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Abstract

The reaction of binucleating Schiff base ligands with [PdCIly(PPhs),] and [Pd(OAc);]
afforded a new family of binuclear palladium(Il) Schiff base complexes of the type [Pd,(L),] and
[Pd,Cl,(PPh;3),(L)]. All the palladium complexes are air stable and fully characterized by
elemental analysis, FT-IR, UV-Vis.and '"H NMR spectral methods. These palladium(Il) Schiff
base complexes exhibit characteristic metal to ligand charge transfer (MLCT) transitions.
Quantum mechanical calculations were also performed to investigate the electronic structure,
assign the vibrational spectra and to determine the nature of the frontier molecular orbitals and
absorption spectra of the above complexes. These palladium(II) Schiff base complexes exhibited
good catalytic activity in the carbon-carbon Suzuki coupling reaction of different aryl halides

using phenyl boronic acid.
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1. Introduction

Palladium-catalyzed reactions have become a powerful tool in chemical synthesis.
Amongst them, the palladium-catalyzed Suzuki-Miyaura cross-coupling reaction has become an
important protocol for the synthesis of biaryls [1-4]. In particular, the Suzuki-Miyaura reaction,
employing organoboron compounds, represents an effective method for the construction of C-C
bonds and has potential applications in pharmaceutical, material and agricultural chemistry [5-
11]. Moreover, the palladium assisted method offers many advantages over other transition-
metal catalyzed reactions, such as the commercial availability of a large panel of boronic acid
derivatives, easy handling, easy removal of boron residues and high functional group tolerance,
explaining the increasing interest not only in academic research but also in the industrial
scientific community. Even though significant progress has been made, there is a continuous
demand for alternative protocols to achieve new, easy preparations, stable ligands and efficient
catalytic systems. When two metal centres are incorporated in close proximity, the complexes
have the potential of catalyzing either more efficiently or with different chemo, regio or stereo-
selectivity than those of corresponding mono nuclear complexes due to the co-operation of the
two metals in the transition state of the catalytic reactions [12]. For these reasons we have been
targeting inexpensive approaches to self-assembled dinuclear molecular structures and have
selected imine based ligands. The stability of the imine bond towards hydrolysis is greatly
enhanced by conjugation with an aryl ring and the coordination chemistry of such donor units is

well established [13].

Usually catalytic systems for these transformations composed of Pd(0) or Pd(II)
derivatives associated with the appropriate ligands and efficiency for the catalytic system have

been achieved by changing the ligand environment around palladium center. Among the



commonly used phosphine based ligands, such as tertiary phosphines, hemilabile-type
phosphines, for example sterically congested biphenyl-type phosphines, show excellent activity
as a ligand in this transformation. Recently, different nitrogen containing ligands, such as N-
heterocyclic carbenes, amines, oxime-based pallada cycles [14-20] etc, have attracted
considerable attention as competent ligands for the Suzuki—Miyaura reaction [21-23]. In the past
few years, great advances have been made in developing active and efficient catalysts by

modifying traditional ligands and discovering new systems [24, 25].

We have used a novel inexpensive Schiff base ligand system which allows a cage-like
complex molecular architecture to be generated. Herein, we describe the synthesis and
characterization of a new type of dinuclear palladium(Il) complex containing bis-bidentate Schiff
base ligands. The catalytic performance of these palladium(II) Schiff base complexes for the

carbon-carbon Suzuki coupling reaction of arylhalides has been investigated.
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Fig 1. Schiff base ligands.



2. Experimental Section

2.1. Materials

All the used reagents were chemically pure and analytical reagent grade. Solvents were
purified and dried according to standard procedures. The alcohols and their corresponding
ketones or aldehydes used in the catalytic studies were purchased from Merck and Aldrich. The
analysis of carbon, hydrogen and nitrogen content were performed in a Carlo Erba 1106—model
240 Perkin Elmer analyzer at the Sophisticated Test and Instrumentation Centre (STIC), Cochin
University, Kochi, India. The infrared spectra FT-IR spectra of the complexes were recorded in
an Agilent resolution pro spectrophotometer. A JASCO V-630 UV-Visible Varian
spectrophotometer was used to record the electronic spectra.'H NMR spectra were recorded on a

Bruker 400 MHz instrument using tetramethylsilane (TMS) as an internal reference.

2.2. Synthesis and characterization of the Schiff base ligands
The Schiff base ligand HyL4 was prepared by the reaction of 4,4'-diaminodiphenyl ether
(1.00 g, 5.00 mmol) and o-vanillin (1.52 g, 10.00 mmol) in methanol (40 mL). The obtained
reaction mixture was stirred at room temperature for one hour to give an orange precipitate,
which was then filtered and washed with methanol [26].
The other three ligands (H,L;, H,L, and H,L;) were prepared using an analogous
procedure as for the ligand H,L,.
H,L;: IR (cm™): 1611 (HC=N), 3037 (OH), '"H NMR (CDCl;) é (ppm): 6.8-8.2 (m, Ar), 9.4 (2H,
s,—HC=N), 3.4 (s, 2H), 15.5 (2H, s, OH).
H,L;: IR (cm™): 1616 (HC=N), 3220 (OH), 'H NMR (CDC]l5) 8 (ppm): 6.8-8.2 (m, Ar), 9.3
(2H, s, -HC=N), 15.5 (2H, s, OH).
H,L;: IR (cm™): 1615 (HC=N), 2921 (OH), '"H NMR (CDCl;) 6 (ppm): 6.8-8.2 (m, Ar), 9.4
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(2H, s, —HC=N), 3.8 (6H, s, 20CH3), 3.2 (s, 2H), 15.5 (2H, s, OH).

2.3. Synthesis of the binuclear palladium (II) Schiff base complexes [Pd,(L; 4),] (1-4)

An equimolar ratio of the Schiff base ligands (H,L,—H,L,4) (1 mmol, 0.508 g), Pd(OAc),
(1 mmol, 0.224 g) and triethylamine (0.2 mL) were mixed in acetonitrile with constant
stirring for 3h. The precipitate of the resulting product was filtered and dried in vacuo.

[Pdy(Ly)2] (1) Yellow solid, M.p. 230 °C. Anal calcd. for C;0Hy4304N4Pd,: C, 68.85; H,
3.93; N, 4.59. Found: C, 54.26; H, 3.35; N, 3.77. IR (cm!): 1598, 1534, 1498, 1359, 1183,
744. 'TH NMR (CDCl;) 8 (ppm): 6.9-8.5 (m, Ar), 3.81 (2H, CHy), 9.1 (-HC=N). 3C NMR
(CDCl3) & (ppm): 47.0 (CH,), 118-136 (m, Ar), 163 (-HC=N).

[Pdy(L>)2] (2): Orange solid. M.p. 240 °C. Anal calcd. for CsgHs4O6N4Pd,: C, 66.66; H,
3.59; N, 4.57. Found: C, 56.15; H, 3.30; N, 3.60. FT-IR (cm™): 1600, 1534, 1488, 1357,
1181, 742. '"H NMR (CDCls) 6 (ppm): 6.9-8.2 (m, Ar), 9.2 (-HC=N).

[Pdy(L3)2] (3): Yellow solid. M.p. 210 °C. Anal calcd. for CsgHygOgN4Pdy: C, 64.44; H,
4.44; N, 5.18. Found: C, 53.21; H, 3.02; N, 3.46. IR (cm™): 1591, 1560, 1320, 1187, 735. 'H
NMR (CDCl;) 8 (ppm): 6.2—7.8 (m, Ar), 3.81 (2H, CH,), 3.2 (3H, OCH3), 9.4 (-HC=N). 13C
NMR (CDCl;) & (ppm): 46.03 (CH,), 57.04 (OCHj3), 117-140 (m, Ar), 165 (-HC=N).

[Pdy(Ly4)2] (4): Yellow solid. M.p. 200 °C. Anal calcd. for CsgHysO19N4Pdy: C, 58.53; H,
3.83; N, 4.87. Found: C, 50.12; H, 3.13; N, 3.42. IR (cm™): 1602, 1541, 1491, 1319, 1182,
692. 'H NMR (CDCl3) 8 (ppm): 6.5-7.9 (m, Ar), 3.5 (3H, OCH3), 8.8 (-HC=N).

2.4. Synthesis of the binuclear palladium (II) Schiff base complexes [Pd,CIl,(PPhs),(L; 4)] (5-8)

A 1:2 ratio of the Schiff base ligands (H,L;—H,L4) (1 mmol; 0.508 g), PdCIl,(PPhs;),
(2 mmol; 1.402 g) and triethylamine (0.2 mL) were mixed in ethanol and refluxed for Sh.

The precipitate of the resulting product was filtered and dried in vacuo.



[Pd,CL(PPh3),(Ly)] (5) Yellow-brown solid. M.p. 230 °C. Anal caled. for
C71Hg9oO,N,Pd,: C, 65.03; H, 5.26; N, 2.13. Found: C, 64.50; H, 4.62; N, 2.50. IR (cm™):
1596, 1531, 1425, 1358, 1181, 818, 709. 'H NMR (CDC]ls) 8 (ppm): 7-7.8 (m, Ar), 5.3 (2H,
CH,), 8.7 (-HC=N).

[Pd,Cl,(PPh;),(L,)] (6): Orange solid, M.p. 240 °C. Anal calcd. for C;0Hg;0;N,Pd,: C,
54.06; H, 5.10; N, 2.13. Found: C, 50.15; H, 4.90; N, 2.10. IR (cm™): 1599, 1532, 1487,
1426, 1238, 821, 743. 'H NMR (CDCl;) 6 (ppm): 7.1-8.3 (m, Ar), 8.6 (-HC=N). 3C NMR
(CDCl3) & (ppm): 119-136 (m, Ar), 168 (-HC=N).

[Pd,CLy(PPh3),(L3)] (7): Yellow solid. M.p. 210 °C. Anal calcd. for C4sHs4O4N,Pd;: C,
51.06; H, 4.24; N, 2.19. Found: C, 50.01; H, 3.02; N, 1.98. IR (cm™): 1589, 1433, 1311,
1235, 1186, 733. 'H NMR (CDCl3) 6 (ppm): 6.8-7.4 (m, Ar), 5.3 (2H, CH,), 3.5 (3H,
OCH;), 7.7 (-HC=N).

[Pd,CLy(PPh3),(Ly)] (8): Yellow solid. M.p. 200 °C. Anal calcd. for C¢4Hs,05N,Pd;: C,
50.63; H, 4.11; N, 2.21. Found: C, 49.12; H, 3.50; N, 2.11. IR (cm™): 1599, 1480, 1237,
1180, 822. 'H NMR (CDCl;) & (ppm): 6.5-7.7 (m, Ar), 3.5 (3H, OCHj3), 7.8 (-HC=N).

13C NMR (CDCls) 3 (ppm): 56.0 (OCH;), 120145 (m, Ar), 169 (-HC=N).



3. Result and discussion
Complexes of the types [Pd,(L),] and [Pd,Cl,(PPhs),(L)] (L = binucleating Schiff base
ligands) were synthesized with the aim of highlighting the influence of the ligands and the

catalytic properties. The reactions leading to metal complexes are shown in Schemes 1 and 2.
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Scheme 1. Synthesis of dinuclear Pd(II) Schiff base complexes.
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Scheme 2. Synthesis of dinuclear Pd(IT) Schiff base complexes.

The ligand provides two O, N-donor binding sites separated by spacers. The chosen
spacer incorporates phenyl groups that sterically prevent the two palladium binding sites from
coordinating to a single metal centre. The central ether and methylene units introduce enhanced
flexibility into the ligand backbone, as suggested by Hannon et al., [27] and this enhanced
flexibility permits the ligand to support cage-like ligand arrays. The palladium metal ion requires
two bidentate Schiff base units to satisfy their coordination requirements, forming a cage-like
structure. The elemental analysis of all the complexes (1-8) are consistent with the
corresponding proposed molecular formula of the dinuclear palladium(II) complexes. Attempts

to grow single-crystals suitable for X-ray diffraction were unsuccessful.

3.1. Characterization of the complexes



The IR spectra of the Schiff bases (H,L;—H,L4) showed strong bands at 1619-1612 cm™!
and they are assigned based on the (CH=N) stretching frequency. The C=N stretching
frequencies displayed by the palladium(I) Schiff base complexes are lower than those for the
uncomplexed ligands. This lowering of the C=N stretching frequency, observed at 15891602
cm! for these palladium complexes, is attributed to coordination of the C=N bond in the chelate
ring to the metal center [28]. The broad stretching frequency of the OH band around 3400 cm™!
in the ligands H,L,—H,L, is absent in these complexes, suggesting the deprotonation of the OH
groups and subsequent coordination of the phenolic oxygen atoms to the metal centre.
Representative FT-IR spectra of complexes 1-8 are given in Figs. S1-S15 (see supporting
information). In addition to these, strong bands observed around 1425-1433 cm'in all the
complexes (5-8) are attributed to coordinated PPh; ligands in the Pd(II) complexes.

The UV—Vis spectra of all the complexes in chloroform solutions exhibit characteristic
absorptions in the region 200-800 nm. Representative UV-Vis spectra of complexes 1-8 are
given in Figs. S16-S23 (see supporting information). Strong absorption bands observed at
230-250 nm are assigned.to the m—n* transition in the Schiff base ligands, whereas the medium
absorption bands, appearing at 270-290 nm, are assigned to the n—n* transition. The t—n* and
n—7* transitions for the free ligands were shifted to higher wavelengths as a consequence of the
coordination to the metal ions, indicating the formation of Schiff base metal complexes. In
addition, these spectra showed a band around 415-442 nm, assigned to an MLCT transition,
which strongly favours the square-planar geometry around the central metal ion [29-31].

The 'H NMR data of the synthesized complexes shows that aromatic OH peaks in these
dipalladium(IT) complexes, expected to appear in the downfield region around ¢ 12.0-13.0ppm

for H,L,—H,L4, are not observed and it this due to the coordination of the phenolic oxygen atom



to the metal atom by deprotonation. The presence of the azomethine proton (CH=N) attached to
the phenyl ring was confirmed by the singlet around & 9.1-7.8 ppm. Further, the aromatic
protons of all these complexes are observed as multiplets around & 6.2—8.2 ppm. The methylene
(CH,) proton bridging the two phenyl rings in the complexes 1, 3 and 5, 7 was observed around &
3.81 and 5.3 ppm as a singlet. The signals for the methoxy proton (OCH3;) in the complexes 3, 4
and 7, 8 appeared as a singlet around 6 3.2 and 3.5 ppm respectively. The 3C NMR spectra of
complexes 1, 3, 6 and 8 were recorded and showed peaks around & 169-162 ppm for the
azomethine carbon (CH=N) atom. The —CH, carbon peak appeared at 6 46.11 and 47.03 ppm for
complexes 1 and 3, respectively. The methoxy carbon signal (OCH5) was observed for complex
3 at 8 57.04 ppm. The 'H and '3C NMR spectra are shown in Figs. S24-S35 (Supporting
information).
3.2. Electronic structures of the complexes

To gain a molecular-level understanding of the electronic structures and absorption
properties of the studied complexes, we carried out a computational characterization using
density functional theory (DFT) calculations. The B3LYP functional along with the LANL2DZ
basis set for Pd and 6-31G(d) [32] for other atoms were used throughout this work. Considering
the possibility of low-spin (S=0) and high-spin states (S=1) for these complexes, the molecular
structure of 5 was fully optimized in both spin states and spin density plots were generated,

which are shown in Fig 2.
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Fig 2. Computed spin density plots along with the MESP map of the low-spin and high-spin
complexes of 5.

From the plot, it is apparent that a significant quantity of electron spin density is localized
on the Pd atoms and slightly on the coordinated O atoms in high-spin species, whereas no spin

density was observed in the low-spin complex, confirming the presence of unpaired electrons in
the high-spin species: Furthermore, the molecular electrostatic potential (MESP) map was drawn
for 5 to investigate the electrostatic regions around the complex. From Fig. 2, it can be seen that
the region in the vicinity of the chloride atoms intercedes with red, indicating that they are
nucleophilic in nature. Especially, this observation is conspicuous in the case of the high-spin
complex. Comparing the relative energies of both spin-states, the low-spin state was found to be
48.6 kcal/mol lower than the high-spin complex. This substantiates that the low-spin species,

with the fundamental electronic configuration of (dy,)*(dy,)*(d,2)*(dxy)*(d z_yZ)O, is the ground
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state for this kind of complex. Therefore, all the other titled binuclear palladium(II) Schiff base

complexes were optimized in their low-spin state and the geometries are provided in Fig. 3.

Fig 3. B3LYP/LANL2DZ(6-31G(d)) optimized geometries of all the titled complexes.

In the absence of X-ray crystallographic characterization of the synthesized complexes, to
gain insight into the molecular geometrical parameters a detailed examination of the DFT
optimized structures was performed and important bond distances are collected in Table 1.

Table 1. Calculated selected bond lengths (A) of complexes 1, 2 and 5, 6.

Bond Bond

Lengths 1 2 Lengths > 6

Pd1-N1 2.051 2.061 Pd1-N 2.107 2.108
Pd1-N2 2.051 2.056 Pd1-O 2.026 2.027
Pd1-0O1 2.027 2.020 Pd1-Cl 2.368 2.367
Pd1-O2 2.027 2.030 Pd1-PPh; 2.357 2.356
Pd2-N1 2.066 2.070 Pd2-N 2.083 2.084
Pd2-N2 2.066 2.073 Pd2-O 2.062 2.064
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Pd2-01 2.052 2.043 Pd2-Cl 2.363 2.363

Pd2-O2 2.052 2.037 Pd2-PPh; 2.341 2.339

In all the four complexes, the Pd-N and Pd—O bond lengths range from 2.08 to 2.1 A and
2.02 to 2.06 A respectively, while the Pd—Cl and Pd—PPh; bond lengths in 5 and 6 fall in the
range from 2.33 to 2.36 A. The accuracy of the computed bond parameters and other geometrical
features are corroborated by the close agreement observed between the DFT and experimental
vibrational stretching frequencies, as shown in Table 2.

Table 2. Computed vibrational stretching frequencies of all the four investigated complexes.

IR DFT (cm™) Experiment (cm™)
1 2 1 2
VN 1585 1625 1598 1600
Vc.0 1347 1379 1359 1357
5 6 5 6
V=N 1588 1588 1596 1599
Vc.0 1444 1292 1358 1238
VUpd-PPh3 719 720 740 743

The computed C=N stretching frequencies for 5, 6 and 1 are in the range 1585-1588 cm!
which is closer to the experimental range of 1596-1599 cm!'. For 2, the computed C=N
stretching frequency appears at 1625 cm! and the experimental frequency for the same occurs at
1600 cm!. Similarly, the DFT calculated Pd—PPhj; stretching frequencies for 5 and 6 were found
to oceur at ~720 cm!, while experimentally it was observed at around 740 cm!. The computed
C-0 bond stretching frequency was also found to be closer to the experimental results (see Table
2). These observations demonstrate that our computed results are authentic and reliable.

3.3. Absorption spectral behaviour
Using time dependent-density functional theory (TD-DFT), the UV/Visible absorption

spectra were simulated for all the titled complexes. The experimental chloroform solvent
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condition was set up computationally by employing a self-consistent reaction field-polarizable

continuum model (SCRF-PCM) [33, 34].

AbEorhance

Fig 4. Simulated absorption spectra of complexes 5,6 and 1, 2.

In the present work, the absorption spectra of all the four complexes (Fig 4) under
investigation show similar absorption characteristics. All the four complexes show three major
absorption bands in both the ultraviolet and visible regions. In order to gain more insight into the
electronic spectra of these complexes, we have computed the absorption parameters and the

results are summarized in Table 3 along with experimental absorption maxima.
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Table 3. TD-DFT calculated electronic transitions assignment, nature of the transitions,

absorption maxima and oscillator strengths.

DFT Expt. f Transitions assignment Natur@of
A/nm A/nm g Transition
1
HOMO (a) > LUMO-2 (a) (89%)
4574 | 430 | 020 | yoNo (B) > LUMOL2 (B) (89%) MLCT
HOMO-3 () > LUMOH (0) (64%) .
36331 1 302 1 021 | 4omo-3 (B) > LuMO+4 (B) (64%) | "
HOMO-8 () > LUMO+1(a) (35%) .
2
HOMO (0)) > LUMO (o) (32%)
447.68 420 0.22 HOMO (B) > LUMO (B) (32%) ICT
HOMO-2 (0) @ LUMO+1 (o) (28%) R
40198 1 3151 021 yomo-28) > LUMO+1 (B) (28%) |  ""
HOMO-4 () > LUMO+2 (0) (14%) e
340.31 245 030 | oMo (B) > LUMO+2 (B) (14%) T
5
HOMO (0)) > LUMO+2 (a)) (60%)
393.61 430 0.17+| “Hémo (B) > LUMO+2 (B) (60%) MLCT
HOMO-4 (o) = LUMO+I (o) (42%) o
34782 1 30 11927 HoMo-4 (8) > LUMO+1 (B) (42%) | "
HOMO-2 (0) > LUMO+3 (o) (72%) .
322.74 280 | 030 | Ldvos (B) > LUMO3 (B) (72%) o
6
HOMO (0)) > LUMO+2 (0)) (48%)
395.67 440 023 | 1Mo (B) > LUMO+2 (B) (48%) MLCT
HOMO-1 (o) > LUMO+I (a) (35%) -
368.13 315 022 | 1Mo (B) > LUMO+1 (B) (35%) n—m
HOMO-2 (a) = LUMO+3 (a) (35%) g
319.00 12701 0.28 1 60100 () > LUMO3 (B) (35%) |  * ©

From the table it is clear that all our computed absorption maxima are in excellent
agreement with the experimental values. Investigation of the corresponding frontier molecular
orbitals (FMO) responsible for the origin of the three intense absorptions bands (Figs. 5-8)
reveals that all these transitions resemble MLCT, n—n* and n—n* natures and appear in the

15



ranges 393 to 447 nm, 347 to 401 nm and 319 to 340 nm, respectively. In the case of 5, 6 and 1,
the longer wavelength bands mainly arise due to the transition occurring between the HOMO and
LUMO+2, which manifest MLCT character, while for 2 it is between the HOMO and LUMO,
with intramolecular charge transfer (ICT) nature. The oscillator strength of the m—n* band is
relatively higher for all four complexes, being in the range 0.28 to 0.37 nm, while the MLCT
bands, which appear in at longer wavelengths, exhibit relatively lower oscillator strengths in the

range 0.17 to 0.23 nm.

445.7 nm
MLCT
—)

£=0.20

LUMO+2

Fig 5. Frontier molecular orbitals of three major absorption bands of 1.
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LUMO+2

Fig 6. Frontier molecular orbitals of three major absorption bands of 2.

HOMO-2 LUMO+3

Fig 7. Frontier molecular orbitals of three major absorption bands of 5.
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395.6 nm
MLCT
—_—

f=0.23

368.1nm

n-n*
—_—

f=0.22

LUMO+3

Fig 8. Frontier molecular orbitals of three major absorption bands of 6.

3.4. Suzuki reaction of aryl halides with phenylboronic acid

To optimize the catalyst loading; it is preferable to use a small amount of catalyst and to
achieve a high yield in the Suzuki cross coupling reactions. Recently, it has been reported that
high catalyst loading leads to palladium inactive black formation and also inhibits the catalytic
cycles. To our pleasure, the reaction worked well with different catalyst ratios and the reaction of
bromobenzene with phenylboronic acid furnished good yields when 1mol% of catalysts were
loaded. We have chosen (1 mol%) catalyst [Pd,(L),] and [Pd,Cl,(PPh;),(L)] loading as the best
conditions for further coupling reactions.

The catalytic activity of the synthesized Pd(Il) Schiff base complexes [Pdy(L),] and
complexes containing triphenylphosphine ligands, [Pd,Cl,(PPhs),(L)], were investigated under
the same reaction conditions and the results are summarized in Tables 4 and 5. Aryl bromides
with various functional groups efficiently reacted with boronic acids using K,CO; and (5 mL)
methanol at reflux temperature in the presence of the palladium(Il) complexes as a catalyst for

18



2h to yield Suzuki coupling products in moderate to good conversions. The conversions are good
in all the case of bromobenzenes (entry 1) and p-bromomethoxybenzene (entry 4).
Table 4. Catalytic Suzuki carbon-carbon coupling reactions of arylhalides by [Pd,(L),] (1-4)?

Pd,(L),(1-4) / (1 mol%)
ety ot 2O
K,CO4/MeOH

reflux/2h

Yield (%)°
Entry Substrate Product complexes

1 2 3 4

[\ [
o
Z
8
o
f

66 58 62 54

73 59 57 30

W
@
-
o
&
&
i

70 75 62 73

N
W
)

OCH;  H;CO &3 60 56 67

5

Q
Z
Z
@)

SN
993

o)
Q

42 37 59 46

60 50 48 35

(o)
o

63 69 55 65

X
a
o
&

CHO 56 60 50 30

a

oL
35

9 30 32 39 35

#Reaction condition: aryl halides (1 mmol), phenylboronic acid (1.2 mmol), K,CO5 (1 mmol),
catalyst (1 mol%), temperature 80 °C.
®Isolated yield after column chromatography.
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In addition, compared to the complexes of the type [Pdy(L),], the complexes of the type
[Pd,Cl,(PPh;),(L)], containing Schiff base and triphenylphosphine ligands, showed enhanced
catalytic efficiency by adjusting the steric crowding around the palladium(Il) metal center.
Further, the n—acceptor and c—donor ability of the PPh; and Schiff base ligands make the metal
center more susceptible for this catalytic reaction.

It is not easy to compare the catalytic results with literature reports due to the variety of
different reaction conditions, but a tentative comparison with the Suzuki-Miyaura reaction of the
catalytic system reported by Kunz, et al [35, 36] implies that the present complexes lead to

catalysts of similar reactivity, even with three times lesser catalyst loading at low temperature.
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Table 5.

Catalytic Suzuki carbon-carbon coupling reaction of arylhalides by [Pd,Cl,(PPh;),(L),] (5-8)?

QBr N @B(OH)z [Pd,Cly(PPhs), (L),] (1-4)/ (1 mol%)
K2CO3/MCOH

reflux/2h

Yield (%)°
complexes
5 6 7 8

Entry Substrate

71 75 60 60

—
o)
é

NO, 73 59 57 58

(S}
a

83 65 59 68

@]

)

z
)| 1
=
g
g :
(@]
g H

68 62 56 67

P
%

N
e~}
=

OCH; H;CO

70 67 62 60

O
z
z
Q

ete
908

)
a

86 89 86 92

|
2]
=

78 60 54 61

=
a
o
&

&
¥

CHO 80 75 60 85

30 35 41 37

|

#Reaction condition: aryl halides (1 mmol), phenylboronic acid (1.2 mmol), K,CO5 (1 mmol),
catalyst (1 mol%), temperature 80 °C.
®Isolated yield after column chromatography.
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p-Bromotoluene reacts with aryl boronic acid, producing the corresponding biphenyl with
moderate to excellent conversions (entry 3, 83%). Good conversion was noticed for all the
substrates in 2h. As expected, very satisfactory results were obtained for all the electron-deficient
substrates in the boronic acid (entries 6), having conversions of 83, 86, 89 and 92%. 2-
Bromotoluene (entry 7), gave the corresponding product in a slightly lower yield (54-78%),
which may be due to steric effects compare with p-bromotoluene (entry 3). Further, 4-
bromotoluene and chlorobenzonitrile can also react with phenylboronic acid with good
conversions. The catalytic activity of the present complexes is good and although several
catalytic systems have been reported, a catalyst of this type is new for its bis-bidentate O, N-
donor environment with the palladium center.
4. Conclusion

We have synthesized a new family ‘of dinuclear palladium(II) Schiff base complexes of
the types [Pdy(L),] and [Pd,Cl,(PPhs),(L)], using bis-bidentate Schiff base ligands with metal
precursors. All the complexes were characterized by elemental analysis, IR, UV—Vis and 'H
NMR spectral methods. The electronic structures and spectroscopic properties were thoroughly
investigated by DFT calculations as well. Furthermore, the computed IR frequencies and
electronic spectra are in close agreement with the experimental results. The catalytic
performance of these complexes towards the carbon-carbon Suzuki coupling reaction of aryl
halides was studied and shows moderate to good conversions. Comparing the complexes, the
advantage of using a triphenylphosphine ligand with the Schiff base ligand in [Pd,Cl,(PPh;),(L)]
is modulation of the steric environment around the palladium center, which is the appropriate
choice of ligands for catalytic reactions. Thus, the presence of triphenylphosphine and Schiff

base ligands seems to play an important role in the catalytic activity of these complexes.
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The reaction of binucleating Schiff base ligands with [PdCl,(PPh;),] and [Pd(OAc),]
afforded a new family of binuclear palladium(II) Schiff base complexes of the type [Pd,(L),] and
[Pd,Cl,(PPh;),(L)]. These palladium(II) Schiff base complexes exhibited good catalytic activity

in the carbon-carbon Suzuki coupling reaction of different aryl halides using phenyl boronic

acid.
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