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Complexes of 4,6dimethylpyrimidine-2-thione 
with divalent manganese, cobalt, nickel, zinc, cad- 
mium and mercury have been isolated and their coor- 
dination geometries studied using infrared, e.p.r. and 
electronic spectroscopy. The usual mode of binding 
of the thione ligand involves the formation of four- 
membered chelate rings through sulphur and nitrogen 
coordination. The complexes CoL,X, (X = Cl or Br) 
each exist in isomeric forms: blue, containing tetra- 
hedral CoLZ units involving NfS chelation, and green 
isomers in which the metal ion is in a distorted octa- 

hedral environment. Isomerism of this type was not 
found for the cobalt(U) halide complexes of 4,6- 
dimethylpyrimidine-2-one or l-methylpyrimidine- 
2-one. 

Introduction 

Our studies of the metal complexes of pyrimidine- 
2-thione and its derivatives have shown that these 
ligands display quite varied coordination behaviour 

TABLE I. Analytical Data for Some Complexes of 4,6-Dimethylpyrimidine-2-thione (= L), 4,6-Dimethylpyrimidie-2-one (= 
DMPO), and 1 -Methylpyrimidine-2+ne (= MPO). 

Comulex Colour Analysis (%) 

Found Calculated 

C H N C H N 

MnLzClz Yellow 35.04 3.80 13.65 35.48 3.97 13.79 
MnLzBrz Yellow 29.03 3.30 11.20 29.11 3.26 11.31 
NiLzCl2.2HzO Pale green 32.90 4.35 12.49 32.31 4.52 12.56 
NiLzBr2*2H20 Pale green 26.72 3.60 10.52 26.94 3.77 10.47 

NiLANOd2 Pale green 31.00 3.43 17.78 31.12 3.48 18.15 
Ni(L-)2 Yellow/Brown 42.59 4.57 16.40 42.76 4.78 16.62 
CoL2Cl2 Blue 35.34 4.04 13.52 35.13 3.93 13.66 

CoLzBrz Blue 28.98 3.26 11.14 28.87 3.23 11.22 
CoLzCl2 Green 34.97 4.06 13.49 35.13 3.93 13.66 
CoLzBr2 Green 28.81 3.37 11.18 28.87 3.23 11.22 
CoL2C12*2H20 Pink 32.43 4.33 12.49 32.30 4.52 12.55 
CoL2Br2-2HzO Pink 27.09 3.63 10.38 26.93 3.77 10.47 

ZnLzCl2 White 34.65 3.73 13.28 34.59 3.87 13.45 
ZnLzBrz White 28.74 3.23 11.26 28.51 3.19 11.08 
ZnL& Yellow 25.61 2.93 9.13 24.04 2.69 9.34 
Zn(L-)2L White 44.11 4.73 17.83 44.67 4.58 17.36 
CdL2C12 Pale Yellow 30.94 3.49 11.86 31.08 3.48 12.08 
CdLzBrz Pale Yellow 26.10 2.66 10.07 26.08 2.92 10.14 
CdL212 Yellow 22.40 2.61 8.83 22.29 2.49 8.66 

Cd(L-)2 Pale Yellow 35.38 3.54 13.64 36.88 3.61 14.34 

HgLzCb White 26.22 2.95 10.04 26.12 2.92 10.15 

HgLzBrz White 22.28 2.43 8.34 22.49 2.52 8.74 

HgLzlz Pale Yellow 20.11 2.17 7.46 19.61 2.19 7.62 

Hg(L-)z White 30.16 2.86 11.57 30.09 2.95 11.70 
CO(DMPO)~CI~ Blue 37.86 4.34 15.01 38.12 4.27 14.82 
Co(DMP0)2Br2 Blue 31.02 3.54 12.13 30.86 3.45 12.00 
CO(MPO)~C~~ Blue 34.36 3.63 16.12 34.31 3.46 16.00 
Co(MPO)zBr2 Blue 27.51 3.02 12.79 27.36 2.76 12.76 
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[ 1, 21. As part of this work, we report here the isola- 
tion and characterization of the complexes formed by 
4,6-dimethylpyrimidine-2-thione(=L) with the diva- 
lent ions of manganese cobalt, nickel, zinc, cadmium 
and mercury. Some copper (II) complexes of this 
ligand have recently been described by Battistuzzi 
and Peyonel [3] and we had previously reported the 
structure of the facial tris-chelate cobalt(III) complex 
Co(L-)s (where L- represents deprotonated L) [4]. 

Results and Discussion 

The complexes we have isolated are listed in Ta- 
ble I. 

Cobalt Complexes 
Cobalt(H) chloride and bromide each gave two 

isomeric anhydrous complexes CoL2XZ, as well as the 
corresponding dihydrates CoLzXz*2Hz0, depending 
upon the reaction conditions. When anhydrous cobalt 
halides were used in dry acetone blue complexes 
CobXZ were formed. These were converted into 
pink dihydrates by exposure to moisture. The dihy- 
drates were obtained directly from acetone when 
hydrated cobalt halides were employed. When the 
pink dihydrates were heated in vacua at 80 “C green 
anhydrates were formed. These could not be con- 
verted back to dihydrates by exposure to a damp 
atmosphere or by addition of a damp solvent, nor 
were they directly interconvertible with their blue 
isomers. 

Fig. 1. Reflectance spectra of: (A) Blue CoLaCla; (B) Blue 
CoLsBra; (C) Green CoLaCls; (D) Green CoLaBr2 (L = 4,6- 
dimethylpyrimidine-2-thione). 

strong band at ca. 16,000 cm-r in the case of the 
chloride, there is virtually no change on replacing Cl 
by Br. A characteristic feature of these spectra is the 
pair of well-resolved bands at ca. 5000 and ca. 9600 
cm-r. Such near i.r. spectra are unlike those found 
for pseudotetrahedral CoN2X2 chromophores [5], 
nor do they resemble the spectrum of Co(pyrimidine- 
2-thione)2C12 in which there is a CoN2S2C12 arrange- 
ment, but with long Co-S bonds, leading to very 
distorted six-coordinate geometry [6]. 

The electronic reflectance spectra of the isomeric The electronic spectra of the pink dihydrates ob- 
anhydrates are shown in Fig. 1, and the band energies tained from the blue CohX2 complexes are typical 
are listed in Table II. The spectra of the blue com- of centrosymmetric six-coordinate complexes with 
plexes have band intensities consistent with a non- respect to both band intensity and band energies 
centrosymmetric coordination sphere. Apart from a (Table II), and, again, replacement of Cl by Br leads 
better resolution of the components forming the very to no significant change in the spectrum. 

TABLE II. Electronic Spectral Band Energies (cm-‘) of Some Complexes of 4,6-Dimethylpyrimidine-2-thione (= L), 4,6-D& 
methylpyrimidine-2-one (= DMPO), and 1-Methylpyrimidine-2-one (= MPO). 

CoLaCla (blue) 5000 9750 
CoLaBrs (blue) 5025 9500 
CoLaCls (green) 5000 -6900sh 
CoLaBrs (green) -5OOOsh 6250 
CoL2C12.2H20 7900a 20,600 
CoLsBra.2HaO 7900= 20,600 

NiLsC12.2HaO 9750 14,400 
NiLaBrsm2HaO 9700 14,300 
NiLdNOA 9600 15,400b 
Ni(L-)2 7650 10,750 
CO(DMPO)~C~~ 6250sh 6900 
CO(DMPO)~BI~ 6150sh 6900 
CO(MPO)~CI~ 6500br 16,700 
Co(MPO)sBrs 6900br 16,100 

15,400sh 
16,100 

9300 
9500 

16,800b 
16,700b 

15,750shb 
9600 
9100sh 

16,650 

15,400 
16,650br 

17,200 
16,650 

16,400sh 

a Asymmetric to lower energy. bvs(3Ase + 3 Tia(P)) band obscured by intense U.V. absorption. 
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Fig. 2. X-band e.p.r. spectra of polycrystalline Mn(4,6dimethylpyrimidine-2-thione)zXz: 

Zn(L-), L. The metal-halide stretching frequencies 
observed in the far i.r. spectra (400-90 cm-‘) are 
given in Table III. 

The zinc-halide and mercury-halide stretching 
frequencies are in the same ranges as those found for 
the corresponding 1 -methyl- and 1,4,6-trimethylpyri- 
midine-2-thione complexes [2] and a similar 
geometry is implied, namely a tetrahedral MN2X2 
structure distorted towards octahedral by weaker 
metal-sulphur bonding. 

TABLE III. Metal-Halogen Stretching Frequencies (cm-‘) 
for the Zinc, Cadmium and Mercury Complexes. a 

M ML2C12 MLzBr2 ML212 

Zn 212,250b 198 169 
Cd 213c 149 127 

Hg 222 146 98 

aAll bands are of strong intensity. 
cm-‘. c6(Cl-Cd-Cl) at 120 cm-t. 

b6(CI-Zna) at 158 

The bands assigned as v(Cd-X), however, lie at 
lower frequencies than those of complexes of other 
methylated pyrimidinethione ligands but not so low 
as to suggest a halogen bridged polymer [ 11, 121. A 
his- N/S chelate with terminal halides completing an 
octahedral coordination sphere seems the most 
probable structure. 

2 IO 
10 mT 

A, X = Cl; B, X = Br. 

Experimental 

Preparations 
4,6-Dimethylpyrimidine-2-thione was prepared by 

the method of Hale and Williams [13] but via the 
hydrochloride salt, and 4,6-dimethylpyrimidine-2-one 
was similarly obtained using urea. 1 -Methylpyrimi- 
dine-2-one was prepared by the method of Fox and 
Van Praag [ 141. 

Except where state below, the complexes were 
prepared by reacting the required stoichiometric 
amounts of the pyrimidine derivative and the 
appropriate metal salt in ethanol or propan-l-01. 

The resulting mixture was heated at 60 “C for 15 
min and the solids which formed either immediately 
or on cooling in a refrigerator for several days were 
filtered off, washed with a little ethanol and then 
diethyl ether and dried in wcuo at room temperature 
for 2 hours. Microanalyses (Table I) were by the 
Microanalytical Laboratory, Imperial College. 

The complexes M(L-), (M = Ni, Cd, Hg) and 
Zn(L-),L were prepared from the appropriate metal 
acetate. Attempts to isolate a complex from 
manganese(H) acetate proved unsuccessful. 

The cadmium complexes were prepared by 
dissolving the appropriate cadmium salt in water (1 
mmol in 4-5 cm3), increasing the volume to 15 cm3 
with ethanol and then adding a solution of the thione 
ligand. The solids isolated were dried in vacua at 100 
“C for 2 hours. 



Complexes of 4,6-Dimethylpyrimidine-2-thione 

CoL2Xz l 2H,O (X = Cl or Br) 
A solution of CoXz*6Hz0 in acetone (2 mmol in 

10 cm’) was added to a warm solution of the ligand 
(4 mmol in 1.5 cm3). After heating and stirring for 
15 min, the pink solids were filtered off, washed with 
a little acetone and dried in vucuo over silica gel. 

CoLzXz (X = Cl, Br) [blue form] 
These were prepared as for the dihydrates but 

using the anhydrous cobalt(I1) halide. 

CoLzXz (X = Cl, Br) [green form] 
These were obtained by heating the dihydrates at 

80 “C for 4 hours. 

Physical Measurements 
The far infrared spectra of the zinc, cadmium and 

mercury halide complexes were run on a Beckmann 
FS-720 Interferometer, with the sample mounted as 
a Vaseline mull supported between rigid polyethylene 
plates. The other physical measurements were made 
as described previously [8]. 
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