CHAPTER III

RESULTS AND DISCUSSION

3.1 Synthesis and characterization of chiral salen complexes containing

ethylene giycol chains 9 and 10

Lw&:onducted according to Scheme

3.1. In the first step, pounds “prepared by a tosylation of

the corresponding n(‘ | ‘ ene  glycol chains with 4-

""'-u
ions of the tosylates with
*\ Yy

toluenesulfonyl chlo
t-butylhydroquinone \ oducts.  The following

formylations of the he desired salicylaldehyde

derivatives. The o4 a condensation reaction
between the salicylalde A . minocyclohexane to give the
target chiral salens.

VT

The tosylation of ethy n omethyl ether with 1 equivalent of

TsCl in dichloromethane i * ellow liquid 1 (73% yield),
which was r*:WT:"‘:‘f““ ’:'#, further purification
after the work-up p" rim 70f 1 showed doublets of
doublet signals of ar at1c protons (ArH) at 7.31 aﬁ 7.77 ppm and a singlet

signal of the ﬁl ﬂg mnfm:rﬁjof a broad peak of
the hydroxy ﬂ 3) in the spectrum of
the starting menomethyl ether. The tos lateﬂbst E )ja ﬁesized from

dlemyaem CRELRIEI) e

a viscoud pale yellow liquid (85% yield) after the work-up process. The yield

obtained as

of the tosylates was noted to depend on the storage time of TsCl.
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i
R—OH + ﬁ_CI
1,2,3,4 (R=CH;0CH,CH,-) NEt; O
5,6,7,8 (R=CH;0CH,CH,0CH,CH;-)
CH,Cl,, 0 °C

1 (73% yield)
5 (85% yield)

203/BusNBr

' | CH3EN, 70-80 °C

L (41% yleld)

1)CH;COOH, ;

110 °C r Mg - Paratormaldehyde
2)H:0", 105- N~< N — SnCly (0.4 eq)/ NBuj
LC Toluene

3 (16% 60% yield)
7 (14% yieldy: OR,

ﬂum nEn w'iﬁ”%’“m
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4 (83% yield)
8 (98% yield)

Scheme 3.1 Synthetic pathway of chlral salens contammg ethylene glycol chains
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The nucleophilic substitution of tosylate 1 with t-butylhydroquinone
gave the alkylated product 2 as a viscous dark brown liquid. The first
condition of alkylation was performed by mixing f-butylhydroquinone with 1
equivalent of tosylated 1 in a presence of 2 equivalents of K,;CO; as a base
and 10 mol% of tetrabutylammonium bromide as a phase transfer catalyst to
give the desired product (34% yield). In the second condition, Cs,CO; was
used instead of K,CO; as a base in the reaction in order to reduce the ion
pairing effect in the nucleophile. The yield of product was improved only
slightly (41% yield). The low
competitive polymerizatior !
oxidation reaction of . i-butyll dr inﬁ its monoalkylated product
(Scheme 3.2). The '

t 495 pr // / ‘§\\\ B PRoad, jpeak ok hydioxy
group at 4.95 ppm “@fid ‘7

1.35 ppm indicating the

yiel \ht i / Sy2 reaction was presumably due to

quimone, dialkylation reaction and

attachment of 7-butydfydrequing ’ 3, 01 N als of signals corresponded

fiox the ethylene glycol chain on -

=
-
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very well with the gmopOsubs

butylhydroquinone. v
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Polymerization reaction :

N

:OH O :0 OH
.ﬁ, -H' polymerization
—_— sk i iy
—_—
R = H, CH;0CH,CH,-
Oxidation reaction :
:OH 0
[0] A1
— —_—
OH (0]
Dialkylation :
09
OR ——
Scheme 3.2 Poss1blﬂ co iﬁ monoalkylation of /-
butylhydroquinone.

@Hﬂ gam ﬂngﬂ ﬂr])ﬂ 6 by an alkylation of
t-buty ied reaction
condltﬁdﬁﬁ aﬁa %mﬁlﬁfjﬁ%m Fiﬁ E]K te ester of
“ dlethylene glycol monomethyl ether 5 in acetonitrile in the presence of 2
equivalents of K,CO; as a base and 10 mol% of tetrabutylammonium bromide
gave the product in 39% yield (entry 1, Table 3.1). In another condition, a few
drops of H,O was deliberately added into the reaction aiming to increase the
solubility of K,CO; in the reaction media. The alkylation yield however

disappointingly decreased to 10% (entry 2). Furthermore, the reaction was also

performed under sonication in place of heating in order to reduce oxidation
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and other side reactions of r-butylhydroquinone. The sonication at 50°C was
however not effective enough to allow the alkylation to proceed (entry 3). In
another condition, the preparation of 6 by using a strong base, sodium hydride,
was performed. This condition however gave dialkylated -butylhydroquinone as
a major product (entry 4). The attempt to use Mitsunobu reaction for synthesis
of 6 by condensation of r-butylhydroquinone with diethylene glycol
monomethyl ether in the presence of triphenyl phosphine and diisopropyl

azadicarboxylate (DIAD) was carried} out.”® The difﬁculty in isolating of the

Table 3.1 The percent yie 15 reagtion conditions
Entry % yield
1 K2C03(1 .* TR NIRRT 0 T " 39

K,COx(1.1 ﬁ) : , r020 70-80 °C 10

K,COs(1.1 eq* BuyNBr(10%), C 3CN, sonication, 50 °C trace(TLC)

CORUHARENIN NG s

CH;G{CH,CH,0),H, DIAD, PPh, dry THF, 0- 5°C ~ cannot purify

%eﬁo aalon r(l pro]ucts :J’g w1t;| hexamethyienetetramme

(HMT) in glacial acetic acid (Duff reaction)?’ gave salicylaldehydes 3 and 7
as viscous yellow liquids in 16% and 14% isolated yields, respectively (entry
1 and 6, Table 3.2). The Duff reaction offered significant advantages over other
formylation methods that it involves less toxic reagents and the reagents do
not require special handling. In the synthesis of 3 and 7. the reaction however

gave low yields of the desired aldehydes. Another method for ortho-
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formylation of phenol was thus investigated. This reaction was performed by
mixing t-butylhydroquinone derivatives with paraformaldehyde in the presence
of 0.4 equivalent of SnCls; and tributylamine as a base in dry toluene.”® The
yields of 3 and 7 from this reaction increased to 60% and 64% respectively.
Unlike Duff reaction, the reaction is irreversible. The mechanism of this
reaction was shown in Scheme 3.3. The suitable amount of SnCls for this
reaction is 0.4 equivalent to 1 equivalent of the starting phenols. Another

formylation used paraformaldehyde as s formylating agent and MgCl, as an

ortho-directing reagent in th riethylamine.?’ But the desired
g g \\“ / Y. €

product 3 was not obsen n.‘__«‘ WOr

competitive of complexation oiM o2+ by et

s. This may be due to the
mg col chain of the phenol 2
that reduces the ability o by en (Figure 3.1).

Table 3.2 The percent u \ \ eactlon conditions

7 A\
Entry Product f gﬁ; @\\ \ % yield

1 3 HMT,C ,COOM " 02 16
2 3  paraforma ;:,t-s Cll , NBus, Toluene, 100 °C 60
3 3 paraformalde h, f,(:&r NBus, Toluene, 100 °C 52
4 3  parafer (1.1 eq). NEf3, €H;CN, reflux NR
5 3 pa ‘— CH,CN, reflux NR
6 7 HMTEZH3CO [T, TTo e m 14
7 7

Farafon‘a&hﬁde, SnCly(0&%eq), NBus, Toluene, 100 °C 64

= Nno r eﬂctlon

QW’]Q\‘Iﬂ‘iWNM’]’JV]EJ’]ﬂEJ
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SnCl SnCh
OH o O} oo
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NBu; CHy= CH,
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Scheme 3.3 Mechanism of Sn€E-medi ) ation reaction.
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Figure 3.1 Chelation of Mg®* by phenolic oxygen of the phenol 2.

The 'H-NMR of salicylaldehyde 3 shows a singlet peak of the
aldehyde proton at 9.77 ppm and a singlet peak of the hydroxy proton at

11.48 ppm indicating strong intramolecular hydrogen bonding between the o-
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hydroxy group and the formyl group that confirmed the ortho regioselectivity
of this formylation.

The condensation reaction between the salicylaldehyde 3 and (R, R)-1,2-
cyclohexanediammonium mono(+)-tartrate salt in ethanol/H,O in the presence of
2 equivalents K,CO; gave chiral salen 4 as a yellow liquid in good yield
(83%). The '"H-NMR of salen 4 shows singlet peak of imine proton at 8.01
ppm in place of the vanished aldehyde peak at 9.77 ppm. The complex signals

of cyclohexane ring proton appears % the range of 1.67-3.42 ppm. The signal

of hydroxy proton shifts from. 11.48 13.50 ppm. Chiral salen 8 was
also prepared in excellent "Vield @ similar reaction condition.
Due to their solubility i severa baw of the aqueous layer by

dichloromethane during y ecessary in order to recover 4 and 8
from the aqueous layer. \ \\

The Mn salen c¢ -. and” 10, were, prepared by refluxing the
chiral salen 4 and 8 oluene and bubbling air through

a reaction mixture (S

and 10 as dark brown air-

and water-stable soli partial evaporation of 1:1

CH,Cly/heptane solution, ving filtrati Elemental analysis and ESI

mass spectra of complexes 9 and 10 confitmed the complexation of salens 4

and 8 with Mn(II) i
-'—,- 5

;i
o4
=N N

= et

- " 4
—r * J

L= 1) EtOH/Tlyene

) NaCl (aq)

9, R=CH;0CH,CH,- (50% yield)
10, R = CH;0CH,CH,0CH,CHy- (38% yield)

Scheme 3.4 The synthesis of Mn(salen) complexes 9 and 10.

OR
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3.2 Analytical method for determination of enantiomeric excess of epoxides

Enantiomeric excess of chiral epoxides are usually determined by using
chiral lanthanide shift reagents. Chiral lanthanide shift reagents form
diastereomeric complexes with enantiomeric substrate in a solution. The
induced shift of some particular resonances will be different in each
diastereomeric complex. The magnitude of the separation of the non-equivalent

chemical shifts depends on the strem f the complexation. The difference of

chemical shift of racemic epoxide solved in the presence of chiral

europium shift reagent « this technique is the line

broadening which occ o, para erties of lanthanide shift
reagent | "

At the beginni ‘ yrene used to find an optimum
condition for determin : ) . After 9 mol% of Eu(hfc);
was added. The pe v & of \styrene 0; 3.14 ppm was resolved
into two signals of | it \ he ‘peaks of o-proton and -

proton of styrene oxi ! rse an B,-proton. The integrals of
resolved peaks of [;-proton Aueré- to calculate the percentage of the
enantiomeric excess (see se _ﬁ,? e

A racemic jindéne oxide was also performed~by-using Eu(hfc);. After 10
mol% Eu(hfc); so y | was | ‘} R,2S isomer), a-H (1S.2R
isomer) and B-H (1 erlapped. But peak of pB-
H (1S,2R is EIA age of enantiomeric
excess couldﬁ)ﬁ ﬁlm ﬁﬁmﬂfﬁ]ﬁ e single enantiomer.
The integrals o resolved peaks of B-H (1S,2R, isomer) weregmsed to calculate

e raR R FVHR B R WA SREIN

S isomer) were shifted and ¢
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3.3 The catalytic property studies of synthesized chiral salen manganese
(IIT) complexes
3.3.1 Enantioselective epoxidation by m-CPBA/NMO system
The parameters that varied in the study of enantioselective epoxidation
by m-CPBA/ NMO system included solvents, amounts of NMO, amounts of

catalysts, alkene substrates, reaction time and temperature.

1) Effect of solvents
Five different kinds o

%investigated in the enantioselective
epoxidation reaction (Table ™ ﬁign and % yield were observed

in the epoxidation acetone, acetonitrile and

lublity in these solvents. The

\\t\\ low % conversion of the

\.\ ble in methanolic solvent,

\ nost suitable solvent among
oron

the choices in the Jacobsen’sf i v m-CPBA/NMO system.”®

alkene in this solvent. e
this solvent was ap dation of styrene as both

% conversion and comparing % ee of the

>thane is a common solvent of

Table 3.3 Enan poxidation : alyzed by 9 in various

solvents” m ]B

Solve‘pt % conversmn % yield®® % ee!

ﬂuﬁgwﬂn§WHWﬁi ;
amaﬁ?ﬁim :ﬁmmﬁaa

Diethyl ether -

Reaction conditions: m-CPBA (2 equiv), NMO (5 equiv), catalyst (0.04 equiv), -10-0 °C, 20
minutes "Determined by GC analysis with cyclohexanone as an internal standard “%
yield of the epoxide based on 100% conversion assumption of styrene Determined by

'H-NMR spectroscopy of the crude product in the presence of chiral shift reagent
Eu(hfc),
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2) Effect of amounts of NMO

There were literatures®~°

report that an addition of NMO in the m-
CPBA epoxidation could enhance the enantioselectivity of the epoxide product.
In this research, the amounts of NMO were varied from 0 to 7.5 eq to
substrate (Table 3.4). The % ee increased dramatically from 3 to 51 when the
amount of NMO was changed from 0 to 5 eq. The % conversion and % yield

were however rarely affected from this variation. When the amount of NMO

was extended to 7.5 eq, the % ee was only slightly increased.
i

The use of excess NMO* \ , /-, ive in the epoxidation shuts down

"o\
the pathway of uncatalyzed “‘*-'-.: ‘ }PBA and alkenes that leading
1:1 saltwe VIO and m-CPBA. This salt

oxidize the Mn (1II) salen

to the racemic epoxide b

was unreactive toward ole

complex with high effiCicaéy

Table 3.4 Enantioselgétivefe da i styrene catalyzed by 9 using various
amounts of NMO?

Amount of NMO(eg’ _3=: w % yield™  %ee’

88 3
2/ 21
S —— "" 40
| mss 51

54 53
Reaction cond ‘q 10-0 °C, 20 minutes
®Determined b @Uﬂ wﬂmmﬂmuﬁiard “% yield of the
epoxide based on 100% conversion #ssumption rene by 'H-NMR
spectros ywr} aﬁg nd§ m ;‘l' nm lft rﬁd éEj_l Eu(hfc);
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3) Effect of reaction time

When the reaction time was increased from 20 minutes to 60 minutes,
almost no improvement on % conversion was observed. This result indicated
that the reaction was nearly terminated after 20 minutes. The slight improvement
of % yield and % ee may be due to other factors rather than the reaction time

itself.

Table 3.5 Enantioselective epoxidation of styrene by catalyst 9 in different

reaction time®

% yield™® % ee!

51 :
\ 93 60
7= WY
®Reaction conditions : aﬁ"' atalyst (0.04 equiv), -10-0 °C
®Determined by GC ana lS Wi cy 1o m as. an, internal standard ‘% yield of
the epoxide based on 100% cg 3 on\ of ‘styrene Determined by 'H-NMR

spectroscopy of the crude pr@duct«int‘thie presence of chiral shift reagent Eu(hfc),

4) Effect of thea

The epoxidatoi—of——styiche—by—iinCiiB A """‘-'ir idizing system with 2,

the results showed that the

3,4 and 10 mol% 9=

increasing amounts O catalyst 9 improved % conversion of alkene to epoxide

significantly ﬁﬁ itﬂmmmﬂ oxidation was also
improved si ing enantloselectmty of
styrene oxide obtained with faﬁst comparable’ to that with

i I AN FH M S8 VD TNE TN Bl e

the samqe condition.® In both cases, (R)-styrene oxide was the preferred isomer

indicating their similarity in mechanism for stereo control.
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Table 3.6 Enantioselective epoxidation of styrene catalyzed by the various

amounts of catalyst 9°

Amount of catalyst % conversion” % yield"’c % ee*

2 mol% 45 87 47
3 mol% 48 94 50
4 mol% 67 85 51
10 mol% 85 66

%Reaction conditions: m-CPBA uiv), catalyst, -10-0 °C, 20 minutes
®Determined by GC analysis_ the-cye a€"as"8n_internal standard ‘% yield of the

epoxide based on 100% coI gumpt: rene Determined by 'H-NMR

Mn (III) co =14 owed similar catalytic properties in
enantioselective epoxidation’ styre d indene in terms of reactivity
and selectivity as their i Ytelds” oec were comparable (Table 3.7).

Encouragingly, epoxidatio tfiche " : and 10 gave very high

yields and enantioselectivity, ° ally - 10 mol% catalysts were used.

These results came-withe 0 SUrprise ¢sin yvere .reports demonstrate that

epoxidation of ;"-— ":i catalysts usually gave
i (s,

higher yields and e 0S 01 awonosubstituted alkenes.*”

Indene oxide obtained from the epoxidaton with catalysts 9 and 10 preferred

¢

e g TN I TN S
RINNTUUNINIAY
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Table 3.7 Enantioselective epoxidation of styrene and indene catalyzed by

catalysts 9 and 10°

Substrate catalyst amount of catalyst % conversion® % yield™ % ee!

Styrene 9 4 mol% 67 85 51
Styrene 9 10 mol% 88 85 66
Styrene 10 4 mol% 71 82 49
Styrene 10 10 mol% |, 92 80 55

Indene 9 91 . J 81
Indene 9 99 90 93
Indene 10 . 78 88
Indene 10 92 92
“Reaction  conditions: m-CRIBA V) catalyst -10-0 °C, 20 minutes

®Determined by GC analysi al standard ‘% yield of the
epoxide based on 100% cofivgfsion assun -~ Determined by 'H-NMR

spectroscopy of the crudgfprodugt i - al shift reagent Eu(hfc);

3.3.2 Enantioselective epoxidation b 4-PPNO system

In addition to the 'r - us— 7-CPBA/NMO  catalytic system, a
heterogeneous  sodium fotite (N | atalytic system was also
investigated. NaOC V:J es of terminal oxidant
for salen(Mn)-cataly to low cost’ In the

absence of 4-PPNO ac}dltlve less than 20% of styrene converted to styrene
oxide (Table 338) er 90% of styrene
converted to Qulglv; ﬂ:ﬁkﬂiﬂﬂ ;'Tﬁ) catalysts 9 and 10.
For st strate, .0 ﬁﬁt ved as styrene
oxide lﬁﬁnaﬁﬂ‘i nﬁﬁﬁmtﬂﬁﬁ EJ respectively.
Indene was also epoxidized under the same condition. Both catalysts 9 and 10
gave excellent conversion, yield and enantiomeric excess of indene oxide.
Interestingly, in this heterogeneous NaOCl/4-PPNO oxidizing system, the
increasing amount of catalyst did not significantly affect yields and

enantioselectivity of the reaction. Furthermore, this heterogeneous NaOCl/4-

PPNO oxidizing system in which only 4 mol% catalysts employed gave
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comparable yields and enantioselectivity to that of the homogeneous m-

CPBA/NMO oxidizing system with 10 mol% catalyst employed.

Table 3.8 Enantioselective NaOCl/4-PPNO epoxidation of styrene and indene
catalyzed by catalysts 9 and 10 using heterogeneous NaOCI catalytic system”

Substrate catalyst additive amount of catalyst % conversion® % yield®®  %ee!

Styrene 9 100 -
Styrene 10 95 -
Styrene 9 60 65
Styrene 10 63 55
Styrene 9 66 60
Styrene 10 56 62
Indene 9 86 90
Indene 10 7 87 91
“Reaction conditions: Na@Cl 4 : 1 1‘» -0 ), 4-PPNO (0 or 0.15 equiv),

5 \\ ermined by GC analysis  with

catalyst (0.04 or 0.10 eq) 0
cyclohexanone as internal standard 9/, vieldGfuthe epoxide based on 100% conversion

i i f e Y
of alkene “Determined by 'H- MR=spectro py of the crude product in the presence

,,,,,,,,,,,,, \‘

Since the oXide s' generally rate limiting step,

the observed increasing conversion and enantioselé ivity induced by the N-
oxide could i ‘{ At ig effect. o key active [Mn=0
(salen)] speci@ﬂ:glﬁo‘m‘g\ﬁ mﬁam‘ﬁlectrochemical study
that exhibited qs'!gniﬁcantly lower ®©xidation potentials for (salen)Mn complex to

i R VI TEH M BN o e
the assOciation of the 4-PPNO additive with the metal center during the

generation of the reactive oxo intermediate (Scheme 3.5).
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Scheme 3.5 The role of 4-PP [t
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