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ABSTRACT. Herein, we described a one-pot, three-component eavifonmentally
benign method for the synthesis @famino ketones based on the reaction of
acetophenones, aromatic aldehydes, and aromatieeamising maleic acid as a green
catalyst in ethanol as green solvent. The presethadology offers several advantages
including good yields, mild reaction conditions aadl inexpensive catalyst with a very
easy work up. In addition, this method excludes uke of volatile organic solvents,
tedious workup and column chromatographic purifaratof compounds, making the
method greener, convenient and superior. All nempmmunds were well characterized by
IR, *H and®*C NMR spectroscopy and physical data.

Keywords: three-component, maleic acid, Mannich reaction,-ote f-amino ketone,
homogeneous catalyst

INTRODUCTION

Carl Mannich first recognized the enormous sigatfice of aminoalkylation of CH-
acidic compounds, and then he extended the chgnmstra broad based synthetic procedure
through systematic researchREND et al, 1998). Mannich reaction is one of the most
important C-C bond forming reactions in organictbgsis for the preparation of secondary,
tertiary amine derivatives and very useful compauad building blocks in the synthesis of
pharmaceuticals and natural product®gKyAsHI and BHITANI, 1999; bHAYADHULLA et al,
2011). The Mannich reaction is an important procedar synthesizing of-amino carbonyl
compounds, which are significant synthetic interiaexs for various pharmaceuticals and
natural products (@H et al, 2000). The development of catalyst for synthetigthods has
become an important research area, aiming to niekeyintheses simpler, to save energy and
to prevent toxicity in chemical processes. In récgars, the search for environmentally
benign chemical processes or methodologies has/egcmuch attention (@OUDHARY et al,
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2006; KURESHY et al, 2010; Mousavi et al, 2014;MousaAvi et al, 2015). Therefore, in
chemistry “ideal synthesis” has been defined as ionevhich the target compound is
generated in one step, in efficiency yield, fromadiéy available and inexpensive starting
materials in a resource-effective and environmént@tceptable process ASbAROOS and
DAMAVANDI , 2013). Hence, multi-component reactions (MCRseha@ceived much attention
in the field of synthetic organic chemistry as wa#l medicinal chemistry, because the
strategies of MCR offer significant advantages owenventional synthetic procedures
(MADDILA et al, 2016; AdmADI et al, 2017). Therefore, projecting reactions in pursuilti-
bond formation in one operation is becoming onehef leading challenges in the field of
green organic synthesis (MsaAvi et al, 2014). The approach of MCRs delivers numbers of
advantages over conventional transformations, sgcshorter reaction times, higher product
yields, lower costs, an easy work-up process, andr@mental being MADDILA et al,
2016D’'Souza and MUELLER, 2007).

Organocatalysis has long existed as part of orgeméenistry such as, acid or amine
catalyzed Michael-additions, aldol condensatioKmoevenagel reactiondRANIBAR-KARIMI
et al, 2011; Mousavi and MAGHsooDLOu, 2014; Mousavi et al, 2015; Mousavi and
MAGHsooDLOU, 2015). Over the past decades, an extremely highuoof results of different
organocatalyzed reactions and transformations veasldd. Because, these transformations
provide an extremely mild, selective access andatipmally simple to required defined
configured building blocks or natural products. $jeadly, these include Mannich reactions,
cycloadditions, aldol additions, conjugate addsioetc (MLING and Wsi, 2000;
MAHRWALD, 2013; SHEFFLERand MAHRWALD, 2013;).

As noted abovep-amino carbonyl compounds are the main productdahnich
reaction and its derivatives are used for syntlvegigeptides, amino alcohols, lactams and as
precursors to optically active amino acidso#hrRD et al, 2006). B-Amino carbonyl
compounds forming via Mannich reaction are consildier and very important intermediates
in the synthesis of natural products and pharmadsit(KOBAYASHI and BHITANI, 1999;
MULLER et al, 1999; @o et al, 2007). Therefore, much attention has been driwne
development of new synthetic methods to preparsettempounds. Traditionally, Mannich
reactions have been achieved by using proton awidewis acids as catalystsdH et al,
2000; NoTz et al, 2001; KoBAYASHI and MANABE, 2002; WANG et al, 2005; 'ERADA et al,
2006; BMUKAN et al, 2006; 3HOO et al, 2006; Y and Q\, 2006; WANG et al, 2007; L et
al., 2007; W et al, 2007; Kbwal et al, 2009; YE et al, 2009; KURESHY et al, 2010;
SHARMA et al, 2012; WANG et al, 2012; AANG et al, 2012; 3ADATIOO et al, 2017).
However, despite recent spectacular advances, firesedures are not entirely satisfactory
and suffer from some limitations including use okit reagents, atmosphere sensitive
reagents or catalysts, a large amount of experaidenon-recoverable catalyst, requirement
of special effort for catalyst preparation. Neveldss, there is still a need for further efficient
and, in particular, technically feasible methodshis field.

In continuation of our previous research toward ithprovement of new green and
convenient routes for the synthesis of various ammps using homogeneous catalysts
(RaNJBAR-KARIMI et al, 2011; Mousavi et al, 2013; MousAvi and MaGHSooDLOU, 2014,
Mousavi et al, 2014; MhnGHSooDLOU et al, 2015; MousAvi et al, 2015), we report herein,
the application of maleic acid as a homogeneouwsysatunder mild conditions for efficient,
convenient and facile green synthesis of varipwsmino carbonyl derivatives through the
one-pot, three-component reaction of aldehydesnesrmand acetophenone in ethanol at room
temperature. In addition, to the best of our knalgks there are no reports on the use of
maleic acid as a homogeneous catalyst for thisexsion (Scheme 1).
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Scheme 1. Synthesis pfamino carbonyl derivatives.

As shown in Fig. 1, maleic acid is one of the isosv@# butenedioic acid was used as
an efficient, green and natural catalyst in thisrtkvior synthesizingB-amino ketones. In
maleic acid the carboxylic acid groups ai®

00
HO ~OH
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H H
Figure 1. The structure of maleic acid.

MATERIALS AND METHODS

General

Melting point and IR spectra of all compounds webgained on an Electrothermal
9100 apparatus and a JASCO FT/IR-460 plus spectesmespectively’H and*C NMR
spectra of the new compounds were recorded on keBMRX-400 Avance instrument in
CDClz as the solvent with TMS as internal standard @@ 48d 100 MHz respectively.
Elemental analyses for C, H, and N for the new caumpls were performed using a Heraeus
CHN-O-Rapid analyzer. All reagents were purchasedfMerck (Darmastadt, Germany),
Acros (Geel, Belgium) and Fluka (Buchs, Switzerlamahd use without further purification.

General procedure for the synthesis of compounds 4

To a mixture of acetephenot&l mmol), aldehyd@ (1 mmol) and amin8 (1 mmol)
in ethanol, 25 mol% maleic acid was added. The unéxtvas stirred at room temperature for
an appropriate time (Table 4). The progress of riection was followed by thin-layer
chromatography (TLC). After completion of the reawt the precipitate was separated by
simple filtration, and washed with ethanol (2 x 3)mahd dried in the air to afford the title
pure compounds. The identity of the known produets confirmed by comparison of their
spectroscopic data and physical properties witlsghavailable in published articles. The
novel products were identified by spectral data. (iR, *H-NMR, *C-NMR and CHN). The
spectral data of the novel compounds as well agsepresentative compounds are described
below.

3-((4-Chlorophenyl)amino)-3-(3-methoxyphenyl)- 11pfipropan-1-ong4n)

White solid (59%), m.p. 155.5-156.5 °C; IR (KBra/cm?): 3383, 1669, 1603, 808.
H NMR (400 MHz, CDC4, § / ppm):8 = 3.40 (dd,J = 16.4, 7.6 Hz, 1H, H-2), 3.49 (dd=
16.4, 5.2 Hz, 1H, ), 3.97 (s, 3H, OCH), 4.59 (br s, 1H, NH), 4.92 (§,= 5.6 Hz, 1H, H-
3), 6.49 (d,J = 8.8 Hz, 2H, Ar-H), 6.87 (d) = 8.8 Hz, 2H, Ar-H), 7.04 (d) = 8.8 Hz, 2H,
Ar-H), 7.34 (d,J = 8.4 Hz, 2H, Ar-H), 7.46 () = 7.6 Hz, 2H, Ar-H), 7.58 (tJ = 7.6 Hz, 1H,
Ar-H), 7.92 (d,J = 7.2 Hz, 2H, Ar-H)*C NMR (100 MHz, CDG, § / ppm):§ = 46.2, 54.3,
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55.2, 114.2, 114.9, 122.3, 127.3, 128.1, 128.7,513B34.3, 145.3, 197.5. Anal. Calcd for
C22H20CINO2: C, 72.23; H, 5.51; N, 3.83. Found: C, 72.35; 585N, 3.89.

3-((4-Bromophenyl)amino)-3-(3-methoxyphenyl)-1dly4)propan-1-ong40)

White solid (45%), m.p. 151-152 °C; IR (KBrma/cml): 3380, 1665, 1651, 5034
NMR (400 MHz, CDC4, 6 / ppm):é = 2.42 (s, 3H, Ch), 3.36 (ddJ = 16.0, 7.6 Hz, 1H, H-
2), 3.45 (ddJ = 16.0, 5.2 Hz, 1H, k), 3.97 (s, 3H, OC}, 4.63 (br s, 1H, NH), 4.89 (dd,
=7.2,5.2 Hz, 1H, H-3), 6.44 (d,= 8.8 Hz, 2H, Ar-H), 6.87 (d] = 8.8 Hz, 2H, Ar-H), 7.16
(d,J = 8.8 Hz, 2H, Ar-H), 7.26 (d] = 8.0 Hz, 2H, Ar-H), 7.33 (d] = 8.8 Hz, 2H, Ar-H), 7.82
(d, J = 8.4 Hz, 2H, Ar-H)*C NMR (100 MHz, CDGJ, § / ppm):5 = 21.6, 46.1, 54.3, 55.2,
109.4, 114.2, 115.4, 127.3, 128.3, 129.4, 131.4,113134.4, 144.4, 146.0, 158.8, 197.9.
Anal. Calcd for GsH22BrNO2: C, 65.10; H, 5.23; N, 3.30. Found: C, 65.23; B45N, 3.37.

RESULTS AND DISCUSSION

Initially, we conducted the three-component reactd acetophenone, benzaldehyde
and aniline in the presence of varying amounts aler acid as catalyst in ethanol at ambient
temperature conditions. The correspondirgmino ketone was synthesized. The results were
summarized in Table 1 and showed that the reactging 25 mol% maleic acid at room
temperature proceeded in highest yield (entry 4ldd). As shown in Table 1 when the
reaction was performed in the absence of maleit, #ioé reaction did not progress even after
48 h (entry 8).

Table 1. Reaction optimization for the synthesipraiduct4b.?

0
o o OHN"™
Q)LCHB . @)‘LH . ©,NH2 Maleic acid (mol%) .
=

1 2 3

EtOH, r.t
4b
Entry Catalyst (mol%) Time (h) Yield (%)°

1 1C 18 55
2 15 16 63
3 2C 17 79
4 25 14:30 83
5 3C 14:1¢ 77
6 35 14 77
7 4C 13:3(C 78
8 - 48 -

@ The reaction was carried out using acetophenomengal), benzaldehyde (1 mmol) and aniline (2
mmol) in EtOH (5 mL) at room temperature.
®Yield refers to the pure isolated prod

Next, to optimize the reaction temperature, thectiea of acetophenone,
benzaldehyde and aniline was studied in the preseh@5 mol% maleic acid in EtOH at
different temperatures. The results were summaiizddhble 2 and showed that the reaction
using 25 mol% maleic acid at room temperature pded in highest yield (entry 1, Table 2).
Also as can be seen in Table 2, at the higher teatye did not increase the reaction yield
(entries 2-4, Table 2).
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Table 2. Effect of different temperatures on thelelgeactior.

e

OHN

C}CH?’ . O)L @NHz Maleic acid (25 mol%) M
o

EtOH, T °C
4b
Entry T (°C) Time (h) Yield (%)P
1 r.t 14:30 83
2 35 14:3( 83
3 4C 14 77
4 5C 13 7?2

@ The reaction were carried out using acetophenbmengol), benzaldehyde (1 mmol) and
aniline (1 mmol) in the presence of 25 mol% maleetd in EtOH (5 mL) at different
temperatures.

®Yield refers to the pure isolated prodi.

In the next step, the effect of different solvemtsthe model reaction was investigated
at room temperature using 25 mol% of the catalatious solvents like water, ethanol and
the mixture of different ratio of ethanol/water, ttmenol and chloroform were screened to test
the efficiency of our catalyst and the resultssamrenmarized in Table 3. The reaction in water
and the ratio EtOH/kD (1:2) could not proceed to completion even afeh (entries 1 and
5, Table 3), chloroform as a solvent could not pmdsatisfactory results (entry 7, Table 3),
using methanol, EtOHA® (2:1) and EtOH/ED (1:1) as solvents gave average results with
moderate product yield (entries 3, 4 ad 6, TableA3)shown in Table 3, among the tested
solvents, ethanol was found to be most efficierthwkcellent product yield in 14:30 h.

Table 3. Initial solvent effect studies for syntisesf B-amino ketone derivatives with 25
mol% catalyst at ambient conditiohs.

Z

O HN )
]
CACHB ) ©A ONHZ Maleic acid (25 mol%) Q)vkg
Solvent, r.t
4b
Entry Solvent Time (h) Yield (%)"
1 H.O 72 -
2 EtOH 14:30 83
3 EtOH/H,0 (2:1 20 46
4 EtOH/H,0 (1:1 3C 46
5 EtOH/H,0 (1:2 72 -
6 MeOH 17 46
7 CHCI3 30 Trace

@ The reaction were carried out using acetophendrmarfiol), benzaldehyde (1 mmol) and
aniline (1L mmol) in the presence of 25 mol% mala@d in various solvents at room
temperature.

b |solated yiel.

After the successful preparation 46, we decided to introduce more diversity in the
B-amino ketone scaffolds. With the optimized reactmonditions in hand, the scope of
application of this three-component reaction waan@red using different aldehydes, anilines
and acetophenones as staring materials. Cleadgetteactions proceeded very cleanly under
mild reaction conditions and no byproducts wereeoled. It is worthwhile to mention that
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aromatic rings in starting materials with electdomating and electron-withdrawing groups
afforded the correspond products in moderate ta goelds. The results are summarized in
Table 4.

Table 4. Synthesis @gFamino carbonylgla-a

RS
F
]
" 0 HNA\\J
0 e

|: CH3 ) O)L (j 2 Maleic acid (25 mol%) :/:%

R EtOH, rt US—

1 4a-o

R! R? R3 Product Time (h) Yield (%)% M.p (°C) M.p Lit.
4-Me H H 4a 28 78 13€-137 13€-13¢€
H H H 4b 14:3C 83 167-16¢ 167-16¢
H 4-Me 4-Me 4c 28 5C 137-13€ 13E-13€
H 4-Me H 4d 48 46 132-13Z 131-132
H 4-OMe H 4e 12 5C 14€-147 147-14¢
H H 4-Me 4f 12 57 167-16€ 16€&-17C
H H 4-Cl 49 12:3C 85 16¢-17C 171-172
H H 4-Br 4h 9 85 18(-181 17&-17¢
H H 3-NO2 4i 27 65 142-14¢ 14C-14z
H 4-Br H 4j 15 7C 131-13¢ 12€-13C
H 4-Cl 4-Cl 4k 18 75 12(¢-121 11&-11¢
H 4-Cl 3-NO; 4] 16 50 13(¢-131 132-13¢
4-Cl  3-NO» H 4m 27 65 14€&-15C 14€-14¢€
H 3-OMe 4-Cl 4n 18 5¢ 155€-157 Newp
4-Me 3-OMe  4-Br 40 11 45 151-152 New?

@ |solated vyield.
® The new compounds synthesized in this w

The structure of all known synthesized compound®r@ing to this procedure were
characterized by comparison of the melting poimid e analytical data with those reported
for authentic samples. The structure of the newthggizedp-amino ketonegt is in full
agreement withtH NMR, °C NMR and elemental analysis as illustrated belaw &
representative example (compouta). The IR spectrum ofo displayed a sharp peak at 3380
cmit was due to NH and one sharp strong absorption basdobserved at approximately
1665 cmt for C=0 stretching. Thé&H NMR spectrum contained a characteristic singlakpe
até = 2.42 ppm (s, 3H) for CH A doublet of doublet was assignedat 3.36 ppmJ = 16.0,
7.6 Hz) for one of the methylene protons (H-2). Hm®ther methylene proton 4b (H'-2)
was observed as a doublet of doubleb at 3.45 ppm J = 16.0, 5.2 Hz). A singlet was
appeared a = 3.97 ppm (s, 3H) for OCHAIso, a characteristic single peak was observed a
6 = 4.63 ppm (s, 1H) for NH. A doublet of doubletsnassigned & = 4.89 ppmJ=7.2, 5.2
Hz) for methine proton (H-3) (Fig. 2). The aromatimtons resonance were observed as
several doublet & = 6.44-7.82 ppm**C NMR spectrum ofio was exhabited a peak &t
197.9 ppm for carbon of carbonyl group that is agrent with the structure ¢f-amino
carbonyl4o.

In analogy with reported mechanismsugret al., 2009; W and Q\, 2010; $SIARMA
et al, 2012; Mousavi et al, 2013), the following mechanism is proposed tplax the
formation of product (Scheme 2). Maleic acid acisaa acid catalyst and facilitates the
respective formation of imines) from aldehyde?) and aniline ) via removal of the water
molecule. The next step of mechanism is the fownadif enol {) from acetophenonel) in
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the presence of catalyst. Next, inter-molecular Meim type reaction occur betwees) @nd
(7) to yield the produdb-amino ketones4).
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Scheme 2. Plausible mechanism for one pot syntbégiamino ketone.
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CONCLUSION

In summary, we have established effective and jgacbne-pot protocol for the
synthesis off-amino ketones by treatment of aromatic aldehydesmatic anilines with
acetophenones in the presence of maleic acid atystatThe use of maleic acid in these
MCRs has benefits such as clean reaction profiées, of side reactions, green properties,
minimization of waste, a simple experimental praged high yields, simplicity of operation,
and easy work-up. Moreover, all products were oleithrough simple filtration with no
need for column chromatography, which reduces tlastev as well as environmental
pollution.
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