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ABSTRACT: We report a Ni-catalyzed regioselective alkylaryla-

tion of vinylarenes with alkyl halides and arylzinc reagents to gen-

erate 1,1-diarylalkanes. The reaction proceeds well with primary, 

secondary and tertiary alkyl halides, and electronically diverse ar-

ylzinc reagents. Mechanistic investigations by radical probes, com-

petition studies and quantitative kinetics reveal that the current re-

action proceeds via a Ni(0)/Ni(I)/Ni(II) catalytic cycle by a rate-

limiting direct halogen atom abstraction via single electron transfer 

(SET) to alkyl halides by a Ni(0) catalyst.  

Regioselective difunctionalization of olefins by intercepting 

Heck C(sp3)-[M] intermediates with organometallic reagents1 is a 

powerful method to construct complex molecules2 rapidly from 

readily available starting materials.3 However, the development of 

such a method is generally hindered by facile -H elimination from 

the C(sp3)-[M] species leading to Heck products.4 Recently, strate-

gies to stabilize C(sp3)-[M] species in situ via -allyl-[M] for-

mation5 and heteroatom coordination6 have been successfully im-

plemented to overcome the complications from -H elimination,7 

which enabled their subsequent interception with organometallic 

reagents.8 An alternative approach that proceeds by reductive cou-

pling via radical intermediates9 is also emerging as a powerful 

method for olefin dicarbofunctionalization.10 

Vinylarenes serve as one of the most synthetically valuable 

sources of olefins, which could attenuate the effects of -H elimi-

nation by in situ formation of -benzyl-[M] species.11 Dicarbofunc-

tionalization of such olefins could afford a concise synthetic dis-

connection to construct 1,1-diarylalkanes, which show strong bio-

activity against breast cancer (MCF-7), lung cancer (H-460), brain 

cancer (SF-268), and membrane protein FLAP (5-Lipoxygenase 

Acting Protein) (Scheme 1).12 However, methods to dicarbofunc-

tionalize vinylarenes are rare. The limited known examples of re-

actions proceed for homodicarboalkoxylation,13 homodiaryla-

tion/homodivinylation,11a trifluoromethylarylation,14 trifluoro-

methylcyanation15 and vinylarylation.11b To the best of our 

knowledge, there is no general catalytic method for a three-compo-

nent alkylarylation of vinylarenes to furnish 1,1-diarylalkanes.16 

Herein, we report a Ni-catalyzed alkylarylation of vinylarenes with 

primary, secondary and tertiary alkyl halides, and arylzinc reagents 

that furnishes diversely substituted 1,1-diarylalkanes via the for-

mation of two C(sp3)-C(sp3) and C(sp3)-C(sp2) bonds in one step. 

Mechanistic studies indicate that the reaction proceeds by a rate-

limiting direct halogen atom abstraction via single electron transfer 

(SET) from a Ni(0) catalyst to alkyl halides.   

 

Scheme 1. Bioactive 1,1-diarylalkanes   

We began our studies by attempting to alkylarylate 2-vinylnaph-

thalene with cyclohexyl iodide and PhZnI with different transition 

metal catalysts (Table 1). We were pleased to find that the reaction 

was efficiently catalyzed by 5 mol% NiBr2 in NMP at room tem-

perature affording the alkylarylated product 2 in 81% yield with 2 

equiv each of cyclohexyl iodide and PhZnI (entry 1).17 Lowering 

the amount of cyclohexyl iodide or  PhZnI decreased the yield (en-

tries 2-3). Alkyl fluoride did not form any product (entry 4).16c The 

reaction is also catalyzed by Ni(cod)2 and (Ph3P)4Ni in similar 

yields (entries 5-6). While CoCl2 also catalyzed the reaction in 

moderate yields (entry 7), Fe, Cu and Pd-catalysts did not form any 

product (entry 8). The reaction also did not proceed in the absence 

of NiBr2 (entry 9). While the reaction proceeded in a similar yield 

in DMA,  only a small amount of the product 2 was formed in THF 

or toluene (entries 10-11).     

Table 1. Optimization of reaction conditionsa 

 
a0.1 mmol scale reactions. bIsolated yield (0.5 mmol scale) in 

parenthesis. 

With the optimized conditions, we examined the scope of the al-

kylarylation of 2-vinylnaphthalene with a variety of alkyl halides 

and arylzinc reagents (Table 2).18 The reaction proceeds well with 

primary and secondary alkyl halides (I, Br), and generates products 
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with secondary and tertiary carbon centers. The reaction also toler-

ates various functional groups such as OTBS (5), phthalimide (6), 

CF3 (7-8) and OMe (4, 10), and ArZnI bearing ortho-OMe (4).    

Table 2. Scope with RX and ArZnIa 

 
a0.5 mmol scale reactions. Letters in parenthesis indicate X in 

Alkyl-X. b5 mol% Ni(cod)2. c8 h.  

The current alkylarylation reaction can be conducted with a wide 

range of vinylarenes (Table 3).18 The reaction can be performed 

with vinylarenes containing various functional groups such as Cl 

(15-17, 21, 22), Ph (18), OMe (19, 32), esters (20, 25) and ketones 

(30). Alkyl halides containing functional groups such as Cl (12), 

OEt (13), OTBS (16), olefins (17) and NCbz (24)  can be used as 

coupling partners. ArZnI containing sensitive functional groups 

like esters (22) and CN (29) are tolerated. The reaction also pro-

ceeds with vinyl bromides (25).  

The reactions of tert-alkyl halides proved more challenging than 

those of the primary and secondary alkyl halides. The reaction with 

tertiary alkyl halides typically produced products in low yields ex-

cept for the coupling of tert-BuBr and PhZnI with 2-vinylnaphtha-

lene (26). Further catalyst optimization showed that (Ph3P)2NiCl2 

was an excellent catalyst for the coupling with tert-alkyl halides, 

which afforded products with quaternary carbon centers in good to 

excellent yields (26-32). 

We have also demonstrated the synthetic utility of the alkylary-

lation reaction in modified drug derivatives (34-36). Vinylarenes 

built on the backbones of two non-steroidal anti-inflammatory 

drugs (NSAIDs), indometacin and tolmetin, were alkylarylated ef-

ficiently with ArZnI and primary and secondary alkyl halides, 

which afforded the corresponding products 34-36 in 46-67% yields. 

We also conducted mechanistic studies to understand the process 

of alkylarylation. Since the current reaction is also catalyzed by 

Ni(cod)2 and (Ph3P)4Ni similar to NiBr2 (Table 1), we believe that 

Ni(0) is the active catalyst wherein NiBr2 is reduced by ArZnI to 

Ni(0). In order to examine this possibility, we performed a reaction 

of NiBr2•DME with access of 4-FC6H5ZnI in the presence of 2-

vinylnaphthalene and analyzed the dark solution formed instanta-

neously upon mixing by 19F NMR. The reaction furnished 4,4’-

difluorobiphenyl in a near stoichiometric molar ratio to that of 

NiBr2•DME immediately and the concentration of the biaryl re-

mained constant over time (Scheme 2). This experiment indicates 

that NiBr2 is instantaneously reduced to Ni(0) in the presence of 

ArZnI reagents under our reaction conditions via fast double 

transmetalation with ArZnI and reductive elimination of biaryls. 

We then conducted a radical clock experiment using iodoethox-

ypropene as a radical probe (Scheme 3).10m When iodoethoxypro-

pene was reacted with 4-chlorostyrene and PhZnI under the stand-

ard reaction condition, cyclized product 37 was generated in 38% 

yield. In addition, we also isolated the dimer 38 along with the  

Table 3. Scope with vinylarenes, RX and ArZnIa 

  
a0.5 mmol scale reactions. Letters in parenthesis indicate X in 

Alkyl-X. b8 h. c10 mol% NiBr2. d5 mol% Ni(cod)2.  e50 °C, 12 h. 

 

Scheme 2. Reduction of Ni(II) to Ni(0) by ArZnI 
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expected product 26 in 14% and 55% yields, respectively, when 

olefin 1 was reacted with tBuBr and PhZnI (Scheme 4). The prod-

uct 38 arises from dimerization of the benzylic radical 39. These 

results indicate that the alkylarylation of vinylarenes proceeds by a 

single electron transfer (SET) process.  

 

Scheme 3. Radical clock experiment 

 

Scheme 4. Formation of radically dimerized product 

We also performed competition experiments with different alkyl 

halides. Competitions between n-octyl iodide and cyclohexyl io-

dide, and between cyclohexyl bromide and t-butyl bromide showed 

that t-alkyl halides reacted faster than s-alkyl halides, and s-alkyl 

halides reacted faster than n-alkyl halides (t-RX > s-RX > n-RX) 

(Scheme 5). Similar competition between s-alkyl iodide and s-alkyl 

bromide, and s-alkyl bromide and s-alkyl chloride indicated that 

alkyl iodides reacted faster than alkyl bromides, and alkyl bromides 

reacted faster than alkyl chlorides (RI > RBr > RCl) (Scheme 6). 

These results are consistent with the reaction proceeding by a rate-

limiting direct halogen atom abstraction from alkyl halides via in-

ner sphere electron transfer from a Ni-catalyst.19 

We also performed a competition between 4-CF3C6H4ZnI and 4-

MeOC6H4ZnI, which produced the corresponding alkylarylated 

products 8 and 10 in nearly a 1:1 ratio (Scheme 7). This result in-

dicated that the reaction experienced no rate difference towards 

electronically biased ArZnI and that ArZnI reagents were less 

likely involved in the rate-determining step (RDS).  

 

 

Scheme 5. Competition experiments with 1°, 2° and 3° R-X 

We finally conducted quantitative kinetic studies in order to de-

termine the roles of ArZnI, alkyl halides and vinylarenes at the 

RDS. Measurements of the initial rates (kin) for the reaction of 2-

vinylnaphthalene and PhZnI with different concentrations of cyclo-

hexyl iodide and the catalyst showed a corresponding rise in the  

 

Scheme 6. Competition experiments with RI, RBr and RCl 

 

Scheme 7. Competition experiments with ArZnI 

rates of the reactions. Plots of kin versus the concentrations of cy-

clohexyl iodide and the catalyst gave linear curves (slope = 1.61 × 

10-4 M s-1; 7.3 × 10-3 M s-1) indicating a first order rate dependence 

on RX and the catalyst (Fig. 1a-b). Similar kinetic studies by vary-

ing the concentration of PhZnI, however, showed no change in kin 

(Fig. 1c) suggesting that the reaction is zero order on ArZnI. Meas-

urements of reaction progress with increasing concentrations of 2-

vinylnaphthalene showed that the reaction rates were slightly af-

fected negatively (Fig. 1d). These qualitative and quantitative ki-

netic studies suggest that the reaction with alkyl halides by direct 

halogen atom abstraction is rate-limiting, and that the increased 

concentration of 2-vinylnaphthalene interferes with the reaction 

rate by multiple ligation to the Ni(0)-catalyst, which depletes coor-

dination sites for complexing alkyl halides at the transition state 

required for inner sphere electron transfer during direct halogen 

atom abstraction.19   
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Figure 1. (a) A plot of kin vs. cyclohexyl iodide concentrations. (b) 

A plot of kin vs. NiBr2 concentrations. (c) A plot of kin vs. PhZnI 

concentrations. (d) A plot of product yields vs. olefin 1 concentra-

tions.     

 

Scheme 8: Proposed catalytic cycle 

Based on these mechanistic studies, we propose a catalytic cycle 

(Scheme 8). Herein, the reaction is initiated by a solvent/olefin-sta-

bilized Ni(0)-catalyst, which reduces alkyl halides by SET and gen-

erates alkyl radicals (R•) by a rate-limiting halogen atom abstrac-

tion process. The alkyl radicals then undergo addition to olefins to 
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form benzylic radicals. The subsequent steps of recombination of 

the benzylic radicals with the [NiI-X] species followed by 

transmetalation with ArZnX and reductive elimination produce the 

alkylarylated products and regenerate the active Ni(0)-catalyst.      

In summary, we have developed a Ni-catalyzed regioselective 

alkylarylation of vinylarenes to generate 1,1-diarylalkanes via the 

formation of two C(sp3)-C(sp3) and C(sp3)-C(sp2) bonds in one 

step. The reaction works well with primary, secondary and tertiary 

alkyl halides, and a variety of arylzinc reagents. Mechanistic stud-

ies by radical probes, competition experiments and quantitative ki-

netics indicate that the reaction proceeds by a rate-limiting halogen 

atom abstraction via SET from a Ni(0) catalyst to alkyl halides.  
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