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Aqueous formic acid: an efficient, inexpensive
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Abstract In this article, we present a convenient and
green method for synthesis of P-amino carbonyl com-
pounds through ball-milling technique by using aqueous
formic acid, which is an inexpensive and highly efficient
catalyst. This multi-component reaction was done at room
temperature with high anti-selectivity and easy workup.
The use of solvent-free ball-milling technique helped to
have high yields and more cleanness, besides omitting the
need for solvent in this method.
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Introduction

The Mannich reaction is one of the most important car-
bon—carbon bond forming reactions in organic synthe-
sis. This reaction is one of the most basic methods for
preparation of f-amino carbonyl compounds, which are
important synthetic intermediates for various pharma-
ceuticals and natural products [1]. Mannich reaction is
also used in the synthesis of N-heterocyclic compounds,
such as pyrazolone derivatives [2], 1,6-naphthyridine
derivative [3] and many other heterocyclic compounds.
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Mannich reactions are classified into two categories:
direct and indirect [4]. List et al. reported the first direct
organocatalytic asymmetric three-component Mannich
reaction of an aldehyde, 4-methoxyaniline and a ketone
catalyzed by proline [5]. Indirect Mannich reaction
relies on the two-component system using preformed
electrophiles, such as imines or iminium ions, and stable
nucleophiles, such as enolates, enol ethers, and enam-
ines [6]. Various catalysts such as Lewis acids [7-14],
Bronsted acids [15, 16], ionic liquids [17-20], organic
catalysts [21-27] or nano-catalysts [28, 29] have been
investigated in this reaction over the past decades. More-
over, most of these methods have some drawbacks such
as long reaction time, harsh reaction condition, difficulty
in product separation, expensive reagents or catalysts
and use of toxic organic solvents.

Many efforts have been recently described to develop
more environmentally friendly methods for the preparation
of B-amino carbonyl compounds. For example, numerous
studies have been performed in the recent years to use the
advantages of solvent-free routes to establish green meth-
ods for preparation of carbonyl derivatives. However, most
of the methods suffer from disadvantages such as the use
of excess of reagents, low yields of the desired products,
and long reaction times. Therefore, development of sim-
ple, efficient and fast procedures, which operate under sol-
vent-free and mild conditions is a very engaging research
effort. In addition, the use of ball-milling technique in
organic reactions has been developed in recent years [30-
33]. In order to overcome these problems and to facilitate
product formation, we decided to examine the application
of ball-milling technique in the synthesis of $-amino car-
bonyl compounds. Herein, we wish to report a superior,
green, and facile synthesis of diverse P-amino carbonyl
compounds through a one-pot three-component reaction of
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Scheme 1 Model reaction in synthesis of f-amino carbonyl com-
pounds

Table 1 Optimization of catalyst amount

Entry Catalyst (mol%) Time (min) Yield (%)*
1 0 30 0
2 10 30 48
3 20 30 95
4 30 30 95

# Reaction condition: aniline (1.0 mmol), benzaldehyde (1.0 mmol),
and cyclohexanone (1.0 mmol)

Table 2 Optimization of solvent

Entry Solvent Time (min) Yield (%)*
1 CH,CI, 120 0
2 CH,;CN 120 58
3 ETOH 90 62
4 H,O0 40 42
5 Solvent free 30 95

# Reaction condition: aniline (1.0 mmol), benzaldehyde (1.0 mmol),
and cyclohexanone (1.0 mmol)

Table 3 Effect of various R! groups on yield of reaction

60 NH, o
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aromatic aldehydes, ketones and amines at room tempera-
ture by ball-milling technique.

Results and discussion

At first, the aqueous formic acid-catalyzed three-compo-
nent Mannich reaction of benzaldehyde (1.0 mmol), aniline
(1.0 mmol), and cyclohexanone (1.0 mmol) at room tem-
perature was examined as model reaction (Scheme 1). To
start with, the reaction was screened with varying amounts
of the catalyst. The results have been summarized in
Table 1. It is noteworthy that the reaction was not carried
out in the absence of catalyst (entry 1, Table 1). Accord-
ing to these data, the optimum amount of the catalyst was
20 mol% per 1.0 mmol of model substrates. Screening of
the solvents was also carried out under similar reaction
conditions. The results are shown in Table 2. According
to these data, the best result was afforded in a solvent-free
method (entry 5, Table 2). With optimized the amount of
catalyst loading (20 mol%), the Mannich reaction of dif-
ferent aromatic aldehydes, aniline and cyclic ketones were
carried out at room temperature under solvent-free condi-
tions. The results have been presented in Table 3. As it is
shown, different aromatic aldehydes bearing both electron
withdrawing and electron releasing groups afforded the
B-amino ketones in good-to-excellent yields with good-to-
excellent anti-selectivity. Benzaldehyde derivatives with
electron-rich substituents such as o- and p-methoxyben-
zaldehydes led to a better stereoselectivity than the ben-
zaldehydes with electron-poor substituents. The possible

@ )
syn isomer anti isomer
Entry R! Time (min) Antilsyn® Yield (%) Product m.p. (°C) found m.p. (°C) reported References
1 H 30 88/12 95 4a 129-130 129.5-130 [34]
2 4-NO, 25 100/0 95 4b 141-142 142-143 [35]
3 4-OMe 45 92/8 94 4c Oil Oil [35]
4 4-Cl 30 87/13 94 4d 134-136 133-135 [34]
5 2-Cl 40 82/18 93 4e 138-139 138.5-139 [34]
6 3-NO, 35 82/18 94 4f 120-122 121-122 [35]
7 4-Br 35 100/0 93 4g Oil Oil [35]

Products are syn and anti (4a—g)
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Fig. 1 Possible transition states

transition states have been proposed in Fig. 1. If hydrogen
bonds are formed between formic acid, the imine and the
enol form of cyclohexanone, the aryl groups of aldimine

would be anti to each other and there should be less steric
repulsion in anti-transition state, between the methylene
groups of cyclohexanone and aryl group on the carbon
atom. So the most stable transition state would produce the
anti-isomer (Fig. 1). It is known that the chemical shifts
and coupling constants of CH-hydrogens in 'H-NMR
spectra of anti-isomer is different from the syn isomer, but
because in most of the products in this work, the hydrogen
peak of NH group appears at 4-5 ppm and interfere with
the CH signals, we were unable to determine the diastere-
oselectivity of the method by using NMR technique. There-
fore, we employed HPLC for determination of anti/syn
ratio (Fig. 2). A series of experiments with benzaldehyde,
aniline, and acetophenone in the presence of aqueous for-
mic acid as catalyst was also conducted. The results have
been tabulated in Table 4. In order to clarify the rule of for-
mic acid in catalyzing the Mannich reaction, a mixture of
benzaldehyde and cyclohexanone was stirred at room tem-
perature, in the presence of formic acid. After 1 h, no aldol
condensation product was observed. This rules out the
path-A for the product formation suggested in Scheme 2.
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Result
No. Name RT[min) ArealmV's] | HeighfmV] | Amount]
1 44,4567 247374 27,6658 0.0000
2 2 55.7117 10548 9422 97.3285 0.0000
Sum ‘ 12896.3156 124,9944 0.0000!

Fig. 2 Chromatogram of 2-[(2-chloro phenyl) (phenylamino) methyl] cyclohexanone
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Table 4 The Mannich reaction /O

of .cll‘iffererzit aroma;lic aldeliydgs, aq. formic acid,

aniline an acetophenone leads S 20 mol%

to desired product (6a—h) | +
Rl// Ball -milling, r.t.

@

Entry R! Time (min) Yield (%) Product m.p.(°C)found m.p.(°C)reported References
1 H 60 94 6a 166-168 168-169 [36]
2 4-Me 85 93 6b 136-138 135-137 [37]
3 4-ONO, 60 95 6¢ 105-107 104-106 [36]
4 4-OMe 90 91 6d 147-149 149-151 [37]
5 4-Cl 50 95 6e 115-116 117-118 [37]
6 2-Br 100 94 6f 117-119 119-120 [36]
7 3-NO, 70 96 6g 132-133 131-132 [37]
8 4-Br 50 95 6h 137-139 138-140 [35]

Scheme 2 Convenient route for O OH

the formation of $-amino ketone

PATH-A |
Aldol

h8.8)

O HN :

PATH-B

However, when preformed imine (the condensation prod-
uct of benzaldehyde and aniline) was allowed to react
with cyclohexanone in the presence of formic acid, the
B-amino ketone was formed at room temperature. Based
on these observations, it can be concluded that path-B is
operative in the present catalytic protocol. According to the
obtained results, a plausible mechanism can be proposed
for the Mannich reaction in the presence of formic acid
(Scheme 3). In summary, we have explored the applicabil-
ity of formic acid as an efficient catalyst in a reliable proto-
col for the Mannich reaction. In comparison with recently
reported methods for the synthesis of the titled compounds
(Table 5), this method proceeds smoothly under mild con-
ditions to furnish the respective products in short reaction
times and high yields.
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Experimental

All chemicals and solvents were purchased from Merck
and Aldrich and used without further purification. Ethyl-
acetate and normal hexane were used as solvents of TLC.
Methanol, acetonitrile and water were used for prepara-
tion of mobile phase of column chromatography. The
ball-milling reactions were done in a Retsch MM 200
ball mill apparatus. Melting points were measured on
an Electrothermal 9100 apparatus. NMR spectra were
recorded on a Bruker 500 MHz spectrometer in CDCl,4
and with TMS as an internal standard. Ratio of anti/syn
was determined with HPLC-Younglin 91200. FT-IR
spectra were recorded as KBr pellets on a Shimadzu FT
IR-8400S spectrometer.
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Table S Comparison of the catalytic efficiency of formic acid with other catalysts for Mannich reaction
Entry Catalyst Amount of catalyst Time (min) Yield (%)* Anti/syn References
1 Double axially chiral bisphosphorylimides 2 % mol 720 92 1/99 [38]
2 AIPW ,0,, 0.5 % mol 60 95 52/48 [4]
3 Adenine 20 % mol 360 89 65/35 [39]
4 SiCl, 2 % mol 60-180 88 100/0 [40]
5 Formic acid 20 % mol 35 93 100/0 This work
6 Chiral phosphoric acid 0.4 mmol 2880 99 83/17 [41]

Typical procedure for synthesis of 2-(phenyl (aminophenyl)
methyl) cyclohexane (4a) or 1, 3-diphenyl-3-(amino
phenyl)-propan-1-one (6a)

A mixture of benzaldehyde (1 mmol), aniline (I mmol),
cyclohexanone (1 mmol) or acetophenone (1 mmol), and
37 % aqueous formic acid (20 mol%) as catalyst was
poured in ball mill vessel. Two stainless steel balls of 10
mm diameter were added to the grinding vessel. After com-
pletion of reaction as indicated by TLC, the product was
separated and washed with hot water in order to separation
of formic acid from the product. The product was dried in
air at room temperature and crystallized from n-hexane, if
needed.
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