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1. INTRODUCTION

Multicomponent reactions (MCRs) are considered to be an important 
methodological boost for synthetic and medicinal chemists to apply 
for various synthetic transformations, where classical methods usually 
involve multi-steps and required tedious work p. The MCR methodology 
is an important tool for the generation of a library of new chemical 
entities, especially in the drug discovery process [1]. Multicomponent 
Mannich reaction has received more attention, as they solve both the 
diversity and convolution problems in organic synthesis [2-4].

Multi-component Mannich reaction is one of the most significant 
carbon-carbon bond formation reactions in organic synthesis to 
product β-aminocarbonyl compounds [5-10]. Several commercially 
available drugs as shown in Figure  1 are containing the β-amino 
carbonyl compounds [11-17].

At present, β-aminoketones are prepared with advance methods which 
give products with (i) higher yields, (ii) improved reaction rates, and 
(iii) cost-effective [18]. Several strategies have been adopted for the
synthesis of compounds that fulfill these conditions. There are mainly
three main routes adopted, as represented in Figure 2.

(1) Mannich reaction [19-21], (2) from the accessible enolates and
imines with the formation of a C–C bond [22,23], and (3) in another
route, β-aminoketones were prepared through an Aza-Michael reaction 
involving the addition of amines to α, β-Unsaturated ketones [24-26].

Michael reactions generally take place in basic medium [27,28]. 
Sometimes, these reactions were also catalyzed in presence of Lewis 
acids such as bismuth nitrate (Bi(NO3)3 [29], hydrated cerium (III) 
chloride (CeCl3·7H2O) [30], SmI2(THF)2 [31], and micellar solutions or 
by fixing stoichiometric ratio as reported in the literature [32]. Literature 
survey also reveals that β-aminoketones were prepared directly through 
reductive hydroamination of carbonyl alkynes through the chemo 
and region-selective synthesis of enamines with the hydroamination 
of terminal alkynes under catalytic conditions and also by the 
reduction of enaminones [33-40] under mild, eco-friendly catalyzed 
conditions [41-43]. β-aminoketones were also synthesized through the 
nucleophilic addition of acetophenones to imines as appeared in the 

literature [44-51] [Figure 3]. Unfortunately, the mostly reported methods 
were facing one or other short coming such as use of ionic liquid with 
co-catalyst, time taking, use of toxic solvents, and the use of metal 
supported catalysts and tedious recovery of catalyst process in work up. 
Thus, in view of the above said limitations, there is an immense need 
for the development of facile and effective eco-friendly method for the 
synthesis of Mannich bases. In this endeavors, we anticipated that the 
reactions mediated by Baker’s Yeast (BY) as biocatalyst will be perfect 
solution for the same.

BY is a eukaryotic single whole-cell micro-organism and belongs 
to the Fungi (Saccharomyces cerevisiae) family. BY requires either 
slightly acidic or neutral pH for the growth [52]. BY was first used 
in ancient Egypt for the fermentation of sugar in bread dough, and 
thereafter, it has been widely used as a household and commercial 
substrate for food processing. Moreover, BY has become a useful 
catalyst to the organic chemists for bio-transformations of organic 
reactions due to the ease of culturing and availability. The enzymes 
present in BY also have the ability to reduce carbonyl compounds 
into corresponding optically active alcohol with high re-selectivity 
and in good yields [53]. BY has also been used in various 
transformations, which include reduction of nitro group, C-C bond 
formation, lactonization and de-chlorination, and hydrolysis of esters 
[54-60]. The application of BY in various MCRs is comprehensively 
reviewed by Soumava [61]. The MCRs such as Biginelli reaction 
[62], Hantzsch reaction [63,64], Knoevenagel-Michael reaction 
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ABSTRACT
The present study describes the development of an efficient and facile synthesis of β-aminoketones (3a-k) through the nucleophilic 
addition of acetophenones to imines in the presence of Baker’s yeast (BY) as a bio-catalyst. The present method is very facile 
and works under a mild and eco-friendly environment using ethyl alcohol (C2H5OH) as a green solvent and BY as a biocatalyst. 
The reaction follows the simple workup which gives the products in good to excellent yields. Thus, it is presumed that this newly 
developed protocol will open a new gateway for the chemist in the area of organic synthesis, particularly for the preparation 
of β-aminoketones through the nucleophilic addition of acetophenones to imines in facile and green environmental conditions.
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[65,66], Kabachnik-Field reaction [67], and other MCRs reactions 
were also reported in the presence of BY [68]. In recent years, 
the use of biocatalysts for the synthesis of active pharmaceutical 
ingredients (APIs) and drug development through sustainable 
processes facilitates encouragement and creating interest among 
the scientific community in industry and academia. To our surprise, 
there is no report that appeared in the literature for the synthesis 
of β-aminoketones using BY through the nucleophilic addition of 

acetophenones to imines whereas other catalyzed methods have 
been reported as given in Figure 3.

In continuation of our thrust to develop novel environmentally eco-
friendly synthetic protocols for the various organic functional group 
transformations, we identified that S. cerevisiae (BY) catalyzed 
efficiently and chemo-selectively the synthesis of aldimines [69] 
and other reactions [70-72]. In-fact, this was the result we obtained 
when we tried to synthesize the β-aminoketones through one-pot 
three component Mannich reaction using BY as biocatalyst but could 
not be able to get the desired product, where as we got the imines 
of aldehydes as major products [Scheme 1] and the desired product 
is formed in minor or traces amount. Furthermore, no acetophenone 
imine formation was observed. This result gives us rethink to get 
the desired products of β-aminoketones by using BY. We decided 
to check the reaction of imines with acetophenones through the 
nucleophilic addition of acetophenones to imines pathway and to our 
encouragement, we got the product in good yields. Thus, herewith 
we wish to report the result of our studies for the formation of 
β-aminoketones through the nucleophilic addition of acetophenones 
to imines [Scheme 1].

2. EXPERIMENTAL

All the solvents were distilled and dried before use. The chemicals 
were purchased from commercial vendors and were used without any 
further purification. The reactions were monitored using TLC on silica 
gel 60 plates, with a typical ratio of petroleum ether ethyl acetate (8:2) 
as mobile phase. The 1H-NMR spectra were recorded on a Varian-
400MR spectrometer at 400MHz using CDCl3 and TMS as solvent 
and internal standard, respectively. DIP Mass Spectrum was recorded 
on an Agilent - G6160 A infinity lab LC/MSD/IQ mass spectrometer.

2.1. General procedure for the Synthesis of β-amino carbonyl 
compounds (Mannich Bases) (3a-k) through the nucleophilic 
addition of acetophenones to imines catalyzed by BY: Representative 
example of 3-(4-hydroxyphenyl)-3-((4-nitrophenyl)amino)-1-
phenylpropan-1-one (3a)
Schiff base obtained from 4-Nitroaniline and 4-Hydroxybenzaldehyde 
(1a) (1 mmol), acetophenone (2a) (1 mmol) is taken in 10  mL of 
Ethanol. To this 500 mg BY were added. The reaction mixtures were 
kept stirring on an orbital shaker for 3  days. After the completion 
of the reaction as indicated by TLC (ethyl acetate: hexane 20% as 
eluent), the reaction mixtures were filtered through Celite to remove 
the BY. The residue was washed with ethanol and filtered. To the 
obtained filtrate water (20 mL) was added and it is extracted with 
ethyl acetate (2 × 30 mL). The combined organic layers were 
collected and sodium sulfate is added to remove the moisture. The 
organic layers were evaporated to get the pure crude product. The 
obtained product was recrystallized with ethanol to get the pure 
β-amino carbonyl compounds (3a) in good to 90% yield. All the 
other compounds are known and synthesized by following the above 
general procedure and are characterized by their melting point, mass, 
and 1H-NMR spectral analysis.

Figure  2: Different approaches for the synthesis of 
β-aminocarbonyl compounds (Mannich bases).

Figure  1: Representative β-aminocarbonyl derivatives as 
marketed drugs.

Figure  3: Mass spectra of Mannich reaction: m/z: 182.24 
(M+1); 211.03 (M+ MeOH adduct) and 301.14 (traces of 
β-aminoketone). Scheme 1: Mannich reaction catalyzed by Baker’s yeast.



  KROS Publications	 142� www.ijacskros.com

Indian Journal of Advances in Chemical Science 2025; 13(3): 140-146

2.2. Spectral data for the synthesized compounds
2.2.1.  1.3-(4-hydroxyphenyl)-3-((4-nitrophenyl)amino)-1-
phenylpropan-1-one (3a)
Yield % 90: m. p.: 121–123°C: 1HNMR: (400 MHz,) δ 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.

2.2.2 .   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: 1HNMR: (400 MHz) δ 9.69 (s, 1H), 
7.45 (dt, J = 8.6, 7.7 Hz, 5H), 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.

2.2.3.  3.3-(2,4-dichlorophenyl)-3-((4-nitrophenyl)amino)-1-
phenylpropan-1-one (3c)
Yield % 88: m. p.: 150–152°C: 1HNMR (400 MHz) δ 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.

2.2.4.  4.3-(4-chlorophenyl)-3-((4-nitrophenyl)amino)-1-
phenylpropan-1-one (3d)
Yield % 90: m. p.: 113–115°C: 1HNMR: (400 MHz) δ 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.

2.2.5.  5.3-(4-methoxyphenyl)-3-((4-nitrophenyl)amino)-1-
phenylpropan-1-one (3e)
Yield % 90: m. p.:121–123°C: 1HNMR: (400 MHz,) δ 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, 5H), 3.92 (s, 5H), 3.80 (s, 16H), 3.75 (s, 5H), 3.51 (s, 
5H). Mass: 376.8.

2.2 .6 .   6 .3- (4- (d imethy lamino)phenyl ) -1-phenyl -3-
(phenylamino)propan-1-one (3f)
Yield % 93: m. p.: 202–204°C: 1HNMR: (400 MHz) δ 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, J = 
7.6 Hz, 1H), 3.31 (s, 1H), 3.05 (d, J = 8.5 Hz, 6H), 2.85 (s, 2H). Mass: 
344.3.

2.2.7 .   7 .4-((1-(4-(diphenylamino)phenyl)-3-oxo-3-
phenylpropyl)amino)-1,5-dimethyl-2-phenyl-1,2-dihydro-3H-
pyrazol-3-one (3g)
Yield % 90: m. p.: 167–169°C: 1HNMR: (400 MHz) δ 9.67 (s, 1H), 
7.70 (d, J = 8.7 Hz, 2H), 7.43 (ddd, J = 8.7, 5.6, 2.3 Hz, 6H), 7.26 (s, 
13H), 7.13 (d, J = 7.5 Hz, 2H), 7.05 (d, J = 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.

2.2.8.  8.3-(4-hydroxy-3-methoxyphenyl)-3-((4-methoxyphenyl)
amino)-1-phenylpropan-1-one (3h)
Yield % 92: m. p.: 135–137°C: 1H NMR (400 MHz) δ 8.36 (s, 2H), 
7.61 (d, J = 1.7 Hz, 2H), 7.26 (s, 1H), 7.24 (d, J = 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, 5H). Mass: 377.2.

2.2.9.  9.3-(4-hydroxyphenyl)-3-((2-nitrophenyl)amino)-1-
phenylpropan-1-one (3i)
Yield % 88: m. p.: 283–285°C: 1HNMR: (400 MHz) δ 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 . 2 . 1 0 .   1 0 . 1 - p h e n y l - 3 - ( p h e n y l a m i n o ) - 3 - ( 3 , 4 , 5 -
trimethoxyphenyl)propan-1-one (3j)
Yield % 92: m. p.: 148–150°C: 1HNMR: (400 MHz) δ 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), 3.91 (d, J = 6.4 Hz, 4H), 3.49 (s, 1H). 
Mass: 392.5.

2.2.11.  11.3-(4-chlorophenyl)-1-phenyl-3-(phenylamino)
propan-1-one (3k)
Yield % 90: m. p.: 113–115°C: 1HNMR (400 MHz,) δ 7.74 
(d, J = 8.8 Hz, 3H), 7.48–7.40 (m, 4H), 7.32 (dd, J = 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

In continuation of our ongoing work for the synthesis of Mannich 
bases, i.e., β-aminocarbonyl compounds. We started our experiments 
with the reactions of 4-Hydroxybenzaldehyde (1a), 4-Nitroaniline 
(2a), and acetophenone, in the presence of BY in ethanol in one pot. 
We got the desired product of Mannich base (3a) in trace amounts 
which is in agreement with our earlier report, where we confirmed that 
the Schiff bases of the aldehydes are the major product [Scheme 2].

To optimize the reaction conditions, the reaction of 
4-Hydroxybenzaldehyde (1a), 4-Nitroaniline (2a), and acetophenone 
was performed using different solvents at different time of intervals 
by employing BY as biocatalyst at room temperature. The results 
are summarized in Table 1. While screening the effect of solvents, 
it has been observed that THF, DCM, Benzene, toluene, and ethyl 
acetate did dot result any product as the reaction did not proceed 
in these solvents using BY/RT/12 h [Entries 1-5 of Table 1]. When 
the ethanol is used as a solvent in BY/RT/12 h only Schiff base is 
formed [Entry 6 of Table 1]. Even when the reaction is carried out in 
ethanol using BY at room temperature for 24 h, only the Schiff base 
is formed [Entry 7 of Table 1]. Interestingly, when this reaction is 
continued for further 12 h, i.e., totally for 36 h the traces amount of 
the desired product is formed [Entry 8 of Table 1]. Then, we decided 
to carry out the reaction by making the Schiff base first and then the 
addition of acetophenone to get the desired products. To our surprises 
and as per our expectation, the reactions worked and at BY/RT/12 h, 
we observed, the 35% yield [Entry 9 of Table 1] and for BY/RT/24 h 
60% yield [Entry 10 of Table 1]. Finally, we got the 90% yield, when 
we carried out the reaction using BY at RT for 36  h [Entry 11 of 
Table 1].

Thus, with the optimized condition in our hand, we started to 
synthesize the desired Mannich bases (3a-k) to check the effect of the 
substituent [Scheme 3]. The synthesized compounds by this method 
are characterized by their physical data and by 1H-NMR and mass 
spectral analysis, which are given in the experimental section. The 
synthesized compounds are known compounds and the results are in 
the agreement with the reported methods.

Scheme 2: Mannich reaction catalyzed by Baker’s yeast.
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Table 1: Optimization of synthesis of β‑aminocarbonyl compounds (Mannich Bases) through the nucleophilic addition of 
acetophenones to imines catalyzed by baker’s yeast (BY).

S. No. Reactants Solvent Reaction condition Yield % of 3a
1 4‑Hydorxybenzaldehyde (1a), 4‑Nitroaniline (2a) and 

acetophenone
THF BY/RT/12 hr NR

2 4‑Hydorxybenzaldehyde (1a), 4‑Nitroaniline (2a) and 
acetophenone

DCM BY/RT/12 hr NR

3 4‑Hydorxybenzaldehyde (1a), 4‑Nitroaniline (2a) and 
acetophenone

Benzene BY/RT/12 hr NR

4 4‑Hydorxybenzaldehyde (1a), 4‑Nitroaniline (2a) and 
acetophenone

Toluene BY/RT/12 hr NR

5 4‑Hydorxybenzaldehyde (1a), 4‑Nitroaniline (2a) and 
acetophenone

EtOAc BY/RT/12 hr NR

6 4‑Hydorxybenzaldehyde (1a), 4‑Nitroaniline (2a) and 
acetophenone

Ethanol BY/RT/12 hr Only Schiff base formation is observed

7 4‑Hydorxybenzaldehyde (1a), 4‑Nitroaniline (2a) and 
acetophenone

Ethanol BY/RT/24 hr Schiff base formed

8 4‑Hydorxybenzaldehyde (1a), 4‑Nitroaniline (2a) and 
acetophenone

Ethanol BY/RT/36 hr Schiff base formed majorly and trace amount 
of Mannich base is observed 

9 Schiff base and acetophenone* Ethanol BY/RT/12 hr 35% of Mannich base is formed
10 Schiff base and acetophenone* Ethanol BY/RT/24 hr 60% of Mannich base is formed
11 Schiff base and acetophenone* Ethanol BY/RT/36 hr 90% of Mannich base is formed
Note: *NR=No reaction, *The reaction is done by reacting 4‑Hydroxybenzaldehyde (1a), 4‑Nitroaniline (2a) for 12 h to first form the Schiff 
bases, then acetophenone is added to get the desired Mannich base (3a)

Scheme 3: Synthesis of β-aminocarbonyl compounds 
(Mannich Bases) (3a-k) through the nucleophilic addition of 
acetophenones to imines catalyzed by Baker’s yeast.

The signals observed in the 1H-NMR spectra of the Mannich bases 
are given in experimental section. In the 1H-NMR spectra of all the 
Mannich bases synthesized,   prominent signals which are   originating 
from C2 methylene group is appearing in the 3–4 ppm region as a 
doublet of doublet or multipletes were detected. Proton bonded for C3 
carbon atom appears in the range of 4–5ppm as triplet or multipletes. 
Proton bonded for C3 carbon atom appears in the range of 4–5 ppm 
as triplet or multiplets. The aromatic protons attached to the aromatic 
carbons from rings A, B, and C appear as multiplets and doublets in the 

Figure 4: Tentative mechanism of β-aminocarbonyl compounds 
(Mannich Bases) (3a-k) through the nucleophilic addition of 
acetophenones to imines catalyzed by Baker’s yeast.

range of 6–9 ppm of the aromatic region. All the masses are confirmed.

To put insight into the reaction mechanism of the present method, it is 
anticipated that the amino acid residues such as histidine, serine, and 
aspartate anion present with the enzymes of BY responsible to activate 
the reactants, resulting into acceleration of the rates of present reaction. 
The plausible mechanism of the Mannich base formation is depicted in 
Figure 4. BY first binds with the histidine proton and makes the chelation 
with the oxygen atom of the carbonyl group and polarizing the carbonyl 
bond to facilitate the nucleophilic aniline which binds with the aspartic 
anion to increase its nucleophilicity to attack on the carbonyl group and 
later on upon dehydration gives the corresponding Schiff base. After 
the formation of the Schiff base, the acetophenone again binds with the 
histidine proton and making the chelation with the oxygen atom of the 
acetophenone carbonyl group and converting it into its enol form. Then, 
this enol form binds with the carboxylate ion of aspartic acid to convert 
acetophenone into a nucleophilic enol which then attacks on the imine 
bond through nucleophilic attack and forming the new C-C bond and 
then finally by potation of nitrogen produce the final Mannich base. The 
proposed mechanism is in agreement with the reported mechanism the 
nucleophilic addition of acetophenones to imines [73].

4. CONCLUSION

Thus, we can conclude that the developed method is an efficient and 
facile method for the synthesis of β-aminoketones (3a-k) through the 
nucleophilic addition of acetophenones to imine bases using BY as 
bio-catalyst. The reactions were very facile and work under a mild 
and eco-friendly environment using ethyl alcohol (C2H5OH) as green 
solvent and BY as a bio-catalyst. Furthermore, the present method is 
very efficient as simple workup gives the products in good to excellent 
yields. Thus, it is anticipated that the present newly developed method 
will open a new route for the chemist to prepare the β-aminoketones 
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through the nucleophilic addition of acetophenones to imine bases in a 
facile and eco-friendly environment.

5. ACKNOWLEDGMENTS

The authors are thankful to the Dean School of Sciences, Maulana Azad 
National Urdu University (MANUU), Hyderabad 500032, Telangana, 
India, for encouraging the research activities and providing the basic 
facilities for this research work.

6. REFERENCES

1.	 S. E. John, S. Gulati, N. Shankaraiah, (2021) Recent advances 
in multi-component reactions and their mechanistic insights: 
A triennium review, Organic Chemistry Frontiers, 8: 4237-4287.

2.	 G. Dagousset, F. Drouet, G. Masson, J. Zhu, (2009) Chiral bronsted 

acid-catalyzed enantioselective multicomponent Mannich 
reaction: Synthesis of anti-1,3-diamines using enecarbamates as 
nucleophiles, Organic Letters, 11: 5546-5549.

3.	 C. Ayats, A. H. Henseler, E. Dibello, M. A. Pericas, (2014) 
Continuous flow enantioselective three-component anti-Mannich 
reactions catalyzed by a polymer-supported threonine derivative, 
ACS Catalysis, 4: 3027-3033.

4.	 Y. Luan, J. Yu, X. Zhang, S. E. Schaus, G. Wang, (2014) 
Diastereoselective three-component synthesis of β-amino 
carbonyl compounds using diazo compounds, boranes and acyl 
imines under catalyst-free conditions, The Journal of Organic 
Chemistry, 79(10): 4694-4698.

5.	 N. Isambert, M. M. S. Duque, J. C. Plaquevent, Y. Genisson, J. 
Rodriguez, T. Constantieux, (2011) Multicomponent reactions and 
ionic liquids: A perfect synergy for eco-compatible heterocyclic 
synthesis, Chemical Society Reviews, 40: 1347-1357.

6.	 A. Domling, W. Wang, K. Wang, (2012) Chemistry and biology of 
multicomponent reactions, Chemical Reviews, 112: 3083-3135.

7.	 Y. Gu, (2012) Multicomponent reactions in unconventional 
solvents: State of the art, Green Chemistry, 14: 2091-2128.

8.	 B. H. Rotstein, S. Zaretsky, V. Rai, A. K. Yudin, (2014) Small 
heterocycles in multicomponent reactions, Chemical Reviews, 
114: 8323-8359.

9.	 G. Ge, W. Ping, L. Peng, Z. Weihong, M. Liping, Z. Zhanhui, 
(2018) Deep eutectic solvent catalyzed one-pot synthesis of 
4,7-dihydro-1H-pyrazolo[3,4-b]pyridine-5-carbonitriles, Chinese 
Journal of Organic Chemistry, 38: 846-854.

10.	 M. Zhang, Q. Y. Fu, G. Gao, H. Y. He, Y. Zhang, Y. S. Wu, Z. H. 
Zhang, (2017) Catalyst-free, visible-light promoted one-pot synthesis 
of spirooxindole-pyran derivatives in aqueous ethyl lactate, ACS 
Sustainable Chemistry and Engineering, 5: 6175-6182.

11.	 P. M. O’Byrne, R. Williams, J. J. Walsh, J. F. Gilmer, (2014) 
Synthesis, screening and pharmacokinetic evaluation of 
potential prodrugs of bupropion. Part one: In vitro development, 
Pharmaceuticals (Basel), 7: 595-620.

12.	 W. Yuan, B. N. Williams, (2011) Monoarthritis induced by bupropion 
hydrochloride, Psychopharmacology Bulletin, 4: 85-87.

13.	 L. G. Taylor, S. T. Bird, L. Sahin, M. S. Tassinari, P. Greene, 
M. E. Reichman, S. E. Andrade, K. Haffenreffer, S, Toh, (2017) 
Antiemetic use among pregnant women in the United States: The 
escalating use of ondansetron, Pharmacoepidemiology and Drug 
Safety, 26(5): 592-596.

14.	 M. R. Rezka, K. A. Badr, (2014) Development, optimization 
and validation of a highly sensitive UPLC–ESI-MS/MS method 
for simultaneous quantification of amlodipine, benazeprile and 
benazeprilat in human plasma: Application to a bioequivalence study, 
Journal of Pharmaceutical and Biomedical Analysis, 98: 1-8.

15.	 R. Glaser, P. Hug, M. Drouin, A. Michel. (1992) Solution-and 
solid-state stereochemistry of (–)-α-lobeline hydrochloride and 
hydrobromide, a respiratory-stimulant drug, Journal of the 
Chemical Society, Perkin Transactions, 2: 1071-1079.

16.	 G. Rabbani, M. H. Baig, E. J. Lee, W. K. Cho, J. Y. Ma, I. Choi, 
(2017) Biophysical study on the interaction between eperisone 
hydrochloride and human serum albumin using spectroscopic, 
calorimetric, and molecular docking analyses, Molecular 
Pharmaceutics, 14: 1656-1665.

17.	 C. Zhou, G. Wu, Y. Feng, Q. Li, H. Su, D. Mais, E. Y. Zhu, 
N. Li, Y. Deng, D. Yang, M. W. Wang, (2008) Discovery and 

Table 2: Structures of the synthesized compounds (3a‑k).



  KROS Publications	 145� www.ijacskros.com

Indian Journal of Advances in Chemical Science 2025; 13(3): 140-146

biological characterization of a novel series of androgen receptor 
modulators, British Journal of Pharmacology, 154: 440-450.

18.	 M. H. Mohamed, M. E. Khaled, (2022) Recent progress in the 
chemistry of β-aminoketones, RSC Advances, 12: 24681-24712.

19.	 R. L. Robinson, (1917) LXIII.-A synthesis of tropinone, Journal 
of the Chemical Society, Transactions, 111: 762-768.

20.	 K. Sun, Y. Lv, Z. Zhu, B. Xiao, X. Wang, (2015) Oxidative 
C-S bond cleavage reaction of DMSO for C-N and C-C bond 
formation: New Mannich-type reaction for β-amino ketones, RSC 
Advances, 5: 3094-3097.

21.	 K. Matsumoto, S. Hashimoto, S. Otani, F. Atnita, J. Osugi, (1984) 
Mannich reaction under high pressee. Dimethylaminomethylation 
of ketones with bis(diethylamino)methane under mild conditions, 
Synthetic Communications, 14: 585-590.

22.	 S. Kobayashi, H. Ishitani, (1999) Catalytic enantioselective 
addition to imines, Chemical Reviews, 99: 1069-1094.

23.	 C. Sole, E. Fernandez, (2013) Alkoxide activation of aminoboranes 
towards selective amination, Angewandte Chemie International 
Edition, 52: 11351-11355.

24.	 X. J. Tang, Z. L. Yan, W. L. Chen, Y. L. Zhang, Y. Q. Wang, (2013) 
Aza-michael reaction promoted by aqueous sodium carbonate 
solution, Tetrahedron Letters, 54: 2669-2673.

25.	 D. Trubitson, J. Martonova, M. Kudrjasova, I. Jarving, T. Kanger, 
(2021) Enantioselective organocatalytic Michael addition to 
unsaturated indolyl ketones, Organic Letters, 23: 1820-1824.

26.	 S. D. Bull, S. G. Davies, S. Delgado-Ballester, G. Fenton, P. 
M. Kelly, A. D. Smith, (2000) The asymmetric synthesis of 
β-haloaryl-β-amino acid derivatives, Synlett,  9(2): 1257-1260.

27.	 S. G. Davies, T. D. McCarthy, (1995) An asymmetric synthesis 
of N-protected β-amino aldehydes and β-amino ketones, 
Synlett,  9(2): 700-702.

28.	 N. Srivastava, B. K. Banik, (2003) Bismuth nitrate-catalyzed 
versatile Michael reactions, The Journal of Organic Chemistry, 
68: 2109-2114.

29.	 G. Bartoli, M. Bosco, E. Marcantoni, M. Petrini, L. Sambri, E. 
Torregiani, (2001) Conjugate addition of amines to α,β-enones 
promoted by CeCl3·7H2O−NaI system supported in silica gel, 
The Journal of Organic Chemistry, 66: 9052-9055.

30.	 I. Reboule, R. Gil, J. Colli, (2005) Aza-Michael reactions 
catalyzed by samarium diiodide, Tetrahedron Letters, 46: 7761-
7764.

31.	 H. Firouzabadi, N. Iranpoor, A. A. Jafari, (2005) Micellar solution of 
sodium dodecyl sulfate (SDS) catalyzes facile Michael addition of 
amines and thiols to α,β-unsaturated ketones in water under neutral 
conditions, Advanced Synthesis and Catalysis, 347: 655-661.

32.	 P. Schuda, C. Ebner, T. Morgan, (1986) The synthesis of Mannich 
bases from ketones and esters via enaminones, Tetrahedron 
Letters, 27: 2567-2570.

33.	 R. SanMardín, E. Marigorta, E. Domífnguez, (1994) A convenient 
alternative route to β-aminoketones, Tetrahedron, 50: 2255-2264.

34.	 Y. Fukumoto, H. Asai, M. Shimizu, N. Chatan, (2007) Anti-
Markovnikov addition of both primary and secondary amines 
to terminal alkynes catalyzed by the TpRh(C2H4)2/PPh3 system, 
Journal of the American Chemical Society, 129: 13792-13793.

35.	 K. Hesp, M. Stradiotto, (2010) Stereo- and regioselective gold-
catalyzed hydroamination of internal alkynes with dialkylamines, 
Journal of the American Chemical Society, 132: 18026-18029.

36.	 D. Leitch, P. Payne, C. Dunbar, L. Schafer, (2009) Broadening the scope 
of group  4 hydroamination catalysis using a tethered ureate ligand, 
Journal of the American Chemical Society, 131: 18246-18247.

37.	 J. Bahri, R. Blieck, B. Jamoussi, M. Taillefer, F. Monnier, (2015) 
Hydroamination of terminal alkynes with secondary amines 
catalyzed by copper: Regioselective access to amines, Chemical 
Communications, 51: 11210-11212.

38.	 Y. You, S. Ge, (2021) Cobalt-catalyzed one-pot asymmetric 
difunctionalization of alkynes to access chiral gem-(borylsilyl)
alkanes, Angewandte Chemie International Edition, 60: 20684-
20688.

39.	 J. Seah, Y. Li, S. Pullarkat, P. H. Leung, (2021) Access to a chiral 
phosphine–NHC palladium(II) complex via the asymmetric 
hydrophosphination of achiral vinyl azoles, Organometallics, 
40: 2118-2122.

40.	 W. J. Hao, B. Jiang, S. J. Tu, Z. G. Han, F. Shi, (2009) A new mild 
base-catalyzed Mannich reaction of hetero-arylamines in water: 
Highly efficient stereoselective synthesis of β-aminoketones 
under microwave heating, Organic and Biomolecular Chemistry, 
7: 1410-1414.

41.	 J. T. Xu, G. Q. Xu, Z. Y. Wang, P. F. Xu, (2019) Visible light 
photoredox-catalyzed α-alkylation of cyclic tertiary arylamines, 
The Journal of Organic Chemistry, 84: 14760-14769.

42.	 O. Demirkol, D. Akbaşlar, S. Giray, B. Anıl, (2014) One-pot 
synthesis of Mannich bases under solvent-free conditions, 
Synthetic Communications, 44(9): 1279-1285.

43.	 B. C. Ranu, S. Samanta, K. G. Sankar, (2002) Zinc tetrafluoroborate 
catalyzed Mannich-type reaction of aldimines and silyl enol 
ethers in aqueous medium, Tetrahedron, 58: 983-988.

44.	 S. J. Nathan, L. S. Marc, H. H. Amir, (2004) Ag-catalyzed 
asymmetric Mannich reactions of enol ethers with aryl, alkyl, 
alkenyl, and alkynyl imines, Journal of the American Chemical 
Society, 126: 3734-3735.

45.	 K. Shu, M. Ryosuke, N. Yoshitaka, K. Hidetoshi, S. Masaharu, 
(2003) Catalytic, asymmetric Mannich-type reactions of 
N-acylimino esters:  Reactivity, diastereo- and enantioselectivity, 
and application to synthesis of N-acylated amino acid derivatives, 
Journal of the American Chemical Society, 125: 2507-2515.

46.	 H. Manabu, M. Toshikatsu, M. Katsuhiko, A. Manabu, I. Kazuaki, 
(2008) Pyridinium 1,1′-binaphthyl-2,2′-disulfonates as highly 
effective chiral brønsted acid−base combined salt catalysts for 
enantioselective mannich-type reaction, Journal of the American 
Chemical Society, 130: 16858-16860.

47.	 Z. Haile, M. Maria, T. Fujie, F. B. Carlos, (2006) 
3-pyrrolidinecarboxylic acid for direct catalytic asymmetric anti-
Mannich-type reactions of unmodified ketones, Journal of the 
American Chemical Society, 128: 9630-9631.

48.	 C. Armando, N. Wolfgang, Z. Guofu, M. B. Juan, F. B. Carlos, 
(2002) A highly enantioselective amino acid-catalyzed route to 
functionalized α-amino acids, Journal of the American Chemical 
Society, 124: 1842-1843.

49.	 C. Armando, W. Shin-ichi, T. Fujie, N. Wolfgang, F. B. Carlos, 
(2002) A highly enantioselective route to either enantiomer of 
both α- and β-amino acid derivatives, Journal of the American 
Chemical Society,124: 1866-1867.

50.	 S. Siang-en, L. Yu-Ting, J. Yeong-Jiunn, L. Wenwei, (2011) 
Organocatalytic tandem three-component reaction of imine, alkyl 
vinyl ketone, and imide via aza-Baylis-Hillman reaction, The 
Journal of Organic Chemistry, 76: 2888-2891.

51.	 P. Hosseinzadeh, M. H. Javanbakht, S. A. Mostafavi, M. Djalali, 
H. Derakhshanian, H. Hajianfar, A. Bahonar, A. Djazayery, 
(2013) Brewer’s yeast improves glycemic indices in type  2 
diabetes mellitus, International Journal of Preventive Medicine, 



  KROS Publications	 146� www.ijacskros.com

Indian Journal of Advances in Chemical Science 2025; 13(3): 140-146

4: 1131-1138.
52.	 C. J. Sih, C. S. Chen, (1984) Microbial asymmetric catalysis-

enantioselective reduction of ketones [new synthetic methods 
(45)], Angewandte Chemie International Edition, 23: 570-578.

53.	 H. Ohta, N. Kobayashi, K. Ozaki, (1989) Asymmetric reduction 
of nitro olefins by fermenting bakers’ yeast, The Journal of 
Organic Chemistry, 54: 1802-1804.

54.	 C. Fuganti, P. Grasselli, S. Servi, F. Spreafico, C. Zirotty, P. 
Casaty, (1984) On the steric course of bakers’ yeast reduction 
of alpha.-hydroxy ketones, The Journal of Organic Chemistry, 
49: 4087-4089.

55.	 F. Li, J. Cui, X. Qian, R. Zhang, (2004) A novel strategy for the 
preparation of arylhydroxylamines:  chemoselective reduction 
of aromatic nitro compounds using bakers’ yeast, Chemical 
Communications, 20: 2338-2339.

56.	 S. Gocho, N. Tabogami, M. Inagaki, C. Kawabata, T. Komai, 
(1995) Biotransformation of oleic acid to optically active 
γ-dodecalactone, Bioscience, Biotechnology, and Biochemistry, 
59: 1571-1572.

57.	 A. Wanikawa, K. Hosoi, I. Takise, T. Kato, (2000) Detection 
or γ-lactones in malt whisky, The Journal of the Institute of 
Brewing, 106: 39-44.

58.	 C. K. Savile, J. M. Janey, E. C. Mundorf, J. C. Moore, S. Tam, 
W. R. Jarvis, J. C. Colbeck, A. Krebber, F. J. Fleitz, J. Brands, 
P. N. Devine, G. W. Huisman, G. J. Hughes, (2010) Biocatalytic 
asymmetric synthesis of chiral amines from ketones applied to 
sitagliptin manufacture, Science, 329: 305-309.

59.	 I. M. Costa, L. Schultz, B. A. B. Pedra, M. S. M. Leite, S. H. 
P. Farsky, M. A. Oliveira, A. Pessoa, G. Monteiro, (2016) 
Recombinant L-asparaginase 1 from Saccharomyces cerevisiae: 
An allosteric enzyme with antineoplastic activity, Scientific 
Reports, 6: 36239.

60.	 M. Arroyo, J. L. Barredo, (2017) Chapter  17-biocatalysis for 
industrial production of active pharmaceutical ingredients (APIs), 
Biotechnology of Microbial Enzymes, 7, 451-473.

61.	 S. Soumava, (2019) Baker’s yeast catalyzed multicomponent 
reactions: A new hope? ChemistrySelect, 4: 12630-12637.

62.	 A. Kumar, R. A. Maurya, (2007) An efficient Bakers’ yeast 
catalyzed synthesis of 3,4-dihydropyrimidin-2-(1H)-ones, 
Tetrahedron Letters, 48: 4569-4571.

63.	 J. H. Lee, (2005) Synthesis of Hantsch 1,4-dihydropyridines by 
fermenting bakers’ yeast, Tetrahedron Letters, 46: 7329-7330.

64.	 A. Kumar, R. A. Maurya, (2007) Bakers’ yeast catalyzed synthesis 
of polyhydroquinoline derivatives via an unsymmetrical Hantzsch 
reaction, Tetrahedron Letters, 48: 3887-3890.

65.	 U. R. Pratap, D. V. Jawale, P. D. Netankar, R. A. Mane, (2011) 
Baker’s yeast catalyzed one-pot three-component synthesis of 
polyfunctionalized 4H-pyrans, Tetrahedron Letters, 52:  5817-
5819.

66.	 M. Saha, A. K. Pal, (2013) Fermented baker’s yeast: An efficient 
catalyst for the synthesis of pyran derivatives in water at room 
temperature, Synthetic Communications, 43: 1708-1713.

67.	 A. K. Bhattacharya, M. Mujahid, (2013) Efficient Bakers’ yeast-
catalyzed multi-component synthesis of α- amino-phosphonates 
in one pot, Synthetic Communications, 43(9): 2583-2589.

68.	 A. S. Chavan, A. S. Kharat, M. R. Kharat, R. A. Mane, (2017) 
A convenient Baker yeast accelerated, one-pot synthesis of 
pentasubstituted thiopyridines, Synthetic Communications, 
47: 1777-1782.

69.	 K. Samreen, U. Qasim, M. Arifuddin, A. K. Salman, R. Aram, 
(2023) Saccharomyces cerevisiae (Baker’s Yeast) catalyzed 
efficient and facile chemo-selective synthesis of aldimines, 
Results in Chemistry, 5: 100839.

70.	 L. Weihua, W. Yifeng, X. Danqian, (2018) Asymmetric synthesis 
of β-amino ketones by using cinchona alkaloid-based chiral 
phase transfer catalysts, Organic and Biomolecular Chemistry, 
16: 8704-8709.

71.	 R. Ali, E. Reza, G. Niloofar, (2019) Titanium tetrachloride 
incorporated crosslinked polystyrene copolymer as an efficient 
and recyclable polymeric Lewis acid catalyst for the synthesis 
of Β-amino carbonyl compounds at room temperature, Synthetic 
Communications, 49(21): 2915-2930.

72.	 K. Santosh, K. Arjun, R. Gajanan, B. Madhuri, S. Rajashri, 
(2012) Ultrasound promoted efficient and green synthesis of 
β-amino carbonyl compounds in aqueous hydrotropic medium, 
Ultrasonics Soniochemistry, 19: 812-815.

73.	 P. P. Vladimir, S. Dusica, M. M. Vesna, D. P. R. Zorica, (2018) 
Acetophenone Mannich bases: Study of ionic liquid catalyzed 
synthesis and antioxidative potential of products, Royal Society 
Open Science, 5: 181232.

*Bibliographical Sketch

�Dr. Qasim Ullah, is a Senior Assistant Professor in the Department of Chemistry, School of Sciences, Maulana Azad 
National Urdu University, Gachibowli, Hyderabad TS (INDIA). He completed his PhD in 1998 from Aligarh Muslim 
University, Aligarh UP (INDIA). He is having almost 20 Years of teaching experience. He has published more than 30 
research papers and several book chapters. Moreover, he has edited 6 books for UG students in Urdu Medium. He is a life 
member of ACTRA since 2018 and M.A.R.A.I, KERALA since 2024. He has been awarded APJ ABDUL KALAM 2024 for 
outstanding Researchers by ARAI, KERALA.


