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In the title compound, [Co(NCS),(CsHgN,O),(H,0),], the
Co" cation is located on an inversion centre and is
coordinated by two thiocyanate anions, two nicotinamide
molecules and two water molecules in a distorted N,O,S,
octahedral geometry. The amide group is twisted by
31.30 (16)° with respect to the pyridine ring. In the crystal,
molecules are linked by O—H.---O, O—H---S and N—H- - -S
hydrogen bonds into a three-dimensional supramolecular
network. Weak m—m stacking is observed between parallel
pyridine rings of adjacent molecules, the centroid—centroid
distance being 3.8270 (19) A.

Related literature

For general background and applications of transition-metal
complexes with biochemically active ligands, see: Antolini et
al. (1982); Krishnamachari (1974). For related structures, see:
Hokelek et al. (2009a.,b); Ozbek et al. (2009).
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Experimental

Crystal data

[Co(NCS),(CsHeN,0),(H,0),]
M, = 455.38

y =66.559 (4)°
V = 461.07 (19) A®

Triclinic, P1 . Z=1

a =7.5475 (19) A Mo Ko radiation
b=28054(2) A w=119 mm™*
c=8932(2) A T =100 K

o =73.347 (4)° 0.35 x 0.33 x 0.31 mm

B =70.067 (4)°

Data collection

Bruker SMART CCD area-detector
diffractometer

Absorption correction: multi-scan
(SADABS; Bruker, 2002)
Tinin = 0.68, Tiax = 0.71

2450 measured reflections
1626 independent reflections
1469 reflections with I > 20(I)
Rine = 0.017

Refinement

R[F? > 20(F%)] = 0.036
wR(F?) = 0.097

S =1.07

1626 reflections

130 parameters

2 restraints

H atoms treated by a mixture of
independent and constrained
refinement

ApPmax = 0.60 e Al

APmin = =039 e A3

Table 1

Selected bond lengths (A).

Co—N1 2.050 (2) Co—02 2.0724 (18)
Co—N2 2.119 (2)

Table 2

Hydrogen-bond geometry (A, °).

D—H---A D—H H--A D---A D—H---A
02—H24.--01’ 0.83 (2) 1.89 (2) 2.690 (2) 161 (4)
02—H2B---S1" 0.82 (4) 241 (3) 3.204 (3) 163 (3)
N3—H34---S1" 0.86 2.66 3.425 (3) 149
N3—H3B---S1" 0.86 2.63 3.422 (3) 153

Symmetry codes: (i) —x+1,—y+1,—z; (i) —x+2,—y+1,—z+1; (i)

—x+1,-y,—z+ 1 @{iv)x—1,y,2z

Data collection: SMART (Bruker, 2007); cell refinement: SAINT
(Bruker, 2007); data reduction: SAINT; program(s) used to solve
structure: SHELXTL (Sheldrick, 2008); program(s) used to refine
structure: SHELXTL; molecular graphics: SHELXTL; software used
to prepare material for publication: SHELXTL.
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Supporting information for this paper is available from the IUCr
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S1. Comment

The structural unit of hydrogen bonded framework of cobalt is depicted in Figure 1. Co(Il) is at a slightly distorted
octahedral coordination environment. The equatorial positions are occupied by two nitrogen atoms from two
nicotinamide ligands, the Co N(nicotinamide) bond length is 2.117 (3) angstrom, and two oxygen atoms from two water
molecules, the Co O(water) bond length is 2.075 (2)angstrom and two nitrogen atoms from NCS groups occupy the axial
positions with bond length of 2.049 (3)angstrom for Co N(thiocyanate). The O(water) Co O(water), N(thiocyanate) Co
N(thiocyanate), and N(nicotinamide) Co N(nicotinamide) angles are constrained by symmetry to 180. The N(thiocyanate)
Co N(nicotinamide), O(water) Co N(thiocyanate), and O(water) Co N(nicotinamide) angles are 87.48, 91.9, and 90.50
respectively, indicating a slightly distorted octahedral coordination for the Co ion. Both ligands generally acts as
bidentate, however in this polymer plays as unidentate. The thiocynate SCN presents multiform coordination modes
connecting the metal ions with terminal and or bridging fashions. According to the concept of hard soft acid base the
SCN ion prefers to bind to Cd(II) centre in both N and S bonded fashion, whereas in the only N terminal mode to Co(II)
ion-As expected, the SCN anion is almost linear angle: 178 and coordinates in a little bent fashion to Co, exhibiting a Co
—N—=C angle of 159.56. These structural features have already been observed in other thiocyanato-containing metal
complexes. As a result of the trans orientation of two terminal N-bonded thiocyanate groups around the Co(II) atom, the
bond angle N(1) Co(1) N(1) is 180. The S C and C N distances of 1.638 (2) angtrom and 1.158 (2)angstrom in the SCN—
moiety show the normal structure of the thiocyanate in the complex which is also observed in other thiocyanate
complexes-The nicotinamides molecules are trans to each other with angle N(2) Co N(2) is 180. The nicotinamide ligand
generally acts as a bidentate chelating ligand, coordinating to the metal ion through the carbonyl O and pyridine N atoms,
but in this structure it acts as a unidentate ligand in which the pyridine N is coordinated to the Co ion while the carbonyl
O is involved in hydrogen bonding with another water molecule-Water used as solvent whereas it involved in
coordination with metal ions and act as ligand. The coordination of nitrogen atoms of each thiocynate molecules and
nicotinamide molecules results in the formation of two symmetrical axis N1-Co—N1, N2-Co—N2 respectively. The
oxygen atoms of water molecules describe the third axis O(1) W A—Co—O(1)WB. The Co Co distance spaced by the
thiocynate ligand is 7.548 A. The discrete units are connected by bifurcated hydrogen bonds between the coordinated
water molecules and terminal thiocynate sulfur atoms forms O(2)—H(2) W A—-S(1) interlayer hydrogen bonding gives
one-dimensional chain and forming ladder like structure. Further Oxygen atom of amide group from nicotinamide
molecule makes hydrogen bonding with hydrogen atom of water molecule C(7)- - O(1)—H(2)WB to afford a 2-D
layered architecture. As can be seen from the packing diagram, the Co atoms are located at the centre of the axis of the
unit cell and the molecules of polymer are linked by intermolecular hydrogen bond O-H—O, O-H—-S and N-H—-S
hydrogen bonds, forming a supramolecular structure. Dipole dipole and van der Waals interactions are also effective in
the molecular packing. Remarkably, each sulfur atom of thiocynate molecule plays a trifurcated role to be involved in the

hydrogen bonding with one hydrogen atom from water molecules and two hydrogen atoms from nicotinamide molecules
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thus formation of three S(1)—H2WA, S(1)—H3A andS(1)—H3B interlayer respectively. With the aid of these contacts

polymer affords three-dimensional structure.

S$2. Experimental

An aqueous solution (10 ml) of Cobalt nitrate (0.2460 g, 1 mmol) and Potassium thiocyanate (0.196 g, 2 mmol) was
slowly added drop wise to hot aqueous solution (10 ml) of Nicotinamide (0.241 g, 2 mmol) with stirring. Greenish blue
colour solution was obtained. After filtration the final clear solution left undisturbed at room temperature for slow
evaporation. Next day, needle shaped greenish blue crystals were collected and dried in vacuo over silica gel. Crystals

suitable for single crystals X-ray diffraction was manually selected and immersed in silicon oil.

S3. Refinement

Water H atoms were located in a different Fourier map and refined in riding mode with distance constraint of O—H =
0.82 (2) A, Uio(H) = 1.5U(O). Other H atoms were placed in calculated positions with C—H = 0.93 and N—H = 0.86
A, and refined in riding mode with Uj(H) = 1.2U(N,C).
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Figure 1
ORTEP view of complex[Co(nicotinamide)2(thiocynate)2(H20)2] with atom labelling.
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Figure 2

Packing diagram of the Complex. Hydrogen bonds are shown as dashed lines.

Diaquabis(nicotinamide-xN")bis(thiocyanato-«S)cobalt(ll)

Crystal data

[CO(NCS)z(C6H6N20)2(H20)2]
M,=455.38
Triclinic, P1

Hall symbol: -P 1
a=17.5475 (19) A
b=8.054 (2) A
c=8.932(2) A

o ="73.347 (4)°
p=70.067 (4)°
y=66.559 (4)°
V'=461.07 (19) A3

Data collection

Bruker SMART CCD area-detector
diffractometer

Radiation source: fine-focus sealed tube

Graphite monochromator

phi and w scans

Absorption correction: multi-scan
(SADABS; Bruker, 2002)

Twin = 0.68, Thnax = 0.71

Z=1

F(000) =233

D;=1.640 Mg m3

Mo Ko radiation, A = 0.71073 A

Cell parameters from 1626 reflections

6=2.5-25.2°
u=1.19mm™!
T=100K

Prism, pink
0.35%0.33 x0.31 mm

2450 measured reflections
1626 independent reflections
1469 reflections with 7> 20(/)
Ry =0.017

Omax = 25.2°, Opin = 2.5°
h=-9-8

k=-8-9

[=-6—10
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Refinement
Refinement on F? Secondary atom site location: difference Fourier
Least-squares matrix: full map
R[F?>20(F?)]=0.036 Hydrogen site location: inferred from
wR(F?) =0.097 neighbouring sites
§=1.07 H atoms treated by a mixture of independent
1626 reflections and constrained refinement
130 parameters w=1/[c*(F,*) + (0.0582P)* + 0.1481P]
2 restraints where P = (F,2 + 2F2)/3
Primary atom site location: structure-invariant (A/6)max = 0.001

direct methods Apmax = 0.60 ¢ A3

Apmin=—0.39 ¢ A7

Special details

Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance
matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles;
correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate
(isotropic) treatment of cell esds is used for estimating esds involving Ls. planes.

Refinement. Refinement of F? against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F?,
conventional R-factors R are based on F, with F set to zero for negative F2. The threshold expression of F? > 2sigma(F?) is
used only for calculating R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based
on F? are statistically about twice as large as those based on F, and R- factors based on ALL data will be even larger.

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (42)

x % z Uio™/Ueq

Co 0.5000 0.5000 0.5000 0.01075 (18)
S 1.10774 (10) 0.10828 (9) 0.64395 (8) 0.0188 (2)
N1 0.7855 (3) 0.3745 (3) 0.5269 (3) 0.0190 (5)
N2 0.5800 (3) 0.3846 (3) 02911 (3) 0.0156 (5)
N3 0.2309 (3) 0.1182 (3) 0.2363 (3) 0.0183 (5)
H3A 0.1408 0.0839 0.2280 0.022*
H3B 0.2447 0.1099 0.3301 0.022%*

o1 03341 (3) 0.1985 (3) ~0.0328 (2) 0.0219 (4)
02 0.5635 (3) 0.7330 (3) 03582 (2) 0.0187 (4)
Cl 0.9198 (4) 0.2665 (4) 0.5745 (3) 0.0163 (6)
2 0.4546 (4) 03214 (3) 0.2666 (3) 0.0156 (5)
H2 0.3342 0.3269 0.3443 0.019*
C3 0.4961 (4) 0.2479 (4) 0.1301 (3) 0.0162 (6)
C4 0.6758 (4) 0.2414 (4) 0.0138 (3) 0.0178 (6)
H4 0.7067 0.1965 —0.0802 0.021*
Cs 0.8072 (4) 0.3027 (4) 0.0404 (3) 0.0188 (6)
H5 0.9296 0.2971 —0.0344 0.023*

Cé6 0.7542 (4) 0.3726 (4) 0.1800 (3) 0.0171 (6)
H6 0.8438 0.4132 0.1973 0.021*
c7 0.3480 (4) 0.1838 (3) 0.1049 (3) 0.0156 (6)
H2A 0.572 (5) 0.748 (4) 0.260 (2) 0.023*
H2B 0.662 (4) 0.750 (4) 0.363 (4) 0.023%
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Atomic displacement parameters (42)

Ull l]22 U33 U12 U13 l]23
Co 0.0119 (3) 0.0132 (3) 0.0084 (3) —0.0052 (2) —0.00355 (19) —0.00102 (18)
S1 0.0173 (4) 0.0203 (4) 0.0188 (4) —0.0074 (3) —0.0069 (3) 0.0011 (3)
N1 0.0212 (13) 0.0203 (12) 0.0166 (12) —0.0074 (10) —0.0059 (10) —0.0032 (9)
N2 0.0170 (12) 0.0159 (12) 0.0140 (11) —0.0062 (9) —0.0046 (9) —0.0009 (9)
N3 0.0205 (12) 0.0254 (13) 0.0140 (11) —0.0128 (10) —0.0051 (9) —0.0025 (9)
01 0.0280 (11) 0.0270 (11) 0.0156 (10) —0.0134 (9) —0.0079 (8) —0.0021 (8)
02 0.0217 (10) 0.0247 (11) 0.0143 (9) —0.0135 (9) —0.0058 (8) —0.0005 (8)
Cl1 0.0184 (14) 0.0207 (14) 0.0120 (13) —0.0101 (12) 0.0003 (11) —0.0060 (11)
C2 0.0159 (13) 0.0147 (13) 0.0140 (12) —0.0044 (11) —0.0040 (10) —0.0001 (10)
C3 0.0185 (14) 0.0147 (13) 0.0141 (13) —0.0053 (11) —0.0052 (11) 0.0003 (10)
C4 0.0215 (14) 0.0182 (14) 0.0126 (13) —0.0062 (11) —0.0041 (11) —0.0021 (10)
CS 0.0158 (14) 0.0215 (15) 0.0163 (13) —0.0065 (11) —0.0019 (11) —0.0016 (11)
C6 0.0171 (14) 0.0175 (14) 0.0175 (14) —0.0068 (11) —0.0065 (11) —0.0003 (11)
C7 0.0179 (14) 0.0140 (13) 0.0151 (13) —0.0034 (11) —0.0061 (11) —0.0032 (10)
Geometric parameters (A, ©)
Co—NI1 2.050 (2) 01—C7 1.237 (3)
Co—NI! 2.050 (2) 02—H2A 0.838 (18)
Co—N2 2.119 (2) 02—H2B 0.825 (18)
Co—N2i 2.119 (2) C2—C3 1.394 (4)
Co—02 2.0724 (18) C2—H2 0.9300
Co—02i 2.0724 (18) C3—C4 1.391 (4)
S1—C1 1.652 (3) C3—C7 1.505 (4)
N1—Cl1 1.160 (4) C4—C5 1.378 (4)
N2—C6 1.337 (3) C4—H4 0.9300
N2—C2 1.338 (3) C5—C6 1.384 (4)
N3—C7 1.321 (3) C5—HS5 0.9300
N3—H3A 0.8600 C6—H6 0.9300
N3—H3B 0.8600
N1—Co—N1i 180.0 Co—02—H2A 116 (2)
N1—Co—02 91.98 (8) Co—02—H2B 118 (2)
N1i—Co—02 88.02 (8) H2A—O02—H2B 106 (3)
N1—Co—02! 88.02 (8) N1—C1—S1 178.4 (2)
N1i—Co—O2! 91.98 (8) N2—C2—C3 123.0 (2)
02—Co—02! 180.000 (1) N2—C2—H2 118.5
N1—Co—N2 91.21 (9) C3—C2—H2 118.5
N1i—Co—N2 88.79 (9) C4—C3—C2 118.2 (2)
02—Co—N2 90.66 (8) C4—C3—C7 120.5 (2)
02i—Co—N2 89.34 (8) C2—C3—C7 121.3 (2)
N1—Co—N2i 88.79 (9) C5—C4—C3 118.9 (2)
N1i—Co—N2! 91.21 (9) C5—C4—H4 120.5
02—Co—N2! 89.34 (8) C3—C4—H4 120.5
02i—Co—N2! 90.66 (8) C4—C5—Co6 119.0 (2)
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N2—Co—N2i 180.0 C4—C5—HS 120.5
C1—N1—Co 159.3 (2) C6—C5—HS5 120.5
C6—N2—C2 117.8 (2) N2—C6—C5 123.0 (2)
C6—N2—Co 122.02 (17) N2—C6—H6 118.5
C2—N2—Co 120.17 (17) C5—Co6—H6 118.5
C7—N3—H3A 120.0 O1—C7—N3 122.5 (2)
C7—N3—H3B 120.0 01—C7—C3 120.7 (2)
H3A—N3—H3B 120.0 N3—C7—C3 116.7 (2)
Symmetry code: (i) —x+1, —p+1, —z+1.

Hydrogen-bond geometry (4, °)

02—H24--01i 0.83 (2) 1.89 (2) 2.690 (2) 161 (4)
0O2—H2B--S1il 0.82 (4) 2.413) 3.204 (3) 163 (3)
N3—H34--S1" 0.86 2.66 3.425(3) 149
N3—H3B---S1¥ 0.86 2.63 3.422 (3) 153

Symmetry codes: (ii) —x+1, —p+1, —z; (iii) —x+2, —p+1, —z+1; (iv) —x+1, =y, —z+1; (V) x—1, y, z.
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