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OXyGlWATION OF p-NI'IROP HEBMJMIHAZONFS WITH Co(II)-SCHIFF BASE CCMPIEXES - 
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Synthetic Chemistry, Faculty of Englneerlng, Kyoto Unlverslty, Kyoto, Japan 

E-Nltrophenylhydrazones, unsusceptible to autoxldatlon, are readily oxygenated 

in the presence of a five-coordinate cobalt(II)-Schrff base complex, Co(II)(MeOSalen) 

(Py) leading to quantltatlve formatlo” of novel 1-(e-nltrophenylazo)-1-peroxy Co(II1) 

complexes 2, which were Isolated as crystals. A plausible mechanism lnvolvlng hydrogen 

abstractlon by Co(III)(02 -‘) from the substrate followed by formation of a substrate 

anzon Co(II1) complex intermediate 1s proposed. 

Much attention has teen donated to selective oxrdatrons of organrc caqxnmds wrth droxygen- 

metal ccnplexes, 
1 
arcong which superoxo carplexes are of interest particularly m connection mth 

oloiogical oxygenations. 
2 
Frve-ccor&nate Co(Il)-xhlff base conplexes such as Co(LIJ(MaUSaien) 

(Py) and Co(X) (Salpr) are typrcal ones capable of blndrng &oxygen reversibly to 

Co(II1) species. These complexes have been derronstrated to nedrate oxygenatron of 

butylphenols lea&ng to regroselective formation of hydroperoxycyclohexad_lenones 

the nature of substltuent at the I-posrtron of the phenols.3 

form superoxo 

2,6-dl-t- 

dependrng on 

Phenyihydrazones are known to be sensrtive to autoxidation to give l-hydroperoxyazo-l-hydro- 

peroxrQs,4 whereas autoxidation of p_nrtrophenylhydrazones 1s very slaw. 
4a 

Co(II)WOSalen)@y) Co(II)(Salpr) 

We now find that these flve-coordrnate Co(II)-Schrff base complexes mediate sxtoothly the 

oxygenation of p-nltrophenylhydrazones(l), which are unsusceptible to normai autoxrdatron, 
5 

leadrng to the quantitative formation of l-(p_"itrophenylazo)-l-peroxy Co(II1) ccsplexes of type 

2. When oxygen was bubbled through a solutron of egulrrplar amounts of p-nrtrophenylhydrazone(i) - 

and Co(II)W0Salen) m pyridrne at 0 'C, the reactlon was normally completed wrthin 3 h iH NMH 

and tic analyses of the rmxture showed the quantitative formation of 1-(p-nltrophenylazo)-l- - 
peroxy Co(III)(WOSalen)(Py) ccnplexes (21, which were rsolated as crystals (Table 1). Treatmsnt 
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R1 
R2\C=NNH ,-, u- NO2 02/Co(II) 

-W 

1 2 3 

a; R1 = 4-JWC6H4. R2= Me R2= Me c; R1 
2 

R = Ms 

d; R1 = Ph, R* = Me 

b: Rl = 4-MsC6H4, 

e; R1 = 4-M&X6Hq, R2= Et 

= 4-C1C6H4, 

f; R1 = R2 = Me 

g: R1, R2 = -(CH2)- 

Table 1. Formation and Physlcal Data of l-(p-Nltrcphenylazo)-1-peroxy 

Co(III)(MeOSalen)@y) Cortplexes 2.a 

Yieldb M.P.~ IR(Nu]ol) 
2 

'H NMR(CCC13)d 6 (Ppll) 

(%) ("C) 
-1 

(cm ) Rl' R2 @le(Schiff base) 

2a 40 119-121 1635, 1600 3.61 1.82 3.80 

2b 44 105-107 1645, 1605 2.20 1.73 3.80 

2c 42 122-123 1645, 1610 - 1.72 3.76 , 3.82f 

2d 31 112-113 1650, 1610 - 1.68 3.79, 3.81f 

2e 49 116-118 1640, 1605 3.66 _g _g 

2f 68 143-145 1635, 1601 1.22 3.84 

2g 63 123-124 1635, 1600 1.0-2.0 (m) 3.78, 3.86f 

a Reaction contitlons: oxygen was bubbled through a solution of 1 (1 nm~&) and Co(II)(MsOSalen) 

(1 mrpl) in pyrikne (5 ml) at 0 'C for 3 h. Petroleum ether (2 ml) was added and the nuxture 

was allowed to stand at -20 'C for 24 h. The resulting brown ccarplexes wsre collected. 
1 
H NMR 

and tic analyses showsd the quantltatlve formation of 2. 
b 

Isolation yield. ' Decanposltlon 

point. All the products showsd satisfactory analytlcal results: C, +0.02-0.03%; H, +O.Ol-0.24%; 

N, +0.02-0.23%. d A small munt of pyrlhne-d5 was added to avoid the deccqositlon of 2, 

measured at -10 'C. e Methyl group at the 4-position. Arcmatic proton, 6.4-8.2 (m). 
f 
Observed tm peaks are probably due to stereo isomers of 2. g Not detentuned. 

of the peroxy complexes with silica gel gave l-(p-nitrophenylazo)-1-hydroperoxides (3a-e) quantl- 

tatlvely, arrpng which 3a-c wzre isolated as crystals at low teqerature. l'he hydroperoxldes wzre 

reduced by aUnethy1 sulfide to give the original ketones quantitatively, suppz&zing the struc- 

ture 3, whose data are given m Table 2. The 'H NMR spectra of 2 in CD2C12 containing pyritine- 

d at -10 'C exhibited clear signals 
3 

, mn&cative of a Co(II1) state in 2. The sqnals of R1 and 

R in complexes 2a-e are shifted considerably to higher field (~6, O-14-0.26 ppm) cqared mth 

those in the corresponding hydroperoxldes 3 (Tables 1 and 2). The higher shift may be due to 

the ccor&natlon effect. Complexes 2 are farly stable in solid state or m pyrislme solution, 

whereas deccqose in &chlorcanethane solution at room temperature, inticating that the coor&na- 

tion of an N-base llgand such as pyritine is essential for the stability of 2. The oxygenation 

of 1 w0Z-1 Co(II)(MeOSalen) in N,N-&methylfo rmarmde gave the original ketone resulting from de- 
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Table 2. Physical Data of l-(e-Nltrophenylazo)-1-hydroperoxides 3. 

M.p.(&comp) IR@uJol) lH NMR(CEC13), (Ppn) 
3 

("C) (cm? RI" R2 
phNo2 

3a 81-82' 3430, 1605 3.82 1.97 7.8gc, 8.38' 

3b 66-67' 3450, 1615 2.37 1.94 8.00c, 8.42' 

3c 57-5913 3440, 1620 - 1.90 7.99', 8.40' 

3d -d 1.90 8.01f, 8.43f 

3e _d 3.80 0.97(tjg, 2.88(qjg 8.07=, 8.35' 

a Methyl group at the I-position. Aromatic proton, 6.92-7.98(m). 
b 
Satisfactory analytical data were obttlmed. ' Doublet, J = 10 Hz. 

' Decarposed at rocm temperature. e Not cktemuned. 
f 
Doublet, J = 10 Hz. 

g J = 7.5 Hz. 

ccmpositlon of the peroxy conplex of type 2 intemtiately formed. 

The oxygenation of 1 was also nr&iated by Co(II) (Salpr) in CH2C12 at 0 'C. Attempts to iso- 

late peroxy ccarplexes of type 2 wzre unsuccessful. Hcwever, filtration of the reaction nuxture 

through a short column of silica gel gave the corresponding hydroperoxides 3 quantitatively, 

inticating the quantitative formation of peroxy conplexes of type 2. 
6 

In the oxygenation of 1 cJlth Co(X) (MeoSalen) m pyriclmne, 1.25 ml/m31 of oxygen was taken 

up. Gn the other hand, when la was rmxed with an equ~~lar munt of Co(III)(MeOSalen)(OH)7 in 

pyridine Lnder nitrogen, a strong purple color of the substrate anlon8 ap?arcd instantz.nco:sly, 

and la was recovered quantitatively upon aci&ficatlon of the mxture. However, when the colored 

murture was oxygenated, 1 mol/msl of oxygen was taken up and peroxy complex 2a was obtained 

quantitatively. Therefore, Co(III)&OSalen)(OH), hch should be formed during the course of 

the oxygenation with the Co(X) ccarplex, 
3c 

does not behave as an oxidant but a base toward the 

substrate. Rate of the oxyyenation of 1 with Co(X) (I&OSalen) in pyrihne was in the order la > 

lb > lc > Id (tl,2 = 16, 21, 23, and 33 rmn, respectively, at 5 "C): the rate increases with 

increasing electron-donating effect of p-substituent of the phenyl ring m Ii'. Fkrthemre, rate 

of the oxygenation of la cylth Co(III)@kOSalen)(OH) (tl,2 = 6 rmn, at 5 "C) is faster than that 

of la mth Co(I1) @leOSalen). These observations strongly suggest that the n-echanrsm of the pre- 

sent Co(II)-Schlff base complex-eated oxygenation of 1 involves rate deternunlng hydrogen 

abstractionbyCo(III)(02 -') fran the NH group m the substrate to give the corresponihng sub- 

strate ra&cal, which coorbnates rapidly to Co(I1) giving rise to a substrate anion Co(II1) 

cunplex mteeate, into which &oxygen 1s incorporated to give 2 as depicted m Schemz 1. 

tis mechanism is quite slrmlar to that bscussed for the Co(X)-Schiff base conplex-eated 

oxygenation of 2,6-&-t_butylphenols, 3 although a posslblllty of tire& ccmbinatlon between the 

substrate radical and Co(III)(02 -') to form 2 may not be negliglble.10 

It 1s noted that even mth 4-msthoxyacetophenone phenylhydrazone tich 1s very sensitive 

to normal autoxidation to give the correspond.Lng hydrcperoxide of type 3, the peroxy carplex 

of type 2 was obtained quantitatively when the oxygenation was carried out m the presence of 

the WII)-Schlff base complex. Therefore, one can conclude that the five-coorhnate Co(II)- 



342 

Schiff base ccnplexes mhlblt the normal ra&cal cham autoxldatlon process and rather activate 

the substrate in such a way that a substrate anion Co(II1) coqlex Intern&ate 1s fomd. 

Scheme1 
l/2C2 SH 

H2° 

Co(III)(C0H) -L Co(III)(OH) 

L.L 

SH Co(I1) 

Co(I1) + o2 + Co(III)(02-') s. L seCo(III) X__II) O2 

S.; R1R2C=& 
(2) 

where SH; Substrate (1) 

&(I,,). R1R2C+JNw("') 12 eco(II1) 
, ‘Ar - RR CNzw Ar = 4-N02C6H4 

Smce sm stable hydroperoxldes obtamed frcm autoxidatlon of phenylhydrazones have been 

demmstrated to act as a hydroxylatlon reagent like Fenton's reagent, 
11 

it is interestmg to 

know chenucal reactivity of the present unstable hydroperoxldes 3 and peroxy corrplexes 2, which 

1s currently mnvestlgated. 
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