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We have prepared a series of dihydroxamates and their iron (III) complexes in view of obtaining new 

NMR imaging agents. Four new dihyakoxamic acid ligands have been synthesized by condensation of 

4-substituted-2,6-pyridine dicarboxylic aciak with N-aminopropyl-N-ace@ydroq&xmine. and the iron 

(III) complexes exhibit high stability over the pII range 3 to 7 and a binuclear structure Fe2L3 atpH7. 

The presence of two non-interacting paramagnetic centers per mole should allow a good compromise 

between an @cient relaxivity and limited toxicity. 

Contrast agents for NMR imaging in medical diagnosis have become increasingly imponant in 

recent years. These compounds, which must be paramagnetic in order to decrease the relaxation times of 

tissue water protons, may be placed in two classes: stable organic free radicals (e.g. &oxides) and 

metal complexes [l]. Among the pammagnetic metal ions which are of interest in this respect because of 

their magnetic properties (Mn2+, Cr3+, V4+, Fe3+,Gd3+,...), iron (III) is the less toxic and its 

physiological behaviour is well known 121. We report hem the synthesis of new iron (III) dihydroxamic 

acid complexes. The ligands were designed as structural analogues of rhodotorulic acid, a natural 

siderophore which forms a highly stable Fe@) complex of stoechiometry FgL3 between pH3 and 

pH12 [3]. Rhodototulic acid is not amenable to structural variations which can promote a variation in 

biodistribution of the Fe@) complex. Our choice of a substituted pyridine moiety was dictated by the 

possibility of binding two hydroxamic acid groups in positions 2 and 6, while at the same time 

introducing substituents of varying polarity in position 4 which might induce specific biodistributions 

for the corresponding iton(III) complexes. The synthesis of the ligands was real&d in three subsequent 

steps (schemes I.11 and III). 
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Scheme I: Synthesis of the pmtected hydroxamic “arm”: 
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The synthesis of the trifluoroacetate of amino-1-(acetyl-amino-benxyloxy)-3 propane was 

performed and optimixed by taking advantage of previous work by Miller @&[4]. I-Amino-3-ptopanol 

1 was convened to its Boc derivative 2 [5] and then oxidized to the aldehyde 3 using the Swem reagent 

[6]. Compound 9 was not purified, due to its instability, and was reacted with 0-betuylhydroxylamine 

in an H20-methanol mixture at pH 5. After column chromatography on silica gel, a mixture of the syn 

and anti isomers of the benxyloxime 4 was obtained and then reduced by NaBH3CN in acetic acid in the 

presence of excess acetic anhydride to yield compound 3, which was also purified by column 

chromatography [7]. Treatment of 5. with trifluoroacetic acid led to the deptotected amine 6 as its 

uifluoroacetate (overall yield from 1: 38 %). 

Scheme II: Preparation of the uisubstituted pyridinic moieties && and G 
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Two different sequences have been used. In the first, chelidamic acid z was reacted with 

C6HgPC12 at 12oOC for two hours [S] to give after purification by sublimation compound 8 (yield 
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57%). Tmatment of jj by sodium n-pentoxide or e&oxide in the corresponding alcohol in the pnsence of 

catalytic amounts of the crown ether (15-c-5) followed by saponification led to the para-substituted 

diacids j& and h (yields 72-7596). The latter were reacted with SOCl2 at reflux in the presence of 

catalytic amounts of DMF to yield the acid chlorides J&t and b (yields 80-8546) [9]. 

The second sequence stans with the diethyl ester of clmlidamic ester J_l which was converted to 

its sodium phenoxyde. Reaction of the latter with 4-bromobutymninile (1.1 equivalent) in the presence 

of catalytic amount of the crown ether (15-c-5) gave compound 12 (yield 60%) which was converted to 

the corresponding ac,id chloride && [IO]. 

Scheme III: Synthesis of ligands J&-d: 
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Condensation of the hydroxamic “arm” 6 with the acid dichlorides J,Qa& and r in CH2Cl2 at 

0°C in the presence of (C2H5)3N (4 equivalents) [3] led to the amides m, b and c (yields 30-509). 

Catalytic hydrogenolysis (CH30H, Pd/C lo%, H2 latm., 4 to 8 hours) of l?,& h and c led to the free 

hydroxamic acid (yields: 70-85%). Hydtogenolysis of &using the conditions described by Bergeron 

ti [ 111 allows the simultaneous reduction of the nitrile function to give amine J&j isolated as its 

hydrochloride. All products synthesized gave elemental analysis and spectroscopic data (IR, NMR, 

mass) in agreement with their proposed sttuctum [ 121. 

Iron(II1) complexes of ligands m-4 have been formed Jo& and characterized at various pH 

using ESR, UV-visible spectrophotometry and cyclic voltammetry. Between pH3 and pH7, the 

predominant species has the stoechiometry FgL3 (lmax = 420 mu, eM = 2460-2720 M-l.cm-1) with 

two high spin Fe(II1) centers. The Fe(III)/Fe(II) reduction potential (Eln = - 0.65V vs SCE) was nearly 

identical to that of the Fe(m) complex of the rhodotomlic acid complex [2 1. This suggests a similarity of 

structure and stability of the natural and synthetic ligands. The relaxivity of the Fe@) complex of ligand 

l&-l was measured and compared to the relaxivity of the contrast agent Gd(DTPA) in the same 
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conditions. The results indicate that the former complex, though five times less efficient than 

Gd(DTPA). can be considetwi as a potential N’h%R imaging agent. 

One of us (F.CHAUBElJ acknowledges the financial help of the Ligue Nationale Fraqaise contre le 
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6H), 3.33 (m, J = 6.6.4H); 3.63 (t. J = 6.6,4H); 4.08 (t, J = 6.9,2H); 7.62 (s, 2I-I). 

Mass Spectromeay (C.I./ NH3): m/z = 482 (M + H+). 

14b Mp : 138-140V.1H NMR (CD30D): 1.35 (t. J = 6.9, 3H): 1.82 (m, 4H); 2.01 (s, 6H); 3.35 (t. J = 6.4, 

4H); 3.63 (t. J = 6.3.4H); 4.15 (quartet, J = 7,2H) ; 7.65(s, 2H). 

Mass Spectrometry (CL/ NH3): m/z = 3% (M + H+ - 44x100). 

14c Mp: 137-1390C.lH NMR (CD3OD): 1.83 (quintet, J = 6.6.4I-I); 2.02 (s. 6H); 2.10 (quintet, J = 7, 2H) ; 

2.58 (t. J = 7. W); 3.36 (t, J = 6.6.4H): 3.63 (t, J = 6.6.4H); 4.20 (t. J = 5.8, 2H); 7.67 (s. 2H). 

Mass SpectmmeIry (CL/ NH3): m/z = 479 @I + H+). 

I4d Mp 110 - 1120C.lH NMR (CD30D) :1.96 (m. 8H) ; 2.09 (s, 6H) ; 3.00 (t. J = 6.5,2H) ; 3.43 (t, J = 

6.5.4H) ; 3.70 (t, J = 6.5.4H) ; 4.22 (t. J = 5,ZH) ; 7.7 (s. 2H). 

Mass Spectromelry (C.IJ NH3) with M’ = M - HCI: m/z = 483 (M’ + H+)(74), 439 ((M’ - COCH3) + 

H+)(18.5). 425 ((M’ - C3H6NHd + H+)(lOO). 
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