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Part III: Transition Metal Complexes of 2-Pyridyl Amino 

Derivatives: Synthesis of Copper-Complexes. and their 

Characterization 

III.l: Introduction 

The chemistry of copper (ll) carboxylate ·complexes, especially with N-donor ligands, 

has been extensively studied over the past few decades 1
. Certain complexes have 

shown properties important for application in diverse areas such as pharmaceuticals, 

fungicides, catalysts, gas occlusion compounds, and solvent extraction process. 

Moreover, the attention of, bioinorganic chemists has been directed towards the 

synthesis and characterization of new copper (II) carboxylates with N-donor ligands 

to model the active sites in metallozymes.2 

Copper (II) carboxylates containing different ligands originates from the fact that 

compounds of this type can potentially be used as wood preservatives. Nina Lah et 

al. 3 prepared compounds with increased fungicidal activity. 4 

Cytochrome c oxidase is the terminal respiratory enzyme that catalyzes the reduction 

of dioxygen to water and couples this redox reaction to the membrane translocation of 

protons for subsequent use in ATP synthesis. 5 The oxygen binding I reduction site is 

comprised of a heme (heme a3) and a copper (CuB) in close association. Recent X-ray 

crystallographic6 and biochemicaf studies reveal that one of the . copper-bound 

histidines is covalently linked to a tyrosine through a post-translationally modified 

cross-link between C6 ofTyr244 and the a-nitrogen ofHis240.The His-Tyr moiety is 

proposed to either function in a structural role8 or p~ovide an electron and a proton 

during the 02-reduction cycle. 9 There are a few reports about syntheses and 

physicochemical investigations of organic models for the imidazole-phenol moiety 10
, 

yet studies of copper complexes of the latter have not been described. Karlin et al. 11 
· 

reported the first examples of Cu (I) and Cu (II) complexes possessing in imidazole­

phenol cross-link, their X-ray structures, and initial chemical insights. 

The ligands LN40R and LN30R were designed to have an imidazole-phenol (or 

anisole) cross-link with either a tetra- or a tri-dentate pyridylalkylamine-containing 
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chelate, as shown, having the advantage that they had previously studied copper-
12 . d d . dioxygen chemistry of close analogues. Syntheses of these hgan s an vanous 

copper complexes had been achieved. In (1), the Cu (I) geometry is distorted trigonal 

pyramidal with three aromatic nitro gens in the basal plane, while the Cu (II) ion in ( 4) 

is pentacoordinate, having ligation from the three nitrgens of the chelate plus 

methanol and perchlorate donors. 

R=H:LN40H .R=H: LN30H 

Vicente et al. 13 reported the synthesis and structure of mono-, di-, and tri-, homo- and 

heteronuclear Au (I), Ag (I), and Cu (I) complexes derived from phosphonium salts 

[R3PCHz(Py-2)]X [R=Ph, C6HMe-4(To), Py =pyridine; X= Cl04, CF3S03].
14 These 

cationic ligands can coordinate through the nitrogen and also, after single or double 

deprotonation, through the methylene carbon atom. Both donor atoms can bridge up 

to three metal centers, allowling metal-metal interactions (Scheme 1 ). The strong 

tendency of palladium to give ortho-metalated complexes and the possibility of 

preparing Pd (I) and -(IV) complexes move them to extend the study of the 

coordination ability of these cationic ligands to palladium. They also show that a third 

coordination mode is also possib_le after ortho-metalation of one of the aryl groups. In 

(Scheme 2) they represented all modes of coordination found in the palladium 

complexes reported here, along with the notation used. This notation gives the general 

symbol R to the skeleton of the phosphonium salt, or RCl to the chlorinated salt, and 

the atoms appear as subscripts. The k notation is used to indicate the number of 

coordinated atoms. 
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Interest in the study of thiolato complexes is based both on their use as models for the 

structure, bonding, and reactivity of metallo enzymes and on the structural diversity 

they display. 15 Heterocyclic thiolato complexes have found interesting applications in . . . 

analysis, manufacture of polymers, medicine, or . industry. 16 In particular, 

thiolatogold(I) complexes, such as the commercial antiarthritics myocrisin, 

allochrysine, solganol, auranofin, are among· the most important antiarthritic · 
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compounds. 16
b, c, g In addition, solganol has in vitro inhibitory effects on Human 

inmunodefiency Virus I, which is the etiologic agent of AIDS, 1611 and auranofin was 

found to be highly cytotoxic to tumour cells16
j and active against i.p. P388 

16' leukemia. ~ 

Furthermore, 2-pyridinethionato and related ligands can coordinate up to three metal 

centers at short distances, thus offering the possibility of studying attractive metal­

metal interactions, which for d10 systems have attracted considerable attention. 17 

Vicente et al. 17
a found that 2-pyridyl-substituted phosphorous ylides, in which the 

NCC skeleton is .similar to that of the NCS moiety present in the systems can lead to 

loose [Au3]3+, [Au2Ag]3+, and [Au2Cu]3+ clusters displaying short Au ... Au, Au ... Ag, 

or Au ... Cu contracts. 

Vicente et al. 18 reported on the synthsis and charaterization of new mono- and di­

nuclear complexes of gold (I), silver (I), and palladium (II) derived from 2-(methyl­

thio} pyridine (SMepy), pyridin e-2(1H)-thione(HSpy), benzoxazole-2(3H)-thione 

(HSbz) (Scheme 3), for which few precedents are known. 19 As far as they were are, 

only one Rh (I) complexes containing 2-(methylthio)pyridine has been reported, but 

was not isolated.20 

Scheme 3 
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111.2: Present work: Objectives, Results and Discussion 

As mentioned in the introduction of this part that copper (II) carboxylate complexes, 

especi"ally with N-donor ligands have drawn interests from the bioinorganic chemists 

in view of the synthesis of models of active sites in metalloenzymes. A number of 

copper (II) carboxylate complexes with 2-amino pyridine ligands have been 

synthesized and characterized in the recent years. Secondly, analogues of 2-thiolato 

pyridines have been employed as ligands to prepare gold (Au) and silver (Ag) 

complexes, which have found interesting applications in medicine and manufacture of 

polymers. In addition, they are found to be highly cytotoxic to tumors cells. 

Considering the importance and versatile applications of aminopyridines and thiolato 

pyridines as the ligands in forming various metal complexes, we undertook studies on 

the syntheses and characterization of some copper (Cu) and silver (Ag) complexes 

with 2-aminopyridine as the ligands. Their synthesis and characterization data along 

with discussion are presented here. All complexes reported in this part were prepared 

using acetone as the solvent. The complexes are insoluble in acetone and therefore 

addition of diethyl ether to precipitate the resulting complexes from solvent was not 
~ 

necessary. 18 The reactions leading to complexes (1-5) wer:e carried out using a 1:2 

molar ratio of the reagents [Cu(Cl04) 2 : Ligands = 1:2]. Complexes (1), (2) and (3) 

[Scheme 4, 5 and 6] were obtained in high yields (80%, 90% and 68% respectively). 

Complexes ( 4) and (5) were, however, precipitated out at pH 4-5 of the solution, 

which was maintained by passing of dry ammonia through the solution of the reaction 

mixture. The yields of complexes (4) and (5) was obtained in 33% and 25% 

respectively. The structures of complexes (1-5) have been assigned based on 

comparison with the reported structures derived from pyridine thiolato compounds 18 

and the spectral data obtained so far (IR and UV-Vis spectra). The IR spectra of 

complexes (2-5) show two strong bands in the 1600-1550 cm-1 regions, which are 

assigned to Vee and YeN of the pyridine ring. Again all complexes show two strong 

bands around 1100 (ve10) and 620 (voe1o), assignable to perchlorate anion. 18 These IR 

data support the formation of complexes as proposed. On the other hand, UV 

spectrum of complexes (2), (3) show Ymax 297, 308 nm and Ymax 298, 308 nm 

respectively, corresponding to those shown by their precursors 3,4,5,6-tetrah)'dro-2H­

[1,2,a]-bipyridinyl (297 nm) and 4-Pyridine-2-yl-morpholine (296 nm) respectively. 
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We also attempted preparation of Ag-complexes by using molar ratio of AgCl04 and 

ligand, but without success. 

Scheme 4 
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In conclusion, an attempt has been made to synthesise some Cu (II) complexes using 

2-amino pyridine derivatives as the ligands. The UV-VIS and IR spectra of the solid 

complexes were consistent with the literature values. Further characterizations are, 

however, necessary to conclude about their structures. This would be undertaken as a 

part of future studies. 
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111.3: Experimental 

Preparation of copper perchlorate Cu(Cl04)2 

An aqueous solution of basic copper carbonate [CuC03, Cu(OH)2,H20] was 

neutralized by slow addition of HC104. Neutralization point was checked by litmus 

paper. The solution was concentrated by heating and evaporation. The solid residue 

was then recrystallized to furnish blue crystals, which were collected and kept it for 

dryness in a desiccator containing anhydrous calcium chloride. 

Preparation of Ag2C03 

An aqueous solution AgN03 (2.720 gin 10 ml of water) was added to an aqueous 

solution of Na2C03 (848 mg in 2 ml of water). A yellowish solid precipitate was 

obtained and filtered off the solution. Pure Ag2C03 was collected after washing with 

water and was dried under vacuum. 

Preparation ofAgC104 

An aqueous solution of 2.144 gm. of Ag2C03 was neutraliz_ed completely by addition 

ofHCl04. Water was removed by azeotropic distillation with benzene. A white solid 

product is obtained. The silver perchlorate salt was difficult to store as it gradually· 

becomes dark on standing for a day. 

Preparation of copper-2-amino-pyridine complex (1) 

To a solution ofCu(Cl04)~ [131 mg, 0.5 mmol in 5 ml acetone], was added a solution 

of2-amino pyridine (94 mg, 1 mmol in 4 ml acetone). A precipitate was settled down 

momentarily from solution and pH of solution was found 4.34 (by pH meter). After 

filtration, a solid product was collected. 

Yield: 80% (180 mg) 

Melting _point: 140 °C 
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UV(MeOH): Amax 200, 233, 296.4 nm. 

Preparation of copper complex of 3, 4, 5, 6-Tetrahydro-2H [1, 2'] 

bipyridinyl (2) 

To a solution of Cu(Cl04)2 in acetone [32 mg, 0.122 mmol in 2.5 ml acetone], a 

solution of3, 4, 5, 6-Tetrahydro-2H-[1, 2']-bipyridinyl in acetone (41 mg, 0.25 mmol 

in 3 ·ml acetone) was added. A blue precipitate was obtained. The precipitate was 

filtered and washed with acetone. 

Yield: 90% (64 mg) 

Melting point: 240 °C (d). 

UV (MeOH): Amax 204, 237, 297, 308 nm. 

IR (Nujol): Vmax 2925~8, 1600.8, 1373.2, 1089.7, 617.2 cm."1 

Preparation of copper complex of 4-pyridin-2-yl-morpholine (3) 

To a solution of 4-pyridin-2-yl-morpholine in acetone (65.6 mg, 0.4 mmol in 5 .ml 

acetone), a solution ofCu(Cl04)2 in acetone (52.5 mg, 0.2 mmol in 3 ml acetone) was 

added. A greenish precipitate was appeared at pH 5 of the solution. The precipitate 

was filtered off and washed with little acetone. 

Yield: 68% (80 mg). 

Melting point: 188 °C. 

UV (MeOH): Amax 204, 245, 298, 308 nm. 

IR (Nujol): Vmax 2925:8, 1577.7, 1373.2, 1083.7, 613.3 cm.-1 

Preparation of copper complex of 4-(6-Bromo-pyridin-2-yl)­

morpholine ( 4) 

To a solution ofCu(Cl04)2 in acetone (63 mg, 0.24 mmol in 3 ml acetone), was added 

a solution of 4-(6-bromo-pyridin-2-yl)-morpholine (116.5 mg, 0.48 mmol in 4 ml 

acetone) over a period of 3 0 min. After the addition was complete, dry ammonia was 

passed into the acetone solution when the pH of the resulting solution was raised. A 

green precipitate appeared at pH 4. The solid green compound was collected by 

filtration. 

Yield: 33% (59 mg) 
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Melting point: 160 °C. 

UV (MeOH): Amax 204, 253, 305 run. 

IR (Nujol): Vmax 2925.8, 1589.2, 1379.2, 1072.7, 607.5 cm.-1 

Preparation of copper complex of 4-(5-Bromo-pyridin-2-yl)­

morpholine (5) 

To a·solution ofCu(Cl04) 2 in acetone (63 mg, 0.24 mmol in 3 ml acetone), was added 

a soiution of 4-(5-bromo-pyridin-2-yl)-morpholine (116.5 mg, 0.48 mmol in 3 ml 

acetone) over a period of30 min. After the addition was complete, dry ammonia was 

passed into the acetone solution when the pH of the resulting solution was raised. A 

green precipitate appeared at pH 5. The solid green compound was collected by 

filtration. 

Yields: 25% ( 45 mg) 

UV (MeOH): Amax 204, 253, 305 nm . 

IR (Nujol): Vmax 2925.8, 1588, 1375, 1122.5, 1068, 617.2 cm.-1 

102 



..... - -- ~-~JI 
-4_: 4 "'t r-

-

90.0 

%T 

. ~~.M~A ~ 

~~~~~ h~ \-\/'·" v"V "\ 

V'"'l ,.·f'-,-v ...... i\ // 

J :I I v---
58~. ~ /\t\ /1 IV I . ~-----,\ 

1\ lA / 1 { 11710.~ I· : {\ / 

I 
J v 

J I I ~ I (\ 
684.7 L ~- 8 

107 .1 

r .11 lh'l u:....'l. 
! 11 84 s 

1 117.5 
1"-~ ·~·-

1 11379.0 

80.0 

70.0 

11139.8 I 
1184.2 I I 

I '0 l.ts I 60.0 

1450.4 
' 

50.0 

·~(J 
I. 
l£.vLv.o 40.0 

I _I 

I I 
3500.0 3000.0 2500.0 2000.0 1750.0 1500.0 1250.0 1000.0 750.0 

-~ 1/cm 



~ 1.. i ,_ 

100.0 

%T 

90.0 

80.0 

70.0 

2+ Uo -N IN 
2Cl04 \Cu 

60.0 

I "'-cNu 50.0 

--- -

I 

3500.0 3000.0 2500.0 2000.0 1750.0 1500.0 1250.0 1000.0 750.0 
"' water 1/cm 



_..~ }.. ·-t y-

100.0 I =-c=··~--r--r--~-

%T 
' .. . ,N" 

: I I ,i,lilll~~ I 1~ _[~ Iff\ l·" 
\ 1 Ill ~1111.. ~ "- - ",,v.Air• :ri·I'V II \I ( 1 /V ./ ' . .r ({~(! , N . I 007 , 

~ j,- hv / ( os ~ j1
315 'I~ o125 

729

·o 

i .I H379 0 I i I . 1157.2 I, 79.2 

: w 
I 

1444.6 

90.0 

80.0 

70.0 
! 12356.9 ° 

' 

I I 

~-~--~~·~.-- Cl/~ I 
N N \ l 

12925.8 ~Q 1 

I I l I 

60.0 

3500.0 3000.0 2500.0 2000.0 1750.0 1500.0 1250.0 1000.0 750.0 
--water. 1/cm 



~~ 

95.0 

%T 

90.0 

85.0 

80.0 

75.0 

70.0 

'65.0 

60.0 

I 
.i 

' ;.. 

illil ' 

,,,~ -~ I JI''JI y 

' 

I 
II I 

\ ~ 

3500.0 3000.0 2500.0 

1 "\ 

-· 
1 .• 

.. 

' 

.r-'\ , r·J 

I~ 
. i 

f ~6:33 _ .... \! 

l Al Jt .,r{\~4\( ~/ ' .· .j\ I 1.s 
,....._..-~ t"YV''I""I-"'r! I T~~ II II' ,v~ !f w i c'L.O.U, 

/ 

~N 115 11082 .9 
! ,.,....,. JO 1 V 12'49.8 

' · 1 11373.2 
r 1411.8 

1450.4 1756.0 d -2+ .--- 1\ 
N N 0 

\ / \_/ 2 CuCIO 
Cu 4 

1\1\ 

.10J1) 
-~ ~ 

I ' 

2000.0 1750.0 1500.0 ' 1250.0 1000.0 750.0 
1/cm 



~ . j,. --. 
~- :x-

/_,. ! ' 

%T 

' ;, (I 1;;-?".i(F 

1
)~\.Mt, ;'-' \ \ I : I . 

• -A'I··t.-"•'-1~-~ .I 'VIVl-\ I .·J\ I I "I :1628. 
v--ri'J\f" Vi 1 / I '1 

~~~~~M\o ~/-,"\ t~'' ~~\ /f ' ' I ! I N 1, I { 5 

1 

~~~ i 

' ,, " rr ~ ~~ ~ I! 

i i I Iii 1\ji_l \ 1862 7~~i3.1 
1 1 I 1 . 1.1 

I I i 

I ~~ ~ 
~ 1~ 11379.0 il57 6 n 115~~1\9 1411.8 . 

-~-----+----+-+1--~-- n li 1111R 

\ 1\ ' 1450.4 950.8 
Br N N 0 1589 2 1249.8 

\_j 

80.0 

60.0 

40.0 

20.0 

I I ~-

1 I I 
3500.0 3000.0 2500.0 2000.0 1750.0 1500.0 1250.0 1000.0 750.0 

1/cm 



~ {· ·¥-
~ 

100.0 

%1 

90.0 

80.0 

70.0 

60.6 

Dro 2+ 

-Br N\ / \_) 
2Cl04 Cu 

50.0 

40.0 

1\/\N Br 
0 NV 
\_} '~ 30.0 

3500.0 3000.0 2500.0 2000.0 1750.0 1500.0 1250.0 1000.0 750.0 
1/cm 



~ { 
~· 

·~ 

100.0· 

%T 

90.0 

80.0 

70.0 

60.0 

50.0 

B·n~ 
N N\_-/0 

40.0 

30.0 

3500.0 3000.0 2500.0 2000.0 1750.0 1500.0 1250.0 1000.0 750.0 
1/cm 



~ f "\, ~· 

. 120.0 I 
I 
i 

%T ' 
' 

100.0 

80.0 

60.0 

B'~ 2+ 
I _/.; 1\o 

N N\__/ 
-\I 40.0 

Cu\ 1\j'O-0\_/ l 
// Br 

20.0 

3500.0 3000.0 2500.0 2000.0 1750.0 1500.0 1250.0 1000.0 750.0 
1/cm 



111.4: References 

1. (a) Mehrotra, R. C.; Bohra, R. Metal Carboxylaies, Academic Press, London, 

1983; (b) Melnic, M. Coord Chem. Rev. 1981, 36, 1; (c) Melnic, M. Coord 

Chem. Rev. 1982, 47, 234; (d) Kato, M.; Muto, Y. Coord ·chem. Rev. 1988, 

92, 45; (e) Sundberg, M. R.; Uggla, R.; Melnic, M. Polyhedron, 1996, 15, 

1157. 

2. (a) Reedijk, J.; Driessen, W. L.; Rijn, J. V.; Karlin, K. D.; Zubieta, J. (Editors), 

Biological and Inorganic Copper Chemistry, Adenine Press, New York, 1986, 

p.143; (b) Holz, C. R.; Bradshaw, J. M.; Bennet, B. Inorg. Chem. 1998, 37, 

1219. 

3. Lah, N.; Giester, G.; Lah, J.; Segedin, P.; Lehan, I. New J. Chem. 2001, 25, 

753. 

4. (a) Kozlevcar, B.; Lehan, I.; Turel, I.; Segedin, P.; Petrie, M.; Pohleven, F.; 

White, A. J. P.; Wiliams, D. J.; Sieler, J. Polyhedron, 1999, 18, 755; 

(b) Kozlevcar, B.; ·Lah, N.; Lehan, I.; Turel, I.; Segedin; P.; Petrie, M.; 

Pohleven, F.; White, A. J.P.; Giester,' G. Croat. Chem. Acta. 1999, 72, 427. 

5: (a) Ferguson-Miller, S.; Babcock, G. T. Chem. Rev. 1996, 96, 2889; 

(b) Michel, H.; Behr, J.; Harrenga, A.; Kannt, A. Annu. Rev. Biophys. Biomol. 

Struc. 1998, 27, 329. 

6. (a) Yoshikawa, S.; Shinzawa-Itoh, K.; Nakashima, R.; Yaono, R.; Yamashita, 

E.; Inoue, N.; Yao, M.; Jei-Fei, M.; Libeu, C. P.; Mizushima, T.; Yamaguchi, 

·H.; Tomizaki, T.; Tsukihara, T. Science 1998, 280, 1723; (b) Ostermeier, C.; 

Harrenga, A.; Ermler, U.; Michel; H. Proc. Nat!. Acad Sci. U S. A. 1997, 94, 

10547; (c) Soulimane, T.; Buse, G.; Bourenkov, G. P.; Bartunik, H. D.; Huber, 

R.; Than, M. E. EMBOJ. 2000, 19, 1766; (d) Svensson-Ek, M.; Abramson, J.; 

Larsson, G.; Tomroth, S.; Brzezinski, P.; Iwata, S. J. Mol. Bioi. 2002, 321, 

329. 

7. Buse, G.; Soulimane, T.; Dewor, M.; Meyer. }I. E.; Bluggel, M.; Protein Sci. 

1999, 8, 985. 

8. (a) Das, T. K.; Pecoraro, C.; Tomson, F. L.; Gennish, R. B.; Rousseau, D. L 

Biochemistry, 1998, 37, 14471; (b) Pinakoulaki, E.; Pfitzner, U.; Ludwig, B.; 

Varotsis, C. J. Bioi. Chem. 2002, 277, 13563. 

103 



9. (a) Gennish, R. B.; Biochim. Biophys. Acta 1998, 1365, 241; (b) Proshlyakov, 

D. A; Pressler, M. A; DeMaso, C.;Leykam, J. F.; DeWitt, D. L.; Babcock, G. 

T. Science 2000, 290, 1588; (c) MacMillan, F.; Kannt, A; Behr, J.; Prisner, T.; 

Michel, H. Biochemistry 1999, 38, 9179; (d) Blomberg, M. R. A; Siegbahn, 

P. E. M.; Babcock, G. T.; Wikstrom, M. J. Am. Chern. Soc. 2000, 122, 12848 .. 

10. (a) McCauley, K. M.; Vrtis, J. M.; Dupont, J.; Vander Donk, W. A J. Am. 

Chern. Soc. 2000, 122, 2403; (b) Cappuccio, J. A; Ayala, I.; Elliott, G. I.; 

Szundi, I.; Lewis, J.; Konopelski, J. P.;· Barry, B. A; Einarsdottir, 0. J. Am. 
( 

Chern. Soc. 2002, 124, 1750; (c) Aki, M.; Ogura, T.; Naruta, Y.; Le, T. H.; 

Sato, T.; Kitagawa, T. J. Phys. Chern. A 2002,106, 3436; (d) Collman, J. P.; 

Wang, Z.; Zhong, L. J. Chem. Soc., Perkin Trans. 1 2000, 1217; (e) Elliott, G. 

I.; Konopelski, J. P. Org. Lett. 2000, 2, 3055; (f) Naruta, Y.; Tachi, Y.; 

Chishiro, T.; Shimazaki, Y.; Tani, F. Acta Crystallogr., Sect. E: Sttuc. Rep. 

Online 2001, E57, o550; (g) Tomson, F.; Bailey, J. A; Gennish, R. B.; 

Unkefer, C. J.; Li, Z.; Silks, L. A; Martinez, R.A; Donohoe, R. J.; Dyer, R. 

B.; Woodruff, W. H. Biochemistry 2002, 41, 14383. 

11. Kamaraj, K.; Kim, E.; Galliker, B.; Zakharov, L. N.; Rheingold, A. L.; 

· Zuberbuhler, A D.; Karlin, K. D. J. Am. Chern. Soc. 2003, 125, 6028. 

12. (a) Tyeklar, Z.; Jacobson, R. R.; Wei, N.; Murthy, N. N.; Zubieta,J.; Karlin, K. 

D. J. Am. Chem. Soc. 1993, 115, 2677; (b) Wei, N.; Murthy, N. N.; Tyeklar, 

Z.; Karlin, K. D. Inorg. Chem. 1994, 33, 1177; (c) Karlin, K. D.; Kaderli, S.; 

Zuberbuhler, A, D. Ace. Chern. Res. 1997, 30, 139; (d) Zhang, C. X.; Liang, 

H.-C.; Kim, E.-i.; Shearer, J.; Helton, M. E.; Kim, E.; Kaderli, S.; Incarvito, C. 

D.; Zuberbuehler, A D.; Rheingold, A L.; Karlin, K. D. J. Am. Chern. Soc. 

2003, 125, 634; (e) Liang, H.-C.; Karlin, K. D.; Dayson, R..; Kaderli, S.; 

Jung, B.; Zuberbuhler, A, D. Jnorg. Chern. 2000, 39, 5884. 

13. Vicente, J.; Chicote, M.-T.; Lagunas, M.-C. Organometallics, 1994, 13, No.4. 

1243. 

14. Vicente, J.; Chicote, M.-T.; Lagunas, M.-C. Inorg. Chem. 1993, 32, 3748. 

15. Block, E.; Kang, H.; Zubieta, J. Inorg. Chim. Acta. 1991, 181, 227. 

16. (a) Raper, E. C.· Coord. Chern. Rev. 1985, 61, 115; (b) Dash, K. C.; 

Schmidbaur, H.; Metal Ions in Biological Systems (Ed.: 1-I. Sige), Marcel 

Dekker, N.Y. 1982, 14, 179; (c) Sadler, P. J. Adv. Inorg. Chem. Radiochem. 

1991, 36, 1; (d) Simon, T. M. Gold Bull. 1979, 12, 149; (e) Castro, R.·; Duran, 

104 



M. L.; Garcia-Vazquez, J. A; Romero, J.; Sousa, A; Castineiras, A; Hiller, 

W.; Strahle, J. J. Chem. Soc., Dalton Trans. 1990. 531; (f) Karagiannidis, P.; 

Aslanidis, P.; Kokkou, S.; Cheer, C. J. Inorg. Chim. Acta. ·1990, 172, 247; 

(g) Lorber, A; Simon, T. M. Gold Bull. 1979, 12, 149; (h) Okada, T.; 

Patterson, B. K.; Ye, S.-Q.; Gurney, M. E. Virology, 199.3, 192, 631; 

(i) Simon, T. M.; Kunishima, D. H.; Vibert, D. H.; Lorber, A Cancer Res. 

1981, 41, 94;-G) Mirabelli, C. K.; Johnson, R. K.; Sung, C. M.; Faucette, L.; 

Muirhead, K.; Crooke, S. T. Cancer Res. 1985, 45, 32. 

17. (a) Vicente, J.; Chicote, M.-T.; Lagunas, M.-C. Inorg. Chem.1993, 32,3748; 

(b) Dance, I. G.; Scudder, M. L.; Fitzpatrick, L. J. Inorg. Chem.1985, 24, 

2547; (c) Schmidbaur, H. Gold Bull. 1990, 23, 11; (d) Steigelmann, 0.; 

Bissinger, P.; Schmidbaur, H. Angew. Chem. Int. Ed Engl. 1990, 29, 1399; 

Angew. Chem.1990, 102, 1473. 

18. Vecente, J.; Chicote, M.-T.; Rubio, C. Chem. Ber. 1996, 129, 327. 

19. (a) Vicente, J.; Chicote, M·.-T.; Gonzah~z-Herrero, P.; Jones, P. G. J. Chem. 

Soc., Dalton trans. 1994, 3183; (b) Karagiannidis, P.; Aslanidis, P.; Kokkou, 

S.; Cheer, C. J. Inorg. Chim. Acta. 1990, 172, 247; (c) Karagiannidis,. P.; 

Aslanidis, P.; Papastefanou, S.; Mentzafos, D.; Hountas, A; Terzis, T. Jnorg. 

Chim. Acta 1989, 156, 265; (d) Uson, R.; Laguna, A; Laguna, M.; Gimenez, 

J.; Gomez, M. P.; Sainz, A; Jones, P. G. J. Chem. Soc., Dalton Trans. 1990, 

3457; (e) Davidson, J. L.; Preston, P. N.; Russo, M. V. J. Chem. Soc., Dalton 

Trans. 1983, 783; (f) Deeming, A J.; Meah, M. N.; Bathes, P. A; Hurthouse, 

M. B. J. Chem. Soc., Dalton Trans. 1988, 2193~ (g) Hadjikakou, S. K.; 

Aslanidis, P.; Karagiannidis, P.; Inorg. Chim. Acta 1991, 184, 161; 

(h) Cookson, P. D.; Tiekink, E. R: T. J. Chem. Soc., Dalton Trans. 1993, 259. 

20. Deeming, A J.; Meah, M. N.; Bates, P. A; Hursthouse, M. B. lnorg. Chim. 

Acta 1988, 142, 37. 

105 




