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Abstract In this work, 21 novel (1,4-disubstituted 1,2,3-triazole)-dihy-
dropyrimidinone (1,2,3-trzl-DHPM) type hybrids were synthesized and
characterized. These were divided into two types: hybrids A (5 in total)
containing the dihydropyrimidinone heterocyclic ring decorated with a
1,4-disubstituted 1,2,3-triazole in the C-5 position [these compounds
were accessed by a multicomponent copper(I)-catalyzed azide alkyne
cycloaddition (CuAAC) (or click)–Biginelli reactions with satisfactory
yields (39–57%)] and hybrids B (16 in total) containing two 1,2,3-tri-
azole units in the C-5 and C-6 methyl position of the DHPM. Hybrids B
were synthesized via functionalization of the C-6 methyl group of hy-
brids A, a multistep sequence of reactions was used that included bro-
mination, azidation, and a CuAAC. Hybrids B were obtained in very
good to excellent yields (up to 99%). Some hybrids A and B were evalu-
ated for their antiproliferative activity against different cancer cell lines
that included A549 and SW1573 (non-small-cell lung), HBL-100 and
T-47D (breast), HeLa (cervix) and WiDr (colon). Three of these hybrids
were potent cell proliferation inhibitors of non-small-cell lung cancer,
cervix cancer, breast cancer, and colon cancer.

Key words hybrids, 1,2,3-triazole, dihydropyrimidinone, click reac-
tion, Biginelli reaction, one-pot, cancer, antiproliferative

Dihydropyrimidinone (DHPM) and 1,2,3-triazole (1,2,3-
trzl) moieties are important pharmacophores in medicinal
chemistry. There currently exists an enormous number of
compounds containing these heterocycles which exhibit di-
verse and potent biological activities, such as antitumor,
antiviral, antifungal, anti-inflammatory, among others.1,2

The well-known drug monastrol provided the first impulse
for the development of a wide diversity of DHPM deriva-

tives. Monastrol is an antimitotic inhibitor, that specifically
inhibits Eg5 kinesin.3 Cefatrizine is a ̸-lactum antibiotic
containing the 1,2,3-triazole unit.4

The combination of these two distinct heterocyclic rings
in a single molecule can allow the drug to act on multiple
targets simultaneously. The development of hybrids con-
taining a DHPM or a 1,2,3-triazole ring gained interest over
the last number of years due to their structural characteris-
tics. The 1,2,3-triazole ring is very robust, it is also resistant
to hydrolysis, oxidation and reductions, it can act as both a
hydrogen-bond donor and an acceptor, be involved in ̀–̀-
stacking interactions, and as bioisosteres of some import-
ant functional groups such as amides and esters.5 Hybrids
containing a DHPM or 1,2,3-triazole ring have made an im-
portant contribution in drug discovery for cancer treat-
ment.1,2,5

Recently, there has been a growing interest in synthe-
sizing new 1,2,3-triazole-dihydropyrimidinone hybrids for
different applications, mainly in the field of medicinal
chemistry.6 There exists a variety of these hybrids in the lit-
erature where the dihydropyrimidinone has been decorat-
ed with one or two 1,2,3-triazole units in five out of the six
possible positions of the ring, i.e., N1, N3, C4, C5, and C6.6 In
most hybrids the 1,2,3-triazole unit is connected to the
DHPM ring by a spacer. The classical multicomponent
Biginelli and CuAAC (click) reactions are important tools for
obtaining these diversity-interesting hybrids. The Biginelli
reaction is a very useful reaction. It is possible to obtain a
wide diversity of compounds by using aromatic or aliphatic
aldehydes, derivatives of urea or thioureas, and CH acidic
carbonyl building blocks.7 Copper-catalyzed alkyne–azide
cycloaddition (CuAAC), which is considered possibly one of
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the best click reactions, was introduced simultaneously and
independently by Sharpless and Meldal. This is a very im-
portant reaction for obtaining the 1,4-regioisomer of 1,2,3-
triazole.8

The main synthetic strategy used in the literature for
obtaining (1,4-disubstituted 1,2,3-triazole)-DHPM hybrids
was to synthesize the dihydropyrimidinone by a multicom-
ponent Biginelli reaction followed by the introduction of
the 1,4-disubstituted 1,2,3-triazole unit using the CuAAC
reaction.6a–c,6e–j A one-pot synthesis of 1,4-disubstituted
1,2,3-triazole-dihydropyrimidinone hybrids has been de-
scribed in the literature. In this case, O-propargylbenzalde-
hydes were used as precursors upon which the 1,4-disub-
stituted 1,2,3-triazole unit could be introduced in the C-4
position of the DHPM.6d In this work, our objective was to
synthesize two types of hybrid, the mono- and di(1,4-
disubstituted 1,2,3-triazole)-DHPM hybrids A and B (Figure
1), respectively. These hybrids were designed based on their
structural characteristics, polarity, rigidly, capacity to es-
tablish hydrogen bonds, and ̀–̀ stacking with a wide
range of molecular targets. Hybrids A1–5 contain the 1,4-
disubstituted 1,2,3-triazole unit in the C-5 position of the
DHMP ring and the other hybrids B1–16 contain two 1,2,3-
triazole units linked in the C-5 and C-6 methyl group posi-
tions of DHPM.

Figure 1  Hybrids A and B

Novel hybrids A and B are potential anticancer thera-
peutic agents due their structural features. In this work
they were evaluated for their anticancer activity, in a series
of antiproliferative assays in vitro against six different can-
cer cell lines: A549 and SW1573 (non-small-cell lung), HBL-
100 and T-47D (breast), HeLa (cervix) and WiDr (colon).

Our first objective was the synthesis of hybrids A, which
was achieved by reacting the acidic carbonyl building block,
1-(4-phenyl-1H-1,2,3-triazol-1-yl)propan-2-one (̷-keto-

triazole, 3), with 1-azidopropan-2-one (1) and phenylacet-
ylene (2). This was presumed to take place via a sequential
CuAAC followed by a Biginelli reaction (Scheme 1). The pre-
cursor 3 was synthesized in excellent yields (99%), two dif-
ferent copper catalysts were used, CuI and CuSO4·5H2O (Ta-
ble 1, entries 1–3). The click reactions carried out with CuI
and DIPEA/AcOH9 additives in dichloromethane (DCM)
were performed in both conventional heating and micro-
wave conditions.10 The results obtained were very similar,
but the reaction under microwave irradiation was superior
in that the reaction was complete in only 10 min. The reac-
tion with CuSO4·5H2O and L-ascorbic acid (reducing agent)
in dimethylformamide (DMF) under microwave conditions
also gave an excellent yield (98%) but with a longer reaction
time. The multicomponent Biginelli reaction was per-
formed with several catalysts, like Lewis acids and Brønsted
acids, which included: TMSOTf, transition metal and rare-
earth metal containing salts such as CuI, CuSO4·5H2O,
FeCl3·6H2O, NiCl2·6H2O, Yb(OTf)3, CeCl3, and acetic acid. How-
ever, the cyclocondensation only worked with CuI and
CuSO4·5H2O. The yields were also low, and the best result
obtained was with the CuI catalyst (Table 1, entries 4 and 5).

On the basis of these results we decided to conduct a se-
quential one-pot click–Biginelli process with all four com-
ponents that included: 1-azidopropan-2-one (1), phenyl-
acetylene (2), benzaldehyde (4a) and urea (5) catalyzed by
CuI or CuSO4·5H2O (Scheme 2 and Table 2).

In the one-pot sequential approach, the click reaction of
1-azidopropan-2-one (1) and phenylacetylene (2) catalyzed
by Cu(I) produced the 1-(4-phenyl-1H-1,2,3-triazol-1-
yl)propan-2-one (3, Scheme 2), this was followed by the
Cu(I)-catalyzed Biginelli reaction of intermediate 3 with
benzaldehyde (4a) and urea (5) to afford the desired prod-
uct hybrid A1. Both CuI and CuSO4·5H2O were tested under
different reaction conditions, both in batch and under mi-
crowave irradiation.

The best result was obtained using CuI under MW con-
ditions (57% yield, Table 2, entry 1). Increasing the catalyst
load of the conventional synthesis from 10 mol% to 15 mol%
resulted in a decrease of the yields (Table 2, entries 4 and 6).
Looking at the reactions under microwave conditions with
5 mol% and 10 mol% of catalyst (Table 2, entries 1 and 3),
the yield decreased by half. In both cases the decrease of the
yields with the increase of the catalyst load was probably
due to the decomposition of the intermediate (N-acyl imin-
ium 6, Scheme 2), because ̷-ketotriazole 3 was recovered

N
H

NH

O

N
NN

Ph

X

Y

N
H

NH

O

N
NN

Ph

N
N
N

R

X

Y

hybrids A1–5

hybrids B1–16

X = H, Cl, OBn
Y = H, Br, OMe

R:

Br

N
O

O

Scheme 1  First synthetic approach for obtaining hybrid A1

O
N3 Ph+

catalyst
additive
solvent

O
N

NN
Ph

1 2 3
catalyst

O
4a

urea (5, 1.2 equiv)

N
H

NH

O

N
NN

Ph

click reaction Biginelli reaction hybrid A1



617

© 2020. Thieme. All rights reserved. Synlett 2020, 31, 615–621

E. P. Carreiro et al. ClusterSyn  lett

at the end of the reaction. A number of solvents were also
screened, but we found that the sequence only works in
acetonitrile (MeCN), ethanol, or without a solvent (Table 2,
entries 7 and 9). In an attempt to improve the yield of the
reaction, a catalytic amount of Fe(0) was added to the reac-
tion with CuI. The objective was to use Fe(0) as a reducing
agent and to keep the Cu(I) species active. Unfortunately,
the yields obtained were lower, only 35% (under microwave
conditions) and 42% (under conventional conditions; Table
2, entries 13 and 14). The reaction mechanism proposed for
the Cu(I)-catalyzed click–Biginelli reaction sequence is de-
picted in Scheme 2. In the case of the click reaction, this

should occur via the Huisgen 1,3-dipolar cycloaddition.12

The Biginelli reaction is presumed to proceed through the
N-acyl iminium 6 intermediate [formed in situ from the re-
action of benzaldehyde (4a) and urea (5)] – which is as-
sumed to be stabilized by the Cu(I) ion – which reacts with
the ̷-ketotriazole enolate (I), derived from 3 via tautomer-
ism to give II that suffers cyclization and dehydration to af-
ford the hybrid A1.13

In order to test the scope of the reaction we used these
optimized conditions for the synthesis of four other
hybrids, using four benzaldehyde derivatives that included:
p-chlorobenzaldehyde (4b), p-benzyloxybenzaldehyde (4c),

Table 1  Results for the Non-sequential CuAAC (Click) and Biginelli Reactions

Entry Catalyst (mol%) Additive (mol%) Solvent Conditions Temp (°C) Time Yield (%)

Click Reaction – Product 1-(4-Phenyl-1H-1,2,3-triazol-1-yl)propan-2-one (3)

 1 CuI (10) DIPEA/AcOH MeCN conventional  Rt 24 h 98

 2 CuI (10) DIPEA/AcOH MeCN MW  90 10 min 99

 3 CuSO4·5H2O (5) L-ascorbic acid (20) DMF MW  90 25 min 98

Biginelli Reaction – Product Hybrid A1

 4 CuI (10) – MeCN conventional  85  4 d 49

 5 CuI (5) – MeCN MW  90 24 h 50

 6 CuSO4·5H2O (5) L-ascorbic acid (20) DMF MW  90 24 h 15

 7 AcOH – AcOH conventional 100 4 d  0

 8 TMSOTf (10) – MeCN conventional  90 20 h  0

 9 FeCl3·6H2O (5) HCl (5) EtOH conventional  90  4 d  0

10 Yb(OTf)3 (5) HCl (5) EtOH conventional  90  4 d  0

11 NiCl2·6H2O (5) HCl (5) EtOH conventional  90  4 d  0

12 CeCl3 (5) HCl (5) EtOH conventional  90  4 d  0

Scheme 2  One-pot synthesis of 1,2,3-triazole-dihydropyrimidinone hybrids A1
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2-bromobenzaldehyde (4d), and 2-methoxybenzaldehyde
(4e, Figure 2). Other benzaldehyde derivatives, such as: 4-
nitrobenzaldehyde, 2,6-dichlorobenzaldehyde, 2-chloro-5-
nitrobenzaldehyde, and 4-chloro-3-nitrobenzaldehyde were
used, but unfortunately, they did not furnish the desired
products. A putative explanation for the low yields obtained
for the hybrids A is due to the low reactivity of the acidic
carbonyl building block, ̷-ketotriazole 3.

Figure 2  Hybrids A1–511

The chemical structures of hybrids A were character-
ized by 1H NMR and 13C APT NMR, all data are available in
the Supporting Information. In the 1H NMR spectrum of hy-
brid A1, it was possible to find the characteristic signals for
the 1,2,3-triazole and the DHPM rings. The peaks with
chemical shifts ̺ = 5.4, 8.5, and 8.9 ppm were attributed to
the CH and NH from DHPM and the peak at ̺ = 7.7 ppm
(singlet) is attributed to the CH from the 1,2,3-triazole ring.
In the case of the 13C APT NMR spectrum, it is possible to
identify some characteristic carbons. In the case of the CHs
of the 1,2,3-triazole and DHPM rings, the carbon signals ap-
peared at ̺ = 123.9 and 58.7 ppm, respectively. For hybrid
A1 we have recorded a high resolution mass spectrum
(HRMS) using the ESI-TOF method to determine the exact

mass of [M + H]+ of 410.0619 providing the molecular for-
mula C19H16BrN5O (calcd 410.0610), which is in agreement
with the identified structure.

The synthetic pathway to the hybrids B1–16, i.e. 5,6-
di(1,4-disubstituted 1,2,3-triazole)dihydropyrimidinones,
consisted in the functionalization of the C-6 methyl posi-
tion of the DHPM ring of hybrids A through a sequential
pathway consisting of: (i) bromination, (ii) azidation, and
(iii) CuAAC (Scheme 3). The most challenging reaction was
the bromination at the C-6 methyl position of the DHPM
ring. In fact, this is the strategy that is mostly used in the
literature for the functionalization of the DHPM.6a,14

In our case, the bromination reaction of the C-6 methyl
group of DHPM was performed with several bromination
reagents, such as Br2, N-bromosuccinimide, and tetrabu-
tylammonium tribromide (TBABr3). Only the Br2 (yields up
to 20%) and TBABr3 (yields up to 54%) reagents furnished
the desired products 7a–e.15 The bromination reaction with
TBABr3 had several advantages compared to molecular bro-
mine; which included better yields, easier handling, and
better control of the exact quantity of bromine added.

In the second step, the azidation of 6-bromomethyl
with NaN3, the reaction was carried out under microwave
irradiation, the azide intermediates 8a–e were obtained
with very good yields (up to 93% yield).16 The last step was
the formation of the 1,2,3-triazole via the click reaction.
The click reaction was catalyzed by CuSO4·5H2O (with L-
ascorbic acid as reductant) and involved the cycloaddition
of 8a–e with a variety of alkynes.

The reactions were performed under microwave irradi-
ation using four different alkynes: phenylacetylene (2), cy-
clopropylacetylene (9), 4-bromophenylacetylene (10), and
1-(prop-2-yn-1-yl)isatine (11). The sixteen hybrids B1–16
were obtained in very good to excellent yields (up to 99%).17

Table 2  Results for the Sequential CuAAC (Click) and Biginelli Reactions

Entry Catalyst (mol%) Additive (mol%) Solvent Conditions Time Yield (%)

 1 CuI (5) DIPEA (4), AcOH (4) MeCN MW 24 h 5711

 2 CuSO4·5H2O (5) L-ascorbic acid (20) DMF MW 24 h 15

 3 CuI (10) DIPEA (4), AcOH (4) MeCN MW 24 h 29

 4 CuI (10) DIPEA (4), AcOH (4) MeCN conventional 67 h 42

 5 CuSO4·5H2O (10) L-ascorbic acid (20) DMF conventional  5 d  0

 6 CuI (15) DIPEA (4), AcOH (4) MeCN conventional  4 d 25

 7 CuI (10) DIPEA (4), AcOH (4) EtOH conventional  4 d 16

 8 CuI (10) DIPEA (4), AcOH (4) H2O conventional  4 d  0

 9 CuI (10) DIPEA (4), AcOH (4) – conventional  4 d 24

10 CuI (10) DIPEA (4), AcOH (4) toluene conventional  4 d  0

11 CuI (10) DIPEA (4), AcOH (4) THF conventional  4 d  0

12 CuI (5) – AcOH conventional  6 d  0

13 CuI (5) DIPEA (4), AcOH (4), Fe (5) MeCN MW 25 h 35

14 CuI (5) DIPEA (4), AcOH (4), Fe (5) MeCN conventional  3 d 42
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All intermediates 7a–e, 8a–e and the hybrids B1–16
were fully characterized by 1H NMR, 13C NMR (all spectra
are available in the Supporting Information), and mass
spectra. In relation to the intermediates 7a–e, the 1H NMR
spectra are very similar to hybrids A1–5. The major differ-
ence was the disappearance of the signal corresponding to
the C-6 methyl group at ̺ = 1.6 ppm, and the appearance of
two doublets with ̺ = 3.91 and 4.02 ppm (J = 11 Hz), which

corresponds to the 6-BrCH2 substituent. In the case of the
azide intermediates 8a–e, the methylene group has the two
doublets with ̺ = 3.82 and 3.91 ppm (J = 14 Hz), which were
more shielded due to the effect of the azide group. In the
structural characterization of the hybrid B1 by 1H NMR
spectroscopy, the C-6 methylene protons suffer a deshield-
ing effect by the 1,2,3-triazole ring. The two doublets ap-
pear with chemical shifts at ̺ = 5.01 and 5.14 ppm and cou-

Scheme 3  Synthetic strategy for obtaining the hybrids B1–16. Reaction conditions: (i) TBABr3 (1.5 equiv), dichloromethane, rt, 2 h; (ii) NaN3 (1.5 
equiv), DMF, 60 °C, microwaves, 30 min; (iii) alkyne (1 equiv), DMF, 90 °C microwaves, 10 min.15–17
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B2 X = Y = H (99%)
B6 X = Cl; Y = H (84%)
B9 X = OBn; Y = H (78%)
B12 X = H; Y = Br (48%)
B15 X = H; Y = OMe (70%)

B3 X = Y = H (95%)
B7 X = Cl; Y = H (93%)
B10 X = OBn; Y = H (88%)
B13 X = H; Y = Br (35%)
B16 X = H; Y = OMe (67%)

B4 (97%)

Table 3  Antiproliferative Activity (GI50) of Hybrid Compounds A1–3, B1–4, and B7

Compound GI50 ± SD (̾M)

Non-small-cell lung Breast Cervix Colon

A549 SW1573 HBL-100 T-47D HeLa WiDr

A1   27 ± 2.5a 17 ± 1.6a 32 ± 6.2b   30 ± 4.0b 25 ± 6.8b   36 ± 8.1b

A2   34 ± 3.7b 30 ± 11b 38 ± 3.6b   37 ± 6.7b 34 ± 6.8b   39 ± 6.3b

A3   18 ± 2.2b 14 ± 5.2b 24 ± 3.8b   25 ± 4.9b 17 ± 2.1b   25 ± 1b

B1   58 ± 18b 28 ± 7.1b 39 ± 6b   47 ± 7b 29 ± 3.7b   57 ± 19a

B2   26 ± 3.9b 30 ± 13b 52 ± 1.5a   37 ± 2.4a 32 ± 5.4b   38 ± 4.2b

B3   43 ± 2.6b 37 ± 0.76a 77 ± 4.7b   48 ± 0.59a 50 ± 5.6b   56 ± 2.8a

B4 >100b 32 ± 8.2a 50 ± 4.0a >100b 35 ± 3.6b >100b

B7   17 ± 1.1b 15 ± 6.3b 20 ± 2.3b   32 ± 4.4b 22 ± 1.8b   18 ± 1.5b

a GI50 values are means of two independent experiments.
b GI50 values are means of three independent experiments.
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pling constants of 15 Hz. It seems that the C–H proton of
DHMP – that couples with N–H – appears as a doublet with
a coupling constant of 2 Hz. The characteristic protons of
the 1,2,3-triazole rings appear at ̺ = 7.90 and 8.43 ppm.

For intermediates 7a, 8a, and hybrid B1 we have record-
ed high-resolution mass spectra (HRMS) using the ESI-TOF
method to determine the exact mass of [M + H]+ of each
(see ref. 15–17).

Eight of the novel hybrid A and B compounds described
in this work were evaluated for antiproliferative activity in
vitro against six different human cancer cell lines: A549 and
SW1573 (non-small-cell lung), HBL-100 and T-47D (breast),
HeLa (cervix), WiDr (colon), the results of GI50 (growth in-
hibition of 50%) are given in Table 3. Only three hybrids
showed significant antiproliferative effect with GI50 values
below 20 ̾M.

These included hybrids A (A1–3 with one 1,2,3-triazole
unit) where the best growth inhibitors were A1 and A3. A1
was limited to non-small-cell lung cancer – SW1573 with
GI50 17 ̾M and in the case of hybrid A3 was shown to be
active against non-small-cell lung cancer – A549 (GI50 = 18
̾M), SW1573 (GI50 = 14 ̾M) and cervix cancer – HeLa (GI50
= 17 ̾M). Hybrid A3 bearing a p-benzyloxyphenyl substitu-
ent in the C4-position of DHPM showed antiproliferative ef-
fects in various cancer cell lines.

In the case of hybrids B (B1–4 and B7 with two 1,2,3-
triazole units), the best growth inhibitor was the hybrid B7,
showing the best IG50 values for non-small-cell lung cancer
– SW1573 (GI50 = 15 ̾M) and A549 (GI50 = 17 ̾M), colon
cancer WiDr (GI50 = 18 ̾M), and breast cancer HBL-100
(GI50 = 20 ̾M). The only difference between hybrids B3 and
B7 is the fact that the latter contains a Cl atom instead of a
hydrogen, and it seems that this halogen enhances the anti-
proliferative effect in all cancer cell lines. In the T-47D cell
line all compounds had low antiproliferative effects. Inter-
estingly, both hybrids type A and B have compounds with
anticancer activity.

The first family of (4-phenyl-1,2,3-triazole)dihydropy-
rimidinone hybrids A1–5 with the 1,2,3-triazole ring di-
rectly linked to the C-5 position of DHPM were synthesized
in good overall yields using the combination of the CuAAC
and Biginelli multicomponent reactions in a one-pot se-
quential manner. The second family of di(1,4-disubstituted
1,2,3-triazole)dihydropyrimidinone hybrids B1–16 were
successfully synthesized in excellent yields via functional-
ization of C-6 methyl group position of the DHPM from hy-
brids A. The best bromination method found involved the
TBABr3 reagent affording the brominated intermediates 7a–
e in good yields. Azidation with NaN3 furnished the new
azide intermediates 8a–e also in very good yields. The last
step, i.e., the introduction of the 4-substituted 1,2,3-triazole
ring in the C-6 position of hybrids A, was carried out using
the CuAAC reaction. Hybrids B1–16 were obtained in excel-
lent yields. The overall yields were generally good (up to
43%). Three of the eight tested hybrids A1, A3, and B7 were

shown to be the best antiproliferative agents in the non-
small-cell line cancer SW1573 showing IG50 values of 17,
14, and 15 ̾M, respectively. Hybrid A3 was shown to be ac-
tive also in A549 and HeLa cancer cell line. Hybrid B7 was
also active against A549, HBL-100, and WiDr cancer cell
lines. In conclusion, both families have much potential for
development as anticancer drugs and further studies are in
progress.
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The reaction was carried out in a Biotage microwave reactor in a
5 mL vial equipped with a magnetic stirrer. Added to the vial
were the 1,2,3-trzl-DHPM-Br (7a–e), DMF (3 mL), and NaN3 (1.5
equiv). The sealed vial was placed in the reactor under the fol-
lowing conditions: 30 min, 60 °C, pre-stirring 60 s, normal
adsorption. When the reaction was complete, H2O (5 mL) was
added to the reaction mixture, and it was extracted with AcOEt.
The organic layer was dried with MgSO4, filtered, and concen-
trated under vacuum. The crude product was purified by
column chromatography and characterized. 
Compound 8a: white solid (135 mg, yield 88%). 1H NMR (400
MHz, DMSO-d6): ̺ = 3.82 and 3.91 (2 d, J = 14 Hz, 2 H, CH2), 5.47
(d, J = 2 Hz, 1 H, CH-DHPM), 7.19 (d, J = 7 Hz, 2 H, Har), 7.25–
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