CHAPTER I

INTRODUCTION
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in a cycli¢ series of associative (binding), bond making and/or breaking, and dissociative
steps. During each cycle, the catalyst is regenerated so that it may go through another
cycle. Each cycle is called a turnover, and an effective catalyst may undergo hundreds,
even thousands of turnovers before decomposing-each cycle producing a molecule of
product. In a stoichiometric reaction, on the other hand, the “catalyst” (actually reagent)

undergoes only one turnover per molecule of product produced.



l.i Homogeneous VS heterogeneous catalysts.

A heterogeneous catalyst exists as a another phase in the reaction medium,
typically as a solid in the presence of a liquid or gaseous solution of reactants. It was
found in alkene hydrogenation reaction as the presence of a catalytic amount of Pd or Pt
deposited on an inert solid. On the other hand, a homogeneous catalyst is dissolved in the
reaction medium along with the reactant e esterification catalyzed by conc. H,SOj4 or
HCI is among well known exampfes etal complexes as homogeneous

catalyst have been found to mdhn.sg u:nportan Betrochemlcal industry. Table 1.1

describes major dlfferengﬂm

Table 1.1 Major differenc m e\heous and heterogeneous catalysts.
Characteristic neo Heterogeneous
1. Catalyst compositio iscre with | Nondiscrete molecular

entities: active site not well-
defined

nature of active site.

2. Determination of reaction Very difficult.

mechanism

3. Catalyst properties _ i - en | Difficult to modify,
i i 'Jatively unselective,
' thermally robust, vigorous

reaction conditions

4. Ease of sepﬁtiﬁ fr ﬁ ively easy
product %

% The active sites on a heterogeneous catalyst are difficult to characterize
because they are not discrete molecular entities. Instead, the active sites may be
aggregations of solid support material (e.g., silica gel or zeolites) coated with deposited
metal atoms. Not all sites on the surface of catalyst have the same activity and physical or
chemical characteristics. Analytical techniques (e.g., Auger and ESCA spectroscopy) as

well as scanning tunneling spectroscopy have been applied recently in attempts to




determine the nature of catalytic surface. Homogeneous catalyst, on the other hand, are
discrete molecules that are relatively easy to characterize by standard spectroscopic
techniques, such as NMR, IR, efc. The active site consists of the metal center and

adjoining ligands.

1.1.2 Determination of the reacti echanism.
Because the constituﬁdn‘biﬂw site of a heterogeneous catalyst is
difficult to determine, the eluo%nn of r __‘Mhamsms involving these catalysts

H_
can be troublesome indeed‘.yf of h&ogmlysm in contrast, has advanced

e chemmsha{developed many techniques
u&datmg the mechanism of a homogeneously

rapidly over the last few de

useful for studying reaction ui

, organotransition metal
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complexes, it is relatively easy to modify these compounds.in order to increase selectivity.

peﬂf éommonly as ligdhds in homogeneous catalysts. Phosphines,

As seen, phosphines a;
of course, offﬂ %ngenﬂtmwi m ﬂ%m gthat can substantially

influence the course of a catalyzed reagtion.
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heterogerieous counterparts. The use of a homogeneous catalyst rather than a
heterogeneous one requires milder condition of temperature and pressure. If a sufficiently
active homogeneous catalyst can be found that can do the 'job of a heterogeneous one,
substantial savings in energy and initial capital cost accrue to the manufacturer that

chooses to employ a homogeneously catalyzed process.



1.1.4 Ease of separation from reaction products.

Homogeneous catalysts suffer from one key disadvantage when compared to
their heterogenous counterparts. They are often quite difficult to separate from reaction
products.34 Catalyst recovery is cleary important, not only in ensuring product purity but

also in conserving often-used precious metals such as palladium and rhodium.'

1.2 The chemistry of chromlum({ﬂi\ /
Chromium (III) compl 1ons are all hexacoordinate.” The

principal characteristic of lex$ 1n lutlons is their relative kinetic

xes Wme of ligand displacement
neti \thhat complex species can be

inertness.® The advantage o
reaction compared with

isolated as solids and eriods of time in solution, even under
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The ready formation of benzylic hydroperoxides is used in industrial oxidations,
as the synthesis of propylene oxide and phenol. Chain termination of A may lead to an
alcohol and aldehyde, and the rapid autoxidation of the latter may produce the
corresponding carboxylic acid. In the non - catalyzed autoxidation the further oxidation
of the aldehyde is much faster than the hydrogen abstraction to form the benzylic radical.

As a result, carboxylic acids become the main product.



2 Ar-CH,-00. —» Ar-CH,-OH + Ar-CHO + 0,

Ar-CHO+0, —> Ar-COOH

Metal ions, Co(III), Mn(III), and Cu(II) have a pronounced effect on the rate and

product distribution of autoxidation. In the presence of metal ions, secondary

transformations become dominant,
hydroperoxide decreases.
Co(IIT) and Mn(III
transformation of methy al ion catalysis usually favors
the formation of carbo omes the rate determining step

in the presence of high

The order of reaetivi ] : stituted be 1zenes is toluene > ethylbenzene >
isopropylbenzene, which is 5 the tivity expected from the C-H bond
energies. This was explain itiating electron transfer equilibrium

Studies of the internal selecti the ethyl and ethyl groups in
the same molecule | similar co _ selectivities depend on the

nature of the metal ion.ﬂ
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Mn(OAc)3,W 20°C __i_m 90.8
: nswe}formatlon can be achieved at

&

delvdes from methyl-substituted

rd reaction forms a 2:1 insoluble
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Methyl-substituted aromatics may also be converted to the corresponding

corresponding

carboxylic acids. A shift in the selectivity of the autoxidation of methyl-substituted
arenes is brought about by metal ions eventually producing carboxylic acids. Carboxylic
acids may also be formed by the base-catalyzed autoxidation of methyl-substituted arenes.
Oxidation with zert-butylhydroperoxide (TBHP) in HMPA affords carboxylic acids in

moderate yields with very high selectivities.



In addition, aromatic compounds with longer alkyl side chain can be converted to
ketones or carboxylic acids. All the previously discussed reagents except CrO2Cl, usually
afford the selective formation of ketones from alkyl-substituted arenes. Oxidation with
CrO,Cl, usually gives a mixture of products.

The permanganate ion is a strong oxidant when used under phase-transfer
conditions, it converts benzylic methane groups into alcohols, and benzylic methylene
compounds to ketones. Convenien;\ok{héw e carried out when KMnOy is applied
in EtsN, an organic solvent (C%ﬁ tra& at room temperature.
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The Jones reagenw catdﬂ'zedm;m(VI) complexes were found
in the oxidation olf?( e b @Won with  2,3-dichloro-5,6-
C exy

dicyanobenzoquinone ( ¢chanism. In contrast with the

radical processes obse

abstraction that is trap

Selective formation of ketones may be achieved through base-catalyzed
¥a

oxidations. Trﬁfﬁﬁﬁft]lﬂﬂéﬂﬁﬁqﬂyﬁd by benzyltrimethyl

ammonium hydroxide
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with the oxidative cleavage of the side chain; however, it usually stops at the ketone stage.

starts with proton abstraction. The highest yield of

Such oxidations are usually carried out with permanganate, hexavalent chromium, or
nitric acid. Since CrOs in acidic medium readily attacks the ring in polycyclic aromatics
to yield quinones, only alkyl-substituted benzenes and isolated ring systems are oxidized

exclusively at the benzylic position. Working under neutral conditions, as with aqueous



sodium dichromate, can allow one to avoid ring oxidation, and selective benzylic

oxidation of polynuclear aromatics occur.’

1.4 Chromium-based reagents for organic transformation

In 1975, Corey and Suggs'® found that pyridinium chlorochromate,
CsHsNHCrOsCl. a readily available, stab agent oxidizes a wide variety of alcohols to
carbonyl compounds with highly efﬁc}e s of aldehydes and ketones obtained
were typically equal to or gh_‘kthan thos@
example, it catalyzed the :W benfhydrot‘tU'bEH'ZDphenone 100%yield.

Fleet and Little' /
CsHsN:CrOs is a deep blue

oxidation of 4-nitrobe

ed with the Collins reagent. For

-‘-i""—-
9 d that pyndme oxodiperoxychromium (VI),

s uble in organic ic solvents. It could catalyze the

limit of these catalysts
In 1978 Mizukami

acetic acid in both the presence am‘l‘ﬁbsemh&an additive. It was found that the rate-

determining step in the oxidation’ nIictralxn @ecomposmon of THP. The results also
suggested that the cataiysns occuredfky first Mltlon metal ions, except vanadium.

Co showed the highest-activi slectivity in terms of the ratio

NCC nn-.u-au-xum

of a-tetralone to a-teialol (On/Ol). The order vities of metal acetates in

producing oxidation i m agreement with that of the a‘cﬁvmes of the metal acetates
responsible for ﬁy W or Co(acac)s, Cr(acac)s,
Mn(acac)s andqcﬂ‘fjat ?T oxida nﬁ ﬁgj)ﬁﬁ-lﬁ and Cr(OAc)s, the
product distributions were examined for various conversions of tetralin,

Q Ppﬁ)ﬂh@é@ﬂa@ (ﬁ%d&*ﬁaﬁf %%d&l\%xﬁfnon of primary
and secandary alcohols to carbonyl compounds were usually carried out with
chromium(VI) reagents. Chromium(V) is postulated as an intermediate in all the
oxidations with chromium(VI). Two stable complexes of oxochromoium(V),
(phen)H,CrOCls, (phen)CrOCl3 (phen = phenanthroline) were used for the oxidation of

some primary and secondary alcohols. The pentavalent chromium complex was

comparable to pyridinium chlorochromate in its oxidizing power and the yield of
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aldehydes and ketones with the molar equivalents of the reagent is usually high. In
contrast, the pentavalent chromium(V) proceeded with slower reaction rate than
hexavalent chromium(VI) which gave high yield of desired product. For example,
oxidation of benzyl alcohol to benzaldehyde. The desired product was 90% yield at 25°C.

In 1983, Kanemoto and coworkers'® presented that pyridinium dichromate-
Me;SiO0SiMe; system has been found to b? effective for the oxidation of alcohols to the
corresponding carbonyl compounds. Seleétl{/,t xidation of primary alcohols in the
presence of secondary ones with RuCMPPh;j:,@OSiMe; gave the desired product
30 — 55 % yet still high selectivity. " -

In 1987 Muzart™ ropoft

“that |benzylic oxidations were induced by small

quantities of 2,4-dimethylpenitané-2 4-diol cyclic chromate and excess of TBHP under

anhydrous conditions. However t ‘the chromium complex and anhydrous TBHP have
to be prepared and only parti erston of the starting hydrocarbon has been obtained.

4 | &

Using 70% TBHP and catalyti€ a ohn}:’of _ Jofnic anhydride, benzylic methylene groups

were oxidized at room temiperature to carbonyl functions in fair yields. Oxidation of
¥ i

alcohols to carbonyl compounds wgsJJc'arrie&'_d'g_ by using catalytic amounts of CrO; and
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excess of aqueous TBHP. This system is _hfgm:y efficient in the case of secondary
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In 1988 Muquﬂ':t.'}_;and colleagues'’ reported that using ”fBHP with catalytic amounts
of CrO; and p-tolue%i‘ééi;lfonic acid (TsOH), regioselective ~a-oxidation of alkynes to
conjugated ynones was*%bserved at room temperature with yields superior to those of
stoichiometric chromium pfoeedures. Yields were slightly decreased in the absence of
TsOH.

Kitajima and coworkers'® reported that the liquid—phase ,oxidation of p-
methoxytoluene to psahisaldehyde'in the presence of Co based catalyststhas been studied
with Co(OAc), alone in acetic acid as a solvent, only a trace amount of p-anisaldehyde
could be obtained; however, upon the addition of a second metal salt (e.g., Mn(OAc), or
Ce(OAc);) a considerable improvement in the yield (up to 66%) was observed. The
synergism of Co and the second component as Co(OAc),-Ce(OAc);-Cr(OAc); (3:1:2) as

well as the optimization of the reaction conditions was finally found to be the most
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effective catalytic system, which gave a high yield of p-anisaldehyde under 3 atm O at
110°C for 3 h.

In 1992 Muzart' reported that the oxidation of ethylbenzene with hydrogen
peroxide as oxidant could be performed in low yield of desired product with CrO; in
acetonitrile at 20°C, 168 hours. Toluene was converted to benzaldehyde in high yield
with Cr(naph)s; in pyridine at 100°C, 1 hour.

In 1997 Ishihara and coworkers™ founé/th bis(pentafluorophenyl)borinic acid is
a suitable Oppenauer catalyst (OPP) for pnm@ secondary allylic and benzylic

alcohols oxidation carried out in benzene. 4 —

es”' | reported the oxidation of ethylbenzene to

In 2001, M ;c;;r
n , Man an

acetophenone using air in a ith sulphuric acid, molecular sieves and silica gel as

dehydrants provided hi ffect of a continuous increase in the temperature of

the oxidation process, h isothermal operation, was shown to improve the
oxidation performance.

In 2001 Shi and hi upa:‘ repot&d- that benzyl chloride can be directly
oxidized to the correspondin enzmc acxd' Jﬁ...an eco-safer way using 30% hydrogen
peroxide with Na,W04.2H,0 as %i"catalyst @ITCHg(n CgHi7)sN]"HSO4 as a phase
transfer agent (PTC) without any organic solvc.ﬁts_;u-

In 2002 NlcolaEQ and his gro g 3 found that mdligxybenzmc acid, a readily
available hypervalent 1}Q_dme(V) reagent, was highly eﬁ'eefnfle reagent in carrying out
oxidations to furnise a,&unsaturated carbonyl compounds.In addition, this reagent could
oxidize preferentially and af*benzylic and réldted carbon centers to form conjugated

aromatic carbonyl systems.

It was obviously, seen that in the'mid of 19" gentury, chrommim complexes have
been exploited as a catalyst for various organic transformation, particularly oxidation
reaction. The conditions employed at that time were quite- severe. Chromium reagents
were normally used in a stoichiometric amount; thus chromium waste was invariably
espied. Moreover, the yield of the desired product was low. The development of utilizing
this class of catalyst has been carried on form stoichiometric amount required to a

catalytic amount needed for the reaction. Nonetheless, the utilization of soluble
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chromium carboxylate complexes as catalyst for the oxidation of organic substrates has
couple with TBHP not much addressed in chemical literature. This work will focus on the
systematic oxidation study of benzylic methylene compounds employing soluble

chromium stearate and TBHP under mild conditions.

1.4 The goal of this research

The purposes (Tf this rese arch ¢ h\ : ,,I'-/,', ized as follows:

1. To synthesize soluble chro; tylate complexes

2. To study systematic nizatl cwhe oxidation of ethylbenzene
using chromium(! lex.

3. To study the scg or the oxidation of benzylic

methylene compotind

ﬂﬁﬁl’&ﬂﬂﬂ‘iwmﬂ‘i
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