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Synthesis, Crystal Structure and Electrochemistry of Biferrocene Palladium Complex

CHEN Guang OU Sheng-Ju BAI Zhi-Ping* HAN Gang DUAN Chun-Ying*
( Coordination Chemistry Institute, State Key Laboratory of Corrdination Chemistry, Nanjing University, Nanjing 210093)

A new supramolecular cyclohexane-like structure [PdL:]s(HL = acetylferrocenyl thiosemicarbazone) has been
constructed by self-assembly of ferrocene moieties via C — H:*- 7 interactions. The palladium (I} atom is coordinated
in a distorted square-planar cis-configuration in which two ferrocene-containing ligands positioned on the same side.
Each ferrocene moieties interacts with symmetry-related species to form a two dimensions supramolecular network.
Electrochemical measurements of [PdL;], [NiL.] and [ZnL.] compounds indicate that the square planar configu-
ration of the Ni () and Pd () moieties, can effectively transmit the redox effects of the ferrocene moieties.
CCDC: 157536.
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0 Introduction try, edge-face or herringbone interactions), and these

. . weak non-covalent bonds can sustain supramolecular
Interactions between aromatic molecules present

. . . . synthons which are structure determining* *!. In our
an important class of intermolecular force in chemistry,

. . . . revious work, we introduced the ferrocene moieties in
biology, materials science and crystallography!"-2!. It is P ’ !

generally recognized that™!, in the absence of strong the nickel () and the zinc () compounds, the powder

hydrogen-bond donor and acceptors, aromatic com- X-ray diffraction analyses of the palladium () complex

th . )
pounds trend to self-assemble via 7-7 (face-face) and other metal complexes clearly indicate that cyclo

. . . . hexane aggregation between the ferrocene moieties is
interactions, C — H--* 7 interactions (T-shape geome- BETCE '

robust enough to be transformed from one structure to
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another!®!. To test this approach, here we report the cry-
stal structure and electrochemistry study on the palla-
dium complex.

On the other hand, bridged biferrocenes have
been proven to be good candidates for mixed-valence
compounds owing to their variability in structure and
suitability for study with several physical technig-
ues!”®!. Tt is postulated that if the ferrocene moieties
are bridged by a square planar configuration d* metal
compound’®!, redox effects of the ferrocene moieties
should be transmitted. To further study the electron
transfer between the ferrocene moieties of metal-bridged
biferrocene compounds, electrochemistry of the title

compound and relative compounds are reported.
1 Experimental Detail

1.1 General Comments

Thiosemicarbazide and acetylferrocene ( Aldrich)
were used as received. The ligand, acetylferrocenyl
thiosemicarbazone, the nickel and zinc complexes are
prepared according to the literature'®’. All other chem-
icals were of reagent grade quality obtained from com-
mercial sources and used without further purification.
Electronic absorption spectra were obtained on a Shi-
madzu UV-240 spectrophotometer in dichloromethane
solution. Elemental analyses of carbon, nitrogen, and
hydrogen were performed on a Perkin-Elmer 240 ana-
lytical instrument.  Differential-pulse voltammetry
measurement were done with an EG and GPAR model
273 instrument, which has a 50ms pulse width, with
current sample 40 ms after the pulse was applied. A

sweep rate of 25mV + 5!

was used in all pulse exper-
iments. The cell comprises of a platinum-wire-working
electrode, a platinum auxiliary electrode and an Ag
wire reference electrode. Current-potential curves were
displayed on an IBM computer using model 270 elec-
trochemical analysis software. The voltammograms of
the complexes were obtained in dichloromethane with
n-BuwNCl04(0. Imol * L-') as the electrolyte and fer-
rocene (2.0x 10 °mol * L-'") as internal standard.

Caution! Although no problems were encountered

in this work, the salt perchlorate are potentially ex-

plosive. They should be prepared in small quantities

and handled with care.

1.2 Synthesis of the Palladium Complex

Ethanol solutions (25mL) of acetylferrocenyl thio-
semicarbazone HL(0. 42g, 1mmol) and Pd(CH;CN):
Cl: (0.26g, lmmol) were mixed. After refluxing for

4h, the dark brown solid formed was isolated, washed
with ethanol and dried under vacuum. Yield 0. 56g
(73% ) of the palladium complex. Anal. Found: C,
42.5; H, 3.4; N, 11.5. CiH3Fe:NsOPdS;. Calc:
C, 43.1; H, 4.2; N, 11.6%. The crystals of [PdL:]

suitable for X-ray structural analyses were obtained by

slow evaporation of the CHCl: solution in air.
1.3 X-ray Data Collection and Solution

Parameters for data collection and refinement of

the title complex are summarized in Table 1. Intensities
were collected on collected on a Siemens SMART-CCD

diffractometer with graphite-monochromatic Mo K

radiation

(A=0.071073nm) using SMART and

SAINT!'® program. The structure was solved by direct

methods and refined on F? using full-matrix least-

squares methods using SHELXTL version 5. 1", Anis-

otropic thermal parameters were refined for non-hyd-

rogen atoms. Hydrogen atoms were localized in their

calculation positions and refined using riding model.

CCDC: 157536.

Table 1 Crystallographic Data for Complex [PdL:]

formula

M

T/K

crystal system
space group
a/nm

c¢/nm

V/om?

Z

Pesica’ (g * ¢m™?)
#/mm ™!

Ri, wR[I> 20(1)]

CzH3Fe:Ns0,PdS;
756. 82
293(2)
trigonal

R3
2.9925(4)

1. 8436(4)
14.928(4)
18

1.582

1. 626

0.061, 0.161

Ri= ZIIFl~{FII/ZIFL;
wR=[Z w(F? - F2)*/Z w(F3)?]2
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2 Results and Discussion

2.1 Structure of Palladium Complex PdL;

Fig. 1 shows an ORTEP plot of the palladium (Il)
complex 1 with atomic numbering scheme. The palla-
dium atom is coordinated in a distorted square-planar
cis-configuration with two ferrocene moieties positioned
on the same side [N(3)-Pd(1)-N(6) 102.7(2), S(1)
-Pd(1)-S(2) 94.2(1)} (Table 2). The mean devia-
tion of the PdSSNN coordination plane is ca.
0. 025nm. The crowding between the two ligands in the
complex is relieved by the molecule assuming a step
dihedral between the
PdSSNN coordination plane and two SCNN planes are

22.5° on an average.

conformation.  The angles
It is suggested that the cis-
configuration is stabilized by the-stacking interactions
between the acetyleyclo-pentadienyl rings. The dihe-
dral angle of the stacked pair is 15°, the shortest in-
ter-planar atom ‘- atom separation is 0. 346nm. This

distance is comparable with the standard distance for a

strong 7r-stacking interaction between two aryl rings
(0.335nm) " in graphite and 0.310nm for fluorene
rings! L.

The molecules connect with one another to form a
cyclohexane-like hexamer via aromatic C - H-*- 7 in-
(Fig. 2), like

that of [NiL:]. The cyclic hexamer comprises six sym-

teractions between ferrocene moieties

metry-related Cp rings. Since the hexamer lies on a
crystallographic S; axis, it adopts a chiral geometry.
The shortest distance between the centroid of the Cp

Fig. 2 Molecular packing of the cyclohexane-like network of the

Fig. 1 Molecular structure of the title compound with the atom palladium (0) complex
numbering scheme Hydrogen atoms apart from those on The solvent molecules and the ethyl groups as well as the
water molecules are omitted for clarity hydrogen atoms are omitted for clarity
Table 2 Selected Bond Lengths( x 10-'nm) and Angles(°) for the Palladium Complex
Pd(1)-N(3) 2.046(4) Pd(1)-N(6) 2,.051(4) Pd(1)-S(1) 2.236(1) Pd(1)-S(2) 2.226(1)
$(1)-c(1) 1.750(5) N(1)-Cc(1) 1.357(7) N(2)-C(1) 1.294(7) N(2)-N(3) 1.395(6)
N(3)-C(2) 1.313(6) $(2)-c(14) 1.761(5) N(4)-C(14) 1. 344(6) N(5)-C(14) 1.294(7)
N(5)-N(6) 1.403(5) N(6)-C(15) 1. 295(6)
N(3)-Pd(1)-S(2) 169.3(1) N(3)-Pd(1)-N(6)  102.7(2)  S(2)-Pd(1)-5(1)  94.2(1)  N(3)-Pd(1)-S(1)  83.3(1)

N(6)-Pd(1)-S(2) 81.8(1) N(6)-Pd(1)-S(1) 168.0(1)
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ring [defined by C(9), C(10), C(11), C(12) and
C(13)] in one molecule and the interacting C atom
C(11) (1 -=x, 1-x+y, 0.66667 — z) in a symme-
try-related molecule is 0.385nm (H --
0.303nm, C —H---centroid 141), the inter-plane an-
gle is 69°. It should be noted that this distance is a
little longer than those found in the crystal structure of
benzene (0. 378nm and 85°)**) and similar to the hon-

eycomb arrangement in the crystal structure of com-

centroid

plexes of 1, 3, 5-trihydroxybenzene with 4-methylp-
yridines (0. 385nm and 89°) 1),
2.2 Electrochemistry

Differential pulse voltammetry (DPV) technique is
usually employed to obtain well-resolved potential in-
formation, while the individual redox processes for the
multi-nuclear complexes are poorly resolved in the CV
experiment, in which individual E), potentials cannot
be easily or accurately extracted from this data. Biferr-
ocenes generally show two successive reversible oneel-
ectron oxidations Ei(Etr.)/(r,)) and Ez(Etre)/ra),
separated by AE to yield the mono- and dications, re-
spectively. The solution-state differential pulse voltam-
metries (Fig. 3a) of the title complex PdL, like those
of other biferrocene complexes, show two peaks with
half-wave potentials ( E1,;) at 0. 70 and 0. 91V, respe-
ctively. The AE values of ca. 0.21V indicate strong
interactions between two ferrocene moieties in the cor-

51 The equilibrium constants

responding complexes
K. of the equation can be calculated by use of the
Nemnst equation from the AE as 3. 6 x 10°.

[Fc-M-Fc] + [Fe-M-Fc]?* = 2[Fc-M-Fc]*
(where Fc represents a ferrocenyl unit and M represents
the bridging metal center) . While related nickel com-
pound NiL.(Fig. 3b) also exhibits two sequential re-
versible one-electron oxidations with half-wave poten-
tials (E.2) at 0.73V and 0. 85V, respectively, the
zinc complexes ZnL. exhibits only a single peak with
(El/z) at 0.79V. It has been
postulated that a statistical contribution of 36mV holds

half-wave potentials

for identical, non-interacting metal ions in the ho-
mobinuclear complexes, the small AE value (36mV)

between two voltammetric waves always led to the two

B19%
©)
/
®)
(a)
600 800 1000
E/mV

Fig. 3 Differential-pulse voltammetry of the complexes in
CH.Cl; containing n-BuNC104(0. 1mol * L-');
(a) PdL;, (b) Nil:;, (¢) ZnL: in CH,Cl, solution
containing n-BusNCl04(0. 1mol * L") at a scanning
rate of 20mV - s~ '{vs AG/ AgCl)

waves coupled each other and only one broad peaks
appeared in the DPV. In this case, the only one broad
peak of the zinc complexes indicates that the two fer-
rocene moieties are identical and there is no interaction
between them.

The AE with K. depends on a number of fact-
ors!'* "' = (1) Major structural changes such as bond
making and breaking, changes in coordination number,
and severe changes in coordination geometry upon
charge transfer can shift proportional equilibrium. (2)
If the metal ions are in close proximity, a through space
(3) Electron

delocalization in mixed oxidation ststes will enhance the

coulomb interaction may be important.

stability of these species with resulting increases in
AE. As suggested by our previously work, the trinu-
clear complexes were designed to help quantitatively

define some of these effects. First, since crystallo-

graphic data on ferrocene!"® and ferrocenium!"®! indi-

cate the oxidation state and charge of the iron atom

have almost no effect on the inter-atomic distances, it
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is likely that only negligible structural changes accom-
pany one-electron oxidation of the complexes. Second,
through space metal-metal coulomb contribution to the
Fc* /Fc oxidation potential in Fe-M-Fe complexes are
essentially constant and could be cancelable, since the
distance between iron atoms are almost same for the
three complexes, and are quite close to 0. 76nm, the
average encounter diameter between ferrocene and fer-
ricenium ion in solution. In fact, there metal-bridged
biferrocene complexes designed here are used to mini-
mize the through space iron-iron interaction between the
Third,

these metal bridges complexes accounts for structural,

ferrocene moieties. the electrochemistry for
Coulomn as explained above. The difference in elec-
trochemistry of these complexes then can be described
to the difference in stability associated with a degree of
electronic delocalization in these complexes. In the
nickel and palladium complexes, the squareplanar
configuration of the metal center, the empty d. orbital
can allow the electron moving in the whole molecule
freely, while in the zinc complex, the tetrahedral co-
ordinated of the center complex can not stabilized can

minimize the electron transfer in the whole molecule.
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