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Abstract

Bis(dimethylglyoximato)cobalt(ll) and -iron(ll) complexes, referred to as cobaloxime(ll) and ferroxime(ll), respectively, containing rigid
equatorial macrocycles stabilized by hydrogen bonding, are functional catecholase and phenoxazinone synthase models, but show no catecha
dioxygenase type activity. We have studied the oxidation of 3 fexthbutylcatechol (DBCathk) and 2-aminophenol (AP) as model substrates
with the objective of elucidating the mechanisms of these reactions, using a combination of techniques including identification of free-radical
intermediates by ESR spectroscopy and UV-vis spectrophotometry of semiquinone anion radical adducts of cobaloxime and ferroxime
species. Detailed kinetic studies of the catecholase-mimetic oxidations reveal a general mechanistic pattern involving reversible formation of
ternary catalyst—substrate—dioxygen complexes, which are key intermediates capable of H-atom abstraction from the substrates. The resulting
semiquinone anion-radical intermediate and its adducts with the catalyst complexes have been detected by ESR spectroscopy. They contain
unidentate catecholato ligand as shown by the adduct of cobaloxime(ll), which has been isolated and characterized by X-ray diffraction. Our
work has led to the conclusion that the lack of catechol dioxygenase activity in the case of ferroxime(ll) is due to the rigid equatorial macrocycle,
which prevents bidentate catechol coordination. To further test this hypothesis, we have synthesized and studied analogous iron(ll) complexes
with flexible quadridentate and quinquedentate dioximato Schiff-base ligands. In line with expectations, these new complexes exhibit both
catecholase and catechol dioxygenase activity.
© 2003 Elsevier B.V. All rights reserved.
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complexes. These reactions are functional models of dioxy- L
genase and catecholase enzymes, which, in combination
with monooxygenases, play key roles in the metabolism
of aromatic compounds. Dioxygenases effect cleavage of
the catechol ring with incorporation of two oxygen atoms
into the products, whereas catecholases convert catechols
to o-quinones. Functional catechol dioxygenase and cate-
cholase modelgla,1b] based on ironlc,1d,1e] copper
[1f,1k], manganese [1i,1j] and cobdltg,1h] complexes
have been designed and extensively studied with respect to

their structure, kinetics and mechanisms. The term ‘func- 1) Cobaloximes

tional model’ is generally applied to a low-molecular metal M = Co(II)

complex that catalyzes the same (or a closely related) 2) :;;m};‘li’;l)e’sp h;As, PhsSb
reaction as does the metalloenzyme to be mimicked. In M = Fe(II)
combination with ‘structural models’, which mimick var- L = MeOH, MeIm

ious structural features, functional models constitute the
basis for the modelling approach in the study of metalloen- Fig. 1. Structure of cobaloxime(ll) and ferroxime(ll) complexes.
zymes, which regards metalloenzyme active sites as metal
complexes embedded in a protein matrix. The study of
‘biomimetic’ reactions catalyzed by functional metalloen-
zyme models helps understand the mechanisms of metal
loenzyme action and assists the design of metal complex
catalysts for specific purposes (bioinspired catalysis).

A typical feature of the functional dioxygenase models is
that they also catalyze catechol oxidation to thquinone
(catecholase reaction). The reverse is not true, however,

there are models which are only effective catalysts of the = o o .
catecholase reaction. The difference in catalytic activity of still exhibit catecholase activity, but in the presence of TEA

the models is obviously due to mechanistic factors deter- intradiol cleavage products are also formed due to catechol

mined by structural differences. We have been interestedd'oxygen""Se activity.

in elucidating the reasons of the dioxygenase vs cate-

cholase selectivity. Our strategy has been to proceed from

clean catecholase models and modify their structure so that2. Catecholase-mimetic oxidations with O catalyzed
dioxygenase activity would appear. Our approach has beenPy cobaloxime(I1) derivatives

essentially mechanistic, which required kinetic studies in

combination with a search for intermediates by various 2-1. Reaction of cobaloxime(ll) with dioxygen

techniques. In this review, we describe research concerned

with catecholase models of the cobaloxime(ll) and fer-  The rate constants for£binding ;) are usually very
roxime(ll) type, but related phenoxazinone synthase and large and kinetic studies require the stopped-flow technique,
oxygenase model systems are also treated. The observed! Which a solution of the cobalt complex prepared under
kinetic behavior shows extensive similarity between the an inert gas is rapidly mixed with anJaturated solu-
individual catalytic systems, reflecting a common type of tion. The reaction is then monitored spectrophotometrically.
free-radical mechanism, involving H-atom abstraction by a The problem of inert storage was eliminated in the case of

o-quinone mono- and diimines, as well as other products
(derived from their further transformations.

To obtain information about the transition from cate-
cholase to dioxygenase activity, we have synthesized ferro-
xime(Il)-like dioximatoiron(ll) complexes, which lack the
rigid equatorial macrocyle imparting full catecholase se-
lectivity. The new complexes with flexible quadridentate
and quinquedentate dioximato Schiff-base ligariélg.(12

superoxometal complex from a substrate OH group. [Co(Hdmg)], cobaloxime(ll), by preparing the cobalt com-
The square-planar bis(dimethylglyoximato) complexes of Plex in the mixing chamber from Hdmgand cobalt per-
cobalt(ll) and iron(ll), referred to as cobaloxime([)—3] chlorate[5]. This was made possible by the fact that the for-

and ferroxime(I1)[4], respectively, shown ifig. 1, activate ~ Mation of [Co(Hdmgj] is much faster than its subsequent
dioxygen under ambient conditions and exhibit remarkable reaction with Q.
catalytic activities in the oxidation of substituted phenols and
anilines. Axial coordination of a ligand such as py, Melm, 2.2. Oxidations catalyzed by cobaloxime(ll) complexes
PhsP, PhAs, PsSb, etc., increases the activity, but the 2:1
complexes are unreactive. The catalytic activity of cobaloxime(ll) derivatives

In this review, mechanistic studies on the catalytic oxi- [Co(Hdmg)L>], where Hdmg is dimethylglyoxime, and
dation of o-substituted phenols and anilines are described L is PhgP, py and E§N, in the oxidative dehydrogenation
with special reference to catecholase-type reactions, i.e., ox-of hydroquinone and hydrazobenzene and in oxygen inser-
idative dehydrogenations to the correspondinrguinones, tions into some organic substrates at room temperature and
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Fig. 2. Cobaloxime(ll)-catalyzed oxidation of OPD in ketone solvents.
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Fig. 4. Cobaloxime(ll)-catalyzed oxidation of AP.
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Fig. 5. The biosynthesis of AD.

atmospheric dioxygen pressure has first been recognized in

the 198046-9].

R—NC /¥ R—NCO

Ph—NO 2/} Ph—NO,

2.3. Oxidation of o-phenylenediamine

The cobaloxime(ll) derivatives [Co(HdmgPhsP),] and
[Co(Hdmg)py-], where Hhdmg is dimethylglyoxime, are
catalysts for the oxidation of-phenylenediamine (OPD)
by atmospheric @ at ambient temperaturgl0]. In ace-
tone, methyl ethyl ketone or cyclohexanone as solvents,
cyclization to 2,2-disubstituted dihydrobenzimidazoles
(DHB) is followed by dehydrogenation to 2,2-disubstituted
2H-benzimidazoles (2HB)Hig. 2). Acetaldehyde affords
2-methylbenzimidazole in a similar way. Interestingly,
Co(ll) salts exert a similar catalytic effef1] (Fig. 3).

2.4. Oxidation of 2-aminophenol

Cobaloxime(ll) derivatives [Co(Hdmgl2], where
Hdmg~ = dimethylglyoximato(%), and L= PPh, AsPh,
SbPh, catalyze the oxidative dehydrogenation of 2-amino-
phenol (AP) at room temperature and 1 bar i® MeOH
[12]. The reaction product is 2-aminophenoxazine-3-one
(APX) formed in quantitative yield according to the stoi-
chiometric equation oFig. 4.

This system can be regarded as a functional model of phe-
noxazinone synthase, which is involved in the biosynthesis

H
CH-CHO Ny H o N
OoPD TJHF @ >< 0 12 1 @ C—CHy
N/ \CH, catalys N/
H H

Fig. 3. Cobaloxime(ll)-catalyzed oxidation of OPD in the presence of
acetaldehyde.

of Actinomycin D (AD), a naturally occurring antineoplas-
tic agent, from the AP derivative A-(g. 5).

The kinetics of oxidation of AP in the presence of
[Co(Hdmg)(AsPhs)2] has been interpretefl3] in terms
of a mechanism consisting of the steps showRim 6.

Upon dissolution of the catalyst precursor in MeOH
one of the axial P¥As ligands dissociates, generating
the active pentacoordinate [Co(Hdm@AsPhs)] catalyst,
denoted by Cb. The key intermediate is the superoxo-
cobaloxime derivative Cb(O,), which abstracts an H-atom
from the AP substrate via an H-bonded species X. The
aminophenoxyl radical (A& produced is further oxidized
to o-benzoquinone monoimine (BQMI), which is an in-
termediate on the path to APX formation (not shown in

Ky

Co" + 0, T=——= cCo"+ O,
Co—o NH,
\
K, 0--H-0
Co™0,) + AP —=
X
NH,
k3 o
X —  CoO,H) +
AP "
fast disprop.
2 Co™O,H) 2Co™(OH) + O,
(equivalentto: 2 HO;™ — 2HO" + Oy

- . fast (kg) 1
Co™(OH) + Ap — BQMI + Co + H,0

fast (kg

2 AP” BQM! + AP

Fig. 6. Proposed mechanism of AP oxidation.
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Table 1
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Kinetic and equilibrium data for oxidations with,Qzatalyzed by cobaloxime(ll) and ferroxime(lIlJ £25°C, 1 atm, solvent MeOH)

Catalyst Substrate Kinetic equilibrium [Ref.] ks (s71) KiKo (M~2) ksK1Kz (M—2s71)
Cobaloxime(ll) DBCatH 4 [16] 3.83x 102 5.06x 10* 2.00x 10°
Cobaloxime(II} DBCatH, 4 [15] 6.96x 102 6.91x 10° 4.80x 1%
Cobaloxime(ll) AP 2[13] 1.56x 102 7.20x 10* 1.12x 10°
Cobaloxime(ll) HStQ 21[17] 4.42x 1073 1.51x 10 6.67x 10
Ferroxime(ll) DBCatH 29 [4] 7.30x 1073 7.58x 10* 5.53x 107
Fe(Hdmedj DBCatH, 35 [18] NA NA 2.90x 1%
Fe(Hdmpdy DBCatH, 35[18] NA NA 6.10x 10
Fe(Hdmdty DBCatH, 35[18] NA NA 5.65x 10

a Solvent: benzene.

Fig. 6). EPR studies provide evidence for formation of the
APe free radical as intermediafé?2].

bonded unidentate catecholato ligand, which is formed via
free-radical coupling between the cobaloxime(ll) and the

The kinetic equation corresponding to the mechanism semiquinone anion radical (DBS®@). The latter has been

shown inFig. 6 can be derived assuming thid§ and K>
are pre-equilibria involving the catalyst,»,Cand the AP
substrate. The rate-determining stép) (s H-atom transfer
within the ternary complex X. Of significance is that only
a single coordination site is available in the cobaloxime(ll)
catalyst [Co(Hdmg)AsPhs)]. Due to the d configuration

of the central cobalt(ll) ion, this site is tailor-made for dioxy-
gen, affording the superoxocobaloxime(lll). The kinetic be-

detected by EPR spectroscopy during the reaction together
with its cobaloxime(lll)-bonded derivative #qDBSQs),
which indicates a free-radical mechanism for catechol oxi-
dation. The mechanism proposed for the catalytic oxidation
on the basis of the detectable intermediates is shown in
Fig. 7. In this scheme Cbstands for [C8(Hdmg)(PPh)].

The double catalytic cycle is joined together by ''Co
and Q-activation takes place via formation of superoxo-

havior requires association with the substrate too, but no cobaloxime(lll), C4' O,, followed by H-atom abstraction

coordination site is free. Therefore, it is an H-bonding in-
teraction of the type shown iRig. 6 that holds the ternary

complex X together. Using the balance equation for the cat-

alyst, the following general kinetic equation is obtained for

a phenol-type substrate S:

. K1K>[O2][S]o[Co]o
1+ K1[O2){1 + K2[S]o}

wherevi, is the initial rate of Q uptake (M s1).

The kineticequation (2)valid for the oxidation of AP can
be obtained by substituting AP for S, and introducing the
assumption that&K>[AP]e,. The result is

K1 K>2[O2][AP]o[Co]o
1+ K1K2[O2][AP]o
Eq. (4) was used for evaluating the kinetic results and

determining the parameteks and K1K2 [13], which are
listed inTable 1

(1)

Vin =

Vin = k3

(2)

2.5. Oxidation of 3,5-di-tert-butylcatechol

The oxidation of 3,5-diert-butylcatechol (DBCathl) by
Oy to the corresponding 1,2-benzoquinone (DTBQ) is cat-
alyzed by the cobaloxime [Co(HdmdPPh)2] in methanol
[14] and benzene [15]. The overall stoichiometry is given
by the equation:

DBCatH + 0.50, — DTBQ + H,O 3

An intermediate catecholatocobaloxime (lll) has been
isolated from the reacting mixture. Its molecular structure
determined by X-ray diffractiorj14] revealed an axially

from DBCathp, affording DBSQ e. During the catalytic
reaction, Q-uptake and catechol oxidation are taking place
according to the lower cycle, while the cobaloxime species
in the upper cycle are present at steady state or equilibrium
concentrations.

A detailed kinetic studyj16] of the cobaloxime(ll) cat-
alyzed oxidation of DBCathl has confirmed the validity
of general kineticequation (1) It corresponds to a situa-

mo
Co'(DBSQH")
3
Catechol to cobalt
Co mOzll \ electron transfer
|ESK| Co"'(uusQ ) Co“'(unc aull)  [X-ray]

N /@m

DBSQ’"
Cofoll Co“‘O,
7 5)
( )‘ ([
120, /(— DBCatH,
Co'o,ll DBSQ°" |ESR]
©) +11*

Fig. 7. Double catalytic cycle of the oxidation of DBCatH
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0-HO Bu! transfersteps (11) and (12 the mechanism. Formation

Coll—o” of the cobaloxime derivative ¢b(DBSQe) exhibiting the
eight-line ESR signal observed during the catalytic oxida-
HO tion can be explained bgeaction (12) It is also involved in
Bu! equilibrium (13) which has been demonstrated by reacting
X cobaloxime(ll) with DTBQ under Bl when the same ESR

spectrum was obtained.
Fig. 8. Proposed structure of intermediate X. A remarkable feature ofmechanism (5)-(13}s that the
dioxygen activatiorsteps (5) and (&re involved in both the

. . . . . rapid initial phase and the steady state. They control the rate
tion when none of the species concentrations involved in

o - . of dioxygen uptake by the reacting solution, which, however,
pre-equilibriak, andKz are negligible, therefore, all species differs very strongly in these two phases. This implies that as
should be included into the mass balance equations for the

. the system reaches the steady state very shortly after mixing
given system. . N the reactants, the concentration of'Girops to a fraction of

For the_ DBCatH system, self—consstent kinetic results the starting value, so that the ©@onsumption rate falls from
are Obt‘f"'”e_d_ on the assumptmn tha:t<K2[Dl_3CatH2]o, the stopped-flow levgb] to values susceptible to monitoring
which simplifies generagquation (1) to equation (4Jhe

) . . by gas volumetry.
parameters obtained from the latter are listedable 1 g ¥

\ K1K>[O7][DBCatH>]o[Co]o @) 2.6. Oxygenative cleavage of the stilbene double bond
1+ K1K>[O][DBCatHz],

The observed kinetic behavior is consistent with the re-
actionmechanism (5)—(13)

Vin =

In the presence of the cobaloxime(ll) catalyst [Co
(Hdmgy(PhsP)], at room temperature and 1 atn, @r
air, 3,3,5,5-tetratert-butyl-4,4-dihydroxystilbene (HStQ)
cd'+0,=cd'o, ki (5) undergoes oxidative dehydrogenation to the correspond-
ing stilbenequinone (StQ), and parallel oxidative cleavage

I N
Cd'Oz + DBCath, = X K> (6) with double oxygen insertion at the=C bond to afford
X = Co" O.H + DBSO"~ + H+ & 7 2,6-d|{ert_—butyl-4—hydr.oxybenzaldehyde (A.Itﬂi,llg. 9 [1_7].
2R+ e+ 3 0 The relative contribution of these two stoichiometries de-
cd' + DBSQ~ = cd' (DBCatH) (8) pends on the degree of,BtQ conversion.
In the steady state, the relative rate of formation of StQ
2cd' + 0, + DBCatH, — Cd' (DBCatH) + Cd" O,H fanq Alq is approximately cons_tant throu_g_hout a given run,
indicating that they are formed in competitive reactions, via a
©) common free-radical intermediate St@(Fig. 10 detected
2cd"0,H — 2¢d" OH + 0, (10) by EPR spectroscopy during the reaction.

Cd"OH+DBSQ ™ + H* — Cd' + DTBQ + H,0

Bu/
(11) Ji':[ou
H
cd"'oH + cd" (3, 5-DBCatH) B! c=C B!

NH
— cd' +cd" (DBSQ ) + H,0 (12) uo: :
et HSQ

cd"(DBSQ ) = Ccd' + DTBQ (13)
Cuulo2
(benzene)

The kinetic behavior requires the formation of interme-
diate X (Fig. 8), which decomposes in the rate-determining
H-atom abstraction step. In the steady state following the
fast initial phase the overall stoichiometry requires that O
be reduced to bD, rather than BHO,, therefore, the hy- B!
droperoxocobaloxime ¢'bO,H formed instep (7)should 0 Bu'
undergo disproportionation, regenerating one half of the O . 2 OH
absorbed and producing the hydroxocobaloximé' Ot B! cH—cu B 0y
(step 10. Also, for a sustained catalytic cycle to occur in o Z)/ S0y N /C Buf
the steady state, a route to the product DTBQ and a path "

regenerating the Clocatalyst are necessary. These require-
ments of a catalytic cycle are fulfilled by addition of electron  Fig. 9. Cleavage of stilbene derivative,tQ with double O-insertion.

B! (Ald)
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Buf StQ°" + Com()2

Bu’. Cc=C__ ) Bu
Bu'
‘0 l ro

Buf
(51Q™ But cu—-C‘H Bu’
Fig. 10. Free-radical intermediate derived from3tQ. o
o N
p o]
Bu l
The kinetics of the catalytic oxidation has been stud- Colt
ied by a volumetric technique at constant pressure. The
observed kinetic behavior is consistent with the reaction
mechanism (14)—(20where C8 and Cd' represent the Coy" gt
[C" (Hdmg)(PhsP)] and [Cd' (Hdmgk(PhsP)It moiety, o
respectively.
cd' +0,=Cd"0, K (14) Bt ci— B!
|
Cd" O, + HySIQ= X K> (15) o 0—o
u‘
X — Cd"OH + SIQ~ &3 (16) v |
2Cd"OyH — 2Cd"OH + O, fast (17) 2410
Co'OH + St~ — col & StQ+ H,O fast (18) Fig. 11. Aldehyde formation from StQ via a dioxetane intermediate.
Ccd" 0, + St@~ — CoOOR™ fast (19) 2.7. Oxygen insertions catalyzed by cobal oxime(I)
CoOOR™ — 2Ald + Cd' fast (20) Cobaloxime(ll) catalyzes formal O-atom insertion into

_ ~triphenylphosphine, alkyl isocyanides and nitrosobenzene
The rate law corresponding to the proposed mechanismrg 71.

can be derived by assuming thsteps (14) and (15are Similarly, O-atom insertion was also observed in the case
reyer5|ble anatep (16)is rate-determining. Disproportion- ¢ benzimidazole, which was converted to Nsgxide) in
ation (17) can be regarded as fafd], consequently, the e presence of cobaloxime(ll) (dfig. 2) [11].

concentration of ct OzH is negligible. As the kinetics Double oxygen insertion takes place in the oxidative bond
were determined from initial rates and the formation of Ald cleavage of 3/35,5-tetratert-butyl-4,4-dihydroxystilbene

is delayed relative to that of St@feps (19) and (209an (¢f. Fig. 11): the olefinic bond is split, affording two substi-
be disregarded and the concentration of CoOQR also tuted benzaldehydes.

negligible. These considerations lead to reg¢giation (21,
which is identical in form with the generaquation (1)

i.e., consistent with the kinetic behavior without simplifying 3 Ferroxime(l1)-catalyzed oxidation of DBCatH»
assumptions. by O,

K1K>[O2][H2StQ] (21) _ _ _

1+ K1[Oa]{1 + K2[H2StQ]) . After solvolygls [Fe(HdmgXMelm),] activates dioxygen

in MeOH solution at room temperature and catalyses the

Formation of the aldehyde product requires a reaction be- oxidative dehydrogenation of DBCagltb the corresponding

tween Cd'0O, and StQ e in which the latter is attacked DTBQ [4,19].
in its mesomeric form with the unpaired electron at one of = The kinetics of catalytic oxidation was followed by
the olefinic carbon atoms. The alkylperoxocobaloxime(lll) recording the dioxygen absorption curves as a function of
formed will decompose to the aldehyde probably via a diox- time. From these curves the initial rateg,) of dioxy-
etane intermediate. The required protons are derived fromgen uptake were determined as a function of catalyst and
the water present in ordinary benzene. The proposed reacsubstrate concentration as well as dioxygen partial pres-
tion mechanism is depicted fig. 11 sure.

vo = k3[Coo
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The observed kinetics is consistent wittiechanism (22)—

(28) (N = Melm), from which the kineticequation (29kan Nf——\m v
be derived4]. The assumption thak&K, [DBCatH;], con- WZ:(’ N ):OH’
verts the generaquation (1) to the form (29) HC P N/ oy
Ks
[F'Ny] + MeOH=[Fe' N(MeOH)] + N (solvolysig E 4
(22) "
K1 Fe(Hdmdt)"
[Fe''N] + O,=[FE'N(O;)]  (pre-equilibrium (23)
Fe''"N(O;)] + DB N, N
[ eK2 (02 )] + Ca“_b Hsc / ‘\‘ zl’ \ CHG
2[(Fé"N(O;) - --HoDBCay]  (pre-equilibrium Fe
(24) HSC \ S * / CH3
[(FE'"N(Oy) - - - HoDBCa] 5o d
ka (25) g
Z[Fe'"N(O;H)] + DBSQ@~ + Ht (slow)
Fe(Hdmed)'
[Fe'N] + DBSQ~
(26)

K
é‘[Fe”N(DBSQ'*)]‘(bMe) (equilibrium)

11 — N
[Fe'' N(OzH)] + DBSQ~ + H* T S
% INFEV O] + DTBQ + H,0 @7) \ AN

[NFeV O] + H,DBCat™s [Fé'N] + DTBQ + H,0  (fash 00
(28)

In the catalytic processteps (23) and (24%an be re-
garded as pre-equilibria an@5) as the rate-determining  Fig. 12. New hydroxyimino Schiff-base complexes of iron(ll) used as
step. Reversibility is often encountered in dioxygen coor- catalysts in DBCathi oxidation.
dination to iron(ll), which is in support o$tep (23) Hy-
drogen bonding of the substrate to the superoxo ligand is
similar to that observed in the case of the analogous super-5_ Oxidation of DBCatH catalyzed by hydroxyimino
oxocobaloxime(lll). Instep (27)an electron from DBSQe Schiff-base complexes of iron(I1)
is utilized for the proton-assisted reductive heterolytic split-

ting of the O-O bond, producing a reactive ferryl species. |n order to explore the role of catalyst structure on its
The latter rapidly oxidises a second DBCathtolecule in activity in catechol oxidation, we have synthesised the

Fe(Hdmpd)*

step (28) dioximatoiron(ll) complexes shown iffig. 12 The syn-
. kaK1K2[O2][DBCatH2]o[Felo 29 thetic method involves the reaction of ethylenediamine (en),
7 1+ K1K,[O][DBCatHy], (29) 1,3-propylenediamine (pd) and diethylenetriamine (dt) with

diacetyl monoxime (dm) in methanol to form quadriden-
tate and quinquedentate Schiff-base ligands. The resulting
4, Kinetic results ligands (denoted as4dmed, Bhdmpd and Hdmdt) were
reacted with iron(ll) formate to obtain the new complexes.
The kinetics and mechanisms of the oxidations catalyzed Fe(Hdmed}, Fe(Hdmpd}J and Fe(Hdmdt) have been
by cobaloxime(ll) and ferroxime(ll) are very similar. The identified by elemental analysis, spectrophotometric titra-
kinetic results obtained for the systems studied are col- tion and electrospray mass spectroscofable 2 [18,20]
lected inTable 1 The observed rate constant is governed by Attempts to obtain X-ray quality crystals were unsuccessful.
the product given in the last column. The reactivity order  As opposed to the stable, H-bonded, square-planar struc-
(relative rate) for cobaloxime(ll) is DBCatH(30.0) > AP ture of the cobaloxime(ll) and ferroxime(ll) complexes, the
(16.8) >HStQ (1.0). The cobaloxime-catalyzed oxidation dioximato species iifrig. 12 have more flexible ligand en-
of DBCatH, is 3.6 times faster than the ferroxime-catalyzed vironments, which is expected to influence their catalytic
reaction. (catecholase) activity.
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Table 2 o _ [(HL)FEV O] + DBCatH,

ES-MS peaks of the new hydroxyimino Schiff-base complexes fast

Complex iz — [Fe! (HL)]" + DTBQ + H20 (34)
Ul

%Ez” E:gmsgi}: ;gé;ﬂ where BL = Hodmed, Hdmpd, Hhdmdt; DBSQ e = semi-

[F" (Hdmdt)]F 324.19 guinone anion radical; DTB& 3,5-ditert-butyl-o-quinone.

The above mechanism takes account of the fact that
[F€' (HL)]* does not react with §) therefore, a catecholato

The complexes inTable 2 exhibit catecholase activ- mixed-ligand complex should form before any Optake.
ity at room temperature, which was monitored in MeOH The kinetic behavior associated with two equilibria fol-
by the oxidation of DBCathl as substrate. According to lowed by the rate-determining step corresponds to general
gas-volumetric measurementsp @bsorption is only ob-  equation (1)as also observed in the case of cobaloxime(ll)
served if both catalyst and substrate are present in theand ferroxime(ll) catalyzed oxidations. As the rate shows
solution. Formation of a 1:1 mixed-ligand complex between no saturation type behavior with increasing fressure in
catalyst and substrate has been detected by UV-vis specthe interval used, we conclude thas-Kz[O5], which leads
trophotometry under Nfor all of the three iron complexes. to a simplified equation (35) It affords K; and k3K, as
The latter show no reactivity or spectral changes when ex- well as the apparent rate constdgk;K, (Table 3. The
posed to @ alone. However, dioxygen uptake starts as soon trends emerging from the data indicate the importance of
as DBCatH is added. An iron-bound semiquinone anion steric factors: the stability of the mixed-ligand compkex
radical has been detected by ESR spectroscopy, indicatings the highest for [Fe(Hdmed)] presenting the weakest

the stepwise nature of catechol oxidation. steric hindrance against catechol coordination, affording the
In order to obtain a quantitative measure of the cate- largest rate of oxidatiork§K,K>).
cholase e_xcti\{ity, we have carried our d(_atailed k_ing_tic studies | k3 K1K2[O2][H 2DBCath[Felo
of the oxidation of DBCathl by measuring the initial rates ~ Vin = 1+ K,[DBCatHy] (35)
of dioxygen uptake by the reacting solution. The kinetic be- ! ©
havior is consistent with the reactiomechanism (30)—(34) In the presence of [Fe(dmdt)]and an excess of triethy-
which leads to kinetiequation (35)The kinetic and equilib-  lamine, in addition to th@-quinone, formation of the intra-
rium parameters obtained from the latter are listethible 3 diol cleavage product of DBCatHs also observed. This is
Pre-equilibria: in line with our expectations based on the flexibility of the
K ligand environment of the iron center in [Fe(dmdt)]Ap-
[Fe'' (HL)]* + DBCatH=[(HL)Fe' (DBCatH)] + H* parently, bidentate catechol coordination becomes feasible,
(30) which opens up a new reaction path favouring oxygenative
cleavage. A kinetic study to obtain mechanistic information
[(HL)Fe' (DBCatH)] + Ogg[(HzL)Fd“ (DBCatH)Oy] on the dioxygenation route is in progress.
(31)

Rate-determining step (H-atom or #1* transfer): 6. Conclusion and trends

Investigations on the kinetics and mechanism of the cate-
cholase reaction catalyzed by oximatocobalt(ll) and oxima-
toiron(ll) complexes have shown the validity of the general

[(HL)Fe" (DEsc:atl-I)ozjk—u_3 [(HL)FE" (DBSQ*™)(O2H)]

Fe-bound semiquinone anion radi¢&SR

(32) kinetic equation (4) consistent with a mechanism involving
Homolytic O—O bond cleavage: ternary complex formation between catalyst, substrate and
dioxygen. The rate-determining step is H-atom transfer to a

[(HL)FE" (DBSQ™)(OzH)] superoxo ligand within this complex, affording an interme-
fa_)st DTBQ + [(HL)Fe'VO]+ 4 OH- (33) diate semiquinone anion radical. In one remarkable case, a

free-radical mechanism was found to operate in the oxidative
cleavage of the stilbene double bond. New oximatoiron(ll)

complexes of hydroxyimino Schiff bases have been synthe-
sized and their catecholase activities demonstrated. Work is
in progress to structurally characterize the new catalyst com-

Table 3
Rate and equilibrium constants determined using kinetic equation (35)

Catalyst Ki (M) kaKz (M~*s™) plexes and to examine similar complexes with other metals.
[Fe(Hdmed) no TEA 64.7+ 3.5 45+ 0.2 The chemistry of non-heme type catecholase and catechol
[Fe(Hdmpd)f no TEA 11.1+£ 05 5.5+ 0.3 dioxygenase models poses a humber of fundamental mech-
[Fe(Hdmpd)F TEA added 31705 14.24 0.3 anistic problems, which attract widespread attention. One
[Fe(Hdmdt)]" no TEA 6.5+ 0.3 8.7+ 0.4

of the major features of the biomimetic systems is the di-
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chotomy of products, viz. the formation ofquinones and
cleavage products with a varying degree of selectivity. In-
terpretation of this behavior requires special and detailed
kinetic studies combined with identification of reactive in-

termediates, some of which may be quite elusive. A case

in point is oxoiron(lV), whose formation has recently been

elegantly demonstrated for some non-heme iron complexes

subjected to treatment with single oxygen atom donors [1n].
The type of catechol binding to the catalyst complex is of
great importance in governing the reactivity pattern. Both

unidentate and bidentate coordination are possible, as is hy-

drogen bonding of a catechol OH group to a coordinated
superoxo ligand (cfEq. (24). A factor of utmost impor-
tance is the flexibility (mobility) of ligands in the coordina-
tion sphere, which is expected to influence catechol coor-
dination. Structural studies of mixed-ligand complexes with
catecholato ligands using X-ray diffraction (by single crys-

tals and in solution), Méssbauer, Electron Spin Resonance
and NMR spectroscopy, as well as electrospray mass spec-

troscopy are underway.
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