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 Influence of the ligand frameworks on the 

coordination environment and properties of new 

phenylmercury(II) β-oxodithioester complexes 

 

Gunjan Rajputa, Manoj Kumar Yadava, Michael G. B. Drewb and Nanhai Singha*  

New phenylmercury(II) complexes of the form [PhHg(L1), PhHg(L2) and PhHg(L3)] (L1 = 
methyl-3-hydroxy-3-(p-methoxyphenyl)-2-propenedithioate (1), L2 = methyl-3-hydroxy-3-(p-
bromophenyl)-2-propenedithioate (2) and L3 = methyl-3-hydroxy-(3-pyridyl)-2-
propenedithioate (3) ) have been synthesized and characterized by  elemental analysis, IR, UV-
Vis., 1H and 13C NMR. The crystal structures of 1-3 reveal linear geometry about the mercury 
atom via ipso-C and S11 atoms. 1 and 2 exhibited O,S-coordination whereas 3 preferred S,S-
coordination. Intramolecular Hg···O bonding interactions are also observed in 1 and 2 at 
distances of 2.638(14), 2.644(10) Å respectively. However in 3, incorporation of the 3-pyridyl 
substituent on the ligand enhanced the proximity of S13 and N14 giving rise to significant 
intramolecular Hg···S and intermolecular Hg···N interactions at 3.141(5) Å and 2.77(2) Å 
respectively generating a 1-D polymeric chain motif. The O,S- or S,S-coordination preference 
and Hg···N interactions have been assessed by DFT calculations. All the complexes show 
metal perturbed ligand-centred luminescent characteristics in solution and solid phase. The 
band gap values, 2.54, 2.66 and 2.61 eV for 1, 2 and 3 respectively, evaluated from the diffuse 
reflectance spectroscopy show the semiconducting nature of the complexes. 
 

 

 

 

 

 

 

 

Introduction 

Metal dithiolato complexes continue to attract the attention of 
chemists because of  their rich structural varieties, electrical 
conducting, magnetic and optical properties, single source 
MOCVD precursors for the preparation of metal sulphides, and 
wide ranging industrial applications such as rubber 
vulcanization accelerators, sensitizers in solar energy schemes, 
pesticides and fungicides and flotation agents in metallurgy.1-12 
The Hg2+ ion with d10 configuration shows no stereochemical 
preferences arising from the ligand field stabilization effects. 
The majority of neutral homoleptic organomercury(II) / 
mercury(II) thiolates are two-coordinate linear. However, 
higher coordination numbers 3, 4, 5 and 6 are also established 
based on the interplay of bonding interactions between the 
metal and soft S and hard O or N donor atoms.13-16 The 
extremely toxic organomercurials and mercury in other forms 
are relevant to those concerned with environmental pollution 
and serious health hazards. Therefore the coordination 

chemistry of mercury(II) ion is of prime importance. The 
growing interest in the organomercury thiolates is due to 
detoxification of mercury by metallothionenes (MTs) in DNA 
binding proteins and in mercuric ion reductase and related 
proteins.17-19 Furthermore, the significant luminescent 
characteristics of Zn2+ and Cd2+ complexes arising from the 
metal perturbed intra ligand charge transfer transitions are well 
documented, but studies of the luminescent properties of 
complexes with the heaviest congener Hg2+ are rather 
limited.20,21  
Organo sulphur compounds including monoanionic β-
oxodithioesters and their dithioacid derivatives represent an 
important class of O,S-donor ligands and are important in metal 
mediated catalytic processes.22-24 In spite of the strong affinity 
of distinctly soft organomercury(II) ion to sulphur donors, to 
our knowledge details of their dithioester complexes have only 
recently appeared in  the literature .22c The hydroxydithio acids 
(Fig. 1a) and their ester derivatives may exhibit different 
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coordination modes in their complexes (Fig. 1). In general the 
S,S-coordination mode of the dithio acids forming a four-
membered chelate ring dominates over the O,S-coordination 
with a six-membered chelate ring in the majority of transition 
metal complexes.22 However in transition metal complexes with 
dithioester derivatives, the O,S-coordination mode (Fig. 1b) is 
found rather than S,S-coordination because of the weak 
coordinative ability of the -SMe group. However it was thought 
more likely to achieve the S,S-coordination mode with the soft 
heavy main group metal ions including the mercuric ion. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1 The coordination modes of (a) hydroxydithio acid; (b-d) their dithioester 

derivatives.  

This was attempted by modifying the dithioester backbone by 
incorporation of pyridine, -OMe and Br substituents containing 
hard O and N and soft S and Br donor atoms and prepare their 
hitherto uninvestigated phenylmercury(II) complexes utilizing 
dithioesters depicted in Fig. 1c, d. The structural features of the 
prepared complexes (1-3) have been revealed by X-ray 
crystallography and their optical (luminescent and diffuse 
reflectance) and solid phase conducting properties have been 
studied.  
A switch to dithioester ligands with varying substituents may 
also make significant differences in the structural properties of 
the complexes. The important aspects of choosing these ligand 
systems is due to the facts (i) the β-oxodithioesters offer both 
soft and hard donor atoms that may expand their chelating / 
bridging capabilities (ii) the different donor atoms on the 
substituents may facilitate intra- and intermolecular non-
covalent / bonding interactions to generate multi-dimensional 
assemblies of the components (iii) the extent of S···S  
intermolecular association may affect the conducting properties 
of the complexes and (iv) the enhanced conjugation and 
conformational rigidity provided by the Py(N) may modify the 
luminescent characteristics of the complexes. 
 

Results and Discussion 

Synthesis and characterization 

Treatment of a methanolic solution of the salts KL1-KL3 with 
PhHg(OAc) in equimolar ratio  led to the formation of air and 
moisture stable complexes 1-3 in good yield. The complexes 
have been characterized by elemental analysis, IR, UV-Vis., 1H 
and 13C NMR and their structures revealed by X-ray 
crystallography. The semiconducting behaviour of the 

complexes has been investigated by diffuse reflectance spectra.  
Homogeneity of the bulk samples of 1-3 was ascertained by 
comparing the experimental PXRD patterns with the respective 
simulated powder patterns obtained from the single crystal data. 
The experimental and simulated PXRD patterns corroborate 
well to indicate the phase purity of bulk samples (Fig. S1, ESI). 
Their structures revealed attractive intramolecular Hg···O 
bonding interactions in 1 and 2 and intermolecular Hg···N 
interactions in 3 which have been corroborated by DFT 
calculations. Their luminescent properties have been studied in 
both solution and solid phase.  

Spectroscopy 

In the IR spectra, complexes 1-3 show bands at 1604, 1605, 
1621; 1588, 1559, 1584 and 1022-1074 cm-1 for the νC=O , νC=C  
and νC-S vibrations respectively diagnostic of  coordinated 
dithioester ligands. The free ligands HL1-HL3 show 
characteristic bands at 1179, 1181, 1124; 1603, 1580, 1593 and 
1227-1243 cm-1 for the νC-OH , νC=C and νC-S frequencies 
respectively. The decrease in the νC-S frequency in 1-3 in 
comparison to HL1-HL3 is indicative of coordination via S 
atom of the -SCSMe group of the dithioester ligands. The 1H 
NMR spectra of the ligands HL1-HL3 show the –OH proton in 
the δ 14.98-15.17 ppm range, which is absent in the complexes 
1-3 due to keto-enol tautomerism. The position of the vinylic 
proton in the free ligands (δ 6.87-6.97 ppm) and complexes (δ 
6.83-6.93 ppm) is almost unchanged. The 13C NMR signal 
observed at δ 166.11-169.51 ppm for the C-OH carbon in the 
free ligands is absent in the complexes due to stabilization of 
the keto form. The vinylic carbon of the ligands showed a 
chemical shift in the δ 107.08-107.87 ppm range while the 
corresponding vinylic carbon in the complexes (δ 113.69-
114.35 ppm) show a downfield shift of approximately δ 7 ppm. 
The –C=S carbon located at δ 215.40-218.32 ppm in the free 
ligands is observed at δ 137.59-149.06 ppm due to the –C-S 
carbon in the complexes 1-3 thereby indicating 
phenylmercury(II) coordination to sulphur of the -SCSMe 
group. Accordingly, in the complexes the –C=O carbon is 
observed at δ 184.66-185.67 ppm. This shows that the keto 
form of the β-oxodithioester ligands is stabilized in these 
complexes (crystal structures vide infra) instead of the more 
stable enolate form reported in transition metal complexes.22 

Crystal Structures 

Crystallographic details and selected bond distances and bond 
angles of 1-3 are listed in Table 1 and Table 2 respectively. 
Figure 2 depicts the ORTEP diagrams of the complexes with 
displacement ellipsoids at 30% probability.  
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Fig. 2 ORTEP representations of 1-3 with displacement ellipsoids at 30% 

probability. Dotted lines reperesent weak interactions. 

The structures of 1-3 are essentially based on two-coordinate 
linear geometry about the Hg atom in which the metal is 
bonded to the ipso-C of the phenyl group at 2.09(2), 2.02(2) 
and 2.07(2) Å and to S11 from the dithioester at 2.377(4), 
2.378(5) and 2.383(4) Å in 1, 2 and 3 respectively. The 
Hg1···O15 distances of 2.638(14), 2.644(10) Å in 1 and 2 and 
Hg1···S13 distances of 3.141(5) Å in 3 are indicative of 
secondary bonding interactions in these three complexes. The 
C41-Hg1-S11 angles of 176.6(10), 177.9(4) and 169.4(5)° in 1, 
2 and 3 respectively show significant deviations from linearity, 
more pronounced in 3 owing to significant interactions between 
soft Hg and hard N atom from the neighbouring molecule. The 
C12-C14 double bond lengths for 1-3 at 1.35(2), 1.36(3) and 
1.33(3) Å respectively show distinct double bond character.   
It is to be noted that the C15-O15 carbonyl bond lengths of 
(1.25(2), 1.23(2) Å) in (1, 2) are consistent with these being 
partial double bonds. The C12-S11 distances of 1.74(2), 1.71(2) 
Å and the slightly longer C12-S13 distances of 1.78(2), 1.78 (2) 
Å are in the range of the C-S single bond lengths. These 
observations point towards some delocalization of electron 
density over the six-membered chelate ring comprising of O15, 
C15, C14, C12, S11 and Hg1 atoms in these complexes (Fig. 
2). By comparison, the C15-O15 distance in 3 at 1.12(2) Å 
corresponds to C-O double bond length and is significantly 
shorter than those observed in 1 and 2. Notably, in 3 the C12-
S11 and C12-S13 bond lengths at 1.75(2), 1.76(2) are 
consistent with both sulphur atoms being bonded to the metal, 
and are considerably shorter than the C-S single bond (c.a. 1.81 
Å) a fact which can be related to π-delocalization over the CS2 
unit forming a four-membered chelate ring defined by S11, 
C12, S13 and Hg1 atoms in the polymeric structure (Fig. 2, 3c). 
These metric parameters indicate that the stronger thiophilicity 
of phenylmercury(II) led to coordination through S11 of the -
SCSMe group of the dithioester ligands in 1-3.  More 
interestingly the S,S-coordination in 3 is stabilized as  opposed 
to O,S-coordination generally found in their transition metal 
complexes.22The crystal structures of these complexes provide 
an evidence for participation of the β-keto form of dithioesters 
which to our knowledge has not been previously established by 
spectroscopic and crystallographic studies but is known to exist 
in solution.23a  
In (1, 2) the carbonyl oxygen of the ligands lies close to the Hg 
atom (Fig. 2) with Hg···O distances at 2.638(14) and 2.644(10) 
Å significantly smaller than the sum of van der Waals radii25 of 
3.23 Å. This weaker bond augments the strong linear geometry 
to establish a distorted T-shaped structure about the Hg atom 
with C41-Hg1-O15, S11-Hg1-O15 and C41-Hg1-S11 angles 
respectively at 102.0(9), 79.3(9) and 176.6(10)o for 1 and 
99.4(5), 79.5(3) and 177.9(4)º for 2. While in 3, the N atom of 
the pyridine on each molecule is directed towards the mercury 
centre on the adjacent molecule to form intermolecular Hg···N 
contacts14a-e,16a (1+x,y,1+z) at the somewhat longer distance of 
2.77(2) Å. These Hg-N contacts are comparable to 
intramolecular Hg-N contacts found in previous structures.14f-h 
Thus, the crystal structure of 3 forms a 1-D polymeric chain 
structure (Fig. 3c) and overall, a four coordinate distorted 
tetrahedral geometry is established about the Hg atom. The 
value of τ4 for four coordinate complexes26ranges between 0 for 

square planar15 to 1 for tetrahedral and is found to be 0.58 for 3 

which is intermediate between the two geometries but slightly 
more distorted towards the tetrahedral geometry. The presence 
of hard donor atoms in the vicinity and structural rigidity can be 
attributed to these hard-soft bonding / interactions in the 
complexes.   
The significant changes in the bonding patterns about the 
PhHg(II) ion in 1-3 is worth noting. In 1 and 2 the 
intramolecular Hg···O bonding interactions are preferred over 
the soft Hg···S (of –SMe group) bonding because of low 
coordinative ability of the –SMe group. These bonding 
preferences have been assessed by DFT calculations (vide 
infra). The crystal structures of 1-3 are stabilized by weak C-
H···S, C-H···O, Br···π and S···S interactions (Fig. 3; Table S2, 
ESI). In 2 the S13···S13 (1-x, -y, 1-z) interactions are at a 
distance of 3.544(4) Å (Fig. 3b); the closest Hg-Hg distances25 
in 1 and 2 are at 4.389(1), 4.367(1) Å far longer than the sum of 
van der Waals radii i.e. 3.46 Å while in 3 the Hg atoms are 
further apart at 5.263(1) Å. 

Table 1: Selected bond distances and angles for 1-3 

Bond distances (Å) 
 1 2 3 

Hg1-C41 2.090(19) 2.019(15) 2.072(19) 
Hg1-S11 2.377(4) 2.378(5) 2.383(4) 
Hg1-S13 - - 3.141(5) 

Hg1-O15/N23$1 2.638(14) 2.644(10) 2.77(2) 
S11-C12 1.74(2) 1.71(2) 1.75(2) 
S13-C12 1.78(2) 1.78(2) 1.76(2) 
C14-C15 1.44(2) 1.48(2) 1.51(2) 
C15-O15 1.25(2) 1.23(2) 1.12(2) 
C14-C12 1.35(3) 1.36(2) 1.33(2) 

Bond angles (°) 
C41-Hg1-S11 176.6(10) 177.9(4) 169.4(5) 
Hg1-S11-C12 104.3(7) 105.7(6) 103.5(6) 
C12-C14-C15 130(2) 127.6(13) 122.4(15) 
C14-C15-O15 122.5(19) 123.1(12) 128.2(15) 
C15-O15-Hg1 118.9(13) 119.6(9) - 

S11-Hg1-N23$1 - - 88.1(3) 
S11-Hg1-S13 - - 62.2(1) 
S13-Hg1-C41 - - 108.7(5) 

C41-Hg1-N23$1 - - 102.3(6) 
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Fig. 3 (a) Weak intermolecular O···S and S···H interactions in 1; (b) S···S and Br···π 

interactions in 2; (c) intermolecular Hg···N bonding interactions in 3 giving rise to 

1-D polymeric chain. Distances are reported in Å. 

Table 2. Crystal refinement parameters 

 

aR1 = ∑(║Fo│ ─ │F║/∑│F│. b  wR2 = [(w(∑(│Fo│2 ─ 
│Fc│2)2/∑(w│Fo│4)]1/2.  
cGOF = [(w(∑(│Fo│ ─ │Fc│2)2]/(n ─ p)1/2, where n is the number of 
reflections, and p is the number of refined parameters. 

 

Theoretical Calculations 

The preference of O,S-coordination in 1 and 2 and S,S in 3 was 
assessed by some DFT calculations of the structure in 1 and an 
alternate simulated structure in which the two sulphur atoms 
were bonded to the metal as in 3. After geometry optimisation, 
the structure 1 with Hg···O bonding was preferred by an energy 
of 9.88 kcal/mol. These calculations were then repeated with a 
pyridine ligand added and the (O,S) chelate was favoured over 
the (S,S) chelate by 8.00 kcal/mol. This implies that (S,S) 
chelate structure found in 3 is primarily the result of packing 
effects which overcome the greater preference for (O,S) 
chelation. 

In 3, the role of Hg···N bonding interactions was examined by 
using the model shown in Fig. 4b but having three adjacent 
molecules linked by Hg···N contacts. Single point calculations 
showed that the ground state energy difference between a 
molecule of 3 and trimeric model (i.e. Etrimer-3*Emonomer) is –

15.29 kcal/mol thus showing the extra stability generated by 
forming the 1-D polymeric chain motif in 3.  
Wiberg bond indices and NBO analysis were calculated on the 
geometry optimized structures of 1 (Fig. 2) and 3 (Fig. 4b) with 
the results shown in Table S3 and S4, ESI. In the optimized 
structure of 1 the calculated Hg···O distance is at 2.42 Å much 
shorter than the experimental distance while the Hg1-S11 bond 
at 2.60 Å is slightly longer than the experimental value. This 
suggests that the absence of the Hg···N contact in the monomer 
is compensated for by the strengthening of the Hg···O bonding 
interactions and conversely the presence of the Hg···N contact 
in the 1-D polymer in the solid state weakens the Hg···O 
interactions. By contrast in the dimeric model of 3, the Hg···N 
contacts were calculated at 2.75 Å which is same as that found 
experimentally (2.76 Å) and Hg1-S11 bond at a longer distance 
of 2.56 Å. The Wiberg bond index of 0.117 indicates weak 
Hg···O bonding in 1 whereas in the case of Hg···N contacts in 
3 the value is 0.093 which denotes Coulombic interaction only 
rather than a chemical interaction.  
The NBO charge analysis shows a negative charge of -0.718 
and -0.511 on O(15) and N(23) atoms in 1 and the dimer of 3 

respectively whereas the metal centre possesses a positive 
charge of approximately 1.0 in both the complexes. In 1, the 
E(2) values for the most significant stabilization energies, are 
seen at 1.38 kcal/mol for donor interaction between bonding O-
C (BD, NBO 7) and metal centred empty orbitals (LP*, NBO 
92) and at 14.90 kcal/mol which is the sum of stabilization 
energies due to donor interaction between O lone pair (LP(1), 
NBO 76; LP(2), NBO 77) and metal centred empty orbitals 
(LP*, NBO 92). In 3, the large E(2) value at 11.84 kcal/mol 
shows strong stabilization for donor interaction between the N 
lone pair (LP, NBO152) and metal centred empty orbitals (LP*, 
NBO 159). 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4. Optimized geometries and selected charge parameters (in parentheses) 

calculated from NBO analysis for (a) 1 and (b) 3, (A) and (B) denote each 

fragment of the dimer. 

 

Optical Properties  

Absorption and Emission. The absorption spectra of the 
complexes 1-3 were recorded in dichloromethane solution (Fig. 
5) and in the solid as Nujol mull (Fig. S5, ESI). They show 
almost similar absorption features apart from variations in the 
peak intensity.  The bands near 250 nm (ε= 1.61 – 2.23 x 104 M-

Compound 1 2 3 

Chemical 
formula 

C17H16Hg O2 S2 C16H13BrHgO S2 C15H13HgNOS2 

Formula 
weight 

517.01 565.88 487.97 

Crystal system monoclinic monoclinic monoclinic 

Space group P21 P21/c Cc 

a(Å) 11.7409(15) 14.070(2) 8.4810(5) 

b (Å) 5.3998(10) 5.2265(6) 21.8202(12) 

c (Å) 13.192(2) 23.417(3) 8.5851(3) 

β (ᵒ) 93.737(14) 107.24(2) 104.740(4) 

V (Å3) 834.6(2) 1644.6(4) 1536.45(14) 
Z 2 4 4 

ρcalc (g cm-3) 2.057 2.289 2.110 

T (K) 293(2) 293(2) 293(2) 

µ (Mo Kα) 
(mm-1) 

9.474 12.053 10.283 

F(000) 492 1056 920 

Reflections 
collected 

3457 7973 3829 

Independent 
reflns 

2912 2750 2999 

Reflections 
with I > 2σ(I) 

2050 2110 2500  

Final 
indices[I>2σ(I
) ] 
R1

a, wR2
b 

0.072, 0.160 0.064, 0.168 0.055,  0.145 

R1[a],wR2[b] [all 
data] 

0.102, 0.173 0.085, 0.189 0.070, 0.157 

Flack constant 0.00(3) n/a 0.00(2) 

GOFc 0.958 0.993 1.073 

Max, min 
residual 
electron 
density e/Å3 

2.33, -1.76 2.36, -1.64 2.50, -1.55 
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1cm-1), 300 nm (ε= 9.4 x 103 - 1.29 x 104 M-1cm-1) and 350 nm 
(ε= 1.60 – 2.08 x 104 M-1cm-1) are assigned to metal perturbed 
ligand centered intra ligand charge transfer (ILCT) 
transitions.14a-e,16a In the case of 1 an additional intense 
absorption is also observed at 400 nm (ε= 2.07 x 104 M-1cm-1). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5 Absorption spectra of complexes 1-3 in dichloromethane. 

When excited at 340 nm in CH2Cl2 solution complexes 1-3 
show unstructured strong broad emission bands with  λemis

max at 
420 nm (Fig. S6, ESI) that emanates from the metal perturbed 
ILCT state. Upon excitation at 350 nm in the solid phase 1-3 
exhibit λemis

max at 480 nm at room temperature with a noticeable 
red shift in comparison to their solution spectra (Fig. S7, ESI). 
This indicates that the luminescent chromophore is only slightly 
altered in the two media.  The excitation spectra for the 
complexes in solution show λemis

max at 340 nm almost match 
their UV-Vis. spectra (Fig. 5). The unusual luminescent 
properties of the mercury(II) complexes have been ascribed to 
prominent metallophilic interactions in the past.20,21 The 
somewhat higher red shifted Stokes shifts of about 50 nm in the 
solid phase as compared to the solution spectra can be 
associated to the presence of weak Hg···Hg interactions20 (vide 

supra in the crystal structure) in (1, 2) and to conformational 
rigidity and enhanced conjugation due to the Py(N) lone pair of 
electrons in the extended structure in 3. This clearly reveals the 
relationship between structure and luminescent properties in the 
complexes. 
 

Diffuse Reflectance Spectra 

 
The diffuse reflectance spectra were recorded against BaSO4 as 
standard at ambient temperature to evaluate the band gap for 1-
3 (Fig. 6). The band gaps (Eg/eV) for 1-3 were found to be 2.54, 
2.66 and 2.61 respectively and were calculated according to the 
Planck relationship, i.e., Eg = hν = hc/λ; where, h is Planck’s 
constant (4.1357 x 10-15 eV s), c is the velocity of light (2.998 x 
108 m/s) and λ is the wavelength (nm). The suitable wavelength 
for band gap determination was ascertained by the first 
differential of diffuse reflectance spectra and was found to be 
489, 462 and 475 nm for 1-3 respectively, as presented in the 

inset of Fig. 6. These calculated band gap values are consistent 
with the semiconducting nature of the complexes.27 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 6 Diffuse reflectance spectra of 1-3 along with the first differential shown in 

inset.  

Experimental Section 

The experimental details pertaining to elemental analyses (C, 
H, N) and recording of IR (KBr), 1H and 13C{1H} NMR and 
UV-Vis. spectra are the same as described elsewhere.14a-e X-ray 
powder diffraction data were collected using Rigaku MultiFlex-
600 system with Cu-Kα radiation. The photoluminescent 
characteristics in CH2Cl2 solution and solid state measurements 
were performed at room temperature using a Fluorolog Horiba 
Jobin Yvon spectrophotometer. Diffuse reflectance spectra 
were recorded on a Harrick Praying Mantis accessory on the 
Shimadzu UV-3600 spectrophotometer. All chemicals used 
were reagent grade and obtained from the commercial sources. 

General Procedures 

Synthesis of ligands HL1-HL3. The ligands methyl-3-
hydroxy-3-(p-methoxyphenyl)-2-propenedithioate HL1, 

methyl-3-hydroxy-3-(p-bromophenyl)-2-propenedithioate HL2 

and methyl-3-hydroxy-(3-pyridyl)-2-propenedithioate HL3 
were synthesized by the following procedure. To a solution of 
sodium hydride (0.6 g, 25 mmol) dissolved in DMF:hexane 
mixture (4:1; 20 mL) was added dropwise 4-
methoxyacetophenone (1.5 g, 10.0 mmol) (for HL1), 4-
bromoacetophenone (2.0 g, 10.0 mmol) (for HL2), 3-
acetylpyridine (1.21 g, 10.0 mmol) (for HL3) in DMF (20 mL). 
After stirring for 1 h in ice bath under N2 atmosphere, a 
solution of the dimethyltrithiocarbonate (TTC)28(1 mL, 4.48 
mmol) was added and the mixture was stirred at room 
temperature for another 8 h (Scheme S8, ESI). Excess NaH was 
neutralized by adding 0.1 M HCl (50 mL), and the product was 
extracted with three 50 mL portions of ethyl acetate, washed 
with brine solution and water, dried over MgSO4, and 
concentrated. The product was purified by silica gel (100-200 
mesh) chromatography using hexane as the eluant to obtain a 
crystalline yellow solid.   
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[HL1] Yield: (0.197 g, 82%).  Anal. Calcd for: C11H12O2S2 
(240.34): C 54.97, H 5.03%. Found: C 54.74, H 5.09%. IR 
(KBr, cm-1): v = 1179 (vC-OH), 1603 (vC=C), 1231 (vC=S).1H 
NMR (300.40 MHz, CDCl3): δ 15.17 (s, 1H, -C(OH)-), 7.86 (d, 
2H, C6H4, J=9.01 Hz), 6.95 (d, 2H, C6H4, J=9.01 Hz), 6.97 (s, 
1H, -CH=C-), 3.86 (s, 3H, -OCH3), 2.64(s, 3H, -SCH3) ppm. 
13C NMR (74.45 MHz, CDCl3): δ 16.96 (-SCH3), 55.51 (-
OCH3), 107.08 (-CH=C-), 162.81, 128.68, 126.21, 114.40 
(C6H4), 169.51 (-C(OH)-), 215.62 (-C=S) ppm.  
 

[HL2] Yield: (0.252 g, 87%). Anal. Calcd for: C10H9BrOS2 
(289.21): C 41.53, H 3.14%. Found: C 41.38, H 3.22%. IR 
(KBr, cm-1): v = 1181 (vC–OH), 1580 (vC=C), 1243 (vC=S). 1H 
NMR (CDCl3): δ 14.99 (s, 1H, -C(OH)-), 7.80 (d, 2H, C6H4, 
J=9.01 Hz), 7.63 (d, 2H, C6H4, J=9.01 Hz), 6.87 (s, 1H, -
CH=C-), 2.70 (s, 3H, -SCH3) ppm. 13C NMR (75.45MHz, 
CDCl3): δ 17.20 (-SCH3), 107.87 (-CH=C-), 136.39, 134.58, 
129.63, 122.95 (C6H4), 167.09 (-C(OH)-), 216.62 (-C=S) ppm. 
  
[HL3] Yield: (0.144 g, 68%). Anal. Calcd for: C9H9NOS2 

(211.30) C 51.16, H 4.29, N 6.63%. Found: C 51.06, H 4.36, N 
6.73%. IR (KBr, cm-1): v = 1124 (vC-OH), 1593 (vC=C), 1227 
(vC=S). 1H NMR (300.70 MHz, CDCl3): δ 14.98 (s, 1H, -C(OH)-
), 9.08, 8.71, 8.15, 7.41 (m, 4H, C5H4N), 6.91(s, 1H, -CH=C-), 
2.75 (s, 3H, -SCH3) ppm. 13C NMR (74.45 MHz, CDCl3): δ 

17.30 (-SCH3), 107.87 (-CH=C), 152.03, 147.84, 133.96, 
130.25, 123.44 (C5H4N), 166.11 (-C(OH)-), 218.32 (-C=S) 
ppm. 
 
Synthesis of complexes 1-3. To a stirring 10 mL acetone 
solution of the ligand HL1 (0.240 g, 1 mmol), HL2 (0.290 g, 1 
mmol), or HL3 (0.211 g, 1 mmol) was added solid K2CO3 
(0.207 g, 1.5 mmol) separately and in each case the reaction 
mixture was additionally stirred for 4 h under reflux condition. 
The solution was cooled, filtered and dried on a vacuum 
evaporator to yield the potassium salt of the ligands, KL1, KL2 
and KL3 as yellow to orange solid product. To a 10 mL stirring 
aqueous methanolic solution of KL1-KL3 was added a 
suspension of PhHg(CO2CH3) (0.336 g, 1 mmol) in 10 mL 
metanol and further stirred for 1 h (Scheme S9, ESI). Yellow 
solid thus formed was filtered off, washed with methanol, dried 
in open and dissolved in dichloromethane to yield yellow 
crystals within 3-4 weeks. 
 
[PhHg(L1)]  (1): Yield: (0.440 g, 85%). M.pt. 135-137°C.  
Anal. Calcd for C17H16HgO2S2 (517.01): C 39.49, H 3.12 %. 
Found: C 39.28, H 3.15 %. IR (KBr, cm-1): 1604 (νC=O), 1588 
(νC=C). 1H NMR (300.40 MHz, CDCl3, ppm): δ 2.51 (s, 3H, -
SCH3), 3.78 (s, 3H, -OCH3), 6.83 (1H, s,-CH=C-), 6.86-7.86 
(m, 9H, Ar-H). 13C {1H} NMR (75.45 MHz, CDCl3, ppm) δ 
18.74 (-SCH3), 55.41 (-OCH3), 113.69 (-CH=C-), 128.29-
136.46 (Ar-C), 137.59 (=C-S-), 185.67 (-C=O). UV-Vis. 
(CH2Cl2, λmax (nm), ε (M-1cm-1)): 244 (1.35 x 104), 304 (1.29 x 
104), 345 (1.60 x 104), 394 (2.07 x 104); (Nujol, λmax (nm)): 
320, 340 and 424. 

[PhHg(L2)]  (2): Yield: (0.464 g, 82%). M.pt. 136-138°C. Anal. 
Calcd for C16H13BrHgOS2 (565.88): C 33.96, H 2.32 %. Found: 
C 33.79, H 2.43 %. IR (KBr, cm-1): 1605 (νC=O), 1559 (νC=C). 
1H NMR (300.40 MHz, CDCl3, ppm): δ 2.64 (s, 3H, -SCH3), 
6.93 (1H, s, -CH=C-), 6.93-8.02 (m, 9H, Ar-H). 13C{1H} NMR 
(75.45 MHz, CDCl3, ppm) δ 18.82 (-SCH3), 114.35 (-CH=C-), 
122.82-136.50 (Ar-C), 141.98 (=C-S-), 185.18 (-C=O). UV-
Vis. (CH2Cl2, λmax (nm), ε (M-1cm-1)): 253 (2.23 x 104), 304 
(1.03 x 104), 350 (2.08 x 104); (Nujol, λmax (nm)):326, 363 and 
418. 
[PhHg(L3)]  (3): Yield: (0.400 g, 80%). M.pt. 142-144°C. Anal. 
Calcd for C15H13HgNOS2 (487.97): C 36.92, H 2.69, N 2.87 %. 
Found: C 36.70, H 2.82, N 3.03 %. IR (KBr, cm-1): 1621 (νC=O), 
1584 (νC=C). 1H NMR (300.40 MHz, CDCl3, ppm): δ 2.62 (s, 
3H, -SCH3), 6.93 (1H, s, -CH=C-), 7.25-7.42 (m, 6H, Ar-H), 
8.20, 8.72, 9.11 (m, 3H, C5H4N). 13C{1H} NMR (75.45 MHz, 
CDCl3, ppm) δ 18.88 (-S-CH3), 114.04 (-CH=C-), 128.33-
137.60 (Ar-C), 149.06 (=C-S-), 152.41, 156.98 (C5H4N), 
184.66 (-C=O). UV-Vis. (CH2Cl2, λmax (nm), ε (M-1cm-1)): 245 
(1.61 x 104), 310 (9.4 x 103), 350 (1.92 x 104); (Nujol, λmax 
(nm)): 325, 365 and 436. 
 

X-ray crystal structure determinations 

Single crystals of 1-3 were obtained by slow evaporation of 
solutions of the compound in CH2Cl2. Single crystal X-ray 
diffraction data were collected on an Oxford X-calibur CCD 
diffractometer at 293 K using Mo Kα radiation. Data reduction 
was carried out using the CrysAlis program.29 The structures 
were solved by direct methods using SHELXS-9730and refined 
on F2 by full matrix least squares method using SHELXL-97.31 
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 the complexes were prepared using 
ORTEP32, Mercury33 and GaussView34 software. Crystal Data 
for 1, 2 and 3 have been deposited at the Cambridge 
Crystallographic Data Centre; reference numbers CCDC 
1025406, 1025407, 925920. These data can be obtained free of 
charge via www.ccdc.cam.ac.uk/data_request/cif. 

Computational Details 

 
All calculations were carried out using the Gaussian 09 
program35. Calculations were carried out using the B3LYP 
density functional together with basis sets LANL2DZ for metal, 
6-31+G* for S, O and N and 6-31G for the remaining atoms. 
Starting models were taken from the crystal structures but with 
hydrogen atoms given theoretical positions. Computed 
interaction energies were corrected for BSSE using the Boys-
Bernardi counterpoise correction scheme. The natural atomic 
charges and Wiberg bond indices were calculated using the 
natural bond orbital analysis implemented in G09.  
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Conclusions 

The crystal structures of 1-3 reveal linear geometry about the 
mercury atom via ipso-C and sulphur atoms. Intramolecular 
Hg···O bonding interactions are observed in 1 and 2.  However 
in 3, incorporation of the 3-pyridyl substituent on the ligand 
gave rise to (S,S) chelation on the metal together with 
intermolecular Hg···N interactions generating a 1-D polymeric 
chain motif. These interactions have been assessed by DFT 
calculations. 1 and 2 show O,S-coordination while S,S-
coordination is observed in 3. To our knowledge, this is the first 
time that S,S-coordination has been observed with β-
oxodithioester ligands and is likely due to packing effects 
brought about by the presence of the N-bonding interactions. 
These complexes strongly luminesce in solution and the solid 
phase which originate from the metal perturbed intra ligand 
charge transfer transitions. The somewhat more red shifted 
emissions in the solid phase are attributed to the weaker 
Hg···Hg interactions (1, 2) and increased conjugation due to the 
pyridine lone pair in the extended delocalized structure in 3. 
The band gap values suggest the semiconducting nature of the 
complexes. This study demonstrates that the mercury(II) and 
other heavy main group metal complexes of functionalized β-
oxodithioesters may be useful for the design of new compounds 
with promising material properties. 
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Table of Content 

Three new dithioester derived phenylmercury(II) complexes (1-3) have been synthesized and fully 

characterized. Single crystal X-ray crystallography revealed O,S-coordination in 1 and 2 whereas the less 

preferred S,S-coordination is achieved in 3 by incorporation of the pyridyl functionality in the dithioester 

backbone. The keto-form of the β-oxodithioester ligands is stabilized in these complexes. Their strong 

luminescent behavior has been studied in solution and solid phase and correlated with their structures.  
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