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INTRODUCTION

Compounds containing pyrimidine rings play significant
role in many biological systems'. The pyrimidine ring system
provides potential binding sites for metal ions and any
information on their coordination properties is important as a
means of understanding the role of metal ions in biological
systems”. Trimethoprim [TMP = 2,4-diamino-5-(3',4,5'-
trimethoxy-benzyl)pyrimidine] is a 2,4-diaminopyrimidine
derivatives and has seven potential binding sites for metal ions.
There have been several studies on the interaction of trimetho-
prim with metal ions®'®. The initial study based on infrared
and electronic spectroscopy measurements inferred the coordi-
nation of the metal ions to trimethoprim via the NH, nitrogen
atom™. Other studies®" based on single crystal X-ray struc-
tures of the metal complexes showed that the trimethoprim
coordinate the metal ions through the pyrimidinyl N(1) nitrogen
atom. Due to the nature of the trimethoprim molecule with
several donor atoms, non-covalent interactions play prominent
roles in stabilizing its metal complexes.

Non-covalent interactions are of great interest in biology
because biomolecules are made by loose aggregate held together
by weak interactions'®. Among non-covalent interactions,
hydrogen bonding is the most important interaction in molecular
recognition because its strength and directional properties plays
the most important role in chemistry, biology and material
science'”"’. Trimethoprim and other 2,4-diaminopyrimidine
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Cobalt(II) complex of 2,4-diamino-5-(3'4,5'-trimethoxybenzyl)pyrimidine (trimethoprim) with sulfur ions was synthesized and characterized |
by elemental analysis, FTIR and electronic spectroscopy. The Co(II) complex formulated as [Co(TMP),S,] was confirmed by spectroscopic, |
single crystal X-ray studies to be in a distorted tetrahedral geometry. The compound contains two molecules of trimethoprim (TMP) and
(S2)* dianion. The (S,)* dianion are linked together through non-covalent interactions. Computational analysis confirmed the existence |
of the dianion in which the each S~ of the “S---S™ dianion is linked together through non covalent interactions and the entire molecule |
stabilized by hydrogen bond networks. The Co-S bonds in the compound were confirmed though single crystal X-ray and computational |
studies to be single bonds rather than dithioxocobalt (Co=S) bonds. |
|

Keywords: Cobalt(II) complex, Spectral studies, Crystal structure, Computational study, Non-covalent interactions.

derivatives are antifolate drugs that selectively inhibit the bacterial
dihydrofolate reductase enzyme through several hydrogen
bonding'®%. In this paper, the synthesis, charaterization, single
crystal X-ray structure and computational studies of the cobalt(IT)
complex, [Co(TMP),S,] with a disulfide ligand in which the
sulfur atoms appear to be independent of each other is reported.

EXPERIMENTAL

All reagents and solvents were of analytical grade and
used without further purification. Elemental analysis was carried
out on a Perkin-Elmer elemental analyzer. IR spectra of the
complex was recorded as KBr pellets on a Perkin-Elmer paragon
2000 FT-IR spectrophotometer in the range 4000-370 cm™.
UV-visible spectrum was recorded using Perkin Elmer 250
UV spectrophotometer in chloroform.

Preparation of the compound: CoCl,-6H,O (2 mmol,
0.576 g) in absolute methanol (50 mL) was added slowly to a
colourless solution of trimethoprim (4 mmol, 1.160 g) in
methanol (50 mL). The reaction was refluxed for 2 h and a
colourless solution of NH4sNCS (4 mmol 0.304 g) in methanol
(25 mL) was added to it and then further refluxed for 2 h. The
deep blue solution was filtered and leaves to evaporate slowly
at room temperature. Blue crystals suitable for X-ray analysis
was obtained after a week. Yield 82 %, Selected IR (KB, Vi,
cm™): 1666 (C=N), 3335 (N-H)s, 3472 (N-H)as. Anal. Calcd
for C23H36N1006S:Co %: C, 47.66; H, 5.52; N, 18.53; S, 9.09;
found: C, 47.46; H, 5.16; N, 18.66; S, 9.04.
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Crystal structure determination and refinement: Blue
crystals suitable for X-ray analysis were obtained from the
reaction mixtures by slow evaporation of the solvent at room
temperature. X-ray single crystal intensity data for [Co(TMP),S,]
was collected on a Noniuns Kappa-CCD difractometer using
graphite monochromated MoK, radiation (A = 0.71073 A).
Temperature was controlled by an oxford cryostream cooling
system (Oxford Cryostat). The strategy for the data collections
were evaluated using the Bruker Nonius "Collect" program.
Data were scaled and reduced using DENZO-SMN software?'.
An empirical absorption correction using the program
SADABS?* was supplied. The structure was solved by direct
methods and refined employing full-matrix least-squares with
the program® SHELXL-97 refining on F°. Packing diagrams
were produced using the program PovRay and graphite
interface X-seed**. All non-hydrogen atoms were refined aniso-
tropically. The hydrogen atoms on the main molecule were
placed in idealized positions in a riding model with Uj, set at
1.2 or 1.5 times those of their parent atoms and fixed C-H
bond lengths. The structure was refined successfully with final
R =0.0370.

Computational methods: The computational simulations
were done using FIREFLY 7.1.G*, Gaussian 03%° and AIMAII”
12.06.03. Natural bond orbital analysis® have been carried
out using NBO 5 G program® as implemented in FIREFLY
7.1. G which is partially based on the GAMESS (US)* source
code. The charges on each atom were also analyzed on the
basis of NPA®'. All the optimization of the complex and some
quantum properties were computed using PBEO hybrid density
functional® with mixture of two different external basis set
obtained from EMSL basis set library*~** which were incorpo-
rated into the input file in a format that each FIREFLY and
Gaussian programs can read. The complex was initially optimi-
zed in FIREFLY using combination of basis set 6-31G which
applied valence double zeta (VDZ) and another SBKJC valence
double zeta basis set™ with effective core potential (ECP). On
atoms of Co and S, SBKJC valence double zeta effective core
potential basis set was applied while the remaining atoms were
computed using 6-31G basis set. The second optimization was
done using GO03 with just a little difference of adding
polarization to all heavy atoms except H by using 6-31G*
basis set. After the optimization, all other computed properties
using GO3 and FIREFLY were done at this last combination
of basis sets. However, some quantum properties were recom-
puted using computed hybrid functional B3LYP*® and all
electron basis set 3-21¢” on the optimized geometries at gas
phase of 1 atmosphere and default temperature of 273.15 K in
GO3 package. The choice of SBKJC valence double zeta effec-
tive core potential basis set with PBEO is as a result of large
number of electrons and configurations to be treated and due
to the past records of their effectiveness in computational study
of metal clusters®**°. The electron density topology and atomic
properties were evaluated from the wavefunction computed
with B3LYP functional and minimal basis set 3-21 g within
quantum theory of atoms in molecules (QTAIM) using AIMAII.
The calculation of the atomic properties was carried out by
integration within the atomic basins using little modification
to the default parameters. In order to present the complemen-
tary characteristics of bonds, the topological properties of the

charge density r(r) were analyzed using AIM approach to
determine both the gradient (Nr) and the Laplacian of the
charge density (N’r)** as implemented in AIMAII””. In most
cases Proaim method of atomic basin integration was used
coupled with a very high basin quadrature that correspond to
uniform and Gauss-Legendre quadratures for the phi and theta
spherical polar angular coordinates respectively. Other para-
meters used are fine IAS Mesh for adjacent interatomic surface
(IAS) paths and Outer Ang of basin quadrature control set to 3/2.

RESULTS AND DISCUSSION

The complex was synthesized by the reaction of a mixture
of cobalt(IT) chloride, trimethoprim and ammonium thiocynate
in methanol. Slow evaporation of the resulting blue solution
over one week afforded copious quantities of blue crystal
suitable for structural studies. In forming the complex, the
metal ion is coordinated to two molecules of trimethoprim
through the pyrimidine N(1) atom and a disulfide ion in which
the sulfur atoms appear to be independent of each other. The
complex was characterized by elemental analysis, UV-visible,
FTIR, single crystal X-ray crystallography and the molecular
structure studied by theoretically.

Molecular structure of the compound: The molecular
structure of the complex with the atom numbering scheme is
shown in Fig. 1. X-ray crystallographic data for the complex
are presented in Table-1 and selected bond lengths and angles
are given in Table-2. The complex crystallizes in monoclinic
space group C2/c in which the Co atom lies on a twofold axis

TABLE-1
SUMMARY OF CRYSTAL DATA AND
STRUCTURE REFINEMENT FOR [Co(TMP),S.]

Compound [Co(TMP),S,]
Emperical formula C,sH;(N;O,S,Co
Formula weight 703.70
Temperature 173(2) K
Wavelength 0.71073 A
Crystal system Monoclinic
Space group C2/c

Unit cell dimensions

a(d) 22.3077(4)
b(A) 10.3508(3)

¢ (A) 15.9331(4)
B©) 113.796(2)

Y 90

Volume (A%) 3366.23(14)

Z 4

D, Mg/m® 1.389
Absorption coefficient (mm™) 0.686

F(000) 1468

Crystal size (mm) 0.3x0.16 x0.10
Theta range (°) 2.70to 27.47

Limiting indices

Reflections collected
Independent reflection
Refinement method
Completeness to 6 = 26.40
Data/restraints/parameters/
Goodness-of-fit on F*

Final R indices [I>20(I)]

R indices (all data)

Largest diff. Peak and hole e (A?)

28<h<28, -13<k< 13, -20<1<20
111884

3789 [Rg,) = 0.0471
Full-matrix least-squares on F*
98.4

3789/0/204

1.076

R1 =0.0370, wR2 = 0.0940
R1=10.0505, wR2 =0.1031
0.670 and -0.409
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TABLE-2
SELECTED BOND LENGTH AND ANGLES FOR [Co(TMP),S,]
Bond length (A) Bond angles (°)

Co(1)-N(3) 2.0256(15)  N(1)#1-Co(1)-N(1) 97.58(9)
Co(1)-N(1) 2.0256(15)  N(1)#1-Co(1)-S(1)#1 107.26(5)
Co(1)-S(1)#1 2.2383(16)  N(1)-Co(1)-S(1)#1 112.07(4)
Co(1)-S(1) 2.2383(6) N(1D)#-Co(1)-S(1)#1 112.07(4)
N(1)-C(1) 1.352(2) N(1)-Co(1)-S(1) 107.26(5)
N(2)-C(4) 1.355(2) S(1)#1-Co(1)-S(1) 118.62(5)
N(2)-C(2) 1.340(2) C(8)-0(1)-C(12) 117.4(2)
N(3)-C(1) 1.343(2) 0(9)-0(2)-C(13) 112.95(16)
N4)-C(2) 1.344(2) C(10)-0(3)-C(14) 117.1(2)
O(1)-C(8) 1.369(3) C(1)-N(1)-C4) 116.12(15)
O(1)-C(12) 1.420(3) C(1)-N(1)-Co(1) 130.15(12)
0(2)-C(13) 1.381(2) C(4)-N(1)-Co(1) 113.71(11)
0(2)-C(14) 1.442(3) C(2)-N(2)-C(1) 117.63(15)
0O(3)-C(10) 1.364(3) N(@3)-C(1)-N(1) 117.17(16)
0(3)-C(14) 1.412(4) N(2)-C(1)-N(1) 124.54(16)
N(3)-H(4A) 0.8800 N(2)-C(2)-N(4) 117.03(15)

Cc14

Fig. 1. Molecular structures of [Co(TMP),S,] showing the atomic labeling
scheme. All H atoms are omitted for clarity. All non-hydrogen atoms
are presented with ellipsoidal model with probability level 25 %

bonding the disulfide ion and two trimethoprim molecules in
a distorted tetrahedral environment. The molecular structure
of the cobalt complex consists of a discrete molecule, where
the central cobalt atom binds to two sulfur atoms of a disulfide
ion that appear to be independent of each other and two pyrimi-
dinyl nitrogen atom of each trimethoprim molecule acting as
monodentate ligands.

In the molecular structure of the compound, the cobalt
atom 1is tetrahedrally coordinated in CoN,S, form. Thus, the
bond angles around the metal center vary from 118.62(5)° for
the disulfide ion to 97.58(9)° for the donor atom of the trime-
thoprim ligands, while the Co-N [2.0256(15)A°] and Co-S
[2.2383(16)A0] bond distances are the same. That is, the
tetrahedral geometry around the Co(II) atom is distorted with
enlargement of the S(1)#1-Co(1)-S(1) [118.62(5)] and a large
compression of N(1)#1-Co(1)-N(1) [97.58(9)] with respect
to the ideal tetrahedral angles. This may be attributed to the
electronegativity of the donor atoms attached to the central
Co atom or steric hindrance between the trimethoprim mole-
cules and intramolecular hydrogen bonding interactions
(N-H---S) between trimethoprim and the dianion. The distor-
tions in the complex are the results of both the steric repulsion

between the large sulfur atom and the steric hindrances of the
trimethoprim molecules. The C-S bond lengths indicate that
the bonds are single bonds rather than dithioxocobalt (Co=S)
bonds.

The packing diagram of the crystal structure is shown in
Fig. 2. In the crystal packing, each discrete molecule of the
complex is linked to two other molecules forming parallel
chains by intermolecular hydrogen bonding. [Co(TMP).,S,]
in the crystal lattice consist of parallel chains formed by mutual
interactions between molecules through intermolecular H-
bonding and each molecule interact with four neighboring
molecules. The four intermolecular hydrogen bonds are formed
from the oxygen atom from the three methoxy on each trime-
thoprim molecule and the NH,. Thus each molecule of trime-
thoprim acts as H-bond donors as well as acceptors. In this
way, each discrete molecule of the complex contains H-bond
donors and acceptors. For the intramolecular hydrogen
bonding, the NH, of the trimethoprim molecule and the disul-
fide ion are the donors while the acetate oxygen atoms are
acceptors. In this way, the packing of the molecule in the crystal
lattice comprised of three-dimensional networks consisting of
sheets of [Co(TMP),S,] linked by oxygen atoms from the
methoxy group.

Fig. 2. A packing diagram of [Co(TMP),S.] viewed along [001]. All H
atoms are omitted for clarity

Computational studies: The bond distances of all atoms
except hydrogen were obtained after the geometry has been
optimized are shown in Fig. 3. The feature of the bond order
from the computed NPA shows that there is a unique interaction
between the two sulfur ions and the H atoms of the neigh-
bouring ligands as shown in Table-3 (S-H* bond with asterisk).
The strength of this hydrogen bonds (0.106, 0.166) is very
close to the strength of the proposed S-S bond (0.19) as shown
in Table-3. The NBO analysis was used to fully understand
the electronic communication within the complex and confirm
the existence of S-S bond (Table-4). One of the two sulfur
atoms is more electronegative than the other with a polarity
index of 0.9181 while the other have a polarity index of 0.3964
as shown in Table-4. The results obtained from the second
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TABLE-4
NATURAL BOND ORBITALS (NBO) OF THE COMPLEX

Delocalization of electrons from

Natural bond orbital analysis

second order perturbation analysis

Natural bond orbital’s summary

TO DO — TO AO E, 10 oc E
(0.91483) BD (1) S1- S2 (84.29 %) 0.9181% S 2 BD (1) S1-S2 — LP*6) Co 97.14 BD (1) SI1-S2  0.91483-0.17438
«— (15.71%) 0.3964* S 24 LP(2) Sl — LP*6) Co 288l
(0.99753) BD (1) Co-S1 (23.67 %) 0.4865%Co —  LP (2) S2 -  LP*6) Co 29.63 BD (1) Co-SI 0.99753-0.41961
(76.33 %) 0.8737* S 2 LP(3) S2 — LP%¥6) Co 96.16
(0.99728) BD (1)Co-52 (26.01%) 0.5100*Co—  Lp(l) NI  — LP*6) Co 4112  BP()  Co-52 0.99728-0.39629
(73.99%) 0.8602* S2 LP (1) N2 — LP¥6) Co  42.54

The orbital analyses in the table are defined in terms of the type of the orbital (TO), donor orbital (DO), acceptor orbital (AO), second perturbation
energy or stability energy (E, in kcal/mol), occupancy (OC), energy level (E), the term BD(1) means single bond, LP(1) single lone pair while
Polarization coefficient c 5 is the values with starred superscript in column one.

TABLE-3
BOND ORDER OF THE SELECTED
ATOM-ATOM BOND OF INTEREST IN THE COMPLEX

Bond Distance Bond order
Co-S1 2.117 1.360
Co-N 2.055 0.384
Co-S2 2.116 1.396
Co-N 2.052 0.381
S1-S2 3.428 0.192
S1-H* 2.310 0.106
S2-H* 2.311 0.166

Fig. 3. Computed geometrical distances of the optimized complex

order perturbation theory analysis to estimate the second order
energy stability (E,) clearly show strong ligand to metal charge
transfer (LMCT) within the complex.

The feature of the E, shows that the ligand-metal inter-
action are mostly characterized with ligand to metal charge
transfer (LMCT). The NBO shows that there is a single bond
interaction, BD(1), of S-S bond with occupation value of
0.91483 just as the same BD(1) exist between the two Co-S
interaction though with a little higher occupation number than
S-S. The results from the NBO analysis show that the energy
level of this S-S bond is higher than the two Co-S bonds which
is an indication that Co-S is preferred to S-S bond interaction.

Metal complexes are known to possess intense charge
transfer transitions*' and the feature of the HOMO and the
LUMO in Fig. 4 shows that the two sulfur atoms dominated

HOMO LUMO

Fig. 4. HOMO (right) and the LUMO (left) of complex with the blue arrow
showing the direction of the dipole moment

the HOMO while one of the sulfur and Co atom dominate the
LUMO confirming electron transfer from ligand to metal. The
reason for the inclusion of one of the sulfur atom as LUMO
when it has been suggested to be HOMO initially is traced to
the S-S interaction as there is a clear evidence as discussed
above that one sulfur is more polarized than the other (Table-4).

The atoms in molecules analysis of the compound using
AIMALI confirmed the presence of both strong and weak non-
covalent interactions. In interpreting the feature of the quantum
theory of atoms in molecules (QTAIM) topology, the critical
points density (Nr) gives information about the existence of
bonds, while the sign of Laplacian of the density (N?r) at that
point reflects the kind of interactions such as hydrogen bonds*’
or ionic or van der Waals bond*. The topological features of
the electron density from QTAIM analysis using AIMAII shows
that the coordination of the two sulfur atoms to the Co atom
center were stabilized by the formation of hydrogen bonds
with hydrogen atoms of the NH, and OCHj substituent's on
the trimethoprim ligands (Fig. 5). Each of the sulfur atom
formed two hydrogen bonds which make the total hydrogen
bonds present in the complex up to ten but one from each
sulfur atom are the strongest with the Laplacian value (N*r(r))
of 0.067 and 0.069, respectively. Each of the unique hydrogen
bonds formed by the two sulfur atom is characterized with
ring critical points (red) which are the closest to the metal
center among all the ring critical points in the complex.
Therefore, the stability of this complex is shown to significantly
depend on the complex hydrogen bonds network that exist
within the complex and also the presence of the dianion that is
coordinated to the metal centre leading to formation of six
member ring by the sulfur atoms with substituent's on trimetho-
prim molecules.
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TABLE-5
ELECTRON DENSITY PROPERTIES OF BOND CRITICAL POINT OF SOME SELECTED BONDS OF INTEREST IN THE COMPLEX
Atoms (1) N°r Ellipticity K BPL-GBL_I A% G L GBL_I V (G)
Col-S2  9.42x10°  2.25x 10" 7.16 x 10 3.83x10° 2.10x10° -133x10" 945x10° -5.62x10° 4.00 -1.40
Col-N6 7.75x10%  3.53x 10" 1.65 % 10" 1.81x10* 3.87x10° -124x10" 1.06x10" -8.82x10° 3.88 -1.17
Col-S24 9.46x 107 2.22 x 10" 3.13x 10" 3.76 x 107 1.06x 10% -1.31x 10" 9.31x10% -555x10% 4.00 -1.40
Col-N28 7.80x10°  3.50x 10" 2.00 x 10 1.84x10° 330x10° -124x10" 1.06x10" -8.75x 10> 3.88 -1.17
S24-H47* 242 x10%  6.85x 107 9.17x 10" -230x10* 280x10° -1.67x10° 1.69x10° -1.71x10° 446 -0.99
S2-H65%  2.08 x 107 6.69 x 107 8.10x 107 -1.15x10°  8.00x 107 -1.44x10% 1.56x 107 -1.67x10> 446 -0.93
S2-H63 892x10*  2.62x10° 496x10% -1.78x10* 1.10x10% -298x10* 4.76x10* -6.55x10* 7.72 -0.63
S24-H81 6.64x10*  2.10x 10° 4.14x10%  -145x10* 132 x102 -2.36x10* 3.81x10* -526x10* 7.82 -0.62
-0.57
. oos7 TR
10,905 i +0.41 . .
- . +1.091G
w "
o~

Fig. 5. Intramolecular features in the QTAIM topology of the electron density for complex. (3,-1) bond critical points are shown as small

green spheres, (3,+1) ring critical points as small red spheres and (3,+3) cage critical points as small blue spheres

The high positive N’r values of the metal-ligand bond
critical points and corresponding high values of r(r) (Table-5)
is an indication of strong non-covalent interactions'® which is
different from the higher negative N’r values of bonds in the
compound that are covalent. The S-H bond distances (GBL_I)
of these two unique hydrogen bonds are the same (4.46) as
shown in Table-5. The ratio of the electronic potential to kinetic
(V/G) for the this unique hydrogen bonds are also lower than
that of the other existing S-H bond which further confirm the
relatively non-flat nature of electron density of these bonds.
The bond order analyses (Table-3) also confirm the existence
of this unique hydrogen bonds of the dianion in the complex.

The atomic properties of some of the selected atoms of
interest with direct bond to the Co metal are shown in Table-6.
All the atomic basins have integrated Laplacian values L(A)
of approximately equals to zero (Table-6), indicating satisfactory
numerical integration®. The two sulfur atoms are characterized

with the highest volume of the electron density using the
isosurface of 0.001 (Table-6) that indicate they both have wide
field of interactions responsible for the suggested S-S bond
proposed from the NBO analysis (Table-4). The suggested
S1-S2 bond from NBO analysis should be relatively weak
interaction as it is not recognized in the QTAIM analysis and
also the bond order obtained from NPA analysis further
confirm that the strength of the S1-S2 bond is just a little higher
than the hydrogen bonds (Table-3). These sulfur atoms are
also characterized with the highest bonding dipole (Mu_Bond),
highest percentage localized electrons [% Loc(A)] and lowest
percentage delocalized electrons [% Deloc(A,A")] which indi-
cates that they cannot be easily perturbed by external influences
such as an electric field®.

Spectroscopic analysis of the complex: The IR spectra
of trimethoprim and the cobalt complex were compared. In
the free trimethoprim ligand, the band at 3471 and 3319 cm’
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TABLE-6
SELECTED ATOMIC PROPERTIES DERIVED THROUGH THE QUANTUM
THEORY OF ATOMS IN MOLECULES ANALYSIS FOR THE COMPLEX

Name q(A)  L(A) K(A) K scaled(A) IMu_intra(A)l IMu_bond(A)l IMu(A)l N(A) % Loc(A) % Deloc(A,A) Vol (A), 0.001
Col 1.09 7.84x10% 137002 -1378.51 0.24 0.62 046 2591  93.43 6.57 75.74
S2 057 -640x10° 39507 -397.52 0.28 1.18 126 1657  94.11 5.89 273.86
S24  -0.66 -5.00x10° 39509 -397.54 0.26 115 128 16.66  94.44 5.56 276.41
N6  -1.07 1.11x10* 5451  -54.85 0.29 0.40 0.15 8.07 78.23 21.77 88.14
N28 -1.06 2.06x10* 5450  -54.84 0.28 0.40 0.60 8.06 78.15 21.85 87.98
H65* 041 6.60x10° 0.44 -0.44 0.16 0.28 042 0.59 24.28 75.72 22.79
H47* 043  7.90x 105  0.42 -0.43 0.16 0.11 0.25 0.57 23.32 76.68 21.83
H63 007 590x10° 0.58 -0.58 0.17 0.44 0.60 0.93 42.07 57.93 45.82
H81 0.07 5.80x10° 0.8 -0.58 0.17 0.58 074 0.93 021 57.79 45.53

assigned to the symmetrical and asymmetrical N-H stretching
frequencies of pyrimidinyl NH, shifted in the complex. The
broadness of these bands indicate that they are involved in H-
bonding***** as confirmed by the single crystal X-ray structure
of the complex. This confirms that the NH, is not involved in
a direct bond formation with the cobalt metal ion. The v(C=N)
bands of the pyrimidine N(1) atom which appear as three
bands with medium intensities in the ligand occur as a single
sharp band, 1670 cm™ in the complex. The V(CN) band of the
thiocyanate from NH4NCS is conspicuously absent in the IR
spectrum of the complex as confirmed by the single crystal
X-ray structure. The CN might have been eliminated in the
course of crystallization of the complex due to steric hindrance.
The bands in the region 619-600 cm™ is assigned to the M-N
in the complexes and a broad band at about 480 cm' is assigned
to the Co-S band of the crystalline sample.

Cobalt(Il) is the only common d’ ion and because of
its stereo chemical diversity, its spectra have been widely
studied***”. In a cubic field, three spin allowed transitions are
anticipated because of the splitting of the free-ion, ground ‘F
term and the accompanying 4p term. For d’ ions in tetrahedral
crystal fields, the splitting of the free-ion, ground F term is the
reverse of that in octahedral field, so that*A.(F) lies lowest.
Thus spectra of a cobalt(II) complexes usually consist of a
broad, intense band in the visible region (responsible for the
colour and often about 10 times as intense as in octahedral
compounds) with a weaker one in the infrared. The electronic
spectra of the complex showed two bands at 600 and 650 nm
typical of Co(Il) tetrahedral complexes.

Conclusion

The mononuclear cobalt(Il) complex containing two
molecules of trimethoprim and sulfur dianion was synthesized
and characterized by elemental analyses, electronic and FTIR
spectroscopy. Single crystal X-ray analysis of the compound
reveals that the tetrahedral geometry around the cobalt(Il)
complex consists of two molecules of neutral trimethoprim
ligand and sulfur dianion in which the two sulfur atoms are
linked by non-covalent interactions. Computational study on
the complex revealed that the tow sulfur atoms are coordinated
to the cobalt ion through a single bond and the compound stabi-
lized by the formation of non-covalent interactions between
the sulfur dianion and the NH, and OCH3 of the trimethoprim.
NBO analyses further revealed that the strength of the S-S
bond is just slightly higher than the hydrogen bonds within
the compound.

Supplementary material

CCDC-762860 contains the supplementary crystallographic
data for this paper. These data can be obtained free of charge
via http://www.ccde.cam.ac.uk/conts/retrieving.html, or from
the Cambridge Crystallographic Data Centre, 12 Union Road,
Cambridge, CB2 1EZ, UK fax: (+44)-1223-336-033 or email:
deposit@ccdc.cam.ac.uk.
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