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Abstract

Background: 3,2,1 triazoles are an important class of five-membered heterocyclic compounds whose unique
biological properties have made them an important class of chemical compounds. The biological activity of
these compounds is known as anti-fungal, anti-bacterial, anti-tumor, anti-inflammatory, anti-depressant, anti-
tuberculosis, anti-HIV, etc.

Materials and methods: In this research, first we synthesized new courcomin catalyst. We investigated
synthesis of some 1,2,3 triazol derivatives and evaluated their anti-bacterial and anti-fungal effects. After
synthesis and purification of some 1,2,3-triazol compound, the inhibitory effect of compounds against fungal
(Candida albicans, Aspergillus niger) and against bacterial (Staphylococcus arueus and Escherichia coli)
was evaluated.

Results: It was found that compound (3): 1-(4-bromobenzyl)-1H-1,2,3-triazol-4-ol exhibited the best
antifungal activities. Also this compound showed good activity against Staphylococcus areus as a Gram-
positive bacteria.

Conclusion: According to the results, it seems that the use of recombinant substance 3 as a new compound
with acceptable antimicrobial properties can be considered.
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1-Benzyl-4-phenyl-1H-1,2,3-triazole 2):
Recrystallization from EtOH/H,O (3:1) gave compound 2
as colorless crystals in 92% yield; mp 129-130 °C; IR
(KBr): v=698,724, 780, 1049, 1076, 1223, 1358, 1465,
3120cm-'; 'TH NMR (CDCls, 250 MHz): $=5.55 (s, 2H),
7.24-7.43 (m, 6 H), 7.70 (s, 1 H), 7.77-7.84 (m, 4H); 13C
NMR (CDCls, 62.9 MHz): 6=54.0, 119.8, 125.4, 128.2,
127.9, 128.5, 128.9, 129.1, 130.5, 134.8, 148.1; anal.
calcd. for CisHi3N;3 (235.284): C 76.57, H5.57: found: C

76.41,H 5.68.

t (V) Jgo ¥ S 5

1-(4-Bromobenzyl)-4-phenyl-1H-1,2,3-triazole 4):
Recrystallization from EtOH/H>O (3:1) gave compound 4
as colorless crystals in 87% yield; mp 152.5-153 °C; IR
(KBr): v =692, 762, 799, 1052, 1078 , 1220, 1432,1460,
1486,3086 cm-!; 'H NMR (CDCI3, 250 MHz): 5=5.52 (s,
2 H), 7.17 (d, 2H, J=8.4 Hz), 7.25-7.45 (m, 3 H), 7.54 (d,
2H, J=8.4 Hz), 7.69 (s, 1H), 7.82 (d, 2H, J=8.4 Hz);, ’C
NMR (CDCls, 62.9 MHz): 6=59.8, 119.8, 122.9, 125.6,
127.4, 128.1, 128.9, 129.3, 129.4, 132.1, 134.0, 148.5;
anal. caled. for C;sH2BrN3 (314.180): C 57.34, H 3.85;

found: C 57.20, H 3.95.

Archive of SID.ir



Archive of SID.ir

W Jo3T 6 5-Y¥ Jusd-F- o)1) OluS 5 (w2

ol 3T oliils (K3 pole alxo /B¢

PR 5D DyaS D5 g a0 ,5 ClE mlis Wl 5 il ax o
aS loog S oyl ol o 5 SL ok, caies lis Salx
ady Sl adale Blas flge a4y ol Hlis |y & yea8
@9l Slo=ie ay male Lz g b (ol 5l 5 08 (3155
oo o 25 gl MIC b, s ool i, S it
S e 3 A5 Sl ol Uy o elial YU S5 4
S bl 59l s 4 Jilos 5lS 5l 5 Sl 59 7mS0g plos
o oslitl 0, S

kol Julx

L oolicisl 3,50 8 Jiliosl (gl s 5 o i s 5 okes
Jdos 285 18 e g e e (b5l 990 1SS L A
hay s e a5 SPSS 158l o 5SS L o wiges ples (sl
b plosl (S5 el 9031 5 )l Sy Gl g 5T

iy

3o b aF aiies Gy o, Kaegh o9l
b |y s g Kea 05 ol sl 45 Lo J5SUse
30 0y olidss delol jo o e 4 S 3w g
a5 i ol (W DY D) Jgsl SlaS 5 piw aiw;
Gy YYD G Slinie OA) oals sbel wls )15 b
wo s slySh s elsr cmsn @ bml lads)]
elasS s ol e Glp wed asby Wl (26
IS Jeslg ) Jeles (il wlitins 5 laadla J3g 5
3 oo S5 5 w3l s jpao 50 (il L8
8 a0 S8 3o olyg8 el 5 T Pl bsls
S sl b STy bl jleats ke «
bl az 0 Voo o jo SIS jpas o alise
388 ek ples () Jguz) C85 1B (cw)p 9590 N5
UWJL) J)&? ol ol oalo ulMJ ‘5!9.> QO A Js»
Sye slo Pl Gl jon 3l 28Ty Cdpiny 50 et
o> S b Sl olyg8s el Pl blsee (o) 2

ole lid s e (0 @, N Jeax) Y Y

lil

¥ oS5 ab P JSh

A 00 i OS5 5l Seiwl gl Jglore Jol dl o 4o
3ol Caws 4 DMSO Pl 0 03¥ polie 30,5 Jo> (6 g
o aggd ) el To S Ve s il Ll Syl ola
5l ool Lo —dgbs &l g S g, I MIC sl aj]
s bl CLST S35 b syl (g 4l 48 sy Seoo
Syl 5l g See Ve Jol Scale 4 ol da 6 250 ol
S oo | e A A ) 00wl Jg5] Sl
) ot BLal Sal> o 4 g See Ve Sl Ggties Joe
Jolis 29yl S S Sl 5l yidy e o+ S8 098
p9d Sl a ailopn |y ) 9 )5ee) gl Saly s
30,5 G5l 33, V) Sl Ul e 4y 5 00y0 5 LS
6L o) S g )Y wls o S5 il VY ails «
I rdgSen Vee Salz 5y an alyo p0 03 eslatl
YV 59 OsemlisSl el VY a5 adlal (650 (gamilimgen

Archive of SID.ir



Archive of SID.ir

BY | o1, on g 015 &,15 pled!

\fF.y )LQJ' o ‘O)Lo.a:: oYY 090

or
X: Cl, Br ——
G: NO,, Me,Br OH

N
N” N
Cul Ph or B
NaN3, u G
THF : H,O 2:1 _N
N” °N
HO
,\—
G

Il A 5 s B S

S5 g o Jgile (RFF-Js3k 52-3V0 0350 V=i Disame 355 sl JT iz sl 51 Jour

N‘N‘
Br I . N
+ = o NaNj, CuL HO\)——J
THF : H,O 2:1
P (%) lessl, (o) Kele ax,8) Les Time (h) P> @,
va Voo <IVO H,O/DMSO \
Yy Voo JIVO H,O/DMF v
H,O/t-BuOH
I Yoo V0 %
v. V.. VYD H,O/MeCN .
N \ N H,O/THF N
H,O/DMSO
e ' ! H,O/acetone 4
oY Voo Y H,0 y
£ Voo f THF A
Y Voo ¥ 3

2 For entries 1-7, a mixture of 1:2 (V/V) solvents were used. ® Isolated yield.

»le g [Cul] S5JUE (5,500 &j08 cw)p 12
@l SIS ol adle jo sud 51 e sl )5l
a5 ol sl onds ad> ¥ Joux o lawslis
Slay Gl b i s pladl SS5BS Le s ST,
L. s, F Jeoz) ais LSis Jeaoe gt (13STg
oby sla Jpame Vb ool ¥ Jooo mls 4 axg
3 (Yo, & Jgaz) [Cul] | eolawl b malisS STy
Cawd Ay 0dd gy e s S RIE ple b oaslis
witn ols; mln Ko sle I 5l eolazul W
Jo ol bocsls olen 4 la Joaze odys lp
olew cwisdle 5l 65 Vb a1y Gloy 4 o 28Ty

Dol g0 oddlin (F b 0,V Jgoz) 0 a8 j5b
sbul g wdle bl s g (Solo a8 S L adl> STy
ASly onl el aasin Gl S 4l SYgame
S5 jgax ,0 e SIT g ool o (V1) culs
ks S on sl ) U5 o odbe BulyS 53 o

Lol 0T 4 T sl Do s 51 oalictul ool s opdle
Lol /b e 69 5 o | wluSsilon hte o0
R R S L R R R P
5 swsie 005l 0 e bl 5l eslaiul oS
cobls olpen 4y 5 SVsb Sley sleoyss yo ) Jgame
@l & ohsts,neals 5 ol a8 Sl al poesdle
Glom ey wa ) Gl 22T 5 UFY ool wiuds oolat!
oS 0,Slas(V g A oy ) Jgaz) sl Cews @ el ¥
Cl> pas a4 ol jleolaul La ) glp sawl cavs 4
g on 030 Cos ol JT adsl slge

s ¥ Jgaz Geb Ja5l 65 YV Gt A el ol
sle og,5 Gl gleadle hore 5l s ol jo 0l
At g 305 oaliial eaidS (g Sl g oains ()9 xSl
95l gle dil> obml bl SLaS 5 5l 0g)S g0 0wl
Sl 1, (O SL) S n cnl Gk 2

Archive of SID.ir



Archive of SID.ir

B Jo31 5 -Y Y P o)1) bS5 (om0 eolol3T olEiils Kby pole alxo /OY

ldosT 65TV gl w5l Jolo b .Y Jgur

@, WP ST Jyaxe obey Hlewsl —gd abads
(el (%) I
Br = \ /,N\
) ©/\ OH NN en RO vo-vy
Ho\)T;;; 03) YV-Y¥
cl = " NN
Y ):_/ Ph N i T
Ph' (b) [CRYRARER PN
Br N\ N, Y-
¥ /©/\ OH N~ N Y2 AY A
Br HO ©
Br
=Ph N
Br AN
f /©/\ NN VO AY VOY 0V OF
Br
Ph (d)
Br
N
6 c = \OH _N VIA AY ABAA
Me Hof AB-AY
N
4 cl =——ph N™ N Is ay VY- 0F
)‘—/ (20) VOA-VOF
Me Ph ()

_ Me
c N N,
v /(jA oH \;:_/N v A -4y
O=N HO X)) - 20
@
NO,
— Ph N
Cl PAN
A /@A N™ N Yo AD 105-10A
ON — 157- 909
Ph (h)
NO,

plnil oy ail> STy A liwl ¥ oojled 00,8 4 oLl
W) L.i.w.) VARGV 69.\4.{2 L)""”" as [IV] .Ia..»‘gd.} 9 06X
S Blaege 53 g 058 e slml V]It
faa) Jyw 9 oD C)l>' u“"S‘B NEPE )‘l )f).,Jl;lS

A Sl SeapsSul Hgam 5o (D) e BB L
O @l 4l STy (Do G 35280 el (1) s
(P)JS,0 00s (5,155 punilile Gubo Lo ST 5 Lawy 3T
ool iiSTe b oS+ 0 yuee i sl Ao 0 g0
-0 sl [ Lawlgas g 058 (o 5T () o b (uSJT
g ools Sl e U [I] wu3l om al>pe j0 09i
059y alem Sl 50 G g o oloul [I] Lawlgus

Archive of SID.ir



Archive of SID.ir

OF | o) en g ol & 415 pled!

\fF.y )LQJ' ° \O)Lo.a:': oYY 6,99

e (b=l 5253V 35550m V- Dyame 055 sl 550 (sla, S35 b gl s [CUl] S35 asli ¥ Jgar

Br —
+ =\
=,

N,
N” N
NaNj, CuL HO\):J

THF : H,0 2:1
Entry ™f Catalyst Time (h) Yield * (%)
) - Y .
Y [CuL] -1 3.
£ Cul AT
v
y Cu(OAc) W
I \ AY
Cu/C
2 Isolated yield.
N
N °N
X X :—@ Ph):/ / b
| + NaNs, CuL or =\
G/ = or G
THF : H,O 2:1 _N.
X: Cl, Br — N™ N
’ _—\ —
G: NO,, Me,Br OH 7N
HO _
=\
G
Foil Sl i B S
R1 + J—
7:—:\ lCuL R—==—H

2 sl 1385 il 1) w5l 5 WS 6Tl
o3l SlaS 5 @l ws 5 L wo el s een
Sy50 2y J5B  phobls 9See by, 4 0l i (h-a)
S MIC oliglel @l (qwyp b 2d S 13 )
SlaS 5 o8 coslin (F Jguz) adlas 9,50 o
e p S 9See FIVO il JBlas 3¢ ga aleed

gl s ol panilSe £ JSCB

lie 69, » w0 L alge sl olitie
Pl LSy s e a Jlail by el S
S 30 PES czge (2B sla sl PASO o S5
Jobo (a8 pud aiBle o (men 4y g 00l g S )
T8 Jsbe S ymie ol 0 g om0 0 7y (38
s xSL w5l Wlgh oo Last)"I Oeizme (YY) 06l oo

Archive of SID.ir



Archive of SID.ir

& J31 6 5-Y V) Jusd—F— Jo,1-) Sl 5 (om0

‘soy.ub‘)'i ol&iils (S poke alxo [OF

Lg (Y&) u\.:}wu;o oolazwl u’.tjjs.»dc 6L® WS.LC l) o)')Lf.o 6‘).’
g S o S 251 51 ooliiul sgw s 4 o J> o]
‘L}")"L" 5loauds );‘njl.a.o LQJ—‘ )5‘ O S Lg‘o.).u‘)s )5.'0 aQ
Bz gl Kol JLis 4 pglae jsbo a4y (g5l llacerds
s (09,500 slacighe b ooyl glp a8l oo b
as w‘ bJs)‘ 00‘9.3[5 as 0]4)5)9 Q‘9A L’.:)AW )‘ gsif.
il 595 » (29,500 2 Ceols aie) ;o ook Slallla
Al attine pal Oladss o (Y89 ,0,)) Cal aid )5 sl
950 x> CeolB gl pesS )5S (g5l sla gl &S
VY oy e 5l ol slaws (YY) siie SLLS
Ll (558 9,5 wo il a4y azgi b lsnS ool Jssb
Wl slagls jo pglie b SL sladsgm ply ;5 0
3 Jssl 5 ©laS 5 (TA) wilowss oailonS wu gy
£ SerSt S 2 @ @S 2o el Joils
olatie cuenl 4 ki (YA) Wols plis aie 5 Cude
S92 $lo,T5I6S 5 cul s 3lgls ailio o Jsl
)SL> )L.m.: @9)& Slaie )‘ Awd U"“ ;LJ}J 6‘)) 63):')5 9

Ll Coon

S35 pole ol 151558 sla (g)lem Dlaning 55 e
Asla Sz, bl oS Sti L
S8 sl azieS ool 0,90 IRFUMS.REC.1400.078

5 w5, esSeS shiiul Cute 55 655U (g,
,a)f”.i;.a IV clale Jsla> o g ga @w Slas 5

Sl BLd,al e 05 655 69, 2 S e 2
adllas 0,90 sl 6L @ Cons |y 095 0l (S5 losk
5haiws pl e o Slee a5 (P</-0) wilosls olas
2 JeSgyne Jole 09,5 jpa> 4 glote ) wloS S
Lic )0 (opdy 395 aS old s loS 5 5l atws oyl
OIS G pidien € oSy 5 g i Giall 1) 6 ST
FIVO chale Jslas o 1) 055 2,8 0o Susjlosl
5 oSl lwsls )6 59, » 5 (e p 5,5
b chile s o hy ¢ d g oberd SluSy
21y ek, (Saleil S i il e g 59,50
oole &S By 4zl (pl & Olgtee @l 5 galz oy n b
by GHlee 2lym Looke () JHae pleie 4 a oS S
C S g oole g ol (oo hie g Cute 0,5 slo S
Syse oS B A G po 1y 053 ()8 s Sl 5 ge
oole ;50 (Gaw 3 3 g il eals ol se5 3l asllae
SASL as Slfl () as SISl egdle ¢ oS iy

1o ol pen 4y |y Codie 0,5

bosar OlaS 5w (0950 Cuwglie 4 4298 b oojg sl
b 50 (V) canl coenl o Jls (09,500 ab Cools
slocisie (elaixl (tlag 3510 5 laglin lo 5o ol
Sy ol ole g vinn uls s slaslon (29,5

REFERENCES

1.Marzi M, Farjam M, Kazeminejad Z, Shiroudi A, Kouhpayeh A, Zarenezhad E. A recent overview of 1, 2, 3-triazole-
containing hybrids as novel antifungal agents: focusing on synthesis, mechanism of action, and structure-activity
relationship (SAR). J Chem 2022;2022:1-50.

2.Huisgen R. Kinetics and reaction mechanisms: selected examples from the experience of forty years. Pure Appl Chem
1989;61:613-28.

3.Haridas V, Sharma YK, Sahu S, Verma RP, Sadanandan S, Kacheshwar BG. Designer peptide dendrimers using click
reaction. Tetrahedron 2011;67:1873-84.

4.Afsarian MH, Farjam M, Zarenezhad E, Behrouz S, Rad MNS. Synthesis, antifungal evaluation and molecular
docking studies of some tetrazole derivatives. Acta Chimica Slovenica 2019;66:874-87.

5.Kazeminejad Z, Marzi M, Shiroudi A, Kouhpayeh SA, Farjam M, Zarenezhad E. Novel 1, 2, 4-Triazoles as
Antifungal Agents. BioMed Res Int 2022;2022.

6.Thirumurugan P, Matosiuk D, Jozwiak K. Click chemistry for drug development and diverse chemical-biology
applications. Chem Rev 2013;113:4905-79.

7.Brise S, Gil C, Knepper K, Zimmermann V. Organic azides: an exploding diversity of a unique class of compounds.
Angew Chem Int Ed Engl 2005;44:5188-240.

Archive of SID.ir



Archive of SID.ir

B0 [ o, 3 o155 &5 pled! VPor Sl ® ) ojleds @ YF o0

8.Khosravi A, Malecan M. Effects of Lavandula stoechas extracts on staphylococcus aureus and other gram negative
bacteria. J Inflam Dis 2004;7:3-9.

9.Fleming A. The true history of the discovery of penicillin. Biomed Sci 2003:247.
10.Neu HC. The crisis in antibiotic resistance. Science 1992;257:1064-73.

11.Sheehan DJ, Hitchcock CA, Sibley CM. Current and emerging azole antifungal agents. Clin Microb Rev
1999;12:40-79.

12.Warnock D. Itraconazole and fluconazole: new drugs for deep fungal infection. J Antimicrob Chemother
1989;24:275-6.

13.Behrouz S, Rad MNS, Rostami S, Behrouz M, Zarehnezhad E, Zarehnezhad A. Design, synthesis, and biological
activities of novel azole-bonded B-hydroxypropyl oxime O-ethers. Mol Divers 2014;18:797-808.

14.Rad MNS, Behrouz S, Behrouz M, Sami A, Mardkhoshnood M, Zarenezhad A, et al. Design, synthesis and
biological evaluation of novel 1, 2, 3-triazolyl B-hydroxy alkyl/carbazole hybrid molecules. Mol Divers 2016;20:705-
18.

15.Zarenezhad E, Soltani Rad MN, Behrouz S, Esmaielzadeh S, Farjam M. Immobilized [Cu (cdsalMeen)] on silica gel:
a highly efficient heterogeneous catalyst for ‘Click’[3+ 2] Huisgen cycloaddition. J Iran Chem Soc 2017;14:509-19.

16.Rajesh J, Gubendran A, Rajagopal G, Athappan P. Synthesis, spectra and DNA interactions of certain mononuclear
transition metal (II) complexes of macrocyclic tetraaza diacetyl curcumin ligand. J Mol Struc 2012;1010:169-78.

17.Foroughi HO, Kargar M, Erjace Z, Zarenezhad E. One-pot three-component reaction for facile and efficient green
synthesis of chromene pyrimidine-2, 4-dione derivatives and evaluation of their anti-bacterial activity. Monatsh Chem
2020;151:1603-8.

18.Hashemi E, Beheshtiha YS, Ahmadi S, Heravi MM. In situ prepared Cul nanoparticles on modified poly (styrene-
co-maleic anhydride): An efficient and recyclable catalyst for the azide—alkyne click reaction in water. Transit Met
Chem 2014;39:593-601.

19.Tourani H, Naimi-Jamal MR, Panahi L, Dekamin M. Nanoporous metal-organic framework Cu2 (BDC) 2 (DABCO)
as an efficient heterogeneous catalyst for one-pot facile synthesis of 1, 2, 3-triazole derivatives in ethanol: Evaluating
antimicrobial activity of the novel derivatives. Sci Iran 2019;26:1485-96.

20.Sharghi H, Khalifeh R, Doroodmand MM. Copper nanoparticles on charcoal for multicomponent catalytic synthesis
of 1, 2, 3[JTriazole derivatives from benzyl halides or alkyl halides, terminal alkynes and sodium azide in water as a
“Green” solvent. Advanced Synthesis and Catalysis 2009;351:207-18.

21.Zohreh N, Hosseini SH, Pourjavadi A, Bennett C. Immobilized copper (II) on nitrogenlIrich polymer!(Jentrapped
Fe304 nanoparticles: a highly loaded and magnetically recoverable catalyst for aqueous click chemistry. Appl
Organomet Chem 2016;30:73-80.

22.Himo F, Lovell T, Hilgraf R, Rostovtsev VV, Noodleman L, Sharpless KB, et al. Copper (I)-catalyzed synthesis of
azoles. DFT study predicts unprecedented reactivity and intermediates. ] Am Chem Soc 2005;127:210-6.

23.0rozco AS, Higginbotham LM, Hitchcock CA, Parkinson T, Falconer D, Ibrahim AS, et al. Mechanism of
fluconazole resistance in Candida krusei. Antimicrob Agents Chemother 1998;42:2645-9.

24 Zarenezhad E, Abdulabbas HT, Marzi M, Ghazy E, Ekrahi M, Pezeshki B, et al. Nickel nanoparticles: applications
and antimicrobial role against methicillin-resistant Staphylococcus aureus infections. Antibiotics 2022;11:1208.

25.Hoolageri SR, Nesaragi AR, Kamble RR, Dixit S, Vootla S, Joshi SD, et al. Green Synthesis of Novel
Triazolothiadiazine[lCoumarins Catalyzed by Agro Waste Extract: An Approach towards In[ISilico and In[IVitro
Anti[/Fungal Activity. Chemistryselect.2022;7:€202200077.

26.Strzelecka M, Swiqtek P. 1, 2, 4-Triazoles as important antibacterial agents. Pharmaceuticals 2021;14:224.

27.Patil SA, Nesaragi AR, Rodriguez-Berrios RR, Hampton SM, Bugarin A, Patil SA. Coumarin triazoles as potential
antimicrobial agents. Antibiotics 2023;12:160.

28.Ezelarab HAA, Abbas SH, Hassan HA, Abuo-Rahma GEA. Recent updates of fluoroquinolones as antibacterial
agents. Arch Pharm 2018;351:¢1800141.

29.Gondru R, Kanugala S, Raj S, Ganesh Kumar C, Pasupuleti M, Banothu J, et al. 1,2,3-triazole-thiazole hybrids:
Synthesis, in vitro antimicrobial activity and antibiofilm studies. Bioorganic Med Chem Lett 2021;33:127746.

Archive of SID.ir



