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ABSTRACT

The area of pharmaceuticals and synthetic organic chemistry continued to remain dependent on the
heterocyclic compounds due to their wide array of properties both biological and synthetic.
However, their extensive clinical use as medicinal drugs and their synthetic applications has been
prompting the chemists to develop new structural triazole derivatives. Benzotriazole is benzene
fused azole derivative exhibiting tremendous application in medicinal and synthetic chemistry.
Benzotriazole bearing compounds possess various activities such as anticancer, antifungal,
antibacterial, antitubercular, antiviral, antioxidative, antiparasitic, antioxidative. Also, the
versatility and usefulness of benzotriazole methodology in synthesis protocol has grown from an
obscure level to extreme popularity, since benzotriazole moiety can easily be introduced into a
molecule by variety of reactions, thus allowing numerous transformations, and finally its stability
and ease of removal at the of the reaction sequence. In this review, we briefly describe the
development of new benzotriazole compounds having wide range of applications during the period
of 2011 to 2016.
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INTRODUCTION

Novel, economical and efficient synthetic protocols for the development of heterocyclic

compounds are perhaps the endmost goal of synthetic organic chemists. In particular, Nitrogen
heterocycles exhibit diverse biological and pharmacological applications®, especially triazole
scaffold which plays an important role in medicinal chemistry?. Benzo-condensed azoles are
prime structures being studied in all fields; in particular, benzo-fused azoles® containing three
heteroatoms have received vast attention for their properties and applications such as benzo[1,2-
c][1,2,5]oxadiazole 1, benzo[1,2-c][1,2,5]thiadiazole 2, and benzotriazole (1H or 2H isomer) 3
(Figure 1).

Figure 1: Benzo-fused azole heterocycles
Among these, benzotriazole (BT) and its derivatives have been paid increasingly special attention
and a large number of research have been focused on this due to their wide range of applications as
medicinal drugs®, man-made materials®, corrosion inhibitors® and superamolecular ligands.’
Alizaprid® (antiemetic drug) and Tinuvin P® (UV absorber) are also important benzotriazole
derivatives. Benzotriazole derivatives are more ready to bind with a variety of enzymes and
receptors in biological systems via diverse non-covalent interactions due to the presence of large

conjugated system and its three nitrogen atoms.
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Figure 2: Tautomerism in benzotriazole
Additionally, benzotriazole compounds could bind with different metal ions to afford
benzotriazole containing metal complexes, which may offer the bioactivities of both benzotriazole
derivatives themselves and superamolecular agents, thus possibly exerting double action
mechanisms to tame drug resistances®®. These properties make benzotriazole moiety to be

commonly employed for the construction of innovative drug molecules'!. Benzotriazole can exist
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in tautomers A and B, and the derivatives of both tautomers, structures C and D can also be
produced? (Figure 2).
From a solely chemical point of view, benzotriazole moiety continued to be used as a synthetic

1314 and also act as a good leaving group™. Benzotriazole also acts as an electron-donor or

auxiliary
a precursor of radical or carbanions. However, the principal interest on benzotriazole is focused
mainly in the pharmaceutical field, owing to their property to boast different biological properties,

18 1,Y° antiviral® and

including plant growth regulator,®® choleretic,’” antibacterial,*® antiprotozoa
antiproliferative” activity. Thus, new synthetic methods for preparation of benzotriazole
substituted compounds are highly desirable. Also recently, a lot of benzotriazole derivatives with
effective pharmacological properties, few side effects, low toxicity, little multi-drug resistance,
good water solubility, promising bioavailability, diversity of drug administration as well as broad
bioactive spectrum have been discovered, with large development value and potentiality as
medicinal drugs.?

The aim of this paper is to provide an overview on the recent synthesis and biological application
of the novel benzotriazole based heterocycles synthesized during the period of 2011 to 2016.
Benzotriazole Substituted Heterocycles

Zhao et al.”® reported a convenient method for the synthesis of several benzotriazole, Bt(N1)-
substituted pentafluorobenzenes derivatives (Scheme 1). Synthesis of these Bt(N1)-substituted
derivatives was investigated with relevance to the solvent, base and the electron-withdrawing

group at 4-position on the perfluorophenyl ring.
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Scheme 1: Regioselective reaction of BtH with pentafluorobenzene derivatives

Research group of Xia** performed the regioselective addition of thiophenol to o, -unsaturated N-
acylbenzotriazoles under controlled conditions resulting into the formation of a variety of a, -
unsaturated thioesters, B-thiophenoxy substituted N-acylbenzotriazoles (Scheme 2) and p-

thiophenoxy substituted thioesters in good to excellent yields.
o} SAr O
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Scheme 2: Regioselective addition of thiophenol to a, p-unsaturated N-acylbenzotriazoles.
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Bera et al.® reported an unprecedented diazo-oxygen (N=N-O) bond formation leading to an
entirely new kind of amino acid-derived enantiomerically pure  substituted
benzo[d][1,2,3,6]oxatriazocines heterocycles via one-pot three step sequence, (i) diazotization (ii)
TBDMS deprotection, and (iii) cyclization (Scheme 3). This is the first diazo-oxygen bond

formation in acidic medium reported in literature.

CH,OH CH,OPiv CH,OPiv
HN HN = HN = /@ \
O-N pivCl, EtN, O2N Pd-C/H,, H2N NaNOg, 6N H,S04, s N OPiv
_ —_ > \. /
Rl dryDCM Rl MeOH Rl 0-120 °C B

Scheme 3: Synthesis of 1-alkyl benzotriazoles derivatives
Synthesis of a new series of N-[3-(1H-1,2,3-benzotriazol-1-yl)propyl]-2-(4-substituted phenyl)-3-
chloro-4-oxo-1-azetidinecarboxamides from 1,2,3-benzotriazole as starting substrate in four steps
(Scheme 4) was performed by Sharma and group.?
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Scheme 4: Synthesis of N-benzotriazolyl substituted p-lactams

All the compound were shown to possess good to moderate antibacterial, antifungal and
antitubercular activities.

Other azetidinone derivatives of benzotriazole were synthesized by Dubey et al.?’ in both
conventional and microwave irradiation conditions (Scheme 5). Microwave assisted method was
found to be superior over conventional method, as it result in reduction of reaction time along with
yield enhancement. Synthesized compounds were also screened for their antitubercular (against
Mycobacterium tuberculosis H37RV) and antimicrobial activity. Some of the derivatives showed

better activities than the reference drugs.
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Scheme 5: Synthesis of N-benzotriazolyl substituted p-lactams
Ramachandran et al.?® have reported the synthesis of variously substituted 1-[2-(1H-benzotriazol-
lyl)acetyl]-2,6-diarylpiperidin-4-ones (Scheme 6). The synthesized derivatives were also
examined for in vitro antibacterial and antifungal activities against pathogenic microbial strains.
Some synthesized compounds showed superior inhibition activity against B. subtilis and E. Coli

microbial strains.
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Scheme 6: Synthesis of N-benzotriazolyl substituted -lactams

Another heterocycle containing benzotriazole was reported by Singh et al.?
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They carried out the

synthesis of benzotriazole substituted acridine derivatives through the cyclization of 9-substituted
acridine derivatives (Scheme 7) followed by their antibacterial activity screening. It was seen that
compound having free amino group showed moderate activity while good activity was observed

with compounds lacking free amino groups.
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Scheme 7: Synthesis of N-benzotriazolyl substituted acridine
Srinivas et al.® have synthesized a number of amino, azido, nitro and nitrogen-rich azole-

substituted derivatives of 5-chloro-1H-benzo[1,2,3]triazole by using simple, scalable methods
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without the need for complicated purifications (Scheme 8 and 9). These compounds were

synthesized for their use as energetic material applications.
NO,
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Scheme 8: Synthesis of amino-, azido- , nitro-, and nitrogen-rich azole derivatives of

benzotriazole
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Scheme 9: Catalytic N arylation of substituted azoles with 3 by using Cul.
Novel hybrid molecules containing thiazole and benzotriazole templates (Scheme 10) were
synthesized by Gaikwad and group.®* The pharmacological studies were also done to evaluate the
effect of substituents for their antimicrobial activities. Majority of the compounds exhibited
moderate to good activity towards bacterial as well as fungi species.
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Scheme 10: Synthesis of thiazole derivatives of benzotriazole

NH, NN CICHCOCH; \\ NH,NH, H,0 . @
@ CH3COOH @N Dry K,CO, / Acetone ' Ethanol O: \ R
\\WO\/ N‘NH
H
0 O
Scheme 11: Synthesis of N-substituted derivatives of benzotriazole
Patel and co-workers® have reported the synthesis of various N-substituted 2-(1H-benzotriazol-1-
yl)acetohyrazide from 2-(1H-benzotriazol-1-yl)acetohyrazide and substituted sulfonyl chlorides
(Scheme 11) and evaluated them for their antibacterial and antifungal activities. All the
synthesized compounds showed good to moderate activity but less than that of standards taken.
Substituted benzotriazole derivatives containing pyrazilidin-3,5-dione moieties were synthesized
from benzotraizole substituted hydrazide and diethyl propanedioate (Scheme 12) by Suma and
group®. These compounds exhibited considerable antimicrobial, antifungal and antibacterial
activity due to the presence of two biologically active heterocycles.
C[NHZ NaNO, C[N CICH,CO,C;Hs CE RlNHNHz | XN N‘N C,HsOCOCH,CO,CHs @[N\N o
CH3COOH // anrkzgétségog : // N’}\CZHSOH/CH3COOH 3 N N)ll
\\KVO\/ o N KW N

NHR! o: ©

Scheme 12: Synthesis of pyrazilidin-3,5-dione derivatives of benzotriazole
Sharma et al.** have synthesized a new series of N-[2-(1H-1,2,3-benzotriazol-1-yl)ethyl]-4-
(substituted-phenyl)-3-chloro-2-oxo-1-iminoazetidines (Scheme 13) followed by their screening
for antibacterial, antifungal and antitubercular activities. All compounds showed acceptable

activities against various microbial strains in reference to the standards drugs.
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Scheme 13: Synthesis of azetidin-2-one derivatives of benzotriazole
Wasik et al.*** have prepared all the possible two mono-, four, di-, and two tri-

bromobenzotriazoles and determined their physiochemical properties in agueous medium (Scheme
14).

PRBORYOS ?@ ettt ﬁi ﬁ

Scheme 14: Synthesis of bromo derivatives of benzotrlazole

Further, they have examined the inhibition (ICsp) of human CK2a by these bromobenzotriazoles
derivatives relative to that of 4,5,6,7-tetrabromotriazole (TBBT). Some of the bromobenzotriazole
derivatives showed enhanced inhibitory activity in comparison to TBBT while other possessed
moderate activity.

Khabnadideh and co-workers®” synthesized alkyl derivatives of benzotriazole by reacting
benzotriazole with bromoalkanes using tetrabutyl ammonium bromide as a catalyst (Scheme 15)
followed by antifungal activity evaluation by broth micro dilution method. Moderate activity of the

compounds was observed against various strains chosen.
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Scheme 15: Synthesis of alkyl derivatives of benzotriazole
Chen and Buchwald® developed an efficient and regiospecific synthesis of 1-substituted
benzotriazoles bearing various N-substituted groups, including alkyl, aryl and heteroaryl, from
chloronitrobenzenes and amines by a C-N bond formation/hydrogenation/diazotization/ cyclization

sequence under continuous-flow conditions (Scheme 16). Two approaches were used starting with
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a SnAr reaction or Pd catalysis to prepare unsymmetrically substituted benzotriazoles with a range

of substituents.
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Scheme 16: Multistep strategy for the synthesis of 1-substituted benzotriazoles under

continuous-flow conditions
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Scheme 17: Synthesis principle of UV-D

Pei et al.* have synthesized a novel UVA/UVB absorber UV-D based on the first principle theory-
guided design, by combining two anti-UV functional groups i.e. Cl-substituted benzotriazole
(CIBTZ) and hydroxybenzophenone (HBP), which absorbs UVA and UVB radiations with high
efficiency (Scheme 17). This work shows that organic synthesis and quantum-chemistry-
calculation-guided design can do great in the development of high efficiency UV absorbers.

Bajaj and group® reported a novel crystalline coupling reagent containing benzotriazole moiety
i.e. N%Boc-N"-4-toluenesulfonyl-_-histidyl-benzotriazole (Scheme 18). This reagent is (i)
sufficiently stable to form amide and ester bond at ambient temperature, (ii) provides good to
excellent yields without detectable racemization and (iii) is inexpensive to prepare. Hence, it
offers an efficient synthetic route for preparing N-protected histidine-containing peptides and
conjugates with N-, O-, S- and C-nucleophiles in good yields without racemization.
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Scheme 18: Synthesis of N*-Boc-N"-protected-, -histidylbenzotriazole
Ikawa and co-workers* described the synthesis of both regioisomers of multisubstituted benzo-
fused azole derivatives such as benzotriazole, 1H-imdazoles, and benzo[d]isoxazoles through the
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regiocomplementary (3+2) cycloaddition reactions of 3-boryl- and 3-silylbenzynes with 1,3-
dipoles by the unique substituent effect of the boryl and silyl groups (Scheme 19).

resioselectivity control #_P

. o._.O
SiR3 M B R2

= N, R2N3 = R2N; =~ N,

oo N = | [ N

/\ N 2 S N/
R R2 R R
. o o i i

distal selectivity M = SiR3 or Bﬁo:t proximal selectivity

Scheme 19: Synthesis of both regioisomers of multisubstituted benzotriazole
Problem of the regioselectivity of substituted benzynes can be solved by the use of boryl and silyl
group as these groups can easily be converted into carbon, nitrogen, and oxygen substitutes.
A facile and modular approach to N1-vinyl benzo-, substituted benzo-, and naphthotriaoles
(Scheme 20) has been reported by Singh et al.* This method offered a highly flexible route for the
introduction of substituents at both the vinyl and the benzotriazolyl moieties and eliminates the

N1/N2 regioisomer problem encountered in alkylation reactions.

Bifunctional
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Scheme 20: Synthesis of N1-vinyl benzo-, substituted benzo-, and naphthotriazoles
A series of new 1,3,4-oxadiazole derivatives containing benzotriaozle moiety (Scheme 21) has
been synthesized and evaluated for their anticancer activity against MCF-7 (human breast cancer)
and HT29 (human colorectal cancer) cell lines by Zhang and group.”” Among the series
compound containing ortho-fluoro group was found to be potent anticancer agent.

HoN N"N‘N/H:N\

\ N o-NH . o_N
A N“ °N . N R{)ﬁ Br
CICHZCOZC2H5 N|—|2N|-|2 ,0 %. CS,/ KOH /\( \<S
K2C03 acetone Methanol 4°C @ Ethanol. reflux \< Acetonitrile,
reflux ii. HCI, pH 5 SH T&B;'

Scheme 21: Synthesis of 1,3,4-oxadiazole derivatives of benzotriazole
Tiwari and co-workers*® have carried out the microwave assisted synthesis of pyrazoles containing
benzotraizole moiety through cyclocondensation of substituted chalcones with benzotraizoles
hydrazides (Scheme 22) followed by their evaluation for antibacterial and antimicrobial activities

against various microbes and were found to show significant activity.

WWW.ajptr.com



http://www.ajptr.com/

Bhalla et. al., Am. J. PharmTech Res. 2017;7(1) ISSN: 2249-3387

Dt AW, )
l\!\ anhyd. K,COg N NH,NH, H,O N o N—N
’N CICH,CO,C,Hs ’N MWI IN MWI/ 10 min %O
N DMF/MWI N N glacial acetic acid
H ! N
CH,CO,CHs CH,CONHNH, @ |

Scheme 22: Synthesis of pyrazoles containing benzotriazole
Synthesis of ten benzotriazole substituted with N-phenylacetamide and acetylcarbamic acid
(Scheme 23) was done by Jamkhandi and Disouza.** The derivatives were screened for their
antioxidant activity. Moderate to excellent antioxidant was shown by the synthesized benzotriazole

derivatives.

N, CICH,CO,CHs N socl N RNH, N,
N—~ N N N
N N N N

| I
: CH,CO,CoHs CIZHZCOCI CH,CONHR

Scheme 23: Synthetic pathway for Benzotriazole derivatives
Newer antimicrobial 2,3-dihydro-1H-benzotriazol-1-yl(2-hydroxy-5-[(E)-phenyldiazenyl]
phenyl)methanone derivatives (Scheme 24) were synthesized by Jamkhandi and Disouza® by
coupling 1H-benzotriazol-1-yl(2-hydroxyphenyl) methanone with various aromatic diazonium
salts. Remarkable zone of inhibition, good antibacterial and antifungal activities were shown by

most of the compounds.

N\
L
pyndlne reflux N R-N=N-ClI
Cop S o
OH
Scheme 4: Synthesis of 2,3-dihydro-1H-benzotriazol-1-yl(2-hydroxy-5-[(E)-

phenyldiazenyl]phenyl) methanone derivatives
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Scheme 25: Synthesis of p-lactam derivatives of benzotriazole
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Elrayess and group®® have synthesized a series of benzotriazole derivatives bearing B-lactam
moiety through cyclization of benzotriazole hydrazides with 2-chloroacetyl chloride (Scheme 25).
Most of the synthesized compounds possess good antibacterial activity but no anticandida activity.
Vankadri et al.*’ have described the synthesis of benzotriazole analogs bearing the 2-[1-(5-phenyl-
[1,3,4]oxadiazol-2-ylmethyl)-piperdin-4-yl]-2H-benzotriazole  skeleton (Scheme 26). The
representative compounds were screened invitro for their antibacterial and antifungal activities.

Significant antibacterial and moderate antifungal activity was observed.

_N, 1. BICH,CO,CH ArCH COOH o Ar
CE(Omimee (O ﬁf el w7
\N 2 NH2NH2 20

Scheme 26: Synthesis of oxadiazole derivatives of benzotriazole

A mild and facile conjugate addition of HOBt to E-vinylogous y-amino acids mediated by the
HBTU was reported (Scheme 27, 28) by Mali and co-workers.*® The reaction yielded novel B-
benzotriazole N-oxide (B-BtO) substituted y-amino acids which were further utilized in tripeptide
Boc-Phe-yLeu(B-BtO)-Ala-OMe synthesis.

T e
i . i
BocHN/'\/AH/ N-gi BocHN” F N —’BocHN/H/\H/ OH BocHN/'\;Aﬂ/OH
OBt O OBt O
Scheme 27:Amide coupling and conjugate addition of HOBt with E-vinylogous y-amino acids
Mel, K,COg
OH DMF OMe OMe
BocHN BocHN + BocHN Y
OBt O OBt O OBt O

Scheme 28: Esterification of the HOBt conjugate addition product of y-amino acids

N - _
OH ' H_ o= Ney
Br/\|r N '}l cl >§ NH Ar |-| Ar
N 0 N Me | NN
’N heat N’ Et3N, CH2C|2 r.t., \\
H -HBr overnight N
CHZCOOH
L - trans-g-Lactam cis-p-Lactam

Scheme 29: g-Lactams from benzotriazolylketene
Another important class of novel benzotriazole substituted azetidinones was synthesized

stereoselectively by reacting benzotriazolylacetic acid with aromatic amines (Scheme 29) by

49
I

Zigheimat et al.™ using Mukaiyama’s reagent.
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Scheme 30: Synthesis of benzotriazole derivatives
New derivatives of benzotriazole (Scheme 30) were synthesized and evaluated for their antifungal
and antibacterial activities by Kumar and group.>® Some of the compounds showed moderate to
good antimicrobial activity.
Shaikh et al.>* have synthesized a series of 2-(5-(4-(1H-benzo[d][1,2,3]triazol-1-yl)phenyl)-4,5-
dihdro-1H-pyrazol-3-yl)phenols derivative from (E)-3-(4-(1H-benzo[d][1,2,3]triazol-1-yl)phenyl)-
1-(2-hydroxyphenyl)prop-2-en-1-ones in ethanol and hydrazine hydrate under reflux condition
(Scheme 31) followed by their antimicrobial activity evaluation against various microbial strains.
Good to moderate activity was shown by most of the synthesized copounds.

ﬁ:g‘/ OH
|<zco3 OH \@ NHzNHz H0 \@
g F%i :%CH
NH DMF O Ethanol 2
N=N

Scheme 31: Synthesis of pyrazole derivatives of benzotriazole
Ali and group® synthesized and evaluated a series of deprotected nitroglycoside derivatives and
tetrazolomethylbenzo[d][1,2,3]triazole derivatives (Scheme 32, 33) as antimicrobial agents from
benzotriazole. Some compounds showed potent antifungal and antibacterial activity in comparison

to standard drug taken.

OAc
\%OAC (:[NN
— OAG NHs;, MeOH N—

’/\l " NN
\/(N \/<N’N OAc \/<N’N oH
H o OAC O OH
AcO HO

Scheme 32: Synthesis of deprotected nitroglycoside derivative
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Scheme 33: Synthesis of tetrazolomethylbenzo[d][1,2,3]triazole derivatives

Chinh and co-workers®® have synthesized new 1H-benzotriazol-1-ylmethyl-substituted chalcones
starting from 2-hydroxyacetophenone (Scheme 34) and tested for their antimicrobial activity. Most
of the benzotriazole derivatives were found to be active against gram-positive and gram-negative
bacteria.

C

HO
paraformaldehyde
conc HCl (I
KCO DMF
. @ OH Rl

Scheme 34: Synthesis of 1H-benzotriazol-1-ylmethyl-substituted chalcones
A new, broadly applicable method to diverse 1H-benzotriazoles via a mild diboron reagent-
mediated deoxygenation of 1-hydroxy-1H-benzotriazoles was demonstrated (Scheme 35, 36) by
Gurram and group.>® Further, diversification of the benzotriazole moiety was also done by Pd-
mediated C-C and C-N bond formation reaction.
S ClorF \,H, H,0 X\'C[N\N Bo(OH)4 X@N\N
= NO, EtOH N N’ EtsN, MeCN N H

reflux
OH

Scheme 35: Synthesis of 1-hydroxy-1H-benzotriazoles

/©:N\ ArB(OH),, PACly(dcpf) /@:'\!\N ArNHy, Pd,(dba)s, (tBus)P /@:N\N
'N . _ ,
Ar N K3POy, 1,4-dioxane Br H t-BuONa, 1,4-dioxane Ar\N N

H H H

Scheme 36: Diversification Synthesis of 1H-benzotriazoles via Pd-catalyzed C-C and C-N

bond formation
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I

Aruri et al.> carried out a metal-free cross-dehydrogenative coupling of benzotriazole with ethers

and thioethers for the synthesis of N-substituted benzotriazoles (Scheme 37).
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Scheme 37: Coupling of Un/substituted benzotriazoles with ethers/thioethers
A modified version of Stetter and Schreckenbeig’s procedure was utilized by Reddy and group®®
for the synthesis of novel 5-methyl-6-(1-substituted 1H-benzotriazol-5-yl)-4,5-dihydropyridazin-
3(2H)-one derivatives (Scheme 38).

(0] O
CN COOH COOH NH NH

| |

N N

CHO o © 0 _ B
0
_XCN HCI HNO; ACOH/ NoH, NaNO3/DMSOQO/70 °C
o 10 o sod. ascorbate
NaCl\rl',t.DMF, 100°C 15°C N02100 C NO, NO,
c Cl Cl Cl Cl NH,
STAB
AcOH/ 10 °C
(0]
v s s
N _N _N
AcOH/ NaNO, NaSH/ MeOH
25°C 70°C
N NH2 N02
N=N NH NH
R R R

Scheme 38: Synthesis of novel pyridazinolylbenzotraizole derivatives
Considering the urgency for discovering new antifungal drugs with greater potency and broad
spectrum of antibiotics, a new series of 5-substituted benzotriazoles were synthesized (Scheme 39-
41) by Shah et al.>” The molecules were evaluated for their antifungal activity against Candida

albicans. Good correlation between docking scores and antifungal activity was observed.

H
COOH _N
II
(L o™t e CE el e )
» 4l ’
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Scheme 39: Synthesis of 5-substituted benzotriazoles amides

0
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Scheme 40: Synthesis of 5-substituted benzotriazoles amines and ethers

ZI
/

CH,

WWW.ajptr.com



http://www.ajptr.com/

Bhalla et. al., Am. J. PharmTech Res. 2017; 7(1) ISSN: 2249-3387

Scheme 41: Synthesis of 1-substituted benzotriazoles amines
Substituted phenyl triazolyl benzotriazoles and phenyl methyl piperazine triazolyl benzotriazoles
have been synthesized from benzotriazolyl acetohydrazide (Scheme 42) by George and group.”®
Significant antimicrobial and antioxidant activity was shown by most of the synthesized

benzotriazole derivatives.

N\
i ' @ N N/N\ R
@N\ ArCHO/CH3COONH4 @EN HCHO/N-methyl piperazine N\/I|\
‘ N

N
NI o AcOH N AcOH

N

N N- -
\_<NHNH2 LQH»OR '\\i/\'\\l‘CHg

Scheme 42: Synthesis of 1-substituted benzotriazoles derivatives

Synthesis and characterization of 3-(2H-benzo[d][1,2,3]triazol-2-yl)-4-hydroxyphenethyl
methacrylate substituted novel phthalonitrile and its metallo [zinc (Il), lead (Il) and metal-
free]phthalocyanine (Pc) derivatives were performed (Scheme 43) for the first time by Demirbas et
al.>® The photophysical and photochemical properties of novel Pcs were also explored in DMF for

comparing the central metal effect and the substituent on these properties.

w@ o
4 o)
CN 0 N
NC NN
\
DMF/K,CO3 N-pentanol
N

CN
HO, CN
ooy T S TR
ek el Y
N ojﬁ]/
N
Scheme 43: Synthesis of benzotriazoles substituted phthalonitrile and phthalocyanine

derivatives
Gedefaw and co-workers® carried out the synthesis of two high band gap benzodithiophene-
benzotriazole-based polymers via palladium-catalyzed Stille coupling reaction (Scheme 44). To

compare, the effect of the side cahins on the opto-electronic and photovoltaic properties of the
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resulting polymers the benzodithiophene monomers were substituted with either octylthienyl
(PTzBDT-1) or dihexylthienyl (PTzBDT-2) as side groups keeping benzotriazole uniteunaltered.

CeHis

C8H17 C4H9 C H
— N, 8M17
NN Br CeH13
S~ Br~_-s S
|y g CuHg
S N N\ E F n
MesSn—\ SnMes
S Pd,(dba)s
P(o-tolyl);
ZNS toluene c CeHyy
— F
CaHys PTzBDT-1

Scheme 44: Stille cross-coupling reaction for the synthesis of PTzBDT-1
[\

SYN N/< j
HN s MX5 N\ M’ XH,0+ 2HX ; MX5 = Co(ClO4), 6H20, Ni(ClO4),.6H,0 and Cu(ClOy),;
- N, .
\Nlé Ethanol/water S Y - M = Co(ll), Ni(ll), y=4,z=0and Cu(ll),y=0,z=3
N L >/N
N .yC,HsOH

Scheme 45: Synthesis of [ML;].yC,HsOH.zH,O complexes, HL = N-(2-thiazolyl)-1H-
benzotriazol-1-carbothioamide

Co (1), Ni (1) and Cu (1) complexes of N-(2-thiazolyl)-1H-benzotriazol-1-carbothioamide (HL)
have been synthesized (Scheme 45) by Mansour® in good vyield. Synthesized complexes were
tested for their antimicrobial activity against Escherichia coli and Staphylococcus aureus. The
experimental studies were in accordance with the quantum chemical calculations. HL coordination
with Co (I1) resulted in an inactive complex, but complexes with Ni (1) and Cu (I1) did alter the
toxicity.

CONCLUSION

Benzotriazole-based heterocycles have diverse biological and synthetic potential. Several
pharmaceutically important molecules having benzotriazole core (alizapride, vorozole) and variety
of other benzotriazole heterocycles are known which possess inhibitory activities against various
kinases. Undoubtedly, there is a great deal of interest in developing new benzotriazole bearing
compounds having novel mechanism of action that will be used in clinic for the betterment of
human’s health. We would also like to apologize to those researchers and scientists whose
contribution may not have appeared in this review either due to the limited description of the

review or oversight.
REFERENCES

WWW.ajptr.com


http://www.ajptr.com/

Bhalla et. al., Am. J. PharmTech Res. 2017; 7(1) ISSN: 2249-3387

1. Peng XM, Cai GX, Zhou CH. Recent developments in azole compounds as antibacterial
and antifungal agents. Curr Top Med Chem 2013; 13: 1963-2010.

2. Zhou CH, Wang Y. Recent researches in triazole compounds as medicinal drugs. Curr Med
Chem 2012; 19: 239-280.

3. Piccionello AP, Guarcello A. Bioactive compounds containing benzoxadiazole,
benzothiadiazole, benzotriazole. Curr Bioact Compd 2010; 6: 266-283.

4. Suma BV, Natesh NN, Madhavan V. Benzotriazole in medicinal chemistry: an overview. J
Chem Pharm Res 2011, 3: 375-381.

5. Loi CH, Busetti F, Linge KL, Joll CA. Development of a solid-phase extraction liquid
chromatography tandem mass spectrometry method for benzotriazoles and benzothiazoles
in wastewater and recycled water. J Chromatogr A 2013; 1299: 48-57.

6. LiuYS, Ying GG, Shareef A, Kookana RS. Biodegradation of three selected benzotriazoles
in aquifer materials under aerobic and anaerobic conditions. J Contam Hydrol 2013; 151.:
131-139.

7. Wang L, Zhao L, Xue RY, Lu XF, Wen YH. Construction of interesting organic
supramolecular structures with synthons cooperation in the cocrystals of 1H benzotriazole
and hydroxybenzoic acids. Sci China Chem 2012; 55: 2515-2522.

8. Bleiberg H, Gerard B, Dalesio O, Crespeigne N, Rozencweig M. Activity of a new
antiemetic agent: alizapride. A randomized double-blind crossover controlled trial. Cancer
Chemother Pharmacol 1988; 22: 316-320.

9. Greenwood RJ, Mackay MF, Wilshire JFK. Structure of an ultraviolet absorber: 2-(3'-t-
butyl-2'hydroxy-5'-methylphenyl)benzotriazole. Aust J Chem 1992; 45: 965-968.

10. Piccionello AP, Guarcello A. Bioactive compounds containing
benzoxadiazole,benzothiadiazole, benzotriazole. Curr Bioact Compd 2010; 6: 266-283.

11. Singh G, Kumar R, Swett J, Zajc B. Modular synthesis of N-vinyl benzotriazoles. Org Lett
2013; 15: 4086-4089.

12. Sease, Catherine. Benzotriazole: A review for conservators. Studies in Conservation 1978;
23: 76-85.

13. Kale R, Prasad V, Mohapatra P, Tiwari V. Recent developments in benzotriazole
methodology for construction of pharmazologically important heterocyclic skeletons.
Montash fiir Chem—Chem Mon 2010; 141: 1159-1182 and references cited therein.

WWW.ajptr.com


http://www.ajptr.com/

Bhalla et. al., Am. J. PharmTech Res. 2017;7(1) ISSN: 2249-3387

14. Katritzky AR, Angrish P, Todadze E. Chiral acylation of N-(protected a-
aminoacyl)benzotriazoles for advantageous synthesis of peptides and peptide conjugates.
Synlett 2009; 15: 2392-2422 and references cited therein.

15. Katritzky AR, Rogovov BV. Benzotriazole: an ideal synthetic auxiliary. Chemistry 2003;
9: 4586-4593.

16. Sparatore F, Rotonda MIL, Paglietti G, Ramundo E, Silipo C, Vittoria A. Benzotriazole
derivatives active on plant growth. Il. Farm Sci 1978; 33: 924-944.

17. Paglietti G, Sanna P, Carta A, Sparatore F, Vazzana |, Peana A, Satta M. Choleretic
activity of 3-[ring substituted benzotriazol-1(2)-yl]alkanoic and alkenoic acids. Farm Sci
1994; 40: 693-702.

18. Jamkhandi CM, Disouza JI. Benzotriazole derivatives as antimicrobial agents. Asian J Phar
Biol Res 2012; 2: 123-130.

19. Vallejo F-L, Castillo R, Mulia L-Y, Franco JL-M. Benotriazoles and imidazoles are
scaffolds with biological activity against Entamoeba histolytica. J Biomol Screen 2011; 16:
862-868.

20. Borowski P. deinert J, Schalinski S, Bretner M, Ginalski K, Kulikowski T, Shugar D.
Halogentaed benzimidazoles and benzotriazoles as inhibitors of the NTPase/helicase
activities of hepatitis C and related virused. Eur J Biochem 2003; 270: 1645-1653.

21. Beauchard A, Jaunet A, Murillo L, Baldeyrou B, Lansiaux A, Cherouvrier JR, Domon L,
Picot L, Bailly C, Besson T, Thiery V. Synthesis and antitumoral activity of novel
thiazolobenzotriazole, thiazoloindolo[3,2-c]quinoline and quinolinoquinoline derivatives.
Eur J Med Chem 2009; 44: 3858-3865.

22. Milosevic NP, Dimova VB, Perisic-janjic NU. RP TLC data in correlation studies with in
silico pharmacokinetic properties of benzimidazole and benzotriazole derivatives. Eur J
Pharm Sci 2013; 49: 10-17.

23.Zhao J, Song T, Zhu S, Xu L. Solvent controlled regioselective reaction of 1,2,3-
benzotriazole (BtH) with pentaflurbenzene derivatives. Tetrahedron 2011; 67: 910-914.

24. Xia Z, Lv X, Wang W, Wang X. Regoselective addition of thiophenol to o,3-unsaturated
N-acylbenzotriazoles. Tetrahedron Lett 2011; 52: 4906-4910.

25. Bera S, Samanta K, Panda G. Unprecedented formation of benzo[d][1,2,3,6] oxatriazocine
derivatives via diazo-oxygen bond formation and synthesis of enatiomerically pure 1-alkyl
benzotriazole derivatives. Tetrahedron Lett 2011; 52: 3234-3236.

WWW.ajptr.com


http://www.ajptr.com/

Bhalla et. al., Am. J. PharmTech Res. 2017; 7(1) ISSN: 2249-3387

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Sharma R, Samadhiya P, Srivastava SD, Srivastava SK. Synthesis and biological activity of
new series of N-[3-(1H-1,2,3-benzotriazol-1-yl)propyl]-2-(substituted phenyl)-3-chloro-4-
oxo-1-azetidine carboximide. Acta Chim Slov 2011; 58: 110-119.

Dubey A, Srivastava SK, Srivastava SD. Conventional and microwave assisted synthesis of
2-0Xx0-4-substituted aryl-aetidine derivatives of benzotriazole: A new class of biological
compounds. Bioorg Med Chem Lett 20011; 21: 569-573.

Ramachandran R, rani M, Senthan S, Jeong YT, Kabilan S. Synthesis, spectral, crystal
structure and invitro antimicrobial evaluation of imidazole/benzotriazole substituted
piperidin-4-one derivatives. Eur. J. Med. Chem 2011; 46: 1926-1934.

Singh NP, Kumar R, Prasad DN, Sharma, S, Silakari O. Synthesis and antibacterial activity
of benzotriazole substituted acridines. Int J Biol Chem 2011; 5: 193-199.

Srinivas D, Ghule WD, tewari SP, Muralidharan K. Synthesis of amino, azido, nitro, and
nitrogen-rich azole-substituted derivatives of 1H-benzotriazolefor high energy materials
applications. Chem Eur J 2012; 18: 15031-15037.

Gaikwad ND, Patil SV, Babade VD. Synthesis and biological evaluation of some novel
thiazole substituted benzotriazole derivatives. Bioorg Med Chem Lett 2012; 22: 3449-
3454,

Patel JS, Garg CS, Sen DJ. Synthesis of novel N-substituted-2-(1H-benzotriazol-1-yl)-
acetohydrazide derivatives as antimicrobial agents. Int J Drug Dev & Res 2012; 4: 322-
329.

Suma BV, Natesh NN, Venkataramana CHS, Jays J, Madhavan V. Synthesis and
antibacterial of some new 1,2,3-benzotriazole derivatives containing pyrazolidinedione
moieties. Int J Pharm Pharm Sci 2012; 4: 169-173.

Shrama R, Somadhiya P, Srivastava SD, Srivastava SK. Synthesis and biological
significance of some 2-azetidinone derivatives. J Sci | R Iran 2012; 23: 139-146.

Wasik R, Winska P, Poznanski J, Shugar D. Synthesis and physicochemical properties in
aqueous medium of all possible isomeric bromo analogues of benzo-1H-triazole, potential
inhibitors of protein kinases. J Phys Chem B 2012; 116: 7259-7268.

Wasik R, Winska P, Poznanski J, Shugar D. Isomeric mono-, di-, and tri-bromobenzo-1H-
triazoles as inhibitors of human protein kinase CK2a. Plos One 2012; 7: 48898-48906.
Khabnadideh S, Rezaei Z. Pakshir K, Zomorodian K, Ghafari N. Synthesis and antifungal
activity of benzimidazole, benzotriazole and aminothiazole derivatives. Res Pharm Chem
2012; 7: 65-72.

WWW.ajptr.com


http://www.ajptr.com/

Bhalla et. al., Am. J. PharmTech Res. 2017;7(1) ISSN: 2249-3387

38. Chen M, Buchwald SL. Continuous-flow synthesis of 1-substituted benzotriazoles from
chloronitrobenzenes and amines in a C-N bond formation/hydrogenation/diazotization/
cyclization sequence. Angew Chem Int Ed 2013; 52: 4247-4250.

39.Pei K, Cui Z, Chen W. An adduct of Cl-substituted benzotriazole and hydroxyl
benzophenone as a novel UVA/UVB absorber: Theory guided design, synthesis, and
calculations. J Mol Str 2013; 1032: 100-104.

40. Bajaj K, Panda SS, Ibrahim MA, El-Feky SA, Katritzky AR. Introduction of histidine units
using benzotriazolide activation. J Pept Sci 2013; 19: 110-117.

41. lkawa T, Takagi A, Goto M, Aoyama Y, Ishikawa Y, Itoh Y, Fujii S, Tokiwa H, Akai S.
Regiocomplementary cycloaddition reactions of boryl- and silylbenzynes with 1,3-dipoles:
Selective synthesis of benzo-fused azole derivatives. J Org Chem 2013; 78: 2965-2983.

42. Zhang S, Luo Y, He, L-Q, Liu Z-J, Jiang A-Q, Yang Y-H, Zhu H-L. Synthesis, biological
evaluation, and molecular docking studies of novel 1,3,4-oxadiazole derivatives possessing
benzotriazole moiety as FAK inhibitors with anticancer activity. Bioorg Med Chem 2013;
21: 3723-3729.

43. Tiwari U, Ameta C, rawal MK, Amita R, Punjabi PB. MW assisted synthesis of some
pyrazoles containing benzotriazole moiety: An environmentally benign approach. Ind J
Chem 2013; 52B: 432-439.

44. Jamkhandi CM, Disouza JI. Evaluation of antioxidant activity for some benzotriazole
substituted with N-phenylacetamide and acetylcarbamic acid derivatives. Int J Pharm
Pharm Sci 2013; 5: 249-253.

45. Jamkhandi CM, Disouza JI. Synthesis and antimicrobial evaluation of 1H-benzotriazol-1-
yl{2-hydroxy-5-[(E) phenyldiazenyl]phenyl}methanone derivative. Int J Pharm Pharm Sci
2013; 5: 225-228.

46. Elrayess RA, Ghareb N, Azab MM, Said MM. Synthesis and antimicrobial activities of
some novel benzimidazole and benzotriazole derivatives containing -lactam moiety. Life
Sci J 2013; 10: 1784-1793.

47. Vankadari SR, Mandala D, Pochampalli J, Tigulla P, Valeru A, Thampu R. Synthesis,
evaluation of antimicrobial activity, and molecular modeling of novel 2-((4-(2H-benzo[d]
[1,2,3] triazol-2-yl)piperidin-1-yl)methyl)-5substituted phenyl-1,3,4-oxadiazoles. Med
Chem Res 2013; 22: 5912-59109.

48. Mali SM, Kumar MG, Kataria MM, Gopi HN. HBTU mediated 1-hydroxybenzotriazole

(HOBt) conjugate addition: synthesis and stercochemical analysis of B-benzotriazole N-

WWW.ajptr.com


http://www.ajptr.com/

Bhalla et. al., Am. J. PharmTech Res. 2017; 7(1) ISSN: 2249-3387

49,

50.

51.

52.

53.

54.

55.

56.

S57.

58.

oxide substituted y-amino acids and hybrid peptides. Org Biomol Chem 2014; 12: 8462-
8472.

Zigheimat F. Islami MR, Nourmohammadian F. Cycloaddition reaction of N-
benzotriazolylketene as a heteroarylketene: A practical approach to the synthesis of novel
azetidinones. Synlett 2014; 25: 0229-0232.

Kumar PB, Kini SG, Mubeen M. Synthesis, antimicrobial and docking studies of novel
benzotraziole derivatives. Int J Pharm Bio Sci 2014; 5: 35-42.

Shaikh MU, Jadhay GR, Kale RP, Chate AV, Nagargoje DR, Gill CH. Synthesis and
antimicrobial screening of some novel 2-(5-(4-(1H-benzo[d][1,2,3]triazol-1-yl)phenyl)-4,5-
dihydro-1H-pyrazol-3-yl)phenols incorporated by triazole moiety. J Het Chem 2014; 51.:
513-517.

Ali OM, Amr AE-G, Mostafa EE. Synthesis and antimicrobial of some new substituted
tetrazolomethylbenzo[d]-[1,2,3]triazole derivatives using 1H-benzo[d][1,2,3]triazole as
starting material. Res Chem Intermed 2014; 40: 1545-1556.

Chinh LV, Hung TN, Nga Nt, Hang TTN, Mai TTN, Tarasevich VA. Synthesis and
antimicrobial activity of chalcones containing benzotriazolylmethyl and imidazolylmethyl
substituents. Russ J Org Chem 2014; 50: 1767-1774.

Gurram V, Akula HK, Garlapati R, Pottabathini N, Lakshman MK. Mild and general
access to diverse 1H-benzotriazoles via diboron-mediated N-OH deoxygenation and
palladium-catalyzed C-C and C-N bond formation. Adv Synth Catal 2015; 357: 451-462.
Aruri H, Singh U, Sharma S, Gudup S, Bhogal M, Kumar S, Singh D, Gupta VK, Kant R,
Vishwakarma RA, Singh PP. Cross-dehydrogenative coupling of azoles with a-C(sp3)-H of
ethers and thiethers under metal-free conditions: Functionalization of H-N azoles via C-H
activation. J Org Chem 2015; 80: 1929-1935.

Reddy SS, Vineel BG, Venkataih S, Naidu A, Dubey PK. Synthesis of novel
pyridazinonylbenzotriazoles. Asian J chem. 2015; 27: 3633-3638.

Shah JJ, Khedkar V, Coutinho EC, Mohanraj K. Design, synthesis and evaluation of
benzotriazole derivatives as novel antifungal agents. Bioorg Med Chem Lett 2015; 25:
3730-3737.

George S, Chakraborty R, Parameswaran M, Rajan A, Ravia TK. Synthesis and biological
activity studies od some novel Mannich bases of benzotriazolyl triazoles. J Heterocyclic
Chem 2015; 52: 211-214.

WWW.ajptr.com


http://www.ajptr.com/

Bhalla et. al., Am. J. PharmTech Res. 2017;7(1) ISSN: 2249-3387

59. Demirbas U, Piskin M, Barut B, Bayrak R, Durmus M, Kantekin H. Metal-free, zinc(ll)
and lead(Il) phthalocyanines functioning with 3-(2H-benzo[d][1,2,3]triazol-2-yl)-4-
hydroxyphenethyl methacrylate groups: Synthesis and investigation of photophysical and
photochemical properties. Synthetic Metals 2016; 220: 276-285.

60. Gedefaw D, Tessarolo M, Bolognesi M, Prosa M, Kroon R, Zhuang W, Henriksson P, Bini
K, Wang E, Muccini M, Seri M, Andersson MR. Beilstein J Org Chem 2016; 12: 1629-
1637.

61. Mansour AM. Theraml, spectral, DFT and biological activity evaluation of Co(ll), Ni(ll)
and Cu(ll) complexes of N,S-chelated benzotriazole ligands. J Therm Anal Calorim 2016;
123: 571-581.

/ AJPTRis
e Peer-reviewed
e bimonthly
e Rapid publication
Cubmit your manuscript at: editor@ajptr.com

WWW.ajptr.com



http://www.ajptr.com/

