
	

European	 Journal	 of	Medicinal	 Chemistry	 xx	 (xxxx)	 xxxx	
	

	
	
	
	
	
	
	
Original	 article	

General	role	of	 the	amino	and	methylsulfamoyl	groups	 in	selective	
cyclooxygenase(COX)-1	inhibition	by	1,4-diaryl-1,2,3-triazoles	and	
validation	of	a	predictive	pharmacometric	PLS	model	

Maria	Grazia	Perrone	a,	1,	Paola	Vitale	a,	1,	Andrea	Panella	a,	Cosimo	G.	Fortuna	b,	
Antonio	 Scilimati	 a,	* 
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A	 B	 S	 T	 R	A	 C	 T			
	

A	novel	set	of	1,4-diaryl-1,2,3-triazoles	were	projected	as	a	tool	to	study	the	effect	of	both	the	hetero-	
aromatic	triazole	as	a	core	ring	and	a	variety	of	chemical	groups	with	different	electronic	features,	size	
and	shape	on	the	catalytic	activity	of	the	two	COX	isoenzymes.	The	new	triazoles	were	synthesized	in	fair	
to	good	yields	and	then	evaluated	for	their	inhibitory	activity	towards	COXs	arachidonic	acid	conversion	
catalysis.	 Their	 COXs	 selectivity	 was	 	 also	 	measured.	 	 A	 	 predictive	 	 pharmacometric	 	 Volsurf	 	 plus	
model,	experimentally	confirmed	by	the	percentage	(%)	of	COXs	 inhibition	at	 the	concentration	of	50	mM	
and	 IC50	 values	 of	 the	 tested	 compounds,	was	 built	 by	 using	 a	 number	 of	 isoxazoles	 of	 known	 COXs	
inhibitory	activity	as	a	training	set.	It	was	found	that	two	compounds	{4-(5-methyl-4-phenyl-1H-1,2,3-	
triazol-1-yl)benzenamine	 (18)	 and	 4-[1-(4-methoxyphenyl)-5-methyl-1H-1,2,3-triazole-4-yl]benzen-	
amine	(19)}	bearing	an	amino	group	(NH2)	are	potent	and	selective	COX-1	inhibitors	(IC50	¼ 15	and	3	mM,	
respectively)	and	that	the	presence	of	a	methylsulfamoyl	group	(SO2CH3)	is	not	a	rule	to	have	a	Coxib.	In	
fact,	 4-(4-methoxyphenyl)-5-methyl-1-[4-(methylsulfonyl)phenyl]-1H-1,2,3-triazole	 (23)	 has	 	 COX-1	
IC50	¼ 23	mM	and	was	found	 inactive	towards	COX-2.	

© 2015	Elsevier	Masson	SAS.	All	 rights	 reserved.	

	
	

	
	
1. Introduction	
	

In	the	last	two	decades,	the	interest	around	the	cyclooxygenases	
was	 focused	on	 the	 inducible	 isoform	COX-2,	 trying	 to	exalt	 ther-	
apeutic	 over	 adverse	 side	 effects	 and	 because	 deemed	 solely	
responsible	of	inflammation	processes	in	respect	to	the	“constitu-	
tive” isoenzyme	COX-1	[1].	In	recent	years,	the	attention	around	the	
COX-1	 has	 been	 growing	 ever	 more,	 especially	 since	 it	 was	
demonstrated	that	COX-1	isoform,	but	not	COX-2,	is	overexpressed	
in	 several	human	pathologies.	Particularly,	COX-1	 is	 expressed	at	
high	 levels	 from	the	early	to	advanced	stages	of	human	epithelial	
ovarian	cancer,	skin	and	colon,	and	seems	to	play	a	specific	key	role	
also	 in	 cancer	 progression.	 As	 a	 consequence,	 COX-1	might	 be	 a	
novel	biomarker	for	early	ovarian	cancer	detection	[2],	as	well	as	in	
other	cancer	types	[1].	
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Moreover,	 COX-1,	 being	 predominantly	 localized	 in	 microglia,	
emerged	as	a	prominent	player	in	CNS	pathologies	with	a	marked	
neuroinflammatory	 component	 [3e7].	 Then,	 COX-1	 high	 selective	
inhibition	 rather	 than	 COX-2	 (by	 Coxibs,	 i.e.	 celecoxib)	 is	 more	
likely	to	reduce	neuroinflammation.	Hence,	COX-1	inhibitors	have	
been	further	investigated,	in	combination	with	other	specific	drugs,	
as	 part	 of	 a	 therapeutic	 protocol	 aimed	 to	 prevent	 and	 control	
neurodegenerative	 diseases	with	 pronounced	 inflammation,	 very	
often	first	step	of	neurodegeneration	mechanisms	[8].	

In	 addition,	 the	 use	 of	 COX-1	 as	 a	 theranostic	 target	 in	many	
human	 health	 problems,	 is	 becoming	 more	 and	 more	 attractive,	
since	 it	 has	 been	 proven	 that	 its	 selective	 inhibition	 is	 not	
responsible	 of	 stomach	damage	 [9],	 the	main	heavy	 adverse	 side	
effect	of	NSAIDs.	

As	 a	 consequence,	 the	development	of	 selective	COX-1	 in-	
hibitors	could	be	quite	important	for	the	treatment	and	visualiza-	
tion	of	diseases	in	which	the	COX-1	isoenzyme	is	overexpressed	[1].	

Very	few	selective	COX-1	inhibitors	are	currently	known,	and	
among	 those	 we	 focused	 our	 attention	 on	 the	 diarylheterocycle	
scaffold.	
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Over	 the	 past	 decade,	 starting	 from	 our	 lead	 P6	 [10],	 [3-(5-	
chlorofuran-2-yl)-5-methyl-4-phenylisoxazole]	 (Fig.	 1),	 some	 dia-	
rylheterocycles	as	COX-1	inhibitors	have	been	prepared.	Isoxazole	
nucleus	was	deeply	investigated	by	linking	to	the	diarylheterocycle	
several	groups	with	different	features	to	better	identify	the	COX-1	
active	 site	 requirements	 for	 its	 efficacious,	 potent	 and	 selective	
inhibition	[11,12].	

Triazole	has	already	been	used	to	prepare	COXs	inhibitors.	Most	
triazoles	 are	 known	 to	 possess	 remarkable	 biological	 properties	
such	as	anti-allergic	[13],	antibacterial	[14],	anti-HIV	[15]	activities	
and	are	valuable	tools	in	drug	discovery.	

Most	 efforts	 have	 been	made	 to	 develop	 suitable	 synthesis	 of	
1,2,4-triazoles	endowed	with	biological	activity.	

FK881	 [3-methoxy-1,5-bis(4-methoxyphenyl)-1H-1,2,4-triaz-	
ole]	 (Fig.	1)	 is	one	of	 the	most	 studied	selective	COX-1	 inhibitors	
having	the	1,2,4-triazole	as	a	central	ring	[16].	In	view	of	the	various	
pharmacological	properties	of	the	triazole	nucleus	[17],	herein	we	
describe	a	new	series	of	1,4-diarylheterocycles	bearing	 the	1,2,3-	
triazole	(regioisomer	of	1,2,4-triazole,	chemical	portion	of	FK881),	
as	a	core	ring.	The	novel	1,2,3-triazoles	were	designed	by	using	a	
Volsurf	 plus	 [18,19]	 approach,	 that	 allowed	 also	 to	 predict	 their	
activity	 as	 potent	 and	 selective	 COX-1	 inhibitors.	 In	 order	 to	
demonstrate	 the	 validity	 of	 the	 Volsurf	 plus	 derived	 pharmaco-	
metric	 model,	 we	 prepared	 and	 tested	 the	 predicted	 novel	 1,4-	
diaryl-1,2,3-triazoles	 towards	 both	 COX	 isoenzymes.	 The	
structure-inhibitory	activity	model	by	Volsurf	plus	was	build	also	as	
an	attempt	to	rationalize	our	previous	experimental	findings.	

The	 COX	 inhibitory	 activity	 evaluation	 data	 confirmed	 the	 in	
silico	predictions	and	revealed	that	in	the	diarylheterocycle	series,	
the	introduction	of	the	1,2,3-triazole	nucleus	is	not	responsible	of	
the	COX	inhibition;	on	the	contrary,	the	presence	of	the	NH2	group	
somewhere	 in	 the	molecule	 is	 crucial	 in	 the	 selective	 interaction	
with	COX-1	binding	site,	as	recently	found	in	the	isoxazole	scaffold	
[12].	

	
2. Results	and	discussion	

	
2.1. Design	

	
The	1,2,3-triazole	possesses	favorable	properties	in	the	medici-	

nal	 chemistry	field.	 It	 has	 a	moderate	dipole	 character,	 hydrogen	
bonding	capability,	rigidity	and	remarkable	metabolic	stability	[20].	
In	addition,	1,2,3-triazole	nucleus	has	been	used	to	reduce	the	lip-	
ophilicity	of	some	Coxibs	[21].	

COX-1	 inhibitors	 belonging	 to	 the	 diarylheterocycle	 class	 are	
usually	 tricyclic	 compounds	 possessing	 two	 aryls	 bonded	 to	 the	

adjacent	atoms	of	a	central	heterocycle	(Fig.	1).	We	recently	pub-	
lished	 new	 COX-1	 inhibitors	 belonging	 to	 the	 class	 of	 diary-	
lheterocycles	having	the	aryl	groups	positioned	at	C3	and	C5	of	the	
isoxazole	ring	(3t	and	3u,	Fig.	2)	and	not	at	C3/C4	as	usual.	In	spite	of	
the	 greater	 distance	 between	 the	 two	 aryls,	 they	 retain	 a	 fair	
amount	of	activity	as	COX-1	inhibitors	[22].	

On	 the	 other	 hand,	 1,2,3-triazoles	 and	 their	 derivatives	 have	
emerged	 as	 powerful	 pharmacophores	 [23],	 gaining	 interest	 for	
their	 various	 biological	 activities	 [24e26]	 as	 chemotherapeutic	
agents	 [27,28],	 potent	 antimicrobial	 [29],	 anti-inflammatory	
[30,31],	 local	anaesthetic	 [32],	anticonvulsant	 [33],	antineoplastic	
[34],	antimalarial	[35]	and	antiviral	activity	[36].	Considering	such	a	
biological	 importance	of	1,2,3-triazoles,	a	new	series	of	the	diary-	
lhetherocycles	having	 the	 aryl	 groups	positioned	on	N1	 and	C4	 of	
the	 triazole	 nucleus	was	 projected	 to	 explore	 further	 productive	
and	selective	interactions	with	COXs	active	site.	

In	 addition,	 a	 database	 in	which	 the	 COX	 inihibitor	 activity	 of	
eleven	isoxazoles,	previously	published	by	us	[12],	was	generated	
with	 the	 aim	 to	 perform	 a	 Quantitative	 StructureeActivity	 Rela-	
tionship	 (QSAR)	 investigation	 using	 the	 Volsurf	 plus	 (Volsurf	 )	
program.	VolSurf	plus	is	an	automatic	procedure	to	convert	infor-	
mation	 coded	 into	 the	 3D	GRID	Molecular	 Interaction	 Fields	 into	
128	physico-chemically	relevant	molecular	descriptors	[18,19].	The	
molecular	descriptors	obtained	refer	to	molecular	size	and	shape,	
hydrophilic	 and	 hydrophobic	 properties,	 hydrogen	 bonding,	
amphiphilic	 moments,	 critical	 packing	 parameters.	 Moreover,	
pharmacokinetic	 descriptors	 related	 to	 solubility,	 metabolic	 sta-	
bility	 and	 cell	 permeability	 are	 generated.	 A	 complete	 list	 of	 the	
VolSurf	plus	descriptors	is	reported	elsewhere	[19,37].	

A	 partial	 least	 squares	 regression	 (PLS)	was	 performed	using	
VolSurf	plus,	and	the	model	was	validated	using	the	Leave	One	Out	
(LOO)	method.	

The	eleven	compounds	of	training	set	and	their	biological	data	
used	 to	 generate	 the	 pharmacometric	 PLS	 model	 are	 listed	 	 in	
Table	1.	

A	 two	 component	 PLS	 model	 based	 on	 the	 128	 VolSurf	 plus	
descriptors	was	obtained	with	overall	R2	0.90	and	Q2	0.63.	The	PLS	
score	 plot	 is	 depicted	 in	 Fig.	 3;	 the	 background	 is	 coloured	 ac-	
cording	 to	 the	 activity	 value:	 blue	 for	 active	 and	 red	 (in	 web	
version)	 from	 inactive.	 As	 it	 is	 possible	 to	 notice,	 three	 active	
compounds	previously	synthesized	were	selected	in	order	to	verify	
the	 goodness	 of	 the	model	 and	 they	 are,	 as	 expected,	 in	 the	blue	
region	of	the	plot.	The	PLS	recomputed	versus	experimental	plot	of	
the	resulting	model	is	shown	in	Fig.	4.	A	significant	discrimination	
between	active	and	inactive	compounds	was	obtained.	Compounds	
are	 color-coded	 by	 their	 activity	 values,	 using	 a	 scale	 from	 red	
(actives)	to	blue	(inactives)	(in	web	version).	

	
	

	
	

	
	

Fig.	1.	 P6	and	FK881	chemical	structure.	

Fig.	 2.	 Diarylheterocycles	 as	 COX-1	 selective	 inhibitors	 (3t	 and	 3u)	 with	 two	 aryls	
positioned	at	the	C3	and	C5	of	the	isoxazole	ring.	COXs	IC50	values	are	by	Human	Whole	
Blood	Assay	(HWBA)	[22].	



	

	

	

Table	1	
Structures	of	the	eleven	compounds	used	to	generate	the	QSAR	model.a	

Compound	 code	 Structure	 COX-1	IC50	(%	Inhib.)b	 Compound	 COX-1	IC50	(%	Inhib.)b	
	

P6	 39	mM	(89)	 MPA7	 27	mM	(61)	
	
	
	
	

MPA8	 (39)	 MPA9	 (7)	
	
	
	
	

MPA4	 1.1	mM	(94)	 PM32	 (37)	
	
	
	
	

MPA10	 30	mM	(55)	 PM41	 (11)	
	
	
	
	

MPA13	 (17)	 MPA15	 (32)	
	
	
	
	

MPA35	 4	mM	(78)	

	
	
	
	

a		 Inhibitory	 activity	 on	oCOX-1	 and	oCOX-2	was	determined	by	using	a	 colorimetric	COX	 (ovine)	 inhibitor	 screening	 assay	kit	 [12].	
b	The	percentage	(%)	of	inhibition	at	50	mM	is	reported	in	the	square	brackets.	

	
	
	
	

	
Fig.	3.	 PLS	score	plot	t1-t2.	



	

	

	
	

Fig.	4.	 PLS	recomputed	versus	experimental	on	t3.	
	
	

Since	the	model	seems	to	clearly	separate	active	from	inactive	
compounds,	eighteen	new	1,2,3-triazoles	were	designed	and	pro-	
jected	into	the	model	for	activity	prediction.	A	PLS	model	was	ob-	
tained	 in	which	 the	first	 three	 components	 explained	more	 than	
94.7%	of	variance.	

Fig.	5AeB	shows	the	3D	PLS	model	after	projection	of	the	test-	
set,	 and	 yellow	 points	 (in	 web	 version)	 indicate	 the	 predicted	
compounds.	Two	different	prospectives	of	the	same	model	are	re-	
ported.	 In	 Fig.	 5A,	 some	 compounds	 of	 the	 training	 set	 were	
selected	to	evidence	the	validity	of	the	model.	 In	particular,	 three	
isoxazoles	reported	as	active	[12]	and	two	reported	as	inactive	were	
selected.	 In	 Fig.	 5B,	 selected	 yellow	 point	 are	 reported,	 two	 pre-	
dicted	as	active	compounds	(MPA	73	and	MPA	317,	Table	2),	that	are	
clustered	with	the	active	compounds	of	the	training	set	(Table	1),	
and	one	predicted	as	inactive	(MPA	333,	Table	2).	Probably,	the	first	
component	 (red	 axis)	 is	 discriminant	 for	 the	 activity	 of	 1,2,3-	
triazoles.	In	order	to	demonstrate	the	validity	of	the	model	all	the	
eighteen	compounds	of	the	test	set	were	synthesized.	

	
2.2. Chemistry	

	
We	 recently	 reported	 the	 regioselective	 “one-pot” preparation	

of	3,4-diarylisoxazoles	 from	reaction	of	 arylnitrile	oxides	and	 the	
sodium	enolates	of	1-arylpropan-2-one,	easily	prepared	by	treating	
the	ketones	with	NaH	 in	 thermodynamic	 conditions	 [12,22].	 Pre-	
viously,	we	also	described	an	efficient	two-step	procedure	for	the	
synthesis	 of	 1-aryl-1H-1,2,3-triazoles,	 based	 on	 the	 reaction	 of	
arylazides	with	 the	 lithium	enolate	 of	 the	 acetaldehyde,	 followed	
by	the	dehydration	of	the	hydroxy-triazoline	intermediates,	under	
basic	 conditions	 [38].	 In	 continuation	 of	 our	 interest	 in	 both	
developing	novel	heterocycles	synthetic	methodologies	[39,40]	and	
to	also	study	their	biological	activity,	we	prepared	a	series	of	novel	
1,4-diaryl-1,2,3-triazoles	 by	 reaction	 of	 different	 arylazides	 with	
the	enolates	of	various	1-arylpropan-2-ones.	

All	the	arylazides	were	prepared	in	fair	to	good	yields	(40e80%)	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

Fig.	5.	AeB.	Discriminant	PLS	t1-t2-t3	score	plot	reporting	the	projection	of	the	test-	
set	onto	the	training	set	PLS	model.	

	

from	substituted	aryl	amines	by	using	t-BuONO	and	moist	NaN3	in	
t-BuOH	at	room	temperature	[41]	(Scheme	1).	

1,3-Diaryl-5-methyl-1,2,3-triazoles	 6e16	 were	 prepared	 “one-	
pot” by	1,3-dipolar	cycloaddition	of	the	arylazides	(1e5)	to	sodium	
1-arylpropan-2-one	 enolates	 (Scheme	 2),	 obtained,	 as	 previously	
reported	by	us,	 by	 reacting	 the	 ketones	with	NaH	at	 0	 ◦C.	 Specif-	
ically,	 1-(furan-2-yl)propan-2-one	 sodium	 enolate	 reacted	 with	
arylazides	3	and	4	to	give	14	and	15	(Scheme	2,	Table	2).	

1-(4-Methoxyphenyl)-5-methyl-4-phenyl-1H-1,2,3-triazole	 (8)	
was	 demethylated	 by	 using	 BBr3	 in	 CH2Cl2	 to	 prepare	 the	 corre-	
sponding	phenol	17	(Scheme	3).	

Reduction	reaction	of	9	and	11	in	the	presence	of	SnCl2	and	HCl	
led	to	the	preparation	of	4-(5-methyl-4-phenyl-1H-1,2,3-triazol-1-	
yl)benzenamine	(18)	and	4-(1-(4-methoxyphenyl)-5-methyl-1H-	



	

	

	

Table	2	
COX	inhibitory	activity	of	triazoles	6e23.a,b	

	

	

1,2,3-triazole-4-yl)benzenamine	(19)	(Scheme	4).	
10	 and	 12	 CH3S-	 moiety	 was	 oxidized	 by	 m-chloroperox-	

ybenzoic	 acid	 (mCPBA)	 to	 the	 corresponding	 methylsulfonyl	
affording	20	and	21	(Scheme	5).	

Triazole	14	was	treated	with	N-chlorosuccinimide	in	dry	DMF	to	
   afford	the	chlorinated	derivative	22	(Scheme	6).	

Compound	23	was	prepared	by	sulphur	atom	oxidation	of	 tri-	
azole	16	in	the	presence	of	mCPBA	(Scheme	7).	

	
2.3. COX	inhibitory	activity	

	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

a	 6e23	were	screened	for	their	inhibitory	activity	on	COX-1	and	COX-2	at	50	mM	
by	using	a	colorimetric	COX	(ovine)	inhibitor	screening	assay	kit.	
b		n.a.	¼ not	active:	no	inhibitory	activity	was	observed	at	50	mM.	

	
	

Scheme	1.	 Reagents	and	conditions:	(a)	t-BuONO,	moist	NaN3,	r.t	[41].	

All	 1,2,3-triazoles	 (6e23)	 have	 been	 tested	 to	 exploit	 their	
inhibitory	 behaviour	 towards	 both	 COX-1	 and	 COX-2	 isoenzymes	
(Table	1).	A	halogen	such	as	Cl	and	F	in	6	and	7,	respectively,	did	not	
confer	any	activity	to	the	molecules.	It	also	occurred	in	the	case	of	9	
in	 which	 the	 halogen	 is	 replaced	 by	 the	 NO2,	 a	 strong	 electron-	
withdrawing	 group	 (EWG)	 endowed	 with	 -M,	 -I	 electronic	 fea-	
tures.	An	unexpected	behaviour	was	 found	when	 the	phenyl	of	9	
was	replaced	by	the	furanyl	giving	15.	In	the	series	of	isoxazoles,	the	
replacement	 of	 a	 phenyl	 with	 furanyl	 or	 even	 better	 with	 a	 5-	
chlorofuran-2-yl	 increases	 the	 COX-1	 selectivity.	 Instead,	 the	 tri-	
azole	15	becomes	a	weak	COX-2	inhibitor	(40%	inhibition	at	50	mM).	
NO2	 of	 9	 replaced	 by	 SCH3	 provides	 10	 that	 has	 a	 little	 COX-2	
inhibitory	activity	(14%	inhibition	at	50	mM),	both	compounds	are	
not	 active	 on	 COX-1.	 In	 our	 previous	 investigations,	 the	methoxy	
was	found	to	be	a	“key	group” in	the	interaction	with	COX-1	active	
site	[11].	In	fact,	the	para-methoxyphenyl	ring	of	a	pyrazole	deriv-	
ative	 (MPA	 14,	 Fig.	 7)	 is	 oriented	 toward	 the	 apex	 of	 the	 COX-1	
active	 site	 and	 forms	 hydrophobic	 interactions	 with	 amino	 acid	
residues	Phe	518,	Met	522,	and	Ile	523,	whereas	its	methoxy	sub-	
stituent	lies	within	van	der	Waals	contact	range	of	the	side	chains	of	
Phe	381,	Leu	384,	Tyr	385,	and	Trp	387.	Notably,	the	oxygen	atom	of	
the	para-methoxy	group	forms	two	contact	points	 to	the	Trp	387	
side	chain.	Trp	387	is	located	at	the	top	of	the	COX-1	active	site	near	
the	catalytic	Tyr	385	residue	and	has	been	shown	to	be	critical	for	
the	proper	positioning	of	arachidonic	acid	within	the	active	site	to	
yield	the	cyclooxygenase	product,	prostaglandin	G2.	

A	 number	 of	 others	 COX-1	 selective	 inhibitors	 such	 as	 mofe-	
zolac,	SC-560	(Fig.	6)	and	FK881	(Fig.	1)	have	 this	group	 in	 their	
chemical	structure	and	in	all	cases	the	corresponding	molecules	are	

	

	
	

Scheme	2.	 Reagents	and	conditions:	(a)	NaH,	THF,	0	◦C.	

Compound	 Ar	 R1	 COX-1	
%	Inhibition	
(IC50)	

COX-2	
%	Inhibition	
(IC50)	

6	(MPA	85)	 C6H5	 Cl	 n.a.	 n.a.	
7	(MPA	86)	 C6H5	 F	 n.a.	 n.a.	
8	(MPA	66)	 C6H5	 OCH3	 26	 35	
9	(MPA	71)	 C6H5	 NO2	 n.a.	 n.a.	
10	(MPA	125)	 C6H5	 SCH3	 n.a.	 14	
11	(MPA	302)	 4-NO2C6H5	 OCH3	 20	 n.a.	
12	(MPA	333)	 4-CH3SC6H5	 OCH3	 n.a.	 n.a.	
13	(MPA	375)	 4-CH3OC6H5	 OCH3	 25	 n.a.	
14	(MPA	80)	 furan-2-yl-	 OCH3	 n.a.	 n.a.	
15	(MPA	87)	 furan-2-yl-	 NO2	 n.a.	 40	
16	(MPA	387)	 4-CH3OC6H5	 SCH3	 n.a.	 n.a.	
17	(MPA	106)	 C6H5	 OH	 n.a.	 26	
18	(MPA	73)	 C6H5	 NH2	 56	(15	mM)	 n.a.	
19	(MPA	317)	 4-H2NC6H5	 OCH3	 100	(3	mM)	 n.a.	
20	(MPA	129)	 C6H5	 SO2CH3	 21	 20	
21	(MPA	335)	 4-CH3SO2C6H5	 OCH3	 20	 n.a.	
22	(MPA	295)	 5-chlorofuran-2-yl-	 OCH3	 45	 n.a.	
23	(MPA	394)	 4-CH3OC6H5	 SO2CH3	 55	(23	mM)	 n.a.	

	



	

	

	
	

Scheme	3.	 Reagents	and	conditions:	(a)	BBr3,	dry	CH2Cl2,	r.t.	

	

	
Scheme	4.	 Reagents	and	conditions:	(a)	SnCl2/HCl,	EtOH,	reflux,	4	h.	

	

	
Scheme	5.	 Reagents	and	conditions:	(a)	mCPBA,	dry	CH2Cl2.	

	

Scheme	6.	 Reagents	and	conditions:	(a)	N-Chlorosuccinimide,	dry	DMF,	0	◦C.	

	
	

	
Scheme	7.	 Reagents	and	conditions:	(a)	mCPBA,	dry	CH2Cl2.	
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Fig.	6.	 Mofezolac,	SC-560	and	MPA	14	chemical	structures	and	their	respective	COXs	IC50	values.	

	
	

Fig.		7.		Concentration-response		curves		for		the		inhibition		of		COX-1		activity		by		P6		(:;		IC50		¼ 39		± 2.4		mM),		18		(▪;		IC50		¼ 15		± 4.91		mM),		19		(C;		IC50		¼ 3		± 0.1		mM)		23		(△;	
IC50	¼ 23	± 2.4	mM)	obtained	by	a	colorimetric	COX	(ovine)	assay	kit.	IC50	values	represent	the	mean	± SEM	of	three	separate	experiments.	
	
potent	and	selective	COX-1	inhibitors.	

An	 OCH3	 in	 the	 para	position	 of	 the	 triazole	 N1-phenyl	 of	 8,	
inhibits	the	26	and	35%	(at	50	mM)	of	the	catalytic	activity	of	COX-1	
and	COX-2,	respectively.	In	the	series	of	the	1,2,3-triazoles	the	OCH3	
presence	 does	 not	 heavily	 affect	 the	 COXs	 activity	 and	 does	 not	
determine	COX-1	selectivity.	The	demethylation	of	8	(R1	¼ OCH3)	to	
17	 (R1	 OH),	 determines	 a	 complete	 loss	 of	 COX-1	 inhibition,	 a	
residual	COX-2	inhibition	is	observed	(26%	inhibition	at	50	mM).	The	
inactivity	is	also	found	when	the	C4-phenyl	ring	of	8	is	substituted	
with	a	furan	ring	(14),	whereas	the	introduction	of	a	chlorine	on	the	
furyl	 (22)	 confers	 approximately	 a	 doubling	 of	 the	 inhibitory	 ac-	
tivity	which	increases	to	45%	at	50	mM.	Compounds	20	and	21	have	
been	 prepared	 to	 verify	 if	 also	 in	 the	 class	 of	 1,2,3-triazole	 de-	
rivatives	 the	 SO2Me,	 typical	 pharmacophore	 feature	 of	 COX-2	 in-	
hibitors,	at	the	para-position	of	one	of	the	aryl	ring,	confers	COX-2	
selectivity	 [42].	 It	 is	known	that	SO2CH3	 is	present	 in	most	of	 the	
Coxibs	and	 is	 allocated	 in	 the	COX-2	site	pocket	not	accessible	 in	
COX-1	for	the	presence	on	the	entrance	of	Ile	523.	In	our	case	the	
methylsulfamoyl	substituent	 is	 found	to	be	detrimental	 for	COX-2	
selectivity	 (20).	 Unexpectedly,	 it	 confers	 a	 slight	 selectivity	 for	
COX-1	in	21	(20%	inhibition	at	50	mM).	It	seems	that	the	low	COX-1	
inhibitory	activity	of	8,	11,	13,	and	20	should	not	be	related	to	the	
electronic	density	and/or	steric	hindrance	of	the	R1	group	(OCH3)	
linked	to	the	N1-triazole.	The	high	COX-1	inhibitory	potency	of	23	
seems	 due	 to	 a	 synergic	 effect	 of	 OCH3	 and	 SO2CH3	 groups,	
particularly	linked	to	their	position	in	the	molecule.	Compound	21,	
bearing	the	same	groups	of	its	regioisomer	23,	is	almost	inactive.	

The	 NH2	 group	 is	 determinant	 in	 the	 interaction	with	 COX-1	

active	 	 site.	 The	 corresonding	 isoxazole	 bearing	 the	 NH2	 (MPA	 4	
and	MPA	35MPA35,	Table	1),	forms	strong	H-bond	with	COX-1	Ser	
530,	 which	 adopts	 a	 “down” position	 during	 the	 flexible	 docking	
simulation.	 It	 does	 not	matter	 if	 the	 NH2	 is	 bound	 to	 the	 C5-iso-	
xazole	(MPA	4MPA4,	Table	1)	or	to	the	phenyl	at	C4-isoxazole	(MPA	
35,	Table	1).	 In	 fact,	 compounds	18	 (MPA	73)	and	19	 (MPA	317)	
bearing	 the	NH2	 are	 endowed	with	 COX-1	 inhibitory	 activity	 and	
selectivity	as	also	predicted	by	the	Volsurf	plus	model.	

The	 three	 triazole-nitrogen	 atoms	 do	 not	 seem	 to	 play	 a	 sig-	
nificant	role,	 it	 is	not	recognized	as	 for	 the	 isoxazole	ring	 [12].	 In	
silico	investigations	 have	 shown	 that	 the	first	 interactions	 are	H-	
bonding	 formation	 between	 the	 nitrogen	 and	 oxygen	 of	 the	 iso-	
xazole	and	COX-1	Tyr	355	 [located	at	 the	COX	entrance,	 together	
with	Arg	120	and	Glu	524	separate	the	membrane-binding	domain	
(lobby)	and	the	core	of	the	catalitic	domain]	that	during	energetic	
stabilization,	 a	 rearrangement	 of	 the	 inhibitor	 in	 the	 active	 site	
ultimately	results	 in	a	stable	complex	with	Ser	530	residue,	posi-	
tioned	in	the	middle	of	the	long	hydrophobic	channel	forming	the	
COXs	 active	 site.	 In	 particular,	 a	 final	 and	 stable	 H-bonding	 is	
formed	 between	 the	 furanyl-oxygen	 atom	 and	 the	 Ser	 530-	
hydroxyl	 of	 the	 COX-1	 (Ser	 530	 is	 the	 amino	 acid	 acetylated	 by	
aspirin	 during	 the	 interaction	 of	 acetyl	 salycilic	 acid	 and	 COXs).	
Such	a	positioning	of	P6	and	its	analogues	in	the	COX-1	active	site	is	
one	of	the	reasons	of	their	inhibitory	potency	and	selectivity.	Based	
on	the	COXs	 inhibition	data	(Table	2),	 the	1,2,3-triazole	moiety	 is	
not	 able	 to	 establish	 productive	 interactions,	 as	 it	 is	 the	 case	 of	
FK881,	a	1,2,4,-triazole.	

By	considering	the	percentage	inhibition	of	COXs	by	the	novel	
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triazoles,	even	when	in	the	molecule	is	present	a	furyl,	it	seems	that	
the	triazole	as	core	ring	is	not	able	to	form	H-bonds	similar	to	the	
isoxazole.	

Most	 depends	 upon	 molecule	 volume,	 electronic	 and	 steric	
features	of	the	substituents	present	on	one	or	both	the	aryls	linked	
to	 the	 triazole.	 It	 seems	 that	 is	 also	 important	 for	 a	 specific	 sub-	
stituent	the	which	aryl	is	bonded.	One	aryl	is	linked	to	triazole-N1,	
whereas	the	second	to	the	triazole-C4.	

In	particular,	 the	presence	on	N1-aryl	of	R1	¼ Cl,	F,	OH,	NO2	or	
SCH3	 (Scheme	 2	 and	 3,	 Table	 2)	 renders	 the	molecule	 unable	 to	
inhibit	COX-1.	

A	p-OCH3	on	the	same	N1-aryl	allows	the	compounds	to	inhibit	
COX-1,	 also	 depending	 on	 the	 substitution	 on	 C4-aryl.	 If	 such	 a	
substitution	is	NO2,	p-OCH3	or	p-SO2CH3	there	is	a	recovery	of	COX-	
1	 mediated	 catalysis	 inhibition.	 The	 less	 hindered	 furanyl	 gives	
compounds	still	not	14	or	poor	active	15	endowed	with	a	fair	COX-2	
inhibition	(40%	at	50	mM).	When	the	chloro-furanyl	is	present	in	the	
molecule	(22)	a	COX-1	inhibition	(45%	at	50	mM)	is	observed.	Once	
again	the	exchange	chlorineehydrogen	replacement	is	detrimental	
for	the	potency	and	selectivity	of	COX	inhibitors	[22].	

A	selective	and	potent	COX-1	inhibitions	(Table	1,	Fig.	7)	were	
instead	 obtained	 when	 on	 the	 para-position	 of	 N1-aryl	 there	 is	
SO2CH3	and	the	C4-aryl	is	an	anisole	(23),	or	even	better	when	R1	is	
OCH3	on	N1-phenyl	and	to	the	triazole-C4	is	an	aniline	(19),	or	R1	of	
the	N1-phenyl	is	a	NH2	and	C4-aryl	is	phenyl	(18).	In	fact,	the	three	
COX-1	IC50	values	are	23,	3	and	15	mM,	respectively.	

Antiproliferative	 activity	 of	 compound	 18	 and	 19	 was	 also	
measured	 in	 MCF-7	 human	 breast	 adenocarcinoma	 MCF-7	 and	
SKOV-3	cell	lines.	No	cytotoxic	effect	was	observed	[43].	

	
3. Conclusion	

	
A	novel	set	of	1,2,3-triazoles	with	a	variety	of	chemical	groups	

with	different	electronic	properties,	size	and	shape	were	projected	
to	 test	 the	 effect	 of	 replacing	 the	 isoxazole,	 pyrazole	 and	 1,2,4-	
triazole	 by	 the	 triazole	 as	 a	 core	 ring	 in	 diarylheterocycles	 COXs	
inhibitors.	 The	 adopted	 strategy	 also	 involved	 a	 pharmacometric	
molecular	modeling	to	project	active	derivatives.	Suitable	synthetic	
strategies	 were	 developed	 to	 obtain	 the	 designed	 compounds,	
prepared	in	fair	to	good	yields.	Then,	the	novel	1,2,3-triazoles	were	
evaluated	for	their	capability	to	inhibit	COXs	catalytic	activity.	

The	pharmacometric	predictive	model	was	built	by	using	as	a	
training	set	a	number	of	 isoxazoles	of	known	COXs	 inhibitory	ac-	
tivity.	 Experiments	 confirmed	 the	 prediction	power	 of	 the	model	
developed	 by	 using	 Volsurf	 plus.	 It	 was	 found	 that	 compounds	
bearing	 a	 NH2	 group	 would	 be	 particulary	 potent	 and	 selective	
COX-1	inhibitor.	In	fact,	18	and	19	are	the	most	potent	and	selective	
COX-1	 inhibitors	 with	 IC50	 values	 of	 15	 and	 3	mM,	 respectively.	
Another	interesting	and	unexpected	result	derived	from	the	COXs	
inhibitory	activity	and	COX-1	selectivity	of	23	bearing	the	SO2CH3	
group,	the	classical	“key	group” known	to	achieve	COX-2	selectivity.	
It	inhibited	only	the	COX-1	(IC50	of	23	mM)	leaving	unchanged	the	
COX-2	catalytic	activity.	

In	order	to	improve	our	knowledge	on	selective	COXs	inhibition	
(particularly	COX-1	selective	inhibition),	investigations	of	inhibitor-	
protein	interactions	by	pharmacometric	modeling/X-ray/NMR/ESR	
measurements	will	be	the	subsequent	step.	

	
4. Experimental	

	
4.1. Chemistry	

	
4.1.1. General	methods	

Melting	points	taken	on	Electrothermal	apparatus	were	uncor-	
rected.	1H	NMR	and	13C	NMR	spectra	were	recorded	on	300	MHz	on	

a	 Varian	 Mercury-VX	 Spectrometer	 and	 chemical	 shifts	 are	 re-	
ported	in	parts	per	million	(d).	19F	NMR	spectra	were	recorded	by	
using	 CFCl3	 as	 internal	 standard.	 Absolute	 values	 of	 the	 coupling	
constant	 are	 reported.	 FT-IR	 spectra	 were	 recorded	 on	 a	 Per-	
kineElmer	 681	 spectrometer.	 Thin-layer	 chromatography	 (TLC)	
was	performed	on	silica	gel	sheets	with	fluorescent	 indicator,	 the	
spots	 on	 the	TLC	were	observed	under	ultraviolet	 light.	 Chroma-	
tography	was	conducted	by	using	silica	gel	60	with	a	particle	size	
distribution	40e63	mm	and	230-400	ASTM.	GCeMS	analyses	were	
performed	on	 an	HP	5995C	model	 and	 elemental	 analyses	 on	 an	
Elemental	Analyzer	1106-Carlo	Erba-instrument.	ESI-MS	analyses	
were	 performed	 on	 an	Agilent	 1100	 LC/MSD	 trap	 system	VL.	 All	
synthesized	 compounds	 were	 analyzed	 by	 HPLC	 analysis	 per-	
formed	 on	 an	 Agilent	 1260	 Infinity	 instrument	 equipped	 with	 a	
1260	 DAD	 VL	 detector,	 and	 their	 purity	 is	 higher	 than	 95%.	
Structure	 elucidation	 of	 the	 1,4-diaryl-1,2,3-triazoles	 was	 per-	
formed	by	2D	NOESY	 spectra	 recorded	on	 a	Bruker	600	MHz:	 as	
mentioned	above,	with	careful	attention	to	the	spatial	connectivity	
revealed	by	the	correlation	between	diagnostic	methyl	and	proton	
signals	of	both	aromatic	rings.	The	2D	data	of	compound	8	and	14	
(Figs.	 8	 and	 9)	were	 then	 used	 to	 definitively	 attribute	 chemical	
structures	to	1,4-diaryl-1,2,3-triazoles	6e23.	

	
4.1.2. General	 procedure	 for	 the	 preparation	 of	 arylazides	1e5 [41]	

To	a	solution	of	moist		NaN3		(6mmol/300		mL		water)		in	t-BuOH	
(2	 mL)	 the	 opportune	 arylazide,	 dissolved	 in	 t-BuOH	 (3	 mL),	 was	
added	 dropwise.	 The	 reaction	mixture	was	 stirred	 overnight	 at	
r.t.	The	reaction	products	were	extracted	with	EtOAc.	The	organic	
phase	was	dried	over	anhydrous	Na2SO4	and	then	the	solvent	was	
evaporated	under	reduced	pressure.	The	product	was	 isolated	by	
column	 chromatography	 (silica	 gel	 Hexane/EtOAc	 8:2).	 All	 spec-	
troscopic	data	are	in	accordance	with	published	findings	[44].	

	
4.1.3. General	 procedure	 for	 the	 preparation	 of	 triazoles	6e13 

To	a	stirring	suspension	of	NaH	(1	eq.)	in	THF	(3	mL)	kept	at	0	◦C	
a	solution	of	the	proper	ketone	(0.5	eq.)	in	THF	(3	mL)	was	added	
dropwise	(Scheme	2,	Table	2).	The	reaction	mixture	was	stirred	at	
0	◦C	for	1	h.	Then,	a	solution	of	the	opportune	arylazide	(0.5	eq.)	in	
THF	 (3	 mL)	 was	 added	 dropwise	 and	 the	 reaction	 mixture	 was	
stirred	at	r.t.	till	the	disappearance	of	the	arylazide	(18h).	The	re-	
action	mixture	was	 quenched	 by	 adding	 aqueous	 NH4Cl,	 and	 the	
reaction	product	was	extracted	three	times	with	ethyl	acetate.	The	
combined	organic	phases	were	dried	over	anhydrous	Na2SO4	and	
then	evaporated	under	vacuum.	

	
4.1.3.1. 1-(4-Chlorophenyl)-5-methyl-4-phenyl-1H-1,2,3-triazole	 (6).	
The	product	was	isolated	as	a	yellow	solid	(14%	yield)	by	column	
chromatography	 (silica	 gel,	 hexane/EtOAc	 7:3);	mp:	 138e140	 ◦C;	
1H	NMR	(300	MHz,	CDCl3):	d 7.77e7.74	(m,	2H,	aromatic	protons),	
7.56e7.53	 (m,	2H,	 aromatic	protons),	7.51e7.36	 (m,	5H,	 aromatic	
protons),	2.48	ppm	(s,	3H,	CH3).	13C	NMR	(75	MHz,	CDCl3):	d 145.3,	
135.8,	135.1,	131.4,	130.0,	129.8,	129.0,	128.2,	127.5,	126.7,	10.5.	FT-IR	
(KBr):	3057,	1503,	1459,	1445,	1406,	1384,	1253,	1120,	1095,	1072,	
1007,	838,	768,	717,	695	cm—1;	GCeMS	(70	eV)	m/z	(rel.int.):	271	
[(Mþ 2),	1],	269	(Mþ,	4),	241	(100),	206	(63),	191	(5),	178	(8),	165	
(85),	115	(15),	103	(65),	89	(15),	77	(27).	

	
4.1.3.2. 1-(4-Fluorophenyl)-5-methyl-4-phenyl-1H-1,2,3-triazole	 (7).	
The	 product	was	 isolated	 as	 a	 yellow	 oil	 (20%	 yield)	 by	 column	
chromatography	 	 (silica	 	 gel,	 	 hexane/EtOAc	 	¼  9:1).	 	 1H	 	 	 NMR	
(300	MHz,	CDCl3):	d 7.78e7.75	(m,	2H,	aromatic	protons),	7.52e7.46	
(m,	 4H,	 aromatic	 protons),	 7.41e7.35	 (m,	 2H,	 aromatic	 protons),	
7.30e7.22	 (m,	 2H,	 aromatic	 protons),	 2.46	 (s,	 3H,	CH3).	 13C	 	NMR	
(75	MHz,	CDCl3):	d 163.2	 (d,	1J19Fe13C	¼ 250	Hz),	145.1,	132.7	 (d,	
3J19Fe13C	¼ 7.9	Hz),	131.5,	130.0,	129.0,	128.1,	127.6,	127.4,	116.9	(d,	
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Fig.	8.	 2D	NOESY	experiment	for	compound	8.	

	
	

	
Fig.	9.	 2D	NOESY	experiment	of	compound	14.	

	
2J19Fe13C	 23	Hz),	10.4.	19F	NMR	(376	MHz,	CDCl3):	d -	111.37.	FT-	
IR	(KBr):	3051,	1604,	1518,	1444,	1415,	1383,	1236,	1157,	1115,	1091,	
841,	820,	769,	720,	698	cm-1.	GCeMS	(70	eV)	m/z	(rel.	int.):	253	(Mþ,	
3),	225	(100),	210	(4),	196	(4),	183	(85),	148	(18),	122	(8),	103	(41).	
	
4.1.3.3. 1-(4-Methoxyphenyl)-5-methyl-4-phenyl-1H-1,2,3-triazole	
(8).	The	product	was	isolated	as	a	yellow	solid	(48%	yield)	by	col-	
umn		 chromatography		 (silica			gel,		 hexane/EtOAc	 9:1);	 mp:	
132.0e135.0	 ◦C.	 1H	 NMR	 (300	 MHz,	 CDCl3):	 d 7.79e7.78	 (m,	 2H,	
aromatic	protons),	7.76e7.34	(m,	5H,	aromatic	protons),	7.08e7.03	

(m,	2H,	aromatic	protons),	3.89	(s,	3H,	OCH3),	2.45	(s,	3H,	CH3).	13C	
NMR	 (75	MHz,	 CDCl3):	d 160.5,	144.8,	131.7,	130.2,	129.5,	129.0,	
128.0,	127.4,	126.9,	114.8,	55.9,	10.4.	FT-IR	(KBr):	3053,	2967,	2932,	
1610,	1519,	1444,	1307,	1257,	1020,	 841,	 775,	 697	 cm—1.	GCeMS	
(70	eV)	m/z	(rel.	int.):	265	(Mþ,	2),	237	(100),	222	(53),	207	(5),	194	
(66),	 165	 (12),	 152	 (22),	 103	 (20).	 The	 unambiguous	 structure	
elucidation	of	 this	product	was	achieved	by	2D	NOESY	spectrum:	
in,	 	 the	 	diagnostic	 	cross-peaks	 	between	 	 	 the	 	 	methyl	 	 	protons	
(2.4	ppm)	and	both	the	aromatic	proton	signals	(7.4	and	7.8	ppm,	
respectively)	were	evidenced	(Fig.	8).	
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4.1.3.4. 5-Methyl-1-(4-nitrophenyl)-4-phenyl-1H-1,2,3-triazole	 (9)	
[45].	The	 product	 was	 isolated	 as	 a	 yellow	 solid	 (70%	 yield)	 by	
column	 chromatography	 (silica	 gel,	 hexane/EtOAc	 7:3);	 mp:	
197.4e200.2	 ◦C.	 1H	 NMR	 (300	 MHz,	 CDCl3):	 d 8.49e8.44	 (m,	 2H,	
aromatic	protons);	7.81e7.75	(m,	4H,	aromatic	protons);	7.53e7.48	
(m,	2H,	aromatic	protons);	7.43e7.39	(m,	1H,	aromatic	proton);	2.58	
(s,	3H,	CH3).	13C	NMR	(75	MHz,	CDCl3):	d 148.0,	146.2,	141.4,	130.9,	
129.7,	129.1,	128.5,	127.6,	125.6,	125.4,	10.8.	FT-IR	(KBr):	3093,	2922,	
1615,	1599,	1523,	1503,	1346,	1268,	863,	855	cm—1.	GCeMS	(70	eV)	
m/z	(rel.	int.):	280	(Mþ,	6),	252	(44),	206	(100),	191	(14),	178	(19),	
165	(43),	115	(15),	103	(37).	

	
4.1.3.5. 5-Methyl-1-[4-(methylthio)phenyl]-4-phenyl-1H-1,2,3-	
triazole	 (10).	The	 product	 was	 isolated	 as	 an	 orange	 solid	 (35%	
yield)	 by	 column	 chromatography	 (silica	 gel,	 hexane/EtOAc	 7:3);	
mp:	149.1e153.0	◦C.	1H	NMR	(300	MHz,	CDCl3):	d 7.79e7.76	(m,	2H,	
aromatic	protons);	7.51e7.40	(m,	7H,	aromatic	protons);	2.55	(s,	3H,	
SCH3);	2.47	(s,	3H,	CH3).	13C	NMR	(75	MHz,	CDCl3):	d 145.1,	141.2,	
133.4,	131.6,	129.9,	129.0,	128.0,	127.5,	127.0,	125.8,	15.8,	10.5.	FT-IR	
(KBr):	3053,	2919,	2851,	1610,	1504,	1438,	1402,	1384,	1258,	1094,	
1074,	820,	837,	771,	716,	698	cm—1.	GCeMS	(70	eV)	m/z	(rel.	int.):	
281	(Mþ,	4),	253	(68),	238	(100),	220	(14),	206	(99),	178	(15),	165	
(48),	150	(9),	130	(8),	115	(11),	103	(44).	

	
4.1.3.6. 1-(4-Methoxyphenyl)-5-methyl-4-(4-nitrophenyl)-1H-1,2,3-	
triazole	(11).	The	product	was	isolated	as	a	brown	solid	(95%	yield)	
by	 column	 chromatography	 (silica	 gel,	 hexane/EtOAc	 7:3);	 mp:	
225e230	 ◦C.	 1H	NMR	 (300	MHz,	CDCl3):	d 8.36e8.33	 (m,	2H,	 aro-	
matic	protons);	8.01e7.97	(m,	2H,	aromatic	protons);	7.43e7.40	(m,	
2H,	aromatic	protons),	7.09e7.07	(m,	2H,	aromatic	protons);	3.90	(s,	
3H,	OCH3);	2.52	(s,	3H,	CH3).	13C	NMR	(75	MHz,	DMSO-d6):	d 160.8,	
147.2,	142.6,	138.3,	131.6,	128.9,	127.5,	127.1,	124.4,	115.0,	55.9,	10.7.	
ESI-MS:	 m/z	 (%):	 C16H14N4O3,	 333	 (M	 Na)þ.	 FT-IR	 (KBr):	 3432,	
2965,	2921,	1601,	1564,	1519,1503,	1488,	1337,	1254,	1169,	835,	
717	cm—1.	

	
4.1.3.7. 1-(4-Methoxyphenyl)-5-methyl-4-[4-(methylthio)phenyl]-	
1H-1,2,3-triazole	 (12).	The	 product	 was	 isolated	 as	 a	 white	 solid	
(50%	 yield)	 by	 column	 chromatography	 	 (silica	 	 gel,	 	 hexane/	
EtOAc		¼  7:3);			mp:		184e186			◦C;			1H			NMR		(300			MHz,		CDCl3):	
d 7.72e7.68	(m,	2H,	aromatic	protons);	7.42e7.26	(m,	4H,	aromatic	
protons);	7.25e7.04	(m,	2H,	aromatic	protons);	3.89	(s,	3H,	OCH3);	
2.53	 (s,	 3H,	 SCH3);	 2.43	 (s,	 3H,	 CH3).	 13C	 NMR	 (75	 MHz,	 CDCl3):	
d 159.6,	145.7,	141.2,	140.7129.1,	128.7,	128.7125.6,	123.3,	114.3,	55.3,	
44.5,	 10.5.	 FT-IR	 (KBr):	 2960,	 2923,	 2851,	 1519,	 1304,	 1259,	
1149,1092,	1016,	838,	803	cm-1.	GCeMS	(70	eV)	m/z	(rel.	int.):	311	
(Mþ,8),	283	(100),	268	(79),	253	(9),	240	(31),	221	(14),	207	(7),	195	
(12),	165	(7),	152	(21),134	(14),	120	(9),	103	(6),	92	(11),	77	(12),	64	
(8).	

	
4.1.3.8. 1,4-Bis-(4-methoxyphenyl)-5methyl-1H-1,2,3-triazole	 (13).	
The	product	was	isolated	as	a	brown	solid	(41%	yield)	by	column	
chromatography	 (silica	 gel,	 hexane/EtOAc	 6:4);	mp:	 162e163	 ◦C;	
1H	NMR	(300	MHz,	CDCl3):	d 7.74e7.64	(m,	2H,	aromatic	protons);	
7.46e7.37	 (m,	2H,	aromatic	protons);	7.29e7.20	 (m,	4H,	aromatic	
protons);	3.88	(s,	3H,	OCH3);	3.85	(s,	3H,	OCH3);	2.41	(s,	3H,	CH3).	13C	
NMR	 (75	MHz,	 CDCl3):	d 160.5,	159.5,	144.7,	129.5,	128.7,	126.9,	
124.3,	114.8,	114.4,	56.0,	55.7,	55.4,	10.4.	FT-IR	(KBr):	2955,	2934,	
2837,	1617,	1520,	1467,	1439,	1247,	1176,	1117,	1049,	1024,	834	cm—1.	
GCeMS	 (70	 eV)	m/z	 (rel.	 int.):	 295	 (15),	 267	 (100),	 266	 (95),	 224	
(25),	211	(20),	92	(22),	77	(25).	

	
4.1.3.9. 4-(Furan-2-yl)-1-(4-methoxyphenyl)-5-methyl-1h-1,2,3-	
triazole	(14).	The	product	was	isolated	as	a	brown	oil	(45%	yield)	by	
column	chromatography	(silica	gel,	hexane/EtOAc	¼ 7:3);	1H	NMR	

(300	MHz,	CDCl3):	d 7.52e7.51	(m,	1H,	furyl	proton);	7.41e7.36	(m,	
2H,	 aromatic	 protons);	 7.07e7.02	 (m,	 2H,	 aromatic	 protons);	
6.83e6.82	 (m,	1H,	 furyl	proton);	6.53e6.51	 (m,	1H,	 furyl	proton);	
3.88	 (s,	 3H,	 OCH3);	 2.49	 (s,	 3H,	 CH3).	 13C	 NMR	 (75	 MHz,	 CDCl3):	
d 160.6,	147.3,	142.2,	137.9,	130.0,	129.1,	126.9,	114.9,	111.5,	106.9,	
55.9,	9.8.	FT-IR	(KBr):	3130,	2919,	1610,	1518,	1463,	1384,	1302,	1255,	
1020,	 838	 cm—1.	 GCeMS	 (70	 eV)	m/z	 (rel.	 int.):	 255	 (Mþ,94)	 227	
(66),	212	(65),	198	(52),	184	(100),	167	(27),	115	(52),	92	(54),	77	(77),	
64	(43).	The	unambiguous	structure	elucidation	of	this	product	was	
achieved	 by	 2D	 NMR	 spectroscopy	 (Fig.	 9),	 as	 evidenced	 by	 the	
diagnostic	cross-peaks	between	the	methyl	protons	(2.49	ppm)	and	
the	proton	signals	of	both	the	aromatic	rings	(7.40	and	6.84	ppm,	
respectively).	

	
4.1.3.10.	 	 4-(Furan-2-yl)-5-methyl-1-(4-nitrophenyl)-1h-1,2,3-	
triazole	(15).	The	product	was	isolated	as	a	yellow	oil	(7%	yield)	by	
column	chromatography	(silica	gel,	HEXANE/EtOAc	7:3);	 1H	NMR	
(300	 MHz,	 CDCl3):	 d 8.47e8.43	 (m,	 2H,	 aromatic	 protons);	
7.79e7.74	(m,	2H,	aromatic	protons);	7.55e7.54	(m,	1H,	furyl	pro-	
ton);	 6.90e6.88	 (m,	 1H,	 furyl	 proton);	 6.56e6.55	 (m,	 1H,	 furyl	
proton);		2.64			(s,		3H,		CH3).		ESI-MS:		m/z		(%):		C13H10N4O3,		293	
(M	þ Na)þ.	

4.1.3.11. 4-(4-Methoxyphenyl)-5-methyl-1-[4-(methylthio)phenyl]-	
1H-1,2,3-triazole	 (16).	The	 product	 was	 isolated	 as	 a	 white	 solid	
(33%	 yield)	 by	 crystallization	 from	 	 hexane/CHCl3);	 	 mp:	
184.9e185	 ◦C;	 1H	NMR	(300	MHz,	CDCl3):	d 7.70e7.68	(m,	2H,	ar-	
omatic	protons);	 7.44e7.37	 (m,	4H,	 aromatic	protons);	 7.03e6.99	
(m,	2H,	 aromatic	protons);	3.86	 (s,	3H,	OCH3);	2.55	 (s,	3H,	 SCH3);	
2.44	(s,	3H,	CH3).	13C	NMR	(75	MHz,	CDCl3):	d 159.5,	144.9,	141.1,	
133.5,	129.2,	128.7,	126.9,	125.7,	124.2,	114.4,	55.6,	55.5,	10.5.	FT-IR	
(KBr):	2920,	2834,	1640,	1614,	1510,	1384,	1247,	1384,	1247,	1177,	
1026,	832,	528	cm—1.	GCeMS	(70	eV)	m/z	(rel.	int.):	311	(20),	283	
(37),	268	(48),	236	(100),	152	(12),	77	(11).	HRMS	(ESI)	Calcd	for	
C17H18N3OS:	312,1171	[MþH]þ,	Found:	312,1156	[MþH]þ.	

4.1.3.12. Synthesis	 of	 4-(5-methyl-4-phenyl-1H-1,2,3-triazol-1-yl)	
phenol	(17)	[44].	To	 a	 stirred	 solution	 of	 1-(4-methoxyphenyl)-5-	
methyl-4-phenyl-1H-1,2,3-triazole	 (8)	 (83	mg,	 0.31	mmol)	 in	 dry	
CH2Cl2	 (5	mL)	kept	 at	 50	 ◦C,	BBr3	 (1	mL,	 0.31	mmol)	was	 added.	
The	stirred	reaction	mixture	was	kept	at	room	temperature	for	1	h.	
Then,	NaHCO3	(5	mL)	was	added	and	the	aqueous	phase	extracted	
three	times	with	EtOAc.	The	combined	organic	extracts	were	dried	
over	 anhydrous	 Na2SO4	 and	 the	 solvent	 was	 removed	 under	
reduced	pressure.	The	product	was	isolated	as	a	white	solid	(51%	
yield)	 by	 column	 chromatography	 (silica	 gel,	 hexane/EtOAc	 1:1);	
mp:	200e203	◦C.	1H	NMR	(300	MHz,	CDCl3):	d 10.04	(OH,	exchange	
with	D2O);	7.75e7.74	(m,	2H,	aromatic	protons);	7.72e7.48	(m,	2H,	
aromatic	protons);	7.47e7.37	(m,	3H,	aromatic	protons),	6.97e6.94	
(m,	 2H,	 aromatic	 protons);	 2.38	 (s,	 3H,	 CH3).	 13C	 NMR	 (75	 MHz,	
DMSO-d6):	d 159.1,	143.8,	132.1,	131.1,	129.5,	128.2,	128.1,	127.5,	127.3,	
116.6,	 10.5.	 ESI-MS:	m/z	(%):	 C15H13N3O,	 274	 (M	 Na)þ.	 FT-IR	 (KBr):	
3445	 (broad),	 2923,	 	 2852,	 1637,	 1513,	 1494,	 1456,	 1076,	 	 843,	
780	cm—1.	

	
4.1.4. General	procedure	for	the	synthesis	of	4-(5-methyl-4-phenyl-	
1H-1,2,3-triazol-1-yl)benzenamine	(18)	and	4-[1-(4-	
methoxyphenyl)-5-methyl-1H-1,2,3-triazole-4-yl]benzenamine	 (19)	

To	a	stirred	solution	of	stannous	chloride	(0.72	mmol)	in	HCl	37%	
(1	mL)	was	added	dropwise	5-methyl-1-(4-nitrophenyl)-4-phenyl-	
1H-1,2,3-triazole			(9)			(0.18			mmol)			or			1-(4-methoxyphenyl)-5-	
methyl-4-(4-nitrophenyl)-1H-1,2,3-triazole	 (11)	 (0.18	mmol)	 dis-	
solved	in	absolute	EtOH	(12	mL).	The	stirred	reaction	mixture	was	
kept	at	80	 ◦C	 for	4	h.	Then	10%	NaOH	(10	mL)	was	added	to	 the	
reaction	mixture	till	pH	¼ 12,	and	the	aqueous	phase	was	extracted	
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three	times	with	EtOAc.	The	combined	organic	extracts	were	dried	
over	 anhydrous	 Na2SO4	 and	 the	 solvent	 removed	 under	 reduced	
pressure.	

	
4.1.4.1. 4-(5-Methyl-4-phenyl-1H-1,2,3-triazol-1-yl)benzenamine	
(18)	[45].	The	product	was	isolated	as	a	brown	solid	(58%	yield)	by	
column	 chromatography	 (silica	 gel,	 petroleum	 ether/EtOAc	 8:2);	
mp:	 181e184	 ◦C.	 1H	NMR	 (300	MHz,	 CDCl3):	d 7.79e7.76	 (m,	 2H,	
aromatic	protons);	7.51e7.31	(m,	3H,	aromatic	protons);	7.28e7.23	
(m,	 2H,	 aromatic	 protons),	 6.91e6.78	 (m,	 2H,	 aromatic	 protons);	
4.95	(NH2,	exchange	with	D2O);	2.44	(s,	3H,	CH3).	13C	NMR	(75	MHz,	
CDCl3):	d 147.9,	144.6,	131.9,	130.1,	128.9,	127.9,	127.3,	127.3,	126.9,	
115.3,	10.4.	FT-IR	(KBr):	3419,	3347,	3237,	1645,1607,	1521,	1492,	
1442,	1308,	1257,	1170,	1134,	1073,	830,	771,	720,	704,	697	cm—1.	
GCeMS	(70	eV)	m/z	(rel.	int.):	250	(2),	222	(100),	204	(75),	180	(31),	
145	(12),	118	(9),	103	(15),	89	(6),	65	(15).	HRMS	(ESI)	Calcd	for	
C15H15N4:	251.1291	[MþH]þ,	Found:	251.1292	[MþH]þ.	

4.1.4.2. 4-[1-(4-Methoxyphenyl)-5-methyl-1H-1,2,3-triazole-4-yl]	
benzenamine	(19).	The	product	was	isolated	as	a	brown	solid	(30%	
yield)	 by	 column	 chromatography	 (silica	 gel,	 hexane/EtOAc	 3:7);	
mp:	 165e166	 ◦C;	 1H	NMR	 (300	MHz,	 CDCl3):	d 7.58e7.55	 (m,	 2H,	
aromatic	protons);	7.42e7.39	(m,	2H,	aromatic	protons);	7.06e7.03	
(m,	 2H,	 aromatic	 protons),	 6.80e6.77	 (m,	 2H,	 aromatic	 protons);	
3.88	(s,	3H,	OCH3);	3.48	(NH2,	exchange	with	D2O);	2.40	(s,	3H,	CH3).	
13C	NMR	(75	MHz,	CDCl3):	d 160.4,	146.3,	145.1,	129.7,	129.0,	128.6,	
126.9,	122.1,	115.0,	114.8,	55.8,	22.9.	ESI-MS:	m/z	(%):	C16H16N4O,	303	
(M	 Na)þ.	FT-IR	(KBr):	2956,	2918,	2850,	2581,	1610,	1513,	1463,	
1254,		1096,		1027,		833		cm-1.		HRMS		(ESI)		Calcd		 for		C16H17N4O:	
281,1402	[MþH]þ,	Found:	281,1395	[MþH]þ.	

4.1.5. General	procedure	for	the	synthesis	of	5-methyl-1-[4-	
(methylsulfonyl)phenyl]-4-phenyl-1H-1,2,3-triazole	(20)	and	1-(4-	
methoxyphenyl)-5-methyl-4-[4-(methylsulfonyl)phenyl]-1H-1,2,3-	
triazole	(21)	and	4-(4-methoxyphenyl)-5-methyl-1-(4-	
methylsulfonylphenyl)-1H-1,2,3-triazole	(23)	

m-Chloroperoxybenzoic	acid	(0.26	mmol)	was	added	to	an	ice-	
cold	 stirred	 solution	 of	 5-methyl-1-[4-(methylthio)phenyl]-4-	
phenyl-1H-1,2,3-triazole	 (10)	 (0.13	 mmol)	 or	 1-(4-	
methoxyphenyl)-5-methyl-4-[4-(methylthio)phenyl]-1H-1,2,3-	
triazole	 (12)	 or	 4-(4-methoxyphenyl)-5-methyl-1-[4-(methylthio)	
phenyl]-1H-1,2,3-triazole	 (16)	 in	dry	CH2Cl2	 (5	mL).	The	reaction	
mixture	was	stirred	and	slowly	allowed	to	reach	room	temperature.	
Then,	the	reaction	mixture	was	stirred	for	1	h.	Water	(5	mL)	was	
added	 and	 the	 aqueous	 phase	 extracted	 three	 times	with	 EtOAc.	
The	combined	organic	extracts	were	dried	over	anhydrous	Na2SO4	
and	the	solvent	removed	under	reduced	pressure.	

	
4.1.5.1. 5-Methyl-1-[4-(methylsulfonyl)phenyl]-4-phenyl-1H-1,2,3-	
triazole	(20).	The	product	was	isolated	as	a	white	solid	(42%	yield)	
by	 column	 chromatography	 (silica	 gel,	 hexane/EtOAc	 3:7);	 mp:	
231e234	 ◦C.	 1H	NMR	 (300	MHz,	 CDCl3):	d 8.18e8.16	 (m,	2H,	 aro-	
matic	protons);	7.81e7.52	(m,	4H,	aromatic	protons);	7.50e7.47	(m,	
2H,	aromatic	protons),	7.43e7.40	(m,	1H,	aromatic	protons);	3.14	(s,	
3H,	SO2CH3);	2.56	(s,	3H,	CH3).	 13C	NMR	(75	MHz,	CDCl3):	d 146.0,	
141.5,	140.8,	131.0,	129.3,	129.1,	128.4,	127.6,	125.9,	44.7,	10.7.	FT-IR	
(KBr):	3025,	3010,	2958,	1505,	1446,	1385,	1300,	1155,	788,	746,	
692	cm—1.	GCeMS	(70	eV)	m/z	(rel.	int.):	313	(2),	285	(12),	207	(15),	
206	(100),	205	(11),	204	(16),	178	(11),	165	(24),	103	(21).	

	
4.1.5.2. 1-(4-Methoxyphenyl)-5-methyl-4-[4-(methylsulfonyl)	
phenyl]-1H-1,2,3-triazole	(21).	The	product	was	isolated	as	a	white	
solid	 (80%	 yield)	 by	 crystallization	 from	 hexane/EtOAc;	 mp:	
241e242	 ◦C;	 1H	NMR	 (300	MHz,	CDCl3):	d 8.07e7.99	 (m,	4H,	 aro-	
matic	protons);	7.43e7.40	(m,	2H,	aromatic	protons);	7.09e7.06	(m,	

2H,	aromatic	protons);	3.90	(s,	3H,	OCH3);	3.10	(s,	3H,	SCH3);	2.50	(s,	
3H,	CH3).	 13C	NMR	 (75	MHz,	 CDCl3):	d 160.8,	142.9,	139.4,	137.3,	
131.4,	129.0,	128.1,	127.7,	127.0,	115.0,	55.9,	44.7,	10.6.	FT-IR	(KBr):	
3421,2961,	2924,	2852,	2361,	2343,	1734,	1609,	1518,	1458,	1303,	
1148,	1091,	1016,	 802	 cm—1.	 ESI-MS:	m/z	 (%):	 C17H17N3O3S,	 366	
(M	þ Na)þ.	

4.1.5.3. 4-(4-Methoxyphenyl)-5-methyl-1-[4-(methylsulphonyl)	
phenyl]-1H-1,2,3-triazole	(23).	The	product	was	isolated	as	a	white	
solid	 (60%	yield)	by	 column	chromatography	 (silica	gel,	 hexane/	
EtOAc	¼ 3:7);		mp:		240.9e241.5		◦C;		1H		NMR		(300		MHz,		CDCl3):	
d 8.19e8.15	(m,	2H,	aromatic	protons);	7.81e7.77	(m,	2H,	aromatic	
protons);	7.71e7.66	(m,	2H,	aromatic	protons);	7.04e7.00	(m,	2H,	
aromatic	protons);	3.13	(s,	3H,	OCH3);	2.53	(s,	3H,	SO2CH3);	1.25	(s,	
3H,	CH3).	 13C	NMR	 (75	MHz,	 CDCl3):	d 159.6,	 145.0,	 141.1,	 133.5,	
129.2,	128.7,	127.0,	125.7,	124.2,	114.4,	55.6,	38.4,	10.5.	ESI-MS:	m/z	
(%):	C16H14N4O3,	366	(M	þ Na)þ.	HRMS	(ESI)	Calcd	for	C17H18N3O3S:	
344,1069	[MþH]þ,	Found:	344,1073	[MþH]þ.	

4.1.6. Synthesis	 of	 4-(5-chlorofuran-2-yl)-1-(4-methoxyphenyl)-5-	
methyl-1H-1,2,3-triazole	(22)	

A	 mixture	 of	 4-(furan-2-yl)-1-(4-methoxyphenyl)-5-methyl-	
1H-1,2,3-triazole	(14)		(65		mg,		0.255		nmol)		in		anhydrous		DMF	
(4	mL)	was	 stirred	 at	 0	 ◦C	 under	 inert	 atmosphere.	 The	 reaction	
mixture	 was	 allowed	 to	 reach	 room	 temperature,	 then	 N-chlor-	
osuccinimide	(36	mg,	0.273	mmol)	was	added	at	10	min	intervals	
partitioned	in	three	times.	The	reaction	mixture	was	monitored	by	
TLC	 (silica	 gel,	 hexane/EtOAc	 8:2)	 and	 stirred	 until	 the	 disap-	
pearance	 of	 14	 (approximately	 5	 h).	 The	 reaction	 mixture	 was	
quenched	by	adding	H2O.	The	reaction	product	was	extracted	three	
times	with	ethyl	acetate.	The	combined	organic	phases	were	dried	
over	anhydrous	Na2SO4	and	the	solvent	evaporated	under	vacuum.	
The	 product	was	 isolated	 as	 a	 yellow	 oil	 (45%	 yield)	 by	 column	
chromatography	 	 (silica	 	 gel,	 	 hexane/EtOAc	 	¼  8:2);	 	 1H	 	 NMR	
(300	 MHz,	 CDCl3):	 d 7.40e7.36	 (m,	 2H,	 aromatic	 protons);	
7.08e7.04	(m,	2H,	aromatic	protons);	6.83e6.81	(m,	1H,	furyl	pro-	
ton);	6.30e6.29	 (m,	1H,	 furyl	proton);	3.89	 (s,	3H,	OCH3);	2.48	 (s,	
3H,	CH3).	 13C	NMR	 (75	MHz,	 CDCl3):	d 160.7,	146.8,	137.0,	136.2,	
130.2,	129.0,	126.9,	114.9,	109.0,	108.2,	55.9,	9.8.	FT-IR	(KBr):	2918,	
2850,	2360,	2343,	1703,	1519,	1256,	1216,	836	cm-1.	GCeMS	(70	eV)	
m/z	(rel.	 int.):	289	(Mþ,14),	261	(23),	246	(21),	226	(100),	218	(26),	
198	(52),	183	(40),	155	(24),	113	(12),	92	(19),	77	823),	64	(15).	HRMS	
(ESI)	 Calcd	 for	 C14H13ClN3O2:	 290,0696	 [MþH]þ,	 Found:	 290,0692	
[MþH]þ.	

4.2. Computational	methods	
	
4.2.1. VolSurf	 plus	 descriptors	

The	 interaction	 of	 molecules	 with	 biological	 membranes	 is	
mediated	by	surface	properties	such	as	shape,	electrostatic	forces,	
H-bonds	and	hydrophobicity.	Therefore,	 the	GRID	 [17]	 force	field	
was	chosen	to	characterize	potential	polar	and	hydrophobic	inter-	
action	 sites	 around	 target	molecules	 by	 the	water	 (OH2),	 the	 hy-	
drophobic	(DRY),	and	the	carbonyl	oxygen	(O)	and	amide	nitrogen	
(N1)	probe.	The	 information	contained	 in	 the	MIF	 is	 transformed	
into	a	quantitative	scale	by	calculating	the	volume	or	the	surface	of	
the	interaction	contours.	The	VolSurf	plus	procedure	is	as	follows:	i)	
in	 the	first	 step,	 the	 3D	molecular	field	 is	 generated	 from	 the	 in-	
teractions	 of	 the	 OH2,	 the	 DRY,	 O	 and	 N1	 probe	 around	 a	 target	
molecule;	 ii)	 the	 second	 step	 consists	 in	 the	 calculation	 of	 de-	
scriptors	from	the	3D	maps	obtained	in	the	first	step.	The	molecular	
descriptors	obtained,	called	VolSurf	plus	descriptors,	refer	to	mo-	
lecular	size	and	shape,	to	hydrophilic	and	hydrophobic	regions	and	
to	the	balance	between	them,	to	molecular	diffusion,	LogP,	LogD,	to	
the	“charge	state” descriptors,	to	the	new	3D	pharmacophoric	



	
	

descriptors	 and	 to	 some	 descriptors	 on	 some	 rilevant	 ADME	
properties.	In	total	VolSurf	plus	uses	128	descriptors	[46e48];	iii)	
finally,	chemometric	tools	(PCA	[49],	PLS	[50,51])	are	used	to	create	
relationships	 of	 the	 VolSurf	 plus	 descriptor	 matrix	 with	 ADME	
properties.	The	scheme	of	the	VolSurf	plus	programme	steps	and	a	
detailed	definition	of	Volsurf	plus	descriptors	have	 recently	been	
reported	[52].	

	
4.3. Biology	

	
4.3.1. Cyclooxygenase	inhibition	studies	

The	target	compounds	6e23	were	evaluated	for	their	ability	to	
inhibit	ovine	COX-1/COX-2	enzyme	(percent	inhibition	at	50	mM).	
Inhibition	of	the	enzyme	was	determined	using	a	colorimetric	COX	
(ovine)	inhibitor	screening	assay	kit	(Catalog	No.	760111,	Cayman	
Chemicals,	Ann	Arbor,	MI,	USA)	following	the	procedure	described	
in	the	catalog	according	to	the	manufacturer's	instructions.	

COX	 is	 a	 bifunctional	 enzyme	 exhibiting	 both	 cyclooxygenase	
and	peroxidase	activity.	The	COX	component	converts	arachidonic	
acid	 to	 a	 hydroperoxide	 (PGG2),	 and	 the	 peroxidase	 component	
reduces	the	endoperoxide	to	the	corresponding	alcohol	(PGH2),	the	
precursor	 of	 PGs,	 thromboxanes,	 and	 prostacyclins.	 The	 Colori-	
metric	 COX	 Inhibitor	 Screening	 Assay	 measures	 the	 peroxidase	
component	 of	 overall	 cyclooxygenases	 activity.	 The	 peroxidase	
activity	is	assayed	colorimetrically	by	monitoring	the	appearance	of	
oxidized	 N,N,N0,N'-tetramethyl-p-phenylenediamine	 (TMPD)	 	 at	
590	nm.	 6e23	were	dissolved	 in	 a	minimum	volume	of	DMSO	 to	
prepare	to	stock	solutions.	

	
4.3.2. Antiproliferative	assay	

Determination	 of	 cell	 growth	was	 performed	 using	 	 the	 	MTTas-	
say	 at	 48	 h.	 On	 day	 1,30,000	 cells/well	 were	 seeded	 into	 96-well	
plates	 in	 a	 volume	 of	 100	mL.	 On	 day	 2,	 the	 various	 drugs	 concen-	
tration	 (0.1e100	mM)	were	 added.	 In	 all	 the	 experiments,	 the	 drug	
solvent	 (DMSO)	 was	 added	 in	 each	 control	 to	 evaluate	 a	 possible	
solvent	 cytotoxicity.	 After	 the	 established	 	 incubation	 	 time	 	 with	
drugs,	MTT	 (0.5	mg/mL)	was	 added	 to	 each	well,	 and	 after	 3	 h	 in-	
cubation	 at	 37	 ◦C,	 the	 supernatant	 was	 removed.	 The	 formazan	
crystals	were	solubilized	using	100	mL	of	DMSO	and	the	absorbance	
values	at	570	nm	was	determined	on	the	microplate	reader	Victor	3	
from	PerkinElmer	Life	Sciences.	

	
4.4. Statistical		analysis	

	
The	IC50	values	of	the	compounds	reported	in	Fig.	7	and	Table	2	

were	 determined	 by	 nonlinear	 curve	 fitting	 using	 the	 GraphPad	
Prism	 program	 (GraphPad	 Prism	 Software	 (Windows	 version),	
Graph-Pad	 Software,	 	 Inc.,	 	 San	 	 Diego,	 	 CA,	 	 USA)	 	 and	 	 are	 	 the	
mean	± SEM	from	three	separate	experiments.	
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