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Introduction

Generation of ligand radicals can lead to interesting
ligand-centered reactivity1–3, with the mechanism of ga-
lactose oxidase4 serving as an inspiration for synthetic
inorganic chemists. The design of metal complexes to
catalyze multielectron reactions usually relies on one or
more transition-metal ions capable of two-electron changes
in a formal oxidation state. An alternative strategy to
multielectron chemistry employs redox-active ligands, as
reservoirs of electrons to supply oxidizing or reducing
equivalents for bond-breaking and bond-making reactions
at coordinatively unsaturated metal complexes. From this
perspective metal complexes of hemilabile redox-active
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Abstract : Using a potentially tetradentate redox-active o-aminophenol-based ligand, H2L = 2-(2-ethylthio)pyridine-anilino-
4,6-di-tert-butylphenol, we recently reported synthesis and structural characterization of three O,N,S,N-coordinated square-
planar PdII complexes, green [PdII{(LAP)2–}] 1 (S = 0), red [PdII{(LISQ)–}][PF6]·CH2Cl2 2 (S = 1/2), and dark green
[PdII{(LIBQ)0}][BF4]2·2CH2Cl2 3 (S = 0), where the coordinated ligand is present as dianionic (LAP)2–, monoanionic o-
iminobenzosemiquinonate(1–) -radical (Srad = 1/2) (LISQ)–, and neutral o-iminobenzoquinone (LIBQ)0 redox level.
Reaction of complexes 1 and 2 with PPh3 afforded isolation of two crystalline complexes, dark green [PdII{(LAp)2–}(PPh3)]
4 and red [PdII{(LISQ)–}(PPh3)][PF6]·CH2Cl2 5. X-Ray structure determination of complex 5 at 100(2) K revealed
PdIION2P coordination environment (A. Ali, S. K. Barman and R. Mukherjee, Inorg. Chem., 2015, 54, 5182–5194).
The present work reports X-ray structure determination of complex 4, which revealed PdIIONSP coordination environ-
ment. Notably, the ethylpyridine arm remains non-coordinated. When examined by cyclic voltammetry (CV), complex 4
exhibits two quasireversible oxidative responses at E1/2 = 0.08 (peak-to-peak separation, Ep = 140 mV) and 0.65 V
(Ep = 150 mV) vs SCE (saturated calomel electrode). Both the redox processes are supposedly ligand-based. Absorption
spectral property of complex 4 has also been investigated. Density Functional Theory (DFT) calculations at B3LYP-
level of theory adequately describe the electronic structure of complex 4, containing a spin-paired d8 PdII ion. Time-
Dependent (TD)-DFT calculation shed light on the origin of observed spectral absorptions for complex 4.

Keywords : Redox-active tetradentate ligand, square-planar PdII complexes, crystal structure, hemilability, redox and
absorption spectral properties, DFT and TD-DFT calculations.

chelating ligands play important roles in catalysis.

    Redox-active ligands profoundly influence the elec-
tronic structural properties of the resulting complexes5.
As a part of our continued activity in this area of re-
search6, recently we reported6b the synthesis of three
mononuclear square-planar palladium(II) complexes of
redox-active tetradentate ligand H2L (Fig. 1) [PdII

{(LAP)2–}] (S = 0) 1 with a closed-shell o-amido-
phenolato(2–) dianion (LAP)2– and [PdII{(LISQ)–}]
[PF6]·CH2Cl2 (S = 1/2) 2 and [PdII{(LIBQ)0}]
[BF4]2·2CH2Cl2 (S = 0) 3, containing an o-iminobenzo-
semiquinonate(1–) (LISQ)– -radical and a closed-shell
o-iminobenzoquinone (LIBQ)0. The complexes belong to
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a family of three-member ligand-based electron-transfer
series. The reactivity potential of complexes 1 and 2 to-
ward an externally added ligand PPh3 was investigated.
Coordination flexibility was identified in the isolation of
complexes [Pd(L)(PPh3)] 4 and [PdII{(LISQ)–}
(PPh3)][PF6]·CH2Cl2 (S = 1/2) 5 (Fig. 2). Crystal struc-
ture analysis of complexes 1–3 and 5 at 100(2) K estab-
lished unambiguously the oxidation-level of the coordi-
nated redox-active ligand. DFT calculations provided in-
sight into the electronic structure of the complexes. The
observed switch-over of coordination site flexibility
(hemilability)3l,3o in the reactions of PPh3 with complexes
1 and 2 points toward a substrate-binding capability, ex-
pected during a catalytic reaction. In this report we present

structural characterization of complex 4 at 100(2) K, along
with its absorption spectroscopic and redox properties.
DFT and TD-DFT calculations on complex 4 have al-
lowed us to correctly assign the electronic structure of
the complex and rationalization of observed absorption
spectral transitions, respectively.

Experimental

Materials :

All reagents were obtained from commercial sources
and used as received. Solvents were dried/purified as re-
ported previously6. Tetra-n-butylammonium perchlorate
(TBAP) was prepared and purified as before6. The ligand
H2L was synthesized following a reported procedure6b.

Synthesis of complex :

[Pd(L)(PPh3)] (4) : To a solution of [Pd{(LAP)2–}] 1
(0.050 g, 0.09 mmol) in CH2Cl2 (10 mL), solid PPh3
(0.024 g, 0.09 mmol) was added. The colour of the solu-
tion immediately changed from green to dark green. Af-
ter stirring for 2 h at 298 K, the volume of the solution
was reduced to ~2 mL, and n-hexane (10 mL) was added.
This resulted in the separation of a dark green solid, which
was collected by filtration, washed with n-hexane, and
dried in vacuum. Yield : 0.055 g, ~75%; Anal. Calcd.

Fig. 1. The ligand H2L.

Fig. 2. Schematic representations of the complexes 1–5.
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for C45H47N2OPSPd (4) : C, 67.47; H, 5.87; N, 3.49.
Found : C, 66.75; H, 5.94; N, 3.45%; 1H NMR (CDCl3,
500 MHz)  (ppm) : 1.28 (9H, s, tert-butyl), 1.46 (9H, s,
tert-butyl), 3.03 (2H, m, -CH2-), 3.23 (2H, m, -CH2-),
6.75 (1H, s, Ph-H11), 6.94 (1H, t, J 7.45 Hz, Ph-H8),
7.02 (2H, m, Ph-H10 and Ph-H12), 7.07 (1H, d, Ph-H7),
7.17 (1H, t, Ph-H9), 7.35–7.45 (2H, m, Ph-H17 and Py-
H4),  7.54 (1H, t, J 7.45 Hz, Py-H2), 7.66 (1H, t, J 7.45
Hz, Ph-H16), 7.78–7.74 (2H, m, Ph-H15 and Py-H3), 8.35
(1H, d, J 5.75 Hz, Py-H1).

Physical measurements :

Elemental analysis was obtained using Thermo Quest
EA1110 CHNS-O, Italy. UV-Vis spectra were recorded
at 298 K using an Agilent 8453 diode-array spectropho-
tometer. 1H NMR spectrum (CDCl3) was obtained on a
JEOL JNM LA 500 (500 MHz) spectrometer. Chemical
shifts are reported in ppm referenced to TMS. ESI-MS
spectra were recorded on a Waters-HAB213 spectrom-
eter.

Cyclic voltammetric (CV) experiment was performed
at 298 K by using CH Instruments Electrochemical Ana-
lyzer/Workstation model 600B series. The cell contained
a Beckman M-39273 platinum-inlay working electrode, a
Pt wire auxiliary electrode, and a saturated calomel elec-
trode (SCE), as reference electrode. Details of the cell
configuration are as described before6. The solutions were
~1.0 mM in complex and 0.1 M in supporting electro-
lyte, TBAP.

Under our experimental conditions, the E1/2 and peak-
to-peak separation (Ep) values in CH2Cl2 for [FeIII(5-
C5H5)2]

+/[FeII(5-C5H5)2] (Fc+/Fc) couple were 0.49 V
vs SCE and 120 mV, respectively6.

X-Ray crystallography :

Vapour-diffusion of n-pentane to a CH2Cl2 solution of
the complex [Pd{(LAP)2–}(PPh3)] 4 afforded single-crys-
tals of composition [Pd(L)(PPh3)].0.5H2O (4.0.5H2O) suit-
able for X-ray diffraction. A single-crystal of suitable di-
mension was used for data collection. Diffraction intensi-
ties were collected on a Bruker SMART APEX CCD
diffractometer, with graphite-monochromated Mo K (
= 0.71073 Å) radiation at 100(2) K. The data were cor-
rected for absorption. The structure was solved by SIR-
97, expanded by Fourier-difference syntheses, and refined

with SHELXL-97 incorporated in WinGX 1.64 crystallo-
graphic package7. The positions of the hydrogen atoms
were calculated by assuming ideal geometries, but not
refined. All non-hydrogen atoms were refined with aniso-
tropic thermal parameters by full-matrix least-squares pro-
cedures on F2. The asymmetric unit contains two mol-
ecules of [Pd(L)(PPh3)] and a water molecule as solvent
of crystallization. The hydrogen atoms of such a H2O
molecule could not be fixed. Selected crystal data and
data collection parameters are given in Table 1.

Table 1. Crystallographic data for [Pd{(LAP)2–}(PPh3)]
.0.5H2O

(4.0.5H2O)

Empirical formula C45H47N2O1.5PSPd

Formula mass 809.28

Crystal system Triclinic

Space group P-1

a (Å) 10.7964(5)

b (Å) 19.0625(10)

c (Å) 19.5925(9)

 (deg) 86.5820(10)

 (deg) 79.3230(10)

 (deg) 89.9390(10)

V (Å3) 3955.2(3)

Z 4

DCalcd. (mg m–3) 1.359

T (K) 100(2)

 (mm–1) 0.600

R1
a 0.0552

wR2
b 0.1261

GOF 0.942
aR1 = ||Fo| – |Fc||/|Fo|. 

bwR2 = {[w(|Fo|
2 – |Fc|

2)2]/
[w(|Fo|

2)2]}1/2.

Computational details :

All DFT calculations were performed using the
Gaussian 09 program8 with B3LYP functional9. Hay and
Wadt basis set LANL2DZ with pseudopotential10 was

employed for palladium. Triple- quality basis sets
(TZVP)11 were used for sulfur, oxygen, and nitrogen

while the SVP basis set12 was used for all other atoms.
TD-DFT calculations were done employing the B3LYP
functional and the polarizable continuum model, CPCM

(CH2Cl2 as solvent)13. TD-DFT-derived electronic spec-
tra were plotted using GaussSum14. Corresponding orbit-

als were made using Chemcraft15 Visualization program.

JICS-28
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Results and discussion

Synthesis and characterization :

The N-substituted o-aminophenolates as ligands16,17

have been popularized primarily by Wieghardt et al.18.
The aminophenols are easily prepared and derivatized.

For example, 3,5-di-tert-butylcatechol reacts with primary
aromatic amines to give a range of aminophenols. Under

a dinitrogen atmosphere, stoichiometric reaction of 3,5-
di-tert-butylcatechol with ([2-aminophenylthio]ethyl)-
pyridine19 in the presence of Et3N in n-heptane led to the

isolation of ligand H2L
6b.

The synthesis and characterization of three PdII com-

plexes with the o-aminophenolate-based tetradentate ligand
coordinated in three oxidation-levels [PdII{(LAP)2–}] 1,
[PdII{(LISQ)–}][PF6]

.CH2Cl2 2, and [PdII{(LIBQ)0}]-

[BF4]2
.2CH2Cl2 3 have recently been reported6b. Reac-

tivity of complexes 1 and 2 with PPh3 led to isolation of

two more complexes [PdII{(LAP)2–}(PPh3)] 4 and
[PdII{(LISQ)–}(PPh3)][PF6]

.CH2Cl2 5, showing proof-of-
concept of hemilability3l,3o. Complexes 1–3 and 5 were

structurally characterized. Complex 5 was shown to as-
sume a square-planar geometry with coordination by O,N

from the o-aminophenolate part, ethylpyridyl N, and

PPh3
6b. Thus at the expense of PPh3 coordination, thioether

S remained non-coordinated. It was demonstrated that in

complex 4 O,N from the o-aminophenolate part, thioether

S, and PPh3 are coordinated to the PdII ion. Thus pyridine

of ethylpyridine arm remained non-coordinated (Fig. 3).

Elemental analysis and ESI-MS data (Fig. 4) attested the

composition of complex 4. However, the crystal structure

of 4 was not reported in earlier publication6b.

Metal complexes of o-aminophenolates provide an ar-

chetype for understanding the ligand-based redox activ-

ity. Three basic oxidation-levels dominate the coordina-

tion chemistry of o-aminophenolate ligands bound to metal

ions, the closed-shel l diamagnetic dianionic

aminophenolate/amidophenolate form (LAP)2–, the open-

shell paramagnetic monoanionic o-iminosemiquinonate(1–)

-radical (LISQ)– (Srad = 1/2) form, and the closed-shell

diamagnetic neutral o-iminobenzoquinone (LIBQ)0 form

(Scheme 1).

In order to authenticate the structure of complex 4,

single-crystal X-ray crystallographic analysis has been

done. Structural analysis reveals that the asymmetric unit

contains crystallographically independent two independent

molecules of the palladium complex and a water mol-
ecule. The metal-ligand bonding parameters are closely
similar and hence the structure of one of the molecules is

Fig. 3. 1H NMR spectrum (500 MHz, CDCl3) of [Pd{(LAP)2–}(PPh3)] 4. Peaks denoted by * is due to CHCl3. Only expanded 6.5–8.7
ppm region is displayed (ONSP coordination).



Akram Ali et al. : Palladium(II) complexes of a redox-active o-aminophenolate-based ONSN etc.

1985

Fig. 4. Positive-ion ESI-MS of [PdII{LAP)2–}(PPh3)] 4.

Scheme 1. The geometric and electronic features (redox-levels) observed for L(2–).

Fig. 5. Perspective view of the metal coordination environment in [Pd(L)(PPh3)]
.0.5H2O (4.0.5H2O). Ellipsoids are drawn at 50%

probability. Hydrogen atoms and solvent molecules have been left out for clarity.

displayed in Fig. 5. Selected metric parameters for both
the molecules are listed in Table 2. The structure shows
that the potentially tetradentate ligand is coordinated to
the palladium as a tridentate ligand, utilizing its pheno-
late O, amido/iminate N, and the thioether S. It is inter-
esting to note that in spite of having the pyridine as a
potential donor site, the o-aminophenolate ligand L(2–)
has not used it for coordination. Instead, a triphenyl-
phosphine is coordinated to the metal centre completing
four-coordination.

The metal coordination environment in complex
[Pd(L)(PPh3)]

.0.5H2O (4.0.5H2O) is identified by Pd-
O1(phenolate), Pd-N1(amidate/iminate), Pd-S1(thioether)
and Pd-P1(PPh3) distances, respectively : 2.007(3)
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[1.999(3)], 1.989(4) [1.987(4)], 2.2707(12) [2.2665(13)],
and 2.2867(13) [2.2777(13)] Å. In going from complex 1
(the Pd-O1, Pd-N1, Pd-S1, and Pd-N2(pyridine) distances
are 2.004(4), 1.957(4), 2.198(2) and 2.075(4) Å, respec-
tively) to complex [Pd(L)(PPh3)]

.0.5H2O (4.0.5H2O), the
Pd-O1 distance remains almost unchanged. However, the
Pd-N1 and Pd-S distances increase by ~0.03 and ~0.07

Table 2. Selected bond lengths (Å) and bond angles (deg) in
[Pd(L)(PPh3)]

.0.5H2O (4.0.5H2O)

Bond distances (Å)

Pd-N1 1.989(4) [1.987(4)]

Pd-P1 2.2867(13) [2.2777(13)]

Pd-O1 2.007(3) [1.999(3)]

Pd-S1 2.2707(12) [2.2665(13)]

C1-O1 1.358(6) [1.349(6)]

C14-N1 1.405(6) [1.410(6)]

C15-N1 1.366(6) [1.365(6)]

C20-S1 1.784(5) [1.784(5)]

C21-S1 1.832(5) [1.838(5)]

C23-N2 1.338(6) [1.343(7)]

C27-N2 1.331(7) [1.340(7)]

C1-C2 1.412(7)[1.414(7)]

C2-C7 1.398(7) [1.391(7)]

C7-C8 1.393(7) [1.391(7)]

C8-C13 1.393(7) [1.378(7)]

C13-C14 1.399(7) [1.398(7)]

C14-C1 1.403(7) [1.417(7)]

C15-C16 1.410(7) [1.417(7)]

C16-C17 1.363(7) [1.374(7)]

C17-C18 1.406(7) [1.391(7)]

C18-C19 1.381(7) [1.378(7)]

C19-C20 1.371(7) [1.378(7)]

C20-C15 1.427(7) [1.418(7)]

C21-C22 1.515(7) [1.519(7)]

C22-C23 1.505(7) [1.509(7)]

C23-C24 1.395(7) [1.388(7)]

C24-C25 1.391(7) [1.381(7)]

C25-C26 1.373(8) [1.381(7)]

C26-C27 1.380(7) [1.375(7)]

Bond angles (deg)

N1-Pd-O1 82.78(15) [83.20(15)]

N1-Pd-P1 175.84(12) [174.23(13)]

O1-Pd-P1 94.59(10) [92.25(10)]

N1-Pd-S1 84.88(12) [84.77(12)]

O1-Pd-S1 167.59(10) [167.97(10)]

P1-Pd-S1 97.66(5) [99.77(5)]

Å, respectively. Replacing pyridine by triphenylphosphine
brings about an increase of the metal-ligand distance by
~0.2 Å. The Pd-N1 distance is the shortest and the Pd-
P1 distance is the longest. Comparing the Pd-O1 and Pd-
N1 bond distances in complex 1 and complex 4.0.5H2O,
it is obvious that the palladium ion in complex 4.0.5H2O
is present in its bivalent state. In 4.0.5H2O, the palladium(II)
ion attains a grossly planar (Table 2) ONSP coordination
sphere. The spatial geometry in complex 1 and complex
4.0.5H2O is closely similar, the only difference is
N2(pyridine) in complex 1 is replaced by P1(PPh3) in
complex 4.0.5H2O. The geometry at the metal site is dis-
torted from ideal square-planar geometry, as reflected in
the bonding angles around the PdII center. The average
carbon-carbon distance in the phenolate ring of the o-
amidophenolate is ~1.40 Å (Table 2). This attests the
presence of (LAP)2– form of L(2–) that is coordinated to
the PdII ion.

To investigate the possibility of identifying metal-cen-
tered redox and/or accessibility of various ligand redox-
levels, CV experiment on complex 4 was carried out. The
CV in CH2Cl2 displays (Fig. 6) two oxidative redox pro-
cesses at E1/2 values of 0.08 V (Ep = 140 mV) and 0.65
V (Ep = 150 mV) vs SCE. It should be mentioned here
that a similar CV behavior was observed for complex 16b.
Both the oxidation processes are chemically reversible (ratio
of cathodic and anodic peak current, ipc/ipa  1) and elec-
trochemically quasireversible electron-transfer reactions6.

Fig. 6. Cyclic voltammogram (100 mV/s) of a 1.0 mM solution of
[Pd(L)(PPh3)] in CH2Cl2 (0.1 M in TBAP) at a platinum
working electrode. Indicated peak potentials are in V vs
SCE.
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Table 3. Comparison of X-ray determined experimental bond lengths
with the calculated bond lengths (in parentheses) from Metrical

Oxidation State (MOS) values of complex 4.0.5H2O

Bond distances (Å)

C1-C14 1.403(7) [1.412]

C13-C14 1.399(7) [1.393]

C8-C13 1.393(7) [1.393]

C7-C8 1.393(7) [1.393]

C2-C7 1.398(7) [1.401]

C1-C2 1.412(7) [1.400]

C1-O1 1.358(6) [1.359]

C14-N1 1.405(6) [1.396]

Recently in an attempt to quantitatively determine the
redox-level of redox-active ligands, Brown et al. proposed20

the Metrical Oxidation States (MOSs) of ligands in com-
plexes, based on least-squares fitting of relevant C-O, C-
N, and C-C bond lengths. By this approach, using metri-
cal parameters determined from crystal structure the em-
pirical oxidation state of ligands can be ascertained. Us-
ing this concept the MOS of the ligand in complex 4 is
calculated as –1.89 ± 0.05, which is consistent with the
dianionic form (2–) of the ligand. The corresponding value
for complex 1 is –1.92 ± 0.096b. Using this MOS value
of –1.89, the C1-O1 and C14-N1 bond distances are cal-
culated as 1.359 and 1.396 Å, respectively, which are in
excellent agreement with the X-ray determined values of
1.358(6) and 1.405(6) Å (Table 2). For complex 1 the
C1-O1 and C14-N1 bond distances are calculated as 1.361
and 1.398 Å, respectively6b. Table 3 presents the com-
parison of MOS-derived calculated bond lengths and met-
rical parameters of relevant atoms, determined from X-
ray structure.

Table 4. X-Ray structural and DFT-optimized (in parentheses)
bond-lengths of complex 4.0.5H2O

Pd-N1 1.989(4) [2.016]

Pd-P1 2.2867(13) [2.3716]

Pd-O1 2.007(3) [2.031]

Pd-S1 2.2707(12) [2.361]

C1-O1 1.358(6) [1.354]

C14-N1 1.405(6) [1.410]

C15-N1 1.366(6) [1.366]

C20-S1 1.784(5) [1.801]

C21-S1 1.832(5) [1.852]

C23-N2 1.338(6) [1.339]

C27-N2 1.331(7) [1.338]

C1-C2 1.412(7) [1.421]

C2-C7 1.398(7) [1.403]

C7-C8 1.393(7) [1.404]

C8-C13 1.393(7) [1.399]

C13-C14 1.399(7) [1.405]

C14-C1 1.403(7) [1.422]

C15-C16 1.410(7) [1.426]

C16-C17 1.363(7) [1.390]

C17-C18 1.406(7) [1.402]

C18-C19 1.381(7) [1.394]

C19-C20 1.371(7) [1.397]

C20-C15 1.427(7) [1.430]

C21-C22 1.515(7) [1.522]

C22-C23 1.505(7) [1.516]

C23-C24 1.395(7) [1.406]

C24-C25 1.391(7) [1.392]

C25-C26 1.373(8) [1.398]

C26-C27 1.380(7) [1.394]

Assignment of correct oxidation-level of the coordi-
nated ligand and the oxidation-state of Pd in complex 4
have been done by DFT calculation at the B3LYP level of

theory (see Computational Details in the Experimental
section). Geometry-optimization of complex 4.0.5H2O
(only X-ray coordinates of the molecule shown in Fig. 5

were considered) with S = 0 ground-state (closed-shell
configurat ion) was computed to obtain the

[PdII{(LAP
O,N,S,P)2–}(PPh3)] electronic configuration (see

Crystal Structure section). The calculated ground-state

geometry well-reproduced that found in the crystal struc-

ture (grossly square-planar geometry of complex
4.0.5H2O) with the exception of the PdII-LO,N,S,P bond

distances, which are ca. 0.03–0.09 Å longer than the ex-
perimental value (Table 2 and Table 4). Notably, the bond

distances associated with the ligand-backbone accurately
reproduce the oxidation-level of the coordinated ligand
(LAP)2–. Selective orbital contour plots for complex

4.0.5H2O are displayed in Fig. 7.

The electronic spectrum of [PdII{(LAP)2–}(PPh3)] 4 in

which the coordinated ligand is present as o-amidophenolate
dianion(2–) is displayed in Fig. 8. Absorption spectral
features of o-aminophenolate ligands are very informative

with respect to the redox-level of the coordinated ligand6b.

TD-DFT calculation was performed on complex 4 to
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Fig. 7. Qualitative MO diagrams for complex 4.0.5H2O.

Fig. 8. (a) Electronic absorption spectrum of [PdII{(LAP)2–}(PPh3)] 4 in CH2Cl2. (b) TD-DFT calculated electronic spectrum of [PdII{(LAP)2–}
(PPh3)] 4.

-HOMO -HOMO

Table 5. TD-DFT-calculated electronic transitions of [PdII{(LAP)2–}(PPh3)] complex 4

Excitation energy      f Transition Character

(eV) (nm)

1.7783 697 0.007 /-H[~94%L]/-L[~71%L] Intraligand charge-transfer in

(98%) amidophenolate, along with MLCT

2.8926 428 0.0141 /-H[~94%L]/-L+1[~97%L] Amidophenolate  phosphine

(86%)

3.7121 334 0.1692 /-H[~94%L]/-L+10[~93%L] Amidophenolate  aminothioether

(90%)

get information about the origin of observed absorptions.

In its absorption spectrum, complex 4 displays in CH2Cl2
characteristic absorptions in the 300–1000 nm region :

350 (20750 M–1 cm–1), 424 (2700), 650 (575). TD-DFT

calculation (Table 5) on square-planar PdII complex 4 re-

vealed (Fig. 8) that the low-energy transition calculated at
697 nm involves excitation from (/)-HOMO to (/)-
LUMO. Inspection of frontier orbitals shows that this ab-
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Fig. 9. Representative molecular-orbitals involved in TD-DFT transitions of [PdII{(LAP)2–}(PPh3)] 4.

sorption corresponds to a combination of intraligand
(amidophenolato-ligand pyridine/aminothioetherpyridine)
charge-transfer (ILCT), along with ligand-to-metal charge-
transfer (LMCT) transition (Fig. 9). This indicates that
the experimentally observed transition at 650 nm could be
a combination of ILCT and LMCT. The origin of experi-
mentally observed transitions in 350 and 424 nm could be

correlated to the TD-DFT calculated absorptions at 428

and 334 nm, which could be assigned as transitions ((/

)-HOMO to (/)-LUMO + 1 and (/)-HOMO to (/

)-LUMO + 10) from donor amidophenolate to the ac-

ceptor phosphine and aminothioether moiety, respectively

(Fig. 9).

HOMO () LUMO () LUMO + 1 ()

LUMO + 10 () HOMO () LUMO ()

LUMO + 1 () LUMO + 10 ()
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Conclusion

The present study shows that when bound to
palladium(II), 2-(2-ethylthio)pyridine-anilino-4,6-di-tert-
butylphenol (L(2–)), exhibits coordination flexibility when
an external ligand PPh3 (in our work) is bound to the
metal centre. However, observed coordination hemilability
depends on the redox-level of the coordinated ligand. As
for example, when PPh3 is bound to complex 1
(PdII(LO,N,S,N)) the product complex 4 assumes
PdII(LO,N,S,P) coordination. In complexes 1 and 4 the
coordinated ligand is present in its LAP(2–) redox-level.
Similarly, when PPh3 is bound to complex 2 (PdII(LO,N,S,N)),
complex 5 assumes PdII(LO,N,N,P) coordination. In com-
plexes 2 and 5 the coordinated ligand is present in its
(LISQ)– -radical redox-level. This study substantiates,
through X-ray structural characterization of complex 4,
our previous claim that complex 4 has PdII(LO,N,S,P) co-
ordination, with eyhylpyridine arm remaining non-coor-
dinated. The present study attests the fact that by virtue of
coordination flexibility in the binding of L(2–) to PdII ion,
the [Pd] complexes 1 and 2 can act as catalysts for ligand
redox-driven bond-breaking/bond-making reactions. Studies

on the utilization of complexes 1 and 2 for the redox-

driven reactivity are currently underway and the outcome

of such an investigation will be published elsewhere.
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