CHAPTER III

RESULTS AND DISCUSSION

This research was._fi ’%gtion of alkenes employing Co(II)

complexes. After scre otential ysts, cobalt(Il) complexes of

calix[4]pyrrole 10, thﬂ-’ -.' hen 13vand saloa 14 emerged to exhibit

their superb catalyti action conditions were optimized

using cyclohexene es such as 1-dodecene, 1-

O J LI
methylcyclohexene, exene, 3-pinene, o-methylstyrene, trans-
en-1-ol, 1,2-dihydronaphthalene,

¢ selected for examining the

stilbene, cis-stilbene, 7
ethyl cinnamate and" et
capability of this catal fing the seope of this developed epoxidation

system.

3.1 Characteriza ‘.r : _—

Tetrakis(4-naet] : ole 10 and thiophen-o-
phen 12 ligands we iﬂ ynthesized and confirmed their entmes by comparison both
physical properties and spectroscopic datasincluding IR and 'H-NMR with those

e @) TVNHYIIWE NI

AINMR spectrum of allx[4]pyrrole displayed the proton signal of NH
¢ 3]

YA TR T
dcprotqnated to polyanion. The polyanion was eated with CoCl,.THF to

yield the cobalt complex which did not display the signal in '"H-NMR because of
diamagnetic property of cobalt.

All cobalt complexes of 10, 12, 13, 14, 15, 16, 17, 18, 18 and 19 used in this
study were depicted as shown in Figure 3.1.
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3.2 Study on the optimum conditions for the epoxidation of alkenes

In fact, there are various factors that need to be evaluated to optimize the
epoxidation reaction explored such as the concentration of catalyst, temperature, type
of catalyst and type of oxidant. Based upon the accumulated information derived from
previous investigation,*® this present work concentrated on two important parameters
to be optimized. These included the effect of ligands and effect of the amount of 2-
ethylbutyraldehyde. Cyclohexene was chosen as a chemical model.

3.2.1 Effect of ligands ’,////
Even though a m@ been investigated as a catalyst

in the epoxidation 0, comy m this study have never been

reported concerning«their eftalyfic activity in the idation reaction in chemical

J
Table 3.1 Epox1dat10n of ey d by cobalt(II) complexes
fr- =
Entry | Catalyst " ﬁ e
yclohexene oxide | 2-Cyclohexenone | 2-Cyclohexenol | 01 +ol
1 X7 v/ 0 =
| U YY 'sw%m'ﬁ - |
3 J 5239 ¢ g trace 11.29
‘4 ‘W] NTEE) N‘VI'VW] I Bldse | 20
5 47.89 5.01 2.31 6.54
6 16 30.76 3.34 3.20 4.70
7 17 45.00 3.52 2.85 7.06
8 18 25.46 1.77 3.20 3.12
9 19 28.13 1.94 2.98 5.72

reaction conditions: cyclohexene (5 mmol), catalyst (0.05 mmol), acetonitrile (15
mL), O, and 2-ethylbutyraldehyde (10 mmol), reaction time (24 hr)
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80-

@ cyclohexene oxide

l 2-cyclohexenone

% yield
N
<

O 2-cyclohexanol

From Table 3. igure 3.2 nine cobalt complexes bearing different

ligands were screened iall > yti . ation ability. It was found that
the epoxidation of cyclo greatly ded ¢ ype of ligands. The cobalt(II)
complexes of ligand such _ ), thiophen-o-phen 12, salophen 13 and

saloa 14 exhibited promlsmg‘ f?%c or alkene epoxidation. Among them,
cobalt(Il) complex Qicahx[4]pyrrole 10 Mpest yield of cyclohexene
oxide and gave the b&st selectivity for the product cyclohexene oxide (entry 1).

Thus, in this researchjbalt / pyrrﬁ 10 was mainly utilized as

a catalyst for alkene epoxidation. The comparative study on the epoxidation of
VA o

alkenes empl oﬁ dj w[ thiophen-o-phen 12,
salophen 13 an 13}1 com;it!:;gj will be discuss Efrarﬂoﬁ)wmg topic.

Eﬁ ﬁ divided into
four gﬁm &gﬁi ﬂtﬁmﬁﬁﬂ ﬁ -o-phen 12,

salophen 13, saloa 14, saloa 15, and salen” 17. This group gave moderate yield of
epoxide product. The second was cobalt(II) complex of calix[4]pyrrole 10, provided
the best percentage yield of epoxide and the highest selectivity (oxide/one + ol). This
good result might stem from the planar structure of cobalt complex of the first and
second groups that assisted the active site of the catalyst facilely interacting with the
oxidant. The third group was cobalt(II) complex of saltn 19 which obliged the poor
yield of epoxide and less selectivity. The possible reason why cobalt(Il) complex of
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saltn 19 produced a small quantity of epoxide could be derived from the cluster
structure of these ligands that were of flexible three methylene groups. The last group
comprising cobalt(I) complexes of salen OMe 16 and salophen OMe 18 consisted of
methoxy groups in ligand structure. The existence of methoxy groups may obstruct

the epoxidation proceeding by steric hindrance effect.

3.2.2 Effect of the amount of 2-ethylbutyraldehyde

carried out by using an excess of O,

as utilized as an oxidant in this

d , buthas used as an oxidant, and the

amount of 2-ethylbut marized as'shown in Table 3.2 and Figure
3.3,

yraldehyde on the epoxidation

reaction %
Sl a WO, WA
Entry N ii i \ aldehyde % yield
L = =8 k 1 01)
1 i S 0 71.90
cyclonexenes oy 1 s
) R~ 72375 0 66.46
3 R | 64.34
[Adodecene o
5 1 ;1, y 10 52.76
-methyleyclohexene .
6 : El on B 1an o 8 86.33
i i n 4

reaction conditions:-subs

ate (5'mmol), cobalt@l) complex of calix[4]pyrrole 10

(0.05 mmol), ‘acetonitrile (15 mL), O, and 2-egylbutyraldehydU10 or 20 mmol),

“ARTNINTIUNRINYIA Y
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90
80-
70-

E 10 mmol
B 20 mmol

% epoxide

cyclohexene -

Figure 3.3 The effect

alkenes

hyde on the epoxidation of

As a result from an i -,; ire 3. of different amount of 2-
g’ Outeo ne o
ot ” R\
.2‘,? butyraldehyde 10 mmol and 20 mmol was
%4
poxi

ethylbutyraldehyde he, ree The most appropriate

conditions were obse

f@, cyclobexéne oxide in 72% and 66%,
s
ith 20- mmok -ethylbutyraldehyde (entry 2), the

employed, cyclohexene
respectively (entries 1,2).

percentage yield of epom@&_ﬁs
ethylbutyraldehyde,l'll_‘gnﬁm% i
with the epoxide n’% fhe e reduced. The use of 2-
ethylbutyraldehyde 2@ 3 - idation ogﬁl -dodecene and 1-methyl
cyclohexene yielded l-dgdgene oxide and k}lethylcyclohexene oxide 72% and 86%

(entries 4, 6)'ﬁsﬂt$1 . qﬁuﬁﬂ % Wﬁg}ﬂﬁm provided the best

yield of epoxidg was selected for further investigation.

» AEIASNIDIAAD TNLAAL, comr

complexes of 10, 12, 13 and 14
To extend the scope of the epoxidation of alkenes catalyzed by Co(Il)

anthat of entry 1 which utilized 2-
mt butyraldehyde might react

complexes, various alkenes included cyclohexene, 1-dodecene and 1-methyl
cyclohexene and cobalt(Il) complexes of 10, 12, 13 and 14 were investigated. The
results are presented in Table 3.3 and Figure 3.4.
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Table 3.3 Comparative study of the epoxidation reaction catalyzed by cobalt(II)
complexes of 10, 12, 13 and 14

Oxidant
Entry Substrate Catalyst % epoxide
(mmol)
1 10 71.90
2 12 52.40
10
3 ol 52.39
h 1
4 Cyclohexene NN 52.52
5 : 72.32
6 80.62
s 3.93
8 20.12
9 86.33
10 67.14
11 53.78
12 53.85
reaction conditions: substrate (> Yfamol), cate 0.05 mmol), acetonitrile (15 mL),
0, and 2-ethylbutyraldehyde (100220 1 ol jetion time (24 hr)
| : @10
s ce | w12
.g ¥ ¢ |
= . ' B 013
X : '
q ﬁ = _ U l:l 14
Ity ﬂ . ‘
cyclohexene  1-dodecene 1-methyl
cyclohexene

Figure 3.4 The epoxidation reaction of selected alkenes catalyzed by cobalt(Il)
complexes of 10, 12, 13 and 14
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According to the results presented in Table 3.3 and Figure 3.4, the epoxidation
reaction of cyclohexene gave the best yield of epoxide product, 72%, with cobalt(II)
complex of 10 (entry 1). With other catalysts, moderate yield (~50%) was attained
(entries 2-4). For another substrate, 1-dodecene, cobalt(Il) complex of 10 (entry 5)
and cobalt(II) complex of 12 (entry 6) complexes produced the corresponding 72%
and 81%, respectively. Other catalysts (entries 7, 8) gave lower yield (~20%). For 1-
methylcyclohexene (entries 9-12), it was found that all catalysts furnished moderate

yield of epoxide.

As a result above, the'yield of the'epes oduct seemed to be depend on the
structure of catalyst and . S u@oncept of metal dependence in
functionalization reactiof. idation reactionsof cyclohexene and 1-methyl

) complex of 10 as a catalyst,

cyclohexene provid \\-\\;\\\'h (i

whereas that of 1-d best y; \
L "ll 3 |

\\‘\\\ (II) complex of 12.

3.4 Comparative kine P ‘ycloheXene epa \: ation catalyzed by cobalt(II)
complexes of 10, :
The kinetic stu

cobalt(Il) complexes of 10, 2713 and”

+Ep0Xid fion .'\ yelohexene by various catalysts:
5 conducted at room temperature. The
results are shown in Table 3.4 and:} ;&n‘;,;:., 7

S

sac

] 3
AUEINENINYINS
RN TUANINEIAY
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Table 3.4 Comparative kinetic study of cyclohexene epoxidation catalyzed by
cobalt(Il) complexes of 10, 12, 13 and 14

Entry Catalyst Time (min) % epoxide
1 30 0
2 90 0
3 21.13
4 55.09
5 52.43
6 .4 10.11
7 ‘ . 30.74
8 | \ 4727
9 e \\0\ 60.38
10 L 73 ’ \\R\ 55.34
11 _ ] \1» \ 14.80
12 Lo SReF x\: 24.89
13 = 18 27.87
14 - 300 39.59
15 46.07
16 11.73
17 , § 24.42
18 14 o 180 24.01
o FUEINENTNEING =

Q 4

36.08

Sk el et L T
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Figure 3.5 Comparative dy of e epoxidation catalyzed by

cobalt(1I)

From Table 3.4 he rate of the epoxidation

\t\\\,g\ 12 was faster than other

reaction of cyclohexene g8 2 " : ::‘ (11
obtained when cobalt(I nr ‘ Of‘if_ ' uti ize \ half-life of the epoxidation
3 and 14 was approximately

cyclohexene oxide was

reaction catalyzed by cobalt
230, 100, 260 and 420 minu
3.5 Comparative ki (4 exene, 1-dodecene and
1-methylcyclohgéne cata ex of 10
The kinetic s@y of the ea 1onaas performed in order to

observe the progress of the reaction vs time. The rate of these reactions was generally

slow and nee Wﬂo m E]h‘mlon of cyclohexene,
1-dodecene and]1-methylcyclohexene catalyzed by co complex of 10 was
R TR T INE A'
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Table 3.5 Comparative kinetic study on the epoxidation of cyclohexene, 1-dodecene

and 1-methylcyclohexene catalyzed by cobalt(II) complex of 10

Oxidant
Entry Substrate Time (min) % epoxide
(mmol)

30 0

2113
55.09
52.43

7.44
29.23
4421
45.87
47.32

14.34
18.42
19.76
19.91
22.52

6.19
13.73
29.01
50.87
59.86

or | 2 i omple ‘ (0.05 mmol),
acetonitrile (15 mL), 02 and 2-ethylbutyraldehyde (10 or 20 mmol), reaction time (24
hr)
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—e— cyclohexene oxide (oxidant
S 10 mmol)

—%— cyclohexene oxide (oxidant
20 mmol)

—m— 1-dodecene oxide

% epoxide

1-methyl cyclohexene oxide

e I I ~ Y, B R
(TN <= M == T = U <= S = =Tl ~==)
L 1 1 1 1 1 e

—e— : , time (min)

30 90 ,/)
Figure 3.6 Comparative @n rate of the epoxidation of
T—
cyclohexe : - lohexene catalyzed by cobalt

(IT) comp
From Table 3.5 < fou \ e rate of the epoxidation of
syclohexene and 1-dodecene,
respectively. These co ine tha -methylcyelohexene was trisubstituted
alkene whose the electrofi’ dghsi was moT than other substrates tested.
This observation also impli gt the active of eatalyst should be electrophilic in
- jon of cyclohexene, 1-dodecene and 1-

methylcyclohexene, catalyzed by yalt(IT) cor £10 svas approximately 100, >

3.6 The effect of solvel*t g the epoxidat&(}n of cyclohexene, 1-dodecene and 1-

methylc lﬁﬂﬁawv};ﬂ(wmﬂg: and 12

From th@jexperiment described above, ace onitrile was the first solvent chosen
as a i i i ‘ i si ‘ Ccox catalyst and
submgﬁj;ﬂm&mmm m‘i]%propﬁate for
performing the epoxidation. The high yield of the desired product epoxide was
received. Therefore, acetonitrile, toluene and a mixture of acetonitrile and toluene of

various ratios as 2:13, 5:10 and 10:5 were experimented. The results shown in Table

3.6 and Figure 3.7 were derived from the use of cobalt(IT) complex of 10 as a catalyst.
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Table 3.6 The effect of acetonitrile and toluene on the epoxidation of cyclohexene, 1-

dodecene and 1-methylcyclohexene catalyzed by cobalt(II) complex of 10

Entry Substrate SAREINES acetonitrile : toluene % epoxide
(mmol)
1 0:15 73.87
2 2:13 97.89
3 O . 5:10 98.26
4 S 10 3 95.43
5 Cyclohexene 71.90
6 36.28
7 3.53
8 5.52
9 6.59
10 1232
11 99.45
12 88.89
13 75.15
14 _ 10:5 79.22
15 | 1-methyl cycl [ 1A 86.34
reaction conditions’ ubstrate (5 ,n;-;:ﬂ' x of 10 (0.05 mmol),
a'cetonitrile:toluene (1 dﬂlo or 20 mmol), reaction
time (24 hr)
100 [ ﬂ
o m AN i

é W ,] a q ﬂ £5—m— ]-dodecerieOxide

% 40 - i m u ’] ’J ﬂ Eile:l'@'cﬂexene

-4 oxide

20
0 T T T T ratio of solvent

015 2:13  5:10 10:05 15:00 (acetonitrile : toluene)

Figure 3.7 The effect of solvent on the epoxidation of cyclohexene, 1-dodecene and

1-methylcyclohexene catalyzed by cobalt(II) complex of 10
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From Table 3.6 and Figure 3.7, the use of acetonitrile or toluene for
cyclohexene epoxidation gave good yield of epoxide 72% and 74%, respectively. It
should be noted that when a mixture of acetonitrile and toluene at any ratio was
employed, the higher yield of the desired product 95-98% (entries 2-4) was obtained.
On the contrary, the epoxide product from the epoxidation of 1-dodecene in
acetonitrile was 72% (entry 10) whereas the amount of desired product was decreased

when toluene was used 36% (entry 6). In addition, a mixture of solvent between

Furthermore,
the epoxidation syste

e was further investigated in
as a catalyst. The results are

tabulated as shown i

ﬂ‘UEl’J‘YIEJVlﬁWEJ’]ﬂ‘i
Q‘W’]ﬁ\ﬂﬂifﬂﬂiﬂﬂﬂﬂ?ﬁﬂ



39

Table 3.7 The effect of acetonitrile and toluene on the epoxidation of cyclohexene, 1-
dodecene and 1-methylcyclohexene catalyzed by cobalt(I) complex of 12

Entry Substrate - acetonitrile : toluene % epoxide
(mmol)
1 0=l 64.02
2 2:13 98.34
3 O 5:10 96.40
4 0:5 93.23
5 Cyclohexene 52.40
6 28.07
7 15.08
8 38.93
9 43.03
10 80.62
11 79.15
12 86.37
13 O/ 79.00
14 71.96
15 | 1- methyl cycidhe 67.14

reaction conditions® sut
acetonitrile:toluene (15

Wlex of 12 (0.05 mmol),
dﬁlO or 20 mmol), reaction

time (24 hr)
¢ a

1 f ﬂiﬂﬁ’lﬂﬁ

80 e oxide
=
2 T8N '] WET'T ¥
2,
g 40 1-methyl cyclohexene
= oxide

20

0 S ! ’ ! L ratio of solvent

0:15 2:13  5:10 10:05 15:00 (acetonitrile : toluene)

Figure 3.8 The effect of solvent on the epoxidation of cyclohexene, 1-dodecene and

1-methylcyclohexene catalyzed by cobalt(II) complex of 12
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From the results demonstrated in Table 3.7 and Figure 3.8, when the solely
acetonitrile or toluene were chosen as a solvent, the moderate yield of the desired
product as epoxide was received 64% and 52% (entries 1 and 5), respectively.
Nevertheless, a mixture of acetonitrile and toluene at any ratios studied provided
superb results to lift up the yield of the desired products. Interestingly, in the case of
1-dodecene, the percentage of epoxide product was related to the ratio of acetonitrile
and toluene (entries 7-9). The use of only acetonitrile gave the most epoxide product

about 81 % (entry 10). While .

cyclohexene had no effect on tl clohexene oxide (entries 11-15).
According to d&ta, epoxidafion reaction of cyclohexene that
exerted cobalt(Il) co @ and 12 as a catalystsand a mixture of acetonitrile

. pere wield of cyclohexene oxide

splvent for the epoxidation of 1-methyl

and toluene as solv:
product 93-98%.

same result like case

e as substrate showed the
ield of 1-methylcyclohexene
oxide in 67-99%). Nev . _- ' ¢ Substrate 1-dodecene, the percentage
yield of 1-dodecene oXide 28 7_ ed 1 the - st. The difference of catalyst
65 ‘ﬁ 12 7 oxidation of 1-dodecene was

@t&l ‘activity of cobalt(Il) complex 12 was

increased when the amount of acetg

e

investigated. In summ

was employed. Cobalt(l iplex of 7 i ed-the same result in terms of
catalytic activity for ¢y
This finding alSomdisplayed the mecessity of condition optimization. An

optimized cﬂitu &} Qew&%ﬁnWﬁaﬂ 1‘1§ absolutely mean the

optimization cohditions for others. ¢ -

QAN IR . ..

3.7 Competition study on the epoxidation of cyclohexene, 1-
methylcyclohexene catalyzed by cobalt(II) complex of 10
In order to examine the unique characteristics of this developed catalytic
system, the competitive studies on the epoxidation between cyclohexene and 1-
dodecene, and 1-methylcyclohexene were investigated. The results are presented in
Table 3.8.
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Table 3.8 Competition study on the epoxidation of cyclohexene, 1-dodecene and 1-

methylcyclohexene catalyzed by cobalt(II) complex of 10

Time
Entry Substrate % epoxide (s)
(hr)
1 1.0 no reaction
3 O g
—~a2.57 4.39

3
| 17.01
e 8 3.84
v

W
@)

‘ S

|

|

;o; 2

: | .m 3,32
| guginenstenad &5

- L — 4
SRR bRy TS RAL T In 8 T T 6
: _

From Table 3.8, the competition reaction between cyclohexene and 1-
dodecene in the period of 24 hr was carried out. It was observed that the epoxidation
of cyclohexene took place more prevail than that of 1-dodecene. This could be
explained that the more electron rich substrate possessed, the faster the epoxidation
occurred. The following experiment between cyclohexene and 1-methylcyclohexene

revealed the same trend. The product derived from the epoxidation of 1-
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methylcyclohexene was obviously detected more than that from cyclohexene.
Therefore, it could be summarized that more substituted alkenes could undergo the
epoxidation reaction more effectively. This also implied that the active species

responsible for the epoxidation should be an electrophilic species.

3.8 Epoxidation of selected alkenes catalyzed by cobalt complexes

With the aim to extend this developed epoxidation systems, various alkenes,

namely 4-vinylcyclohexene, cis-4- trans-2-hexen-1-ol, a-pinene, B-pinene,
trans-ethyl cinnamate, trans-€ yl 4-méihof ¢inpamate, a-methylstyrene and 1,2-
dihydronaphthalene wer he selectivity of the reaction
compared with those -addrésscd _thedli‘t_ ‘hf'ﬂﬁgioselectivity of the reaction
was mainly focused ' gddati of eyclohexene whose structure
contained two differeatolefinie site 1dation to take place, whereas cis- and

trans-stilbenes were ch@senffo, ( ivity of the system.

3.8.1 Stereose
Stereoselectivit studies in organic reaction is
important criterior for the ‘needed to be carefully examined.

Two isomeric, cis- and trans-sti oenes are selected as chemical models to perform this

o el ,-

selectivity study. '.:.E

Taking int account for the pithe epoxidation exploiting
m-CPBA, it was repaed that A yielﬂd the epoxide with retention
of configuration of alkepes. For instancey the epoxidation of cis-2-pentene by m-

CPBA yieldﬂc%-ﬁx@eﬂi&]a%q sﬁew%}tﬁlﬂn@hmsﬁc pathway was

thus believed %6 take place via a cgncerted reactinlo.n.50 Other epoxidized systems, for
e TR S MR e
im?:g;ﬁ as oxidant, giving a-methylstyrene oxide. The reaction presumably
occurs via an adduct 20 derived from the interaction of DCC and H,0,.
Intramolecular H-bonding in adduct 20 is probably necessary for the epoxidation to
occur in a manner similar to that shown in peracids.’? In peracid, epoxidation rates
decrease as the Lewis basicity of the solvent increases. This could interpret® that the
increased basicity of the solvent led to greater disruption of the intramolecular H-bond

in the peracid.
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O=—=2Z
Z

+ H202

Z
z
=\

-

same configuration as of parent compoundss® The mechanism postulated for this
epoxidation involved thé generation @ radical intermediate at the rate-
determining step, 1bly d reversible charge-transfer

complex formation

For this develope IXized system, the results of the epoxidation of cis- and
trans-stilbenes catalyz .
in Table 3.9.

and 12 are expressed as shown

Table 3.9 Stere

e — e — -

cis- and trans-stilbenes

q Oxidant " % epoxide
Entry [ S '
‘ﬂeE SE ﬂlﬁl) til oxide | frans-stilbene oxide
1 9
10 20 u a, 630 Ihrgl 731
q ﬁgaﬁ ﬂ i ™ 4 AL 622
4 20 4.20 7.00
5 10 - 2.34
10
6 20 - 3.98
trans-stilbene
7 10 - 7.56
12
8 20 - 13.26

reaction conditions: substrate (5 mmol), catalyst (0.05 mmol), toluene (15 mL), O,
and 2-ethylbutyraldehyde (10 or 20 mmol), reaction time (24 hr)
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From Table 3.9, it was observed that in the case of cis-stilbene, the use of
either cobalt(Il) complexes of 10 and 12 yielded comparable isolated yield of the
desired products, a mixture of cis- and trans-stilbene oxide, even more oxidant was
used (20 mmol). The detection of cis-epoxide could be accomplished by 'H-NMR
spectroscopy. In the 'H-NMR spectra (Figures 3.9 and 3.10), the aromatic protons
were observed around & 7.16-7.42 ppm. Fortunately, the most characteristic peaks for

cis- and frans-stilbene oxide distinguishly appeared at different chemical shifts. To

"yc ed to the oxygen of an oxirane ring of
cis-stilbene oxide could ’ é)ﬂ while those belonged to trans-

stilbene oxide was cleﬁd & .ﬁi observed chemical shifts of
the epoxidized produc : ~\m&ose obtained from authentic

samples synthesized.

illustrate this, the protons on the

is Qox be‘accomplished by comparison
with the intensity
toluene added. Unde

t of an internal standard,
ide was quite low; perhaps
because the large size it : ¢ an ystinvolved. That made the steric
hindrance occurred. Si )servation 'was noti om the oxidation of trans-

stilbene. In the latter

S AT T T e
Pl

employed as a better catalyst4han coba ¢ omplex of 12. The best isolated yield
was attained in the case of.aii rﬁ"gie’ ; |

ninlr;ul--un"-n-l:minn‘tq CF] mental fact was that the

epoxidation of trans ene pro cpoxide whereas the products
achieved from the e’ﬂ(idation of cis-stilbene was a mi f ure of cis- and trans-stilbene
oxides in comparab ef 1:1). i ive_data could be used for
mechanistic ﬁﬁﬂﬁﬂﬂﬁggﬁg ﬁaaﬁn should.derive from
the consideratliﬂgn of the intermediate of the reaction formed. The more stable radical
g ) 8 8 A A A e i s,
in the €ase of cis-stilbene, in an equilibrium stage, the formation of trans- radical
intermediate derived from the free rotation around C-C single bond from cis-one
should be occurred simultaneously with the cis-radical. This will lead to the
observation of a mixture of cis- and trans-stilbene oxides occurred equally. Whereas

the epoxidation of trans-stilbene took place via more stable trans-radical intermediate

and produced the trans-epoxide as the sole product.
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Figure 3.10 The "H-NMR spectrum of trans-stilbene oxide
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3.8.2 Regioselectivity study

A concern of the direction of chemical reaction to take place involved in the
regioselectivity study. Catalyst plays an important role in this regard. 4-
Vinylcyclohexene was selected as a model for studying this purpose. Comparative
studies were carried out utilizing cobalt(Il) complexes of 10, 12, 13 and 14 as
catalysts in three different media. The results are presented in Table 3.10 and Figure
2 1

Table 3.10 Regioselecti u udy ox1dat10n of 4-vinylcyclohexene
12 13 and 14

Entry % epoxide(s)

1 63.52

2 : toluene 80.66

3 "\ 70.92

4 1 a itrile 73.31

5 cetonitrile : toluene 84.92

6 . s 79.28

7 ,—— “acetonitrile 25.49

8 e toluene 23.98

9 4-vmylcyrmhexene - 22.25

10 aceto‘nitrile 34.64

11 %J'uqlﬂ tﬁxene 19.47

12 'Y 20.25
rea ﬁ ol), solvent (15
mL) T e (10 mmol),

reaction time (24 hr)
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@ acetonitrile
M acetonitrile:toluene

% epoxide
S
‘?

304 | Otoluene

Figure 3.11 Regioselectivi study 013. th@tion of 4-vinylcyclohexene

DI OVid wq:\ amount of the desired

product about 64-85% ? 1!.':- e of and, cobalt(Il) complexes of 13

[

and 14 could moderate wever, yielding the lesser

extent of the epoxide 19- ' . In addition, it was found

that the utilization of a mi pf aceionitrile ‘apd foluene did not reveal a major
difference in the percentage y1 ldof ) the e ide products. Hence, the catalytic

epoxidation of 4-vinyl€yc aded on the medium on the

~d

0 olef mic@mds in its molecule: one

reaction. \ 7
In fact, 4-vinylcﬁlohe e-f
is endocyclic double bonq- and the other is te al double bond outside the ring.

Therefore, it w W‘%ﬁi ﬁﬂﬁﬁﬁ?—oxﬂe 21 and 7.8-

oxide 22 could Wfonne The attempt to punfy these two epoxides from the crude

Those t lat ere uctures by

spectroscopic evidence as illustrated as follows:
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71251

Lo Jo (R e ) T S A,
. » . . .

Figure 3.12 The 'H-#

LT T

Figure 3.13 The '"H-NMR spectrum of 22



49

From Figures 3.12 and 3.13, 1,2-oxide 21 displayed the characteristic
chemical shift of the protons of an oxirane ring at & 3.14 ppm while 7,8-oxide 22
exhibited at § 2.53 (1H, CH-O-) and 2.71 (2H, CH;-O-) ppm.

The %composition of each isomer from the epoxidation of 4-vinylcyclohexene

catalyzed by cobalt(IT) complexes of 10 and 12 are presented in Table 3.11.

Table 3.11 %composition of the products derived from 4-vinylcyclohexene

' _..._l—'é % composition
Entry | Catalyst jeldW | ——
' , i 7,8-oxide 22

epoxidation

1 10 14
2 12 14
reaction conditions: 4sVinylcyclo n 10l), yst (0.05 mmol), acetonitrile

A n time (24 hr)

From Table 34"
explained by the electron

major product. This could be
in the ring of cyclohexene has
clearly more electron de ite; therefore gave more product.
According to the isolation QFW_'
vinylcyclohexene| &dyzedgb; cggalté i
was 1,2-oxide 21 (86% composition) an 2 (14 _ composition).

The epoxidaﬂgn reaction .
reported,12 it was claixpe&that two prodgs identified were 1,2-0?(ide 21 and 7,8-

oxide 22 lnﬁ%ﬂ@c%ﬁtw %ﬁqlﬂqnﬂe‘}me experiment when

using peroxyBénzimidic acid as an oxidant, 1,2-oxide 21 and 7,8-oxide 22 were

AN ST e

epoxidation reaction of 4-vinylcyclohexene.

er.from the epoxidation reaction of 4-

and 12, the major product

0 exexﬂ by mCPBA was previously

3.8.3 Epoxidation of other alkenes

To extend the scope of this developed epoxidation catalyzed by cobalt(II)
complexes of 10 and 12, various alkenes were selected. These included cis-4-hexen-1-
ol, trans-2-hexen-1-ol, trans-ethyl cinnamate, trans-ethyl 4-methoxycinnamate, o-

methylstyrene and 1,2-dihydronaphthalene. The results are presented in Table 3.12.



50

Table 3.12 Epoxidation of selected alkenes catalyzed by cobalt(II) complexes of 10

and 12
Entry Substrate Catalyst % epoxide
1 10 23.86
cis-4-hexen-1-ol
2 12 9.33
3 , 10 55.62
trans-2-hexen-1-ol
4 \ 12 55.73
5 N/ 10 68.14
2 .» - \ /
6 '_, : 65.37
T %‘ no reaction
8 / \ no reaction
\
9 41.11
10 21.61
11 9.15
12 5.58
13 28.90
14 32.64
15 44 .43
16 17.45
reaction conditions: substrate mmol), acetonitrile (15 mL) ,

O, and 2-ethylbut dehyde( 0 mmol), reaction t1m ! 24 hr)

As ﬂ'.y %ise}snngaﬁ e'jﬁﬁ wﬂ(?.at under the standfud

conditions the epox1dat10n of cis-4-hexen- to the corresponding

o A ST e

1 and 2). When trans-2-hexen-1-ol was used as a substrate, moderately yield was

obtained for both cases (entries 3 and 4). It is noteworthy at this point that the
presence of the hydroxyl group in the molecule did not interfere the epoxidation
occurred at the olefininic site. Nevertheless, the conditions for the epoxidation these
substrates needed to be a bit change for perhaps gaining a better yield.

The attempt to use both cobalt(I) complexes of 10 and 12 for the epoxidation

of natural products were conducted. a-Pinene was found to smoothly transform to a-
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pinene oxide as a major product in good yield 68% and 65% (entries 5 and 6),
respectively. No other rearranged product was obsereved. Nonetheless, the
epoxidation of B-pinene catalyzed by these two cobalt complexes was not successful
under this particular conditions. This was because, as discussed earlier, more
substituted alkenes were more reactive than less substituted alkenes towards this
reaction.

The epoxidation of trans-ethyl cinnamate and frans-ethyl 4-methoxy

cinnamate catalyzed by coba of 10 and 12 were also carried out in
order to observe the possi : odology to synthesize epoxy acid
or its ester derivative otlc!i th#moderate isolated yield of the

-41% (entries 9 and 10) and
and 12) were obtained. The

corresponding epoxi
trans-ethyl 4-metho
ethyl ester moiety of* on withdrawing group which

therefore decreased #hi€ ¢ n o_ ouble bond and therfore rendered the

In order to gain the-ma h substrate’ #hi¢ conditions may need to a

bit modify. With | S

thdrawing substituents, more

oxidant or longer rea

59 pm,,oseﬁ'm&l inflﬂ RATNEL IR Fures i o

alkenes

AR VSRR I b

chroma togram revealed another distinct peak (besides cyclohexene oxide at retention

1on time may require

time 14.02 min as shown in Figure 3.14.
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Figure 3.14 Chromatogrz

comp

exene catalyzed by cobalt(Il)

) min was successfully isolates
from the reaction mi 2 hquld R¢ 0.44 (hexane:ethyl
acetate, 1:1) The "H-NMR (CDC ) ectru this compound exhibited the

The compong

significant signal at & 10 _ﬂu;.( dhich v ompatible with the proton of
carboxylic acid. other peaks a !" -5' u!* : (CH,;CHz3),), 1.43-1.69 (m, 4H, -
CH,-), and 0.87-0.92 (t, J. =12 ¥z, 6H, - om the "H-NMR spectral data, this
compound was ;_,-..-, | to be 2-ethylbutanoic acid ~Thé GC-MS (column DB-5)
(Figure 3.15) gave _ ‘ obtained from 'H-NMR. It

[
showed the fragementation ion peak M+1 at m/z 11 e orresponding to C¢H;20; (2-

“‘““’““‘”‘FT"ﬁﬂ'mwswmm

ophaniningndy

168~ Butancic acid, 2-ethyl- CAS 88—89—5 *

Figure 3.15 Mass spectrum of 2-ethylbutyraldehyde
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The separation and identification of 2-ethylbutanoic acid acid supported the
mechanism of reaction to occur through peroxyacid. The mechanism was proposed as

shown in Scheme 3.1.

Scheme 3.1 Pro;med mechanism for cobalt(II)momplexes of 10 catalyzed

AT Swenns

The mechamstlc pathway proposed aboye as that postul in literature'” is
B 14 5 o i
reactéd with the aldehyde to generate an acyl radical (RC(0)). The acyl radical then
reacted with dioxygen to give an acylperoxy radical (RC(0)OO"). The acylperoxy
radical acted as a carrier in a chain mechanism by reacting with another aldehyde
molecule to give the peroxyacid, thereby generating another acyl radical. Oxygenation
of substrate was assumed to occur via reactive high-valent cobalt oxo intermediates,
which were produced by the reaction of the peroxyacid with the cobalt catalysts and
which then reacted with the olefin in a fashion analogous to that observed previously

for metal complex-catalyzed reactions of peroxy acids with olefins.!”
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