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The following coordination compounds of cobalt(Il) with 1-phenyl-4,6-dimethylpyrimidine-2-thione:
ColX, . n HO(X=CI',n=1, X=Br,n =2, X =SCN7, n = 0. X = NO3, n = 4), Co,I;Cly . H,0,
Col,X, (X = Br, I, SCN7, NO3), Col,X; . n HO . p Me;,CO (X =17, ClOg, n = p =2; X = NO3, n = 1,
p = 0), CoL3(ClOy), . 0.5 Me,CO, Co,Ls(NO3)4 and Co,L7X, (X = CI7, Br™, I7) have been isolated and
characterized by chemical analyses, visible and IR spectra, paramagnetic susceptibility, conductivity and
polarographic measurements. Solid phase IR spectra suggest that the heterocyclic ligand is almost always
bonded through non-substituted ring nitrogen and exocyclic sulfur atoms. The solid compounds with the
exception of the [Col(SCN),),, [CoL,(H,0),][CoCl,] and [CoL;3][CoCl,) . H,O have originally a distorted
octahedral geometry. By grinding the solid [Coly(SCN),), Co,L;Cl4 and all the bromide complexes the
cobalt(Il) coordination undergo octahedral — tetrahedral geometry change. Spectral evidences and polaro-
graphic results in DMF solution have shown that for these and [Col(SCN),],, [Coly(11,0),][CoCl4] and
[CoL3][CoCly] . HyO complexes, the solvolysis gives rise to equilibria between tetrahedral anionic
[(‘oX,,]z' (X = SCN7, CI"), [CoX3(DMF)]” (X = SCN", CI", Br") and some possible [("o(DMF)(,]z",
[(‘oX(DMl’)S)". [CoXL(DMF)‘,]‘. [CoL(DMF)S)24 (L = N-monodentate ligand) cationic octahedral species.
Polarographic data for perchlorate complexes and for [Co(DMF)g](ClO4),~L system at increasing ligand
concentration have shown that in DMF solution the solvated ions [Co(DMF)t,]Z’ are the prevailing species
and that the thiopyrimidine-containing species [CoL(DMF)s]** (B = 3.78 . 10°) and [Coly(DMF),}** (B =
9.59 . 107) can be formed only in presence of a large excess of the free ligand.

The current interest in the coordination chemistry of the thiopyrimidine derivatives
arises from the significant role played by these heterocyclic bases in many biological
systems (the ring system being an integral part of several nucleic acids, vitamins, co-
enzymes etc.), from their application as anti-tumor and anti-thyroid agents! = 3, and
from the variety of coordination modes exhibited by them towards transition metal

ions. Typical bonding modes including S-donation, N,S-chelation or bridging as well as
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N-donation have been spectroscopically inferred and somctimes structurally estab-
lished*.

As part of our systematic investigation concerning studics on the coordinating
properties of oxo- and thiopyrimidine analogues with metal ions, in this communi-
cation, we report the preparation and physico-chemical characterization of some new
cobalt(Il) complexes with 1-phenyl-4,6-dimethylpyrimidine-2-thione (L).

Since it has been found that some -N-H (refs’ = /) and -N-CH; (refs%%) thio-
pyrimidine derivatives coordinate to cobalt(I) ions strongly by non-substituted ring
nitrogen atom and more weakly by the exocyclic sulfur atom, we were interested to
examine the influence of the bulky N-phenyl group (which suppress thione == thiol
tautomerism) on the coordination mode and on the stoichiometry of L—cobalt(Il)
complexes.

EXPERIMENTAL

The 1-phenyl-4,6-dimethylpyrimidine-2-thione (L) was prepared by the method reported previously!©,

Preparation of Complexes

[Coly(115,0),][CoCly), [ColH;0),15), [CoL(SCN),], and [Coly(H,0),]l5 . 2 Me,CO: Solid L (4 mmol)
was added slowly under stirring for 4 h at room temperature, to a solution of anhydrous C'o(SCN), (4 mmol)
in acetone (30 cm?) or of the appropriate hydrated halide salt (4 mmol). After three days the solid
compounds were filtered.

[CoL3][CoCly] . H,y0, [CoLy(HyOXNO3))(NO;3) and [Col,X,], (X = Br7, I7, SCN7): A solution of 3 mmol
of anhydrous Co(SCN), or of the corresponding hydrated salt in 10 cm? of acetone was added 1o a stirred
suspension of L (6 mmol) in 30 cm? of acetone at room temperature. The reaction mixture was boiled
under reflux for 4 h and kept at room temperature. After some days the solid compounds were filtered.

Co,Ls(NO3),, [Col4](ClOy4), . 0.5 Me)CO and CoyL;X, (X = CIT, Br7, I7): Two millimoles of the
appropriate hydrated salt were dissolved in 3 cm? of acetone (5 cm?® for the perchlorate) and 7 cm?® of
triethylorthoformate (TEOF) as dehydrating agent, and the solutions allowed to stand at room temperature
for 3 days in stoppered flasks. The solutions were added to a suspension of L. (8 mmol) in 15 cm? of
acetone with stirring at room temperature. The resulting solutions were heated under rellux for 6 h giving
homogeneous compounds which after three days were filtered.

For Co,L,X,4 (X = CI7, Br™, I7) and Co,Ls(NO;), compounds repeated attempts to obtain single crystals
suitable for X-ray structure determination have so far failed.

[Col(H;0)4J(NO3),: To an acetone solution (25 cm?) of Co(NO3), . 6 H,0 (8 mmol), 4 mmol of solid
L. were added with stirring at room temperature. After standing overnight the crystalline compound was
filtered. On cooling for several days, the purple mother liquor afforded again brik-red crystals suitable for
X-ray diffraction measurements.

[CoLy(NO);](NO3): 4.5 mmol of Co(NOjs), . 6 H,0, were dissolved in 10 em? of ‘TEOF and S cm? of
acctone and the solution allowed to stand for 3 days in a stoppered flask. On addition of solid L. (4.5 mmol)
and refluxing under stirring for S h, the initial pink solution turned to brown-purple and a yellow
compound deposited. After two days the solid was filtered.

[Coly(H50)5](ClO )5 . 2 Me;CO: The compound was obtained dissolving under stirring for 5 h at room
temperature the solid complexing agent L. (5 mmol) in an acetone solution (20 cm?) containing 2.5 mmol
of Co(ClOy), . 6 H,0. After standing overnight the resulting yellow-ivory compound was filtered.
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All the compounds obtained were washed with cold acetone, ether and dried in vacuo over KOIH or
P4040.

Analyses and Apparatuses

Cobalt analyses were carried out by complexometric titration with EDTA after destruction of the comple-
xes with concentrated H,SO, and aqua regia. Carbon, hydrogen, nitrogen and sulfur were determined using
an Erba 1106 Elemental Analyzer. Conductivity measurements were performed on freshly = 107 mol dm™
solutions in DMF at 25 °C with a Jenway 4020 Conductivity Meter.

Magnetic susceptibilities at room temperature were measured by the Gouy method and corrected for
Pascal’s constants.

IR spectra were recorded (4 000 — 400 cm™) in KBr pellets and in powdered polycthylene pellets (500 —
50 em™'y on a F.T.LR. Bruker IFS113V spectrophotometer. The IR bands of the ligand, reported and
discussed in previous works'®!!, were recorded with a Perkin-Elmer 180 spectrophotometer. They have
been recorded again with a F..T.I.R. Bruker IFS113V spectrophotometer in order to better compared with
the spectra of the new complexes. For this reason some of the wavenumbers reported in this work for L
slightly differ from those given in the previous works. Electronic spectra (400 — 800 nm) of the complexes
were recorded with a Cecil CE 6600S double beam spectrophotometer on solids supported on filter paper
and in DMF solution using concentrations of cobalt(Il) ranging from S . 103 10 3 . 107 mol dm™? for
chloro, bromo and thiocyanato complexes and 1 . 1072 mol dm™> for all the other compounds. The pola-
rographic measurements were carried out in purified and dried DMF (Fluka) at 25 = 0.1 °C', under a nitro-
gen atmosphere, with an Amel Multipolarograph 472. A satured Ag| AgCl, KCl,, DMF clectrode was used
as a reference. All half-wave potentials were referred to a saturated calomel electrode (SCL). Tetrabutyl-
ammonium perchlorate was used as base electrolyte and the ionic strength of the solutions was kept
constant (0.1 mol dm™>). The polarographic measurements were performed: (i) on solutions 2 . 107 mol
dm™3 of [Co(DMF))(ClO,), (recrystallized from DMF-TEOF) and of ligand L. with a mctal-to-ligand
molar ratio ranging from 1 : 0 to 1 : 42; (ii) on solutions 2 . 107 mol dm™> of [Co(DMF)J(C10O,), and
KCI, KBr and NaSCN with a X~ to cobalt(Il) (X = CI7, Br~, SCN~) molar ratio ranging from 2 : 1 t0 8 : I;
(iii) on solutions of the all the chloro, bromo, thiocyanato and perchlorato complexes (cobali(l) concentra-
tion = 2. 107 mol dm~3) alone and in presence of an excess of L ligand (cobali(ll) to Lyggea = 1: 10
molar ratio). Details of the measurement procedures are identical to those previously described!!,

RESULTS AND DISCUSSION

General

Analytical results demonstrate that, under experimental conditions, 1-phenyl-4,6-
dimethylpyrimidine-2-thione (L) forms with cobalt(I) salts a wider range of stoichio-
metries than was found for copper(l) (ref.!%) and copper(Il) (ref.'!) complexes. In fact,
it can be seen (Table I), that all molar ratios between 1 : 1 and 1 : 3.5 occur, and that
for each cobalt(Il) salts more than one complex cxists depending upon anion, tempe-
rature, solvent and the used molar ratios of the reagents. In most cases the proposed
structure of the compounds, is alrecady expressed in their chemical formulac inferred
[rom interpretation of the physico-chemical results. With exception of [CoL,X,] (X =
Br7, I") complexes, the use of hydrated cobalt(Il) salts in acctone afforded hydrated
compounds. The anhydrous [CoL;](ClO,), . 0.5 Me,CO, [CoL,(NO,)|(NO;), Co,Ls(NO3),
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TABLE |
Colour, analytical data, molar conductivities, Ay Q" mol™ cm?) in DMF solution (¢ = 1. 107 mol™) at
25 °C and magnetic moments p ¢ (B.M.) at room temperature of the cobalt(Il)-L complexes

Calculated/Found
Complex Colour Am Wess
%C %H %Co %N %S

[CoL2(H20)2][CoCl4] green 395 39 162 77 8.8 53 468
395 38 162 7.6 8.8

[CoL3][CoCl4] . H20 green-yellow 466 4.1 127 9.0 104 52475
464 4.0 127 89 103

Co2L7Cla yellow-brown 568 4.8 66 11.0 126 50 453
568 4.7 65 11.0 126

[Col(H20)2Br2} pale-pink 306 34 125 5.9 6.8 105 4.52
30,5 34 124 5.9 6.8

[Col.2Br2) yellow-brown 442 3.7 9.0 8.6 9.8 110 4.65
442 3.7 9.0 85 9.8

Coal.7Br4 yellow-brown 51.6 4.3 60 100 115 167  4.56
516 43 60 100 114

[Colalz] brick-red 386 32 7.9 1.5 8.6 146 4.70
386 32 7.9 7.4 8.6

[CoL2(H20)2]12 . 2 Me2CO light-yellow 40.1 45 6.5 6.2 7.1 150 4.63
400 44 65 6.2 7.1

Coal7lg brown 47.1 3.9 5.5 9.1 105 278 483
470 3.9 5.5 9.0 104

[Col(SCN)2]2 pale-blue 429 31 151 143 243 98 461
428 3.1 150 142 243

[CoL2(SCN)2] yellow 513 40 9.7 138 211 63 498
s1.2 3.9 9.7 137 1.0

[Col(H20)4}(NO3)2 brick-red 306 43 125 119 6.8 155  4.66
305 43 124 119 6.7

[Col2(NO3)|(NO3) yellow 468 3.9 96 136 104 153 4.89
46.7 39 9.6 136 104

[Cola(H20)NO3)|(NO3) yellow 455 4.1 93 133 10.1 156 4.62
454 4.1 93 133 10.1

Coal.s(NO3)4 brown 49.7 4.2 8.1 13.5 1.1 261 4.88

496 4.2 8.1 135 110

[Col2(H20):2)(Cl1O4)2 . 2 Me2CO  yellow-ivory 42.7 4.8 7.0 6.7 7.6 156  4.53
426 438 7.0 6.7 7.6

[Col3)(ClO.9)2 . 0.5 Me2CO yellow-brown  48.0 4.2 6.3 9.0 10.3 148 4.74
479 42 6.3 9.0 103
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and Co,L;X, (X = CI", Br~, I') halide complexes were convenicntly prepared by reflu-
xing solutions of the ligand and the corresponding hydrated cobalt(II) salt in an aceto-
ne—TEOF solution. All the solid compounds appear quitc stable in an incrt atmosphere.
The complexes are soluble in DMF, but in some cases their dissolution is accompanied
by changes in colour relative to those of the solids, indicating a strong solvolytic effect
of the coordinating solvent. In this solvent the molar conductivitics of the complexes
show that the mono- and bis-ligand bromide complexes approach those reported for 1 : 2
clectrolytes while the [CoL,(H,0),][CoCl,], [CoL;][CoCl,] . H,0, Co,L,Cl, and both
the thiocyanate complexes have a molar conductivity that is between the ranges propo-
sed for 1 : 1 and non-clectrolytes!?. All the other anhydrous and solvated bis-ligand
complexcs, the [CoL(H,0),](NO;),, [CoL;](ClOy), . 0.5 Me,CO and Co,L;Brjare 1:2
electrolytes, while both Co,Ls(NO;), and Co,L;I, compounds may be formulated as 1 : 3
clectrolytes (Table I).

IR Spectral Studies

Comparison of the IR spectra of the complexes with those of the free complexing agent
gives diagnostic indication on the donor atom(s) of the ligand, the bonding mode of the
counter-ion and the presence in the solid compounds of possible solvent molcecules. As
reported in Table II, the hydrated complexes exhibit in the IR spectra one or two broad
bands in the 3 450 — 3 200 cm™! region, characteristic of v(O-H) absorptions while the
medium bands in range 390 — 340 cm~! (Table III), are assignable to a v(Co-OH,)
modes of the coordinated aqua molecules® ~ &, In addition, a sharp absorption at about
1 715 em™' (v(C=0)) is a clear indication for the presence of acctone in the
[CoL,(H,0),]X, . 2 Me,CO (X = I, CIO3) and [CoL;](C10,), . 0.5 Me,CO compounds.

Like in copper(I) (ref.'®) and in copper(Il) (ref.!!) complexes, the very strong ligand
bands in the range 1 600 — 1 300 cm™!, assigned to a combination of C=C and C=N
skeletal stretching vibrations of the pyrimidine ring, upon complexation are shifted to
low- or high-frequency sides indicating a N-coordination through the non-substituted
ring nitrogen atom. Furthermore, the strong ligand bands at 1 232 and 1 198 cm™), to
which an important v(C=S) contribution was assigned'?, arc lowered in intensity and
both, or one of them, are shifted to lower frequencics in the spectra of the complexes
indicating an involvement of the exocyclic sulfur atom in the complexation.

Although the mctal-ligand vibrations, especially those involving nitrogen and sulfur
atoms of a =N-C=S group which form part of heterocyclic ligands, may suffer strong
coupling with ring vibrations, the relative constancy in position of the bands found for
the cobalt(I)-L complexes in the 310 — 250 and 240 — 190 cm™! regions (Table 1II)
with the change of the anion and of the stoichiometry, together with the very close
assignments reported reported for other metal complexes with similar ligand®710 - 13,
suggest that these bands are due to modes with prevalent v(Co-N) and v(Co-S) char-
acter, respectively.
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With regard the inorganic anions, the most interesting features arc found in the IR
spectrum of the mono-ligand thiocyanate complex (Table IV). Effectively in the 2 150 —
2 000 cm™! region, we find three well resolved bands of roughly equal intensity with a
shoulder on the low-frequency side, which can be assigned to v(CN) stretching vibra-
tions. Splittings of this order have previously been shown to occur when different thio-
cyanate coordination modes are present in the same molecule!'®. The position of the
bands at 2 130 and 2 116 cm™! is consistent with that proposed for thiocyanate-bridged
compounds'>!6, while the bands at 2 092 and 2 077 cm™! fall in the range expected for
terminal N-bonded thiocyanate!”. Also the position of the bands in the v(CS), 8(NCS)
and v(Co-NCS) (refs!8 - 20) regions (Table III), agree with this suggestion.

From stoichiometric considerations and in accord with solid state spectral and
magnetic results, the splittings of the v(CN), v(CS), 8(NCS) and v(Co-NCS) absorp-
tions may be related to the formation of centrosymmetric dimers [CoL(SCN),], in
which both the cobalt(IT) ions, bridged by two thiocyanate groups, achicve a five-
coordinated arrangement through a N,S-chelate pyrimidinc and a N-bonded thio-
cyanate ligand.

Alternatively, the compound might be considered to have a dinuclear or polynuclear
structure consisting of cationic [CoL,]** and tetrahedral anionic [Co(SCN),]>~ units?!,
thiocyanate ion(s) from the latter completing a five-coordination or a distorted octa-
hedron about the cobalt(Il) ions in the [CoL,]?* units as proposed for [Co(2,5-dithia-
hexane)Cly] compound?2.

For the [CoL,(SCN),] complex, the v(CN), v(CS), 8(NCS) and v(Co-NCS) absorp-
tion bands fall in the regions expected for monomeric pseudo-octahedral cobalt(II)
compounds with trans N-bonded thiocyanate anions.

TasLE IV
IR bands wavenumbers (cm™') attributed to the SCN” groups of cobalt(II)-I. complexes

Assigments [Col(SCN),], [Col5(SCN),]
vi vd(CN) 2130 vs,2 116 vs
2092 vs, 2077 s, sh 2 077 vs. 2033 s, sh
2 v 2 ) SCN) 964 mw 960 mw
935 w, 918 mw
v3 v(CS) 840 m 808 m
788 mw
v2 3(SCN) 482 m 481 m, sh
467 m, 457 m
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The diagnostic IR band frequencies of the counter-ions, indicating ionic nature of the
nitrato group in the [CoL(H,0),](NO;), complex, are consistent with the X-ray structu-
re of the compound?. Full crystallographic details for the compound will be published
clscwhere together with the crystal structure of 4,6-dimethylpyrimidine-2-thione and its
N-phenyl derivative. From this it follows that this compound consists of jonic NO3
groups and [CoL(H,0),]?* units in which the cobalt(Il) ion exhibit a distorted octa-
hedral coordination achieved through four oxygen-bonded water molecules with Co-O
distances ranging from 2.048(6) to 2.126(5) A and a N, S-bidentate ligand molecule
(Co-N = 2.196(5), Co-S = 2.481(2) A) giving risc to a four-membered chelate ring
with a S-Co-N angle on the mctal of 66.4(2)°. Such values arc intermediate between
the mean of the values observed in [Co(C4H,N,S),Cl,] (ref.%) (Co-N = 2.098, Co-S =
2.960 A, N-Co-S = 59.12°) and in [Co(CeH;N,S);] (ref.2*) (Co-N = 1.779, Co-S =
2.259 A, N-Co-S = 72.4°) complexcs.

In the IR spectra of the others nitrato complexes (Table V), the v,, vy and v, (in the
Dy, symmetry) fundamental vibrational modes of NOj3 groups, are split into two or
three components and v, mode becomes IR active, indicating the simultancous
presence of ionic and coordinated NO3 anions?. Lending support to our suggestion,
cven if the coordination mode of the nitrato groups (monodentate or bidentate) cannot
be deduced uncquivocally from these data, is the appearance of a strong band between
230 — 243 cm~! (Table I111) which is not present in the far-IR spectrum of mono-ligand
nitrato complex, assignable to v(Co-0),,,, mode’.

For both the perchlorato complexes the splitting of vy and v, modes and the appea-
rance of v; mode clearly indicates that some distortion for CIO; groups from T sym-
metry?® occurs in the solid complexes caused by lattice requircments, by site-symmetry
cffects or by hydrogen bonds rather than Co—anion interaction.

For [CoL,(H,0),][CoCly] and [CoL;][CoCl,] . H,O complexes, far-IR spectra
(Table IIT) show bands assignable to antisymmetric vy(Co-Cl) [v;(F,) at 326, 285 and
331,291 em™'], 84(Cl-Co-Cl) [v,4(F,) at 123 and 127 cm~'} and symmetric v,(Co-CI)
[vi(A}) at 255 and 256 cm™'] modes, respectively, pointing to the presence of discrete
[CoCI*)?~ anions?. Obscrved splittings of the fundamental viand the presence of v (IR
inactive in T; symmetry) vibrations would arise from crystal effects and/or distortions
in bond angles and bond lengths caused by hydrogen bonding with water molecules.

Among the complexes with unusual stoichiometry Co,L;X, (X = CI, Br7, I7) and
Co,Ls(NO;),, the bromo, iodo and nitrato complexes exhibit far-IR and the iodo and
nitrato derivatives also solid phase ligand ficld spectra, almost identical with those of the
corresponding anhydrous bis-ligand complexes, for which solid state spectral results
suggest to contain a distorted octahedral [CoN,S,X,] (X = Br7, I7, O-NO3) chromo-
phore. Support for a probably similar donor sct for cobalt(1l) in the solid Co,L;X, (X =
CI, Br7, I") complexes comes from the position of the very strong v(Co-X)
frequencies™?7 and from their ratios (V(Co-Br/v(Co-Cl), = 0.74 , v(Co-1),/v(Co-Cl), =
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0.61), whose values are very close to those accepted for cobalt(Il)-halide complexes
with octahedral enviroments?,

Nevertheless, due to impossibility to obtain crystallographic data from X-ray analy-
sis (sce Experimental) our data arc not sufficient to suggest possible structures for the
solid Co,L;X, (X = CI7, Br, I") and Co,L5(NO3), complexes since from their IR
spectra (4 000 — 500 cm™!) is not clear if all and how the ligand molecules are coordi-
nated to the metal centers.

Magnetic Moments and Visible Spectra

All cobalt(IT) complexes gave room temperature magnctic moments in the range 4.50 —
5.00 B.M. (Table I) as expected for high-spin tetrahedral or octahedral complexes.

The solid state and DMF solution visible spectral data (Table VI) of the cobalt(1T)
complexes classify them into four groups.

1) The mono-ligand chloro and Co,L;Cl, . H,O complexes furnish, both in the solid
phase and in DMF solution, spectra with high-intensity absorptions in the 600 — 700 nm
region and bands between 500 — 560 nm attributable to spin-allowed *A, — *T(P) and
4T1g(F) - 4T1g(P) transition, respectively, showing the co-existence of both tetrahedral
and octahedral cobali(Il) species’. Similar composite spectral features, along with far-IR
spectra, provide evidence for the formulation for these solid compounds of a salt-like
structure of the type [CoL,(H,0),][CoCl,] and [CoL;][CoCl,] . H,O, respectively.

2) Grinding the mono- and bis-ligand bromide, the bis-ligand thiocyanate and
Co,L;X,4 (X = CI7, Br7) complexes for solid state spectral measurements, caused a
change of colour to dark-green. The spectra show weak bands in the 580 — 700 nm
region besides those characteristic of octahedral (500 — 570 nm) cobalt(Il) complexes.
The position and the intensity (increasing with the grinding) of the additional bands,
indicate the formation of appreciable amounts of tetrahedral species. Such spectral
behaviours of the cobalt(I) complexes are not uncommon?® =~ *'. When dissolved in
DMF, all the five compounds afford dark-green or green-olive solutions and their
visible spectra at room temperature seem to show a complete breakdown of the octa-
hedral species. The spectra, in effect, reveal, besides the intense bands characteristic of
tetrahedral cobalt(Il) species, also the presence of weak absorptions in the 500 — 590 nm
region, whose position and intensity are in the same order as the absorption bands in
the corresponding octahedral cobalt(Il) iodo, nitrato and perchlorato complexes and
may be assigned in the same way to 4Tlg(F) - 4T,g(P) transitions. These evidences, as
well as the conductivity data, might suggest that the dissolution, with partial displa-
ccment of the ligand molecules and dissociation of the anions®3>* (ogether with a
possible rearrangement of coordination mode*"* of the heterocyclic ligand from N,S-
bidentate to N-monodentate and the breakdown® of the probable dinuclear Co,L;X, (X =
CI7, Br”) spccies, arce responsible for the formation in DMF solution of an cquilibrium
between octahedral — tetrahedral complexed species containing thiopyrimidine ligand.
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Nevertheless, a more careful inspection of the spectra and comparing them with
those displayed by [CoL,(H,0),][CoCl,] and [CoL;][CoCl,] . H,O complexes in DMF
solution and those reported for spectrophotometric studies on CoCl, (refs* - %), CoBr,
(ref.*®) and Co(SCN), (refs**4!) salts in the same solvent, also and mainly a solvolytic
ionic disproportionation of the complexes into tetrahedral anionic [CoX,] (X = SCN-,
CI") and [CoX3(DMF)]~ (X = SCN-, CI7, Br") and some possiblc cationic octahedral
[Co(DMF)g)?**, [CoX(DMF);]*, [CoXL(DMF),]* and [CoL(DMF)s]** (X = CI-, Br,,
SCN~ and L = N-monodentate heterocyclic ligand) species in equilibrium, cannot be
ruled out.

Thus the following solvolytic reaction is proposed:

5 CoL,X, 20> [CoXi4. ,(DMF),]2=- + Co(DMF)J?* + [CoX(DMF)s]* +
+ [COXL(DMEF),J* + [COLDMF)g* + (5n =2)L + (4 +»)X~  (A)

for X =SCN"n=1,2andy=0,1;
forX=Cl"n=1,15,35andy=0, 1;
forX=Brn=1,235andy=1.

This suggestion is consistent with the actual position and contour of the absorption
bands due to the tetrahedral species, which for a given anion, in spite of the difference
in stoichiometry of the solids, are markedly constant and closely similar to those
reported for the corresponding [CoX,]*~, (X = SCN-, CI") and [CoX;(DMF)]" (X =
SCN-, CI, Br7) specics in DMF solution® ~ 41,

In addition, taking in consideration the complexes with the same anion, it can be
observed (Table VI) that as the L to Co(II) ratio in the solid compound cxceeds a given
value (1 : 1 for chloro and thiocyanato and 2 : 1 for bromo complexes), the spectra
show a weak but distinct increase in intensity of the bands in the 500 — 600 nm region,
accompanicd by a relating decrease of the absorption bands duc to the tetrahedral
species.

For instance, Fig. 1 shows the visible absorption spectra in DMF of the series of the
bromo complexcs, while Fig. 2 shows the time-dependcent spectral changes of the
Co,L;Br, complex alone and in presence of an excess of ligand (Co(lII) to L, .q=1: 10).
Similar spectral behaviours were also observed for the other bromo derivatives and for all
the chloro and thiocyanato complexes under the same cxperimental conditions.

These results provide a direct evidence for the existence in DMF solution of equi-
libria between anionic tetrahedral [CoX,]* (X = SCN-, CI), [CoX;(DMF)|" (X =
SCN-, CI7, BrY) and one or more cationic octahedral cobalt(Il) species. The time-de-
pendent composition and population of these species depend on the number of the hete-
rocyclic ligand molecules present in the solid complexes and released by solvolysis, on
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the coordinating power of the counter-ion and on the relative stability constant of the
new complexed species.

3) As far as the solid pale-blue [CoL(SCN),], compound is concerned, it exhibits a
somewhat complicated ligand field spectrum, typical neither for six- nor four-coordi-
nation, but similar to those reported for five-coordinated trigonal-bipyramidal cobalt(II)
thiocyanato complexes! or alternatively ascribable to compounds in which two diffe-
rent cobalt(I) enviroments are present. When dissolved in DMF, its green-blue solution
exhibits different spectral features from the solid, but similar to those for [CoL,(SCN),]
in the same solvent.

4) Finally, the visible spectra if all iodo, nitrato and perchlorato complexes cither as
solid samples or in DMF solution, are consistent with cobalt(Il) in a more or less
distorted octahedral field. However, their solution spectra are quite different from those
of the corresponding solids, but coincident, except those of Co,Ls(NO;), and Co,L,I,
complexes with that of a solution of the pure [Co(DMF)4] (CIOy), (A.x = 526 nm, & =
21)(ref.*) in the same solvent, known to contain solvated [Co(DMF),[** species.

These results, confirmed by polarographic data for the perchlorato complexes and for
the [Co(DMF)4](Cl0O,),~L system at various ligand concentrations show that in a
coordinating solvent as DMF, competitive solvent molecules displaces casily and
completely thiopyrimidine ligands from these complexes. Thiopyrimidinc-containing

1-5 1 1-5
A A
1-0 1 1-0
0-S 3 1 05}
2
1 1 ' e A A
500 600 700 500 600 700
nm nm
FiG. 1 FiG. 2

Absorption spectra of: 1 [Col(H;0),Bry], 2
[CoL,Br,], 3 Co,L,Bry complexes in DMF solu-
tion at 25 °C, cobalt(Il) concentration = 5 . 1073
mol dm™>

Time-dependent absorption spectra of the Co,L,;Bry
complex (cobalt(I) concentration = 5 . 1072 mol dm's)
alone and in presence of an excess of ligand L
(cobal(Il) to L = 1 : 10) in DMF at 25 °C. 1
Co,L1Bry; 2 Co,L4Bry, ten days later; 3 Coyl;Bry
+ 20 L; 4 and 5 Co,L,Bry + 20 L., three and ten
days later, respectively
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species (Fig. 3) can be formed in solution only partially and only in presence of an
excess of heterocyclic ligand.

Polarographic Behaviour of Cobalt(II)-L Complexes in DMF Solution

In order to gain a better understanding of the behaviour of the complexes under
discussion in dilute DMF solution, we have carried out preliminary polarographic
studies on the following systems: [Co(DMF)¢](ClO,),, [Co(DMF)4](CIO,),-L at in-
creasing L concentration, [Co(DMF)¢](ClO,),—X (X = CI7, Br7, SCN™ at increasing X
concentration) and on the individual perchlorato, chloro, bromo and thiocyanato
complexes alonc and in the presence of a ligand excess (Co(I)compiex 10 Lyggeq = 1 ¢ 10).

Binary Systems

Polarographic mecasurements carried out on [Co(DMF)4](CIO,),, reveal a biclectronic,
quasi-reversible and diffusion controlled reduction wave with £,, = -1.195 V. The
reduction of the ligand L is an one-electron, diffusion controlled and reversible process,
with E,, = -=1.710 V (ref.!0).

For the [Co(DMF)](ClO,),-L system, the E,,, value of the [Co(DMF)]** wave
shifts towards more negative values with increasing ligand concentration (Table VII).
This is paralleled by a decrease of diffusion current and by an increase of the revers-
ibility of the clectron transfer process (the electron transfer coefficient « shifts from 0.5
to 0.8).

In order to evaluate the species in solution and their stability constants, the Lingane
plot*? and the DeFord—-Hume method*® were used. The reversible half-wave potentials
were determined according to Ayabe-Matsuda method*4.

]
A A
E
0-75 F
ﬂ 2-0
0-50 .
FiG. 3
Absorption spectra at 25 °C in DMF of the {10
systems: 1 [Co(DMF)gJ(ClO4)y; 2 [Col(H,0),)(ClO,), . 0.25
2 Me,CO: 3 [CoLy(H,0),)(Cl04); . 2 Mey,CO +
10 L; 4 [CoL,(H,0),}(Cl04), . 2 Me,CO + 10 L i
after seven days. Cobalt(II) concentration = 1. 1072
mol dm™> 500 600 700
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The Lingane plot, reported in Fig. 4 (the slope of the straight-lincs is given by log
(JRT/nF), where J is the number of coordinated ligand molccules) shows that, for
ligand-to-metal molar ratios up to about 12 : 1, the [CoL(DMF)s]?* species prevails,
while at higher ratios the [CoL,(DMF),]?* species is prevalent. The predominance of
[CoL(DMF)s]?* on [CoL,(DMF),]?* up to rather high ligand-to-metal molar ratios, is
most probably due to a mass effect of DMF and to the weaker bonding strength of the
ligand as compared to DMF. The values of the overall stability constants are 8
{[CoL(DMF);]?*} = 3.8 . 10° and B{[CoL,(DMF),]>*} = 9.6 . 107, respectively.

TaBLE VII
E, values of binary systems [Co(DMF)c](ClO),),-L and [Co(DMF)eJ(ClO,4),=-X (X = C17, Br™, SCN7) in
DMEF solution, ¢{[Co(DMF),](ClO4),} = 2. 107 mol dm™3, T = 25 = 0.1 °C., drop time = 1's

-En V
(Thione) . 10* _— «(X) . 10° Ein
mol dm™> vz mol dm™>
CI- Br~ SCN~
0 1.195 0 1.195 1.195 1.195
4.0 1.195 4.0 1.270 1.210 1.210
14.0 1.335 8.0 1.290 1.235 1.245
24.0 1.350 12.0 1.310 1.245 1.260
44.0 1.380 16.0 1.315 1.255 1.270
64.0 1.400
84.0 1.410
025}
\0
AE!, \o\
0-20 | ©
°~\
0-15 1
FiG. 4
Lingane plot of the system [Co(DMF)gJ(C104),-L
) , ) X in DMF at 25 °C, cobali(ll) concentration = 2 .
10™* mol dm™> c(L) ligand L. concentration (mol
2-2 2:4 26 !
-log clL) dm™), AE]p = E{ /M - £} ¢
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The polarographic curves of both the bis- and tris-ligand perchlorato complexes exhi-
bit a single wave (Table VIII) with the same features found for [ Co(DMF),](ClO,), and
for the related binary system [Co(DMF)¢](C1O,4),—L with a Co(II) to L ratio 1 : 2.

This finding, in agreement with the electronic spectra, confirms the complete re-
placement of the coordinated heterocyclic ligand and water molccules by DMF mole-
cules according to the following reactions:

[CoL,(H,0),)(CI0,), 2ME  [Co(DMF),* + 2CIO; + 2L + 2H,0  (B)

[CoL,)(CI0,), 225 [Co(DMF)J?* + 2CIO; + 3L ©)

The polarographic measurements on the [Co(DMF)4](ClO,)~X (X = CI~, Br', SCN")
systems were performed in order to ascertain the species present in solution with diffe-
rent anions and with increasing X concentration. The reduction processes are bi-
electronic, diffusion controlled and quasi-reversible. The E,,, values at increasing X
concentration (X = CI7, Br7, SCN") are reported in Table VII and usced for Lingane
plots. These plots (Fig. S) indicate that, also in very dilute DMF solution, the prevailing
species are [Co(SCN),]?~ and [CoX3(DMF)]™ for X = CI-, Br-, respectively, according
the spectrophotometric measurements.

Ternary Systems

The [CoL,(SCN),] (n = 1, 2), [CoL(H,0),Br,], [CoL,Br,], [CoL;][CoCl,] . H,O and
[CoL,(H,0),][{CoCl,] complexes invariably display a single polarographic wave (wave I,
Table VIII) showing the same fcatures found for the corresponding binary system
[Co(DMF)g](C10,),-X (X = CI7, Br, SCN") with a [Co(DMF),]** to X~ 1 : 2 molar

Eill

.\‘:\o
AN
Fig. 5 -1.25 _\°\.\ \ 4

Lingane plots of the [Co(DMF)g)(Cl0,),-X N
systems: O X = CI", @ X = Br, © X = SCN™ in \

DMEF at 25 °C, cobalt(Il) concentration = 2 . 10~ .

mol dm™>, ¢(X) halide or pseudohalide concentra- :

. 3 25 30 35

tion (mol dm™) -log ¢(X)
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ratio. On the contrary, the polarograms of the Co,L;X, (X = CI~, Br7) complexes, as
well as those of all the above reported chloro, bromo and thiocyanato complexes in
presence of an excess of ligand L added (Co(Il) to L,44.4 = 1 : 10), show two waves
(Table VIII). The prevailing one (wave I), exhibiting the same charactcristics observed
for the corresponding complexes and binary systems with a [Co(DMF)¢]** to X~ (X =
CI~, Br~, SCN~) molar ratio of 1 : 2, decreases maitaining the samc E,, value. Wave II,
which appears at more positive E values, shows a current valuc that increases with
increasing the total ligand concentration (L added plus L molecules arising from solvo-
lysis of the complexes). For all the systems, the sum of the currents of waves I and II
remains constant.

These findings together with the E,, values found for the reduction of the
[CoL(DMF);]?* and [CoL,(DMF),]?* species suggest that wave 1l probably corresponds
to more reducible*> Co-X-L-DMF octahedral (sce electronic spectra) mixed comple-
xes, whose composition has not been determined yet, and will be the subject of future
investigation.

TasLe VIII
-E,); values (in V) of cobalt(Il) complexes alone and in presence of a ligand cxcess (cobali(ll) to Lyygeq =
1 : 10) in DMF at 25 = 0.1 °C, cobalt(Il) concentration = 2 . 10™* mol dm™?, drop time = 1's

Complex alone Complex + Lyggeq

Complex

wave | wave I] wave | wave Il
[Col(SCN):2]2 1.215 - 1.215 1.050
[CoL2(SCN)2) 1.210 - 1.210 1.045
[CoLa(1120)2][CoCl4] 1.270 - 1.270 1.070
[CoL3][CoCl4] . H20 1.270 - 1.270 1.055
Co2L7Cl4 1.270 1.070 1.270 1.040
[Col(H20)2Br2] 1.210 - 1.210 1.065
[Col2Br2] 1.210 - 1.210 1.060
Co2l.7Br4 1.210 1.060 1.210 1.055
[CoL2(H20)2)(Cl104)2 . 2 Me2CO 1.195 - 1.345
[Col3)(C104), . 0.5 Me,CO 1.195 - 1.350
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(S

The IR spectra were recorded in the Centro Interdipartimentale Grandi Strumenti of University of Modena.
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