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Abstract

An environmentally compatible and operationally simple approach has been established for the
synthesis of f-aminoketones through the addition of acetophenones to preformed imines using Baker’s
yeast as a biocatalyst. The transformation proceeds under mild reaction conditions with ethanol serving
as the reaction medium. Baker’s yeast, an inexpensive and easily accessible biological catalyst,
efficiently promotes the carbon-carbon bond-forming step between the acetophenone and imine
components. The optimized reaction employs a preformed Schiff base, acetophenone, Baker’s yeast,
and ethanol at room temperature for 36 h. Under these conditions, the model B-aminoketone was
isolated in 90% yield. A series of B-aminocarbonyl compounds 3a-k was subsequently prepared in 88-
93% yields. The products were identified and characterized by melting-point determination, 1H-NMR
spectroscopy, and mass spectrometry. Compared with several conventional approaches for the
preparation of [(-aminoketones, the present method avoids the requirement for metal-supported
catalysts and provides a straightforward work-up. The study demonstrates the usefulness of Baker’s
yeast for promoting nucleophilic addition of acetophenones to imines and provides an attractive green
route to Mannich-type -aminoketones.

Keywords: Baker’s yeast, f-aminoketones, biocatalysis, green chemistry, imines, Mannich bases,
nucleophilic addition

1. Introduction
Multicomponent reactions have become valuable synthetic tools because they allow several
molecular building blocks to be incorporated into a single product in a relatively concise
sequence. Such reactions can reduce the number of individual synthetic operations and are
particularly useful for generating structurally diverse compound libraries for medicinal and
pharmaceutical research ['81. The Mannich reaction represents one of the most useful carbon-
carbon bond-forming reactions among multicomponent transformations. It provides direct
access to P-aminocarbonyl compounds, which are important intermediates in organic
synthesis and possess considerable relevance in medicinal chemistry. B-Aminoketone
frameworks are found in or related to a number of biologically important molecules, and
consequently considerable effort has been directed toward developing efficient procedures
for their preparation .
An effective synthesis of f-aminoketones should ideally provide high conversion and good
product yield while minimizing reaction time, solvent toxicity, catalyst cost, and purification
requirements. Several approaches have therefore been developed for constructing the [-
aminoketone framework. The classical Mannich reaction constitutes one major strategy. In
this process, an amine, carbonyl compound, and aldehyde participate in the formation of the
B-aminocarbonyl skeleton %121 Another route involves nucleophilic addition of enolate
species to imines, resulting in formation of a new carbon-carbon bond 31, B-Aminoketones
can also be accessed through aza-Michael reactions involving addition of amines to a, B-
unsaturated carbonyl compounds 14181,
Aza-Michael reactions have been performed under a variety of catalytic and non-catalytic
conditions. Bismuth nitrate has been employed as a catalyst for Michael-type transformations
151" while CeCls-7H20/Nal and samarium diiodide have also been used for promoting
conjugate amine additions ['® 171, Micellar systems based on sodium dodecyl sulfate provide
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another approach to Michael additions under aqueous and
comparatively mild conditions ['8. Other routes to B-
aminoketones include transformations involving
enaminones and hydroamination reactions. Alternative
approaches have employed catalytic hydroamination of
alkynes and related functionalization strategies [-23),
Microwave-assisted Mannich chemistry and solvent-free
procedures have also been reported as approaches toward f3-
aminoketone synthesis % 21 Zinc tetrafluoroborate-
catalyzed Mannich-type reactions of aldimines with silyl
enol ethers represent another example of catalytic carbon-
carbon bond formation leading to amino carbonyl products
[26]

Although these methodologies have significantly expanded
the synthetic chemistry of -aminoketones, several reported
protocols involve relatively complex catalysts, specialized
reaction conditions, prolonged reaction times, toxic
solvents, ionic liquids, or difficult catalyst-recovery
procedures. The  development of simple and
environmentally acceptable alternatives therefore remains
desirable. Recent reviews of [-aminoketone chemistry
emphasize the continuing importance of improving synthetic
efficiency and sustainability ). Biocatalysis offers an
attractive alternative to many conventional catalytic
approaches. Biological catalysts can operate under mild
conditions and can often be obtained inexpensively from
readily available biological sources. Baker’s yeast is
particularly interesting in this regard because of its
availability, ease of handling, and well-established catalytic
activity in organic transformations.

Baker’s yeast contains Saccharomyces cerevisiae and has
traditionally been used in fermentation and food processing.
Its enzymatic machinery is also capable of promoting
several useful transformations in organic chemistry.
Microbial asymmetric catalysis using Baker’s yeast has long
been recognized, particularly for the reduction of carbonyl
compounds 7. Baker’s yeast has also been applied to
reductions and other useful biotransformations % 21, The
application of Baker’s yeast has subsequently been extended
to multicomponent organic reactions. Its use in
multicomponent synthesis has been reviewed, and examples
include the preparation of dihydropyrimidinones and other
multicomponent products B% 31U These applications
demonstrate the potential of Baker’s yeast as an inexpensive
and environmentally attractive biocatalyst.

Despite the broad application of Baker’s yeast in organic
transformations, the nucleophilic addition of acetophenones
to preformed imines using Baker’s yeast had not been
explored in the manner investigated in the present work.
Previous studies involving acetophenone Mannich bases
have employed other catalytic systems, including ionic-
liquid-based methodologies 2. Such observations
encouraged us to investigate Baker’s yeast as an alternative
biological catalyst. Our initial attempt involved a
conventional one-pot three-component reaction between an
aldehyde, an aromatic amine, and acetophenone in the
presence of Baker’s yeast. The expected f-aminoketone was
produced only in trace quantities, while the corresponding
Schiff base was the major product. This observation
suggested that formation of the imine and subsequent
reaction with acetophenone should be considered as separate
steps.
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2. Experimental

2.1 Materials and Analytical Methods

All solvents used during the investigation were distilled and
dried before application. The chemicals were purchased
commercially and used without additional purification. The
progress of the reactions was examined by thin-layer
chromatography using silica gel 60 plates. Petroleum ether
and ethyl acetate in an 8:2 ratio were used as the usual
mobile phase. For product monitoring during the
representative reaction, ethyl acetate and hexane containing
20% ethyl acetate were used as the eluent. The 1H-NMR
spectra were recorded on a Varian-400MR spectrometer
operating at 400 MHz. CDCl; was used as solvent and
tetramethylsilane was employed as the internal standard.
Mass spectral analysis was carried out using an Agilent
G6160A InfinityLab LC/MSD/IQ mass spectrometer.

2.2 General Method for the
Aminocarbonyl Compounds 3a-k
The synthesis was carried out by reacting preformed Schiff
bases with acetophenones in the presence of Baker’s yeast.
For the representative synthesis of compound 3a, the Schiff
base obtained from 4-nitroaniline and 4-
hydroxybenzaldehyde was used in an amount corresponding
to 1 mmol. Acetophenone was also employed in a quantity
of 1 mmol. The two reactants were dissolved in 10 mL
ethanol, followed by addition of 500 mg Baker’s yeast. The
reaction suspension was stirred on an orbital shaker for three
days at room temperature. Completion of the transformation
was determined by TLC. After completion, the Baker’s
yeast was separated by filtration through Celite. The
retained yeast was washed with ethanol and the resulting
filtrate was collected. Water (20 mL) was added to the
filtrate and the aqueous mixture was extracted with ethyl
acetate (2 x 30 mL). The organic portions were combined
and dried over anhydrous sodium sulfate. The solvent was
subsequently removed to obtain the crude material.
Recrystallization of the crude product from ethanol provided
the purified PB-aminocarbonyl compound. Using this
procedure, compound 3a was obtained in 90% yield. The
remaining products 3b-k were prepared by applying the
same general protocol. Their identities were established
from melting-point, “1H-NMR, and mass spectral data. The
compounds prepared in the investigation are known
compounds and their characterization was consistent with
reported information.

Synthesis of f

2.3 Characterization of Synthesized Compounds

2.3.1 3-(4-Hydroxyphenyl)-3-((4-nitrophenyl)amino)-1-
phenylpropan-1-one 3a

Yield: 90%; m.p.: 121-123 °C; 1H-NMR: (400 MHz) &
9.87 (s, 1H), 8.19-8.15 (m, 2H), 7.83-7.79 (m, 2H), 7.26 (s,
6H), 6.96-6.89 (m, 4H), 2.37 (s, 1H), 1.25 (s, 2H). Mass:
362.3.

2.3.2 2, 1, 5-Dimethyl-4-((3-oxo-3-phenyl-1-(3, 4, 5-
trimethylphenyl)propyl)amino)-2-phenyl-1, 2-dihydro-3H-
pyrazol-3-one 3b

Yield: 93%; m.p.: 154-156 °C; 1H-NMR: (400 MHz) 6 9.69
(s, 1H), 7.45 (dt, J = 8.6, 7.7 Hz, SH), 7.26 (s, 4H), 7.12 (s,
2H), 3.92 (s, 6H), 3.89 (s, 3H), 3.16 (s, 2H), 2.50 (s, 2H),
1.57 (s, 6H). Mass: 454.3.

2.3.3 3-(2, 4-Dichlorophenyl)-3-((4-nitrophenyl)amino)-1-
phenylpropan-1-one 3¢
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Yield: 88%; m.p.: 150-152 °C; 1H-NMR: (400 MHz) &
8.11-8.13 (d, 2H), 7.34-7.38 (t, 2H), 6.80-6.82 (d, 2H), 6.69-
6.73 (t, 2H), 6.08 (m, 4H), 3.66 (d, 1H), 3.31 (d, 2H), 2.01
(s, 1H). Mass: 415.1.

2.34 3-(4-Chlorophenyl)-3-((4-nitrophenyl)amino)-1-
phenylpropan-1-one 3d

Yield: 90%; m.p.: 113-115 °C; "IH-NMR: (400 MHz) &
8.12 (dd, J = 8.6, 1.4 Hz, 2H), 7.39-7.31 (m, 2H), 6.81 (dd, J
=8.4, 1.1 Hz, 2H), 6.71 (ddd, J = 8.4, 7.0, 1.2 Hz, 2H), 6.05
(s, 6H), 3.67 (s, 1H), 1.25 (s, 2H). Mass: 380.2.

2.3.5 3-(4-Methoxyphenyl)-3-((4-nitrophenyl)amino)-1-
phenylpropan-1-one 3e

Yield: 90%; m.p.: 121-123 °C; lH-NMR: (400 MHz) & 8.11
(d, J=8.2 Hz, 20H), 7.01 (d, J = 8.8 Hz, 12H), 6.87 (d, J =
8.9 Hz, 35H), 6.16 (s, SH), 3.92 (s, 5H), 3.80 (s, 16H), 3.75
(s, 5H), 3.51 (s, SH). Mass: 376.8.

2.3.6 3-(4-(Dimethylamino)phenyl)-1-phenyl-3-
(phenylamino)propan-1-one 3f

Yield: 93%; m.p.: 202-204 °C; 1H-NMR: (400 MHz) &
7.77-7.73 (m, 2H), 7.43-7.36 (m, 4H), 6.72 (dd, J =12.7,9.0
Hz, 4H), 6.18 (d, ] = 7.6 Hz, 1H), 3.31 (s, 1H), 3.05 (d, J =
8.5 Hz, 6H), 2.85 (s, 2H). Mass: 344.3.

2.3.7 4-((1-(4-(Diphenylamino)phenyl)-3-oxo0-3-
phenylpropyl)amino)-1, 5-dimethyl-2-phenyl-1, 2-
dihydro-3H-pyrazol-3-one 3g

Yield: 90%; m.p.: 167-169 °C; 1H-NMR: (400 MHz) 3 9.67
(s, 1H), 7.70 (d, J = 8.7 Hz, 2H), 7.43 (ddd, ] = 8.7, 5.6, 2.3
Hz, 6H), 7.26 (s, 13H), 7.13 (d, J = 7.5 Hz, 2H), 7.05 (d, ] =
8.6 Hz, 2H), 3.16-3.09 (m, 3H), 2.85 (s, 3H), 2.46 (s, 1H),
2.15 (s, 2H). Mass: 578.5.

2.3.8 3-(4-Hydroxy-3-methoxyphenyl)-3-((4-
methoxyphenyl)amino)-1-phenylpropan-1-one 3h

Yield: 92%; m.p.: 135-137 °C; IH-NMR: (400 MHz) & 8.36
(s, 2H), 7.61 (d, J = 1.7 Hz, 2H), 7.26 (s, 1H), 7.24 (d, ] =
1.8 Hz, 1H), 7.22 (d, J = 1.7 Hz, 1H), 7.21 (s, 1H), 7.19 (s,
1H), 6.97 (d, J = 8.1 Hz, 2H), 6.93 (s, 1H), 6.92-6.90 (m,
2H), 3.98 (s, 4H), 3.83 (s, SH). Mass: 377.2.

2.3.9 3-(4-Hydroxyphenyl)-3-((2-nitrophenyl)amino)-1-
phenylpropan-1-one 3i

Yield: 88%; m.p.: 283-285 °C; I1H-NMR: (400 MHz) 6 9.87
(s, 1H), 8.12 (dd, J = 8.6, 1.4 Hz, 1H), 7.82-7.80 (m, 3H),
7.36 (ddd, J = 8.4, 7.0, 1.5 Hz, 1H), 7.26 (s, 4H), 6.97-6.93
(m, 4H), 6.81 (dd, J = 8.4, 1.1 Hz, 1H), 6.71 (ddd, J = 8.4,
7.0, 1.2 Hz, 1H), 5.89 (s, 1H), 3.50 (s, 2H). Mass: 363.3.

2.3.10 1-Phenyl-3-(phenylamino)-3-(3, 4, 5-
trimethoxyphenyl)propan-1-one 3j

Yield: 92%; m.p.: 148-150 °C; 1H-NMR: (400 MHz) 5 8.36
(s, 1H), 7.40 (t, J = 7.7 Hz, 2H), 7.32-6.97 (m, 8H), 6.85 (s,
1H), 3.95 (d, J = 2.6 Hz, 6H), 3.94 (s, 2H), 391 (d,J =6.4
Hz, 4H), 3.49 (s, 1H). Mass: 392.5.
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2.3.11 3-(4-Chlorophenyl)-1-phenyl-3-
(phenylamino)propan-1-one 3k

Yield: 90%; m.p.: 113-115 °C; 1H-NMR: (400 MHz) & 7.74
(d, J=8.8 Hz, 3H), 7.48-7.40 (m, 4H), 7.32 (dd, ] = 5.0, 3.6
Hz, 1H), 6.71 (dd, J = 8.9, 3.9 Hz, 3H), 3.10 (d, J = 3.3 Hz,
4H), 3.02 (s, 1H), 2.46 (s, 2H). Mass: 335.2.

3. Results and Discussion

3.1 Initial Investigation

The investigation began with a one-pot reaction involving 4-
hydroxybenzaldehyde, 4-nitroaniline, and acetophenone in
ethanol in the presence of Baker’s yeast. The expected
Mannich product 3a was obtained only in a trace quantity.
In contrast, the Schiff base generated from 4-
hydroxybenzaldehyde and 4-nitroaniline constituted the
major product. This result demonstrated that the formation
of the imine occurred more readily than the subsequent
carbon-carbon bond-forming reaction involving
acetophenone. Therefore, rather than forcing the
transformation through a single three-component operation,
a sequential approach was investigated. In the revised
strategy, the Schiff base was prepared first and then treated
with acetophenone in the presence of Baker’s yeast. This
modification produced a substantial increase in the
formation of B-aminoketone 3a.

3.2 Optimization of Reaction Conditions

The model reaction involving 4-hydroxybenzaldehyde, 4-
nitroaniline, and acetophenone was used for optimization.
Different solvents and reaction periods were examined at
room temperature in the presence of Baker’s yeast. The
optimization results are presented in Table 1. The reaction
failed to produce the desired [-aminoketone when
tetrahydrofuran, dichloromethane, benzene, toluene, or ethyl
acetate was used for 12 h. In each case, no reaction product
was detected. Ethanol produced a different outcome. When
all three starting materials were combined in ethanol with
Baker’s yeast and maintained at room temperature for 12 h,
formation of the Schiff base was observed. Increasing the
reaction time to 24 h again resulted predominantly in Schiff
base formation.

After 36 h, only a trace amount of the desired Mannich
product appeared, while the Schiff base continued to be the
principal product. These observations indicated that the one-
pot reaction was not an efficient route to the desired
compound. The reaction sequence was consequently
modified by first generating the Schiff base and
subsequently adding acetophenone. The sequential
procedure produced 35% of 3a after 12 h. Extension of the
reaction time to 24 h increased the yield to 60%. A further
extension to 36 h resulted in a substantial improvement,
giving 3a in 90% yield. Therefore, the optimum conditions
were identified as follows: preformed Schiff base,
acetophenone, Baker’s yeast as biocatalyst, ethanol as
solvent, room temperature, and 36 h reaction time. The
original optimization study reports these same values across
entries 1-11 of Table 1.
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Table 1: Optimization of the Baker’s yeast mediated synthesis of § aminocarbonyl compound 3a

https://www.chemistryjournals.net

Entry Reactants Solvent Conditions Yield of 3a
1 4-Hydroxybenzaldehyde, 4-nitroaniline and acetophenone THF BY/RT/12 h NR
2 4-Hydroxybenzaldehyde, 4-nitroaniline and acetophenone DCM BY/RT/12 h NR
3 4-Hydroxybenzaldehyde, 4-nitroaniline and acetophenone Benzene BY/RT/12 h NR
4 4-Hydroxybenzaldehyde, 4-nitroaniline and acetophenone Toluene BY/RT/12 h NR
5 4-Hydroxybenzaldehyde, 4-nitroaniline and acetophenone EtOAc BY/RT/12 h NR
6 4-Hydroxybenzaldehyde, 4-nitroaniline and acetophenone Ethanol BY/RT/12 h Schiff base only
7 4-Hydroxybenzaldehyde, 4-nitroaniline and acetophenone Ethanol BY/RT/24 h Schiff base
8 4-Hydroxybenzaldehyde, 4-nitroaniline and acetophenone Ethanol BY/RT/36 h SChlftfrE:Ze;;aJ or
9 Schiff base and acetophenone Ethanol BY/RT/12 h 35%
10 Schiff base and acetophenone Ethanol BY/RT/24 h 60%
11 Schiff base and acetophenone Ethanol BY/RT/36 h 90%

NR = no reaction. For entries 9-11, the Schiff base was first prepared by reaction of 4-hydroxybenzaldehyde and 4-nitroaniline

for 12 h before acetophenone was introduced.

3.3 Substrate Scope

Once the optimized reaction conditions had been
established, the method was applied to a range of imines and
acetophenone-derived substrates. The objective was to
determine whether structural variation in the aromatic
substituents could be accommodated under the optimized
conditions. The reaction furnished eleven B-aminocarbonyl
compounds, designated 3a-k. The isolated yields were
consistently high, ranging from 88% to 93%. Compound 3¢
was obtained in 88%, whereas compounds 3b and 3f gave
the highest isolated yield of 93%. Compound 3h and
compound 3j were obtained in 92%, while the remaining
products generally afforded 90% yield. The synthesized
compounds contained different functional groups, including
hydroxyl, nitro, chloro, methoxy, dimethylamino, and
trimethoxy  substituents. This range of products
demonstrates the applicability of the reaction to structurally
different aromatic substrates. The characterization of the
products was performed using melting-point analysis, ~1H-
NMR  spectroscopy, and mass spectrometry. The
experimental section of the source article reports the
complete characterization of compounds 3a-k.

3.4 Spectroscopic Features

The 1H-NMR spectra provided -characteristic signals
corresponding to the newly formed p-aminoketone
framework. The methylene protons associated with the C2
position generally appeared in the region of approximately
3-4 ppm and were observed as doublets of doublets or
multiplets. The proton attached to the carbon bearing the
amino functionality was generally detected in the 4-5 ppm
region, commonly appearing as a triplet or multiplet.
Aromatic protons arising from the different aromatic rings
occurred predominantly in the 6-9 ppm range as doublets or
multiplets. The mass spectral measurements were consistent
with the molecular masses reported for the synthesized
compounds. Collectively, the physical and spectroscopic
data supported the formation of the desired f-aminocarbonyl
structures.

3.5 Proposed Mechanism

A plausible mechanism for the Baker’s yeast-assisted
transformation can be proposed on the basis of the catalytic
properties of the enzymes present in Saccharomyces
cerevisiae. Amino acid residues located within enzyme
active sites, particularly histidine, serine, and aspartate
residues, may participate in activation of the reacting
functional groups. The first stage involves interaction

between the aldehyde carbonyl group and the catalytic
environment of Baker’s yeast. The histidine residue may
interact with the carbonyl functionality and facilitate
polarization of the carbonyl bond. Simultaneously,
interaction of the aniline component with an aspartate
residue can enhance its nucleophilicity. The activated amine
can attack the aldehyde carbonyl carbon, generating an
intermediate that undergoes dehydration to afford the
corresponding Schiff base. Once the imine has been
generated, acetophenone can interact with the catalytic
environment of the yeast. Interaction of the acetophenone
carbonyl group with the histidine residue can promote
polarization of the carbonyl functionality and facilitate
conversion toward its enol form.

Interaction of this enol species with a carboxylate
functionality associated with an aspartate residue may
generate a more nucleophilic enol intermediate. This
activated acetophenone species subsequently attacks the
electrophilic carbon atom of the imine. The nucleophilic
addition establishes the new C-C bond and produces an
intermediate containing the p-aminoketone framework.
Subsequent proton transfer leads to formation of the final
Mannich product. The proposed sequence is therefore
consistent with a two-stage process involving initial Schiff-
base formation followed by activation of acetophenone and
nucleophilic addition to the imine. The proposed pathway
also agrees with the general mechanistic description of
acetophenone-derived Mannich reactions reported in the
literature 321,

4. conclusion

A convenient biocatalytic route has been developed for the
preparation of [p-aminoketones through nucleophilic
addition of acetophenones to preformed imines using
Baker’s yeast. The study established that direct one-pot
reaction of an aldehyde, amine, and acetophenone was
inefficient because the corresponding Schiff base was
formed preferentially. In contrast, preformation of the imine
followed by reaction with acetophenone provided the
desired Mannich product efficiently. Optimization
experiments demonstrated that ethanol was the most suitable
solvent among the solvents examined. The best result was
obtained when the preformed Schiff base and acetophenone
were treated with Baker’s yeast in ethanol at room
temperature for 36 h. Under these conditions, the model
product 3a was obtained in 90% yield. Application of the
optimized procedure to a series of substrates afforded -
aminoketones 3a-k in 88-93% yields. The products were
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characterized by melting-point determination, 1H-NMR
spectroscopy, and mass spectrometry.

The developed protocol offers several practical advantages,
including the use of Baker’s yeast as an inexpensive
biological catalyst, ethanol as the reaction medium, mild
temperature conditions, and a straightforward isolation
procedure. The method therefore provides an
environmentally attractive alternative for the synthesis of -
aminoketones  through  nucleophilic  addition  of
acetophenones to imines. The study further demonstrates the
potential of Baker’s yeast for promoting carbon-carbon
bond-forming reactions and contributes to the expanding
application of biocatalytic methods in synthetic organic
chemistry.
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