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1 
'- ·•' ~-~ ·:;~ ~""'= •'• .:e, 2:e""::::eJ ': , -·J021-g the active site .The biommimetic studies strongly suggest 

• ' · " ·:;·~us -e·a c -s :·-::te: ·:· -ooei '1Q the rntalyt1c act1v1ty of PHS .Mnll/1 11 based systems are so far 

-~• '·· ~ " -; ::a-J j.;;:es a:::a~ ··:- --e • a:.?e s cnorce of Cu( ll)ion.PHS like activity suggests the potential of 

·' ~ ·vs - 3 ,, e,·,,-: ::>ey:;:'lJ i'e : : og ;:al 'i'OOel ng and provide insight to the various possible mechan1st1c 
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INTRODUCTION: 

D;1eno>.az1none synthase -:-, s toC>: s ta .. en from broinorganic chemistry.It is a metalloenzyme containg copper.It 

a~:s as catalrs1 Eg rt :-,ral1:es '"'e ::-v: ' "9 o' 2-aminophenols to form the 2-aminophenoxazinone chromophore 

J.i''"9 tne s11thes1s of a:t ni:cl"l , :11 J 
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1.ACTIV ATlON Of MOLECULAR OXYGEN 

Ox1dauon rearuon 1s a fundamentally important component of organic synthesis and plays an important role in 

rendering the desired functionality to the intermediates of valuable compounds such as pharmaceuticals, 

agrochemicals. and other fine chemicals. t.1olecular oxygen is an ideal oxidant because of its availability directly 

irom air rendering it inexpensive and environmentally benign. The challenges faced to activate molecular oxygen 

for its use in oxidation reactions is due to its kinetically inert nature. A major problem while using dioxygen in 

chemical transformation is that its reactivity is not easily controlled and often may lead to low selectivity and over­

oxidation . Nature has evolved an elegant solution to overcome the kinetic barrier of dioxygen activation by using 

. j transition metal incorporated in proteins. the so called 'metalloenzyme'. Inorganic chemists have largely exploited 

11 the concept of nature by designing oxygen activation catalysts which act as small molecule mimics of the 

metalloenzymes and help to understand the mechanistic pathways. Using the knowledge of co-ordination 

chemistry, redox potential and electronic factors, the enzymes donor sites are modeled with small 

molecule called ligands, which are then incorporated with metals to form complexes that are 

probed as structural and functional models[1]. Auti,nticated . 

GU-a,,,? w 
Principal 

0 5 JAN 2023 



\ 

I 

( ~ ~: UNIVERSITY OF 
, ~ · CALCUTTA 

~ ,. 

CH01ICE. BJASED CREDlT SYSTEM 

B,A.CHE,l.{)R. OF SClENCE 

CH£MIS1TRJ:: 
Hf)N01URS, 

SEMESTER - VI (2'02.2) 

Authenticat!!d 

, ; ' ., •t l .­

rr;n: ?JI 
Gokhalt ~'emori31 Girl,' Co .l'ge 

C 5 JAN 2023 _ 



DlSSERTATlON: R.EVIEW' RJEPOR.T 

GOKHALE MEMORIAL GIRL"S COLLEGE 
1/1, Harish Mukherjee Rd, Gokhale Rd, Bhowanipore, 

Kolkata, West Bengal, 700020 

DEPARTMENT Of CHEMISTRY 

UNDER THE GUIDANCE OF: 

DR. ANANGAMOHAN PANJA 

SUBMITTED BY: NAJNIN MANDAL 

CU ROLL NO:193013-11-0006 

CU REGISTRATION NO: 013-1215-0233-19 

Authe~ted -
LlXcw \> Q,"-.Q 

Principal · 
. ' Girls' College 

Gokhale Mernona, 

c 5 J ~ N 2023 
Page I 1 



REVIEW ON 
C{})PPEll BA.SEJ[) CAT'iECHOIL OXIDASE: 

BIOM.™ET'IC FUNCT'IONAll AND 

MECHAJNE.STIC ST'UDHES 

(A) 
I 

I ~ 

(8) 

AuthentlcJ~~d 

"- l,., \\'t0 
Pri c . I 

Gol-.'1Jlc IJ.e , al Gr'; C • 

C 5 JAN 2023 Page I 4 



Gokhale 1Vlen1orial Girls' College 
1/ 1, Harish Mukherjee Rd, Kolkata, West Bengal 700020 

Department of Chemistry 

REVlEW ARTICLE 

TOPIC: COBALT BASED PHENOXAZINONE OXIDASE: BIOMIMETIC 

FUNCTIONAL MODEL AND MECHANISTIC STUDIES 

UNDER THI: GUIDANCE OF: DR. ANANGAMOHAN PAN.I A 

SUBMITTED BY: RAUSHNI KHA TOON 

CU ROLL NO.: 19301 3 - 11- 0103 

CU REG. NO.: 026 - 1215-0082- 18 
P.u~o..ticated . 

~~-~ 
Principal j 

Gokhale Memorial Girls' College 

0 5 JAN 2023 



n,· . :'..ii., ;,, r:·,-J~1m; ,• t ,'112, me J(t1, l' ,n,,, ( l11111:s t111111 th1:ir plltl·ntiul Ill pw, iJ.: in,1~ht 11 1 tl1, 
. ,·, ,:.,n , i ( p.11h,, .1~, ,,( lhl.' tlJ l i\t' en0 111e~. '-''l.lbli5hing thl.' rl•ie L'r th~ll panirnlar Jlll'l ,il in th.: ,llt i,.: , 1t , · 

.. ,·,.: :,, Jl.',1~11 ~tter .:: :ita l~sts inspire<l b) nature. \lost ,1f the 11\\.'talllK'nZ) lll t' arc' capable of arti, atin~ 
,:;,, l.'C: ul.ir ,1\ ) ~en Jue t,1 the r resen,·e of the metJl il1ns .. -\ mLmg thic , ariuus metal loenL~ mes. pht:no, <11 inorw 
') nth.N~ iPIIS ) is an enz~me that is of interest for its oxidizing nb ility to generate phenoxazinont: . In thi, 
, __. , 1.:" , ,.: ,facu~~ the progress m.1Je so far in the' area of cu-based models on phcnoxazionom.: s~ ntl1<1, t: 
.:111~ 1111.' . The studies on pheno,azinone s~ nthase are quite detniled and the mechanistic pathways reasonahl , 
"di J i-,'>em inated as discussed here . 

., Introdu ction : 

~-t \ct r, ation of molrcul;3r O\~ gen 

O:,.,idation reactions are fundamental ly imponant componentof organic synthesis and play an important role 
in rendering thedesired fu nct ionality to the intermediates of val uable compoundssuch as pharmaceuticals. 
agrochemicals, and other fine chemicals.[ I -3] For economic and environmental reasons, the oxidation 
processes of bu lk chemical industries predominantly involve the use of molecular oxygen as the primar) 
ox idant[ 4-8] .The application of oxidation reactions in scaled-up synthesis is limited due to the use of hea, ~ 
metals. thermal hazard s. andmoderate chemoselectivity for highly fun ctionalized compounds inmost 
ox idation reactions[9, 1 O] . Classical ox idation methods withstoichiometric quantities of inorganic ox idanb 
are tox ic and enrichthe environmental pollution. That is why oxidations using catalyticamount of activator 
,, hich can activate molecular OX) gen "ithmin imum chemical waste is inspiring. The challenges faced tu 
activate molecular oxygen for its use in oxidation reactions is due to its kinetically inert nature. Ho" e, er. i I" 
the organic substrate gets converted to a rad ical then its reaction with oxygenis a spin-allowed proces~. 
Among the other possibilities, the orbitaloverlap of oxygen with a suitable metal ion may help ib 
activationthrough electron transfer from the metal. Such organic co-factors have been reviewed else\\ here' 
and are beyond the scope of this review[ 11 , 12].A major problem while using dioxygen in chem id 
transformation is that its reactivity is not easily controlled and oftenmay lead to low selectivity and over­
oxidation [ 13]. Nature hasevolved an elegant so lution to overcome the kinetic barrier ofdioxygen activat ion 
by using transition metal incorporated in proteins. the so called 'metalloenzymes· ( 14-1 9]. Inorganic 
chemists have largely exploited theconcept of nature by designing oxygen activation catalysts whichact as 
small molecule mimics of the metalloenzymes and helpto understand the mechanistic pathways. Using the 
knowledge of co-ordination chemistry, red ox potential and electronic factors,[ I 4,20-25]the enz) mes donnr 
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1 h , r,•, t~'" J ,•:-,' rit.-~·s n.."-s'rn PR'~t'c'ss in nw,k ling thl' :icti, c- 5ill':- l,f Phcno, nzimHw 
' : , ,h.1::I.' th.Ii .,-:ti, .He' Ji,,, , ~l.' ll tL, ,.irn ,,ui :;c-, ,·r:d h.t>, re.h·tilmS in nnturc-. This re:, ie\\ lllP 
;,, 2l)2: i, 1h,• -:,,minu.ni,,1; ;fthc· l\.'\ i,:,, ,fonc- tup IL' 2·0 l ~) b: S. K. De:, nnd A. \ tukhc~i t't' . 

rh,• im1'etus 1,11ns1..:lelin~ l't' enZ\ me :i, ti, t" sit<::·s Cl11116 frl,m their potent inl 10 pro, ide insi~ht 
h ' th,' 1111.',h,mistk p,1tlrn .1, s of ~he n.ni, t" c-nz, ·mt":-. estnblish tin: rL,k of thnt pnrt icul:lr met.ti 
in thl.' .¼, ti, e sitt' .rnd ·h, design h:'tt t" r ·cll:ll: sts inspired by nawre. ~ lost l1f thl' 
mct.i !l,,t'nZ: mes .ire ,' .1p.1bk of acti, .Hing tm"'lt'-'Ubr 1) :\: gen due to the prc:senct" of the' met:il 
i,,n~. Tht> iume pheno, az.inone synthase tPHS. 2-:iminophenol:oxygt"n osidoreducwse) is 
usd f,1r the c:n~ me c:1tnl: sing thc: osid:niw ,·oupling of substituted o-:.uninophenob lO 

rrc,Ju,·e phc:no, :izinones. 

In this re, ie" \\ c' discuss the progress m:idc: so far in the art":1 of phenosazinone S: nth:l:ic' 
n1c1 ,kling. The rt', ie,, sho,,·s that PHS h:is been ,, idt'I: :1nempted ti.)r modeling the acti, e 

si1e. The' biomimetic studies strong I: suggest thm among the , nrious metal ions probed ft,r 
m,-,Jd ing the catal:, tic ncii\'iI: of PHS. \ tnl 1 111 based sysit'ms are so fariht' most promisi ng 
,·.1ndid:11es a pan from the na1u re· s , hoil.':e Cull]). PHS activity suggests the potential ot sud1 
mimi l.':S m:i~ e, 1end be~ ond 1he bi,, logical model ing and pro, ide insigh1 lO 1he , :irious 
rnssible mt'Chanis1ic p:llll\\J: S 1hat ma: bc: :id:1p1ed b: a model compk,. 

l. Introduction : . .\ctivation of molecuhir OXYgen: 

O, idat ion re:ictions :ire fundamental!~ importalll l.': ompont"nl of 1.,rg,mic s~ nthc'si s and pl:1~ 
.m importnnt role in rendering the desired functiomli t~ to 1he intermedia1es of , almbk 
compounds such as phnrmaceutic:ils. :1groche111ic:1ls. and ,,ther fine chemica ls. \ lolentbr 
O'\ : gen is ::m ideal oxidant bec:iust" of i1s a, ailabilit~ directly from nir rendering ii 
ine,pensi, e and em ironmemnl l: benign. Tht" challen~es fact'd 10 acti\'ate nwkrnlar os: gen 
fri r i1s use in oxidation reac1ions is due to its kine1ically inert n:1ture. :-\ major probkm \\ hik 
using diosygen in chemical rransfommion is 1h:it its rt'acii\' ity is not easily comrolkd and 
l)t'ten m:iy k:1d to lo,, sekcti\' it: and 0 , er-osid:nion . :\ature h:1s e, olwd an t'legant soluti0n 
w o, ercome the kine1ic barrit'r of dio,: gen ac1i , :.1tion b~ using tr.1nsition metal inc0rponllc'd 
in proteins. the so cal led · metal loenz~ me·. Inorganic chemis1s haw large!:, esploited the' 
concept of n:nure b: designing ox.~ gt'n :1c1i\':llion c:ital: sts which net as snrnll nwlecuk 
mimics of tht' metal loenzymes and help to underst:rnd the me,·hnnistic path\\'ays. L. sing ih1.· 
kno" ledge of co-ordination chemistry. redo, p\.1tential and ekctwnic foctors. the enz: mes 

donor si tes are modekd " ·ith sm:lll mokcuk c:1lled lig:mds. \\'hich :ire th,'n incl'!'por.itt'd 
with metals to fo rm compkws that arc' pr,,bed :1s stn1ctural and fttnl'ti1.,n:1 l nh,1.kls[ l ]. 

Nature's choice and rote of bjomimetic~: 

Nature uses several metn lloc-nzymt':; t,, cat:11: Zc' the ,·ont1\1lbi and selel·tiw osid:Hil,11 ,,f 
organic compounds. The ge0metry :rnd :-tructurnl l1:':llur1.' ,if l:'nzymc' :icti, e sit1.'s and th,· 
choice of incorporated metals :irt' wr: ,fo erse and fully nptimized to the ti.1I11:tivn nf thc­
proteins or enzyme:,; . In ndditi,m ii :1bo wl..t>s intl' :h.Xlll.lnt the :1\'aibliil i1: ,-,ftlK mer:11 i,,11 in 

Authenticated . 
/0 1 ,.._ 

L--t~ '). I ~ 

Gol..h ::ile ;-..iemorial Glrls' Ccll~r,e 

fi .I AN ?n71 



0 UNIVERS ITY OF 
CAl CUTIA 

CHOICE BASED CREDIT SYSTEM 

BAfHELOR Of SCIENCE 

CHEMISTRY HONOURS 

SEM'ESTER - VI (2021) 

rJ \ -- ... 
l ----- Ill Ill 

. ~ Il l Ill Il l Ill --

\ 

Iii • · ,; ·,..., 11 HI li t _ - -
~ .f'._., .... '~ ~~., - - -
.. c-- -~:Sc·~,_.: • • - - I!! ....... ~..... · 

.. ·--~t•· r.: .. .,.:. ~ ~ - . ■ 
., . i1i .... ..._ • - ■ ■ . 
~-- bl J,. ,~f,1- I I I . ~ .. . . , ""' 

,,,,,....-4-. • :-•I. :41 tit ~ \. 1 ~ 
~ !\; ..... .. :'&l ~ 
\ ' 



DISSERTATION: REVIEW REPORT 

Gokhale Memorial Girls' College 
1 / 1, Harish Mukherjee Rd , Gokhel Road , Bhowanipore, Kolkata, West 

Bengal 700020 

Department Of Chemistry 

UNDER THE GUIDANCE OF: 

Dr. ANANGAMOHAN P ANJA 

SUBMITTED BY: SABNAM KHATUN 

CU ROLL NO.: 183013-11-0012 

CU REGISTRATION NO.: 013-1215-0104-18 

Auth;9-~ated . 

C~~UP-
Pr1ncipa1 

Gokhale Memorial Girls' College 

0 5 JAN 2023 
Page I 1 



- - - ----- --- ---

REVIEW ON 

• . . 
• • 

FERROUS BASED CATECHOL 

OXIDASE: 

BIOMIMETIC FUNCTIONAL AND 

MECHANISTIC STUDIES 

Authenticated . p~~rw 
Gokhale Memorial Girls' College 

0 5 JAN 2023 
Page I 4 



l JN IVl1'.HSITY OF CAI.Cl l'I 'l'A 

('IH '.'i 

( '111•'.Ml.'-l'l'HY I\.'!('. ( ll<> N.'-1) 

Sl1:M 11'.STEH- VI 

l)IS,'l l•,l{'l':\TI( >N: 1u:.v 1, ... vv IU'.I'( )l{'j' 

Plll1:NOXAZIONON SYNTUASK BIOMIMl1~l'IC Fl IN( ~l'H >Ni\l · 

MODEI.S ON IHON C<>MPl4EXl1:S 

COKI IALI•'. Ml•'.MOHIAL CIHL'-: COi.i .1•'.C l•: 

Dl•'.Pl•:l{'J 'Ml•'.NT Oft' Cl 11':MISTHY 

l JNDl•'.H Tl 11': ClJll>AN(J,: OF: Dr. t\Nt\NCAMOI IAN !'ANJA 

\l ,H~IITl'I-J> HY : HITIIIK.\ I\.\ N l-.1(11· 1 

( ' I 11{(>1.l. N <>.: l ~tlOl .'l- 11 -0001 

Cl I HLL. NO . : Ol.'1- l '.L l 1-00 Ii i- IN 

i\ut ll, nli,c .. td . 
\ ( 

l'r, ,, ,J\ I 

1t\•H111(' 1'1r rn 1ri.1l ,,,rl: ( ~ 11~1 • .: 

0 5 ,IAN }0.1.l 



-------------------- --

ABSTRACT: 

The impctu~ to modelling or enzyme aC.tive sites comes from their 

pOLcntial to prm-ic le insight to the mechanistic pathways of the nati\'e 

enzymes, establishing the rule or that particular met~d in the act.i,·e site 

and to design better catalysts inspired by nature. Most of tlic 

metalloenzyme are capable or acLirating molecular oxygen due to the 

presence of the metal ion~. !\mong the v,u-ic>Us meulloenzymes, 

phenoxazinone synthase (PHS) is ,u1 enzyme that is of interest for its 

oxidizing ability to generate phenoxazinone. In this review we discuss 

the progress made so l;u· in the area of Fe-based models OIi 

phenoxazionone synthase enzyme. The studies on phenoxazino11e 

synthase are quite detailed and the mechanistic pathways reas01ubly 

,rell disseminated as discussed here. 
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ABSTRACT 

The impetus to modeling of enzyme active sites comes from their potential to provide insight to 

the mechanistic pathways of the native enzymes, establish the role of that particular metal in 

the active site and to design better catalysts inspired by nature. Most of the metalloenzymes 

are capable of activating molecular oxygen due to the presence of the metal ions. Among the 

various metalloenzymes, in this project we discuss about catechol oxidase (CO) which is of 

interest for the oxidizing ability to generate o-quinones. The review shows that the enzymes CO 

have been widely attempted for modeling the active site. The model of CO being capable of 

generating semiquinones type radicals; it also have been probed for oxidative C-C bond 

coupling in sterically hindered phenol. 

INTRODUCTION 

I. Activation of Molecular ox)'_gen-

Oxidation reactions are fundamentally important component of organic synthesis and play an 

important role in rendering the desired functionality to the 1ntermed1ates of valuable 

compounds such as pharmaceuticals, agrochemicals, and other fine chemicals. For economic 

and environmental reasons, the oxidation processes of bu lk chemical industr 1es predominantly 

involve the use of molecular oxygen as the primary oxidant i .lolecular 01ygen is an ideal 

oxidant because of its availability directly from air rendering 1t ine>.pens1-. e and environmentally 

benign. However, the application of oxidation reactions 1n scaled·up S,'nthes,s 1s limited due to 

the use of heavy metals, thermal haza rds. and moderate cnerno sel!.'C i •nty for highly 

functionali zed compounds in most oxidat ion reaction s . Cl:i ss ca 1 0~1da11on methods -:11th 

stoichiometric quantities of inorganic oxidants are toxic ano enr,ch the environmenta l 

pollution. That is why oxidations using ca tal,1tic amount of activator wh ich can activate 

molecular oxygen with minimum chemical waste is inspiring. The challenges faced to activate 

molecular oxygen for its use in oxidat io11 reac tio11s 1s due to its ~1net1ca lly inert nature The 

reaction of molecular oxygen with orgn 111c substr,lles do not take place under ambient 

conditions as typica l organic molecules 111 general posses singlet ground state and thei r react ion 

with oxygen is spin forbidden . Howeve1 . 11 the organic substra te gets converted to a radical 

then its reaction with oxygen 1s a sp1rH1llowed process. Among the other poss1bl11 t1es. t h<> 

orbital overlap of oxygen with a sui table metal 1011 may help its activat ion through electron 

transfer from the metal. Electron transfer may also happen through orb1ta l overlap with potent 

Authe~cated . 
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