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CHAPTER l 

ASPECTS OF THE TRANSITION METAL-ION MEDIATED HYDROXYLATION 

AND THE PURPOSE OF THE PRESENT INVESTIGATION 

AbsLract: Jn this chapter the known chemistry of transition metal 

mediated hydroxylation ,,. i th speci~l refer nee to aro·matic 

hydroxylation is summerised. The scope and purpose of the present 

wprk is delineated. 
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The chemistr·y of the metal-ion mediated hydroxylation reaction 

has received increasing att~ntion partly because of various 

biological 
·1 

impl !cations and partly because of their importance 

in synthetic 
2:-4 

chemistry .. 0Kida.tion reactions in 

biologica.l pE'ocesses are of fundamental impoE'tance. At present 

va.riety of micl:'obia.l oxida.tions of simple hydrocarbons, terpenes 

and ste~oids are 
5-9 

known . Identification of 

regioselective hydroxylation in biological 

the stereo- and 

world draws more 

attention to the mic:r·obial oxygenations. Enzymatic con1,1ersions 

among the microbial oxidations stimulates greater interest since 

they· involve specific transformations catalysed by a single 

cell-free enzyme and require the stoichiometri·~ p:r·esence of any 

necessary cofactor·. He:r·e the metal ions play the key role. The 

cytochrome P-450 fami J.y of enzymes is known foJ· the abi 1 i ty to 

convert alkanes to alcohols with high regioselectivity and 

t •:~.:.• ..... :10-:12: s ereospeclAlC!~Y number of oxygenase associated 

tr-ansition-metal ions ar-e known for· '"'ide \•ariety of oxidative 

tr-ansformations. A common r-eaction catalyzed by monoo>:ygenases is 

the hydroxylation of aromatic systems i.e. Ar-H --> ArOH which is 

a key step in the metabolism a.min•Ja.cids:1 9
• 
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. :14 
Phenol a.se ~ p-hyroKybenzoate 

:l!:i 
hydroKylase~ phenylalanine 

:16 
hydroKylase, and cytochrome P-450 are wetl known :17 e1<a.mp l es of 

which catalyse aromatic hydroKylation4 A very 

sign if ica.n t progress has been ma.de in studying the b io log i.cal 

:1,:18 .systems particularly mo~ooxygenases which are capable of 

incorporating of oxygen from dioxygen into aromatic molecules. 

Studies on nonenz.ymet ic hydroKy la.t ion react ions that 

mimic aromatic hydroKylation has started for two reasons 

(i) to provide a. basis for understanding enzymatic hydroKylation 

rea.ctions, 

tii} to develop simple catalytic systems those under mild 

conditions would exhibit selective hydroxylation. 

----~.· . b. :1 g, 20 . t d . t t h . . ~ The ma.Jor pro lems a.ssocta .• e w1 .h . e t.rt ?Jt.tr-CJ hydro:<ylation 

of aromatic nuclei are as follows. 

(iJ The low reactivity of aromatic nuclei toward oKidati.ve nuclear 

subs t i b.d: ion. 

(ii) The hydroxylated product is more reactive toward oxidation 

than the precursor aromatic compound. 
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Wor-k Done: ---------

Biomimetic hyd~oxylation of aromatic systems have started since 

1954. Udenfriend et at. used a mixture of Fe(lJJ~ EDTA~ ascorbic 

2:1 acid and dioKygen at neutral pH to hydroKylate arenes under mild 

condition. The yield and selectivity is poor. Bracman and Havinga 

used
22 

a mixture of Cut.ll)~ 

a:r·enes. Hamilton 23 system 

amine and H 0 for hydroxylation of 
2 z 

consists of catechol~ Fe€ n n and 

H 0 • 
2 2 

Most extensively studied system is Fenton's 24 reagent 

consisting of Fe{{[) a.nd 2!S Cu{l), 

27 Pd(lll promoted aromatic hydroxylations have been reported. The 

hydroKyla.tion of a.lka.nes a.nd a.renes by a. J.L-oxo binuclear irt:m 

complex in presence of hexa.fluroa.cetylacetone and zinc powder is 

also reported 28
• Recently palladium(IJ)-mediated hydroxylation of 

alkanes and arenes has also been achieved2 ~• 90 • 

Follm.rings are the main problems in the area. of metal mediated 

J a.roma.tic hydrol<yl.a.tion which are to be tackled • .......,., 

(i) non-availability of smooth reaction conditions 

UU poor yield 

(iii) large number of products i.e. absence of regioselectivity 

(iv> isolation.of different isomers. 
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I. 2. PURPOSE OF THE PRESENT WORK 

The careful consideration of the above problems regarding 

tra.nsition metal-ion mediated a.roma.tic hydro~<yla.tion we wish to 

adopt the following strategy. 

1. Metal-ion mediated acti~ation of C-H bond so that the 

activated bond may act as a potent site for 

hydroxylation reaction that is otherwise difficult or impossible 

to ach i e\•e. 

2. The design of the substrate framework would be made in such a 

fashion that it would be capable of binding the metal-ions both 

in its deoxygenated and oxygenated forms. 

3. The choice of metal-ion would be kept restricted to those of 

d 8 electronic configuration. 

4. The hyd:r·o:ll.ylation reaction would be carried out at room 

temperature {i.e. atmild condition) by careful manipulation of 

other conditions. 
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Selective functionalizatian of hydrocarbons via C-H bond 

!H. 
activation es~ecially activation of aromatic C-H bonds by 

t~ansitian metals are of great importance. There is now abundant 

evidences that the hydroxylation process is stepwise and that C-H 

band scission is an event stereochemically discrete from the 

subsequent formation of the new C-0 bond of 92 the prt::>du~~t • Our 

work is based on transition metal mediated oKidation of arenes 

through a non-radicaL. elctrophilic C-H activation pathway29
'
90 i.e. 

The above e)ectrophilic displacement 

pathway is general} y moi·e favourable than the cori"esponding 

OK ida.t ive react it:Hl t1
1
' +R-H --) t11'\T2 .......... R 

"'H 
. 

We ha'.'e used or· tf'ta- me t.a l l at ion reaction for the activation of 

aroma.t ic nucleL The or-tho-metal l a. t hut rea.c t it.:m is a.n 

intramoiucular organometallic raection of a transition metal ion 

with a suitable ligand in which a chelate ring is generated via a 

metal-carbon (aryll a-bond and a coordinative bond between metal 

ion and a don1::>r atom •:Jf t:h t • .z9.9 . e t 1.ga.nt~ • Our choice of metal ions 

has been restricted to pa.l 1 a.d i uat { [ [) 

conf igur-ati•:>n) for two reasons 

lil palladium([[) is a strong elctrophile and a good 

two-elctron OKidant, 

{ii) palladium metal is readi 1 y oxidised back to 
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palladium(}]) with several cooxidants and it's 

ability to participate in oxidative reactions (e.g.~the 

94 
Wacker process ) is widely known. 

In this thesis we eKplore aspects of the chemistl'y of 

pa.l 1 ad i um { I I i mediated aromatic hydroKylation/ 

lM-C -> M-0-Cl reactions. A beginning in this direction has been 

made27 • 9 ~-g~ during the last decade. Work done thus far is mainly 

limited to hydroxylaion of phenyl groups \o~it.h aromatic peroxy 

acids. The present work primarily deals with 

1. :regioselective hydroxylation/ metaloxylation of naphthyl 

group with iodosylbenzene. 

regioselective hydroxylation/ metaloxyJation of phenyl 

group with iodosylbenzene. 

3.. regioselect.i\te hydroxylation./ metaloxylation of naphthyl 

group with aromatic peroxyacids. 

4. synthesis and characterisation of hitherto unknoown 

o:rthopalladates. 
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5. studies on the metaloxylation reaction of 

organometallates containing both a- and n- type metal-

ca.['bon bonds. 

6. regiospecific hydroxylation/ metaloxylation of aryl 

thioethers. 

--l 
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