CHAPTERIII

RESULTS AND DISCUSSION

The oxidation of hydrocarbons is significant to the chemical industries

because these oxidation reactions are normally used to covert petroleum hydrocarbon
feedstocks into fine chemicals e in the downstream polymer and
petrochemical industries. This resgarc %ocused on the selectivity study
of the oxidation processMated;hydmm; Metal soluble complexes
including chromlum(III)ﬂr#’ 1ese(ll), iro , “eobalt(Il), nickel(Il) and

copper(Il) stearate com

: their catalytic capability.

The advantage of this t 5t is its, ility to iaxé*%mogenized with organic
phase used [22, 23]. Cy 3 lte as a model substrate to observe the
selectivity towards the fo I. Q‘t.her substrates such as tert-
butylcyclohexane, n-hexan Wy leye d adamantane were chosen for
further regioselectivity study. In g_e:tié}al ns for the oxidation reaction
examined were as follows: metaf:fs%%‘te' @l, 70% TBHP 9.0 mmol, 70°C for
TR 3 N
24 hr. ;;‘ o i !

3.1 Syntheses and idenﬂicaﬁon of metal

Six metal stearate l‘_:g‘omplexes: ch@nium(lll),i manganese(ll), iron(III),

cobalt(Il), nickeﬁ)ﬁd&}»ﬁ%m Ei %@%&} ’\'u]eﬁsy thesized employing

known procedurﬂd reported in cheémcal llterature [24]. Their 1dentmes were

confirm ﬂﬂﬂﬁmWﬁﬁrﬂ carboxyhc
acid 11g are visualized at stretching and 1395-1440

cm” and 1210-1320 cm™ for C-O stretching and OH deformation, respectively. In
metal stearate complexes, the C=0 and C-O stretching vibration bands were shifted
to 1710-1750 cm™ and 1540-1460 cm’, respectively due to increasing of bond
strength. All infrared absorption signals of complexes appear at higher frequency

than those of free carboxylic group [26].



The infrared spectrum of a selected metal stearate complex, Cr(IIl) stearate is

presented in Fig 3.1.
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Fig 3.1 spectrum ofLi(11T) Stearate
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From Fig 3.1, chromius _:r;ne.jx‘, I 'niﬁcant absorption peaks of
C=0 and C-O stretchi L....-.....-—--.-—-..-’,...-21-;?5-?‘E“ spectlvely which were

Iy
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3.2.1 Effect of metal stearate complexes
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furnished €yclohexanone and cyclohexanol. In some rare cases, cyclohexane could

well conformed with thatpre

also be transformed into adipic acid [14]. The type of metal complex is of significant
factor affected on the formation of the desired products. The aim of this study was to
observe the selectivity upon the conversion of cyclohexane to cyclohexanone and
cyclohexanol using selected metal stearates as a catalyst. The results of the
cyclohexane oxidation catalyzed by six metal stearate complexes are presented in
Table 3.1 and Fig 3.2.



(1) cyclohexane

(2) cyclohexanone

(3) cyclohexanol

E=H
R=0

R=0H

Table 3.1 The effect of metal stearates on cyclohexane oxidation
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Products (mmol)

&

Entry Catalyst
1| Cr(Illstearate 5
. Co(Il)stearate
3 Mn(II)stearate
4 | Ni(I)stearate '
5 Cu(II)stearate
6 | Fe(Ill)stearate

reaction conditions: cyeloh

Product (mmol)

- - -
B (o] oo
I ! |

1

-
N
I

Total Selectivity
3) (mmol) one/ol
1.924 4.16
1.663 0.71
A 4. 1.560 0.59
ST 1197 132
1.473 0.96
1.471 1.93

yst 0.2 mmol, TBHP 9.0 mmol,

© o o o
o N H (o)) o -
L 1 E 1 L L

l

Cr

Fig 3.2 The effect of metal stearates on cyclohexane oxidation

Metal stearate

Selectivity
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From Table 3.1 and Fig 3.2, it was found that the selective oxidation
of cyclohexane was proceeded with high efficiency crucially depending on type of
transition metal. The use of Cr(IIl) stearate as a catalyst gave the highest yield of
cyclohexanone with excellent selectivity for cyclohexanone and cyclohexanol
formation, whereas other stearate complexes of Co(II), Mn(Il), Cu(Il) and Fe(IID)

gave comparatively good total yield; however with poor selectivity. It is interesting

to note that Co(II) and Mn(Il) stearates revealed the favor for the formation of

cyclohexanol. With the aim to se T! p good oxidation system providing
intriguing selectivity, Cr(III) % &E utilized as a catalyst for the

oxidation saturated hydrocai is Igse
T——— -

— _

3.2.2 Effect of bi- and tri-

3.2.2.1 Effect of the rati

H;u-’:‘;-" e

desired products. Thus, various ratm_
and the results are sho:xn i f

Table 3.2 The effect o stearates on cyclohexane

oxidation
Entry N o tal Selectivity
f~'(ﬁuol) one/ol
TS
. 0 )

H 15@ L 416

2 ! 1:1 0.584 0.917 1.501 0.64

3 .0 | 0.690 0.937 1.626 0.74

4 31 1.234 1.351 2.585 0.91

5 4:1 0.974 0.739 1.713 1.32

reaction conditions: cyclohexane 50 mmol, catalyst 0.2 mmol (Cr(Ill) stearate :
Co(II) stearate), TBHP 9.0 mmol, 24 hr at 70°C
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From Table 3.2, it was observed that the oxidation of cyclohexane by the use
of Cr(Ill) and Co(Il) stearates gave lower selectivity for cyclohexanone/
cyclohexanol formation than the system employing solely Cr(Ill) stearate. It was
noteworthy that with the ratio of Cr(III):Co(Il) stearate of 3:1 provided the highest
total yield of the desired oxidized product. The total oxidation yield was improved
approximately 34% based on the system employed Cr(IIl) stearate catalyst alone.

Nevertheless, low selectivity of the formation of the desired products was observed.

a main catalyst and oth

stearates) was substituted” 3 atio of 3:1 to catalyze the oxidation of

cyclohexane. The resul

Entry Catalyst du L mi “ Total Selectivity
)y I,{J’“'J' / ﬂ“ (mmol) one/ol
1 Cr o 1.924 4.16
2 Cr:Co 2.585 0.91
= £
3 Cr: Mn § 2,134 2.05
f ‘\r‘!
4 Cr:Ni -y ~1.244 4.14
5 Cr:Cu ¥ 0.724 180 2.01
6 Cr: 1 9.87
' [llataim

reaction conditi

mol, catalys Hmﬁbl'(@(lll) stearate : other

ARSIV D
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[ cyclohexanone

=3 cyclohexanol
1.8 ¢ Vi I
—e— selectivity

16 +

r - y 110
14 1 )
1.2 1 18
0.8 + ’/

} ]
06+ | | N : 14
0.4 + '
, v +2

0.2 +

Product (mmol)
o

Selectivity (-one/-ol)

Cr 0

ivities for the oxidation of

cyclohexane using Cr(IIl) s = ; er metal stearates as a dual
catalyst. It was observed that the ﬁi@! ' f cyclohexanone/cyclohexanol was
still gained when Cr Iﬂ? stearate was ald’fl }?E:Nevertheless the total
yield of the oxidation pfoducts was increased in nce of bicatalysts such as

Cr:Mn, Cr:Cu and Cr:C';yJ;ys ems. Ir %tem gave higher yield of

cyclohexanol than that of gclohexanone

theraturﬂ wq:sﬂtﬂ %ﬁ/ w&t@nﬂ@ have reported the

development of &lnew catalyst system for an aerob1c oxidation of cyclohexane

catalyze ﬁ ﬂ)nﬁ'm Wkwn‘g(ﬂﬁ b)m 8 absence of
solvent system provided the selectivity

of cyclohexanone/cyclohexanol as 2.41[28]. It should therefore be noted that the
selectivity for cyclohexanone and cyclohexanol formation by this present work was

far superior to the system of Can-Cheng.
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3.2.2.3 Effect of tricatalysts

The examination of the effect of tricatalysts system for the selective oxidation
of cyclohexane is shown in Table 3.4 and Fig 3.4 using the ratio of Cr(IIl) stearate

and other two types of metal stearate as 2:1:1.

Table 3.4 The effect of tricatalysts on cyclohexane oxidation

Entry Catalyst Products (mmol) Total Selectivity
2) one/ol
1 Cr ' 4.16
2 | Cr:Mn: 1.68
3 Cr: Co 2.46
4 Cr:Mn: 1.42
5 Cr:Mn , \ 1.67
6 | Cr:Fe:Co 0,680, 1. L. 0.83
- s NV A\
reaction conditions : cyclg 0 mimol;catalyst f\imol (Cr(Ill)stearate : other
9.0 mmol, 24 hr at 70°C.
| 1 cyclohexanone [ e
2 ) cyclohexanol +4
by “} - - ity 135
= ©
g +25 %
VRENNINT ek
g 1 U | T2 3
2 q 3
=W i = 'Y, + 1.5 3
AWM o]
+ 0.5
0 0

Cr CrMnCo CrCoNi CrMnNi CrMnFe CrFeCo
Catalysts

Fig 3.4 The effect of tricatalysts on cyclohexane oxidation
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Table 3.4 and Fig 3.4 reveal the yields of cyclohexane oxidation in presence
of tricatalysts. It was found that the tricatalysts system composing of
Cr(III):Mn(II): Co(II) stearates gave the highest total yield of product, approximately
74 % higher than the normal system using only Cr(IIl) stearate as catalyst.
Nonetheless, lower selectivity for the formation of cyclohexanone over cyclohexanol
was observed. It was noteworthy to the state at this point that the tricatalysts system
had never been previously addressed and gave impressive results with the extent of

the consideration of the total yield of the

'W product.
3.3 Kinetic study on the r )@ oxidation
/as_pérforme
Y i - NAS _A'

d in order to observe the

A
£ ion was generally slow and

yclohexane catalyzed by

1 fugiteninens
FRIANTUUMINGAY

Time (hr)
¢ Cr(lll) stearate ® Co(ll) stearate A Cr:Co (3:1) system

Fig 3.5 Kinetic analysis of cyclohexane catalyzed by Cr(Ill) and Co(II) stearates and
Cr:Co (3:1) system |
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From Fig 3.5, two metal complexes: Cr(IIl) and Co(II) stearates and Cr-Co
system were employed for kinetic study on the oxidation of cyclohexane. It was
found that the rate of the oxidation reaction employing Co(II) stearate was clearly
faster than that of Cr(IIl) stearate and Cr:Co system at the initial period of the
reaction. Half-lifes of the reaction were approximately 4, 8 and 8 hr for Cr(IIl),
Co(Il) stearates and Cr:Co (3:1) system, respectively. Considering in terms of total

yield of the desired products, it was clearly observed that Cr(IIl) stearate could

provide more significant amount 1‘
Cr:Co (3:1) system. \&\&

rWexanone than Co(Il) stearate and

3.1, Co(Il) stearate was

Based upon th:
found to display a uni lohexanol prevailing to
cyclohexanone. The eff: am | tearate catalyst (0.1, 0.2,

0.3 and 0.5 mmol) was thugfinyesgiga -d. " resented in Table 3.5.

Table 3.5 The oxidation o

Entry Catalyst Selectivity
(mmol) one/ol
1 0.1 0.752
2 0.2 o . 0.711
3 0.3 0368 0.545 =0.913 0.675
4 05 i‘_.l | M 0.617
reaction conditic!r‘sf| :leyclohexane 50'mmiol, Co(Il) varied, TBHF'9.0 mmol, 24 hr at

AMIAINTAUUNIINYAY
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place and may compete the desired oxidation route and €ventually yield unwanted

side reaction p Lﬁﬁlﬁ % mcm m jj ie reaction gained a
lower yield tho ectivity' inereased Iso showed that the
amount of catalyst has little influenceon the selectm%f the gr]‘od&fs

TANTIIEM NI

3.5 The oﬁdatlon of other selected organic substrates

Cyclohexanone, cyclohexyl acetate and cyclohexanol were selected in order
to investigate the scope of this oxidation system. The results are displayed in
Table 3.6.
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Table 3.6 Chromium(III)stearate-catalyzed oxidation reaction of cyclohexanone,

cyclohexyl acetate and cyclohexanol

Product (%) % Substrate | Mass balance
. Entry Substrate
(recovery) (%)
1 cyclohexanone 0 95 95
2 cyclohexyl acetate 0 97 97
cyclohexanone 6 96
3 cyclohexanol

o \“‘W
reaction conditions : substrate W te 0 2 mmol, TBHP 9.0 mmol,
24 hfm

Table 3.6 exhibit
three distinct functional i

) x‘f' 10 tem was selective. Amon
| g
2

one, acetate ester and hydroxyl group,
. ; a4 3
only the hydroxyl grou ly rmed into the corresponding

carbonyl compound in" go A ’ v\3)y e, o%er reported systems, for

resins were used as catalyst f . ] idation of cyclohexanone. The
7 7 306 [ 9]. Crezee et al reported the
selective of cyclohexanone using ¢ c:a%n cmmohthlc as catalysts. It was found
the reaction gave fltya products MﬂﬂLﬁLZ.Mﬁ

ajor product 16% [30].
euively oxidized alcohol in

exanone, adipic acid,

succinic, glutaric acid an fumarlc acid. Adj

This developed system

the presence of other functioial groups such d&-ketone er
AUEINET e

3.6 Effect of additives

QRN IS U BRI rir 0

some informative clues for mechanistic pathway of this system. Two trapping agents

ay therefore ¢ utilized to sel

were chosen to investigate, i.e, carbon tetrachloride (CCls) and bromotrichloro-
methane (BrCCl;).

3.6.1 Effect of CCly

CCly was the first additive examined. The outcomes from the reaction are

presented in Table 3.7.




31

Ry
(2) Cyclohexanone Ri=0
(3) Cyclohexanol R, =O0OH
(4) Chlorocyclohexane R; =l

Table 3.7 Effect of CCly on the oxidation of cyclohexane

Entry | CCl4 Product (mmol) Total product Ratio
(mmol) @ 1 (mmol) one+ol/-Cl
1 0 1.551 373 1.924 -
o ‘ 1
2 1 0.82 Inmmptie | O G— 1.653 4.07
3 3 0.720 ' 1.694 3.08
4 5 0. 1.625 1.26
5 10 0 1 033 0.17
6 20 - 1.274 0
reaction conditions : cyglohexa : 1 1Mo, 1(LT) stearate 0.2 mmol, TBHP 9.0
v Lyl
-
16 A 'I_T 2 0 il St
] ‘”-”'flcyt:l@‘mﬁone

1.4

cYcionexXano

1.2

Product (mmol)
o
(o]

CCly (mmol)

Fig 3.7 The effect of CCly on the oxidation of cyclohexane
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From Table 3.7 and Fig 3.7, it was found that the amount of oxidized
products: cyclohexanone and cyclohexanol was decreased, while the amount of
chlorocyclohexane was increased when the amount of CCly in the reaction was
increased. With 20 mmol of CCly, the oxidation reaction was completely suppressed
and diverted to yield cyclohexyl chloride. Therefore, this system could be another
alternative way to be used for the synthesis of alkyl chloride which was much
convenient than the chlorination using Cl, in conventional way. Alkyl chlorides

themselves are very important in organi thesis as alkylating agents [21].

' was ostulate that CCly may trap the
and Jranég chlorocyclohexane with the
.id ized. “prodtietss This trapping reaction is
14 for cyclohexyl radical

[31]. This derived info ; T \M \ of this reaction may take

place via the radical

The outcome from this st
intermediate present in the reaetion
suppression of the fo

rationalized in terms o

\. eptual mechanism for the

interception the intermedidte Mwith” CCly o “ cyclok cane oxidation is shown in

OH

ﬂﬂﬂ@&l‘ﬂ‘ﬁﬂﬂﬁﬂ‘i
st RABAAIRUBNI NED R L. upon the

‘addition of CCly

3.6.2 Effect of BrCCls

BrCCl; was another well-known radical trapping reagent. The effect of

BrCCl; on the oxidation of cyclohexane is shown in Table 3.8.



R1
(2) cyclohexanone R, =0
(3) cyclohexanol R; =OH
(5) bromocyclohexane R, =Br

Table 3.8 Effect of BrCCl; on the oxidation of cyclohexane

33

Entry | BrCCl; Product (mmol) Total Ratio % efficiency
(mmol) 2 3 | \@, ,‘), /Product one+ol/-Br | of TBHP
ol JA""
T e
2 1 0.134 . /0878 TS;:— 0.426 9.75
3 3 0.12 W9 2926, [ 0.045 31.09
4 5 s _ 074 \\4 074%™ 0 4527
5 8 - 4 T8 \5\8 83.53
Reaction conditions: cyclghe mm I )S\teq{ate 0.2 mmol, TBHP 9.0
mmol 24 ﬂtJ@OCe 2z ‘
*bastd gh TBHP -&-\
u“- i “5'.#

- ;',—';*E;.-' {*- Lyl =

Product (mmol)

22

BrCCl; (mmol) 8

Fig 3.6 The effect of BrCCl; on the oxidation of cyclohexane




34

From Table 3.8 and Fig 3.6, the addition of BrCCljs to this system diverted the
formation of oxygenenated products in favor of bromocyclohexane. With BrCCl; 5
mmol was added to the reaction, bromocyclohexane (5) was only the product
detected. Thus, this process was another suitable procedure for synthesis of alkyl
bromide more than a classical route employing using Br,. The ratio of oxygenenated
products to bromocyclohexane was decreased when the amount of BrCCl; in the
reaction was increased. The overall of % efficiency of TBHP in this process was
itive CCly (Table 3.7, Entry 4) under

ated products still remained in

increased. Compared with the result

l ' roduct of bromocyclohexane.

_ ﬁﬁw:han CCly in this system.
C lmhe results obtained from
b

the same conditions, it was fo
the reaction, while the use
This could be seen that

The outcome fr
| ot 14 and BrCCl; acted as a
radical trap. Therefore, the ‘ ¢ chan "thjsreaction should occur via

principle, proceed to yield mdi;'é"fiﬁﬁhf}-"a tert-Butylcyclohexane (6),
methylcyclohexane (12 713 }were selected as model

i

1j1 reaction.
! L

3.7.1 The oxidation of tertsbutylcyclohexane .~

the ol Al B ELA kT s v

carried out under optimal conditions. The results aréshown in Tablé3.9.

O TUT 500! Tl elohakdnel d Vi, kGt

1 (7) 2-tert-butylcyclohexanone  R;=0, R,=H, R3=H

(8) 3-tert-butylcyclohexanone  R;=H, R,=0, R;=H

R4 (9) A4-tert-butylcyclohexanone  R;=H, R,=H, R3=0
(10) 2-tert-butylcyclohexanol R;=0OH, R,=H, R3=H
(11) 3-tert-butylcyclohexanol R;=H, R,=OH, R3=H
R3 (12) 4-tert-butylcyclohexanol R;=H, R,=H, R3=0OH

substrates on the oxida
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Table 3.9 The oxidation of tert-butylcyclohexane catalyzed by Cr(IIl) stearate

Substrate Product (mmol) Selectivity

7 8) ) (10) (11) 12) 2-one:3-one:4-one

6 0.030 | 0.496 | 0.299 | trace | trace trace 1:16:10
reaction condition : fert-butylcyclohexane 15 mmol, Cr(Ill)stearate 0.2 mmol, TBHP
9.0 mmol, 24 hr at 70°C

tert-Butylcyclohexane was another interesting model for regioselectivity
study because it consists of 4 hydrm at 2- and 3- position and 2 hydrogen
atoms at 4-position. The statis@r % of tert-butylcyclohexane at 2-,
3- and 4-position was 2:2:lmj§blew}.9, Q that at positions 3- and 4-

in tert-butylcyclohexane n was

oxidation occurred at t 1vi _ 'one formation: 2-one: 3-

one: 4-one was 1: 16 : the steric effect of tert-

L

b

butyl group in cyclohex 1&“ to be attacked by active

species.

The oxidation syste talyst which was previously
studied® provided similar re 12 ‘of 2-one : 3-one : 4-one as
1 : 32 : 14. This observation 'disp‘ y yl substituent on cyclohexane had
a profound effect on the oxidaﬁ’af;{f‘c;%éiiiﬁ}ri‘ duce lf:oxidation to take place

preferentially at 3-po '

3.7.2 The oxidation of ngthvlcxclohexane UJ

Methylcﬂryﬁ ﬁlwﬁ% %"ﬂt ge[ ﬂaa;me for studying the

effect of subst ohexane oxidation. The postulation that the size

S S T T
oxidation qr tio oul 5 11 sults=of idation of

methylcyclohexane are presented in Table 3.10.

CH;,

R, (13) Methylcyclohexane R;=H,R=H,R;=H
(14) 2-Methylcyclohexanone  R;= 0O, R,=H,R;=H
(15) 3-Methylcyclohexanone R;=H,R,=0,R;=H

4 (16) 4-Methylcyclohexanone Ri=H,R,=H,R;=0
3
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Table 3.10 The oxidation of methylcyclohexane catalyzed by Cr(III) stearate

Substrate Product (mmol) Total product Selectivity
(14) a5s) (16) (mmol) 2-one:3-one:4-one
(13) 0.228 0.454 0.116 0.798 2:4:1
reaction conditions: methylcyclohexane 50 mmol, Cr(IIl) stearate 0.2 mmol, TBHP
9.0 mmol, 24 hr at 70°C

From Table 3.10, the oxidation of methylcyclohexane gave three main

products. 2- and 3-methylcyclohex wﬁ&ewed as a main product. The little

oxidation occurred at the 4- posmqn osition: 3-position : 4-position

was 2:4:1 which similar t@lc ualue Mh.yl group had an affect on the
,ox1mert-butylcyclohexane under

\was. \&){ﬂ‘that the oxidation of
- 3-0ne * 4- (2 4: 1) higher than the

reaction at 2-position.

the same conditions
methylcyclohexane ga

oxidation of tert-butyl

Sarneski e al. have recéﬁéépbm alkyl hydroperoxide oxidation of
methylcyclohexane with [Mm@(ﬂlp?h(@fh%

C’/C? selectivity per' bOnd-on-a-basis-of-i-6-at-lew-eenveision, rising to 2.1 in the

CH;CN, claiming an initial

L

presence of excess oxidant [8].

A series of experlments conductmg on the oxidation of fert-butylcyclohexane

and methylcyclo xﬁ Egni‘j (Efﬁ? ﬁj m n cyclohexane had
profound effect oXidation reacti size of the substituent on cyclohexane
eI N IneaY

3.7.3 The 3xidation of n-hexane

The regioselective oxidation of aliphatic hydrocarbon was studied using
n-hexane as a model substrate. The results of the oxidation of n-hexane are shown in
Table 3.11.
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R; (17) n-Hexane R;=H, R,=H, R3=H
(18) 2-Hexanone R,=H, R,=0, R3=H
Ri (19) 3-Hexanone  R,=H, Ry=H, R;=0
R, (20) Hexanal R;=0, R,=H, R3=H
(21) 1-Hexanol R;=0H, R,=H, R3=H
(22) 2-Hexanol R;=H, R,=0OH, R3=H
(23) 3-Hexanol R;=H, R,=H, R;=0OH

Table 3.11 The oxidation of »- rious metal stearates

Entry Catalyst Total Selective
(mmol) 2-:3-
: position
1 Cr(IIT)stearate 1.311 1.39
2 | Co(ll)stearate 0.522 1.52
3 Mn(II)stearate 0.884 1.13
4 Cu(Il)stearate 1.269 1.37
reaction conditions: n-heXang 50_ mmol, 2 mmol, TBHP 9.0 mmol,

be detected at 3-position (3- hexa
reaction at pri Er ﬁ’ stearates revealed
good capability ﬁ ﬂ ﬁmyﬁ ﬂ)ﬁﬁﬁ %)mon ratio was 1.39
and 1.37, respectlvely Whereas thdse stearate eomplexes of Co(ll) and Mn(II)

st OGN b o b ki b o ey o

the obtamgd products.

the other products coul' ol and 3-hexanone). No

From the previous report, in 1999 Masahiro and his co-workers used soluble
titanium complexes to catalyze the oxidation of n-hexane by TBHP as oxidant.
n-Hexane could be oxidized to the corresponding ketone and alcohol.'” The ratio of
the products occurred at 2-position (2-hexanol and 2-hexanone): 3-position (3-
hexanol and 3-hexanone) was approximately 1:1 which simply similar results were

observed by this system.



38
3.7.3.1 The effect of the amount of TBHP on Cr(II) stearate oxidation of n-hexane

The amount of TBHP in the reaction was varied from 3 to18 mmol in order to
find the most appropriate amount of TBHP that provided the highest yield of the

desired product. The results are presented in Table 3.12.

Table 3.12 The effect of the amount of TBHP in n-hexane oxidation

Entry | TBHP Product (mmol) Total Selectivity
(mmol) (mmol) 2-:3-
position
1 3 1.034 1.43
2 | 9 1.311 1.39
3 18 0.652 1.61

reaction conditions: n-héxa

24 hefat

0.2 mmol, TBHP varied,

mmol the desired product wa rogi‘llig;‘dq )3 : former condition employing
vas increased (18.0 mmol), the yield
was decreased. It might be expw ﬂ?ffﬂ » caction was obstructed by H,O in

3.7.4 The oxidation of @man ]

Another gﬁﬁ ﬂij my ined is adamantane.
Adamantane h ij 9] nvestigate the activation

process of saturated hydrocarbon. Thi§ may be because it is a non<yolatile substrate,
comin o171 s A s i 13
equlvalent secondary carbons and four equivalent tertiary carbons, it is a potential
probe for regioselectivity study. Although, the interpretation of that selectivity is
a matter of continuing controversy. The results of the oxidation of adamantane are
shown in Table 3.13.
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R (24) adamantane R,;=H, R,=H
R, (25) 1-adamantanol R,=0OH, R,=H
(26) 2-adamantanol R,=H, R,=OH

(27) 2-adamantanone R;=H, R,=0

Table 3.13 The oxidation of adamantane catalyzed by various metal stearate

complexes

Entry Catalyst Recovered roduct (%) Total
adaman%é\-\? Product | C%C3

O | s | a1 |

1 | Cr(Ill)stearat 1, 1430 418 | 1848 0.29
r(IlT)stearate Af ».SH cE
2 Co(II)stearate : IR 172 11.98 0.32
3| Mn(ll)stearate / 11 AN 08 17230 | 1438 | 030
VYNNG . .
4 Ni(II)stearate o5 17 6 r \3\“&2.40 10.82 0.39
@ (R 4
5 | Fe(Ill)stearate o2 7] ‘* 0 2.12 -
reaction condition : adam 'h‘u'n:;“)‘lj stearate 0.2 mmol, TBHP 9.0 mmol,
-l', ." /
isooctane10 : D°(
il ‘\.:J:_ R
Table 3.13 shows the oﬂ&éﬁéﬁ' gf nant catalyzed by various metal
stearate complexes.: ‘ i i}y to l-adamantanol,

2-admantanone and 2-adamantanol. It _r oxidation of adamantane

proceeded with high et 1cient crucially dependmg on type of transition metal
complex. Cr(III) oi oxidation reaction
(1-adamantanol @;ﬂij dﬂHf\T ‘ﬁgﬁmnznamane selectivity
C*C? value derived from this s ste as foun 29. The C?
and C3 dqﬂ) r]1 a ﬁen ‘ﬁjﬁfiimfyrﬁﬁondmy and
tertiary posmons respectively.

From the literature of the oxidation of adamantane, A C%C> value of 0.15 has
been reported for alkoxy radical attack on adamantane [33]. The C*C’ ratios
obtained for hydrogen abstraction by a oxoferryl porphyrins species [34] and by the
cobalt catalyzed autooxidation were 0.21 and 0.53 respectively [35]. Furthermore,

the oxidation of adamantane with CrO; and TBHP in benzene at 60°C led to 1-

adamantanol with a low yield (10%) while the use of (n-Bu3Sn0),CrO, instead of
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CrO; afforded 1-adamantanol and 2-adamantanone with respectively 19% and 6%
yield. C%/C? ratio was 0.23 and 0.54 [10]. These systems were concluded to occur via
radical pathway. Therefore, the possible mechanism for the oxidation of adamantane
using Cr(IIl) stearate as catalyst and TBHP as oxidant should occur via radical

pathway.

3.7.4.1 The study of adamantane oxidation catalyzed by bicatalysts of metal stearate

complexes ,
% in the presence of other metal

\\\l
Cr(IIl) stearate was

stearates (Co(II) Mn(II), NQMe(HQ steanbs)-nnhe ratio of 3:1 to catalyze the

oxidation of adamantane.

Table 3.14 The oxidation'© i :

Total
Product | C%C?

Entry | Catalyst
Recawerg

3 en | @

1 Cr 74.4 4.18 18.48 0.29

'

2 | Cr:Co | 67.86 fj?%”-‘, 3:._11 72 | 388 | 1738 | 036
3 Cr:Ni ‘ Bl 80.6 | 1332 - .34 17.06 | 0.28
4 Cr: Mn 190 | 102 6 16.58 | 0.39
5 Cr:Fe ?6% j E|4.02 16.86 | 0.31

reaction conditions: adanymtane 5 mmol, lests 0.2 mmol (Cr(II) stearate and

ﬂ wmpﬂ%}% ﬁ%’]ﬂ@l isooctane 10 mL,

9 24 hrat 70°C

nﬂ ﬁ ;]pﬂ qs a j m EJ n;l:gon Ez!t:l]ysam E’!(m) stearate

catalyzed oxidation of adamantane. It was observed that the oxidation of adamantane
catalyzed by bicatalysts system gave almost the same amount of the desired product
as the Cr(Ill) stearate alone was used as a catalyst. Cr:Co and Cr:Fe systems were

another intriguing catalyst since it gave the best selectivity.
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3.8 The oxidation of cyclohexane catalyzed by Cr(III) stearate in the large scale

The aim of the present study was to extend the scope of the oxidation of
cyclohexane by increasing the amount of cyclohexane, catalyst and TBHP. The

results are shown in Table 3.15.

Table 3.15 The oxidation of cyclohexane in large scale

Entry | Time Product (mmol) Total yield | Selectivity
(hr) ) 2N ﬁ L‘ ”" /? (mmol) -one/-ol
1 6 151450 ) ‘ﬁ 2.695 1.28
2 12 3 255; : 5.582 1.43
3 18 5 r/ \ ﬁ)ﬁ?\\L 19.988 1.35
4 24 7 . 12354 1.46
5 30 9 766 L 14902 1.46
6 30* 0.289 i:L = 13.953 2.76

reaction conditions: cycloh

fourﬂ!ﬂ'iédisJ
* TBHP 36. O’JE’ﬁﬁé}

mmoi(a:

)' .?;?—_5 -

Table 3.15 exhlblts thaf-c?dohq ¢ could be conyverted to cyclohexanone

.............................................. anol ratio was 2.22. In

the case when 36.0 mﬁ
(entry 6), it was foun

Y 4030 (rh 1M1 i

3.9 The kmetlc study of the efféct of triphenylphosphinegon cyclohexane

TRRIANNIU NNV A E

As? reported earlier in the literature, the alkyl hydroperoxides could be

mitial stage of the reaction

that the total yleld was decreased. Compared with other

quantitatively determined by in situ reduction to the corresponding alcohol. Thus,
when a variable amount of PPh; was added to work up for cyclohexane oxidation, the

resulting product distributions are obtained as shown in Table 3.16
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Table 3.16 The kinetic study of the effect of PPh; on cyclohexane oxidation

Entry | Time Product (mmol) Ratio | Worked up with PPh; Ratio
(hr) ) A3) -one/-ol ) A3 -one/-ol

1 1 0.223 0.040 5.58 0.754 0.225 3.35

2 3 0.732 0.112 6.54 1.006 0.372 2.70

3 5 1.115 0.208 5.36 1.573 0.596 2.64

4 8 1.220 0.137 8.91 2.120 0.786 2.70
Reaction conditions: cyclohexane 50 mm / II) stearate 0.2 mmol, TBHP 9.0
From Table 3.16 yclohexane oxidation clearly
revealed the effect of red u«. as found that the amount of

cyclohexanol was increasedmarkedly. ret that PPhs reduced an
intermediate, possibly , ¢ess. ROO] ~ wn ng which then convert to

cyclohexanone and ¢ ble ‘o u al mechanism could be

drawn below.

A

W

2./00H

_“Mﬂh Ylﬁbﬂjﬁﬂ’lﬂ& é
ARA FFWNW]’JWEI']?REI

Scheme 3.2 The proposed conceptual mechanism on cyclohexane oxidation upon the
addition of PPh;
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3.10 The proposed mechanistic pathway for Cr(II) stearate catalyzed on
cyclohexane oxidation
From the regioselectivity study, the comparative study on the relative reactivity
of saturated hydrocarbons and the results of the kinetic study on cyclohexane
catalyzed by Cr(Ill) stearate, Co(II) stearate and co-catalyst (Fig 3.2) could be
indicated that the mechanism of this oxidation may involve a free radical reaction.
This proposed mechanism was based on the similar oxidation which presented by

Muzart [22]. It was proposed that su species from TBHP was transferred to

Cr'™ and the reaction was carri : t Cr’ oxo species. After that, the
hyper-valent Cr’ oxo spe 3) ogen from cyclohexane and

produced alkyl radicals. H and then reacted with

cyclohexyl radical giving™ ygen may react with the

produced carbon radica : which then collapsed to

.. 7. homolytic cleavaged and
produce #-butyl peroxyl r “This rac l might abstract hydrogen

- ; als. Oxygen may then react

with the produced carbon ra calJM ¥ cloh hydroperoxide which then

=
el i,g'ld

collapsed to the final producis: ~ The proposed mechanism on the oxidation

cyclohexane catalyzed by Cr(;H.‘la" Steara mg TBHP as oxidant is shown in
Scheme 3.3. "

ﬂumwamwmm
QW']MT]?EM&IW]’W]EI’]QEJ
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t - BuOOH

t-BuOOe

t-BuOe +120,

t - BuOe+ ¢ -BuOO- t - BuOO#-Bu + O,

t - BuOQe

t-BuOOOOt - B:——=  t- BuOOOt-Bu +1/20,

ﬂUEJ’JVIEWIiWEJ“fh‘i
ammmmhu AR IR L

catalyzed by Cr(III) stearate using TBHP as oxidant
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