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The crystal structures of pyridiniodithioacetate (pydta) 1
and its first stable metal complex, [Cd(pydta)2Cl2] 2, have
been determined; intermolecular C–H� � �S hydrogen bonds
play a dominant role in determining the molecular pack-
ing of both structures, and 2 is further stabilized by the
presence of weak C–H� � �Cl interactions.

Dithiocarboxylic acids and dithiocarbamic acids as ligands
have been extensively studied due to their versatile coordination
properties, their importance in probing the structure and func-
tion of active sites in some metalloenzymes, and their known
pharmacological and fungicidal activities.1 However, metal
complexes of dithiocarboxylate betaines have been rarely stud-
ied, despite the fact that they exhibit significant anti-radiation
and anti-cancer activities.2 In our ongoing investigation on the
coordination chemistry of carboxylate betaines and double
betaines, it has been found that the naked carboxylate group of
such zwitterionic ligands readily enters into the coordination
sphere of the metal in a variety of binding modes.3 Our explor-
ation is naturally extended to the coordination chemistry of
dithiocarboxylate betaines.

The only known example of a well-characterized metal
complex containing this type of neutral, dipolar ligand is Pt2-
{µ-(Et2N)2C2S2}2Cl4�0.5CH2Cl2

1b ((Et2N)2C2S2 = bis(N,N-
diethylamino)carbenium dithiocarboxylate) in which each
dithiocarboxylate group bridges two Pt() atoms. However,
(Et2N)2C2S2 is formally a carbenium derivative and there-
fore not a typical member of the dithiocarboxylate betaine
family. Pyridiniodithioacetate (pydta) 1, a prototypal dithio-
carboxylate betaine ligand, has been known since 1962,4 but
detailed information on its structure and coordination proper-
ties is unavailable on account of its instability at room temper-
ature. In the present report, we describe the isolation of its first
stable metal complex [Cd(pydta)2Cl2] 2 and the crystal and
molecular structures of both compounds.‡

Dithiocarboxylate betaine 1 gradually turns black after
storage for several days at room temperature, even in the solid
state. It has low solubility in most solvents and is readily oxid-
ized in basic or neutral solution. However, it is more stable in
acidic solution and at low temperature. Attempts to prepare the
Zn() and Hg() complexes with 1 in DMF were unsuccessful,
as the ligand itself readily crystallized at low temperature. In
addition, the reaction of 1 with a variety of salts of transition
metals such as Cu(), Cu(), Ni() and Fe() resulted in a dark
red solution which deposited a black sulfide precipitate after
standing for one or two days at �15 �C.

The molecular structure, hydrogen-bonding pattern and
atomic numbering scheme of 1 is depicted in Fig. 1, and selected
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bond lengths and bond angles are listed in Table 1. As antici-
pated, the dithiocarboxylate group lies almost perpendicular to
the pyridyl ring (dihedral angle = 71.8�) and has essentially

Fig. 1 Perspective view (thermal ellipsoids at the 35% probability
level) of C5H5N

�CH2CS2
� (pydta) 1 with atomic numbering and

hydrogen-bonding scheme. Hydrogen atoms other than those involved
in hydrogen-bonding are omitted for clarity. Symmetry code: A 1 � x,
�y, 1 � z; B x, ½ � y, �½ � z; C 1 � x, ½ � y, ½ � z.

Table 1 Selected bond lengths (Å) and angles (�) for 1 and 2

Compound 1

S(1)–C(7) 1.679(3) S(2)–C(7) 1.665(3)
C(7)–C(6) 1.527(4) C(6)–N(1) 1.476(4)

S(1)–C(7)–S(2) 127.4(2) C(6)–C(7)–S(1) 111.6(2)
C(6)–C(7)–S(2) 121.0(2) N(1)–C(6)–C(7) 115.3(2)

Complex 2

Cd(1)–Cl(1) 2.593(1) Cd(1)–Cl(2) 2.469(2)
Cd(1)–S(1) 2.742(2) Cd(1)–S(2) 2.707(1)
Cd(1)–S(3) 2.552(2) S(1)–C(7) 1.657(4)
S(2)–C(7) 1.675(5) S(3)–C(14) 1.699(4)
S(4)–C(14) 1.644(4) N(1)–C(1) 1.338(6)
N(1)–C(6) 1.474(5) N(2)–C(13) 1.482(5)

Cl(2)–Cd(1)–Cl(1) 102.60(4) Cl(2)–Cd(1)–S(3) 117.29(6)
S(3)–Cd(1)–Cl(1) 83.77(4) Cl(2)–Cd(1)–S(2) 102.58(5)
S(3)–Cd(1)–S(2) 105.41(4) Cl(1)–Cd(1)–S(2) 145.10(5)
Cl(2)–Cd(1)–S(1) 102.48(6) S(3)–Cd(1)–S(1) 140.19(6)
Cl(1)–Cd(1)–S(1) 86.26(5) S(2)–Cd(1)–S(1) 64.94(4)
C(7)–S(1)–Cd(1) 85.7(2) C(7)–S(2)–Cd(1) 86.5(2)
C(8)–S(3)–Cd(1) 111.5(2) C(6)–C(7)–S(1) 115.9(3)
C(6)–C(7)–S(2) 121.3(3) S(1)–C(7)–S(2) 122.8(3)
S(4)–C(14)–S(3) 127.2(3) C(13)–C(14)–S(4) 121.3(3)
C(13)–C(14)–S(3) 111.4(3) N(1)–C(6)–C(7) 113.4(4)
N(2)–C(13)–C(14) 113.3(3)   
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equal C–S bond lengths (1.665(3) and 1.679(3) Å) as a con-
sequence of negative charge delocalization. The S–C–S angle of
127.4(2)� is comparable to those found in carboxylate betaines,5

although the atomic radius of sulfur is larger than that of oxy-
gen. However, the C–C–S angles are markedly different
(121.1(2) and 111.6(2)�).

In compound 1 the α-H atoms of the pyridyl ring are activ-
ated by the positive charge on the N atom and have a tendency
to form weak hydrogen bonds of the type C–H � � � X (X = O,
S). In the crystal structure of 1, a pair of centrosymmetrically-
related molecules are joined by two C–H � � � S hydrogen bonds
(H(5AA) � � � S(1) 2.894 Å, C(5A)–H(5AA) � � � S(1) 164.1�,
H(5AA) � � � S(1)–C(7) 133.8�; C(5A)–H(5AA) � � � S(1)–C(7)
torsion angle 39.2�) to form a dimer with a central 12-mem-
bered ring (Fig. 1). Furthermore, adjacent dimers, whose mean
planes make a dihedral angle of 26.1�, are interconnected
through the formation of C–H � � � S hydrogen bonds
(H(1AB) � � � S(2) 2.927 Å, C(1B)–H(1AB) � � � S(2) 155.4�,
H(1AB) � � � S(2)–C(7) 87.6�; C(1B)–H(1AB) � � � S(2)–C(7)
torsion angle �107.7�), thus leading to a corrugated layer
matching the (100) face, and the crystal structure consists of a
stack of layers with an inter-layer spacing of a�sinβ = 10.316 Å.
The C–H � � � S hydrogen bond lengths and angles are in good
agreement with those found in meso-tetraphenyldithia-
sapphyrin (C–H � � � S 2.91 Å, 131.2�; 3.16 Å, 131.2�).6

Ligand 1 does not easily coordinate to a metal atom, and the
cadmium() complex Cd(pydta)2Cl2] 2 is thus far the only one
to be successfully synthesized and characterized by X-ray crys-
tallography. The molecular structure and atomic numbering
scheme of 2 are shown in Fig. 2, and selected bond lengths and
bond angles are displayed in Table 1. In the discrete molecule,
the Cd(1) atom is in a distorted square-pyramidal CdS3Cl2

environment, with atom Cl(2) at the apex, which is similar to
the CdO3I2 coordination mode found in [CdL2I2] (L = Ph3P

�-
(CH2)3CO2

�).7 Of the two independent dithiocarboxylate
betaine ligands, one acts in an essentially symmetric chelate
mode [Cd–S 2.707(1), 2.742(2) Å, Cd–S–C 85.7(2), 86.5(2)�],
whereas the other occupies one coordination site with a much
shorter Cd–S bond length of 2.552(2) Å. The symmetric chelate
mode of the dithiocarboxylate group is commonly found in
cadmium() dithiocarbamate complexes such as [NEt4][Cd-
(S2CNEt2)2(NCS)] 8 and [PPh4][Cd(S2CNEt2)2X] (X = Br, Cl) 9

(Cd–S distances in the range of 2.571–2.731 Å), although it is
relatively rare among metal carboxylates. This difference may
be ascribed to the fact that the Cd–S bond distance is longer

Fig. 2 Perspective view (35% thermal ellipsoids) of [Cd(pydta)2Cl2] 2
with atomic numbering scheme.

than the Cd–O distance, which leads to a less crowded
coordination sphere. The conclusion that relative bulkiness of
co-existing ligands in the coordination sphere of the metal
dictates the ligation mode of the dithiocarboxylate group is also
supported by the observation that in zinc() dithiocarbamates
the dithiocarboxylate group commonly acts in the asymmetric
chelate mode, as found in [NEt4][Zn(S2CNEt2)2(NCS)] (Zn–S
2.319(2), 2.672(3); 2.325(4), 2.591(1)),8 [MeiPrNCS2]2Zn�
Me2N(CH2)2NMe2 and [MeiPrNCS2]2Zn�C5H5N (shorter Zn–S
bonds in the range 2.3362(7)–2.3498(7) Å; longer bonds in the
range 2.586(2)–2.6103(7) Å).10 In addition, if vectors are drawn
from the Cd() atom to the carbon atoms of the dithiocarb-
oxylate groups in 2, the angles between each vector and the
Cd–Cl bonds lie in the range 102.6–116.3�, which are close to
the value 109.3� for a regular tetrahedron. This implies that the
cadmium() atom, having a spherical d10 electronic configur-
ation, tends to interact with as many ligands as possible to
lower the energy of the system, while striving to attain an ideal
coordination environment to reduce the repulsion between the
ligands. The occurrence of both mono- and bi-dentate co-
ordination modes of the independent dithioacetate ligands in 2
may thus be accounted for on this basis.

In the crystal structure of 2, the pendent sulfur atom S(4) and
ligating sulfur atom S(1), which is less strongly bound to the
metal center as compared to S(2) and S(3) (see Table 1),
form acceptor C–H � � � S hydrogen bonds (H � � � S 2.886 Å,
C–H � � � S 165.9�; H � � � S 2.886 Å, C–H � � � S 131.2�) with the
pyridyl rings belonging to neighboring molecules. In addition,
each chloro ligand forms three C–H � � � Cl hydrogen bonds
with the methylene groups and pyridyl rings from three
adjacent molecules (H � � � Cl(1) 2.695, 2.766, 2.741 Å;
C–H � � � Cl(1) 154.0, 128.2, 147.8�; H � � � Cl(2) 2.806, 2.748,
2.713 Å; C–H � � � Cl(2) 163.8, 147.9, 159.6�), thus generating a
three-dimensional network (Fig. 3).

Hydrogen bonding interactions have been extensively studied
in biosystems 11 and in the development of supramolecular
chemistry.12 The most common hydrogen bonds are of the type
A–H � � � B where A and B can be either O and N. However, in
the absence of such strong hydrogen-bonding interactions,
various types of weak intermolecular cohesion such as π–π
interaction, C–H � � � π, and C–H � � � X (X = halogen atom)
hydrogen bonds play a dominant role in determining the
molecular packing in crystals.11c,13 Although there are many
examples of supermolecules held together by C–H � � � O and
C–H � � � N hydrogen bonds, the assembly of molecular aggre-
gates by C–H � � � S hydrogen bonds have not been exploited

Fig. 3 Molecular packing in the crystal structure of [Cd(pydta)2Cl2] 2.
The C–H � � � S and C–H � � � Cl hydrogen bonds are indicated by
broken lines.
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until quite recently.6,14 Compound 1 provides an example
of an organic solid consolidated by C–H � � � S hydrogen bond-
ing, and complex 2 features an interplay of intermolecular
C–H � � � S and C–H � � � Cl interactions in stabilizing the
molecular packing of a neutral coordination compound.
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Notes and references
‡ Pyridiniodithioacetate (pydta) 1 was prepared according to the liter-
ature method.4 Orange prismatic crystals suitable for X-ray structure
analysis were obtained from recrystallization in DMF at �15 C�. 

[Cd(pydta)2Cl2] 2: ligand 1 (676 mg, 4.0 mmol) and cadmium()
chloride (366 mg, 2.0 mmol) were dissolved in distilled water–methanol
(v/v = 2 : 1). The solution was adjusted to pH 4 using 2 M hydrochloric
acid. The resulting yellow solution was filtered, and yellow prismatic
crystals were obtained by allowing the filtrate to stand for several days
at ambient temperature. Anal. Calc. for (C7H7NS2)2CdCl2: C, 32.23, H,
2.68; N, 5.36. Found: C, 32.19; H, 2.62; N, 5.33%. 

X-Ray crystallography: diffraction data were collected at 293 K with
Mo-Kα radiation (λ = 0.71073 Å) on a Rigaku RAXIS IIC imagine-
plate for 1 (rotating anode, 50 kV, 90 mA, 2θmax = 52�, oscillation range
from 0 to 155�, ∆φ = 5�, 31 frames),15 and on a Siemens P4/PC diffract-
ometer for 2 (2θmax = 60�). Empirical absorption correction (max. and
min. transmission 1.216 and 0.715) based on Fourier coefficient fitting
using the ABSCOR program 16 was applied for 1, and that (max. and
min. transmission 1.00 and 0.80) based on ψ-scan was applied to for 2.
The structures were solved by direct methods, and all non-hydrogen
atoms were subject to anisotropic refinement using the SHELXTL pro-
gram package.17 Crystal data for 1: C7H7NS2, M = 169.26, monoclinic,
space group P21/c (no. 14), a = 10.440(2), b = 7.787(2), c = 10.037(2) Å,
β = 98.89(3)�, V = 806.2(3) Å3, Z = 4, Dc = 1.395 g cm�3, µ = 0.576 cm�1.
Full-matrix least-squares refinement on F 2 (1430 unique data, 92 vari-
ables) converged to R1 = 0.065 for 1320 observed reflections [I > 2σ(I )],
wR2 = 0.188 for all data. Crystal data for 2: C14H14N2S4CdCl2,
M = 521.81, monoclinic, space group P21/c (no. 14), a = 13.301(3),
b = 8.209(6), c = 18.014(3) Å, β = 101.86(1)�, V = 1925(2) Å3, Z = 4,
Dc = 1.801 g cm�3, µ = 1.844 cm�1. Full-matrix least-squares refinement
on F 2 (5347 unique data, 208 variables) converged to R1 = 0.049 for
3584 observed reflections [I > 2σ(I )], wR2 = 0.120 for all data. 

CCDC reference numbers 121647 and 121648. 
See http://www.rsc.org/suppdata/dt/b3/b301639k/ for crystallo-

graphic data in CIF or other electronic format.
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