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Abstract: Metal complexes of dichloro-tetramorpholino-cyclophosphazatriene containing divalent cations
such as Ni(Il), Co(Il), and Mn(II) have been prepared and characterised by standard physico-chemical
procedures (elemental chemical analysis, IR and UV-VIS spectra, conductimetric measurement). The newly
synthesised compounds possessed antifungal activity against Aspergillus and Candida spp., some of them
showing effects comparable to ketoconazole (with minimum inhibitory concentrations in the range of 2- 30
pug/mL) but being generally less active as compared to the azole. Best activity was detected against C.
albicans, and worst activity against A. niger. The mechanism of action of these compounds probably
involves inhibition of ergosterol biosynthesis, and interaction with lanosterol-14-o-demethylase (CYP51A1),
since reduced amounts of ergosterol were evidenced by means of HPLC in cultures of the sensitive strain 4.
niger treated with some of these inhibitors.

Introduction

Recent developments in the chemistry of phosphazenes were focused on the synthesis of novel types
of linear, cyclic or polymeric such derivatives ' and on their application as precursors for obtaining materials
with special properties **.

The study of the co-ordination chemistry of cyclophosphazene derivatives is of considerable interest
because of the high versatility of these compounds as ligands, and the putative applications as catalysts of the
obtained metal complexes °. Although the unsubstituted cyclophosphazene behaves as a poor ligand towards
transition cations, the presence of moieties containin% different heteroatoms attached on the cyclophosphazene
ring highly increases their affinity for metal ions'*"*. Few metal complexes containing cyclophosphazene
derivatives as ligands have been reported up to now. Recently '*'® this group reported the synthesis of 1,3,5-
tris(8-hydroxyquinolino)-trichlorocyclophosphazatriene and of some of its complexes of the general formula
[MLCL,], [ML,]Cl,, (M = Cu(Il), Co(II), Ni(Il)); [NiLAc], [NiL,Ac]Ac, [ML;]X; (M = Ni(II), Co(Il), X =
Cl, AcO). By using dichloro-tetramorpholino-cyclophosphazatriene (L) as ligand, a series of Cu(Il) new
complexes were also synthesised'®. Some of these complexesl5 inhibited the growth of several fungi species,
such as Aspergillus and Candida spp.

In this paper we extend our previous research”” in the synthesis and antifungal evaluation of some
metal complexes containing c;/clophosphazene derivatives as ligands. Here we present the synthesis and
characterisation of the Ni*", Co”" and Mn®" complexes of dichloro-tetramorpholino-cyclophosphazatriene (L)
as well as biological activity studies with these new derivatives. The obtained complexes were assayed as
inhibitors against several widespread fungi, such as Aspergillus and Candida spp., evidencing interesting
activity for some of them. For the most active compound against C. albicans, the amount of ergosterol after
treatment with different concentrations of the new and azole type inhibitors have been determined by means of
HPLC, being thus shown that the antifungal effect of the new class of compounds is probably indeed due to
inhibition of ergosterol biosynthesis. It is thus probable that these derivatives and the azole antifungal
;:omlpgl}nds, such as ketoconazole or itraconazole possess a similar mechanism of action at molecular

evel. "

Materials and Methods

Elemental analyses were done by combustion with a Carlo Erba Instrument or gravimetrically for
the metal ions. Electronic spectra have been recorded at room temperature on a VSU-2G spectrophotometer
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using MgO as standard material. IR spectra were recorded with a Perkin-Elmer spectrophotometer using KBr
pellets as reference. Conductimetric measurements were done at room temperature on a Radelkis KFT

conduct1v1ty~meter Dichloro-tetramorpholino-cyclophosphazatriene (L) was prepared as described in the
literature'”.

Synthesis of complexes of dichloro-tetramorpholino-cyclophosphazatriene (L) 1-7
All complexes have been synthesised according to the following general procedure: methanolic
solutions containing the metal salts MX, nH,0 (M = Co, Ni, Mn; X = Cl, AcO) and the ligand (L) were
mixed with stirring in 1:1, 2:1 and 3:2 molar ratios of M : L. The resulting mixtures were refluxed for 60
min on a water bath. The complexes were separated by filtration, washed with diethylether and dried in a
dessicator (on (P,0;),). The yields were around 60-70%. In each case the starting amount of L used in the
synthesis was 0.001 moles (0.550g).
(NIL(AcO)Z] 1: IR(KBr) VNiy = 52lcm™ » Vea = 600cm™’, Vo = 1209cm™, vy aliphatic amine — 1120,
1140cm™, pey, = 847cm » Vas grscoo = 1598cm SHOH 1656, 33800m (lattice water molecules) UV VIS
(CsBr) v, = 8 90kK ( Ay = Ty(F), v, = 11, 90kK ¢ A, > S E ( T,y) and 15.20kK ¢ Ay — Bzg( Tp), Vs
= 18.20kK ( Ay — T,S(P)) M = 726.7, Calcd.: Ni 8.08, N 7. 71 Cl 9.77 %; found Ni 7.86, N 7.45, CI
10.03 %.
[leL(AcO)4] 2 : IR(KBr): Vyn = 521lcm’ > Ve-c = 605cm™, Vo = 1209cm™, vy aliphatic amine — 1115,
1140cm’™ > Perz = 8520ml Vas ci3coo = 1588cm 8H0H3 1660, 33850m (lattice water molecules) Uv- VIS
(CsBr) v, = 9 09kK Ay — Tye(F)), v, = 12. 14kK CAy— 3Eg( T,y) and 14.63kK CAy = "By CT)s Vs
= 17.95kK ¢ Ay — —°T 1(P))-M = 903.4. Caled.: Ni 12. 99 N 6.20, Cl 7.86 %,; found Ni 2. 65, N 6. 37, Cl
8.18 %.
[Ni;L,(H,0),(Ac0),](AcO), 3: IR(KBI): Vyy = 521cm , Ve = 610cm’”, Vo = 1204em™, Ve y aiphatc amine =
1115, 1140cm™ s Perz = 841em™, Vi crscoo = 1582cm 25},30,_l = 1660, 3390cm (coordmatlon and lattice
water molecules) Uv- VIS (CsBr) v, = 8. 21kK CA ¢ = Ty(F)), v, = 11.48kK ¢ A, > Eg( T,y)) and
15.68kK (° Ay — 3B2 ¢ Tp)), v; = 18.15kK ¢ Ay > T «(P)), v =24.96kK (charge transfer).M = 1666.1.
Calced.: Ni 10.57, N 6. 72 Cl 8.52 %; found Ni 10.22, N 6.20, C19.04 %.
[CoLCl,] 4: IR(KBr) Veon = 510cm , Veoocl = 490cm”’ VP a =600cm™, Vo = 1190cm™ , VCoN aliphatic amine =
1120, 1136cm yPewz = 847cm’” 5H0H 1640, 3417cm (lattice water molecules) uUv- VIS (CsBr): v, =
6.15kK (‘A, — *T,(F)), v, = 15. 35kK ‘A, - ST {(P).M = 679.9. Calcd. Co = 8.66, N = 8.24, Cl = 20.88
%; found: Co 8.15, N=7.95, CI 21. 14%
[Co,LCl,] &: IR(KBr) Veon = 5100m > Veoocl = 490cm’’ » Vel =605cm™, V. = 1194cm™, vy aliphatic amine
1125, 1139cm » Peme = 85lcm™ , Onon = 1634, 3405cm (lattice water molecules) uv- VIS (CsBr): v,
6.75kK (‘A, = ‘T,(F)), v; = 15 55kK (‘A, = ‘T\(P)). M,, = 809.8. Calcd. Co = 14.55, N = 6.91, Cl
26.30 %,; found: Co = 14.02; N 6.33, Cl 25, 72 %.
[Co;L,CL,]Cl, 6: IRgKBr) Veon = 510c:m s Voo = 490cm™, vp =610cm™, Vo = 1198em™, vy aliphatic
amine = 1125, ll42cm > Pewz = 852cm’™ SHOX' 1640 3412cm™ (lattice water molecules) Uv- VIS (CsBr): v,
= 6.70kK (‘A, —» ‘T (F)), v, = 15 40kK (*A, = *T,(P)). M = 1489.7. Calcd. Co11.86, N 7.52, Cl 19.06
%; found: Co 11.27, N 7.18, Cl 19.82 %.
[MnL(OH,)Cl,] 7: IR(KBr) Vann = 515cm » VMn-Cl = 485cm™, vp. al = 600cm’”, Vpn = =1202cm’, VN aliphatic
amine = 1115, 1141em™, pey, = 847cm’™ 8HOH = 1652, 3387cm (coordmatlon and lattlce Water
molecules) UV VIS (CsBr) v, = 14, 89kK(A - T, o V2 =17, 24kK (°A, — ng), v, = 19.44kK (°A, >
Alg, E,). M =711.9. Caled. Mn 7.71, N 7.87, Cl = l995%, found Mn 8.36, N = 7.28, Cl 21.14 %.

o

Assay of fungistatic activity of compounds 1-7

Fungistatic activity was determined by a modification of the growth method recently reported by us,
utilising two Aspergillus and one Candida spp. Minimum inhibitory concentrations (MICs) have been
determined by the agar dilution method with Iso-Sensitest agar as described by Kinsman et al.” The
fungi/moulds were cultivated in agar plates at 37°C for 5 days, in the nutrient broth (NB, Diagnostic
Pasteur), in the absence and in the presence of 100 - 0.01 pug/mL of compounds 1-7. Stock solutions of
inhibitors were obtained in DMSO (100 mg/mL) and dilutions up to 0.01 pg/mL were done with distilled
deionized water. The minimum concentration at which no growth was observed was taken as MIC value
(ug/mL), and represents the mean of at least two determinations.

16,20-23

Assay of sterols present in the fungi cultures

A reverse-phase HPLC method adapted from the literature,”” has been used to determine the amount of sterols
(ergosterol and lanosterol) present in the fungi cultures. The fungi have been cultivated as mentioned above
for 5 days, with or without inhibitors added in the nutrient broth. Culture media were suspended in a small
volume of MOPS buffer (pH 7.4) and the cells centrifuged at 20000g for 30 min. Cells were weighed (wet
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paste) and broken by sonication. Sterols present in the homogenate were then extracted in chloroform, the
solvent has been evaporated to a small volume and the extracts applied on a u-Bondapak-C18 column, with
acetonitrile as eluting solvent. Authentic ergosterol and lanosterol (from Sigma) were used as standards. The
flow rate was of 3 mL/min. The retention times were: 8.87 min for ergosterol; and 7.62 min for lanosterol,
respectively. Blank assay were done for cultures which were not treated with inhibitors in order to assess the
normal levels of sterols present. The amount of ergosterol present in the same amount of wet cells from the
culture grown in the absence of inhibitor was taken as 100%.>"**

Results and Discussion

The ligand L probably acts polydentately in its metal complexes, due to the presence of several
exocyclic nitrogen, oxygen and chlorine as well as three endocyclic nitrogen atoms in its molecule. To
establish the electronic density of different donor atoms present in the ligand, the dichloro-tetramorpholino-
cyclophosphazatriene has been investigated with the Hyperchem programme.” As seen from Fig.1 the
morpholine nitrogen and oxygen atoms have partial charges of -0.899 and -0.265, respectively, the chlorine
atoms of -0.636, whereas the endocyclic nitrogens of the phosphazene ring, although the most negatively-
charged (with a partial electronic density in the range -1.882/ -1.926), are probably less available for
interaction with the metal ions due to the strong steric hindrance.

Fig. 1. Charge densities of the ligand L as calculated by means of the programme Hyperchem.

From data of Fig. 1, it can be estimated that in the mononuclear complexes 1, 4 and 7 the ligand L
probably acts bidentately by means of two morpholine nitrogen atoms bound to two different phosphorus
atoms, while in the di- and trinuclear complexes 2, 3, 5, and 6, all the exocyclic nitrogen atoms of the ligand
are involved in co-ordination of the metal ions

As seen from data of Table 1, the prepared complexes are non-electrolytes (1, 2, 4, 5, and 7), or 1:2
electrolytes (complexes 3 and 6).

Table 1. Conductimetric data for the prepared complexes 1-7.

No Complex Molar conductance Electrolyte type Colour
(Q cm’ mol™)
1 [NiL(AcO),] 52 non-electrolyte Green
2 [Ni,L(AcO),] 48 non-electrolyte Green
3 [Ni,L,(OH,),(AcO),](AcO), 145 1:2 Green
4 [CoLCl,] 35 non-electrolyte Blue
5 [Co,LCL] 54 non-electrolyte Blue
6 [Co,L,CL]Cl, 128 1:2 Blue
7 [MnL(OH,),Cl,] 27 non-electrolyte Light green

The prepared complexes were also characterised by electronic and IR spectroscopy (Table 2).

For the complexes [NiL(AcO),] (1), [Ni,L(AcO),] (2) and [Ni,L,(OH,),(AcO),](AcO), (3), the
electronic spectra indicate the presence of octahedral Ni(II) ions. The v, band appears in the range of 8.2 kK
whereas the v, as a large, splitted band, in the region 12.00-16.00 KK, characteristic for Ni(II) in octahedral
surrounding.”® The v, band associated to the 3A28—>3T,S(P) transition, is probably superposed with a charge
transfer band. The v, transition is resolved in two bands, an intense one at 11.48kK, assigned to the
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3A2g—->3Eg(Tlg) transition, and a second one of lower intensity, at 15.68 kK, assigned to the 3Azg——>3B2g(Tlg)
transition. The v, band has been assigned to the 3A23—>3T2g(F) transition. Consequently, the electronic
spectra of complexes 1, 2, and 3 are consistent with distorted O, geometry, the chromophore unit being of
the NiN,O, type.

Table 2. Electronic spectroscopic data for complexes 1-7.

No Complex Absorption band (kK) Assigned transition
8.90 (v Ay, — T, (F
1 [NiL(AcO),] 11.90 o) AL B 2§S1“)
2 . (V2) 3 2g '—)3 g(3 lg)
i P
. V Jg g
' 9.09 ((\/3,)) Ay : 3T;§EF;
2 [Ni,L(AcO),] 12.14 (v, 33A25—>33Eg( T,
14.63 Ay = BTy
17.95 (v,) Ay T (P)
821  (v) Ay = Ty (F)
_ 11.48 (v,) Ay = E(Ty)
3 [Ni;L,(OH,),(AcO),])(AcO), 15.68 Ay — §2g( T
2096 7 )
. charge transfer
4 [CoLCl,] 6.15 (v, :Az - :T,(F)
15.35 (v) A, - ‘T,(P)
5 [Co,LCl,] 6.75 (V) :A2 - :T,(F)
15.55 (V) A, - ‘T,(P)
6 [Co,L,Cl,]CL, 6.70 (v, zAz N :T,(F)
15.40 (v,) A, —> T\(P)
7 [MnL(OH,),CL] 14.89  (v) A, - T,
1724 (v,) "Ay = Ty
19.44  (v5) A AL E,

The complexes [CoLCl,] (4), [Co,LCl,] (5) probably possess a distorted tetrahedral geometry of the
metal ions, as confirmed by the presence of a large absorption band at 15.35 kK.*’ Generally, the tetrahedral
Co(II) complexes show two large bands, v, and v, assigned to the spin allowed transitions ‘A,—*T (F) and
*A,—"T,, respectively. The v, band is spin-forbidden and only rarely observed in tetrahedral Co(II)
complexes.”

For the complex 7 and also, for the cobalt complexes reported here, the electronic spectra in the
visible region appear quite similar to those of the corresponding chloro-complexes of the type MCI, *.**

An octahedral geometry has also been assumed for compounds 6 and 7, based on their electronic
spectra (table 2.7
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2+

—

The IR spectra of the investigated compounds allowed us to confirm some assumptions regarding

the co-ordination behaviour of the ligand. The following can be inferred from the obtained data:

(

in the range specific for the v, vibration, the band appearing at 1230 cm™ in the free ligand was shifted
to 1190 cm™ in all the prepared complexes. This has been interpreted as being due to the co-ordination
of the metal ions through the exocyclic nitrogen atoms, since the co-ordination through phosphazenic
(endocyclic) nitrogen(s) would lead to the splitting of the vy band *°;

an influence of the metal ions has been observed on the pcy, band (appearing at 860 cm™ in the free
ligand), which has been shifted to 840 cm™ in the prepared complexes which is probably due to the
presence of the metal ions in the neighbourhood of the morpholine nitrogen atom, which in turn
influenced the adjacent CH, moieties;

the appearance of low intensity bands in the range 300-500 cm™, indicating the presence of M-X bonds;

0 0 0 0 2
cl H,0 Cl

R e e
CTP\Né \C|N/\:/\O He O/\/J\N\IJD\N él'D\/Cl \\/O

for all the prepared complexes a band at 1620-1660 cm™ together with a very broad and intense one in
the range of 3300-3500 cm™ were observed that are both absent in the free ligand. They were assigned to
the 8y0y stretching vibrations that prove the presence of co-ordination and lattice water molecules.
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Table II: Antifungal activity of compounds 1-8 against several organisms.

Compound MIC (ug/mL)
A. flavus C1150 A. niger C418  Candida albicans C316

1 25 29 16

2 28 34 17

3 32 39 16

4 29 30 18

5 33 35 19

6 35 37 20

7 9 10 2
Ketoconazole 8 1.2 1.8 0.06

7

AO-O e

8: Ketoconazole |

Biological activity data of the new derivatives 1-7 as compared to the standard antifungal
ketoconazole 8 are shown in Table 3.

From the data of Table 3, one should note that the new compounds 1-7 reported here represent a
new class of antifungals, with a lower biological activity as compared to that of ketoconazole against the
investigated organisms, but with MIC-s in the micromolar range, which might induce strong antifungal
effects.

The most active derivative was the Mn(II) complex 7, followed by the Ni(II) and the Co(II)
complexes (the less active). Generally the mononuclear complexes were more active than the dinuclear ones,
which in turn were more active than the trinuclear ones. Candida was most susceptible to inhibition,
followed by A. flavus, whereas A. niger was the most resistant to this type of antifungals. In this respect, the
complex derivatives parallel the biological activity of ketoconazole, although they are much less active.

Ketoconazole 8 is known to act as an inhibitor of lanosterol 14-o-demethylase (CYP51Al), a
microsomal cytochrome P-450 dependent enzyme system belonging to a gene superfamily involved in sterol
biosynthesis in fungi, plants and animals.'*?' CYP51A1 has been shown to catalyse the conversion of
lanosterol to the 14-desmethylated derivative, ergosterol, through a complicated oxidative sequence. Its
inhibition in fungi causes the depletion of ergosterol and accumulation of 14-methylsterols in the membrane
of the cells, disturbing thus membrane function and causing the death of these organisms.'® v
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Table 4: Levels of ergosterol in C. albicans cultures after treatment with different concentrations of the azole
CYPS1AT1 inhibitor ketoconazole and complex 7.

Inhibitor Concentration % Ergosterol*
(ug/mL)

Ketoconazole 0.01 89 £5
Ketoconazole 0.02 66 =7
Ketoconazole 0.05 8§+4

7 0.25 96 £ 3

7 0.50 705

7 1.00 28+6

7 1.50 7+2

*Mean * standard deviation (n = 3); The amount of ergosterol present in the same amount of wet cells from
the culture grown in the absence of inhibitor is taken as 100 %.

In order to test the hypothesis that the compounds reported here act as ergosterol biosynthesis
inhibitors, similarly to the azole antifungals, the amounts of ergosterol present in C. albicans cultures after
treatment with different concentrations of new the inhibitor 7 and ketoconazole 8, a potent CYPS1A1
inhibitor," have been determined by means of a HPLC method (Table 47

These data show that at low concentrations of inhibitor, around 66-96 % of ergosterol (as compared
to the amount of sterol formed in cultures in which inhibitors have not been added, and which was
considered 100%) is still synthesised. By increasing the concentrations of inhibitors used in the experiments,
the amount of synthesised ergosterol decreased dose-dependently. A similar effect has been observed for the
well-known CYPS51A1 inhibitor Ketoconazole 8 as well as for the complex 7 synthesised in the present
study. These data allow us to propose a similar mechanism of action for the two classes of antifungal
compounds, i.e., the inhibition of lanosterol-14-c.-demethylase, although it is not improbable that our
compounds might interfere with other enzyme(s) involved in the ergosterol biosynthetic pathway.
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