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Pyrimidine-fused compounds are of great interest for the discovery of potent bioactive agents. This study de-
scribes the synthesis of novel pyranopyrimidines 3a-f and pyranotriazolopyrimidines 4a-d derivatives via the
cyclocondensation reaction of a-functionalized iminoether 2, which was obtained from 2-amino-3-cyanopyrane
1, with a series of primary aromatic amines and hydrazides, respectively. Structures of all synthesized com-
pounds were established on the basis of spectroscopic methods including 'H NMR, '3C NMR and ES-HRMS. They
were finally tested for their anticoagulant and anti-tyrosinase activities. Significant results have been obtained

and the structure-activity relationship (SAR) was discussed with the help of molecular docking analysis.

1. Introduction

Designing of novel class of bioactive heterocycles and develop ef-
ficient methods for their synthesis with predefined functionalities is a
challenging task in modern organic chemistry [1,2]. Pyrimidines con-
stitute an interesting group of heterocylic compounds many of which
possess wide-spread pharmacological properties and their chemistry
and bioactivities are receiving considerable attention and has been
documented in several reports [3-6]. Furthermore, the multiple biolo-
gical activities of these heterocyclic compounds are of increasing in-
terest as antibacterial [7], antiviral [8] and antitumor [9]. In addition,
some of them have shown anticoagulant (Fig. 1-A) [10] and anti-tyr-
osinase activities (Fig. 2-D) [11].

On another hand, pyrane-fused compounds have, for a long time,
attracted the interests of both synthetic and biological researchers alike
because of their various chemical and biological properties [12-14].
Many of them displayed a broad range of biological activities such as
analgesic [15], antituberculosis [16], antiviral [17], anticoagulant
(Fig. 1-B) [18] and anti-tyrosinase (Fig. 2-E) [19].

Furthermore, triazoles are a class of compounds, which occupies a
special role in nature. They have attracted intense interest in recent
years because of their diverse pharmacological properties like
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antibacterial [20], analgesic [21], anti-inflammatory [21] and parti-
cularly anticoagulant (Fig. 1-C) [22] and anti-tyrosinase agents (Fig. 2-
F) [23].

In view of the above observations and as a continuation of our
previous work on the synthesis of a new fused-pyrimidine scaffold
[24-26], we report here the synthesis of some new condensed pyr-
imidine derivatives 3 and 4 (Fig. 3) bearing in their structures frag-
ments such as pyrane, pyrimidine and triazole, commonly found in
anticoagulant and anti-tyrosinase agents.

All synthesized compounds 1, 2, 3a-f and 4a-d were evaluated for
their anticoagulant by measuring the aPTT and for their anti-tyrosinase
potency and the structure-activity relationship (SAR) was discussed
with the help of molecular docking analysis.

2. Results and discussion
2.1. Chemistry

The 2-amino22123-cyanopyrane 1 has served as a key starting
material. It was prepared via one-pot three-component reaction [27], of

arylaldhyde, malononitrile and 5,5-dimethylcyclohexane-1,3-dione.
Since such system constitutes a commonly used building block for the
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Fig. 1. Previously reported anticoagulant compounds.

Fig. 2. Previously reported anti-tyrosinase compounds.

construction of a variety of poly-heterocycles [28,29]. For this purpose
and as described in Schemes 2 And 3, our approach to the target sys-
tems 3 and 4 was firstly started by the construction of the a-functio-
nalized iminoether 2, via condensation reaction of precursor 1 with
triethylorthoformate under reflux of acetic anhydride (Scheme 1) [30].

Structures of compounds 1 and 2 were established by their 'H NMR
and '3C NMR spectra.

Then, the reflux of iminoether 2 with some primary aromatic
amines in ethanol for 5h and in the presence of a catalytic amount of
acetic acid led to new the pyranopyrimidines 3 (Table 1). Plausible
pathway involves two successive nucleophilic additions of the —NH,
group on the imidic carbon and on the cyano function (Scheme 2).

The structures of compounds 3 have been assigned from their 'H
NMR, '3C NMR and mass spectrometry (ES-HRMS) analytical data. In
fact, the "THNMR spectra of compounds 3 showed, in addition to the
new signals corresponding to the protons introduced by the inter-
mediate 2, the appearance of new signals due to the primary aromatic
amine and the disappearance of the signals relative to the ethoxy group
protons. Analysis of '3C NMR spectra of the same compounds showed
the appearance of a new signals relative to carbons introduced by the
primary aromatic amine used, in addition to the disappearance of three
signals at 8¢ 13.2, 63.8 and 118.3 attributable to CH3—CH,—O,
CH3—CH,—O0 and —CN, respectively.

In the second part of this work, a series of new pyranopyrimidine
derivatives containing the 1,2,4-triazolo moiety 4a-d has been pre-
pared, by cyclocondensation reaction of the precursor 2, via its imidic
carbon and nitrile functional group with appropriate acid hydrazides
according to the procedure described by Abdel-Aziz et al. [31] (Scheme
3). This reaction was conducted in three solvents (dioxane, ethanol and
toluene) and the best yields (60-85%) were obtained with dioxane
(Table 2).

Plausible pathway involves two successive nucleophilic additions of
—NH, group on the imidic carbon then on the cyano function followed
by dehydrocyclization to give the new pyranotriazolopyrimidines 4a-d
(Scheme 3).

The formed compounds 4 were characterized by their 'H NMR, 3C
NMR and mass spectrometry (ES-HRMS) spectral data.

Further, the 'H NMR spectra of new pyranotriazolopyrimidines 4a-
d showed the disappearance of signals (triplet and quadruplet) relative
to the ethoxy group of the a-functionalized iminoether 2 and the ap-
pearance of new signals, attributable to protons introduced by the

130

appropriate hydrazide, of which chemical shifts and multiplicities are
in agreement with the proposed structures.

Analysis of '3C NMR spectra of compounds 4a-d showed, in addi-
tion of the signals relative to the hydrazide moiety carbons, essentially
the new signal at 8¢ 152.3 relative to carbon C,, the disappearance of
two signals at 8¢ 13.2 and 63.8 corresponding to the ethoxy group
carbons.

The ESI-HRMS showed the correct protonated molecular ion peaks
[M+H]" for all examined compounds 3 and 4.

2.2. Biological activity

All the synthesized compounds 1, 2, 3a-f and 4a-d have been
evaluated for their anticoagulant and anti-tyrosinase activities.

2.2.1. Anticoagulant activity

Anticoagulants have been introduced therapeutically for over half a
century and are widely used in various fields such as surgery and car-
diology. Since their introduction in therapeutics, important advances
have been made, allowing a better understanding of their mechanism of
action, the intimate mechanisms of thrombosis, the role of platelets and
the endothelium. Thus, with the progress of methods of synthesis and
the isolation from natural sources, new molecules were discovered.

Anticoagulants block the vitamin K cycle by acting on epoxide re-
ductase and inhibiting the quinonereductase responsible for the trans-
formation of vitamin K epoxide (KO) into vitamin K quinone, re-
sponsible for blood coagulation.

The in vitro anticoagulant activity of all the synthesized compounds
1, 2, 3a-f and 4a-d was evaluated by measuring the activated Partial
Thromboplastin Time (aPTT) in normal human plasma. As shown in
Table 3, all the synthesized compounds have displayed good antic-
oagulant activities expressed by the significant prolongation of aPTT in
a concentration—dependent manner ranging from 53.7 to 72.8s com-
pared to that of the negative control (aPTT = 33.05s).

From the results obtained, it has been found that the iminoether 2
exhibited the highest activity (aPTT = 72.8 + 0.95s) followed by the
starting product 1 (aPTT = 68.3 + 0.8s) compared to the plasma as
negative control (aPTT = 33.50 * 0.05s). The prepared pyranopyr-
imidines 3a-f exhibited good anticoagulant activity with aPTT values
ranging from 53.7 + 0.9 to 63.2 * 1.1s. In this series, compound 3f

bearing a naphthyl group displayed the highest activity
(@PTT = 63.2 = 1.1s) followed by 3c with a 4-CyHsPh
(aPTT = 61.8 * 1.0s) whereas 3b (3—-CH3Ph) was found to be the less

active (aPTT = 53.7 = 0.95s) but remains more effective than the ne-
gative control (plasma). This difference in activity could be explained
by the nature and the position of the alkyl group attached to the aro-
matic ring. Compound 3e with a 4~-OCH3-Ph showed a slightly higher
activity than its analogue 3d (3-CIPh) (aPTT =57.0 = 1.0 and
54.8 = 0.8s, respectively). This finding could be due to the nature of
the substituent and its own electronic effect. Indeed, the methoxy group
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Scheme 1. Synthetic pathway to the precursors 1 and 2.

Table 1
Synthesis of pyranopyrimidines 3a-f.
3a 3b 3c 3d 3e 3f
Ar Ph  3-CHsPh  4-CHsPh  3-CIPh  4-OCHsPh  1-naphthyl
Yield (%) 67 74 80 76 86 84

exerted a mesomeric donor effect whereas chlorine atom exerted both a
mesomeric donor and an inductive attractor effects. The derivative 3a
(Ph) (aPTT =57.1 * 0.7s) displayed an anticoagulant capacity
slightly higher than 3b (3-CH3Ph) and 3d (3-CIPh). This result shows
the ineffectiveness of these two substituents in the aryl group at 3-po-
sition compared to the hydrogen atom.

On the other hand, the pyranotriazolopyrimidines 4a-d
(@aPTT = 55.1.0 = 1.1 - 63.4 + 0.7 s) were found to be anticoagulant
compared to the negative control (plasma). The derivative 4c
(R = CH,CN) exhibited the highest activity with an aPTT value of
63.4 = 0.7 s followed by 4b (R = CH3) (aPTT = 60.1 = 1.25s). The
comparison of the anticoagulant activity of 4b and 4c with that of the
non substituted triazole derivative 4a (aPTT = 59.4 *= 0.8s) does not

show the impact of these two substituents introduced (CH; and CH,CN)
to improve this activity. Moreover, the coumarin moiety in compound
4d (aPTT = 55.1 = 1.1s) did not seem to bring any anticoagulant
activity by comparison to 4a. This result could be explained by the
extension of the size of the molecule and the decrease of its polarity
which influence its solubility. All the tested compounds remain less
active than heparin (aPTT = 125.2 = 3.8s, cc = 10 ug/mL) used as
positive control.

2.2.2. Anti-tyrosinase activity

Tyrosinase is an enzyme present in the skin that activates the
transformation of tyrosine (amino acid) into dark-colored pigment
melanin. Its absence or mutation of its gene lead to a decrease or even a
halting of the pigmentation. The in vitro anti-tyrosinase activity of
compounds 1, 2, 3a-f and 4a-d were assessed by measuring the in-
hibition percentage (PI %). The results presented in Table 3 showed
that most of tested compounds displayed significant anti-tyrosinase
activity with percent of inhibition ranging from 73.77 *+ 1.10 to
98.84 + 1.81% compared to that of kojic acid used as a positive con-
trol (85.50 *+ 1.00%). It has been found that the iminoether 2
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Scheme 2. Synthetic pathway of pyranopyrimidines 3a-f.

exhibited the highest tyrosinase inhibitor with a PI value of
98.84 + 1.81% whereas the starting compound 1 was the less active
one against tyrosinase (PI = 73.77 = 1.10%), hence the importance to
modify the primary amine function into imine.

On the other hand, from the series of compounds 3a-f, only 3a, 3c
and 3d displayed anti-tyrosinase capacity with PI values of
91.35 = 1.00, 84.14 = 2.00 and 94.23 = 1.45%, respectively. It is
clear that the chlorine atom and its 3-position of the aromatic ring were
in favor of the high activity of compound 3d. These results show that
the attachment of a methyl group at the 3-position on the aromatic ring
(compound 3b) results in the loss of activity compared with compound
3a with an unsubstituted aromatic ring (PI = 91.35 * 1.00%),
whereas, the introduction of an ethyl group at the 4-position of the
aromatic ring in compound 3c has generated an interesting anti-tyr-
osinase activity (PI = 84.14 + 2.00%).

The inactivity of compound 3e (4-OCH3Ph) compared to its bioac-
tive analogue 3c (4-C,HsPh) clearly shows the importance of the nature
of the substituent attached to the 4-position of the aromatic ring in
addition to the electronic effects (+1 and/or +M) that can apply. The

O Ph
EtOH/AcOH I |
reflux/5h A~ _Ar
o
ZV
H
Table 2
Synthesis of pyranotriazolopyrimidines 4a-d.
4a 4b 4c 4d
R H CH, CH,CN
=
o] (¢} CJ/CH2
Yield (%) 85 60 73 80

(Ph) (PI =91.35 = 1.00%) suggests that the extension of the con-
jugation might not be in favor of this activity. The difference in size and
spatial arrangement between these two molecules could also be at the
origin of the total loss of this activity by replacing a phenyl by a
naphthyl group.

On the other hand, only the compound 4b (R = CH3) was found to
be inactive towards tyrosinase enzyme. Compound 4c (R = CH,CN)
exhibited the highest activity (PI = 93.94 + 1.58%) followed by 4d

inactivity of the compound 3f (naphtyl) compared to its analogue 3a with a  coumarin system attached to its triazole ring
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Scheme 3. Synthetic pathway of pyranotriazolopyrimidines 4a-d.
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Table 3

Anticoagulant and anti-tyrosinase activities of compounds 1, 2, 3a-f and 4a-d.
Compounds aTTP (s)* (P1%)"
1 68.3 = 0.8 73.77 = 1.10
2 72.8 = 0.9 98.84 + 1.81
3a 57.1 = 0.7 91.35 + 1.00
3b 53.7 = 0.9 na‘
3c 61.8 = 1.0 84.14 = 2.00
3d 54.8 = 0.8 94.23 + 1.45
3e 57.0 = 1.0 na
3f 63.2 = 1.1 na
4a 59.4 = 0.8 78.09 = 0.94
4b 60.1 = 1.2 na
4c 63.4 = 0.7 93.94 + 1.58
4d 55.1 = 1.1 90.12 = 2.10
Plasma’ 33.50 + 0.05
Heparin® 125.2 = 3.8
Kojic acid’ 85.50 + 1.00

@ Expressed by measuring the activated Partial Thromboplastin Time (aPTT)
(s) at the concentration of 1000 pg/mL and was the mean of three replicates
(mean = SD, n = 3).

b Capacities were represented as percent of inhibition (mean + SD, n = 3).
Non active.

Negative control.
Positive control at the concentration of 10 pg/mL.
f positive control.

c
d

e

(PI =90.12 + 2.10%). The electron-withdrawing cyano group in
compound 4c is certainly at the origin of the high activity compared to
that of compound 4a where this group is replaced by a hydrogen atom
(PI = 78.09 + 0.94%). The compounds 4c and 4d were found more
effective than the positive control (PI = 85.50 *+ 1.00%). These find-
ings reveal the importance of the nature of the substituent borne by the
triazole.

2.2.3. Molecular docking studies

Tyrosinase is a binuclear copper-containing enzyme that catalyzes
the conversion of a monophenol (tyrosine) and/or o-diphenol (L-DOPA)
in its corresponding o-qunione derivative. The crystal structure is
mainly composed tetramer subunit chain-A, chain-B, Chain- C and
chain- D, respectively with the sequence length of 391 [32].

In depth docking analysis has been performed and investigation
were carried out to elucidate the interaction of this class of scaffolds
within the hydrophobic binding pocket of tropolone in PDB: 2Y9X and
to investigate the binding mode and binding energies of 1, 2, 3a, 3b, 3c,
3d, 3e, 3f, 4a, 4b, 4c and 4d (Table 4) at the tropolone binding domain
of binuclear copper containing enzyme (PDB: 2Y9X) by using auto dock
4.2. The majority of anti-tyrosinase agents that targets the tropolone
binding site, reported thus far, resemble the binding interaction of
tropolone within the hydrophobic binding site. Amongst all designed
scaffolds most active set of compounds in terms of binding energies are
within the conjugates 2, 3a, 3b, 3c and 3d found to be most active in
terms of binding energy and interactions within the tropolone binding
cavity of PDB: 2Y9X (Figs. 4 and 5).

In depth structure activity relationship of anti-tyrosinase agents

Table 4
Binding energies of promising anti-tyrosinase agents.

Binding Energy (kcal/mol)

Tropolone -5.33 —5.22 -5.18 -5.18 —4.95 —5.01
1 -8.20 -8.12 —-8.09 —8.09 —8.04 -7.93
2 -9.20 - 9.18 - 871 —8.70 —8.49 - 9.20
3a -9.12 -9.20 —-9.00 —9.50 -9.20 - 9.12
3b -9.37 -9.16 -9.04 -8.91 —8.41 -9.37
3c -9.50 —9.45 -9.10 —8.63 —8.46 —8.46
3d -9.95 -9.89 -9.80 -9.71 -9.69 -9.23
3e -7.01 -6.72 -6.57 —6.36 —7.00 —7.00
3f -7.95 —7.89 —-7.80 -7.72 =771 —7.57
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(Fig. 5) suggest that “ 4-imino-8,8-dimethyl-3,5-diphenyl-5,7,8,9-tet-
rahydro-3H-chromeno[2,3-d]pyrimidin-6(4H)-one” core with ring A, B,
C, D and E is most essential platform for the design of conjugates 3a, 3b,
3¢, 3d, 3e and 3f. In conclusion, we observed that dimethyl group at
position 8 of basic pharmacophore is essential for pi-alkyl type of in-
teraction with surrounding amino acid sequence within the binding
cavity of tropolone in addition to this 4-imino functional group gives it
a unique character to get ionized and form hydrogen bonds with pocket
amino acids (Fig. 6). Basic pharmacophore is a blend of saturated and
unsaturated system which is essential for the pi-pi and pi-alkyl inter-
actions which may be responsible for anti-tyrosinase property. Coming
to diphenyl ring substitution at position 3 and 5 (most essential) re-
spectively suggests that aliphatic substitutions in phenyl ring E may
explore probability to have promising anti-tyrosinase activity and
binding interactions, but in contrast bulkier ring or extension of this 3-
ring pharmacophore to 4 ring system is a demerit for binding energies
which we observed for conjugates 4a, 4b, 4c and 4d, respectively.

Binding site of conjugate 3d (most effective anti-tyrosinase agent
from the series 3) in hydrophobic cavity of PDB: 2Y9X (Fig. 7), 2D-
interactions in between 4 and imino group and some unfavorable
bumps in red color code with GLU-A-98 (conventional hydrogen bond
interactions in green color), Chlorine substitution in ring E is involved
in conventional hydrogen bond interaction with TRP-A-293 (green
color) and some unfavorable bumps (red color) with TRP-A-293, PHE-
A-292 were observed due to Pi-Pi electron clouds in ring E, apart from
this Pi-alkyl interactions were observed with TYR-A-9 in ring E, some
more unfavorable bumps were observed with GLU-A-98, ARG-A-95,
ASP-A-300 (Pi-anion in golden color), LEU-A-303 and VAL-A-299, re-
spectively. Phenyl ring D is involved in Pi-Pi interactions with ARG-A-
95 similarly some Pi-alkyl, Pi—Pi and conventional bonds were ob-
served in Ring A with PRO-A-91, VAL-A-299, PHE-A-241 and LEU-A-
255, respectively.

3. Conclusion

In this paper we have synthesized a series of new pyranopyrimidine-
and pyranotriazolopyrimidine-based bioactive heterocyclic compounds
3 and 4 by reacting the o-functionalized-iminoether 2, previously
prepared from a-aminocarbonitrile 1, with a series of primary aromatic
amines and hydrazides, respectively. The newly prepared compounds
3a-f and 4a-d have been tested for their possible anticoagulant and
anti-tyrosinase activities. The results showed that most compounds
exhibited interesting activity and in depth docking analysis reveals the
structure activity relationship which is relevant with the findings of
biological evaluations. It has been found that the iminoether 2 ex-
hibited the highest anticoagulant activity and tyrosinase inhibition
amongst all compounds synthesized and tested. Most pyranopyr-
imidines 3 and pyranotriazolopyrimidines 4 also displayed interesting
activity In depth docking analysis leads to a conclusion that 4-imino-
8,8-dimethyl-3,5-diphenyl-5,7,8,9-tetrahydro-3H-chromeno[2,3-d] pyr-
imidin-6(4H)-one is absolutely important for buildup and improvement
of antityrosinase activity of conjugates. Insilico SAR studies were sup-
ported with biological evaluation and in most of the cases the SAR
showed the nature and the electron effect of the substituents on the
aromatic ring or on the triazole moiety of pyranopyrimidines 3 and
pyranotriazolopyrimidines 4, respectively to improve and to show sig-
nificant binding interaction proven with Insilico docking studies.

4. Materials and methods
4.1. Chemistry

All reactions were monitored by TLC using aluminium sheets of
Merck silica gel 60 Fos4, 0.2 mm. Melting points were determined on a

Biichi 510 apparatus using capillary tubes.
NMR spectra were recorded on a Bruker AC-300 spectrometer at
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Fig. 4. Binding pose of conjugates 2, 3a, 3b and 3c in the tropolone binding cavity of PDB: 2Y9X.

300 MHz (*H) and 75 MHz (*3C). All chemical shifts were reported as &
values (ppm) relative to residual non deuterated solvent and coupling
constants (J) in Hertz. Mass spectra were obtained with ESI-TOF (LCT,
Waters) using the reflectron mode in the positive ion mode.

4.1.1. General procedure for the synthesis of 2-amino-3-cyanopyranes 1

To a stirred stoichiometric mixture of arylaldehyde (10 mmol),
malononitrile (10mmol) and 5,5-dimethylcyclohexane-1,3-dione
(10 mmol) in absolute ethanol (30 mL) was added a catalytic amount of
piperidine and then was refluxed for 2 h. The solid product formed is
filtered, dried and purified by recrystallization from ethanol to give
compound 1 in good yield 97%.

4.1.1.1. 2-amino-9,10-dimethyl-5-oxo0-4-phenyl-5,6,7,8-tetrahydro-4H-
chromene-carbonitrile 1. White solid, yield 97%, m.p: 240 °C, '"H NMR
(CDCl3,300 MHz) &y 1.04 (3H, s, Hy), 1.11 (3H, s, Hjp), 2.21 (2H, s,
Hg), 2.45 (2H, s, He), 4.41(1H, s, Ha), 4.51 (2H, s, NH,),7.26 (5H, s,
Harom). 2C NMR (CDCls, 75MHz) 8¢: 27.6, 28.7, 32.11, 35.5, 40.7,
50.7, 63.9, 114.2, 118.3, 157.5, 161.3, 195.5.

134

4.1.2. General procedure for the synthesis of the a-functionalized
iminoether 2

The mixture of 1 (0.01 mmol) and triethylorthoformate (0.01 mmol)
in acetic anhydride (30 mL) was refluxed for 1 h. The solvent was then
removed under reduced pressure. The remaining solid was re-
crystallized from ethanol to give compound 2.

4.1.2.1. EthyIN-(3-cyano-7,7-dimethyl-5-oxo-4-phenyl-5,6,7,8-tetrahydro-
4H-chromen-2-yl) formimidate 2. White solid, yield: 88%, m.p: 148 °C,
'H NMR (CDCls, 300 MHz) 8;;: 1.03-1.05 (6H, 4 s, Ho, Hy,), 1.36 (3H, t,
J = 6.9 Hz, H;3), 2.25 (2H, d, J = 16.5 Hz, Hg), 2.53 (2H, d, J = 12 Hz,
He) 4.41 (2H, q, J = 6.9 Hz, Hy5,), 4.61 (1H, s, Hy), 7.16-7.92 (5H, m,
Harom), 8.21 (1H, s, Hy;). *C NMR (CDCls, 75MHz) 8¢: 13.2, 27.1,
28.2, 31.6, 35.1, 40.3, 50.2, 63.8, 83.4, 112.6, 126.5, 128.3, 155.4,
160.3, 161.5, 195.0, 126.8.

4.1.3. General procedure for the synthesis of the pyranopyrimidines 3a-f
The appropriate primary amine (0.001 mol) was added to the imi-

noether 2 (0.001 mol), and the mixture was stirred at reflux of ethanol

(20mL) and a few drops of acetic acid for 6h. After cooling, the
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Fig. 5. Structure activity relationship of designed scaffolds for anti-tyrosinase agents.

precipitated solid was filtered, washed with cold ethanol, and dried to
obtain compounds 3a-f.

4.1.3.1. 4-imino-8,8-dimethyl-3,5-diphenyl-5,7,8,9-tetrahydro-3H-

chromeno[2,3-d]pyrimidin-6(4H)-one 3a. Yellow solid, yield: 67%, m.p:
254°C. ESI-HRMS [M+H] caled. for (CysH24N305)*: 398.1869,
found: 398.1888. 'H NMR (DMSO-dg, 300 MHz) &;: 0.97-1.07 (6H,
25, Hy 412), 2.19 (1H, d, J = 16.2 Hz, Ho,), 2.35 (1H, d, J = 16.2 Hz,
Hoyp), 2.57 (1H, d, J = 17.7 Hz, Hy,), 2.65 (1H, d, J = 17.7 Hz, Hy,),
5.45 (1H, s, Hs), 6.99-7.54 (10H, m, Hurom), 8.28 (1H, s, Hy), 8.60 (1H,
s, Hy3). 13C NMR (DMSO-ds, 75 MHz) 8¢: 26.5, 28.5, 31.4, 31.8, 39.4,
50.15, 121.7, 128.2, 99.72, 114.27, 155.9, 158.9, 161.4, 163.7, 195.5.

4.1.3.2. 4-imino-8,8-dimethyl-3,5-diphenyl-5,7,8,9-tetrahydro-3H-
chromeno[2,3-d] pyrimidin-6 (4H) —one 3b. White solid, yield: 74%,
m.p: 172°C. ESI-HRMS [M+H] *calcd. for (Cz6H26N305) 1 412.2025

Fig. 6. Binding site of tropolone in hydrophobic
cavity of PDB: 2Y9X, 2D-interactions with ALA-
A-221 (Vander waal interactions in green color),
hydrophobic cavity composed of surrounding
amino acids sequence ALA-A-220, LEU-A-265,
ILE-A-217, TRP-A-136, TRP-A-138, GLY-A-149,
PHE-A-147, TYR-A-140, ASP-A-137, TRP-A-141
and PHE-A-224, respectively.

found 412.2045. 'H NMR (CDCls, 300 MHz) 8: 1.01-1.12 (6H, 2,
His, Hi1), 2.29 (2H, d, J = 5.4 Hz, Hy), 2.31 (3H, s, CH,-Ph), 2.61 (2H,
s, Hy), 4.89 (1H, s, Hs), 6.31 (1H, s, H,), 6.98-7.47 (9H, m, Harom), 8.42
(1H, s, Hy3). '3C NMR (CDCls, 75 MHz) 8¢ 20.8, 26.9, 28.3, 31.65,
33.9, 40.6, 50.2, 98.4, 113.8, 118.1-128.6, 155.9, 158.9, 160.7, 162.6,
195.5.

4.1.3.3. 3-(4-ethylphenyl)-4-imino-8,8-dimethyl-5-phenyl-5,7,8,9-
tetrahydro-3Hchromeno[2,3-d] pyrimidin-6(4H)—-one 3c. Yellow solid,
yield: 80%, m.p: 202°C. ESI-HRMS [M+H]" caled. for
(Co7H2gN302) 1. 426.2182 found 426.2203. 'H NMR (CDCls,
300 MHz) &y: 1.01-1.19 (6H, 25, Hyq, Hyo), 1.29 (2H, d, J = 6.6 Hz,
Ho), 2.25 (2H, s, Hy), 2.67 (3H, s, CH5.CH, Ph), 4.92 (1H, s, Hs), 6.67
(1H, s, Hy), 7.15-7.49 (9H, m, Hgrom), 8.42 (1H, s, Hy3). '3C NMR
(CDCls, 75 MHz) 8¢: 15.4, 27.4, 28.8, 28.2, 32.1, 34.4, 41.2, 50.7, 98.7,
114.3, 121.7, 129.1, 156.6, 159.6, 161.2, 163.1, 196.0.
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Fig. 7. Binding site of conjugate 3d (most effective anti-tyrosinase agent) in hydrophobic cavity of PDB: 2Y9X and 2D-interactions.

4.1.3.4. (3-chlorophenyl)-4-imino-8,8-dimethyl-5-phenyl-5,7,8,9-
tetrahydro-3Hchromeno[2,3-d]pyrimidin-6 (4H)-one 3d. White solid,
yield: 76%, m.p: 164°C. ESI-HRMS [M+H] caled. for
(CasHosCIN30,) *: 432.1479 found 432.1498. 'H NMR (CDCl,
300 MHz) 8 1.01-1.12 (6H, 25, Hio, Hyp), 2.25 (2H, s, Ho), 2.66
(2H, s, H;), 3.78 (1H, s, Hy3), 4.95 (1H, s, Hs), 6.68-7.54 (9H, m,
Harom), 8.47 (1H, s, Hy). *C NMR (CDCls, 75 MHz) 8: 26.8, 28.3, 31.6,
33.8, 40.6, 50.2, 98.9, 113.7, 118.4-129.7, 156.1, 158.6, 160.9, 162.6,
195.5.

4.1.3.5. 4-imino-3-(4-methoxyphenyl)-8,8-dimethyl-5-phenyl-5,7,8,9-
tetrahydro-3H-chromeno [2,3-d] pyrimidin-6 (4H) —one 3e. Yellow solid,
yield: 86%, m.p: 218 °C. ESI-HRMS [M + H] " calcd. for (CoH6N303) *:
428.1974 found 428.1994. 'H NMR (CDCl3, 300 MHz) &y: 1.02-1.19
(6H, 2S, H]], le), 2.19 (2H, S, Hg), 2.65 (ZH, S, H7), 3.78 (3H, S,
OCHs,), 4.95 (1H, s, Hs), 6.50-7.45 (9H, m, H,,om), 8.39 (1H, s, H,). 3¢
NMR (CDCls, 75MHz) 8:: 26.9-28.3, 31.6, 33.8, 40.7, 50.2, 54.9,
98.02, 113.7, 123.2, 130.4, 156.4, 159.3, 160.7, 162.7, 195.6.

4.1.3.6. 4-imino-8,8-dimethyl-3-(naphthalen-1-yl)-5-phenyl-5,7,8,9-
tetrahydro-3H-chromeno [2,3-d] pyrimidin-6 (4H) —one 3f. White solid,
yield: 84%, m.p: 234 °C. ESI-HRMS [M + H] * calcd. for (C29Hz6N305) *:
448.2025 found 448.2045. 'H NMR (CDCl3, 300 MHz) 8y: 1.00-1.19
(6H, 25, Hy», Hy1), 2.22 (2H, s, Ho), 2.65 (2H, s, H,), 5.12 (1H, s, Hs),
6.81-7.87 (12H, m, Harom), 8.35 (1H, s, Hy), 7.43 (1H, s, Hy3). '*C NMR
(CDCls, 75MHz) 8¢: 27.0-28.2, 31.6, 34.0, 40.7, 50.3, 98.02, 113.7,
120.6, 128.8, 156.4, 159.3, 160.7, 162.7, 195.6.

4.1.4. General procedure for the synthesis of the pyranotriazolopyrimidines
4a-d

Equimolar solution (15 mmol) of imino ether 2 and hydrazide was
refluxed in dry dioxane (40 mL) with continuous stirring for 24 h under
argon atmosphere. The crude product was purified by column chro-
matography (PE:EtOAc 4:6) to give compound 4a-d.

4.1.4.1. 9,9-dimethyl-12-phenyl-9,10-dihydro-8H-chromeno[3,2-e]

136

[1,2,4]triazolo[1,5-c]pyrimidin-11(12H)-one 4a. White solid, yield:
85%, m.p: 223°C. ESI-HRMS [M+H]*caled. for (CooH;oN405)*:
347.1508 found 347.1530. 'H NMR (CDCls, 300 MHz) &;;: 1.08-1.10
(6H, 2s, Hy,, His), 2.19 (2H, d, J = 16.2Hz, Hg,), 2.29 (2H, d,
J = 16.2 Hz, Hgp), 2.58 (2H, d, J = 3Hz, Hy0,), 2.69 (2H, d, J = 3Hz,
Hiob), 5.43 (1H, s, H;5), 7.05-7.39 (5H, m, Hapom), 8.23(1H, s, Hs), 9.04
(1H, s, Hy). '3C NMR (CDCls, 75 MHz) 8¢: 27.5, 29.0, 32.3, 34.7, 41.1,
50.7, 105.4, 113.5, 127.3, 128.5, 138.5, 152.3, 156.9, 152.7, 163.6,
195.9.

4.1.4.2. 2,9,9-trimethyl-12-phenyl-9,10-dihydro-8H-chromeno[3,2e]
[1,2,4] triazolo[1,5-c]pyrimidin-11(12H)-one 4b. White solid, yield:
60%, m.p: 226°C. ESI-HRMS [M+H]* caled. for (CyHyN405)*:
361.1665 found 361.1684. 'H NMR (CDCl;, 300 MHz) &;;: 1.10-1.16
(6H, 2s, Hys, Hyy), 2.24 (2H, d, J = 16.2Hz, Hg,), 2.36 (2H, d,
J = 16.2Hz, Hgp), 2.53 (3H, s, CH3), 2.61 (2H, d, J = 17.7 Hz, Hioy),
2.75 (2H, d, J = 17.7 Hz, Hy0p), 5.49 (1H, s, Hi,), 7.13-7.45 (5H, m,
Harom), 8.97 (1H, s, Hg). 3C NMR (CDCls, 75MHz) 8c: 27.0, 28.5,
14.04, 31.75, 34.0, 40.7, 50.2, 104.0, 126.6, 127.8, 113.3, 137.6,
152.3, 152.4, 163.0, 167.2, 195.0.

4.1.4.3. 2-(9,9-dimethyl-11-oxo-12-phenyl-9,10,11,12-tetrahydro-8H-
chromeno[3,2-e][1,2,4] triazolo [1,5- c] pyrimidin-2-yl) acetonitrile
4c. White solid, yield: 73%, m.p: 228 °C. ESI-HRMS [M+H] " calcd.
for (CapHaoNsO2)*: 386.1617 found 386.1636. 'H NMR (CDCls,
300 MHz) 8y: 1.14-1.25 (6H, 25, Hy4, Hy5), 2.29 (2H, d, J = 16.5Hz,
Hg.), 2.39 (2H, d, J = 16.5Hz, Hg,), 2.65 (2H, d, J = 17.7 Hz, Hy0.),
2.78 (2H, d, J = 17.7 Hz, Hyop), 3.99 (2H, s, CHy), 5.49 (1H, s, H;,),
7.13-7.84 (5H, m, Harom), 9.06 (1H, s, Hs). '3C NMR (CDCls, 75 MHz)
8c: 24.3, 27.5, 18.6, 32.2, 34.6, 41.1, 50.7, 105.3, 113.6, 114.4, 138.1,
127.3, 128.4, 153.5, 160.9, 163.5, 163.8, 195.5.

4.1.4.4. 9,9-dimethyl-2-(((4-methyl-2-oxo0-2H-chromen-7-yl) oxy) methyl)
-12-phenyl-9,10-dihydro-8H-chromeno [3,2 e] [1,2,4] triazolo [1,5-c]
pyrimidin-11 (12H) -one 4d. White solid, yield: 80%, m.p: 225 °C.
HRMS [M +H] *caled. for (C3;H,,N40s)*: 535.1981 found 535.2002.
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TH NMR (CDCl;, 300 MHz) 8: 1.11-1.19 (6H, 25, Hy4, His), 2.24 (2H,
d, J = 16.2Hz, Hg,), 2.37 (2H, d, J = 16.2 Hz, Hg},), 2.39 (3H, s, CH,),
2.61 (2H, d, J = 4.8 Hz, Hy0a), 2.79 (2H, d, J = 4.8 Hz, Hy¢p), 5.39 (2H,
s, OCH,), 5.51 (1H, s, Hy2), 6.92-7.49 (8H, m, Harom), 9.04 (1H, s, Hs).
13C NMR (CDCls, 75 MHz) 8¢: 17.9, 27.0, 28.4, 31.7, 34.1, 40.6, 50.2,
63.5, 101.9, 104.9, 113.8, 127.9, 137.8, 152.5, 152.9, 160.6, 163.0,
164.9, 195.0.

4.2. Biological evaluation

4.2.1. Anticoagulant activity

The anticoagulant activity of the synthesized compounds were
evaluated by measuring the aPTT (Thromboplastin partial activation
time) using Platelin LS reagent (Trinity Biotech PLC, Cowicklow,
Ireland). The coagulation test was carried out using normal human ci-
trate plasma poor in platelets. In a coagulometer bowl, 45 pL of normal
citrate plasm pool containing 5L of the tested product solution at
concentrations of 1000 ug/mL are incubated for 1 min at 37 °C, 50 pL of
Platelin LS activator are then added. After 3 min incubation at 37 °C,
50 pL of previously heated CaCl, 0.025M are also added. The time of
appearance of the clot is measured by the coagulometer, Heparin
(10 ug/mL) was used as positive control and the test was conducted in
triplicate [33].

4.2.2. Antityrosinase activity

The mushroom tyrosine inhibition effect was determined using L-
tyrosine (1 mM) as the substrate. Hydroquinone (1 mM) was used as a
tyrosinase inhibitor. The substrate and inhibitor were prepared in 0.1 M
phosphate buffer pH 6.5. Inhibition of tyrosinase was tested in a reac-
tion mixture (4 mL) consisting of 1.960 mL of phosphate buffer, 2 mL of
L-tyrosine (1 mM), 20uL of fungus tyrosinase and 20pL of hydro-
quinone (1 mM). The reaction was initiated by adding enzyme to the
substrate solution and the inhibitor. The reaction and all solutions were
thermostated at 25 °C. The effect of inhibition was determined by the
maximum decrease in the amount of dopachrome formed and the ab-
sorbance was measured by spectrophotometry at 475 nm, a wavelength
at which all the compounds tested do not absorb. A blank assay
(without tyrosinase) was conducted. The test was performed in tripli-
cate. The percentage inhibition of tyrosinase activity at the con-
centration of 100uM was calculated according to the equation:
(%) = ((A—B)/A) X 100 where A represents the optical density of the
enzyme tyrosinase and B represents the optical density of the product
tested for 30 min [34].

4.2.3. Molecular docking procedure

The optimization of all the geometries is carried out in Gaussian 09
using PM3 semi-empirical method [35]. The crystal structures of PDB
(PDB: 2Y9X) were obtained from the RSCB protein data bank [32].
Docking studies were performed using AutoDock 4.2 software [36]. The
Analysis of intermolecular interactions has been performed using
Pymol, v. 0.99 [37].
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