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ABSTRACT:  

The cross-coupling reaction catalyzed by various transition metal complexes is the most powerful synthetic tools 

for the generation of carbon–carbon bonds. Therefore, significant efforts have been put on the modification of 

ligands to increase the catalytic activity of the complex. In this project, two diimine compounds were synthesized 

by condensation reaction in ethanol at room temperature and used to form complexes with NiCl2
.
6H2O. The 

synthesized diimine compounds and their complexes were characterized using UV-visible spectroscopy, FTIR, 

NMR spectroscopy and GCMS data. Besides, the [Ni
II
(L)]Cl2 complexes are utilized as a catalyst in the 

Sonogashira cross coupling reaction between 4-bromoanisole and 2-methylbut-3-yn-2-ol in order to examine its 

catalytic efficiency. Results shown that the [Ni
II
(L)]Cl2 complexes are incapable of inducing the formation of 

cross coupling reaction due to the formation of homo-coupled product that is 2,7-dimethyl-octa-3,5-diyne-2,7-

diol. 

Keywords: diimine compound, catalytic efficiency, Sonogashira cross coupling, homo coupled product 

 

ABSTRAK: 

Tindak balas silang gandingan yang dimangkinkan oleh pelbagai jenis kompleks logam peralihan adalah kaedah 

sintetik yang paling bagus untuk menbentuk ikatan karbon-karbon. Oleh itu, usaha-usaha yang ketara telah 

diberi penekanan pada pengubahsuaian ligan agar dapat meningkatkan aktiviti pemangkinan kompleks. Dalam 

projek ini, dua sebatian diimine telah disintesis melalui tindak balas kondensasi dalam etanol pada suhu bilik 

dan dua sebatian ini telah digunakan untuk membentuk kompleks dengan NiCl2.6H2O. Sebatian diimine dan 

kompleks yang telah disintesis dicirikan dengan menggunakan spektroskopi UV, FTIR, NMR dan GCMS. Selain 

itu, kompleks [Ni
II
(L)]Cl2 telah digunakan sebagai pemangkin dalam tindak balas silang gandingan Sonogashira 

antara 4-bromoanisole dan 2-methylbut-3-yn-2-ol untuk mengkaji kecekapan kompleks tersebut sebagai 

pemangkin. Analisis menunjukkan bahawa [Ni
II
(L)]Cl2 kompleks tidak mampu mendorong pembentukan tindak 

balas gandingan silang disebabkan oleh pembentukan produk homo-gandingan iaitu 2,7-dimetil-octa-3,5-diyne-

2,7-diol. 

 

Kata Kunci: kompaun diimine, kecekapan pemangkin, silang gandingan Sonogashira, produk homo gandingan 
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1.0 Introduction 

1.1 Palladium catalyzed cross-coupling reaction 

Transition metal catalyzed cross coupling is now recognized to be one of the most powerful 

carbon–carbon or carbon-heteroatom bond forming reactions which are widely used in modern 

organic chemistry (Kovi, 2008). Cross coupling reactions play a major role in organic 

chemistry and in the pharmaceutical industry due to the synthesis of pharmaceuticals, fine 

chemicals, materials, polymers, and a number of other products have all been revolutionized 

by the exploration and expansion of the field of catalysis using transition metal complexes 

(Crabtree, 2005; Wu et al., 2010; Surry & Buchwald, 2011). Most of the cross coupling 

reactions employed palladium complexes as catalysts due to their ease of preparation, air and 

moisture stability, low loading as well as higher catalytic efficiency compared to other 

transition metal complex (Beller & Zapf, 2002; Crabtree, 2005; Owusu, 2006; Amoroso et al., 

2011). Examples of cross coupling reactions that employed palladium complexes as catalyst 

are listed as following (Martinelli, 2007): 

 Suzuki-Miyaura coupling: coupling between organoboronic acid and organo halides;  

 Stille coupling: carbon-carbon bond formation between organostannanes and organo 

halides; 

 Negishi coupling: carbon-carbon bond formation between organozinc and organo 

halides; 

 Kumada coupling: coupling of Grignard reagents with organo halides;  

 Hiyama coupling: carbon-carbon bond formation between organosilanes and organo 

halides 
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 Sonogashira coupling: carbon-carbon bond formation between aryl and alkenyl-

alkynes and organo halides; 

 Mizoroki-Heck coupling: carbon-carbon bond formation between organo halides and 

alkenes  

 Buchwald-Hartwig coupling: coupling between organo halides and amines.  

 

Palladium-mediated cross-coupling reactions play an important role in organic chemistry and 

this has led to the development of a large number of transition metal-catalyzed reactions for 

creating organic molecules. In general, palladium catalyzed cross coupling can be illustrated 

by the equation shown in Figure 1 below (Negishi et al., 2004): 

 

R1-M + R2X R1-R2 + M-X

cat. PdLn

additive

solvent

cat.=catalyst

L=ligand, e.g.PPh3

R1= aryl, alkyl, vinyl

R2= aryl, alkyl, vinyl

X= halide, e.g. Br and I

M= B, Zn, Sn  

Figure 1: General equation for Pd-catalyzed cross-coupling reactions 

 

In particular, palladium catalyzed cross coupling reactions generally follow a common 

catalytic cycle, as shown in Figure 2. These reactions are generally thought to proceed 

through a mechanism that involves three distinctive steps. First, an aryl halide reacts with the 

palladium(0) center through an oxidative addition reaction. This is followed by a 

transmetallation reaction to yield a palladium(II) complex that contains the two moieties to be 
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coupled. The final step is the reductive elimination of the product with the concomitant 

regeneration of the active palladium(0) catalyst (Villar & Christmann, 2005). 

 

[LnPd0]

LnPd

Ar

X
LnPd

Ar

X

M-RM-X

Ar-R

Reductive 
elimination

Transmetallation

Oxidative
addition

Ar-X

 

Figure 2: General catalytic cycle for palladium-catalyzed reaction 

 

Since most of the coupling reaction require palladium complex to act as a catalyst in order to 

facilitate the reaction, great efforts have been directed toward the development of efficient 

catalytic systems for the palladium-catalyzed cross coupling reactions. The development of a 

efficient cross-coupling catalytic systems depends predominantly upon the choice of 

appropriate ligands due to the electronic and steric properties of ligands are important in 

tuning the catalytic properties of the palladium centre by facilitate two steps of the catalytic 

cycle that is oxidative addition step and elimination step (Fleckenstein & Plenio, 2010). 

Hence, significant progress has been made with the employment of ligands such as electron-

rich, sterically hindered phosphines in palladium complexes due to these ligands have proven 

highly efficiency utilized the catalyst activity and reaction selectivity of cross coupling 
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reaction (Slagt et al., 2010). Examples of palladium complexes which employed phosphine 

ligands in its structure that has been studied widely and served as the representative catalysis 

in cross coupling is dichlorobis(triphenylphosphine)palladium(II) complex, [PdCl2(PPh3)2]  

and tetrakis(triphenylphosphine)palladium(0) complex, [Pd(PPh3)4] as shown in Figure 3. 

 

Pd

Cl

Ph3P PPh3

Cl

Pd

Ph3P

Ph3P PPh3

PPh3

dichlorobis(triphenylphosphine)palladium(II) complex tetrakis(triphenylphosphine)palladium(0) complex

 

Figure 3: The structure of [PdCl2(PPh3)2] and [Pd(PPh3)4] 

 

The reason that phosphine ligands are able to develop efficient catalytic systems for the 

palladium-catalyzed cross coupling reactions is due to the use of strong σ-donating ligands, 

such as trialkylphosphines can increases electron density around the metal, accelerating the 

oxidative addition of the catalyst to the substrate whereas the use of bulky ligands, in 

particular triphenylphosphine ligands also accelerated the elimination step as it exhibit a large 

cone angle which is also known as Tolman angle (Tolman, 1977; Galardon et al., 2002). 

However, a number of problems that are frequently encountered in the use of phosphine 

ligands in catalysis such as the degradation of P-C bonds which result in deactivation of the 

catalyst as well as the scrambling of the coupling partners with the phosphine substituent. 

This, in addition to their sensitivity to moisture and aerial oxidation, their high toxicity, often 

laborious synthesis and loss during product extraction, has driven research into alternatives to 

phosphines (Kong & Cheng, 1991; Keefe et al., 1992).  
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At this point, the emergence of N-heterocyclic carbenes (NHCs) was used to replace 

phosphines ligand due to these ligands offer similar electronic properties to phosphines, being 

strongly σ-donating and weakly π-acidic as well as it have a better thermal and chemical 

stability, less sensitivity to air and humidity which preserving high catalytic activity. NHCs 

can offer very high catalytic activity combined with stability and longevity in comparison with 

phosphine ligands but the carbene is air sensitive and the synthesis of N-heterocyclic carbenes 

ligands is rather challenging (Hillier et al., 2002). Scheme 1 shows the synthesis of palladium 

complex with the employment of N-heterocyclic carbenes ligands.  

NN
R R

Pd

N

N

R

R

Pd(OAc)2

Base N

N

R

R
N-Heterocyclic carbenes  

Scheme 1: Synthesis of palladium complex using N-heterocyclic carbenes ligands 

 

Regard all these disadvantages, the efforts are directed towards designing cost-effective 

catalysts that are readily accessible, moisture and air stable and function under ambient 

conditions. Therefore, R-dab ligand or known as diimine ligand as shown in Figure 4 been 

employed in palladium complexes due to it can serves as metallomesogens or as homogeneous 

catalysts in the carbon–carbon cross-coupling reactions owing to their versatility in the 

coordination behavior and unique electronic properties (Koten & Vrieze, 1982; Asselt et al.; 

1992, 1994; Morrone et al., 1995; Carfagna et al., 1998; Pun, 2012). 
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CC

N N

R2 R3

R1R1

 

R1= Alkyl , aryl

R2, R3 = H, Alkyl, aryl 

Figure 4: General structure of diimine ligand 

 

Generally, R-dab is regard as one of the imine compound which are extensively used in 

coordination chemistry to build complexes with transition metal group due to their stability, 

flexibility, selectivity and sensitivity toward a wide range of metals as well as its remarkable 

versatility (Ding et al., 2008; Husseiny, 2008; Pascu et al., 2010). A large number of imine 

compound and their complexes show significant interest and attention because of their 

biological activity including antimicrobial, antifungal, anti-inflammatory, anticonvulsant, 

antitumor, anti HIV activities, in optical and electrochemical sensors as well as in various 

chromatographic methods and catalytic activity (Nejo, 2009). Furthermore, as non-innocent 

ligands their metal complexes can have an ambiguous oxidation state and be redox active (vide 

infra), which is favorably applied in catalytic transformations associated with redox process 

(Shi, 2010). 

 

1.2 Project overview 

Since most of the catalysts bearing phosphine ligand and N-heterocyclic carbenes ligand in its 

structure have proven to increase the catalytic efficiency of cross coupling reaction, the 

catalytic efficiency of catalyst that bearing diimine ligand was investigated in this project in 

order to determine whether the diimine ligand with N-donor group and almost similar 
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structural to N-heterocyclic carbenes will increase the catalytic efficiency of cross coupling 

reaction. Therefore, in this project, diimine ligand with different R groups as shown in Figure 

5 were synthesized using condensation reaction of glyoxal with aniline or p-anisidine to 

replace the phosphine and N-heterocyclic carbenes ligands that are sensitive to moisture, aerial 

oxidation and high toxicity.  

CC

N N

H H

R R

R = H or OCH3  

Figure 5: Structure of diimine ligand that were synthesized 

 

Subsequently, these diimine ligands are used to form complex with cheaper transition metal 

that is nickel rather than palladium due to this project is a preliminary study of complexation 

using diimine ligand. After that, the synthesized diimine compounds and their nickel(II) 

complexes was characterized by FTIR, UV-Visible, 
1
H-NMR and GC-MS. The catalytic 

activity of the complexes was investigated by conducting the Sonogashira cross coupling 

reaction between 4-bromoanisole and 2-methyl-3-butyl-2-ol with the presence of copper(I) 

iodide as salt and triethylamine as solvent. The product formation in the reaction was analyzed 

using GCMS and the catalytic ability of the complexes are judged accordingly to the rate of 

product formation by comparing to the catalytic ability of [PdCl2(PPh3)2] .  

 

 



9 
 

1.3 Objectives: 

1) To synthesize and characterize the Ni(II) complex with diimine ligand. 

2) To investigate the catalytic efficiency of the Ni(II) complex by conducting 

Sonogashira cross coupling reaction  

3) To identify whether the employment of N-donor ligand will facilitate and increase the 

yield of cross coupling product by comparing with [PdCl2(PPh3)2]. 
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2.0 Literature Review 

2.1 Sonogashira cross coupling reaction 

The Sonogashira cross-coupling reaction is well-known as being one of the most important 

and utilized reactions for the construction of carbon-carbon bonds, in particular for the 

formation of alkynes by reaction of aryl halides with terminal acetylene which has been 

widely applied to such diverse areas as natural product syntheses and material science 

(Thorand & Krause, 1998). The most commonly used catalytic systems for this transformation 

is using such palladium-phosphine complexes such as [PdCl2(PPh3)2]and [Pd(PPh3)4] together 

with CuI as the co-catalyst and large amounts of amines as the solvents or co-solvents. The 

combination of palladium catalyst, typically [PdCl2(PPh3)2], with copper iodide and amine 

base allowed the coupling to be carried out at room temperature in six hours as it was believed 

that copper assists the reaction through formation of an acetylide and then this group is 

transferred to palladium by a transmetallation step (Barnard, 2008). The main difference 

between Sonogashira reaction with other cross coupling reaction is the R
1
-M species is formed 

in situ but in other cross coupling it has to be pre-formed. Two important components in 

Sonogashira reaction is the catalyst initiation step and the main catalytic cycle as illustrated in 

Figure 6 to give the cross coupled product (Sonogashira et al., 1975) 
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Pd (0)(PPh3)2

Active catalyst

Pd(II)(PPh3)2

Ar

X

Ar-X

Oxidative addition

Pd(II)(PPh3)2

Ar

R

ArR

Reductive elimination

Ar = aryl or vinyl

R = aryl, allyl, alkynyl, SiMe3

X = Br or I

RC CR, R3N, CuI

Transmetallation via Cu-CCR

R3N + HX -

Pd(II)(PPh3)2

R

R

RC C C CR

Catalyst initiation
Pd(II)(PPh3)2

Cl

Cl

R3N R3N.HCl

RCu

Oxidant

eg. O2

 

Figure 6: Catalytic cycle of the Sonogashira cross-coupling reaction 

 

Based on the Figure 6 above, it was shown that Cu(I) exchanges the acetylide (CCR) 

ligand with [PdCl2(PPh3)2] to give [Pd(CCR)2(PPh3)2] species in the catalyst initiation step 

then undergoes reductive elimination to give [Pd(PPh3)2] species as an active catalyst that 

undergoes catalytic cycle to give the cross-coupled product. A significant amount of homo-

coupled product can be produce by repeating the catalyst initiation step where oxidant such as 

air or oxygen promotes the oxidation of Pd(0) to Pd(II) which occur faster than the oxidative 

addition of aryl halide to produce the cross-coupled product (Nguyen et al., 1994; Batsanov et 

al., 2005). 
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According to Shi et al. (2008), the major problems in affecting the yield of the cross-coupled 

product by Pd-catalyzed cross-coupling are due to the competitive formation of the two homo 

coupled products. After oxidative addition of the 1-haloalkyne to the Pd catalyst and 

transmetallation with the alknyl metal reagent generated from the terminal alkyne, the 

intermediate R
1
CCPd-CCR

2 
was gained which could undergo direct reductive 

elimination to furnish the desired unsymmetrical diynes through path A or further 

transmetallate with the alknyl metal reagents in the reaction system and release homo coupled 

side products through paths B and C. Accordingly, one reasonable way to improve the 

selectivity for path A is to facilitate the reductive elimination of intermediate. Figure 7 below 

shows the proposed pathways of palladium-catalyzed C(sp)-C(sp) coupling which the desired 

pathway is path A rather than path B and C. 

 

Pd R1R2Pd R1R1

Pd R2R2
R1R1

R1R2

R2R2

PdX R1

M R2

M R2

M R1

X R1 Cat. [Pd]

Path APath C

Path B X = Cl, Br, I

R1= aryl, allyl, -CMe2(OH), -CH2(OH)

R2= aryl, allyl, SiMe2(iPr), -

CMe2(OH)

M = Cu
 

Figure 7: Proposed pathways for Pd-catalyzed C(sp)C(sp) coupling (Shi et al., 2008) 

 

In order to facilitate the reductive elimination process to give more cross coupled product, the 

use of steric ligands and π-acid ligands or additives are employed in most of the cross coupling 

reaction. Based upon this concept, Lei et al. (2008) has developed a new phosphine electron 


