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Enterobactin (Ent) is a representative tricatecholate siderc R R R R
phore produced fronscherichiacoli and related bacteria ,, . %COZH R b ta o
under iron-deficient condition'sin the treatment of iron- HOXC TTHN NH, 00 qp
overload diseases, there is a critical need for effectivt NH, O_Nib
chelating? Thus, considerable attention has been paid to th ~ 2a:R=H 3a:R=H BnO OBn
2b:R=CH, 3b:R=CH, 5 ©

design and synthesis of Ent analogues. To probe the desi
features of Ent, many synthetic tris-catecholamide analogue50¢eg/e 1F;eagef:t33 r?nd ilon@g'c\)ﬂn(g)7looBcHithF rg'g %Gf)l
based on tripoddland macrocyclit skeletons have been ! !Stipyridine, r . Na V. atm
synthesized. One of the best analogues, MECAM, was exte|,'\3/|‘je/8|_|(13°/‘g(]'\"eo“ rt, 5h; (b) i. Gl rt, 6h; ii. Pd/C (10%)
sively studied by Raymoridstructurally similar (ESMECAM®
showed a 1Dincrease relative to MECAM. This enhanced
stability compared to MECAM is attributed predominantly determined, MECAM was used as a reference to determine
to entropy. However, (EBMECAM-Fe was one hundred theK; values oflaandlb. Analoguesla, 1b and MECAM
times less stable than Ent-Fe. In the structure of the X-rayere subjected to the competition experiments against EDTA
crystal structure of its vanadium(Vl) complexyenzylic  (Ki~10%)' for Fe(lll). The absorbance with no EDTA added
carbons deviate (~2B8from the benzene plane. Since suchwas the reference and the decrease in absorbance, where a
deviations increase ring strain markedly, due to the rigidityparticular concentration of EDTA was added, was presented
of the benzene ring, we report here the syntheslaaihd in percentage, as shown in Table 1. The proton dependent
1b, in which a cyclohexane ring replaces the benzene ring iformation constant<”, can be calculated from eq 1: ([Fe-
MECAM (Figure 1). We hoped that the flexibility intro- L*][H*]qEDTA*])/([Fe-EDTA][HeL] = K "/KreepTa, Where
duced by this replacement would reduce ring strain in théreepta= 107, and K" = ([Fe-L>|[H*]9)/([F€**][HeL]).
complex. Assuming the overall K values forlaFe, 1b-Fe, and
The synthetic route dfa and1b was outlined in Scheme MECAM-Fe are the sani&? the difference in order of
1. Synthesis of triamin@a from commercially available magnitudes oK is, therefore, also the difference in order of
cis,cis1,3,5-cyclohexanetricarboxylic acga was accom- magnitude ofK:, where, the proton- independent formation
plished in 68% overall yield in 4 steps. Activated eSteas  contant,Ks = [Fe-L>J/([Fe**][L ) = (K [HeLJ/([H *1°[L D).
prepared from 1,2-dihydroxy benzoic acid according to the<nowing that thek; for MECAM-Fe is 16°, theK; values
known proceduré.3a and5 was coupled and debenzylated for 1la-Fe andlb-Fe are estimated on the differences, in
by catalytic hydrogenolysis to obtale® in 60% overall — order of magnitude (Table 1).
yield from2a. 1b° was prepared from cyclohexanetricarbox- Both ligandsla and1b had higher affinitiesk = 10*°
ylic acid 2b according to the same procedure as in theandK;= 102 respectively) for Fe(lll) than MECAMK{ =
preparation ofla 109, To compare the strain energy of ferric complexes,
Using previously described proceddfehe K values of
la and 1b were estimatedWith the K being accurately

Table 1 Decrease (9%8)of Absorbanckupon Addition of [EDTA]
to L-Fe** Comple®

Concentration of 1, e 1hFe  MECAM-Fe

° £>o NHR““ ° é é{ EDTA (mM)
OH HO
o é[ é él é{ 0.25 82 152 19.5
HO OH a

0.5 9.4 20.1 225
R=1H : MECAM, A,{l‘e) 10%
Enterobactin R = EL: (T, VIECAM, K{T¢) = 10% R (Hj : 1b 2.5 13.8 27.2 35.2
. 3.75 14.8 29.5 44.9
Figure 1. Structure of Enterobactin and its analogues. .
g 9 Estimated Logso K 440 433 430

3Relative to the absorbance where no EDTA was addé¢dnax = 495
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compared to the rigid benzene ring, was proved correct.
However, the expected positive contribution of 1,3,5-sub-

e — oy

H e \\“\‘ ‘ P :‘j i s
RS NHR  NHR| NHR g wr  Stituents on the cyclohexaneldf was not observedis, cis
NHR NHR NHR 1,3,5-Tris(aminomethyl)cyclohexan8d] is a good spacer
Ent-V(4.82A) MECAM (5.84A)  1a(5404) 1b (4.67A) for Ent analogues, considering the high stability oflth&e

Figure 2. AverageN-N distance in spacers of Ent and its analogues.complex and easy preparation of this compound. In addition,

The structure of Ent is in its vanadium(lV) complex state and the3a can be used to design Pu-sequestering agents because of

structures of analogues are in metal free state. the similarity in the coordination properties of Fe(lll) and Pu
(IV).** Furthermore3a can be used as a spacer with other

N-N distances of spacers were evaluated. Energy minimizedonor units for the complexation of noble metals Pd, Pt, Rh,

structure¥’ of MECAM, 1a and1b, in which three catechol etc.!® in modifying other benzene-based tripodal ligands for

moieties were oriented suitably for formation of ferric molecular recognitio® Modification of cyclohexane ring

complexes, were estimated to hal4 distances of 5.84, spacer is currently under study.
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arms of MECAM have to bend inward. This bending caused
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