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1.1 Epoxldatlon of alkenes

Oxygen atom is analogous to a carbene. It has six electrons in its valance shell.
It might be expected to act both an electrophile and a nucleophile in its reaction with
an alkene, resulting in the formation of a three-membered ring containing an oxygen —

an epoxide.



Epoxide ring
(oxirane ring)

An epoxide is a three-membered cyclic ether, sometimes called an oxirane.

Epoxides are valuable synthetic intermediates for organic chemistry, used to convert
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with respect to titanium-isopropoxide. Molecular sieves are required when performing
this reaction catalytically. Since both enantiomers of the tartaric acid derivatives are
readily available, both enantiomers of the desired epoxide can be obtained with high
enantiomeric excess. The catalyst employs the hydroxyl function of the allylic alcohol
as a handle to accomplish the high enantioselectivity. Most functionalities, except the
strongly coordinating protic ones are compatible with this reaction. -Butyl
hydroperoxide (TBHP) is used as the oxidant and is converted into z-butanol. A



variety of allylic alcohols can be epoxidized using this catalyst and enantiomeric

excess (ee) usually exceed 90 % and yields are generally above 80%.
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mdustry Besides the direct conversion of alkenes to the olefins, many epoxides are

widely @d reagents for this purpose in

produced via the corresponding halohydrins. Molecular oxygen does not react with
alkenes spontaneously but has to be activated with a suitable catalyst. For instance, in
the case of the industrial conversion of ethene to ethylene oxide, one oxygen atom is
transferred by a silver catalyst to ethene to form the desired product. The other
oxygen atom cannot produce more of the epoxide but it oxidizes ethylene to CO and

water. This process is only applicable with alkenes without a-hydrogen atoms



present. Propene is converted to the epoxide with the aids of percarboxylic acids or
alkylhydroperoxides. The hydroperoxides or percarboxylic acids are produced from,
for instance, isobutane or ethylbenzene in a reaction by autooxidation with molecular
oxygen. In this process, secondary oxidation products arise from the hydroperoxides
or percarboxylic acids as only one oxygen atom is transferred to the olefin to form the
epoxide and the other one is left in stoichiometric ‘waste products’. The ‘waste

products’ are converted into a variety of industrially important products like acetic

acid and styrene.
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been known for almost 90 years. It used to convert alkenes to epoxides. If the peroxy
acid is strongly acidic , the epoxide opens to a glycol. Therefore, to make an epoxide,
uses a weak peroxyacid such as peroxybenzoic acid. m-CPBA is often used for these
epoxidations, reacts directly with alkenes to afford the corresponding epoxide. A large
amount of data show that the reaction rate is increased by electron-donating groups on

the peracids but that it is insensitive to the steric environment. Many epoxidation



reactions have been observed in biological systems and practical syntheses, including

catalyst processes.
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In addition, 4-vinylcyclohexene and d-limonene'? were epoxidized with m-
CPBA and peroxybenzimidic acid (see below). It is clear from these results that
peroxybenzimidic acid is a far less selective reagent for the epoxidation of double
bonds than are peracids. Although the reaction of peracids with alkenes is very
markedly accelarated by the presence of electron-donating alkyl groups and a
trisubstituted double bond is epoxidized approximately 275-300 times as fast as a

monosubstituted double bond, the relative rates are greatly attenuated with
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The epoxidation of trans-cyclooctene (trans-1) with the MTO/H,0,
MTO/UHP, and NaY/MTO/H,0, oxidants leads to a mixture of trans/cis-olefins 1,
trans/cis-epoxides 2, and the cis-diol 3. While the oxygen transfer proceeds
stereoselectively, the monoperoxo rhenium complex A, which is generated in situ
during the catalytic cycle, is responsible for the facile deoxygenation, isomerization,
and hydrolysis of the frans-epoxide. In the case of the homogeneous MTO/H,0;

system, rapid decomposition of the catalytically active rhenium species into HReO4



circumvents the formation of such side products. In contrast, for the heterogeneous
oxidants MTO/UHP and NaY/MTO/H,0,, the catalytically active rhenium species are

sufficiently stabilized and survive long enough to promote the observed side

reactions.
Oxidant
CQ CH,Cl,, ca.20° C O @ QD Q
trans-1 cis-2 cis-3

monoperoxo rhenium ;
The epoxidatm/ i

efficiently by methyiffio

ogen peroxide is catalyzed
of pyridine additives. The

addition of 1-10 mol % of 3-cyagopysidi e i ‘ efficiency of the system for

3-cyanopyridine as additives. This method

ally benign oxidant.

is operationally very simple and Gses an ehvifonme
'S A%

5
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oxidants, ~ e.g. hydrogen peroxide, organic peroxides, or iodosylbenzene, since
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reactions using dioxygen itself either give no reaction or give predominantly the
undersirable side products of free-radical autoxidation. An apparent exception to this
rule occurs when an aldehyde is added to the reaction mixture. In this case, it has been
observed that olefins are epoxidized by dioxygen, in the presence of aldehydes and

transition metal-containing catalysts, to give epoxides in high yield (eq 2
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Complex [bis(salicylidene-N-phenethyl)]cobalt(Il) (Co SANP) catalyzed
reaction of enolizable aliphatic aldehyde with an electron-deficient alkene leads to the
formation of 4, whereas reaction with unactivated alkene affords the corresponding
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Scheme 1.1 The proposed mechanistic pathway for Co SANP catalyzed the reaction
of alkenes



Interestingly, the reaction with unactivated alkenes favors the formation of
the epoxides 5 exclusively. Thus, styrene and 1-dodecene afforded the corresponding
epoxides in excellent yields (88% and 62%, respectively). Similarly, the disubstituted
olefins like (E)-stilbene and (Z)-2-octene gave the corresponding frans and cis
epoxide 90% and 45%, respectively.

The epoxidation of olefins by iodosylbenzene is catalyzed by synthetic iron
porphyrins.”* With (chloro-5,10,15,20-tetraphenylporphyrinato)iron(Ill) (FeTPPCI),
cyclohexadiene oxide was produced i ’% yield and with (chloro-5,10,15,20-tetra- -

tene oxide was produced in 84%
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cobalt(II)tetr&henylporphyrm23 (902+-TPP) as catalyst was studled The results show

tha F i@ 5& fgj ylm % ﬁj epoxidation of
oleic aci 13&@93;3 dehy u':jllg laqs.ta which does not

catalyze the decomposition of perbenzoic acid, which is one of the oxidation reagents
for epoxidation and is formed by the oxidation of benzaldehyde. The oleic acid can be
easily epoxidized in this system. The reaction mechanism was proposed. The
experimental and theoretical results indicate that the epoxidized oleic acid was formed
by a series of free-radical reaction steps. The rate-determining steps were
experimentally identified, and the rate equation of epoxidation was obtained. The

factors affecting the rate of epoxidation of oleic acid were also obtained.
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A ruthenium complex of meso-tetrakis (2,6-dichlorophenyl)porphyrin,
(Ru(TDCPP)(CO)(EtOH)], is immobilized into mesoporous MCM-41 molecular
sieves; the supported Ru catalyst can affect highly selective heterogeneous alkene
epoxidations using 2,6-dichloropyridine N-oxide as terminal oxidant. Aromatic and
aliphatic alkenes can be efficiently converted to their epoxides in good yields and
selectivities, and cis-alkenes such as cis-stilbene, cis-f-methylstyrene, and cis-A3

deuteriostyrene are epoxidized stereospecifically. Oxidation of cycloalkenes, e.g.,
norbornene and cyclooctene, cw

Ru-catalyzed reaction Whll& ! ctive in the zeolite-based titanium
silicate (TS-1)- catalyngs ..ﬂn ¢r_band, the Rw/M-41(m) catalyst
: Where the terminal C=C bond
omes more readily oxidized. Bulky 3,4,6-tri-
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Ty
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out effectively using the heterogeneous

displays size selectivit
(vs internal trisubstitut
O-benzyl-D-glucal
conditions, whereas th
its initial activity is reta ) runs). The loss of activity is
attributed to catalyst Acaghi nd/or4 ivation. On the basic of Hammett
' ] ies (cyclohexene and cis-alkenes
as the substrates), a reac_twe;ﬁi_@xo themium(IV)porphyrin intermediate is not

favored. An oxoruth ') porphyrin cation radical

could be the key intefs ediate for this highl; " dation reaction.
Dioxiranes & highly cle an and powerful oxi&ts and have been applied to

a variety of oxidations. Recently Shi andco-workers reported a new method for

covituion s A ) b e 30 s

hydrogenperomde in place of (%xone (potassmm peroxomonosulfate) generally

used w L;ﬁ TW mﬂdg A'T:ﬁl not need large
carbonate to neutralize the consequently formed potassium

hydrogen sulfate, several problematic features are still evident from the standpoint of
large scale manufacturability. For example, aqueous acetonitrile generally does not
readily dissolve aromatic olefins due to their poor solubilities. A more fundamental
problem is that toxic and rather expensive acetonitrile is unavoidable as an oxidizing
mediator” to ensure high conversion. Recycling of acetonitrile is also difficult mainly
due to boiling point which is almost the same as that of water. In the last two dacades,

two-phase systems have been investigated in order to overcome these problems.?’
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These procedures in general used n-BusNHSOj as the phase transfer catalyst (PTC).2®
2 As a result, a tedious dropwise addition of base solution over a long time period
under strict pH control was needed to avoid the oxidation of the PTC.

The singlet-oxygen ene reaction and the epoxidation by dimethyldioxirane
(DMD) of chiral oxazolidine-substituted alkenes, equipped with a free urea NH
functionality’® and a conformationally fixed double bond, proceed in high like

diastereoselectivity (up to >95:5); also a high regioselectivity was found for the 0,

ene reaction. Capping of the fre onality by methylation erases this /ike
selectivity for both oxidan: y duces the regioselectivity in the ene
reaction. These data de fective h;mpnding between the remote urea

ttack on the C-C double bond.
Its in preferred hydrogen

NH functionality and thé
For '0,, the hydrogé

abstraction from the 3 ctionality.
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The highly*stibstituted dioxor orphytins® [Ru"/(DPP)O;] (6a;
H,DPP = 2,3,5,7,8 ]I_)]12 13,15, capheny@rphyrin), [Ru¥(TDCPP)0,]
(6b;H,TDCPP = meso-tetrakis(2,6-dichlorgphenyl)porphyrin), and [Ru"(TMOPP)0,]
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oxidants for 4lkene epoxidation. ’Ehe oxldatlons were carried out in a CH,Cly/Hpz

o G Tl 2oy g0 03 g

characterized. For the oxidation of cis-alkenes, stereoselectivity is dependent upon
both the alkenes and the ruthenium oxidants, and it decreases in the order: cis-stilbene
> cis-B-methylstyrene > cis-fB-deuteriostyrene. The observation of inverse secondary
KIE for the oxidation of S-d,-styrene [kH/kD = 0.87 (6a); 0.86 (6b)] but not for the R-
deuteriostyrene oxidations suggests that the C-O bond formation is more advanced at
the C(p) atom than at the C(a) atom of styrene, consistent with a nonconcerted

mechanism. By consideration of spin delocalization and polar effects, the second-
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order rate constants for the oxidation of para-substituted styrenes by ruthenium
complexes of 6a-c can linearly correlate with the carboradical substituent constants
omp and oye. This implies that the styrene oxidation by the dioxoruthenium(VI)
porphyrins should involve rate-limiting generation of a benzylic radical intermediate,
and the magnitude of | po3s/pms | > 1 suggests that the spin delocalization effect is
more important than the polar effect in the epoxidation reactions. The spontaneous

epoxidation of trans-f-methylstyrene by the sterically encumbered [RuY(TDCPP)0,]

H,TMOPP (6¢)

indeed, it is believed that
X 2 sre'is, therefore, intense effort
being devoted to the problem of anion complexation a@recognition. In the molecular
recognition arena, a ndmber of research groups have followed nature’s lead and have

designed mﬂs%ﬁz@ r%pgs‘ﬂaﬁswgg’e} ﬂn% alone,*? or in concert

with electrosﬂtic interactions,> toepoordinate to gﬁons. Nonethe}fjs, there remains at
preﬂt ﬂﬁﬁﬂﬁi{ﬁw ﬂewgdﬂr ﬂtﬁ either easy to
makewr inherently selective in their substrate-binding properties.

Porphyrinogens are macrocyclic species composed of four pyrrole rings linked
in the a-position via sp>-hybridized carbon atoms. Porphyrinogens which carry meso-
hydrogen atoms are prone to oxidation to the corresponding porphyrin. On the other
hand, fully meso-substituted porphyrinogens are generally not only stable crystalline
materials but also readily obtainable.>* In fact, the first such species, an octamethyl

derivative, was obtained over a century ago by Baeyer” as the result of an acid

catalyzed condensation between acetone and pyrrole. Subsequently, this synthesis was
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refined by a number of research groups.34 In 1971 Brown and co-workers condensed
cyclohexanone with pyrrole in a 1:1 ratio in the precence of acid to produce
tetraspirocyclohexylporphyrinogen 9. Recently Floriani and co-workers have made an
extensive study of the chemistry of metal complexes of various deprotonated
octaalkylporphyrinogens.35

While the term porphyrinogen is now widely accepted in the literature,
octaalkylporphyrinogens are not bona fide precursors of the porphyrins and might,

therefore, be better considered as be rroles. Such a renaming, which has

precedent in the chemistiy of otk ic ring systems, would allow the
analogy to calixarenes’ y s@eresﬁngly, while functionalized
calixarenes have been'sh \ ’ nding 'ons,3 " unmodified calixarene

frameworks show no'a '1
Ligands 8

procedures. 34 Single

. ep using known literature
\ tallographic analysis were

obtained by slow evapofati 1chloromethane (1:1) solutions

of macrocycles 8 and 9, 1 tively. As illustrated in Figure 1.1, the molecules adopt
a 1,3-alternate conformatig in oS soli s ere in adjacent rings are oriented in

opposite directions just as ig 1e ‘i'n' the: the previously reported octaethyl

analogue.® ThlS is a lesss ﬁ__, ation for calixarenes, only a few

structurally charag
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Figure 1.1 View of the me 8 and (b) 9 Thermal ellipsoids are

ompounds adopt a 1,3-alternate
conformation

The producti utral species which are easy

to synthesize and yet binding properties is an area
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acid-catalyzed condensation .o% ‘

acetone to produce meso-

octamethylcalix[4]pyrrole 8. ﬂ‘-ﬁ&jﬁ ety that these species act as receptors for
anions and neutral molectﬁeﬁ*”!ﬁs‘ }1' - 'roduction of fluorescent,

colorimetric, and elée ‘ 1 addition to new solid supports
capable of separatinigmixtures of anic gor cleotides).
the facile synthesis of both cal

Encouraged & [4]pyrrole and thiophen-o-

phen ligands rt cited in chemical
literature toFf ﬁl % i;lﬁ ﬁ‘o(ll) thiophen-o-phen

complexes in yxe epox1dat10n reaction, the selecmely catalytic ep@pdatlon of alkenes
s TG 5§ Bt RIA 45, B, Crncc
was emiployed as a chemical model. The outcome of this work will certainly expand

the use of these two catalysis in the catalytic epoxidation.

1.5 The goal of this research
The aim of this research can be summarized as follows:
1. To synthesize calix[4]pyrrole and thiophen-o-phen ligands and their

complexes
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2. To study the optimum conditions for alkene epoxidation reaction using
cobalt(I) thiophen-o-phen, cobalt(Il) salophen, cobalt(Il) saloa and
cobalt(IT) calix[4]pyrrole as catalyst

3. To study the stereoselectivity and regioselectivity of the developed system
using those mentioned catalysts

4. To apply the optimum conditions for the epoxidation of various selected
alkenes
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