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ABSTRAC T

| he Hnpetus o modelling ol enzyme ACLIVE  SItes

comes trom thewr potential to provide msight to the
mechanistie pathways  of  the  native CHZYIMCS,
cstablishing the role of that particular metal m the
dchive site and to design better catalysts inspired by
nature. Most ol the metalloenzyme are capable of
activating molecular oxygen due to the presence of the
metal 1ons. Among  the various  metalloenzymes,
phenoxazimone synthase (PHS) is an enzyme that is of
mterest tor s oxadizing  ability  to generate
phenoxazmone. In this review we discuss the progress
made so far m the area of Fe-based models on
phenoxazionone synthase enzyme. The studies on
phenoxazinone synthase are quite detailed and the
mechanistic pathways reasonably well disseminated as
discussed here.
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been ssnthesized in g Evstadhine |'.l|i.‘|-.L'

Phe 2me (1) complex has been characterized by elemental anitlysis, 112
spectroscopy. UIV=Vis - spectroscopy, Powder Neray  dillraction study (PXRD), TH NMR, LI mas,
spectrometry and  thermograyimetric analysis. PXRD revealed that 1 erystallizes in 22— | space Lroup
Witha 9218 Ah - 10849 A, ¢ 18,339 AL with unit cell volume is 2179.713 (A)3. I luorescence spectri
i methanohe solution reflect tha mtensity of emission for 1 is much higher compared to HZE and both the

compounds exhibit good fuorescence Properties. The complex I exhibit significant catalytic activities of
|HHI*.I!,'I1L.II |L'|L'HIIIL'L‘.

Vi catechol oxidase, In methanol, it clliciently catalyses the oxidation ol 3.5-di-fer
atechol (3A5-DTBC) 10 corresponding quinone
DIBO)Y. Flectron 1

buty le via lormation ol a Di nuclear species as [Zn2(1,)(3.5

ramagnetic Resonance (1-PR) experiment suggests generation of radicals in the presence

oF SS-DEBC and it may be proposed that the radical pathway is probably responsible for conversion of 3.5

DTBC 10 3.5-DTBQ promoted by complex of redox-innocent Zn (1) ion.

CRAPHICAL ABSTRACT;

A trinuclear zine (1)-Schiff base complex has been cmployed to mimic catechol oxidase activity. This zin

Schifl base complex exhibits significant catechol oxidation in methanol through ligand centred pathway.

which is the rare example among the redox innocent zine complexes till date.
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1.ACTIVATION OF MOLECULAR OXYGEN

Oxidation reaction is a fundamentally important component of organic synthesis and plays an important role in

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

agrochemicals. and other fine chemicals. Molecular oxygen is an deal oxidant because of its availability directly
from air rendering it inexpensive and environmentally penign. 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 controlied 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
" transition metal incorporated in proteins. the SO called ‘metalloenzyme’. Inorganic chemists have largely exploited

. the concept of nature by designing OXygen gctivation catalysts which acl 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

| orobed as structural and functional models{1]. Authenticated .
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¢TI e mOdeimg o enzyme active sites comes from their potential to provade insight
pecianistic pathway s of the native enzymes, establishing the role of that particular metal in the active s

| to Jesign better catalysts nspired by nature. Most of the metalloenzyme are capable of activating
nolecular oxygen due to the presence of the metal ions. \mong the various metalloenzymes, phenoxazinone
swithase (PHS) is an enzyme that is of interest for its oxidizing ability to generate phenoxazinone. In this
review we discuss the progress made so far in the area of co-based models on phenoxazionone synthase
enzime. The studies on phenoxazinone synthase are quite detailed and the mechanistic pathways reasonably

well disseminated as discussed here.

2. Introduction:
2.0 Activation of muivullhlrln}gun

Oxidation reactions are ﬁlndamentail}- impﬂnam compﬂnenmfur‘ganic S}'ﬂlhESES and p]a}: an impur[unl role
in rendering thedesired functionality to the intermediates of valuable compoundssuch as pharmaceuticals.
agrochemicals, and other fine chemicals.[1-3] For economic and environmental reasons, the oxidation
processes of bulk chemical industries predominantly involve the use of molecular oxygen as the primary
oxidant|[4-8] . The application of oxidation reactions in scaled-up synthesisis limited due to the use of heav\
metals. thermal hazards, andmoderate chemoselectivity for highly functionalized compounds inmosi
oxidation reactions[9.10]. Classical oxidation methods withstoichiometric quantities of inorganic oxidants
are toxic and enrichthe environmental pollution. That is why oxidations using catalyticamount of activator
which can activate molecular oxygen withminimum chemical waste is inspiring. The challenges faced to
activate molecular oxygen for its use in oxidation reactions is due toits Kinetically inert nature. However.if
the organic substrate gets converted to a radical then its reaction with oxygenis a spin-allowed process.
Among the other possibilities, the orbitaloverlap of oxygen with a suitable metal ion may help its
activationthrough electron transfer from the metal. Such organic co-factors have been reviewedelsewhere
and are beyond the scope of this review[l11,12].A major problem while using dioxygen in chemical
transformation is that its reactivity is not easily controlled and oftenmay lead to low selectivity and over-
oxidation [13]. Nature hasevolved an elegant solution to overcome the kinetic barrier ofdioxygen activation
by using transition metal incorporated in proteins. the so called ‘metalloenzymes’ [14-19]. 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. redox potential and electronic factors,[14,20-25]the enzymes donor
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his review deseribes recent progress in modeling the active sites of Phenoxazinon
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MY IINASE TRAT activate diony gen to carmy out several key reactions in nature. his review (i

- -

o Ul s the continuation of the review done (up to 01 85) h} NN l);:} and AL Mukherjee
Uhe impetus 1o modeling of enzyme active sites comes from their potential to provide insight

i

thoa myas O 2 % _n ; ' ' ; i i " |
o the mechanistic pathways of the native enzymes. establish the role of that particular meta
e EKinve site and o Jfﬁigﬂ better ;;}[‘ﬂ} sls lnbplﬁ.‘d h"'- nature. Most ot the
metalioenzymes ar

- AT {ul;“lt"lﬁ of activatine molecular OX) gen due to the presence of the metal
ons. The name phenoxazinone synthase (PHS. 2-aminophenol:oxygen oxidoreductase) is

- L]
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¢ enzyme catalvsing the oxidative coupling of substituted o-aminophenols 1o
produce phenonazinones,

In this review we discuss the progress made o0 far in the area of phi‘l‘lﬂﬂﬂlil]ﬂﬂe s\ nthase
modeling. The review shows that PHS has been w idely attempted for modeling the active
site. The biomimetic studies strongly suggest that among the various metal 1ons probed tor
modeling the catalytic activity of PHS. Mnll 111 based systems are so far the most promising
candidates apart from the nature’s choice Cu(l1). PHS activity suggests the potential of such
mimics may extend bevond the biological modeling and provide insight to the various
possible mechamistic pathway s that may be adapted by a model complex.

duction : Activation o Wecular oxveen:

Oxidation reactions are fundamentally important component of organic svnthesis and play
an important role in rendering the desired tunctionality to the intermediates of valuable
compounds such as pharmaceuticals. agrochemicals. and other fine chemicals. Molecular
oxrgen is an ideal oxidant because of its avalability directly trom air rendering it
inexpensive and environmentally benign. The challenges faced to activate molecular oxy gen
for its use in oxidation reactions is due 1o its Kinetically inert nature. A major problem while
using dioxygen in chemical transfomation 1s that its reactivity 1s 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 dioxy gen activation by using transition metal Incorporated
in proteins. the so called ‘metalloenzyme’. Inorganic chemists have largely exploited 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 enzy mes
donor sites are modeled with small molecule called hgands. which are then incorporated
with metals to form complexes that are probed as structural and functional models| 1.

Nature uses several metalloenzymes o cataly ze the controlled and selective oxidation of

organic compounds. The geometr and structural feature of enzyme active sites and the
choice of incorporated metals are ver diverse and fully optimized to the function of the
proteins or enzymes. In addinon it also takes into account the avatlabilinn of the metal ion in
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ABSTRACT:

: t : & . " L i ! % 1.. I_t_.iI
I'he impetus 10 modelling of enzyvme actve sies €omes [rom

™ & ¥ 5 W * . . ) - - ; '1'-{.
potental to provide insight to the mechanistic pathways ol the nati

enzymes, establishing the role of that particular metal in the acuve sitc

and 1o design better catalysts inspired by nature. Most ob the

metalloenzyme are capable of activating molecular oxygen due to the
presence of the metal jons. Among the various metalloenzymes,
phenoxazinone synthase (PHS) is an enzyme that is of mteresl for 1ts
oxidizing ability to generate phenoxazinone. In this review we discuss
the progress made so far in the area of Fe-based models on
phenoxazionone synthase enzyme. The studies on phenoxazinone
synthase are quite detailed and the mechanistic pathways reasonably

well disseminated as discussed here.
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Y. Introduction:

i

Loaetivation ol thh‘g‘[ll;“‘ ONY O

Onidation reactions are undamentally mportant component of orgamic synthesis and play aninportant ol

n rendering the desired functionality 1o the intermediates of valuable compounds such ws pharnaccntical

agrochenicals, and other (ine clwlnir:lla.ll-il For cconomic and environmental reasons, the asidation
PIOCCSSCS ol bulk v..‘|'|i.‘IH"I1.'1I| i’l’lthlﬁ[t'i'..'ra |'t|‘|,,*q.|u|1'|'||1;||'||ij|. mvolye the use ol molecul OxYyRen oy e [

oxtdant[4-8] . The application of oxidation reactions in seuled up synthesis s limted doe to the use of hea

metals, thermal hazards, and moderate chemo selectivity for highly  Tunctionalized compounds i
oxidation reactions|9,10]. Classical oxidation methods with stoichiomelric quantities ol morganie osidant
are toxie and enrich the environmental pollution. That is why oxidations using catalytie amount ol activiatoy
which can activate molecular oxygen with minimum chenical waste s mspiring. The challenges Taced 1o
activate molecular oxygen for its use in oxidation reactions is due to its Kinetically mert natare, However, o
the organic substrate gets converted o a radical then its reaction with oxygen s aspin-allowed proces
Among the other possibilities, the orbital overlap of oxy sen with asuitable metal ion may help its activition
through electron transter from the metal. Sueh organic co-factors have been reviewed elsewhere and e
beyond the scope of this review [ 11, 12]. A major problem while using dioxygen in chemical translormation
Is that its reactivity is not casily controlled and often may lead to low selectivity and over-oxidation [153]
Nature has evolved an elegant solution to overcome the kinetic barrier of dioxygen activation by using
transition metal incorporated in proteins, the so called ‘metalloenzymes® [ 14-19), Inorganic chemists has
largely exploited the coneept ol nature by designing oxygen activation catalysts which act as small molecyl.
mimics ol the metalloenzymes and help to understand the mechanistic pathways. Using the know ledpe of
co-ordination chemistry, redox potential and electronic factors, |14, 20-25] the enzymes donor sites are
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ABSTRACT

The impetus to modeling of enzyme active sites comes from their pntential 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

.. Activation of Molecular oxygen-

Oxidation reactions are fundamentally important component of organic synthesis and play an
important role in rendering the desired functionality to the intermediates of valuable
cumpuunds such as pharmaceuticals, agmchemlcals, and other fina chemicals. For economic
and environmental reasons, the oxidation processes of bulk chemical industries predominantly
involve the use of molecular oxygen as the primary oxidant = Molecular oxygen Is an ideal
oxidant because of its availability directly from air rendering it inexpensive and environmentally
benign. However, the application of oxidation reactions in scaled-up synthesis is imited due to
the use of heavy metals, thermal hazards, and moderate chemo selectivty for highly
functionalized cumpnunds in most oxidation reactions . Classical ondation methods with
stoichiometric quantities of inorganic oxidants are toxic ang enrch the environmental
pollution. That is why oxidations using catalytic amount of activator which can activate
molecular oxygen with minimum chemical waste is inspiring. The challenges faced to activate
molecular oxygen for its use in oxidation reactions is due to its kinetically inert nature The
reaction of molecular oxygen with orgamic substrates do not take place under ambient
conditions as typical organic molecules in general posses singlet ground state and their reaction
with oxygen is spin forbidden. However, if the organic substrate gets converted to a radical
then its reaction with oxygen is a spin-allowed process. Among the other possibilities, the
orbital overlap of oxygen with a suitable metal 1on may help its activation through electron
transfer from the metal. Electron transfer may also happen through orbital overlap with potent
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