CHAPTER II
EXPERIMENTAL

2.1 General procedure

The FT-IR spectra were recorded on a Nicolet fourier transform infrared
spectrophotometer model Impact 410. Sétl(}ﬁ ples were incorporated to potassium
bromide to form a pellet. The 'H and *C &qﬁ
chloroform (CDCl;) solution; or deuterated dimethylsulfoxide (DMSO-d¢) with
tetramethylsilane (TMST/V ;
‘ Me;cur plus 400 NMR spectrometer which operated
i,MH‘g__ for C nuclei. The chemical shifts (8) are

ectra were obtained in deuterated

iiternal ‘reference on the Varian nuclear magnetic

resonance spectrometer

due‘sol_ent  protons.

layer chmmatography (TLC) was carried out on
ith s:;hca gt;i (Merck’s, Kieselgel 60 PF,s4). Column
ed‘ on sﬂma:gel (Merck’s, Kieselgel 60 G). Gas

¢ ' =
chromatography analysis was carr—ted out ona Shlmadzu gas chromatograph GC-9A
“w __;u-
instrument equlpped with flame 1omzat10ﬁ’ detector with'N, as a carrier gas. The
——J

column used forl jas chromatography was carboij 20 m. Chiral gas

chromatography analysxs was carried out on HP 6890 gas chromatograph. The
column used was 10% BSiMe in PS 255, 15.029 m.
Atomiabsorption‘analysis was/ carried out on'a| Perkin Elmer AAnalyst 100

atomic absorption spectrometer.

2.2 Chemicals _

All solvents used in this research were purified by standard methodology
except for those which were reagent grades. The reagents used for synthesizing
metal salen complexes, metal carboxylate complexes and all epoxides were

purchased from Fluka chemical company and were used without further purification.
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2.3 Synthesis and characterization of catalysts

Metal salen complexes

Metal salen complexes: [Cr(III)(salen)(H,0),]Cl, Co(II) salen, VO(IV) salen,
Ni(II)salen, Cu(Il)salen, Mn(II)salen, and Fe(II)salen utilized in this work were
kindly obtained from Mr. Jirasak Imurai. The identification of these well-

characterized complexes could be visualized in ref 28.

Metal carboxylate complg‘xﬁi ' I///

Fe(TFA);>
An excess of trlfm ac@ 4 mol) was added to anhydrous

iron(IlT)chloride (1 g-ﬂf-"r l) a'\m‘“w.\w':fed o e
tirred magnetically and refluxed for 48 h.

atmosphere and the r
d filtered “The resulting red cake was

The product was w

collected and dried a 1 K 'ﬂuoroa&etate was gained as a red

Fe(TCA);:1.5H,0

,ir
This comple)il was prepaied' empltmg%@e ﬁ ar-method to that described
for Fe(TFA); by using iriehloroacetic-acid-(i3-g:79-mm )land anhydrous iron (III)
chloride (1 g, 6.15 “ C@;-l.SHzo was obtained in

2.59 g, 83% yield, m.p. %}5°C

9.75%, iilfula@gl(};aﬁ ﬁ mmﬁ] ﬁ‘ﬁ‘malys‘s found Fe’*:
Q(ﬂ ’lﬂ\ﬂ ﬂ ‘; mbujﬂﬂ ’] lL Hﬂu@ Ez;)ate);; and

Fe( benzoate )3

Carboxylic acid 22 mmol was dissolved in dilute sodium hydroxide solution

(0.88 g NaOH in 20 mL distilled water) at 80°C. After stirring solution until

homogeneity, iron (III) trichloride anhydrous (1.18 g, 7.3 mmol) dissolved in 10 mL
distilled water was added in one portion causing the precipitation which was

collected and dried in vacuo.
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Fe(picolinate)s: 2.25 g, 73% yield, m.p. >300°C, IR(KBr): 1604 (s), 1344 (s)
and 1083 (m) cem™.

Fe(benzoate);: 2.48 g, 81% yield, m.p. 290-300°C, IR(KBr): 1603 (s),
1567 (s) and 1178 (m) cm™.

Fe(4-nitrobenzoate)s: 3.60 g, 89% yield, m.p. >300°C, IR(KBr): 1696 (s),
1527 (s) and 1102 (m) cm™.

Fe(2,4-dinitrobenzoate);: 3.79 g, 78% yield, m.p. >300°C, IR(KBr):
1608 (w), 1536 (s) and 1352 (s) cm’.

Cr(benzoate); and

These comple)?repaﬂed wthe similar method to that
described for Fe(carboxy i ca{{) ylic acid 22 mmol and chromium(III)
trichloride hexahydrate '

P s
# ki

L -~

Cr(4-nitrobenzoate)s: 3,4% ‘8:’
1527 (s) and 1102 (m) cm™. -
e
Cr(Alanine)s ﬂ
Alanine 0.18 g (2 r&mol) was disso%d in water 5 mL. 6 M NaOH 3 mL was

then added tﬁ%ﬂ(}%ﬂ%lw ﬁs’q ﬂr@ol) was dissolved in

water 5 mL afid added to the alanine solution. The reaction was stirred at room

temp i ‘1 t o i qg itated out from
the rﬁlﬁ'ﬁ@oﬁa‘gmem:l?mmﬁﬁed in vacuo.
The purple solid 0.20 g, 64% yield, m.p. 280-288°C was obtained. -

IR(KBr): 3400 (w), 1598 (m), 1501 (m), 1321 (s) and 758 (w) cm™.
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2.4 Preparation of authentic samples

2-Methoxy-2-phenylethanol

Styrene oxide 1.2 mL (10 mmol) was dissolved in 30 mL of methanol,
Fe(TCA)3.1.5H,0 0.0454 g (0.1 mmol) was added. The reaction was stirred under
ambient conditions for 24 h. The reaction mixture was extracted three times with
25 mL of ether. The combined extracts were washed twice with 25 mL of H,O, dried
over anhydrous Na;SOy, evaporated in vacuum and the residue was isolated by
silica gel column chromatography eluting with hexane: ethyl acetate (6:1). The
product was colorless oil; 1.43 g, 94% yf )d IR (KBr): 3441 (w), 2817 (m), 1106 (s)
and 1029 (m) cm™; "H-NMR (CDCls) & q/))o 7.29 (5H, m), 4.34 (1H, dd, J =
8.58, 3.90 Hz), 3.71 (1H,41d,J" 11.684 8.43 Hi),_’s.64 (1H, dd, J = 11.65, 3.88 Hz)
and 3.34 (3H, s).

2-Methoxy-1
Styrene oxide "

mmol)-was dissolved in 30 mL of MeONa/MeOH.

tem ture for 24 h. The mixture was extracted

(6:1) to give the dqsllred compound 1.18 g 78“’/“ yleld f—I-NMR (CDCl3) & (ppm):

743729 (SH, m), 493 dd- 09 ﬁj(lH dd, J = 11.68, 3.80
Hz), 3.58 (1H, dd, JJ979 3.09 Hz) and 3.45 (3H, 5).

T

2-Ethg_1_gy-2-ph_enylﬁhanol_i | 2:propoxy:2:sphenylethanol,  2-isopropoxy-2-
phenylethanol and 2-butoxy-2-pheniylethanol

Fe(TCA)3.1.5H,0.0.0454 ¢ (0.1 mmol)“was dissolyed in”alcohol (ethanol,
n-propanol,“ i-proﬁanol or ‘n-butanol,£30 mL), followed.by the”addition of styrene

oxide 1.2 mL (10 mmol). The reaction was stirred at room temperature for 24 h. The
mixture was extracted with diethyl ether and H,O. The organic layer was dried over
anhydrous Na;SOj4 and evaporated in vacuum. The residue was separated by column
chromatography using hexane: ethyl acetate (6:1) as an eluent to furnish colorless

liquid as the desired product.
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2-ethoxy-2-phenylethanol: 1.21 g, 73% yield, 'H-NMR (CDCls) & (ppm):
7.36-7.26 (5SH, m), 4.42 (1H, dd, J = 8.78, 3.51 Hz), 3.69-3.57 (2H, m), 3.42
(2H, q,J=17.00 Hz) and 1.22 (3H, t, /= 7.03 Hz).

2-propoxy-2-phenylethanol: 0.28 g, 16% yield, 'H-NMR (CDCl;) & (ppm):
7.41-7.29 (5H, m), 4.43 (1H, dd, J = 7.80, 3.90 Hz), 3.69 (2H, dd, J = 11.62, 3.88
Hz), 3.40 (2H, t, J = 6.88 Hz), 1.65 (2H, sextet, J = 7.17 Hz) and 0.96 (3H, t,
J=741 Hz).

2-1sopropoxy- 2-phenylethanol O 34 g, 19% yield, 'H-.NMR (CDCl3) §&

(ppm): 7.43-7.30 (5H, m), 4.57 (1H\ / , 4.47 Hz), 3.67-6.59 (3H, m), 1.23
(3H, d, J= 6.24 Hz) and 1. 16.QH,d !

9 butoxy-2-phew 0.15 g, W‘H-NMR (CDCl3) & (ppm):

To a dichlorome lutio F&(TCA)3.1.5H,0 0.0454 g (0.1
mmol), styrene oxide 0.6 E 0 ethylsilyl azide 2.6 mL (20 mmol)
was added. The mixture was rﬁﬁced h. The solution was extracted with

chromatography usmgj:exane: ethyl a as an ¢ Juent. The product as brown

o0il 0.12 g, 15% yield was obtained. IR (KBr): 3416 (w), 2104 (s), 905 (s) and 738 (s)
as obt 1

em™ 'H-NMﬂ(HZ‘E)J @%ﬁﬂsﬁ (w E]'Zlcﬂﬁj t, J = 6.24 Hz) and

3.75 (2H, d, J 57.80 Hz).

PAININIMINAY

Styrene oxide 1.2 mL (10 mmol) was dissolved in thiophenol 5 mL
(50 mmol), followed by the addition of Fe(TCA);.1.5H,0 0.0454 g (0.1 mmol) into

the reaction and refluxed for 8 h. The mixture was extracted with diethyl ether and

H;O. The organic layer was dried over anhydrous Na,SO4 and evaporated in

vacuum. The residue was isolated by silica gel column chromatography with hexane:
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ethyl acetate (6:1) as an eluent to yield dark brown oil 1.52 g, 66% yield, '"H-NMR
(CDCl;) 6 (ppm): 7.38-7.11 (10H, m), 4.37-4.17 (1H, m) and 3.99-3.74 (2H, m).

2-Chloro-2-phenylethanol
Lithium chloride 3.4 g (20 mmol) was dissolved in DMF 20 mL, followed by
the addition of styrene oxide 1.2 mL (10 mmol) and Fe(TCA);.1.5H,0 0.0454 g

(0.1 mmol) to the solution. The reaction was refluxed for 8 h. The mixture was
extracted with diethyl ether and H,O. The organic layer was dried over anhydrous
Na,SO4 and evaporated in vacuum. The' ré /due was separated by silica gel column
chromatography using hexane as an elué /zﬁe-product obtained was yellow oil
0.11 g, 7% yield. "H-NMR (CDC13);6 (ppm):=7:41-7.29 (5H, m), 3.90 (1H, t,
J=3.18 Hz), 3.19 (IH,/VJ;' 46, 3.90 Hz) and 2.85 (1H, dd, J= 5.46, 2.71 Hz).

2-Methoxy-1<dodeeanc / -,rr_-let‘gx‘o' y-2-dodecanol, 2-methoxy-1-cyclohexa
_thl?x - ogyl) ether,  tert-butyl(2-hydroxy-1-
_ ci}nfetﬁ
bicyclo[2.2.1]-heptan-2-¢ 1"" 'ﬁ dqor ¥
Fe(TCA);3.1.5H,0 0. 454‘gﬁ (O 1 F&l} was dissolved in methanol 30 mL,
followed by the addtion of epoxrdﬁ—lO mmn].—(‘l -dodecene oxide, cyclohexene oxide,

:}e:ther and 1.7,7-trimethyl-6-exo-methoxy

butyl glycidyl ether, Jert-butyl glycidyl ethef and a-pmen? oxide, respectively) to the

solution. The mix

iot \jras extracted with diethyl
ether and H,O. The orgamc layer was dried over anhyd; ous Na,SO4 and evaporated
in vacuum. The res1due was isolated by silica gel column chromatography with
hexane: ethyl acetadte (6:1)"as an' eluent!

2-methoxy-1-dodecanol: 0.95 g, 44% yield, 'H-NMR (CDCls) & (ppm): 3.70
(1H, ddy 4= H.14, 2:93~Hz), 3:52 o 1H; @ddyJ= d 1h72,) 644-H2),13.44 (3H, s),
3.38-3.23 (1H, m), 1.68-1.44 (2H,'m), 1.40-1.22 (16H, m)'and 0.92°(3H, t, J = 6.73
Hz). -

1-methoxy-2-dodecanol: 0.82 g, 38% yield, 'H-NMR (CDCl3) 8 (ppm):
3.88-3.75 (1H, m), 3.45 (1H, d, J = 2.93 Hz), 3.52 (1H, t, J = 8.20), 3.44 (3H, s),
1.48-1.44 (2H, m), 1.38-1.23 (16H, m), and 0.90 (3H, t, J = 6.76 Hz).
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2-methoxy-1-cyclohexanol: 1.01 g, 78% yield, '"H-NMR (CDCl3) & (ppm):
3.33 (3H, s), 3.16-3.14 (1H, m), 2.98-2.88 (1H, m), 2.19-1.96 (2H, m), 1.80-1.58
(2H, m), 1.37-1.00 (4H, m).

butyl (2-hydroxy-1-methoxypropyl) ether: 0.23 g, 15% yield, 'H-NMR
(CDCl3) 6 (ppm): 3.91-3.87 (1H, m), 3.57-3.54 (4H, m), 3.41 (3H, s), 1.59 (2H, quin,
J=7.03 Hz), 1.32 (2H, sextet, J=7.62 Hz) and 0.86 (3H, t, J= 7.32 Hz).

tert-butyl (2-hydroxy-1-methoxypropyl) ether: 0.25 g, 17% yield, '"H-NMR
(CDCl3) 6 (ppm): 3.80 (1H, s), 3.50-3.31 (2H, m), 3.39 (3H, s) and 1.20 (9H, s).

sobrerol dimethyl ether’”: 0.55 g. éséyp‘eld, 'H-NMR (CDCls) & (ppm): 5.62
(1H, br s), 3.53 (1H, br s), 3:42 (3H, s), 3!21"61]{5‘), 2.17 (1H, dd, J =13.26, 1.56
Hz), 2.03-1.95 (2H, m), T°79"(3H; br ?f, 1.74=1"70"(2H, m), 1.15 (3H, s) and 1.13

—

(3H, s). e
1,7,7-trimethy1-6)./ihoxy gicyclo[Z.Z.l]-heptan-2-endo-ol32: 0.57 g,

31% yield, 'H-NMR (CD€1L:)/6 (ppm): 4.10 (1H, br m), 3.86 (1H, d, J = 9.36 Hz),
!
3.37 3H, s), 2.49-2.43(1 , 2.3572.27 (1H, m), 1:80-1.77 (1H, m), 1.38 (1H, dd,
J=13.26,3.12 Hz), 1.26'(1H, ¢ ,J?’f13.;u>6, 3.90 Hz), 1,09 (3H, s), 0.87 (3H, s) and
I '.’

[
s

0.86 (3H, s).

i
alx Y
2.5 Study on the optimum conditions for styrene oxide ring opening
g 2f=

=

#§ yued
-

2.5.1 General Procedl-lr; - r
T -t
The solution Of styrene oxide 0.12 mL (1 mx_ﬂ'g}) in methanol (3 mL)

containing a catalyst (6::05 mmol) in a round bottom ﬂaxﬁ( was stirred for 10 min at

room temperature. After the specific time or the reaction was completed (followed
by TLC), 1 mLyof the'reaction mixture' was, taken'and extracted twice with diethyl
ether. The combined extracts were washed with distilled water. The organic layer
was dried qver anhydronsiNas;SOz-andanalyzedby GG withjthe addition of an exact
amount of an appropriate internal standard.

The ring opening reaction was carried out in the same manner as described
above, FeCl; (anhydrous), FeCl; (anhydrous), FeCl;.6H,0, FeCls3/Si0,, FeSO4.7H,0,
Fe(salen), Fe(acac);, Fe(TFA);, Fe(TCA);.1.5H,0, Fe(palmitate);, Fe(stearate)s,
Fe(naphthenate);, Fe(behenate);, Fe(benzoate);, Fe(4-nitrobenzoate)s;, Ferrocene,
Fe(2,4-dinitrobenzoate);, Cr(salen)Cl, Co(0OAc),.4H,0, CoCl,.6H,0,
Co(palmitate);, Co(stearate);, Co(naphthenate),, Co(salen)OMe, Co(salop),
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Co(salen)(pyridine)s, Co(salen)', Co(salth) or Co(sal)-m-phen were used as a

catalyst.

2.5.2 Effect of metal salen and metal carboxylate complexes

The ring opening reaction was carried out in the same manner as described
above employing eight metal salen complexes: Fe(salen), Fe(salen)Cl, Co(salen), Cu
(salen), Cr(salen)Cl, Ni(salen), VO(salen), Mn(salen) or ten metal carboxylate
complexes: Fe(benzoate);,  Fe(4-nitrobenzoate)s, Fe(2,4-dinitrobenzoate);,
Fe(picolinate);, Cr(stearate)s, Cr(behé;)a )3, Cr(alanine);, Cr(benzoate); or
Cr(4-nitrobenzoate)s as a catalyst instead o _ﬁgf;,(anhydrous).

- -

2.5.3 Effect of :nﬁ'/aefnd perature

The styrene oXideging vopening reaction was performed according to the
general procedure m ol T usmg Cr(salen)Cl or Fe(4-nitrobenzoate); as a
catalyst, but differe

(10 min, 30 min, 1 h, 2 iy 4

reaction tempemtures (30°C; 70°C) and reaction times

. 2{jjh) _ Jgre varied.

[
.f."-d L

2.5.4 Effect of the a oun‘t‘ 6f met!x‘)ﬁﬂol

The styrene oxide rmg emmng reﬁ&‘on was carried out according to the

e |

'A_"'-

general procedure, but the amotnt of metﬂan(ﬂ was ch:it{nged to 5, 20, 50 and 100

mmol. ‘T’:ﬁ ' —
\7 X J

f 45

2.5.5 Effect of solvent
The styréne oxide ringiopening reaction), was|carried out in the same manner
as previously described but various solvents, nameély acetonitrile, dichloromethane,

tetrahydrofuran, N,JV - dimethylformamide and.ethyl acetate were.utilized.

2.6 Effect of nucleophile for styrene oxide ring opening _
2.6.1 Oxygen nucleophile

Alcohol group

The general procedure using styrene oxide and Fe(TCA);.1.5H,O as starting

material and catalyst, respectively at reflux dichloromethane temperature for 2 hours
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was conducted. But different alcohols: ethanol, »—propanol, isopropanol and

n-butanol were employed instead of methanol.

Iso-propanol as nucleophile

The general procedure using styrene oxide iso-propanol and dichloromethane
as reagent, nucleophile and solvent, respectively was carried out at different reaction
times (2, 6, 10 and 24 h), temperatures (30 and 40°C), catalysts (Fe(TCA);.1.5H,0,
Fe(2,4-dinitrobenzoate);, Co(salen) and Cr(salen)Cl) and amount of catalyst (0, 0.01,

0.05, 0.10, 0.30 and 0.50 mmol). \\\ ////

2.6.2 Other nuclgm:
Nitrogen nucy v \
C

.\thion described for styrene
H iffer cleophiles: diethylamine,

The reaction

oxide ring opening h‘

T

general procedure using t 'op%as @phﬂe Different types of catalysts:
Fe(TCA);.1.5H;0, Fe(2,4- duu&dﬁehzoafé%l n) and Cr(salen)Cl were varied.
A

)

—l

Halogen nuc jp
The styrene oXide ring opening reaction was erformed according to the

s Gk ﬂﬁ“ﬁﬁﬁﬁﬂ%ﬁﬁm
mam@mmmﬁmmaa

e(TCA)3 1.5H,0 0.54 g (1 mmol) was dissolved in tetrahydrofuran 3 mL
and stirred until homogeneous. Styrene oxide 0.12 mL (1 mmol) in tetrahydrofuran
2 mL was added to the reaction mixture and stirred under nitrogen atmosphere at

room temperature for 15 min.
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2.8 Preliminary study on asymmetric ring opening of styrene oxide
The ring opening reaction was carried out according to the general procedure,

but (R)-styrene oxide was employed instead of racemic styrene oxide.

2.9 Other epoxides

1-dodecene oxide

The general procedure of ring opening reaction using 1-dodecene oxide,
methanol and Fe(TCA);.1.5H,O as starting material, nucleophile and catalyst,
respectively was carried out at dlm tion times (1, 2, 4 and 8 h), reaction

temperatures (30, 40 and 80° CH2C12, THF and DMF).

—
cyclohexene o:/
The reaction ‘
reaction conditions d

(2, 4 and 8 h) and reacti

_- »

as the substrate under the

difference reaction times

The butyl glycidyl m_&_ﬁ gly'dl ether ring opening reaction
was carried out in the same m'&;i'iépas viously described, but the reaction times
‘:::,d, ::-",l' L2500 -?'-a —3-

(2,4 and 8 h) and relaﬁtion temperature (30 and 4 rﬁer varied.

a-pinene oxidﬂ

|
The ring opemn%,reactlon was carned out according the general procedure

s T BN NN T
Cgmmmmﬁmnﬁ -

1-dodecene oxide, cyclohexene oxide, butyl glycidyl ether and fers-butyl glyc1dy1

ether were used as a competitive substrate in the epoxide ring opening reaction.
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