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Abstract. Aryl ketones can be synthesized conveniently by a palladium catalyzed addition of 

arylboronic acid to nitriles in aqueous triflic acid. This catalytic system was extended to the 

addition of unprotected indoles to nitriles under a slightly modified condition to produce 3-

acyl indoles in good yield. 
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Aryl ketones are important building blocks for bioactive compounds1 and natural 

products.2 Conventional synthetic methods for aryl ketones involve Friedel-Craft acylation,3 

oxidation of secondary alcohols4 and reaction of nitrile with Grignard5 or organolithium 

reagents.
6
 Discovery of catalytic transformation, especially transition metal catalyzed C-C 

bond formation have largely replaced such stoichiometric reactions for the commercial 

production of important molecules. For instance, transition metal catalyzed addition of aryl 

boronic acid to nitriles emerged as an improvement over the traditional method of synthesis 

of aryl ketones because of wider functional group tolerance and ease of handling.
7
 In the first 

example of addition reaction of  boronic acid to nitriles Larock utilized a Pd(II) catalyst.
7h

  Lu 

et al. later expanded the scope of the reaction.7f,g Miura7e  used sodium tetraphenylboron as 



  

the organoboron reagent and Murakami7d described an analogous Rh catalyzed addition 

reaction of boronic acid to nitriles. 

Our ongoing research seeks to explore pyrazole tethered donors as effective ligands
8 

in metal catalyzed reactions. In this context, the ligand L1 was identified as a non-

phosphorus, inexpensive ligand9 that can coordinate with palladium and catalyze an addition 

reaction of arylboronic acid to aryl aldehydes.10 Extending the reaction to nitriles instead of 

aldehydes, we expected, we would have a general synthesis of aryl ketones. We report herein 

the successful outcome of this reaction and our fruitful attempt to extend this chemistry to 

achieve convenient synthesis of 3-acylindoles. 

. Initially we chose 4-methoxybenzonitrile and phenylboronic acid as reaction 

partners to optimize the reaction. When the reaction was performed in dioxane and water at 

80 °C no product was obtained. An equivalent amount of Sc(OTf)3 as additive was necessary 

(Table 1, compare entry 2 with 3) to obtain high yield of the addition product. In presence of 

trifluoroacetic acid (TFA) or triflic acid the reactivity was greatly enhanced compared to 

HOAc allowing the reaction to be performed at 60 °C. Triflic acid afforded slightly better 

yield than TFA (Table 1, compare entry 12 with 11). Omission of additive left no impact on 

product yield (Table 1, entry 14). Also, the reaction did not proceed in absence of the ligand; 

the reaction mixture immediately turned black indicating precipitation of palladium black 

(Table 1, entry 15). Significantly, L1 ensured less time and lower temperature than the 

precedents.7 An important advantage is the use of aqueous medium without an organic 

solvent. 

Table S1. Optimization of addition of arylboronic acid to nitrilea 

 



  

entry solvent additive yield(%)b

1

4

5

6

7

8

9

10

aReaction condition: PhB(OH)2 (0.6 mmol), 4-methoxybenzonitrile (0.5 mmol),

additive (1.5 mmol), Pd(OAc)2 (5 mol%), L1 (5 mol%), under air. bIsolated yield.
cSc(OTf)3 (0.5 mmol). dSc(OTf)3 (20 mol%). e60 °C & 4 mol% [Pd]. fno ligand

used.

H2O/TFA(0.6 mL/0.2 mL) CsF

CsF

96

98

Dioxane/H2O(0.6 mL/0.2 mL) KF 0

time(h)

20

1

3.5

H2O/TFA(0.6 mL/0.2 mL) 3.5 CsF 93

H2O/TfOH/CH3NO2(0.6 mL/0.2 mL/0.2mL) 20 CsF 0

H2O/THF/HOAc(0.2 mL/0.3mL/0.3mL) 20 KF 89

HOAc(0.5 mL) 20 KF 90

H2O/HOAc(0.2 mL/0.6 mL) 20 KF 95

H2O/HOAc(0.2 mL/0.6 mL)
12 KF 88

H2O/HOAc(0.2 mL/0.6 mL) 97CsF12

H2O/HOAc(0.6 mL/0.2 mL) 96CsF12

11e

12e

13

15e,f

3.5

3.5

-

-

98

0

Dioxane/H2O(0.6 mL/0.2 mL) 12 - 90

Dioxane/H2O(0.6 mL/0.2 mL) 12 - 72

2c

3d

14e

H2O/TfOH(0.6 mL/0.2 mL)

H2O/TfOH(0.6 mL/0.2 mL)

H2O/TfOH(0.6 mL/0.2 mL)

 

It was also found that, among analogous ligands
11

 L1-L4 (bipyridyl was also used for 

comparison), the dimethyl substituted L1 afforded the highest yield for addition reaction of 

α-naphthylboronic acid to 4-methoxybenzonitrile under optimized condition (Scheme 1). 

Hence L1 was used for all subsequent reactions.  

Scheme 1. Effect of ligands in addition reaction of αααα-naphthylboronic acid to 4-methoxybenzonitrile 

 

 



  

Under the optimized condition at hand with Pd(OAc)2 (4 mol%), L1 (4 mol%) in 

H2O/TfOH (3:1) we examined the addition reaction of arylboronic acids to different kinds of 

nitriles (Scheme 2).. A variety of nitriles were screened In most cases, the aryl ketone was 

obtained in excellent yield. Despite heating in a strongly acidic medium, it is remarkable to 

note that the desired ketones were obtained from -NH2, -Cl, -OH and -NO2 substituted 

benzonitriles in high yield (3f, 3g, 3h and 3i respectively). This offers a clear opportunity for 

these substrates to undergo further transformations. Steric factor appears to impede the 

reaction and reduce the yield (3c, 3d, 3q and 3w). However, the adverse impact can be 

minimized to a large extent by increasing the temperature to 90 °C. In case of 3r, steric 

hindrance around the imine group inhibited hydrolysis to ketone (for a similar observation, 

see ref.7h). 

Alkyl nitriles were also tested in this reaction and they afforded excellent yields of 

products (3l and 3o). Ethyl 2-cyanoacetate afforded acetophenone (3o) via in situ 

decarboxylation of the initially formed β-keto ester. Cyclopropanecarbonitrile and 

trichloroacetonitrile underwent addition reaction to afford products 3m and 3n though 3n was 

obtained in lower yield. Absence of competitive Suzuki-Miyaura coupling product or 

homocoupling product from 4-iodobenzonitrile expands the scope of the reaction (3p). 

Excellent yield of products from the reaction of arylboronic acid with benzyl cyanides proves 

the versatility of this synthetic methodology (3j, 3k and 3t).  

Scheme 2. Arylboronic acid addition to nitriles
a 

 



  

 

Transmetalation, which is one of the most fundamental processes in carbon-carbon 

bond formation reaction, is sluggish with boron reagents.
12

 In absence of a base, use of 

cationic transition metal complex
12,13

 not only makes the transmetalation step more facile, but 

also activates the nitrile group through coordination to metal. In aqueous TfOH, it is likely 

that the reaction involves cationic palladium species. This Pd-catalyzed addition reaction 

does not need any preformed catalyst,
7g 

thus making the synthetic procedure operationally 

simple.  

Considering all these factors and on the basis of suggestions made in earlier reports
7
 a 

possible reaction mechanism is depicted in Scheme 3. First, electrophilic transmetalation of 



  

the aromatic boronic acid occurs by cationic Pd(II) species (B)14 to generate C. Then nitrile 

group coordinates to the vacant coordination site of Pd giving intermediate D. Intramolecular 

migration of the aryl group from Pd centre to the activated cation of the nitrile would result in 

the new C-C bond formation to afford intermediate E. Finally protonolysis of E affords F and 

regenerates the [Pd] catalyst.  

Scheme 3. Proposed mechanism 
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If B indeed was a putative cationic intermediate, we surmised, it should be trapped, in 

principle, with a different nucleophile. Since nucleophilic attack by C-3 of an indole nucleus 

is well-known
15 

we wanted to explore
 
whether indole would participate in this reaction to 

afford 3-acyl indoles
 

which are common molecular fragments in biologically active 

compounds
16

 and natural products.
17 

Such compounds are also versatile starting materials for 

the syntheses of a wide range of indole derivatives. Synthesis of 3-acyl indoles are generally 

accomplished by Friedel-Craft acylation,18 Vilsmeier-Haack type reaction,19 and indole 

Grignard reaction.20 The most frequently used Friedel-Craft reactions require N-protection 

(especially for indoles bearing an electron-donating group), use of stoichiometric Lewis acid, 

strict exclusion of moisture, and suffers from side reactions such as N1-acylation or N1/C3 



  

diacylation.18 Moreover, acylating reagents themselves are normally hazardous. Therefore, a 

desirable procedure is one which is versatile, highly regio- and chemoselective, operationally 

simple and relatively non-hazardous. Pd-catalyzed acylation of unprotected indoles with 

nitriles redresses majority of the difficulties but is less explored.
21 

Our catalytic system is 

active enough to conduct the reaction at lower temperature and within a comparatively short 

reaction time. 

Reaction conducted under the same condition as described above, however, led to 

extensive decomposition of the reaction component (Table 2, entry 1). In 

dioxane/MeSO3H/H2O (0.7/0.1/0.2 mL) system at 100 °C only 20% yield of product was 

observed with some decomposition (Table 2, entry 2). Gratifyingly, 70% yield was obtained 

when HOAc was used (Table 2, entry 4). Yield remained unaffected even after doubling the 

amount of catalyst (Table 2, entry 5). Use of different solvents e. g. DMF, NMP, DMAc had 

no significant impact on the yield of the reaction.  Here also L1 afforded the highest yield 

among all the ligands (compare entry 4 with 9, 10 and 11 of Table 2).  

Table 2. Optimization of addition of indole to nitrile
a 

 



  

 

 

We explored the substrate scope with variously substituted indoles and nitriles. 

Indoles with electron rich (6k and 6l), electron poor (6j), and sterically hindered (6i) groups, 

smoothly underwent reaction with benzonitriles affording the 3-acylated products in good 

yield.  

Scheme 4. Addition of indoles to nitriles
a 

 



  

 

This reaction condition is compatible with a variety of functional groups such as -OH, -NH2, 

-OMe (6b, 6c, and 6g). Heteroaryl nitrile like 4-cyanopyridine afforded the expected product 

6d. For benzyl cyanide, reaction was performed at 70 °C to prevent decomposition at higher 

temperature (6h). A notable advantage of the reaction is that acylation of 3-position of indole 

can be carried out without protecting the -NH group.  

Exploiting this methodology we have synthesized two reported anti-cancer agents 

(6q)
22 

and (6r)
23 

by reacting 3,4,5-trimethoxybenzonitrile (I)
  
with 2-phenylindole (II)

 
and 6-

methoxyindole (III) respectively (Scheme 5).  

Scheme 5. Synthesis of biologically active compounds (6q and 6r) 

 



  

In conclusion, we have developed a protocol for addition of arylboronic acid to nitrile 

that is efficiently catalyzed by a complex of palladium coordinated to ligand L1, a pyrazole-

pyridine analogue of bipyridyl. This protocol has several advantages in terms of reaction 

time, temperature, yield, and convenience. The method also permits acylation of indoles at C-

3 position without protection of the -NH group. 
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