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ABSTRACT. Activated oxidation catalysts are generated hy the treatment of pentadentate Schiff
base cobalt{Il) complexes with the oxygen saturated DMF solution. Oxidation of 2.6-di-tert-butylphenol
by homogeneous oxidation catalysts of superoxo type pentadentate schiff base cobalt(Ill) complexes yields
2,6-di-tert-butylbenzoquinone(BQ) as a major product. And O./Co mole ratio of homogeneous oxidative
catalysts such as [Co(Ill)sal-DET)]O; and [Co(Ill)(sal-DPT)]O, by PVT method of the oxygen absorption
in DMSO and pyridine solution was 1:1, 1:1.52 in DMF solution and p-peroxo type cobalt(Ill) complexes
formed at solid state. The redox reaction processes of superoxo type cobalt(Ill} complexes as homoge-
neous oxidation catalysts were investigated by cyclic voltammetry and DPP method at a glassy carbon
electrode. As a result of electrochemical measurements the reduction processes of oxygen adducted
superoxo type cobalt(Ill) complexes occurred to four steps including prewave of O;” in 0.1.M TEAP-
DMSO and 0.1 M TEAP-Pyridine as supporting electrolyte solution.
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Table 1. Elemental analysis data of pentadentate Schiff base cobalt (ID complexes and oxygen adducted cobalt

(UI) complexes.

Cobalt (%) C %) H (%) N (%)

Complexes Calcd. Found Calcd. Found Caled. Found Calcd. Found M BM)
Co{lIsal-DET)(H.O0) 1573 1575 57.60 5761 11.20 11.21 1120 11.21 4,10
Co{IIXsal-DPTXH;O) 1450 1451 5897 58.99 1229 1230 1032 10.32 428
[Co(liTXsal-DET) 1.0, 15.09 15.08 55.24 55.26 10.74 10.75 1074 10.75 124
[CoIlI)}sal-DPT} 1,0, 1394 1396 56.74 56.74 1182 1183 983 995 132

Table 2. Gas volumetric oxygen absorption data of 1 mM pentadentate Schiff base cobalt (III} complexes in

aprotic solvents

Oxygen adducted

complexes Solvents (25 m!) Temp. (C) Time/min. O, absorbed® (mM) Ratio 0,/Co
[Co(l1IXsal-DET)]O. Pyridine 10 30 1.02 1.02
[ColIlTXsal-DPT}]O, Pyridine 10 30 1.04 1.04
[Co(llIXsal-DET)]0, DMSO 10 60 0.98 0.98
[ColllI){sal-DPT)]O, DMSO 10 60 1.00 1.00
[Co(I1IXsal-DET)].0: DMF 10 60 0.65 (.65
[Co(llIXsal-DPT)].0; DMF 10 60 0.65 0.65

*Calibrated the oxygen solubility of solvents®.
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Table 3. Experimental data of oxidation major products of 2,6-di-tert-butylphenol with pentadentate Schiff base
cobalt (II) catalysts in 55 psi-oxygen saturated DMF solution

Product yield (%)

Catalytic complexes 0. (psi) Temp. (T) Time ¢hr) BQ DPQ
Co(tl)(sal-DET)Y(DMF) 55 20 20 95 negligible
Co(Il}sal-DPTKDMF) 55 20 20 95 negligible
Co(lIXsal-DET)(DMSO) 55 20 20 90 negligible
Co(1I)}sal-DPTKDMSO) 55 20 20 90 negligible
ColIl)(sal-DETHPy) 55 20 12 89 negligible
Co(Il)(sal-DPT)(Py) 55 20 12 89 negligible
Co(ID(SEDXDMF) 55 20 15 95 negligible
Co(ID(SED)(Py) 565 20 15 9 negligible
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Fig. 1. Cyclic voltammograms (—) and differential
pulse polarograms (----) of a) Co(II)Sal-DET)
(DMSO) and b) Co(lINSal-DPTXDMSQ) in 0.1M
TEAP-DMSO at scan rate was 50 mV/s,

Yo} XA AU 2A]9) o5 DMF, DMSO
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rate7} 50mV/sQl ZHEARE Fig. 1o eldch
7)ol A At FAAAY E, 2 ~0.728} —0.50
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B4h2 o) A (pc/ v =057 0015 240+ 0022
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A7k @It FpgnpA)NQle AR oE AR}
7S BE 2 5 olok FulA 344 E,,
£ —126V3 —128VelX wlrkdze]lx U}
(95t 1 mV) &) Co(ID/Co(I) U3} P=H2%0} &1}
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Fig. 2. Cyclic voltammograms {(—) and differential
pulse polarograms (----} of a) Co(II)Sal-DETKPy)
and b) Co(II)(Sal-DPT)®Py} in 0.1M TEAP-Pvridine
at scan rate was 50 mV/s.
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irrev,

-1.28, —130(V)

[Co(I}{sal-DPT)(L)]~
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The values of reduction potential for pentadentate Schiff base cobalt (I} complexes in 0.1M
TEAP-L solution (where L; a) DMSO and b) Py} at scan rate 50 mV/s.
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DAY vissich) 2R A LA superoxoH
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/Co(ID) ¢l FAAe] w7l Moz UHAHW,=
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£002)2.2 Yoty FRA #IAAY Ev —
0.88Ve} —0.80Vollx} Op ol 2|3 #LHY7t v}
etz ofell couplel 439 E,,7t —0.71VH
—0.64 Vell 4| AE=170 mV 2} 160 mVels] 241=] sl
HAipc/v'2=495 0,023} 355t 002)e2 LHAL
(Wz=9%mV)7} 271432 AL AgHA] o
ofydc) A4 ¥UAA E, = —1.08VH —113
Vol 4 0,™ 9] prewaver} YEl 3 viA Sd3A
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2[ Co(NI}(sal-DET)]O,"
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—_ = > [Co(ID(sal-DET)]®
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(quasirev.)
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The values of reduction potential for oxygen adducts pentadentate Schiff base cobalt (I} complexes
in 0.1M TEAP-L solution (where L; a) Py, b} DMSO) at scan rate 50 mV/s.

ool al Y ANEE wlpgoldA] Hue
Ak 374l W) }2] Schiff base cobalt(I) 2H-8-5-o)
DMSO¢} DMF £&+io) 4] 0./Co%] €2%0]7F1:2
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= 0.9 prewaved E{g WA fdajyez
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A7k o} Az} Schiff base cobalt(3D) 2] FEEE
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ul7b 1115284 y-peroxo¥ol 7Hgch el AL
Al 0,/Co) ZZ43u]7}F 1: 10}3 superoxod
22 FoiR o R7|efql Ay 54
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base cobalt(INI) ¥ WAKoHof it 2,6-di-tert-
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ol AL} o] RS ARMY 427 il
Schiff base cobalt(III) 2-2¢] pyridine £ofl oA}
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BQRrlel WAE T pperoxodd gl A3 AbEEalol) A



696 WA - EBR - 2186 - FUH - &EY

current(uA)

"
o ~1,0 -2,0
{V vs, NCE)

Fig. 3. Cyclic voltammograms (—) and differential

pulse polarograms (- ---) of a) [Co(llI}Sal-DET)]O,
and b} [Co(IID)Sal-DPT)]O; in 0.1 M TEAP-Pyridine
at scan rate was S0 mV/s.

< DPQutg AdAog YAz A3 o] oAl
2}2] Schiff base cobalt(Il) 2E-Eo A% DMSO<}
pyridine Sulelx] PVTHe] ot 4k §ekal
Cvdl o DPP®i2| A7|38H &34 RdA &
d&eR7} superoxo¥ gl [Co(lID (sal-DET) 10,2}
[Co(IID(sal-DPT)10, HEEE Fo3 o o|F
AR ol Eol 3l Akarl 2319 DMF 4§
wjoll 5 2 6-di-tert-butylphenote} AFYHEL
BQake) A& R(Table 35 Fig.5)2.2 A} 4
23714 [Co(IM(SED)(L)]O,(L : DMF % Py)
9 49 &uf o) w3te] Asiukgo] YA =2]A(20
A|7kell 85% &) deldeh o)F F4AEQ BQ2

2l& IR-spectradl| A vc=0(1655cm™"), tetr-bu-

current(ut)

.
° -t.0 -2.0

(V vs. NC¥)

Fig 4. Cyclic voltammograms (—) and differential
pulse polarograms {-+--) of a) [Co(IlI}Sal-DET)1O,
and b) [Co(lID(Sal-DPTY]O; in 0.1M TEAP-DMSO
at scan rate was 50 mV/s.

ty1719) ve_p(2966 cm ™12} aromatic vc-u{(3005
cm 24 ZelF oy NMR spectrad A= §=6.7(2
H)¢} $§=13(18H)2} peaks} mp.EH°ez2H 2
Q=)

b7l £35) DMF 4eofolA cpAlale] Schiff
base cobalt(Il} g8 Zwj2 < 26-di-tert-but-
yiphenol®] 4F3lukg o] 7]1v]-&2 Martell 823 2]
APRpEARA-Bo] ArA7LE WA Y pA=te]
Schiff base cobalt(Ill) AE-gl ot F 7l F
L83y o7 &g AR glek AAE 0/Co
207 10 1(PVTH CVHo R Hdg)d &
A7} cobalt(Il) FHE(HS 1o Abzials) ¢
A33ts)o] phenols] £AAzLE A Ak HH(HS
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Fig. 5. Oxidation of 2,6-di-tert-butylphenol (1x10-2
mole/!} to benzogquinone (BQ) with a) [Co(III)(SED)
(L)10,, b) [Co(IID) (Sal-DPTY]0;, and [Co(Ill)(Sal-
DET)]O. as catalysts in DMF at 20TC.

23 SAGAANN 05 YR Y7} cobalt
(IlI) #Eo] phenoxide radicalzte] wh-g(ul2- 3
4)oll A At Y7t L8] F7H3A 2.4 oxygen inse-
rtion DA|e4) B R Akhoko) MME(Fig.5) F
994 BQule] AAse} Atk 5% DMF
Sofell | BQrEE WAdsle A2 24 b4}
5 o} Al A12] Schiff base cobalt(1I) 28-Ex DMF
Lol e ulAF2] Schiff base cobalt(Il) 2Z-oj
A2} 7ol A& ef7l superoxoH LT Fox]:=
71 #ele] E-aAlsh DMSO} pyridine £olfel)
A& PVTYolv CVH 22 0/Co 248m)7F 111
el 0.9 prewave2] EAISIE E g8 A
PAN A (Fig. 3, 1) o2 dolul= A7stea] 24
2.2 superoxo¥ 2] 84 4AlEo)r} Fojdg g
A& 5 9la o) Eofjol| 2Js}e] Abav) Z3}E DMF
£ofiol A 26-di-tert-butyl-phenol?] 413} FHAL
< Adyez DBQ(O/Co EAFIZ} 1:20)2
713y gL RAHellA prewavert = AW
Y22 deJrhz p-peroxo cobalt(Ill) &)
A% i FAHR)IYRe BQRHE of2 dkga)
Zo] 4TS 4 F AUdroh

Co({IDL O, Co(IIDL-0, (1)

Co(IHDL-0,+ HO{@) = '0'@ +Co(I)L + HO,
(2)
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slow 0-0-Co(IIIL
Co(lIDL-0, + -o-g@ — 0=§§XH

—_ o=§3= 0+Co(IDL-OH  (3)

Co(IIDL-OH+ HO—@ = '0—§(§> +Co(IDL+ H0
4)

Proposed mechanism® for the oxidation of 2,6-
di-tert-butylphenol by oxygen adduct [CKIDL]O.
(L; sal-DET and sal-DPT) catalysts in oxygen sa-
turated DMF.
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