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CHAPTER 4 
 

PALLADIUM-CATALYZED SUZUKI-MIYAURA COUPLING REACTIONS 
 

Palladium (II) complexes of the general formulae [PdCl2(P^N)] and [Pd(Me)Cl(P^N)] have 

been obtained from bidentate ligands bearing phosphine and imine donor groups. The 

complexes have been shown to be highly active catalysts for the Suzuki-Miyaura cross 

coupling reaction, and are tolerant of a wide variety of reaction conditions as well as 

substituents on both arylboronic acids and aryl halides. 
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4.1 INTRODUCTION 
 

ransition metal-catalyzed C-C and C-X (X = heteroatom) bond forming reactions are a 

powerful synthetic tool in organic chemistry. In this regard, palladium complexes form 

some of the most versatile and useful catalysts in these organic transformations. Impressive 

advances have been made in palladium-catalyzed cross-coupling reactions such as the 

Suzuki-Miyaura, Migita-Kosugi-Stille, Buchwald-Hartwig and Mizoroki-Heck reactions in the 

last 20 to 30 years.
1-3

 These processes have historically been used for the construction of 

carbocycles. However, in recent years interest in their application in the decoration and 

construction of heterocycles has been steadily growing.
4
 The reason for this interest 

becomes obvious if one takes into account that the majority of drugs and agrochemicals 

contain a heterocyclic unit.
1
  

 

Interest in palladium chemistry is not limited to academic research. The past few decades 

have witnessed an increase in the number of palladium-catalyzed reactions being performed 

on a kilogram-to-few-hundred kilogram scale in the development of new drug or 

agrochemical candidates in all major agrochemical and pharmaceutical companies.
1,5

 The 

facile interchange between the two stable oxidation states, Pd
II
 and Pd

0
, and the 

compatibility of many palladium compounds with most functional groups, are mainly 

responsible for the rich chemistry enjoyed by palladium compounds
6
 which make these 

compounds a suitable tool to couple highly functionalized subunits in the synthesis of 

complex natural products and to perform efficient lead optimization in medicinal chemistry.
1
 

In recognition of the importance and impact of palladium compounds in organic synthesis, 

the 2010 Nobel prize in chemistry was awarded for palladium-catalyzed cross couplings. 

 

Among the most utilized palladium-catalyzed reactions is the Suzuki-Miyaura carbon-carbon 

coupling reaction between an aryl-(pseudo)halide and a boronic acid for the preparation of 

biaryls; moieties that are found in a wide variety of natural products, chiral reagents, chiral 

phases for chromatography, chiral liquid crystals and pharmaceutical drugs.
7
    

 

The most common Suzuki-Miyaura catalysts currently in use are based on phosphine 

complexes with strong P-donors, owing to the stability displayed by these complexes as well 

as the comparative ease with which their properties can be modified. The accepted 

mechanism of the C-C coupling reaction (Figure 4.1) begins with the oxidative addition of an 

aryl halide to an initial Pd
0
 species (I) generating a Pd

II
 intermediate (II). This is followed by a 

metathetic exchange between this Pd
II
 intermediate and the base (step b), resulting in 

T 
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intermediate (III). This intermediate then undergoes transmetallation (step c) with borane 

reactants in the presence of base to form the bi-aryl intermediate IV. The product is released 

by reductive elimination (step d) from the bi-aryl Pd
II
 species regenerating the active Pd

0
 

species.
8,9

  

 
Figure 4.1: Suzuki-Miyaura mechanism. NaOH is used as an example of a typical base. 

 

The rate-limiting steps are typically the oxidative addition
10

 or the transmetalation.
11

 As such, 

a precatalyst such as Pd(PPh3)4, would need to enter the catalytic cycle through two 

successive ligand dissociations to give the 14-electron catalytically active complex 

Pd
0
(PPh3)2. Such low-valent, low-coordinate palladium complexes are known to be extremely 

unstable and their formation is energetically unfavourable. One of the main challenges facing 

these catalyst systems is therefore the facile decomposition and deactivation of such 

complexes, which can lead to poor catalyst performance
9
 thereby making the use of high Pd 

loadings (2 to 12 mol%) necessary.
3,12-17

 It is therefore desirable to design catalysts that are 

both chemically stable and catalytically active. One way of achieving this is through the use 

of hemilabile supporting ligands. Where such a supporting ligand is a P^N ligand, the P-

donor moiety would be continually bound to the metal ccentre while the N-donor moiety 

could dissociate in the presence of substrate. In the ansence of substrate the N-donor end 

would re-coordinate to the metal centre, stabilizing it and preventing catalyst deactivation 

and/or decomposition. 
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The concept of hemilability was introduced in the 1970’s by Rauchfuss
18,19

 to describe 

multidentate ligands that ‘would bind well enough to the metal centre to allow isolation of the 

complex, but would readily dissociate the hard donor component thus generating a vacant 

site for substrate binding’.
20

 This is a particularly desirable characteristic for complexes which 

might have application in catalysis, and since the majority of metals used in such systems 

are middle or late transition metals, it is usually the soft donor atom which is continually 

bound to the metal centre.
21

 An important property of these ligands is that they can stabilize 

metal ions in a variety of oxidation states and geometries, which normally form during the 

catalytic cycle.
18

 In addition, the hard donor sites are weakly coordinated to the soft metal 

centre, and can be easily dissociated in solution, affording a vacant site whenever 

demanded, whereas the chelate effect confers stability to the catalyst precursor in the 

absence of substrate
18

 thereby preventing catalyst decomposition/deactivation. 

 
Over the past few decades, interest in metal complexes of these types of ligands, which are 

essentially functionalized phosphine ligands, and their role in catalysis has been steadily 

growing as the different features associated with each donor atom confer unique properties 

to their metal complexes.
21-24

 Unlike homo-donor chelate ligands, hetero-donor ligands have 

a distinct trans effect which can play a role in controlling the selectivity/activity, especially in 

co- and/or homo-polymerization processes.
25

 The syntheses and reactivity/catalytic activity of 

complexes bearing hemilabile ligands of the type P^N
18,26

 and P^O
27

 have been widely 

reported.  

 
Significant developments in the chemistry of functionalized phosphine ligands continue to 

play a crucial role in understanding how these versatile ligands coordinate to metal centres, 

how they influence metal reactivity and their application in homogeneous catalysis.
28

 Of the 

heterodentate ligands, those bearing phosphorus and nitrogen as their donor atoms have 

emerged as an important class of ligands.
23

 The π-acceptor ability of the phosphine can 

stabilize a metal centre in a low oxidation state, while the nitrogen σ-donor ability makes the 

metal centre more susceptible to oxidative addition reactions. This electronic asymmetry can 

also be used to optimize a ligand for a particular reaction by appropriate choice of the 

properties of the donor atoms. For example, binding the phosphorus atom directly to a more 

electronegative atom such as oxygen or nitrogen
23,29

 will reduce its electron donating 

capability while also enhancing its π-acceptor capacity. On the other hand, the presence of 

an imino rather than amino group will result in a nitrogen donor atom of greater σ-donating 

capabilities.
23,30

 Moreover, these types of ligands allow modulation of the steric crowding 

around the metal centre through the simple variation of the substituents on the imine and 
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phosphine groups.
31

 Recent years have seen an increase in the amount of research on the 

synthesis and application of iminophosphine complexes as catalysts for coupling reactions 

and it has been found that these complexes show great promise.
17,32-37

 

 
This chapter describes the application of palladium complexes with hemilabile 

iminophosphine ligands as pre-catalysts in Suzuki-Miyaura coupling reactions. The effect of 

such factors as the choice of solvent and base as well as different substituents on both the 

aryl halides and the arylboronic acids is presented. The bidentate iminophoshine ligand 

system used in this study was chosen based on several advantages that such ligands offer. 

These include: 1) their ability to improve the thermal stability of their metal complexes.
38

 2) 

their ability to stabilize complexes in a variety of oxidation states and geometries that can 

form during the catalytic cycle.
18

 3) their hemilabile nature, which would aid in creating 

vacant sites on the metal centre,
20

 allowing easy access to reactants, while 4) helping reduce 

catalyst deactivation/decomposition.
20,21

 

 

4.2 RESULTS AND DISCUSSION 
 

Complexes 3.8 – 3.10 and 3.16 (Figure 4.2) were tested for catalytic activity in Suzuki-

Miyaura coupling reactions. Complex 3.10 was used in preliminary testing to optimize 

reaction conditions (temperature, nature of base, solvent type and catalyst loading). The 

coupling of bromobenzene and phenylboronic acid was chosen as the model reaction and all 

reactions were carried out under aerobic conditions. Secondly, complexes 3.8, 3.9, 3.10 and 

3.16 were evaluated for activity in Suzuki-Miyaura coupling reactions to test the effect of 

palladium precursor (3.8 and 3.16) and substituents (3.8, 3.9 and 3.10) that may influence 

the second coordination sphere of the metal centre. 

 

 

 

 
3.8 

 
3.9 

 
3.10 

 
3.16 



CHAPTER 4: Suzuki-Miyaura Coupling 

~ 116 ~ 
VU Amsterdam/UCT 

Figure 4.2: Complexes tested for catalytic activity in Suzuki-Miyaura Coupling reactions. 
Complex 3.10 was found to be active and full conversion was observed to occur within three 

hours of reaction under optimized reaction conditions. As a result, the reactions were carried 

out for a period of 3 h, except in cases where conversion was not observed or was found to 

be very low in the given period. In such cases the reactions were carried out over a period of 

24 h. The molar ratio of bromobenzene : phenylboronic acid : base used was 1.0 : 1.5 : 2.0 

for all reactions. The results of these optimization reactions are presented in Table 4.1. 

 

4.2.1 Optimization of Reaction Conditions 
 
4.2.1.1 Effect of Temperature 
 
The reaction was carried out in toluene at 85 °C, 100 °C, 110 °C and 140 °C. The amount of 

catalyst used was 0.1 mol% and K2CO3 was used as base. Complex 3.10 is active even at 

temperatures as low as 85 °C (entry 1, Table 4.1), with almost complete conversion (94%) 

being obtained in 3 h. Increasing the temperature to 100 °C (entry 2, Table 4.1) results in an 

increase in reaction rate, and 92% conversion is reached in 1 h (compared to 77% obtained 

after 1 h at 85 °C) and 97% conversion at the end of 3 h. Increasing the temperature beyond 

100 °C (entries 3 and 4, Table 4.1) does not have a significant beneficial effect on catalyst 

performance, although complete conversion is reached within 2.5 h at 140 °C. At 110 °C, 

90% and 98% conversion were reached within 1 h and 3 h respectively. In all cases, most of 

the conversion occurs in the first hour of the reaction, with ≥90% conversion being reached 

within an hour at 100 °C and 110 °C (Figure 4.3). Based on the results obtained from the 

temperature study, all subsequent reactions were carried out at 100 °C. 

 

 
Figure 4.3: Effect of temperature on the production of biphenyl under different temperature 

conditions with complex 3.10 as catalyst. 
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4.2.1.2 Catalyst Loading 
 
Entries 1, 5 and 6 in Table 4.1 show the effect of catalyst loading on the performance of 

complex 3.10. The best performance is obtained when 0.1 mol% Pd is used. When 0.1 mol% 

of pre-catalyst is used, 92% conversion is reached within the first hour of the reaction while 

87% and 69% conversions are reached in the same amount of time when 1.0 mol% and 5.0 

mol%, respectively, are used. Conversion stabilizes at ca. 70% when 5.0 mol% percent of 

catalyst is used while almost complete conversion (97%) is achieved using 0.1 mol% of 

catalyst (Figure 4.4).  

 

 
Figure 4.4: Effect of catalyst loading on the production of biphenyl with complex as catalyst 

3.10. 

 

Increasing catalyst loading to 1.0 and 5.0 mol% Pd (entries 5 and 6, Table 4.1) results in 

catalyst decomposition (shown by formation of palladium black in the reaction mixture) within 

the first five minutes and one minute, respectively. This observation is in agreement with 

those by de Vries,
39

 Rothenberg
40,41

 and others,
43,44

 that only homeopathic amounts of 

palladium (typically 0.001 - 0.01 mol%) are needed for cross-coupling reactions. This is 

attributed to the fact that once palladium has been reduced to Pd(0), it tends to form 

nanoclusters, which have low stability. These clusters eventually aggregate to form 

palladium black. Therefore, lowering palladium concentration in the reaction mixture favours 

oxidative addition of the aryl bromide to the Pd(0) species over cluster formation and 

subsequent catalyst deactivation.
39a

 This result is of particular importance because the use of 

low catalyst loading is beneficial only when high reaction rates accompanied by almost 

complete conversions are observed. Otherwise expensive and time-consuming procedures 
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for product separation and purification would be necessary, negating the beneficial effects of 

using low catalyst loading. 

 

4.2.1.3 Effect of Base 
 
Entries 2 and 7 – 11 in Table 4.1 highlight the effect of various bases on the catalytic 

performance of complex 3.10. K2CO3, the relatively cheap and easy to handle base chosen 

for the preliminary investigations, turned out to be one of the most efficient, along with KOH 

(entry 7), Cs2CO3 (entry 10, Table 4.1) and NaOH (entry 11, Table 4.1), which gave 

conversions in excess of 96% in 3 h or less. When these bases were used, conversions in 

excess of 80% were obtained as early in the reaction as 40 minutes, with 91% conversion 

being reached in this time when Cs2CO3 was used as base.  

 

In contrast, the organic base, NaOAc (entry 8, Table 4.1) as well as Na2CO3 (entry 9, Table 

4.1) performed poorly, with only 42% and 29% conversion, respectively, obtained after 24 h 

of reaction. Interestingly, comparing entries 2 and 9, a ‘potassium effect’
34

 becomes evident. 

It seems that the cation plays an important role in determining the efficiency of the base to 

activate the boronic acid as previously reported.
34,44-46

  

 

 
Figure 4.5: Effect of base on the production of biphenyl with complex 3.10 as catalyst. 

 

4.2.1.4 Choice of Solvent 
 
Polar aprotic solvents like THF, DMF and dioxane are often used for coupling reactions as 

they allow for the best solubility of both the substrates and the catalysts used. As a result, 

high conversions with high selectivities (depending on the choice of ligand) can be obtained 

under mild conditions. A study of solvent effects on the activity of complex 3.10 revealed that 



CHAPTER 4: Suzuki-Miyaura Coupling 

~ 119 ~ 
VU Amsterdam/UCT 

while the reaction proceeds well in toluene (entry 2, Table 4.1) and 1,4-dioxane (entry 12, 

Table 4.1), catalytic performance is greatly affected in DMF and even more so in acetonitrile 

(entries 13 and 14, Table 4.1). Scrivanti and co-workers
34

 reported that no catalytic activity 

was observed when they used the heterodonor P^O complex [PdCl2{8-(di-

tertbutylphosphinooxy)quinoline)}] as a pre-catalyst for Suzuki- Miyaura coupling in DMF. 

They attributed the lack of catalytic activity in this solvent to a possible mechanism whereby 

these solvents could activate a process such as ligand hydrolysis leading to catalyst 

decomposition.  

 

Since in our case catalytic activity is just slowed down and not completely suppressed, this 

mode of catalyst deactivation is not operative. A possible explanation could be that, since 

both acetonitrile and DMF are basic solvents with N-donor atoms, they could compete with 

the imine moiety of the ligand in coordinating to the palladium centre and the resultant 

complexes could be less active than the iminophosphine complex. This possibility is further 

supported by the fact that in DMF, which is less basic than acetonitrile due to conjugation, 

and therefore has a lower coordination ability, the reaction proceeds to almost complete 

conversion (94% after 24 h), whereas in acetonitrile only 54% conversion is obtained in the 

same period. The reaction in 1,4-dioxane proceeds at a much faster rate than it does in DMF 

and the same logic can be applied to explain this. Since the oxygen donor atoms in dioxane 

are a harder base than the nitrogen donor atom in DMF, this solvent is less likely to 

coordinate to the palladium centre and therefore it is less likely to interfere with catalyst 

performance.  

 

Nobre and Monteiro
32

 reported the use of Pd(OAc)2 in combination with iminophosphine 

ligands (2-diphenylphosphino-benzylidene)-2-methylpropan-2-amine or (2-

diphenylphosphino-benzylidene)-2,6-diisopropylaniline as catalysts for the coupling of 

phenylboronic acid and 4-bromotoluene. They also observed that for this catalyst system, 

dioxane and toluene were the best solvents (with 72% conversion being obtained for both 

solvents at 50 °C and 1 mol% Pd). Poor results were obtained when acetonitrile was used.
32

 

The graph in Figure 4.6 shows that toluene performed consistently better than the other 

solvents. However at the end of 3 h same conversions were obtained for both toluene and 

1,4-Dioxane.  

 

The activity of complex 3.10 compares generally favourably with other hetero-donor 

palladium complexes reported for Suzuki-Miyaura coupling
17,32,34,35

 with lower catalyst 

loading and shorter reaction times required, while high reaction rates are maintained. 



CHAPTER 4: Suzuki-Miyaura Coupling 

~ 120 ~ 
VU Amsterdam/UCT 

 

 
Figure 4.6: Solvent effects on the production of biphenyl using 10. 

 

4.2.1.5 Mercury Poisoning Test 
 
To determine whether the catalytic species is the molecular iminophosphine palladium 

complex or nanoparticles (colloids or nanoclusters), a mercury poisoning test was carried out 

by adding mercury to the reaction mixture before catalytic testing was performed. Mercury is 

known to form an amalgam with Pd(0) species, blocking active sites on catalytically active 

nanoparticles. 

  

The results from the mercury test (entry 15, Table 4.1, Figure 4.7) show an almost complete 

suppression of catalytic activity in the presence of mercury, indicating that the probability of 

the actual active species in these reactions being a form of palladium nanoparticles (colloids, 

nanoclusters, etc) cannot be excluded. It should be noted, however, that not only colloidal 

Pd(0) but also molecular Pd(0) complexes have been reported to be destroyed by elemental 

mercury.
47,48

 The results obtained from these tests show that the possibility of the catalytic 

species not being a molecular complex can not be excluded.  
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Figure 4.7: Effect of mercury poisoning on biphenyl production using 10 as catalyst. 

 

4.2.2 Choice of Arylhalides and Phenylboronic Acids 
 
An investigation into the effect of the use of different aryl halides and substituted 

phenylboronic acids as substrates on the production of biphenyls under the optimized 

conditions determined in the preliminary study for 3.10 (0.1 mol% Pd, K2CO3, toluene, 100 

°C) was carried out. The results from these tests are presented in Table 4.2.  

 
In palladium-catalyzed coupling reactions, oxidative addition to a Pd(0) species is often the 

rate-determining step in the catalytic cycle,
8
 and the relative reactivity decreases in the order 

of I > OTf > Br >> Cl because of the different C-X dissociation energies, (e.g. C-I 240 kJ/mol 

to C-Cl 339 kJ/mol). However, for some catalyst systems, a reversal of reactivity between 

aryl bromides and aryl iodides has been reported, and in these cases, transmetalation of the 

Pd
II
-X species is the rate-determining step. Smith and co-workers

7j
 carried out mechanistic 

studies of the Suzuki coupling in the production of the drug trityl losartan, an angiotensin II 

receptor antagonist used for the treatment of high blood pressure, in which they determined 

that the rate-determining step depends on the identity of the aryl halide. They found that 

when using aryl bromide, oxidative addition was rate-determining since the coupling rate was 

strongly dependent on the concentration of the catalyst and the aryl bromide but independent 

of the aryl boronic acid.  
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Table 4.1: Influence of temperature, base, solvent and catalyst loading on the activity of 

3.10
a
 

 
Entry mol% Pd Conditions Time (h) Solvent Base % Conversion

b
 

1 0.1 85 °C 3 Toluene K2CO3 94 

2 0.1 100 °C 3 Toluene K2CO3 97 

3 0.1 110 °C 3 Toluene K2CO3 98 

4 0.1 140 °C 2.5 Toluene K2CO3 100
e
 

5 1.0 100 °C 3 Toluene K2CO3 91 

6 5.0 100 °C 3 Toluene K2CO3 72 

7 0.1 100 °C 1.5 Toluene KOH 98 

8 0.1 100 °C 24 Toluene NaOAc 42 

9 0.1 100 °C 24 Toluene Na2CO3 29 

10 0.1 100 °C 1.5 Toluene Cs2CO3 98 

11 0.1 100 °C 1.5 Toluene NaOH 95 

12 0.1 100 °C 3 1,4-Dioxane K2CO3 97 

13 0.1 100 °C 24 DMF K2CO3 95
c
 

14 0.1 100 °C 24 Acetonitrile K2CO3 52 

15
d
 0.1 100 °C 24 Toluene K2CO3, 4 

a
Conditions: Solvent (15 ml), aryl halide (5.0 mmol), phenylboronic acid (7.5 mmol), base (10.0 mmol). 

b
Determined 

by GC with n-decane as internal standard.
c
38% conversion observed after 3h. 

d
0.1 mol% Hg with respect to 

bromobenzene. 
e
Reaction done in a sealed tube. 

 

In contrast, when aryl iodide was used as substrate, the coupling rate was found to be 

proportional to the concentration of the catalyst and the aryl boronic acid but independent of 

the concentration of iodotoluene, i.e., the transmetalation was rate-determining. This 

observation has been attributed to the strength of the Pd
II
-X bond in the products of the 

oxidative addition step,
49-51

 and was supported by density functional theory calculations for 

the Stille cross-coupling reaction, which showed that the overall activation barriers for the 

transmetalation process increase in the order: X = Cl < Br < I.
49

  

 

Comparing the efficiency of the different aryl halides as substrates in the current study 

reveals that the best results are obtained when bromobenzene is used (entry 3, Table 4.2, 
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Figure 4.8) and the poorest results are obtained when chlorobenzene is used as substrate 

(entry 2, Table 4.2). Although a slower reaction rate (compared to bromobenzene) is 

observed when iodobenzene is used as the substrate (entry 1, Table 4.2), the reaction 

proceeds almost to completion after 24 h (97%). 

 
Figure 4.8: Effect of choice of aryl halides on biphenyl production with complex 3.10 as 

complex. 

 

Complex 3.10 is tolerant of both electron-withdrawing and electron-donating groups on the 

aryl bromide. The best results were obtained when highly electron-deficient aryl bromides 

such as 2-bromobenzonitrile (entry 6, Table 4.2) and 4-bromobenzaldehyde (entry 4, Table 

4.2) were used. 100% conversion was reached within 50 minutes for both substrates. Using 

relatively electron-rich aryl bromides slows down the rate of reaction (entries 5 and 7, Table 

4.2), with the worst results (80% conversion after 24 h) obtained when 4-bromobenzyl 

bromide was used as substrate (entry 5, Table 4.2).  

 

The complex also shows tolerance for electron withdrawing and electron donating 

substituents on phenylboronic acid. Good conversions were obtained in cases where 3-

chloro- and 3-methoxy-substituted phenylboronic acids were used. In the case where 2-

methoxyphenylboronic acid was used, only moderate conversion was obtained, and this 

could be due to steric effects which could come into play due to the close proximity of the 

methoxy group to the boronic acid moiety. Very little conversion was obtained when 3,4-

(methylenedioxy)phenylboronic acid was used, with only 15% conversion being observed 

after 24 hr. 3-thiopheneboronic acid was also used as substrate and only 6 % conversion to 
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the desired product was obtained after 24 h, possibly due to poisoning of the active catalytic 

species by substrates with donor sites.  

 

Table 4.2: Suzuki-Miyaura coupling of various aryl halides with phenylboronic acids complex 

3.10
a
 

 
Entry Ar-X Ar’-B(OH)2 mol% Pd Time % Conversion

b
 

1 

  

0.1 3 h 66
c
 

2 

  

0.1 24 h 27 

3 

  

0.1 3 h 97 

4 

 
 

0.1 50 min 100 

5 

 

 

0.1 24 h 80 

6 

 

 

0.1 50 min 100 

7 

 

 

0.1 2h 100 

8 

 

 

0.1 24 h 19 

9 

 

 

0.1 2 h 92 

10 

 

 

0.1 1.5 h 100 
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11 

 

 

0.1 24 h 15 

12 

  

0.1 24 h 6 

13 

 

 

0.1 24 h 63 

a
Conditions: Solvent (15 ml), aryl halide (5.0 mmol), phenylboronic acid (7.5 mmol), base (10.0 mmol). 

b
Determined 

by GC with n-decane as internal standard. 
c
97% conversion observed after 24 h. 
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(a) 

 

 

(b) 

Figure 4.9: Effect of substituents on bromobenzene on catalytic performance of complex 

3.10. 
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(a) 

 

 

(b) 

Figure 4.10: Effect of choice of boronic acids on catalytic performance of complex 3.10. 

4.2.3 Catalytic Activity of Complexes 3.8, 3.9, 3.10 and 3.16 
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A comparative study of catalytic activity involving complexes 3.8, 3.9, 3.10 and 3.16 was 

carried out to determine the effects of palladium precursor as well as ligand substituents 

using conditions optimized for 3.10. Comparing the results obtained for 3.10 and 3.16 

(entries 3 and 4, Table 4.3) it is observed that the methyl chloride complex is slightly more 

active than its dichloride counterpart. Under the same reaction conditions 100% conversion 

is reached within 90 minutes with the methyl chloride complex (3.16) while only 84% 

conversion is achieved with the dichloride complex (3.10) in 90 minutes and 97% conversion 

is achieved after 3 h. Furthermore, comparing the results obtained for 3.8, 3.9 and 3.10 

(entries 1 – 3, Table 4.3) it is seen that having a ligand bearing a weakly coordinating donor 

atom in the second coordination sphere of the metal centre has a beneficial influence on the 

catalytic activity of the complex. Of the three complexes, complex 3.9, bearing the furfuryl 

substituent gave the best results, with 90% and 100% conversion being obtained in 10 min 

and 30 min respectively (Figure 4.10). Complexes 3.8 and 3.16, on the other hand, gave 

98% and 96% conversion, respectively in 30 min. In all cases, good turn over numbers (>840 

mol/mol Pd) and turn over frequencies (>1680 mol/mol Pd/h), based on aryl bromide 

conversion, were observed. 

 

Table 4.3: Catalytic activity of complexes 3.8 – 3.10, and 3.16 for the coupling of 

bromobenzene and phenylboronic acid
a
 

 

Entry Catalyst  R mol% Pd % Conversion
b
 TON

f,h
 TOF

g,h
 

1 3.8 4-Tolyl 0.1 98
c
 980 1960 

2 3.9 2-Furfuryl 0.1 100 1000 2000 

3 3.10 2-Thionyl 0.1 84
d
 840 1680 

4 3.16 2-Thionyl 0.1 96
e
 960 1920 

a
Conditions: Solvent (10 ml), aryl halide (5.0 mmol), phenylboronic acid (7.5 mmol), base (10.0 mmol), 0.1 mol% Pd, 

time (30 minutes). 
b
Determined by GC with n-decane as internal standard. 

c
100% conversion obtained after 40 

minutes. 
d
97% conversion obtained after 3 h. 

e
100% conversion obtained after 1.5 h. 

f
TON: mol of aryl bromide 

converted/mol catalyst. 
g
TOF: mol of aryl bromide converted/mol catalyst per hour. 

h
TON and TOF values at 30 

minutes of reaction. 
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Figure 4.11: Comparison of catalytic activities of 3.8 – 3.10 and 3.16. 

 

4.3 SUMMARY AND CONCLUSIONS 
 
A selection of palladium dichloride and palladium methylchloride complexes based on 

iminophosphine ligands (Chapter 3) was tested for activity in Suzuki-Miyaura coupling 

reactions. An extensive study on the scope of these complexes was performed and they 

were found to be compatible with a wide range of reaction conditions as well as functional 

groups on both the aryl halides and the arylboronic acids. The results show that for these 

iminophosphine complexes, low catalyst loadings are required while high conversions and 

short reaction times are maintained. In addition, having a substituent bearing a donor atom 

on the imine moiety was found to enhance catalytic activity. Palladium methyl chloride 

complexes were found to be more active than their palladium dichloride counterparts. A 

distinct halide effect was observed, whereby there was a reversal in reactivity pattern 

between bromobenzene and iodobenzene. 

 

4.4 EXPERIMENTAL DEAILS 

 
4.4.1 CATALYTIC SUZUKI-MIYAURA COUPLING REACTIONS 
 
A 100 ml round bottom flask was fitted with a reflux condenser and a magnetic stirring bar. 

The flask was charged with toluene (15 ml) and the appropriate amount of catalyst reagents 

and the internal standard (n-decane: 2.59 mmol). The contents were thoroughly mixed and 

an initial sample (t0) was then taken. The reaction flask was placed in an oil bath at the 

desired temperature and the reaction mixture allowed to heat or reflux with stirring. A sample 

was taken and analyzed every 10 min for the first hour and every 30 min thereafter until t3h. 

In cases where conversion was not complete after 3 h, the reaction mixture was then allowed 
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to stir for a total of 24 h then the final sample was analyzed. The reaction at 140 °C was 

performed in a sealed tube. All catalytic reactions were done under aerobic conditions.
47

 The 

products were characterized by 
1
H and 

13
C NMR spectroscopy, mass spectrometry, and 

elemental analysis. Retention times were measured by gas chromatography.  GC analyses 

were performed using a Varian 3900 gas chromatography equipped with an FID and a 30 m 

x 0.32 mm CP-Wax 52 CB column (0.25μm film thickness). The carrier gas was helium at 5.0 

psi. The oven was programmed to hold at 30 
o
C for 4 min and then to ramp to 200 

o
C at 10 

deg/min and hold for 5 min. 
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