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Abstract. Catechol 1,2-dioxygenase (CTD) and protocatechuate 3,4-dioxygenase (PCD) are bacterial
non-heme iron enzymes, which catalyse the oxidative cleavage of cateatis/stemuconic acids with

the incorporation of molecular oxygen via a mechanism involving a high-spin ferric centre. The iron(lIl)
complexes of tripodal phenolate ligands containig@ End NO, donor sets represent the metal binding re-

gion of the iron proteins. In our laboratory iron(lll) complexes of mono- and bisphenolate ligands have
been studied successfully as structural and functional models for the intradiol-cleaving catechol dioxy-
genase enzymes. The single crystal X-ray crystal structures of four of the complexes have been deter-
mined. One of théis-phenolato complexes contains a E&CI chromophore with a novel trigonal
bipyramidal coordination geometry. The Fe—O—C bond angle dfl1®Bserved for one of the iron(lll)
complex of a monophenolate ligand is very similar to that in the enzymes. The importance of the nearby
sterically demanding coordinated —NMgoup has been established and implies similar stereochemical con-
straints from the other ligated amino acid moieties in the 3,4-PCD enzymes, the enzyme activity of which
is traced to the difference in the equatorial and axial Fe—O(tyrosinate) bonds (Fe—O-C, 133/ He8

nature of heterocyclic rings of the ligands and the methyl substituents on them regulate the electronic
spectral features, FéFe' redox potentials and catechol cleavage activity of the complexes. Upon inter-
acting with catecholate anions, two catecholate to iron(lll) charge transfer bands appear and the low energy
band is similar to that of catechol dioxygenase-substrate complex. Four of the complexes catalyze the
oxidative cleavage of 1 ®BC by molecular oxygen to yield intradiol cleavage products. Remarkably, the
more basic N-methylimidazole ring in one of the complexes facilitates the rate-determining product-
releasing phase of the catalytic reaction. The present study provides support to the novel substrate activa-
tion mechanism proposed for the intradiol-cleavage enzymes.

Keywords. 1,2-CTD enzymes; functional and structural models; Fe(lll) complexes; phenolate ligands;
intradiol cleavage.

1. Introduction one hydroxyl group and an adjacent carbon atom
(extradiol)! The X-ray crystal structure of the intra-
Mononuclear non-heme iron centres are frequenttjiol cleaving protocatechuate 3,4-dioxygenase
present in a variety of protein systems which perforqPCD) fromPseudomonas putideeveals a trigonal
important biological functions involving dioxygér. bipyramidal iron(lll) site with four edogenous pro-
The oxidative cleavage of catechol and other dihyein ligands (Tyr408, Tyr447, His460 and His462)
droxy aromatics is a key step in the biodegradatiand a solvent-derived ligaffdA very similar active
by soil bacteria of naturally occurring aromatic molesite has been foufdecently for another member of
cules and many aromatic environmental pollutdntsthe intradiol dioxygenase family, namely, catechol
The mononuclear non-heme iron proteins that cata;2-dioxygenase (CTD). The spectroscopic proper-
lyse the oxidative cleavayef catechol or its deri- ties of the Fe(lll) centre are alter by substrate bind-
vatives with the incorporation of molecular oxygering to active site.
are exemplified by catechol dioxygenases. If two of As the interaction of iron(lll) with phenolate moie-
the hydroxyl substituents in the catechol substraties of tyrosine residues plays an important role in
are in ortho positions then ring cleavage can occtife enzyme function and in stabilizing the acsite
either between the two groups (intradiol) or betweegeometries of CTD and PCD enzymes, iron(lll) com-
plexes of phenolate ligands have attracted much in-
*For correspondence terest as models to mimic the enzyme active sites
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and function.From the point of view of models for In the present review we summarise our very re-
dioxygenases, fundamental work by Funalgkial cent work®!® on synthetic analogues for intradiol-
on the catalytic intra- and extradiol oxygenations afleaving catechol dioxygenases. We have isolated
3,5-ditert-butylcatechol (HDBC) by a py/bipy/FeGl mononuclear irofill) complexes of sterically hin-
complex appearef=*?In early studies Que and co-dered tetradentate mono- ahisphenolate ligands,
workers* ™ synthesised a series of nitrogen, carboxyvhich are expected to closely mimic the enzyme ac-
late and phenolate containing iron(lll) complexegjve site structure and function. The steric and elec-
the catalytic properties of which have been explorettonic influence of the ligand nitrogen donor set on
Indeed they found a clear relationship between thiee spectral and redox behaviour and the dioxy-
reactivity of the adducts and Lewis acidity of thgenase activity of the complexes has been probed.
iron(lll) centres as modulated by the tripodal ligandThe X-ray crystal structures of some of the com-
which plays an important role in dictating the cateplexes have been determined to demonstrate the
cholate-to-iron(lll) charge transfer absorptions ocavailability of two cis coordination sites for adduct
curring in the visible region. Theripodal ligand formation by substrate molecules. We have used
complexes reportdoly Nishidd® and Qu&**to effect H,DBC as the model substrate and the advantages
oxidative cleavage contain a coordinated phenolaaee the relatively high stability of the main cleavage
group, in addition to pyridyl moieties. product and the fast reaction of the catecholate com-
Model compounds synthesiséd® previously by plexes with dioxygen.
us are derived from both mono- ah(phenolate)
tripodal ligands with pyridine/benzimidazole pen
dants and were used to cleave the substrate analog'HS
H,DBC. These ligands provide a reasonable ana-

logue to histid@ne and _tyrosinate coordinatic_)n_iF*rhe monophenolate ligands b2(pyrid-2-yimethyl)
CTD enzyme via the bzim and phenolate moietiegminomethyl-4-nitrophenol [H(L1)], N,N-dimethyl-
The study of iron(lll) complexes of certain S'mplEN'-(pyrid-2-y|-methy|)-N-(2-hydroxy-4-nitrobenzyl)
tridentate ligands with both phenolate and imidazo@hylene-diamine [H(L2)], N,N-dimethyl-N6-
functionalities also provided the information perti'methylpyrid-2-y|methy|)-N-(2-hydroxy-4-nitrobenzy|)-

nent to understanding of structure vs spectra Co”e@thylenediamine H(L3)] and N,N-dimethyl-X1-
tions and the function and reactivity of the aCtiVﬁqethylimidazole-2-y|methyl)-N(2-hydroxy-4-nitro-

site. A linear correlation between the''#E€' redox benzyl)ethylenediamine H(L4) (scheme 2) were syn-
potential and the CT band energy of complexes W@Sesized according to known procedutd® which
obtained. The catalytic activity ?f the complexes hagyglve simple substitution reactions. They may be
been correlated_wnh the #gre' as well DBSQ/ regarded as derivatives of the exclusively pyridine
DBC  [DBSQ = 3,5-ditert-butyl-1,2-benzoquinone] coniaining ligand TPA. The pendant pyridine/imidazole
redox couples. Also the dioxygenase activity was illyynctionality has been incorporated into the ligand
strated on the basis of the Lewis acidity of the cony provide a systematic variation in the Lewis acidity

pIex-DBC_Z‘ addzlfCtS' derived from the magnitude of the iron(iil) centre. The bulky N,N-dimethyl group,
the CAT"/DBC® — Fe(lll) CT band energy and theyq pyridine ring nitrogen sterically hindered by 6-

Eq/, of the DB_SQ_/DB(% couple and steric hindrancemethy| group and the more basic N-methylimidazole

to substrate binding and by assuming that the prOdlt'ﬁBiety [Ka (BH"): imidazole, @0; pyridine, 52] in

release is the rate-determining phase of the reactiop,e ligands are expected to influence the iron(lll)
coordination structures as well as the electronic
properties of the complexes and offer steric hin-

Synthesis of mono- andbis-phenolate ligands
isolation of their iron(lll) complexes

0, R@COOH drance to the substrates so as to closely approximate
b on f:?térgr:ﬁfglo;;e;g:\gies ~_COOH the active site_: in enzymeTsubstrate complexes. The
R_@a ) tetradentate ligands provide a reasonable analogue
to histidine and tyrosinate coordination in CTD and
oH 0, CHSOOH PCD enzymes via the heterocyclic nitrogen donors
(b) extradiol-cleaving WE/k and phenolate moieties respectively. The iron(lll)

catechol dioxygenases OH  complexes of the monophenolate ligands are formu-

Scheme 1. Cleavage modes of catechol. lated as [Fe(L1)G].CH:CN (1), [Fe(L2)CH] (2),
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[Fe(L3)ChL] (3) and [Fe(L4)C]] (4), which is sup- with a distorted octahedral geometry, constituted by
ported by the X-ray crystal structureslond?2 (cf. three nitrogen atoms and one phenolate oxygen atom
below). from the tripodal ligand and two chloride ions.2n

The bisphenolate ligands N,N-dimethyl;N'- the Fe—N3 bond is significantly longer than the Fe—
bis(2-hydroxy-3,5-dimethyl-benzyl)ethylenediamine N2 bond due to the inability of the sterically hinder-
[Ha(L5)], N,N-dimethyl-N,N’'-bis(2-hydroxy-4-nitro- ing —NMe group to properly orient itself towards
benzyl)ethylenediamine [L6)], N,N'-dimethyl- iron(lll). The observed Fe—-O1 distanceé9a9 A) is
N,N'-bis(2-hydroxy-3,5-dimethylbenzyl)-ethylene- shortet’*° than the average octahedral'F®© dis-
diamine [H(L7)] and N,N-dimethyl-N,N-bis(2- tance of ~10@8 A suggesting strong iron—oxygen
hydroxy-4-nitrobenzyl)ethylenediamine J#8)] overlap? The phenolate oxygen in the six-membered
(scheme 2) were synthesised according to knowhelate ring has a Fe—O1-C13 bond angle of1£36
procedures, which involve Mannich condensatiowhich is higher than the ideal value of 2J0r sp?
and simple substitution reactiois The complexes hybridized phenolate oxygen atom indicating that
of [Hx(L5)] and [Hx(L7)] are formulated as [Fe(L5)CI] the latter (in-plangrr orbital) interacts less strongly
5 and [Fe(L7)CI] 7 while those of [H(L6)] and with a half-filled d7# orbital on iron(lll). Also, the
[H2(L8)] as [Fe(L6)(HO)CI] 6 and [Fe(L8)(HO)CI] angle is higher than the average Fe—O-C bond angle
8, which is supported by the X-ray crystal structuresf ~1285° observed in other octahedral iron(lll)-
of 5 and6 (cf. below). phenolate complexgg; 194223

A comparison of the structural parameters2of

3. Description of the X-ray crystal structures with those ofl. CH;CN reveals remarkable differ-

of [Fe(L1)Cl,].CHCN, 1, [Fe(L2)Ch], 2,
[Fe(L5)CI], 5 and [Fe(L6)(H,0)Cl], 6

Both the complex molecules [Fe(L1}ITHsCN, 1
and [Fe(L2)C, 2 have a FepDCl, coordination sphere

/l CHs

SN o <_ N\CH3 o
spseullsasa
SN o XN HO

H(L1) H(L2)

CHj
H(L3) H(L4)

CHj

N HaC CHs

\

R, OH OH R,
OH OH

Ry Ry R1 Ry

Ri R Ri R
H2(Ls) CH, CH H2L7) CH, ChHs [Fe(L2)CL] 2
naey e Ha(8) H o NO. Figure 1. Structures of [Fe(L1)G][CH,CN 1 and

i [Fe(L2)CL] 2 showing the atom numbering scheme and
Scheme 2. Structures of the mono- ankisphenolate the thermal motion ellipsoids (50% probability level) for
ligands. the non-hydrogen atoms.
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ences in their structures. The replacement of one (1) and chloride ion occupy the apical sites. The
the pyridine pendants ih. CH;CN by the sterically observed Fe-O bond distances (Fe—OB61; Fe-
demanding —NMggroup to obtair? results in short- 02, 1855 A) in 5 are shortéf™*° than the average
ening of Fe—N but elongation of Fe—Cl bonds. Thectahedral Fe—O bond distanake1®2 A implying
replacement of pyridine moiety ith CH;CN by the relatively strong iron—oxygen overldp,which is
sterically demanding —NMeggroup enhances the Fe-consistent with the lower coordination number. The
O-C bond angle from 128 to 1361° but decreases Fe—O-C bond angles (Fe-O1-C1, M& Fe-02-
the Fe-O—C-C dihedral angle from®9to 152°. C18, 12215°) are much less than those in octahedral
This enhances theback bonding, which involves theiron(lll) complexes of phenolate ligands 1285°)

drr orbitals of iron and the relatively low lying* but are closer to the ideal value of 2%6r sp? hy-
orbital (vs phenolate ion) of the weakéybonding bridized phenolate oxygen atom suggesting that the
p-nitrophenolate, leading to a stronger Fe—O bonthtter interact¥ more strongly with a h&filled dr*
This illustrates the importance of extended orbital in iron(lll) in the present complexes the co-
delocalisation involvingp-nitrophenolate and iron(lll) ordination geometry around iron(lll) is trigonal
d-orbitals. bipyramidal with the trigonality indexr of 079

The coordination environment around the iropr = (3 - a)/60, whereB, N1-Fe—Cl1 = 1704° and
atom in [Fe(L5)CI]5 is described as distorted trigo-¢a, O1-Fe-—N2 = 12B5°; for perfect square pyrami-
nal bipyramidal. The metal is bonded to two phedal and trigonal bipyramidal geometries thealues
nolate oxygens (01, O2) and the amine nitrogeire zero and unity respectively]. Interestingly, this
(N2) of the tripodal ligand, which define the trigonatoordination environment is closely related to the
plane of the bipyramid, and the other amine nitrogafigonal bipyramidal metal core,(024) in the sub-
strate-free 3,4-PCD enzynteowever, both the phe-
nolates are equatorial i, while they are mixed
axial-equatorial in the enzyme active site.

The complex [Fe(L6)(KD)CI] 6 exhibits distorted
octahedral coordination geometry constituted by two
trans-coordinated phenolate oxygen atoms (01, 0O4)
and thecis-coordinated amine nitrogen atoms (N2,
N3) of the tetradentate ligand. One water molecule
(O7) and a chloride ion occupy the remainicig-
positions. Therans-disposed Fe—O(phenolate) bonds
are significantly different (Fe—O1,[&90; Fe-04,
1093 A) but are similar to those in the previously
reported’'%?%?* six-coordinated iron(lll) com-
plexes. This indicates the ability of the tripodal
ligand to impose a difference in Fe—O bond lengths
in spite of the similarity in the phenolate oxygen atoms.
This is interesting because the difference in the two
Fe-tyrosinate bonds in the 3,4-PCD enzyme is
thought to influence the asymmetric binding of the
chelated substrate moiety. The Fe—O-C bond angles
(Fe-01-C1, 138; Fe-04-C14, 13B°) are similar
to those in2 but greater than those hand5 and
other octahedral iron(lll) complexes of phenolate
ligands (~1285°) obviously due to the difference in
phenolate substitution in the ligands; the dimethyl

substituents on the phenolate moietie$ appear to
[Fe(L6)(H,0)CT] 6 provide no steric hindrancas revealed by space-
Figure 2. Structures of [Fe(L5)CI]5 and [Fe(L6) filling models, but electronic effects to stabilize the
(H,0)Cl] 6 showing the atom numbering scheme and the, 5 (phenolate) coordination and hence the trigo-

thermal motion ellipsoids (50% probability level) for the . . o
non-hydrogen atoms. nal bipyramidal coordination geometry.
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The Fe—CI (271-2339 A) tond distances ifi, 2 the magnitude of the energy of this band represents
and6 are in the same range as those for octahedthé Lewis acidity of the iron(lll) centre as modified
iron(11) complexes'’~**?? The difference in bond by the phenolate ligands. The low energy band of all
lengths ofcis chloride ions would encourage asymthe catecholates are shifted to lower energies on re-
metric bidentate coordination of the catecholate suptacing thepy moiety in [Fe(L1)(DBC)] by the less
strates, which is essential for substrate activatiogtrongly binding and sterically hindering —NMe
subsequent reaction with molecular oxygen and rgroup as in [Fe(L2)(DBCQC)] illustrating the impor-
moval. This is relevant to the 4-HBA-PCD complexance of steric rather than electronic factors of the
(4-HBA = 4-hydroxybenzoate) in which a doublyphenolate ligands. Similarly, on incorporating the
deprotonated form of 4-HBA is chelat&dinterest- sterically hindering 6-Me substituent as in [Fe(L3)
ingly, there is only one Fe—Cl bond % This is in- (DBC)] the band is shifted to lower wavelength. Fur-
teresting in view of the failure of this complex taher, on replacing thpy moiety in [Fe(L2)(DBC)] by
catalyse the intradiol-cleavage (cf. below). the stronglyo-bonding N-methyl-imidazole moiety to
obtain [Fe(L4)(DBC)] the band is shiftédo higher
energy revealing that electronic effects are critical in
catecholate adduct formation.

The iron(ll) monophenolate complexds4 display /N the iron(lll) bisphenolate complexés-8 the

the relatively intense band in the 535-550 nm r&and in the range 335-430 nm is assigned to the
gion, which is assigned to phenola® ¢ Fe(lll) charge transfer transition from the out-of-plgve

(d7?) ligand to metal charge-transfer (LMCT) tran_o_rbital (HOMO) qf the phenolate oxygen to the half-
sition2*?” On the other hand, the high energy banfled de.y2/d2 orbital of iron(lll). The lowest energy
observed in the 425-435 nm range is assignied Pand (475-550 nm) would arise from the charge
phenolate &) — Fe(lll) (de?/dz) ligand to metal transfer transnlo?ﬁ"%'”from_the in-planeprr orbital
charge transfer transition. The band energy of tiEOMO) of the phenolate ion to the half-filledr
lowest energy LMCT band decreases in the ord@fbital of iron(lll). The shift of both these LMCT
4>2>1> 3, reflecting the increase in Lewis acid-Pands to lower energy is observed, on replacing the
ity of the iron(Ill) centre in this order. On replacingmethyl groups in5 by the electron-withdrawing-
the py moiety inl by the less strongly binding andnitro groug” to obtain6. This reflects the lower
sterically hindering —~NMggroup as ir2 the Lewis Lewis acidity of the iron centre i compared td,
acidity increases. The negative charge blitin Wwhich is supported by the shorter and hencengfer
iron(l11) on replacing the py moiety i by the more Fe—O bonds found iB. The irond-orbital energy in
basic N-methylimidazole moiety to obtaihraises 6 is raised by the negative charge bilitin Fe(lll)
the iron d-orbital energy, leading to the higherby the stronger Fe-O (phenolate) bonds, as dis-
LMCT band energy fod. Similarly, the incorpora- cussed above. Similar t6, the introduction ofp-
tion of the sterically demanding 6-Me groupdrto  nitro group shifts the highest energy LMCT band in
obtain 3 would hinder the coordination @y nitro- 7 to lower energy in8; however, the low energy
gen leading to a decrease in negative charge built bRICT band (550 nm) is shifted to higher energy
iron(I1l) and hence the lower LMCT band energy fo{515 nm). Further, the tripodal ligand complexes
3. Thus the Lewis acidity of the iron(lll) centre isand6 exhibit the LMCT band at energies higher than
fine-tuned by modifying the ligand environmentheir respective linear ligand complexgand8.
through the replacement of py moiety by imidazole On adding catecholate anions@@nd8 two new
moiety and suitable incorporation of methyl groupsatecholate- Fe(lll) CT bands are observ&iThe
on the heterocyclic rings. blue shift of the high energy band indicates the con-
Two new visible bands (480-490, 635-800 nnyersion of DBG™ ligand to a fairly basic ligand,
table 1), which appear on adding catecholate diawhich would be consistent with peroxide species in
ions, are assignable to catecholate-to-Fe(lll) LMCihe proposed substrate activation mechanism for in-
transitiorf® involving two different catecholate orbi- tradiol-cleavage mechanisthin contrast to6 and
tals on the chelated catecholate. The position of tBg only one catecholate-to-Fe(lll) LMCT band at a
low rather than high energy LMCT band of the catdewer energy (475-540 nm) is obtained foon the
cholate adducts shows remarkable dependence amidition of catecholates. Also, the trend observed in
the nature of the primary ligahid">***?and, in fact, the position of the band reflects the steric crowding

4. Electronic absorption spectra
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Table 1. Electronic spectral data, redox potential, kinetic data and percentage yield of cleavage pro-
ducts of iron(lll) complexé§*°

E12(V)
Amax M
Complex € Mo cv© DPV Ko, (M7's™) (% yield)
[Fe(L1)Ch)] 540 (3200) —-@94 297
435 (2325)
[Fe(L1)(DBC)] 780 (3570) - - - -
490 (3325)
[Fe(L2)Ch)] 535 (3570) -@62 —-(266
430 (3195)
[Fe(L2)(DBC)] 790 (3260) - - x 1073 603
490 (3325)
[Fe(L3)Ch] 550 (3190) -a7e -0152
365 (13890)
[Fe(L3)(DBC)] 800 (3465) - - - -
495 (3265)
[Fe(L4)Cl] 535 (3570) -@78 -0280
425 (3645)
[Fe(L4)(DBC)] 760 (2630) - - @x 107 830
490 (3085)
[Fe(L5)CI] 475 (4530) -@95 —-(483
[Fe(L5)(DBC)] 540 (4530) -B20 (313 - -
[Fe(L6)(HO)CI] 515 (3530) 202 —-Q205
430 (5510)
[Fe(L6)(DBC)] 700 (15970) -m95 -525 3B x10° 100
410 (14780) -ao1
[Fe(L7)CI] 550 (2820) @81
340 (4360)
[Fe(L7)(DBC)] 545 (2670) -883 - -
470 (2480) -394 —-395
[Fe(L8)(HO)CI] 515 (4860) 354 —-345
425 (8250)
[Fe(L8)(DBC)] 690 (2015) -@63 Very fast -
410 (25000) 191 -0189

and electronic effects provided by the catechols dahodic wave in the range &34 to —0660 V (table
binding to5. Further, for7 also only one but blue- 1) and only the complexe® and8 show the corre-
shifted (5—-85 nm) LMCT band is observed. This isponding anodic wav&(— 0160;8, —0(308 V). For
interesting in view of the failure & and7 to cata- all the complexes, the plots igf vs v (v < 0B Vs™)
lyse the intradiol-cleavage (cf. below). are linear, revealing a diffusion controlled redox
process. The values of diffusion coefficients (B 1
—68 x 10°cnf/s) calculated by assuming reversi-
bility fall in the range observed for other iron(lll)
The electrochemical behaviour of the iron(lll) monoeomplexes’ The Fé&'/Fd' redox potentials of the
and bis-phenolato complexes were studied by enmmono-phenolato complexek-4 are more negative
ploying cyclic (CV) and differential pulse voltam-than that for [Fe(TPA)G]CI complex’ and those of
metry (DPV) using a stationary platinum sphere asis-phenolato complexes-8 are more negative than
working electrode and a non-aqueous Ad/Adec- the former illustrating that incorporation of iron(I1)-
trode as reference. In methanol solution all thehenolate bond stabilizes the i) oxidation
mono-phenolato complexes exhibit completely irrestate.

versible redox behaviour with a cathodic wave in the TheE,,, values of F&/F€' redox potentials of the
range 0090-0258 V (table 1), but with noredic monophenolato complexes follow the treB¢ 2 >
wave. All thebis-phenolato complexes show a ca4 > 1, which represents the decrease in Lewis acidity

5. Redox behaviour
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Scheme 3. Cleavage products of BBC mediated by iron(lll) complexes: 3,5-trt-butyl-1-oxacyclohepta-
3,5-diene-2,7-diond9), 3,5-ditert-butyl-5-(N,N-dimethylamidomethyl)-2-furanonel@), 3,5-ditert-butyl-5-(2-

oxo-2-piperidinylethyl)-5H-furanonel(), 3,5-ditert-butyl-5-formyl-2-furanone 12), 3,5-ditert-butyl-2-pyrone
(13), 4,6-ditert-butyl-2-pyrone 14), 3,5-ditert-butyl-2-hydroxy-1,4-benzoquinon&¥), 2,5-ditert-butyl-2H-

pyran-3,6-dione6), 3-tert-butylfuran-2,5-dioneX7).

of the iron(lll) centre, consistent with the abovehat linear ligands are more suitable than tripodal
spectral results. On replacing the pyridyl armlimy ligands to strongly bind to and hence confer de-
—NMe, group to obtair? the iron(lll) centre is de- creased Lewis acidity on iron(lll) centre. The ap-
stabilised due to weak-bonding interaction by the pearance of the DBC - Fe(lll) LMCT band and
sterically demanding —NMegroup (cf. above). DBSQ/DBC" redox wave and the lowering of the
Similarly, on introducing the sterically hindering 6-Fe(lll)/Fe(ll) redox potential on adding ,BIBC
methyl group on the pyridyl ring i@ to give 3, the even in the absence of added base illustrate the
iron(lll) oxidation state is destabilised (cf. above)spontaneous deprotonation of the latter on binding
The Lewis basicity oN-methylimidazole moiety in to iron(lll).

L4, which is higher than that of pyridine moiety in

L2, leads to enhanced stabilization of iron(lll) oxi- _ o

dation state i, rendering its F&/Fé' redox poten- 6. Catechol 1,2-dioxygenase activity

tial more negative. The,, values for F/Fé' _
couple of 5-8 exhibit the following trendss < 6, The 3,5-ditert-butylcatecholate (DBE) adducts of

7 < 8; this reflects the increase in Lewis acidity of"€ Present complexes were generatedsitu in

the iron(lll) centre as the electron-releasing methfMF solution and their reactivity towards, Was
groups on the phenolate donors are replaced by {Réestigated by monitoring the decay of DBCinter-
p-NO, group. The trend in Lewis acidity &fand6  estingly, only 2IDBC*, 4IBC*, 6BC* and 8.

is consistent with that derived from PhO Fe(lll) DBC® were found to react. Whil8 reacted very
LMCT band energies. Interestingly, the redox potedi@st, the other complexes exhibit a pseudo-first-order
tials of linear ligand complexe and 8 are more kinetics due to excess of dioxygen used, as judged
negative than the respective tripodal ligand conitom the linearity of the plot of [1 + log(Abs)] vs
plexes5 and7. This is consistent with the trend obtime. The rates of the reactions (table 1) were calcu-
served in the energies of LMCT bands and suggesased®**by using the equation,
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ko, = Kopd O2 former displaying a more efficient conversion of the
substrate to intradiol products than the latterlQ,

Both GC and GC-MS techniques were used to idehf; 11, 526%; 2: 10, 15; 11, 756%). The dissocia-
tify and quantify the oxidative intradio®(10, 11, ta- tion of the reaction intermediate into products,
ble 1, scheme 3) and very small amounts of extradiohich is possibly the rate-determining phase of oxy-
(12-14) and side 15-17) products of HDBC. The genation reaction as for the enzymeappears to be
products10 and 11 are derivetf from the nucleo- facilitated by the more basic N-methylimidazole
philic attack respectively of MBIH as impurity in moiety in4, leading to the observed higher rate of
DMF and piperidine orcis,cis-muconic anhydride catechol cleavage. Similar enhancement in rates
(9), which is the immediate product of oxidativhave been observed by'tisnd Krebset af* previ-
cleavage. From the reaction mixture two intradidPusly.
(9, 61,10, 25%) and one extradiol8, 14%) cleav-  Further, on replacing the pendant py moietyin
age products were identified fér In contrast, inter- by one more pendamtnitrophenolate moiety to ob-
estingly, only one intradiol cleavage prodigivas tain 6 only a slight decrease in reaction rate is ob-
identified for8. served Ko,, 38 x 10° M*s™).'° This is consistent

Very low amounts of the extradiol products araith the presence dfans-disposed and significantly
expected because the six-coordinate catecholate different (1890, 1993 Ay Fe-O p-nitrophenolate)
ducts of2, 4, 6 and 8 have no vacant coordinationbonds, which facilitate the unsymmetrical chela-
site for Q to attack’®® Since mainly intradiol cleav- tion®® of catecholate and hence the release of prod-
age products were obtained, the oxidative reactionsts from reaction intermediat&SA similar higher
catalysed by the complexes correspond exclusivalste of cleavage and higher cleavage yield have been
to intradiol-cleavage pathway; hence the trend in reoted respectively by Krebst af* and Palanianda-
activity of these adducts may be illustrated by invar et al’ for certainbis(phenolate)iron(lll) com-
voking the novel substrate-activation mechanisflexes. Furthermore, the inactivity & towards
proposed-**** for the intradiol-cleaving dioxy- catechol cleavage, in spite of enhanced Lewis acid-
genase enzymes. The incorporation of a coordinatgg of its iron(lll) centre, is intriguing. The sterically
phenolic hydroxyl group into [Fe(TPAYDBC)] high demanding 6-methyl group in this adduct ap-
(ko, 1.5x10°M™s")® as in [Fe(HDP)(DBC)] pears to hinder the approach of dioxygen. A similar
[H(HDP) = 2-[bis(2-pyridylmethyl)-aminomethyl]-  gioxygenation ~activity of [Fe(MeTPA)gF®
4,6-_d|methylphenoi‘]‘1 decreases the Lewis acidity Of[MeTPA = (6-methylpyrid-2-ylmethybjis(pyrid-2-
the |ron(I_II) centre and hence Iowergs t_hle_rlate of dﬂ/‘lmethyl)amine] extremely lower than [Fe(TPAYTII
oxygenation enormopslyk&z, 3'3.x 1U.M $)- O has been noticed previously.
the_ other h_and, the mcorporatlonpa_fn_trophenolate_ The rate of the reaction calculated fér is
moiety as inl leads to lack of reactivity towards dl-?ﬂ6 x 10 M~'s! and8 reacts very fast. The latter

16 H
oxygen and KO, as well.” The p-nitrophenolate with a Lewis acidity lesser than the former (cf.

donor, as it is weaklg-bonding, does not appear toabove) would be expected to exhibit a lower rate of

facilitate the decomposition of the reaction intermes. : . :
ioxygenase reaction. However, interestingyre-

diate into products (cf. above). Also, on replacmgcts much fastét than2. Unlike the tripodal ligand

one of the pyridyl moieties it by the —NMe pen- . .
dant to obtair2 the dioxygenase activity is restored?omplex& _the linear te_tra_dentate_Ilga_nd8nsh_o_uld
earrange itself to providegs-coordination positions

obviously, the weak coordination of the stericall)y : e
hindering —NMe group (cf. above) enhances thefor bidentate coordination of the catechol substrate.

Lewis acidity of the iron(lll) centre sufficiently The increased steric congestion and the enhanced

thereby increasing the reaction rate. Further, as pfé&dative charge built on iron(lll) i8.DBC*” com-
viously demonstrated by Qti{é*“**and Palanianda- pared to6[DBC" adduct would facilitate the rate-
var}*° the higher Lewis acidity of the iron(lll) determining product-releasing phase in the reaction
centre in2 (cf. above) would be expected to confer &echanism proposed by Que al for intradiol-
higher rate of oxygenation c?IDBC*". But, inter- cleaving dioxygenases. Also it is relevant to note
estingly, the latter react&d,, 20 x 102 M s ap- that the reactivities of iron(lll) complexes of tetra-
proximately six times slower thadDBC?* does dentate tripodal ligands differ from those of tetra-
(Kop, 46 x 1072 M~%s™), which is consistent with the dentate macrocyclic ligands.
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