
379 

Journal of Organometallic Chemrshy. 91 (1975) 379-388 
0 Elsevier Sequoia S.A., Lausanne - Printed in The Netherlands 

DIOLEFINIC COMPLEXES OF RHODIUM(I) AND IRIDIUM(I) WITH 
NITROGEN-CONTAINING LIGAN-DS 

G. ZASSLNOVICH, G. MESTRONI and A. CAMUS 

instrlute of Chemrstry and CNR Center, Uniuersity of Trieste, 3-J 137, Trieste (Italy) 

(Received November 18th. 1974) 

summary 

The synthesis and the substitution and oxidation reactions of the series of 
Rh’ and ir’ complexes M( L-L)(B)CI, [ hl( L-L)( B)?]X and [ M( L-L)(Chel)]X 
(L-L = cis,cis-cycloocta-1,5-diene, cycloocta-1,3,5,7-tetraene, bicyclo[ 2.2.1]- 
hepta-2,5diene; Chel = S-aminoquinoline, phenylendiamine, dipyridylketone, 
substituted phenanthrolines; X = Cl-, PF6-, ClO,-) are described. The use of 
these complexes as anti-tumour agents is considered. 

__------ --- 

introduction 

Square planar complexes of Pt” of the type cis-Pt(B)&I, (B = nitrogen 
containing base) have recently been found to possess promising anti-turnour 
activity [ 11, and some of them have already been submitted to clinical trials. 
Studies on different compleses of Pt.” to correlate chemical structure with 
anti-tumour activity [ 2, 31 have demonstrated that active species must be neutral 
and have two ck-leaving-groups of a lability comparable with that of the chlorme 
atoms in the cis-Pt(NH3),Cl, complex. Positive anti-tumour activity has also 
been found in Derivatives of Rh’u and Ir” [2]. Furthermore, bacteriocidal and 
viricidal activity have been found for some compleses of Pt”, Pt.lV and Rh”’ 
[4], while complexes of transition metals with l,lO-phenanthroline and related 
bases have been shown to possess inhibitory or lethal action on a variety of 
bacteria, fungi, viruses and neoplastic cells [ 51. 

In the light of the above results, we wondered if complexes M( L-L)(B)Cl 
(I), [M(L-L)(B),]X (II) and [M(L-L)(Chel)]X (III) (M = Rh’, Lr’; L-L = 
ck,cis-cycloocta-1,5diene (COD), cycloocta-1,3,5,7-tetraene (COTE), bicyclo- 
[2.2.1]hepta-2,5-diene (NBD); Chel = bidentate nitrogen containing ligand; X = 
Cl-, PF6-, CIOq-) could have useful biological activities. These complexes are 
also square planar ds species, with two reactive cis positions. The diolefin, as a 
non-labile ligand, is necessary to stabilize the +l oxidation state of the metals. 



380 

Preliminary tests on some compounds of these series have given good 
results in tests for bacteriocidal [6], viricidal [7] and anti-neoplastic activity 181, 
and we report here details of their syntheses and chemical reactions. 

Results and discussion 

Both the series of complexes* M( L-L)(B)CI and [M( L-L)(B),lCl can be 
obtained by addition of a slight excess of base to the dinners [ M(L-L)Cl]~ in 
methylene chloride or in ethanol/water respectively. They are crystalline com- 
pounds, whose visible spectra are characterized by a maximum at about 380 
rnp (M = Rh) and by 5 maxima in the range 480-350 rnp (M = IT). The infrared 
spectra of neutral complexes show, besides the characteristic bands of the di- 
olefin and the coordinated base, two bands at about 250 cm-‘, that at the 
higher frequency being assigned to the M-Cl and the other to the M-N bond 
on the basis of the results of Pannettier et al. [lo]. Molecular weight measure- 
ments in dichloroethane confirm the absence of dimeric species, i.e. of bridging 
chlorine atoms. 

Complexes of the type (III) were prepared starting from the dimer [ M( L-L)- 
Cl],, using as bidentate ligands 8aminoquinoline (8AQ), o-phenylendiamine 
(ophen), dipyridylketone (DPK), and substituted phenanthrolines**. 

With 8AQ [ Rh(COD)CI Jz (IV) reacts to give a monomeric water-soluble 
species, in which the entering ligand is bidentate. Addition of an aqueous 
solution of NH,PF, gives the corresponding complex [ Rh(COD)8AQ]PF6_ It is 
interesting that in basic media, in protlc solvents, the coordinated ligand loses 
an aminic proton easily and reversibly, to give the neutral species [ Rh(COD)- 
8AQ(-H)l. The infrared spectrum of [Rh(COD)8AQ]PF, contains two bands 
at 3285 and 3244 cm-‘, which are attributable to the coordinated NH2 group 
1121, while that of [ Rh(COD)8AQ(-H)] shows one band at 3355 cm-’ (u N-H 
of the free ligand 3440 and 3340 cm-‘). Neutral [M(COD)8AQ(-H)] compounds 
(M = Rh, Lr) can also be easily obtained starting from M(COD)(B)CI and 8AQ 
in methanol. They show visible absorption masima (CH,CI,) at 552 (Rh) and 
532 (Jr) rnp. 

With o-phenylendiamine in methylene chloride, (IV) gives a binuclear species 

l Some of these complexes are already known 19-l I]. 
* l Complexes with acetvkcetooe. salicylaldlmine, &hydroxyquinoline are already known. Stuales on 

complexes of general formula 
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[Rh(COD)CI]&hel, which is insoluble in water. It shows a double band in the 
250-280 cm-’ region of its infrared spectrum as for complexes of type (I). 

Reaction of (IV) with DPK in protic solvents gives microcrystalline com- 
plexes of the type [ Rh’(DPK)(COD)]X (X = PF,-, CIOJ-). Their infrared spectra 
show a band at 1685 cm-‘, attrrbutable to the stretching C=O in the NJV-coor- 
dinated DPK (u C=O in free DPK 1675 cm-‘) [ 131. Unespectedly, hydridic 
derivatives of Ir”’ were isolated from the corresponding iridium complex. In 
agreement with elemental analysis, structure (A) has been tentatively assigned 
to these compounds. The DPK acts here as 3 tridentate ligand, a,s already ob- 
served for complexes of Cu, Co and Ni [14]. 

x- 

(A) 

As espected from the proposed structure (A) the infrared spectrum of the 
perchlorate derivative shows, besides the bands of the Lee anion, a hydridlc 
band at 2181 cm-‘, which is shifted to 1563 cm-’ when the comples is prepared 
in 3 deuterated medium. The shift of the pyrldinic stretching band to 1600 cm-’ 
and the absence of a v C=O peak confirm that DPK is NJV-coordinated and that 
the keto group has undergone nucleophilic attack. Furthermore, the compleses 
[Ir(COD)(PPh3)z]’ [15], [Ir(COD)(Phen)]’ and [Ir(COD)(py),]’ were isolated 
in reactions with triphenylphosphine, phenanthroline and pyridine respectively, 
demonstrating that COD is unchanged. 

Bipy, Phen and substituted Phen (5,6-Mez, 4,7-Me?, 3,4,7&Me,) act as 
bidentate chelating ligands in all the solvents, to give M(Chel)(L-L)Cl comples- 
es with (IV). In coordinating solvents chlorine atoms exchange easily with 
hexafluophosphate or perchJorate anions to give the corresponding cationic 
complexes. 

In previous papers [16, 173 we reported the synthesis and characterization 
of [M(Chel)(L-L)]’ compleses with Chel = Bipy or Phen. The corresponding 
derivatives with substituted Phen can be prepared easily by the same methods 
(see Experimental). The complexes [ M(Chel)L-L)]’ are characterized by a 
band at about 500 rnp (Rh) or two bands at about 570 and 450 rnp (Ii-). The 
band at 500 rnp in rhodium complexes undergoes a hypsochromic shift in going 
from Phen to 3,4,7,8-Me,-Phen and from NBD to COD, while its intensity 
increases. Both frequency and intensity also depend on the solvent, decreasing 
with the mcreasing coordinating power of the solvent. 
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Substitution reactions 
AU the above compleves of Rh’ and Ir’ are labile. In non-coordinating 

solvents the complexes M(L-L)(B)CI exchange the base easily without noticeable 
displacement of the coordinated chlorine, while in protogenic solvents, such as 
water or water/ethano! (l/l) an excess of B ‘* also removes the halide, giving the 
[M(L-L)(B’),]+ complexes indicatin g the presence of two labile crs-positions. 
Furthermore complexes of type (I) and (II) react rapldly with bidentate chelat- 
ing ligands (Bipy, Phen, substituted Phen) to give the corresponding cationic 
complexes, independent of the nature of the solvent. These reactions are 
summarized in Scheme 1. 

SCHEME 1 

/T~~o:;:~:Bc’ 7 

2B 
J/Z [M(L_-L)C,], F [nV(L--L) +]+Cl- 

11 -I 

Chel 
EtOH H20 I 

\ 
A 

Cnel 

‘L 

Chel 

[bl(L - L) Chel]+CI- 

Recently Robb and Nicholson [ 181 reported a kinetic study on the reaction 
between Rh(COD)(B)CI and Bipy in methanol. They found values of rate 
constants for solvolysis in the range 1.6-9.8 X lo-’ set-’ (25”C), which are lo3 
times greater than those of the corresponding Pt” complexes_ 

In complexes of type II, when M = Rh, Chel = DPK or Bipy, the reactions 
are clearly reversible_ The complexes with DPK are more unstable than the 
corresponding complexes with Bipy; in fact it is possible to obtain the substitu- 
tion of the Chel with triphenylphosphine only when Chel = DPK, the penta- 
coordinated adducts being formed when Chel = Bipy. 

AI1 the substitution reactions in compleses with nitrogen-containing ligands 
occur without displacement of the coordinated diolefin. 

Oxidation reactions 
The compieses [ M( L-L)( B)2 ICI and [ M( L-L)Chel]CI are osid ized easily 

in the air in aqueous or methanolic solution. The reactivity was measured spectro- 
photometrically in the dark at 25°C by following the decreasing intensity of 
the bands at about 380 rnp (Rh) or at about 460,400,360 rnp (Ir) for the 
complexes of type II and of the bands at about 460 rnp (Rh) and 570,450 rnp 
(Ir) for compleves of type III. 

Absorption measurements show that 1 mole of the compler takes up iA 
mole of oxygen in water and about 1 mole in methanol. In general the compler- 
es with Bipy are oxidized more rapidly than those of Phen and compleses of 
NBD more rapidly than those of COD. Reactions with COTE are very slow. 
Iridium compleses are osidized more easily than the corresponding Rh’ com- 



pleres. Kinetic measurements at constant oxygen pressure show an autocatalyt- 
ic path for the Rh’ compleres in aqueous solution, while pseudo first-order 
kinetics are observed in methanol. Furthermore the reactions are faster in 
alkaline media. 

The above results suggest a mechanism which involves initial formation 
of an osygenated adduct as the rate determinkg step followed by nucleophilic 
attack on the coordinate olefin*, assisted by the electron-withdrawmg power of 
the coordinated dio?tygen. Subsequent steps would be the attack of the proton 
on coordinated osygen, formation of a hydroperoside derivative and its de- 
composition to a hydrosyderivative and hydrogen peroside. The osidation of 
the R!I’ comple?tes by HzOz may be the step responsible for the autocatalysis 
in water. 

From the above results, the fact that the anti-tumour activity observed in 
the tested Rh’ compounds is lower than that of Pt” compleses, can be related 
to their greater lability (the corresponding Pd” compleses, which react lo5 
times faster than Ft” derivatives are practically inactive) and osidisability to 
inert db compleses (e.g. Ir’r’ compleses are completely inactive [ 191). As point- 
ed out by Cleare [ 21 “labile complexes react rapidly and indiscriminately, thus 
preventing a sufficient amount from reaching the site(s) responsible for the 
anti-tumour activity. Inert compounds, which reach these site(s) in higher con- 
centration will not react sufficiently to elicit the anti-tumour response.” It is 
probable that the introduction of suitable electron-withdrawing olefins may 
improve the stabilization of the +l osidation state, while the introduction of 
bulky ligands should hinder either the substitution or osidation reactions, whrch 
both occur via an associative mechanism. 

Experimental 

Unless othenvise specified, preparations were performed at room tempera- 
ture under nitrogen, using deaerated solvents. The complexes [ M( L-L)Cl]2 
(l’kl = Rh, Ir; L-L = COD, COT, COTE, NBD) were prepared using known 
methods [9, 11, 20,211. New compounds are listed in Table 1 along with their 
colours and analytica! data. All the complexes were dried in vacua. 

Rh(COD)(NH,)Ci 
Concentrated ammonium hydroxide (0.3 ml, 2.37 mmol) was dropped into a 

suspension of [ Rh(COD)CI], (0.49 g, 1 mmol) in methanol (50 ml). The filtered yel- 
low solution was concentrated in vacua. The complex, precipitated by water, 
was filtered off and washed repeatedly with water. 

Rh(L-L)(B)CI 
A slight excess of B (0.2 ml) was added to a solution of [ Rh(L-L)Cl], 

(0.5 g) in methylene chloride (25 ml). The solvent was partially evaporated in 
vacua. The precipitate, formed on adding ether, was filtered off and washed 
with ether. 

l Recent unpublished results show that tbls reaction occurs also wltb unsaturated molecules. such 
as retracsa.noetbrIene and fumaronitie. 
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TABLE 1 

ANALYTICAL DATA FOR THE COMPLEXES 

COllIplCS Colour Andyns found (calcd.) (5) 

C H N 

R~(COD)(NHJKI 

Rh(COD)fC~HqNH+ZI 

R.MCOD)@IP)CI ’ 

Rb:COD)(Xlld)CI a 

YdlOW 

YellOW 

Yellow 

Yellow 

R~<NBDK~IP)CI Yellow 

R~(COTE)(PIP)CI 

[ Rh(COD)(Mid)z-+PFf,- 

IRhfNBD)(Mid)2l+PF6- 

IRbfCOD)Cl1-r_ophea 

[Rh(COD)SAQ -Fg- 

[Rh(COD)SAQ(-H)l 

[Rh(COD)(DPK)mFb- 

~(COD)(I,S(h¶e)2Phen)CI 

Rh(COD)(3.4.7.8fMe)~Phen)C! 

Rh(NBD)(Bipy)Cl 

Rh(NBDKPhen)CI 

[Rh(COD)(5,6(h¶e)zPhen)ICPF5- 

(Rh<COD)(~.?(Me)2Phen)~F~- 

[ Rh(COD)(3.-l,7,8(~fe)qPhen) l+PF,j- 

Ir(COD)bip)CI 

Lr(COD)@y )Ci = 

lr(COD)(hLd)Cl 

Yellow 

Yellow 

Yellow 

Yellow 

Yellow 

VIoleL 

0rIl.Ug.e 

Orange-red 

Orange-red 

Rsd-violet 

Red 

Lr(COTE)fpipKl 

f L~(COD)@Y )z r+PFtj- 

fLr(COD)(Mid)zl+PF~- 

I MCOD)IAQ(-IJ 1 I 

(lr(COD)(DPKOH)Hj+PF~- 

Orange-Wd 

YeUow-orange 

Yellow-orange 

Yellow 

Yellow 

Yellow 

YeUow 

YelIow 

YeUow 

Violet 

YeUowarange 

36.4 
(36.45) 

44.5 
(45.08) 

46.7 

(47.07) 
43.7 

(-13.86) 

16.3 
(45.67) 
47.3 

(37.66) 

36.9 

(36.94) 
36.1 

(35.73) 
43.5 

(43.95) 
41.1 

(40.8”) 
58.0 

(57.63) 
42.5 

(42.25) 
58.4 

(58.10) 
59.5 

(59 7) 
52.4 

(52.8 1) 
55.5 

(55.37) 
47.1 

(46.83) 

37.1 

(46.83) 
48.4 

f-x8.66) 

37.1 

(37.09) 
37.2 

(37.63) 
34.3 

(34.49) 

37.6 
(37.55) 

35.4 
(35.82) 

31.6 
(31.53) 

46.5 
(46.0-I) 

35.3 

(35.24) 

5.86 
(5.73) 

7.30 
(7.25) 

7.08 

(6.99) 

5.44 
(5.52) 

5.99 

(6.06) 
5.36 

(5.8-I) 

a.63 

(4.65) 
4.09 

(3.99) 
4.93 

(5.36) 
3.81 

(4.03) 
5.2 

(5.40) 
3.73 

(3.73) 
5.07 

(5.32) 

5.91 

(5.84) 
4.10 

(4.17) 
3.79 

(3.92) 
4 52 

(J-28) 

4.13 
(4.28) 

4.54 
(4.76) 
5.57 

(5.51) 

3.90 
(4.13) 
4.23 

(4.34) 

4.65 
(4.59) 

3.42 
(3.67) 

3.76 

(3.96) 
4.21 

(4.31) 

3.08 

(3.42) 

4.86 
(5.31) 
4.40 

(4.38) 
4.22 

(-1.22) 
6.7-l 

(8.52) 
4.34 

(-1..%3) 
4.13 

t-t.27) 
10.83 

(10.87) 
11.3 

(11.11) 
4 54 

(4.66) 
5.68 

(5.60) 
8.20 

(7.90) 
5.29 

(5.18) 
6.09 

(6.16) 
5.8-l 

(5.80) 
7.24 

(7.25) 
6.72 

(6.82) 
5.11 

(-! 96) 
4.94 

(4.96) 
4.73 

(3 73) 
3.35 

(3.32) 

3.29 

(3.37) 

6.80 
(6.70) 

3.50 
(3.36) 

4.53 

(4.64) 

8.99 

(9.19) 

6.31 
(6.49) 

4.30 

(4.32) 

fconlinued) 
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TABLE 1 (cootinued) 

Complex Colour 

[lr(COD)(DPKOH)H FClOq- - Hz0 Yellow-orznge 

Lr(COD)(5.6(Me)lPhen)CI Red-%lolet 

YCOD)(~.?(hle)~Phen)CI Red-violet 

Red-violet 

Purple 

Purple 

Purple 

Red-brown 

Red-brown 

Red-brown 

Red.brown 

Orvlge 

Analysis found (calcd.) (56) 

C H N 

36.9 3.68 4.35 
(36.80) (3.90) <-#.51) 

49.0 4.36 5.16 
(48.57) (4.4-t) (5.15) 

48.1 a.38 5.10 

(48.57) (4.44) (5.15) 
50.4 5.06 5.14 

(50.39) (4.93) (4.90) 
40.9 3.58 4.35 

(40.43) (3.70) (4.28) 

40.4 3.71 4.20 

(40.43) (3.70) (4.28) 

42.5 -I.25 4.05 

(42.28) (4.14) (4.11) 
39.2 2.94 4.30 

(39.56) (3.16) (4.39) 
39.3 2.98 4.42 

(39.56) (3.16) (4.39) 
41.1 3.62 4.06 

(4 1.50) (3.63) (4.21) 
35.9 2.35 4.67 

(36.18) (2.70) (4.69) 
35.2 3.33 4.54 

(35.01) (3.58) (-1.53) 

o hlld = N-metbybm~darole. ’ pip = plperxime. c py = pyndme. 

[Rtz(k--L)(l\fld)2]PF6 (L--L = COD or NBD) 
(I) Rh(COD)(Mid)Cl, Rh(NBD)(pip)CI or [ Rh(L-L)Cl], (1 mmol) was 

suspended in EtOH/water (20/10 ml). The addition of N-methylimidazole in 
escess (2 ml) gave a clear solution, from which the compleses were precipitated 
by addition of a concentrated solution of NH,PF,. The compounds were 
thoroughly washed with water. 

(2) N-methylimidazole in escess (2 ml) was added to a suspension of 
[Rh(CQD)(DPR)]PF6 (0.64 g, 1 mmol) in ethanol (15 ml). The complexes 
precipitated overnight, after addition of water. 

Freshly recrystallized o-phenylendiamine (0.216 g, 2 mmol) was added 
to a solution of [ Rh(COD)C112 (0.49 g, 1 mmol) in methylene chloride (20 ml). 
The complex formed was filtered off and washed with ether. 

[Rh(COD)8AQ]PF, 
8AQ (0.29 g, 2 mmol) was added to a solution of [ Rh(COD)Cl], (0.49 g, 

1 mmol) in methylene chloride (20 ml). The microcrystalline solid which 
separated, was filtered off and dissolved in methanol (50 ml). Prom this solution 
NH4PFB precipitated [ Rh(COD)8AQ]PF,, which was filtered off and washed 
with water. L 
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lRh(COD)8A Q-H)] 
(1) An aqueous solution of NaOH (10 ml N/10) was added to a methanohc 

solution (30 ml) of [ Rh(COD)SAQ]PF, (0.23 g, II+ mmol). The solid precipitat- 
ed was filtered off and washed with water. 

(2) Alternatively, a suspension of Rh(COD)(B)C! (1 mmo!) in methanol 
(15 ml) was treated with 8AQ (1 mmo!). The new precipitate formed was 
treated as above. 

f Rh(COD)(DPK)]f Fb 
DPK (0.36 g, 2 mmol) added to a suspension of [ Rh(COD)C!12 (0.49 g, 

1 rnmol) in ethanol (20 ml) gave a clear solution. The solid, formed overnight 
after addition of a concentrated solution of NH3PF6, was filtered off and 
washed with water. 

Rh(L-L)(Chel)C1 (L-L = COD, Chel = 4,7-(Jle)J-‘hen; L-L = COD, Clzel = 
3,4,7,8-Me,Phen; L-L = NBD, Chel = Phen; L-L = NBD, Chel = Bipy) 

The stoichiometric amount of Chel, added to a solution of [Rh(L-L)C!], 
(1 g) in methylene chloride (20 ml), gave the corresponding compleses in a 
short time. Each was filtered off and washed with ether. 

[Rh(COD)Chel]PF, (Chel = 5,6-hIe?Phen, 4,7-hle?Phen, 3,4, 7,8-MeJPhen) 
Concentrated aqueous NH,PF, was added to a suspension of the correspond- 

ing chloroderivatives in acetone/water (30/15 ml). The solid compleses were 
filtered off and wahed with water. 

Ir(COD)(B)Q (B = pip, py. Nid) 
(I) An escess of B (2 mmol) was added to a solution of [ !x(COD)C!]~ 

(0.67 g, 1 mmo!) in methylene chloride (15 ml). The solid compounds, separated 
by addition of ligroin to the partially concentrated solutions, were filtered off 
ynd washed with ligroin. 

(2) Alternatively, 4 mmo! of B was added to a silspension of [Lr(COT),C!]2 
(0.45 g, 0.5 mmo!) in methylene chloride (15 ml) in the presence of a large 
excess of COD (2 ml, 19.64 mmo!). The complex was precipitated from the 
solution by the addition of ligroin after partial evaporation. It was filtered off 
and washed with water. 

Ir(COTE):ptp)Cl 
See abo-de, method 2. 

[ir(COD)B2]PF, (B = py, hlid) 
(I) An excess of B (20 mmo!) was added to a suspension of [Lr(COD)C!]z 

(0.67 g, 1 mmol) m ethanol (25 ml) or to a silspension of 1 mmol, of Lr(COD)- 
(pip)C! or Ir(COD)(py)CI in 15 ml ethanol. Microcrystalline solids were formed 
by addition of a concentrated aqueous solution of NH4PF6, after a partial 
evaporation of the solvent under vacua. The compleses were filtered off and 
washed with water. 

(2) An excess of B was added to a suspension of ik(COD)(DPKOH)H]PF, 
in methanol (20 ml). The solids, which precipitated from the ciear solutions by 
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adding water and concentrating in vacua, were filtered off and washed with 
water. 

[IWOD)@AQ)f--H)I 
A suspension of Lr(COD)(B)C! (1 mmo!) in methanol (15 ml) was treated 

with 8AQ (1 mmo!). The crystalline precipitate formed was filtered off and 
washed with water. 

[ir(COD)(DPKOH)H/PF6, [Ir(COD)(DPKOH)H]ClO, - H,O 
A suspension of [ Lr(COD)C!], (0.67 g, 1 mmo!) in methanol (30 ml) was 

treated with DPK (0.9 g, 5 mmol), giving a clear solution. T!le compleses, 
which were precipitated by addition of concentrated aqueous NH,PF, and 
partial evaporation of the methanol under vacua respectively, were filtered off 
and washed with water. 

Jr(COD)(Chel)Cl (Chel = 5,6-Me,Pherz, 4,7-dle,Phen, 3,4,7&hlePherz) 
Chel (2 mmol) was added to a solution of [ Lr(COD)C!], (0.67 g. 1 mmo!) 

in methylene chloride (15 ml). The solid, which formed immediately, was filter- 
ed off and washed with ether. 

]Ir(COD)Chef]PF6 (Chel = .5,6-Me2Phen, 4,7-Ale,PIzerz, 3,4,7&Med’herz) 
4 concentrated aqueous solution of NHqPF6 was added to 1 mmo! of 

Ir(COD)ChelC! (Che! = 5,6-Me,Phen, 4,7-Me?Phen or 3,4,7,8_Me,Phen), partially 
dissolved in a misture of acetone/water (30/15 ml). The compleses precipitated 
were filtered off and washed with water. 

/Ir(NBD)Chel]PF6 (Chel = 5,6-hle2Phen, 4,7-Me,Phen, 3,4,7,&Me#hen) 
A large escess of NBD (4 ml) was added to a suspension of [ Ir(COT),C!], 

(0.9 g, 1 mmo!) in acetone (60 ml). After 5 min the Che! was added and the 
misture was allowed to react whilst stirring for 3 h. The precipitate was collect- 
ed, washed with ether, dried in vacua and suspended in acetone/water (25/10 
ml). Addition of a concentrated aqueous solution of NH,PF, to the acetone/ 
water solution precipitated the complexes. They were filtered off and washed 
with water. 

[Ir(COTE)Bipy]PF, 
An escess of COTE (1 ml, 8.8 mmo!) was added to a suspension of 

[!r(COT),Cl], (0.45 g, Vz mmol) in methylene chloride (15 ml). After 5 mm 2 
mmol of Chel was added to the reaction misture, which was then a!!owed to 
react with stirring for 3 h. The solid formed was collected, washed with ether, dried 
in vacua and suspended in acetone/water (25/10 ml). The solid, precipuated 
on adding a concentrated aqueous solution of NHqPF6, was filtered off and 
washed with water. 

[Ir(CODjBipy(Oirl)J I 
Lr(COD)(Bipy)CI (0.2 g) was allowed to react in the air with 30 ml of 

water for some hours, to give a clear yellow solution. Addition of an aqueous 
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solution of Nai precipitated a crystalline solid which was filtered off and washed 
with water. 

Acknowledgements 

Financial support from CNR (Rome) is gratefully acknowledged_ Micro- 
analyses were carried out by Dr. E. Cebulec. 

References 

1 B. Rosenberg. Platinuo Met_ Rev.. 15 (1971) 42; idem. Natunvissenscbafteo. 60 (1973) 399. 

2 M-J. Cleare and J.D. Hoescbele. Platmum Met Rev.. 17 (1973) 2. 

3 T.A. Connors. ?.I_ Jones. W.C.J. Ross. P.D. Braddock. A.R. Kbokbar sod ML. Tobe. Cbem. Biol. 
lnleracLions. 5 (1972) 4 15. 

4 R.J. Bromfield. R.H. Dainty. R.D. GilJad and B.T. Heaton. Nahrce. 223 (1969) 735. 
5 A_ Sbulm;+n. G. Cade. L. Dumble and G.N. Laycock. Arzneun. Forsch. (Drug Rer). 22 (1972) 15-l 

and refs therein. 

6 C. Monii Bagadin.T. Giraldi. hq. Canti. G. Zassinovicb and G. Mestroni. FEaS Lett. 63 (1974) 

13. 
7 C. Mooti Bragadio. T. Gualdi. G. Meshoni and G. zassinowcb. IX Consesso di Cbemloter3pia. NOnLe- 

catinr (ltaly). 3-5 May 197-l. 

8 T. Giraldi. G. Zassinoncb and G. hlestroni. Chem. Biol. loteracbons. 9 (1974) 389. 
9 .I. Cbatt and L.N. Veoaxw. J. Cbem. Sot.. (1957) 4735. 

10 P. Fougeroux. B. Denise. R. Bowe and G. Paxmetier. .I. OrganomeW. Cbem.. 60 (1973) 375: 

B. Denise and G. Paxmetier. J. Organometal. Cbem.. 63 (19i3) 423: D. Brodzky and G. Parmetier. J. 
OrganomeLxl. Chem.. 63 (1973) 431. 

II M-A. Bennet and J.D. Saxby. Inorg. Cbem.. 7 (1968) 321. 
12 R.J. Angehcr ad J.J. Hoffmann. B~omorg. C&em.. 1 (1972) 187; L.J. Baziile. D.L. Kovac~c and 

J.R. Ferraro. lnorg Cbem.. 6 (1967) 406. 
13 D.J. Or&go. D.D. Wafers. C.S. Steele. J. lnorg. Nud. Cbem.. 36 (1974) 751. 

14 M.C. Feller and R. Robsoo. Aust. J. Chem. .21 (1968) 2919: idem.. 23 (1970) 1997. 
35 hl. Greeo. T.A. Kuc and S-H. Taylor. J. Cbem. Sot. A. (1971) 233?; R.R. S&rock and J-A. Osbom. 

J. Amer. Cbem. Sot.. 93 (1971) 2397. 

36 G. Mestroni. A. Camus and G. Zassinovicb. J. Organomelal. Chem.. 73 (ISi4) 119. 

17 C. Cocevar. G. Mestroni and A. Camus. J. Organometal. Cbem.. 35 (1972) 389; G. hlestronl. A. Camus 

and G. Zassinovicb. J. Organometal. Chem.. 65 (1974) 119. 

18 W. Robb and C.G. Nicholson. Inorg. Cbim. Acta. 7 (1973) 645. 

29 M.J. Cleare. Coord. Cbem. Rev.. 12 (1974) 349. 
20 E.W. Abel. h1.A. Bennett and G. Wilkmson. J. Cbem. Sot.. (1959) 3178. 

21 L. Poni. A. Lionelti. G. Alleg= and A. LmmirzL Cbem. Commun. (1965) 336. 


