Chapter I

Introduction

In Thailand, hazardous waste is becoming a majﬂr problem, especially,

used solvents, toxic chemicals and metal pollutants discharged from factories. In
the manufacturing of polystyrene from the polymerization of distilled styrene
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styrene waste must be found. perhaps, the converting of

styrene waste to 2- phgn

gepensive product. The
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this idea is quite interegng commercially™2-Phenyl eth
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ol is used as a fragrance

markedly influence the flowery odor and render the alcohol without value as a
perfumery material. The compound also undergoes the usual chemical reactions of

alcohol or aromatic compounds.



The use of 2-phenyl ethanol presents no health problems. It has GARS
status and has been approved for food used by the FDA. At present, 2-phenyl
ethanol is obtained commercially from synthetic routes using various starting

materials.
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benzene and ethylene oxide [1]. In this reaction the only by-product is the hydrated

aluminum chloride which can be used as a flocculating agent in municipal sewage-
treatment installations.
Presently, there are many new methods of making 2-phenyl ethanol, for

example,



1) Grignard synthesis [2,3]

PhCl + Mg > PhMgCl
PhMgCl + Ethylene Oxide > CeH5CH2CH20H

(Eq 1.1)

B-Haloethylbe —--ee>  CgHSCH2CH20H

(Eq12)
3) Reduction reacu®
PhCH2COOH e My CsH5CH2CH20H
HA A (Eq 1.3)
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Method 4, the reduction reaction of terminal olefins, was used in this

(Eq 1.4)

research. Styrene was first converted to styrene oxide by epoxidation reaction

using percarboxylic acid.

(Eq 1.6)



Normally, percarboxylic acids used in epoxidation reaction are perbenzoic
acid, m-chloroperbenzoic acid and monopercarboxyphathalic acid. Advantages of
this method are the fact that acids are very active and large quantity of epoxide can
be obtained. Moreover, the acids can react with most olefins. Peracetic acid and
performic acid can also be used.
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Percarboxylic acie rvarious methods, for example,

1) Synthesis of per€arfoxulic acid usingsber oyl peroxides and sodium

methoxides [10]. E \

(CsHsCO,),0
(Eq L.7)

2) Synthesik carboxylic acid usingh dhzpic acid and hydrogen
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synthesized as shown in equation 1.9 [12]. The synthesis of styrene oxide by this

peroxide with me

procedure gave yield of about 69-75%.

CHCly 0
[H=CH, ¢ GHOOH —t» LN
0
(Eq 1.9)
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The other method of making styrene oxide was alkali-catalyzed epoxidation

using nitrile as co-reactant. It was a new epoxidation technique that has been
discovered recently. In this reaction, dilute hydrogen peroxide (30-50%) was
utilized under essentially neutral condition. The procedure involves the initial
peroxide to produce what was most
likely a peroxycarboxymidic acids T ‘ hod has been successfully used to
tifig=fi?8 and 70 % yields of the

epoxidize cyclohexene and

corresponding epoxid s the reactions involved

in this procedure [13]

(Eq 1.10)
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(Eq1.11)



For other oxidation, including epoxidation and hydroxylation, the hydrogen
peroxide must be "activated” by conversion to another species, usually as a peroxy

acid (I) or the perhydroxyl anion (II).
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(Eq 1.12)
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hydrogen pcroxlde (now acting as reducing agent) to give amide and oxygen;
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(Eq 1.14)



By adding together equations 1.13.1 and 1.13.2, one arrives at the classical
expression for the hydrolysis of an organic nitrile by alkaline hydrogen peroxide
("Radziszewski Reaction"):

ACN + 2H;0,

_4..4'.-3
," 7 N (Eq 1.15)

In the presence gk héf e \ (for example, the olefin),
reaction of I1T with hydrgg€n 4 je ma \\\ nated and epoxidation of

the olefin was accomplished 18t
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The reaction is nog lim limited to epoxitae}iun of ethylenic compounds. It can

react with uthmﬁnuaﬁl ‘}% Beitiie W rfedanipfe] aniline is oxidized to

azoxybenzene an ym:hne to its N-oyide.
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regarding ’nethc-d of operation:

(a) Optimum pH is 7.5-8. At higher pH, oxygen evolution (measured by
wet test meter) increases, indicating an increase hydrogen peroxide oxidation
(Equation 3). This leads to a lower yield of epoxide.

(b) Method of addition. Hydrogen peroxide is best added slowly to an
excess of both nitrile and olefin. This leads to a higher yields of epoxide, since

reaction 2 is promoted at the expense of reaction 3.



(¢) Temperature. This is not critical as long as proper pH, method of
addition, and ratios of reactants are observed. Thus, equivalent yields (80-85% by
titration of reaction mixtures for oxirane oxygen) are obtained at 60 °C as well as
359%.

Relative rates of epoxia ss,-‘u, o ebne and 2-methyl-2-butene. The rate
of reaction of percarbox; ie d ic compound was highly

dependent upon the degreg ofsubSigution at do Lond. For example, 2-methyl-

2-butene is epoxidized & nes faster than that of 1-

hexene. In contrast tg disappearance of hydrogen
‘ ' cture. This means that
the slow step in the prg 1§ to bie 1l formation the peroxy carboximidic
acid intermediate (III): thig'sp iés f -:. LT with any available reducing

agent.

RCN + H,0, RONH, + >c’—\‘c""
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for 24 hours in the presence of added cyclohexene. Less than 5% of the peroxide

reacts during that extended period.

Epoxidation of ethylenic compounds. Styrene is oxidized using acetonitrile

in methanol solution at 50 °C for four hours.



The catalytic hydrogenolysis of styrene oxides.

The styrene oxide could be converted to 2-phenyl ethanol by catalytic

hydrogenolysis as in equation 1.17:

Hp /catalyst

Styrene Oxide =---emm-m ST 1Y CeHsCH2CH2OH
\\I// .
- (Eq 1.17)
bservedin the hydrogenolysis of
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epoxides(6). The hydrogefio lysiS6F -bromo- and J 4=dichlorostyrene oxide over
a PtOy give 1-phenyl eiiifing / f 1er and the 1-phenyl ethanol
Pl
tesponding ethylbenzene.

Deoxygenation

undergoes correspondial

However, styrene oxide afid i ‘hydrogenolysed selectively
to 2-phenyl ethanol. From 2d that the direction of ring-
opening of epoxides by hyd ‘,-r % ‘ By the electronic effects of the

substiuents. On the other hand’ toer
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Scheme 1.1 The mechanism of deoxygenation reaction.



oy v -

a g

The data in table 1 summarize the hydrogenolysis of a series of styrene
oxide (I-VI) over Raney Ni. These styrene oxides gave ethylbenzene (30-50%) as
well as 2-phenyl ethanol, and scarcely any effect of substiuents was observed. No
1-phenyl ethanol could be detected during the reactions in all cases. The
competitive hydrogenation of an equimolar mixture of styrene oxide (I) and 1-

phenyl ethanol also indicated tha “ ’r / pfithe latter compound was constant
until I was consumed. Table e of the conversion on the
deoxygenation in the «he. deoxygenated products,
ethylbenzene and styrgi l.the early stage of the
reaction, and ethylbenz

ethanol increased as th

e production of 2-phenyl
end was also observed in

the hydrogenolysis of pdme e results eliminated the

possibility that 1-phenyl #th il Inte idte  of ethylbenzene, and
indicated clearly that the deoXyggnation of 2 OXides over Raney Ni proceeds

via the corresponding styrens. “the ,.J‘». olysis of optically active o--

methylstyrene oxide é‘"'-ﬁf*ﬁ-ﬁi-—ﬁﬁ-‘:‘:—:-;- yminant retention of

configuration. These deg a previously proposed

“ D
mechanism as shown in SEJ'leme 1.1
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Table 1 The hydrogenolysis of styrene oxides over Raney Ni

Catalyst® Fruects (%)
Sbetpate ) Ethyberzene  2-phenylethanol
2\ o.08 n n
@‘E&"W m b, ,’: i
0 7 w
L2 2 s

0
—©7HC{—3'3“1 (Ir)

@—E&EH, a8
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Substrate: Four mmole. EtQH: +0-il Und and 25 °C.

“Wet weight with E{GH= iole) was added. = ©
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The strong adsomptian of oxygen and phenyl groups increase the strain in

the cpory-ringf dnd g bbb bk i e olika as well as the -

benzyl mmplexq!'v_. The radical 2 will yield competitively the styrene 4 and the
mmple&wgﬁmmumﬂ m{lwn indicates
that the :poxide tends to cleave into the radical over fresh and actives Raney Ni.
As the reaction proceeds, the production of the radical will decrease because of
aging of the catalyst. This consideration is. supported by the fact that the
deoxygenation is increased by increasing the amount of Raney Ni as shown in table
1. Moreover, the formation of the ethylbenzene under 100 ATM of hydrogen is
lower than under 1 ATM. The Hydrogen addition to the radical or the nucleophilic



reaction becomes dominant rather than the formation of styrene as the hydrogen
pressure increases.

The addition of sodium peroxide to the reaction decreased the formation of
ethylbenzene, as shown in table 1. The hydrogenolysis of optically active VI
proceeded with predominant inversion of configuration in the presence of sodium
hydroxide on the catalyst surface decrease the adsorptivity of the

- & and, consequently, resulted in

The hydrogeno % ielded selectively 2-phenyl
ethanol, scarcely an ] vas. DOptically active VI was
hydrogenolysed predogfina ‘ verted 2-phenyl propanol.
This result indicated ahat fth k! ysis hese styrene oxides also
proceeded predominantly #a PLe g in Scheme 2. However, the
hydrogenolysis of 2-phenylp Iropane: 2-d involved the same n--benzyl
complex 11, ga\re 2-phenylpre; _;% ell as 2-phenyl propanol. Similar
phenomena was obser F1eplienyl-7-oxabicyclo-{4.1.0]
heptane and 1-phenyi& ! {:l oth(6) described that a
benzyl carbon metal {md will not a-::tueve the maximum overlap because of m--

complexing aﬁ1 lﬂtﬁa Wﬁ W‘sﬂmﬂﬁct is to increase the

rate of the hydtbgen addition to the complex. 'I'hese facts mdlcated that the m--
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For hydrogenolysis feagtign of (styfen \\ 1 ‘catalysts such as Raney
o & .\ ‘m‘.'
Ni, Pd, Pt can be used. Rz iy ,,'é*' _, % \ 0.5 % efficiencies depend on

the condition of the synt Wil g vé more than 90% of 2-phenyl
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ethanol but it is more expensive~than F ar S0 it is not utilized in this study.
-
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