
Indian Journal of Chemistry 
Vol. 63, August 2024, pp. 823-829 

DOI: 10.56042/ijc.v63i8.10540 

Nickel-catalyzed Mizoroki-Heck cross-coupling reaction of  
aryl halides with styrenes 

Dattatraya Soma Bhange*a & Nishant Kisan Rasalb 
a Department of Chemistry, PDEA’s Prof. Ramkrishna More ACS College Akurdi, Pune 411 044, Maharashtra, India 

b Department of Chemistry, Baburaoji Gholap College Sangvi, Pune 411 027, Maharashtra, India 

E-mail: bhangeds@gmail.com

Received 19 April 2024; accepted (revised) 2 August 2024 

Herein is presented an efficient and a simple protocol using 10 mol % of NiCl2.6H2O, 20 mol % of 2,3-dihydroxy 
naphthalene, 50 mol % of CTAB, and 2 equiv. of NaOH in 2.5 mL of DMF at 150°C for C-C bond forming Mizoroki-Heck 
coupling. Use of styrene and 4-methyl styrene with various aryl iodides and bromides having functionalities such as methyl, 
methoxy, nitro, fluoro, chloro, hydroxyl, trifluoromethyl, methyl, and methoxyaryl halide show smooth conversion with 
50 to 93% isolated yield. The electron-withdrawing groups like nitro at para-position give a lower yield. The aryl iodides 
have been found to be more reactive than aryl bromides. The advantages of this protocol are moderate to excellent yield in 
the absence of an inert atmosphere, and the use of cheap and readily available catalyst. 
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The Mizoroki-Heck reaction1 is a powerful carbon–
carbon bond forming process. This reaction played an 
important role in organic synthesis. It involves the use 
of different solvents, bases, and metal complexes as a 
catalyst. The catalytic activity depends on the ligands 
and metals in the complex. The use of other transition 
metal salts of Ni4-8, Fe9-11, Cu12-15, In16 and 
Palladacycles17-19, carbenes20-24, Schiff base ligands25-

29 palladium complexes being studied. The most 
preferred metal is Palladium for the C-C bond-
forming reactions with excellent yields2,3. The most 
common catalytic system for C-C bond-forming 
reactions is Palladium with Phosphine ligands. 
Nevertheless, both palladium and phosphine ligands 
are more expensive. Therefore, the study extends to 
either palladium or phosphine-free catalytic systems. 

Nickel-based catalysts are generally said to be less 
effective but some reports depict that they can replace 
palladium for Mizoroki-Heck coupling reactions5-8. as 
its low cost and ability to readily undergo oxidative 
addition reactions with C-X bonds. The Nickel 
complex such as [NiCl2(PPh3)2]

 4,40, different ligands 
with nickel complexes such as TPPTS30,  
pincer31,32, 1,10-phenanthroline33, Thiosemicarbazone34, 
Triphos35, Ni(COD)2 with 1,1-bis(diphenylphosphino) 
ferrocene (DPPF) and Cy2NMe36, in situ generated 
Ni(dppf) catalyst37, Ni(OAc)2/(PPh3)2

38, nickel(II) 

naringenin-oxime complex39, Ghosh et al., reported 
reductive Mizoroki-Heck reaction40. NiBr2•glyme and 
(xantphos)41, also proved as a effective catalysts for 
Mizoroki-Heck coupling reactions. Recently, in 2019 
Leiyang Lv and Dianhu Zhu reported direct 
dehydrogenative alkyl Heck-coupling in the absence 
of an oxidant catalyzed by nickel42. Ni et al., gave the 
first report on the cross-electrophile coupling between 
alkyl pyridinium salts and halides catalyzed by Nickel 
by C-N bond activation43. Despite the massive effort 
put into the Nickel-ligand complex, there is still a 
great deal of potential to develop a simple and robust 
protocol that can be applied on a larger scale 
experiment. 

Furthermore, our research group demonstrated the 
competence of the NiCl2.6H2O with N-aryl ethanol44 
and curcumin with palladium45 for the Mizoroki-Heck 
reaction. Herein, in the search of a more cost-effective 
protocol, explored the efficacy of ligand 2,3-
dihydroxynaphthalene with NiCl2.6H2O for the 
Mizoroki-Heck reaction. 

Experimental Section 

Material and Methods 
All reactions were carried out under normal 

conditions, and no stringent conditions were used. All 
chemicals were obtained from Aldrich Chemical Co., 
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Alfa Aesar and Spectrochem and used as received 
without additional purification. Lab reagent grade 
solvents from Loba Chemicals were used for 
extraction and for column chromatography. 
 

General procedures 
The aryl halide 1 (0.5 g, 1 equiv.) mixed with 

olefin 2 (2 equiv.), NiCl2.6H2O (10 mol %), 2,3-
dihydroxynaphthalene (20 mol%), CTAB (50 mol %.) 
NaOH (2 equiv.), and solvent DMF (2.5 mL, 5 
volume) was added. The mixture was heated at 150°C 
for 24 h and the reaction progress was monitored by 
TLC. After complete conversion, the reaction mixture 
was diluted with cold water (10 mL) and the products 
were isolated by extraction with EtOAc (10 mL). The 

EtOAc layer was dried over anhydrous sodium 
sulphate and concentrated under reduced pressure to 
obtain the mixture of crude Heck coupled product 3 
(Table 1). Column purification afforded pure Heck 
coupled product 3. 
 

Detection Method 
The progress of reaction was monitored by analytical 

thin-layer chromatography (TLC Silica gel 60 F254 
plates). The plates were visualized first with short 
wavelength UV light followed by iodine or ninhydrin 
staining solution followed by heating. Melting points are 
uncorrected and determined in an open capillary tube. 

All the infrared spectra were recorded on a 
Shimadzu FTIR MIRacle 10 IR spectrometer. 1H and 

Table 1 — Selected observations during reaction optimizationa 

 
Entry Catalyst (mol %) Base (equiv) Solvent (mL) Yieldb of 3a (%) 

1 10 TEA (2) DMF (2.5) – 
2 10 Morpholine (2) DMF (2.5) – 
3 10 Imidazole (2) DMF (2.5) – 
4 10 NaOAc (2) DMF (2.5) 20 
5 10 t-BuOK (2) DMF (2.5) 20 
6 10 NaHCO3 (2) DMF (2.5) 10 
7 10 Na2CO3 (2) DMF (2.5) 10 
8 10 CsCO3 (2) DMF (2.5) 10 
9 10 K2CO3 (2) DMF (2.5) – 

10 10 NaOH (2) DMF (2.5) 90 
11 10 NaOH (2) MeOH – 
12 10 NaOH (2) o-xylene (2.5) – 
13 10 NaOH (2) 1,4-dioxane (2.5) – 
14 10 NaOH (2) H2O (2.5) – 
15c 10 NaOH (2) DMF (2.5) – 
16d 10 NaOH (2) DMF (2.5) – 
17e 10 NaOH (2) DMF (2.5) 60 
18f 10 NaOH (2) DMF (2.5) 65.25 
19 01 NaOH (2) DMF (2.5) – 
20 05 NaOH (2) DMF (2.5) 50 
21 20 NaOH (2) DMF (2.5) 90 
22 10 NaOH (3) DMF (2.5) 90 
23g 10 NaOH (2) DMF (2.5) – 
24h 10 NaOH (2) DMF (2.5) 70 

a All reactions were carried out on approximately a 0.5 g scale using Iodobenzene (1a) (2.45mmol, 1 equiv.), Styrene (2a) (2 equiv.), 
NiCl2.6H2O (10 mol %), 2,3-dihydroxy naphthalene (20 mol %), base (2 equiv.), cetyltrimethylammonium bromide (CTAB) (50 mol %)
solvent (2.5-5 mL, 5-10 volume), temperature 150°C for 24 h. All reagent and substrate addition was done at RT (25°C). b Isolated yields. 
c Reaction carried without NiCl2.6H2O. d Reaction carried out without 2,3-dihydroxy naphthalene. e Reaction carried out without CTAB. 
f Reaction in presence of tetrabutyl ammonium bromide(TBAB). g Reaction temperature initially at ambient temperature then increased
up to 50 and 80°C. h Reaction temperature at 120°C 
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13C NMR spectra were recorded in CDCl3 on a Bruker 
Avance-III 500 MHz spectrometer using TMS as an 
internal standard. The residual solvent signals  
were used as references, and the chemical shifts  
were converted to the TMS scale (CDCl3: δH =  
7.25-7.30 ppm). 
 

Characterization data for the isolated products 
(E)- 1,2-Diphenylethene, 3a (Table 2) 

The product was obtained as white solid. Yield 
90% (0.3975 g). m.p.124°C. FTIR: 3020, 2358, 1494, 
960, 688 cm–1; 1H NMR (500 MHz, CDCl3): δ 7.45 – 
7.41 (m, 4H), 7.28 (dd, J = 10.6, 4.8 Hz, 4H), 7.20 – 
7.14 (m, 2H), 7.03 (s, 2H); 13C NMR (126 MHz, 

CDCl3): δ 137.39 (s), 128.76 (d, J = 1.0 Hz), 127.71 
(s), 126.60 (s); GC-MS (EI, 70 eV): m/z Found:  
180 (C14H12). Calcd: 180.25 (C14H12). 
 

1-(4-Methylstyryl)benzene, 3b (Table 2) 
The product was obtained as white solid. Yield 

93% (0.4142 g) . m.p.118°C. FTIR: 3022, 1803, 1508, 
1072, 806, 688 cm–1; 1H NMR (500 MHz, CDCl3); δ 
7.50 (dd, J = 8.1, 1.0 Hz, 2H), 7.41 (d, J = 8.1 Hz, 
2H), 7.35 (t, J = 7.7 Hz, 2H), 7.26 – 7.22 (m, 1H), 
7.17 (d, J = 7.9 Hz, 2H), 7.11 – 7.03 (m, 2H), 2.36  
(s, 3H); 13C NMR (126 MHz, CDCl3): δ 137.54  
(d, J = 3.1 Hz), 134.55 (s), 129.41 (s), 128.65  
(d, J = 5.5 Hz), 127.71 (s), 127.42 (s), 126.42 

Table 2 — Scope of aryl halides with olefins for Heck coupling 

 
Entry 1a 2a Product Isolated Yield (%) 

1 Iodobenzene Styrene 3a 90 

2 Bromobenzene Styrene 3a 50 

3 Chlorobenzene Styrene 3a – 

4 Flourobenzene Styrene 3a – 

5 4-Iodotoluene Styrene 3b 93 

6 4-Iodoanisole Styrene 3c 93 

7 4-Iodonitrobenzene Styrene 3d 48 

8 4-CF3 bromobenzene Styrene 3e 50 

9 2-Methyl-4-nitroiodobenzene Styrene 3f 75 

10 4-Iodophenol Styrene 3g 80 

11 3,5-Dimethoxybromobenzene Styrene 3h 85 

12 1-Bromonaphthalene Styrene 3i 80 

13 2-Amino-5-bromopyridine Styrene 3j 90 

14 5-Bromo-1,3-dichloro-2-fluorobenzene Styrene 3k 91 

15 Iodobenzene 4-Methyl styrene 3b 92 

16 Bromobenzene 4-Methyl styrene 3b 50 

17 Chlorobenzene 4-Methyl styrene 3a – 

18 Flourobenzene 4-Methyl styrene 3a – 

19 4-Iodotoluene 4-Methyl styrene 3l 92 

20 4-Iodoanisole 4-Methyl styrene 3m 93 

21 4-Iodo nitrobenzene 4-Methyl styrene 3n 50 

22 4-CF3 bromobenzene 4-Methyl styrene 3o 80 

23 2-Methyl-4-nitroiodobenzene 4-Methyl styrene 3p 75 

24 Iodobenzene 4-Methoxy styrene 3c 90 

25 3,5-Dimethoxybromobenzene 4-Methoxy styrene 3q 50 
a All reactions were carried out on a 0.5 g scale using Iodobenzene (1a) (2.45mmol, 1 equiv.), Styrene (2a) (2 equiv.), NiCl2.6H2O (10 mol %), 
2,3-dihydroxy naphthalene (20 mol %), base (2 equiv.), Cetyltrimethylammonium bromide (CTAB) (50 mol %) solvent (2.5-5 mL, 5-10 
volume), temperature 150°C for 24 h. Addition of all reagent and substrate was done at RT (25°C). b Isolated yields. 
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(d, J = 4.1 Hz), 21.28 (s); GC-MS (EI, 70 eV):  
m/z Found: 194 (C15H14). Calcd: 194.27 (C15H14). 
 

1-(4-Methoxystyryl)benzene, 3c (Table 2) 
The product was obtained as off-white solid. Yield 

93% (0.4178 g) . m.p.136°C. FTIR: 1508, 1247, 966, 
688 cm–1; 1H NMR (500 MHz, CDCl3): δ 7.52 – 7.43 
(m,4H), 7.34 (t, J = 7.7 Hz, 2H), 7.23 (t, J = 7.4 Hz, 
1H), 7.07 (d, J = 16.3 Hz, 1H), 6.97 (d, J = 16.3 Hz, 
1H), 6.90 (d, J = 8.7 Hz, 2H), 3.83 (s, 3H); 13C NMR 
(126 MHz, CDCl3): δ 159.33 (s), 137.67 (s), 130.17 
(s), 128.67 (s), 128.23 (s), 127.75 (s), 127.24 (s), 
126.64 (s), 126.28 (s), 114.16 (s), 55.35 (s); GC-MS 
(EI, 70 eV): m/z Found: 210 (C15H14O). Calcd: 210.27 
(C15H14O). 
 

1-(4-Nitrostyryl)benzene, 3d (Table 2) 
The yellow coloured solid was obtained with Yield 

48% (0.2170 g) . m.p.158°C. FTIR: 1504, 1388, 970, 
692 cm–1; 1H NMR (500 MHz, CDCl3): δ 8.22 (d, J = 
8.8 Hz, 2H), 7.64 (d, J = 8.8 Hz, 2H), 7.59 – 7.52 (m, 
2H), 7.41 (dd, J = 10.3, 4.7 Hz, 2H), 7.36 – 7.31 (m, 
1H), 7.27 (d, J = 15.4 Hz, 1H), 7.15 (d, J = 16.3 Hz, 
1H); 13C NMR (126 MHz, CDCl3): δ 146.78 (s), 
143.87 (s), 136.19 (s), 133.33 (s), 128.90 (d, J = 6.7 
Hz), 128.36 (s), 127.05 (s), 126.89 (s), 126.30 (s), 
124.42 (s), 124.18 (s); GC-MS (EI, 70 eV): m/z 
Found: 225 (C14H11NO2). Calcd: 225.24 (C14H11NO2). 
 

1-(4-(Trifluoromethyl)styryl)benzene, 3e (Table 2) 
The product was obtained as white solid. Yield 

50% (0.2785 g). m.p.170°C. FTIR: 3026, 1612, 1321, 
1107, 825, 694 cm–1; 1H NMR (500 MHz CDCl3): δ 
7.60 (s, 4H), 7.54 (d, J = 7.4 Hz, 2H), 7.38 (t, J = 7.6 
Hz, 2H), 7.31 (d, J = 7.3 Hz, 1H), 7.18 (s, 1H), 7.14 
(s, 1H); 13C NMR (126 MHz, CDCl3): δ 140.81 (s), 
136.64 (s), 131.22 (s), 129.65 (s), 129.39 (s), 129.14 
(s), 128.85 (d, J = 6.8 Hz), 128.32 (s), 127.48 (s), 
127.14 (s), 126.79 (s), 126.59 (s), 125.65 (q, J = 3.8 
Hz), 125.32 (s), 123.16 (s); GCMS (EI, 70 eV): m/z 
Found: 248 (C15H11F3). Calcd: 248.24 (C15H11F3). 
 

Results and Discussion 
In preliminary Heck reactions between iodobenzene 

1a and styrene 2a with 10 mol % of NiCl2.6H2O, 20 
mol % of 2,3-dihydroxynaphthalene, 50 mol % of 
CTAB, 2 equiv. of organic bases like triethylamine, 
morpholine, and imidazole in 2.5 mL DMF solvent at 
150°C for 24 h did not result in the coupled products 
3a (Table 1, entries 1−3). With the use of inorganic 
bases like NaOAc, t-BuOK, NaHCO3, Na2CO3 CsCO3 

and K2CO3 yields were observed up to 20% (Table 1, 

entries 4−9). On reaction with 10 mol % of NiCl2.6H2O 
and DMF (2.5 mL) with 2 equiv. of NaOH, yields were 
enhanced up to 90% at 150°C temperature (Table 1, 
entry 10). Hence the reactions were carried out with 2 
equiv. of NaOH. The experiment were carried out with 
methanol, o-xylene, 1-4-dioxane and water to know the 
effect of solvents but unsuccessful with no conversion 
(Table 1, entry 11-14). To understand the effect of 
catalyst, ligand, and additives, an experiment was 
performed in absence of NiCl2.6H2O, 2,3-dihydroxy 
naphthalene (Table 1, entry 15-16) and in absence of 
CTAB yield was 60% (Table 1, entry 17). The reaction 
under the same conditions with tetrabutylammonium 
bromide (TBAB) gave 65.25% yield (Table 1, entry 
18). The control experiments were carried out to fix 
quantity of NiCl2.6H2O where 1 mol % of NiCl2.6H2O 
showed no conversion (Table 1, entry 19), 5 mol % of 
NiCl2.6H2O showed lower yield (50%) and (Table 1, 
entry 20) and 20 mol% of NiCl2.6H2O delivered 90% 
yield (Table 1, entry 21). The experiment with 3 equiv. 
of NaOH showed no impact on the yield (Table 1, 
entry 22). These control experiments suggested that 
both catalyst and ligand are effective for the formation 
of the product. While optimizing the temperature of the 
reaction, experiments carried out at different 
temperature and noted that (Table 1, entry 23) 120°C 
was crucial to get good yield (70%) (Table 1, entry 24). 

Finally, screening experiments concluded that the 
reaction could deliver 90% yield within 24h by using  
10 mol % of NiCl2.6H2O, 20 mol % of 2,3-dihydroxy 
naphthalene and 50 mol %. of CTAB, 2 equiv. of NaOH 
in 2.5 mL of DMF at 150°C (Table 1, entry 10). 

After optimization the Heck coupling was carried 
out successfully with different substituted aryl halides. 
The aryl iodides are more reactive than aryl bromides, 
whereas aryl chlorides and flourides did not show any 
reactivity. Styrene and 4-methyl styrene with various 
aryl iodides and bromides having functionalities such 
as methyl, methoxy, nitro, flouro, chloro, hydroxyl, 
triflouromethyl, methyl and methoxy aryl halide 
showed smooth conversion with excellent yields. The 
electron-withdrawing groups like nitro at para-position 
gave a lower yield. 4-methoxy styrene also show good 
conversion with iodobenzene and 3,5-
dimethoxybromobenzene. As mentioned above, the 
reaction of styrene and 4-methyl styrene with 
chlorobenzene, flourobenzene was unsuccessful. 

As per the results presented (Table 2) 2,3-
dihydroxynaphthalene acts as bidentate-ligand. It 
forms a complex with Nickel and converts Ni(II) to 
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Ni(0) to start the coupling process. It was checked by 
recording the UV spectrum of NiCl2.6H2O in DMF 
and Complex in DMF as shown in Fig. 1. It is 
observed that the peaks for Ni(II) at 620 and 700 nm 
disappear in the spectrum of complex implying the 
formation of Ni(0) from Ni(II). 

The IR spectrum of 2,3-dihydroxynaphthalene 
and its complex with NiCl2.6H2O under the 
same condition in which reactions are performed 
as shown in Fig. 2. The disappearance of peaks 
at 3244 and 3441 cm–1 for –OH in the spectrum 

of complex indicates the complexation of 2,3-
dihydroxynaphthalene with nickel. 

The complex of NiCl2.6H2O was synthesized with 
2,3-dihydroxynaphthalene in presence of NaOH as a 
base and solvent ethanol under stirring overnight. The 
prepared complex when subjected to Heck reaction of 
styrene and iodobenzene under the same reaction 
conditions affords 90% yield of product stilbene. The 
prepared complex was characterized by UV-DRS, and 
IR spectroscopy as shown in Fig. 3. There are reports on 
tetraalkylammonium salt additives used to stabilize the 

Fig. 1 — UV-Visible Spectrum of NiCl2.6H2O (A) and NiCl2.6H2O with 2,3-Dihydroxynaphthalene (B) 

Fig. 2 — IR spectrum of 2,3-dihydroxynaphthalene (A) and 2,3-dihydroxynaphthalene Ni complex (B) 

Fig. 3 — UV-Visible spectrum of 2,3-dihydroxynaphthalene Ni complex (A), IR spectrum of 2,3-dihydroxynaphthalene Ni complex (B) 
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catalyst7,46 cetyltrimethylammonium bromide (CTAB). 
The possible mechanism for the formation of 

alkene derivatives is shown in Scheme 1. 
Firstly Nickel chloride forms a complex with 2,3-

dihydroxy naphthalene and gets converted from Ni(II) 
to Ni(0), and undergoes oxidative addition with aryl 
halide. Insertion and β-hydride elimination give the 
product stilbene and the Ni(II) complex reductive 
elimination results in Ni(0). 
 

Conclusions 
In conclusion, a highly simple, efficient, and novel 

protocol has been developed using 10 mol % of 
NiCl2.6H2O, 20 mol % of 2,3-dihydroxy naphthalene, 
and 50 mol % of CTAB, and 2 equiv. of NaOH in  
2.5 mL of DMF at 150°C for C-C bond forming 
Mizoroki-Heck coupling of various aryl iodides  
and bromides with styrene 4-methyl styrene and  
4-methoxy styrene affording yields of products 50 to 
93%. The advantages of this protocol are moderate to 
excellent yields in absence of an inert atmosphere, 
and the use of cheap and easily available catalyst. 
 
Acknowledgements 

Author thanks Prof. Ramkrishna More ACS 
College Akurdi, Baburaoji Gholap College Sangvi, 
Pune and CIF, Pune University for sophisticated 
instrumental facility for its support. 
 
References 
1 Heck R F, J Am Chem Soc, 90 (1968) 5518. 
2 Roy D & Uozumi Y, Adv Syn Cat, 360 (2018) 602.  

3 (a) Jagtap S, Catalysts, 7 (2017) 267; (b) Bhange D S,  
Rasal N K, Sonawane R B, & Jagtap S V, ChemistrySelect,  
3 (2018) 12230. 

4 Tang S, Liu C & Lei A, Chem Comm, 49 (2013) 2442. 
5 Kelkar A A, Hanaoka T, Kubota & Sugi Y, Catal Lett,  

29 (1994) 69. 
6 lyer S, Chinnasanly R & Ramani A, Tetrahedron Lett,  

38 (1997) 8533. 
7 Nowrouzi N & Zarei M, Tetrahedron, 71 (2015) 7847.  
8 Ryosuke M, Alicia C, Gutierrez, Timothy F J, J Am Chem 

Soc, 133 (2011) 19020. 
9 Zhu K, Dunne J, Shaver M P & Thomas S P, ACS Catal,  

7 (2017) 2353. 
10 Mako T L & Byers J A, Inorg Chem Front, 3 (2016) 766. 
11 Loska R, Volla C M R & Vogel P, Adv Synth Catal,  

350 (2008) 2859. 
12 LiwoszT W & ChemlerS R, Org Lett, 15 (2013) 3034. 
13 Calo V, Nacci A, Monopoli A, Leva E & Cioffi N, Org Lett, 

7 (2005) 617. 
14 Wang H, Wang B, S Sun & Cheng J, Org Chem Front,  

5 (2018) 2547.  
15 Zhao B & Shi Z, Angew Chem Int Ed, 56 (2017) 12727. 
16 Liu P, Pan Y-M, Hu K, Huang X-C, Y. Liang & Wang H-S, 

Tetrahedron, 69 (2013) 7925. 
17 Consorti C S, Flores F R & Dupont J, J Am Chem Soc,  

127 (2005) 12054. 
18 Herrmann W A & Bohm V P W, J Organomet Chem,  

572 (1999) 141. 
19 Muñoz M. Paz, Martín-Matute B, Fernández-Rivas C, 

Cárdenas D J. & Echavarren A M, Adv Synth Catal,  
343 (2001) 338. 

20 Selvakumar K, Zapf A & Beller M, Org Lett, 4 (2002) 3031. 
21 Lin Y-C, Hsueh H-H, Kanne S, Chang L-K, Liu F-C, Lin I J 

B & Peng S-M, Organomet, 32 (2013) 3859.  
22 Mpungose P P, Vundla Z P, Maguire G E M & Friedrich H B, 

Molecules 23 (2018) 1676. 
23 Balinge K R & Bhagat P R, Comp Rendus Chimie, 20 (2017) 

773. 

 
 

Scheme 1 — Possible mechanism of Heck reaction 
 



BHANGE & RASAL: NICKEL-CATALYZED MIZOROKI-HECK REACTION 
 
 

829

24 Ozdemir I, Demir S & Cetinkaya B, Synlett, 6 (2007)  
0889. 

25 Ibrahim W N W & Shamsuddin M, Cryst Struct Theory Appl, 
1 (2012) 25. 

26 Keles M, Synth React Inorg Met-Org Nano-Metal Chem,  
43 (2013) 575. 

27 Rezaei S, Ghorbani-Choghamarani A & Badri R, Appl 
Organomet Chem, 30 (2016) 985. 

28 Yilmaz M K & Keles M, JOTCSA, 5 (2018) 133. 
29 Keles M, Keleş H & Emir D M, Appl Organomet Chem, 

29 (2015) 543. 
30 Bhanage B M, Zhao F, Shirai M & Arai M, Catal Lett,  

54 (1998) 195. 
31 Mitsudo K, Imura T, Yamaguchi T, Tanaka H, Tetrahedron 

Lett, 49 (2008) 7287. 
32 Inamoto K, Kuroda J-I, Hiroya K, Noda Y, Watanabe M & 

Sakamoto T, Organomet, 25 (2006) 3095. 
33 Xie G, Li T, Qu X & Mao J, J Mol Cat A: Chem, 340 (2011) 

48. 
34 Suganthy P K, Prabhu R N, Sridevi V S, Tetrahedron Lett,  

54 (2013) 5695. 
 

35 Vandavasi J K, Hua X, Halima H B & Newman S G,  
Angew Chem, 56 (2017) 15441. 

36 Gøgsig T M, Kleimark J, Lill S O N, Korsager S, Lindhardt 
A.T, Norrby P.O, Skrydstrup T, J Am Chem Soc, 134 (2012) 
443. 

37 Ehle A R, Zhou Q & Watson M P, Org Lett, 14 (2012) 1202. 
38 Ma S, Wang H, Gao K & Zhao F, J Mol Cat A: Chem, 248, 

(2006) 17. 
39 Song J, Liu Y, Zhao H, Han H, Li Z, Guo W, Chu W &  

Sun Z, New J Chem, 41, (2017) 12288. 
40 Ghosh T, Synth Commun, 48 (2018) 1338. 
41 Kwiatkowski M R & Alexanian E J, Angew Chem Int Ed,  

57 (2018) 16857. 
42 Lv L, Zhu D, Li C-J, Nature Commun, (2019) 715. 
43 Ni S, Li C-X, Mao Y, Han J, Wang Y, Yan H & Pan Y,  

Sci Adv, 5 (2019) eaaw9516. 
44 Bhange D S, Sonawane R B, Rasal N K. & Jagtap S V, 

ChemistrySelect, 5 (2020) 10387. 
45 Bhange D. S, Rasal N K, Sonawane R B. & Jagtap S V, 

ChemistrySelect, 3 (2018) 11230. 
46 Reetz M T & Maase M, Adv Mater, 11 (1999) 773. 

 
 


