CHAPTER III

RESULTS AND DISCUSSION

Alcohols are one of the most useful raw materials for industrial usage.

Products derived from oxidation re n are generally ketone, aldehyde and

| Trl% oxidation of alcohol using iron
@ catalysts. Cyclohexanol was
chosen as a substrate W

alcohols, namely benz

carboxylic acid. This research
complexes including iron
- timization. The other two
lected for regioselectivity
study. The major oxidan v ' Sto S 17 ; ydroperoxide (TBHP) and

a mixture of pyridine and

According to the p ce@és_é ! section 2.3.1, eight Schiff base
ligands were synthesized. The obj:‘z’i;’é_d-lgg Ads were confirmed their identities by IR
= . '

- all derived c cd-a’ characteristic absorption
band in the range of 1643-1630 cm™ for C=N group.”®'F

group (C=N) vib iTI ‘ﬁiwﬂﬁﬁ{mz}ﬁu ‘ Oﬁs cm’. This revealed
the occurrence Qt Eﬁnd | g’ be t nitrogen“of imine while the
vibration band of O-H @oup at 3400-3600 vcm'bdﬁpeared. The IR spectra of

Synthesiza W‘n’aﬁs @vﬁ thﬁ;l@v ﬂilﬁe Etlat vibration

disappearea in Schiff base ligands.

complexes. IR spectra

or ligands, an azomethine

3.1.2 1,3-Dicarbonyl ligands and 1,3-dicarbonyl iron complexes

The synthesized Fe(DMB); and Fe(BZA); were characterized by IR. They
were prepared by reacting substituted acetophenones and ethyl benzoate or ethyl
benzoate derivatives according to the general procedure cited in section 2.3.4. IR

spectra of 1,3-dicarbonyl iron complexes showed a characteristic absorption band in
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the range of 1580-1600 cm™ for C=0 group.”’ Likewise absorption band of 1,3-
dicarbonyl ligands appeared at lower frequencies about 10 cm’ revealing the bonding

between metal and oxygen from enolate ion occurred.

3.2 Study on the optimum conditions for the oxidation of cyclohexanol
3.2.1 Reaction condition optimization
Variable factors were evaluated to search for optimized conditions for the

oxidation of cyclohexanol, a model compound. Those factors included type of

substrate, reaction time and type of
‘ ion condition in the oxidation of
mm—

Mass
balance
1 FeCl,4H,0 88.75
2 FeSO47H,0 97.16 97.16
3 Fe(NO3)39H,0 82.61 89.37
4 | FeCly6H,0 9 90.05
5 FeCl3'6H,0 wathout 93.31
l -
acetic acid .j
6 FeCl;'6H,0 withéutss 2.32 @/ 107.15 109.47
e YE IVIEVIIWEINT
| 8
7 Withoutqpe salt .55 o 111.18  gu 115.25
Reaction d s: nol WW@;S FFEI: pq;‘ @e@ mL),
9 acetic acid (2.3 mL) and TBHP (10 mmol), reaction time 24 hrs at 60°C

Table 3.1 clearly revealed that different iron salts and reaction conditions
would provide different amounts of the desired products. FeCl3'6H,O was found to be
prevailed over Fe(NO3)3;9H20 and FeSO47H,0. Entry 5 showed that acetic acid was
not an important composition in this oxidation system. However, in the absence of

TBHP or iron salt catalyst, the reaction gave poor yield of cyclohexanone.
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3.2.2 Effect of type of catalysts

Two types of catalyst, i.e., iron-Schiff base and iron-1,3-dicarbonyl complexes
were examined for their efficiency to convert cyclohexanol into its analogous
carbonyl compound, cyclohexanone. The reaction was detected at 3 hours interval to
observe how fast the oxidation proceeded, while the reaction monitored at 24 hours
would notice how much the desired product was obtained in each reaction. The results

are illustrated as shown in Table 3.2 and Fig. 3.1.

xidation of cyclohexanol

Table 3.2 Effect of type of catalys 5 C
Cyclohexan %
- Mass balance
Catalyst
at 24 hrs
3 hrs
11 12.76 108.77
12 23.14 83.38
13 2897 98.42
14 11.59 98.20
15 9.83 98.70
16 11.29 84.67
17 21.80 , _ 87.39
18 16.03?_: 36,40 8 103.53
19 523 g 4LI8 12 86.30
20 870 | 47.02 86.85 .56 96.58
I - v
21 M7umm gl H’Qﬁi) 74.06
Reaction condltlonq] cyclohexanol (10 mmol), catalyst "(0:25 mmol) gndme (28 mL),

awn%‘i‘ﬁﬂ%m%w IR

note:

(11) Fe salen (17) Fe sal-o-phen(pyridine)4

(12) Fe saltn (18) Fe sal-(4-nitro)-o-phen(pyridine)s
(13) Fe sal-o-phen (19) Fe(BZA);

(14) Fe-4-nitro sal-o-phen (20) Fe(DMB);

(15) (Fe salen),O (21) Fe(acac);

(16) Fe salen(pyridine)4
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Figure 3.1 Effec of eyclohexanol

The result above revealed hﬁtfl;a‘éqf& gn gaction in fact could be catalysed
by various catalysts; nonethelg S, \%ﬂl erent evel of efficiency. Considering the
amount of cyclohexanoe occurffid:/ :H l} .:;?_; erval iron Schiff base complexes
including Fe sal-o- phenr(.gyndme)‘t (f7)/ Fe"saltn
capability in conversi o"f— [ cyclohexanol to cyclohexanone. Interestingly, Fe
sal-o-phen (13) producecgycloh canon
of monitoring time showed gle high rate (&fjconversmn Other iron Schiff base

complexes, (11), ﬂ%iﬂj 531 W@aw ‘ﬁ'g'p %q cﬂ %smn rate. Different

structure of compléxes made different ?actlon rate 1nvolv1ng reactlon time that ligand

oo e W TR TR T Ehin ':]ﬂgﬁi“ e

(21) provided a superior re owever, when two groups of iron catalysts were

compared, the rate of the oxidation reaction catalysed by iron Schiff base complexes

1-o-phen (13) were of a

ately 28}) yield during this period

was found to take place more rapidly than that utilized iron 1,3-dicarbonyl complexes.
This may be stemmed from iron 1,3-dicarbonyl complexes had difference structure
from iron Schiff base complexes. Taking into the account for the yield observed at 24

hours, iron complexes (11), (14), (19) and (20) exhibited as promising catalysts.
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3.2.3 Effect of temperature on oxidation of cyclohexanol

One crucial parameter in general reaction was temperature. The oxidation

reaction was performed at various temperatures to find out the appropriate
temperature, ie., 0°C, RT (28°C), 40°C, 60°C and 100°C. The results are shown in
Table 3.3.

Table 3.3 Effect of temperature on cyclohexanol oxidation

- Temperature Cyclohexanone Recovered —
ntr ass palance
d ©C) (_%9\ l / /  |jcyclohexanal (%)
. ‘ | :,,,
1 0 o ST 89.93 95.64
2 28 (RT) 38 ?;———8!*6.72 94.10
1 .
3 40 128 L _ 88.93 101.11
4 60 26 4 ") 65.04 104.30
5 100 99 14 66.35 91.34

T sa

n (0.25 mmol), pyridine (28 mL),
ol) at6 hrs

N W
N O

cyclohexanone (%)

i}
e g
S D

2

28

o

100

temperature (°C)

40

Fig. 3.2 Effect of temperature on cyclohexanol oxidation
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Fe(I)salen (11) was chosen as a catalyst to study the effect of temperature on
cyclohexanol oxidation. From the results shown in Table 3.3 and Fig. 3.4, it was
observed that temperature was another important factor affecting the reaction. The
highest amount of cyclohexanone was detected with the reaction temperature 60°C. At
higher temperature such as 100°C, the over oxidation reaction yielding undesired

products may take place.
3.2.4 Effect of type and amount of oxidizing agent

‘!j ant parameter in oxidation reaction.
( ogen peroxide (H,0;), KMnOy,

werJ choﬁnesults are presented as shown

Type of oxidizing agent is
Various types of oxidizing a
O,/2-ethylbutyraldehyde
in Table 3.4.

Table 3.4 Effect of typé'of ofidizifig age ﬁ \N of cyclohexanol
Recovered Mass balance
Oxidizing agent
(%)'. 2 clohexanol (%) at 24 hrs
30% H,0, i .’:‘i ﬂ‘ 04.56 104.56
KMnO, 80l N4L84 71.64

105.86 105.86
94.92

O,/2-ethylbutyraldehyde
TBHP (N

Reaction conditions: cvi

acet@acid

at 60°Gy

AU INENINYINT

Among Various oxidizing aggnts studied, TBHP was found to be the most

approp formation of
SRR I I D
cyclohexanol to cyclohexanone. Thus, the amount affected the oxidation

reaction was the next influent parameter to be examined. The results are accumulated

5 agent (@ mmol), reaction time 24 hrs

as presented in Table 3.5 and Fig 3.3.
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Table 3.5 Effect of the amount of TBHP on the oxidation of cyclohexanol

Entry TBHP Cyclohexanone Recovered W Tl
(mmol) (%) cyclohexanol (%)
1 0 4.71 103.58 108.29
2 1 102 108.08 115.10
3 3 12.75 102.58 115.33
4 5 16.53 75.68 9221
5 10 35.49 59.43 94.92
6 20 ' 61.95 90.53

-

40
35
30
¥ 25
e
gzo
g 15 -
S
o 10
Q
5 4
0

20

ﬂuﬁqwfmﬂmm
RRT TR A

From data shown above, focusing on the reaction in the absence of TBHP, it
was found that cyclohexanone was detected in a small quantity (4.71%). This was
probably derived from the air oxidation. Efficiency of reaction based on TBHP
indicated the ability of TBHP in conversion of cyclohexanol to cyclohexanone. Fig.
3.3 illustrates that the reaction utilizing TBHP 10 mmol provided the highest amount
of the desired product, cyclohexanone. The use of TBHP 20 mmol gave less

cyclohexanone and the mass balance of the reaction was only 91%. This might be
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because the over oxidation of cyclohexanone was taken place. Therefore, for all
reaction optimization study, the amount of the oxidizing agent, TBHP 10 mmol was

kept constant.

3.2.5 Effect of the amount of substrate
Another significant feature that also needs to study was the effect of the
amount of the substrate. The amount of cyclohexanol was varied and the results are

shown in Table 3.6.

Table 3.6 Effect of the amount.0 \\"'i lot ‘

e

Bt Cyclohexanol i““"; anonhe —vaered

oxidation reaction

Mass balance

(mmol) ‘ anol (%)
1 2 l/’ /’[g‘m 91.95
7.5\
4 20 75.98

ol) pyridine (28 mL),

reaction time 6 hrs at 60 °C

Reaction conditions: cycloh Ang (va @,ZF ;W
2.3 ml 5 1),

From Table 3 Q‘_yt could cleaﬂ;( d hat ) gé substrate, cyclohexanol

: mount of cyclohexanol had
a strong influence on t@ obtained yield. aximulﬂyield was obtained when
cyclohexanol 10 mmol was employed. The use of cyclohexanol 20 mmol gave the

yield less than ﬂ %E}a‘} w;@ W ‘ﬁ wtﬁdeqaﬂ ‘%’ over oxidation and

cyclohexanol 10 mimol was sufficient %mount for thlS reaction condltlons
3.2.6 Kinetic study on the reaction rate of cyclohexanol oxidation

The kinetic study on the rate of cyclohexanol oxidation was conducted
utilizing two iron catalysts: FeCl;6H,O and Fe salen (11). Their kinetic analysis
results are shown in Table 3.7 and Fig. 3.4.
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Table 3.7 Effect of reaction time on cyclohexanol oxidation

Cyclohexanone (%)
Time (hrs)
FeCl;'6H,0 Fe salen
2 20.65 11.82
B 30.46 1391
6 39.26 21.08
24 32.26 41.13
48 44.35
Reaction conditions: cyclohexano ,\ 0 1). ifon catalyst (0.25 mmol), pyridine

HP (10 mmol) at 60 °C

. ////A.m%‘i‘\\

"1 [ [r-Ba\\ ]
20 ‘/ ’/ ikt d o
"7 =

7

10

cyclohexanone (%)

~EeCl3 6H20

> w ! I—-—Fe salen

° ﬂuﬂ?ﬂﬂﬂi?ﬂﬁ?ﬂ‘ﬁ ) K

-4 Kinetic analysis for ox1dat10n of cyclohexanol

QWWMﬂ‘iﬂU UAINYIAY

Frofn the results shown above, it was found that the reaction time was also the

significant factor to affect the reaction rate. Considering the results exhibited in Table
3.7, it was noticed that the oxidation using different catalysts proceeded with different
rates. The oxidation reaction using FeCl3'6H,0 as a catalyst gave interesting results
since the reaction could take place rapidly. The highest yield reached within 6 hours.
Nevertheless, under the conditions studied FeCl36H,O could catalyze further

oxidation of the desired product to unwanted compound(s). The amount of
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cyclohexanone was thus lessen. In contrast to the system utilized Fe salen (11)
catalysts, even the reaction took place not as rapidly as that of FeCly6H,O, the
oxidation could proceed smoothly and produced more desired product than other

systems examined.

3.2.7 Comparative study on cyclohexanol oxidation caalyzed by iron complexes
and iron complexes on support

The cyclohexanol oxidation catalysed by iron salts: FeCl36H,0,

\ ) y atalyst on support was conducted.
: ; ite. The comparative oxidation

.J
T —

Table 3.8 Cyclohexanol oxidation cais \xes and iron catalyst on

support \
AR Mass
= balance
1 Fe(acac); 93.78
2 Fe(acac); on silica gel . : e . 96.37
3| Fe(acac); o Belife T el &7, 103.74
4 | Fe(NOs);9F —— 105, 116.31
5 | Fe(NOs);9H,Qlon : 92.36
silica gel ¢ o .Y
et RS N RS =
celite ¢ P o/
7 pEeCii6H; VMBS
8 ﬂeCl3‘6H20 on silica 5.38 86.90 92.28
gel

Reaction conditions: cyclohexanol (10 mmol), catalyst (0.25 mmol), pyridine (28 mL),
acetic acid (2.3 mL), TBHP (10 mmol) reaction time 24 hrs at 60°C



28

As presented in Table 3.8, the oxidation employing Fe(acac); and Fe(acac); on
silica gel gave similar results. However, the oxidation using Fe(acac)s on celite, on the
other hand, produced less amount of the desired product. The reactions carried out
utilizing Fe(NO3);9H,0 and Fe(NO3);9H,0 on celite gave comparable results, while
the reaction using Fe(NOs3);9H,O on silica gel provided very poor yield of
cyclohexanone. Entries 7 and 8 manifestly displayed the distinct feature of
homogeneous and heterogeneous catalysts. To illustrate this, the former FeCl36H,0

produced cyclohexanone over 30% yields, whereas the latter catalyst provided

}}Tbis may be from low efficiency in

_‘

significantly less amount of the desi

impregnation was occurred.

]

The kinetic st ; ol o ation employing Fe(acac); and

Fe(acac); on support wa

Table 3.9 Kinetic study onfCy sed by Fe(acac); and
Fe(acac); on sup
o Time :
ntry — |
(hrs) | Fe(acad)s~25/ 4=/ 48 Fe(acac); on celite

1 3 / 0
2 24 J 15.85
3 48 s 34.13 39.96
4 72ﬁ FBEHTIN =2

Reaction conditiona-'cyclohexanol (10 mrgol), catalyst (0.25 mmol), pyrid&'r}e (28 mL),

ARTRITIRIIITNYTA Y




29

60

50

" o /
NS

10 /

cyclohexanone (%)

—+— Fe(acac)3

- Fe(acac)3 on silica gel

Fe(acac)3 on celite
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Fig.3.5 Comparz n Cyclohicxar catalysed by Fe(acac)s,

The results addresse : 2 " L ig 3.5 revealed that Fe(acac); and
Fe(acac); on silica gel provided simiila s, The use of Fe(acac); on celite as a

__f;/ ,j}_:}.f‘

catalyst gave interesting e Seemed to be slower than

; f d of the desired product

was reached approximaﬂy 50% yield'e e'reaction time was carried out for three

T AUEANENSNYINT

3.2.9 Effect of th&lsecond addition o%TBHP on cyclohexanol oxig:l'tion

RIS INGS

o?jld the second
was conducted. The progress of the oxidation reactions

catalysed by both Fe(acac); and Fe(acac); on silica gel were monitored at 3 and 24

those systems using thejother two cata

hours intervals. The results are presented as illustrated in Table 3.10.
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Table 3.10 Effect of the second addition of TBHP on cyclohexanol oxidation

Cyclohexanone (%)
Entry Time (hrs)
Fe(acac)s Fe(acac); on silica gel
1** addition
1 3 17.40 6.00
2 24 48.60 61.30
2" addition
3 2443 r 60.20 58.30
4 24+24 ‘ 67.60
Reaction conditions: cyclohexa 0 mn ataly 5 mmol), pyridine (28 mL),
acetic 2.3 ml 7 Tommotye
The attempt of / e bortio “of TBHP gave good results.
The cyclohexanone was" pr | \__'" twice upo ‘the addition of the oxidant
utilizing either Fe(acac) v sili
3.2.10 Further study on F d cyclohexanol oxidation
Based upon the obse ution of the oxidation catalysed by
Fe(acac); on silica gel turned (0 —d ring the reaction proceeded, the
assumption that iron c:{n ex may el was conceivable. To
prove this assumption., v;. i ed as described in the

general procedure. The galys : 0 ylﬁl the solid part, designated

as portion A. The brown Qltrate was named portion B. These two fractions were

then put back tﬂhu;ﬁa@ wcﬁj%‘g@ﬂﬁn’} ﬁfjesults are shown as

presented in Tabl&B.11.

QW'M;NT]?EM UAIAINYA Y
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Table 3.11 The cyclohexanol oxidation catalysed by Fe(acac); on silica gel

Entry Reaction conditions Cyclo?;o);anone Mass balance

Fe(acac); on silica gel,
1 - 5 4.10 115.78

Without TBHP, 3 hrs

2 |Portion A, 3 hrs 3.28 95.71
3 Portion A, 24 hrs 30.82 118.17
4 Portion B, 3 hrs 4.29 79.25

113.04

5 Portion B , 24 hrs

N
It was clearly vi/ ‘ 1 that Fe( ac); was still stuck on the

jlid portion A could still be

support, silica gel. Th

used as a catalyst in th . fThe filtza ) also assist the cyclohexanol

comparative results o sing” Fe sal-o-phen (11) and

Auganeninens
RINNTUUNIN Y
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Table 3.12 Comparative study between Fe sal-o-phen and Fe sal-o-phen on doped

silica gel catalysed cyclohexanol oxidation

Cyclohexanone (%)
Entry | Catalyst
2hrs | 4hrs 6 hrs 8 hrs 24 hrs | 48 hrs | 72 hrs
1 (11) trace | trace trace trace trace trace 9.16
2 (22) trace 8.61 10.73 12.04 25.19 31.65 | 36.87

cyclohexanol (10 mmol), catalyst (0.025 mmol), pyridine (28 mL),
acetic acid (2.3 mL), TBHP (10 mmol) at 60°C

ol

(22) n a do

From Table 3.12/

provided superior resul

Reaction conditions:

pidly than that without
support. This interesting r ough investigation.
3.3 Oxidation of benzyl alc

Benzyl alcohol could
benzaldehyde, by suitable conditi

g1 ]
1. In geneﬁi—"pr,

reaction of benzyl alco
5

aenvae  orner nroatlcts ma

alcohol was mainly ber ‘r e benzoic acid, carbon

dioxide, benzene and toltlene in sm om Previous literature, it was
reported that hydrogen per:pude (H,0,) was 1nvest1gated in the alcohol oxidation

using heteropolyd ﬂ-\gﬂlﬁngﬂ ﬂa?ts in oxidation of
elding enzal

benzyl alcohol yi Moreover, oxygen molecule was also widely
R
occurredar mice i ﬁ ometalli atalysts.

3.3.1 Effect of reaction time on benzyl alcohol oxidation
The effect of reaction time on benzyl alcohol oxidation was investigated. The

results are illustrated in Table 3.13.



Table 3.13 Kinetic study on benzyl alcohol oxidation

33

Product (%)
Time Mass
Entry Recovered
(hrs) Benzaldehyde balance
Benzyl alcohol

1 2 2151 60.16 87.67
2 4 33.54 53.78 87.32
3 6 37.24 48.18 85.42
4 10 34.68 49.28 83.96

Reaction conditions: Benzyl alcohol (1

" 30

benzaldehyde (%)

40

acetic acid (

35

25

20

15

/=

10

4722 %A\\N
/2% W\

‘6H,0 (0.25 mmol), pyridine (28 mL),

R A RENIHEIRS

12

R ST AN B i

was benzaﬂiehyde. The oxidation reaction proceeded quite rapidly. However, the

mass balance of the reaction was approximately 85%. This implied that perhaps

another oxidized product, benzoic acid which derived from the further oxidation of

benzaldehyde was taken place.
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3.3.2 Effect of type of catalyst on benzyl alcohol oxidation
Some iron complexes were emploted as catalyst in oxidation of benzyl

alcohol. The results are illustrated as shown in Table 3.14.

Table 3.14 Effect of type of catalyst on benzyl alcohol oxidation

Recovered
Benzaldehyde Mass
Catalyst benzyl alcohol
balance
3 hrs 24 hrs 3 hrs 24 hrs
Fe sal-o-phen 21.72 & 62.84 55.87 85.03
Fe sal-o-phen ,’
o d 06723 68.35 98.38
(pyridine)q —
Fe salen(pyridine), 55.60 82.88
FeCl536H,0 53.96 81.77
Reaction conditions: Benzyl mmol), pyridine (28 mL)

acetig'aci

amount of benzaldehyde attamed \@;ﬁ i

S Al

The comparativg stud of ﬂnzyl alcohol using iron

complexes and iron catalyst on support was garried out. The results are illustrated as

shownm'rableﬂsuﬂ’m&mi ‘WEJ’]ﬂ‘ﬁ
HIE

q | T S Recovered benzyl
Benzaldehyde
Catalyst alcohol
3 hrs 24 hrs 3 hrs 24 hrs
FeCl3'6H,0 on silica gel 28.44 28.66 62.14 48.97
Fe(NO3)39H,0 on silica '
i trace 28.91 110.81 55.29
ge

Reaction conditions: Benzyl alcohol (10 mmol), catalyst (0.25 mmol), pyridine (28 mL),
acetic acid (2.3 mL), TBHP (10 mmol) at 60°C
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From the results presentcd in Table 3.15, it was noticed that FeCl;'6H,O on
silica gel could catalyze the oxidation reaction much more efficient than
Fe(NO3)3'9H,0 on silica gel.

To ensure that silica gel was a good support for FeCl36H;O, a set of
experiments was carried out. The oxidation reaction was performed in the presence of
FeCl3'6H,0, but in the absence of TBHP for 6 hrs. Only trace amount of oxidized
product was obtained from this reaction. The catalyst was then filtered and

resubmitted to the oxidation reaction with the addition of TBHP 10 mmol.

Benzaldehyde was still observed a nt. On the contrary, the filtrate from

f benzyl alcohol. Benzaldehyde

SRR i dation reaction performed.

Consequently, it could be"con , ¢Cly6Hs id not impregnate on silica gel

the previous reaction could

was detected i in the amoun
well compared with Fe(dcac iscussed (section 3.2.10).

3.4 Oxidation of 2-oc
The product deriv

conditions such as temperagiire

type of solvent or stirring s ed' al the product yield. The oxidation of
¢ x:__ 2
2-octanol was reported employuﬁiwf cu ygen and N-hydroxyphthalimide in
e e LN —

the presence of a Co 3e01es The reaction p

yielding 2-octanone in high yield.™ Vario 1€ utilizing in the oxidation
of 2-octanol, i.e., silic‘g sppo ed N Fezﬁ ZnO, titanium dioxide

supported on silica gel andg,5, %wt palladium/alumina catalysed in the reaction at 80-

140°C and 75- ﬂs bar fof Gaygeh |1/} Stbaf: JvaliGub Fion complexes were

screened to search'for a potential catalyst for the ox1dat10n reactlonQJf 2-octanol. The

= RERIN TN 1INY1Q
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Table 3.16 Effect of type of catalysts on 2-octanol oxidation

Recovered 2-Octanol Mass
2-Octanone (%)
Catalyst ' (%) balance at
3 hrs 24 hrs 3 hrs 24 hrs 24 hrs
Fe saltn 2132 36.68 73.49 74.28 110.96
Fe sal-o- 20.71 - 28.04 72,12 79.35 107.39
phen(pyridine)4
Fe 13.08 23. 69.04 70.93 96.18
salen(pyridine)s | /s
Fe sal-o-phen 13.7 :_-:-._ m 621 67.03 97.56
Fe(BZA); 18. .ﬂ-—fﬁ-w 72.11 117.24

Reaction conditions: 2-octanok(10 i

st (0.25 mmol), pyridine (28 mL),

acetic aeid ( \ w\.xo
. . / . \\\
Among iron complex€ stigated, Ee(BZA); (19) was clearly revealed as a
good candidate catal jor ' ol oxida L\ e saltn (12) and Fe
7 is oxidation reaction with a

sal-o-phen(pyridine)s (17) dergfalso found 40, cata
bl s

good extent.

3.4.1 Effect of iron catalys »port on 2-octanol oxidation
examination of the Somplexes and iron catalyst

ut. The r@)lts are tabulated as shown

The comparat V

on support on 2-octano '!' idation wa

“““7ﬂuﬂqwﬂﬂ§Wﬂ1ﬂﬁ
ammnimum'mmaﬂ
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Table 3.17 Effect of supported catalysts on 2-octanol oxidation

Recovered 2-Octanol
2-Octanone (%) - Mass balance at
Catalyst ' (%)
24 hrs
3 hrs 24 hrs 3 hrs 24 hrs
FeCl36H,0 15.26 2839 69.90 51.26 80.81
FeCl;'6H,0 on 2561 36.01 78.04 70.62 106.63
silica gel
Fe(NO3);9H,0 on 10.41 51.78 82.68
silica gel
Reaction conditions: 2-octanol-(i( 1: 1), ca g jamol), pyridine (28 mL),
. e ——
acetic aci ) il 60°C
The results show v ed intr \ points. FeCls36H,0 on silica gel
could catalyze the oxidati abtion -of=2%c \\% ) \ efficiently. The yield was

superior to that attai
Fe(NO3)39H,0 on silic

gel assisted the reaction wi

ystems (FeCl36H,O and
e 10 the effect of support, silica

3.5 Comparative efﬁcieny of the o ?”‘ ic ‘,‘;5 . ion cataysed by iron salen

supported on doped sili

jicagel R A

The compar three model alcohols:

cyclohexanol, benzyl Ia and 2-octanol catalysed b)won on doped silica gel was

gAnEnTneIns
RINNINUNINYAY

examined. The ﬁu ts areécﬂccted in Table 8:18.
4
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Table 3.18 Comparative result from the oxidation of model alcohols catalysed by

Fe salen on doped silica gel

Time (hrs) Product (%)
Cyclohexanone Benzaldehyde 2-octanone
2 trace trace 4.56
4 trace trace 4.57
6 trace trace 5.03
8 trace trace 3713
24 trace 1] trace 4.90
48 8.38
Reaction conditions: substrate | , Fesaler f"--u- d'silica gel (0.025 mmol), pyridine

(28 m®); aceti 1 (2.3 mL) anc 10mmol)at60°C

The results displayed 4 points. Comparison with

the results obtained whepfiti n doped silica gel, it was observed
that the oxidation reactio ] ' srapid \ at using Fe salen on doped
\’ with three model alcohols, it

was clearly seen that 2-oc :'-.~’-‘,=‘ : s1 dized under this particular

condition. However, the rate of* e 3 as far slower than the soluble iron
“5}’#.-%# I 7
catalysts. ST
For further dpplication;—the—use—of-iron—ca "’“:‘ support may be of
advantages. The ease of sepat ed products should be the

attractive feature for this developed system.

ﬂﬂﬂ’l‘ﬂﬂ‘ﬂ‘ﬁﬂﬂ’lﬂ‘i
’QW’lﬂ\‘lﬂiﬂJ AN Y
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3.6 Proposed mechanism for iron catalysed oxidation of alcohols

The mechanism of the iron catalysed oxidation of alcohols using TBHP as an
oxidant was proposed as depicted in Scheme 3.1. The high valent iron species
(formally Fe"=0)* was formed in the first step and responsible as a real oxidant for
the oxidation of alcohol. The interaction between alcohol and high valent iron species
would produce intermediate like A which would then be collapsed to the final

product.

AUYINENITNYINT

Scheme 3.1 The proposed mechapism for the i iron catalysed ox@tlon of alcohol
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