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An Efficient Approach to Quinolines via Friedlander Synthesis Catalyzed by

Cuprous Triflate
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A mild and efficient route for the synthesis of quinolines utilizing cuprous triflate (Cu(OT¥),) as a novel cata-
lyst via Friedlinder annulation in excellent yields at room temperature under solvent-free conditions was de-

scribed.
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As a privileged fragment, quinoline is a ubiquitous subunit
in many quinoline-containing natural products with remark-
able biological activities.!® Members of this family have
wide applications in medicinal chemistry, being used as
antimalarial, antiinflammatory agents, antiasthamatic, anti-
bacterial, antihypertensive, and tyrosine kinase inhibiting
agents.!—® In addition, quinolines are valuable synthons used
for the preparation of nano- and meso-structures with en-
hanced electronic and photonic properties.” Consequently,
various procedures such as the Skraup, Doebner-Von Miller,
Friedlander and Combes methods have been developed for
the synthesis of quinoline derivatives.'® ' Among them, the
Friedldnder annulation'? is still one of the most simple and
straightforward approaches for the synthesis of polysubsti-
tuted quinolines. The Friedlinder quinoline synthesis con-
sists of the reaction between a 2-aminoaryl ketones or alde-
hydes with o-methylene ketones under acid catalysts.
Brensted acids like hydrochloric acid, sulfuric acid, p-toluene
sulfonic acid and phosphoric acid were widely used as cata-
lysts.'® 2D Recently, Lewis acids such as ZnCl,, SnCl,, silver
phosphotungstate, sodium fluoride, Neodymium(III) Nitrate
Hexahydrate, CeCl;- 7H,O and AuCl; have been reported to
be effective for the synthesis of quinolines.”” " However,
many of these procedures suffered from harsh reaction
conditions, low yields, difficulties in work up, and the use of
stoichiometric and/or relatively expensive reagents.

In continuation of our efforts to develop new methods in
the synthesis of quinolines,*> % herein, we wish to report a
mild and efficient approach for the synthesis of polysubsti-
tuted quinolines via Friedldnder annulation using a catalytic
amount of cuprous triflate (Cu(OTf),) under solvent-free
conditions at room temperature. Accordingly, treatment of 2-
aminoaryl ketones 1 with a-methylene ketones 2 in the pres-
ence of 20mol% of Cu(OTf), resulted in the formation of
quinolines 3 in high yields (Chart 1).

Experimental

A mixture of 2-aminoaryl ketone (1mmol), o-methylene ketone
(1.2 mmol) and Cu(OTf), (0.2 mmol, 20 mol%) was stirred at room tempera-
ture for acyclic ketone and 60 °C for cyclic ketone under solvent-free condi-
tions for the appropriate time (Table 1). After completion of the reaction, as
indicated by TLC, was added 10 ml of water to the reaction mixture and the
product was filtrated and washed with water (2X10ml), and the solid prod-
uct was recrystallized from ethanol to afford the pure product.

All the products are known compounds, which were characterized by IR
and 'H-NMR spectral data and their mp’s compared with literature re-
ports.n*”)
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Results and Discussion
To demonstrate the generality of this method, we next in-
vestigated the scope of this reaction and the results are sum-
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Chart 1. Synthesis of Quinolines

Table 1. Synthesis of the Quinolines in the Presence of Catalytic Amount
of Cu(OT¥), under Solvent Free Conditions
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Table 2. Catalyst Effect on the Reaction
Catalyst mol% Yield (%)
ZnCl, 50 50
SnCl, 50 60
K10 0.1 g for 1 mmol 25
AcOH 50 20
PTSA 50 50
Cu(OTY), 50 99
Table 3. Catalyst Amount on the Reaction
mol% Time (h) Yield (%)
10 5 98
20 2 99
30 1.7 99
50 1.5 98

marized in Table 1. Various substituted 2-aminoaryl ketones
such as 2-aminobenzophenone, and 2-amino-5-chloro-ben-
zophenone reacted smoothly with a-methylene ketones to
produce a range of quinoline derivatives. The reaction was
carried out at room temperature, when acyclic ketones were
used as reagents, but when cyclic ketones were used as
reagents the reaction was carried out at 60 °C. As shown in
Table 1, this method is equally effective for both cyclic and
acyclic ketones. In the absence of catalyst, the reaction did
not yield any product even after long reaction time.

In order to optimize the reaction conditions, an experiment
was conducted in which the reaction of 2-amino-5-chloro-
benzophenone with methyl acetoacetate was studied with
solvents and under solvent-free conditions. The results
showed that the efficiency and the yield of the reaction under
solvent-free condition were higher than those obtained in
other solvents like EtOH, H,O, toluene and CH,CN. Also we
examined this condensation reaction in the absence and the
presence of several catalysts under solvent-free condition
after 2h. The best results were obtained when Cu(OTf), was
used (Table 2).

To optimize amount of Cu(OTfY), for these reactions, the re-
action of 2-amino-5-chloro-benzophenone with methyl aceto-
acetate was studied with 10, 20, 30 and 50% mol of Cu(OTfY),
under solvent-free conditions. The desirable results were
obtained when 20% mol of Cu(OTf), was used (Table 3).

Conclusions

In summary, we have described a mild and efficient proto-
col for the synthesis of quinolines and polycyclic quinolines
via Friedldnder condensation of 2-aminoaryl ketones with o-
methylene ketones using Cu(OTf), as catalyst. This method
not only provides an excellent complement to quinolines syn-
thesis via Friedldnder annulation, but also avoids the use of
hazardous acids or bases and harsh reaction conditions.
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