
RSC Advances

PAPER

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 0

5 
Ju

ne
 2

02
3.

 D
ow

nl
oa

de
d 

on
 4

/3
/2

02
6 

6:
44

:4
4 

PM
. 

 T
hi

s 
ar

tic
le

 is
 li

ce
ns

ed
 u

nd
er

 a
 C

re
at

iv
e 

C
om

m
on

s 
A

ttr
ib

ut
io

n-
N

on
C

om
m

er
ci

al
 3

.0
 U

np
or

te
d 

L
ic

en
ce

.

View Article Online
View Journal  | View Issue
Caesium carbona
aLaboratory of Organic and Medicinal Chem

University of Punjab, Bathinda, Punjab, 151

com; vinod.kumar@cup.edu.in; Tel: +91164
bDepartment of Computational Sciences, Sch

Punjab, 151401, India
cGitam School of Pharmacy, Hyderabad, Tel
dDepartment of Chemistry, Panjab Universit

† Electronic supplementary information (
and crystallographic data in CIF or
https://doi.org/10.1039/d3ra00773a

Cite this: RSC Adv., 2023, 13, 16899

Received 5th February 2023
Accepted 23rd May 2023

DOI: 10.1039/d3ra00773a

rsc.li/rsc-advances

© 2023 The Author(s). Published by
te promoted regioselective O-
functionalization of 4,6-diphenylpyrimidin-2(1H)-
ones under mild conditions and mechanistic
insight†
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kumar,a Subash Chandra Sahoo, d Sudip Chakrabortyb and Vinod Kumar *a

A facile one-step catalyst free methodology has been developed for the regioselective functionalization of

4,6-diphenylpyrimidin-2(1H)-ones under mild conditions. Selectivity towards the O-regioisomer was

achieved by using Cs2CO3 in DMF without use of any coupling reagents. A total of 14 regioselective O-

alkylated 4,6-diphenylpyrimidines were synthesized in 81–91% yield. In the DFT studies it was observed

that the transition state for the formation of the O-regioisomer is more favourable with Cs2CO3 as

compared to K2CO3. Furthermore, this methodology was extended to increase the O/N ratio for the

alkylation of 2-phenylquinazolin-4(3H)-one derivatives.
1. Introduction

Pyrimidine is a versatile scaffold found in a number of bioactive
compounds including drug molecules. Several active pharma-
ceutical agents containing the pyrimidine scaffold are in
various phases of clinical trials and uses (Fig. 1).1–4 A range of
substituents/functional groups have been explored at different
positions of pyrimidinones to evaluate their impact on the
activity.5–11 In particular, specic attention has been paid to the
selective N/O-alkylation of the pyrimidinones.12 Conventionally,
functionalisation of the N and O sites of pyrimidinones has
been achieved through two different approaches. The selective
O-alkylation of pyrimidin-2(1H)-ones was achieved by chlori-
nation of pyrimidin-2(1H)-ones followed by substitution reac-
tion with an alcohol.13 On the other hand, selective N-alkylated
adducts were synthesised from pyrimidin-2-one using alkyl
halide, aqueous sodium hydroxide and a phase transfer catalyst
such as triethylbenzylammonium chloride.14 Similarly, reaction
of alkyl halide with K2CO3 as a base under reux conditions
provided N-alkylated products in moderate yields.15 Recently,
Mansouri et al. (2019) reported a microwave-assisted single-pot
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reaction for the selective N-functionalisation of pyrimidine
derivatives using (bis(trimethylsilyl)amide)/KI (HMDS/KI) as
a catalyst.16

Alkylation of pyrimidin-2(1H)-ones with alkyl halides
predominantly produced N-alkylated products.8,17 Hopkins et al.
studied the ambident anion chemistry of 2-hydroxypyrimidines
for their alkylation towards various alkyl halides and alkali
salts. The alkylation reactions were found to favour the nitrogen
site and N to O ratio for the substitution was found to be
insensitive to the nature of alkali metal. A slight improvement
in the O-alkylated product was observed when silver salts were
used.18 Later, Gacek and Undheim also showed the same
characteristics for the alkylation of 5-halopyrimidin-2-ones and
established that yield for O-isomer can be increased by using
silver salts. Exclusive O-isomer was synthesized through
a multistep protocol.14 Similarly, Meščić et al. synthesised 5-
hydroxyalkyl substituted N-acyclic and O-acyclic pyrimidines in
almost equimolar ratio using K2CO3 and DMF.19 There is hardly
any report for the selective O-alkylation of pyrimidinones in
a single step. In an attempt to regio-selectively synthesize O-
alkylated product in a single step, B. S Møller and co-workers
reported selective synthesis of O-alkyloxy products using
Cs2CO3 in anhydrous DMF at 0 °C.20 However, a-haloethers were
used to carry out the selective O-alkylation and a-oxygen atom
was an indispensable requirement in the form of ether or ester
to functionalise the alkyl chlorides. It was observed that in the
absence of the a-oxygen atom, generallyN-alkylated regioisomer
was obtained as a major product. Recently, Mittersteiner et al.
reported regioselective O-alkylation of 4-(triuoromethyl)pyr-
imidin-2(1H)-ones but scope of electrophile used for these
transformations was only limited to 4-(iodomethyl)
RSC Adv., 2023, 13, 16899–16906 | 16899

http://crossmark.crossref.org/dialog/?doi=10.1039/d3ra00773a&domain=pdf&date_stamp=2023-06-05
http://orcid.org/0000-0002-1406-6911
http://orcid.org/0000-0002-1438-9438
https://doi.org/10.1039/d3ra00773a
http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d3ra00773a
https://pubs.rsc.org/en/journals/journal/RA
https://pubs.rsc.org/en/journals/journal/RA?issueid=RA013025


Fig. 1 Biologically active compounds with a pyrimidine nucleus.
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View Article Online
pyrimidines.21 Therefore, a synthetic methodology is desired for
the regioselective O-alkylation of pyrimidinones/
quinazolinones under mild conditions. Herein, we report
a method for the regioselective O-alkylation of pyrimidinones
under benign conditions using Cs2CO3 in dimethyl formamide
as solvent. The products were obtained regioselectivity in high
to excellent yields.

2. Experimental section
2.1 General

All the chemicals were purchased from Sigma-Aldrich, Avra
synthesis, Qualikems Fine Chem, Spectrochem and other
chemical companies and used without further purication. 4,6-
Bis(4-methoxyphenyl)pyrimidin-2(1H)-ones were synthesised
via Biginelli type reaction.22 Progress of the reaction was
monitored through thin layer chromatography (TLC) and mass-
spectroscopy. Ethyl acetate and petroleum ether solutions (1 : 5,
1 : 3 & 1 : 2) were used as the mobile phase for the purication of
the compounds through column chromatography. Mass spectra
were recorded on GC-MS (ESI), Department of Pharmaceutical
Sciences and Natural Products (PSNP) & Central Instruments
Laboratory (CIL), Central University of Punjab, Bathinda. 1H
and 13C spectra were recorded on JEOL JNM ECS400 or Bruker
Avance HD III 500 instruments at 400 MHz and 500 MHz in
CDCl3 as solvent at IIT Ropar and GNDU Amritsar, respectively.
Chemical shis were recorded in parts per million downeld to
internal standard tetramethyl silane.

2.2 Typical procedure for alkylation of 4,6-
diphenylpyrimidin-2(1H)-one

To a 25 mL round bottom ask (RBF), 4,6-diphenylpyrimidin-
2(1H)-one (0.16 mmol), caesium carbonate (0.16 mmol) was
added and solubilized in DMF. The RBF was kept inside an ice
16900 | RSC Adv., 2023, 13, 16899–16906
bath and organic halide (0.19 mmol) was carefully added to it.
Thereaer, the reaction mixture was kept for stirring at room
temperature for 8 hours. Progress of the reaction wasmonitored
through TLC and GC-MS. To the reaction mixture (15 mL) water
was added and aqueous phase was extracted with ethyl acetate
(20 mL × 3), washed with brine, dried over sodium sulphate
and the organic solvent was evaporated under vacuum using
rotary evaporator to obtain 2a and 3a (Table 1).
2.3 Computational details

All the calculations were performed using DFT method in the
Gaussian 16 suite.23 The intermediates and the transition states
were optimized in the gas phase without any symmetry
constraints using B3LYP exchange–correlation functional for all
the structures24 with Grimme empirical dispersion correction
D3 (ref. 25) in conjunction with Karlsruhe def2-SVP basis set for
all the atoms.26 Frequency analysis was conducted at the same
level of theory on the optimized geometries to determine
whether the stationary points are minima. Using the Linear
Synchronous Transit (LST)27 method, transition state guesses
were searched on the potential energy surface, and the subse-
quent optimization was performed using the Berny algorithm.
The transition states and the adjacent intermediates were
connected by performing Intrinsic reaction coordinates (IRC)
calculations.28 Furthermore, to rene the energetics of the
system single-point energy calculations were carried out on the
optimized structures using the same functional B3LYP-D3 for
all the structures employing a higher valence triple-zeta polar-
ization valence basis set def2-TZVP. Solvation energies in N,N-
dimethylformamide (DMF) solvent was evaluated by a self-
consistent reaction eld (SCRF) approach using the SMD
continuum solvation model29 as conducted in the experimental
setup. Tight wave function convergence criteria were used
during single-point energy calculations. The gures and 3D
© 2023 The Author(s). Published by the Royal Society of Chemistry
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Table 1 Optimization of reaction conditionsa

Entry Solvent Base Time (h) Yieldb (%) 2ac

1 DMF K2CO3 8 58(42)
2 DMF Na2CO3 8 36(30)
3 DMF NaHCO3 8 29(8)
4 DMF KOC(CH3)3 8 52(38)
5 DMF Cs2CO3 8 89(11)
6 NMP Cs2CO3 24 70
7 THF Cs2CO3 24 61
8 DMSO Cs2CO3 24 79
9 can Cs2CO3 24 69
10 Dioxane Cs2CO3 48 —
11 DMF NaH 8 2
12 DMF Cs2CO3 8(80 °C) 62(38)
13 DMF Cs2CO3 8(120 °C) 57(43)

a Unless mentioned, 4,6-bis(4-methoxyphenyl)-pyrimidin-2(1H)-one (0.16 mmol), base (0.16 mmol), and solvents (5 mL) were used in the reaction;
addition of propargyl bromide (0.19mmol) was done at 0 °C and thereaer stirring at room temperature for 8 h. b Isolated yield. c Yield of 3a is given
in parenthesis wherever applicable.
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View Article Online
images of the optimized geometries were drawn using Chem-
Draw Professional 16.0 and CYLview visualization soware,
respectively.30
3. Results and discussion

Since last few years, we are working on the design and synthesis
of pyrimidine and quinazoline based heterocycles. The
synthesized compounds are being screened for multi-potent
activity against different targets for the treatment of Alz-
heimer's disease.10,11,31–37 In continuation of this, we got inter-
ested in the functionalization of pyrimidine and quinazoline
with propargyl bromide. Initially, propargyl bromide mediated
alkylation of 6-bis(4-methoxyphenyl)pyrimidin-2(1H)-one (1)
was attempted using K2CO3 and dimethyl formamide (DMF) as
solvent. The reaction completes aer 8 h of reaction time and O-
alkylated and N-alkylated products were obtained in 58% and
42% yield, respectively. The literature search revealed that N-
alkylated product is common under basic conditions however,
single step O-alkylation is not much explored. The regioselective
O-alkylation of 2,4-diphenylpyrimidinones was achieved by
Wan et al.38 using BOP as reagent. Thus, we got interested in the
regioselective O-alkylation of pyrimidinones and quinazoli-
nones under milder conditions and without using any catalyst
or coupling reagent.

4,6-Bis(4-methoxyphenyl)pyrimidin-2(1H)-one (1) was taken
as a model substrate and different set of conditions including
different bases and solvents were explored for the regioselective
© 2023 The Author(s). Published by the Royal Society of Chemistry
O-alkylation. Different combination of bases like Na2CO3,
Cs2CO3, NaHCO3, NaH, KOC(CH3)3 and solvents like CH3CN,
dioxane, DMSO, NMP, THF were explored for the optimization
of product yield (Table 1). The combination of Na2CO3/DMF,
NaHCO3/DMF and KOC(CH3)3/DMF provided mixture of N- and
O-alkylated products in varying yield. Cs2CO3 provided O-alky-
lated product regioselectively with CH3CN, THF, DMSO and
NMP in 69%, 61%, 79% and 70% yield, respectively. Surpris-
ingly, no alkylated product could be obtained with Cs2CO3/
dioxane even aer 48 h and NaH/DMF combination provided O-
alkylated product in 2% yield only. When the reaction was
performed at the elevated temperatures at 80 °C and 120 °C,
regioselectivity lost and both N- & O-alkylated products were
obtained. The optimum yield of 89% of the O-alkylated product
was obtained with Cs2CO3/DMF in 8 h with high regioselectivity
at room temperature.

NMR spectrum was used to conrm the functionalization of
O- and N-alkylated regioisomers. In the O-alkylated regioisomer
(2a) the methylene group would directly attach to more elec-
tronegative atom as compared to the N-regioisomer (3a) and
expected to be in the downeld region of 1H-NMR. As shown in
Fig. 2, methylene proton for 2a was observed at d value of 5.19
(d, J = 2.0 Hz, 2H) whereas for 3a it was observed at d value of
4.64 (d, J= 2.4 Hz, 2H) in 1H NMR. In addition, aromatic proton
of the aromatized pyrimidine ring appeared downeld (d =

7.70) as compared to aromatic proton of the pyrimidinone ring
(d = 6.69). Similarly, in the 13C NMR spectrum, O-alkylated
product (2a) showed no peak for the carbonyl carbon while N-
RSC Adv., 2023, 13, 16899–16906 | 16901

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d3ra00773a


Fig. 2 Comparison of chemical shift values for 2a and 3a.
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alkylated product displayed peak for carbonyl carbon at d 202.88
(Fig. 2). By gradually evaporating an ethanol solution, single
crystals of compounds 2a were produced and subsequently
analysed using single crystal X-ray. The ORTEP projections of
compounds 2a (Fig. 3) conrms O-alkylation of 4,6-bis(4-
methoxyphenyl)pyrimidin-2(1H)-one.
Fig. 3 ORTEP of compound 2a.

16902 | RSC Adv., 2023, 13, 16899–16906
It was envisaged that the regioselective O-alkylation was
achieved through the in situ formation of a stable oxygen–
caesium complex via aromatization of the pyrimidinone ring
system.

Thus, several substituted biphenyl pyrimidinones were
alkylated using propargyl bromide under the developed
© 2023 The Author(s). Published by the Royal Society of Chemistry
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Scheme 1 Scope of the reaction for different substrates.a Unless mentioned, 4,6-bis(4-methoxyphenyl)-pyrimidin-2(1H)-one or 2-phenyl-
quinazolin-4(3H)-one (0.16 mmol), base (0.16 mmol), and solvents (5 mL); addition of organic halide (0.19 mmol) done at 0 °C and thereafter
stirring at room temperature for 8 h.
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reaction conditions. Both electron releasing and electron with-
drawing groups were found compatible for the regioselective O-
alkylation and products were obtained in 81 to 91% yield
(Scheme 1).

Further, the propargyl bromide was also replaced with other
alkylating agents like propyl bromide, allyl bromide, benzyl
bromide, etc. (Scheme 2). In all the cases, alkylation proceeded
Scheme 2 Scope of the reaction for different alkylating agents.a Unle
phenylquinazolin-4(3H)-one (0.16 mmol), base (0.16 mmol), and solve
thereafter stirring at room temperature for 8 h.

© 2023 The Author(s). Published by the Royal Society of Chemistry
regioselectivity and corresponding O-alkylated products were
obtained in excellent yields.
3.1 Plausible reaction mechanism

To study the reaction mechanism for selectivity, DFT studies
were performed using Gaussian 16 suite. DFT studies revealed
ss mentioned, 4,6-bis(4-methoxyphenyl)-pyrimidin-2(1H)-one or 2-
nt (5 mL); addition of organic halide (0.19 mmol) done at 0 °C and

RSC Adv., 2023, 13, 16899–16906 | 16903
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Fig. 4 Free energy diagram for the O/N-functionalization of pyrimidinones using Cs2CO3.
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that abstraction of proton from 1 proceeds with the formation of
INT1 through exergonic process (DGL

S =−8.0 kcalmol−1) (Fig. 4).
Loss of proton in the form of CsHCO3 from INT1 produces INT2
through exergonic fashion (DGL

S = −14.3 kcal mol−1). In the
optimized structure of INT2, negative charge is delocalized over
O–C–N atoms of the pyrimidine and bond lengths between Cs–N
and Cs–O were found to be 2.3 Å and 2.4 Å, respectively. Further,
Scheme 3 Synthesis of N &O functionalized 2-phenylquinazolines.a Unle
Cs2CO3 (0.16 mmol), and DMF (5 mL); addition of organic halide (0.19 m

16904 | RSC Adv., 2023, 13, 16899–16906
electrophilic attack of propargyl bromide on INT2 result in the
formation of 2a and 3a via the transition states TS1‡, and TS2‡,
respectively. The free energy barrier was found to be lower for the
formation of O-isomer 2a (DGL

S = 16.6 kcal mol−1) as compared
to N-isomer 3a (DGL

S = 20.1 kcal mol−1). It justies the regiose-
lective formation of O-functionalized product as compared to N-
functionalized product in Cs2CO3

. Similarly, DFT studies were
ss mentioned, 2-phenylquinazolin-4(3H)-one derivatives (0.16 mmol),
mol) done at 0 °C and stirring at room temperature for 8 h.

© 2023 The Author(s). Published by the Royal Society of Chemistry
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also conducted using K2CO3 as base however, in this case the
transition state TS3‡ for the O-alkylated product was found to be
more energy demanding (see ESI†).

The DFT studies clearly indicate that the electrophilic attack
of propargyl bromide favours the formation of 2a via TS1‡. From
the optimized structure of TS1‡ and TS2‡, it was found that Cs+

ion play crucial role for the formation of 2a.
Further, the present reaction conditions were also explored

for the regioselective alkylation of quinazolinones. Substituted
quinazolinone derivatives were alkylated with propargyl
bromide however, a mixture of O- and N-alkylated product was
obtained in almost 70 : 30 ratio wherein O-alkylated regio-
isomer was obtained as a major product in the alkylation of
quinazolinones (Scheme 3).
4. Conclusion

Pyrimidine is a versatile scaffold and present in number of
bioactive compounds. The pyrimidine scaffold is also used as
an important intermediate in a number of chemical trans-
formations. In the drug discovery process a number of pyrimi-
dine derivatives are being synthesized and screened against
various diseases. In this regard, the currently developed
protocol provides easy access for the predominant O-alkylation
of pyrimidinones. The reaction conditions were mild and
regioselectivity was achieved under milder conditions without
use of any catalyst or coupling agents. The protocol was found
to be compatible with a range of substituted pyrimidinones and
alkyl halides. In the DFT studies, it was found that Cs+ ion play
crucial role in the regioselective O-functionalization of the
pyrimidinones.
Conflicts of interest

The authors declare no conict of interest, nancial or
otherwise.
Acknowledgements

VK is thankful to the Council of Scientic and Industrial
Research, New Delhi for the nancial grant no. 02/(0354)/19/
EMRII. Vijay Kumar and NK are thankful to University Grant
Commission for providing senior research fellowship. ARD is
thankful to the DST for fellowship. PPS is thankful to CSIR for
providing NET-JRF fellowship.
References

1 M. Löffler, L. D. Fairbanks, E. Zameitat, A. M. Marinaki and
H. A. Simmonds, Trends Mol. Med., 2005, 11, 430–437.

2 S. Kumar and B. Narasimhan, Chem. Cent. J., 2018, 12, 38.
3 I. M. Lagoja, Chem. Biodiversity, 2005, 2, 1–50.
4 M. Sahu and N. Siddiqui, Int. J. Pharm. Pharmaceut. Sci.,
2016, 8, 8–21.

5 M. L. Gatton, L. B. Martin and Q. Cheng, Antimicrob. Agents
Chemother., 2004, 48, 2116–2123.
© 2023 The Author(s). Published by the Royal Society of Chemistry
6 G. H. Hitchings, G. B. Elion, H. Vander Werff and E. A. Falco,
J. Biol. Chem., 1948, 174, 765–766.

7 S. Ichikawa, Yakugaku Zasshi, 2008, 128, 1403–1430.
8 G. Joshi, H. Nayyar, J. M. Alex, G. S. Vishwakarma, S. Mittal
and R. Kumar, Curr. Top. Med. Chem., 2016, 16, 3175–3210.

9 S. Prachayasittikul, R. Pingaew, A. Worachartcheewan,
N. Sinthupoom, V. Prachayasittikul, S. Ruchirawat and
V. Prachayasittikul,Mini-Rev. Med. Chem., 2017, 17, 869–901.

10 B. Kumar, A. R. Dwivedi, B. Sarkar, S. K. Gupta,
S. Krishnamurthy, A. K. Mantha, J. Parkash and V. Kumar,
ACS Chem. Neurosci., 2019, 10, 252–265.

11 B. Kumar, V. Kumar, V. Prashar, S. Saini, A. R. Dwivedi,
B. Bajaj, D. Mehta, J. Parkash and V. Kumar, Eur. J. Med.
Chem., 2019, 177, 221–234.

12 B. Feng, Y. Li, H. Li, X. Zhang, H. Xie, H. Cao, L. Yu and
Q. Xu, J. Org. Chem., 2018, 83, 6769–6775.

13 C. Xu, C. Cheng, H. Liu and B. Liu, Lett. Org. Chem., 2011, 8,
545–548.

14 M. Gacek and K. Undheim, Acta Chem. Scand., 1981, 35B, 69–
71.

15 N. Zanatta, D. Faoro, L. da S. Fernandes, P. B. Brondani,
D. C. Flores, A. F. C. Flores, H. G. Bonacorso and
M. A. P. Martins, Eur. J. Org. Chem., 2008, 5832–5838.

16 A.-E. E. Mansouri, M. Zahouily and H. B. Lazrek, Synth.
Commun., 2019, 49, 1802–1812.

17 B. Laxminarayana and L. M. Kundu, Synth. Commun., 2015,
45, 1342–1353.

18 G. C. Hopkins, J. P. Jonak, H. Tieckelmann and
H. J. Minnemeyer, J. Org. Chem., 1966, 31, 3969–3973.
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