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Simple one pot procedure for the conversion of carboxylic acid to ketone is described. Various
carboxylic acids were converted to the corresponding ketones in excellent manner in presence of
N,N’"-dicyclohexylcarbodiimide(DCC) and organometallic reagents. Aromatic, heteroaromatic
and aliphatic acids were converted to the corresponding ketones smoothly under the optimum
conditions using organolithium reagents. In this process, desired products have been isolated
from the crude reaction mixtures in moderate yields during the purification process.
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Functional group inter-conversion (FGI) is a fundamental
transformation in synthetic organic chemistry and very useful
during a multistep synthesis of organic compound. Carbonyl
group, in particular ketone is considered to be an important and
ubiquitous functional group, as numerous natural products and
pharmaceuticals consist of this functionality." Moreover, ketones
are used as a versatile building block that can be utilized in a
various bond formation reactions. Therefore, to access this
functionality from a readily available functional group based on a
simple chemical transformation should be an exciting task.

Various conventional routes: such as oxidation of an alcohol,
conversion of an acid chloride to ketone, amide to ketone, and
aldhyde to ketone etc., to access ketone have been developed,
including the conversion of carboxylic acid to ketone; which has
attracted considerable interest of synthetic chemists since last few
decades.” Usually, the transformation of carboxylic acids into
ketones is accomplished in a two-step process (Scheme 1) as for
example converting carboxylic acid to a Weinreb amide followed
by the addition of a suitable organometallic reagent.* Though,
direct procedure is available to access ketone from carboxylic
acid using excess organometallic reagents, so far the application
of the process in the organic synthesis is limited.*
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Scheme 1: Ketone synthesis: A comparative study

In fact, most of the developed one pot processes include the
usage of expensive metal catalyst to satisfy this purpose.® In this
regard, Kangani’s team established a one pot method® for this
conversion using Weinreb amide concept and deoxo-fluor
reagent. Limitations, like selective reduction of acid, harsh
reaction conditions, excess reagents other than metal catalyst,
longer reaction time and expensive catalyst have promoted
synthetic chemist to develop improved protocol for this
transformation. To address these difficulties, a simple and
general one pot procedure for the synthesis of ketone from the
corresponding carboxylic acid using N,N"-
dicyclohexylcarbodiimide (DCC) has been developed. DCC is a
well-known reagent and enormously used in organic synthesis for
the preparation of amide’, ester and anhydride® from carboxylic
acid. Beside this, alcohols can be oxidized® to carbonyl
compounds using DCC as an activator. Although, other coupling
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reagents like Benzotriazole derivative, CDMT, CDI have been
employed to activate carboxylic acid for ketone synthesis,*®*
still utilization of DCC in preparation of ketone from carboxylic
acid is unfamiliar. Hence, we report a simple process to access
ketones from the carboxylic acids (Scheme 2) in a one pot
approach.
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Scheme 2: One pot conversion of carboxylic acid to ketone

Therefore, following the literature procedure™ to synthesize
the O-acylisourea, initially a reaction was carried out using
commercially available benzoic acid (0.5 mmol) and DCC (0.5
mmol) in THF (2.5 mL) at room temperature under N,
atmosphere. After 1 h, a change in the reaction (monitored by
TLC method) was observed. To this mixture, n-BuLi (0.7 mmol,
1.6 M in hexanes) was added slowly at low temperature (-20 °C)
and pleasantly a spot of the desired ketone 3a was noticed in
TLC which was further characterized by NMR spectroscopy.
Based on this initial result, we paid our attention to optimize the
reaction conditions on benzoic acid in presence of n-BuLi. Few
reactions were performed to get the best yield of the desired
ketone 3a in THF solvent. After varying the reaction conditions,
best yield of 3a was obtained when 1 equivalent of DCC was
added to the equimolar amount of carboxylic acid in THF at
room temperature for 1 h, followed by slow additionof n-BuL.i (2
equivalents) at -20 °C. Under this optimized conditions,'2 various
aliphatic, aromatic and heteroaromatic carboxylic acids were
subjected to interact with DCC and n-BuLi to afford the
corresponding ketones in good yields. Aromatic carboxylic acids
bearing electron withdrawing as well as electron donating groups
were found excellent substrates to obtain the desired ketones. To
our delight, chloro functionality (Entry 2, table 1) is well
tolerated during this process; but nitro group is not compatible
under this reaction (Entry 10, table 1) conditions. Gratifyingly,
heteroaromatic acids (Entry 5, table 1) showed good results to
produce the corresponding ketones. The experiments with
aliphatic acids gave the desired ketones in reasonable yields
under the standard reaction conditions. To expand this process,
MeLi was used as'a nucleophile to produce the acetophenones
(Entry 8 and 9, table 1) in efficient manner. All the experimental
results of the reactions are summarized in table 1.
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Scheme 3: Proposed mechanistic pathway

During this study, it was observed that the conversion of the
starting acids to the desired ketones is satisfactory almost in all
the cases, but some of the ketone products were lost with the urea
derivative 6 (Scheme 2) during purification process.
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Table 1: Substrate scope of ketone synthesis using DCC;
Reactions were carried out in 1 mmol scale under N, atmosphere. Yields refer
to the isolated yield.



A proposed mechanistic pathway of the reaction has been
presented in scheme 3. Carboxylic acid 1 reacts with DCC at
room temperature to form O-acyl isourea derivative 4. Upon
treatment of orgnolithium reagent, intermediate 4 reacts with one
molecule of RLi to produce 4a which could be in equilibrium
with 4b. Second molecule of RLi attacks on the carbonyl carbon
of 4b to yield the desired product 3 along with the urea derivative
6.

In conclusions, a simple one pot method for the synthesis of
ketone from carboxylic acid has been described. In this process,
aliphatic and aromatic acids were treated with DCC to form O-
acyl isourea derivatives, which upon addition of an
organolithium compound provided the desired ketones in
exclusive manner. The limitation of this process is the complete
removal of the urea derivative from the ketone. This drawback
reduced the isolated yields of the desired ketones. Further
investigations on this process using different carbon based
nucleophiles are in progress in our laboratory and will be
reported in due course.
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Highlights
v" One pot method

v" DCC is used as an activator of carboxylic
acid

v Mild reaction conditions

Aromatic, aliphatic acids react smoothly

v Moderate to good yields of the products
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