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Electrochemical oxidation of cobalt in a solution of 4-methyl-
N-(2-pyridylmethyl)benzenesulfonamide (HL, 1) in aceto-
nitrile afforded the compounds [Co"L,] (2) or [Co™L,L°] (3).
When 2,2'-bipyridine (bipy) or 1,10-phenanthroline (phen)
was added to the electrolytic phase, [Co'L,bipy] (4) and
[Co'L,phen] (5) were obtained. The crystal structures of HL
(1), [Co™L,] (2) and [Co™L,L°] (3) were determined by X-ray
diffraction techniques. The compound [Co'L,] is mononu-
clear and has a distorted tetrahedral [CoN,] geometry, with
each amide ligand acting as an anionic (NymigeNpy) bidentate

ligand. In the monomeric complex [Co™L,L°] the cobalt atom
is in a distorted octahedral [CoNg] environment defined by
the amide and pyridyl nitrogen atoms of two L~ anionic li-
gands and the two nitrogen atoms of the NH groups of a new
anionic ligand L°, which is formed by trimerisation of three
acetonitrile molecules in the electrolytic cell. The electronic,
IR and FAB spectra of the compounds are discussed.
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Introduction

Electrochemical procedures have been widely used for the
synthesis of metal complexes, especially when the ligands
have weakly acidic organic donor groups. It is well known
that metal complex formation by substitution of the amide
proton by a metal ion is not an easy process.l'! However,
the presence of an additional donor atom in the molecule
allows the formation of a stable five- or six-membered che-
late ring with the metal ion™ and this situation may facilit-
ate the complexation process. In addition, the presence of a
tosyl group in the amide increases the acidity of the amide
hydrogen atom, making the formation of the anionic li-
gand easier.’!

The work described here is a continuation of our previ-
ous studies on metal complexes with ligands containing a
pyridyl ring and a tosylamide group.™ This paper describes
the preparation of the ligand [4-methyl-N-(2-pyridyl-
methyl)benzenesulfonamide] (HL, 1) (Scheme 1), and the
cobalt complexes [Co'"L,] (2), [Co"L,L'] [where L' is 2,2'-
bipyridine (bipy) (4), 1,10-phenanthroline (phen) (5) and
[Co™L,L°] (3), where L° (Scheme 1) represents the anionic
form of an additional ligand formed during the electro-
chemical process by trimerisation of three molecules of ace-
tonitrile.
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Results and Discussion

The ligand [4-methyl-N-(2-pyridylmethyl)benzenesulfon-
amide] (HL) was prepared by a standard procedure, by
treatment of 2-(aminomethyl)pyridine with p-toluenesul-
fonyl chloride in the presence of base. An interesting feature
of the '"H NMR spectrum of the ligand is the signal at § =
11.6 ppm for the NH proton in CDCls; for simple sulfon-
amides of the form RSO,NH—Ar this resonance normally
appears at & = 7 ppm. The observed difference was prob-
ably due to the presence in solution of an intramolecular
hydrogen bonding interaction between the NH group and
the pyridine nitrogen atom. The same explanation can also
be put forward to explain the very lowfield resonance of the
OH proton in the case of the salicylaldimines.

Molecular Structure of the Ligand HL (1)

The molecular structure of [HL] is shown in Figure 1,
together with the adopted atomic numbering scheme.
Selected bond lengths and angles are given in Table 1.
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Figure 1. Perspective view of HL (50% probability displacement
ellipsoids)

Table 1. Selected bond lengths [A] and angles [°] for the ligand [HL]

S(1)-0(2) 1.419(4)  S(1)—0(1) 1.432(4)
S(1)—-N(2) 1.603(5) S(1)—C(7) 1.763(5)
N(1)—C(1) 1.341(7) N(1)-C(5) 1.344(6)
N(2)—C(6) 1.447(7) C(1)-C(2) 1.358(9)
C(2)-C3) 1.357(10) C(3)—C(4) 1.388(8)
C(4)-C(5) 1.372(8)  C(5)—C(6) 1.515(7)
C(7)-C(12) 1.389(8) C(7)—C(8) 1.394(8)
C(8)—C(9) 1.377(9) C(9)—C(10) 1.372(9)
C(10)—C(11) 1.387(9) C(10)—C(20) 1.505(8)
C(11)-C(12) 1.3376(9)

0Q2)-S()-0(1)  119.73)  O@2)-S(1)-N(2)  107.5(3)
o()-S()-N@2)  106.13)  O@2)-S(1)-C(7)  108.1(3)
o()-S(1)—-C(7)  107.53) N@2)-S(D)-C(7)  107.4(3)
C()-N()—C(5)  117.3(5)  C6)-N@)—S(1)  122.5(4)
N()-C(1)-C(2)  124.56) C@3)—C(2)-C(1)  117.7(6)
C(2)-C(3)—C@)  120.0(7) C(5)—-C(4)—-C(3)  118.9(7)
N()-C(5)—C@4) 121.6(5) N(1)—C(5)—C(6)  115.1(5)
C4)-C(5)—C(6)  1233(5) N(Q2)-C(6)—-C(5)  111.4(5)
C(12)-C(N—C@®) 120.7(6)  C(12)-C(7)—S(1)  120.9(5)
C’)-C(N-S(1) 11845 CO)-CE®)-C(7)  118.7(7)
C(10)-C9)—-C®) 122.1(7)  C(9)—C(10)—C(11) 117.9(6)
C(9)-C(10)—C(20) 121.5(7)  C(11)~C(10)—C(20) 120.7(7)

C(12)-C(11)—C(10) 122.2(7)  C(11)~C(12)—C(7) 118.4(6)

The bond lengths and bond angles of the phenyl and pyr-
idine rings are similar to those found in other pyridylben-
zenesulfonamide  ligands.~®  The C(6)—N(2) and
S(1)—N(2) distances [1.447(7) and 1.603(5) A] are very
close to those observed in N-(p-tolylsulfonyl)benzylamine
[1.475(3) and 1.619(2) A].l1%

The phenyl and pyridine rings are almost flat, with the
maximum deviation of any atom from the best least-squares
planes being 0.010(5) and 0.011(4) A, respectively. The car-
bon atom C(20) and the sulfur atom S(1) lie approximately
in the plane of the phenyl ring to which they are bound
[deviation of 0.022(10) A for C(20) and 0.019(7) A for S(1)].
Atom C(6) is also out of the plane of the pyridine ring to
which it is bound [0.102(10) A]. The interplanar angle be-
tween the phenyl and pyridine rings is 55.7°.

The crystal structure is completed by half a water molec-
ule, which is associated with the ligand molecules through
intermolecular hydrogen bonds. Hydrogen bonds exist be-
tween the pyridine nitrogen atoms of two ligand molecules
and the oxygen atom of the water molecule. In addition,
the oxygen atom of the water molecule is involved in a hy-
drogen bond with the amide nitrogen atoms of two other
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neighbouring ligands. Therefore, infinite hydrogen bonded
chains of ligand and water molecules are formed in this
system (Table 2).

Table 2. Hydrogen bonds in the ligand

Atoms: A-+HD d(A~H) dH-D) dA~D) < AHD
03-+H(20)-N(2) 2.168(5) 0.74(5)  2.880(7) 161.77(6)
N(#-HGBD—-03) 1.824(7) 0.97(7)  2.775(6)  166.24(6)

Cobalt Complexes

The cobalt complex [Co'L,] and its adducts with 2,2’'-
bipyridine (bipy) and 1,10-phenanthroline (phen) — [Co'l-
L,(bipy)] and [Co™L,(phen)], respectively — were prepared
in good yield by the simple one-step electrochemical
method described below. In all cases, the product formed
was separated by filtration as a crystalline product. In addi-
tion, all of the compounds were air-stable and moderately
soluble in organic solvents such as ethanol or chloroform.

The values of the electrochemical efficiency, defined as
the amount of metal dissolved per Faraday of charge, were
all close to 0.5 mol-F~!, irrespective of the presence or ab-
sence of additional ligands. This fact, in conjunction with
the evolution of hydrogen at the cathode, is compatible with
the following mechanism:

Cathode: 2HL + 2e¢~ —— 2L~ + H,

Anode: Co + 2L~ —— [Co''L,] + 2 e~

or, when an additional neutral ligand (L’ = bipy or phen)
is added:

Anode: Co + 2L~ + L' —— [Co"L,L'] + 2 e~

When the electrochemical oxidation of cobalt metal in an
acetonitrile solution of the amide ligand was carried out at
a much higher voltage than in the previous case, the com-
pound [Co™L,L°] was formed. In this compound, besides
the deprotonated amide ligands, a new ligand, formed by
trimerisation of three acetonitrile molecules, appears in the
coordination sphere of the metal ion.

The trimerisation of acetonitrile can be viewed as the re-
sult of a tandem reaction catalysed by the nucleophilic at-
tack of a tosylamide anion, formed during the electrochem-
ical reaction, on an acetonitrile molecule, as shown in

Scheme 2.
CH,CN ‘_>= N
NC

NH
\ CH,CN
NH 3 Ne—2

NH

tosylamide

CHON—220 o+ Copyen

e —
NC &)
Scheme 2

It is most probable that these reactions occur in the coor-
dination sphere of the metal ion, given the fact that they do
not occur in its absence. The occurrence of this process may
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be ascribed to the increased sensitivity of the acetonitrile
molecule to nucleophilic attack as a result of coordination
to the metal ion. This reaction can be considered as the
intramolecular version of the Thorpe—Ziegler reaction.

The CH;CN trimerisation process is not without preced-
ent. It has previously been observed when MMe; (M = Al,
Ga or In) was boiled for 24—72 h at 60—65 °C in aceto-
nitrile in the presence of cesium halides (X = F~, CI~, Br7)
to give [CH;M {HNC(CHj;)},C(CN)].l11-121

Molecular Structure of [Co'"L,] (2)

The molecular structure of [Co''L,] is shown in Figure 2,
along with the adopted atomic numbering scheme. Selected
bond lengths and angles are listed in Table 3. The structure

Figure 2. Perspective view of [Co''L,] (50% probability displace-
ment ellipsoids)

Table 3. Selected bond lengths [A] and angles [°] for the complex
[Co"L,]

Co(1)-N(2) 1.926(4) Co(1)~N(4) 1.946(4)
Co(1)~-N(@3) 2.028(4) Co(1)~N(1) 2.040(4)
S(1)-0(2) 1.449(3)  S(1)—O(1) 1.452(3)
S(1)-N(2) 1.577(4)  S(1)—C(7) 1.768(5)
S(2)-0(3) 1.437(3)  S(2)—0(4) 1.446(3)
S(2)~N(4) 1.586(4) S(2)—C(20) 1.772(5)
N(1)-C(5) 1.335(6) N(1)-C(1) 1.352(6)
N(2)—C(6) 1.476(5) N(3)—C(18) 1.355(6)
N(3)—C(14) 1.355(6) N(4)—C(19) 1.459(5)
C(1)-C(2) 1.372(7)  C(2)—C(3) 1.353(8)
C(3)—-C(4) 1.377(7)  C(4)—C(5) 1.386(6)
C(5)—C(6) 1.497(6) C(7)—C(12) 1.376(6)
C(7)—-C(8) 1.382(6) C(8)—C(9) 1.379(7)
N(Q2)—Co(1)-N@4) 134.84(17) N(2)—Co(1)-N(3) 123.64(16)
N(@)—Co(1)-N@3)  81.37(16) N(2)—Co(1)-N(1)  82.08(16)
N@)—Co(1)-N(1) 117.84(16) N(3)—Co(1)~N(1) 122.65(16)
0(2)-S(H—0(1)  117.622)  O(2)-S(H—N2)  105.4(2)
O()-S(H-N@2) 113.12)  O@2)-S(H—-C(7)  106.1(2)
O()-S(H—C(7)  106.62)  N(2)-S(1)-C(7)  107.5(2)
0(3)-S2)—0(4) 118.12)  O(3)-SQ2)-N@)  107.0(2)
0(4)-S2)—-N@)  111.5(2)
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of the complex consists of mononuclear units in which a
tetracoordinated cobalt atom is bound to both nitrogen
atoms of two bidentate monoanionic ligands in a distorted
tetrahedral arrangement. Two different Co—N bond
lengths are observed: the bonds involving amide nitrogen
atoms [1.926(4), 1.946(4) A] are significantly shorter than
those involving pyridine nitrogen atoms [2.028(4), 2.040(4)
A]. These values are similar to those found in other
cobalt compounds containing both anionic and neutral
nitrogen donor atoms, such as in the tetrahedral complex
[2-tosylamino(2'-pyridyl)anilinato]cobalt(Il) [Co—N,mide
1.959(13) AJ!3! or in the cobalt(Il) complex with the
ligand obtained by the reaction between 2-(2-amino-
phenyl)pyridine ~ with  p-toluenesulfonyl  chloridel®
[Co—Numige 1.960(2), 1.967(2) A; Co—Npyridine 2.041(2),
2.043(2) A]. The tetrahedral environment of the cobalt
atom is distorted due to the small bite required by
N—-Co—N = 81.37(16)—82.08(16)°, which also results in
secondary deviation of the other perinuclear angles from
the ideal values of 109°. Each five-membered chelate ring
lies in a plane with the maximum deviation of any atom
from this plane being 0.0004 and 0.0165 A. The two planes
are nearly perpendicular, with a dihedral angle of 82.11°.
In each ligand the phenyl and pyridine rings are planar.

Molecular Structure of [Co™L,L°] (3)

The molecular structure of [Co™L,L°] is shown in Fig-
ure 3, together with the adopted atomic numbering scheme.
The main bond lengths and angles are given in Table 4. The
structure consists of monomer [Co""'L,L°] units. The cobalt
atom is in a [CoNg] environment produced by two amide
and two pyridine nitrogen atoms of two bidentate
monoanionic tosylamide ligands and two nitrogen atoms of
the ligand L°, formed by the trimerisation of three molec-
ules of the acetonitrile used as the solvent in the electro-
chemical cell. Both amide nitrogen atoms are in a frans dis-
position.

C24)

C@2s)

O com h

C32) 31

C(3)

C2)

Figure 3. Perspective view of [Co'L,L°] (50% probability displace-
ment ellipsoids)
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Table 4. Selected bond lengths [A] and angles [°] for the complex
[Co™™L,L°]

Co(1)—N(6) 1.891(6)  Co(1)—N(5) 1.892(7)
Co(1)-N(3) 1.950(6) Co(1)—N(4) 1.959(5)
Co(1)-N(2) 1.960(5)  Co(1)—N(1) 1.965(6)
S(1)-0(1) 1.422(5)  S(1)-0(2) 1.440(5)
S(2)-0(3) 1.433(5)  S(2)-0(4) 1.444(5)
S(1)-N(2) 1.591(5)  S(2)—N(4) 1.588(5)
S(1)—C(7) 1.775(9)  S(2)—C(20) 1.765(8)
N(1)—C(1) 1.368(9) N(1)-C(5) 1.331(8)
N(2)—C(6) 1.458(8) N(3)—C(14) 1.350(9)
N(3)—C(18) 1.321(8)  N(4)—C(19) 1.472(8)
N(5)-C(27) 1.275(10) N(6)—C(29) 1.276(9)
N(7)-C(32) 1.155(6) C(27)—C(28) 1.498(10)
C(29)—C(30) 1.552(10) C(29)—C(31) 1.386(11)
N(6)—Co(1)-N(5) 88.83)  N(6)—Co(1)-N@3) 177.1(3)
N(5)-Co(1)~-N(3) 89.23)  N(6)—Co(1)-N(4) 97.1(2)
N(5)-Co(1)~N(4) 89.73)  N(3)—Co(1)-N(4) 80.8(2)
N(6)-Co(1)~-N(2) 90.22)  N(5)—Co(1)-N(2)  96.4(3)
N(3)-Co(1)~-N(2) 92.12)  N(#)—Co(1)~N(2) 170.59(19)
N(6)-Co(1)~-N(1) 90.622)  N(5)—Co(1)~N(1) 177.4(3)
N(3)-Co(1)-N(1) 91.5(18)  N(4)—Co(1)~-N(1)  92.9(2)
N(2)-Co(1)~N(1) 81.0(2)

The Co—Nymige and Co—N, bond lengths have similar
values. The average Co—N,, bond length (1.957(5) A) is
longer than those found in other octahedral cobalt(III)
complexes with pyridine nitrogen donor ligands, such as
1.882(5) A in [Co™L!']* {HL! = 3,11-bis(methoxycar-
bonyl)-7-methyl-3,7,11,17-tetraazabicyclo[11.3.1]heptadeca-
1(17),13,15-triene} ¥ and 1.884(3) A in [Co™L3] [HL? =
3,7,11-tris(carboxymethyl)-3,7,11,17-tetraazabicyclo-
[11.3.1]heptadeca-1(17),13,15-triene]' or 1.911(3) and
1.915(3) A in [Co™(dpkH),](MeO)(MeOH) [dpkh = bis(2-
pyridyl) ketone hydrate],/'*) but is only slightly longer than
1.934(2) A found in the complex [Co™L(OH)](ClOy), [L =
2,6-bis(1’,3’-diamino-2'-methylprop-2'-yl)pyridine].['®) The
Co—Nymige bond length, with an average value of 1.959(5)
A, is similar to those found in other cobalt(III) amide com-
plexes, such as 1.97(2) Ain [Co(2-amino-4-imino-2-methyl-
pentane),(methazolamidate)(NH3)](NO5),.[17]

Bond lengths and angles within the framework of the
pyridinesulfonamide ligand fall within the range found for
other related metal complexes with similar ligands.>:!8]

The Co—N bond lengths from the ligand L° are equal
[Co—N(5) = 1.892(7) and Co—N(6) = 1.891(6) A] and sim-
ilar to those found in other hexacoordinated cobalt com-
plexes with ligands possessing the same chemical skeleton:
1.995(5) A in [Co(R-ala)-(1,5R,7R,11-Me,-2,3,2-tet)-
Br,-3H,0') or 2.009(5) A in cis-[Co™L2CL]Cl, in which
L? stands for (5RS,7SR)-dimethyl-1,4,8,11-tetraazacyclooc-
tatetradecane.*’l The bond angles have normal values for a
six-membered chelate ring and are 88.8°. The bond lengths
N—C and C—C in the new ligand L° are essentially ident-
ical to those found in the other complexes with this li-
gand.[“*lzl° The N(5)—C(27) [1.275(10) A] and N(6)—C(29)
[1.276(9) A] bond lengths are in agreement with the value
of 1.30 A proposed for a C=N double bond,?!! and the
C(32)—N(7) bond length of 1.155(6) A is shorter than for
C=N but not as short as for a C=N triple bond.*?! The
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C—C bonds in the chelate ring and the C(31)—C(32) bond
are shorter [1.386(11)—1.432(11) A] than the other C—C
bonds [1.498(10)—1.522(10) A]. The C(31)—C(32)—N(7)
angle is very close to the theoretical value for a linear dis-
position [176.9(5)°].

The crystal packing is such that the molecules and the
Co—C(9)—C(8)—N(7) units of adjacent complex molecules
appear to form chains parallel to the » axis. The distance
from the N(7) atom of a given molecule to the Co atom of
the neighbouring molecule is 4.615(5) A.

Spectroscopic Studies

The IR spectra of the complexes are in accordance with
the X-ray data discussed above. The ligand HL shows a
broad band at around 3095 cm™!, attributable to v(N—H).
This band is absent in the IR spectra of the complexes, a
fact in agreement with the deprotonation of the N—H
amide bond during the electrosynthesis. The stretching
band of the pyridine ring, observed between 1600 and 1400
cm~! and the ring deformation bands, which appear at
about 600 and 400 cm ™!, are shifted to higher frequencies
in the complexes. This behaviour has been proposed as
evidence for the coordination of the pyridine nitrogen atom
to the metal ion,/?* as confirmed by the structural data. In
addition, the spectrum of the [Co™L,L°] complex also
shows a sharp band at 3350 cm ™!, assigned to v(N—H), as
well as another band at 2190 cm ™! due to v(C=N) of the
new ligand L°.

The IR spectra of the mixed complexes containing 2,2’-
bipyridine or 1,10-phenanthroline as additional ligands
show the bands characteristic of these coordinated li-
gands+23] (bipy: ca. 770 and 720 cm™!; phen: ca. 1520, 847
and 722 cm ™).

The diffuse reflectance spectrum of [Co''L,] in the NIR/
Vis region shows two multicomponent bands, one at 7600,
8900 and 11200 cm™! [assigned to *A, — “T(F) (v,)] and
the other at 17100, 19455 and 20790 cm ™! [due to *A, —
4T(F) (v3)], both of which are consistent with a distorted
tetrahedral environment for the metal ion.[*®! The “A, —
4T, (P) (v,) transition was not observed, but its position at
ca. 5300 cm ™! was calculated by the method described by
Lever. The presence of three closely spaced transitions in
the spectrum of [Co'L,] arises due to distortion from the
regular tetrahedral symmetry, a situation resulting from the
inequivalence of the pyridyl and sulfonamide donor atoms
and the restrictive bite angle of the chelating ligands. At
room temperature this complex has a magnetic moment of
4.0 B.M., which is well within the range expected for tetra-
hedral cobalt(IT) compounds.

The solid-state electronic spectra of the mixed complexes
[CoML,L"] between 20000 and 5000 cm ™! are all very sim-
ilar, but differ from those found for the [Co'L,] and [Co™-
L,L°] complexes. The former complexes gave rise to three
bands in the regions 7400—9500, 14600—15150 and
21800—23000 cm !, assigned to *Tio(F) — “Ta (Vy),
4T 1o(F) = *Asg (v2) and T o(F) — “T,4(v3) transitions, re-
spectively, in a distorted octahedral field.”°! The magnetic
moments of these complexes at room temperature are in the
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range 4.60—4.80 B.M., and these values are on the low side
of the range expected for octahedral cobalt(IT) complexes,
probably as a result of a reduced orbital contribution. The
magnetic moment of the [Co™L,L°] complex shows that
this compound is diamagnetic and which is consistent with
a low-spin d® octahedral complex. The solid-state electronic
spectrum shows two bands at 15200 and 21800 cm™!, as
would be expected for low-spin six-coordinated cobalt(I1I)
complexes. The first band has been attributed to a 'A;, —
'T,, transition and the other band to a 'A;, — 'T», trans-
ition. [26]

In the FAB mass spectra of [Co'L,], [Co™L,L?], [Co"-
L,bipy] and [Co™L,phen], the molecular ion peaks are ob-
served at m/z = 582, 703, 737 and 762, respectively, together
with corresponding peaks at m/z = 426, 442, 476 and 500
formed by loss of one tosyl ligand from each complex. A
peak is also observed at m/z = 580 in the spectrum of
[Co™L,L°], and this corresponds to a fragment formed by
loss of the ligand L°.

Experimental Section

Materials and Instrumentation: Cobalt (Aldrich Chemie) was used
as plates (ca. 2 X 2 cm). All other reagents, including 1,10-phen-
anthroline and 2,2'-bipyridine, were used as supplied. The C,H,N,S
analyses of the compounds were performed with a Carlo—Erba EA
1108 microanalyzer. IR spectra were recorded as KBr mulls with a
Bruker IFS-66V spectrophotometer. The '"H NMR spectrum of the
ligand was recorded with a Bruker AMX 300 MHz spectrometer,
with [Dg]DMSO as solvent. The chemical shifts were recorded
against TMS as an internal standard. FAB mass spectra were re-
corded with an Autospec-Micromass instrument, with 3-nitro-
benzyl alcohol (3-NBA) as the matrix. Solid-state electronic spectra
were recorded with a Shimadzu UV 3101 PC apparatus. Magnetic
measurements were obtained with a DMS VSM 1160 instrument.

Synthesis of the Ligand HL (1): The ligand HL was prepared from
equimolar amounts of 2-aminomethylpyridine  (1.00 mL,
10.1 mmol) and tosyl chloride (1.93 g, 10.1 mmol) in dichlorome-
thane (40 mL). Aqueous NaOH (10%) was added to the mixture
until pH = 8 was reached, and a white product was obtained.”]
The solid was filtered off and dried in vacuo. Yield 78%. The purity
of the product was assessed by microanalysis, IR and '"H NMR
spectroscopy. Crystals suitable for X-ray structure determination
were obtained by crystallisation from dichloromethane. IR (KBr):
V = 3094 [v(N—H)], 1598 —1385 [v(C=C, C=N),,], 1328 [v,,(SO,)],
1164 [v((SO5)] cm~ L. TH NMR ([D¢]DMSO): § = 11.6 (s, 1 H,
N—Hy), 85 (d, 1 H, 2-H,y), 2.1 (s, 3 H, Meyg) ppm.
C3H5N,0, S (271.3): caled. H 5.58, C 57.55, N 10.33, S 11.79;
found H 5.38, C 57.52, N 10.10, S 12.22.

Preparation of the Complexes (General Procedure): The complexes
were formed by an electrochemical procedure.[*®! This method al-
lows the preparation of different products simply by changing the
conditions of the electrochemical reaction. The cell consisted of
two electrodes submerged in a solution of the tosylated ligand and
a small amount of tetraethylammonium perchlorate (ca.
15—20 mg) as a current carrier in acetonitrile. The cathode was a
platinum wire and the anode a plate of the appropriate metal. For
the synthesis of mixed complexes, the corresponding coligand —
1,10-phenanthroline or 2,2'-bipyridine — was also added to the so-
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lution. Applied voltages of 9—15 V allowed sufficient current flow
for smooth dissolution of the metal. In all cases the electrochemical
synthesis was carried out at room temperature. The cell can be
summarised as Pt(—)/CH;CN + HL/M(+).

Preparation of [Co"L,] (2): Electrolysis of an acetonitrile solution
containing HL (0.2932 g, 1.12 mmol) and a small amount of tetra-
ethylammonium perchlorate (ca. 25 mg) at 10 mA and 9 V for 3 h
dissolved 32 mg of cobalt (E; = 0.49 mol-F~'). At the end of the
experiment, a purple solution had been obtained and was allowed
to stand for a few days. Purple crystals suitable for X-ray diffrac-
tion formed, and these were collected and dried in vacuo. The com-
pound was characterised as [Co''L,]. IR (KBr): ¥ = 1611—1439
[V(C=C, C=N),], 1275 [v.(SOy)], 1147 [v(SO,)] cm™'.
Cy6H,6CoN,0,S, (581.5): caled. H 4.51, C, 53.70, N 9.63, S 11.01;
found H 4.47, C 53.52, N 9.62, S 9.76.

Preparation of [Co™L,L°] (3): Electrolysis of an acetonitrile solu-
tion containing HL (0.1947 g, 0.7432 mmol) and a small amount
of tetracthylammonium perchlorate (ca. 20 mg) at 10 mA and 20.8
V for 2 h dissolved 20 mg of cobalt (E; = 0.46 mol-F~!). At the
end of the experiment a brown solution had formed, with brown
crystals at the bottom of the vessel. These crystals were filtered off
and dried in vacuo and were suitable for X-ray crystallography. The
compound was characterised as [Co'L,L°]. IR (KBr): v = 3354
[VINH)], 2189 [v(C=N)], 1604—1396 [v(C=C, C=N),], 1280
[Vas(SO,)], 1134 [v(SO,)] em™ L. C3,H34CoN;0,4S, (703.7): caled. H
4.87, C 54.62, N 13.93, S 9.09; found H 4.88, C 54.45, N 13.41,
S 9.75.

Preparation of [Co'"L,(bipy)] (4): Electrolysis of an acetonitrile so-
lution containing HL (0.1947 g, 0.7432 mmol), 2,2'-bipyridine
(0.0584 g, 0.3715 mmol) and a small amount of tetraethylammo-
nium perchlorate (ca. 20 mg) at 10 mA and 20.3 V for 2 h dissolved
22 mg of cobalt (E; = 0.51 mol-F~!). At the end of the experiment
a brown solid had formed, and this was filtered off, washed with
acetonitrile and dried in vacuo. The compound was characterised
as [CoLy(bipy)]. IR (KBr): ¥ = 1628—1492 [W(C=C, C=N),,],
1283 [vas(SO5)], 1159 [vy(SO,)] cm™ L. C3sH34CoNgO4S, (737.7):
caled. H 4.61, C 58.60, N 11.39, S 8.68; found H 4.57, C 59.39, N
12.07, S 7.92.

Preparation of [Co'"L,(phen)] (5): Electrolysis of an acetonitrile so-
lution containing HL (0.1947 g, 0.7432 mmol) and a small amount
of tetracthylammonium perchlorate (ca. 20 mg) at 10 mA and 24.6
V for 2 h dissolved 23 mg of cobalt (E; = 0.53 mol'F~!). At the
end of the experiment a dark brown solid had formed, and this
was filtered off, washed with acetonitrile and ether, and dried in
vacuo. The compound was characterised as [Co'L,(phen)]. IR
(KBr): V = 1628—1429 [v(C=C, C=N),,], 1281 [v,s(SO,)], 1160
[vs(SO5)] em™!. C33H3,CoNgO,S, (761.8): caled. H 4.46, C 59.90,
N 11.03, S 8.40; found H 4.79, C 59.37, N 11.00, S 8.28.

Crystal Structure Determination: Crystals of HL (1) and [Co'!l-
L,L°] (3) were mounted on glass fibres and used for data collection
with an Enraf Nonius CAD4 diffractometer, while a Siemens
SMART CCD area detector diffractometer was used in the case of
[CoL,] (2). Mo-K, radiation (. = 0.71073 A, graphite mono-
chromator) was used for the collection of the intensity data by a
20/w-scan technique. Decomposition of the crystals did not occur
during data collection. Corrections were applied for Lorentz and
polarisation effects and for absorption.[*”) The structures were
solved by direct methods; missing atoms were located in the differ-
ence Fourier maps and included in subsequent refinement cycles.
The structures were refined by full-matrix, least-squares refinement
on F2, with anisotropic displacement parameters used for all non-

Eur. J. Inorg. Chem. 2002, 2348—2354



Cobalt Complexes with 4-Methyl-N-(2-pyridylmethyl)benzenesulfonamide

FULL PAPER

Table 5. Summary of crystal data and structure refinement

HL [Co'L,) [Co™L,L°]
Empirical formula C13H15N202‘5os C26H26CON404SZ C32H34CON704Sz
Formula mass 271.33 581.56 703.71
Temperature [K] 293(2) 293(2) 293(2)
Wavelength [A] 0.71073 0.71073 0.71073
Crystal system, space group monoclinic, C2/c¢ monoclinic, P2,/n orthorhombic, Pca2(1)
a [A] 27.145(11) 13.0552(3) 16.310(4)
b [A] 6.0119(12) 7.8373(2) 10.4858(15)
¢ [A] 16.690(7) 26.2839(2) 17.931(4)
B . 99.10(2) 95.1350(10) 90.00
Volume [A3] 2689(2) 2678.51(9) 3066.6(11)
Z 8 4 4
Density (calculated) [Mg/m?] 1.340 1.442 1.524
Absorption coefficient [mm 1] 0.241 0.836 0.747
F(000) 1144 1204 1464
Crystal size [mm], colour 0.35 X 0.15 X 0.10, colourless  0.15 X 0.10 X 0.05, purple 0.30 X 0.25 X 0.15, caramel
0 range for data collection [°] 3.04-30.01 1.56—28.27 1.94—-24.97
Index ranges —37T=h=37,0=k=238, —17=h=17,-10=k=5 0=h=19,0=k=12,

0=1l=22 —35=1[=33 2l=[=21
Reflections collected 4039 18454 2915
Independent reflections 3908 [Rin = 0.0384] 6573 [Ryny = 0.1040] 2909 [Ry = 0.0159]
Reflections observed 1304 2752 2210
Criterion for observation > 20(1) > 20() > 20(1)
Data/restraints/parameters 3908/0/218 6573/0/336 2909/1/427
Goodness-of-fit on F? 1.027 1.046 1.039
Final R indices [1 > 2o6(]) 0.0840/0.1750 0.0780/0.1074 0.0401/0.0714
Absolute structure parameter _ 0.00(3)

Largest diff. peak and hole [e'A~3]  0.297 and —0.293

0.360 and —0.436 0.384 and —0.274

hydrogen atoms except those of the methyl group [C(20)] of the
ligand HL, which were located in their calculated positions (C—H
0.96 A). In all cases, hydrogen atoms were included by using a
riding model with C—H distances of 0.93—0.97 A and fixed iso-
tropic thermal parameters. The weighting scheme of the form o =
1/c*(F) was introduced, and the refinement proceeded smoothly
to convergence with a maximum delta/c of 0.001. The absolute
configuration was determined for 3.3% The crystallographic pro-
grams used for the structure solutions and refinement were from
SHELX97.B1 Atomic scattering factors and anomalous dispersion
corrections for all atoms were taken from International Tables for
X-ray Crystallography.®?l The crystal data and summary of data
collection and structure refinement for these compounds are given
in Table 5. Selected bond lengths and angles for 1, 2 and 3 are given
in Tables 1, 3 and 4. ORTEP3[33 drawings of the molecules with
the numbering schemes used are shown in Figures 1 —3. CCDC-
171729 (1), -171730 (2) and -171731 (3) contain the supplementary
crystallographic data for this paper. These data can be obtained
free of charge at www.ccdc.cam.ac.uk/conts/retrieving.html or from
the Cambridge Crystallographic Data Centre, 12, Union Road,
Cambridge CB2 1EZ, UK [Fax: (internat.) + 44-1223/336-033;
E-mail: deposit@ccdc.cam.ac.uk].
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