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Desferrioxamine B is a hydroxamate iron (III) complex of N'-[5-[[4-[[5-(acetylhydroxyamino)pentyl]amino]-1,4-dioxobutyl]hydroxyamino]pentyl]-N-(5-aminopentyl)-N-hydroxybutanediamide. It shows promoting and antibiotic properties. Its stability is probably explained by the favorable distribution of hydroxamate radicals in the iron-free compound. 


Five possible configurations for the Fe complex are presented.


The MO calculations using Hyperchem 5.02 program give us some relative information about stability, energies, and geometrical parameters for these configurations.


In this order, we focus our attention on central metallic ion as well as on the most stable configuration.


The calculation was developed on "in vacuo" conditions using both molecular mechanics (MM+) and semi - empirical (ZINDO/1) as methods, with some restraints applied on central ion in the first stage of calculations. The final criterion of RMS gradient was 0.1 kcal/mol·Å and the optimization algorithm was the mathematical Polak-Ribière method.


In the UHF Calculation we used the sextet state calculation (five is the number of unpaired electrons). The number of electrons is 231 (118 Alpha Electrons, and respectively 113 Beta Electrons). The charge on the system is zero with a number of total orbitals of 210.


In the last step, the zero point energy of vibrations and normal mode frequencies of vibration in the ir spectrum were calculated.


Ferrioxamines A to F have been separated from cultures of Streptomyces pilosus soil type by chromatography in the early 60's. Ferrioxamine B is the N-[5-[3-[(5-amino pentyl) hydroxycarbamoyl] propionamido] pentyl]-3-[[5-(N-hydroxyacetamido) pentyl] carbamoyl] propionohidroxamic acid and its physical and chemical properties were studied in the last decades together with its ability to form chelates with a number of transitional metals, especially with iron (III). These complexes already have many applications in biology and medical fields (1, 2, 3, 4, 5).


The mechanism formation of Ferrioaxamine B gives four possible isomers (I, II, III, IV) of the same compound and literature data indicate that the fourth undergoes a reaction with iron (III) ions to form five possible configurations of Desferrioxamine B complex (6):
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In the case of Ferrioxamine B, the MO calculations (AM1, Polak – Ribière Optimizer, RMS Gradient of 0.1 kcal/mol·Å) indicate that the most probable structure that may undergoes a metal complexation is IV (Heat of Formation of ~ -276.5 kcal/mol). For that compound, the number of atoms involved in sequence complexation (see below) are 13 – 13:
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towards a singular "13" atoms distribution for the first, second and third structures. The semiotic 13 – 13 (IV) compound seems to be the most appropriate for the isomers Va – e, according to literature data (6).


The reaction of Ferrioxamine B with iron (III) ions affords five possible configurational isomers of Desferrioxamine B (Va – e). The paramagnetic complex may be estimated by EPR spectroscopy and the results suggest that the central ion have five unpaired electrons and an octahedral distribution of neighboring oxygen atoms. The total electrical charge of the molecule is zero (2).


According to these experimental information and HyperChem semi - empirical rules, we calculated some cuantic properties of compounds Va – e. For the initial geometry optimization, we applied some "Restraints" for the geometry around the central ion and for the geometry of oxygen and nitrogen atoms. From the log files, the next table presents some data issued from calculation steps:

Compound                          Va                     Vb                       Vc                    Vd                    Ve

Energies and gradient:

Total Energy (kcal/mol)   -261223.25    -261423.93          -261407.15          -261590.64     -261587.33

Total Energy (a.u.)                 -416.27          -416.59                -416.57                -416.86           -416.85

Binding Energy (kcal/mol) -23274.95      -23475.63            -23458.84           -23642.34        -23639.02

Isolated Atomic Energy    -237948.30      -237948.30        -237948.30       -237948.30      -237948.30 (kcal/mol)

Electronic Energy           -2128241.72     –2316831.45      -2244469.92      -2269682.89   -2298670.19 (kcal/mol)

Core-Core Interaction      1866973.49       2055397.06        1983028.62        2008090.51   2037075.74 (kcal/mol)

Restraint Energies:

Tether Point Stretch Energy (kcal/mol) 19.46          0.00                  0.00                0.00                 0.00

Bond Stretch Energy (kcal/mol)              0.72          0.00                  0.00                0.00                 0.00

Bend Energy (kcal/mol)                         24.78        10.45                34.14                1.73                 7.12

Torsion Energy (kcal/mol)                       0.00          0.00                  0.00               0.00                  0.00

Heat of Formation  (kcal/mol)        -15449.30   -15615.47       -15622.37      -15773.46        -15775.53

Gradient (kcal/mol/Ang)                          0.09           0.1                   0.09                0.1                    0.1


The Heat of Formation is not parameterized for ZINDO/1 by fitting to experimentally determined heats (enthalpies) of formation for a set of molecules at 298 K (like MINDO/3, MNDO, AM1, and PM3 methods).


The Heat of Formation is calculated for these methods by subtracting atomic heats of formation from the binding energy. Results are reported in the log file for a calculation. Heat of Formation is the value usually reported when describing results and is more useful than the directly calculated binding energy).


The values, in our case, are approximately four times greater than the usual H0f values (we don't use for MM+ Options any "Cutoffs"), and the difference between experimental and computed Heat of Formation is estimated to be ~ 460 kcal/mol. For theoretical estimations, the most probable isomer is Ve.


Therefore, if energy binding remains the appropriate value to establish the most probable configurational isomer, Vd isomer is the most stable according to our estimations.


The difference between Vd and Ve is low (~ + 3.19 kcal/mol binding energy and    - 2.07 kcal/mol heat of formation), the both presenting 13-13 long chain atoms in the structure.


The distances between the two ends of the "13 atoms bridges" (oxygen atoms/ions) are 2.85 and 2.99 Å (Va), 3.08 and 3.23 Å (Vb), 3.02 and 3.19 Å (Vc), 3.09 and 3.19 Å (Vd), and 3.18 and 3.42 Å (Ve).
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