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Introduction

A novel n3-CO3 bridged linear polymeric Cu-
complex ([Cuz(DMAP)g(113-CO3),ll5), - xH5O:
synthesis, characterization and catalytic
applications in the synthesis of phenoxypyrimidines
and arylthiopyrimidines via C—O and C-S cross-
coupling reactionsy

Amar Jyoti Bhuyan, 2 Partha Pratim Nath,” Sourav Jyoti Bharali © ¢
and Lakhinath Saikia @ *2

This manuscript reports on the synthesis and characterization of a new polymeric copper complex
([Cu3(DMAP)g(nz-CO3),ll0) - xH,O  and its successful application in C-O and C-S cross coupling
reactions for the synthesis of biologically important phenoxypyrimidine and arylthiopyrimidine scaffolds.
In an attempt to synthesize [Cu(DMAP)4l]I by adopting a procedure reported by Roy et al. with slight
modification, the authors discovered a new polymeric Cu-complex that contains pz-COs bridges. The
polymeric linear structure of the complex was established using single crystal X-ray analysis. FT-IR, UV-
vis and DSC studies were also performed on the polymeric complex. This novel polymeric Cu-complex
was found to efficiently catalyse C-O/C-S cross coupling reactions between chloropyrimidines and
phenols/thiophenols in an aqueous medium within a short reaction time, delivering their corresponding
phenoxypyrimidines and arylthiopyrimidines. Using this protocol, 22 phenoxypyrimidines and 6
arylthiopyrimidines were successfully synthesized. The synthesized novel compounds were well
characterized using *H and **C NMR spectroscopy and HRMS analysis and were screened for their drug-
likeness properties using the SwissADME webtool.

centres to afford complexes with dinuclear 1,-CO;, trinuclear
us-CO3, and tetranuclear p,-COj, enabling a wide variety of

Transition metals are known for their ability to form complexes
with organic ligands that result in metal-organic frameworks.
Thus, copper can make complexes with different types of N-
ligands such as bipyridine, 1,4-dimethylaminopyridine (1,4-
DMAP)," phenanthroline,> pyrazine,® pyrazole,* N-(2-
pyridylmethyl)-glycine and N-(2-pyridylmethyl)-glycine.> Copper
can form polynuclear complexes and coordination polymers
through bridging ligands such as SCN~, OCN~, CO;*", N5,
N(CN)>~, OH ™ or heterocyclic organic molecules.* The planar
carbonate anion (CO;>7) in its metal complexes can adopt
several coordination bonding modes to bridge multiple metal
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nuclearity and dimensionality.*** Fig. 1 depicts a few different
(but not the only) coordination modes (I-VI) of the bridging ps-
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Fig. 1 Different coordination modes of the puz-COs ligand.
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Fig. 2 Structure of the nz-COs bridged linear polymeric Cu-complex
([CUZ,(DMAP)s(CO})Z]lz)n‘XHzo.

CO; group in metal complexes. While a triangular array (I) is the
most commonly reported coordination pattern of the p;-CO;
ligand,">** tris(bidentate) (II),"**” bis(bidentate)monodentate
(m)* and bis(monodentate)bidentate (IV)" coordination
modes are also observed.

Copper complexes enjoy wide applications such as single
molecular magnets,” single chain magnets,* solar energy
conversion and storage,” drugs for the treatment of cancer,*

Commonly adopted procedure for synthesis of
phenoxypyrimidine:

Williamson ether synthesis:

WN Strong base | N o
——Cl +Ar-OH > : -Ar
N/) N/)

Nucleophilic substituition of -Ms by -OAr:
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and nonsteroidal anti-inflammatory agents.>* Copper as a cata-
lyst has always held immense importance owing to its lower cost
(in comparison to Pd, Ru, Rh species) and applicability in
diverse organic transformations. A copper-bipyridyl complex
was utilised in Ullmann ether synthesis for the formation of
carbon heteroatom bonds.”® A Chan-Lam type coupling reac-
tion was also reported using a diamine copper complex between
arylboronic acids and imidazoles.”® Roy et al. reported the
applications of a square pyramidal [Cu(DMAP),I|I complex in
quick Chan-Lam C-N and C-S cross coupling reactions at room
temperature.”” There are numerous reports on alcohol oxida-
tion in the presence of Cu(u)-complexes.?*?°
Phenoxypyrimidines and arylthiopyrimidines are essential
classes of organic compounds because of their immense bio-
logical significances. Phenoxypyrimidines are found to have
antidiabetic,*® anti-inflammatory,*** epidermal growth factor
receptor (EGFR) inhibitory, focal adhesion tyrosine kinase
(FAK) inhibitory,** antimicrobial,*® FMS-like tyrosine kinase 3

36,37

inhibitory, herbicidal,*®* HIV-1 non-nucleoside reverse
Reported procedure for synthesis of
arylthiopyrimidine:
RZ

NEty/n-BuOH S

Reflux N)\/[ D

5 example, 95 -98 % y|eId
Fu et. al., J. Org. Chem., 2005

e @

16 exapmles, 63 -88 % yields

N @ Strong base XN i 1
| ——S-Me + ArOH —>» | ——O—Ar! o R
NS ) : B(OH),
| 2 Cu( OAc;)2 | NH
Ullmann diarylether synthesis: ! H S
! RT 4 days
I 1 example, 72 % yield
N Cu-catalyst N i
E\N + Ar-OH y » (\N O-Ar | Lengar et. al., Org. Lett., 2004
N/) Base 2 i
N ! 0] R1
i R2 ano CuO | NH
Buchwald-Hartwig coupling reaction: | KZCO3, DMF ” S
| N Pd-catalyst N i ( > Reflux, 12 h // |
)—C' * Ar-OH > @ O-Ar| Ryl

Bhong et. al., Tetrahedron Lett., 2013
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Scheme 1 Comparison between the reported and current protocol for the synthesis of phenoxypyrimidines and arylthiopyrimidines.
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transcriptase inhibitory (NNRTI),* human protein interacting
with NIMA1 (Pin1) inhibitory,* and p38a kinase inhibitory*!
activity, among others. Similarly, arylthiopyrimidines are found
to possess activities such as human immunodeficiency virus
type 1 (HIV-1) inhibitory,** Hsp70 (heat shock protein 70)
inhibitory,** and herbicidal activity.*>** Apart from their bio-
logical significances, phenoxypyrimidines and arylthiopyr-
imidines have acquired wide applications as substrates for
various organic transformations including the ortho C-H func-
tionalization of phenols and the preparation of other valued
products.*”=*

Phenoxypyrimidines are commonly synthesized by the
nucleophilic substitution reaction, which includes Williamson
ether synthesis®***3%%3-%5 and the removal of -Ms ion by
phenolate ion.*****” These processes are non-catalytic in
nature and often demand a long reaction time. There are only
a limited number of reports that have adopted catalytic path-
ways for their synthesis. For example, we have found only three
reports of successful use of Ullmann coupling®**”** and one
report of Buchwald-Hartwig coupling® in the synthesis of
phenoxypyrimidines. Similarly, the synthesis of arylthiopyr-
imidines is also observed to be largely dependent on non-
catalytic processes.”**** However, two reports employing
copper-based catalytic procedures for the synthesis of arylth-
iopyrimidines are found in the literature.®>*

Herein, we are reporting an easy synthetic procedure for the
synthesis of a novel p;-CO; bridged linear polymeric Cu-
complex ([Cuz(DMAP)g(CO;),]1,),-xH,O (Fig. 2), which has
been characterized using different analytical techniques
including single crystal X-ray analysis. The crystalline material
was checked for its catalytic activity in C-O and C-S cross-
coupling reaction and was successful in synthesizing a good
number of phenoxypyrimidines and arylthiopyrimidines in
aqueous medium in a short duration of time in good to excel-
lent yield. To the best of our knowledge, Cu-catalysed C-O and
C-S cross coupling reactions in aqueous solution have been
performed for the first time to synthesize arylthiopyrimidines.
Scheme 1 draws the comparison of existing procedures of
phenoxypyrimidines and arylthiopyrimidines with the current
one.

Results and discussion

Synthesis and characterization of ([Cuz;(DMAP)s(CO3),]
L), xH,0

We started with an attempt to synthesize [Cu(DMAP),I]I in
aqueous medium using a procedure similar to that reported by
Roy et al.?” Specifically, Cul (4 mmol) and 4-DMAP (16.4 mmol)
were refluxed in H,O (8 mL) for 4 h, filtered in a beaker (25 mL)
and then kept undisturbed for the possible crystallization of the
product. Unlike in the work of Roy et al, the solute did not
crystalize out even in 4 weeks. However, some needle-like crys-
tals were observed in the 5th week, which were later collected in
the 8th week after accumulation in a good amount. While the
structure of the complex was confirmed using single crystal X-
ray analysis (CCDC deposition no. 2311902), a few other anal-
yses were carried out to acquire other information. Fig. 3

18480 | RSC Adv, 2024, 14, 18478-18488
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presents the asymmetric unit of the polymeric complex. It
features a one-dimensional coordination polymer network
along the a axes, where the asymmetric unit is composed of
three Cu(u) centers: one mono and a dimeric center.

Cu-unit bridges via p;-CO; in the tris(monodentate) (VI in
Fig. 1) coordination mode of the carbonate bridging ligand. The
four co-ordinated Cu(u) center has a square planar geometry
with the DMAP ligand bonded in an axial fashion (£ N1-Cul-
N1 = 180°) while two py:m'-CO;>" bridges (£03-Cu1-03 =
180°) complete the geometry (Fig. 2 and 3). The dimeric unit has
a distorted trigonal bipyramidal geometry around the metal
centre (£ N5-Cu2-N7 = 172.18(7)°, £01-Cu2-O1 = 74.51(3)°)
where the M---M distance is found to be 3.393(6) A. The
dangling O atom of the carbonate ligand is involved in intra-
molecular H-bonding with the lattice water (O2-H---O4 = 2.808
A, 04-H--05 = 2.822 A) (Fig. 4). Fig. 5 depicts the one-
dimensional polymeric growth of the Cu-complex. The bond

c7,

Fig. 3 Asymmetric unit of the polymeric complex (for a clear view,
lattice water and iodide are omitted).

Fig. 4 ps-COs coordination mode of the carbonate bridging ligand in
the polymeric complex.

© 2024 The Author(s). Published by the Royal Society of Chemistry
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Fig. 5 Polymeric growth of the Cu-complex in the a direction.
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valence calculation confirms that all the copper centres are in
the +2 oxidation state. In UV-Vis spectroscopy, a broad peak at
629 nm was observed, which further confirmed the presence of
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Fig. 8 IR spectra of the polymeric Cu-complex synthesized in the

presence of K,COs3 (A) and synthesized in the absence of K,COs (B).

copper in the Cu®" state (Fig. 6). From DSC analysis, it was
found that the compound is stable up to 137 °C (Fig. 7). In the
IR spectra (Fig. 8), characteristics peaks at 1629 cm ™' (C=0
asymmetric stretching), 1410 cm ' (C=O symmetric stretch-
ing), 1018 ecm ' (C-N-C stretching), 807 cm ' (N-C-H
wagging), and 532 cm~' (Cu-O wagging) were observed.

The p3-CO; bridge in the polymeric complex ([Cus(-
DMAP)5(CO3),]1,),- xH,0, as confirmed by the single crystal X-

o OH o
Y )j\ . © Cu-catalyst \)N\JE\ /@
O)\Iil cl Base e} 'il o)
Solvent
1a 2a 3a

Scheme 2 Model reaction for the synthesis of phenoxypyrimidine.
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ray analysis, compelled us to think what might be the possible
source of CO;>~ in the complex as no CO;>~ source was used
during the synthesis of the complex. We carried out the reaction
in the presence of K,COj; (as CO;*~ source), and we observed the
formation of the same product, which was supported by IR

View Article Online
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spectral analyses (Fig. 8). The product was obtained in reduced
time when the reaction was carried out in the presence of
K,CO;. These observations coupled with the structure of the
polymeric complex ([Cuz(DMAP)g(CO;3),]1,), xH,O suggested
atmospheric CO, fixation as the possible source of CO;>~ in our

Table 1 Effect of a base on the Cu-polymer-catalyzed synthesis of 6-phenoxypyrimidine®

© OH O
~ ~ N
;f\ |+ (ICu3(DMAP)g( 13-CO3)alla) xH;0 b
@) III Cl Base,100 °C, DMF o) 'Tl o)
1a 2a 3a

Entry Base Time (h) yield” [%]
1 Cs,CO; 4 71%
2 Cs,CO; 4 71%°
3 Cs,CO; 4 62%
4 Na,CO; 4 64%
5 K,CO; 6 68%
6 K;PO, 24 40%
7 NaOH 3 76%
8 KOH 2 78%
9 KOH 24 24%"°

“ Reaction conditions: 1a (1 mmol), 2a (1.2 mmol), Cu-polymer (10 wt%), base (3 eq.), DMF (3 mL), 100 °C (silicon oil bath). ® Isolated yield. ¢ Cu-

polymer (15 wt%). ¢ Cu-polymer (5 wt%). ¢ Without a catalyst.

Table 2 Effect of a solvent on the synthesis of 6-phenoxypyrimidine®

@) OH O
~ ~N N
jl\ 1+ ([Cuz(DMAP)g( 13-CO3)2]l2)n"xH20 )\ |
o) N Cl Base, solvent, A @) T (@)
1a 2a 3a

Entry Base Solvent Time yield” [%]
1 NaOH DMF 3h 76
2 DMSO 72
3 MeOH 6h 60
4 H,O 1h 81
5 KOH DMF 2h 78
6 DMSO 74
7 MeOH 6h 61
8 H,0 1h 84
9 KOH H,0 1h 78°
10 KOH H,O 1h 857
11 KOH H,0 18 h 60°
12 KOH H,0 8h 80"
13 KOH H,0 1h 86°
14 KOH H,0 1h 86"

“ Reaction conditions: 1a (1 mmol), 2a (1.2 mmol), Cu-polymer (10 wt%), base (3 eq.), solvent (3 mL), 100 °C (silicon oil bath). ” Isolated yield. © KOH

(2 eq.).  KOH (3.5 eq.).  rt. 60 °C. £ 80 °C. " 2a (1.1 mmol), (80 °C).
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Table 3 Chloropyrimidines used as substrates in this study
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Table 4 Library synthesis of phenoxypyrimidines®

o Cl

O" YN
Nl N/)\S/

1d

o

boVesVeghaVse

3a, 86% 3b, 94% 3¢, 90%
O

o o)
yaleapsVsanale
o)\ﬁ\o 02\’]‘ o o)\ril o

| OMe

3e, 80% 3f, 82% 39, 93%

LT XL GO

3i, 90% 3j, 85% 3k, 84%

Cl

baveg

3d, 88%

o
\N)j\ CHO
OQ\N 0

! 3h, 66% OMe

N Br
Cr r

31, 82%

9N

QO GO0 L0 0

N

3m, 60% 3n, 84% 30, 88%

Cl

>N

O | SN (@) |
) N/)\S/ ) N/)\S/

3u, 84% 3v, 76%

Cl Cl

3q, 86% 3r, 92% 3s, 74%

o8
O O O O

3p, 86%

O

o
o) | SN
) N/)\S/
3t, 80%

“ Reaction conditions: 1a (1 mmol), 2a (1.1 mmol), Cu-polymer (10 wt%), KOH (3 eq.), solvent (3 mL), 80 °C (silicon oil bath).
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initial synthesis of the polymeric Cu-complex in the absence of
the added CO;>~ source. There are literature reports available
supporting atmospheric CO, fixation as a possible source of
CO;*>  in the synthesis of carbonato-bridged copper(u)
complexes.'>**

After the complete characterization of the synthesized poly-
meric Cu-complex, we checked its catalytic activity in the
synthesis of phenoxypyrimidines via C-O cross-coupling reac-
tions. For that, we took a model reaction between 6-chlorouracil
(1a) and phenol (2a) (Scheme 2) and carried out a series of
reactions in the presence of ([Cuz(DMAP)g(CO3),]L,), *H,0 in
different solvents and base combinations. We started out by
carrying out the reactions in DMF at 100 °C (Table 1). DMF was
used as the solvent as there are many reports available in the
literature demonstrating its suitability in Ulmann coupling
reactions for the synthesis of various organic compounds
including phenoxypyrimidines.®®% Our initial attempt using
10 wt% of the Cu-polymer and 3 equivalent Cs,CO; as the base
resulted in 6-phenoxypyrimidine in 71% yield in 4 h (entry 1,
Table 1). When catalyst loading was varied keeping other
parameters constant, it was observed that 10 wt% catalyst
loading was sufficient for the purpose. While the lowering of the
catalyst loading to 5 wt% led to a significant decrease in the
yield (entry 3, Table 1), an increase in the catalyst loading to
15 wt% did not improve the yield (entry 2, Table 1). Then, a few
other bases such as Na,COj;, K,CO;, K;PO,, NaOH and KOH
were checked. Among all the bases tested, hydroxide bases were
observed to furnish better results (entries 7-8 vs. entries 1, 4-6,
Table 1); thus, these two hydroxide bases, i.e., NaOH and KOH,
were taken for further investigation. Next, we tested the effect of
various solvents on the synthesis of 6-phenoxypyrimidine (Table
2). Among the tested solvents, DMF and DMSO resulted in
moderate yields in the presence of either of the bases (entries 1-
2, 5-6, Table 2). Methanol offered much lower yields (entries 3 &
7, Table 2) while H,O emerged as the best solvent under the
reaction conditions where the reactions were completed within
a short period of time (1 h) with an increased amount of yield
(entries 4 & 8, Table 2). Among the two hydroxide bases, KOH

View Article Online
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was observed to be offer a slightly better yield (entries 4 & 8,
Table 2). The use of 3 equivalents of KOH was found optimal for
the purpose (entries 8-10, Table 2). Then, we checked the effect
of temperature on the reaction (entries 8 & 11-13, Table 2). It
was found that the reaction was sluggish at room temperature,
leading to low yield (60%) even in much longer duration (entry
11, Table 2). Lowering the temperature to 60 °C demanded
longer time duration (8 h) (entry 12, Table 2). A reaction
temperature of 80 °C was found optimal, furnishing the product
in good yield (86%) within 1 h. Finally, we checked whether
a stoichiometry of 1: 1.1 instead of 1: 1.2 for 1a and 2a could be
sufficient, and the result was positive (entry 14, Table 2).

With the optimized conditions in hand, we went for
synthesizing an array of phenoxypyrimidines starting from four
number of chloropyrimidines (1a-1d, Table 3) and a series of
phenols, and the results have been summarized in Table 4. The
optimized reaction condition was tolerant to various functional
group such as -Br, -Cl, -Me, -NO,, -CHO, -OMe, -SMe, -
COOEt, -COCH3;, and -NH, irrespective of its presence either on
the pyrimidine or phenyl ring. 10 numbers of 1,3-dimethyl-6-
aryloxypyrimidine-2,4(1H,3H)-diones were synthesized from 6-
chloro-1,3-dimethyluracil ~ (6-chloro-1,3-dimethylpyrimidine-
2,4(1H,3H)-dione) (1a) with good to excellent yield (80-94%,
except in 3h) within a short span of time (1 h) by varying the
phenols. Phenols with strong electron withdrawing groups such
as -NO, and -CHO were observed to deliver products compar-
atively in lower yields (3e, 3f & 3h). Both p-methoxy and o-
methoxyphenol delivered their corresponding products in
excellent yields (3g & 3i), and thus the steric factor was not
observed to be very influential in the reaction. Fused ring
systems such as 2-naphthol responded to the reaction quite well
(90%, 3c¢). Completely aromatic chloropyrimidines (1b-1d) were
also found to be very effective as substrates in delivering their
corresponding aryloxypyrimidines (3k-3v). Here too, phenols
with strongly electron withdrawing groups were found to deliver
products in lower yields (3m & 3s). 4,6-dichloropyrimidine (1c),
under the reaction conditions, primarily delivered the mono
substituted products (30-3s). However, the disubstituted

Table 5 Synthesis of 1,3-dimethyl-6-(arylthio)pyrimidine-2,4(1H,3H)-diones”

bals

3w, 94%

o
1y 0
O)\lil s

3x, 81%

A

3aa, 84%

3y, 87% 3z, 90%

0
Ty o
O)\lil S

3ab, 76%

“ Reaction conditions: 1a (1 mmol), 2a (1.1 mmol), Cu-polymer (10 wt%), base (3 eq.), solvent (3 mL), 80 °C (silicon oil bath).
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product could be prepared as the major product when the
reaction was carried out in the presence of 2.5 equivalents of
phenol (3p). Highly substituted pyrimidine, ethyl-4-chloro-2-
(methylthio)pyrimidine-5-carboxylate (1d), also responded to
the reaction protocol well, and both -SMe and -COOEt were
found to be tolerant to the reaction conditions, delivering
products in very good yields (76-84%, 3t-3v). We intended then

View Article Online
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to check and extend the reaction protocol for thiophenols, and
to our delight, thiophenols reacted well with 6-chloro-1,3-
dimethylpyrimidine-2,4(1H,3H)-dione (1a) under the reaction
conditions to generate 1,3-dimethyl-6-(aryllthio)pyrimidine-
2,4(1H,3H)-diones in good to excellent (3w-3ab, 76-94%) yield
within 1 h (Table 5). Interestingly, 4-aminothiophenol, when
allowed to react with 1a under the reaction conditions,

Fig. 9 Plausible reaction mechanism for the C-O and C-S coupling reaction.

© 2024 The Author(s). Published by the Royal Society of Chemistry
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delivered a single product (3ab) through C-S bond formation
without any disturbance to the -NH, group.

Based on literature reports®®®” and our knowledge on the
reaction mechanisms, a plausible reaction mechanism for the
C-0 and C-S coupling reaction using the polymeric Cu-complex
has been proposed, as shown in Fig. 9. Cu(u) centers (A) are
expected to undergo -CO;- ligand dissociation to generate the
Cu(r) centers (B), which then undergo subsequent oxidative
addition reactions with chloropyrimidines (1) to give Cu(m)
species (C). Phenols/thiols (2) in alkaline medium undergo
ligand substitution reactions with C to deliver D, which finally
undergo reductive elimination to furnish the product (3)
regenerating the active catalyst (B).

In silico investigation of druglikeness properties of the
synthesized compounds

All the synthesized 28 compounds (22 aryloxypyrimidines and 6
arylthiopyrimidines) were screened for drug-likeliness proper-
ties using the SwissADME prediction tool.®® Drug-likeliness
properties of compounds were examined in silico based on the
criteria set by Lipinski, Ghose, Veber, Egan and Muggee.® Only
one compound (3k) failed to follow the criterion set by Muggee
(molecular weight < 200). All the compounds were observed to
possess good pharmacokinetic properties, as reflected by their
bioavailability score, which was found to be 0.55 for all. Among
the tested compounds, arylthiopyrimidine 3aa was found to be
completely fitting in the bioavailability aspect. No PAINS alert
was observed for any of the synthesized compounds, while 6
compounds among the tested 28 compounds were found to
have Brenk's alert. 14 of the synthesized compounds were found
to not violate the criteria for leadlikeness and can be potential
leads for further study. From the BOILED-egg structure of the
compounds (Fig. S76 & S77 in ESIY), it was observed that all of
our synthesized aryloxypyrimidines and arythiopyrimidines
have high gastrointestinal (GI) absorption. 16 aryloxypyr-
imidines and 3 arythiopyrimidines were found to have blood-
brain barrier (BBB) penetration ability.

Conclusion

In conclusion, a p3-CO; bridged linear polymeric Cu-complex
([Cuz(DMAP)g(113-CO3), 1), xH,O has been synthesized from
Cul and DMAP through the fixation of atmospheric CO,. The
same complex can be synthesized from the same set of
substrates Cul and DMAP by carrying out the reaction in the
presence of K,CO; as the CO,>~ source. The structure of the
polymeric Cu-complex was confirmed by single crystal X-ray
analysis and other spectroscopic technique. The -catalytic
activity of the polymeric Cu-complex was checked in the
synthesis of phenoxypyrimidines and arylthiopyrimidines via
C-0 and C-S cross-coupling reactions and found to be very
effective in delivering products in good to excellent yields,
starting from chloropyrimidines and phenol/thiophenol. The
reaction conditions were tolerant to functional groups such as -
Br, -Cl, -Me, -NO,, -CHO, -OMe, -SMe, -COOEt, -COCHj;, and
-NH,. The developed protocol has been successfully employed

18486 | RSC Adv, 2024, 14, 18478-18488

View Article Online

Paper

for the synthesis of 22 number of phenoxypyrimidines and 6
number of arylthiopyrimidines. In silico study using the Swis-
SADME webtool showed that 14 of the synthesized products
were not violating the criteria for leadlikeness and can be
potential lead molecules.

Experimental
General information

One of the starting materials (1a) was prepared by the previously
described procedure.” All other starting materials (1b-1d & 2)
and chemicals were of analytical reagent grade (AR grade),
purchased from Sigma-Aldrich, Merck and TCI, and used
without further purification. NMR spectra were recorded using
tetramethylsilane (TMS) as the internal standard with a 400
MH?z spectrophotometer and expressing chemical shift in ppm.
Silica gel60F,s, (Merck) over aluminium sheets as a thin-layer
chromatography plate were used to monitor the progress of
the reactions and UV light as the visualizer for the purpose.
HRMS data were collected using electrospray ionization tech-
nique with a Q-TOF mass analyzer. SCXRD data were collected
with an AXS SMART APEX-I single crystal XRD machine of
Bruker, Germany.

Synthetic procedure for ([Cuz(DMAP)g(1t-CO3),]1,), - xH,O

Cul (4 mmol) and 4-DMAP (16.4 mmol) were refluxed in H,O (8
mL) for 4 h, filtered hot using a Whatman No. 1 paper in
a beaker (25 mL), and kept undisturbed for 8 weeks. Needle-like
crystals of ([Cuz(DMAP)g(CO;),]1,),-xH,O accumulated in the
beaker were collected in 88% yield.

General reaction procedure for the synthesis of
phenoxypyrimidines and arylthiopyrimidines

Chloropyrimidine (1 mmol), phenol/thiophenol (1.1 mmol) and
KOH (3 mmol) were taken in a round bottom flask. ([Cus(-
DMAP)g(CO3),]1,),- xH,0 (10 wt%) and 3 mL of H,O were added
to the reaction mixture. The resulting mixture was subjected to
heating at 80 °C under conventional heating using a silicon oil
bath. The progress of the reaction was monitored using thin-
layer chromatography technique. After the completion of the
reaction (as indicated by TLC), the reaction mixture was allowed
to cool to room temperature. The organic compounds were
extracted using ethyl acetate (2 x 30 mL), followed by washing
the organic layer with brine (1 x 30 mL). The resulting organic
layer was dried over anhydrous Na,SO,, evaporated under
vacuum and finally the crude product was purified by per-
forming column chromatography (100-200 mesh silica gel as
the stationary phase and ethyl acetate-hexane as the eluent).
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