CHAPTER 11

EXPERIMENTAL SECTION

2.1 General Procedure

2.1.1 Materials

All reagents were:

Fluka (Switzerland) or

éalyﬁcal grade, purchased from

without further purification.

Commercial grade so acetate, hexane were distilled

N

prior to use. Chromatogga

(kieselgel 60, 63-200

ed on silica gel column

romatography (TLC) were

\» nder nitrogen. The products

carried out using si ool plates— }’\g-\n! ss, 1 mm. Merck. Unless
. . = : '
specified otherwise, allf're rried Ol

were characterized by J#H opy.. "€-NMR spectroscopy and IR

spectroscopy. The salen ¢ aracterized by elemental analysis, IR

spectroscopy and matrix as [dsorption ionization ion trap mass

spectroscopy. All the a”aré presel appendix section at the end

-

of this thesis. e kY )

0
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2.1.2 Analytical Instrilments
iy

The 'HENMR spectra and "’C-NMR spectra were rec%rjled on a Bruker

=4
AR TSR AT e e
and 501 z (VC). Chemical “shifts were reported using a residual chloroform

signal as an internal reference. FTIR spectra were registered on a Nicolet
Impact 410 fourier transform infrared spectrometer. Gas chromatographic
analyzes were conducted on a Shimadzu GC-14A chromatograph equipped with
a 30-m long and 0.25-mm. o.d. Carbowax column. The mass spectra were

acquired on an Esquire3000plus 01012.
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2.2  Synthesis of chiral salens containing ethylene glycol chains
2.2.1 Preparation of (R,R)-N,N-bis(3-t-butyl-5-(2-methoxyethoxy)
salicylidine)-1,2-cyclohexanediamine (4)

2.2.1.1 Preparation of ethylene glycol monomethyl tosylate (1)

‘,? NEt; o 0
o2 \/\OH + S—Cl > 7~ "0o—s
g CH,Cl, 00C g
' 1
In a 250 mL ﬂaﬁd with a magnetic bar and

an addition funnel, er (7.06 g, 92.8 mmol) and

triethylamine (16 mL ane (20 mL). The solution

was stirred and coe tion of 4-toluenesulfonyl

) was added dropwise

into this solution. Thg ng ~rinsed th “dichloromethane (5 mL). The

mixture was allowed tofwarm: {0 foor ature and stirred for 15 hours.

The mixture was filtercd and the s ashed with dichloromethane. The
; s - o

combined filtrate was extractéd with HC M, 30 mL) and water (2 x 25 mL).
e F o I

The organic layer was_sepasa e driedd anhydrous Na;SO, and filtered.

The filtrate was & mv---v---ﬂ-—':::-,:,:',f--'-— prodiict as -" ous pale yellow liquid

(15.42 g, 73 %). Thljﬂ: 0 0 ’il e next synthesis without

i

further purification.

"H-NMR (Cf‘]ﬁlu E! "] 1{' ﬂﬂér_ﬂﬂj ﬂi OCH;, s); 3.55 (2H,
T R oialn i) (/0101 M

“C-NMR (CDCly) : & 22 (ArCH;), 58 (OCHs;), 68 (ArOCH,CH,0). 71
(ArOCH,CH,0), 127, 129, 133, 145 (Ar)
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2.2.1.2 Preparation of 2-t-butyl-4-(2-methoxyethoxy)phenol (2)

OH OH
O ﬁ Cs,CO3/NBuyBr
~IN"No— S—Q_ ' 2 .
S CH;CN, 70-80 ©C
OH O\/\O/
1 2
In a 100 mL round-bottomec uipped with a magnetic bar and a

reflux condenser, -buty 13.5 mmol), ethylene glycol

.2£sium carbonate (3.93 g. 12.1

mmol) and tetrabut \,\\!s .2 mmol) were mixed in
| \

monomethyl ether tosy

acetonitrile (30 mL). #HE paikture’ we \ \t\‘ days and then allowed to
cool to room tempezaftire #1@1 (2 ': X \\ ddded into the mixture and
the resulting mixture fhduged _in el. The brown organic

layer was separated. The" ag S la d ‘with dichloromethane (2 x
25 mL). The combined o er anhydrous Na,SO; and
ator. The residue was eluted
through a silica gel columnby — l acetate (100:0 to 90:10). The
product was collected a ‘temoved to give a viscous dark

~ brown liquid (1.1 RgATS————————— 0
v 7 Y )

'H-NMR (CDCls): 9135 (9H, C(CHa)s, s), 344@3}1 OCH;, s), 3.72 (2H,
ArOCH,CH, T 5 = 4.5 Hz), 4.95 (1H,
ArOH, br), 6@“& ﬁgﬁﬂ ﬁﬁ 7Hz)

i Nﬂnﬁﬂ@ aﬂﬂ‘ﬁrﬁl& HHAR %l(&lﬁ}ﬁz poci.ciro).

71 (ArO H,CH;0), 111, 115, 117, 138, 149, 152 (Ar)
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2.2.1.3 Preparation of 3--butyl-5-(2-metk )xyethoxy)salicylaldehyde (3)

Method I
OH O OH
I/N\\ 1)CH3COOH, 1100C _H
<*/N 2)H;0", 105-1100C
Dt T
2 3

reflux condenser, 2-isk 2 (0.80 g, 3.5 mmol) and

hexamethylenetetraming e mixed in glacial acetic
acid (10 mL). The mix

cooled to 70-80 °C and®

ot 2 hours. The mixture was

10 mL) was added. The stirred

A\

mixture was heated at it J 110%€C) for 1 hour. The mixture was
allowed to cool to room temperatii -af racted with diethyl ether (20 mL).
The extract was waghed h-Water (2 X ¢ ine (20 mL). The organic
layer was dried ;Fm' 1e solvent was removed
by rotary evaporato e rough a silica gel column by

1
1000 to 90:10). The produ was collected and the

FT“[TEI INENITNGAfT
TR

d,J=3.0 Hz), 7.20 (1H, ArH, d, J = 3.0 Hz), 9.77 (1H, ArCHO, s), 11.48 (1H, ArOH,
s)

hexane/ethyl acetate

BC-NMR (CDCl3): 8 29 (C(CHs)3), 35 (C(CHs)3), 59 (OCH3), 68 (ArOCH,CH,0),
71 (ArOCH,CH,0), 113. 120. 125, 140, 151, 156 (Ar), 197 (CHO)
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Method 11
OH O OH
SnCly (0.4 eq¥ NBus |
>
+ Paraformaldehyde
Toluene 100 oC
(0] (0)
\/\O o \/\O/
2 3
In a 100 mL ith a magnetic bar and a

2 (1.99 g, 8.3 mmol) and
/drous toluene (12 mL). The

reflux condenser, 2-¢-

reaction mixture was @00l y2E€sfor\l ites and SnCly (0.45 mL, 3.8

caction was allowed to warm

\

mmol) was added
to room temperature e

(1.77 g, 58.8 mmol) was"a

ch time paraformaldehyde
ated at 100 °C for 8 hours.
The thick and yellow oil§y to room temperature, poured into
pH 2 with HCI (2 M). The
mixture was extracted’ with diethyl « ther (30 mL). Tt ¢ axtract was washed with
brine (20 mL) and “dfic _ ) of

-
removed by rotary l! aporator.

water (50 mL) and sﬁl_,%?g

Itered. The solvent was
i it
csidue was eluted through a silica gel

column by hexane/ethyl zacetate (100:0 o’ 902);. The %oduct was collected
a

and the solv% ugﬁeﬂo&lﬂﬁm gﬂi id (1.34 g, 60 %).
ARIANTUUNINAE
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2.2.1.4  Preparation of (R,R)-N,N'-bis(3-t-butyl-5-(2-methoxyethoxy)

salicylidine)-1,2-cyclohexanediamine (4)

I I Q
F @ K,CO3 &

+  HN NH; —» —N N=
HO.  OH EtOH/H,0
O o) OH HO 0,
“ %ZC C092 /—/ \—-\
—o0
3 ',/// 4
In a 100 mL two-necked-round-bottomed flask equipped with a magnetic
bar, a reflux condenser 0 \ 2-diammoniumcyclohexane
mono-(+)-tartrate (1.06 ¢ an \ car bonate (0.58 g, 4.2 mmol)
were mixed in water (10 L \ 1eved and then ethanol (30
mL) was added. The*resultigg &u‘y‘ \t ated to 75-80 °C and a
solution of 3-r-butyl- etho oo f)salicy ehyde, 3 (2.00 g, 7.9 mmol) in
ethanol (10 mL) was added’ dfopwise.: Thesfunnelwas rinsed with ethanol (5 mL).

was allowed to cool to room
acted with dichloromethane (2 x 25
1e (25 mL). After drying
over anhydrous Nay30,, the solvent was By rotary evaporator. The
residue was eluted t@ugh % 0 olu by@exane/ethyl acetate 80:20.

The product was collegt and the sol t was removed to give the desired

product 25 ﬁ B %}"% WW%‘WH’] n?
B 1 RT3 WD (12010 L N

ArOCH,CH,0, m), 6.46 (2H, ArH, d, /= 3.0 Hz), 6.93 (2H, ArH, d, /= 3.0 Hz) ). 8.19
(2H, ArCH=N, s), 13.50 (2H, ArOH, br)

BC-NMR (CDCL): & 24 (cyclic), 29 (C(CHs3)3), 33 (cyclic). 34 (C(CHs)s). 59
(OCH3), 68 (ArOCH,CH,0), 71 (C=N-CH), 72 (ArOCH,CH,0), 112, 118, 119,
139, 150, 155 (Ar), 165 (C=N)

IR (neat) : v 1141, 1600, 1637, 2871, 2931

t erature. The reaction mi
emperatur %w fg:

mL). The combined “prg ’
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2.2.2 Preparation of (R,R)-N,N'-bis(3-t-butyl-5-((2-(2-methoxy)ethoxy)ethoxy)
salicyli dine)-1,2-cyclohexanediamine (8)

2.2.2.1 Preparation of diethylene glycol monomethyl tosylate (5)

/0\/\0/\/0H
e NEt3

(0]
= o) [l
g o CH,Ch, 00C i

In a 250 mL r d with a magnetic bar and

an addition funnel, di ( -..i-» er (8.04 g, 66.9 mmol) and
S / : i a (e(20 fnL) The so:utlon
o( A 153 1@; \{‘ tion of 4-toluenesulfonyl
chloride (12.72 g, 66.7, d dichlogomethane (25ynL) was added dropwise
into this solution. Thef fudne Q' : ;*\\\ \ hloromethane (5 mL). The
mixture was allowed" to #wa ".-—--' =3 ol \\

The mixture was filteréc d Mﬁ .fr \‘e with dichloromethane. The
, 30 mL) and water (2 x 25 mL).

triethylamine (16 mL

was stirred and coq

re and stirred for 15 hours.

¢ ST .T, ;
combined filtrate was ex ‘iﬂ &l

The organic layer was _sepdrated: -!, anhydrous Na,SO, and filtered.
The filtrate was Sgvaporated 10 give the deSHedmigduct as a viscous pale
T \,_

yellow liquid (15.612g, pure  enough  for the next

synthesis without further puriﬁéation.

‘o W
'"H-NMR (C@lu:ﬂ ;10”32'1 nam ELI].] (E]l,j)(:ﬁ% 5}, 3.43 (2H,
! m cH 3 >
AR

715 (2}?, ArH,d, J=8.3 Hz)
BC-NMR (CDCL3) : & 21 (ArCHj3), 58 (OCHj), 68 (OCH,CH,OCH;), 69

(OCH,CH,OCH:), 70 (ArOCH,CH,0), 71 (ArOCH,CH,0), 128, 130, 133, 145
(Ar)
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2.2.2.2 Preparation of 2-t-butyl-4-((2-(2-methoxy)cthoxy)ethoxy)phenol (6)

OH
OH
OH K,CO3/NBuyBr
+ >
. ﬁ CH;CN, 70-80 0C Bl e A
R s & o~ T
0 .
5 6

In a 100 mL ro :
reflux condenser, ¢-butylhydteGuinone mmol), diethylene glycol

monomethyl ether t0Syla g, \\:\\\:o assium carbonate (3.11 g,

22.5 mmol) and tetrabutyl@n

d with a magnetic bar and a

./, um - bromide 0.7 g,2.1 mmol) were mixed in
acetonitrile (40 mL). Jhe "2.days and then allowed to

cool to room temperature. J as \added into the mixture and
the resulting mixture wal poured _v “ar gparatoty funnel. The brown organic
layer was separated. The : exttacted with dichloromethane (2 x
25 mL). The combined org‘ o dayer v dried over anhydrous Na,SO4 and
filtered. The solvent 1 rymcvaporator. The residue was
eluted through a éw———_m;: ‘etate (100:0 to 80:20).
The product was celle 35 e

1] - ]
brown liquid (2.21 g,39 %).
g

‘a |
PLIEL A N W
'"H-NMR (Cﬂlybﬂs - 4 _:)?vs)q .3;] ,‘jé)cg;, s), 3.60 (2H.
oo A A AT AV Ao
4.5 Hz 33 (2H, "H, WY S i) Q‘mr HY br)=6.55 (2H, ArH,

dd,J=8.5,2.6 Hz), 6.85 (1H, ArH, d, J = 2.6 Hz)

oved to give a viscous

“C-NMR (CDCl): § 30 (C(CH;)s), 34 (C(CH3)3), 59 (OCHs), 68 (OCH,CH,OCH;),
70 (OCH,CH,0OCH3), 71 (ArOCH,CH,0), 72 (ArOCH,CH0), 112, 115, 117,
137, 149, 152 (Ar)
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2.2.2.3 Preparation of 3-t-butyl-5-((2-(2-methoxy)ethoxy)ethoxy)salicylaldchyde

Q)
Method I
OH (0] OH
(<N\\ 1)CH3COOH, 1100C
S
* ONA_-N +
Pk e 2)H;0", 105-1100C
0]
O\/\O/\/ O\/\O/\/O
6 T
In a 100 mL r ' flask H L with a magnetic bar and a

reflux condenser, 2-/- icthoxy)phenol, 6 (2.49 g, 9.3

mmol) and hexameth 8.9 mmol) were mixed in
glacial acetic acid (25 gall) 4T e s\ u,\- 110 °C for 2 hours. The
2504 (6 M, 25 mL) was
105-110 °C) for 1 hour. The
- and extracted with diethyl
ether (25 mL). The extra ' ater (2x25mL) and then brine
(25 mL). The organic laye *"'?.‘-5"-{;‘ ..‘;‘- aydrous Na;SO4 and filtered. The

mixture was coole
added. The stirred

mixture was allowed t

solvent was remo ,;‘;.;.:.'_.;;.;_';;_—“‘;; e was eluted through a
N

0-60:40). The product was
vmous orange liquid (0.37 g,

AUYANYNTNYNS

"H-NMR (CD%!I;): 8 139 (9H. ¢C(CHs)s., 5)e3.40 (3H, OGHs. s), 3.58 (2H.

oo QRN ST IRAIYEH BB o,

4.10 (2A, ArOCH,CH,0, t, J = 4.4 Hz), 6.81 (1H, ArH, d, J = 3.0 Hz), 7.19 (1H,
ArH, d, J = 3.0 Hz), 9.79 (1H, ArCHO, s). 11.48 (1H, ArOH, s)

silica gel column “b¥

collected and the so “ ent was removed to give a

14 %).

BC-NMR (CDCl3): & 29 (C(CHs)3), 35 (C(CH3)3), 59 (OCH3), 68 (OCH,CH>OCH3),
70 (OCH,CH,0OCH;), 71 (ArOCH,CH,0), 72 (ArOCH,CH,0), 113, 120, 125,
140, 151, 156 (Ar), 197 (CHO)
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Method II

OH 0O OH
SnCl4 (04 eq)/ NBU3

+ Paraformaldehyde e
Toluene 1J0 oC

6 )

In a 100 mL two'hecked &wﬁh a magnetic bar and a

reflux condenser, 2-t-butVl-4-((2-(2 cthoxy)phenol, 6 (2.86 g, 10.6

mmol) and tributylamine gr'17:6/mmol) were ed in anhydrous toluene (12
mL). The reaction mix ag’ £golc o “‘- minutes and SnCly (0.50
mL, 4.3 mmol) was added ¢
warm to room pgratire’ . and- (stigred . 20 “minutes at which time
paraformaldehyde (2.12¢g, 70.6 added, The mixture was heated at
100 °C for 8 hours. The o 2 layer was cooled to room
temperature, poured into fWwa er {50 = ; acidified to approximately pH 2
with HCl (2 M). The' m1x ﬁ’ﬁ@l ed with diethyl ether (30 mL). The

_, ydrous Na;SO4. After
filtration, the sol it was ‘rator. The residue was
eluted through a si_lﬁ ge anc/ethyl | acetate (100:0 to 70:30).

The product was colkcjtﬂe.d and the so‘\ynt was removed to give a viscous

e I AN YN INEINTG
RN IUNRINYIAY

extract was washed"
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2.2.2.4 Preparation of (R,R)-N,N'-bis(3-t-butyl-5-((2-(2-methoxy)ethoxy)
ethoxy)salicylidine)-1,2-cyclohexanediamine (8)

0 OH
2 @8 KO,
R
HO,  OH " wowno
A e o >—\
0. 6 \—\
)
g \
In a 100 mL two-necked flask equlpped with a magnetic

bar, a reflux condenser a
mono-(+)-tartrate (1.13 g, 2 ‘Carbonate (0.61 g, 4.4 mmol)
were mixed in water (10 m . _ ssplu ieved and then ethanol (30
mL) was added. The rgsult Abdy) » ; vag heated to 75-80 °C, and a
solution of 3-t-butyl-5-(242-mehoxy . 10 OXY) 1cylaldehyde 7 (251 2. 8.5
mmol) in ethanol (1@ : | funnel was rinsed with
ethanol (5 mL). The mi
to room temperature. Thefreagti i & was ext ted with dichloromethane (2

x 25 mL). The combined hed with brine (25 mL). After

and was allowed to cool

drying over anhydrous Na280 as removed by rotary evaporator.
The residue was ellied ough a silica | nng by hexane/ethyl acetate
80:20. The product, 2

viscous yellow liquid @78 g, 98

- F
Wvas removed to give a

g
s oy SRR WG o1

cyclic CH, m),%.36 (6H, OCH;, §» 354 (4H OCH»CHJOCH3, m), 3.65 (4H,

k0 1 RIEFMIPR (11013

(2H, ArOH, br)

C-NMR (CDClLy): § 24 (eyclic), 29 (C(CH3)). 33 (cyelic). 35 (C(CHy)). 59
(OCH;), 68 (OCH,CH,0CH), 70 (OCH,CH,OCHy), 71 (ArOCH,CH,0). 72
(ArOCH,CH,0), 113, 118, 119, 139, 150, 155 (Ar), 165 (C=N)

IR (neat) : v 1135, 1597, 1631, 2867, 2934
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2.3 Synthesis of chiral salens manganese(IIl) complexes containing ethylene
glycol chains

2.3:1 Preparation  of  [(R,R)-IV,V'-bis(3-t-butyl-5-(2-methoxyethoxy)

salicylidine)-1,2-cyclohexanediaminato(2-)] manganese(III) chloride (9)

1) EtOH/Toluene
85-900C. air

\
—5
/: \

2)NaCl(aq)

\_\

stirred in ethanol (2

of (R,R)-N,N'-bis(3-t-butyl-3=( 03 i;, idine)-1,2-cyclohexanediamine,
4 (1.93 g, 3.3 mmol) in #ol ‘;‘?"p y
l'*. .qu_ x R

rinsed with toluene (5 mL),

dropwise. The funnel was
as stirred at 80-85 °C for 2 hours.
The addition funnel was re é; :.w /’3
bubbled through the e
addition were di V
temperature, and brinﬂ20 mL) was added. The orgal
brine (25 mL) and thefl sdried over Nay8Qy. The solvent was removed by a

oury ool HELANL NS WEIARS: cricts 15 mi. o

this solution wﬂ added heptane QS mL) and it was conc&gtrated by rotary

R RNAATUURTIN IR - -

ice bath ¢for 1 hour e brown precipitate was collected by vacuum filtration to

as dispersion tube and air was

ter the heating and air

‘\‘ to cool to room

c layer was extracted with

give the desired product (1.11 g, 50 %).

Elem. Anal.: Caled for C;3Hy4CIMnN-.Og; C, 60.85%; H, 7.21%; N, 4.17%
Found : C, 60.75%; H, 7.20%; N, 4.19%

MS (ESI) : m/z 635.7 [calculated (M-CI)" = 635.69]

IR (KBr): v 1128, 1613, 2869, 2928
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2.3.2 Preparation of [(R,R)-N,N'-bls(3-t-butyl 5-((2-(2-meth0xy)ethoxy)

ethoxy)sallcyhdme)-l 2-cyclohexanedlammato(2-)] manganese(lll)

chloride (10)
1) EtOH/Tohene Q

= Nf N= 85-90 oC, air .
o H HO 2) NaCl(aq)
/__/ Q/ ip \__\0
0—/_0 + ‘

O_\—()
/ Mn(OAc),*4H,0
8 ‘ : 10
In a 100 m Jask  equ with a magnetic bar, a reflux
condenser and an addiio e AC); ). (3.66 g, 15.0 mmol) was
stirred in ethanol (20 mif). Ahe fsol tion'was heated to 80-85 °C, and a solution
of (R,R)-N,N*=b1s(3 yi- : 0xy)ethoxy)salicylidine)-1,2-
cyclohexanediamine, 87(2.84 R i nol) 1 in uene (15 mL) was added

dropwise. The funnel mL), and the mixture was
stirred at 80-85 °C for 'o-:_f?" E unnel was replaced with a gas
dispersion tube and air was i‘r1 ed, fough the reaction mixture for 45
. additi sntinued, the mixture was
allowed to cool %o room temperatus ( ’ mL) was added. The

mL) a I'!j then dried over Na,SO,.
The solvent was remaved, by rotary evaporator. The residue was redissolved

completely uﬁ%l&l S’Jn?'ﬂ& m §1wn&q‘ﬂd‘§emane (15 mL) and

it was concenfrated by a rotary eyaporator untll the premplta&gn was observed.

colle;ﬁ Evacﬁﬂﬁ"m ﬁ I’M‘] g{]ﬁﬂﬁrempnate was

minutes. After the k.

organic layer was extracted with b

tration to give the desired product (1.23 g, 38 %)

Elem. Anal: Caled for CyHscCIMnN,Og; C, 60.11%: H. 7.43%: N. 3.69%
Found : C, 60.18%; H, 7.41%; N, 3.70%

MS (ESI): m/z 723.7 [calculated (M-CI)" = 723.79]

IR (KBr) : v 1101, 1613, 2865, 2931
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2.4 Catalytic property studies of the chiral manganese(IIl)-salen complexes
2.4.1 Enantioselective epoxidation of alkenes by m-CPBA/NMO system
General procedure for enantioselective epoxidation by m-CPBA/NMO
system
A solution of styrene (50 mg, 0.48 mmol), N-methylmorpholine N-oxide
(NMO) and catalyst in CH,Cl, (10 mL) was cooled to -10-0 °C. Solid m-
chloroperbenzoic acid (m-CPBA) (237 mg, 0.96 mmol) was added as a solid

in four roughly equal portions over w

solution (15 mL). The™6fganic-layer w

minutes period. The reaction mixture
then 1 M NaOH (10 mL) was
P(tracted with saturated NaCl

was stirred for 20 minutes
added. The organic layer
ver anhydrous Na,SO4. The
residual catalyst was remevedeby. filtration "'* ugh a short plug of silica gel.
The resulting filtrate preWided /4 e ‘of rema ied_styrene and styrene oxide
ersion and % yield with
of styrene oxide was
determined by 'H-NMR & ¢c ith . europium (I11) tris[3-heptafluoro
propylhydroxymethylene) ) e Bu(t a8 a chiral shift reagent.
Condition studied” in lective epoxidation by m-
CPBA/NMO system '

a) Solvents

The g”—'“"“_“’“—‘ ¥ tdording to the general
procedure described Tabove vents: ﬁcetone, ether, methanol,
acetonitrile and dlchlorod;nethane

? “ﬂﬂm%mwmm

epgxidation  reaction was carried out according to the general

] TR N FTINY e e s s

c) Effect of reaction time
The epoxidation reaction was carried out according to the general

procedure described above for two reaction periods: 20 and 60 minutes.
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d) The amounts of catalysts

The epoxidation reaction was carried out according to the general
procedure described above with varied amounts of catalysts: 2, 3, 4, 10 mol%
of substrate for catalyst 9 and 4, 10 mol% of substrate for catalyst 10.

e) Effect of substrate

The enantioselective epoxidation was carried out according to the

general procedure described above on two substrates: styrene and indene.

2.4.2 Enantioselective epoxidati | es by NaOCl/4-PPNO system
General procedu ) @e epoxidation by NaOCl/4-
PPNO system ‘ J :
A solution of ( -phenylpyridine N-oxide (4-
PPNO) and catalyst | \\\:\ to 0-10 °C. Precooled
buffered bleach sol ’ imol,“buffered to pH ~ 11 with

0.05M Na,HPO4 an a0l X vasTa de 1.. The reaction mixture was stirred

layer was dried over anhy ou -v- o Phe residual catalyst was removed by
i :
filtration through a short plug=ef silica gel. The resulting filtrate provided a
LR\ T

styrene * OX1 analyzed by GC for %

crude of remaining._ styrene and
conversion and % Wi vithcyctohexano ’:i‘ al standard. The % ee

‘ elern spectidmetry with  Eu(hfc)
chiral shift reagent. ﬁ‘ " ﬂn o e
o STV e 0
a) The amounts of 4-PPNO — /
AHIANASHIN BN Y . e

procedurg described above using to different amounts of 4-PPNO: 0 and 0.15

of styrene oxide wa

equivalent to substrate.

b) Effect of the amount of catalyst

The epoxidation reaction was carried out according to the general
procedure described above with two different amount of the catalysts: 4 and

10 mol% of the substrates for both catalysts 9 and 10.
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c¢) Effect of substrate
The enantioselective epoxidation was carried out according to the

general procedure described above on two substrates: styrene and indene.

2.4.3 The determination of the enantiomeric excess of epoxide by 'H-
NMR
The ee (enantiomeric excess) of the epoxide product was determined by
analysis of 'H-NMR spectrum of
chiral shift reagent  (Eu(hf
the '"H-NMR signals of chire
is chiral, the signals of

sample in the presence of the NMR
agnetic complex that will shift

lé rdmate to it. Since (Eu(hfc);

tid erswe will shift to a different

degree. \

1 “

H-NMR spect de sty CDC13 was collected. A
solution of Eu(hfc); “ \\ added a few drops into the
sample and the sp refUn. | ,\\\.\ pbme of the signals have
been resolved into 2 lution u\* was added until the peak

around 3.1 ppm was ale of 'H-NMR spectrum and

carefully integrate the si omers. Using this integrals to

calculate the % ee obtained = Xidation reaction according to the
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b)

Figure 2.1 The 'H-NMR spectra of racemic styrene oxide a) before adding Eu
(hfc); b) after adding Eu(hfc)s.
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In the case of indene oxide, 'H-NMR spectrum of a crude indene in
CDCl3 was collected. A solution of Eu(hfc); (15 mg in CDCl; 1 mL) was
added a few drops into the sample and the spectrum was rerun. Notice how
some of the signals have been resolved. The solution of Eu(hfc); was added
until the peak around 4.6 ppm was resolved from overlapped peaks around 4.8
ppm. Expand the scale of 'H-NMR spectrum and carefully integrate the
signals. Using these integrals to calculate the % ee obtained in the epoxidation

reaction according to the following equations.

IB-H (152R) X 2x 100

I«MHUSJR) + Ipnaras) + Ipnasae)

Where l,nar2s) = f - “25%isomer)
AN
;3 J N

ftgBral Of Bkl (152 er)
S 2\

1

Yo minor enantiomer (15,2R isomer)

% ee = % major eti

Z{.q.

mﬂnamw

ﬁ‘“%‘““ S R &

egantiomer (1S5,2R isomer)
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m
Figure 2.2 The 'H-NMR spectra of racemic indenetéxide a) before adding Eu

"R iandneans
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2.4.4 The determination of % conversion of alkenes and % yield of

epoxide

The gas chromatograph was equipped with a carbowax column. The
temperature program was as follows: isothermal at 60 °C for 4 min — 10 °
C/min ramp to 160°C — isothermal at 160 °C for 5 min. This GC condition
gave satisfactory baseline separation between the alkenes, epoxides and

cyclohexanone internal standard (Se¢ § Appendix). The determination of %
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