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Abstract: A general methodology for the α-arylation of ketones 

using a nickel catalyst has been developed. The new well-defined 

[Ni(IPr*)(cin)Cl] (1c) pre-catalyst showed great efficiency for this 

transformation, allowing the coupling of a wide range of ketones, 

including acetophenone derivatives, with various functionalised aryl 

chlorides. This cinnamyl-based Ni(NHC) complex has demonstrated 

a different behaviour to previously reported NHC-Ni catalysts. 

Preliminary mechanistic studies suggest a Ni(0)/Ni(II) catalytic cycle 

to be at play. 

 α-Arylated carbonyl compounds are recognizable structural 

motifs in biologically active molecules and are of interest to the 

pharmaceutical industry.[1] Therefore, over the last years 

significant efforts have been devoted to the development of 

more efficient and milder methodologies for their preparation. 

For example, the use of transition metal catalysts has allowed to 

dispense with the use of stoichiometric amounts of toxic 

reagents and harsh reaction conditions typically required by 

more conventional approaches.[2] Since initial reports of the 

intermolecular palladium-catalyzed α-arylation of ketones by 

Miura,[3] Buchwald[4] and Hartwig,[5] this reaction has rapidly 

become one of the most powerful and atom-economical 

strategies for the formation of C-C bonds.[1d, 6] Moreover, this 

reaction generates little side-products and makes use of simple 

and widely available substrates.[1d, 6b]  

 Although palladium-based catalysts are very active in this 

transformation, the development of new catalytic systems that 

use less expensive and more earth-abundant metals is a crucial 

challenge for modern chemists. Despite the importance of this 

challenge, only a handful of non-palladium systems have been 

described for this purpose.[7] In recent years, nickel catalysis has 

received significant attention as a palladium surrogate, and has 

been employed in a plethora of transformations.[8],[9] Since 

Buchwald and coworkers described the enantioselective nickel-

catalyzed α-arylation of α-substituted butyrolactones,[10] nickel 

has become a valuable (and possibly viable) alternative to the 

established palladium catalytic systems for the α-arylation of 

ketones. In spite of this early result, nickel-phosphine systems 

have shown narrow reaction scope,[11] as only α-substituted 

cyclic ketones were found to be suitable substrates.[10-11] Two 

examples of well-defined NHC-based (NHC: N-heterocyclic 

carbenes) nickel complexes have been reported as active 

precatalysts for this transformation.[12] Despite the improvement 

that these protocols provide, both suffer from several 

shortcomings, particularly regarding a narrow reaction scope 

limited to the coupling of arylbromide derivatives with 

propiophenone.  

Very recently, Itami and coworkers have described a 

challenging α-arylation of ketones with aryl pivalates using a 

[Ni(COD)2]/biphosphine catalytic system.[13] However, the use of 

high catalyst loading (10 mol%), a large excess of the ligand (20 

mol%) and high temperatures (150 ºC), hamper the general use 

of this methodology. Studies conducted by Ritleng and 

coworkers showed that the [Ni(NHC)CpCl]-catalyzed (NHC = N-

heterocyclic carbene; Cp = cyclopentadienyl) reaction might 

proceed via a radical pathway.[12b] However, the mechanism 

regarding the nickel-catalyzed α-arylation of ketones is not yet 

clearly defined and might, in the end, be dependent on the Ni 

source used.  

Taking into account the state-of-the-art, we took up the 

challenge of developing a general nickel-catalyzed α-arylation of 

ketones using easily accessible, widely available and 

inexpensive aryl chlorides, under significantly milder reaction 

conditions. Our approach made use of our prior experience with 

more easily initiated palladium cinnamyl NHC-based catalysts[14] 

and of the reported high activity displyed by [(dppf)Ni(cin)Cl] in 

the Suzuki-Miyaura cross coupling.[15] We describe here the 

synthesis of [Ni(NHC)(cin)Cl] complexes and their application in 

the α-arylation of ketones, in a general and efficient nickel-

catalyzed procedure for this transformation using aryl chlorides. 

The synthesis of [Ni(NHC)(cin)Cl] complexes with SIPr, IPr, 

IPr* and IPr*OMe as NHC ligands,[16] was accomplished following 

the protocol described by Sigman for the IPr derivative.[17] This 

straightforward, one-pot procedure provided the desired Ni 

complexes in good yields (Scheme 1). 

 

Scheme 1. Synthesis of the well-defined [Ni(NHC)(cin)Cl] (1)complexes. 
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All complexes (1) were fully characterized by NMR spectroscopy, 

and their purity was confirmed by elemental analysis. To 

unequivocally establish the atom connectivity in 1, the molecular 

structures of 1c[18] and 1d[19] (see Supporting Information) were 

elucidated by X-ray diffraction analysis of single crystals (Figure 

1).  

  

Figure 1. Molecular structure of 1c. Selected bond distances (Å) and angles 

(deg): Ni1–Cl1: 2.1684(9), Ni1–C72: 1.997(3), Ni1–C74: 2.123(4), Ni1–C1: 

1.903(3) Å, Ni1–C73: 1.982(4); Cl1–Ni1–C1: 96.16(8), Cl1–Ni1–C74: 

96.66(10), C1–Ni1–C74: 70.58(14). 

Complete optimization studies defining best solvent, base and 

temperature for the coupling of propiophenone (2a) and p-

chlorotoluene (3a) as model reaction, using the nickel catalyst 

bearing the IPr* ligand (1c) were next performed (see 

Supporting Information for details). The use of NaOtBu in 

toluene provided optimum results, giving full conversion at 80°C 

after 16 hours. It should be noted that 2 equivalents of NaOtBu 

are required, as lower amounts of base reduce the yield. Then, 

the role of the ligand (1a-d) was tested (Table 1). Less sterically 

demanding NHCs (IPr and SIPr) afforded low conversion to the 

desired product in both cases (entries 1 and 2). The bulkier IPr*-

based ligands (IPr* and IPr*OMe) were required to obtain full 

conversion (entries 3 and 4). Only at low catalyst loadings (1 

mol%) was it possible to observe a difference in the reactivity 

between IPr* and IPr*OMe, the former being slightly more active 

than the latter (entries 5 and 6). Under the optimized conditions, 

3 mol% of 1c were sufficient to obtain full conversion (entry 3 vs. 

7). Notably, the use of p-bromotoluene as coupling partner 

consistently gave lower yields compared to reactions involving 

its chloride analogue (entry 3 vs. 8). These results suggest that 

a different mechanism might be involved in the NHC cinnamyl-

based nickel-catalyzed reaction compared to the previously 

reported Cp-based family of complexes, which are not reactive 

with aryl chlorides.[12b]                            

 Under the optimized reaction conditions, a wide variety of 

ketones (2) and aryl chlorides (3) were examined (Table 2). 

Firstly, several arylchorides with varied electronic and steric 

properties were tested. Electron-donating groups in either para  

Table 1. Nickel-catalyzed α-arylation of propiophenone optimization.
[a]

   

Entry  1 (mol%) Conv. (%)
[b]

 Yield (%)
[c]

 

1 [Ni(IPr)(cin)Cl] (1a) (3 mol%) 35 - 

2 [Ni(SIPr)(cin)Cl] (1b) (3 mol%) 30 - 

3 [Ni(IPr*)(cin)Cl] (1c) (3 mol%) 99 92 (90)
[d]

 

4 [Ni(IPr*
OMe

)(cin)Cl] (1d) (3 mol%) 99 89 

5 [Ni(IPr*
OMe

)(cin)Cl] (1d) (1 mol%) 70 - 

6 [Ni(IPr*)(cin)Cl] (1c) (1 mol%) 80 - 

7 [Ni(IPr*)(cin)Cl] (1c) (2 mol%) 92 84 

8
[e]

 [Ni(IPr*)(cin)Cl] (1c) (3 mol%) 99 80 

[a] Reaction conditions: propiophenone (2a) (1 mmol, 2 equiv.), 4-

chlorotoluene (3a) (0.5 mmol, 1 equiv.), NaOtBu (1 mmol, 2 equiv.), 1 

(mol%), in toluene (2.5 mL). [b] Conversion of the 4-chlorotoluene (3a), as 

measured by GC. [c] NMR yields using dimethyl malonate as internal 

standard. [d] Isolated yield in brackets. [e] Using 4-bromotoluene as 

coupling partner. 

or meta position led to the arylated ketones in excellent 

isolated yields (4a, 4b, and 4g), while electron-withdrawing 

groups such as CF3 (4c) proved to be less suitable for this 

transformation. Hindered aryl chlorides (4e and 4f) were 

coupled less efficiently, although reasonable yields (60% and 

68%, respectively) could be obtained. Additionally, 1-

chloronaphtalene led to the desired product in 77% (4j). These 

coupling reaction outcomes represent the best results so far 

when using hindered aryl chlorides for the nickel-catalyzed α-

arylation of ketones, even when arylbromides are considered 

as coupling partners.[12] Ketone- and methylsulfone- containing 

aryl chlorides, despite their relative sensitivity towards basic 

conditions, led to the corresponding aryl ketones with 89% 

and 65% yields, respectively (4i, 4d). A benzodioxole chloride 

derivative reacted very efficiently (4h), and nitrogen- or sulfur-

containing heterocycles were tolerated (4k and 4l). The nature 

of the ketone was also studied. Electron-rich propiophenone 

derivatives proved suitable for this transformation (4m, 79%). 

Moreover, the analogous cyclohexanone derivative led to the 

formation of 4n in high yield. In contrast, electron-poor 

ketones proved inadequate and no conversion to the desired 

product was observed using p-CF3 substituted propiophenone 

(see Supporting Information). To our delight, aliphatic ketones 

were also suitable for the reaction, leading to the desired 

mono-arylated product in good yield (4o). These results 

encouraged us to further extend the scope of the system and 

test the challenging mono arylation of acetophenone 

derivatives. We were pleased to find that electron-rich 

acetophenones were well tolerated, giving good (67%) and 
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very good yields (86%) for the p-NMe2 (4q) and p-OMe (4p) 

substituted derivatives, respectively, without any observable 

formation of bis-arylated products. However, non-activated 

acetophenones led to complex mixtures (see Supporting 

Information). An electron-rich naphthalene derivative led 

successfully to the desired adduct (4t). p-OMe acetophenone 

was also tested in the presence of electron-rich aryl chlorides 

(4r and 4u), showing good efficiency. The coupling with a 

hindered 2,6-disubstituted chloroarene was also possible (4s). 

Table 2. Substrate scope for the [Ni(IPr*)(cin)Cl] catalyzed α-arylation of 
ketones.

[a]
 

 

[a] Reaction conditions: ketone (2) (1 mmol, 2 equiv.), chloroarene (3) (0.5 

mmol, 1 equiv.), NaOtBu (1 mmol, 2 equiv.), 1c (3 mol%), in toluene (2.5 

mL). Isolated yields. 

Several experiments were carried out in order to gain insight into 

the reaction mechanism. Stoichiometric reactions involving 

[Ni(IPr*)(cin)Cl] (1c) and NaOtBu, in the presence (eq. 1) or 

absence of chlorotoluene (eq. 2), did not proceed, and in both 

cases the starting materials were recovered. To our delight the 

stoichiometric reaction of [Ni(IPr*)(cin)Cl] with propiophenone 

and NaOtBu, in the absence of the aryl chloride (eq. 3), gave, as 

major species (84% isolated yield), the regioisomeric mixture 

(75:25) of the allylic substitution products between the 

propiophenone nucleophile and the cinnamyl ligand 5 and 5’. 

 

The isolation of these products (5 and 5´), together with the fact 

that chloride derivatives performed comparably to bromide 

analogues, suggest to us that the activation of the Ni(II) 

precatalyst takes place via a nucleophilic attack of the enolate 

formed in situ,[20] generating a Ni(0) active species, which may 

involve the formation, if only as a transient species, of [(η6-

toluene)Ni(IPr*)] under catalytic conditions.[21] Oxidative addition 

leads to Ni(II) intermediate A, which transmetalates in the 

presence of another molecule of enolate (B), allowing the final 

reductive elimination to achieve the C-C bond formation. Further 

investigations are currently ongoing in our laboratory to 

completely elucidate the mechanism of this coupling reaction 

using nickel catalysts and to expand the scope of this reaction to 

other carbonyl-containing compounds. 

 

Scheme 2. Ni(0)/Ni(II) proposed catalytic cycle.
[1d, 6a]

 

 In summary, we have described, for the first time, a general 

nickel-catalyzed methodology for the α-arylation of ketones 

using aryl chlorides as coupling partners at relatively low 

loadings of Ni (3 mol%). Various coupling partners, including 

challenging acetophenone derivatives and functionalized aryl 

chlorides, were successfully coupled. In addition, stoichiometric 

reactions permitted the isolation of the precatalyst activation 

products (5 and 5´), strongly suggesting that a Ni(0)/Ni(II) 

catalytic cycle is responsible for the unique reactivity displayed 

by this catalyst. 



COMMUNICATION          

 

 

 

 

 

Acknowledgements  

We thank the ERC (Advanced Researcher award-FUNCAT), 7th 

Framework Program NMP2-LA-2010-246461 (SYNFLOW), the 

EPSRC and King Saud University for funding. We thank the 

EPSRC NMSSC in Swansea for mass spectrometric analyses. 

SPN is a Royal Society Wolfson Research Merit Award holder. 

Keywords: nickel • NHC • ketone arylation • aryl chloride • cross 

coupling  

[1] a) W. B. Wright, J. B. Press, P. S. Chan, J. W. Marsico, M. F. Haug, J. 

Lucas, J. Tauber, A. S. Tomcufcik, J. Med. Chem. 1986, 29, 523-530; 

b) R. R. Goehring, Y. P. Sachdeva, J. S. Pisipati, M. C. Sleevi, J. F. 

Wolfe, J. Am. Chem. Soc. 1985, 107, 435-443; c) H. Venkatesan, M. C. 

Davis, Y. Altas, J. P. Snyder, D. C. Liotta, J. Org. Chem. 2001, 66, 

3653-3661; d) C. C. C. Johansson, T. J. Colacot, Angew. Chem. 2010, 

122, 686-718; Angew. Chem., Int. Ed. 2010, 49, 676-707. 

[2] R. K. Norris, Comprehensive Organic Synthesis Vol. 4, Pergamon, New 

York, 1991. 

[3] T. Satoh, Y. Kawamura, M. Miura, M. Nomura, Angew. Chem. 1997, 

109, 1820-1822; Angew. Chem., Int. Ed. 1997, 36, 1740-1742. 

[4] M. Palucki, S. L. Buchwald, J. Am. Chem. Soc. 1997, 119, 11108-

11109. 

[5] B. C. Hamann, J. F. Hartwig, J. Am. Chem. Soc. 1997, 119, 12382-

12383. 

[6] a) D. A. Culkin, J. F. Hartwig, Acc. Chem. Res. 2003, 36, 234-245; b) F. 

Bellina, R. Rossi, Chem. Rev. 2009, 110, 1082-1146; c) P. Novak, R. 

Martin, Curr. Org. Chem. 2011, 15, 3233-3262; d) Z.-K. Xiao, L.-X. 

Shao, Synthesis 2012, 2012, 711-716; e) S. M. Crawford, P. G. 

Alsabeh, M. Stradiotto, Eur. J. Org. Chem. 2012, 2012, 6042-6050; f) B. 

Zheng, T. Jia, P. J. Walsh, Org. Lett. 2013, 15, 4190-4193; g) T. Hama, 

S. Ge, J. F. Hartwig, J. Org. Chem. 2013, 78, 8250-8266; h) B. Zheng, 

T. Jia, P. J. Walsh, Adv. Synth. Catal. 2014, 356, 165-178; i) K. D. 

Hesp, R. J. Lundgren, M. Stradiotto, J. Am. Chem. Soc. 2011, 133, 

5194-5197; j) P. G. Alsabeh, M. Stradiotto, Angew. Chem. 2013, 125, 

7383-7387; Angew. Chem., Int. Ed. 2013, 52, 7242-7246; k) L. 

Ackermann, V. P. Mehta, Chem. Eur. J. 2012, 18, 10230-10233. 

[7] Copper-catalyzed systems, see: a) G. Danoun, A. Tlili, F. Monnier, M. 

Taillefer, Angew. Chem. 2012, 124, 12987-12991; Angew. Chem., Int. 

Ed. 2012, 51, 12815-12819; b) Y. Shi, X. Zhu, H. Mao, H. Hu, C. Zhu, Y. 

Cheng, Chem. Eur. J. 2013, 19, 11553-11557. 

[8] For selected examples of nickel-catalyzed systems, see: a) S. Z. 

Tasker, E. A. Standley, T. F. Jamison, Nature 2014, 509, 299–309; b) S. 

Z. Tasker, A. C. Gutierrez, T. F. Jamison, Angew. Chem. 2014, 126, 

1889-1892; Angew. Chem., Int. Ed. 2014, 53, 1858-1861; c) E. A. 

Standley, S. J. Smith, P. Müller, T. F. Jamison, Organometallics 2014, 

33, 2012-2018; d) M. Tobisu, K. Nakamura, N. Chatani, J. Am. Chem. 

Soc. 2014, 136, 5587-5590; e) K. L. Jensen, E. A. Standley, T. F. 

Jamison, J. Am. Chem. Soc. 2014, 136, 11145-11152; f) Y. Liu, J. 

Cornella, R. Martin, J. Am. Chem. Soc. 2014, 136, 11212-11215. 

[9] For selected examples of allyl-based nickel-catalysts, see: a) M. J. 

Iglesias, A. Prieto, M. C. Nicasio, Org. Lett. 2012, 14, 4318-4321; b) M. 

J. Iglesias, A. Prieto, M. C. Nicasio, Adv. Synth. Catal. 2010, 352, 1949-

1954; c) A. R. Martin, D. J. Nelson, S. Meiries, A. M. Z. Slawin, S. P. 

Nolan, Eur. J. Org. Chem. 2014, 2014, 3127-3131; d) Y. Makida, E. 

Marelli, A. M. Z. Slawin, S. P. Nolan, Chem. Commun. 2014, 50, 8010-

8013. 

[10] D. J. Spielvogel, S. L. Buchwald, J. Am. Chem. Soc. 2002, 124, 3500-

3501. 

[11] a) G. Chen, F. Y. Kwong, H. O. Chan, W.-Y. Yu, A. S. C. Chan, Chem. 

Commun. 2006, 1413-1415; b) X. Liao, Z. Weng, J. F. Hartwig, J. Am. 

Chem. Soc. 2007, 130, 195-200; c) S. Ge, J. F. Hartwig, J. Am. Chem. 

Soc. 2011, 133, 16330-16333. 

[12] a) K. Matsubara, K. Ueno, Y. Koga, K. Hara, J. Org. Chem. 2007, 72, 

5069-5076; b) M. Henrion, M. J. Chetcuti, V. Ritleng, Chem. Commun. 

2014, 50, 4624-4627. 

[13] R. Takise, K. Muto, J. Yamaguchi, K. Itami, Angew. Chem. 2014, 126, 

6909-6912; Angew. Chem., Int. Ed. 2014, 53, 6791-6794. 

[14] N. Marion, O. Navarro, J. Mei, E. D. Stevens, N. M. Scott, S. P. Nolan, 

J. Am. Chem. Soc. 2006, 128, 4101-4111. 

[15] S. Ge, J. F. Hartwig, Angew. Chem. 2012, 124, 13009-13013; Angew. 

Chem., Int. Ed. 2012, 51, 12837-12841. 

[16] SIPr = 1,3-bis- (2,6-diisopropylphenyl)imidazolin-2-ylidene; IPr = 1,3-

bis(2,6-diisopropylphenyl)imidazol-2-ylidene; IPr* = N,N-bis[2,6-

bis(diphenylmethyl)-4-methylphenyl]imidazole-2-ylidene; IPr*
OMe

 = N,N-

bis[2,6-bis(diphenylmethyl)-4-methoxyphenyl]imidazol-2-ylidene 

[17] B. R. Dible, M. S. Sigman, J. Am. Chem. Soc. 2002, 125, 872-873. 

[18] CCDC 1030283 (1c) 

[19] CCDC 1030284 (1d) 

[20] Y. Takeda, Y. Ikeda, A. Kuroda, S. Tanaka, S. Minakata, J. Am. Chem. 

Soc. 2014, 136, 8544-8547. 

[21] Y. Hoshimoto, Y. Hayashi, H. Suzuki, M. Ohashi, S. Ogoshi, 

Organometallics 2014, 33, 1276-1282. 

 



COMMUNICATION          

 

 

 

 

 

Layout 1: 

 

COMMUNICATION 

A Ni-NHC pre-catalyst was shown 

very active in the α-arylation of 

ketones, coupling a broad range of 

aryl chlorides and ketones. The 

isolation of the activation product 

resulting from the nucleophilic attack 

of the enolate onto the nickel-

precatalyst suggests a Ni(0)/Ni(II) 

catalytic cycle is at play. 
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