ORIGINAL ARTICLE

e-ISSN: 2349-0659 p-ISSN; 2350-0964

Stereochemistry of Dihydropyrimidinones Derivatives
Synthesized by Brick Dust Catalytic Reaction
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ABSTRACT

A number of catalytic synthetic reactions have been reported which play the important role in stereochemistry of compounds. The key to
the success of this protocol was the generation of stereogenic centers in 1, 4-Dihydropyrimidinones (DHPMs) and the influence of catalysts
on their configuration. Waste brick dust was found to be an effective catalyst, generating chiral DHPMs derivatives using aryl aldehyde, urea,
and ethyl acetoacetate. This work mainly focuses on the stereochemistry of brick-dust catalyzed DHPMs derivatives. Discovery of brick dust
catalyst associated with several benefits such as rapid clean reaction, simple, and ease work-up.
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INTRODUCTION

Dihydropyrimidinones (DHPMs) is a nitrogen-containing
heterocyclic nucleus that was first discovered by Pietro Biginelli
in 1893.1" The Biginelli reaction is a three-component cyclo
condensation reaction between substituted or unsubstituted
aldehyde, urea, and 1,3-dicarbonyl compound resulting in
the formation of 1,4-DHPM derivatives.? Pyrimidines have
made significant progress in their development over the past
many decades and their derivatives have gained attention for
their broad range of biological applications.®! Series of FDA-
approved pyrimidine derivatives with their commercial products
such as imatinib,” nilotinib,”®! dasatinib,’® sulfadiazine,” and
rosuvastatin®® are available in market [Figure 1]. Very recently,
DHPMs derivatives have emerged as a [-glucuronidase
inhibitors,”” calcium channel blockers,"*' anti-bacterial,"
anti-fungal,'? anti-cancer,"*'¥ anti-viral,"*! anti-inflammatory,!'?!
anti-malarial agents,"'” anti-hypertensive,'® and o1-adrenergic
antagonists agents.!'!

A catalyst acts as an important tool for the study of organic
molecules, catalyzing a diverse range of synthetic transformations.
In 2021, the Nobel prize in chemistry was awarded to Benjamin
List?? and David W.C. MacMillan,2" for their discovery of
organocatalysis. The heterogeneous catalyst plays a crucial role in
the stereochemistry of compounds. For example, with a palladium
catalyst, alkyl electrophiles show stereospecificity and inversion of
the stereogenic center, while with a nickel catalyst, alkyl halides
show racemization of electrophilic carbon.??

Recently, metal oxides are used as a catalyst in several
organic reactions but their cost is an important factor affecting
the total production of final product,?>?? Brick dust contains
dominantly metal oxides such as SiO,, ALLO,, CaO, and MgO in
variable proportions,?’3% These oxides are known for their ability
as dehydrating agents. Ceramic residue like brick dust can be used
to synthesize bioactive molecules and their intermediates with
a faster rate, a shorter time, a higher yield, and great selectivity.
The stereochemical aspects of DHPMs are not yet resolved,
so we decided to demonstrate the effect of catalysts on the
stereochemistry of compounds. With the continuation of our
previous study, in this, we describe the stereochemistry of DHPM
and their stereochemical implications.
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EXPERIMENTAL

Material and Methods

All the chemicals were brought from CDH, Loba Chemie, Merk,
and Sigma-Aldrich, and analytical grade solvents were used. All
the compounds were prepared with urea, aryl aldehyde, and
ethyl acetoacetate in the presence of a brick dust catalyst. To
determine the specific rotation, the synthesized compounds
were tested digital polarimeter ANTON PAAR of model number
MCP 500.

General Procedure

Synthesis of designed derivatives

We have synthesized following 12 DHPMs derivatives using brick
dust catalyst as per Biginelli reaction.?*?>27) All the synthesized
compounds are given in Table 1.

Procedure for study of stereochemical aspects of synthesized
derivatives
Specific rotation of blank solution

To record the reading of the blank solution, the blank solution
(methanol) was placed into a syringe and injected into the cell
of polarimeter. Once the machine finished, the complete data
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Table 1: Synthesized DHPMs derivatives

Table 1: (Continued)

S. No. Code Structure S. No. Code Structure
1 BD1 OCH, 9 BD9 OH
10 BD10
2 BD2 Cl
O H
H, H C2
N0 CHy
O)\l}l CH, 1 BD11
H
3 BD3
02';1_1 H® Hy
N | 0" ““CH,4
O)\N CH,
0 12 BD12
4 BD4 NO,
O H
H, H C2
N | O"7"CHj
O)\N CH, DPHM: Dihydropyrimidines
H
5 BD5 O,N including specific rotation and optical rotation were measured at
room temperature using a wavelength of 589 nm. To standardize
H H O H, the instrument, the whole procedure was repeated 3 times till the
‘N | o’C’\c;H3 repeatability was achieved.
O)\l}l CHs
H Specific rotation of synthesized derivatives
6 BD6 At room temperature, freshly prepared stock solutions of all the
0 H synthesized compounds were prepared. In a beaker, 12 mg of
H LH ,Cf BD-1 was dissolved in 5 ml of solvent (methanol) with continuous
j\ | 0" CH, stirring until a clear stock solution was obtained. The sample was
O™ "N” “CHj injected into the pot of a polarimeter at room temperature using
H a wavelength of 589 nm. The machine begins to record data,
7 BD7 H3C, CHj with real-time readings at the top-left corner. Once the machine
N finished, the complete data including specific rotation and optical
rotation was measured. Use a syringe filled with a blank solution
to clean the polarimeter cell and flush the sample out from the
cell. The same procedure was then followed for the rest of the
synthesized compounds.
ResuLts AND Discussion
8 BD8

(Contd...)

As per Cross and Kelogg, temperature effects the optical rotation
and its configuration in various catalytic reactions.?®! In addition, it
has also been reported the effect of solvent on the stereochemistry
of the compounds by Ko et al®V It was also studied that, in
the presence of non-polar solvents such as acetonitrile, the
compounds exhibit strong intramolecular hydrogen bonding
between solvent and solutes. However, if the solvent changes
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Table 2: Stereochemical data of dihydropyrimidines (DHPMs)

Table 2: (Continued)

S.No.  Code Structure Optical Specific
rotation rotation

S.No.  Code Structure Optical

rotation

Specific
rotation

-0.003 -1.1
-0.0014 -5.6

Blank  Methanol CH,0H
1 BD1 OCH,

2 BD2 Cl -0.021 -8.3

3 BD3 0.003 +1.2

4 BD4 -0.023 -9

5 BD5

6 BD6 -0.019 -74

7 BD7 0.512 +204.8

8 BD8 -0.016 -6.4

(Contd...)

9 BD9 OH —-0.026 -10.4

10 BD10 -0.03 -11.8

1 BD11

12 BD12

-0.023 -9.2

from acetonitrile to methanol, the repulsion between two
dipoles causes conformational changes. Whereas the increase
in the concentration of solute also affects the optical activity as
the concentration of solute increases, the effect solute-solute
interaction decreases the effect of solvent giving the constant
value of all the compounds.?! From the reported data, it is also
concluded that the effect of substituent has very less effect on the
stereoselectivity of compounds.B

Allcompoundswereanalyzedatthesametemperature, solvent,
wavelength, and concentration. As per results of the above data,
a variety of aryl aldehydes bearing various types of substituents
underwent the reaction to afford the high enantioselectivity
[Table 1]. The result indicates that all the dihydropyrimidines have
a levorotatory (S) configuration except compound BD3 and BD?,
which have a dextrorotatory(R) configuration, with the electron-
withdrawing nitro group at ortho position and electro-donating
N-dimethyl amino group at the para position.

The effect of the catalyst on the stereochemistry of DHPMs
was investigated vis the reaction mechanism [Scheme 1]. The
increased percentage of SiO, on the surface of brick dust was an
important factor in the increase in hydroxyl group on the surface
of catalyst, which reacted with the carbonyl group of aldehyde and
activated it [Step 1, Scheme 1]. In addition, the activated aldehyde
further reacted with ethyl acetoacetate and blocked one side of
ethyl acetoacetate. The nucleophile (urea) attacks on the opposite
side of the molecule, causing SN, substitution [Step 2, Scheme 1],
resulting in the generation of a chiral center and change in the
orientation of the DHPMs as shown in Table 2.
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Figure 1: Some of the commercially available pyrimidine derivatives
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Scheme 1: Reaction mechanism of DHPMs
CONCLUSION and ease of purification. This new methodology fulfills all the

conditions of an efficient reaction and opens the door for the

DHPMs were prepared using brick dust catalysts in good yield synthesis of a large number of heterocyclic nucleuses.

within a short period of time. The influence of the catalyst was
studied with its reaction mechanism and it was determined that
brick dust catalysts gave the majority of levorotatory products ACKNOWLEDGMENT

with (5) configurations. The main features of this protocol are We gratefully acknowledge, Lovely Professional University,
short reaction time, operational simplicity, high yield, solvent-free,  India, under the scheme of R&D Doctoral Research Program.

Asian Pacific Journal of Health Sciences | Vol. 9 | Issue 2 | April-June | 2022 286



Divya Chauhan, et al.: Stereochemistry of dihydropyrimidinones derivatives

www.apjhs.com

We are thankful to SLIET Longowal for providing the facility for
stereochemical study.

REFERENCES
1.

287

Kappe CO. 100 years of the biginelli dihydropyrimidine synthesis.
Tetrahedron 1993;49:6937-63.

Fatemeh S, Hatkehlouei T, Mirza B, Soleimani-Amir S. Solvent-
free one-pot synthesis of diverse dihydropyrimidinones/
tetrahydropyrimidinones using biginelli reaction catalyzed by
Fe304@C@0SO3H. Polycycl Aromat Compd 2020;42:1-17.

Guggilapu SD, Prajapti SK, Nagarsenkar A, Lalita G, Modi G, Vegi N,
et al. MoO,Cl, catalyzed efficient synthesis of functionalized
3,4-dihydropyrimidin-2(1H)-ones/thiones and polyhydroquinolines:
Recyclability, fluorescence and biological studies. N J Chem
2016;40:838-43.

Oliveira A, Moura S, Pimentel L, Neto J, Dantas R, Silva-Jr F, et al. New
imatinib derivatives with antiproliferative activity against A549 and
K562 cancer cells. Molecules 2022;27:750.

Meloun M, Pilarova L, Javurek M, Pekarek T. A search for the
protonation model with thermodynamic dissociation constants
and (extra)-thermodynamics of nilotinib hydrochloride (TASIGNA).
J Solution Chem 2019;48;702-31.

Sodeifian G, AlwiRS, Razmimanesh F, Abadian M. Solubility of dasatinib
monohydrate (anticancer drug) in supercritical CO,: Experimental
and thermodynamic modeling. J Mol Liq 2022;346:117899.

Taglietti A, Dacarro G, Barbieri D, Cucca L, Grisoli P, Patrini M, et al. High
bactericidal self-assembled nano-monolayer of silver sulfadiazine on
hydroxylated material surfaces. Materials (Basel) 2019;12:12172761.
Mercep I, Radman |, Trkulja V, Bozina T, Simicevic L, Budimir E, et al.
Loss of function polymorphisms in SLCO,B, (c.5, T>C, rs4149056)
and ABCG, (c.421C>A, rs2231142) genes are associated with adverse
events of rosuvastatin: A case-control study. Eur J Clin Pharmacol
2022;78:227-36.

Karimian S, Moghdani Y, Khoshneviszadeh M, Pirhadi S, Iraji A,
Khoshneviszadeh M. Rational design, synthesis, in vitro, and in silico
studies of dihydropyrimidinone derivatives as p-glucuronidase
inhibitors. J Chem 2021;2021:6664756.

Oboudatian HS, Moradian M, Naeimi H. Morpholinum sulphate salt
immobilized onto magnetic NPs catalyzed sonication green synthesis
of dihydropyrimidinones. J Clust Sci 2022;23:1-13.

Mirzayi S, Kakanj M, Sepehri S, Alavinejad B, Bakherad Z, Ghazi-
Khansari M. Design and synthesis of tetrahydropyrimidinone(thione)-
triazole hybrid scaffolds and evaluation of their biological activities.
Phosphorus Sulfur Silicon Relat Elem 2021;196:1109-16.

Oyebamiji AK, Semire B. In-silico study on anti-bacteria and anti-
fungal activities of 3,4-dihydropyrimidin-2(1H)-one urea derivatives.
Chem Afr 2021;4:149-59.

Ristovski (Trifunovic) J, Minorics R, Bartha S, Jankovic N, Zupko I.
The evaluation of the anticancer activity of the Biginelli hybrids and
pharmacokinetic profiling based on their retention parameters. J Mol
Struct 2022;1254;132373.

Vala RM, Sharma MG, Patel DM, Puerta A, Padrén JM, Ramkumar V,
et al. Synthesis and in vitro study of antiproliferative benzyloxy
dihydropyrimidinones. Arch Pharm (Weinheim) 2021;354:e202000466.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

Kaoukabi H, Kabri Y, Curti C, Taourirte M, Rodriguez-Ubis JC, Snoeck R,
et al. Dihydropyrimidinone/1,2,3-triazole hybrid molecules: Synthesis
and anti-varicella-zoster virus (VZV) evaluation. Eur J Med Chem
2018;155:772-81.

Podilla N, Tirthankar C. Synthesis of some dihydropyrimidinone
derivatives and study of their anti-inflammatory activity. J Appl
Pharm Res 2018;6:11-5.

Adigun RA, Malan FP, Balogun MO, October N. Substitutional effects
on the reactivity and thermal stability of dihydropyrimidinones. J Mol
Struct 2021;1223:129193.

Rovnyak GC, Atwal KS, Kimball KD, O'Reilly BC, Schwartz J, Hedberg A,
et al. Dihydropyrimidine calcium channel blockers. 4. Basic
3-Substituted-4-aryl-1,4-dihydropyrimidine-5-carboxylic acid esters.
Potent antihypertensive agents. J Med Chem 1992;35:3254-63.
Barrow JC, Nantermet PG, Selnick HG, Glass KL, Rittle KE, Gilbert KF,
etal.Invitro,and invivo, evaluation of dihydropyrimidinone C-5 amides
as potent and selective o(1A) receptor antagonists for the treatment
of benign prostatic hyperplasia.  Med Chem 2000;43:2703-18.
Aukland MH, List B. Organocatalysis emerging as a technology. Pure
Appl Chem 2021;93:1371-81.

Lassaletta JM. Spotting trends in organocatalysis for the next decade.
Nat Commun 2020;11:3787.

Harris MR, Hanna LE, Greene MA, Moore CE, Jarvo ER. Retention or
inversion in stereospecific nickel-catalyzed crosscoupling of benzylic
carbamates with arylboronicesters: Control of absolute stereochemistry
with an achiral catalyst. J Am Chem Soc 2013;135:3303-6.
Movaheditabar P, Javaherian M, Nobakht V. Synthesis and catalytic
application of a curcumin-based bio-MOF in one-pot preparation
of tetrahydroquinazolinone derivatives via Biginelli reaction. Appl
Organomet Chem 2022;36:€6602.

Lin KL, Chen BY, Chiou CS, Cheng A. Waste brick’s potential for
use as a pozzolan in blended portland cement. Waste Manag Res
2010;28:647-52.

Chen P, Tu M. Synthesis of 2-selenoxo DHPMs by Biginelli reaction
with Hf(OTf)4 as catalyst. Tetrahedron Lett 2018;59:987-90.

Yao N, Lu M, Liu XB, Tan J, Hu YL. Copper-doped mesoporous silica
supported dual acidic ionic liquid as an efficient and cooperative
reusability catalyst for Biginelli reaction. J Mol Liq 2018;262:328-35.
Do Nascimento LG, Dias IM, de Souza GB, Dancini-Pontes |,
Fernandes NR, de Souza PS, et al. Niobium oxides as heterogeneous
catalysts for biginelli multicomponent reaction. J Org Chem
2020;85:11170-80.

Cross GA, Kellogg RM. Zinc halide induced switch in enantioselection
in nickel and palladium catalysed cross coupling reactions. J Chem
Soc Chem Commun 1987;22:1746-7.

Eliel EL, Wilen SH. Stereochemistry of Organic Compounds. United
States: Wiley; 1994.

LiN, Chen XH, Song J, Luo SW, Fan W, Gong LZ. Highly enantioselective
organocatalytic Biginelli and Biginelli-like condensations: Reversal of
the stereochemistry by tuning the 3,3’-disubstituents of phosphoric
acids. J Chem Soc 2009;131:15301-10.

Ko K, Eliel E. Asymmetric Synthesis of (5R,6S)-6-Acetoxy -5-hexa
decanolidteh, the major component of the oviposition attractant
pheromone of the mosquito culex pipens fatigans, and two of its
stereoisomers. J Org Chem 1986;51: 5353-62.

Asian Pacific Journal of Health Sciences | Vol. 9 | Issue 2 | April-June | 2022




