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Influence of ligand environment on the structure
and properties of silver (I) dithiocarbamate
cluster-based coordination polymers and
dimers

Vinod Kumar,®Vikram Singh,® Ajit N. Gupta,® Krishna K. Manar,® Lal Bahadur
Prasad,’ Michael G. B. Drew” and Nanhai Singh**

Luminescent silver(l) homo- and heteroleptic pyridyl functionalised dithiocarbamate(dtc) complexes of
the form, [{Ag(L)},]- (L = N-benzyl-N-methylpyridyldtc(L1) 1, bis-(N-methylpyridyl)dtc(L2) 2) and [Ag
(L)PPh3l, (L = L1 (3), L2 (4)) have been synthesized and characterized by elemental analysis, TGA,
spectroscopy (IR, *H, *C and **P NMR and UV-Vis.)and X-ray crystallography. Complexes 1 and 2 are
isomorphous and have a tetranuclear cluster-based coordination polymeric structure. In these
tetranuclear silver(l) cluster subunits the four Ag atoms form a distorted tetrahedron. Complexes 3 and
4 are also isostructural and have centrosymmetric structures in which each Ag atom forms a distorted
tetrahedral coordination geometry. All complexes are weakly conducting and exhibit semiconductor
behaviour. 1-4 are strongly luminescent in solid phase; a correlation between their structure and

luminescent properties has been established.

1. Introduction

Transition metal dithiolates continue to attract the attention of
chemists due to their intriguing molecular electrical conducting,
magnetic and optical properties, used as precursors for the
preparation of metal sulphides and multitude of applications in
industries as rubber vulcanization accelerators, as flotation
agents in metallurgy, fungicides, pesticides, petroleum
additives and importance in biological processes.'™ There is a
developing interest in the metal dithiocarbamate complexes in
studying the functionalisation of substituents on the dithio
backbone that may give rise to interesting
architectures and tuneable physical properties.'® The distinctly
soft silver(I) ion readily interacts with thiolato ligands,
including the ubiquitious dithiocarbamate, forming a variety of
complexes and clusters with varying nuclearities and
architectures.”® Many of these complexes have been found
relevant for the structural elucidation of the metal-binding sites
of metallothioneins’ and are important in the area of advanced
materials for the synthesis of monolayer—protected clusters'®
and nanostructured materials.'' The dithiocarbamate ligands
can coordinate to metal atoms via sulfur donor atoms, most
in a symmetrical or asymmetrical bidentate,

molecular

commonly

This journal is © The Royal Society of Chemistry 2013

bidentate-bridging and less commonly in a monodentate
fashion. The presence of lone pairs on the coordinated sulfur
atoms may facilitate the formation of hypervalent interactions
or secondary interactions thereby constructing supramolecular
architectures.

Luminescent d'° metal complexes including those of coinage
metals have garnered much attention in recent years because of
their possible applications as sensors, biological probes, in solar
energy conversion processes and display devices.!> By contrast
the luminescent silver complexes have not gained as much
attention as its congener copper (I) and gold(I) complexes
because of their photosensitivity. However a few examples
have been established where promising photoluminescent
properties are promoted by Ag...Ag interactions.'> The extent
of metallophilic interactions, bridging capabilities and steric
restrictions of substituents on the dithiocarbamate unit and
auxiliary phosphine ligands have been found to play a crucial
role in the construction of coordination frameworks and
multinuclear aggregates.”® The HOMO-LUMO gap may be
modified by the use of auxiliary phosphine ligands with strong
o- donor and m- acceptor properties as well as the formation of
a rigid coordination environment and the incorporation of
electron rich pyridine group on the dithiocarbamate substituents
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may also modify their luminescent properties. In comparison to

1614 complexes

classical metal dialkyl/diaryl dithiocarbamates
bearing pyridine functionality have received little attention.'”
Despite their synthetic versatility and practical applications,
studies on the luminescent properties of silver dithio and mixed
dithio- phosphine complexes are extremely limited.* In order to
see the effect of the pyridine functionalized dithiocarbamates in
conjunction with the triphenylphosphine ligands on the crystal
structures, luminescent properties and molecular electrical
conductivity in their homoleptic tetranuclear cluster- based
coordination polymers and heteroleptic dinuclear silver (I)
complexes. In order to assess the nature of the Ag....Ag
interactions theoretical calculations have been performed. The
results of these investigations are presented in this contribution.

2. Results and discussion

2.1. Synthesis of complexes and spectroscopy

Treatment of a methanol solution containing two equivalents of
the ligand KL1 or KL2 with one equivalent of AgClO, yielded
homoleptic dithiocarbamate complexes 1 and 2. The
heteroleptic complexes 3 and 4 were obtained by reacting a
dichloromethane solution of the 1 or 2 with an equimolar
amount of the PPh; ligand in the same solvent (Scheme 1).
These complexes are air-stable and melt in the 195-220 °C
temperature range. These have been characterised by elemental
analysis, IR, NMR and UV-Vis. spectroscopy and their
photoluminescent properties have been studied in solution and
in the solid phase. The polymeric structures for 1 and 2 and
dinuclear structures for 3 and 4 have been elucidated by X-ray
crystallography. The impact of non-covalent C-H...S and C-
H...n interactions in the organisation of supramolecular
networks providing anti configuration in 3 and 4 have been
investigated. The correlation between their structures and
luminescent property has been examined.

AgCIO,4 + KL methanol, PPhs / dichl th
+ — Ichloromethane
gClO4 KCIO; [{Ag(L)}4l. PPhs/ dichloromethar [Ag ()PPhal,

L=L1(1),L2(2) L=L1(3), L=L2(4)

Scheme 1 Synthetic methodology for the complexes (1-4).

The IR spectra of 1-4, show the v(C-N) and v(C-S) frequencies
at 1423-1437 and 983-1042 cm™' respectively characteristic of
the dithiocarbamate ligand coordination. The '"H NMR spectra
of the complexes show the presence of ligand functionalities
and integrate well to the corresponding hydrogens. In the *C
NMR spectra, all complexes show a single down field
resonance at 6 208-217 ppm associated with the N-CS,; unit. In
the *'P{'H} NMR spectra, the complexes 3 and 4 show two
resonances of unequal intensity at (6 10.23, 29.13 ppm) and (o
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43.52, 24.43 ppm) respectively, arising from the mono- and bis-
PPh; adducts are equilibrium in solution(Fig.S7).

2.2. Crystal structures

Single crystals of 1-4 were obtained by slow evaporation of a
dichloromethane/ethanol solution of the complexes. ORTEP
drawings of (1-4) are presented in Figures 1, 2 and S1. The
selected bond lengths and angles are given in Table 1 and S1
and crystallographic details are given in Table 3. A comparison
of important geometrical details of 1 and 2 with analogous
dithio complexes is given in table 2.

Table 1 Selected bond lengths (A) and angles (°) for complexes 1 and 2.

Bond lengths(A) 1 2
Ag(1)-S(1DS1 2.590(5) 2.572(4)
Ag(1)-S(13)$2 2.611(5) 2.578(5)

Ag(D)-S(11) 2.638(5) 2.646(5)
Ag(1)-S(13)$3 2.645(5) 2.637(5)
Ag(D-Ag(1)$3 2.866(3) 2.845(3)

Bond Angles(°)
S(ID$1-Ag(1)-S(13)$2 133.12(16) 132.41(15)
S(ID)S1-Ag(1)-S(11) 103.54(3) 103.07(3)
S(13)$2-Ag(1)-S(11) 85.52(15) 83.49(12)
S(IDS1-Ag(1)-S(13)$3 83.22(14) 85.22(13)
S(13)52-Ag(1)-S(13)$3 96.84(10) 97.28(8)
S(11)-Ag(1)-S(13)$3 168.33(14) 168.62(13)
S(ID$1-Ag(1)-Ag(1)$3 113.88(12) 11431(11)
S(13)$2-Ag(1)-Ag(1)$3 112.46(11) 112.89(10)
S(11)-Ag()-Ag(1)$3 86.91(10) 86.76(9)
S(13)$3-Ag(1)-Ag(1)$3 81.62(10) 82.03(9)
C(12)-S(11)-Ag(1)$4 106.9(4) 106.7(4)
C(12)-S(11)-Ag(l) 106.8(5) 106.9(4)
Ag(D)-S(11)-Ag(1)$4 84.42(15) 84.38(13)
C(12)-S(13)-Ag(1)$5 110.1(4) 110.7(4)
C(12)-S(13)-Ag(1)$3 111.6(5) 110.1(4)
Ag(1)85-S(13)-Ag(1)$3 90.72(14) 90.18(13)

Symmetry elements $1 vy, -x, 1-z; $2 y,-x,-z: $3 -X,-y,z $4 -y, x, 1-z $5 -y,x,-
z

Complexes 1 and 2 are isostructural, the only difference being
that ligand L1 contains one phenyl ring and one pyridine ring,
while L2 has two pyridine rings. Each dithiocarbamate group
acts as a tetradentate ligand being uniquely bonded to three Ag
atoms in a p*, *-S (11), S (11), S(13), S(13) chelating-bridging
manner. The structures can be considered as containing AgyL,
moieties surrounding a crystallographic -4 axis, as shown in
Figure 1, which are then connected via bridging sulfur atoms
along the unique ¢ axis to form a 1-D polymeric ladder-like
structure (Fig. 3). There is little difference between the Ag-S
distances within the Ag,L4 moieties and those connecting them,
with lengths of 2.572(5)-2.646(5) A in 1 and 2.

This journal is © The Royal Society of Chemistry 2012
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Fig. 1 Perspective view of the Ags(ps-S)s core in 1 with ellipsoids at 20%
probability. The structure of 2 is isomorphous.
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of(2.422(1), 2.413(1)A) are as expected.” The coordination
sphere is a distorted tetrahedron with the major distortion
coming from the small bite 67.02(3), 67.35(3)° of the chelating
ligand. The Ag---Ag distances of 2.983(1) and 3.004(1) A in 3
and 4 respectively are shorter than the sum of the van der Waals
radii, though significantly longer than values in 1 and 2. The
PPh; and dithiocarbamate ligands in 3 and 4 are in the anti
configuration because of the existence of intermolecular C-
H...S and C-H...n interactions (Fig. 4) which is rather different
to the structure found in a similar dinuclear carboxylate
complex,”® [(Cy;P)Ag(O,CCF;)], where the phosphine and
carboxalate ligands are in the syn- configuration.

The most significant feature of the AguL, moieties is the
existence of two very short Ag...Ag interactions at distances of
(2.866(3), 2.845(3) A) in 1 and 2 values even shorter than the
Ag-Ag metallic bond distance of 2.88A."**!® These distances
are comparable with the shortest Ag...Ag distances known,'” as
detailed in Table 1 and are indicative of dominant closed shell
d'%-d'® argentophilic interactions. This contrasts the analogous
[Cus(u®n'-S,CNBuw,),] and  [Cus(p®n'-S,CNEt,),]  clusters
which have a tetrahedral core containing five Cu-Cu
interactions in the 2.6368-2.8119 A range.'® The longer
Ag...Ag distances between silver atoms in the Ag4L, moieties 1
and 2 are 3.513(5) and 3.509(5) A respectively, values which
are only slightly longer than the sum of the van der Waals radii
of two silver atoms (3.44 A). Ag...Ag distances between the
moieties along the polymeric chain are 3.740(6), 3.692(6) A.
The closest S...S seperations of 2.98(1)and 3.56(1)A for 1 and 2
respectively between the coordinated dithiocarbamate ligands
show weak intermolecular associations in the solid state.
Taking into account the four sulfur atoms and the adjacent
silver atom, the geometry of the coordination sphere about each
silver atom can be considered as highly distorted trigonal
bipyramidal with 7 values of 0.58 and 0.60 respectively, ideal
values being 0.0 for the square pyramid and 1.0 for the trigonal
bipyramid'® Notably the pyridyl groups on the dithiocarbamate
unit are oriented away from the coordination sphere and not
involved in bonding/bonding interactions probably due to the
availability of lone pairs on the coordinated soft sulfur atoms in
comparison to hard Py(N).

The dinuclear centrosymmetric complexes [Ag(L)PPhs], (L
=L1(3), L2(4)) are isomorphous, in which the dithiocarbamate
ligands L1 and L2 are bonded to each Ag atom in a pz,K3-S(13),

S(13), S(11) chelating- bridging manner. The fourth
coordination site on each silver atom is occupied by one PPh;
ligand establishing a distorted tetrahedral coordination

environment (Fig. 2). In (3, 4) the Ag-S distances of (2.619(1)-
2.758(1), 2.628(1)-2.723(1)A) and the Ag-P distances

This journal is © The Royal Society of Chemistry 2012

Fig. 2 The centrosymmetric structure of 4 with ellipsoids at 20% probability. The
structure of 3 is isomorphous.

Fig. 3 Perspective views of 1 showing the formation of a polymeric structure
through Ag...S ladder-like interactions between Ag,Sg cores along the c
axis.Colour code: pink, silver; yellow, sulfur; blue, nitrogen; carbon, dark green

J. Name., 2012, 00, 1-3 | 3
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Complexes Ag-Ag(A) Ag-S(A) Geometr Ref Type of structure
y
[{Ag(N-benzyl-N- methylpyridyldtc)}.].(1) 2.845-3.513 2.590-2.646 SP * Tetranuclear cluster
based polymer
[{Ag(bis-(N-methylpyridyldtc)}4].(2) 2.865-3.509 2.572-2.646 SP * Tetranuclear cluster
based polymer
[Ag(dibenzyldtc)]. 3.063 2.446-3.010 Td S Polymer
[Ag(dipropyldtc)]s 2.905-3.849 2.427-2.556 OCT 5b Hexanuclear cluster
[Ag(diisopropyldtc)]e 3.038-3.098 2.462-2.6123 Td 5c Hexanuclear cluster
[{Ag(diethyldtc)}s]e 2.833,3.463 2.491-2.620, TG, Td 5d Polymer
2.545-2.714
[Ag(ethylxant)].. 3.054 2.507-2.837 TBP Sk Polymer
[Ag(dipropyldithiophosphate)]s 3.155-3.156 2.485-2.572 OCT Sh Hexanuclear cluster
[{Ag(dithio-o-toluato)}.].. 2.944-3.216 2.392-3.007 Td 55 Polymer
[{Age(i-mnt)s}]® 3.010-3.74 2.459-2.527 OCT 5g Hexanuclear cluster
[Agiz {SZCd(t_—Bu—fy)}s] 2.874-3.280 2.382-2.427 Linear 8 Dodecanuclear cluster
[Ag(SC¢H,Pr';-2,4,6)110 2.899-4.313 2.389-3.236 Linear S5m Decanuclear cluster
* This work
't('\ - —@
=] —
3 4)
; H
¢ c
\ ©
2
253 :
\ [
2
<
Fig. 4 View of C-H..S and C-H..m interactions in 4, shown as dotted lines,
stabilising the ligand (L3 red) and triphenyphosphine (green) in an anti 300 330 340 350
configuration.
Wavelength(nm)

2.3. Electronic absorption and photoluminescent spectra

The optical properties, i.e absorption and emission, of 1-4 have
been studied in dichloromethane solution and in nujol mull as
solid and are displayed in Figures 5, 6 and S2-S5. In solution
(1, 2) and (3, 4) show virtually similar absorptions near 280 nm
and 260 nm respectively that can be assigned to m—m* intra
ligand charge— transfer(ILCT)/ligand to ligand charge- transfer
(LLCT) transitions.”®"® In the solid phase (1, 2) show
absorptions at (325, 354 nm) whereas (3, 4) exhibit a medium
broad absorption band at 320 nm which arise due to metal
perturbed charge transfer transitions.’'* The significant
differences in the spectra of two set of complexes in solution
and solid phase reveals that Ag....Ag interactions in the solid
phase (vide infra in the crystal structures) are not retained in
solution. Only a limited number of silver(I) complexes have
been reported to exhibit luminescent properties at room
temperature, the majority at low temperature.

4| J. Name., 2012, 00, 1-3

Fig. 5 Solid phase (nujol mull) UV-Vis. spectra of 2 and 4.

Upon excitation at 300 nm in CH,Cl, solution at room
temperature, 1-4 show an emission band near 350 nm, (Fig. S4)
arising from the metal perturbed charge transfer state of the

dithiocarbamate ligands.’*?

Complex 3 and 4 show an
additional emission band at 480 nm (Fig. S4b) which emanates
from the metal perturbed ILCT state of the PPh; ligands.?'

In the solid phase when (1, 3) and (2, 4) excited at 300 nm and
320 nm respectively show an unstructured emission band of
comparable feature (Fig. 6 and S2) in between 410-480 nm.
The significantly red shifted emissions with large Stokes shift
of about 100 nm for the cluster complexes (1, 2) in the solid
phase can be ascribed to the silver cluster based centers with

significant Ag...Ag interactions’'?

together with other factors
like the rigid coordination environment and enhanced
conjugation'®® due to the lone pairs on the Py(N). It is worth
mentioning that despite weaker Ag...Ag interactions, dinuclear
heteroleptic complexes 3 and 4 also show larger Stokes shift
influence by the metal perturbed charge transfer transitions
together with bulky PPh; ligands providing rigid coordination

environment about the metal centers. Furthermore somewhat

This journal is © The Royal Society of Chemistry 2012
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stronger emission intensities of (2, 4) may be ascribed to the
presence of two pyridyl functionalities as compared to only one
in (1, 3). The excitation spectra recorded for 2 and 4 at room
temperature (Fig. 6) show the A at 320 nm which match to the
solid phase UV-Vis. spectra of the complexes.

(a
—_ m
5 3
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ot @,
2z o
= S
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2 g
= 5
= o,
= —_-
5 <
s —_
‘S ad
= c
~ -z
300 400 500 600
Wavelength (nm )
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3 3
L 3
- 0
> °
2
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: :
< @
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5 g
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w ~

250 300 350 400 450 500 550

wavelength (nm)

Fig. 6 Emission and excitation spectra of 2(a) and 4 (b) in solid phase (A at 320
nm).

2.4. Pressed-pellet conductivity

The conducting properties of all the complexes have been

measured using complex impedance spectroscopy with
powdered samples as pressed pellets sandwiched by silver
electrode (diameter: 10.5 mm for (1, 2) and 10.2 mm for (3, 4));
the pellet thickness of 1.6 mm (1), 1.6 mm (2), 0.95 mm (3)
and 0.80 mm (4). The o, value ~ 10° and 10° S cm! for (1, 2)
and (3, 4) respectively (Fig.7) show their weakly conducting
nature due to weaker S...S intermolecular stacking in the solid
state (vide supra in the crystal structure). Somewhat higher
conductivities of (1, 2) as compared to (3, 4) may be ascribed to
relatively stronger Ag...Ag and S...S interactions in the former

complexes. However their conductivities progressively increase

This journal is © The Royal Society of Chemistry 2012
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with temperature and decreases ideally with temperature in the
303 K to 383 K temperature range with a band gap of 0.498,
0.516, 0.539 and 0.643 eV for 1-4 respectively showing their
semiconducting behaviour.

log s (S cm'1)

26 27 28 29 30 31 32 33
1000/T K1

Fig. 7 Temperature dependent electrical conductivities of 1 - 4.

2.5. Theoretical calculations

In order to investigate the structures of 1 and 2, we considered
the model in Figure 8 which is based on Figure 1 but with
hydrogen atoms replacing the aromatic rings and the structure
of 4. Both structures were geometry optimised with the
Gaussian03 program® using the hybrid B3LYP functional with
the LANL2DZ basis set for silver, 6-31+G* for S, P and 6-31G
for remaining atoms. The fragment from 1 optimised to
convergence with Ag...Ag 2.948A compared to 2.866(3) A in
1. The disparity may well be due to the omission of the
bridging atoms that lead to the polymer formation shown in
Figure 3. The nature of the HOMO orbitals is of significance.
There are two of equivalent energy in which the two bonding
pairs of silver atoms play a dominant part with 2s, 3s, 7d+1,
7d+2 having coefficients greater than 0.1 for two of the
interacting silver atoms and 2s, 3s, 7d-1, 7d+2 for the other two
silver atoms. The LUMO has large contributions all >0.45 from
the 3s orbital of all four silver atoms. The HOMO-LUMO gap
is 0.154 a.u.

Optimisation of structure 4 expanded the Ag...Ag distance to
3.148 A. Examination of the frontier orbitals showed only one
contribution from the silver atoms of greater than 0.1, namely
from the 7d+1 orbital. The HOMO-LUMO gap is 0.148 a.u.

J. Name., 2012, 00, 1-3 | 5
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Fig. 8 DFT optimised structure of fragment from 1.

2.6. Thermal degradation

TGA plots of (2, 4) and (1, 3) are shown in Figure 9 and
Figures (S6, S7) respectively and the results are summarized in
Table S2. TGA plot of compounds 2 and 4 is discussed here in
detail. The homoleptic complexes (1, 2) show one-step
decomposition in the temperature range 207-405 °C with
weight loss of 66.6-67.5 % leaving the residue of Ag,S. The
heteroleptic complexes (3, 4) show a two-step decomposition
yielding a mass corresponding to Ag,S. In the first step (150-
330 °C) the weight left 34.5-29.2% corresponds to Ag,S,P,
(calcd 31.5%). In the final step above 415 the weight of the
residue 24.2-21.2% (calcd 19.16-19.17%) is consistent with
Ag,S. Thus the homoleptic (1, 2) may serve as better single
source precursor than the heteroleptic complexes (3, 4).

—@
—@

200 300 400 500 600

Temperature (°C)

100

Fig. 9 Superimposed thermogravimetric (TG) trace of 2 and 4.
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3. Conclusions

Novel  homoleptic  silver(I)  pyridine  functionalized
dithiocarbamate cluster based coordination polymers(l, 2)
featuring strong Ag-Ag contacts and heteroleptic dinuclear
complexes (3, 4) with weak Ag...Ag interactions have been
synthesized and characterised by microanalysis and X-ray
crystallography. All the complexes are weakly conducting and
show semiconductor behaviour. All four compounds show
luminescent properties with distinctive features in the solution
and solid phase emanating from ILCT and metal perturbed
charge transfer states. The red shifted emissions for 1 and 2
may be attributed to significant Ag-Ag bonding in the solid
state. These complexes widen the scope of the underexplored
pyridine ligands for the synthesis of
multimetallic luminescent complexes of metal ions with closed
shell d'°-d"® metallophilic interactions. TGA revealed that the
homoleptic complexes with these systems may be potentially

functionalized

utilized for the preparation of metal sulphides.

4. Experimental section

4.1 Materials and methods

All experiments were carried out under aerobic conditions at
ambient temperature and pressure. The solvents were purified
by standard procedures and where necessary dried before use.
The chemicals AgClO,, 3-pyridine carboxaldehyde, 3-picolyl
amine, benzyl amine, KOH and triphenylphosphine (all Sigma-
Aldrich) were used as received. The secondary amines required
for the yntheses of ligands were obtained by the condensation
of aldehyde functionalized pyridine and different amines
separately to give the corresponding imines, followed by their
subsequent reduction by NaBH,. The potassium salts of the
ligands (Fig.10), (N-benzyl-N-methylpyridyl dithiocarbamate
(KL1) and bis-(N-methylpyridyl) dithiocarbamate (KL2) were
prepared by the reaction of secondary amines, CS, and KOH
and characterized by IR, and NMR spectroscopy. The
experimental details dealing with the elemental (C, H, and N)
analysis and recording of IR (KBr), 'H, *C{'H}, *'P{'H} NMR
and UV-Vis. spectra are the same as described elsewhere.*'?
Photoluminescent spectra in the solid phase and in
dichloromethane solution were recorded on a Perkin-Elmer LS-
45 spectrophotometer.

N
S 72\
Heo ‘o
N® 'S K N
Yy b
. $
KL1

KL2
Fig. 10 Structures of dithiocarbamate ligands, as potassium salts, used in this
work.

0O®
SK

_<S

This journal is © The Royal Society of Chemistry 2012
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4.2. Synthesis of complexes

Ag (D)}a]o (L=L1, (1), L2 (2))

To a stirred solution of KL1 (0.312 g, Immol) or KL2 (0.313 g,
Immol) in methanol (15 ml) was added solid AgClO,4 (0.207g,
Immol). In each case the reaction mixture was allowed to stir at
room temperature for about 5 h. The solid products thus formed
were filtered off and recrystallized from CH,Cl,/MeOH, and
vacuum-dried over CaCl, to give light yellow crystals of the
complexes 1 and 2.

1. Yield: (312 mg, 82%). m.p. 205-208 °C. Anal.calcd for
CisH3AgN,S,: C 44.10, H 3.44, N 7.35. Found: C 43.75, H3.47,N
7.25. IR (KBr, cm™): 1034 w(C-S), 1425 v(C=N).'"H NMR (300.40
MHz, CDCls, & ppm): 8.49-8.44 (m, 4H, CsH,N), 7.85-7.32 (m, 5H,
CeHs), 5.22 (s, 4H, CH,CsH N, CH,C¢Hs. *C{1H} NMR (75.45
MHz, CDCls, & ppm):212.56 (CS,), 149.15, 148.67, 135.76, 134.05-
133.83, 132.79-132.00 (CsH,N), 130.12, 128.85-128.63, 127.90—
127.55, 123.49 (C¢Hs), 57.15 (CsHsNCH,), 54.09 (C¢HsCH,). UV-
Vis. (nujol/dichloromethane, A max, nm, ¢ (M'cm™)): 325, 354,
280(0.230 x 10%), 345(0.05 x 10%). 6,=7.90x10° S cm™, E, = 0.498
eV.

2. Yield: (328 mg, 86%). m.p. 215-220°C. Anal.calcd for
C4,H 3AgN;S,: C 42.54, H 3.31, N 10.63. Found: C 42.12, H
3.11, N 10.35. IR (KBr, cm™): 1020 v (C-S), 1430 v(C=N). 'H
NMR (300.40 MHz, CDCls, & ppm): 8.50 (4H, CsH,;N), 7.83-
7.81 (m, 2H, C¢H4N), 7.49— 7.35 (m, C5H4N), 5.24 (s, 4H,

CH,CsH,N). ’C{1H} NMR (7545 MHz, CDCl;, &
ppm):212.59 (CS,), 149.15,148.67, 135.76, 134.05-133.83,
132.79-132.00  (CsHs;N), 5473  (CsHsNCH,).UV-Vis.

(nujol/dichloromethane, A max, nm, € (M'ecm™)): 325, 354, 280
(0.454 x 10%), 345(0.073 x 10%). o, = 8.01x10° S cm™, E, =
0.516eV.

[Ag (L) PPhs](L =L1, (3), L2 (4))

To a stirred 15 ml CH,Cl, solution of complex 1(0.190 g, 0.5 mmol)
or 2 (0.191g, 0.5 mmol) was added slowly a Sml solution of PPh,
(0.132 g, 0.5 mmol) in the same solvent. The reaction mixture was
further stirred for 5-6 h. The solvent was removed under vacuum and
the residue was treated with ether (5 ml). The precipitate thus
obtained was recrystallized from CH,Cl,/MeOH, and vacuum-dried
to give yellow crystals of 3 and 4.

3. Yield: (292 mg, 91%). m.p. 195-197 °C. Anal.caled for
C3,HysAgNLPS,: C 59.72, H 4.39, N 4.35. Found: C 59.63, H 4.21,
N 4.17. IR (KBr, cm™): 1074y (C-S), 1419 v(C=N).'"H NMR (300.40
MHz, CDCl;, 6§ ppm): 8.491 (m, 4H, CsHyN), 7.85-7.83 (m, SH,
C6H5), 7.48-7.16 (S, 30H, CGHS)s 5.22 (S, 4H, -CH2C5H4N,
CH,C¢Hs). BC {IH} NMR (75.45 MHz, CDCl;, § ppm):212.56
(CS,), 149.15, 148.67 (CsH,N), 135.76, 134.06, 133.83, 132.79,
132.44, 132.04, 130.13, 128.85, 128.72, 128.63, 127.91, 127.55,
123.50 (-CsHyN, -CsHs), 57815 (<CH,CgHyN), 54.09 (-CH,CHs).
3P{1H} (121.50 MHz, CDCl;, & ppm): 29.13, 10.23.UV-Vis.
(nujol/dichloromethane, A max, nm, ¢ (M 'em™)): 320, 260(0.59 x
10%), 310(0.130 x 10%). 6,=2.4x10° S cm™, E, = 0.539 V.
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4. Yield: (299 mg, 93%). m.p. 198-202 °C. Anal.calcd for
C3H,,AgNsPS,: C 57.77, H 4.22, N 6.52. Found: C 57.53, H
4.05, N 6.36. IR (KBr, cm™): 1089v (C-S), 1420 v(C=N). 'H
NMR (300.40 MHz, CDCl;, & ppm): 8.50 (m, 4H, CsH,N),
7.83-7.81 (m, 5H, C¢Hs), 7.49-7.18(s, 30H, C¢Hs), 5.24 (s, 4H,
-CH,CsH,N). >C{1H} NMR (7545 MHz, CDCl;, &
ppm):212.59 (CS,), 149.09, 149.03 (CsH,N), 135.65, 133.97,
133.75, 132.37, 132.11, 131.98, 131.90, 131.87, 131.51,
130.25, 128.88, 128.76, 128.53, 128.37, 123.59 (-CsH4N, -
CeHs), 54.73 (-CH,CeH,N). *'P{1H} (121.50 MHz, CDCl;, &
ppm): 43.52, 24.43. UV-Vis. (nujol/dichloromethane, A max,
nm, £ (M'em™)): 320, 260(0.53 x 10%) 310(0.101 x 10%). 6, =
1.3x10° Sem’, E, = 0.643¢V.

Table 3 Crystallographic parameters for the complexes 1-4.

1 2 3 4
Formula C14H13AgN2 C13H12AgN C32H28AgN2P15 C31H27AgN3P15
Sz 3S) 2 2
Fw 381.25 382.25 643.52 644.52
crystal system | tetragonal | tetragonal | monoclinic monoclinic
space group 1-4 1-4 P2,/c P2,/c
aA 22.126(4) | 22.201(4) 9.3502(5) 9.3011(3)
bA 22.126(4) | 22.201(4) | 17.4738(10) 17.7718(7)
cA 6.012(2) | 5971(2) | 17.3742(11) 17.3865(7)
B (deg) (90) (90) 90.395(5) 90.886(3)
vV (A%) 2943.4(13) |2942.7(12)| 2838.6(3) 2873.6(2)
V4 8 8 2 2
T (K) 293(2) 293(2) 150(2) 293(2)
pcalcd(g cm- 1.721 1.726 1.506 1.490
3)
F(000) 1520 1520 1312 1312
Reflectionsns 4178 4069 16299 22740
collected
Independent 2742 2835 7925 6479
reflections
Reflections 1277 1421 6090 4208
with I>26(I)
Final R indices| 0.0921, 0.0802, 0.0461, 0.0550,
[Z>2r(D]RI1%| 0.2430 0.1912 0.0846 0.0911
wR2"
R indices all 0.1730, 0.1559, 0.0694, 0.1006,
data) R1%, 0.3107 0.2383 0.0920 0.1023
wR2°
GOF 0.867 1.009 1.016 1.014
RI=2 [[Fo[-[E]l/= [Fo|. Ry = {[Zw (Fo> — Fc®) Zw (F))] }1/2, w =

1/ [62 (E¢®) + (xP)*], where P = (F,> + 2Fc?)/3

4.3. X-ray crystallography

Intensity data for yellowish crystals of 1-4 were collected on
Oxford Diffraction X-calibur CCD diffractometers using Mo-
Ko radiation (A = 0.71073 A), 1, 2 and 4 at 293K and 3 at
150K. Data reduction for 1-4 was carried out by the
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CrysAlisprogram.” The structures were solved by direct

methods using SHELXS-97 and refined on F2 by full-matrix
least-squares technique using SHELXL-97.** Non hydrogen
atoms were refined anisotropically, and hydrogen atoms were
geometrically fixed with thermal parameters equivalent to 1.2
times that of the atom to which they were bonded. Diagrams for
all complexes were prepared using ORTEP.?
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Four silver(l) homo- and heteroleptic pyridyl functionalised dithiocarbamate complexes have been
synthesized and characterized by microanalysis. 1 and 2 are tetranuclear cluster-based coordination
polymers whereas 3 and 4 are dinuclear. All complexes are weakly conducting and strongly luminish
in solid phase.
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