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2 oL DMF 2ol 242 37 vixle] Schiff base cobalt(IID2) @Y A2t Folol 2jste] 2,6-
di-tert-butylphenol ] 1ks} 384 F-o) 26-di-tert-butylbenzoguinone (BQ)} Y W& Ox/CoE Z3H|7F111
2l superoxo cobalt(Ml) 2HE & [Col(ll) (Schiff base)(L)]J0:(Schiff base ; SED, SOPD % o-BSDT, L
DMF % Py)Eo} fH32vje) o3l A7} =, ApPAJEQ 337, 55 -tetra-tert-butyldiphenoquinone
(DPQ)-& 0y/Co¢] £8]7} 1. 22) p-peroxo cobalt(Il1) 2+24) [Co(IIN(SND)(L)10,(L ; DMF % Py)#}
g 2ojo] )3l AP} o] FU BAIXu]Q superoxo H p-peroxo cobalt(llD) AEE9 IS
DMF} DMSO Sofol A& oiglch. 22} pyridine ool e gk Aol 213 PVT W=} 0.1M TEAPS]
A AW} Geld SA2H3E A483 &% WPAFHULZ 11 oxygen adduct]] superoxo AEEL
0. 9] prewaved T34t 4904 B4l FA 22 Yo}z, 1 2 oxygen adductd) p-peroxo &L prewave’}
sl 3w gAzpgont dohhe e WA £ uch

ABSTRACT. It is generated in DMF by activated catalysts of superoxo cobalt(IlI) complex, such
as [Co(IIT) (Schiff base) (L)) O,. (Schiff base; SED, SOPD and o-BSDT, L; DMF and Py) which
mole ratio of oxygen to metal is 1:1 that oxidation major product of 2,6-di-tert-butylphenol by
homogeneous oxidative catalysts of oxygen adducted tetradentate Schiff base ocobalt(ll) is 2,6-di-
tert-butylbenzoquinone (BQ). And oxidation product of 3,3, 5,5’-tetra-tert-butyldiphenoquinone (DPQ)
is generated by activated catalysts such as p-peroxo cobal{IlI) complex; [Co(III) (SND) (L)]:0, (L;
DMF and Py) which mole ratio of oxygen to metal is 1:2. It is difficult to identify these homogeneous -
activated catalysts such as superoxo and u-peroxo cobalt(III} complexes in DMF and DMSO solvents.
But we can identify by P.V.T method of the oxygen absorption in pyridine solvent and by the reduction
process oceurred to four steps including prewave of O in 1:1 oxygen adducted superoxo cobalt(TII) com-
plexes and three steps not including prewave of U, in 1:2 oxygen adducted «-peroxo cobalt(III) com-
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plexes by the cyclic voltammetry with glassy carbon electrode in 0.1 M TEAP as supporting electrolyte

solution.
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mechanism& 4457} 22 doners7} 2 pyri-
dine $vfollx] A7]sEA) #8 HIFHF(CVIY
o2 F93kc), 4, DMF £ef(AtL Ex)3h) ol
4] 2,6-di-tert-butyl phenol$ 15 B4 &o] )3t
dlA A3 A HF TR SA&o g F4
&< BQe} DPQe] A9 8 % WAk
fojaznio s ALt Mkl
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At R 2121, RE AFEE FF Ade A
Lalg o vl¢dol 2 DMF< ALO; % MgSO,
€ 713t 2eAje] ¥ F A4SF(65C, SmmHg)
i 71g, pyridined KOHE risle] S F53
He Agslg or] DMSO+E Molecular sieve S5A
(Aldrich Chem. Co)Z 5047t <t ZAA (¥
$#% 0.03% ©13h) A, A AL BRA te-
traethylammonium perchlorate(TEAP}*(Alddrich
Chem. Co)& AHE3l7] Aol 70T 7} A=z
A1A 0.1 M TEAP-DMF, 0.1 M TEAP-DMSO 2 0.1
M TEAP-Py §-o122 3o AYPstigion], AR
AL plge] DAy 2xddA P A=
A RAE AEE AM3kdh

CHN 92842 Yanaco CHN coder MT-32.2,
cobalt A8k2 AA spectrophotometer{Perkin El-
mer Model 603)2.& 2#3}x, IR-spectrax= IR
spectrophotometer(Schimadzu IR-4303) 2, T.GA
= Mettler TA 3000 system2.E, NMR& NMR
spectrophotometer(Bruker 100 MHz}2 &A3l4]
123
AL 2218 dIX}2] Schiff base cobalt(T1ID) 2}
EE2| g1, A}e] Schiff base cobalt(Il) 2EFa)
Co(ID(SED)(H,0);, Co(I}{SOPD}(H,0),, Co
(I} (o-BSDT){H:0); ¥ Co(ID{SND}(H.0), 52
Z Bol| e} o] Appleton2) ¥l o2 A shsict
Aa A7k FEEL iz Schiff base cobalt(1l)
AL 350 "ol &5 1617, 130T, 200
T 9 160Ce A A% AFAA wigoila) DMF,
DMSO % pyridineE2 0.1 M 2HE-2) (10T)s}
dry oxygen? bubblingA]# A3skact o1& A&
£4 CHN % cobalt®] 224, R-spectra % T.G.
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AR 247 A7 FxRAle] [Co(ID(SED)(L) 1.0,
[Co(III) (SOPD}{(L) 1.0, [Co(IID{o-BSDT)(L}]
O, % [Co(II(SNL){(L)1,0:(L ; DMF, DMSQO %
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balt(INI) EHETE2| O0/CoF HEM| HF. Apple-
tong] why.e g w4 (DMF, DMSO 9 Py) 25
mi7t EeilE w4710l $elA 4% cobalt
(ID) 28 1~2g9) dA=HE FFsleo] 42 X8RS
7)ol go) uhg-27)el| Al §a, 2NFA ) dF3le
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T3 oL, 4AY LE(5~100)04 HEHR &
W& st 9 Fase Eesle dry oxy-
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3419 4 2gse €58 aprotic 2ol SR
Ah2ekg MABso] PYTHoR AAkEl 0/Co¥
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AHEEt &Asig] o, AT Feld g
F(0.095cm? 224 AFE3E7] Ao 0.05pm Alu-
minaZ o 3¢ dvjc} Aelste FHFR AL
F e ARgEsit V)E AFE Ag/AgNO;(0.1
M in DMF, DMSO 3! Py) & AH3tdenm, ole
Z2 9 AF(Chemitrix RO 20)& H=3te] Sj7}
pyridineql 7§ atZFo| AgNO(0AM)& F#7
pyridine §<Jol 241§ G273, vlz47de 01M
TEAPE 5% pyridine $94-& AWM AR5
2w, 407} o}-F J+= pyridine tHAle o1& £l &
Ax a2Asec. v)E AWFe 3} 2R AT
(SCE)oll Wigt A$)e pyridine? 35 +0.09V,
DMSO2 A% +026V, 282 DMFal A% +0.
43Volglen, ¥ =R g HYARET 0F
& 71302 3] SCEe) uis) 49 AH=2
EA)skedc). 01M TEAP AAAHPL 2183t
DMF, DMSO % Pyridineell £3]9 Ab: ¥3} &
A 10 mM 4ka A7)sl J)=e} Schiff base cobalt
(D #E59 Cviol 9% A7y 43 A
g Fig 1~29) Vehigi T, o152 $33to Table
2~34) eyl
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Table 1. Gas-volumetric oxygen absorption data of 1 mM tetradentate Schitf base cobal({ll) complexes in aprotic

solvents
Oxygen adducted Solvent Temp. (°C) 0, 0y/Co [R-spectra
complexes (25 mb P- absorbed mM ratio (O
[CAIIINSEDXL)L0- DMSO, DMF 10 0.505 0.51 840 W
[CATIXSEDXL)O- Py 5~10 0.961 0.96 849 W
{Co(illMe - BSDTXL)];0, DMSO, DMF 5~10 0.507 0.51 850 W
{Co(llXe - BSDT }JO, Py 5~10 0.972 0.97 860 W
[CoTTINSOPDX )]0, DMSQO, DMF 10 0.505 0.51 860 W
(ColIIXSOPDXL)])O, Py 5~10 0.907 0.91 750 W
{Co(1TINSN DX L)]02 DMSO. DMF 5~10 0.504 0.50 850 W
[Co(IIIXSNDXL)],0, Py 10 0.509 0.51 631 W
L: aprotic sovent: DMF, BPMSO and Py. *IR-spectra of solide state oxygen adducted cobalt(11]) complexes in Nujol
(W:weak) .
3 3
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Fig. 1. Cyclic voltammograms of 10 mM oxygen ad-
ducted cobalt(IL} complexes in 0.1 TEAP-pyridine with
a scan rate 100 mV/s (at 10°C). a) [Co(ILIXSNDXPy)]:0,,
b) <) [CoITINSEDNPY)]O;. ¢ - - ) after passed 2 preiod of

[Co(lIIXSEDXPY))O 0 [CHIIINSEDXPy)EO3. ¢} ) [Co
(1o - BSDTXPY}O,, - - after passed a preiod of [Co
(1IDio - BSDTXPY)O, © [Collll) (o - BSDTXPY)) 02, d)
(—) [ColITXSOPDNPy)O;, (----} after passed a preiod
of ColIIIXSOPDXPy)]0;0{CollIIXSOPDXPy)]; O3

2,6-di-tert-butylphenol®] At RJLE udixia)
Schiff base cobalt(HI) #4dEololl 2jgt e}
FddEel #o] ¥ Sel #4, 26-di-tert-butyl-

n
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Fig. 2. Cyclic voltammeograms of 10 mM oxygen ad-
ducted cobalt{l1I) complexes in 0.1 A/ TEAP-DMF solu-
tion with a scan rate 100 mV/s (at 10°C). a) [Co(l1l)
(SEDXDMF)),0;, b) [ColliD)(o— BSDTY DMF)]0,, <)
[CAKIINSOPDXDME)),04, d) [CoITTIXSNDYXDMF)},Q,.

phenol 2.06g2- 100 m{ DMF ool &)4|7) &of
(1072 M) 3t} vl=le] Schiff base cobalt{I}5-¢] 5X
107*M AE-DMF £ 20m/E Hydrogenation
apparatus(PARR Co.}ol} ¥-2}4[71 250 m! War burg
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‘table 2. Cyclic voitammetic data of 10 mM oxygen adducted tetradentate Schiff base cobalt (111) in 0.1M TEAP-DMF,
0.1 TEAP-DMSO and 0.1 A7 TEAP-Py with a scan rate 100 mV/s. (*prewave)

Oxygen adducted - Epcy (V) - Epeavy -Epag (V) - Epca (V)

complexes ColI0)/ Colt) (0720,9 Colll)/ Co(l}
[ColIIXSEDXDMSO)],02 0.14 0.84 0.71 1.24
[CoIIIXSEDXDMF)};02 0.05 0.43 1.28
[CoLINSEDXPY)O, 0.49 0.85*1.18 0.80 1.67
[Co{TIIXSEDXPy)]02 0.54 1.14 0.98 1.63
[Co(ITI}o - BSDTXDMS0)},0, 0.42 0.89 0.75 1.24
[Cot)1IXo - BSDTNDMEP)),0, 0.01 0.42 1.34
[Cotll Mo - BSDTXPY]O; 0.44 0.85%1.17 0.87 1.70
{Coll1INo - BSDTXPy):0; 0.49 1.18 0.96 1.63
[CoHIINSOPDNDMS0)],04 0.13 0.88 0.76 1.10
[ColHIIXSOPDXDMF}}:0, 0.02 0.40 1.13
[CoHIITHSOPDXPY)IO;, 0.43 0.98 0.84 1.15* 1.57
[CAITIXSOPDY Py));0, 0.43 0.98 0.84 1.57
(Co(LIIXSNDXDMSO))0, 0.44 0.89 0.71 1.09
[CollLLIXSNDXDMP)},0, 0.02 0.43 0.98
{Co(ITIXSNDXPy);02 0.55 1.02 0.79 1.42

qraiwlo) sp3ta, 20C #-2dA S5psif) i E
93 o2 HoFaid Aube-d A7, A7k
A o2 A AvEke Fr|Hez gMHAR
2 sbe] ©A|3 7L Fig 3~49 Jehidc) Aba
glejo} rio]4t a3tz ke Aleleld g ETFH
28 AAAHA HA g 337, 5,5 -tetra-tert-butyl-
diphenoquinone(DPQ)& #213 ¥ hot methanol
2 o]& AAA(mp. 245~246C, Lit.?® 246C) 3}
S48 AAstc) 2,6-di-tert-butylben zoquinone
(BQ)= DPQE Fel|i DMF 9=34¢ 35 FF
] Ao ol& AR FHA]7) vhE, methanol
9 petroleum ether2 3431 o] & &94F Rotary
Evaporator 8.4 25-3lo] A A% o, #td Y« hot
acetic acid® 715tz A% E& A3 7Ed
BQ7+ 242 %ict. )& A2 BQ(mp. 66~67C, lit.”
67C) 9 8¢ A4k of o cobalt FEF F
o] = methanol® petroleum etherel] 2] oo
o) Fejxet

o]g} o] £2] AA¥ BQe} DPQ4 IR % NMR
spectrum &H o2 eIy AEE Fig.5~8 |}
ez, 43} kg 243 FPHESY £ F
B3l Table 4ol -Hepyeh

4z o 2@
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Uls=-Zololl A A4 H2IE WIXIE] Schiff base co-
bali(IND) &BE2| =M. viAel Schiff base |73t
=24 SOPDH;, o-BSDTH,, 3 SNDH.E<& Apple-
ton®] ¥pHVe 2 ethylene diamine ™4}l o-phen-
ylene diamine, 3,4-diaminotoluene % 1,8-naphthy-
lene diamine$ salicylaldehydes} Duff wH$-22
FAskz, o] 0.1M 2= ot Sl 0.1M co-
balt(I1) acetate 84 7l PP 2F4]
ZAEL 1 Co(I)(SED) (H0)2 Co(ID{(SOPD)
(H:0), Co{ll})(o-BSDT)(H,0); ¥ Co(ID(SND)
(H,0),0) 3, vlgrlo}e] A3 agshs 4AE o
ol 23} o5 FsHEe] WAL XN gt
AzA17 gL 8l5-49(DMF, DMSO 2 Py)
£ 1:2 Bu2 FANA I AEESL 25HE
Ale) 289 viggel7t ¢S A 3%
CHN % cobalte] Q4E4e 2 #qlsigich 4b7}
239 u|pgoiay gAE Abs A7 FEES
2R 0/Co & AL 1120tk
PVTHoE A% wFgulolae]) i ZAg
(Table 1)-& DMF$} DMSOd A 25 1: 204
pyridinesl] 41 & [Co(IID (SND)(Py}1,0. & A *|3}
W BEF 1118 FoAc)

dutx o2 Co(H)(Schiff base) #HFENA 4
ashe] Zyto] ulgelel4] FAHPL n-acceptor
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Table 3. Cyclic voltammetry data (oxygen redox potential) of t~10 mM oxygen adducted tetradenatate Schiff base
cobalt(I1l) activated catalytic complexes in 0.1 A TEAP-Py at 10°C Temp. (*prewave)

Activated catalytic scan rate -Epc - Epa Epc-Epd2  Ipc Ipc/ V2 conc.
complexes (mV/s) V) v (mV) @A)  pAmVVZSi2 mM
(Epe- Epa)
[Co(IIIXSEDXPy)];0; 200 1.14 098 112(160) 100 7.4 1
100 1.14 098 110 {160 72 73
Fig. 1(b)(---) 50 1.13  0.98 110 {150) 54 7.1
20 1.13 098 1091500 31 7.0
[Co(THXSEDXPy)IO; 200 0.86* 1.18 0.90 72 5.4 1
100 0.85 1.18 090 51 5.2
Fig 1(b}(—) 50 085 1.17 0.90 36 5.1
20 0.85 1.17  0.90 22 5.0
{CotllIXo- BSDTKPy)],0, 200 1.18  0.96 120(220) 8t 5.7 1
100 117 096 119 210) 57 5.7
Fig. Ko) (---4) 50 i.16 096 118 (200) 40 5.6
20 .16 0.96 117 (200) 26 5.5
[CoAIlIXo - BSDTHPY)]O, 200 0.85* 1.18  0.88 103 7.5 1
100 0.85 1.18 0.87 73 7.3
Fig. () (—) 50 0.84 1.17 087 50 7.1
20 0.84 1.17 0.87 31 7.0
[ColIHXSOPDX Py}, 0, 200 0.9y  0.84 75 (150} 72 5.1 10
100 0.98 0.84 75 (140) 50 5.0
Fig. 1(d) (--+4) 50 0.98 0.84 75 {140) 35 49
20 0.97 0.83 75 (140) 22 48
[CAITEINSOPDXPY)O, 200 099 084 1.16* 75(150) 262 18.6 10
100 0.98 084 1.15 75(140) 185 185
Fig. 1(d) (—) 50 097 084 1.14 75(140) 130 18.4
20 096 083 1.13 75 (130) 82 18.3
[CATIHSNDXPY) 0, 200 1.03  0.80 75(2300 216 15.2 10
Fig. 1(2) 100 1.02 0.79 702300 150 15.0
50 101 0.79 702200 106 14.9
20 1LO1 0.79 70 (220) 66 14.8
re s 12
104 {43
] i 3 "
ol
i : |
a & o S g
N3
® oy ® i * R T

(48] [$3] (£ )]
Fig. 3. Oxygen consumption for oxidation of 2.6~di-t-butylphenol with (1) Co{(IIXSEDXDMF)«(A), Co(IINSED) (Py)s
(B), (2) CollIXSOPDXDMF)(A), Co{lIXSOPDXPy),(B), and (3} Co(IINe - BSDTXDMF)4A), Co(IlXo - BSDT) (Py)(B} in
55psi oxygen-DMF solution. (at 20~21°C).
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Fig. 4. Oxygen consumption for the oxidation of 2,6—-
di~t-butylphenol with (4) Co(lIXSNDXDMF), and (B}
Co(lINSNDXPy), in 55psi oxygen-IIMF solution. (at
20~21°C).

Ao stz A4 e] 1: 2 dioxygen adduct
FEEL T.GA 422 50~80CAA 2% A4
27 A HE Q) ey Tadle 19] AQ A=
DMF$} DMSO $oel A& whg- (1)3} o] Al
APe 1:28 ZAgwle] 2AEyAdol w4
deoide},

2Co(I1) (Schiff base) +2L+0,
[Co(IIN)(Schiff base)(L)].0-" D
(L: DMF 3 DMSO)

Pyridine &wljoll A= uk-¢ (2) &} (3) ol 29} o]
Co(ID)(SED), Co(ID)(SOPD) R Co(II)(o-BSDT)
52 AL FALE 2ol 1! 14] superoxod
22 FojAu, AJ7de] ZAzs™ 1122 u-peroxo
o] Ak A7l 2AEe] ubg ()3} 7o) Hytxy
o2 Yojdrt. Zev} Co(ID(SND) &= Bl$4vfo)
4] 1:29 p-peroxogoznl ukg (1) H3ow
=87 dejydeh

Co(I) (Schiff base) +Py+0,
[Co(III}{(Schiff base){Py)]0," (2)

2(Co(III}{Schiff base)(Py)]0,"

& [Co(II) (Schiff base)(Py)]°

+ [Co(IID) (Schiff base)(Py)]0, +0, S
[Co(IID (Schiff base)(Py)1:0:*~ +0, 3

o] A= pyridine 9ol Co(ID(SED)9] Ak
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23 qhge] HE dAdMdE 1112 A4k #vt
2g-<] A=, A7ke] A, 129 44 Ao}
Ago]l Hyage-tog WAZcE DimentS2e)
A3} )3, o] 44+ M7 AEES] IR-54
peak(Table 1)9} Z3g 274l gk ZFL oln)
EM-0 2] B g v} 9Jr),

Pyridine Z0HollA] Ak HIME! WX]2| Schiff
base cobalt(IIl) fd&oiie| To|siels MA.
v|4-o) 24 DMF, DMSO 2 Pyridine 9] donor
ol 213 43714 #4e Py>DMSO>DMFeid,
Lewis 37| 4o] 2 Pyridine €9+ donor<+(33.1)
7F 22 §#A45(123)7) 53] 27] ool ¥
o)) it 7Y A3abgo| 2, Pyridine
L7E7 AR Ak {2l cobalt(IID) 2AEL gt
i, Pyridine &wloll 4] CVelol] 23t 47]3}
]34 ML Table 29|42k o] Co(lID/Co(Il) 2t
Co(I)/Co(I) Ao}l HYA27} DMF} DMSO
oo A Bl A FoA dojmR A 3o
113} 1:29 4ka H7l 859 A
AT nshod HYE $eln Eo

0.1M TEAP-L(L ; DMF, DMSO % Pyridine)
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Fig. 5. The NMR spectra of 2,6-di~tert-butyldibenzoquinone(BQ) when activated catalysts are (a) [Co(IIIXSED)
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Fig. 6. The NMR spectra of 3,3'.5,5'-tetra-t-butyldiphenoquinone when activated catalysts are {a)
[CotHIXSNDXDMF)],0,. (b} [Co(ilIXSNDXPy)],0,.
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Fig. 7. The infrared spectra of 2,6-di-tert-butylbenzoquinone (BQ) when activated catalysts are (a)
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Fig. 8. The infrared spectra of 3,3'5,5'-tetra-t-butyldiphenoquinone(DPQ) when activated catalysts are (a)
[CAHLIISNDXDPMF)}0;, (b) [Co(ILIXSNDXPy)],0,.
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Table 4. Experimental data of oxydation major products {2.6-di-tert butyl phenol with tetradentate Schiff base
cobalt(Ill) catalytic compiexes) in 55psi oxygen-DMF solution

cg;?:ﬁ::; 0, (psi) Temp (°C) Time (min) (BE;"C'““ "‘e":]g%)
ColIXSEDXDMF), 55 30 92.9 -
CollIXSOPDXDMF), 55 300 91.8 -
CollIXo - BSDTXDME), 55 20~21 60 925 -
ColINSNDXDMF), 55 20~21 360 - 789
CAIXSEDKPy), 55 30 833 -
CAlIXSOPDKPy), 55 30 89.4 -
Colil){o - BSDTXPy), 55 20~21 60 91.8 -
ColIXSNDXPy), 55 20~21 360 - 76.6
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