This article was downloaded by: [Chongqging University]

On: 14 February 2014, At: 13:30

Publisher: Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered
office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH, UK

Journal of Coordination Chemistry
EDDEEIIF'JATIDN Publication details, including instructions for authors and

CHEMISTRY subscription information:
- http://www.tandfonline.com/loi/gco020

[ PERTEREEE meE

Synthesis and X-ray crystal structures
"J*‘.';‘ of N,N,N’,N’-tetraalkylpyridine-2,6-
dithiocarboxamides (S-dapt) complexes
of cobalt(ll) and nickel(ll)
m Pratibha Kapoor®, Ajay Pal Singh Pannub, Love Karan Rana®,

Ramesh Kapoor®, Geeta Hundal® & Maninder Singh Hundal®
% Department of Chemistry, Panjab University, Chandigarh, India

® Institute of Fundamental Sciences, Massey University,
Palmerston North, New Zealand

¢ Guru Nanak Dev University, Amritsar, India

d Department of Chemistry, Indian Institute of Science Education
and Research, Chandigarh, India

Accepted author version posted online: 29 Oct 2013.Published
online: 04 Dec 2013.

To cite this article: Pratibha Kapoor, Ajay Pal Singh Pannu, Love Karan Rana, Ramesh Kapoor,
Geeta Hundal & Maninder Singh Hundal (2013) Synthesis and X-ray crystal structures of N,N,N",N’-
tetraalkylpyridine-2,6-dithiocarboxamides (S-dapt) complexes of cobalt(ll) and nickel(ll), Journal of
Coordination Chemistry, 66:23, 4144-4162, DOI: 10.1080/00958972.2013.859679

To link to this article: http://dx.doi.org/10.1080/00958972.2013.859679

PLEASE SCROLL DOWN FOR ARTICLE

Taylor & Francis makes every effort to ensure the accuracy of all the information (the
“Content™) contained in the publications on our platform. However, Taylor & Francis,
our agents, and our licensors make no representations or warranties whatsoever as to
the accuracy, completeness, or suitability for any purpose of the Content. Any opinions
and views expressed in this publication are the opinions and views of the authors,

and are not the views of or endorsed by Taylor & Francis. The accuracy of the Content
should not be relied upon and should be independently verified with primary sources
of information. Taylor and Francis shall not be liable for any losses, actions, claims,
proceedings, demands, costs, expenses, damages, and other liabilities whatsoever or
howsoever caused arising directly or indirectly in connection with, in relation to or arising
out of the use of the Content.



http://www.tandfonline.com/loi/gcoo20
http://www.tandfonline.com/action/showCitFormats?doi=10.1080/00958972.2013.859679
http://dx.doi.org/10.1080/00958972.2013.859679

Downloaded by [Chongging University] at 13:30 14 February 2014

This article may be used for research, teaching, and private study purposes. Any
substantial or systematic reproduction, redistribution, reselling, loan, sub-licensing,
systematic supply, or distribution in any form to anyone is expressly forbidden. Terms &
Conditions of access and use can be found at http://www.tandfonline.com/page/terms-
and-conditions



http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [Chongging University] at 13:30 14 February 2014

Taylor &Francis

Taylor &Francis Group

Journal of Coordination Chemistry, 2013
Vol. 66, No. 23, 4144-4162, http://dx.doi.org/10.1080/00958972.2013.859679 e

Synthesis and X-ray crystal structures of N,N,N’,
N'-tetraalkylpyridine-2,6-dithiocarboxamides (S-dapt)
complexes of cobalt(II) and nickel(II)

PRATIBHA KAPOORT, AJAY PAL SINGH PANNU{, LOVE KARAN RANAS,
RAMESH KAPOORY, GEETA HUNDAL§ and MANINDER SINGH HUNDAL*§

fDepartment of Chemistry, Panjab University, Chandigarh, India
iInstitute of Fundamental Sciences, Massey University, Palmerston North, New Zealand
§Guru Nanak Dev University, Amritsar, India
YDepartment of Chemistry, Indian Institute of Science Education and Research, Chandigarh, India

(Received 7 June 2013, accepted 30 August 2013)

Reactions of anhydrous CoX, (X=Br , SCN") and Ni(ClO,), with N,N,N’,N'-tetraisobutylpyridine-
2,6-dithiocarboxamides (S-dbpt), N,N,N’,N'-tetraisopropyl pyridine-2,6-dithiocarboxamides (S-dppt),
and N,N,N’,N'-tetraethylpyridine-2,6-dithiocarboxamides (S-dept) lead to the formation of [Co
(S-dbpt)Br,] (1), [Co(S-dppt)(SCN),] (2), and [Ni(S-dept),]:(ClO4),"H,O (3), respectively. The
X-ray crystal structures of the three S-dapt ligands and three complexes along with spectroscopic
analyzes are presented. The molecular structure investigations of the S-dapt ligands show that the
thiamide planes are twisted with respect to the pyridine ring, which is more in the case of phenyl
groups. The structures of the Co(II) complexes reveal that an increase in steric crowding on the
amide side arms of the ligands has no substantial effect on the geometry adopted by the correspond-
ing complexes. The Co(Il) gives only 1:1 five-coordinate, ion-paired complexes with a distorted
square pyramidal geometry. Ni(II), on the other hand, prefers an octahedral geometry with 1:2
metal-ligand ratio. The coordination behavior of S-dapt has been compared to the analogous
ox0(0O-daap) ligands. Lesser propensity of S atom to get involved in H-bonding interactions ensures
an S-N-S type of tridentate coordination by S-dapt.

Keywords: Tetraalkylpyridine-2, 6-Dithiocarboxamides; Five-coordinate; X-ray crystal structure;
Thermal analysis; Hydrogen bonding interactions

1. Introduction

Among various ligands derived from pyridine-2,6-dicarboxylic acid, there has been a
growing interest in the development of the coordination chemistry of pyridine
dicarboxamide ligands [1-13]. The carboxamide [-C(O)NH-] group present in the primary
structure of proteins is an important ligand construction unit for coordination chemists.
These ligands exhibit a range of coordination numbers, geometries, and nuclearities for
transition metal and lanthanide ions. Upon deprotonation of carboxamide nitrogen atoms,
these centers and the pyridyl ring nitrogen of the anion chelate to the metal ions. Recently,
a whole new class of ligands having fully substituted amide nitrogens, N,N,N’,N'-tetraalkyl-
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pyridine-2,6-dicarboxamides (O-daap) (scheme 1), was synthesized and characterized by us
[14-19] and others [20-24]. The symmetrical tertiary amide side arms at the 2- and
6-positions of the central pyridine ring provide a variety of novel O~N~O and S~N~S
tridentate receptors for binding to metal ions.

In order to investigate the effect of change in the donor set of atoms in the two side arms
of the ligand on the coordination geometry adopted by the complexes, we have carried out
studies on N,N,N’,N’-tetraalkylpyridine-2,6-dithiocarboxamides (S-dapt) ligands [15,
25-28] (scheme 1). It is envisaged that the substitution of the donor atoms by atoms of
different size and electronegativity (i.e. S in place of O) may be reflected by major changes
in the coordination geometries and solid state structures adopted by the corresponding
complexes. Crystal structures of Cu(ll) complexes with S-dept and O-deap ligands have
already shown important differences. For example, [Cu,Cly(p-S-dept),][Cu,Cly(p-Cl),] is a
tetranuclear Cu(Il) complex formed by a cationic [Cu,Cl, {p-(S-dept)}»]*" and an anionic
dinuclear complex [Cu,Cly(u-Cl),]*~ [25]. Also the complex [Cuy(u-Cl)(S-dept),]
[CuCl3(EtOH)],, which is prepared in a similar manner but using ethanol instead of acetoni-
trile, consists of a cationic binuclear moiety, [Cu,(u-Cl),(S-dept),]*", and two close anionic
species with formula [CuCl3(EtOH)]  conforming a pseudo-dinuclear unit. In the cationic
fragment, each copper is five-coordinate by the pyridine N atom and the two S atoms of the
S-dept ligand, as well as by two chloro ligands acting in a bridging mode [25]. On the other
hand, CuCl,(O-deap) is a five-coordinate, trigonally distorted rectangular pyramidal
complex [14]. The crystal and molecular structure of a 2 : 1 complex of CoCl, with S-dept
has been determined. The compound is built up from [Co(S-dept)(CD)]" and [Co,Cla(i1,-
C1),]*” units [28]. Hence, the substitution of S in place of O in the pyridine dicarboxamide
complexes has manifested its effect on their nuclearity, coordination geometry, and solid
state structures, and thus points towards yet another exciting and scarcely studied aspect of
the carboxamide chemistry. In continuation of our studies on the ligation behavior of these
tridentate ligands (S-dapt) with S~N~S donor set of atoms, in this article, we present the
synthesis, molecular, and crystal structure investigations of three ligands (S-dept, S-dbpt,
and S-dphpt) and three new M(II)-(S-dapt) coordination complexes (M(II)=Co(Il), Ni(Il);
[Co(S-dbpt)Br,] (1), [Co(S-dppt)(SCN),] (2), and [Ni(S-dept),]-(ClO4),-H,O (3).

2. Experimental setup

2.1. General

All reactions leading to the synthesis of S-dapt ligands were carried out in anhydrous
solvents under dry N, atmosphere. Solvents and other reagents were dried using standard
techniques as described earlier [29].

R N R
I | I R = Me ; O-dmap/S-dmpt
R'N N/ N‘R R=Et; O-deap/S-dept
O(S) O(S) R = "PI’; O-dpap/S-dppt
R ='Bu; O-dbap/S-dbpt
(O-daap / S-dapt) R = ph; O-dphap/ S-dphpt

Scheme 1.
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2.2. Preparation of ligands

(a) NN,N',N'-tetraethylpyridine-2,6-dithiocarboxamide (S-dept) [25, 26].

(b) N,N,N',N'-tetraisopropylpyridine-2, 6-dithiocarboxamide (S-dppt) [27].

(c) N,N,N' N'-tetraisobutylpyridine-2,6-dithiocarboxamide (S-dbpt) [27].

(d) N,N,N',N'-tetraphenylpyridine-2,6-dithiocarboxamide (S-dphpt): The ligand N,N,N’,
N'-tetraphenylpyridine-2,6-dithiocarboxamide (S-dphpt) was prepared as per the method
given for S-dept, except that N,N,N’,N’-tetraphenylpyridine-2,6-dicarboxamide (O-dphap)
was used as the starting materials. The latter compound was obtained as a white solid by
using a similar method as reported for the preparation of O-deap but using diphenylamine
instead. O-dphap: color: white m.p., 181 °C. Anal. Calcd for C;;H,3N30,: C, 79.30; H,
4.90; N, 8.88%. Found: C, 79.31; H, 4.90; N, 8.85%. '"H NMR (CDCl;, TMS): 6 6.96 (m,
12H, ph), 7.22 (m, 8H, ph), 7.29 (d, 2H, py) 7.62 (t, 1H, py). IR (KBr pellet, cm™"): sico:
1644. S-dphpt: color: orange m.p., 200 °C. Anal. Calcd for C31H»3N3S,: C, 74.25; H, 4.50;
N, 8.38; S, 12.77%. Found: C, 73.68; H, 3.97; N, 7.98; S, 12.15%. '"H NMR (CDCl,,
TMS): 8 6.98 (m, 12H, ph), 7.23 (m, 8H, ph), 7.28 (d, 2H, py), 7.63 (t, 1H, py). IR (KBr
pellet, cmfl): 1587 m, 1565 m, 1461 s, 1304s, 1280 m, 1226 m, 1157 m, 1093 m, 1073 m,
1051 m, 1023 m, 803 m, 771 m, 763 m, 744 s, 722 s, 696 s, 633 m, 594 s.

2.3. Preparation of complexes

2.3.1. [Co(S-dbpt)Br;] (1). Anhydrous CoCl, (4 mM), dissolved in anhydrous ethanol
(20 mL), was added to a solution of KBr (8 mM) in ethanol (20 mL). The mixture was
refluxed for about 4 h. The white precipitates of KCl were removed by filtration and S-dbpt
(4 mM), dissolved in ethanol (20 mL), was added to the solution. After refluxing for about
5 h, 1 was obtained as dark green solid on keeping at room temperature. The complex was
crystallized from acetonitrile by slow evaporation at room temperature. Color: dark green
m.p., 235°C. Anal. Calcd for C,3H39Br,CoNsS,: C, 43.12; H, 6.14; N, 6.56; S, 10.01.
Found: C, 42.92; H, 5.94; N, 6.42; S, 9.88%. Molar conductance (Q~' cm? M™'): 30
(CH3;CN) (expected ranges for 1:1 and 1:2 electrolytes in CH3CN are 120-160 and
220-380, respectively). IR (KBr pellet, cm_]): 1615s, 1447 m, 1368 w, 1311w, 1248 w,
1164 w, 1081 w, 820 m, 643 w, 498 w, 468 w.

2.3.2. [Co(S-dppt)(SCN),] (2). Anhydrous CoCl, (3 mM), dissolved in anhydrous ethanol
(20 mL), was added to a solution of KSCN (6 mM) in ethanol (20 mL). The mixture was
refluxed for about 4 h. The white precipitate of KCl was removed by filtration and S-dppt
(4 mM), dissolved in ethanol (20 mL), was added to the solution. After refluxing for about
4 h, 2 was obtained as green solid on keeping at room temperature. The complex was
crystallized from acetonitrile by slow evaporation at room temperature. Color: green m.p.,
215°C. Anal. Caled for C,H5,CoNsS,4: C, 46.65; H, 5.78; N, 12.95; S, 23.72. Found: C,
46.34; H, 5.66; N, 12.82; S, 23.68. Molar conductance (Q ' cm® M™"): 32 (MeCN) and 28
(DMF). IR (KBr pellet, cm_l): 2055, 1623 m, 1582w, 1541 m, 1486 m, 1401 m, 1305 m,
1219w, 1178 w, 1154 m, 1056 w, 1012 w, 989 w, 821 w, 662 w, 440 w.

2.3.3. [Ni(S-dept),](Cl04), H,O (3). Anhydrous NiCl, (4 mM), dissolved in anhydrous
ethanol (20 mL), was added to a solution of NaClO4 (8 mM) in dry ethanol (20 mL). The
mixture was refluxed for about 4 h. The white precipitates of NaCl were removed by
filtration and S-dept (4 mM), dissolved in ethanol (20 mL), was added to the solution. After
refluxing for about 4 h, 3 was obtained as reddish brown solid on keeping at room
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temperature. The complex was crystallized from acetonitrile by slow evaporation at room
temperature. Color: reddish brown m.p., 255 °C. Anal. Calcd for C30H4gNgS4NiOoCl,: C,
40.28; H, 5.41; N, 7.68; S, 14.34. Found: C, 40.44; H, 5.48; N, 7.48; S, 14.28. Molar
conductance (Q~' ecm®M™'): 254 (CH;CN) (expected ranges for 1:1 and 1:2 electrolytes
in CH;CN are 120-160 and 220-380, respectively). IR (KBr pellet, cm™'): 1581w,
1511 m, 1451w, 1379w, 1262 m, 1094s, 1145w, 1094s, 915w, 808 w, 670 w, 623 m;
Vou: 3425 br; vejos—: 1094 s and 623 m.

2.4. Physical methods

Elemental analyzes (C, H and N) were performed on a Perkin-Elmer model 2400 CHN
analyzer. IR spectra were recorded as KBr pellets on a Perkin-Elmer RX-1 FTIR
spectrophotometer. Thermal analyzes were carried out on a Shimadzu-DTG 60 analyzer. 'H
NMR spectra of ligands were recorded on a 300 MHz JEOL FT NMR spectrometer with
TMS as the reference compound. UV—vis spectra were recorded on a Shimadzu Pharmaspec
UV-1700 UV-vis spectrophotometer. Molar conductance values of millimolar solutions of
the complexes were measured on a conductivity bridge-Digital Conductivity Meter CC 601.

2.5. X-ray crystallography

Crystallization of ligands (S-dept, S-dbpt, and S-dphpt) and complexes (1-3) by very slow
evaporation of their saturated solutions in ethanol and acetonitrile, respectively, at room
temperature yielded suitable single crystals for X-ray analysis. The data for S-dept, S-dbpt,
and 1-3 were collected at 298 K on a Siemens P4 Single-crystal X-ray diffractometer using
the XSCANS package. The data were collected by the 6—26 scan mode with a variable scan
speed up to a maximum of 26 =60° using graphite-monochromated Mo-Ka radiation (A=
0.71073 A). To monitor the stability of the crystal, three standard reflections were measured
after every 97 reflections. A psi-scan absorption correction was applied.

The data for S-dphpt were collected on a Bruker AXS KAPPA APEX-II CCD
diffractometer (monochromatic Mo-Ka radiation) equipped with an Oxford cryosystem
700Plus. Unit cell refinement, data reduction, and integration were performed by SAINT
V7.68A (Bruker AXS, 2009) and data scaling was performed by SADABS V2008/1
(Bruker AXS).

All the data were corrected for Lorentz and polarization effects. The structures were
solved by direct methods using SIR97 [30] and refined by full-matrix least-squares refine-
ment techniques on F> using SHELXL-97 [31] in the WINGX package [32] of programs.
All nonhydrogen atoms were refined anisotropically. Hydrogens of uncoordinated water in
3 were located through difference Fourier calculations and were not refined. All other
hydrogens were attached geometrically riding on their respective carrier atoms with Uiy,
being 1.5, 1.2, and 1.2 times the Ui, of their carrier methyl, methylene, and aromatic
carbon atoms, respectively. The crystal data and refinement details for S-dapt are given in
table 1 and that for 1-3 are provided in table 2.

3. Results and discussion

3.1. IR and UV-vis studies

Complexes 1-3 are obtained in good yield by mixing equimolar amounts of S-dapt ligands
and the appropriate metal salts in anhydrous ethanol. The compounds are readily soluble in



Downloaded by [Chongging University] at 13:30 14 February 2014

4148

P. Kapoor et al.

Table 1. Crystal data and structure refinement for S-dept, S-dbpt, and S-dphpt.

S-dept S-dbpt S-dphpt
Empirical formula Cy5Hy3N3S, Cy3H30N3S, C31Ha3N;5S,
Formula weight 309.48 421.69 501.64
T[K] 296(2) 296(2) 296(2)
Space group P2;/n P2/c P2,/c
a [A] 6.849(5) 11.163(5) 16.0429(12)
b [A] 12.140(4) 17.901(4) 8.0781(6)
c[A] 20.658(3) 13.490(3) 21.3781(17)
pI°] 90.460(5) 101.670(5) 109.000(4)
Volume [A%] 1717.6(14) 2640.0(14) 2619.6(3)
Dcalea (Mg/m®) 1.197 1.061 1.272
Absorption coefficient [mm "] 0.305 0.214 0.228
Reflections collected/unique 3488/3199 5157/4881 33,318/5282
Data/restraints/parameters 3199/0/181 4881/0/253 5282/0/325
Final R indices [/ > 2 sigma(/)] R, =0.0449 R, =0.0990 R, =0.0539
WR,=0.1435 WR,=0.2214 WR, =0.1645
R indices (all data) R;=0.0793 R, =0.2755 R, =0.0786
wR,=0.1803 wR,=0.3158 wR,=0.1888
CCDC No. 810,473 810,472 810,474
Table 2.  Crystal data and structure refinements for 1-3.
1 2 3
Empirical formula Cp3H39Br,CoN;S, C,1H;3,CoN;sS, C30H4sCIpNgNiOoS 4
Formula weight 640.44 540.68 894.59
T [K] 296(2) 296(2) 295(2)
Space group P2;/n P2,/c P-1
a [A] 10.880(4) 11.612(2) 11.911(5)
b [A] 18.808(5) 14.651(4) 12.288(3)
c[A] 15.055(3) 16.524(3) 15.490(5)
a[°] 90 90 91.691(4)
BI°] 108.801(5) 105.130(10) 104.711(5)

° 90 90 109.442(5)
Volume [A?] 2916.3(14) 2713.7(10) 2051.6(12)
Decarea Mg/m®) 1.459 1323 1.448
Absorption coefficient [mm™'] 3.487 0.958 0.862
Reflections collected/unique 5734/5437 5282/5024 8052/7637
Final R indices [/ > 2 sigma(/)] R;=0.0544 R;=0.0390 R;=0.0657

wR,=0.1426 wR,=0.1148 WR,=0.1594
R indices (all data) R,;=0.1037 R, =0.0504 R;=0.1048

wR,=0.1617 wR,=0.1233 wR,=0.1852
CCDC No. 810,475 810,476 810,477

common organic solvents such as chloroform, CH,Cl,, and 1,2-dichloroethane and are
stable in air. The relatively high conductivity value for 3 as compared to the other
complexes clearly shows the presence of ionic moieties. The expected positive shifts in
position and changes in intensity of the principal IR bands of the pyridine ring are
interpreted in support of the coordination of the ligands through the pyridine ring nitrogen

atom in all the complexes. The presence of a band at 2055 cm™

1

in 2 is consistent with

N-bonded terminal thiocyanato groups. The presence of ionic perchlorates in 3 is indicated
by the characteristic band at 1094 cm ™' and a weaker absorption at 623 cm™', while a broad

band at 3425 cm™ ! is attributed to the presence of uncoordinated water.
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The UV—vis spectrum of 1 was investigated in methanol at room temperature (figure S1
(see online supplemental material at http://dx.doi.org/10.1080/00958972.2013.859679)). In
the visible region, a band is observed with a maxima around 680 nm (14,705 cm™'; ¢ =391
M 'em™) along with a shoulder at 600 nm (16,666 em b e=279M ! cm_l). This multi-
ple structured feature is the result of overlapping between two neighboring bands in this
region and is characteristic of five-coordinated Co(Il) square pyramidal complexes [33].
Similarly, for 2, a band around 690 nm (14,492 cm™'; e=350M "' cm™") is observed with a
shoulder around 670 nm (14,925 cm™'; e=330 M ' cm™") in the visible region correspond-
ing to the d-d transitions (Supplemental data figure S2).

Generally, three spin allowed transitions from 3Azgﬁ3T D 3A2gﬁ3 T14(F), and
3A2gH3T 1¢(P) falling within the range 800-1400, 550-900, and 380-530 nm, respectively,
are observed for Ni(II) octahedral complexes [33]. The electronic absorption spectrum of 3
recorded in acetonitrile showed (Supplemental data figure S3) two broad bands in the visible
region. One broad band is found in the region 580-620 nm with A, at 600 nm
(16,616 cm™'; e=96 M™' cm™') and the other one as a shoulder at 420 nm (23,809 cm™';
£=380M 'cm™') which have been assigned to spin-allowed d-d transition bands of
3A2gﬂ3 T1g(F)(v2) and 3Azgﬂ3T 12(P) (v3), respectively, by comparison with the literature.
The v, band has not been seen, which would probably be lying in the near infrared region
beyond 1100 nm.

3.2. Thermal studies

The thermogravimetric analysis performed on 1 is shown in figure 1. The pyrolysis curve
shows that the complex is thermally very stable as it starts losing weight only above
200 °C. Beyond this temperature, it loses weight very rapidly and up to 548 °C the organic
ligand S-dbpt is lost from the complex (Calcd wt. loss, 65.8; obs. wt. loss, 64.7%). From
550 °C onwards till 600 °C, the complex loses the two bromide entities, as the total weight
loss suffered by the present complex 1 from beginning to 600 °C corresponds to CoS being
left as residue in the end (Calcd wt. loss, 24.8; obs. wt. loss, 23.5%).

The thermogravimetric analysis on 2 (figure 2) shows the presence of a solvent mole-
cule methanol which loses around 100 °C (obs. wt. loss, 5.3%; Calcd wt. loss, 5.5%).
The complex itself is stable to 250 °C whereupon the organic part is decomposed in three
steps to leave a mixture of thocyanates and sulfides of cobalt(I) (obs. wt. loss, 59.8%;
Calcd wt. loss, 60.2%).

Complex 3 (figure 3) loses weight in two major steps. In the first step, between 130 and
138 °C, it undergoes weight loss corresponding to the two waters present in the crystal lattice
(obs. wt. loss, 2.2; Calcd wt. loss, 2.0%). The compound is thermally very stable as even the
lattice water is lost only above 130 °C. This can be explained by having an insight into of the
crystal structure of the complex in which hydrogen-bonded water dimers are encapsulated in
a cage formed by extensive intermolecular hydrogen bonding interactions between the com-
plex molecules and perchlorates. The anhydrous product formed after the removal of lattice
water is stable to 270 °C. Beyond this temperature, in the second step, it loses weight very
rapidly up to 300 °C, and finally the loss of organic ligand molecules along with the two per-
chlorate moieties gives NiS as the residue at the end at 400 °C (obs. wt. loss, 88.9; Calcd wt.
loss, 88.2%). Thereafter, it does not suffer any weight loss up to 600 °C.
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Figure 1. Thermogravimetric analysis (TGA) data of 1 as a function of temperature up to 800 °C (black line).
The negative of the first derivative is also plotted as a function of temperature (blue line) (see http://dx.doi.org/
10.1080/00958972.2013.859679 for color version).
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Figure 2. Thermogravimetric analysis (TGA) data of 2 as a function of temperature up to 1000 °C.

3.3. Molecular and crystal structures of N,N,N',N'-tetraalkylpyridine-2,6-
dithiocarboxamide (S-dapt) ligands

3.3.1. N,N,N',N’-tetraethylpyridine-2,6-dithiocarboxamide (S-dept). A search of the
Cambridge Crystal Structure Database revealed that although the crystal structures of
complexes with S-dept and S-dbpt have been reported, the molecular and crystal structure
investigations of the ligands have never been undertaken. To the best of our knowledge,
there are no molecular and crystal structure reports regarding S-dphpt either in any complex
or as an uncoordinated ligand.
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Figure 3. Thermogravimetric analysis (TGA) data of 3 as a function of temperature up to 600 °C (black line).
The negative of the first derivative is also plotted as a function of temperature (blue line) (see http://dx.doi.org/
10.1080/00958972.2013.859679 for color version).

Figure 4. ORTEP diagram and labeling scheme used for S-dept. Ellipsoids are drawn at 50% probability level.

Figure 4 shows the ORTEP representation and atom numbering scheme for N,N,N’,
N'-tetraethylpyridine-2,6-dithiocarboxamide (S-dept). It consists of a pyridine ring with two
amide side arms at 2 and 6 positions. The amide nitrogen atom of each side arm is fully
substituted with two ethyl groups. The torsion angles of 75.8(3)° (C2—-C1-C11-S2) and
—60.5(3)° (C4—C5-C6-S1) show that the thiamide groups are much “twisted out” from the
plane of the pyridine ring. This may be attributed to the steric factors due to the presence of
ethyl groups on the fully substituted thiamide nitrogen atoms. For pyridine-3-thiamide
[34-36], the corresponding torsion angles are —35.69 and —36.96°, respectively, indicating
that in this case the thiamide moieties are relatively less twisted out from the pyridine ring


http://dx.doi.org/10.1080/00958972.2013.859679
http://dx.doi.org/10.1080/00958972.2013.859679

Downloaded by [Chongging University] at 13:30 14 February 2014

4152 P. Kapoor et al.

plane. Furthermore, the C=S groups are “flipped out” or are in trans orientation with respect
to the pyridine nitrogen atom N1 as is evident from the torsion angles (N1-C5-C6-S1)
118.0(2)° and (N1-C1-C11-S2) as —103.3(3)°. Upon complexation to metal ion, these C=S
groups “flip inwards” to coordinate to the metal ion and become cis to pyridine nitrogen
atom, and thus the ligand coordinates in a tridentate fashion through the two C=S groups
and pyridine nitrogen atom.

The orientations of the terminal carbon atoms on the fully substituted amide nitrogen
atoms is such that the atoms C8 and C15 are above their corresponding amide planes while
the atoms C10 and C13 are below, so as to minimize steric strain in the structure (Supplemen-
tal data figure S4). Important bond lengths and angles are listed in table 3. The C15-
H15B:+-S2" (2.88 A) and C12-H12B---S2' (2.85 A, where i=x + 1, +y, +z) intermolecular
hydrogen bonding interactions hold the ligand molecular together in the crystal lattice to form
a 1-D chain running along the a axis. These parallel chains are in turn interlinked through
C4-H4---S21 (2.83 A, ii=—x— 1/2, +y + 1/2, =z + 1/2) hydrogen bonding interactions to give
rise to a 2-D corrugated sheet parallel to the ab plane (Supplemental data figure S5).

3.3.2. N,N,N',N’-tetraisobutylpyridine-2,6-dithiocarboxamide (S-dbpt). Figure 5 shows
the ORTEP diagram and labeling scheme used in the structure analysis of N,N,N’,
N'-tetraisobutylpyridine-2,6-dithiocarboxamide (S-dbpt). The molecular structure of S-dbpt

Table 3. Important bond lengths [A] and angles [°] for S-dept, S-dbpt, and S-dphpt.

S-dept

S2-C11 1.653(3) S1-Cé6 1.664(3)
N2-Cé6 1.322(4) N2-C9 1.467(3)
N2-C7 1.477(3) C1-N3 1.325(4)
Cl1-C1 1.500(4) N3-C12 1.472(4)
N3-C14 1.479(4) C1-N1 1.342(3)
Cl-C2 1.383(4) N1-C5 1.338(3)
N2-C6-S1 124.8(2) C5-C6-S1 116.6(2)
N3-C11-S2 125.4(2) C1-C11-S2 117.3(2)
C6-N2-C9 120.9(2) C6-N2-C7 124.2(2)
C9-N2-C7 114.9(2) N3-C11-C1 117.3(2)
C11-N3-C12 123.6(2) C11-N3-C14 120.8(2)
S-dbpt

C6-S1 1.660(7) C15-S2 1.654(8)
CI-N1 1.357(9) C5-N1 1.332(9)
C6-N2 1.33909) C7-N2 1.470(9)
CI11-N2 1.461(3) CI5-N3 1.32709)
N3-C15-S2 125.7(7) C1-C15-S2 115.4(6)
N1-C1-C2 121.9(8) N1-C1-Cl15 115.3(7)
N1-C5-C4 122.5(8) N1-C5-C6 116.3(7)
C4-C5-C6 121.2(8) N2-C6-C5 117.8(6)
N2-C6-S1 125.6(6) C5-C6-S1 116.6(6)
C9-C8-C7 107.4(8) N2-C11-C12 113.7(7)
S-dphpt

C1-N1 1.333(3) Cl-C2 1.380(3)
C5-N1 1.334(3) C5-C4 1.387(3)
C5-Cé6 1.505(3) C6-N2 1.343(3)
C6-S1 1.646(2) C7-C12 1.375(4
C7-C8 1.388(3) C7-N2 1.447(3)
N1-C1-C2 123.6(2) N1-C1-C19 115.81(19)
C2-C1-C19 120.4(2) N1-C5-C4 123.5(2)
N1-C5-C6 114.77(19) C4-C5-C6 121.7(2)

N2-C6-C5 116.12) N2-C6-S1 125.88(17)
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Figure 5. ORTEP diagram and labeling scheme used in the structure analysis of S-dbpt. Ellipsoids are drawn at
50% probability level.

is essentially the same as for S-dept, only difference being the nature of alkyl groups on the
thiamide nitrogen atoms. In S-dbpt, there are bulky isobutyl groups on thiamide nitrogen
atoms N1 and N2. Owing to steric factors, the thiamide moieties are twisted away from the
pyridine ring plane as indicated by torsion angles of 61.3(3)° (C4—C5-C6-S1) and —65.2
(4)° (C2—C2—C15-S2) and are trans to the pyridine N1, because of the torsion angles 112.9
(6)° (N1-C5-C6-S1) and —115.2(6)° (N1-C1-C15-S2). The isobutyl groups on the thia-
mide nitrogens on the side arms of the pyridine ring are oriented in such a way so as to
minimize the streric strain in the structure. C8, C9, C10, C21, C22, and C23 are oriented
above their respective thiamide planes while C12, C13 C14, C17, C18, and C19 lie below
(Supplemental data figure S6). Important bond lengths and angles are listed in table 3. The
C8-H8-S2' (2.85A, i=x—1, + y, + z) and C7-H7A--S1" (296 A, ii=x, -y + 1/2,
+ z + 1/2) intermolecular hydrogen bonding interactions lead to the formation of a 2-D
sheet structure parallel to the ac plane (Supplemental data figure S7).

3.3.3. N,N,N',N’-tetraphenylpyridine-2,6-dithiocarboxamide (S-dphpt). The molecular
structure of N,N,N’,N'-tetraphenylpyridine-2,6-dithiocarboxamide (S-dphpt) is similar to
S-dept and S-dbpt. Figure 6 shows the ORTEP diagram and the numbering scheme used in
the structure analysis of S-dphpt. In this case, two phenyl rings are attached to each of the
two nitrogens of the thioamide side arms. The usual twisting of the amide moieties with
respect to the pyridine ring plane to accommodate phenyl rings is more pronounced in this
case as indicated by the torsion angles being C4—-C5-C6-S1 —106.9(1)° and C2-C1-C19-
S2 103.2(1)°. The orientation of the two twisted amide planes is such that the C=S moieties
are almost frans to each other at the same time they are now in a gauche conformation viz-
a-viz the pyridine nitrogen as is evident from the torsion angles (N1-C1-C19-S2) —72.5
(3)° and (N1-C5-C6-S1) —71.1(2)°.
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Figure 6. ORTEP diagram and atom numbering scheme used for S-dphpt. Ellipsods are drawn at 50% probability
level.

To minimize the strain in the structure, the two phenyl rings attached to the thioamide
nitrogen atom N2 orient themselves in such a way that the dihedral angle between their
respective planes is 68.86(3)° (plane 1=C7-C8-C9—C10-C11-C12 and plane 2=C13-
C14-C15-C16-C17-C18). Similarly, the dihedral angle between the planes of the two
phenyl groups attached to the thiamide nitrogen atom N1 is 87.10(2)° (plane 1=C20-C21-
C22-C23-C24-C25 and plane 2=C26-C27-C28-C29-C30-C31) (figure 7). Important
bond lengths and angles are listed in table 3. In the crystal lattice, the molecules are held
together through C4-H4---S1' 2.94 A, i=—x + 1, =y + 1, —z + 2) and C9-H9---S2% (2.92
A, ii=—x, =y + 1, —z + 2) intermolecular hydrogen bonding interactions to form a 1-D
chain running parallel to the a axis. These parallel chains are in turn held together by
C—H:--'7 interactions to form a 2-D sheet structure parallel to the ab plane (Supplemental
data figure S8).

3.4. Molecular and crystal structures of M(I)-N,N,N',N'-tetraalkylpyridine-2,6-
dithiocarboxamide complexes, M(II) = Co(Il), Ni(Il)

3.4.1. [Co(S-dbpt)Br,] (1). The ORTEP diagram and the atom numbering scheme for 1 is
shown in figure 8. The Co(Il) ion in 1 has a five-coordinate stereochemistry with CoNS,Br,
chromophore. S-dbpt coordinates to the metal center in a tridentate fashion using the pyri-
dine nitrogen and the two thioamide sulfur atoms, while the remaining two positions are
occupied by two bromide groups. Important bond lengths and angles are listed in table 4.
The conformation of S-dbpt around the thiamide moieties reverses itself in the complex. In
1, both the C=S groups are “flipped in” and are in cis conformation to the pyridine nitrogen
N1 as indicated by torsion angles (N1-C1-C15-S2) —48.4(6)° and (N1-C5-C6-S1) 41.9
(6)°, which enables them to coordinate to the metal ion in tridentate fashion. Furthermore,
to maximize the electron donation through coordination, both these thiamide moieties are
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S1
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Pyridine ring plane

(a) (b)

Figure 7. (a) The trans orientation of the two C=S groups with respect to plane of the pyridine ring and (b) the
dihedral angle between planes of the two phenyl rings attached to thioamide nitrogen in S-dphpt.

Figure 8. ORTEP diagram and atom numbering scheme for 1. Ellipsoids are drawn at 30% probability level.

bending away from the pyridine ring plane with torsion angles (C2—C1-C15-S2) 124.8(5)°
and (C4-C5-C6-S1) —130.7(5)°.

It is generally observed that most of the five-coordinate complexes have neither an ideal
trigonal bipyramidal (thp) nor square pyramidal (sp) environment, but their geometry falls
between sp and thp depending upon a parameter T suggested by Addison and co-workers
[37]. The parameter T is determined by the relation 7= (f — a)/60 (where o and f are the
largest basal angles with £ > a) and its value may vary from 0, representing ideal sp (square
pyramidal) geometry to 1, denoting ideal thp (trigonal bipyramidal) geometry. The geome-
try of 1 may be considered as distorted square pyramidal, T value being 0.37 [5=N(1)-Co
(1)-Br(2), 159.73(2)° and a=S(2)-Co(1)-S(1), 137.34(3)°].

In 1, the apical position in the square pyramid is occupied by the bromine atom Brl
while sulfur atoms S1, S2, pyridine N1 and Br2 form the base of the pyramid. A mean
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Table 4. Important bond lengths [A] and angles [°] for 1 and 2.
1

N1-Col 2.140(4) S(1)-Co(1) 2.4454(17)
S2-Col 2.4754(17) Co(1)-Br(1) 2.4115(13)
Col-Br2 2.4286(13)

N1-Col-Brl 92.88(13) N(1)-Co(1)-Br(2) 159.73(13)
Brl-Col-Br2 107.38(5) N(1)-Co(1)-S(1) 79.27(13)
Brl-Col-S1 108.93(5) Br(2)-Co(1)-S(1) 93.39(6)
N1-Col-S2 79.66(12) Br(1)-Co(1)-S(2) 108.78(6)
Br2-Col-S2 93.79(5) S(1)-Co(1)-S(2) 137.34(6)
C6-S1-Col 94.5(2) C(15)-S(2)-Co(1) 92.07(19)
2

CI-N1 1.341(3) N1-Co 2.152(2)
N4-Co 1.996(3) N5-Co 2.003(2)
S1-Co 2.4244(9) $2-Co 2.3561(9)
N4-Co-N1 94.37(9) N5-Co-N1 161.30(9)
N4-Co-S2 120.50(8) N5-Co-S2 89.99(8)
N1-Co-S2 79.83(6) N4-Co-S1 101.05(8)
N5-Co-S1 95.73(8) N1-Co-S1 81.02(6)
S2-Co-S1 135.16(3) C20-N4—Co 168.4(3)
C21-N5-Co 164.7(2) C6-S1-Co 90.26(9)
C13-S2-Co 99.44(9) N4-Co-N5 104.32(10)

plane can be passed through S1, S2, N1, and Br2 with —0.065, —0.264, 0.6164, and 0.013
A being deviations for these atoms from this plane, respectively. The Co(II) ion is 0.73 A
above the mean plane defined by these four atoms. The orientation of the terminal carbon
atoms on the thioamide nitrogen atoms N2 and N3 is such that C13, C14, C22, and C23
are above their respective thioamide planes while C9, C10, C18, and C19 lie below. This
orientation minimizes the steric strain in the structure due to bulky isobutyl groups on
thioamide nitrogen atoms. The increase in steric bulk on the amide side arms of the ligands
has no substantial effect on the geometry adopted by the corresponding complexes formed
as indicated by [CoBry(S-dept),] [26] and the present complex [CoBr,(S-dbpt),], both
having distorted square pyramidal geometry with similar coordination environment.

The C3-H3--S1' (2.90A), C4-H4--Br2' (2.93A), C3-H3-Brl' (3.12A, where
i=x+ 1/2, —=y=1/2,4z + 1/2), and C9-HIB---Br2"" (3.05 A, where ii=—x—1/2, +y + 1/2,
—z + 1/2 + 1) intermolecular hydrogen bonding interactions between complex molecules
lead to the formation of a 2-D sheet parallel to the ac plane in the crystal lattice (figure 9).

3.4.2. [Co(S-dppt)(SCN),] (2). The molecular structure of 2 is very similar to that of 1
except that there are two SCN groups in place of two bromide groups and the coordinating
ligand (S-dppt) has isopropyl groups on the nitrogen atoms of thioamide side arms.
Figure 10 shows ORTEP diagram and the numbering scheme used for 2. The cobalt ion in
the complex is five-coordinate with the S-dppt ligand molecule coordinating in a tridentate
fashion, while the other two vacancies are filled by the two thiocyanate (—NCS) groups.
The Co-S1, Co—-S2, Co—N1, and Co—N(SCN) distance values are in agreement with the
values reported earlier in a similar complex [26]. Important bond parameters are listed in
table 4.

The conformation of S-dppt changes in a similar way in 2 as of S-dbpt in 1. The torsion
angles observed are (N1-C5-C6-S1) —51.5(3)°, (N1-C1-C13-S2) 36.0°, (C2—-C1-C13—
S2) —133.0(3)°, and (C4-C5-C6-S1) 118.7(3)°, indicating the degree to which both the
coordinating C=S moieties are bending with respect to the pyridine ring plane so as to
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Figure 9. The 2-D sheet formed through intermolecular hydrogen bonding among complex molecules in 1. The
polyhedron (square pyramid) around each metal center is also shown.

Figure 10. ORTEP diagram and atom numbering scheme for 2. Ellipsoids are drawn at 30% probability level.

maximize electron donation by coordination to the metal ion. The geometry around the
cobalt ion is distorted square pyramidal with T value being 0.43°. The isothiocyanate
nitrogen atom N4 occupies the apical position and sulfur atoms S1 and S2, pyridine N1 and
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thiocyanate N5 form the base of the pyramid. The mean plane through N1, N5, S1, S2
indicates that these atoms are 0.39, 0.52, —0.05, —0.08 A, respectively, above and below the
mean plane. The Co(Il) ion is 0.74 A above the mean plane defined by these four atoms.
Such deviations are energetically favorable and this phenomenon is observed in most square
pyramidal complexes. This has a considerable significance, since the four basal atoms
effectively restrict the approach of a ligand to the sixth coordination site.

An interesting aspect of the Co—NCS linkage in 2 is the bent observed with Co-N4-C20
and Co—N5-C21 angles of 168.3(2)° and 164.7(2)° in the present complex as well as in
another similarly coordinated complex [26]. This linkage may be either linear or angular,
with examples of M-N—C angles falling in the range 141-174° [38, 39]. The nonlinearity
of this type has been attributed to steric factors [40, 41]. The bend is more pronounced in
the present complex [Co(SCN),(S-dbpt)] as compared in [Co(SCN),(S-dept)]. It also
suggests electron density localization on the donor nitrogen atom such that a canonical form
I contributes to the structure [26, 38, 42].

3.4.3. [Ni(S-dept),]-(C104),-H,0 (3). Figure 11 shows the molecular structure and label-
ing scheme used in the structural analysis of 3. The complex consists of discrete [Ni-(S-
dept),]** cations and perchlorate anions along with noncoordinating water molecules and
has the molecular composition of [Ni(S-dept),]-(ClO4),-H,O. The nickel atom Nil in the
complex is six-coordinate where both the ligands (S-dept) coordinate to the Ni(Il) in a
tridentate fashion using the pyridine nitrogen atom and both the thiocarboxamide sulfur
atoms, thus bringing the metal-ligand coordinating ratio to 1:2. The coordinating atoms

Figure 11. ORTEP diagram and atom numbering scheme for 3. Ellipsoids are drawn at 30% probability level.
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N1, SI, and S2 from one ligand molecule and N2, S3, and S4 atoms from the other
coordinating ligand molecule completes the distorted octahedral geometry around Nil. A
mean plane can be passed through N1, N5, S3, and S4 forming the basal plane around the
metal ion with —0.12A, —0.15A,40.017 A, and +0.029 A being the deviation of these
atoms from this plane, respectively. The nickel atom is displaced +0.01 A from this plane.
The distortion exhibited by the complex may be attributed to the steric hindrance caused by
the ethyl groups of the thioamide moiety. S1 and S2 occupy trans positions in the octahe-
dra. The important bond lengths and angles are listed in table 5. In one ligand molecule, a
plane can be passed through C21, C26, N5, S3, and S4 with —0.02 A,+0.09 A, —0.05 A,
—0.005 A, and +0.01 A being deviations for these atoms from this plane, respectively.
Similarly, for the other coordinating ligand molecule, C6, C11, N1, S1, and S2 define a
mean plane from which these atoms are deviated by +0.2 A, —0.12 A, —0.06 A, —0.01 A,
and +0.01 A. The torsion angles 91.9(2)° (S1-Nil-S3-C26), —87.3(2)° (S1-Nil-S4-C21),
94.4(2)° (S3-Nil-S1-C6), and 107.3(2)° (S3-Nil-S2—C11) suggest that these two planes
containing the coordinating atoms are approximately at right angle to each other so as to
lower the steric strain and facilitate the coordination of both the ligands in the tridentate
fashion to the metal ion. Furthermore, in case of each ligand molecule, the pyridine ring is
bending out of the plane of the corresponding coordinating atoms to minimize the steric
strain and maximize the stability of structure. This is indicated by the torsion angles values
33.3(2)° (N1-C1-C11-S82), —43.6(2)° (N1-C5-C6-S1), 36.4(3)° (N5-C16—C26-S3), and
—35.0° (N5-C20-C21-S4) with respect to C1-Cl11, C5-C6, C16-C26, and C20-C21
bonds, respectively. Important bond lengths and angles are listed in table 5.

A comparison can be made with another transition metal complex, [Co(O-deap),(H,0),]
(Cl0O4), H,O [16], involving a similar tridentate ligand O-deap coordinating to the metal
center in 1:2 metal-ligand ratio. But in that case, one ligand molecule acts in a tridentate
fashion (using the pyridine nitrogen and both the carbonyl oxygen atoms), while the other
coordinates in bidentate mode using pyridine nitrogen atom and one of the carbonyl
oxygens. This is due to the fact that the oxygen atom of the uncoordinated carbonyl group

Table 5.  Important bond lengths [A] and angles [°] for 3.

NI-Nil 2.064(4) NS5-Nil 2.048(4)
S1-Nil 2.440(2) S2-Nil 2.384(2)
S3-Nil 2.398(2) S4-Nil 2.413(2)
01-C2 1.425(5) 02-CI2 1.390(6)
03-CI2 1.392(5) 04-CI2 1.413(6)
05-Cll 1.372(6) 06-Cll 1.406(6)
07-Cll 1.291(11) 08-Cll 1.315(10)
S1-Nil 2.440(2) S2-Nil 2.384(2)
S3-Nil 2.398(2) S4-Nil 2.413(2)
N5-Nil-N1 168.99(16) N5-Nil-S2 105.42(12)
N1-Nil-S2 83.09(12) N5-Nil-S3 84.17(12)
NI1-Nil-S3 102.93(11) S2-Nil-S3 91.02(6)
N5-Nil-S4 83.53(12) N1-Nil-S4 89.44(11)
S2-Nil-S4 90.94(7) S3-Nil-S4 167.63(5)
N5-Nil-S1 87.91(12) NI-Nil-S1 83.78(12)
S2-Nil-S1 166.65(5) S3-Nil-S1 89.59(6)
S4-Nil-S1 91.31(6) 07-Cl1-08 101.4(12)
07-Cl1-05 116.3(9) 04-CI2-01 108.1(4)
08-Cl1-05 107.0(5) 07-Cl1-06 107.2(5)
08-CI1-06 112.8(8) 05-Cl1-06 111.8(4)
02-C2-03 111.2(5) 02-CI2-04 106.5(4)

03-C2-04 112.2(5) 02-C2-01 109.3(4)
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Table 6. Important H-bonds and geometry for 3. i-
D-H--A DA [A] H-A [A] D-H--A [°] S
02~'-H19f 3.353(10) 2.66 132
O1---H18" 3.383(9) 2.49 160
O5--H7B" 3.53009) 2.68 146
07---H12B" 3.11(2) 2.28 142
O1---H7A" 3.58(1) 2.68 155
Ool---HI7T" 3.201(7) 2.44 139
03---H28B™ 3.48(1) 2.57 158
03---H29B" 3.448(9) 2.56 152
06+ H27B" 3.353(8) 2.56 139

i=x,p,z;ii=x+ L+y,+z; iii=—x, -y, —z + I iv=—x, =y, —z.

strongly hydrogen bonded to the lattice water molecule. In the present case of [Ni(S-
dept),]:(ClOy4),-H,O, the sulfur atoms being larger in size and lower in electronegativity
value as compared to oxygen atom are unable to get involved in any such strong hydrogen
bonding interactions, and thus both the ligand molecules coordinate in tridentate fashion
with the Ni(II) center.

The complex undergoes extensive intermolecular hydrogen bonding owing to the
presence of ionic perchlorates and water molecules in crystal lattice. O1, 02, O3, OS5, 06,

Figure 12. The extensive hydrogen bonding network involving ionic perchlorates and waters present in the crystal
lattice of 3. Two waters are shown to be encapsulated by a cage formed by the hydrogen bonding between complex
molecules and perchlorates (carbon, black; hydrogen, green; nitrogen, blue; sulfur, yellow; nickel, cyan; chlorine,
purple; and oxygen, red) (see http://dx.doi.org/10.1080/00958972.2013.859679 for color version).
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and O7 are involved in hydrogen bonding interactions summarized in table 6. A 2-D sheet
structure is formed owing to these hydrogen bonding interactions involving perchlorates
(figure 12). A close look at this type of network shows that a water dimer is trapped in a
capsule made by hydrogen bonding involving two complex molecules and two perchlorates
(figure 11).

4. Conclusion

In the present work, six new crystal structures are reported for three N,N,N’,N'-tetraalkyl-
pyridine-2,6-dithiocarboxamide (S-dapt) ligands and three of their complexes [Co(S-dbpt)
Bry] (1), [Co(S-dppt)(SCN),] (2), and [Ni(S-dept);]-(ClO4),"H,O (3). The molecular
structure investigations of the S-dapt ligands reveal that the thiamide planes are twisted with
respect to the pyridine ring plane to accommodate the alkyl/phenyl groups attached to the
thiamide nitrogen. The extent of twisting depends upon the steric bulk of the alkyl/phenyl
groups. These structure investigations of M(II)-(S-dapt) complexes provide ample evidence
that cobalt has a greater tendency than nickel to give monomeric five-coordinate complexes
rather than octahedral complexes. Furthermore, the increase in steric bulk on the amide side
arms of the ligands has no substantial effect on the geometry adopted by the corresponding
complexes formed as indicated by: (a) [CoBry(S-dept),] [26] and the present complex 1
[CoBr,(S-dbpt),] and also (b) [Co(S-dept)(SCN),] [26] and the present complex 2 [Co(S-
dppt)(SCN),]. In both the cases (a) and (b), each of the complexes has a distorted square
pyramidal geometry with similar coordination environment, although having different alkyl
groups on the thiamide nitrogen. The change in the donors, S in S-dapt in place of O in
O-daap, ensures tridentate coordination of S-dapt as larger, and less electronegative sulfur is
less likely to involve strong H-bonding interactions (with solvent or counterions) and thus
is free to coordinate to the metal ion. The crystal structure investigations show the forma-
tion of 2-D sheets through C-S:--H (in the case of S-dapt ligands), C—H::'Br interactions
(in 1), and C—H:--O (perchlorate) H-bonding interactions (in 3).

Supplementary material

Crystallographic data for structural analysis have been deposited with the Cambridge Crys-
tallographic Data Center (CCDC Nos. given in tables 1 and 2). Copy of this information
may be obtained free of charge from The Director, CCDC, 12 Union Road, Cambridge
CB2 1EZ, UK (Fax: C44 1223 336033; Email: deposit@ccdc.cam.ac.uk or http://
www.ccdc.cam.ac.uk).
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