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Abstract: We report the challenging direct carbamoylation or cyanation of benzylic C(sp3)-H bonds 

with an isocyanide via an electrochemical process giving rise to structures which are encountered in 

several biologically relevant compounds and drugs. This transformation proceeds in mild conditions 

without the need of external oxidant and avoids the necessity to start from a prefunctionalized benzylic 

substrate or the deployment of the cation pool method.  Anodic oxidation of the benzylic position and 

subsequent addition of the isocyanide leads to the formation of a C-C bond and to a nitrilium cation 

which hydrolysis leads to alpha-aryl acetamide derivatives, while elimination of a t-butyl cation delivers 

alpha-aryl acetonitrile derivatives.  

The functionalization of benzylic C(sp3)-H bonds, via either metal-catalyzed C-H activation or 

benzylic oxidation, represents a formidable way to convert feedstock raw materials such as alkyl 

benzenes into fine chemicals.1  In this field, photoredox catalysis and electrochemistry have emerged as 

proficient strategies, with which the use of stoichiometric quantities of strong oxidants and the 

generation of a substantial amounts of waste can be avoided.2 Notably, organic electrochemistry has 

been employed for the formation of valuable C-N,3 C-O4 or C-halogen5 bonds at benzylic positions (1 

to 2, Scheme 1).2 Nonetheless, the formation of a C-C bond by anodic oxidation stands challenging, and 

mainly relies on the use of activated substrates such as tetrahydroisoquinolines, xanthenes or para-

substituted phenols.6 Indeed, inactivated substrates entail them to be used in large excess, which severely 

impacts the synthetic potential of such benzylic functionalization processes. Although Yoshida’s cation 

pool method can also be applied to benzylic substrates (1 to 4 via A, Scheme 1),7 it still remains limited 

to activated substrates such as diarylmethane precursors[7d-g] or to the presence of an excess of a 

temporary stabilizing agent in the case of the stabilized cation pool approach (1 to 4 via 2, Scheme 1).[7a] 

Hence, the development of new electrochemical methods which could permit the benzylic 

functionalization of alkyl arenes with C-based nucleophiles is highly desirable. 

The direct introduction of a carbonyl group at a benzylic position is a valuable method to form 

alpha-aryl carbonyl moieties which are encountered in numerous biological active compounds such as 

the anti-inflammatory drugs ibuprofen, flurbiprofen, ketoprofen and naproxen or the glucokinase 

activator piragliatin.8   

Related benzylic cyanation is relevant to alpha-aryl acetonitriles of biological interest such as emopamil, 

a calcium channel blocker or levocabastine, an antihistaminic (Figure 1).9 



 

Figure 1. Benzylic carboxylic acids, amides and nitriles of pharmaceutical interest. 

 

Scheme 1. Electrochemical benzylic functionalization. 

In line with our interest in the electrochemical functionalization of aromatic compounds,10 we aimed to 

develop electrochemical benzylic carbonylation or cyanation through the addition of suitable 

nucleophilic carbonyl or cyanide surrogates onto the benzylic carbocation generated via anodic 

oxidation.11 To address this challenge, isocyanides 5 appeared to us to be reagents of choice since they 

should be capable to intercept an electron-deficient benzylic position of 1 leading to the generation of a 

transient nitrilium B (Scheme 1). Indeed, isocyanides are versatile compounds that are widely used in 

multicomponent reactions (IMCRs) such as the Ugi or Passerini reactions involving their additions to 

aldehydes or imines.12  To the best of our knowledge, the addition of isocyanides to benzylic position 

were only reported for particularly activated bisbenzylic substrates or alpha-arylamines with benzoyl 

peroxide and a copper catalyst.13 However, the deployment of isocyanides in electrochemical set-up are 

scarce. In this context, we recently demonstrated that isocyanides are compatible with electrochemical 



conditions for oxidative Ugi-type processes through the oxidation of an amine or alcohol with an 

electrocatalyst.14 More recently, isocyanides were also employed for the electrochemical synthesis of 

carbodiimides, carbonimidothioates or S-thiocarbamates.15 

To test, the feasibility of this approach, we selected ethyl biphenyl 1a as substrate. Inspired by the 

electrochemical amination of Xu, we performed the reaction in presence of HFIP which is key to perform 

the benzylic oxidation.3e With cyclohexyl isocyanide 5a, we were able to observe the formation in low 

yield of hexafluoro-iso-propyl imidate 6aa which resulted from the desired addition of the isocyanide 

to the benzylic position accompanied with the reaction with HFIP. The competitive formation of ether 

7a via addition of HFIP to the oxidized benzylic position was observed. To strongly diminish this 

undesired reaction, the use of the more nucleophilic t-butyl isocyanide 5b16 was necessary to obtain a 

complete consumption of 1a. The crude 1H NMR showed that N-t-butyl imidate 6ab was the main 

product accompanied by nitrile 9a which also results from the addition of 5b to 1a.17 However 6ab is 

partly hydrolyzed into desired amide 8ab upon purification on silica gel. Therefore, we decided to do 

an acidic treatment at the end of the electrolysis to completely convert imidate 6ab into amide 8ab. 

  

Scheme 2. Electrochemical benzylic carbamoylation/cyanation with isocyanides. 

Upon evaluation of the parameters of the reaction, electrolysis in an undivided cell at a constant current 

of 6.25 mA/cm2 with a graphite anode and a platinum-plated cathode in a 5:1 mixture of dichloroethane 

and HFIP with tetrabutyl ammonium tosylate as electrolyte at room temperature followed by hydrolysis 

with acetic acid and water at room temperature to generate 8ab from 6ab appeared to be the optimal 

conditions (Table 1).18 Overall, benzylic amide 8ab was produced with 47% along with 17% of nitrile 

9a which represent a 64% yield of addition of the isocyanide onto the benzylic position. The nature of 

the anion of the tetrabutyl ammonium electrolyte proved to be important. The tosylate salt (entry 1) 

ensured a better conversion of 1a than the nitrate salt (entry 2) and a better selectivity of the addition of 

the isocyanide over HFIP to 1a than the tetrafluoroborate or hexafluorophosphate salts (entries 3-4). The 

use of both HFIP and dichloroethane is key to promote the C-C bond formation with an optimal ratio of 

1:5 (entries 1,5,6) since performing the reaction in pure dichloroethane or pure HFIP lead to the 

formation of complex mixtures (entries 7-8). Replacing dichloroethane by acetonitrile led a lower 

conversion of 7a as well as the formation of biphenyl-methyl- ketone 10 as the main product (entry 9). 

Replacement of HFIP by a more nucleophilic alcohol such as methanol indeed led to benzylic ether 7c 

and acetal 11 (entry 10); even hindered t-butanol is more prone to add to the benzylic position than the 

isocyanide (entry 11). Decreasing or increasing the current density was also detrimental to the yield 

(entries 12-13). A lower charge of 3 F/mol instead of 5.6 F/mol resulted in a sharply reduced oxidation 

of starting 1a (entry 14). Replacing the platinum cathode by a graphite cathode led to a slight decreased 

of the yield (entry 15) while changing the graphite anode by a platinum anode was sharply detrimental 

to the conversion of 1a (entry 16). 



 
Table 1. Optimisation of the electrochemical reaction between ethyl biphenyl and t-Bu isocyanide followed by 
acidic hydrolysis. 

 

Ent

ry 

Deviation from 

standard conditionsa 

Yield 8ab+9a b Undesired compoundsc 

1 None 64% (47%+17%) 6% 7a, 2% 1a 

2 n-Bu4NNO3  42% (37%+5%) <2% 7a, 32% 1a 

3 n-Bu4NBF4  33% (19%+14%) 47% 7a, <2% 1a 

4 n-Bu4NPF6  33% (9%+24%) 22% 7a, <2% 1a 

5 HFIP, DCE (1:10)  41% (27%+14%)  6% 7a, 16% 1a                         

6 HFIP, DCE (1:2)  46% (12%+34%) 8% 7a, 8% 1a 

7 pure DCE  0% 22% 7b, complex mixture 

8 pure HFIP  <2%  11% 7a, 5% 1a, decomp. 

9 HFIP, CH3CN (1:5)  16% (16%+<2%) <2% 7a, 23% 10, 28% 1a 

10 MeOH, DCE (1:5)  0% 42% 7c, 35% 11, <2% 1a 

11 t-BuOH, DCE (1:5) 0% 43% 7d, 49% 1a 

12 4.1 mA/cm2  53% (34%+19%) 7% 7a, 14% 1a 

13 8.3 mA/cm2 37% (20%+17%) 7% 7a, 11% 1a 

14 3.0 F/mol  35% (19%+16%) <2% 7a, 49% 1a 

15 Graphite cathode 56% (44%+12%) 7% 7a, 11% 1a  

16 Pt anode 30% (16%+14%) 6% 7a, 55% 1a 

a Undivided cell, graphite-SK50 anode (1.5 cm x 0.8 cm x 0.2 cm submerged), platinum-plated cathode (1.5 cm x 0.8 cm x 0.2 cm submerged), 7.5 mA, 1a (0.2 

mmol), 5b (0.5 mmol), n-Bu4NOTs (0.2 mmol), 3 mL of DCE/HFIP (5:1), room temperature; argon; b sum of isolated yield of 8ab+9a (isolated yields of each 

8ab and 9a in parenthesis); c isolated yield. 

We then studied the scope of this electrochemical carbamoylation/cyanation of benzylic secondary 

carbons with t-butyl isocyanide (Scheme 3).19 para-Bromo and para-cyano derivatives of ethyl biphenyl 

(8bb/9b and 8cb) were also competent acceptors of the carbon nucleophile. We were able to resolve the 

structure of amide 8bb by X-ray analysis of a monocrystal of this compound.20 Other substituents at the 

para position of ethyl benzene such as a methoxy, ethyl, iso-butyl, fluoro, chloro or bromo substituents 

delivered satisfactorily the C-C bond formation products (8db-ib/9d-f).  

The length of the alkyl chain which contains the benzylic CH2 to be functionalized was also evaluated 

with success in the cases of a propyl (8jb/9j) instead of an ethyl as well for tetrahydronaphtalene 

derivatives (8kb,lb/9k,l). In all these cases, the amide is predominant in comparison to the nitrile. 

In contrast, with more activated benzylic substrates such as biphenylmethane derivatives, the nitrile 

(9m,n) is the major product over the amide (8mb,nb). Very interestingly, xanthene resulted in the 

formation of alpha-imino-nitrile 12 which resulted in the interception of nitrilium B by a second 

isocyanide. 



 

Scheme 3. Electrochemical carbonylation/cyanation of benzylic secondary carbons. 

t-Butyl isocyanide 5b could also add to a benzylic tertiary carbon in these electrochemical conditions 

leading to quaternary-center –containing nitriles 9p-v (Scheme 4). Indeed, highly activated triphenyl 

methane delivered efficiently triphenyl acetonitrile 9p. The iso-propyl group is also suitable for benzylic 

C-H cyanation of substrates para-substituted with methoxy, methyl, iso-propyl, bromide or phenyl 

groups (9q-u). Surprisingly, ipso-substitution of the iso-propyl group by the isocyanide leading to 

benzamides 13q-u was also observed. The sec-butyl group could also lead to trisubstituted acetonitrile 

9v. 

 

 



 

Scheme 4. Electrochemical cyanation of benzylic tertiary carbons.  

In terms of post-synthetic transformations (Scheme 5), the t-butyl group of amide 8ab is easily removed 

with TFA to deliver primary amide 14 (Scheme 5). The t-Bu amide 8ab could also be hydrolyzed at 

room temperature to generate the corresponding carboxylic acid 15. Alternatively, after the electrolysis 

of 1a and evaporation of the solvents, the crude mixture of amide 8ab and nitrile 9a is directly 

hydrolyzed into carboxylic acid 15 with aqueous chlorhydric acid. 

 

Scheme 5. Synthesis of the corresponding primary amide or carboxylic acid.  

From a mechanistic point of view, the anodic oxidation of the aromatic moiety of 1 would provide the 

corresponding radical cation C which could evolve through various scenarios depending on the 

substitution pattern of the arene. With a substituent at the para-position,19 the first radical cation could 

lose a proton to generate the benzyl radical, in turn oxidized to the corresponding benzylic carbocation 

A. The latter would then be trapped by t-BuNC,21 and the corresponding nitrilium B would either 

fragment to form the cyano derivative 9 (via the loss of the tert-butyl cation, further evolving to 

isobutene after proton release),17 or generate imidate F upon capture by HFIP. Amide 8 would finally 

be generated by hydrolysis. In presence of an iso-propyl group, ipso-substitution via D becomes also 

possible thus liberating a relatively stable iso-propyl secondary carbocation and delivering the 



corresponding imidate after reaction of aromatic nitrilium E with HFIP and the benzamide 13 after 

hydrolysis. 

This complex mechanistic picture is completed by proton reduction at the cathode, liberating hydrogen 

gas. As shown during the optimization of the process, low yields were obtained in plain dichloroethane 

and the addition of HFIP, even if nucleophilic enough to trap the nitrilium B before fragmentation, 

proved essential to finely tune and reach the desired reactivity. While other polar protic co-solvents such 

as MeOH or t-BuOH induced the preferential formation of the corresponding benzyl ethers, HFIP allows 

to lower the oxidation potential of ethyl biphenyl 1a (Figure 2a) and most certainly subtly favors the 

selective oxidation of the starting material vs oxidation of the product(s) (Figure 2b), as previously 

proposed by Xu.3e Indeed, the cyclic voltammetry proved that the oxidation potential of ethyl biphenyl 

(E1/2 = +1.61 V vs Ag|AgCl) is slightly lower than those of the nitrile (E1/2 = +1.71 V), of the imidate 

(E1/2 = +1.62 V) and of the amide ((E1/2 = +1.75 V) –  the latter could be in situ formed in small amounts 

due to traces of water) in a mixture of HFIP and DCE (1:5).  
 

 

Scheme 5. Mechanistic proposal.  
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Figure 2. Cyclic voltammetry studies. (CV were performed in a 0.1 M solution of n-Bu4N.BF4 in the solvent using 

a glassy carbon disk (d = 3 mm) as working electrode, a platinum wire as counter electrode and a Ag/AgCl as 

reference at a scan rate of 0.05 Vs-1 at 20 °C). a). 2 mM of ethyl biphenyl and 10 mM of n-Bu4NOTs in DCE (5 

mL) with incremental addition of respectively 200, 200, 100 and 300 mL of HFIP (total volume of HFIP is 

indicated on the CV). b). 2 mM of each compounds with 2 mM of n-Bu4NOTs in a 5:1 DCE:HFIP mixture of 

solvents (5 mL). 

In conclusion, we were able to develop a direct electrochemical benzylic carbamoylation or cyanation 

process via the anodic oxidation of arenes at the benzylic position followed by the addition of 

isocyanides. It allows to access valuable alpha-aryl acetamide or acetonitrile derivatives without the use 

of prefunctionalized starting materials. This electrochemical C-C bond formation via an oxidative 

C(sp3)-H functionalization proceeds in an undivided cell under mild conditions at room temperature 



without stoichiometric oxidant or transition-metal catalyst and does not need to rely on the cation-pool 

approach. 
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with 5a) into the corresponding N-cyclohexyl amide 8aa needs to be performed at 70 °C for 16 h (see 
supporting information). 

 
19 If the para position of the benzylic position is not blocked, the isocyanide adds mainly onto the aromatic ring 

as illustrated on the following examples. The direct addition of the isocyanide on the radical cation C lead to 
an aromatic nitrilium such as E after loss of an aromatic proton, which could further evolve to benzamide 
13v or aromatic nitrile 9w.  

 
20 Interestingly, this crystal displays an unusual high number of 8 molecules not linked by symmetry (Z’=8). 

CCDC 2112159 contains the supplementary crystallographic data for this paper. These data can be obtained 
free of charge from The Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data_request/cif.  

21 As mentioned in the optimization part, in the case of a less nucleophilic isocyanide (i.e. 
cyclohexylisocyanide), the benzylic carbocation can competitively be trapped by HFIP to yield 7a (Cf 
Scheme 2). Worthy of note, we ruled out that hexafluoro-iso-propanol ether 7a could be a transient 
intermediate because no amide 8a nor nitrile 9a was observed when 7a was reengaged in the reaction 
conditions with isonitrile 5b. 

 
 
 


