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CHAPTER VII 

Ni(0) supported with reduced graphene oxide (RGO): Efficient 

heterogeneous catalyst for Kumada–Corriu cross–coupling reaction 
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VII.1. Introduction 

During the last few years, graphene oxide (GO)1 and reduced graphene oxide (RGO) based 

carbon nanomaterials have attracted immense research interest in the field of catalysis.2 The 

electronic properties3 and high surface area 4 of RGO opens up new opportunities for its use 

as a next-generation catalyst or catalyst support.5 The reduced graphene oxide has the more 

potential to behave as catalyst supports.6 Because, they can form stable dispersions in 

aqueous or organic media, and can be blended with other nanomaterials to form 

nanocomposites.7 Various metal nanoparticles (NP) have been incorporated in 2D catalyst 

support RGO to synthesize potential catalyst in different reactions. In recent literatures RGO 

supported Pd, Au and Pt have been used in organic reactions as catalyst.8 It was observed that 

in most of the papers RGO supported noble metals have been used as catalyst. Surprisingly 

there are very few reports on RGO supported low cost first row transition metals as potential 

catalyst in different organic reactions.9 

In the recent years, RGO as the catalyst support has shown some significant advantages in the 

area of cross‒coupling chemistry. Usually organic ligand-stabilized zero valent homogeneous 

complexes are used as catalysts in cross‒coupling reactions.10 The drawbacks regarding the 

recovery and reusability of a homogeneous catalyst was overcome by using RGO supported 

ligand-free heterogeneous catalysts. The C–C cross‒coupling reactions, such as Mizoroki–

Heck, Sonogashira and Suzuki–Miyaura, have been successfully catalysed by heterogeneous 

Pd/RGO composite materials. 

The Kumada–Corriu cross–coupling reaction is frequently used to synthesize functionalized 

biaryls.11 This reaction has the major advantage over Suzuki–Miyaura and Mizoroki–Heck 

reactions because all aromatic halides including sp2 C–F can undergo cross–coupling with 

Grignard reagent.12 In this reaction, the catalyst undergoes a fundamental catalytic cycle 

involving oxidative addition to a reactive substrate, transmetalation with a Grignard reagent, 

and reductive elimination to form a carbon–carbon bond. The Ni-catalyzed cross–coupling 

between aryl halide and Grignard reagent is notable for being among the first cross–coupling 

reaction reported concurrently by Kumada and Corriu in 1972. Several modifications 

including Pd-catalyzed conditions and variations in the use of ligands have been developed 

over the years,13 and the Kumada–Corriu cross–coupling continues to enjoy many synthetic 

applications both in the laboratory as well as in industries. The reaction can be carried out 

over a wide range of temperatures from -20 oC to refluxing solvents; however, for industrial 

competence a room temperature reaction is preferable. 
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VII.2. Present work: Background and Objective 

The majority of nickel catalyzed Kumada–Corriu reactions of aryl halides with Grignard 

reagents have been performed with homogeneous catalysts. Despite the high activities that 

can sometimes be achieved with homogeneous catalysts, the difficulties and high costs 

associated with recovery and reuse of homogeneous catalysts can hinder their commercial 

utilization. Thus, heterogeneous catalysts are often preferred in practical applications. An 

approach to develop such catalysts is to anchor coordination complexes to supports in the 

hope that they not only retain the desired catalytic properties of their homogeneous 

counterparts, but are also recoverable due to their attachment to an easily recovered solid. 

A nickel(II) co-ordination complex, covalently immobilised on a Merrifield resin, is an 

effective recyclable heterogeneous catalyst in a room temperature coupling reaction between 

a Grignard reagent and an organobromide (Scheme VII.1).14 Both aromatic and aliphatic 

Grignard reagents were successfully employed in the reaction. This catalyst was easily 

collected through filtration and recycles up to 10 consecutive runs. 
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Scheme VII.1. Polymer-supported nickel(II) catalyst for room temperature Tamao–Kumada–

Corriu coupling reactions. 

Styring and their group have reported another similar type of work where unsymmetrical 

salen-type nickel(II) complex was readily immobilised onto functionalised silica.15 The 

supported complex was an effective recyclable heterogeneous catalyst in a room temperature 

cross–coupling reaction between 4-bromoanisole and phenylmagnesium chloride (Scheme 

VII.2). Several bi product was formed during this process, 4,4’- dimethoxybiphenyl, anisole 

and biphenyl. 

Tsai et al. observed that NS-MCM-41-Pd can catalyze the coupling of various aryl halides 

with arylmagnesium bromides to generate corresponding biaryls in good to excellent yields  

(Scheme VII.3).16 The loading of Pd in a single batch reaction can be reduced to as low as 
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Scheme VII.2. The Kumada reaction of 4-bromoanisole and a phenylmagnesium halide 

catalyzed by silica supported Ni (II) complex. 

0.02 mol %. The nanosized MCM-41 provides easy transport of the reactants and products 

such that no loss of activity was observed after prolonged use. The catalyst can be easily 

recovered and re-used several times without loss of activity. 
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Scheme VII.3. Kumada–Corriu reaction Using NS-MCM-41Pd. 

Ni(II) acetate was immobilized onto diamine ligands anchored to (i) a cross-linked 

poly(styrene) support and (ii) a mesoporous silica support, are successfully used to promote 

Kumada–Corriu reactions of 4-bromoanisole with phenylmagnesium chloride (Scheme 

VII.4).17 Activity from leached metal was demonstrated by both room temperature filtration 

tests during and after the reaction. It is not the presence of aryl halide that promotes leaching, 

but rather the presence of Grignard that pulls nickel into solution either by degradation of the 

ligand or reduction to Ni(0). Anchored nickel could be reused three times without significant 

loss in final yield and 46% loss of nickel after the third run was detected. 

Among the many contributions on Ni systems dedicated to C−C cross–coupling reactions, 

only a few have focused on the development of surface chemistry by using Ni NPs. One of  
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Scheme VII.4. Kumada–Corriu reaction Using nickel precatalysts PS-Dia-Ni and SBA-Dia-

Ni. 

the first such studies was developed by Lipshutz’s group to immobilized nickel on carbon, 

Ni/C, was rigorously examined for Kumada–Corriu reactions.18 

In 2013 Kobayashi et al. have synthesized heterogeneous polymer- incarcerated Ni-NPs. The 

matrix structure of these catalysts incorporates both N-heterocyclic carbenes (NHCs) as 

ligands and Ni-NPs. These NHCs embedded polymer matrix were characterized by FGSR-

MAS NMR analysis. The catalyst was successfully applied to Corriu–Kumada–Tamao 

reactions with a broad substrate scope including functional group tolerance, and the catalyst 

could be recovered and reused several times without loss of activity.19 

Recently, De group have developed20 an approach to stabilize high amount of metallic Ni NP 

in ambient condition by using RGO support (Ni/RGO), the composite material was 

characterized and used as a potential redox material to convert Cr(VI) to Cr(III) in a short 

period of time at room temperature. Considering our experience in the field of developing 

heterogeneous catalyst in various cross–coupling reactions, we were interested to utilise this 

well characterized Ni/RGO heterogeneous material in Kumada–Corriu cross–coupling 

reaction. 

VII.3. Present work: Result and Discussion 

VII.3.1. Ni/RGO catalyst in Kumada–Corriu cross–coupling reaction 

We have synthesized Ni/RGO catalyst following the same literature procedure.20 Detailed 

characterization revealed high surface area of the composite (125 m2 g˗1) and existence of 

highly concentrated but separated Ni NP (40 wt%) of average size ~11 nm on the RGO 

surface (designated as Ni/RGO-40). In general, bare Ni NP is very unstable and prone to 
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oxidation in air, but in the Ni/RGO-40 composite, Ni NP can be stabilized by RGO. The 

RGO surface contains many free electrons 21 and these free electrons help to stabilize the Ni 

in its zero-valent state. Because of this kind of electronic environment, the metallic Ni NP 

resides on the RGO surface in tightly bound condition and do not get oxidized. Also, the high 

surface area and planer structure of RGO prevent the Ni NP from agglomeration into larger 

particles. As a result, very high Ni loading (40 wt%) was possible without any agglomeration. 

It can be noted here that we also prepared Ni/RGO-60 and Ni/RGO-20 to compare the 

catalytic performance with Ni/RGO-40. 

 

Figure VII.1. XRD patterns: (a) Ni/RGO-

20 and (b) Ni/RGO-60 

Both the materials were characterized by 

XRD and the results are shown in Figure 

VII.1. Both samples show characteristic 

peaks of Ni(111), Ni(200) and RGO 

similar to those of Ni/RGO-40. However, 

as expected, the relative XRD peak 

intensities of metallic Ni and RGO are 

different due to the variation of 

compositions. The crystallite size of Ni in 

the three Ni/RGO samples was evaluated 

using the X-ray line broadening method 

(scherre’s equation) from Figure VII.1 and 

VII.3a. In case of Ni, the crystallite size 

was evaluated from both the (111) and 

(200) peaks. Following this method we 

found the average crystallite size of Ni as 

10, 12 and 17 nm in Ni/RGO-20, Ni/RGO-40 and Ni/RGO-60 samples, respectively. TEM of 

Ni/RGO-40 confirms existence of Ni NPs of average size ~11 nm.20  

Initially, we tested the cross–coupling between 4-iodoanisole and PhMgCl in the presence of 

catalytic amounts (0.05 and 0.1 mmol with respect to 1 mmol of 4-iodoanisole) of Ni/RGO-

40. The reaction was indeed successful as we obtained the desired biphenyl in 81–89% 

isolated yields (Table VII.1, entries 1–2). Further variations in temperature and changing 

solvent however did not produce any appreciable changes in terms of the isolated yield of the 

biphenyl. The optimization of reaction conditions has been presented in Table VII.1. 

To achieve the better performance from Ni/RGO, we are applying three different composites 

Ni/RGO-40, Ni/RGO-60 and Ni/RGO-20. The results are summarized in Table VII.2. It was 
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Table VII.1. Optimization of Kumada‒Corriu cross‒coupling reaction conditions using 

Ni/RGO-40 as the catalyst.a 

a4─Iodoanisole (1 mmol), PhMgCl (1 mL, 25 wt% in THF, 1.84 mmol), solvent (2 mL), 

under N2, 
bIsolated yield. 

Table VII.2. Control reactions to compare the catalytic activity of Ni/RGO-40.a 

Entry Solvent Catalyst Ni content 

[with respect to 

4-iodo-

anisole)(mmol)] 

Temperature 

(oC) 

Time (h) Yieldb 

(%) 

1 THF Ni/RGO-40 0.1 25 4 89 

2 THF Ni/RGO-60 0.1 25 4 67 

3 THF Ni/RGO-20 0.1 25 4 77 

4 THF Ni NPs 0.1 25 4 63 

5 THF Nil 00 25 4 08 

6 THF Nil 00 25 24 14 
a 4─Iodoanisole (1 mmol), PhMgCl (1 mL, 25 wt% in THF, 1.84 mmol), solvent (2 mL), 

under N2, 
b Isolated yield. 

found that Ni/RGO-40 showed the highest catalytic activity compair to others. 

The deterioration of catalytic activity of Ni/RGO-60 (Table VII.2; entry 2) can be understood 

because of larger size of Ni NPs (17 nm) with lower active surfaces. This is expected because 

chances of agglomeration of Ni would be higher due to high amount of Ni loading. Although 

we found little lowering of Ni NPs’ size (10 nm) in case of Ni/RGO-20, the yield of the 

reaction was found to be dropped in this case also (Table VII.2; entry 3) when compared with 

Ni/RGO-40 (Table VII.2; entry 1). In case of Ni/RGO-20, we believe that the exposed Ni 

surface got reduced due to the presence of more RGO. 

The bare Ni NPs22 of size around 10 nm was also tested as catalyst (Table VII.2 entry 4) 

under similar reaction conditions which produces only 63% yield. The control reaction 

without any catalyst showed 8% yield (Table VII.2; entry 5) and the yield can be increased to 

14% if the reaction continued up to 24h (Table VII.2; entry 6). Therefore from the above 

Entry Solvent Catalyst [Ni content 

(with respect to 

4-iodo-

anisole)(mmol)] 

Temperature (°C) Time (h) Yield (%)b 

1 THF 0.05 25 6 81 

2 THF 0.1 25 4 89 

3 THF 0.1 40 4 88 

4 THF 0.1 60 4 91 

5 Dioxane 0.1 25 6 84 
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results, it can be concluded that Ni/RGO-40 is an optimized composition for the 

Kumada‒Corriu cross‒coupling reactions. 

Following the optimized reaction condition we carried out similar cross–coupling reactions 

on varying the combination of aryl halide (ArX) and Grignard reagent. The results are 

presented in Table VII.3. The 3-iodoanisole (entry 2) and 2- iodoanisole (entry 3) 

successfully react with PhMgCl and produced the corresponding biphenyl derivatives in 85 

and 77% yields, respectively. The feasibility of the reaction between other iodoarenes and 

Grignard reagents (ArMgX) were also undertaken to obtain the corresponding biaryls. We 

observed that the p-methyliodobenzene (entry 4) and iodobenzene (entry 5) were successfully 

reacted with para and meta isomer of methoxyphenylmagnesium bromide, respectively to 

produce the corresponding biaryls with a high yield. Similar cross‒coupling were performed 

on different bromo- and chloro- arenes and resulting biaryls were isolated in 80−88% yields 

(entries 6−9). 

Multiple cross–couplings were experienced with diiodo-, bromoiodo-, chloroiodo- and 

fluoroiodo-benzenes using excess PhMgCl as the coupling partner in the presence of 

Ni/RGO-40 (amount of catalyst equivalent to 0.1 mmol Ni was used for 1 mmol haloarene). 

In each case, we obtained corresponding biscoupled products (terphenylenes) in good to 

excellent yields (entries 10–14). Thus the present catalytic system was found to be equally 

active for the oxidative addition to the sp2 C–F bond (entry 13). Further, application of the 

catalyst in Kumada–Corriu crossc‒oupling was examined with aliphatic Grignard reagent like 

isopropylmagnesium chloride (i-PrMgCl). Interestingly, the 4- iodoanisole did not couple 

with the isopropyl group, rather a homo-coupled biphenyl, 4,4'-dimethoxybiphenyl was 

obtained in appreciable yield (entry 15). On the other hand, 2-methyl-4-bromoanisole 

remained unreacted when treated with i-PrMgCl in THF in the presence of the catalyst (entry 

16). We presume that there is an exchange reaction between 4-iodoanisole and using i-

PrMgCl to generate 4-anisylmagnesium chloride, which then undergoes homo-coupling to 

produce the 4,4'-dimethoxybiphenyl in 76% yield. Such homo-coupling is however 

previously known with Fe-catalyzed reactions between aryl halide and Grignard reagent.23 

The scope of the catalytic application has been further broaden with successful 

cross−coupling with hetero-aryl bromide such as 2-bromopyridine resulting in the formation 

of 2-phenylpyridine in brilliant yield (entry 17). 

VII.3.2. Recovery and Reusability of the catalyst 

After the reaction of aryl halide (1 mmol) and Grignard reagent (1.8 mmol) in the presence of 
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Table VII.3. Kumada–Corriu cross‒coupling reaction of halo-arenes with Grignard reagents 

in the presence of catalyst (Ni/RGO-40).a 

(4-H3CO)C6H4I C6H5MgCl

(3-H3CO)C6H4I C6H5MgCl

(2-H3CO)C6H4I C6H5MgCl

(4-H3C)C6H4I (4-H3CO)C6H4MgBr

(4-H3CO)H4C6 C6H5

(3-H3CO)H4C6 C6H5

(2-H3CO)H4C6 C6H5

(4-H3C)H4C6 C6H4(4'-OCH3)

C6H5I (3-H3CO)C6H4MgBr H5C6 C6H4(3-OCH3)

(3-H3C)C6H4Br (3-H3CO)C6H4MgBr (3-H3C)H4C6 C6H4(3'-OCH3)

C6H5MgCl (4-H3CO-3-H3C)H3C6 C6H5

C6H5Br (4-H3CO)C6H4MgBr H5C6 C6H4(4-OCH3)

(4-H3CO)C6H4Cl C6H5MgCl (4-H3CO)H4C6 C6H5

1,3-C6H4I2 C6H5MgCl

(3-Br)C6H4I C6H5MgCl

(3-Cl)C6H4I C6H5MgCl

(2-F)C6H4I C6H5MgCl

(2-Br)C6H4I C6H5MgCl

(4-H3CO)C6H4I (CH3)2CHMgCl ((4-H3CO)H4C-)2

(4-H3CO-3-CH3)C6H3Br (CH3)2CHMgCl No Reaction

C5H4NBr C6H5MgCl C5H4N C6H5

1

2

3

4

5

6

7

8

9

10c

11c

12c

13c

14c

15

16

17

Entry Aryl halide Grignard reagent Time (h)

4

4

12

6

6

9

7

10

12

12

12

12

12

12

24

24

10

89

85

77

84

80

86

80

88

82

78

72

73

76

73

76

-

91

Product Yield (%)b

(4-H3CO-3-H3C)C6H3Br

1,3-(C6H5)2 C6H4

1,3-(C6H5)2 C6H4

1,3-(C6H5)2 C6H4

1,2-(C6H5)2 C6H4

1,2-(C6H5)2 C6H4

 

a ArX (1 mmol), PhMgCl (1 mL, 1.84 mmol)/ArMgBr (1.5 mmol), Ni/RGO-40 (0.1 mmol), 

THF (2 mL) stirring at room temperature (25 oC) under N2. 
b Isolated yield. c PhMgCl (2 mL, 

3.68 mmol per mmol of bis-aryl halides). 

catalytic Ni/RGO-40 for the time period as mentioned in Table VII.3, dry and distilled ethyl 

acetate (3 mL) was added to the reaction mixture and stirred at room temperature for 5 min. 

The reaction mixture was allowed to settle down and the supernatant liquid was decanted. 

The process was repeated three times and then water (1 mL) was added to the catalyst 

containing reaction mixture. The mixture was extracted with ethyl acetate (5 mL) and the 

aqueous part was separated out, evaporated to dryness using rotary evaporator and dried 

under vacuum to get free flowing powder. 

Reusability of a catalyst is an important aspect from the commercial point of view. 

Reusability increases the potentiality of the catalyst. In order to check the reusability, 

Ni/RGO-40 was recovered from the reaction mixture, as described above. It was used for the 
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next batch of reactions. The recycling experiments were carried out with 4-iodoanisole and 

PhMgCl and consecutive six runs were performed with appreciable conversion to the coupled  

 

 
Figure VII.2. Reusability of Ni/RGO-40 in consecutive six cycles of Kumada‒Corriu 

cross‒coupling reaction. 

product (Figure VII.2). In the first cycle, the yield was 89% whereas after six cycles the yield 

of the product was 77%. The results confirm that the heterogeneous catalyst Ni/RGO-40 is 

potentially recyclable. 

VII.3.3. Characterization of recovered catalyst 

XRD analysis 

After recovery from the reaction mixture the catalyst was characterized by XRD and Raman 

to confirm that after reaction the oxidation state of Ni remains unchanged. It is noteworthy 

here that although we tried to eliminate the bi-products (Mg salts formed during the 

decomposition of Grignard reagent and mixed with the catalyst) by washing, the weight of 

recovered catalyst after the first cycle was found to be higher (22 mg) than the initial weight 

(14.7 mg). The weight of the recovered catalyst is gradually increasing as the cycles are 

progressing. The XRD of the recovered Ni/RGO-40 after the first cycle shows clear peaks 

corresponding to the metallic Ni NPs at 44.49o (111), 51.8o (200) and RGO layers at 25.4o 2θ 

(Figure VII.3). It clearly indicates that the catalyst remains unchanged even after the reaction. 

However, as mentioned above the recovered catalyst also shows presence of other peaks 

originated from MgO/Mg(OH)2 species. The different peaks of Mg(OH)2 and MgO are 

marked by different symbols in the Figure VII.3b. The XRD pattern of recovered catalyst 

after sixth cycle showed that the intensity of the peaks related to Mg species got increased 

significantly, however, Ni remains in the metallic state (Figure VII.3c). It is to be noted here 
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that the presence of MgO/Mg(OH)2 in the recovered catalyst did not deteriorate the 

performance of the catalyst in the subsequent cycles. 

Raman analysis 

The Raman spectrum of the original Ni/RGO-40 catalyst shows the characteristic D (A1g 

vibrations of the six-membered sp2 carbon rings)24 and G (first-order scattering of the E2g 

mode of sp2 domains)25 bands at 1344 and 1580 cm−1, respectively (Figure VII.4a).20 The 

Raman spectrum of recovered Ni/RGO-40 after the first (Figure VII.4b) and sixth cycles 

(Figure VII.4c) did not show any peak related to the oxidized Ni (NiO), and the intensity ratio 

of D over G band remained same. Therefore it can be concluded that the characteristics of the 

Ni/RGO-40 in the recovered catalysts remained similar after recycling. 

 

 

 

 

Figure VII.3. XRD analysis of Ni/RGO-40: (a) before use as catalyst, (b) recovered catalyst 

after the first cycle of reaction and (c) recovered catalyst after sixth cycle. 

VII.4. Conclusion 

An excellent catalytic activity of Ni/RGO-40 in Kumada–Corriu cross‒coupling reaction has 

been established. The reactions on varying the haloarene and Grignard reagent produced the 

expected coupled product with good to excellent yields. Interestingly, this catalyst was found 

to be equally active for the oxidative addition to the sp2 C−F bond. Our results confirmed that 

Ni/RGO-40 is a promising catalyst as a replacement of Pd based and other ligand-stabilized 

homogeneous catalysts. Ni/RGO-40 has enough potential as an economic high performance 

reusable catalyst and can be of technological viability. 
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Figure VII.4. Raman analysis of Ni/RGO-40: (a) before use as catalyst, (b) recovered 

catalyst after the first cycle of reaction and (c) recovered catalyst after 6th cycle. 

VII.5. Experimental section 

VII.5.1. General information 

Chemicals were used as received. 1H and 13C NMR spectra were taken in CDCl3 using 

Bruker Avance AV-300 spectrometer operating at 300 MHz and 75 MHz respectively. 

Chemical shifts are reported relative to tetramethylsilane served as internal standard (δ 0 

ppm). 13C NMR spectra were recorded with complete proton decoupling and chemical shifts 

are reported in ppm with the solvent resonance as the internal standard (CDCl3: δ 77.00 

ppm). X-ray diffraction (XRD) and Raman studies of the powder samples were performed 

with Rigaku SmartLab X-ray diffractometer operating at 9 kW (200 mA; 45 kV) using Cu-Ka 

radiation and Renishaw In Via micro Raman spectrometer, respectively. 

VII.5.2. Synthesis of Ni/RGO composite materials 

Ni/RGO composites were synthesized and characterized by De et al20. A brief procedure is 

given below, though it was prepared in the research group of G. De. 

1.5 g of GO was ultrasonically dispersed in 350 mL of water. NiCl2·6H2O (3.5 mmol) and 

Hexamethylenetetramine (7.0 mmol) were dissolved in 250 and 100 mL of water, 

respectively, in two separate flasks. The molar ratio of HMT to NiCl2 was maintained at 2:1. 

All three solutions were mixed together in a round-bottomed flask, stirred for 10 min, and 
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finally sealed in a 2 L Teflon-lined stainless steel autoclave for hydrothermal reaction at 120 

°C for 4h to obtain a Ni(OH)2-embedded GO composite [Ni(OH)2-GO]. The black powder 

was washed several times with water to remove excess Ni salt and HMT and dried. The 

powder was then heated in air to 380 °C for 1h to obtain NiO NP-embedded RGO sheets. In 

situ reduction of NiO NP in the presence of RGO at 350 °C with a continuous flow of H2 gas 

(10% H2-balance N2) yielded Ni/RGO composite containing 40 wt% Ni NPs. 

For control experiments Ni/RGO-60 (60 wt% Ni) and Ni/RGO-20 (20 wt% Ni) were also 

prepared following the above method. Bare Ni NP was prepared following the method 

available in the literature.22 

VII.5.3. Representative procedure of Kumada–Corriu cross–coupling reaction using 

Ni/RGO-40 

A mixture of 4-iodoanisole (234 mg, 1 mmol) and Ni/RGO-40 catalyst (14.7 mg, Ni content: 

0.1 mmol) in freshly distilled THF (2 mL) under N2 atmosphere was prepared. Then a 

solution of PhMgCl (1 mL, 25 wt% in THF, 1.84 mmol) was added dropwise at room 

temperature (25 oC) with gentle magnetic stirring. The progress of the reaction was monitored 

by TLC. After completion of the reaction, dry and distilled ethyl acetate (3 mL) was added, 

stirred gently and then allowed to stand. The supernatant liquid was carefully decanted in 

another flask and this process was repeated three times more. The combined washings 

(organic part) were washed with water, dried over anhydrous Na2SO4, concentrated and the 

residue was purified by column chromatography over silica gel. Elution with light petroleum 

afforded 4-methoxybiphenyl (164 mg, 89%) as white crystalline solid. The product was 

characterized by 1H and 13C NMR spectral data, and also compared with reported melting 

point.  

VII.5.4. Physical properties and spectral data of compounds 

Table 2, entry 1, 8, 9 

4-Methoxybiphenyl
26 

White solid, m.p. 90-91 oC (Lit. 91-92 oC) 

1H NMR (CDCl3, 300 MHz): δ/ppm 3.84 (s, 3H, OCH3), 6.97 (dd, J = 6.9 and 2.1 Hz, 2H, 

ArH), 7.29-7.32 (m, 1H, ArH), 7.38-7.43 (m, 2H, ArH), 7.51-7.56 (m, 4H, ArH); 13C NMR 

(CDCl3, 75 MHz): δ/ppm 55.3, 114.2, 126.6, 126.7, 128.1, 128.7, 133.8, 140.8, 159.2. 

Table VII.2, entry 2, 5 

3-Methoxybiphenyl
27 

Colorless liquid 
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1H NMR (CDCl3, 300 MHz): δ/ppm 3.86 (s, 3H, OCH3), 6.90 (ddd, J = 8.1 Hz, 2.4 Hz and 

0.9 Hz, 1H, ArH), 7.12-7.13 (m, 1H, ArH), 7.16-7.20 (m, 1H, ArH), 7.33-7.38 (m, 2H, ArH), 

7.41-7.46 (m, 2H, ArH), 7.57-7.60 (m, 2H, ArH); 13C NMR (CDCl3, 75 MHz): δ/ppm 55.3, 

112.7, 112.9, 119.7, 127.2, 127.4, 128.7, 129.7, 141.1, 142.8, 159.9. 

Table VII.2, entry 3 

2-Methoxybiphenyl
27 

Colorless liquid 
1H NMR (CDCl3, 300 MHz): δ/ppm 3.81 (s, 3H, OCH3), 6.97-7.06 (m, 2H, ArH), 7.29-7.43 

(m, 5H, ArH), 7.51-7.54 (m, 2H, ArH); 13C NMR (CDCl3, 75 MHz): δ/ppm 55.5, 111.2, 

120.8, 126.9, 127.9, 128.6, 129.5, 130.7, 130.9, 138.5, 156.4. 

Table VII.2, entry 4  

4-Methoxy-4'-methylbiphenyl
28 

White solid, m.p. 112-113 oC (Lit. 111-112 oC) 
1H NMR (CDCl3, 300 MHz): δ/ppm 2.38 (s, 3H, CH3), 3.84 (s, 3H, OCH3), 6.96 (d, J = 8.7 

Hz, 2H, ArH), 7.22 (d, J = 8.4 Hz, 2H, ArH), 7.45 (d, J = 8.1 Hz, 2H, ArH), 7.51 (d, J = 8.7 

Hz, 2H, ArH); 13C NMR (CDCl3, 75 MHz): δ/ppm 21.0, 55.3, 114.1, 126.5, 127.9, 129.4, 

133.7, 136.3, 137.9, 158.9. 

Table VII.2 entry 6  

3-Methoxy-3'-methylbiphenyl
27 

Colourless liquid 
1H NMR (CDCl3, 300 MHz): δ/ppm 2.41 (s, 3H, CH3), 3.84 (s, 3H, OCH3), 6.87-6.89 (m, 

1H, ArH), 7.11-8.18 (m, 3H, ArH), 7.28-7.39 (m, 4H, ArH); 13C NMR (CDCl3, 75 MHz): 

δ/ppm 21.5, 55.2, 112.6, 112.8, 119.6, 124.3, 127.9, 128.1, 128.6, 129.6, 138.3, 141.0, 142.8, 

159.8. 

Table VII.2, entry 7 

4-Methoxy-3'-methylbiphenyl
29 

White solid, m.p. 75-76 oC (Lit. 74-75 oC) 
1H NMR (CDCl3, 300 MHz): δ/ppm 2.28 (s, 3H, CH3), 3.87 (s, 3H, OCH3), 6.89 (d, J = 9.3 

Hz, 1H, ArH), 7.25-7.31 (m, 1H, ArH), 7.38-7.43 (m, 4H, ArH), 7.53-7.56 (m, 2H, ArH); 13C 

NMR (CDCl3, 75 MHz): δ/ppm 16.4, 55.4, 110.1, 125.3, 126.5, 126.7, 126.9, 128.6, 129.5, 

133.3, 141.0, 157.3. 

Table VII.2, entry 10, 11, 12 

m-Terphenyl
30 

White solid, m.p. 83-85 oC (Lit. 84-85 oC) 
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1H NMR (CDCl3, 300 MHz): δ/ppm 7.33-7.38 (m, 2H, ArH), 7.43-7.59 (m, 7H, ArH), 7.63-

7.66 (m, 4H, ArH), 7.79-7.80 (m, 1H, ArH); 13C NMR (CDCl3, 75 MHz): δ/ppm 126.1, 

126.2, 127.3, 127.4, 128.8, 129.2, 141.2, 141.8. 

Table VII.2, entry 13, 14 

o-Terphenyl
29 

White Solid, m.p. 54-55 oC (Lit. 54-56 oC) 
1H NMR (CDCl3, 300 MHz): δ/ppm 7.13-7.26 (m, 10H, ArH), 7.40-7.44 (m, 4H, ArH); 13C 

NMR (CDCl3, 75 MHz): δ/ppm 126.4, 127.4, 127.8, 129.9, 130.6, 140.6, 141.5. 

Table VII.2, entry 15 

4,4′-Dimethoxybiphenyl
23 

White crystalline solid, m.p. 179-180 oC (Lit. 178-179 oC) 
1H NMR (CDCl3, 300 MHz): δ/ppm 3.84 (s, 6H, OCH3), 6.96 (d, J = 9 Hz, 4H, ArH), 7.48 

(d, J = 8.7 Hz, 4H, ArH); 13C NMR (CDCl3, 75 MHz): δ/ppm 55.3, 114.1, 127.7, 133.4, 

158.6. 

Table VII.2, entry 17  

2-Phenylpyridine
31 

Colorless liquid 
1H NMR (CDCl3, 300 MHz): δ/ppm 7.18-7.26 (m, 1H, ArH), 7.39-7.51 (m, 3H, ArH), 7.72-

7.80 (m, 2H, ArH), 7.96-8.00 (m, 2H, ArH), 8.70 (d, J = 4.5 Hz, 1H, ArH); 13C NMR 

(CDCl3, 75 MHz): δ/ppm 115.4, 120.7, 122.1, 127.0, 128.7, 129.0, 129.6, 136.8, 139.3, 149.6, 

157.5. 

VII.6. References 

References are given in BIBLIOGRAPHY under Chapter VII (pp. 155−157). 

 


