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A mild method for Friedel—Crafts acylation with aromatic and aliphatic carboxylic acids using cyanuric chloride, pyridine, and AICl; was
developed. Both inter- and intramolecular acylations were achieved at room temperature in high yield and in very short reaction times.

Inter- and intramolecular Friedel—Crafts acylations are
common and powerful methods for C—C bond formation
and remain the subject of continued investigation. The
Friedel—Crafts reaction has been widely used in the synthesis
of aromatic and cyclic ketones, important synthetic inter-
mediates in the chemical and pharmaceutical industries.
Typically, acid chlorides are used as the acylating agents
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with stoichiometric amounts of Lewis acids and high
temperatures. This procedure suffers from inducing severe
corrosion to the mechanical systems used in the process as
well as waste problems, mainly because HCI is formed as a
byproduct.

To minimize these problems, several new methods involv-
ing carboxylic acids, acid anhydrides, esters, and Meldrum’s
acids as the acylating agents have been used.?™ Carboxylic
acids seem to be the best choice of acylating agents since
they are common precursors of acid chlorides and anhydrides,
and their reactions produce water, instead of HCI, as a
byproduct.®

We wished to develop a Friedel—Crafts reaction that
proceeds under very mild and simple conditions. Our choice
of carboxylic acids as the acylating agents encouraged us to
search for a reagent that could activate the acids for the
coupling and at the same time increase the efficiency of the
Lewis acid (e.g., AICI3) used. One such reagent was cyanuric
chloride (2,4,6-trichloro-1,3,5-triazine; TCT), which is readily
commercially available and inexpensive, making it a logical



choice.® Here we report a very simple and highly efficient
method for the synthesis of aromatic and cyclic ketones using
carboxylic acids in the presence of cyanuric chloride and
AIClI; under mild conditions.

Cyanuric chloride is useful for the synthesis of alcohols,
diazocarbonyl, acyl azides, and hydroxamic acids as well as
acyl chlorides from carboxylic acids.”® Use of a 1:1:1 molar
ratio of carboxylic acid—cyanuric chloride—amine is known
to provide the acid chloride at room temperature.®” We
hypothesized that an acyl chloride formed in such a way
could be used in the same pot for direct synthesis of ketones
via the Friedel—Crafts reaction, and at the same time the
HCI byproduct from AICI; could be buffered by an amine
base. We found this to be true, plus we were pleasantly
surprised to find that the acylation occurred rapidly and at
room temperature.

Mixing cyanuric chloride with carboxylic acids gave no
reaction with toluene under a variety of attempted conditions.
However, mild and expedient formation of the activated form
of the acid in less than 15 min was achieved by adding
pyridine dropwise to the mixture of cyanuric chloride and
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Table 1. Intermolecular Friedel—Crafts Acylations of
Carboxylic Acids with Toluene in the Presence of Cyanuric
Chloride/AICl; at Room Temperature
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carboxylic acid in CH,Cl, at room temperature. Typically,
the carboxylic acid (0.43 mmol, 1 mol equiv) and cyanuric
chloride (0.69 mmol, 1.6 mol equiv) were dissolved in
CH,CI; (5 mL) in an open test tube, and then pyridine (0.43
mmol, 1 mol equiv) was added dropwise at room tempera-
ture. The suspension that formed was occasionally agitated
on a vortex mixer. After 15 min at room temperature, AlCl3
(0.52 mmol, 1.2 mol equiv) was added portion-wise, followed
by addition of excess toluene. The reaction mixture was
occasionally shaken on a vortex mixer at room temperature
for 5—20 min until conversion to the ketone was complete
(monitored by TLC and GC-MS analyses).

Interestingly, in all cases, very high regioselective carbony-
lation took place at the para position. Encouraged by the
remarkable activity of the cyanuric chloride/pyridine/AlCl;
system as a means to achieve acylation, we examined the scope
and limitations of its use in intermolecular Friedel—
Crafts reactions of toluene with various aliphatic as well as
aromatic carboxylic acids (Table 1). Aliphatic carboxylic acids
and aromatic carboxylic acids bearing either electron-donating
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or electron-withdrawing groups were converted into the cor-
responding Ketones in very short reaction times and in good to
excellent yields at room temperature. Use of benzene instead
of toluene under the same reaction conditions afforded the
respective ketone with excellent yield (data not shown).

The efficiency and the ease of the reaction setup led us to
investigate intramolecular Friedel—Crafts reactions. It is well-
known that it is more difficult to form five-membered rings
by Friedel—Crafts cyclization than it is to make six-
membered rings.® Yet, our procedure was equally successful
in the preparation of 1-tetralone and various 1-indanones.
As shown in Table 2, all the substrates participated very

Table 2. Intramolecular Friedel—Crafts Acylations of
Carboxylic Acids in the Presence of Cyanuric Chloride/AICl; at
Room Temperature
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efficiently in the reaction to afford the cyclized product in
very short times and excellent yields. The efficacy of this
method was explored with 2-benzylamino-3-phenylacrylic
acid (Table 2, entry 4) which was converted to N-(1-oxo-
1H-inden-2-yl)benzamide as the only product in less than
25 min at room temperature. This is the first report of
Friedel—Crafts cyclization being performed with carboxylic
acids at room temperature in such a short time. Moreover,
this method can also be successfully applied on a large scale
(see Supporting Information).

Since there are no reports of direct Friedel—Crafts acy-
lations from carboxylic acids in the presence of AICls, we

(9) (a) Xiao, Q.; Floreancig, P. E. Org. Lett. 2008, 10, 1139-1142. (b)
Womack, G. B.; Angeles, J. G.; Fanelli, V. E.; Heyer, C. A. J. Org. Chem.
2007, 72, 7046-7049. (c) Hayashi, R.; Cook, G. R. Org. Lett. 2007, 9,
1311-1314. (d) Yin, W.; Ma, Y.; Xu, J.; Zhao, Y. J. Org. Chem. 2006, 71,
4312-4315. (e) Fillion, E.; Fishlock, D.; Wilsily, A.; Goll, J. M. J. Org.
Chem. 2005, 70, 1316-1327. (f) Cui, D. M.; Zhang, C.; Kawamura, M.;
Shimada, S. Tetrahedron Lett. 2004, 45, 1741-1745.

Org. Lett, Vol. 10, No. 13, 2008

show comparisons between the reported methods, where acyl
chlorides were used as the acylating agent, and our method
in Tables 1 and 2.*°

The mechanism through which these conversions might
occur is debatable. The literature shows that the acidic ionic
liquid formed by mixing AICI; and 1-butyl-3-methylimida-
zolium chloride in a 1:1 or 2:1 ratio gives the Lewis acidic
species Al,Cl;~.** Moreover, a stoichiometric reaction
between acetyl chloride and Al,Cl;~ occurs in this ionic
liquid (Scheme 1).

Scheme 1

CH4COCI + [bmim]*[ALCL]T === [CH,-CcO] [AIC,T+ bmim]'AlCI]”

Our conditions could cause conversion of AICI; to the
more reactive Al,Cl;~, which has much higher Lewis acidity.
On the basis of the similarity between cyanuric chloride-
pyridine adducts/AICI; and acidic ionic liquid/AICls, a
plausible mechanism might be as follows (Scheme 2).
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There are certainly alternative mechanisms. One might be
that the interaction of cyanuric chloride with carboxylic acid
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in the presence of pyridine in CHCl, leads to formation of
an activated ester, which subsequently might react with AICI;
to furnish a Lewis complex. The treatment of this complex
with toluene might then lead to the ketone (Scheme 3).

X
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We should mention that the traditional Friedel—Crafts
reaction using benzoyl chloride and AICl; in CH,CI, causes
vigorous release of, and increased reaction vessel pressure
by, HCI gas, a phenomenon not observed in our method. It
is likely that the pyridine used in our conditions captures
the HCI, making the reaction far safer.

In summary, we have found an efficient and new one-
pot, two-step method for the synthesis of various aliphatic
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and aromatic ketones from carboxylic acids using the
Friedel—Crafts reaction. The method was also extended to
intramolecular Friedel—Crafts reactions to provide 1-tetralone
and 1-indanones in excellent yields. The notable advantages
of this procedure are its (a) operational simplicity, (b)
remarkable efficiency toward inter- and intramolecular
Friedel—Crafts reactions, (c) general applicability to aromatic
and aliphatic carboxylic acids, (d) reaction conditions that
are tolerant of a variety of sensitive functional groups, and
(e) high yields. This protocol provides a practical alternative
to the existing methods available for the synthesis of ketones
and cyclic ketones from their corresponding carboxylic acids.
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