Monatsh Chem (2009) 140:1431-1436
DOI 10.1007/s00706-009-0199-2

ORIGINAL PAPER

Structural variations of nickel complexes in NiS; and NiS,PN
coordination environments: spectral and single-crystal X-ray
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Abstract [Ni(4-mpipdtc),] and [Ni(4-mpipdtc)(PPhs)
(NCS)]  (4-mpipdtc = 4-methylpiperidinecarbodithioate
anion) have been characterized by electronic, IR, and NMR
spectroscopy, single crystal X-ray analysis, and cyclic
voltammetry. IR spectra of the complexes show the con-
tribution of the thioureide form to the structures. '"H NMR
spectra show the deshielding of o-CH, protons on com-
plexation. '*C NMR spectra shows interesting differences
between the N'?CS, carbon signals of the parent complex
[Ni(4-mpipdtc),] and the mixed ligand complex [Ni(4-
mpipdtc)(PPh3)(NCS)]. The N'3CS, carbon signal for
[Ni(4-mpipdtc)(PPh3)(NCS)] is observed at 204.85 ppm
with an upfield shift of about 3.8 ppm compared with that
found in [Ni(4-mpipdtc),] (201.06 ppm). The observed
shielding in [Ni(4-mpipdtc)(PPh3)(NCS)] indicates the
effect of PPh; on the mesomeric drift of electron density
toward nickel through the thioureide C-N bond. Single
crystal X-ray analysis of [Ni(4-mpipdtc),] and [Ni(4-
mpipdtc)(PPh3)(NCS)] confirms the presence of four-
coordinated nickel in a distorted square-planar arrangement
with the NiS,; and NiS,PN chromophores, respectively.
The C-N (thioureide) bond lengths of [Ni(4-mpipdtc)
(PPh3)(NCS)] are shorter than those found in [Ni(4-
mpipdtc),], because of the presence of the mn-acid
(triphenylphosphine) in [Ni(4-mpipdtc)(PPh3)(NCS)]. Sig-
nificant asymmetry in Ni—S bond distances was observed in
Ni(4-mpipdtc)(PPh3)(NCS)] (2.162(2) and 2.211(2) A).
This observation clearly supports the less effective trans
effect of SCN™ over PPh;. The piperidine ring in the
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dithiocarbamate fragment is in the normal chair
conformation.
Keywords Heterocyclic dithiocarbamates -
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Introduction

Dithiocarbamato complexes of the transition metal ions
continue to attract the attention of researchers [1, 2]. Diverse
applications as catalysts [3—5] and in the medicinal field [6] is
inherent to nickel(Il) complexes with simple and chelating
phosphines. Divalent nickel complexes of dithiocarbamates
with different substituents contain planar diamagnetic MS,
chromophores [7, 8]. Ni(I) dithiocarbamates show inter-
esting variations in their reactions with Lewis bases such as
phosphines and hard bases such as nitrogenous ligands [9,
10]. The symbiotically induced softness and the electronic
effects of the substituents on the dithiocarbamate ligands
were found to be important in deciding the reactivity [11, 12].
The effect of free and chelating phosphines on the NiS,P,
chromophore and on the thioureide C—N bond have been
studied earlier [13]. The objective of this work was a detailed
study of the coordination compounds [Ni(4-mpipdtc),] and
[Ni(4-mpipdtc)(PPh3)(NCS)], to determine the effect of the
P-donor atom on the structure and properties of the complex.

Results and discussion
IR and electronic spectral studies

The IR spectrum of 2 shows the thioureide v¢_n band at
1,544 cm™'. The shift in Vc_n (thioureide) values to
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A

Scheme 1

a higher wavenumber compared with parent complex 1,
observed at 1,510 cm_l, is because of the mesomeric drift
of electron density from the dithiocarbamate ligand
towards the metal atom and this increases the contribution
of the polar thioureide form in 2. The vc_g (dithiocarba-
mate) appears at 964 cm~' for 1 and 965 cm™' for 2
without any splitting, supporting the bidentate coordination
of the dithiocarbamate moiety [14]. The bands observed for
complex 2 at 2,098 and 848 cm ™! are connected with Ve=N
and vc_g vibrations, which confirm the coordination of the
NCS group through the nitrogen atom [15].

The electronic spectrum of 2 shows a band at 483 nm
which can be attributed to the d—d electron transitions for
Ni(IT) square planar complexes [16]. The bands observed at
326, 270, and 250 nm arise from intraligand 7—n* charge-
transfer transitions mainly associated with N-C=S and
S—C=S groups [17].

NMR spectral studies

For both complexes, '"H NMR signals around 2.90 and
4.50 ppm arise from the axial and equatorial protons at
C-2, respectively. The observed deshielding of the protons
adjacent to nitrogen in both complexes [18] is attributed to
release of electrons by the NR, groups, forcing electron
density toward sulfur (or the metal) via the thioureide
system. For the mixed ligand complex 2, the aromatic
protons resonate in the region 7.43-7.68 ppm.

The most important '*C NMR chemical shift value of
the thioureide carbon atom S?CN is observed at 204.85
and 201.06 ppm for complexes 1 and 2, respectively. The
SA’CN carbon signal observed for 2 is additionally shielded
by 3.8 ppm compared with the parent complex 1. Because
there is a contribution of the double bond character to a
formally single N-C bond in the dithiocarbamate group,
i.e. the admixture of spz-hybridized state to sp> orbitals of

Fig. 1 ORTEP diagram of
[Ni(4-mpipdtc),] (1)
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the nitrogen atom, a substantial 61 surplus charge is
localized on the nitrogen atom whereas a 0~ charge is
delocalized through the four-membered metalochelate
ring-CS,M [19] (Scheme 1). The presence of a m-acid
(triphenylphosphine) in 2 increases the mesomeric drift of
electron density from the dithiocarbamate moiety toward
the metal atom. This yields an increase in the N%%eee:(d-
partial double bond character and, as a result, displacement
of the electron density from the nitrogen to the carbon atom
of the dithiocarbamate group [20]. This explains the
additional shielding of carbon sites in the -N-C(S)S group
of 2. This observation is supported by the higher vc_n
value observed in the IR spectrum of the complex 2.

Structural analysis

The ORTEP diagram of 1 is shown in Fig. 1. The complex
is monomeric and discrete. Four units of [Ni(4-mpipdtc),]
are present in the unit cell. Because of the small bite angles
associated with the dithiocarbamate moiety (S1-Ni—
S2 = 79.16(4)° and S3-Ni-S4 = 79.04°), the NiS, chro-
mophore is not of perfectly square planar arrangement.
The Ni-S distances lie in the expected range for four-
coordinated dithiocarbamates [21]. The C-S distances
(1.710(4) A) are similar to those observed in other dithio-
carbamate complexes, which confirms the substantial
double-bond character associated with the C—S bonds. The
short thioureide C-N distance (1.310(5) 10%) indicates that
the m-electron density is delocalized over the S,CN moiety
and that this bond has double-bond character comparing
well with the adjacent typical single bonded N-C distance
(C(3)-N(1) = 1.457(5) A).

[Ni(4-mpipdtc)(PPh3)(NCS)] is discrete and monomeric.
Four formula units are present in the unit cell. The ORTEP
diagram is shown in Fig. 2. Complex 2 exists in two iso-
meric forms. One of these, hereafter denoted as A, contains
atom Ni(1) whereas B involves atom Ni(2). The molecules
A and B have different bond properties. However, com-
parison of the bond properties associated with A is valid for
B. Therefore, in the following discussion, properties asso-
ciated with A are considered for comparison. The observed
distortion of the square planar coordination around nickel
is attributed to the small bite angle of 79.08(8)°. The
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Fig. 2 ORTEP diagrams of
[Ni(4-mpipdtc)(PPh;) (NCS)]
)

Molecule A

observed difference in Ni-S distances (2.162(2) and
2.211(2) 10%) is because of the different trans-influencing
properties of PPh; and NCS™. PPh;, being a good =«
acceptor, has a greater trans effect and hence the Ni—S
bond trans to PPhs is longer than the other Ni—S bond.

The Ni—N distance (1.868(7) /OX) is quite short, showing
the effective bonding between the nickel atom and the
thiocyanate-N. The C-N bond distance in the thiocyanate
group (1.140(9) A) is significantly shorter than the thio-
ureide C-N bond distance of 1.282(10) A. The C-S bond
length in the thiocyanate group is 1.616(9) A, which is
similar to the C=S distance of 1.69 A. Phenyl groups in
triphenylphosphine have normal bond properties.

In both the complexes, the C—C and C—N bond distances
associated with piperidine in the dithiocarbamate fragment
are normal and the piperidine ring is in the chair confor-
mation. The methyl group in the terminal position is
equatorially oriented to avoid 1,3-diaxial steric interactions
with the axial hydrogens.

Table 1 shows that the S-Ni—S angles are very similar
for 1 and 2. The Ni—S and C—N (thioureide) bond lengths of
2 are shorter than in 1. The shortening of the Ni—S and C-N
bond lengths is a clear manifestation of mesomeric shift of
electron density toward nickel through the thioureide C-N
bond in 2 compared with 1 because of the presence of
n-acidic triphenylphosphine in 2. As a result of the reduced
Ni—S bond length in 2, the C-S bond length increases and
S—C-S angle decreases compared with 1. The N-C-S and
Ni—S-C bond angles are also affected by the m back-
bonding effect of the triphenylphosphine in 2.

Cyclic voltammetric studies

The reduction potential for the parent [Ni(4-mpipdtc),] (1) is
observed at —1414 mV. The mixed ligand complex 2 had a

Molecule B

Table 1 Comparison of bond distances (/e\) and angles (°)

1 2
Ni-S 2.1947(11) 2.187(2)
C-N 1.310(5) 1.282(10)
c-S 1.710(4) 1.723(8)
S—Ni-S 79.10(4) 79.08(8)
S-C-S 109.6(2) 107.8(4)
N-C-S 125.2(3) 126.1(6)
Ni-S-C 85.42(13) 86.6(3)

lower one-electron reduction potential (—993 mV). The
lower reduction potential observed for complex 2 indicates
the ease of electron addition in the mixed ligand complex
because of the presence of PPh; around the nickel atom [22].

Based on IR, '*C NMR spectral, and single-crystal X-ray
studies, C-N (thioureide) in [Ni(4-mpipdtc)(PPh3)(NCS)]
has maximum double bond character and hence this com-
plex is expected to be more difficult to reduce; in reality,
however, it is more easily reduced than the parent [Ni(4-
mpipdtc),], probably because of the extensive 7 back-
bonding with the phosphorus atom which drains the excess
negative charge on the metal and hence lowers the reduction
potential.

Conclusions

The crystalline compounds 1 and 2 were prepared and
studied by electronic, IR, and NMR spectroscopy, cyclic
voltammetry, and single-crystal X-ray diffraction. The
spectral and single-crystal X-ray structural studies on 1 and
2 indicate that the central metal atom is in a planar envi-
ronment for both complexes, and the effect of PPhs on the
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Table 2 Crystal data and
refinement values for [Ni(4-

mpipdtc),] (1) and [Ni(4-
mpipdtc)(PPh3)(NCS)] (2)

1 2
Empirical formula C4H4N,NiS, C,6H,7N,NiPS5
Formula weight 407.30 553.36
Temperature (K) 293 (2) 293 (2)
Wavelength (A) 0.71073 0.71073
Crystal system, space group Monoclinic, P21/C Triclinic, P-1

Unit cell dimensions

Volume (,&3)

Z, calculated density (mg m ™)
Absorption coefficient (mm~")
F(000)

Crystal size (mm)

Theta range for data collection (°)

Limiting indices

Reflections collected
Observed reflections

Absorption correction

Maximum and
minimum transmission

Refinement method

Goodness of fit on F>

Final R indices (I > 2 sigma (/))
R indices (all data)

a=8.6428 (8) A

o = 90.000°

b = 18.4442 (17) A
B = 106.609 (5)°

¢ = 12.0873 (10) A
7 = 90.000°

1846.4 (3)

4, 1.465

1.498

856

0.30 x 0.22 x 0.20
2.08-25.62
—10<h <10
-2 <k<22
—-l14<]1<14
3467

2477

Semi-empirical from
equivalents

0.6622 and 0.7538

Full-matrix least squares on F*
1.072

R1 = 0.0704, wR2 = 0.1248
R1 = 0.0404, wR2 = 0.1016

a=17.8638 (4) A

o = 91.844 (3)°

b = 16.6609 (9) A
B = 90.474 (3)°

¢ = 20.9558 (10) A
7 = 92.958 (3)°
27404 (2)

4, 1.341

1.012

1152

0.30 x 0.20 x 0.20
0.97-25.00
—9<h=<9
—19<k=<19
24 <]<24
9632

7326

Semi-empirical from
equivalents

0.7932 and 0.7112

Full-matrix least squares on F*
1.280

R1 = 0.0749, wR2 = 0.2022
R1 = 0.0999, wR2 = 0.2233

mesomeric drift of electron density towards nickel through
the thioureide C-N bond. A significant asymmetry in the
Ni-S bond in 2 (2.162(2) and 2.211(2) A) supports the less
effective trans effect of SCN™ over PPh;. CV studies
showed a higher reduction potential for the parent complex
1 indicating reluctance to add more electron density to the
already electron-rich metal centre.

Experimental

All reagents and solvents were commercially available
high-grade materials (Sigma—Aldrich, Sd fine, Spectro-
chem) and used as received. IR spectra were recorded on a
Thermo Nicolet Avatar 330 FT-IR spectrophotometer
(range: 400—4,000 cm™ ") as KBr pellets. The NMR spectra
were recorded on a Bruker 500 MHz NMR spectrometer at
room temperature in CDCl; using TMS as internal

@ Springer

reference. A CH Instruments chi604c electrochemical
analyzer was used to record the cyclic voltammograms of
the complexes. The working electrode was made of plati-
num. The counter electrode was a platinum wire and the
reference electrode was Ag/AgCl. Pure dichloromethane
was used as the solvent. The supporting electrolyte was
tetrabutylammonium perchlorate. The experimental solu-
tion was thermostated at 28 + 1 °C in an oxygen-free
atmosphere provided by bubbling nitrogen through the
solution.

X-Ray crystallography

Details of the crystal data and structure refinement values for
complexes 1 and 2 are summarized in Table 2. The intensity
data were collected at ambient temperature on a Bruker
axis Kappa apex 2 CCD diffractometer using graphite
monochromated Mo-K,, radiation (4 = 0.71073 A). The
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Table 3 Selected bond lengths 1 2

(A) and angles (°) for

complexes 1 and 2 Molecule A Molecule B
C1-N1 1.308(5) C19-S2 1.721(8) C45-S5 1.714(8)
C1-S2 1.711(4) C19-S1 1.725(7) C45-S4 1.730(7)
C1-S1 1.712(4) C26-S3 1.616(9) C52-S6 1.611(8)
C2-N2 1.311(4) P1-Nil 2.1878(19) P2-Ni2 2.1904(19)
C2-S3 1.707(4) S1-Nil 2.162(2) S4-Ni2 2.162(2)
C2-S4 1.709(4) S2-Nil 2.211(2) S5-Ni2 2.215(2)
C3-N1 1.457(5) N2-Nil 1.868(7) N4-Ni2 1.862(7)
C7-N1 1.464(5) C6-C1-P1 118.6(5) C32-C27-P2 122.5(6)
S1-Nil 2.1964(10) C2-C1-P1 122.7(6) C28-C27-P2 120.0(6)
S2-Nil 2.1923(11) N1-C19-S2 125.7(6) N3-C45-S5 126.6(6)
S3-Nil 2.2009(11) N1-C19-S1 126.5(6) N3-C45-S4 125.5(6)
S4-Nil 2.1892(11) S2-C19-S1 107.8(4) S5-C45-S4 107.94)
N1-C1-S2 125.1(3) N2-C26-S3 108.6(7) N4-C52-S6 177.9(8)
N1-C1-S1 125.3(3) C26-N2-Nil 173.3(7) C52-N4-Ni2 171.1(7)
S2-C1-S1 109.5(2) C7-P1-C13 106.8(3) C33-P2-C27 106.8(3)
N2-C2-S3 125.9(3) C7-P1-Cl1 103.5(3) C33-P2-C39 105.0(3)
N2-C2-S4 124.4(3) C13-P1-C1 104.93) C27-P2-C39 103.8(3)
S3-C2-S4 109.7(2) C7-P1-Nil 107.8(2) C33-P2-Ni2 113.9(2)
C1-S1-Nil 85.37(12) C13-P1-Nil 114.02) C27-P2-Ni2 108.0(2)
C1-S2-Nil 85.51(13) C1-P1-Nil 118.8(2) C39-P2-Ni2 118.5(2)
C2-S3-Nil 85.23(13) C19-S1-Nil 87.3(3) C45-S4-Ni2 87.2(3)
C2-S4-Nil 85.55(12) C19-S2-Nil 85.8(3) C45-S5-Ni2 85.9(3)
S4-Nil-S2 100.07(4) N2-Nil-S1 171.7(2) N4-Ni2-S4 171.4(2)
S4-Nil-S1 177.22(5) N2-Nil-P1 91.10(19) N4-Ni2-P2 91.5(2)
S2-Nil-S1 79.16(4) S1-Nil-P1 96.22(8) S4-Ni2-P2 96.18(7)
S4-Nil-S3 79.04(4) N2-Nil-S2 94.34(19) N4-Ni2-S5 94.07(19)
S2-Nil-S3 173.89(4) S1-Nil-S2 79.08(8) S4-Ni2-S5 78.99(8)
S1-Nil-S3 101.44(4) P1-Nil-S2 169.11(11) P2-Ni2-S5 169.39(9)

structures were solved by SIR 92 [23] and refined by full
matrix least-squares with SHELXL-97 [24]. All non-
hydrogen atoms were refined anisotropically and the
hydrogens were fixed geometrically. Selected bond dis-
tances and angles are listed in Table 3. Crystallographic data
have been deposited with the Cambridge Crystallographic
Data Centre as supplementary publications numbers CCDC-
720377 and 693200 for 1 and 2, respectively. Copies of the
data can be obtained free of charge on application to CCDC,
12 Union Road, Cambridge CBZ 1EZ, UK.

Preparation of [Ni(4-mpipdtc),] (1)

An aqueous solution of 2.37 g NiCl,-6H,O (10 mmol) was
added to an aqueous solution of 3.92 g sodium 4-methylpi-
peridinedithiocarbamate (20 mmol) with constant stirring.
The solid which precipitated was washed several times with
cold water and dried. Results from analysis of the complex
were in agreement with [Ni(4-mpipdtc),] [25]. IR (KBr): ¥

= 1,510 (C-N), 946 (C-S) em™'; '"H NMR (500 MHz,
CDCl5): 6 = 0.98 (CH3, d), 1.18-1.25 (H-4, m), 1.70-1.77
(H-3, m), 2.93 (H-2 axial, t), 4.51 (H-2 equatorial, d) ppm;
13C NMR (125 MHz, CDCl3): § = 21.28 (CH3), 29.68
(C-3), 33.37, 30.86 (C-4), 46.84 (C-2), 204.85 (NCS,) ppm.

Preparation of [Ni(4-mpipdtc)(PPh3)(NCS)] (2)

A mixture of 0.202 g Ni(4-mpipdtc), (0.5 mmol), 0.260 g
PPh; (1 mmol), 0.120 g NiCl,-6H,O (0.5 mmol), and
0.076 g NH4SCN (1 mmol) was heated under reflux for 3 hin
50 cm® CH,Cl,—CH3CN (1:1). The purple red solution
obtained was filtered and left for evaporation. After 4 days,
fine crystals suitable for X-ray structural analysis were
obtained. Results from analysis of the complex were in
agreement with [Ni(4-mpipdtc)(PPh;)(NCS)]. IR (KBr): v =
1,544 (C-N), 965 (C-S), 2,098 (C=N), 848 (C-S(NCS))
cm™'; 'THNMR (500 MHz, CDCls): 6 = 0.98 (CH;, d), 1.01-
1.25 (H-4, m), 1.57-1.82 (H-3, m), 2.92 (H-2 axial, t), 4.50
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(H-2 equatorial, d), 7.43-7.74 (PPh;) ppm; '*C NMR
(125 MHz, CDCl5): § = 21.20 (CH3), 30.60 (C-3), 33.34
(C-4),46.98 (C-2), 128.47-132.30 (PPhs), 201.06 (NCS,) ppm.
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