CHAPTER I

EXPERIMENTAL SECTION

2.1 General procedure ,///
A @d be conducted by different

Characterization of w samp

. — . . .
spectroscopic techniques. N ints (m.p,)'we:g_ggt_ermmed with a Fisher-Johns
melting point apparatus Lec ed,'- The mectra were performed on a

Fourier Transform Infrar e'-r on N‘aqlet model Impact 410. Solid

samples were incorporated il romide r) to form pellet. The 'H and "*C-
(CDCls) or otherwised stated, with

NMR spectra were obt rated ¢
Bruker model ACF200 a mo f ury 400 spectrometers.

(TLC) was carried out on
/ , Kieselgel 60 PFs4). Column
chromatography was performed ‘er mhw_ (Merck’s, Kieselgel 60G). Gas
chromatography analy%_k was carrled out ':m a Sh@&? 14A Gas Chromatograph
equipped with flame ig nization detector (FID) using A Carrier gas, the column used
DB -WﬁX (30 m x 0.250 mm) from

Chromatography t

aluminium sheets precoated

for chromatography waf} capillary column ty

J & W Scientific Companyt
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tetrachlonde chloroform and N,N-dimethylformamide (DMF). The reagents used for
synthesizing metal carboxylate complexs, substrates for oxidation and all carbonyl
compounds were purchased from Fluka chemical company and were used without further
purification. Merck’s silica gel 60 G Art 7734 (70-230 mesh) was used as adsorbent for

column.
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2.3 Syntheses

2.3.1 Metal stearate complexes.

- Cr(III) stearate

Stearic acid (22 mmol) was dissolved in 1 M sodium hydroxide solution at 80°C.
After the mixture was heated and transmuted homogeneously, a solution of chromium(III)
chloride hexahydrate (7 mmol) d\ 1
mixture was continued heatik ‘
collected and dried in v;’—_,mr(llg ste@ield as a blue grey solid was

obtained.

ter 10 mL was added dropwise. The

bout 30 min, the precipitate was

Cr(Ill) stearate: b i .p. 100-103 °C. IR (KBr, cm™): 2856-

(W), 1705 (s), 1583 (s), fgls'i s)and 7: :
Ni(Il) stearate: llght green solid (87%) m.p. 175-177 °C. IR (KBr, em™): 2856-

2903 (wj; :;;‘Egam zge ﬂﬂﬁ? mJﬂ @ E (KBr em™): 2856 (b),
1569- Oﬁ;la\){ﬁ imum ’l’}m&mm ): 2903 (s),

2846 (s), Y500 (), 1404-1456 (w) and 721 (s).

2.3.2 Chromium(III) carboxylate complexes.

The preparation of various chromium(III) carboxylate complexes was carried out

using previous described procedure.
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Cr(IIl) palmitate: blue gray solid (81%), m.p. 115-120 °C. IR (KBr, cm™): 2912
(s), 2846 (s), 1705 (s), 1532 (s), 1461 (s) and 721 (s).

Cr(Ill) behenate: blue gray solid (84%), m.p. 125-130 °C. IR (KBr, cm™): 2856-
2912 (w), 1705 (s), 1541(s), 1461 (s) and 721 (s).

Cr(IIl) naphthenate: green gray solid (83%), m.p.99-101 °C. IR (KBr, cm™): 3043

(s), 2837-2921 (w), 1767 (w), 1409 (s) and '}87 (s)

Cr(I1I) acetylacetonate [Cr(acac);]’ ///
Chromium(III) chloride hexahydrate (2. 66 g:,‘I:Q ‘mmol) was dissolved in distilled
water 3 mL and the m?a heated until homogeneity. After that concentrated

ammonium hydroxide 4 2 droppe slowly. The solution was stirred about 15-20

min on water bath (~80° precnpltate occurred. The brown solid was filtered

off and washed with disti nt'1 no | more chloride detected. Place the prempntate

4 ".f

i L4 . _‘Ju‘\.. -~
2.4 Study om_tlﬁ optimum condltlons for the ondz&lpn of benzylic
\Z —
methylene eolmpounds =
- U

2.4.1 General procedure

To a soliition of substrate (5 mmol) in isooctane (5 mL) containing Cr(III) stearate
0.2 mmol in a round bottom flask, 70% TBHP (9 mmol) was added. The mixture was
stirred 4ty 70°C for 24 hours.<Aftér théireaction finished; b mEyof thereaction mixture
was taken and extracted with diethyl ether. The combined extracts were washed with
25% H,SO; and saturated solution of sodium hydrogen carbonate (NaHCOs3),
respectively. The organic layer was dried over anhydrous Na;SO4 and analyzed by gas
chromatography (GC) with the addition of an exact amount of appropriate internal

standard.
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2.4.2 Effect of metal stearate

The oxidation reaction was carried out in the same manner as previously
described employing five metal stearate complexes: Fe(III), Mn(II), Co(II), Cu(Il) and
Ni(II) stearates.

2.4.3 Effect of chrommmL e a |-

same manner as the former,
a mltate, Cr(IIl) behenate, Cr(III)

f product (alcohol and ketone)

The oxidation reactio N was

switching from Cr(Ill) steara 1
naphthenate and Cr(III) ac :

and selectivity of the reacti

2.4.4 Effect of t

The oxndatlonhactlon was carrie nanner as described above
except for the DME, tetrah

ethanol, methanol, ca@n tetra

acetonitrile was used as a reaction medium.

ﬂuEJ’WIEJﬂ‘i'WEJ’]ﬂ"ﬁ

2.4.6 Eff of the amount of éolvent

G, ST L) ) 4] o oy

descrlbed,qbut the amount of the solvent was varied : 5, 10, 15 mL

. ane, 1,2-dichloroethane,

acetona chloroform, pyridine and

2.4.7 Effect of type of oxidants

The oxidation reaction was carried out in the same manner as aforementioned,

switching from TBHP to zinc grit and AcOH, 2-ethylbutylraldehyde and O».
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2.4.8 Effect of the amount of oxidants

The oxidation reaction was carried out the same as previously studied, but the

amount of oxidant was varied: 0, 3, 6, 9 and 12 mmol.

2.5 Comparative kinetic stud;\t‘:"j/}atlon of ethylbenzene catalyzed

by Cr(III) stearate-..,b
The selective benzylic ©

catalyst was carried out a
4,5, 8,11, 14, 19, 21 an,

1da on cgtab«mw chromium(IIl) stearate as a

At reaction times proceeded: 0.5, 1, 1.5,2, 3,
\ or times p

le L} mL) of the reaction mixture was taken

N 3 and dned over anhydrous Na;SO4 as
previously described, a ( —1%\! spectrometer.

2.6 Oxidation of v

@ﬁe' @nds namely, toluene, ethylbenzene,
propylbenzene, butylbenzene,. ;aea‘butylbm tert-butylbenzene, pentylbenzene,

1,2,3,4- teUahydronaMﬂme, 123 4-teﬂahﬂmum&.{ thene, benzyl alcohol,
o oeions TR

benzaldehyde, acenaphthiene, a-tetralone, dibenz

Selected benzyli

1 ethyl ether, benzyl hexyl
-ethylbeni&ate, ethyl phenylacetate, 1-
bromo—2-ethylb ene l-"éia-Z-mtrobenzewand 4-ethylbenzoic acid were oxidized

according to t pue&!jr w&ngbw&%ﬂtﬁ mL) of the reaction

mixture was takyn, worked up withs25% H2$O4hsaturated NaHg93 and dried over

e} RGO R TTHE1Q L

Ganeral isolation procedure.

ether, benzyl acetate, Jhyl benzoate, ethyl 4

After the reaction was complete (followed by TLC), the oxidation product was
separated as follows: The whole reaction mixture was extracted according to the general
procedure and all the solvents were removed. The crude product was purified by silica
gel column chromatography using a mixture of hexane - ethyl acetate or chloroform —

ethyl acetate as an eluent. The equivalent fractions monitered by TLC were combined and
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the solvents were completely evaporated. The residue was recrystallized by an
appropriate solvent or chromatographed over silica gel column to yield the desired

carbonyl compound.

Benzoic acid: 91% yield (from the oxidation of benzyl alcohol), 85% yield (from
the oxidation of benzaldehyde) and 12% yield (from the oxidation of toluene) m.p. 122-
124°C (H,0), R¢ 0.79 (hexane-ethyl ac )) IR (KBr) 3000, 1715 and 925 cm™, 'H-
NMR (CDCls) & (ppm): 7.29 (t, .{* GW/ 6 (t, J=17.11 Hz, 1H), 7.58 (t, J =
6.10 Hz , 1H) and 8.10 (d, Jw@z 213

Propiophenone : W .p. 87- 90°€~E;_9~._2 (hexane-ethyl acetate (7:1))
'H-NMR (CDCl3) & (ppm)sed® =637 Hz, 3&1)\.&\@, J=5.06 Hz , 2H), 7.37-

7.52 (m, 3H) and 7.94 (dd,,

R 0.3?(hexane-ethyl acetate (7:1))
1.41-1.74 (m, 2H), 2.93 (t, J="7.17

J"\

6.96 Hz, 2H), 2.91 (t, J = 5.50 Hz—,_—.iﬂi 7' "J=224 Hz , 1H), 7.46 (dt, J= 11.80,
1.65 Haz, 2H) and 7.944, /= 49Tz 2H) -
3-Phenylbutari-2-one-+-408% yield-b:p-93-95-°C Re€ 6 (hexane-ethyl acetate (7:1))
IR (KBr) 2840-3000, 170, 1438, 1295 and 90 + (CDCl;) § (ppm):
1.46 (d, J = 6.34 Hz, 3}'? 1.87 (q, J = 7.20 Hz,1H), 220 » 3H), 7.29 (t, /=440 Hz,

dmts0 ;ﬁiﬁzﬁ k)] %"WEJ 141 E—

o-Te etralone 40% yield b.p 125-127 °C, R¢0:54 (hexane-ethyl acetate (7:1)) 2.12
in, s 24 bz B 00 5 b o0 b2 VR Db B i 132 -
8.13 Hz, ?H) 7.45 (t,J=7.41 Hz, 1H) and 8.01 (d, J= 7.62 Hz, 1H)

1-(3,4-Dihydro-2H-quinolin-1-yl)-2, 2-dimethyl-propan-1-one: 83%  yield.
IR(KBr) : 2962, 1631, 1600, 1489, 1405, 1363, 1152 and 950 cm” "H-NMR (CDCls) &
(ppm): 1.32 (s, 9H), 2.02 (qin, J = 6.40 Hz, 2H), 2.79 (t, J = 7.20 Hz, 2H), 3.81(t, J =
6.00 Hz, 2H), 7.13-7.17 ( m, 2H), 7.30 (d, J= 8.00 Hz , 1H) and 7.40 (d, /= 8.00 Hz,1H)
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1-(2,2-Dimethyl-propionyl)-2, 3-dihydro-1H-quinolin-4-one: 91% yield IR(KBr) :
3062, 2900-2960, 1687, 1640, 1475, 1362, 1152, 1117, 970, 900 and 777 cm™ 'H-NMR
(CDCls) & (ppm): 1.28 (s, 9H), 1.98 (qin, J = 6.80 Hz, 2H), 2.75 (t, /= 7.20 Hz, 2H), 3.77
(t,J=5.20 Hz, 2H), 7.07-7.26 (m, 3H) and 7.35 (t, /= 8.00 Hz, 1H)
2,3-Dihydro-1H-quinolin-4-one: 74% yield m.p.78-80 °C, R¢0.10 (hexane-ethyl
acetate (7:1) IR (KBr) :3460, 2910, 2850, 2360, 1705, 1643 and 1163 cm™ 'H-NMR
(CDCl3) & (ppm): 2.78 (t, J = 6.80 Hz, 2H)’1f 6.00 Hz, 2H), 7.21 (t, J = 7.20 Hz,
1H), 7.49 (t, J=7.20 Hz, 1H),762(d = 88{?& and799(d J=17.20 Hz, 1H)
Xanthone : 93% yleld-m-p 171-194 °C; Rf 0:54 (hexane-ethyl acetate (7:1)) IR
(KBr) : 3053, 1602-169'7';{ 930 em™ 'H-NMR (CDCl3) 8 (ppm): 7.35 (d, J =

7.79 Hz , 2H), 7.47 (t, QH), 72 (t, J=8.74 Hz , 2H) 8.34 (d, J = 7.89 Hz,

2H) 2 4

o/ ybeld.—mp 257-260 °C, R¢ 0.69 (hexane-ethyl
acetate (7:1) IR (KBr) : 3 ,,17_.f0, %25-1270 and 820 cm” 'H-NMR (CDCls) &
(ppm): 7.52 (dt, J = 30.00, 8.34 Hz, 2H), 7.77(dd, J = 10.34, 8.88 Hz, 2H) and 8.02 (dd,
J=17.25,8.88 Hz , 2H) A7 "

2,3-Dikydro-1,4-naphtholjinone - 9@1d m.p. 120-124°C Ry 030 (hexane-
ethyl acetate (7:1)) IR (KBr) : 3436, 2922 2853, 1670, 1585, 1408, 1256 and 680-770
cm” 'H-NMR (Cchgi 8 (ppm): 2.16 (s, 4H) and 7. sux,JL,x 10 Hz , 2H) and 8.08 (d,
J=692Hz,2H) A £y

Benzyl ethyl etheJ: 83% yield b.p.62 °C, R 0.50 (hexane-ethyl acetate (7:1)) 'H-
NMR (CDCls) 8 (ppm): 127, J = 5.66 Hz, 3H), 3.53 (q, J = 7.05 Hz, 2H), 4.54 (s, 2H)
and724737(m,4H) ‘ ¥l - | ‘

Benzyl hexyl ether: 81% yield Re 0.54 (hexane-ethyl acetate (7:1)) 'H-NMR
(CDCl3)-8 (ppm): 052 (¢} J= 7:20 Hz 3H), 1 ATY 69)(r/ 8H), 3.515t, 7= 9.20 Hz, 2H),
4.54 (s, 2H) and 7.30-7.44 (m, 5H)

Acetyl benzoate: 74% yield m.p. 55-56 °C (from oxidation of benzyl ethyl ether),

68% yield (from oxidation of benzyl acetate) and 13% yield from oxidation of ethyl
benzoate) Rf 0.31(chloroform-ethyl acetate (9:1)) IR (KBr) : 3456, 2850-2920, 1700 and
1300 cm™ 'H-NMR (CDCls) § (ppm): 1.29 (s, 3H), 7.46 (t, J = 7.71 Hz, 2H), 7.61 (t, J=
7.50 Hz, 1H) and 8.10 (d, J= 7.28 Hz, 2H)
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Hexanoyl benzoate: 72% yield m.p. 59-60 °C R¢ 0.37 (hexane-ethyl acetate (7:1))
IR (KBr) : 3440, 2931, 2358, 1760 and 1242 cm™ 'H-NMR (CDCl;) & (ppm): 1.00 (t, J =
6.8 Hz, 3H), 1.29 (qin, J = 13.60 Hz, 2H), 1.34-1.38 (m, 2H), 1.57 (qin, J = 14.40 Hz ,
2H), 2.16 (t, J = 1.20 Hz, 2H), 7.46 (t, J = 6.40 Hz, 2H), 7.59 (t, J = 8.00 Hz, 1H) and
7.95 (d, J= 8.40 Hz, 2H)

Benzoic anhydride : 81% yield m., g} 39-43°C R¢ 0.19(hexane-ethyl acetate (7:1))
IR (KBr) : 3071, 2800-2980, 1690, le ;f NMR (CDCl3) & (ppm): 7.47 (t, J =
7.05 Hz, 4H), 7.61 (t,J = 733%2H)and8‘/ 7.11 Hz, 4H)

Benzyl acetate: 896_(;__,;?% 21'!-217"76—&-0-6-1 (hexane-ethyl acetate (7:1)) Rf

H- MR(C 8 (ppm): 2.09 (s, 3H), 5.09 (s,

0.75 (chloroform-ethyl accta
2H), and 7.24-7.40 (m, -

Ethyl benzoate: .
'H-NMR (CDCls) & (ppa): J-J.-LD Hz 3H),4.36(q, 7.14 Hz, 2H) 7.51 (t,J=

Ethyl 4-ethylbenzoate : 8%,y;e1d %0.51 exlne-ethyl acetate (7:1)) '"H-NMR
(CDCl3) & (ppm): 1.16 (t, 60 Hi;SH), 1.29(t,J 7921 Hz, 3H), 4.27(q, J = 7.12 Hz,
4H), 7.15(d, J=4.71 Hz, 2 an&?%ﬁ(d f@ﬂz 2H)

Ethyl phenylacetate : 88% yield. b.p. 226.°C R¢ 0.43 (hexane-ethyl acetate (7:1))

'H-NMR (CDCl;) afpbm): 131 (t, ./ = 8.00 Hz, 3H), 3.67 é‘v{ s), 4.21 (q, J = 7.20 Hz,

2H), 7.30-7.40 (m, sm’_a £,
4-AceoilbenzothJ:etate : 87% yield m.p. 54-56 °(1‘..i{f 0.23 (hexane-ethyl acetate
(7:1)) IR (KBr) ; 2850-2999, 1680-1710, 1282, 1105-1135 cm™ 'H-NMR (CDCls) &

(ppm): 1.41 (¢ rﬁ %E %{)%]& %}@1%(&}%@ ﬁ. 2H), 7.80 (d, J = 6.80

Hz, 2H) and 8.12/(d, J = 8.00 Hz, 2H),

RGN Lo VM AT M
phenylacétate with TBHP 9 mmol), 89% yield (from oxidation of ethyl phenylacetate
with TBHP 18 mmol) m.p. 61-63 °C, R¢ 0.34 (hexane-ethyl acetate (7:1)) IR (KBr) :
2912, 2853, 1703, 1430-1465, 1300, 933 and 719 cm™ 'H-NMR (CDCl3) & (ppm): 1.46 (t,
J=17.20 Hz, 3H), 4.49 (q, J = 6.40 Hz, 2H), 7.55 (t, J = 8.00 Hz, 2H), 7.70 (t, J = 8.00
Hz, 1H) and 8.05 (d, J = 6.80 Hz, 2H) '
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2-Bromoacetophenone : 57% yield Rs 0.29 (hexane-ethyl acetate (7:1)) 'H-NMR
(CDCl3) & (ppm): 1.41(s, 3H), 7.04 (dd, J = 8.06, 4.11 Hz, 2H), 7.22 (d, J = 4.02 Hz, 1H)
and 7.51(d, J=17.74 Hz, 1H)

2-Nitroacetophenone : 53% yield m.p. 23-25°C R¢ 0.14 (hexane-ethyl acetate
(7:1)) and 0.38 (chloroform-ethyl acetate (9:1)) IR (KBr) : 2840-2920, 2360, 1701, 1532,
1358 and 1080-1110 cm™ '"H-NMR (c ) 8 (ppm) 2.55(s, 3H), 7.63 (t, J = 8.80 Hz,
1H), 7.70 (t, J=7.60 Hz, 1H), 7.84 (d,\J H) and 7.89 (d, /= 8.00 Hz, 1H)

4-Acetylbenzoic acid ﬁﬁ% y!eld 210°C Rf 0.19 (chloroform-ethyl
acetate (9:1)) IR (KBr): 25?0'5995'—1687"1 564—H29-'l'260-1292 932, 864 and 770 cm™

'H-NMR (CDCls) & (ppm(’ ), 8.02 (d,@lz ,2H) and 8.18 (d, J=7.91

\ -

ethylbenzene zen nd ethyl 4-ethylbenzoate
Following the gen u ulmolar amount (5 mmol) of
ethylbenzene and 1-bromio- th}ibg;i'zengg 1- hyl-2-n1trobenzene and ethyl 4-
ethylbenzoate were used as com;fé{;f;ve su@ in the reaction. Competition reaction
between the oxidation of ethylbc:m:he a.x}d %O-Z-ethylbenzene or that between the
oxidation of ethylbeug'le and 1-ethyl-2-ni + between ethylbenzene and

ethyl 4-ethylbenzoate‘vd§;e carried out. 7 _#,”'J

U

B P BT e

The oxidation reactions of etl&ylbenzene catalyzed by bxcatalysts and tricatalysts

were cﬂiw ﬂ (? m ﬁrﬂaﬁf dﬂ?ﬂﬂ dT@ ﬂtno of catalyst:
Cr(IIT) stearate and other inetal stearates in ratio of '1: Furthermore,

tricatalyst was used in these reactions in ratio of Cr(III) stearate and other metal stearates :

1:1:1 and 2:1:1. Other procedures were carried out as the same manner as mentioned
above. Metal stearate tried in this examination included Fe(III), Mn(II), Co(II), Cu(ID)
and Ni(II) stearates.
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