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A simple and cost-effective 1,1,1
synthesis of B-oxo amides has been described by using amines and p-keto esters as substrates.
The reaction conditions were found to be highly efficient towards the cleavage of C-O bond and
consequent formation of the products in excellent yields and selectivity. The obtained B-oxo
amides were further transformed in to the synthetically useful 2-quinolinones via intramolecular
Friedel-Craft type cyclization of aromatic ring using ferrites as a recyclable catalyst. A spectrum
of substrates bearing broad range of functional groups were well tolerated under the reaction
conditions. The proposed mechanistic pathways were substantially verified by literature and
mass-spectroscopic evidences.

,3,3,3-hexafluoro-2-propanol (HFIP)-mediated protocol for the

2009 Elsevier Ltd. All rights reserved.

Introduction

Oxo amides are well known as significant building blocks in
organic synthesis and are used for the formation of varieties of
biologically important scaffolds.! The existence of several
reactive sites in one molecule spreads their application in
numerous strategies towards the synthesis of pharmaceuticals,
proteins, natural products and synthetic polymers.>* The
impressive properties of acetoacetamides, such as stability, high
polarity and functional-group tolerance witnessed them as most
interesting functional groups in all regions of organic chemistry.*
Apart from their immense recognition as bioactive compounds,
an enormous number of heterocyclic moieties having distinct
pharmacological —and  biological activities*-4e4t4  were
synthesized involving various bond-forming
transformations#»4d:4e4h4i5-6 - ysing  substituted P-keto amides
(Figure 1). These N-heterocyclic scaffolds include pyrazoles, 3-
isoxazolols, pyrazolones, furans, diazepines, indanones, N-
hydroxyindoles, B- lactams and 2-quinolinones.>¢ In particular,
2-quinolinone is a prevalent structural motif in several natural
products and synthetic pharmaceuticals with an immense
spectrum of biological activities including antibiotic, anticancer,
antiviral and antihypersensitivity (Figure 1).” The substituted
2-quinolinones are also adequate fluorescent markers for amino
acids, peptides, amino carbohydrates and amino polysaccharides.
8 Therefore, the synthesis of a wide varieties of such multi-
functionalized molecules through evolution of a new domino
reaction could be the key addition to existing synthetic access for
these scaffolds.’

During the past years a broad spectrum of novel and simple
strategies have been developed for the preparation of N-

substituted B-keto amides.*!*!* The well-known synthetic
protocols for their synthesis includes acylation of amide enolates
or their synthetic equivalents.!® The two component reaction of
amines with B-keto acids or their synthetic analogues such as -
ketoesters, B-ketothioesters, ketene dimer and acylketenes violate
the green chemistry ideologies.'!"!* In addition, few other notable
contributions towards this purpose include the utilization of
diketenes or diketene-acetone adducts,*® diazonium salts,!?
isoxazolium salts'* at higher temperature (Scheme 1). Recently,
silver salt*¢ and basic ionic liquid'® catalyzed protocols were also
reported for the synthesis of these molecules (Scheme 1).
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Figure 1. Medicinal importance of amides and quinolinones
scaffolds.

Although, these protocols found suitable and useful;
however, the disadvantages such as formation of
stoichiometric amounts of objectionable by-products, high
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starting materials and poor substrate scope were not clearly

resolved.#10-14 Therefore, the development of surrogate and

efficient approaches still remains attractive and acceptable.
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Scheme 1. Approaches towards the synthesis of f-oxo amides and
2-quinolinones.

In view of this, during our continuous efforts towards
development of novel methods, we were successful in
exploring HFIP (1,1,1,3,3,3-hexafluoro-2-propanol) as a
suitable reagent for the synthesis of substituted B-keto amides
from amines and B-ketoesters as simple substrates. On the
other hand, HFIP which is usually known as solvent and in
limited cases, it was revealed that it can act as reducing agent
to attain a broad range of chemical conversions.!> The
hydrogen bonding features of HFIP to assist substrates to
undergo chemical transformations, makes it adaptable organic
solvent in synthetic organic chemistry as well as in
biochemistry.!®

Similarly, the preparation of 2-quinolinone scaffolds
has been acknowledged with significant attention in medicinal
chemistry and drug discovery. As an outcome, numerous
synthetic approaches were described in the literature for the
synthesis of 2-quinolinone derivatives.!” The conventional
approaches towards 2-quinolinone derivatives were described
using strong acid-mediated intramolecular cyclization of f-
keto amides (Knorr synthesis)®® and base-mediated
intramolecular aldol condensation of 2-aminophenyl
substituted carbonyl compounds (Fried-lander synthesis).!®
Similarly, 2-quinolinones were efficiently synthesized via Pd-
catalyzed reaction conditions using hazardous carbon
monoxide as carbonyl source.'® In another protocol, the
acrylate derivatives were used as carbonyl source under highly
acidic reaction conditions.”*f Recently, a green methodology
was reported by utilizing CO, as the carbonyl source for the
lactamization of 2-vinylaniline under transition-metal-free
environment.”® Even though this methodology deals with CO,
fixation, it suffers from drawbacks such as high reaction
temperature (140 °C) and a huge excess of strong base (4.5
equiv.).  Very  recently, intramolecular = Heck-type
decarboxylative reaction was reported using iodine (III)-
mediated reaction conditions (Scheme 1).2°

Although, all of these reported methods found
enormous applicability in synthetic organic chemistry, they
suffer from disadvantages such as toxic reagents, non-
availability of starting materials and high loading of base,
which limits their utility in industrial scales. To meet the
expectations of industries, it is important to formulate a robust
and cost-effective protocol. In this context, iron-oxides can be
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which are already known for their catalytic activity to achieve
several organic transformations.?! Moreover, low cost and
environmental friendly iron catalyst arrives auspicious for
industrial-scale synthesis and further research could fascinate
on operationally simple and cost-effective methods. In this
perspective, we report the synthesis of 2-quinolinone
derivatives from B-keto amides by using ferrites as recyclable
catalyst. The competent PB-keto amides were prepared from
amines and ketoesters under HFIP-mediated reaction
conditions.

Having the intension to establish an efficient
procedure towards the synthesis of f-keto amides, which are
known to be the key precursors for various bioactive
molecules,?? we started experimental proceedings by choosing
readily available aniline (1a) and ethyl acetoacetate (2a) as
model substrates (Table 1). To begin with, the reaction of
aniline (1a) and ethyl acetoacetate (2a) was carried out in the
presence of TEMPO as organocatalyst and KO’Bu as a base in
DMSO at 100 °C for 16 hours to obtain the desired product
3aa in 15% yield (Table 1, Entry 1). In order to improve the
yield of product 3aa, we have screened different
organocatalysts such as thiourea, niacin, 3-nitropyridine and
L-proline, and Cs,CO; as a mild base (Table 1, Entry 2-6).
Surprisingly, all of the screened reagents contributed to deliver
moderate yields of the product 3aa and the maximum yield
(46%) of product 3aa was noticed in case of 30 mol% niacin
and 3 equiv. of Cs,CO; in DMSO at 120 °C for 24 hours
(Entry 6). Based on our recent findings and literature report,
we have shown that HFIP can play a very significant role in
the catalytic transformations.”> Hence, we have desired to
employ HFIP as reagent in place of organocatalysts for
establishing the suitable method towards the formation of B-
keto amide 3aa. The reaction of substrates 1a and 2a was
carried out in the presence of 1 equiv. of HFIP and 3 equiv. of
CsyCO; in MeCN at 80 °C for 20 hours (Entry 7).
Interestingly, the reaction conditions gave an improved yield
of 68% for the product 3aa, which proves the efficacies of
these reaction conditions. The reaction yields were further
increased to 72% and 78%, when the reactions were carried
out in presence of 3 equiv. and 5 equiv. of HFIP respectively
(Entries 8-9). To evaluate the role of HFIP and base to obtain
the expected product 3aa, a reaction between 1a and 2a was
carried out in the presence of 5 equiv. of HFIP and 3 equiv. of
Cs,COs5 separately (Table 1, Entries 10-11). To our surprise,
the reaction conditions gave an awful result of 17% product
yield in absence of HFIP (Entry 10) and an exceptional result
of 85% yield of product 3aa in absence of Cs,CO; (Entry 11).
To further justify the role of solvent, a reaction was carried out
under neat conditions to obtain 3aa with an identical yield of
87% (Entry 12). It was obvious from the previous results that
the reaction can be accomplished in absence of base and
solvent. Next, to investigate the amount of HFIP required for
this transformation, a reaction of 1a and 2a was performed
using 3 equiv. and 10 equiv. of HFIP separately (Entries 13-
14). It was evident from the obtained results that 10 equiv. of
HFIP drastically increases the yield of 3aa to 97% (Entry 14),
whereas 3 equiv. of HFIP gave 81% yield of the product 3aa
(Entry 13). Next, we intended to assess the effect of reaction
temperature and reaction time (Entries 15-18). However, none
of the performed reactions resulted in the better yield of
product 3aa. Finally, to clarify the role of fluorinated alcohol,
we have carried out the reaction of 1a and 2a in presence of 10
equiv. of TFE (2,2,2-Trifluoroethanol) at 80 °C for 12 hours,
which lead to the formation of B-keto amide 3aa only in 45%
yield (Entry 19). After executing an extensive screening of the
reaction conditions using aniline (1a) and ethyl acetoacetate
(2a) as model substrates, we realized the maximum yield of
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presence of 10 equiv. of HFIP at 80 °C for 12 hours (Table 1,
Entry 14).

Table 1. Initial optimization for the synthesis of f-keto amide 3aa.?

3
ell
tolerated to contribute for the formation of B-keto amides 3ga-
qa in 52-81% yields, although the yield of the products were
slightly less than the substrates embedded with electron-
donating groups.

reaction conditions

NH, o o @\ o o
_—
Et
() e, AL

1a 2a 3aa

Entry Catalyst/Reagent Base Reaction conditions  3aa %
(Equiv.) (Equiv.) yield®
1 TEMPO (0.1) KOBu  DMSO, 100 °C, 16 h 15
(2.5)
2 Thiourea (0.1) Cs,CO;  DMSO, 100 °C, 16 h 19
(3.0)
3 Niacin (0.1) Cs,CO;  DMSO, 100 °C, 16 h 38
(3.0)
4 3-nitropyridine Cs,CO;  DMSO, 120°C, 16 h 34
(0.1) 3.0)
5 L-proline (0.3) Cs,CO;  DMSO, 100 °C, 16 h 40
(3.0)
6 Niacin (0.3) Cs,CO;  DMSO, 100 °C, 24 h 46
(3.0)
7 HFIP (1) Cs,CO;  MeCN, 80°C,20 h 68¢
(3.0)
8 HFIP (3) Cs,CO;  MeCN, 80°C, 20 h 720
(3.0)
9 HFIP (5) Cs,CO;  MeCN, 80°C, 20 h 78¢
(3.0)
10 - Cs,CO;  MeCN, 80°C, 12 h 17¢
(3.0)
11 HFIP (5) - MeCN, 80 °C, 12 h 85¢
12 HFIP (5) - 80°C, 16 h g7ed
13 HFIP (3) - 80°C, 12h 81ed
14 HFIP (10) - 80°C,12h 9754
15 HFIP (10) - 100 °C, 12 h 95¢d
16 HFIP (10) o 50°C, 12h 71ed
17 HFIP (10) . 80°C, 16 h 96ed
13 HFIP (10) - 80°C,8h 85¢d
19 TFE (10) . 80°C, 12 h 4504

2 Unless otherwise indicated all reactions were carried out with 1 mmol of 1a
and 1.2 mmol of 2a in 1 mL solvent in a vial.

b Isolated yields.

¢ Reactions were carried out in sealed vial.

d Reactions were carried out under neat conditions.

After having the best optimized reaction conditions
for the synthesis of B-keto amides 3, we explored the scope of
this transformation by employing wide range of amines la-v
and B-oxo esters 2a-c (Scheme 2). It was realized that the
anilines with electron-donating groups (EDGs) such as Me,
Pr, OMe were excellently tolerated under the established
conditions to give f-keto amides 3aa-fa in 78-97% yields. On
the other hand, the electron-withdrawing groups (EWGs) such
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Scheme 2. Synthesis of B-keto amide derivatives using various
amines and p-keto esters.

2 Reaction yields of B-keto amides 3 using ethyl acetoacetate
(2a).

b Reaction yields of B-keto amides 3 using methyl acetoacetate
(2b).

¢ Reaction yields of B-keto amides 3 using allyl acetoacetate

(2¢).

Under these reaction conditions, functional groups
such as phenyl, alkynyl and amidyl on the aromatic ring
were successfully participated to obtain the corresponding
B-keto amides 3ra-ta in 75-86% yields. Surprisingly, the
transformation was also accomplished successfully with
hetero-aromatic amines and aliphatic amines under the
developed reaction conditions to deliver corresponding (-
keto amides 3ua-va in 74-79% yields.

After establishing the comprehensive synthesis of
B-keto amides, we desired to extend the current protocol
towards the synthesis of biologically and medicinally
important N-heterocycles. With reference to this objective,
it is noteworthy to state that according to the previous report
when the active methylene group is locked with the alkyl
substituents, the intramolecular C-H alkenylation of the
aromatic ring resulted the product with exo-cyclic double
bond.® In the same report, it was also observed that if the
mono-functional group was installed on the active
methylene group, the corresponding intramolecular C-H
alkenylation annulation did not lead in the formation of the
corresponding product with endo-cyclic double bond. In
contrary of the previous report, we attempted to devise the
catalytic system towards the installation of endo-cyclic
double bond in the Friedel-Craft type cyclization process.



Table 2. Initial optimization for the synthesis of 2-quinolinones 4aa.?

Me
©\ O o reaction conditions X
N)k/tL Me N" o
H H
3aa 4aa
Entry Reagent/Catalyst Reaction conditions 4aa %
(mol%) yield®
1 HFIP (1000) 80°C, 12h NR
2 Fe;0; (50) MeCN, 80°C, 12 h 85
3 Fe,0; (10) MeCN, 80 °C, 12 h 88
4 Fe,0; (10) DMA, 80°C, 12 h 53
5 Fe,0; (10) DMSO, 80 °C, 12 h 61
6 Fe,0; (10) Dioxane, 80 °C, 12 h 58
7 Fe,0; (10) MeCN, 100°C, 12 h 86
8 Fe,0; (10) MeCN, 60 °C, 12 h 65
9 Fe,0; (10) MeCN, 80 °C, 8 h 61
10 Fe,0; (10) MeCN, 80 °C, 16 h 81
11 Fe,0; (20) MeCN, 80 °C, 12 h 85
12 Fe,0; (5) MeCN, 80 °C, 12 h 74

@ Unless otherwise mentioned, all reactions were carried out with 1 mmol of
3aain 1 mL solvent in a vial.

b Isolated yields.

¢ Reactions were carried out in sealed vial.

In pursuing this objective, we initiated our activities
by carrying out the reaction of B-keto amide 3aa under the
developed reaction conditions in presence of HFIP (Table 2,
Entry 1). To our disappointment, we end up with unreacted
starting materials. In order to synthesize the valuable
heterocyclic moiety, further optimization studies were
performed with transition metal catalysts. Thus, the reaction of
B-keto amide 3aa was carried out in presence of 50 mol% of
recyclable Fe,Os;—nanoparticle? as catalyst and in this case it
was observed that the yield of 4aa was increased to 85%
(Table 2, Entry 2). Afterwards, reducing the catalyst loading to
10 mol%, the reaction yield was not hampered, rather the
reaction provided an astonishing isolated yield of 88% for the
product 4aa (Table 2, Entry 3). Next, we have examined
different solvents like DMA, DMSO, dioxane to illustrate the
solvent effect on reaction parameters (Table 2, Entries 4-6).
Finally, to maximize the chemical yield of product 4aa, the
reaction was performed under different temperatures, catalyst
loading and for different time durations (Entries 7-12).
However, none of these reaction conditions showed better
efficacies towards the further enhancement of the yield for 2-
quinolinone 4aa. After carrying out considerable amounts of
screening of reaction conditions using B-keto amide 3aa as
model substrate, we have considered 10 mol% of Fe,O; in
MeCN as solvent at 80 °C for 12 hours as the optimum
conditions for affording the compound 4aa (Table 2, Entry 3)
via intramolecular Friedel-Craft type cyclization of the arene
moiety.

4

or
the preparation of 2-quinolinones 4aa, the scope of this
transformation was explored by taking various B-keto
amides 3aa-ea, ga-ha, ra embedded with both electron-
donating and electron-withdrawing groups (Scheme 3). The
reaction of P-keto amides 3aa-ea bearing electron-rich
functional groups such as Me, ‘Pr and OMe were well
tolerated under the developed reaction conditions to deliver
the desired 2-quinolinones 4aa-ea in 83-88% yields.
Similarly, electron-withdrawing functional groups such as
Cl and Br also holds good to contribute for the preparation
of 2-quinolinones 4fa-ga in 70-74% yields. The B-keto
amide 3ra bearing a phenyl functional group was found
suitable to afford the corresponding 2-quinolinone 4ha in
78% yield.

Me
10 mol% Fe,O
N Me MeCN, 80 °C, 12 h N o)
H H
3aa-ea, ga-ha, 3ra 4aa-ha

Me Me Me Me
N (e} N (0] N o N 0]

4aa (83%) 4ba (85%) 4ca (88%) 4da (84%)
4ea (87%) 4Afa (70%) 4ga (74%) 4ha (78%)

Scheme 3. Synthesis of 2-quinolinone derivatives using various f3-
keto amides.

Having successfully established the ferrite-catalyzed
tandem cyclization reaction for the synthesis of 2-
quinolinones, we were fascinated to verify the recyclability of
the catalyst to enhance its advantages and wide applications.?
Interestingly, the catalytic system was consistent with the
formation of product 4aa without losing its catalytic activity
significantly even after 5 catalytic cycle (Figure 2).

100

70
60
40
30
20
10

0

1 2 4 5

Catalytic cycle

Yield (%)
3

Figure 2. Recyclability test of Fe,O;-catalyzed synthesis of 4aa.

After, the successful evolution and execution of the
described methods for the synthesis of a wide range of B-
keto amides as well as 2-quinolinones, we attempted to
inspect the plausible mechanistic pathways for the
developed protocol. In pursuit of establishing a plausible
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have carried out the reaction of aniline (1a) ([M]* = 93.1,
[M+H]* = 94.1) and ethyl acetoacetate (2a) under the
developed reaction conditions and course of the reaction
was monitored and examined by gas chromatography-mass
spectrometry (GC-MS) after an equal interval of 3 hours.
The mass-spectroscopic data revealed that the mechanism
could proceed via the formation of intermediates A ([M]* =
205.3, [M+H]* = 206.3), D ([M]* = 159.3, [M+H]* = 160.4)
to achieve the desired product 3aa ([M]" = 177.2) (details of
mass spectra are given in Figure 4, SI). Next, we focused on
establishing plausible reaction mechanism for the formation
of 2-quinolinones by taking acetoacetanilide (3aa) ([M]* =
177.2) as model substrate under the standard reaction
conditions. The course of the reaction was supervised and
investigated using gas chromatography-mass spectrometry
(GC-MYS) after an equal interval of 3 hours. According to
the obtained GC-MS data, no clear indications of any
intermediates were observed except for the desired product
4aa ([M]* = 159.2, [M+H]" = 160.4) (details of mass spectra
are given in Figure 5, SI).
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Scheme 4. Plausible reaction mechanism towards the synthesis of
-keto amides and 2-quinolinones.

Having all the possible information from the above
experiments and literature reports,*°® we attempted to
propose a plausible reaction mechanism for two distinct
chemical transformations (Scheme 4). According to
proposed reaction mechanism for the formation of B-keto
amides 3, the intermediate A ([M]* = 205.3, [M+H]" =
206.3) can be resulted from the condensation of 1a ([M]* =
93.1, [M+H]* = 94.1) and 2a. Next, the intermediate A may
undergo hydrogen bonding interaction with HFIP resulting
in an intermediate of type B. The intermediate B can
undergo intramolecular cyclization in the presence of HFIP
to give intermediate C, which upon subsequent elimination
of ethanol may lead to the formation of a 4-membered B-
lactam D ([M]* = 159.3, [M+H]* = 160.4). The intermediate
D further undergoes nucleophilic attack by H,O and
subsequent ring opening to yield the enol intermediate F,
which tautomerizes to deliver the desired product 3aa ([M]*
=177.2).

With regard to the intramolecular Friedel-Craft
type cyclization of the compound 3aa, we assume that the
catalyst Fe,O; acting as a Lewis acid by weak bonding
interactions with carbonyl groups to result in an
intermediate G. The Lewis acid properties of Fe,O3 induces
carbonyl group of ketone to undergo cyclization with
aromatic ring to acquire intermediate I, which upon
dehydration resulted in the formation of product 4aa ([M]* =
159.2, [M+H]" = 160.4).

In conclusion, we have described a facile and
experimentally simple strategy for the synthesis of -keto amide

5
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preparation of various bioactive molecules. The transformation
has been accomplished by HFIP-induced C-O bond cleavage
and consecutive site-selective C-N bond formation under the
reaction conditions. The relatively mild nature of this method
tolerates a wide spectrum of functional groups towards
contribution of excellent yields for the formation of products.
Subsequently, Fe,O; nanoparticle has been identified as an
efficient, stable and recyclable catalyst that allows rapid and
easy entry in to medicinally significant 2-quinolinones in a
single step via intramolecular Friedel-Craft type cyclization
approach using B-keto amides in good to excellent yields.
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