
lnorganicn Chimica Acta 275-276 ( 19%) 5%540 

Toward a novel metal based chemotherapy against tropical diseases 
4. Synthesis and characterization of new metal-clotrimazole complexes 

and evaluation of their activity against Trypunusoma crud ’ 

Roberto A. S%inchez-Delgado ‘**, Maribel Navarro ‘, Keyla Lazardi ‘, Reinaldo Atencio ‘, 
Mario Capparelli ‘, Franklin Vargas ‘, Julio A. Urbina ‘**, And& Bouillez ‘, Alt’red F. Nsels ‘, 

Dante Masi ’ 

Reccivcd 19 June 1997: rcviwxl I4 August 1497: wxpted IO Deccmbcr 1997 

Abstract 

dcuths and WI 0Ot.l new human infections per year. id thus 
ranks US the third lurgest disease burden caused by II purasite 
wurldwidc, after nudiiriit iuirl xhistasonlinsis 1 I 1. F;irtiou- 
inrly distressing is the fact that% in contrast lo other prasitic 
diseases nnd despite recent advances in the knowledge of the 
biochetnistry of the purusite [ 21 t no treatment is ;1\puilable for 
the lung-term prevalent form of this illness 13 1; some nitro- 
furans (e.g. nifurtimos, Buyer. recently discontinued) and 
nitrcsimidl;cofes (e.g. benznidazole. Roche) are of variable 



efficacy in short-term cases, and cause serious side effects 
(anorexia, vomiting, peripheral polyneuropathy, and allergic 
dermopathy), which limits tbe use of these drugs considera- 
bly t 3.41. 

Our strategy toward the development of new agents against 
T. crwi finds a starting point in two separate types of 
observations: 

(i) Azole derivatives such as clotrimazole, ketoconazole 
and itraconazole have heen developed as chemotherapeutic 
agents for the treatment of fungal diseases on the basis of 
their properties as sterol biosynthesis inhibitors ( SBIs) [ 51. 
Such SBIs have also been found to block the proliferation of 
parasites such as kishmania tropica, L&&mania mexicana 
and T. crrczi, by inhibiting the cytochrome P-450 dependent 
C- Irlu-demethylation of lanosterol to ergosterol [ 61; how- 
ever, none of the commonly available SBIs are powerful 
enough to eradicate the parasite from patients or experimental 
animals [ 71. A recent report by Urbina et al. [ 81 described 
the exceptional efficacy of DOS70 (the R( + ) enantiomer 
of 2-(2&difluorophenyl)-I-( 3-[ (2)-4-( 2,2.3,3-tetrafluoro- 
propoxy)styryl]-l2,Ctriazol-I-yl)-propan-2-01 (ICI 195. 
739) in curing short- and long-term Chagas disease in exper- 
imental animals. 

(ii) The use of metal complexes as chemotherapeutic 
agents is well established, particularly in the cancer field for 
cisplatin and related compounds; the most important mech- 
anistic models of action of these &-containing drugs involve 
binding of the metal center to DNA, generally at the N-7 
position of a guenine base [ 91, Due to a similarity between 
the metabolism d’lulllor cells and that of pathogenic trypun- 
osomes, caused by an increased rate of respiration which 
results from an inefficient or nonfunctional mitochundrinl 
system [ 10 1, IIW well as the lack of cntalusrs lmd peroxidusrs 
in both systems 1 I I 1. concepts annlogous to those used in 
rhe dcvolopnicnt of cisplurin wd other anti tumor ugrnb 

t be upplicuhle to the ause of Chwglrs diseuse. In fwt. 
anti tumor und related metal oon~plexes have been 

reported to he moderntely active against African trypano- 
somes [ 10=-1’2]1 but strikingly little information is available 

activity against American trypanosomiasis [ 121, 
In this paper we present a novel approach toward the 

development of a chemotherapy against Chagas disease, 
consisting in the modification of clotrimazole (CTZ = 
I-1 ( 2-chlorophenyl )-diphenylmethyl] - IH-imidazole, an 
azole-type anti fungal agent that is known to have some anti 
r, rruzi (6bJ ) by coordination to transition metals, in an 
effort to combine the SBI properties of the parental drug with 
the DNA binding (or other related) capacity of the central 
metal atom. In this context the synthesis and characterization 
of a number of new CTZ and related complexes conlaining 
Ru, Rh, R and Au are reported, together with the X-ray 
structures of three of these compounds. These results have 
been complemented with an evaluation of the biological 
activity of the new metal complexes against T. cruzi. and 
some initial studies on the possible mechanism of action of 

tht%c novel compounds. A preliminary accoun: of part of this 
work has appeared [ I3 1. 

2. Experimental 

2.1. tieneral procedures 

Solvents of analytical grade weredistilled from appropriate 
drying agents immediately prior to use. Other commerciaHy 
available reagents were purified by standard procedures; 
CTZ, BlZ, bipy and 1Jcyclooctadiene were used without 
further purification. Elemental analyses were performed by 
Mikroanalytisches Labor Pascher and Analytische Labora- 
torien Professor Dr H. Malissa and G. Reuter, GmbH, Ger- 
many. IR spectra (it? YBr disks) were recorded on a Nicolet 
SDCX FI’ spectrometer. NMR spectra were obtained on a 
Bruker AM-300 spectrometer; ‘H NMR shifts were recorded 
relative to residual ‘H resonances in the deuterated solvent 
and “P(‘H} chemical shifts are relative to external 85% 
HJPO_, with downfield values reported as positive. 

2.2. RuCI,(MeCN)J (I) 

RuC&* >H,O (5.0 g, 19. I mmol) was dissolved in freshly 
distilled acetonitrile ( I50 ml ); zinc powder previously acti- 
vated by washing with 2% HCl (2.61 g, 39.9 mmol) was 
added to the mixture which was stirred under rellux in a 
nitrogen atmosphere for 2 h. After filtering the yellow-orange 
solution, the volume of the solvent was reduced until precip- 
itation hrgan and the mixture was allowed to stand overnight 
at - IOYC, after which the yellow solid obtained was liltered, 
wushed with disthyl ether and dried in vacua (yield, 6,l g, 
c),C%,), If necessary, the product may be recrystallized from a 
lllerhanol/acetonitrile mixture. In our experience this syn- 
thetic method is much more convenient thutr the previously 
published procedures [ 14 1. 

A 2:l mixture of CTZ (3.28 g, 9. 
RuCl,( CNMe)J ( 1.60 g, 4.76 mmol) was dissolved in meth- 
anol ( 100 ml) and allowed to react for 1 h at room temper- 
ature, after which a white solid precipitated, which was 
filtered off. washed with methanol and dried in vacua (yield. 
5.0 g: 61%; m.p. 260°C). Alml. Calc. for C~JH~~NJCl~Ru: C. 
61.3; H, 4.0; N, 6.5; Cl, 16.5; Ru, 11.7. Found: C, 41.5; H. 
4.1; N, 6.7; Cl, 16.6; Ru, 11.2%. MW Cnlc. 861. Found 808 
( cryoscapically in CHCI.,). IR (cm ’ 1 ti C--C 1 1496. 
V(C=N) 1446. ‘H NMR (CDCIj) CTZ: 7.87 (s. f&l. 7.15 
(s. &), 6.76 (s, rr,), 6.91 (dd, “J=8.36 Hz, ‘J= 1.07 Hz. 
!ft,), 7.30 (m, ff4, w,,, n,,, II,,~, Nlr,, H,,. Hln)+ 7.25 (m, 
N”). 7.37 (dd, PI,), 7.06 (m, U,,,, HIel. n,,. HIJq 7.51 (m. 
H7, H,). ‘%!{‘H) NMR (CDCI,, CTZ: 139.3 (Cl), 125.6 
(c,),122.3(Cs),13O.7(C,,),l29.4(C,),126.3(C,),~3~.5 
(C’,,), 129.8 (C ,,,r C,j, C,5, C,u). 127.3 (C,,. C,z, C,;, Cl,,. 



c,,, c,,). 140.1 (G,,), 135.5 CC,,, C,,). 139.6 (C& 75.5 
(L)’ 

2.4. lRu(bipy)l~)~~l(PF,)zf3) 

Complex 2 (0.56 g, 0.45 mmol) in acetonitrile (30 ml) 
was r&xed until complete dissolution was observed, then 
NH,+W~(o.l5g,O_92mmol) wasaddedandthemixturewas 
&red under reflux under nitrogen. After 1 h, the precipitated 
NH&l was filtered off and washed with acetonitrile; bipy 
(0.07 g, 0.45 mmol) was added to the solution and allowed 
to react for 1 hat room temperaaue. ?lie volume of the solvent 
was then redwed to about 50% under n nitrogen stream and 
the mixture was allowed to stand overnight at room temper- 
iwure, which the white micro crystals obtained were 
filtered off, washed with diethyl ether and dried in vacua 
(yield O-4 :., 71%. m,p. 23OT). Anal. Calc. for 3*2MeCN, 
CJWH4RN,,F,2P~R~: C, 52.80; H, 3.64; N, 8.49. Found: C, 
52.95; H, 3.96; N, 8.48%. IR (cm-,) u(C=C) 1600, 

1493, u(PF*) &IO. ‘H NMR ((CD&CO) C’IZ 
Ha), 7.28 (brq H,, H,), 7.05 (dd, ‘J 

Hz,H,),7.51 (m,HY,Hd,7.41 (m,H~,Hl,,H,2r 
HLZ. HIh, H,,, H,d+ 7.15 (m, Hlo, H,j, H,D Hd, MeCN 
2.22(aMe),bipy:8,79(d.J 8.1 Hz&),7.71 (d,Jm6.05 

&OHz,H,,,),8,22(d,J 
: 140 (C& 127.1 (C,). 126.9 CC,), 
CT;,, 129.3 CC,,, 133.2 (C& 131.8 

(C,,r), 129.2 (C,,, C,?, C,,,), 128. 
131.‘?(C,4), 130,6(C,,,C,u), 127.7( 
(t&L 134,3 (C)z), 13%8 (Cg), 7 
(CN), I,0 (P&h*); bipy: 149 (Cz,), 1 

,I, 150.2 (C),‘,I,, “P(‘H) NMW: - 141.3 (hepi, 

IJ(C=C) 1587 cm-,, u(C=N) 1490 cm-‘. ‘H NMR 
((CD&CO) CTZ: 7.90 (br, I&). 6.95 (br, Ha), 6.86 (br. 
I&), 6.89 (br, K,). 7.53 (m, H,. H,), 7.46 (m, &, H,,, H,,, 
Hn, HM. H,n K&7.03 (m, H,w H,.,, HW Hw). COD: 4.12 
(br, CH), 2.32 (m, CH,), 1.73 (m, CH?). ‘“C{‘H} NMR 
CTE 139.5(&), 126.5 (C,), 121.9(C,), 130.4(&), 130.7 
(C,), 127.6 CC,), 132.1 (C,), 129.3 (C,u, CM, C,s, GA. 
128.2 (C,,, C,?, Cnr W, 128.3 (Cn, CA 140.3 <GA 
134.3 (C2,, C& 138.9 ( GJ). 75.3 (C&COD: 78.4 (CH), 
30.2 (CH,). 

2-7. AuC~.WZ)(6) 

AuCl~*HCl*3H$I (2.0 g, 5.0 mmsl) was dissolved in 
methanol (5 ml), and a mixture of ( 1.72 g, 5.0 mmol) 
and triethylamine (0.5 g, 5.0 mmol) in methanol ( 15 ml) 
was added, After 3 h, the gold-yellow precipitate was filtered 
off and washed with methanol. The complex was redissolved 
in CHJ& and washed with water; the organic phase was 
dried over tierite and the solvent was eliminated under vac- 
uum. The solid thus obtained was recrystallized tkom toluene 

). An& Calc. for AuC~~H,~N&!I.,: C, 
40.77; H, 2.64; N, 4.32; Cl, 21.87; Au, 30.38. Founds C, 
41.3Q; H, 2.70: N, k30; Cl, 2l.lQ; Au, 30.20% IR v(C-H),,, 
3173 cm-,, u(C=C~ 1512 cm-‘. u(CkN) 1447 cm-,. ‘H 
NMR err%: 8.36 (s, H,), 6.94 (s, H.,), 6.92 (br, H,, H,), 
7.45 (m, &), 7.41 (m, Hn. M,,, H,,, HIJ, Hlhr M,7. HI,,). 
7.68 (br, %I, 7.05 iIm, HI,,, I-I,,, PI,+ PI,,). ,“C{,Hj NMR: 

.2(G), 126.6(C& 122.8 (C& 131.6(6;,), 131.7(Cs), 

.2 (GA. 133.4 (CIA. 130.4 (CM,, C ,.,I C,q, Cpj), 129.4 
I* C,:, C,\, C,A 129.3 1619, C,hL 139.9 (CT&, 136.1 

(C2,, Cgg,a 13896 (Cal). 78.9 (C-‘sJ). 

A 2: 1 mixture of ~0.33~,0.~mmmol~undK~~Bt~l,~ 
dissolved in mctbunol (50 ml) und 

allowed to react for 24 h at room temperature; the mixture 
WHS evaporated to dryness and the yellow solid was 
was ith methanol, water, methanol and dicthyl ether, 

Anti!. Calc. for C*JHjJNJ 

: 7.99 (s.#~), 7.02 
6 Hz. “J = 11.07 Hz, 

1266.3 CC& 131.5 CC,), 129.8 (C,,,. C ,,,r C,,. 
C,u). 127.%‘(e,,~c,,,C,,.c,,,c,,,c,,), 140.1 (C,,,), 135.5 
CC,,, C,,), 139.6 (C,,I,, 75.5 CC,,). 

A 2: 1 mixture of ClZ (0.37 g, 1.07 mmal) and 
ICu(CNMe).,lPF, (0.20 gS 0.54 mmol) was dissolved in 
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dichloromethane (SO ml) and allowed to react for 24 h at 
room temperature. The volume of the solvent was reduced to 
about 50% under a nitrogen stream, and diethyl ether was 
added until the soiution became turbid, on cooling to - 5°C 
for 3 h, the white product precipitated; it was filtered off and 
washed with diethyl ether and dried under vacuum (yield 
0.38 g, 75% m.p. 209°C). Anal. Calc. for SMeCN, 
C&,H~,NSCI~PF,CU: C, 58.8; H, 3.9; N, 7.4. Found: C, 58.1; 
H, 3.7: N, 6.8%. ‘H NMR (CDQ) CT’Z: 7.86 (s, Hz). 7.15 
(s, HaI, 6.76 (s, H,), 6.91 (dd, ‘J=8.36 Hz, ‘.I= 1.07 Hz, 
HF). 7.30 (m, Hr. H,,. H,2r Hh3. H,6. H,,, H&, 7.25 (m, 
&). 7.37 (dd, H,), 7.06 (m, HI,,, H,,, H,5r H19), 7.51 (m, 
H,, H,). “C{‘H] NMRCTZ 139.3 (C,). 125.6 (Cd), 122.3 
(G,,, 130.7 (C(i), 129.4 (C,), 126.3 CC,,, 131.5 (Cq). 129.8 
(C,,,, CIJ, C,s. C,YL 127.3 (C,,. C,z, C,J, Crh, C,,, C,x), 
140.1 CC,,,>, 135.5 (Cz,, C,,,, 139.6 (Cz.1). 75.5 (C,,). 

appropriate aS a means of characterizing this compound, and 
thus its chemical significance appears to be reliable. 

2.10.3. Complex 5 

2. IO. X-ray difiaction studies 

2.10.1. General 
The intensities of crystals of 4*3Hz0, 5 and 6 were col- 

lected at room temperature (20°C) on Enraf-Nonius CAD- 
4 (CNR, Florence), Rigaku AFC-7S (IVIC. Caracas) and 
Philips PW 1100 (CNR, Florence) diffractometers, respec- 
tively. Asageneral procedure standard reflections were meas- 
ured for orientation and intensity control. No decay of the 
specimens was noticed. Intensity data were corrected for Lor- 
entz-polarization effects. Atomic scattering factors were 
those reported by Cromer and Wabcr [ IS] with anomalous 
dtspersion correction [ la], Empirical absorption corrections 
for4~3H@ and6 were based on bFrefincment [ I%], while 
for S it was based an 9 stun measurements [ I%], The 
computational work was carried out on Digital Dee 5OtY.U 
200 (CNR) (for 4e 3M@ and 6) or Silicon Graphics Indigo 
( 1VIC) (for J) workstations. 

Crystallographic details are reparted in Table 1. Final 
atomic coordinates with equivalent isotropic thermal para- 
meters WC reported in ‘Tables 2-4. 

The Structure was solved by the Patterson method and 
COnVentiOnal Fourier techniques using teX~an [ 191 and 
refined by full-matrix least squares (SHELXL-93) [20] 
based on F’. After inclusion of anisotropic displacement 
parameters for all non-hydrogen atoms, a residual electron 
density has been interpreted as a chlorine atom of the 
chlorophenyl group in a second orientation of the substituent 
-C(Ph),(Cl-Ph) around the N(2)-C(Jj ‘bond. The carbon 
atoms of this second chlorophenyl group were also found and 
included in the refinement. Distances and bond angles (not 
torsion angle) of the phenyl ring were restrained to make 
them equivalent (with e.s.d. of 0.01 A) to the C( 5)-C( 10) 
phenyl ring, while the occupancy of the chlorine atom was 
retined to a final value of 0.788(4) for the one labeled ‘a’. 
Atoms involved in the disorder were isotropically refined, 
except Cl( 2a) (anisotropically refined), with the assumption 
of similar isotropic displacement parameters for spatially 
adjacent auj%s ( CO.8 A). All H atoms, except those 
involved ia d@sor&r, were located and included in the tefine- 
ment, riding on carbon atoms with common isotropic dis- 
placement parameters. 

2.10.4. Complex 6 
The structure was solved by using the heavy atom tech- 

LX76 [ 181) and all of the non-hydra 
through a series af F,, Fourier maps. 

atoms were introduced at the calculated positions. Refine- 
ment was carried out by full-matrix least square calculations 
based on F,,, initially with isotropic thermal parameters, In 
the last L.S, cycles, anisotropic parameters were used for Au 
and Cl atoms. A A F map at the end of the refinement showed 
two peaks nf about 1.2 c A- 3 at vary short distances from the 
heavy atoms; these ripples could in no way be removed. 

2.10.2. Cmnplex 4* 3H,O 2.11. Biological tests 
The structure was solved by the heavy atom technique 

using the program SHELX76 [ 181; all of the non-hydrogen 
atoms were found through a series of F,, Fourier maps. Only 
two of the phenyl rings were treated as rigid bodies of D,,, 
symmetry (C-C = 1.39A) Hydrogen atoms were introduced 
in calculated positions. Refinement was carried out by full- 
matrix least square calculations based on I;;,. initially with 
isotropic thermal parameters, then with anisotropic thermal 
parameters only for Ru. Br and Cl atoms because of the 
limited number of refectioas available. In the final stage of 
the refinement three molecules of I-&O were found. Most 
likely the latter have freedom to move, which accounts for 
their high thermal parameters. The final AF map showed a 
difference peak of 0.90 e A-“. Even though the quality of 
this structure is crystallographically poor, it is consistent and 

2.11.1. Tests against epintasfigofes of T. crud 
An EP stock of the epimastigote form of T. (5.) cruzi 

(cultured as previously described) [ 6dl was used throughout 
this study, The epimastigotes were cultured in liver infusion- 
tryptose medium supplemented with 10% calf serum at 28°C 
with straw; rring ( 120 rpm); the cultures were initiated 
with a cell de,..ny of 2 x 10” epimastigotes per ml; CTZ and 
compounds 2-g were added as BMSO solutions ( lo- ’ M) 
when the cultures reached a cellular density of 10’ epimas- 
tigotes per ml, Parasite proliferation was foliowed daily by 
the use of an electronic particle counter (model ZIR Coulter 
Electronics, Inc., Hialeah, FL) and by direct counting with a 
hemacytometer. 
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2.11.2. Tqsrs against amasti,qntes of T. crud 
Amasci@es were cultured in Veru cells maintained in 

MEM medium supplemented with 2% fecal calf serum in a 
humidified 95% air-?.- CO1 atmosphere at 37°C. as previ- 
ously described [6e]. Vera cells were infected with a 20: 1 
ratio of tissue cube derived trypomastigotes per cell for 
2 h and then washed three times with phosphate-‘bufferedsaline 
solution to remove the non-adherent parasites. Freshmedium, 
with and without the tested drug, was added and the cells 
were incubated in an appropriate atmosphere for 120 h. The 
mediumwaschangedevery48h.Atthecndoftheexperiment 
the cells were fixed, stained and microscopically examined 
under oil immersion. Three parameters were examined: % of 
infected cells; number of amascigotes per infected cell, and 
the number of Vero cells per field of the microscope. 

211.3. Anulysis of the sterol compositiort of rhe parasites 
FM the study of the effect of the dntg on the scerol com- 

position of the epimastigote form of ‘I. cruzi the total lipid 
contents of control and drug-treated cells were extracted and 
fractionated as described previously [6f,g]. The neutral lipid 
fraction directly or saponified in 90% methan- 
ulic sodi (0.3 M) for 90 min under reflux. This 
fraction was analyzed by GLC (isothermal separation at 

lass column packed with 3% W-1 on 
00-200 mesh, nitrogen as carrier gas at 

24 ml min ’ and a flume isniatfion detecfor in u Varian 3700 
as ehromnfogngh 1. 

2.11.4. Analysis of the interacrion of ClZ and complex 2 
with DNA 

Phosphate-buffered saline (PBS, 50 mM NaJIPO,. 140 
mM NaCl, pH 7.4) solutions of complex 2 (4 ml, IO-” M) 
and calf thymus DNA (Sigma, 4 ml, 1.52 ml% concentration 
determined by OD measurements in a Milton Roy spectro- 
photometer) were mixed and left standing for 2 h after which 
they were divided in two equal portions, one of which was 
irradiated for 2 h at 300 f 10 nm in a photochemical reactor 
equipped with a Rayonet with 8 16 W fluorescent lamps. 
Samples of the mixtures ( 10 ~1) were injected through a 
Rheodyne 7 125 injection port, and analyzed by HPLC using 
a Waters-Millipore Deltapre 4000 instrument equipped with 
an oplical detector (100-360 nm) and an ODS column 
( 4.6 X 250 mm, 5 p.m. Regis, Morton Grove, IL) according 
to Gasparro and co-workers [ 211. The optimized solvent 
system used was MeOHJHJI programmed as: 10% MeOH, 
IO miniSO% MeOH, 15 min/75% MeOH, IO min/lOO% 
MeOH, 5 min. Detection was done at 220 and 260 nm. The 
control solutions of irradiated and non-irradiated individual 
components ( DNA, CTZ, 2). as well as DNA/CT2 mixtures 
were also analyzed using the same procedure. 

3. Results and discussion 

3.1. Synthesis and ~l~*r~~~reri~~ltioN qf new c anrphes 

Clotrimazole (Q‘TZ) IWCIS readily with appropriate mctal 
salts or complexes under mild candiGuns to produce a range 



Table 2 
Atomic parameters for the structtux of RuCL(BTZ)~ (4) *’ 

Atom s ,‘ Uor 
Weq) 

Rul 
Brl 
Cl1 
Cl2 
Nl 
N2 
Cl 
C? 
c3 
C4 
Cl.1 
a.1 
C&l 
C4.I 
cs.1 
a.1 
Cl.2 
C2.2 
c3.2 
C4.2 
C5.2 
66.2 
Cl.3 
CL3 
c3.3 
C4.3 
CS.3 
C6.3 
81 
02 
03 

llOOl(3~ 
11336(2) 
10782( 12) 
12627(8) 
9914( 12) 

iotw i5) 
994ot 17) 

10571( 18) 
9170(20) 
9407( 18) 

,“I lM2( 14) 
11711(14) 
l2673( 14) 
12965( 14) 
12296( 14) 
11335( 14) 
9154( 13) 
8417( l3b 
7720( I3 b 
7760( 13) 
8497( 13) 
9l94( 13) 
97lJ( IX) 
8977t 1X ) 
WM)( 20 ) 
‘mK?(71) 

IQO77(2(~) 
10290( IX) 
I 939t 4 I 1 
4x1 I(431 
3216(67) 

2500 
728(l) 

2500 
2sJo 
1X8(6) 
1930(7) 
948(8) 

1673(8) 
1364(9) 
1749(8) 
933(S) 
558( 5 b 
533j .i; 
920( 5 ) 

1301(S) 
1304(S) 
1039(S) 
1389(S) 
1469( 5 ) 
Il99(5) 
848(S) 
768(S) 
Sotl( 8) 
?I?(#) 

-?I I(9) 
-313( IO) 
- 39( IO) 
367(X) 

?SOU 
1soo 
?!W 

8763(4) 
8654(3) 

lO600(9) 
8114(ll) 
7185( 14) 
817l( 16) 
6330( 2 I ) 
7346( 18) 
7997( 21 I 
8613(21) 
5764t 1-I) 
58X4( 14) 
534I( 14) 
467X( 14) 
4559( II) 
51(12( 1-I) 
5433t I I ) 
Sml( I I ) 
4652t I I ) 
3697(ll) 
36(19( I I ) 
447X( I I) 
7()25( 19) 
664X( 19) 
7l92t 21) 
8136(?3) 
X496( 22 ) 
7965 ( 20 ) 
5573(45 ) 
- l64(46) 
38X(77) 

59(3) h 
49(2) h 
68(8) h 
51(7) h 
ll(4) 
26(S) 
28(6) 
19(6) 
31(6) 
3Ot6) 
23(6) 
3X(X) 
JJ(8) 
42(H) 
45(8) 
36(71 
18(5) 
35(7) 
JO(7) 
W7) 
36(7) 
26(6) 
20(h) 
24(6) 
36(7) 
40( 8) 
35(7) 
23t6) 

ISOl 19) 
156(X) 
!H6( 37) 

of M-C”E complcxcs ( M m Ru, Rh. Cu. Pt. Au) in high 
yields, ns summarized in Scheme I , The new compounds i\rc 
uir stable in the solid state and in sohnian, 11 necessary con- 
dition for bioloyicul use. They were charucterizcd by micro- 
nnalyticnl iWl spectroscopic methods ( see Section 2 1, old, 
in three cuscs, by X-ruy diffruetion. 

Selected NMR Jutit collected in Titble 5 show that CT2 
binds to the metals through the unsubstituted N(3) atom, 
which is the best donor site of this molecule. Correspond- 
ingly. the largest ‘H and “C shifts with respect to the free 
ligand are observed for the protons and carbons that are 
locuted a to N( 3). 

RuCl,( CTZ): (2). prepared by reuction of RuCl?- 
( NCMe)., (1) with 2 equiv. CT2 in MeOH. is an interesting 
complex regarding both its chemical structure and its bGutog 
ical properties. The proposed fornulution corresponds to a 
highly stnblc diamagnetic tetracoordinated I4-electron con- 
Bgurution, which is very unusual for Ru( II), for which the 
vast mujority of complexes display I H-electron octahedriil 
coordinution, or, if voluminous ligands are present, l6-eiec- 
tron trigonal bipyramidal or square bused pyrumidal coordi- 
nution [ 221. Twinning problems huve precluded a crystal 
structure determination, but we have performed 2D-corre- 

Table 3 
Atomic pnrmneters for the structure of RhCl( COD ) ( CTZ J ( 5 ) * 

Rh 
Cl(l) 
Cl(zl) 
Cl(2b) h 
N(l) 
N(2) 
C(l) 
C(2) 
C(3) 
C(4) 
C(5) 
C(6) 
C(7) 
C(8) 
C(9) 
C(lO) 
C( I I ) 
C(l1) 
C( 1.31 
a 14) 
C( IS) 
P( 16) 
C( l7u) ‘I 
a I&l) ” 
C( l9it) ” 
Ct 2o;l) ‘I 
C(2le) kl 
C( 22U) * 
a l7b) I1 
a 181~) ‘I 
C( I9h) I’ 
C( 2Ob I ” 
Cl,lbJ ‘> 
F’( ??tl I ” 
C(?31 
CC 74 I 
(‘(251 
C(26, 
Cc 27 1 
C(2NJ 
Ci29) 
C( 30) 

19058(4) 
198(2) 

3595( 2) 
3301(9) 
3026( 5) 
3527( 5 ) 
2598( 7 1 
4283(7) 
4611(6) 
3346(6) 
2318(5) 
‘385(6L 
1462(6) 
477( 6) 
394(6) 

l3OM6) 
4543( 6 1 
4655(8) 
5747(9) 
6738( 7) 
6634( 8) 
5545(8) 
2964( I I ) 
2460(Y) 
2141(9) 
2334( IO) 
2817(O) 
3140(9) 
2926( 39) 
2465( 3.1) 
1,126(32, 
?IN?c 34) 
2s7x f 36 ) 
m%4( 33) 
3,71(3, 
31’)7(6) 
1020~ H) 
l7oO~Nl 
HH2( 7 I 
33M9l 

i3WIll 
275.V IO) 

4363(4) 
-1436(2) 
-3241(2) 
-3864(8) 
-368(4) 

- 1535(4) 
- 1330(5) 

38(5) 
-670(5) 

-2571(5) 
-L181(5) 
-4Ol7t5) 
-5031(6) 
- 5732(6) 
-5421(6, 
-44W5) 
-2758(5) 
-3839(S) 
-3981(h) 
- 30X( 7) 
- 1988(6) 
- IX!i3(6) 
-2302(8) 
- l440(7) 
- 120?(8, 
- 1825(9) 
-2700(H) 
-3920(X) 
-2Ml(30) 
- ll39(?6) 
--758(25) 

I’_ I3!J(?H) 
--225a 29) 
:- 2MXl15) 

21’14(5) 
I?JhtP) 
?ll6(7) 
203tQIJ 
111%(Y) 
I3’54( 7 I 
2K!X( x 1 
.lltIl(Yt 

3072115) 
1343(2) 
1777(2) 

-4340( IO) 
X42(6) 
4%(5) 
834t7) 

2818(7) 
1766(7) 

-994(6) 
- 1275(6) 

-83(O) 
-360(8) 

- 182518) 
-3001(8) 
-2721(7) 
-8lQ6) 
-974(6) 
-875(7) 
-w&7) 
-47R(7) 
-608(6) 

-24W9) 
-2395(c)) 
- 3702t I I ) 
-4964(M), 
--5043( IO) 
-37ll(lO) 
- 2208( 29 J 
-” 1933( 27) 
- 3083( 3 I ) 
-4497(2X b 
-4Rlhc2hi 

Mh2( 28 1 
4lhMXI 
4233i Y 1 
k572 ( x b 
602 I ( H b 
4303( n) 
.wlO( ‘1 J 
x&7( 101 
42!0( 10) 

45(I) 
70( I ) 
52(l) 
78(3) 
43(l) 
37(l) 
42(2) 
4812) 
W2) 
36(2) 
38t2) 
43(2) 
54(2) 
62(2) 
65(2) 
53(Z) 
H(2) 
44(2) 
58(2) 
59(2) 
54(2) 
45(2) 
M(2) 
49(2) 
O?(2) 
63t2) 
65t2, 
4b(2) 
38(2) 
4H(2) 
61(Z) 
h?(2) 
ia91 
4H(?) 
OO( 2 I 
VI!1 
TV!) 
n,\t3, 
m(2) 
M(2) 

I(Xh.1, 
95(31 

” Atomic coordinates ( X IO’; X IO‘ for Rh atom ). iwtropic und equivulrnt 
isotropic displxen~ent piwrillllh?r!i ( A: X IO ) tbr 1, U( eq ) ia ddined iis one 
third of the lrncc of the arthogamlired &I,, tensor. 
” These ~~I~Nl~s. involved in disorder. w~:re retitled with i!+otropic dizplaceme~~l 
parmiclers. 

litted ‘H und ‘I’, NMR studies, us well :IS theoretical CiIlWlu- 
lions which have shown thal! the optimum conformation 
corresponds to an approximately C1, arrangement of the 
RuCl,Nz core 1 131, ii geometry that hiis been previously 
predicted by general theoretical arguments to be the most 
favorable situation for d” ML4 species [ 22c 1. This proposed 
structure was confirmed through an X-my diffraction study 
of the closely related complex RuC&( EYE): (4) prepared 
(as a trihydrate) by reaction (YP 1 with BTZ, the brominated 
at~alog of CTZ; this experime:ntally determined molecular 
structure (discussed below) is remarkably similar to the one 
predicted by our calculations and NMR studies I I3 1. 
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for&e smctum of AuCM(=3 (6) ’ Selected NXt data (6) for metal-ClZ complexes a 

Atom x Y : uor 
Weq) 

Compound Hz (ppm) C2 @pm) 

Cl2 7.47 138.9 
2 7.87 139.2 
3 8.03 140 
5 7.90 139.5 
6 8.36 139.2 
7 7.99 139.3 
8 7.87 139.2 

Au1 
cl1 
Cl2 
Cl3 
Cl4 
NI 
N2 
Cl 
c2 
C3 
c4 
Cl,1 
C2.1 
CII 
es, I 
a. I 
C6.1 
Cl.2 

32 

2 
ca:2 
C6,2 
ct.3 
C2,4 
C3,3 
C4.3 
ca,3 
C6,3 

1679(l) 
529OI3) 
6035(3) 
73W3) 

10575(3) 
%81(7) 
7879(S) 
U921(9) 
9M( 101 
9026( 10) 
7709(9, 
8084(S) 
65%(5) 
5828(5) 
6549(5) 
8037(J) 
8805(5) 

10539(9) 
ll270(10, 
12718(12) 
13503( 12) 
12788(11) 
11344( 10) 
%297(7) 

(7) 
7435(7) 
7149(7) 
7438(7) 
8011(7) 

5027(l) 
259(l) 

1029(l) 
-1084(l) 
-1802(l) 
-912(3) 
-297(4) 

- 14%(4) 
- 316(4) 

82t4) 
-88814) 

-2201(2) 
-2180(2) 
-2824(2) 
-3490(2) 
-3511(2) 
-2&67(2) 
- 1627(4) 
- 1655(4) 
-1804(S) 
- 19OS(J) 
- 1878(5) 
- 1758(4) 
- 1207(2) 
- 1713(2) 
- 1478(2) 

- 737(2) 
-231(Z) 
-466(2) 

92OO( 1) 
2641(2) 
4931(2) 
3511(2) 
5971(2) 
7022(4) 
5599(5) 
7879( 5 ) 
7029(6) 
6155(6) 
6145(6) 
7487(41 
7206(4) 
69W41 
6956(4) 
7237(J) 
7503(4) 
8122(Q) 
9156(6) 
9483(13) 
8612(7) 
7576(7) 
7330(6) 
8834(4) 
9579(4) 

1@444(4) 
10364(4) 
9819(4) 
8934(4) 

22(l) b 
42( 1) ’ 
37(l) b 
46(l) h 
38(t) 
21(l) 
27(2) 
19(2) 
26(2) 
30(2) 
23(2) 
22(2) 
27(2) 
37(2) 
38(2) 
37(2) 
27(2) 
25(2) 
31I2) 
44(2) 
4%2) 
38(2) 
3Ot2) 
2212) 
38(2) 
442) 
49(3) 
Sl(3) 
PO(i) 

Tabic 5 

’ For solvents and conditions, see Section 2. 

its therapeutic potential. Therefore, in order to improve the 
solubility necessary for biological testing and eventual use, 
we thought it would be appropriate to modify the composition 
of the complex in order to make it eationic; furthetmore, 
taking into account that one of the most important mecha- 
nisms of action of metal-containing drugs is via interactions 
with DNA [9], it was desirable to incorporate a potential 
DNA-intercalating fragment such as bipy in our design. A 
successful synthesis of the desired complex [Ru(bipy)- 
(CTZ)2](PF6)z (3) involvedreaction of2 with2equiv.of 
WPF6, followed by addition of I equiv. bipy in MeCN as 
the solvent; the spectroscopic data for 3 (see Section 2) are 
all in good accord with the proposed ICelectron formulation 
containing a Ru( II) ion, one bidentate bipy, two bound CT2 
ligands and two PF6- counterions, It is reasonable to assume 
that complex 3 adopts an approximately C,,, coordination 

ement similar to that found for 2 and 4. 

I oguiv. 
which has been fully characterized 

ex 2 has shown very interesting properties 
Section 4 1, but its low solubility in mo 
kents other than DMSO im s limitations on 

scopic methods (see Section 2) as well as by an X-ray dif- 
fraction study which is described below. CT2 also adds to 
gold chloride to produce AuCl~(CTZ) (6). characterized by 
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spectroscopic and X-ray methods (see discussion below ) , 
andtoK,[PtCL,] yieldingoctahedralK,[PtCL(~),] (7). 
Finally, two CTZ ligands are able to displace all four aceto- 
nitriles from [ Cu( NCCH,),] PF, to generate the new deriv- 
ative [ Cu( CTZ),] PF, (8), We have not been able to obtain 
crystals of 7 or 8 suitable for X-ray studies, and therefore 
their characterization has been based on analytical and NMR 
data. 

3.2. X-ruy S~PUCIUMS of complexes 4~ 3H,O, 5 and 6 

The molecular structures of compounds 4*3H20, 5 and 6 
are represented in Figs. l-3; the most relevant bond distances 
and angles are collected in Tables 6-8. 

Fig. 1. Diogrumofthe moleculnrstmcture ofRuQ( BTZjI (4) with thermal 
ellipsoids dnwn nt the 30% probability level. 

Fig. 2. Diugrnm of the moleculw structure of RhCXCODI (Cm) (5) with 
thermal ellipsoids drawn ttt the 50% probnbility Icvel. 

Fig. 3. Diagrm of the moleculur StNCtUfe of AuCl,( CTZ) (6) with thermal 
ellipsoids drawn at the 30% probability level. 

Table 6 

Sd=ted bond lengths (1%) and bond angles (“) for RuCL( BTQ (4) 

Bond lengths 
Ru-clt 1) 2.23( I) 
Ru-Cl(2) 2.23( 1) C(6.3)-Br( K) 1.89(2) 
Ru-N(2) 2.03(2) N(lbC:(Z) 1.33(3) 
N(lbC(l) lSl(3) N(lkC(3) 1.37(3) 
C(l)~(lJ) 1.57(3) N(2)-C(2) L30(3) 
C( 1)-a 1.2) 1X(3) N(2)-C(4) 1.34(3) 
C( 1 )-C( L3) 1.56(3) C(3)-C(4) 1.38(4) 

Bond angles 
Cl(l)-Ru(l)-Cl(2) 117.8(5) Ru( 1 )-N(2)-C(4) 124.3( 1) 
CI( 1 )-Rut I )-N(2) 106.9(6) C(I)-N(l)-C(2) 130(2) 
C1(2)-Ru(l)-N(2) 107.8(6) C(l)-N(1)<‘(3) 124(2) 
Ru( 1 )-N(2)-C(2) 127.1(l) 

Table 7 
Selected bond lengths (A) and bond angles (“) for RhCl( COD) (CTZ) (5 1 

Bond lengths 
Rh-C(24) 
Rh-C(28) 
Rh-C(27) 
RhKX23) 
Rh-Cl( 1) 
Rh-N(I) 

Bond angles 
%(24)-Rh-N( I) 
C(24)-RhC(28) 
N( I)-Rh-CX28) 
C(24)-Rh-C(23) 
N( I )-Rh-C( 23) 
C( 28 I-Rh-C( 23) 
N t 1 I-Rh-C( 27 ) 
C( I I-N( I )-Rh 

2.099(6) N(I)C(I) 1.331(7) 
2.109(6) N(l)-C(2) 1.376(7, 
2.141(7) N(2)-C( !) 1.352(8) 
2.114(6) N(2)-C(3) 1.377(7) 
2.375( 2) ~(2)-~(4) 1.504(7) 
2.106(5) 

92.6(2) Ct 23)-Rh-C:[ 27) 91.2(3) 
97.8(3) C( 34)-Rh-CIt I 1 K.l(?) 

I54.6( 2 ) N( I )-Rh-CI( 1) 89.2(2) 
38.3(2) C( 28)-Rh-Cl( 1) 90.9(2) 
91.9(2) C(23)-Rh-CIt I) l66.!W) 
a2.q 3) C( 27)-Rh=(II( I ) 00.7(2) 

167.0(2) C(t)-N(I)-Cc2, 105.3(5, 
12X5(51 C’(2)-Nt I I-Rh 13tMt4) 

Bond Isngthr; 
Au-CI( I1 
Au-@It 21 
Au-Cl( 3) 
Au-N( 1) 
N(I)-C(I) 
C(I)-al,I) 
cc I)=a 1.2) 

Bond angles 
Cl( 1 )-Au-Cl(2) 
Cl(Z)-Au-CI(:~) 
CltZkAu-Nt2) 
CI( 1 I-AuCI(3) 

223lI2) N(lkC(l,31 l.zI( I) 
2.1’~7(2, Ct6,.2)-a(4) l.VO(RI 
2.h2(3) Nt IMX2) I,36(l) 
2.035(6) N( IWX4) I .322( 9) 
l.S22(9) N(2)-e(3) l.M(ll 
l..s49( R) N(2)-C(4) l.32t I i 
1.53(I) C(2ka3) l.35( I) 

93.M I ) Au(l)-N(Z)X\3) 125.2(5) 
l76.M I) Clt I )-AU-N(~) 137.9(2) 
91.0(2) Clt3)-AU-N(~) 86.W 2 1 
89.3(l) Aut l)-N(2kCx4) I27 Ii(b) 

3.2.1. HuCl,(BlZ)-,~3H20 (4~3H,0) 
This compound crystallized only with difiiculty and con- 

sequently this structure is uot of high quality from a crystal- 
lographic point of view. However, it is very adequate as a 
method of characterization of the new complex, since it con- 
firms a very unusual example of a 14electron tetracoordi- 
nated, diamagnetic Ru( II) complex. The coordination about 
the Ru atom (Fig, 1) conskts of two ctslormes, PIUS tW0 N 



atoms from the BTZ ligands, which accommodate 
themselves in a distorted tetrahedral arrangement in order to 
avoid steric repulsions caused by the bulky pheoyl and 
bromophenyl substituents on the BTZ imidazole ring. The 
Cl-Ru_ClandCl-Ru-Nanglesare 117.8(5) and 107” Cave!- 
age). respectively, and the Ru-N distance is 2.03(2) A+ 
similar to those nported for other related Ru-imidazole com- 
plexes [ 23-303. AU other distances and angles are normal. 

3a2.2. RhCl(CODKX?~ (5) 
This compound displays a typical square planar arrange- 

ment around Rh( I) formed by the N atom of CTZ one Cl 
C bonds of COD (Pig. 2). The structural 
levance for our purposes is the Rh-N bond 

distance of 2.1Q6(5) & which is in the appropriate range for 
‘dazole derivatives, e.g. [Rh(C012(2-Me-im)lJ 

11 A) [31]. [(COD)Rh].(p-Bi-im) {2.120- 
; [32],ejs-_[Rh(CD)~~l(N-M~-im)] (2.072(4) A, 

[33j, Cp”[P(QEt)~]Rh(~Bi-im)[Rh(NBD)12 (2.08- 
2.10 A) [34]. [(CBD!Rh](C1-Bi-bzim)[Au(PPh.,)12 
(Rh-N 2,08(J) and 2.11(J) ii, [35]. (Ph>P):(CQ)(H)- 
Ruol_Bi-im)Rh(COD) (Rh-N: 2.127(S) and 2.134(51) 
[24], There are no other remarkable features in this 
stnrcture. 

led a molecular structure ( Fig. 4) con- 
round the atom 
thwe Cl -The 

, stmilw to those in the 
of sbservd Au-N lengths in other Au imid- 

lexes, such MN f ItXID)Rhl I p 
(Au[PE%~)l, (AWN l.!W.4) and l,%(4) 

H}] ’ (2Al98(6) ml 2,11317)) 
clpzl (I*pcblIB) Aa [VI, 
) [2.0SIW) ~n~~,~~~~~ A) [%I], 

I) (2&U(9) 1$) (I_W].Allother 
&meters mtty k considered normal, 

dk~l of the NW complexes on the prolifcmtion of in 
vitro cultures of the epirnastigote form of T. crtr:i (equivalent 
to the fotm present in the Reduviid vector 18 ] ) was evlrluat~ti 
as d~~:dbed in %ctinn 2. Table 9 summarizes the results of 

new mettzl derivatives mnged 
bly hi@r thun the ft~ pin- 

rvine the tmnd %=9<8< 

@XtrlKfed from ChWc 
ng complexes herein 
antiparasitic activity 

10’ ldwl (Ml 
Fig. 4, Effaxs ofCT2 and 2 on the pmlifcm~ion of (3) intmwlhku 7’. wr:i 
rnwtigotcs LUI~ (h) Vcm cells. For &rails see Section 2. 

of the parental drug, while the Pt and Cu derivatives slightly 
lower the efricacy of CZTZ; this is in contrast with the well- 
known high activity of Pt ( superior to thut of any other metal 1 
IS un anti tuuror agent [ 9 1, suggesting that the mechanisms 
of action opemting against the pcarusites aredifferent frtlm the 
cancer case. ( ii) Complex 2 turned out lo be by far the most 
active comwnd in our series. Perhaps more importantly, at 
the concentrations used, complex 2 was found to have iI 
t~l~~tf~~i~~~ effect, while the pantal drug displuyed only 
t~#~~ttrrc~,st~ti~~~~~/~~ti~~ ‘, as determined by optical mensure- 
ments and microscope observations. This quantitative and 
qualitative enhancement of the efficacy of CTZ stimulated us 
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to carry out further biological studies which are described 
below. (iii) The high activity of 2 also prompted us to carry 
out chemical modifications aimed at improving the activity 
and solubility properties through the ir -9rporation of a bipy 
ligand and the formation of a charged complex 3; however, 
it is clearly seen that such modifications were actually detri- 
mental to the antiparasitic behavior, since 3 is one of the least 
efficacious derivatives tested. In the absence of detailed 
mechanistic studies, we cannot offer a full explanation for 
this observation, but preliminary work described below indi- 
cates that hydrolysis of the Ru-Cl bonds in 2 (upon contact 
with the biological system) may be an important step toward 
the formation of the active species: therefore, substitution of 
the two chlorides by a strongly bound chelating bipy ligand 
probably hampers any hydrolytic process and Kbus this strat- 
egy does not seem adequate. 

4.2. Further tests on the activity of complex 2 against 
epimastigotes and amastigotes of T. cruzi 

In view of the very promising results described above for 
complex 2 we carried out further tests at different concentra- 
tions of the drugs. It was found that free CTZ produced a 
dose-dependent effect on the growth rate of 7’. c,rc:i 
epimastigotes with a median inhibitory concentration ( 1C5,,) 
of lo-” M, whereas for complex 2 the lC,,, was 10 ’ M, 
indicating n IO-fold increase of the antiproliferative effect of 
CT2 by complexation to Ru. FWhermore. for the parental 
drug, complete growth arrest and cell lysis were observed 
only at concentrations as high as IO” .’ and 3 X IO 5 M, 
respectively. while 2 was able to produce cellular lysis at 
IO ’ M, and growth arrest was already achieved at 3 X IO ” 
M. Thus, the thlrshold to produce trypanocidul effects by 
CTZ is ~&cd crlso 1)~ II jiwtnr f?f IO by complexnGon to 
ruthenium. 

It is therapeutically more relevant to test potential new 
drugs on the infectious intracellular umustigute form of ‘c 
rwzi, which can be cultured in mnmmnlian ( Vem 1 cslls us 
an in vitro model of nn infection. The results of such tesls for 
complex 2 in comparison with free CTZ can be seen in Fig. 4, 
where it is noted that eradication of the infection is achieved 
at 3 X 10 __ ’ M for free CTZ, while a concentration as low as 
3 X 10”’ M of 2 is enough to achieve thL same effect. The 
corresponding ECsl, values are lO_ ” and 5 X IO ” M, respec- 
tively. This activity of complex 2 is comparable to the best 
results obtained by using combinations of an allyhunine with 
ketoconazole (6~1 and with the enantiomerically pure bis- 
lriazole I30870 [ 8 1. 

Also, very imporlantly, as can be seen in Fig. 4(b) free 
Cl’2 has deleterious effects on the Vero cells at the concen- 
trations required to eradicate Khe infection, while 2 does not 
affect the proliferation of these mammalian cells within the 
conccnaration rangr tested (up lo 10. ” M ); this is of impor- 
tance in that it can be taken as an indication that complex 2 
is non-toxic. More detailed studies on this aspect are clearly 
in order. 

4.3. Preliminaq studies 011 the mechukm of action of 
complex 2 

4.3.1. Analysis of sterol content of treated and untreated 

parasites 

AS explained in Section 1, clotrimazole and other azole 
derivatives are known to inhibit parasite proliferation by 
blocking the cytochrome P-450 dependent C-14ol-demethy- 
lation of lanosterol to ergosterol [6]. Thus, a first approxi- 
mation to the study of the mechanism of action of 2 was to 
determine the sterol composition of parasites treated with the 
same concentration of 2 and CT2 ( for details, see Section 2 ) , 
in order to determine whether the potential of the antiproli- 
ferative effec; in the former was due to a stronger inhibition 
of the synthesis of ergosterol. The results summarized in 
Table IO show that the pattern ot sterols isolated from para- 
sites treated with complex 2 is comparable to that obtained 
from parasites treated with free CTZ, indicating thct 2 is not 
a stronger inhibitor of the synthesis of ergosterol than clotri- 
mazole itself, but instead the potentiation observed must be 
related to a different mode of action of the metal-based drug. 

It is known [ 401 that azole-type SBIs exert their actL>n on 
cytP450,,M through binding of the unsubstituted N( 3 1 atom 
to the heme group of the enzyme. In complex 2 the N( 3 1 
atom is actually bound to ruthenium; therefore, the fact Khat 
inhibition of sterol biosynthesis is taking place (as shown by 
the data in Table 10) indicates that the complex probably 
breaks down (very likely through hydrolylic processes 1 
within the biological medium. releasing i’rer:CTZ which then 
goes lo intrroct with the rnayme in the usual way. The ‘RuClz’ 
fragment liberacd (possibly in iI hydrolyacd form ) could 
also iuteracK with II v:\riety of intracellular targets, thus pro- 
ducing additioKl;rl cffccts Ihrrt would rest111 in the increased 
potency observed for 2 with respect to CT%. A good candidate 
for such intenbction would he the parasite’s DNA, and WG! 
have begun to investigate this possibility 11s described in 
Section 4.3.2. 

Tilblc IO 

Drmsthyl;wd 
slcral ” 
( 9, ) 

None 2.4 74.6 
CT2 10.4 u.0 X0.9 
2 16.6 19.7 63.7 

_~ 

” This frxtion is composed of crgoslcro~. - 74-clhyl-S,7.22-chol~~l~lrifne- 
:4p.+l+ cryclslu-5,7-tl)cllc-3B_ol. crgosta-7.24( 2X )-&we-f(3-ol. ;Ind euWn- 
5.7.24( 28 )-triene-3&o). 
1 This fruction is composccj of lanosterol. 24-methylcnr-dihydrc,lall~~~~~r~~). 
imd 4,14.dimeLyl-crposln-X,?4( 2X)+iicnr-3(3-ol (ohmsif~li~l 1. 
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(Cl &-+-“- a6 320 

DNA 1s known to bind tmnsition metals at various points 
of intemctiw is tW 

st this hypothesis, B series ofqualituti 

DMSO soLurtoN PARASITE CELL ._ . ._.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
MENBMNE 

Scheme 2. A possible me&a&m of action of complex 2 against T. crwi. 

the same after irradiation of the solution. The trace (e) for 
the non-irradiated mixture of DNA-t 2 is the sum of the 
individual traces (c + d), but when this mixture is irradiated, 
a new peak (marked * ) is observed at 23.6 min. besides the 
peaks corresponding to individually irradiated DNA and 2. 

These results suggest a photochemically induced adduct 
formation between DNA and complex 2, in agreement with 
previous studies on the interaction of RhQ( phen), [4 I] 
and RuCL( phen),r [42] with DNA which demonstrated that 
irradiation induces chloride exchange by water, followed by 
displacement of water by a DNA base. Further studies aimed 
at the isolation and characterization of such a Ru-DNA 
adduct are currently in progress. 

h we are not yet able to propose a mechanism for 
sm:i action of complex 2, our combined results 

allow us to speculate a simple model represented in Scheme 2. 
A possible mechanism of action of this compound is as fol- 
lows: the metal complex would act tirstly IIS a transport a 

co inside the cell, it 
to exert its known 
la‘ fragment thus 

series of chloride Ii 
vcntuelly bind DN 

hined cffccta msy he responsible for he higher potency et 
the Ru complex, as well as for the qutrlitative chnn 
~~~~~tic into a trypanocidal mode of action. 
this hypothesis we are currently conducting furth 
which are obviously n ed in order to arrive at a mom 
detailed proposal for a mechanism of action. These expcri- 
men& as well as in vivs tests against ‘I. et~zi, will be the 
subject of future publications. 

5. %upplementwy material 

List&s of atomic coordinates of the hydrogen atoms, 
anisotropic thermal parameters and structure factors are 
uvuilahle as supplementary material from the authors. 
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