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Abstract 
 

Pincer complexes with iron as active metal center were synthesized to study their catalytic activity in Suzuki-Miyaura coupling reactions. 

Tridentate pincer ligand was synthesized by the reaction of diphenylchlorophosphine with m-aminophenol and m-phenylenediamine 

respectively in a 2:1 ratio in the presence of triethylamine as a base and tetrahydrofuran as solvent media. The resultant ligand was com-

plexed with FeSO4 to obtain PCP complexes, C-1 with O and N atoms in the side arms and C-2 with both N atoms in the side arms. The 

synthesized complexes were examined for their C-C coupling efficiency in cross-coupling between phenyl boronic acid and para substi-

tuted halobenzenes. The research study aims to provide an alternative approach to the Pd catalyzed cross coupling methods, an otherwise 

subjugated method to obtain cross-coupled products. Also the study implores on the effect of variation in the side arm atom relating to 

the donating ability of the ligand and thereby relatively affecting the coupling yield of the catalysts. 
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1. Introduction 

Complexes bearing pincer ligands are a promising class of organ-

ometallic complexes that have been established and recognized as 

effective pre-catalysts for diverse reactions. Their unique metal 

bound structures, high thermal stability, and process viability 

makes them the most active catalysts for organic transformations 

involving the activation of bonds1. They are well known to cata-

lyze Suzuki-Miyaura cross-coupling reaction with high catalytic 

activity and selectivity2-5.  

However, the most emphasized complexes catalyzing this cou-

pling reaction are with palladium, which despite having unsur-

passed catalytic activity is less abundant and expensive6-9. The 

metals like nickel10-11 and ruthenium12-13 are also employed which 

show good activity, but deters the green motive of catalysis by 

being environmentally less benevolent. 

Therefore, the study and development of catalytic reactions pro-

moted by inexpensive and environmentally benign metals be-

comes a very important and needful catalytic approach. Our pre-

sent work considers both the metal price and cost of ligand syn-

thesis and has focused on the iron complexes with a PCP-pincer 

ligand. Iron is widely studied for its catalytic potential due to its 

low cost and low toxicity14-16. However, its reactivity as pincer 

complexes is a less explored field17-18 which we intend to study 

and apply in catalyzing Suzuki coupling reactions. 

2. Materials and Method 

Ferrous sulphate heptahydrate was purchased from Merck, India 

and used as received. Other chemicals like m-aminophenol, m-

phenylenediamine, chlorodiphenylphosphine, tetrahydrofuran 

(THF), triethylamine (Et3N), acetonitrile (ACN), phenylboronic 

acid and aryl halides were purchased from Sigma-Aldrich and 

used without further purification. 

The ligands were synthesized as per the reported procedure19 with 

certain modifications. In a typical synthesis process, triethylamine 

(1.85 g, 18.3 mmol) was dissolved in THF (20 mL) with the re-

spective amine (1 g, 9.2 mmol). The mixture was cooled to 0°C 

followed by drop wise addition of chlorodiphenylphosphine (4.04 

g, 18.3 mmol) under stirring. The solution was brought to room 

temperature and refluxed overnight. The solution was then filtered, 

washed with anhydrous hexane (2 x 10 mL), and the solvent was 

removed under vacuum to afford the ligands.  

Ferrous sulphate was refluxed for 4h with the ligands in 1:1 ratio 

in THF. The precipitates obtained were filtered and washed with 

ether (Scheme 1). 

 
Scheme 1: Synthesis of the complexes 

For characterization, complexes were studied under Bruker Alpha 

FTIR, Analytik Jena Specord UV Vis Spectrophotometer, Bruker 

AV 400 NMR spectroscopy, Sherwood UK magnetic susceptibil-

ity instrument. The catalysis reaction product analysis was carried 
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out using Gas Chromatography (GC) (Shimadzu 2014, Japan); the 

instrument has a 5% diphenyl and 95% siloxane Restek capillary 

column (30 m length and 0.25 mm diameter) and Flame Ionization 

Detector (FID). 

3. Results and Discussion 

FTIR analysis of the ligands L-1 and L-2 showed medium intensi-

ty secondary N-H stretching at 3350 and 3360 cm-1 respectively 

indicating the bond formation between N and P. Formation of 

bond between O and P in L-1 is indicated by the absence of broad 

peak for O-H stretching and appearance of a peak at 750 cm-1 for 

P-O stretching. A sharp peak at 694 cm-1 is assigned to the P-N 

stretching in both the ligands and the complexes20. (Fig. 1) 

 
Figure 1: FTIR spectra of ligands and the complexes 

Electronic spectra of the complexes along with their correspond-

ing ligands were recorded as a confirmatory measure to imply the 

complex formation (Fig. 2). In all the spectra recorded, there is a 

shift in the absorption band from the ligand to the complex per-

ceptibly indicating the complex formation. The absorption bands 

observed in the spectrum of the free ligand have shifted to lower 

energy region in the spectra of complexes due to the coordination 

of the ligand with metal ion. All the transitions are majorly due to 

intra ligand charge transfer transitions (ILCT) and ligand to metal 

charge transfer transitions (LMCT). 

 
Figure 2: Electronic spectra of ligands and the complexes 

 

Magnetic moments for C-1 and C-2 were observed to be 1.82 BM 

and 1.93 BM indicating paramagnetism corresponding to one 

unpaired electron and thereby supporting the formation of Fe(III) 

complexes21. 

 

 
Figure 3: 1H NMR spectra of ligands (a) L-1 (b) L-2 

 

The significant conversion of biaryls was determined by Gas 

Chromatography (GC). The reaction between 4-bromobenzonitrile 

and phenyl boronic acid was chosen as a model reaction to evalu-

ate the catalytic activity of the catalyst precursors. Various factors 

including solvent, catalyst loading, base, temperature and time 

were screened to optimize the reaction conditions (Fig. 4). 

 

 
Figure 4: Optimization studies of the catalysts 

 

The promising results were a motivation to extend the cross cou-

pling reaction between phenyl boronic acid and different aryl hal-

ides using the optimized reaction conditions. The results of these 

reactions are summarized in Table 1. 

Table 1: Catalytic activity study for complexes 

Entry X R 
Yield (%)a 

C-1 C-2 

1 

Br 

H 59 61 

2 CN 85 89 

3 OCH3 74 76 

4 COCH3 80 87 

5 NHCOCH3 78 83 

6 F 40 42 

7 CH3 57 60 

8 
I 

OH 69 74 

9 CN 89 94 

10 Cl CHO 67 71 

Reaction conditions: Aryl halide (1.0 mmol), Phenyl boronic acid (1.3 
mmol), Cs2CO3 (2.0 mmol), catalyst (0.4 mol %), solvent (5.0 mL), 14 h. 

a GC yields, average of 3 trials. 
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4. Conclusions  

In view of the current use of expensive Pd catalyst for cross-

coupling reactions, an attempt was made to synthesize more eco-

nomical transition metal, iron based pincer complexes as an alter-

native catalyst. Various molecular characterizations showed the 

successful synthesis of the desired pincer complexes. The iron 

catalysts were found to catalyze the coupling reactions very effec-

tively. The effect of reaction parameters like solvent, alkalinity, 

reaction time, and catalyst loading suggested that among the tested 

factors, the cross-coupling reaction showed better performance in 

ACN solvent with Cs2CO3 base and a reaction time of 14 h with 

for 0.4 mol% of the synthesized catalysts. The electron withdraw-

ing groups on the aryl halides accelerated the process of conver-

sion to biaryls whereas presence of electron donating groups 

brought about lesser conversion. Among the halides, iodide was 

observed to be a better leaving group. Complex, C-2 with addi-

tional ‘N’ donor atom in the side arm catalyses the coupling reac-

tion better than C-1. 
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