CHAPTER II

EXPERIMENTAL

2.1 General procedure

Melting points

uncorrected. 7 .
Chromatogr ‘

aluminium sheets : silica gel (Merek’s, "Kieselgel 60 PFasa). Column

TLC) was carried out on

chromatography wa d on si ge rek’s, Kieselgel 60 G) and

aluminium oxide 90 (7 tography analysis was carried

. "‘__ \-i ent equipped with flame
ionization detector (FID) 2 5*. er gas. The column used for
chromatography was a capillai * DB-wax (30 m x 0.250 mm).
Spectrometers: e oUr ﬁ.; n-Infrared Spectra (FT-IR) were recorded
on Nicolet Impact:410 FT-IR spectrometer. The "H and 13C NMR spectra (both 1D
and 2D) were px 5* 1€

out on a Shimadzu

dimethylsulfoxide-d¢ or

otherwise stated with' tetramethylsilane as an intemaLleference on Bruker Fourier

Transform Nuclear Mfgﬁlc Resonance iﬂectrometer model AC-F200 and a Joel,
model JNI\iii

500 fidd b 1Briedr V Avahol V5B ‘FENMR  spectrometer. Mass

spectrometry al/IS) analysis was cqaducted on F1 on Instrument del Trio 2000.
2.2 Chigmical reagents

All solvents used in this research were purified by standard methodology
except for those which were reagent grades. The reagents utilized for synthesizing the
ligands, metal complexes and all alkenes were purchased from Fluka chemical

company or otherwise stated and were used without further purification.
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2.3 Syntheses

2.3.1 meso-Tetrakis(4-methoxyphenyl)-tetramethyl-calix[4] pyrrole®® *°

Ligand 10 was §/slowly dding methanesulfonic acid (7% mol) to a
solution of 4-methoxyac 15 1 mol), pyrrole 7.0 mL (0.1 mol) and
ethanol 50 mL. The mixture was : for 4 hours and then cooled. The
brown solid wa ,:._-_-__._ vashed with several“porfions of ethanol and dried at

]
room temperature, d as obtained; m.p. 121-122

& - r!l
°C; Rf 0.43 (hexane " Br, cm™ %3431 (s), 2970 (s), 2832 (m),

1608 (s), 1456 (s), and 1250 (s); 'H- CDCls) 8 (ppm); 7.53 (4H, s), 6.92-7.15
i m o P L IR T A e o s
NMR (CDClﬂa (ppm): 157.5 (4G), 139.4 (4C),.136.8 (8C), 128,3 (8C), 113.0 (8C),

CRRARIPFIWRARTINY IR Y

hyl acetate 8:2); IR
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2.3.2 Lithium of meso-tetrakis(4-methoxyphenyl)-tetramethyl-calix[4]
1

pyrrole tetraanion g

trahydrofuran (THF) 40 mL was

e reaction mixture was refluxed

To a solution
added butyl lithium (Bul
under stirring for 2 hours. The s J,,g.,..:
washed with dry liekéne to aff the brown solid 5.62.4 (76% yield); m.p. 112 °C;
R¢ 0.45 (hexane -f' . (W), 2631 (w), 1607 (w),
1456 (m) and 1250 (); 'H-NMR (CDCl3) 5 (ppm): 6.93-7.15 (8H, m), 6.64-6.78 (8H,

zrll)6, iz’-ifoﬁi:% ré)]' fj7 ﬁzﬁl? %8“16%@,]?}]&%1.86 (12H, s) and 1.75
RIANIUNRIINYIAY

.

yorated in vacuo and the residue was
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2.3.3 Dilithium-tetrakis(tetrahydrofuran)-a,f,y,0-tetrakis-(4-

methoxyphenyl)-tetramethyl-calix[4]pyrrole tetraanion Cobalt(II)
complex: Cobalt(II) calix[4]pyrrole

OCHj,

d polyanion 11 4.43 g (4 mmol) were
vas stirred for 48 hours. After the
reaction was com ;_,m ,_the brown solid was filtered 0fff and washed with several
n k ”3 0 refrigerator for 24 hours.

rated in vacuo to give brown “J id 3.99 g (87% yield); m.p.

e 1] ﬁﬁwﬁ*ff’%‘ﬁ ey e
QAR AR B HAD I e

—N N

— =
S S

S e

dissloved in toluene 40 m

portions of toluene’

The solvent was eva;
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o-Phenylenediamine 2.7 g (0.05 mol) in ethanol 30 mL was added to thiophen-
2-aldehyde 5.6 g (0.05 mol) to give a drak green solution which was then heated on
steam-bath for 30 min, whereupon the color was changed to red. The reaction mixture
was cooled and the clear red solution was decanted from a small amount of brown oil
and filtered. The filtrate on standing overnight deposited yellow needles of Schiff’s
base 4.56 g (62% yield); m.p. 148-149 °C, Ry 0.68 (ethanol); IR (KBr, cm™): 3090-
3050 (w), 2950 (w), 1630 (w) and 1225 (s); "H-NMR (CDCls) & (ppm): 7.83 (dd, J =
6.87, 1.83 Hz, 1H), 7.51 (dd, Jj\ \ 1H), 7.47 (dd, J = 3.82, 1.22 Hz, iH),
737 (dd,J=7.32,1.22 B 3 (dd, J=4.89, 1.23 Hz, 1H), 7.13
(t, J=4.27 Hz, 1H), 6. 43:Hz, mﬁld, J=13.36, 1.22 Hz, 1H), 5.70
(s, 2H); *C-NMR ( 8.8, 135.8, 131.8, 128.9, 128.0,
127.9, 127.2, 125.4;

‘ 4 7. A }-a 9
235N,N“1 e bis (2 7 ‘ Xe) cobalt(II) complex:

Co(ID) t
An ethanolic so 0 (10 mmol) was mixed with an
aqueous solution (80 _eobalt oride hexahydrate (10 mmol). Then a
solution (42 mL) of CHs 31, ol) was added and refluxed for 2-3 hr
After that the solution was eeafdd;ﬂf'o NI perature and kept it for overnight

1563 (w) and 1221(5),

Other cobalt(H) catalysts: cobalt(Il) complexesa salophen 13, saloa 14, salen
OMe 16, sal Ef 9 u this work were kindly
obtained fr iJ q‘ﬁﬁﬁﬁﬁmtﬁ:ﬁ% ese well-characterized
complexes coq'ld be visualized in ref 43.

RN TUUNRIINYIAS

2.4 Synthesis of authentic samples

To a solution of alkenes (9.7 mmol) in 50 mL of dry methylene chloride at 0°°
C was added 70% m-CPBA acid (2.22 mmol) in 40 mL of dry methylene chloride
over a period of 30 min. After the solution was stirred for 3-4 hours, the excess
peracid was decomposed with 5 mL of 10% sodium sulfite solution and the dry
methylene chloride solution was washed carefully with 100 mL of saturated sodium

bicarbonate solution, the organic layer was separated, and the aqueous layer was
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washed twice with dry methylene chloride. The organic layers were combined,
washed with brine, dried and evaporated to yield the desired epoxide.

I-methylcyclohexene oxide: Colorless liquid, R¢ 0.57 (CHCl); 'H-NMR
(CDCl3) & (ppm): 2.95 (t, J=3.51 Hz, 1H), 1.45-1.89 (m, 8H) and 1.29 (s, 3H)

a-methyl styrene oxide:*® Colorless liquid, R 0.36 (CHCls); 'H-NMR (CDCls)
8 (ppm): 7.23-7.42 (m, 5H), 2.98 (d, J = 5.4 Hz, 1H), 2.82 (d, /= 5.4 Hz, 1H) and
1.73 (s, 3H)

cis-stilbene oxide:** orless d, Rf 0.31 (hexane:CHCl; 8:2); 'H-NMR
(CDCl3) & (ppm): 7.11-7. , 10 | v '

trans-stilbene oxide.White s!id, ‘m;’c, R 0.36 (hexane:CHCl; 8:2);
'H-NMR (CDCl;) & (s, 2H)

1,2-dihydro sid, Rs 0.25 (CHCl3); '"H-NMR
(CDCl;3) & (ppm): , 1H), 3.00 (m, 1H), 2.21-
2.32 (m, 2H) and 2.0

Malonic acid 3.12'g (31 sfinc solved in 6 mL of anhydrous pyridine,
4-methoxybenzaldehyde 3 ,_,..gz@é_' nmol) and. 0.26 mL of piperidine were added.

BRHCI and 26 mL of Hy0,
e prodlm was filtered, wash with ice
water and recrystallizédewith ethanol. The white mirror-like needle crystal (78%

yield); m. pﬂy%&’a w&&lﬁ w(ﬂ f}lﬂ)sﬁo 3300, 1690, 1630,

1598, 1516, Iqll46 1432, 1250, 12}0 and 1175; gNMR(DMS(pj (ppm): 7.64 (d, J

IR IR FPRWRI INH TR ¢ e

NMRYDMSO) & (ppm): 168.2 (-COOH), 162.5, 130.6 (2x1C), 128.0, 115.2 (2x1C)
(aromatic carbon), 145.3, 116.5 (olefinic carbons) and 67.2 (-OCH3;)

poured into a m

precipitating the acid as a colorless solid.
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Synthesis ethylcinnamate derivatives

General Procedure®

Ethanol (0.01 mol) was dissolved in 10 mL of benzene and then substituted
trans-cinnamic acid (0.01 mol) was added thereto. After that 0.3 mL of conc H,SO4
was added and the mixture was refluxed for 5 hours. The reaction mixture was
concentrated to remove benzene and the residue was poured into 8 mL of ice water.

The mixture was extracted three time with 10 mL of ether. The combined extracts

were washed twice with 10 mL o ' over Na;SOy4, evaporated in vacuum and

distil lled t 2sired compound.
Trans-ethylcinna mu.,_.“ &), Rf 0.78 (EtOAc); IR (KBr,

cm'): 1712, 1633, 1 1267;°'H (€DCl3) 5 (ppm): 7.68 (d, J =
15.83, 1H), 7.38-7. - 1
and 1.33 (t, J=7.04

IR (KBr, cm™): 1703, 1287, 1248\and 1170; '"H-NMR (CDCls) &
(ppm): 7.67 (d, J = 15. ‘ 1d, J =8 , 2H), 6.93 (d, J = 8.21 Hz,
2H), 6.34 (d, J=15.83 Hz, 28 ( ,J #7.04 Hz,2H), 3.87 (s, OCH;) and 1.36 (t,

2.6 The general »racedure for
Cobalt compl:
by the addition of alkene (5 mmol) a

acetonitrile (15 mL), followed
-ethy butyraﬂhyde (10 mmol) to a round
bottom flask fitted with a=balloon filled with oxygen. The mixture was stirred for 24

o} A5 L1 1 o e o

mixture was taken and extracted w1th dlethyl ether. The combmed extracts were

was t organic layer
) N ey TN
ver anhydrous Na; yzed addition of an exact

amount of an appropriate internal standard.
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2.7 Study on the optimum conditions for the epoxidation of cyclohexene and
other alkenes
2.7.1 Effect of solvent
The epoxidation reaction was carried out in the same manner as previously
described except for that toluene and a mixture of toluene and acetonitrile with
various ratios were employed instead of acetonitrile.

2.7.2 Effect of the amount of 2-ethylbutyraldehyde

' ut in the same manner as previously
. as varied (10 and 20 mmol).

Jﬁ
T—
S TIIIor

The epoxidation reactio

described but the amount

2.8 Comparative ki alkenes catalyzed by cobalt

complexes
The gener: cobalt(Il) complexes of
calix[4]pyrrole 10, d saloa 14 as catalyst and
cyclohexene as substra am 1 if; reaction times proceeded (3, 6,
9,12, 15, 18, 21 and 24 houss),.a; §t " e reaction mixture was taken,
In addition, coba II@‘ of calix[4]pyrrole 10 catalyzed a variety of

substrates including cyclohﬂ@'@—'ilﬁ ode enesand 1-methylcyclohexene were also

2.9 Competitive s&y on the epoxidation of cycmnéxene, 1-dodecene and 1-

methylcyclohexere . Q/

Fotdfiad o degl o omprpedi i amoun s ol o

cyclohexene gAd 1-dodecene or c¥clohexene an& 1 -methylcyclohg(ene were used as

N LN IR LR R A

scribed in Topic 2.

2.10 Epoxidation of various selected alkenes

Selected alkenes including 4-vinylcyclohexene, cis-4-hexen-1-ol, trans-2-
hexen-1-ol, a-pinene, B-pinene, frans-ethylcinnamate, trans-ethyl 4-methoxycinna
mate, a-methylstyrene and 1,2-dihydronaphthalene were subjected to this developed
epoxidation reaction catalyzed by cobalt(I) complexes of calix[4]pyrrole 10,
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thiophen-o-phen 12, salophen 13, and saloa 14. Other procedures were carried out as

previously described.

2.11 Stereoselectivity study
The general epoxidation procedures using cobalt(Il) complexes of
calix[4]pyrrole 10 and thiophen-o-phen 12 as catalyst and trans-stilbene and cis-

stilbene as substrates were carried out. An aliquot (1 mL) of the reaction mixture was

2.12 General isolation : —
After the reactiof Was-cofiplete (followed LC), the epoxidation product

was separated as fo

described in the g

s extracted according to that

ire_an \ : were removed. The crude
product was purified flidh fpel Toll -\:\ \ aphy using chloroform or a
mixture of hexane-eth . ! \‘ \.\,\ ivalent fractions monitored by
TLC were combined ¢ 1 Solvents wereicompletély evaporated.

x4
J

AULINENINYINg
RIAINTUNRINIAY
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