CHAPTER II

EXPERIMENTAL SECTION

2.1 General procedures

Chromatography: Thi 7 (TLC) was carried out on

aluminium sheet precoa QSelgel 60 PFys4). Column
gel 1eselgel 60, 70-230 mesh).

chromatography was carri

Melting points were mea

uncorrected.

2.2 Instrumentation

Spectrometers : FT- n a Fourier Transform Infrared
Spectrophotometer on Nico el Imp lid samples were mixed with
potassium bromide (KBr) to forrh:peﬂets BC-NMR spectra were obtained in

deuterated chloroforn dirtieth lsul oxide (DMSO-ds) with

tetramethylsilane IS —as—ai-iitethal-toteiohico—0n=taurier Transform Nuclear
y ( v, - xd

DEC eter o ~ O Gas chromatography
|
out on a Shimadzu Gas chromatograph GC-14A instrument

W“M? ) lo) 110 o e
column used foric ﬁ DB-wax (30 m x
0.250 mm) from J&W Scientific Company. UV-Vis spectrum was determined by

nevsR R RSl )1 B

2.3 Chemicals

All solvents used in this research were purified prior to use by standard

analysis was carried

methodology except for those which were reagent grades. The reagents for
synthesizing calix[4]pyrrole ligands, cobalt calix[4]pyrrole complexes and all alkenes
were purchased from Fluka chemical compéhy and were used without further

purification.
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2.4 Syntheses
2.4.1 Syntheses of calix[4]pyrrole ligands (meso-octaalkylporphyrinogen).
General procedure® : Methanesulfonic acid (7% mol-equi) was slowly added
to a solution of an interested ketone (1 mol-equi) and pyrrole (1 mol-equi) in ethanol.
The mixture was allowed to reflux with stirring for 4 hours and then cooled in freezer,
the white solid precipitated. The precipitate was filtered off and recrystallized by
ethanol or an appropriate solvent. The resulting calix[4]pyrrole ligands were pure

}ocess. Six synthesized calix[4]pyrrole

enough for the subsequent metallation

ligands (1-6) are depicted as shown below,
o

2
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meso-Octamethyl calix[4]pyrrole® (1): White crystal (65%), R¢ 0.55 (hexane :
ethyl acetate; 9.5 : 0.5), m.p. 220 °C (1it*° 221°C), IR (KBr, cm™): 3437 (s), 2978 (s),
1640 (m), 1451 (m), and 1272 (m); 'H-NMR (Fig. 1) (CDCls, 5 (ppm)): 7.01 (4H, bs),
5.88 (8H, d, J = 2.6 Hz) and 1.49 (24H, s); >*C-NMR (Fig. 2) (CDCls, & (ppm)):
138.5 (8C), 102.7 (8C), 35.2 (4C) and 29.1 (8C).

meso-Octaethyl-calix[4]pyrrole®® (2): White crystal (59%), R¢ 0.86 (hexane :
ethyl acetate; 9 : 1), m.p. 119-220 °C, IR (KBr, cm"): 3454 (s), 2979 (s), 1644 (m),
1498 (m) and 1235 (m); iH-NMP%ag Cl3, § (ppm)): 7.00 (4H, s), 5.86 (8H,

x

d, J = 2.6 Hz), 1.73 (16H, rrKh‘d\‘ J = 14.6 Hz); >C-NMR (Fig. 4)
(CDCl3, & (ppm)): 135.9 @ 29.0 d 8.0 (8C).
Tetraspirohexy id (85%), Rr 0.85 (hexane :

ethyl acetate; 9.5 : 0.
2931 (s), 2856 (m), 1
(4H, bs), 5.87 (8H, s),

1it® 2 . IR (KBr, cm™): 3446 (s),
MR (Figa§) (CDCls, & (ppm)): 7.04
): C-NMR (Fig. 6) (CDCls,

(ppm)): 136.4 (8C), 103. (4C) and 22.7 (8C).
Isomers of meso- s ;:;'.' ph amethyl-calix[4]pyrrole® ¢
(4): Brown crystal (92%); Ry/0.44 (hiexane ate; 8 : 2), m.p. 121-122 °C, IR
(KBr, em™): 3431 (s), 297 (s):i@ My ), 1456 (s), and 1250 (s); "H-NMR
(Fig. 7) (CDCls, & (ppm)): 7.5344H s 8H, m), 6.50-6.85 (8H, m), 5.66-
5.92 (8H, m), 3.78 (I2H, m)-and 1.85 (125, m); BC.NMR @iz 8) (CDCl;, 5 (ppm)):

157.5 (4C), 139.4 (465
43.6 (4C) and 17.8 (4C

Isomer e Jt h rap. ix/: 0le® (5): Brown crystal
(52%), R¢ o.sﬁlf.(ﬂgj ﬁmeﬂwsmﬂiﬁ9 °C, IR (KBr, cm™):
3428 (s), 2968 (s), 1635 (m), 1489 {m) and 112 : '"H-NMR (Big. 9) (CDCL, &
MIRAT (o f KSR T Lo bR Habo YR

NMR (ﬂg. 10) (CDCl3, 6 (ppm)): 147.7 (20C), 136.8 (4C), 136.5 (4C), 126.5-127.9
(8C), 105.9 (8C), 44.7 (4C) and 29.0 (4C).

Isomers of meso-octaphenyl-calix[4]pyrrole68 (6): White solid (45%), Rr 0.48
(hexane : ethylacetate; 8 : 2), m.p. 193-195 °C, IR (KBr, cm™): 3418 (s), 1545 (m),
1484 im)and 1225 (m); 'H-NMR (Fig. 11) (CDCl, & (ppm)): 7.91 (4H, bs), 6.72-
7.27 (40H, m), 6.16 (4H, m) and 5.96 (4H, m); *C-NMR (Fig. 12) (CDCls, & (ppm)):
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146.0 (8C), 135.3 (8C), 129.2 (16C), 127.8 (8C), 126.7 (16C), 109.6 (4C), 108.0 (4C)
and 44.4 (4C).

2.4.2 Syntheses of tetrapolyanions.

General procedure® : BuLi in hexane (4 mol-equi) was added dropwise to
THF solution of an interested calix[4]pyrrole ligand (1 mol-equi). The mixture was
refluxed at 50°C for 1 hour until gas evolution stopped. The solution was evaporated

to dryness and the white residue was di‘sI ed in hexane to afford a white suspension

which was filtered off, washed . %dired. A polyanion is depicted as

shown below.
=1 =

(7) RI’RZ —
@®) R' R? =
® =
(10) R =
11 R =
(12) R' R® =

Lithium of »ﬁ e fe ion®*®1(7): Yellow solid
(73%), R¢ 0.52 (hexaic -elhyl-aceiaies 8 25 mp= 245-°6; IR (KBr, cm™): 3104 (),

2965 (s), 2868 (W), 17@" zq (s); '"H-NMR (CDCl;, &
(ppm)): 6.00 (8H, s), 4.2 é16H, bs, THF), 1.48 (24H, s) and 1.21 (16H, m, THF).

Lithium PR o ﬁ_;r jon’% (8): Yellow solid
(71%), R¢ osﬂﬁaﬂmﬁMﬂm r, cm™): 3124 (w),
2937 (w), 2844 (W), 1575 (s) 4& 1 . THNMR (@BCL, 5 (ppm)):
coo A N A O Tl ST D WL &l ore e

t,J= 14.3 Hz).

Lithium of tetraspirohexyl-calix[4]pyrrole tetraanion® (9): Light brown solid
(81%), Rr 0.84 (hexane : ethyl acetate; 9.5 : 0.5), m.p. 259°C, IR (KBr, cm'l): 3108
(m), 2919 (s), 2842 (s), 1567 (m), 1444 (m) and 1291 (m); 'H-NMR (CDCl;, &
(ppm)): 5.93 (8H, s), 4.70 (16H, br, THF), 1.42-1.91 (40H, m) and 1.21 (16H, m,
THF)
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Lithium of meso-tetrakis(4-methoxyphenyl)-tetramethyl-calix[4]pyrrole
tetraanion®® (10): Dark gold crystal (79%), R¢ 0.45 (hexane : ethyl acetate; 8 : 2),
m.p. 112 °C, IR (KBr, cm™): 3090 (w), 2631 (w), 1607 (w), 1456(m) and 1250 (m);
'H-NMR (CDCl;, & (ppm)): 6.93-7.15 (8H, m), 6.64-6.78 (SH, m), 5.78-5.90 (8H,
m), 3.77 (12H, m), 4.68 (16H, br, THF), 1.86 (12H, m) and 1.75 (16H, br, THF).

Lithium of meso-tetramethyl-tetraphenyl;calix[4 Ipyrrole tetraanion®® (11):
Dark brown crystal (65%), R¢ 0.51 (hexane : ethyl acetate; 9.5 : 0.5), m.p. 131 °C, IR
(KBr, cm™): 3043 (s), 2968 (m), 157: (s) and 1028 (m); 'H-NMR (CDCls, &
(ppm)): 7.28-7.02 (20H, m) ' (16H, m, THF) 1.89 (12H, bs)
and 1.42 (16H, m, THF).

Lithium of mesqo-getapher x[4]t lesteizaanion®(12): Bright purple
e hien s °C, IR (KBr, cm™): 3090
R (CDCl3yd (ppm)): 6.71-7.28 (40H,
m), 6.17 (4H, m), 5.97 (4, ra¥, 376 (16¥, m, THF)and 1,84 (16H, m, THF).

2.4.3 Syntheses of coba
terested polyanion followed
by the addition of CoCly( olueéne 120 mL. Then, a dark-black

mixture was stirred at room tem‘ t 2.days. Removal of LiCl by filtration and
aei Eor it e .

General procedure® :

AULINININGINg
ARIAN TN INAE
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(THF),Li

13)
(14)
(16)
an
(18)

2,03, 1, 6-octamethyl-calix[4 ] pyrrole

cobalt(Il) complex (13): ange solid 0.48 (hexane : ethyl acetate;
3 - s

8:2), m.p. 140°C, UV (A maxs 2968 (s), 1705 (s), 1470 (m)

and 1244 (m). m m

Dilithium- tetralgsgtrahydrofurae’-a B,y 6-octaethyl-calix[4]pyrrole

cobalt(Il) coﬂe%ﬂﬂp%lﬂﬂ@%)gq ﬂ(fgﬁane ethyl acetate;

9: 1), m.p. 1518C, UV (A max, n): 289, IR (KBr, cm 1y: 3109 (s), 2921 (s), 1644 (w),

TN IUAB AR,
ilithium- etrakzs;tjtr %u an)-a, 5, 75- etraspirohexy -caIEL]pyrrole

cobalt(Il) complex (15): Deep gray solid (79%), R¢ 0.84 (hexane : ethyl acetate; 9.5 :
0.5), m.p. 230°C, UV (A max, nm): 287, IR (KBr, cm™): 2931 (s), 1705 (w), 1635 (m)
and 1447 (m). |

| Dilithium-tetrakis(tetrahydrofuran)-a, B &té'tr;zkis(4-methoxyphenyl)-

tetramethyl-calix[4]pyrrole cobalt(Il) complex (16): Deep brown crystal (88%),
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R 0.43 (hexane : ethyl acetate; 8 : 2), m.p. 116-117 °C, UV (A max, nm): 289, IR (KBr,
cm™): 2959 (w), 1724 (8), 1672 (m), 1597 (s) and 1254 (s).

Dilithium-tetrakis(tetrahydrofuran)-a, B, y, O-tetramethyl-tetraphenyl-
calix[4]pyrrole cobalt(I) complex (17): Deep brown crystal (89%), Rs 0.43 (hexane :
ethyl acetate; 9.5 : 0.5), m.p. 141 °C, UV (A max, nm): 275, IR (KBr, cm’l): 2978 (w),
1644 (s), 1489 (m), 1442 (m) and 1216.

Dilithium-tetrakis(tetrahydrofuran)-a, B, y, 5-octaphenyl-calix[4  Ipyrrole
cobalt(Il) complex (18): Deep gra %), R 0.51 (hexane : ethyl acetate; 8 : 2),
m.p. 225 °C, UV (A max, nm): K w} 370 (s), 1598 (m), 1490 (m) and
1403 (m).

The examinati
UV-Vis and IR reve

literature.®®

with six various ligands by

those cited in previous

A general method
standard literature me . Wi 2 ati ing conducted by column
3 A solution of equimolar amounts of

ide at 0° C was reacted with 70%

(« K 2 =
meta chloroperoxybj;zow a<:1d (m-CPBA) L&A ﬁ ative to the olefin. Upon

itored by TLC analysis

prior to ethereal Workla and exce: d'was ¢ estroyggwnh 5 mL of 10% sodium
sulfite solution. The megay ne chloride solHJon was then washed carefully with 50

ot o 4 LR ARSI 8 e o

separated, andfthe aqueous layer was washed tw1ce with methylene chloride,

e SN TT T W‘JWH”T e o

sulfat

a-Methylstyrene oxide'’ (19): Colorless liquid, R¢ 0.47 (CH,Cl,); "H-NMR
(CDCls, & (ppm)): 7.23-7.42 (5H, m), 2.98 (1H, d, J = 5.4 Hz), 2.82 (1H, d, /= 5.4
Hz) and 1.73 (3H, s).
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trans-2-Hexeneoxide-1-o0l (20): Colorless liquid, R¢ 0.44 (CH,Cl,); 'TH-NMR
(CDCl3, & (ppm)): 3.52-3.82 (2H, dd, J = 2.2, 1.9 Hz), 3.53 (1H, m), 3.48 (1H, d, J =
3.4 Hz), 2.84 (1H, m), 1.26-1.51 (4H, m), and 0.86 (3H, t,J= 7.0 Hz).

1,2-Epoxy-4-vinylcyclohexane'' (21): Colorless liquid, R¢ 0.49 (hexane :
ethyl acetate; 9 : 1); 'H-NMR (CDCl3, 6 (ppm)): 5.68 (1H, m), 4.87-4.95 (2H, m),
3.11-3.16 (2H, m) and 1.21-2.40 (7H, m).

Mixtures of cis-, trans- of R-(+)-limonene oxide'' (22): Colorless liquid, R¢

0.63 (hexane : ethyl acetate; 9 : 1); ! (CDCl3, & (ppm)): 4.71 (1H, s), 4.65
(1H, s), 2.97-2.99 (1H, t , J= 9.2 "’% OH, m) and 1.24 (3H, m).

-(-) lm&ide” (23): Colorless liquid, R

T ————
pm)): 4.69 (1H, d, J = 1.4
9-2.04 (10H, m) and 1.34

Mixtures of cis-,
—
0.67 (hexane : ethyl acetate; :
Hz), 4.64 (1H,d, J=0

(3H, m).

uid, R¢ 0.51 (hexane : ethyl
=14 Hz), 3.09 (1H, t, J =
»s)and 1.02 (6H, d, J= 5.6

5,6-Epoxy-y-ter
acetate; 9 : 1); 'H-NMR
6.8 Hz), 2.61 (4H, d,
Hz).

2.5. General procedure for,tlg@qg alkenes

e [t -_,-
All reactlopgxwere carried out 0_ rature. Alkene (5 mmol),

2-ethylbutyraldehyde 10 mmol) and olé complex (0.05 mmol)
a round -@ttom flask, fitted with an
oxygen balloon, resulting in.a yellow solutign. The mixture was stirred for 24 hr at

o e e A 0 et .

mL of the mildly basic reaction wgs taken and extracted with dlethyl ether. The

NI P
respe:ﬁm av cl ver anhydrous Na, analyzed by

GC with the addition of an exact amount of a known concentration of an appropriate

were well-mixed in t@xen or ace

internal standard.
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2.6  Effect of cobalt calix[4]pyrrole complex, CoCl, and Co(acac), on reactivity
of cyclohexene epoxidation
Cobalt(II) calix[4]pyrrole complex 14, CoCl, and Co(acac), were employed as
a catalyst in cyclohexene epoxidation reaction using reaction conditions described in

general procedure.

2.7  Study on the optimum conditions for the epoxidation of cyclohexene and

other alkenes

2.7.1 Effect of ligands o,f, 1x[4|/p&mpplexes

According to Wpo vda‘u@ equimolar amount (0.05
/ 8 was used as a catalyst and

general procedure, bﬁxe'
and 45 mL. ‘

274 Effeﬂfuﬂlél"ﬂ gNINYINT

The epox1dat10n reactiobn was carried out as deséribed earlier

excepofor ot e ntraideL i) 307 ol Vel -Gy Bjcroperric

(TBHP)q70% in water were used instead of 2-ethylbutyraldehyde/ O,.

275  Effect of the amount of 2-ethylbutyraldehyde on the epoxidation
reaction of cyclohexene
The epoxidation reaction was carried out in the similar fashion to that
previously described, but using cobalt(II) calix[4]pyrrole complex 16 as a catalyst and
different amount of 2-ethy1butyraldehyde was varied (0, 10, 15, 20 and 30 mmol).
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2.8 Applications of developed epoxidation reaction for other alkenes
Cobalt(Il) calix[4]pyrrole complex 16 was employed as a catalyst in the
epoxidation of other alkenes, namely cyclohexene, 1-dodecene, a-methylstyrene,
styrene, trans-2-hexen-1-ol, 4-vinylcyclohexene and monoterpenes such as
o-terpinene, y-terpinene. Inaddition, R-(+)-limonene, and S-(-)-limonene were

selected for the study on the regioselectivity of this.developed epoxidation reaction.

2.8.1 Regioselectivity study of 4-vi lohexene
The epoxidation of 4-yinylc s carried out in the same way to

:'\‘ 8!
the general procedure and-’&htyrﬁlde d m-CPBA was used as an
| "‘E

T —

oxidizing agent. 7"

2.9 Effect of the a

_..w.r-‘- oA £

2.10 Comparatlv‘gkmetlc study of tf\e epoﬂ clohexene and

Following tthhe T proc@.ue the epoxidation of
cyclohexene and 1- dodecgne as substrate utlwng cobalt calix[4]pyrrole complex 16

asacatalysmﬂ ﬂeﬁtﬂ}A efﬂéj Wtﬁ’]oﬁ@ (1,3, 5,7, 10, 13,

18, 21, 24 and 36 hrs), an aliquot om the reaction mlxture was taken worked up and

analyzﬁ AN IUNRIINYA Y

2.11 Competltlve studies on the oxidation of alkenes and satutrated
hydrocarbon
Following the general epoxidation procedure, cyclohexene was used as a
substrate in the competition reaction between the epoxidation of cyclohexene and
other alkenes or that between the epoxidation of cyclohexene and the oxidation of

saturated hydrocarbon.
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2.12  Effect of the radical inhibitor in the epoxidation of alkene
The epoxidation was performed in similar manner to general procedure while

pyridine 0.5 mL was added to prove the mechanistic study of the epoxidation of
alkene.

AUt IngningIng
ARIAATUAMINYAE
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