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The crystal and molecular structure of [ Pd( iPr,dtc),] (dtc=
dithiocarbamate) have been determined by X-ray crystallogra-
phy. The unit cell of the crystal structure consists of two dis-
crete monomeric molecules of [ Pd( iPr;dtc),]. The Pd(II)
ion has an square-planar geometry. The electronic and IR
spectral data are in agreement with the X-ray structure. The
TG data indicate slight degradation of a few percent.
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Introduction

Dialkyl-substituted dithiocarbamate anions have
proved to be highly versatile chelating agents for the sep-
aration of metals as metal chelates by gas chromatogra-
phy.! Their good performance in liquid-liquid extraction
and other analytical procedures makes them attractive for
the determination of metals by gas chromatography.?
Some of dialkyl-substituted dithiocarbamate salts have
also shown interesting biological effects which include
anti-alkylation or anti-HIV properties.® They are also
used for the effective antidotes for cadmium intoxica-
tim.* The ability of dtc binding to metals has been
known for many years. It forms chelates with virtually all
transition elements.’ In recent years, much attention has
been focused on square-planar complexes of PA(1I) ow-
ing to the large variety of reactions in which they are in-
volved as catalysts.

Further interest has been directed to these complex-
es since the discovery of the anticancer activity of some
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of Pd-complexes.® Palladium chelates have been used as
intemnal standards in gas chromatographic determination
of metals. In this paper, we report the crystal structure
and the characterization of [ Pd(iPrdtc),].

Experimental
Materials

All chemicals were obtained from commercial
sources and used without further purification.

Preparation of the N , N'-diisopropyldithiocarbamate sodium

To a solution of diisopropyl-secondary amine (7.0
mL, 0.05 mol) in ethanol (5 mL) were added with stir-
ring at below 4°C, carbon disulfide (3.1 mL, 0.052
mol) and sodium hydroxide (50% aqueous solution, 4
mL) . After stirring for 5 h, evaporation of the volatiles
was performed without heating. The pure [ Na-
(iPrydtc) ] was obtained by recrystallization from the so-
lution of ethanol. Yield 89.7% .

Preparation of the complex

To a heated aqueous solution of Na( iPrydtc) (0.2
g, 1 mmol) was added an EtOH solution of palladium
chloride (PdCl,, 0.08 g, 0.45 mmol) with stirring.
The brown-yellow precipitate was deposited. Upon col-

Received August 17, 2000; revised December 14, 2000; accepted December 27, 2000.
Project supported by the Natural Science Foundation of Shandong Province (Q99B16) and the National Natural Science

Foundation of China (No. 29775012).



Vol. 19 No. 4 2001

Chinese Journal of Chemistry

437

lection by filtration, the deposit was washed with water
and dried overnight in air. The brown plate-like crystals
were obtained by recrystallization from the solution of
ethyl-acetate. They were collected, dried and submitted
for elemental analysis (Anal. Caled for Ci4-HygN,PdS, :
C 36.60, H 6.10, N 6.10, Pd 23.30, S 27.90;
Found: C 36.14, H6.42, N6.75).

Physical measurements

Elemental analysis for carbon, hydrogen and nitro-
gen was performed on a Perkin-Elmer 240C analysis in-
strument. The UV spectrascopy in solutions was per-
formed on a Shimadzu UV-200 recording spectropho-
tometer in the range of 190—900 nm. Infrared spectra
were recorded in the range of 4000—300 cm’ on a
Perkin-Elmer 467 spectrometer by using pressed KBr
plates. Thermal gravity (TG) and differential analysis
(DTA) were recorded on a SDT 2980 simultaneously for

the samples of ca. 10 mg under a nitrogen atomsphere
(150 mL/min ) at a heating rate of 20°C/min.

Crystallographic study

The crystal data and refinement statistics were given
in Table 1. The selected crystal of [ Pd( iPrydtc),] was
mounted on a SMART CCD diffractometer. Reflection
data were measured at 20°C using graphite monochro-
mated Mo K, radiation (A =0.071073 nm) with a detec-
tor distance of 4 cm and swing angle of - 35C. A
hemisphere of the reciprocal space was covered by com-
bination of three sets of exposures; each set had a differ-
ent starting ¢ angle (0, 88, 180°) and each exposure of
30 s covered 0.3° in w. The collected data were reduced
by using the program SAINT’ and empirical absorption
correction was done by using the SADABS® program.
Reflections with 20 < 55° were used for structure solution

and refinement.

Table 1 Crystal data and structure refinement for the title compound

Fonnu]a Cl4H28N2PdS4
Formula weight 918.05
Crystal system Monoclinic
Space group P2(1)/¢

a (nm) 0.81664(1)
b (nm) 1.81265(2)

¢ (nm) 1.48699(2)

a (®) 90

B 101.667(1)
7 (®) %

V (en) 2155.69(5)
Z 2

D, (g'cm'3) 1.414

m (mm!) 1.244

F (000) 944

Colour brown

Crystal size (mm) 0.44x0.36x0.08
Radiation: A (Mo K,) (nm) 0.071073
Temperature ( K) 293(2)

Data collection, 6 range (°) 2.78 t0 25.00

Index ranges (h,k,1)

Reflections collected

Independent reflections [R(int) =0.0201]
T and T

Refinement method

GOF

R [I>24(D)]

R (all data)

Largest peak and hole {(x10%e-nm?)

-12<=h< =11, -2I<=k< =22, -21<=l< =22
11271

3762

0.876 and 0.696

Full-matrix least-squares on F?

1.160

R, =0.0283, wR,=0.0651

R1 =0.0368, wR2=0.0693

0.283, -0.360
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The structure of [ Pd( iPrydtc),] was solved by di-
rect method and refined by least squares refinement
method on F,” by using the SHELXTL? software pack-
age. All non-hydrogen atoms were anisotropically re-
fined. The hydrogen atoms were located by difference
synthesis and refined isotropically. The final convention-
al R(F) =0.0283 and wR( F?) =0.0651 for 3160 re-
flections with I > 2a( 1) ; the weighting scheme, w =1/
[*(F§) + (0.0244P)% + 0.8552P], where P = ( F}
+ 2F%)/3. Atomic scattering factors and anomalous
dispersion correctons were taken from International Table

for X-ray Crystallography . °
Results and discussion
Crystal and molecular structure of the title compound

The structure of the title compound [ Pd-
(iPrydtc), ] is a centro-symmetric monomeric molecule.
Fig. 1 shows a perspective view of the molecule in the
unit cell with the atomic numbering scheme. Selected
bond distances and angles are listed in Table 2.

Table 2  Selected bond lengths (nm) and angles (°) for the title compound

Pd(1A)—S(2A) 0.23152(7) Pd(1A)—S(1A) 0.23201(7)
S(2A)—C(1A) 0.1724(2) N(1A)—C(1A) 0.1316(3)
C(2A)—C(3A) 0.1519(6) N(1A)—C(24) 0.1488(4)
S(2A)-Pd(1A)-S(1A) 75.09(2) S(2AA)-Pd(1A)-S(1A) 104.91(2)
C(1A)-S(1A)-Pd(1A) 87.45(8) C(1A)-N(1A)-C(2A) 120.3(2)

Symmetry transformations used to generate equivalent atoms: a: -x,-y,-z.

C(6A)
U

Fig. 1 Molecular structure for Pd( iPrdtc), with the atomic
numbering scheme .

In the crystal of the title compound, the asymmetric
unit contains a pair of independent half-molecules of the
complex [ Pd(iPrydtc);]. The Pd atoms of these crys-
tallographically independent molecules lie on the inver-
sion center and one half of each molecule is inversion re-
lated to the other half. Two dithiocarbamate ligands co-
ordinate to one Pd atom through the S atoms. The Pd
atoms adopt a square-planar geometry and the mean PdS,
planes of the two molecules are almost perpendicular to
each other, the dihedral angle being 88.61(2)°. The
dimensions within each ligand are normal. The dihedral
angles between the PdS, and S,CNC, planes are 2.34(4)
and 0.07(3)° for molecules A and B, respectively.

The bond lengths of S(1A)—Pd(1A) and
S(2A)—Pd(1A) are 0.23201(6) and 0.23152(7)
nm, respectively; and the bond angles of S(1A)-

Pd(1A)-S(2A) and S(1A)-Pd(1A)-S(2AA) are
75.09(2)° and 104.91(2)°, respectively. All these pa-
rameters are in agreement with those reported before.!!
The carbon-sulfur bonds have an average distance of
0.1726(3) nm. The ligand “bite” angles S-C-S have a
mean value of 109.66(13)°. The N(1A)—C(1A) bond
distance (0.1316(3) nm) is shorter than the other N—
C bond distances, which are indicative of considerable
double-bond character.

When comparing the structural data with other di-
alkyldithiocarbamate chelates of Pd(II)'2[ Pd(R,dtc),,
R=FEt, n-Pr and n-Bu] it is noted that intramolecular
interactions between hydrogen in the a-carbon of the lig-
and substituents and sulfur atom are the shortest in
Pd(II) diisopropyldithiocarbamate chelates (0.2527(3)
—0.2568(5) nm). Also, The Pd&—S distances show
small decreases along the series: nPr> Et> n-Buz iPr
[0.2323(2), 0.2317(3), 0.2316(3) and 0.23152(7)
nm for n-Pr, Et, n-Bu and i-Pr, respectively] , 212 the
biggest change being the diisopropyl complex which has
the shortest Pd—S distance in the solid. The results for
the Pd(II) complexes are consistent with the increased
ligand-field strength of the ligands resulting in shorter
Pd—S distances.

IR spectra

The IR spectra of the title compound exhibit the
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characteristic absorption. The strong band between 1340
and 1500 cm? is attributed to the v(C—N) stretching
vibration, and the band in the 945 cm™ to the v(C—S)
stretching vibration. The band between 920 and 1010
cm™ in the metal complexes is assigned to asymmetric
stretching modes of the CSS group. This band must be
highly coupled with other modes and is very sensiiive to
environmental change. Accordingly, this band has been
used to distinguish between disulfur and unisulfur chela-
tion. With disulfur chelation a single band is usually
found, whereas when unisulfur chelation occurs, this
band is split. The asymmetric band in our case is un-
split, indicating the bidentate modes of the dithio-lig-
ands. In addition, the coordination of the gem-disulfide
ligands is further confirned by the M—S stretching fre-
quencies observed in the 300—400 cm! region. The IR
data and the diamagnetic nature of the title compound
under investgation allowed us to suggest a square-planar
configuration.

Electronic spectra

The solution electronic spectra were recorded in
benzene and acetonitrile, which all exhibit three bands
at 450, 360 and 310 nm. The increase of the polarity of
the solvent leads to an increase in the band intensity and
a blue shift. The band at 450 nm is assigned to a CT
transition, the band at 360 nm is attributed to a second
transition of the type n* < in the S ---C ---S group,
and the band at 310 nm is ascribed to the intra-ligand
transition of the thione ligand.

Thermal analysis

Thermal analysis curves of the title compound are
shown in Fig. 2. The complex first undergoes fusion at
temperatures ranging from 235%C to 325°C. At 325%C,
the complex volatilizes quickly until the lost weight is
96.25% at 392.7°C, which indicates slight degradation
of a few percent. From DTA-curve we can see that there
is a strong endothermic peak at 387.65°C. No apparent-
ly structural phase transition was found in the title com-
pound.

Conclusions

In this paper, we report the crystal structure and

the characterization of [ Pd(iPrydtc),]. The crystal and
molecular structure of [ Pd( iPr,dtc),] (dtc = dithiocar-
bamate) have been determined by X-ray crystallography.
The unit cell of the crystal structure consists of two dis-
crete monomeric molecules of [ Pd ( iPr,dic),]. The
Pd(II) ion has an square-planar geometry. Comparing
with other dialkyldithiocarbamate chelates of Pd(II), the
title compound has the shortest Pd—S distance and the
strongest C—H +*+ S intramolecular interactions. The
electronic and IR spectral data are in agreement with the
X-ray structure. The TG data indicate slight degradation
of a few percent.
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Fig. 2 TG-DTA diagram of the complex.
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