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4-(N-Alkylimino)methyl-2,6-di-t-butylphenols (J), Schiff bases of 3,5-di-t-butyl- 

4-hydroxybenzaldehyde can be oxygenated in the presence of Co(Salpr), a five coordinate 

Co(II)-Schiff base complex to give N-alkyl-3-~-butyl-5-formyl-2-hydroxy-2-pivaloyl-l,2- 

dihydropyridines (2) as the main product together with 3-formyl-2,5-di-t-butyl-2,4-cy- 

clopentadienone (3) and 2,6-di-t-butyl-4-formyl-6-hydroxy-4,5-epoxy-2-cyclohexenone (4). 

These products result from dioxygen incorporation into the ortho position of 1. 

Five coordinate Co(II)-Schiff base complexes, Co(Salpr) and its derivatives have been shown 

to mediate regioselective dioxygen incorporation into t-butylated phenols depending on the nature 

of substituent of the substrate: 4-alkyd-2,6-di-t-butylphenols are oxygenated exclusively at the 

para position' whereas with 4-aryl-2,6-di-t-butylphenols dioxygen is incorporated selectively into _ 

the ortho position.2 In the case of 4-(N-arylmethylene)amino-2,6-di-t-butylphenols, the imino car- 

bon in the side chain is selectively oxygenated,3 Although 3,5-di-t-butyl-4-hydroxybenzaldehyde is 

normally unsusceptible to the oxygenation, we now find that Schiff bases of this phenol, 4-(N-al- 

kylimino)methyl-2,6-di-t-butylphenols (1) are easily oxygenated in the presence of Co(Salpr) to 

give new products resulting from intramolecular decomposition of peroxidic intermediates in which 

dioxygen is incorporated into the ortho position of 1. 

The phenols 1 were obtained by the condensation of 3,5-di-t-butyl-4-hydroxybenzaldehyde with 

alkylamines in nearly quantitative yield. The oxygenation was carried out by bubbling dioxygen 

through a solution of equimolar amounts of 1 and Co(5alpr) in CH2C12 at 0 "C. Separation of the 

resulting products (silica gel layer chromatography developed with CH2C12) gave N-alkyl-3-t-butyl- 

5-formyl-2-hydroxy-2-pivaloyl-l,Z-dihyd~o~yridif~e (z), 3-formyl-2,5-di-J_-buty'i-2,4_cyclopentadien- 

one (s), and 2,6-di-t-buty1-4-formyl-6-hydroxy-a,5-epoxy-Z-cyc:c~exenone (4). The results are sum- 
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marized in Table 1. In all cases except for A$, the formation of 2 was predominant. Analytical 

and spectral data of 2 (Table 2) are in good agreement with the structure. The structure of 22 -- 

~H=N-R 

1 = 

p; R = CH2Ph 4; R = cyclohexyl 

b; R = CH2CH(CH3)2 g; R = C(CH ) 
33 

2; R = CH(CH3)2 

OH 

1) 02/Co(Salpr)/CH2C12 

2) silica gel 

Table 1. Oxygenation of 1 with Co(Salpr).a 

Product, Yield (%)b 
Others' 

la 72 70 trace 27 3 

ib 89 81 trace 14 5 

;r 85 65 15 15 5 

J.. 90 70 15 10 5 

1s 85 d 40 15 35e 

a Conditions: J (1 mmol), Co(Salpr) (1.1 mmol), 

CH2C12 (20 ml), 02 for 2dh. 
b 

Determined by 

NMR. c Not identified. The compound 2s 

seemed to be formed (ca. 10%) but not con- 

firmed. e Containing $ (R = t-61.1) (20%). 

Co(Salpr) 

was confirmed by its X-ray analysis. 4 The 

structures of new products 3 and _4 were de- 

termined by their analytical and spectral 

data.5 

Treatment of ?n with an equimolar amount 

of t-BuOK and of other 2 with an excess of - 

t-BuOK in _fi-BuOH at room temperature under 

N2 followed by an acid treatment gave the 

formylcyclopentadienone (2) in quantitative 

yield. Thus, the present results provide a 

unique method for the preparation of 3 from 3,5-di-t-butyl-4-hydroxybenzaldehyde via oxygenation. 

This is analogous to the oxygenation of 4-i-butyl- and 4-aryl-2,6-di-t-butylphenols giving rise 

Table 2. Physical Data of 2. 

zJa IR(Nujol), cm-l lH NMR(CDCl3), S h 
1nax@6~12) = 

'OH "c=o 
t-Bu OH CH=C-CH=C-Nb CHO 

nln (log E) 

Ea 117-118 3370 1690, 1630 1.18, 1.32 6.08 6.80, 6.87 8.97 387 (3.39) 

Z=b 131-133 3420 1680, 1630 1.14, 1.25 5.85 6.80, 6.88 9.04 397 (3.38) 

2s 99-101 3380 1690, 1630 1.15, 1.25 5.95 6.85, 7.02 9.07 390 (3.36) 

?d 96-98 3420 1680, 1630 1.15, 1.23 5.97 6.85, 7.03 9.03 396 (3.35) 

a All the products show satisfactory analytical results. 
b 

d, d; J = 1.0 Hz. 
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to the corresponding cyclopentadienones. 6, 7 

When z$ was treated with an excess of t_-BuOK in t-BuOH, 4-(N-benzylideneamino)methylene-2,5- 

di-t-butyl-Z-cyclopentenone (z)* was obtained in quantitative yield. Treatment of 2 in MeOH con- 

taining KOH at room temperature, on the other hand, resulted in deformylation to give 4-(N-alkyl- 

amino)methylene-2,5-di-t-butyl-5-hydroxy-2-cyclopentenones (g)' in quantitative yield. 

All the present results may be reasonably ex- 

plained by the reaction scheme depicted in the fol- 

lowing diagram, where unusual decomposition of Per- *A-N=CH-Ph *;;_NH_R 

oxidic intermediates 2 and g is remarkable. 5 = B 

0 

1 
02/Co(Salpr) 

a-0%0(111) 
= 

CH2C1 2 
-^ijr 

L 

CH=N-R 

Hf 4 -= 
-RNH2 

Although o-peroxyquinolato Co(II1) complexes of type _I from other phenols are normally stable in _ 

CH2C12,' no characteristic signals for z were observed in the NMR spectrum of the reaction mixture 

before work-up. The unusual instability of 1 may be attributable to the iminomethyl group which 

would accelerate ionic dissociation of Co-O bond leading to the dioxetane intermediate 8. Asym- 

metric cleavage of the peroxy bond (&) giving rise to epoxy-o-quinols of type 13 is the normal -- - _- 

case as seen in base-catalyzed oxygenation of 2,6-di-i-butylphenols. 
6, 10 

However, as the prod- 

uct ratio 4 to 2 and _3 was not changed with reaction time, it may be no doubt that the formation 
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of 2 and 3 results from symmetric cleavage of the dioxetane intermediate (83) but not from the 

asymmetric one. Such a symmetric cleavage of dioxetane intermediate derived from peroxyquinols is 

the first example, providing an analogous cleavage type to that considered for the reaction of a 

11 dioxygenase, metapyrocatechase. It may also be clear that the formation of 2 involves the inter- 

mediates II and iz taking into account the formations of E and 2 which must be formed by deproton- 

ation from the benzyl group in 12 (R = CH2Ph). The intermediate of type 11 has been confirmed in 

base-catalyzed oxygenation of 4-aryl-2,6-di-t_-butylphenols giving rise to the corresponding cyclo- 

pentadienones.6 The low yield of Ee is probably due to steric hindrance of the t-Bu group 

against nucleophilic reaction of the amino nitrogen (Qa), and consequently contribution of 24 be- 

comes predominant leading to a high yield of 2. 
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