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SUBSTRATE ANION COBALT(III} COMPLEX INTERMEDIATE IN MODEL QUERCETINASE
REACTION USING COBALT SCHIFF BASE COMPLEX

Akira NISHINAGA,* Naoki NUMADA, and Kazushige MARUYAMA
Department of Applied Chemistry, Osaka Institute of Technology
Ohmiya 5, Asahi-ku, Osaka 535, Japan

Summary: 4'-Methoxyflavonolatocobalt{(III)(salen), a key intermediate for model
quercetinase reaction is synthesized. The complex undergoes dioxygenclysis of
the heterocyclic ring in DMF by apparently a nonradical process.

Cobalt Schiff base complexes [Co(SB)] mimic reactivities of some dioxygen-
ases including quercetinase:1 e.g. Co(salen) [salen = N,N'-ethylenebis{sali-
cylideneiminato)] catalyzes in DMF dioxygenolysis of the heterocyclic ring in
flavonols to give the corresponding depside and carbon monoxide.2 Substrate
anion cobalt(III) complexes have been commonly posturated as the reactive in-
termediates for all model dioxygenase reactions using Co(SB).l However, no
direct evidence for such substrate anion complex intermediate has been obtain-
ed. We wish to report here synthesis and characterization of a flavonolatoco-
balt(ITI) complex (1) as the intermediate for the model guercetinase reaction.
We find that complex 1 is gquite stable against 02 in noncoordinative solvents
but undergoes dioxygenolysis in the presence of a coordinative nitrogen base,
and that the dioxygenation step seems not to involve the substrate radical.
The present finding provides a significant aspect for understanding the quer-
cetinase reaction.

4'-MethoxyflavonolatoCoIII(salen) (la} is obtained as fine crystals (87%

ITI

yield) by mixing Co (salen)(OH)3 with 4'-methoxyflavonol in CH2C12 at room

temperature followed by addition of ether. The analytical data (C32H25N206Co:
C, +0.35%; H, +0.25%; N, +0.05%) are in good agreement with the structure la.
The 1HNMR (CDCl3) of la shows sharp signals at s 3.8 (s, 3H), 3.6-4.2 (m, 4H),
6.5-8.5 ppm (m, 18H), indicating that the complex is diamagnetic. The signals
(multiplet) for the ethylene group in la is characteristic for a twist confor-
mation of the Schiff base ligand.4 Addition of acetic acid to a solution of la

III(salen)(OAc) quantitatively,

in CH2C12 gives the starting flavonol and Co
supporting the structure la. Complex 1b is similarly obtained from flavonol.

When a solution ¢f la in CH2C1CH2CI is allowed to stand at room temperature or
refluxed even under oxygen for 3 h, la is all recovered. Heating a solution of
la in DMF under nitrogen resulted alsoc in no reaction. These results show that
the Co-0O bond of the flavonolato moiety in la is unsusceptible to homolytic

cleavage. Interestingly, however, when oxygen is bubbled through a solution of

la in DMF at room temperature, the electronic spectrum of the solution is
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N, +0.18%) is obtained quantitatively from the final solution. The 3-C atom in
the substrate is released as CO.2 Treatment of 2a with an acid gives a depside
3a. The dioxygenolysis of la takes place also in pyridine (py). Similar reac-
tions occur also with lb. These results suggest that the selective dioxygen-

ation may be accomplished by coordinatiion of the donor base such as DMF or py
to the COIII center in 1 so as to enhance an 0, sensitive anionic natur of the
flavonolato moiety,5 and that no free substrate radical is involved in the di-
oxygenaticn step: a radical chain autoxidation mechanism can be ruled out. The

nonradical dioxygenation step may be rationalized by assuming a charge trans-—
fer nature for the transition state involving a substrate anion and 02.1’6 In
the COII(salen) catalyzed oxygenolysis of 1 in DMF,l [COIII(salen)(DMF)]2(02),
a p-peroxo complex formed initially,7 reacts with the substrate to form 1 co-
ordinating DMF. The active species in the catalytic cycle should be the prod-
uct anion complex of type 2. Actually, 2a shows the same catalytic activity as

CoII(salen) does for the oxygenation of 4'-methoxyflavonol in DMF.
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