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a b s t r a c t

A simple, efficient and metal-free route for the synthesis of dissymmetric ketones through Suzuki type
cross-coupling reaction has been established. This strategy signifies an attractive, cost-effective and oper-
ationally convenient tool for the synthesis of a wide range of dissymmetric ketones. Although conven-
tional routes for the synthesis of ketones have been widely used, the potential challenge with these
methods is functional group tolerance. The reported metal-free method represents a reaction with mod-
erate functional group tolerance. The procedure is operationally convenient and shows broad substrate
scope with good to excellent product yields.

� 2017 Elsevier Ltd. All rights reserved.

In the last few decades, a massive effort has been devoted to the
advancement of transition metal catalyzed cross-coupling reac-
tions for the synthesis of many important bioactive compounds
using a diverse range of electrophiles and nucleophiles.1 Such a
transition metal catalyzed cross-coupling reactions have endorsed
chemists to construct complex molecular frameworks containing
specific functional groups covering total synthesis of natural prod-
ucts, active pharmaceutical ingredients as well as structurally
important compounds.2 These reactions are considered as the most
reliable, reproducible, and straight forward synthetic tool that
enables a wide number of applications in chemical industries.
Recently, different research groups circumvent the transition metal
catalysts from many organic transformations,3 as most of the tran-
sition metal catalysts are expensive, require ligands and are toxic.
Additionally, removal of even a trace amount of metal from the
final product is quite challenging, costly and crucial, especially in
the pharmaceutical active compounds.

The dissymmetric ketones are exists as a common structural
motif in many natural products and pharmaceutical important
compounds4 and have been synthesized from various routes
(Fig. 1). Friedel-Crafts acylation reaction (Fig. 1, pathway 1) is
one of the fundamental methods used for the synthesis of such dis-
symmetric ketones,5 nevertheless this reaction have many inher-
ent limitations. Recently, Pd catalyzed Suzuki type acylation
(Fig. 1, pathway 2) of organoboranes by carboxylic acid derivatives

such as acid chlorides, esters, anhydrides and dimethyl dicarbon-
ates6 have been reported as one of the alternatives to classical Frie-
del-Crafts acylation. In addition the dissymmetric ketones are also
prepared by Pd catalyzed carbonylation (Fig. 1, pathway 3) of aryl
halides with carbon monoxide in the presence of organometallic
reagents.7 Recently, transition-metal-catalyzed ortho CAH acyla-
tion has been performed as an efficient and direct method for syn-
thesis of aryl ketones.8

In continuation of our interest in the development of environ-
mentally benign reaction conditions for organic transformation,9

we report here metal-free synthesis of dissymmetric ketones
through Suzuki type cross-coupling reaction. Our goal was to carry
out the coupling of benzoyl chlorides with arylboronic acids by
metal-free, base induced conversions, that otherwise would not
be possible without Lewis acid (Fig. 1, pathway 4). By using this
methodwe can totally bypass the transitionmetals as well as Lewis
acids. An additional feature of thismethodology is, it permits to pre-
pare ketoneswhich contains acid sensitive functional groups,which
otherwise not conceivable by Friedel-Crafts reaction conditions.

For the development of metal-free acetylation, 4-nitrobenzoyl
chloride andphenylboronic acidwere used as amodel reactionpart-
ners. Initially, the effect of nature and the amount of bases were
studied in toluene under heating (100 �C) and the results are shown
in Table 1.

Initially, when the model reaction was carried out without base,
no product was detected even after extended reaction time to 6 h,
indicating that role of base is vital (Table 1, entry 1). The base plays
crucial role in activation of phenyl boronic acid similar to that in Pd

http://dx.doi.org/10.1016/j.tetlet.2017.06.048
0040-4039/� 2017 Elsevier Ltd. All rights reserved.

⇑ Corresponding authors.
E-mail address: arjun22win@rediffmail.com (A. Kumbhar).

Tetrahedron Letters 58 (2017) 3201–3204

Contents lists available at ScienceDirect

Tetrahedron Letters

journal homepage: www.elsevier .com/locate / tet le t

http://crossmark.crossref.org/dialog/?doi=10.1016/j.tetlet.2017.06.048&domain=pdf
http://dx.doi.org/10.1016/j.tetlet.2017.06.048
mailto:arjun22win@rediffmail.com
http://dx.doi.org/10.1016/j.tetlet.2017.06.048
http://www.sciencedirect.com/science/journal/00404039
http://www.elsevier.com/locate/tetlet


Fig. 1. Various reported and the present pathways for the synthesis of dissymmetric ketones.

Table 1
Optimization of bases for the transition metal-free Suzuki type cross-coupling
reaction for the synthesis of dissymmetric ketone.a

O2N

O

Cl +

B(OH)2

Toluene

Base, 100 oC

O

O2N

Entry Base (mmol) Time (h) Yield (%)b

1 Base Free 6 no reaction
2 K2CO3 (4.0) 6 70
3 Na2CO3 (4.0) 6 50
4 Cs2CO3 (4.0) 6 84
5 Li2CO3 (4.0) 6 no reaction
6 NaOAc (4.0) 6 no reaction
7 Pyridine (4.0) 6 65
8 Ethanolamine (4.0) 6 85
9 KOH (4.0) 2 90
10 NaOH (4.0) 2 95
11 NaOH (3.0) 2 95
12 NaOH (2.0) 4 60
13 NaOH (1.0) 6 40
14 NaOH (0.5) 6 30

a Reaction conditions: 4-nitrobenzoyl chloride (1.0 mmol), phenylboronic acid
(1.0 mmol), base (0.5–4.0 mmol), toluene (5.0 mL) at 100 �C.

b Isolated yields after column chromatography.

Table 2
Optimization of solvents and effect of temperature on the transition metal-free
Suzuki type cross-coupling reaction for the synthesis of dissymmetric ketone.a

O2N

O

Cl +

B(OH)2

Solvent
NaOH, T oC

2h

O

O2N

Entry Solvent T (�C) Yield (%)b

1 EtOH reflux 10
2 CH3CN reflux 5
3 DMF 100 15
4 DMAc 100 10
5 MeOH reflux 20
6 CHCl3 reflux 30
7 CCl4 reflux 10
8 THF reflux 12
9 Water 100 no reaction
10 Toluene 100 95
11 Toluene 80 60
12 Toluene 60 30
13 Toluene 40 20
14 Toluene RT no reaction

a Reaction conditions: 4-nitrobenzoyl chloride (1.0 mmol), phenylboronic acid
(1.0 mmol), NaOH (4.0 mmol), solvent (5.0 mL).

b Isolated yields after column chromatography.
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