CHAPTER III

RESULTS AND DISCUSSION
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The key industrial pmducts of thedxtensxveandyaned chemistry of aromatic are
benzene, toluene, ethylb;?raﬂ
among the most widesp un

portion of all plastic, s

(¢]

, m-=, and p-isomers of xylene. Aromatics are

ortantichemical raw materials; they are a significant

, i sJynthetlc fiber manufacture.”?* This research
1dat10n of benzylic methylene compounds. Metal
rorg.tu:nhll’j, manganese(I), iron(III), cobalt(Il),
nickel(II), and copper(lI) steara g:orﬁj:lexé%‘wgre sclected to screen for their catalytic

mainly focuses on the
soluble complexes incl
capability. The advantage of this typ;’ of cqu}xst is its ability to be soluble in organic
phase. Ethylbenzene was se ected: a8 -a suberatb'afor reaction conditions optimization.

Other substrates such as tetralin {ol,uene seq‘-pib{lbenzene benzyl alcohol, benzaldehyde,
1,2,3,4- tetrahydroquugqlme acenaphthene xantheneM&yl ether and hexyl benzyl

|

ether were chosen for verifying this developed oxndatlmlsystem In general, these

systems are compose.d,J of metal carboxylate complex as a catalyst, 70% ftert-
butylhydroperoxide (TBHP)-as an oxidant insasreaction medium. Isooctane was mostly
used as a solvent. bﬂwr solverits such jas N,N-dimethylformamide, ethanol, methanol,
acetone, 1,2-dichloroethane, dichloromethane, chloroform, pyridine, tetrahydrofuran,
acetonitrile ‘afd ‘carbon, fétrachloride) and) othef oXidizing agénts incltding [30% hydrogen
peroxide {H20,), 2-ethylbutyraldehyde, O, and Zn grit/AcOH were alSo employed in

order to search for another alternatively appropriate oxidation system.

3.1 Syntheses and identification of metal carboxylate complexes.
Metal carboxylate catalysts such as chromium(IIl), manganese(ll), iron(IIl),

cobalt(II), nickel(II) and copper(Il) stearate complexes were synthesized according to
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previously reported protocol'? by reacting interested carboxylic acid with metal chloride
under basic conditions. Furthermore, chromium(IIl) carboxylates; for example,
chromium(III) palmitate, chromium(III) behenate, chromium(lll) naphthenate and
chromium(II) acetylacetonate were manipulated. Their identities were confirmed by IR
technique. Generally, the absorption bands of free carboxylic acid ligands are visualized
at 1700-1725 cm’ respectwely for C— tr tchmg and 1395-1440 cm™ and 1210-1320
cm™ for C-O stretching and OH tal carboxylate catalyst complexes the
C=0 and C-O stretching v1brahqg§_ o 1735-1750 cm™ and 1150-1200

ctive oxidation of ethylbenzene.

cm’ respectlvely

3.2 Study on the optim/

3.2.1 Effect of metal s

ethylbenzer:v;‘1
1 == ,
Entry Metal | % Yield e Selectivity
stearate acetophenoné ~ 1-phenyletha : (On/O]) ratio
1 Chromi 0l W T ND
inas
2 Manganese 7 1| AXSIRERAC 11
3 Iron(1II)
RN
5 | T Nickel(Il)
6 Copper(II) 31.64 2.66 12

Reaction conditions: ethylbenzene (5 mmol), catalyst (0.20 mmol), isooctane (5 mL),
TBHP (9 mmol) at 70°C for 24 h.
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B acetophenone
3 1-phenylethanol
—o— selectivity

% product

and the selectivity point of v’ie\ﬁvﬁé‘é{aaiﬁ@ching from chromium(III) stearate to
manganese(II) lron(III), cobalt(th); rmclszlm- copper(ll) stearate complexes in

To illustrate this observation, the oxidat yib ¢nzene with chromium(III)
stearate catalyst provid"s& acetophén?me in high yield wighi excellent selctivity (On/Ol
ratio) (entry l)ﬁi}u n thé oxidation was performed with 0.20 mmol of manganese(II)

&L'gl m EJC g“%‘ &Jf%tm(ines 2, 6). The use of

iron(IIl) stearate could also convert;ethylbenzene to the correspajimg ketone and

alcohola rlw "'1 a g& ﬁ@ mnﬂwq %ﬂ Wﬁ tested, Co(Il)

stearate cgmplex provided the least amount of the corresponding carbonyl compound

and copper(II)

(entry 4). It is worthnoting at this point that the utilization of iron(III) stearate, unlike
other metal stearate catalysts yielded 1-phenylethanol in a comparable amount to that of
acetophenone. This observation strongly supported the concept of metal-dependence in
the oxidation reaction.*?® The role of metal stearate complexes in catalyzing the

oxidation reaction was believed to involve two aspects.”” The first involved the
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acceleration step for the production of alkyl hydroperoxide intermediate via free radical
process. The second important role concerned with the decomposition of the active
intermediate to the oxidized product. However, some limitations for the substrate to be
oxidized still exist. Because of the instability of the intermediate produced, the yield of
desired product was decreased. Product yield was decreased because the catalyst
deactivation may occur by the formation of metallic polymer or formation of stable
complexes between metal salts and \v}#u  donors such as unsaturated carbon-
carbon bonds in the case of pr&&?‘\ﬁ co &n with Pd catalyst.*®

— ——

ncerning * the —transformation of ethylbenzene to
/ % Ac), in DMSO with molecular

Related researche

acetophenone were cited in li
system was presented to

7 products. These preliminarily
attractive results prompted for further investigati on

is oxidation reaction.

™

catalyze ethylbenzene t

aryl and 1,3-dicarbonyl cémpounds were investigated. The results of the utilization of
various carbox eﬂ@ﬁ%ﬂ%l@wg@ ﬂlﬁrized in Table 3.2 and

RIAINTUUNINYAE
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Table 3.2 The effect of chromium(III) carboxylate catalysts on ethylbenzene oxidation.

Ethyl % yield of product
B
Entry z:n: Cr(p)s Cr(st)s Cr(b)s Cr(acac)s Cr(n);
(mmol) Aceto 1-phenyl Aceto 1-phenyl Aceto 1-phenyl Aceto 1-phenyl Aceto 1-phenyl
phenone ethanol phenone ethanol phenone ethanol phenone ethanol phenone ethanol
1 5 75.23 Trace | 94.82 | Trace | 65.02 | Trace 56.72 | Trace | 96.88 Trace
2 10 65.55 Trace | 80.36 | Trace | 59.62 | Trace 50.85 0.45 73.91 1.25
marin
3 | 15 | 4693 | Trace | 53.11 ‘(ﬂ%f/ﬁ 7 | Trace | 46.49 | 046 | 63.26 | 0.88
4 25 23.28 0.44 '-27389 0.88 ' Trace | 35.47 0.59 25.55 1.68
5 50 12.64 1L.1041535 | 075 82 20.36 0.62 11.94 1.60
Reaction conditions: ethy ' 5- 0 mmol), chfomlum(III) carboxylate (0.2 mmol),
isooctane (5 TBHP (9.0 mmol) at 70°C for 24 h.
.' ‘l e
— -"'i al
T s -
100+ - W A ] Cr(p)3
oy T | .l A .
80- . L j ¥ ‘:_ . Cr(st)3
p o _,ff‘ \ Ocr(b)s
8 604 # e ,7
£ /) : L [ cr(acac)3
o
§ 404 e I L . . Cr(n)s
N B ) ; wt "
4
20! ’ ‘
o4 % :
=
5 10 15 5 50
Y- , v
AUYINY NHFABEINT
q |

res AR P RATHA A

The oxidation of ethylbenzene catalyzed by various chromium(III) carboxylate

complexes was examined (Table 3.2). The high yield and high selectivity obtained from

Cr(st)s, Cr(p);, and Cr(n); were observed (entries 1 — 2). When the oxidation being

performed by Cr(acac)s; and Cr(b)s, the yield of the desired product decreased and the

selectivity of the reaction was low. It could be observed that the oxidation was dependent
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on counter anion (ligand) of catalysts. Cited in the literature for the oxidation of
ethylbenzene has been carried out with Cr(acac); or metal acetylacetonate such as
Co(acac);, Mn(acac), and Fe(acac); with molecular oxygen. These reported reactions could
convert ethylbenzene to acetophenone unfortunately with low yield."

Some chromium esters have been examined as a catalyst in the oxidation of

benzylic hydrocarbons. Among them, chromium (III) stearate was often exploited,

chromium(III) acetate was less n’\v¥ while chromium(III) trifluoroacetate,
chromium(III) naphthenate, ani}rommm e have been rarely used. Chromium
esters have been mainly usad-m-conjuneﬂon n. The comparative study on the

oxidation of ethylbenzen

by ¢ omlum cqgr_lp es are tabulated in Table 3.3.
r Y 1.,_‘\

Oxi _ 1on of ethylbenzene catalyzed by chromium

d

Table 3.3 Comparative

complexes from thi bped‘ﬂsyst and those reported in literature.
. & U A 4 5
Entry Catalyst Oxi 'nt.:!__',‘ . Condition Yield (%)
1 Cr(st)s > 'YB‘HPJ:Z-{ sooctane, 70°C for 24 h 95°
WA
2 Cr(p)s R e octane 70°C for 24 h 75
[ ‘J,“‘-‘.-i'- : u,»_pEﬁ
3 Cr(b)s “—FBHP : Isooctane, 70°C for 24 h 65°
FATTIRRIT N
4 Cr(n); N T IBHAF R Isoggtaff:, 70°C for 24 h 97°
5 Cr(acaci;' e - ? 70°C for 24 h 57°
6 Cr(acac)s ‘j TBHP enzéTe 90°C for 20 h 82°
7 Cr(st)s ) 1-methylcyclohexyl Benzene, 125°C, 20 h 85°
6118 T w0
8 0; 20, ““MeCN, 20°C, 168 h 9.4°
9 I IN)2 O 2\ ‘ S (& 00 élﬁ 9.6b
10 ﬁqc 0; +RCO, r ,25°C, 3
11 CrO; Iodosylbenzene MeCN, 25°C, 300 h 2°

3present study, "Reference 19

From Table 3.3, it was clearly seen that the oxidation of ethylbenzene catalyzed by
Cr(st)s, Cr(p); or Cr(b); displayed high yield of desired product compared with Cr(acac)s

and Cr(n)3. These may derive from the electronic effect of ester ligand of catalyst.”
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The effect of the amount of ethylbenzene was the next parameter to examine. The

profile of the product yield is shown in Figure 3.2 and Table 3.4. _

Table 3.4 The effect of chromium(III) catalysts on ethylbenzene oxidation in terms of
efficiency of TBHP.

Entryl Ethylben f desired product

i Cr(p)s ~ Cr(s Cr(acac); Cr(n);
(mmol) i
E* | TBHP F . TBHR* E* | TBHP¥ E* | TBHP¥

5 752 | 4 52, %‘-aqi 56.7 | 31.5 | 96.9 | 53.8
10 | 655 i ?851_509 56.5 | 73.9 | 82.1

Nss 775 | 633 | 99.9
K N

W B W N -

15 46.9 1//885
25 233 | 6 803 6\ 5994 355 | 985|256 | 71.0
50 12.6 | 70. : 8,,3' p. L 04| 97.0 | 11.9 | 66.3
Reaction conditions: et ' i(g%gbf! : 2& romium(III) carboxylate (0.2 mmol),
isooctane m&)l‘;..EFB__ 9.0 mmol) at 70°C for 24 h.
E* %yield of desired prod bﬁ‘.pnb ene, TBHP* %yield of desired product
based on TBHP

i 1 the product yield. Considering
based upon the efﬁciedg of TE sub ratesi'f-i/ere used, the better yield of

desired product based on Qae oxidant was obwved Cr(st); was found to be a remarkable

catalyst for thlsm EJ ’g ‘V] }_J y'l E[J
The effectjof the amount of Cr(st)s as a cata yst on ethylbenzene oxidation was
W i Inenay
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Table 3.5 The effect of the amount of catalyst in ethylbenzene oxidation

% Yield of product Catalytic
Ent Caialyst Selectivity
ntry atalys acetophenone 1-phenyl ( On/Ol ratio) Turnover
(mmol) ethanol (mmol/mmol)

1 0.05 89.70 0.89 101 89.7

2 0.15 81.70 v Trace ND 272

3 0.20 9482 ND 237

4 0.25 ND 13.1

ium(III) stearate (0.05-0.25

Reaction conditions: etww [benzene~(5
‘ 9.0 mmol ) at 70°C, for 24 h.

mm

”:‘ﬁno of Cr(st); affected on the
Wy
ib%f benzylic oxidation was

increased with increasing : Crist)s. e of Cr(st); 0.25 mmol, the

In the present

amount of desired pro

desired product was lower t ol of catalyst. That may be because

the overoxidation was fou ¢iTea king to an account on catalytic

turnover, it was found that *_':_; ately 90 was attained when 0.05

mmol of catalyst was used. HQW@@& be 1-phenylethanol was oxidized to
N "

-

3.2.3 Effect of solventsD ij

During the course 6f.this research, thessolvent that could provide a homogeneous

reaction was reﬂ%@eﬂ%ﬂnﬂs@%&@vﬂs@dwe was chosen as a

reaction medium‘“ecause it was inex%ensive and cc‘)gimercially avail&?’le and could well

dissoIVQWtﬁWﬂzﬂmﬁlm%ﬂﬂegﬁﬂgaﬁ lex (catalyst).

Other solvents such as ylforma loromethane, 1,2-

dichloroethane, ethanol, methanol, carbon tetrachloride, acetone, chloroform, acetonitrile
and pyridine were also selected to examine whether they could be employed or affected
on this oxidation reaction. The effects of various solvents are shown in Table 3.6, Figs

3.3 and 3.4.



Table 3.6 The effect of solvents on the oxidation of ethylbenzene catalyzed by

chromium(III) stearate.

30

Solvent % acetophenone %]1- Selectivity
Ei
ethanol ratio
lh : 24 h 24 h 24 h
1 DMF Trace | 6.12 Trace -
_g‘
) THF v 0 = Trace Trace -
3 Dichloromethane* | Tr. ' i 47.82 4.10 12
4 1,2 — dichloroethane ce _ .59 4.00 7
5 Ethanol T 30 117 34 14 0.88 10
6 Methanol 0. 2o . 00 1.62 9
e U2l L
7 ccl, 9 3797 ) 39 1.46 259 16
g Acetone* T ace o7 W25 77.62 1.87 Iy
i
9 Chloroform 35 _ 16— 3% 15.39 5.54 3
[afabinis o %
10 Pyridine 1.86 07— 57.11 Trace -
11 Acetonitrile Trace | ~1.59/ | l(‘)&Sl Trace -
o ) i
12 Isooctane Trace -

|

Reaction conditions: € ylbenzene (5 mmol), chromlum( stearate (0.2 mmol),

*chhloro[nethﬂ Hﬁjm(ﬁlmw ﬂqjor 24 h.
Q‘W'mﬂﬂiﬁu URIANYINY
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—¥—ethanol Acetone
Chloroform —l— Acetonitrile
Fig 3.3 Comparative kinetic n the oxidation, of ethylbenzene catalyzed by Cr(III)
CaEEs . £

% acetophenone

=)

R acetophe
none

1 1-phenyl.
ethanol

—&— selectivity

N solvent

Fig 3.4 The effect of solvents on the selectivity of ethylbenzene oxidation for 24 h
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Isooctane was generally employed as a solvent in ethylbenzene oxidation. When
acetone was used as the reaction medium, the oxidation reaction provided higher amount
of the desired product and free from byproduct. In the case of employing pyridine,
dichloromethane and carbon tetrachloride, the oxidation reaction provided only a small
amount of product; however, the reaction was performed and the catalyst could easily be
separated from the mixture after the oxidation was over. These solvents infact provided
informative clues for the mechanistic path /Y e reaction which will be discussed in
the following section. If tetrahydrofuran was *das the reaction medium, the oxidation
reaction was not taken placﬁ':!’ﬁﬁle case of ethanoT and methanol as solvent, low yield of
carbonyl compound (9% W ‘entries 4 - 5) was detected. These observation gave a
hint that under this particularc "

's,! cohol could perhaps be oxidized to carbonyl
compounds. That made the yi ;d_esx_r_ed.product (acetophenone) lower.
Even though th of 'elth{Eenzene in acetone gave high yield of the

desired product (78%,

’d |

5
), acetone was easily volatiled. Therefore, it was not

From these results, it was ngervedii{ﬁ.lsooc}ane was found to be appropriate

solvent for performing selective .benzyhc ﬁxxéhon under this particular condition.
Furthermore, the variation of the amout of ﬂieisdoctane was examined and the effect of

,,';: cth WY ij able 3.7.

the amount of 1sooctap

Table 3.7 The cffecttyi> the amount of isooctane in ethylbcnzene oxidation

Isooectane, |. . = . %yxcld ofpmduct _ ]
Entry JNPR. ! ] : .| Mass balance
(ml) afeetOphmone ‘ lphenyl dikrold
|5 94.82 - frace 100
20 (VT 1060 1 T T 6639 ‘trace 100
3 1| 15 30.89 trace 100

Reaction conditions: ethylbenzene (5 mmol), chromium(lII) stearate (0.2 mmol),
isooctane (5-15 mL), TBHP (9.0 mmol) at 70°C for 24 h.

It was observed that when the amount of isooctane was increased, the yield of the

desired product was decreased. This may be because the probability of collision between
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substrate and oxidant was decreased when the amount of isooctane increased. According
to these experiments, isooctane 5 mL was found to be the most appropriate amount of

solvent to provide the highest yield of the desired product.

3.2.4 Effect of the oxidants

A number of methods have been

ayailable for allylic and benzylic oxidations
using chromium(VI) complexes. Some k ditional oxidation methods suffered

/ﬂf reagent, large volume of solvent,

and long reaction time. '@ - milder, inexpensive, and more
convenient methods for i ese. tral ations. For instance, the use

from drawbacks such as the use

of Cr(CO)s, 2,4-dimethylp e, pyridinium dichromate® and
PCC on celite as cataly: ene with TBHP in benzene
under reflux has been re d product

Many procedures xidants have been reported.

methylene compound in this S@E_Y arious oxidants such as hydrogen peroxide,

aldehyde/O, were tried to m,vég@é&l e

ation reaction. The effects of the

presented in Table 3.8 and Fig

AUEINENINYINT
ARIANIUNNING Y
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Table 3.8 The effect of oxidant in ethylbenzene oxidation

Oxidant % Yield of product Selectivity

E

a acetophenone 1-phenyl ethanol On/Ol

ratio

1 None 0.0 0.0 ND

2 TBHP® 11.17 - ND

3 TBHP 94.82% e ND

4 H,0, ’ 4

5 | 2-ethybutyral iiw—"' . 4 ND

dehyde /0, 7l “‘%

6 Zinc griVAcOH SO S 1

Reaction conditions: e € i 1) stearate (0.2 mmol),
is ‘

at 70 °C for 24 h.

At 30°C for 24 h

[ acetophenone

H 1-phenyl ethanol

% product

‘\oo | @0"‘,\@ & \»
A9 amﬁm“um? "8

Fig 3.5 The effect of oxidants in ethylbenzene oxidation

The present method for ethylbenzene oxidation employing TBHP is extremely

useful in terms of both yield and operational simplicity (entry 3). From the result, it could
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be .observed that the reaction at higher temperature gave superior yield of acetophenone
to that performed at room temperature. Furthermore, it was revealed that the increasing of
temperature affected the desired product yield, suggesting that the main reaction course
may involve a radical pathway. Radical cleavage was increased when temperature was
increased. The results attained from the use of HyO,, 2-ethylbutyraldehyde and Zn
grit/acetic acid were not appreciated bec of low yield of acetophenone. Nevertheless,
Zn grit/acetic acid as an oxidant ptov‘!d\lﬂ# ting alternative route for the benzylic
oxidation which gave high ylel&&prgdu::; a@ethanol in comparable amount to

=

acetophenone.

f ;
Thus, TBHP was ch ,

will find broad spectrum o

“"‘-
ant for Bm;(lgmdatlon and believed that it
in r@mc synthesis.

performed. In addition iation “ratio of ketone to alcohol (On/Ol) may be
affected by the oxidant . T e variation R.f the amount of TBHP was

TBHP Selectivity

R (mmol) On/Ol ratio
1 0 : | : 4
2 3 ; . 31 % 35
3 6 T 26 43 o 08l 57

t

4 9Fi EIEJ ;HE” ﬁ Hﬁte““} ND
| 53.54 ¢ Arace ND

e A ) B AR

isooctane (5 mL), TBHP (vary 0.0 — 12.0 mmol) at 70 °C for 24 h
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(o]
o
1
T

B acetophenone
selectivity
—e— 1-phenyl ethanol

| \‘\i

12

Fig 3.6 Effect of the amountof rj ethylbenzene oxidation

CrQ; ﬁbOS equiv) combined with 70%TBHP was
f;ethylbenz@ne,-m methylene chloride for 21 h yielding
d.° T.liehse &jnhydrous TBHP instead of aqueous TBHP
afforded similar results in 1sooctdde arrd benzﬁiﬁ;

In terms of selectmty of- the reacﬂﬁﬁ;-based on the amount of TBHP, it was
observed that emplowrﬁ 9.0 and 12.0 mmol of TBHP gaxalﬁgh selectivity of the desired
product (on/ol ratlo)”{ 1-Phenylethanol could be converted:ttg acetophenone under this
optimized reaction. Wh'lle the use of 3.0 and 6.0 mmol of TBHP converted 1-

phenylethanol to acetophenone in low yield andsselectivity. -

reported to use in the oxida

acetophenone in moderatée'yi

3.2.5 Kinetic study on the oxidation of ethylbenzene catalyzed by Cr(III) stearate.

The Kifistic |study, of the Tteaétion Was'perfornied inorder to, fiad the optimum time
for the progress of the reaction. The rate of ethylbenzene oxidation catalyzed by
chromium(I1I) stearate complex using TBHP as an oxidant in isooctane was examined.

The kinetic analysis results are shown in Table 3.10.



‘Table 3.10 The kinetic study of ethylbenzene oxidation catalyzed by Cr(III) stearate.

Entry Time (hr) Acetophenone (%)
1 0.5 31.93
p 1 50.79
3 19 63.35
4 75.42
5 N | 77.51
6 8 83.09
7 1 84.30
8 A/} ‘\\ o 86.24
g f, 21‘| N 90.51
10 4243 92.17
Reaction conditio : ‘{w‘ﬂ J mo (IIT) stearate (0.2 mmol),
i ) at 70°C for 24 h.

100 -

% acetophenone

From Fig 3.7, with the variation of time, it was found that the reaction time
around 21 hours was the most appropriate time for the oxidation of ethylbenzene under
this particular system. In terms of kinetic study, the results displayed that the half life of

the reaction under this optimum conditions was approximately 2 hours.
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From the overall results obtained, the structure of carboxylate ligand, transition
metal that binded with ligand, oxidizing agent, solvent system, additive, reaction time and
reaction temperature affected the oxidation reaction. The optimum conditions for the
oxidation of ethylbenzene were as follows: ethylbenzene 5 mmol as substrate, isooctane 5

mL, TBHP 9 mmol as oxidant and Cr(st); as catalyst at 70°C for 24 hours. This improved

ic methylene compounds which will discuss
in the following topics. [

catalytic system was applied for other b
N
N\
¥ xidation o variou@et ene C S

3.3.1 The oxidation of 2

Stemmed from t

appropiate catalyst for provided the highest yield of

the desired product withJhi vity-inte kaﬁo. To extend the scope of
this developed oxidation ow benzylic lene compounds were selected as

AUt RSN
ARIANTUANINYIAE

(8) R=0H lo)
R (9 R=CH,

(10) R = C,H;

(l 1) R= C3H5

Oxidized product
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Table 3.11 The oxidation of selected alkylbenzenes catalyzed by chromium(III) stearate.

Entry Substrate Product % Yield of Product
1 Toluene (1) Benzoic acid (8) 12
2 Ethylbenzene (2) Acetophenone 9 95
3 Propylbenzene (3) ﬁr&ﬁw e (10) 92
4 n-butylbenzene (4) = | Butyrdﬁ@ 76
5 sec-butylbenzene (5 =phenylbutan=2=one'(12) 40
6 tert-butylbenzene [:r / f .pane E"-l_ none
7 n-pentylbenzene (7) 4 - / /ﬂa_léoﬁtfenone (13) 80

‘ d])',ft:h';émium(lll) stearate (0.2 mmol), TBHP
_ 130('0 e 5 [. at 70°Cifor 24 h

Reaction condition : substr
(90m

Al M'!l 1
Table 3.11 reveals that tlﬁllbbnzeﬁ?hﬁ p py\?enzene (3), n-butylbenzene(4)
and n-pentylbenzene (7) could be cmiy‘ert e desired carbonyl compounds in high

.-'I,r.—..-.
ymadhaa

1S us%’é‘ a substrate, it provided only low
conversion to give 3- j)henylbutaﬁ'ione,r (ii‘ﬁ“ﬂﬂs may b? explained by high steric
hindrance at benzyhg- position..Inad: attempt o exidize toluene (1) afforded

yield. When sec-butylbenzene (

benzoic acid as a desired product in low yield. ° as:.ecause the primary radical

generated as an intermediate in this reaction had lower stabrﬁty than secondary radical in
other alkylbenz toluene was high thus
not favor for thﬁﬁ?gjﬁﬂﬁi]ﬁiﬂﬁ ;j) ﬁ% hydrogen at benzylic
position to be abstracted therefore, nofoxidation could be taken placey ,
T
prevailed°to attack over secondary and primary C-H bonds, respectively. Free radical
formed on benzylic carbon would then proceed with oxygen in the oxidation process.
Because of secondary radicals are more susceptible to attack than primary ones then the
oxidation of toluene should be more difficult to proceed than other alkylbenzenes.

Cited in literature, the oxidation of ethylbenzene using air in a batch reactor with

dichromate/alumina catalyst at 130°C for 24 hr was studied. The acetophenone and
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beozoic acid were received with 3A molecular seive as dehydrant in moderate yield (53%
yield).?!

To summarize, the oxidation of alkylbenzene employing this developed oxidation
reaction could be achieved. Steric hindrance at the benzylic position rendered the
possibility for the oxidation to take place. The yields of desired carbonyl compounds

obtained by this methodology were co

ble and in some cases more prevailed than
those in reported processes "‘ ,

3.3.2 Oxidation of tetrall | nd xanthene.

The aim of the prese as to exte pe of the oxidation of benzylic

contained the o-carbo ctional/ group’ to the oiety. Methylnaphthalene

carboxylate®®, palma

a isagarin

et “IJEJ mm‘w 1010 o KU
were selected aﬂr models ts o of these substrates are
presented in Table 3.12.

ammmmum’mmaﬂ

(14) Rl CHz, Rz and R3

(16)R; =NH, R, and Ry =

(18)R;=0, R,+Ry= C6H6
R4 R3

Substrate



R
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(15) Rl = CHz, R2 and R3 =H
(20)R, =NH, Ry and R3 =H
(21) Rl = O, R2+ R3 = C6H6

W - % yield of
Entry Substr. i -
2P Product
1 Tetralin ( ,:!;,;{" etralone (15) 40*
T ;: 7 ihydro-[1,4]-
2 a-TeSllone (15)""::'1’%’ f;" o E o 99°
- " §19)
3 | 1,2,3,4-Tetrahydroquinoline (1 ; :
5 1-(3,4-Dihydro-2H-quinolin- ,3-Dihydroquinolin- T4
2,2-dimethyl-prepan-one (17) Y 1-one (20)

G-IV

Reaction condition : substrate (5.0

n}nol), chromium(III) stearate (0.2 mmol)

=

-

CA

solat

NRTE e

<

Table 3.14 exhibits that tetralin (14) could be converted to cc-tetralone (15) in

poor yield. This derived product, a-tetralone (15) was confirmed its identify by

conducting co-TLC with authentic o-tetralone. Comparing this obtained result with that
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reported recently, the use of Cr(OAc); as a catalyst with molecular oxygen also produced
only low yield of a-tetralone (33%)."2

The attempt to gain higher yield of the desired carbonyl compound was tried with
the addition of 18 mmol of TBHP instead of using 9 mmol in general procedure.
Unfortunately, the yield of o-tetralone was lessened, only 23% was observed. The
systematic study on the effect of the altT?'ut of oxidant was therefore set up and the

results are displayed as shown in Fig 5

m % a-tetralone
@mass balance

% o -tetralone

9 TBHP (mmol)

Fig 3.8 The effect of the amount of TBHP in tetralin oxidation.
* Two portions of 9 mmol of TBHP were consecutively added (at time 0 and 9 h).
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It was observed that tetralin could be converted to a-tetralone in poor yield with 9
mmol of TBHP. Some was overoxidized to 2,3-dihydro-1,4-naphthoquinone with 18
mmol of TBHP. In the case of excess TBHP, for example, 18 and 24 mmol of TBHP, it
was found that the mass balance of the reaction was to recede and overoxidation reaction
was found in place of a-tetralone in these system. One way to avoid the overoxidation
was the use of excess amount to tetralin. The separate experiment was performed
employing tetralin 50 mmol and TBHP 18 rhmc__)_l. Only mono-oxidized product, a-
tetralone was attained in moderate yield (64% yiél‘d" based on TBHP) with good mass

balance under the optimized condition.

Another set of eg?«ts was aljo attempted by prolonging the reaction time.
The results clearly revealed that the longe the reaction proceeded, the less amount of a-
tetralone received. This se;Vatlon calle‘d for the study on the kinetic of product

formation and the results zy/pr_eSeuted as sh}gwn in Fig 3.9.

i da

50.00 ¥ s
.00 - F ' o
:g_:" -'I-rl:'-ﬂ.
VF 7oz :; ﬁ
40.00 -
b
wd
e 30.00 -
o
-
<
3
52 20.00 -
1000 -
0.00 -
24
time (hr)

Fig 3.9 The kinetic study of tetralin oxidation catalyzed by Cr(III) stearate.
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It was observed that the best yield of a-tetralone was attained when the reaction
proceeded around 13 hours (40% yield with mass balance 87%). Leaving the reaction
mixture for 24 hours gave the lower yield of a-tetralone (28%) with poor mass balance of
40%. The qualitative analysis of the reaction crude product revealed another interesing

spot on TLC besides o-tetralone at Ry, (hexane-ethyl acetate (7:1) as a solvent

system). This compound was | by spectroscopic method as the

overoxidized product of o-tetra ; ; -1,4-naphthoquinone.

It therefore could@ @nder this particular reaction
condition, the product derived | al \'dm’quroceeded the overoxidation

ﬂuﬂqwﬂw5WQWﬂﬁ Vo
ama\mmum'mm

o
19

Scheme 3.1 The formation of intermediate and end products derived from tetralin

oxidation
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Further study was involved the oxidation of a-tetralone (15). When o-tetralone
(15) was subjected to this oxidation system, it provided intriguing results. To illustrate
this, 2,3-dihydro-1,4-naphthoquinone (19) was obtained as a sole isolated product in a
quantitative yield. This obtained product was confirmed its structure by IR and NMR
spectroscopy. The IR spectrum of this compound revealed the absorption band of C-H
stretching of aromatic group at 3064 c
quinone.” The '"H NMR (CDCl,) N

ot % d the important signals of methylene
protons at & 2.20 ppm (s, 4Hg atiq p&lﬂ be detected around & 7.52-8.08

d 1670 cm™ for typical C=0 stretching of

ppm.

e\naqxphthoqumone derivatives in
excellent yield. Neverthele 4-tetrahydroquinoline (16), the
next substrate under t sful. This may be because
the oxidation of N-aton revailed over the benzylic

employing the methodology des

molecule (17) under the normai-Gendition was 6ondticted. The oxidized product, namely
1-(2,2-dimethyl-propionyl)-2.3-dihy 1-guinolin-4 was obtained in high yield
(91% isolated yield). protecti 4. the desired product as 2,3-
dihydro- 1H-qumolm-4-' e (20) was achieved in 61% overall yield based on the starting
material, 1,2,3,4

e ﬁﬁ% RIS WD St 0, e

steps for this trany'ormatlon were required as depicted.in Scheme 3.2. , ,

RIANNIUNANTINGINY
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o ©\/j Cr(st);, TBHP
g rqm 70°C,24 h
N

0%H2s04
o

8

. = -':',"".:" ’l = 1
All synthesa_eiicompound's are ¢l identities by IR and '"H-NMR
\
spectrophotometer as described m-Chapter He———— P 4

To verify the s:- cture of ta I'I] spectrum (Fig 3.10) clearly
revealed the absorption and of N-H stretching at 3460 cm", aromatic C-H stretching at

2852-3064 cm aﬁm) Iﬁ lme could be detected
at 1670 cm'.®? '@m EE ﬂ mﬁ good agreement with
the IR info The signal a pearE‘d at § 2.78 (ty<F= 6.80 Hz, 2H).was the methylene
e S b b B A Bl .22 -
6.00 Hz) were in good agreement with those located close to nitrogen atom. Four

aromatic protons could be detected around 6 7.21.
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N P TR Tl FT I Vo vu

3R 88 L8883 888R88

ﬂupqwawsWHWﬂﬁ
*ar' LA rL' BN

Fig 3.11 The '"H NMR spectrum of 2,3-dihydro-1H-quinolin-4-one.
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Another excellent example for the utilization of this developed system was the
oxidation of xanthene (18) to xanthone (21). The oxidation could be carried out straight
forward to gain xanthone (21) 94% yield. The identification by spectroscopic data was
found to be in good agreement with authentic sample. To illustrate this, the IR spectrum
of this compound exhibited the absorption band of C-H stretching at 3053 em™ and
strong absortion band at 1602-1658 em’ i &conjugated C=0 stretching. The 'H-
NMR spectrum revealed only the aro \ ted in the range of & 7.35-8.34.

— ——

3.3.3 Oxidation of tolue ohal and benzaldehyde.

Benzoic acid was ang

any applications.2? It could be
used as an agricultural f6odsp ic synthesis intermediate. To
utilize this developed sy id, three substrates namely

toluene, benzyl alcohol ang benzalc \yde were selected. The results of the oxidation of

OH

AUF NN

ARIANNTUARIINE IR E
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Téble 3.13  The oxidation of toluene, benzyl alcohol and benzaldehyde in the presence

of chromium(III) stearate

Entry Substrate Product % Isolated yield
1 Toluene (1) Benzoic acid (8) 12
2 Benzyl alcohol (22) Benzoic acid (8) 91
3 Benzaldehyde (23) \L” enzoic acid (8) 85

Reaction conditions : substrate (»ip m!ﬂ(‘) EIII) stearate (0.2 mmol), TBHP

9.0 mh;:sgocuge 5 °C for 24 h.

ed that xidation of benzyl alcohol could
benz 'c acid (QJ%) under mild conditions. The

From the above resu
be accomplished with the
desired product was
recrystallization with h . oxidati performing with benzaldehyde (23) as a
substrate yielded 85% of benzoic cnd S.'é“ y.3). Howeyer, Qvnth toluene (1) the oxidation
under this condition still ga i " f the sired product (12%, entry 1).

Therefore, this developed sggm coul er alternative for the preparation
of benzoic acid and its denvathgcif_ln &Q oxidation of benzyl alcohol to the
corresponding benzouil acid..im irréh'—yle}d mfoth@r interesting topic since many

benzoic acid derlvatl ; als were obtained from the oxidation of the

corresponding benzyl%ohols For i 1 éhzoic acid, obtained by the
il

oxidation of 3-hydroxymithylphenol -
¢ o

334 Ox1dat1£&gié§!t;aj[]E‘IV]quEJ’]f]j .
et A S A B IR L v

process c?f various materials such as coal, oil, gas and garbage, cigarette smoke,

automobiles and wood preservatives. The most environmental concern point of view was
trying to eliminate this compound or transform it to another less toxic forms such as

oxidized compound by chemical reaction or by treatment with microorganisms.
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With the aim to utili elq’ed w various aspects, the oxidation

of acenaphthene was

nder the optimal conditions,
high yield (90% isolated
)y spectroscopic data. The IR

acenaphthene could be «

at 3033 cm™ and strong
7 . O stretching. The 'H-NMR
spectrum (CDCl3) revea CX: c protons d d in the range of & 7.52-8.02.

Thus, this developed hrcLW‘ c system was another usefully

n natural environment, considering

based upon the ease of handligg’ﬁjl‘ cost of operation. Moreover, the oxidized
il I‘_JJFF? = P -
products acenaphthpmqmnone in this partl ould be used for many

3.3.5 Oxidation of ethers and gster

e ouflk SRR B S AR oo ot

manipulated utllxyng this catalytic system. Typlcal results are listed i able 3.14.

AR1ANN I uwnmnaﬂ
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L
onalNes

(24) R = C¢H; (27) R = C¢Hs

(25) R =CHj, \\\' / / (28) R =CH;

(26) R=CsHy, \\ // 9) R=CsHyy
Ethers éﬁ_ 2 C&: roducts

Table 3.14 The oxidatio ce of chromium(III) stearate

Entry Substrate _ ] . “ Cb % Isolated yield
i Dibenzyl cthef(24) / J| /Benzdic acid anhydride 81
2 Benzyl hexy th S %be zoate (28) 72
3 Benzyl ethyl ether (26) - enzoate (29) 74

0.2 mﬂol) and i 1sooctane 6 ml,. C 1 224:.
— J‘; )

It was observed‘@at dibenzyl ethe be cgilverted to benzoic anhydride

(27) in good yield (81% is@lﬂEd yield). The I&;pectrum of isolated compound exhibited

the absorptlonﬂ ‘w% %%@w %7%6}1 ﬁr%absortlon band at 1690

cm™ due to the cBnjugated C=0 stretchmg The '"H-NMR spectrum (CDCl;) revealed only

N OAL. e

oxidation even adjacent to an oxygen atom. Two additional unsymmetrical ethers, benzyl

ethyl ether and benzyl hexyl ether were prepared. It was found that unsymmetrical
anhydrides could be surprisingly achieved in good yields. These outcome products were
confirmed their identities by IR and 'H-NMR spectroscopy. To illustrate this, the IR
spectrum of acetyl benzoate exhibited the absorption band of C-H stretching at 3456 cm’
and strong absortion band at 1700 cm™ due to the conjugated C=O stretching. The 'H-
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NMR spectrum (CDCls) revealed the methyl protons detected at 8 1.29 (s, 3H) ppm and
the aromatic protons observed in the range of 4 7.46-8.10 ppm.

The IR spectrum of hexanoyl benzoate exhibited the absorption band of C-H
stretching at 3440 cm™ and strong absortion band at 1760 cm’ due to the conjugated
C=0 stretching of anhydride. The 'H-NMR spectrum (CDCl3) revealed methyl protons at

8 1.00 (t, J = 6.80 Hz, 3H), methylene s at § 1.29 (qgin, J = 13.60 Hz, 2H), 6 1.34-
1.38 (m, 2H) and & 1.57 (qin, J %ppm. The methylene protons near

adjacent to the carbonyl gr '14.5"I (t,

visualized in the range of & 5. -
Normally, unsym jatic |

carboxylic acids or metal wi halides. Whilst investigating the Friedel-

z, 2H) and aromatic protons

Crafts reactions, Zeavin et al. th could be reacted with benzoic
unsymmetrical aromatics

anhydrides in good to e | % Neve _ 1e preparation of unsymmetrical

reaction was presumably taken

[ J
oxidation reaction occurred at the other p

o, i
)

hypothesis two substﬂes, namely benzyl acetate (30), and-ethyl benzoate (31) were
i

subjected to the oxidafionreaction: Theresuits-are presente illustrated in Table 3.15.

AUEINENITNYINS
AMIAN TN INYAE
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oxidized products
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Table 3.15 The oxidation of selected esters in the presence of chromium(III) stearate

Entry Substrate Product % Isolated yield
1 Benzyl acetate (30) Acetyl benzoate (29) 68
2 Ethyl benzoate (31) Acetyl benzoate (29) 13
3 Ethyl 4-ethylbenzoate(32) 4-{\tqf?enzoylacetate 34) 87
4 Ethyl phenylacetate (33'L‘w Ethyl ox )cetate(35) 87
5 Ethyl phenylacetate‘('—sa—)—” Ethy?oxophemmte(%) 89*
— 7

Reaction conditions : substr:
(0.
*TBHP 18.0 mmol was

ol& TBHP (9 mmBY), chromium(III) stearate
_-jsg;_oiitgge_ 5 mL at 70°C for 24 h

7 i A : -
The results presented i aboye ta ani stly d‘isplayed that the oxidation at

benzylic position was more fagile tllqne’alky co ct‘ng to an oxygen atom with the

isolated yield of 68% and 13% ytdd;‘respe@
The comparative study using ethyl %oate, as that performed in literature

was carried on. The\_o}ldatlon of ethyl 4-ethyw this developed reaction
produced 4-acetylbe zoylacetate in the yleld (87%) sur to that addressed in the
literature (73%) using am}oxndatlon in the presence of CrO;,gnd CaC0,;.5™¥

The derived isolatéd=product was well-characterized by spectroscopy. The IR

e o e S8 AT Y of 1 st

2850-2990 cm “and strong absortlog. band at 1680 cm™ due to the conjugated C=0O

stretchi ]F Wﬂwy mwm ﬁlﬁ 5141t J=
6.80 Hz, 64 ppm ethylene protons at J=6.80 Hz,

2H) ppm and the aromatic protons were observed in the range of 4 7.80-8.12 ppm.

Considering for the application of this system, the importance of the production
of keto acid and keto ester compounds mainly used in pharmaceutical industries was
realized. Phenyl acetic acid or as its ester form, a commercially available compound

could therefore possibly be value added to oxophenylacetic acid or its analogoues ester
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by this methodology. The direct benzylic oxidation of phenyl acetic acid did not give
appreciable results. However, changing to the corresponding ethyl ester, the oxidation
could fruitfully accomplish. Around 90% isolated product was gained. The oxidation by
adding more TBHP to the system did not reveal any significantly difference in the yield
of desired product. The IR spectrum (Fig 3.12) of ethyl oxophenylacetate obtained as the
d of C-H stretching at 2853-2912 c¢m™ and
strong absortion band at 1703 cn jugated C=0 stretching. The 'H-NMR
spectrum (CDCl3, Fig 3.13) at & 1.46 (t, J=7.20 Hz, 3H) and

5 4.49 (q, J = 6.40, 2H) m t & 2.64 (s, 3H), and th
49 (q, J = 6.40, ; oup ai .64 (s, , and the

aromatic protons in the ran

isolated product displayed the absorptio
10

71852
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Fig 3.1 ] yectrtim of e hyl oxophenylacetate

Therefore, as present methodology become versatile

for transformation of organic substrat jable oxidized products.

- - — -

was carried out. The reﬂ s

Table 3.16 The oxidation ©f.substituted ethylbenzene in the presence of Cr(st)s

Entry ?igw@e ; pl E Pl ; Pﬁictl i | ﬁ % Yield

. 1- rom.o-Z-ethylbenzene p 2-BromoaceE‘ophenone 39)

57°

A W14 Y
2 1 -ethyl-2-nitrobenzene (3

2-Nitroacetophenone (4

3 4-ethylbenzoic acid (38) 4-acetylbenzoicacid (41) 5

Reaction conditions : substrate (5.0 mmol), TBHP (9 mmol), chromium(III) stearate
(0.2 mmol) and isooctane 5 mL at 70°C for 24 h.

®Yield determined by gas chromatography. ®Isolated yield.
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Substituted ethylbenzenes could transform to the corresponding carbonyl
compounds in moderate yield under the standard conditions. Some starting materials
were still left; the mass balance was still good. This implied that maybe more TBHP was
needed for the oxidation of these substrates to obtain more desired products.

To observe the effect of substituents on the reactivity of this oxidation reaction

the competitive studies between ethylbe and 1-bromo-2-ethylbenzene, ethylbenzene
and 1-ethyl-2-nitrobenzene, ethylbe 9
The results are demonstrated m%? 17.

/)yl -4-ethylbenzoate were investigated.
9

Table 3.17 Competitive s( i anon@-ethylbenzene, 1- ethyl-
2-nitrobenzene %t %nzoawe ylebenzene

=

4 -u;\ ! - Product(s) (%)

Entry

(30. 92)

2 C :
N—ff | e o )
(0.06)

PGE, e

.0 mmol each), chromium(IIT) stearate (0.2 mmol),

e AT T

The relative reactivity compared with ethylbenzene was calculated and the results

Reaction condif’q’ps - substrate

are presented as shown in Table 3.18.
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Table 3.18 The relative reactivity of various substituents towards the oxidation of

substituted ethylbenzene

Substrate Relative reactivity

1-ethyl-2-nitrobenzene 0.0
Ethylbenzene 1.0
1-Bromo-2-ethythenzene 1.2
\ 2.2

o —

; @he reactivity of the oxidation
‘ —NO, group, the reactivity was

The mechamsmi h f enzyllc methylene compound
employing TBHP as an“oxidant was believed to occur via

ce radical pathway in the same

L\ b Eﬂﬁﬂﬁ lalab TR
ARIAINTAUUMINGIAY
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X = Carboxylate ligands

Scheme 3.1 Proposed mechanism for the ethylbenzene oxidation to acetophenone

in the presence of Cr(st);
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The chromium(III) complex was transformed to the corresponding high valent
(formally) Cr'=O species. This species was then abstracted benzylic hydrogen of
ethylbenzene to form the corresponding benzylic radical (42) and Cr'VX(OH). The
generated benzylic radical was rapidly reacted with O, to give hydroperoxyl radical
intermediate (43), subsequently transform to relatively not stable benzylic hydroperoxide
(44). The decomposition of benzylic hydroperoxide (44) yielded acetophenone (9) and 1-
phenyl ethanol (45). Under this reactfb | s4gexamined, 1-phenylethanol (45) was

further oxidized to acetophenone (9) by Cr(s
one (9 _./__,

g =
3.5 Preliminary study o( bi ndltﬁ@ benzylic oxidation of
ethylbenzene. //
-
3.5.1 Effect of bicatal _ AN\ 3
With the attempt e _‘ un C sQ;; us‘ed and to observe the effect of
other metal stearates coupl th ) i st, the following experiments were
mampulated Two ratios (2:1) nd Lﬂ of : r metal stearates were tested in the

Fraction Fe(st);

Cr|M | 9]45] S [9.]45] S | 9af45[ S |9
1elAlon big 961_ Ve ¥ P
311 |22 71| -] 6 84| 3 [28]97] 3 [32

Do

4 | 1 |23 ilz: 6 86 2 43 | 86 1%6 79 27 [ 50 2 |25
ﬁ’"‘l ] : _E.
9: acetop llsb -p eln)lledlah nd"S: On/ol ratio.

Reaction conditions : ethylbenzene (5.0 mmol), chromium(III) stearate + metal stearate
(0.2 mmol), TBHP (9 mmol) and isooctane 5 mL at 70°C for 24 h.

The results revealed that the oxidation of ethylbenzene by bicatalyst gave
relatively lower yield and selectivity compared with the system employing only Cr(st)s.

Among the experiments conducted, the systems comprising of Cr(st); and Fe(st); (2:1),
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yfelded 97% yield of acetophenone. Other systems producing acetophenone more than
80% were Cr(st); and Mn(st); (4:1): 86% yield, Cr(st); and Cu(st), (4:1): 86% yield and
Cr(st); and Ni(st) (2:1): 84% yield. Nevertheless, the yield of acetophenone was still less
than normal yield derived from the standard reaction (95% yield).

From the above results, the decomposition mechanism of TBHP can also be
considered to be as follow in scheme 3. M

e catalytic decomposition of TBHP by metal
ions is thought to proceed via tbe ion: of inner sphere and/or outer-sphere
complexes of metals ion

attacne (0] € meta 10:: :!:EEE ﬁrep Ce n! E!q , l.e., t to
e .

[ML(ROOH)] + Y. Such)K/ it is|no Normation of the outer-sphere
complex. Accordingly, d “ e outer-sp ere mechanism will depend

-t}_;eo '

er-sphere mechanism, the ligand

r hand, decomposition by the

inner-sphere mechanis / : 1d-on the 6‘b\i‘litmpf the ligands attached to the
metal ion, as well ason t 7 alef \

In the oxidation o y six kinds of metal stearates, the
reactivity order of these catalysts i @r> u~ e > Ni > Co. This is in agreement

with the orders of activities for'iﬁ.e_df.c n@t of benzylic hydroperoxide by these
catalysts Therefore, tjlle order -o‘fwTEHP 561% and the oxidation rate are thought to

3 'f- d of desired product than
|
chromium(III) stearate: U

352Effectof@u,§J’3‘ﬂEm‘§WEJ’m§

Trlcatalyst systems were testedsfor the benzylic oxidation of gthylbenzene and the

o0 Pk ] PR B VI IHI RS QgRR v om

stearates
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Table 3.20 The effect of tricatalyst on ethylbenzene oxidation

I stearate (0.2 mmol), TBHP

0°C for 24 h.
d‘

The obtained data dla ‘ enther in terms of %yield of

acetophenone or selectivi With,the results derived from only

de a better result in certain

reactions,'” they were no for the catalytic reaction investigating in this study.

ﬂﬁﬁl?ﬂﬂﬂi‘ﬂﬂ’]ﬂ‘i
QW%‘NﬂiﬂJ 1IN Y
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