ASPECTS OF THE TRANSITION METAL-ION MEDIATED HYDEOXYLATION

AND THE PUEPOSE OF THE PRESENT INVESTIGATIONM



CHAFPTER |
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Abstract: In this chapter the known chemistry of transition metal
mediated hydroxylation with special refarnce to aromatic
hydyroxylation iz summericsed. The scope and purpose of the present

work is delineated.



Thé chemistry of the metzl-ion medisted hydroxylation reaction
has received increasing attention partly becausse of wvarious
biological implicationsi and partly because of their imporiance
in synthetie organic chemistrya-4. Oxidation reacﬁinns in
biologiéa! processes are of fundamental importance. At present
variemty of micrabiél nxidations of simpie bydrucarbons, terpeaes

and =teroids are knnunsfa identification of the sterec- =and

c&l world draws more

e

regioselective hydroxylation in biolog
attention to the microbial! oxygenations. Enzymatic conversions
among the microbial oxidations stimulates gréater interest since
they - involve specific transformations ocatalysed by a single
cell-frea enzyme and reguire the stoichiometiric presence of any
necéssary cofactor, Here the metal ions play the key role. The
cytochrome P-450 family of senzymes is known For the ability to
convesrt alkanes to alocohols  with high regioselectivity and

LtOo—-4 2 . X
Ly . A number of axygenasae associated

b

sterenspacific
transition-metal Ions are known For wide variety of oxidative
transformations. A common reaciion cataiyzed by monooxygenases is
the hydroxy)atian of aromatic systems i.=. ArH --» ArOH which is

. . » . . . 13
a key step in the metaboliasm 2f aromatic aminnacids .



Phénolasei4, p-hyroxybenzoate hydroxylasefs phenytlalanine

-

[ . 1
hydroxy{asef and cytochrome P-450 are well known examples = of

oXygenasees which catalyse aromatic hydroxyliatiood & very
significant progress has been made in studyiong the biological
1,18

systams particularly monooxygenases which are capable of

incorporating of oxygen from dioxygen into aromatic molescules.

Nonenzymetic Aromatic Hydroxylation Reactions:

1

o

udies on nonenzymetic hydraxylafion reactions that
mimic aromatic hydroxylation has started for two reasons
(it to provide a basis for understanding enzymatic hydroxylation
reactions,
{ii} to develop simple catalytic systems those under mild
conditions would =2xhibit selective hyidroxylation.
The major prubiemég’za associated with the in vitro hydroxyliatioan
of aromaftic nuclei are as follows.
ii} The low reactivity of aromabic nuclei toward oxidative nucliear
substituéiﬂn.
{ii}) The hydroxylated pfoduct is more re2active toward oxidation

than the precursor aromatic compound.



¥ork Done:
Biomimetic hydroxylation of aromatic systems hawve started since
1954, Udenfriend et 2. used & minture of Feilly, EDTA, ascofbie
acid and dioxygen at neutrat pH to hydroxylat921arenes under mild
condition. The yield and selectivity is poor. Bracman and Havinga
usedzz a mixture of Cuill}), amine andiﬁzﬂz for hydroxylation of

. za . S ; )
arenes. Hamilton system consists of catechol, Feilll} and

~

. ; . ) ' 2
HZDZ. Most extensively studied system iIis Fenton®s reagent

ot

consisting of F=({l} and HO . Receakly Cutt3®®  Witt1+%%and
Fdill}Z? promaied aromatic hydroxylations have been reported, The
hydroxyliation of alkanes and arenes by 2 p-oxo biauclear iron
complex in presence of hexafluroacetyliacetone and zine powder is

also repgrﬁedze. Recently pa!!adiﬁmtll)-mediated hydroxylation of
alkanes and arenes has also beesn achiesved® " 2%,

Followings are fthe maia problems in the area of metal mediated

tackied.

[11]

aromatic hydroxyriation which are to b

{i) non-availability oaf smonth reaction conditions

$1iii} large number of products i.2. absence of regioselectivity

{iv) isolation of different isomers.



i.2. PURPOSE OF THE PRESENT WORK

The careful consideration of the above problems regarding
trapnsition metal-ion mediated aromatic hydroxylation we wish Lo

adopt the following strategy .

1. Metasl-ion mediated =activation of C-H bond so that the
activated bond may azt as a potent site for
hydroxylation reaction that is otherwise difficult or impossible

to achievs.

&. The design of the subsirate Framework would be mada in such &
fashion that it would be capable of binding the metal-ions both

in its deoxygenatsed and oxygenated forms.

3. The choioce of metal-ion would be kepi restiricted to those of

a s . s
& electronic configuration.

4. The hydroxylation reaction would he carried out st room
temperature {(i.e. atmild condition) by careful manipulation of

other conditions.



Eeolective fFuncticonalization of hydrocarbans via C-H bond
sctivation © especially activation of aromatic C(-H bonds by
transition metals are of great importance. There és now  abundant
evidences that the hydroxylation proceses is stepwise and that C-H
bond scission is an event stereochemicaliy' discrete from the
subsegquent formationlmf the new C-30 bongd of the praduatsz. Duyr

work is based oa transition metal aediatesd oxidation of arenes

z2e,80,
1

« T

through 2 non-radical, elctrophilic C-H activation pathway

s

“+ R-# --» B"-R + H'. The above electrophilic displacsmant

4

pathway is generally more favourable than ths corresponding
R
H -

We hawe vsed ortho-metallation reaction for the activation of

oxidative reaction #" +R-H --» #™

aromatia nucleti. The cribho—metaliatioa resstionis an
intfamoiucuiar nrganometalliic rasction of a transition metal ion
with 2 suitable ligand in which a2 chelate ring is generated vic a
metal-carbon {aryl) a—Ennﬂ and a coordinative bond between motal
has been . rashricted £o paliadium {11 {ﬁa' slactronic
canfiguration? for twé reasons
{i} palladiuvm(ii?! is a strong electrophiie 2nd a2 good
two-elctron oxidaat,

{ii) palladium meisl is readily oxidisead back to



paltliadivmill) with s=sveral cooxidants and it's
ability to patiicipate in oxidative reactions i{e.g., the

L .
Wacker process” )} 13 widely koaown.

in thiz thesis we explore aspects of the chemistry of
. . . z?
palladium{Il} mediated saromatic hydroxylation/ wmetaloxyliaiion

direction has been

0

{(¥-C -» M-D-C} reactions. A beginning in thi

27.35-3¢9 during the last dacade., Work done thus far is mainly

made
limited to hydroxyiaion of phenyl groups with aromatic peroxy

acids. The present woark primarily deals with

i. regiosalzctive hydroxylation/ metaloxylation of naphthyl

group with iodosylhenzene.

2. regioselective hydroxyilationd metaloxylation of phenyl

group with iodosylbenzense,

2. regioselective hydroxviations metaloxylation of naphthyl

group with aromatic peroxyacids.

&, synthesis and characterisation of hitherto unknoown

orthopal ladates.



studies Orl the metaloxylation

organometallates containing both o-

carbon bonds.

and T-

reaction of

type motal-

regiospecific hydroxylations metaloxylation of aryl

thioethers.
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