of the solution and the formation of
dark brown crystals, shown by single crystal X-ray analysis to be [Co(4-
EtO,CpyO)¢l(Ig) III. Although we are still investigating the chemistry
involved in the production of I11, here we wish to report its structure.

Apart from this, the hydrated manganese(Il) iodide complex containing
4-methylpyridine-N-oxide as a ligand subsequently reacts with sulfur
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dioxide at room temperature to form Mnl,(4-Mepy0O),(SO;)o.75(H20)a.
When this previously reported complex® is dissolved in ethanol and
exposed to air for a month, reaction occurs to form a complex series of
products, one of which, [(4-MepyO),H](1s), we have been able to separate
and crystallographically characterise.

EXPERIMENTAL

We have prepared CuCly(2,6-Mepy0),(SO3).5(H20),, CuBry(3-HOH,-
Cpy0)2(S02)os, Mnlx(4-MepyO)»(S02)0.75(H20)4 and Col(4-CNpyO),-
(80,)9.75(H>0),; their characterisation and coordination modes involving
sulfur dioxide have been previously published.®

Ethanol or toluene solutions of these four SO, adducts were exposed to
air at room temperature either by simply exposing them to air for about
a month or by bubbling air into the solution for 4h and subsequent
stirring for 12h. Using the former method, ethanolic solutions of Mnl,-
(4-MepyO)2(802)0.75(H20)4 and Col5(4-CNpyO)x(802)0.75(H20); yield the
crystalline decomposition products [(4-MepyO),H](I5) and [Co(4-EtO,-
CpyO)s](Ig) in low percentage. They were suitable for X-ray structure deter-
mination. Elemental analyses were performed by the University of Santiago
de Compostela Microanalytical Services. Anal. Calcd. for [(4-MepyO),-
H](I3) (%6): C, 24.02; H, 2.52; N, 4.67. Found: C, 23.44; H, 2.78; N, 4.37.
Anal. Calcd. for [Co(4-EtO,CpyO)gl(Is) (%e): C, 27.73; H, 2.60; N, 4.04.
Found: C, 27.25; H, 2.41; N, 4.11. Furthermore, we have isolated and
identified blue crystals of CuSO,-5H,0O from a toluenic solution of
CuCl5(2,6-Mepy0),-(S03).5(H20), and an ethanolic solution of CuBr,-
(3-HO,HCpy0),(50,)0.5 using the second method.

X-Ray Structure Determination of [(4-MepyO),H]|(I3)

Crystallographic measurements were made at 230K on a Rigaku AFC6S
diffractometer operating with a w—26 collection method and with graphite-
monochromatised MoK, radiation (A=0.71069 A). Structure calculations
were performed using the SHELXS package.!* A linear correction factor
was applied to the data. Hydrogen atoms were included in the structure
factor calculations in idealised positions (C—H =0.95 A), and were assigned
isotropic thermal parameters which were 20% greater than the equivalent
B value of the atom to which they were bonded. H11 sits on a centre of
symmetry, fixing its coordinates. An empirical absorption correction was
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TABLE I Experimental details and crystal data for [(4-MepyO),H](I3)

Empirical formula C,H 5N20,15
Formula weight 599.98
Temperature 23°C

Crystal system Triclinic
Space group Pl

Lattice Parameters:

a=12.703(3)A
b=14.127(4)A

¢c=7.9392)A
a=106.38(2)°
B=92.69(3)°
= 86.5@(33)"
Volume 1364(1) A
Z value 3
Diffractometer Rigaku AFC6S
Scan type w(26 .
Radiation MoK, (A=0.71069 A)
D e 2.191gem™?
Linear absorption coefficient (MoK,,) 51.03cm™"
F(000) 828
No. of reflections measured Total: 1860

Unique: 1696 (R;,,=0.237)

Refinement Full-matrix least-squares
Function minimized Sw(|F,| - |F.|)?
Least-squares weights 4F2 (g (F?)

No. observations (I > 3.000(1)) 678

No. variables 139

Goodness-of-fit indicator 3.09

Residuals: R; R, 0.069; 0.070

made.'> Maximum and minimum transmission coefficients were 1.08 and
0.88. The data were corrected for Lorentz and polarisation effects. No
chemically significant peaks were observed in the final difference map (0.78
and —1.10e~ A%, Crystal data for [(4-MepyO),H](I5) are listed in Table 1.

X-Ray Structure Determination of [Co(4-EtO,CpyO)¢l(Is)

Crystallographic measurements were made at 293(2) K on an Enraf-Nonius
CAD-4 diffractometer operating with a 6/20 collection method and with
graphite-monochromatised MoK, radiation (A=0.71069 A). The crystal
showed weak reflections, and beyond 26 > 40° the intensity values were less
than 20, so they were not considered as being observed. The poor quality of
crystals prevented the collection of improved data. Diffractometer data
were processed by the PROFIT program'® with profile analyses of reflec-
tions. Structure calculations were performed using the SHELXTL pack-
age.!” An empirical absorption correction was made.'® Maximum and
minimum transmission coefficients were 0.844 and 0.526. Maximum peak
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TABLE II Crystal and structure refinement data for [Co(4-EtO,-

CpyO)l(137)

Empirical formula
Formula weight
Temperature
Crystal system
Space group
Lattice parameters:

Volume

Z value

Diffractometer

Scan type

Radiation

D, cale

Linear absorption coefficient
F(000)

Index ranges

Reflections collected
Independent reflections
Absorption correction
Max. and min. transmission
Refinement method
Data/restraints/parameters
Goodness-of-fit on F2
Final R indices [/ > 20(])]
Extinction coefficient

C16H,3C00.3315.67N20¢
692.37

293)K

Trigonal

R3 .
a=17.021(2)A
c=19.063(H) A

4782.9(13) A3

9

CAD-4

6/20 .
MoK, (A=0.71069 A)
2.163mgm™>

4211 mm™!

2937

0<h<16, -16<k<0,0</<18
627

563 [Riny=0.0321]

Empiric

0.844 and 0.526
Full-matrix least-squares on F2
560/0/133

1.099

R1=0.0345, wR2 =0.0878
0.00000(7)

was 0.78 ¢~ A™> and minimum peak was —1.10e” A3 in the final difference
map. Crystal data for [Co(4-EtO,CpyO)g](I2~) are shown in Table II.

Standard heavy-atom techniques were used to solve the structures
followed by full-matrix least-squares (based on F 2 using the SHELXL-93
package19 refinement. Hydrogen atoms were constrained to chemically
reasonable positions with individual isotropic thermal parameters. All non-
hydrogen atoms were treated anisotropically. Additional material compris-
ing H-atom coordinates, thermal parameters, bond lengths and angles, and
observed and calculated structure factors are available from the authors
upon request.

RESULTS AND DISCUSSION

The diagnostic to distinguish the bonding mode for sulfur dioxide in
adducts is typically based on infrared spectroscopy, but it should be noted
that considerable overlap exists among the frequencies, especially between
the 1(SO) n'-S planar and ligand bound or 7'-S pyramidal and S-bridged.?®
SO, lability studies are generally a good criterion to distinguish between
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some of these bonding modes, because SO, adducts with 5'-S pyramidal
and ligand bound are labile and they lose sulfur dioxide easily, whereas
desorption does not occur when sulfur dioxide is '-S planar or S-bridged.
However, there is still doubt as to whether the labile sulfur dioxide is ligand
bound or '-S pyramidal.

The tendency to form SO4 adducts (normally studied by exposing of SO,
adducts solutions to air) could be used as to help elucidate what coordina-
tion mode is present. Thus, the so-called Sulfato reaction, with rare excep-
tions, takes place with SO, adducts containing 5'-S pyramidal group?® but
not by SO, adducts with ligand bound. In nearly all cases, when sulfate for-
mation occurs, sulfate is coordinated in bidentate chelate fashion (7°-SO,)
to the oxidised metal and is easily identifiable by v(SO,) frequencies®® at
1296, 1172 and 880 and other bands near 856, 662, 610 and 549 cm ™.

It is obvious that the redox process must involve sulfur dioxide, metal
and atmospheric oxygen, and, as Kubas® said, other species different from
coordinated sulfate may also be formed because of their decomposition. In
this study, we have found that by exposing dilute ethanolic or toluenic
(depending on solubility) solutions to air, the four SO, adducts studied
experience a decomposition process. From these mixtures, a few crystals of
[(4-MepyO),H](15) and [Co(4-EtO,CpyO)¢)(Ig), were isolated. Concentra-
tion under vacuum of the filtrates gives solids for which elemental analyses
indicate a complex mixture of products. Unfortunately, no other species
could be identified. For CuBry(3-HOH,;Cpy0),(SO,)ps and CuCly(2,6-
Mepy0),(SO,)o.5(H,0), we found that they give, among other unidentified
compounds, CuSQ, - 5H,0, X-ray crystallographically characterised, as an
oxidation product of SO,. The same oxidation process had already been
observed in the filtrates of a large number of reactions that we studied in
toluene slurries and the isolation of MnSO,-H->0 and CoSO,-H,O has
been previously reported.!°®!! On the other hand, it is well known that tran-
sition metals catalyse the oxidation of sulfur dioxide in the atmosphere. This
oxidation has been observed in a large number of reactions studied in solu-
tion with Mn(1II), Fe(I11), Co(II), Cu(II) and Zn(II) complexes, where HSO,
and/or SO}~ were found, as aerobic degradation products of S0, !

We have found decomposition products derived from the ligand transfor-
mation promoted by the transition metal or from the transformation of SO,
in sulfuric acid and its subsequent interaction with the neutral ligand. Thus,
from the decomposition of an ethanolic solution of Mnlx(4-MepyO),-
(SO3)0.75(H,0)4 a protonated ligand derivative, such as [(4-MepyO),H](13),
shown in Figure 1, has been obtained. Although we are still investigating the
chemistry involved in the production of these degradation species, the origin
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¢

FIGURE 1| The structure of [(4-MepyO),H](I3) showing the unit cell with the numbering
scheme. Hydrogen atoms are given arbitrary thermal parameters for clarity.

of the bridging hydrogens H21 and H11 could possibly be the sulfuric acid
obtained by oxidation of SO,. Considering the pK, values for H,SO,, the
transfer of just one proton to 4-MepyO could be expected. Thus, Jonsson
and Olovsson®! have shown that one proton is transferred from H,SO, to
MeCO;H to give MeC(O)OH,—HSO,. This strongly suggests that the first
proton of H,SO, could be transferred to 4-MepyO. However, the transfer of
a second proton is not so likely, since pK,(HSO;)=1.92 and it does not
protonate 4-MepyO in the crystalline state. In fact, similar protonated
ligand derivatives were described by us'®!2. Thus, (Ph;PO)Ph;POH)-
(HSO4) shows two triphenylphosphine oxide moieties, one of which is
protonated, linked to the hydrogen sulfate anion by typical unsymmetrical
hydrogen bonds [e.g., O(1P)~H(1) = 1.06 A and O(4S)-H(1) = 1.44 A].
Moreover, iodine’s propensity to catenate is well illustrated by numerous
symmetrical and asymmetrical polyiodides which crystallise from solutions
containing iodide ions and iodine. Stoichiometries of these crystals, and
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detailed geometry, markedly depend on the relative concentrations of the
components as well as on the nature of the cation. In our case, triiodide
arises from the degradation of Mnl,(4-MepyQ),(SO,)o.75(H20)4 and its
subsequent oxidation.

In one of our other experiments, involving the decomposition of an
ethanolic solution of Col,(4-CNpy0),(SO2)0.75(H20),, the new complex
[Co(4-EtO,CpyO)¢)(Is) (Figure 2) was obtained, and its crystal structure
determined by X-ray diffraction methods. The oxidation of neutral and
anionic ligands as well as a change in the stoichiometry must be noted. Once
again, the aerobic degradation of the cobalt SO, adduct in solution could
produce sulfuric acid due to oxidation of SO,. This acid could promote the
cyanide group hydrolysis of the 4-CNpyO ligand to form a carboxylic acid
group and, its subsequent reaction with ethanol could yield the correspond-
ing ester group of the new ligand 4-EtO,CpyO.

FIGURE 2 The structure of [Co(4-EtO,CpyO)](Is) showing the labelling scheme (some
atoms generated by symmetry operations also appear labelled). Hydrogen atoms are omitted
for clarity. Two iodide anions interact with three iodine molecules, showing both disordered
positions (only [1a—11b#1 and 11b—Ia#l with labels).
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Finally, the reorganisation processes occurring during the transformation
of Col,(4-CNpy0)»(S02)0.75(H20)4 in [Co(4-EtO,CpyO)](I37), such as
changes in coordination number, oxidation, ligand changes, etc., could also
reflect similarities found in other case studies. For example, we could
cite the case of a sulfur dioxide-saturated toluene slurry of the complex
Col(Me;PO),, where cobalt is tetracoordinated,’! and which yields
CoS0y4 - H,0 (via SO, oxidation), [Co(MesPO);(H,0),]1, and [Co(Me;PO)s;-
(H,0);]I,, where cobalt is penta- and hexacoordinated, respectively, and
where iodide changes from the first to the second coordination sphere.

It is seen then, that SO, can be oxidised to sulfuric acid and/or sulfate
derivatives catalysed by Mn(II), Co(II) or Cu(II) species in solution, in the
presence of air and moisture. Other very similar ligand derivatives as well as
oxidation products of I” or SO,, obtained from reactions between SO, and
metal precursors or from exposure to air of solutions of SO, adducts con-
taining Ph;PO, Ph3;AsO and Me;PO, have been reported by us® 13 and are
listed in Table III. MnlI(4-MepyO)»(SO5)0.75(H20)4 to air resulted in the
formation of brown crystals of [(4-MepyO),H](I).

The molecular structure of [(4-MepyO),H](Is) is shown in Figure 1.
Positional parameters and selected bond lengths and angles are given in
Tables IV and V, respectively. It is remarkable that both 4-MepyO moieties
are linked by a short symmetrical hydrogen bond, as O11-H21 (1.245 A)
and H21-021 (1.237A) distances show. It must be noted that bridging
protons were restricted to idealised positions in the structure determination.
These distances are considerably shorter than the sum of van der Waals’
radii (O-H~2.7A, using the values O = 1.5A and H=~ 1.2A). We also
point out that the global O11-021 distance is only 2.5(1) A, whereas double
the oxygen van der Waals’ radius is 3.0 A. A similar distance was found'?
for [(Ph3AsO),H]I;. Another example of a cation showing a strong
symmetrical hydrogen bond is bis(N-nitrosopyrrolidine) hydrogen hexa-
fluorophosphate,?? where the O- - -O distance is 2.47 A.

In the triiodide anion, the distances 13-14 (2.89 A) and I13-15 (2.94 A) are
considerably shorter than the sum of van der Waals’ radii (4.3 A), and the
14-13-15 angle (175.3°) agrees with the expected values for a nearly symme-
trical linear triatomic polyiodide anion,'*?*

In other experiments, we studied the oxidation of an ethanolic solu-
tion of Coly(4-CNpy0)(S03).75(H,0),, obtained by the interaction of
Col,(4-CNpyO),(H,0), with SO, in the solid state, and which resulted in
the formation of a dark brown crystalline solid. This has been identi-
fied as [Co(4-EtO,CpyO)el(Ig) by single-crystal X-ray studies. These
crystals diffracted poorly and data collected are not of very high quality;
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TABLE IV Positional parameters and B(eg) values (Az) for [(4-MepyO),H](I3)

Atom x/a ylb zfe B(eq)
1 0 1 1 4.4(5)
12 0.1390(5) 0.8499(5) 1.0862(9) 6.7(4)
I3 0.3486(5) 0.3763(5) 0.9036(8) 4.8(4)
14 0.2239(5) 0.5603(5) 0.9689(9) 6.5(4)
I5 0.4607(5) 0.1814(5) 0.8192(8) 6.3(4)
01 0.595(4) 0.479(6) 0.467(8) 9(2)
N1 0.615(4) 0.382(6) 0.43(1) 4Q2)
HIl 0.5 0.5 0.5 4.0
C2 0.610(5) 0.329(7) 0.27(1) 3(2)
C3 0.632(5) 0.229(6) 0.26(1) 32)
C4 0.676(6) 0.191(7) 0.39(1) 4Q2)
Cs5 0.668(5) 0.263(7) 0.55(1) 4(2)
C6 0.648(7) 0.373(8) 0.58(1) 8(2)
C7 0.700(6) 0.085(8) 0.38(1) 7(2)
(0201 0.123(6) 0.544(6) 0.47(1) 12(2)
N11 0.065(6) 0.620(7) 0.46(1) 6(2)
C12 0.001(6) 0.599(6) 0.32(1) 3(2)
C13 —0.056(6) 0.685(8) 0.32(1) 5(2)
Cl4 —0.046(7) 0.771(7) 0.43(1) 4Q2)
C15 0.020(7) 0.770(7) 0.55(1) 5(2)
Cl6 0.075(6) 0.696(6) 0.57(1) 42)
C17 —0.114(7) 0.853(7) 0.39(1) 8(2)
021 0.103(5) 0.382(5) 0.249(8) 9(2)
N21 0.179(5) 0.313(6) 0.258(9) 5(2)
H21 0.1146 0.4638 0.3578 4.0
C22 0.266(5) 0.341(5) 0.379(8) 1(2)
C23 0.332(6) 0.254(8) 0.37(1) 5(2)
C24 0.324(6) 0.165(7) 0.27(1) 3(2)
C25 0.241(7) 0.155(7) 0.16(1) 5(2)
C26 0.167(6) 0.222(7) 0.14(1) 4(2)
C27 0.397(8) 0.092(8) 0.28(1) 8(2)

nevertheless, resolution of the crystal structure was supposed to be the best
way of characterisation of this oxidation product. The conformations of
cation and anion surroundings, with the corresponding atomic numbering
scheme, are shown in Figure 2. Atomic coordinates are listed in Table VI
and selected bond lengths and angles are given in Table VII. The
coordination environment around the cobalt(II) centre consists of a slightly
distorted octahedron surrounded by six oxygens belonging to 4-carbo-
ethoxypyridine- V-oxide ligands.

A comparative study of [Co(4-EtO,CpyO)s](Is) with its analogues of pyr-
idine-N-oxide®* and 4-methylpyridine-N-oxide® with different counterions,
such as nitrate or perchlorate, shows that slight distortion from perfect octa-
hedral symmetry, is more similar to that shown by the pyO derivative, than
to the tetragonal distortion caused by Jahn—Teller forces®* present in the
4-MepyO derivative. In the case at hand, the metal—-ligand bond length is
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TABLE V Selected bond lengths (A) and angles (°) for [(4-MepyO),HI(I3)

Atom Atom Lengths Atom Atom Atom Angles
11 12 2.887(7) 14 13 15 175.3(3)
13 14 2.89(1) NI Ol H11 110.75
13 15 2.94(1) 01 N1 C2 120(8)
() Hl1l 1.246 01 N1 (& 100(8)
(0] N1 1.33(8) C2 N1 C6 139(10)
N1 C2 1.28(7) N1 C2 C3 109(8)
N1 Ccé 1.31(9) C2 C3 C4 129(8)
2 C3 1.41(9) C3 C4 C5 107(9)
c3 C4 1.37(9) C3 C4 C7 127(8)
C4 C5 1.35(9) CS C4 C7 123(9)
C4 C7 15D C4 Cs C6 130(9)
Cs5 Cé 1.5(1) N1 C6 Cs 103(8)
0o11 H21 1.245 NIl O11 H21 118.16
0Ol11 021 2.5(1) (0201 NIl C12 114(10)
ol N11 1.30(9) Ol1 N1 Cl16 117(10)
N11 H21 2.183 Cl12 NI11 Cl6 130(10)
NI11 Cl12 1.32(8) NI11 Ci2 Ci3 106(8)
N11 Clé6 1.20(9) C12 Cl13 Ci4 130(9)
C12 C13 1.4(1) C13 Ci4 Ci15 112(10)
Cl13 Cl4 1.3(1) Ci13 Cl4 C17 117(10)
Cl14 Ci15 1.23(9) Cl15 Cl4 C17 131(11)
Cl4 C17 1.5(1) Cl4 Cl5 Clé6 127(10)
C15 Ci6 1.3(1) N1l Cl6 C15 116(9)
021 H21 1.237 N21 021 H21 114.66
021 N21 1.35(8) 021 N21 C22 118(8)
N21 H21 2.176 021 N21 C26 115(7)
N21 c22 1.42(7) C22 N21 C26 127(7)
N2i C26 1.39(8) N21 C22 C23 108(7)
C22 C23 1.4(1) C22 C23 C24 129(9)
C23 C24 1.29(9) C23 C24 C25 114(10)
C24 C25 1.36(9) C23 C24 C27 121(9)
C24 Cc27 1.4(1) C25 C24 Cc27 125(10)
C25 C26 1.3(1) C24 C25 C26 129(9)
N21 C26 C25 112(7)

TABLE VI Atomic coordinates (x 107% and equivalent isotropic displacement parameters
(A? x 107?) for {Co(4-EtO,CpyO)e}(127)

Atom x/a /b zfc Uleq)
12 0 0 3360(1) 69(1)
Ila* 2264(3) 4525(3) 3292(2) 71(1)
I1b* 1971(3) 4050(3) 3407(3) 84(2)
Co 0 0 0 23(1)
01 —953(5) 52(5) 648(4) 31(2)
N — 780(6) 748(7) 1052(5) 29(2)
C2 — 1005(8) 604(8) 1747(5) 30(3)
C3 — 882(8) 1299(9) 2155(6) 38(3)
C4 —523(7) 2146(8) 1911(6) 30(3)
CS —270(8) 2306(8) 1204(6) 40(3)
Cé —411(8) 1578(9) 803(6) 35(3)
C7 —442(9) 2881(10) 2386(8) 47(4)
C8 120(12) 4473(11) 2499(7) 77(5)
C9 781(12) 5317(12) 2147(8) 86(5)
02 11(6) 3695(7) 2096(5) 61(3)
03 - 770(6) 2768(6) 2956(5) 62(2)

*Site occupancy factor 0.5,
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TABLE VII Selected bond lengths (A) and angles (°) for [Co(4-EtO,CpyO)l(127)

Atoms Lengths Atoms Angles
12-T1a#l 3.157(6) Ila#l-12-11a#2 119.995(3)
12-11b#1 3.863(6) Ila#1-12-11a#3 119.991(3)
I1a-I1b#1 2.815(6) I1a#2-12-11a#3 119.991(3)
12-11a#3 3.157(6) 11b#1-T1a-12#1 178.07(10)
Ila-11b 0.739(4) 11b-11a-12#1 160.6(8)
I1b-11b#1 2.140(8) I1b-Ila-I1b#l 20.8(8)
Co-~01 2.076(7) Ila-Iib-I1b#l 152.2(10)
Co-0O1#4 2.076(7) Ia-11b-Ila#l 159.2(8)
Co-O1#5 2.076(7) I1b#1-11b—-Ila#l 7.0Q2)
Co-01#6 2.076(7) I1b-T1a#3-1(2) 178.1(3)
Co-O1#4 2.076(7) 01-Co-0O1#4 88.2(3)
Co-O1#7 2.076(7) 01-Co-O1#5 88.2(3)
O1-N 1.317(10) 01-Co-Ol#6 91.8(3)
N-C6 1.315(13) 01-Co-01#4 91.8(3)
N-C2 1.366(13) 01-Co-O1#7 180
C2-C3 1.34(2) N-01-Co 124.0(6)
C3-C4 1.34(2) C6—N-01 121.8(9)
C4-C5 1.40(2) 0O1-N-C2 119.2(9)
C4-C7 1.49(2) C6-N-C2 119.0(10)
C5-Cé6 1.37(2) C3-C2-N 119.8(10)
C8-C9 1.47(2) N-C6-C5 122.9(10)
02-C7 1.322) C4-C3-C2 122.4(10)
02-C8 1.46(2) C3-C4-C5 118.3(10)
03-C7 1.194(14) C6-C5-C4 117.6(10)
C3-C4-C7 119.6(11)
C5-C4-C7 122.0(12)
C7-02-C8 118.3(11)
03-C7-02 122.0(14)
03-C7-C4 125.2(12)
02-C7-C4 112.7(12)
02--C8-C9 109.5(12)

Symmetry transformations used to generate equivalent atoms: #1: —x+4, —y+3, —z+% #2: y -3 ~x+y
~L R #ix—y el —z L x -y, x, 2 #5 x4, =X, B #6: Y, ~X 4y, L #T —x, Y, ~2,

2.076 A, slightly shorter than 2.090A observed for [Co(pyO)s|(NO3),.2*
A slightly shorter N—O bond length is also observed for our ligand.

The molecular structure is distinguished by the dinegative polyiodide I~
of which some similar features are found in literature.?® Polyiodide anions
could be considered as Lewis acid—base complexes where I or I3 act as
bases and I, as acid. The bond lengths (longer than that found for solid I,
ca 2.68 A) suggest that it can be regarded as a chain of associated I~ or I3
and I, units. Thus, alternatively, it could be described as two iodide anions
interacting with three iodine molecules which features a planar Z-shaped
array, i.e., [(I))I7(I)I" (I,)]. This is shown in Figure 2 together with the atom
labelling and the disorder found for the iodine molecule. The 50%
occupancy of each iodine (I1a and I1b) is compatible with a disorder model
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in which the presence of I1a in a given site is accompanied by the presence of
an 11b ion, at a distance of 2.815(6) A.

The trigonal symmetry of the crystal structure determines the angles of
120° formed by iodine molecules surrounding iodide ions (I12). Values of the
distances Ila—I1b#!l (2.815A) and I2-I1a#3 (3.157A) are considerably
shorter than the sum of van der Waals’ radii (4.3 A). These lengths and the
angle I1b-I1a#3-12 (178.1°) are close to expected values for asymmetrical
polyiodide anions® (e.g., 2.82 A,3.10A and 177°, respectively).
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