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The complexes [IrH,( Me,CO),( PPh,),]X (X = PF, or SbF,) react with 3,6-bis(2'-pyridyl)pyridazine, 
dppn, in dichloromethane at 20 or 0 "C. A t  20 "C the resulting products are the mononuclear 
species [lrH,(dppn) (PPh,),]X only, whi le at 0 "C, in addition the salts dppn-HX (X = PF, or SbF,) 
and the homobinuclear complexes [{lrH,( PPh,),},{p-C,H N,(C,H4N),-3,6}]X form. The structure of  
the dichloromethane solvate of  the latter (X = PF,) has been determined by  X-ray diffraction 
methods. Crystals are triclinic, space group P f ,  with a = 14.01 4(4), b = 22.781 (8), c = 14.328(3) A, 
a = 108.58(4), p = 68.79(5), y = 99.04(5)", and Z = 2. The structure has been solved from 
diffractometer data by Patterson and Fourier methods and refined by  full-matrix least squares to 
R = 0.052 for 6 725 observed reflections. The structure consists of  binuclear cationic complexes, of  
PF, anions, and of dichloromethane molecules of  solvation. The cation has imposed Ci symmetry, 
so that the organic ligand, chelating on its opposite sides both metals through three nitrogen and 
one carbon atoms, must be disordered and statistically distributed in two positions with the carbon 
atom bonded to both metals. The distorted octahedral co-ordination around each Ir atom is 
completed by  two P atoms from PPh, ligands in trans positions and b y  t w o  terminal hydrides in cis 
positions. 

3,6-Bis(2'-pyridyl)pyridazine, dppn, is a binucleating ligand 
useful for studies of the binding modes of small molecules with 
metal centres in a side-by-side arrangement. We have previously 
shown that, in heterobinuclear nitrosyl complexes, NO 
symmetrically bridges the metals in the dppn plane.'*2 
Extending our investigation to hydrido compounds, we now 
report the reactivity of [IrH,(Me,CO),(PPh,),]X, X = PF, or 
SbF,, with dppn, and the X-ray structure of the homobinuclear 
complex [(IrH,(PPh,),) ,{ p-C4HN,(C,H4N),-3,6)]PF6, the 
first structurally characterized example of metallation occurring 
at a pyridazine ring. 

Results and Discussion 
The synthesis of the above mentioned dppn binuclear nitrosyl 
compounds was carried out in two steps: (i) formation of the 
dppn mononuclear nitrosyl species and (ii) reaction with a 
second metal centre. Both steps are replacement reactions, 
therefore starting complexes containing weakly bonded ligands 
were used. As a source of hydrido species, we selected the 
acetone complexes [IrH,(Me,CO),(PPh,),]X [X = PF, (la) 
or SbF, (lb)]. 

The reactions between (la) or ( lb)  and dppn in a 1 : 1 molar 
ratio in dichloromethane, at 20 or O T ,  lead to different 
products depending on the temperature. 

Reaction at 20°C.-When the reactions are carried out at  
20 "C yellow products which analyse for the mononuclear 
species [IrH,(dppn)(PPh,),]X [X = PF, (2a) or SbF, (2b)l 
are formed in high yields. 

* p-[ 3,6-Bis(2'-pyridyl)pyridazin-4-yl-N1W : C?N"]-bis[dihydridobis- 
(triphenylphosphine)iridium] hexafluorophosphate-dichloro- 
methane ( l / l ) .  
Supplementary data available: see Instructions for Authors, J. Chem. 
SOC., Dalton Trans., 1988, Issue 1, pp. xvii-xx. 

Such salts, 1 : 1 electrolytes in nitromethane  solution^,^ were 
characterized by spectral methods (data in Table 1 and Experi- 
mental section). In particular, i.r. and 'H n.m.r. data? indicate 
terminal cis dihydrides and the single resonance in the 31P-{ 'H) 
n.m.r. spectra [at 19.02 p.p.m. for (2a) and 19.08 p.p.m. for (2b)l 
indicates equivalence of the two phosphines. The structure of 
the cation of complex (2a) or (2b), deduced from these data as 
well as by comparison with the known parent complex (la),' 
and from the X-ray structure determination of the homologous 
rhodium compound [RhH,(dppn)(PPh,),]PF,,6 appears in 
Scheme 1. 

Reaction at 0 "C.-At this temperature the reactions between 
dppn and complex (la) or ( lb)  afford three products, (A)-(C). 
The only difference between (la) and ( lb)  was in the relative 
yields (Experimental section). These products were character- 
ized by microanalytical, conductivity, and spectral methods. 

Compounds (A), the main products, were identified as the 
mononuclear dihydrido complexes (2a) or (2b) by comparison 
with the compounds formed at 20 "C. 

The products (B) are white solids that do not contain iridium. 
Their i.r. spectra display absorptions characteristic of the anion 
(PF, or SbF,) together with NH stretches, at about 3 250 cm-'. 
Moreover, upon reaction with NaHCO, they give dppn quanti- 
tatively. Such compounds are therefore formulated as dppnOHX, 

Compounds (C) analyse for binuclear complexes of stoichei- 
ometry [{IrH2(PPh,),),(C14H,N,)IX, X = PF, or SbF,, 
denoted as (3a) or (3b) respectively in Table 1, and in 
nitromethane solutions they behave as 1 : 1 electrolytes. Their 
i.r. spectra show bands of medium intensity due to terminal 
v(1r-H) (Experimental section). The ,'P-{ 'H) n.m.r. spectra 

where x iS PF, or SbF,. 

t The assignment of the ligand's signals was performed as previously 
described.4 
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Table 1. Proton and ,'P-{ 'H) n.m.r. dataa 

Ir-H 
I- 

A 
\ 

Complex W )  J( PH) 'J(HH) 

( 2 4  - 19.38 17.0 7.0 
- 18.74 17.0 7.0 

(2b) - 19.37 16.7 7.4 
- 18.72 16.7 7.4 

(34  - 20.30 18.3 6.6 
- 18.72 16.3 6.6 
- 19.51 17.2 3 4  
- 10.98 20.5 3 4  

(3b) - 20.30 18.0 6.7 
- 18.71 17.0 6.9 
- 19.50 17.5 3 4  
- 10.99 20.0 3 4  

[IrH,(MeCN),(PPh,),]BF,d -20.63 15.0 
w7 
2 1.49 
19.02 

19.08 

20.32 
18.34 

20.40 
18.50 

In CD,Cl, solution at room temperature. Chemical shifts (6) in p.p.m. (relative to SiMe,); coupling constant (J) in Hz. Chemical shifts (6) in 
p.p.m. to high frequency of 85% H,PO,. From ref. 5. 

I: 5' 
H5 I+ 

Scheme 1. Proposed co-ordination geometry for the complex cation 
(2a) or (2b) and that found for the complex cation (3a) or (3b) with 
the numbering scheme for the hydrogens 

show two resonances C20.32 and 18.34 p.p.m. for (3a), 20.40 and 
18.50 p.p.m. for (3b)I each attributable to a trans-Ir(PPh,), 
moiety. The 'H n.m.r. spectra in the dppn region show only a 
singlet due to one pyridazinic proton, while in the hydridic 
region two set of resonances, fingerprints of two cis-IrH, 
arrangements, are observed. 

Interestingly, only an IrH, moiety [ -20.30 and - 18.72 for 
(3a), -20.30 and - 18.71 for (3b)l results in an environment, 

Table 2. Selected bond distances (A) and angles (") in complex (3a) (two 
independent cations) * 

P( 1)-Ir-N( 1) 
P( l)-Ir-N(2),C(8) 
P(2)-Ir-N( 1) 
P(2)-Ir-N(2),C( 8) 
P( l)-Ir-P(2) 
N( l)-Ir-N(2),C(8) 
Ir-N( 1)-C(5) 
Ir-N( 1)-C( 1) 
C(l)-N( 1 kC(5) 
N(l)-C(ltC(6) 
N(1)-C(lkC(2) 
C(2)-C( 1 )-C(6) 
C( l)-c(2)-C(3) 
C(2)-C(3)-C(4) 
C( 3)-C(4)-C( 5) 

C( 1 )-C(6)-N(2),C(8) 
C(1)-C(6)-N(3),C(7) 

N( 1)-C(5)-C(4) 

C( 6)-N( 2),C( 8)-N( 3'),C( 7') 
Ir-N(2),C(8)-C(6) 
Ir-N( 2),C( 8)-N( 3'),C( 7') 
C(6)-N(3),C(7)-N(2'),C(8') 

Cation 1 
2.290(4) 
2.272(4) 
2.133(11) 
2.117( 15) 
1.3 5( 2) 
1.42(2) 
1.40(4) 
1.36(4) 
1.39(3) 
1.36(3) 
1.46(3) 
1.3 1 (2) 
1.38(2) 
1.37(2) 

95.7(3) 
95.5(4) 
93.8(3) 
98.7(3) 

164.5(2) 
75.6(5) 

123(1) 
117(1) 
120( 1) 
114( 1) 
122( 1) 
124( 1) 
115(1) 
124(2) 
11 8(2) 

117(1) 
119(1) 
124(1) 

117(1) 
125( 1) 

121(2) 

118(1) 

118(1) 

Cation 2 
2.294(4) 
2.291(4) 
2.148(9) 
2.078( 12) 
1.31(2) 
1.42(2) 
1.45(3) 
1.39(3) 
1.43(2) 
1.35(2) 
1.47(2) 
1.36(2) 
1.40(2) 
1.34(2) 

93.6(3) 
97.4(4) 
94.3(3) 
94.1(4) 

122( 1) 
116(1) 
122(1) 
115(1) 
123(2) 
122(2) 
1 17(2) 
120(2) 
1 18(2) 
121(2) 
116(1) 
120(1) 
125( 1) 
116(1) 
116(1) 
128( 1) 

167.3(2) 
76.6(5) 

120(1) 

* The primed atoms are related to the unprimed by an inversion centre. 

as in the mononuclear complex (2a) or (2b), with both IrH trans 
to N. The second IrH, moiety exhibits signals at - 19.51 and 
- 10.98 for (3a) [ - 19.50 and - 10.99 for (3b)l where the former 
can be attributed to Ir-H trans to N, while the latter simply 
indicates a stronger trans effect on the Ir-H bond.7 
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Figure. View of the cationic complex [{IrH2(PPh,)2},{p-C4HN,(C5H4N)2-3,6)] + with the atomic numbering system. Because of the disordered 
organic ligand, atoms N(2) and N(3) of the central ring can be replaced by C(7) and C(8). The primed atoms are related to the unprimed ones by 
an inversion centre 

Crystal Structure of [{ IrH,(PPh,),) ,{ p-C4HN2(C5H4N),- 
3,6)]PF, (3a).-The crystal structure of complex (3a) consists of 
di-iridium cations, PF6- anions, and dichloromethane molecules 
of solvation. In the unit cell there are two crystallographically 
independent, but practically equivalent, cations, of imposed Ci 
symmetry. The deprotonated dppn acts as a quadridentate ligand 
chelating, on opposite sides, the two metal atoms, one through one 
pyridyl and one pyridazinyl nitrogen atom, the other through one 
pyridyl nitrogen and one pyridazinyl carbon atom. Since this 
ligand is not centrosymmetric, it must be disordered and 
distributed in two positions of equal occupancy with the 
pyridazinyl carbon statistically bonded to both metals. The 
structure of one of the two independent cations is depicted in the 
Figure together with the atomic numbering system; selected bond 
distances and angles are given in Table 2. Half of the ligand is 
bonded toone Ir atom through two Natomsand halfthrough one 
Nand one C atom in sucha way that in the central ring theN(2)and 
N(3) atoms are statistically replaced by the C(7) and C(8) atoms. 

The octahedral co-ordination of the Ir atoms involves the 
two N or one N and one C atom from the chelating ligand, two 
hydrides in cis positions, and two P atoms from PPh, ligands in 
trans positions. The hydrides have been located clearly in the 
Fourier difference map in the expected positions, although at a 
slightly short distance from the metal in one cation [Ir-H 1.41 
and 1.48 A, H-Ir-H 75.2" in cation 1, Ir-H 1.82 and 1.87 A, 
H-Ir-H 76.3" in cation 21. 

The conformation of the deprotonated dppn ligand is the 
same as that of neutral dppn in the mononuclear iridium [(2a) 
and (2b)J and rhodium complexes,6 i.e. with the pyridyl 
nitrogen atoms trans to each other with respect to the central 
ring, but differs from that found in the mixed-metal cation 
[IrCl(PPh,),(p-dppn)(p-NO)C~Cl]~+ where the pyridyl nit- 
rogen atoms are on the same side in order to allow chelation of 
the two metals through the four nitrogen atoms.' As in this 
mixed-metal complex, in the present di-iridium complex all the 
atoms are nearly coplanar, except those of the PPh, ligand. 

It is noteworthy that the Ir-N distances in complex (3a) 
[2.133( 1 1) and 2.148(9) 8, involving N( 1); 2.1 17( 15) and 
2.078(12) 8, involving N(2), overlapped by Ir-C(8)] are longer 
than the corresponding bond distances in the Ir-Cu mixed- 
metal complex [1.98(2) trans to C1, 2.03(2) 8, trans to nitrogen 
from the nitrosyl group] confirming the pronounced trans effect 
exerted by the H ligand, already noted in the complex 

The Ir - Ir separation [6.975(3) 8, in both cations] in (3a) 
is much greater than the Ira Cu one in the mixed-metal 
complex [3.416(5) A], where the metals are chelated on the same 
side of the dppn ligand. 

The PF6- anion is quite regular with P-F bonds in the range 
1.50(2)-1.60(2) 8, and F-P-F angles, involving cis-F atoms, in 
the range 85.7( 1)-94.7( 1)". 

CRhH"H 3151 CC1041 2.8 

Conclusions 
The reactivity of the cation [IrH,(Me,CO),(PPh,),] + with 
dppn is illustrated in Scheme 2. 

Remarkably, at 20 "C the reaction affords the straightforward 
product (2), while at 0 "C both (2) and the binuclear complex (3) 
are formed. Moreover, further attempts to synthesize (3) by 
reaction between (2) and (1) were unsuccessful. 

The main feature of complex (3) is the new Ir-C bond with the 
pyridazine ring. The formation of such a bond may tentatively 
be explained by kinetic considerations. The rate of formation of 
(2) at 0 "C is slower than at 20 "C, so that other reactions can 
compete [equation (l)]. In particular, as previously suggested 
by Schrock and Osborn9 in a similar case concerning a rhodium 
complex, deprotonation of the cationic dihydrido species (1) can 
occur [equation (2)]. Thereafter, in the present case, free dppn 
traps the proton giving rise to the dppn salt [equation (3)], 
while the reactive monohydrido intermediate could react with 
the free pyridinic ring of (2) and restore the IrH, moiety by 
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IrH2(Me2CO)Z(PPh3)21++ dppn 

[ I r HZ(dppn ( PPh3l21+ 

( 2 )  

[{I r H #P P h3 t } 2  {p-C ,+ H N2 (C H 4N 1 - 3,6) I+ + [ H d P P n 1' 

t 

( 3 )  
Scheme 2. Reactivity of [IrH,(Me,CO),(PPh,),] + with dppn 

insertion of the metal in the neighbouring C-H pyridazine bond 
[equation (4)]. 

[IrH,(Me,CO),(PPh,),]+ + dppn - 
[IrH,(dppn)(PPh,),] + + 2Me2C0 (1) 

dppn + H +  --+ [Hdppn] + (3) 

Finally, noteworthy is the inertness of complexes (2), since in 
reactions with acid, alkali, olefin, or CO, as well as with a second 
metal centre such as Cu" or Pt", they were recovered unchanged. 

Experimental 
All reactions were carried out under nitrogen, although the com- 
plexes were not air-sensitive. Anhydrous methylene chloride 
was obtained by distillation from calcium hydride. Other 
solvents were reagent grade. The 'H and 31P-{1H) n.m.r. 
spectra were recorded on a Bruker WH 300 spectrometer, i.r. 
spectra on a Perkin-Elmer 1330 spectrophotometer. Conduc- 
tivity measurements were performed using a LKB 5300 B 
conductolyser conductivity bridge. The melting points are 
uncorrected. Elemental analyses were carried out by the 
Microanalyses Laboratory of the Istituto di Farmacia dell' 
Universita di Pisa, Pisa. The ligand 3,6-bis(2'-pyridyl)pyridazine 
(dppn) l o  and the complexes [IrH,(Me,CO),(PPh,),]X (X = 
PF6 or SbF,) were prepared by the literature methods. 

Preparations.-[IrH,(dppn)(PPh,),]PF, (2a). The complex 
[IrH2(Me2CO),(PPh3),]PF6 (0.1 g, 0.1 mmol) in CH,CI, 
(5 cm3) was added to a solution of dppn (0.024 g, 0.1 mmol) in 
CH,Cl, (2 cm3). The resulting yellow solution was stirred at 
room temperature for 1 h. A light yellow solid was formed 
by addition of diethyl ether (20 cm3) and recrystallized from 
CH,Cl,-Et20 (0.1 g, 89%), m.p. 240-242 "C (Found: C, 51.95; 
H, 3.85; N, 4.85. C5,H,,F61rN,P,~CH,CI, requires C, 51.8; 
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H, 3.75; N, 4.7573, A = 73.75 R-' cm2 mol-' (lop3 mol dm-3) in 
nitromethane. 1.r. (KBr disc): v 2 210 and 2 170 cm-' (Ir-H). 
N.m.r. data of complexed dppn (300 MHz, CD,Cl,, standard 
SiMe,, py = pyridine): 6 ,  6.84 [l  H, ddd, J(H5H4) = 7.5, 
J(H5H3) = 1.5, H5 of py], 7.55 [ddd, 1 H, J(H5'H4') = 7.8, H5' 
of py], 7.79 [ 1 H, br vt (virtual triplet), J(H4H3) = 7.8, H4 of py], 
7.84 (1 H, br d, H3 of py), 8.00 ( 1  H, d, H5 of pyridazine], 8.06 [ 1 
H, vt, J(H4'H3') = 8.0, H4' of py], 8.14 [ l  H, br d, 
J(H6H5) = 5.5, H6 of py], 8.57 [l  H, d, J(H5H4) = 9.0, H4 of 
pyridazine], 8.58 (1 H, ddd, H3' of py), and 8.76 [ l  H, ddd, 
J(H6'H5') = 4.8, J(H6'H4') = 1.8, J(H6'H3') = 1.0 Hz, H6' of 
PYl- 

[IrH,(dppn)(PPh,),]SbF, (2b). The SbF,- salt was obtained 
in a similar way from [IrH,(Me,CO),(PPh3),]SbF6 (0.1 g, 
0.094 mmol) and dppn (0.022 g, 0.094 mmol) as a light yellow 
crystalline solid (0.1 g, 90%), m.p. 233-235 "C (Found: C, 
49.05; H, 3.55; N, 4.20. C,,H,,F61rN4P,Sb~0.5cH2c~2 requires 
C, 49.25; H, 3.50 N, 4.55%), A = 74.10 Q-' cm2 mol-' mol 
dmP3) in nitromethane. 1.r. (KBr disc): v 2 210 and 2 170 cm-' 
(Ir-H). This complex was spectroscopically analogous to (2a) 
and corresponding data are not extensively reported. 

[{ IrH,(PPh3)2),{p-C,HN,(C5H4N),-3,6}]PF, (3a). A cold 
solution of dppn (0.054 g, 0.23 mmol) in CH,Cl, (10 cm3) was 
added to a solution of [IrH2(Me,CO),(PPh,),]PF6 (0.225 g, 
0.23 mmol) in CH,CI, (3 cm3) cooled at 0 "C. The resulting pale 
yellow solution was stirred at this temperature for 30 min. After 
this time a small amount of white precipitate (0.02 g, 25%) was 
formed. This precipitate, identified as dppn.HPF,, was removed 
by filtration and characterized by i.r. spectroscopy [v(N-H) 
3 270-3 200, v(P-F) 850-830 cm-'1. Addition of diethyl ether 
(25 cm3) to the yellow filtrate followed by cooling at 20 "C for 
several hours resulted in the formation of a yellow precipitate 
of (3a) and a yellow solution. By addition of diethyl ether, a 
light yellow solid (0.075 g, 30%) identical to complex (2a) was 
recovered from the solution. Complex (3a) was recrystallized 
from CH,C12-EtOH (0.056 g, 25%), m.p. 270°C (Found: 

C, 55.0 H, 4.05; N, 2.95%), A = 83.45 Q-' cm2 mol-' 
mol dmP3) in nitromethane. 1.r. (KBr disc): v 2 180, 2 100, and 
1 950 cm-' (Ir-H). N.m.r. data of complexed dppn (300 MHz, 
CD,Cl,, standard SiMe,): 6.27 [l H, ddd, J(H6H5) = 5.0, 
J(H5H4) = 7.0, J(H5H3) = 1.4, H5 of py], 6.34 [l  H, ddd, 
J( H 6'H ' ) 5.5, J( H ' H ,') = 7.4, J( H ' H ') = 1 .2, H ' of p y I, 7.60 
(1 H, br d, H3 of py), 7.65 [l H, br vt, J(H4H3) = 7.8, H4 of py], 
7.78[1H,brvt,J(H4'H3') = 7.9Hz,H4'ofpy],8.08(1H,s,H5 
of pyridazine), and 8.51 (1 H, br, d, H3' of py). 
[{IrH,(PPh3)2}2{p-C4HN2(C5H4N)2-3,6}]SbF6. Starting 

from [IrH,(Me,CO)2(PPh3),]sbF6 (0.2 g, 0.19 mmol) and 
dppn (0.044 g, 0.19 mmol), at 0 "C three products were obtained: 
(2b) (0.12 g, 54%), dppn~HSbF, (0.02 g, 23%) [v(N-H) 3 250, 
3 200, v(Sb-F) 658 cm-'1, and (3b). The latter was recrystallized 
from CH,Cl,-EtOH (0.04 g, 23%), m.p. 253 "C (Found: C, 
51.85; H, 3.65; N, 3.30. C86H73F61r2N4P,Sb*CH2c12 requires 
C, 52.45; H, 3.80; N, 2.80%), A = 79.08 !X' cm2 mol-' ( lC3 mol 
dm-3) in nitromethane. 1.r. (KBr disc): v 2 220, 2 160, and 
1 960-1 935 cm-' (Ir-H). As for (2b), the spectroscopic data for 
(3b) are not extensively reported. 

c, 55.0; H, 4.00; N, 2.90. C,6H73F61r2N4P5*CH2C12 requires 

Crystal Structure Determination of the Dichloromethane 
Solvate of Complex (3a).-An irregularly shaped yellow crystal 
of approximate dimensions 0.25 x 0.34 x 0.40 mm was used. 
Unit-cell parameters were obtained by least-squares refinement 
of the 0 values of 30 carefully centred reflections (with 0 in the 
range 10--15O), chosen from diverse regions of the reciprocal 
space. 

triclinic, a = 14.014(4), b = 22.781(8), c = 14.328(3) A, a = 
108.58(4), p = 68.79(5), y = 99.04(5)", U = 4 038(3) A3, space 

Crystal data. C86H73F61r2N,P5*CH2Cl~, M = 1 900.78, 
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Table 3. Fractional atomic co-ordinates ( x lo4) with estimated standard deviations in parentheses for the non-hydrogen atoms except the hydridic ones 

C(251 
C(261 
C(271 
C(28 1 
C(291 
C(301 
C(311 
C(321 
C(33 1 
C( 34 1 
C(351 
C(361) 
C(371) 
C(381) 
C(391) 

Xla  
714 

2 264 
1539(3) 

171(3) 
2 726(3) 
2 030(3) 
3 994(4( 
- 797(8) 

313(11) 
- 950( 10) 
2 677(9) 

879(9) 
46( 10) 

-2 260(12) 
- 1 245(11) 

- 2 742(13) 
-2 309(16) 
- 1 310(13) 
- 591(11) 
1 924(12) 
2 086( 16) 
3 126(21) 
3 910(17) 
3 649(12) 

907( 10) 
68 1 (1 2) 
- 86( 1 I) 
- 833( 12) 
- 868( 15) 
- 114(16) 

68 1 (1 4) 
2 142(11) 
2 065( 15) 
2 615(18) 
3 163(17) 
3 352(18) 
2 753( 13) 
2 601(11) 
3 335(17) 
4 150(21) 
4 174(17) 
3 452(15) 
2 611(14) 

-1 llO(10) 
- 1 242( 13) 
- 2 243( 18) 
- 3 063( 15) 
-2 960(16) 
- 1 953(12) 

165(11) 
-557(12) 
- 432( 15) 

406( 13) 
1 135(14) 
1 034( 12) 

916(11) 

Ylb 
702 

5 747 
- 135(2) 
1671(2) 
6 259(2( 

1982(3) 
308(5) 
298(6) 

4 861(5) 
5 349(6) 
4 412(6) 

23(7) 
-237(7) 
- 191(8) 

99( 10) 
344(7) 

11(6) 
4 505(6) 
3 922(7) 
3 715(10) 
4 087(8) 
4 673(7) 
4 768(7) 

5 402(2) 

- 289(6) 

- 675(7) 
- 1 034(7) 
-1 363(7) 
-1 391(9) 
- 1 070( 10) 

-712(9) 
- 624( 7) 

- 1 253(9) 
-1 638(11) 
- 1 288(11) 
- 629( 1 1) 
-285(8) 

5V7) 
- 386( 10) 
- 230( 13) 

315(11) 
7 1 5(9) 
597(8) 

1755(6) 
1958(8) 
1591(11) 
1735(9) 
1547(10) 
1545(7) 
1957(6) 
2 339(7) 
2 556(9) 
2 385(8) 
2 017(8) 
1775(7) 
2 311(7) 

Z l c  
2 994 

363 
1 726(3) 
3 940(3) 
- 890(3) 
1772(3) 
7 276(5) 
3 123(9) 
4 235(10) 
5 234(10) 

180(9) 

3 877(11) 
4 071(14) 
3 399(20) 
2 642( 17) 
2 502( 13) 
4 469( 10) 

- 1 006(12) 
- 1 782(12) 
- 2 242( 15) 
- 1 934(14) 
-1 169(11) 

-485( 1 1) 
1144(12) 
1738(11) 
1 394(12) 

415(15) 

142( 15) 
2 105(12) 
1814(15) 
2 086( 17) 
2 690(17) 
3 077(18) 
2 715(14) 

622( 1 1) 
81(17) 

-757(8) 

- 659( 10) 

- 2 15( 16) 

- 853(22) 
- 1 032(17) 
- 5 0 (  15) 

379(14) 
4008(11) 
3 209(13) 
3 169(18) 
3 857(15) 
4 681(16) 
4 700(13) 
5 303( 1 1) 
6 096( 13) 
7 136(15) 
7 269( 13) 
6 444(14) 
5 420( 13) 
3 453(11) 

Atom 
C(401) 
C(411) 
C(421) 
C(43 1) 
C(441) 
(792) 
C( 102) 
C(112) 
C( 122) 
C( 132) 
C(142) 
C( 152) 
C( 162) 
C( 172) 
C(182) 
C(192) 
C(202) 
C(212) 
C(222) 
C(232) 
C(242) 
C(252) 
C(262) 
C(272) 
C(282) 
C(292) 
C(302) 
C(312) 
C(322) 
C(332) 
C(342) 
C(352) 
C(362) 
C(372) 
C(382) 
C(392) 
C(402) 
C(412) 
C(422) 
C(432) 
C(442) 
F(1) 
F(2) 
F(3) 
F(4) 
F(5) 
F(6) 
C1( 1) 
Cl(2) 
CK3) 
C(45) 
H(11) 
W12) 
H(21) 
H(22) 

Xla 
1821(13) 
2 444(15) 
2 055( 15) 
1129(14) 

554( 13) 
1683(10) 
1722(11) 

939(13) 
135(13) 
93(12) 

871(11) 
3 490(11) 
3 556(14) 
4 263(17) 
4 752(14) 
4 615(12) 
4 007( 13) 
3 522(10) 
3 076( 11) 
3 710(13) 
4 756(14) 
5 194(14) 
4 618(13) 
2 565(10) 
2 060( 10) 
2 553(11) 
3 620(12) 
4 118(11) 
3 621(10) 
2 583(9) 
2 538(12) 
2 919(12) 
3 326(15) 
3 356(12) 
2 991(12) 

725(9) 
89( 1 1) 

-900(13) 
- 1 225(12) 

-603(12) 
398( 1 1) 

4 728(15) 
3 063( 17) 
3 236(12) 
4 793( 15) 
3 647( 13) 
4 334(10) 
3 913(14) 
4 821(17) 
2 997( 19) 
3 910(25) 
1636(82) 

944(83) 
1778(80) 
3 453(80) 

Ylb 
2 192(8) 
2 727(10) 
3 3 13(9) 
3 420(8) 
2 898(8) 
6 496(6) 
6 450(7) 
6 678(8) 
6 987(8) 
7 020(8) 
6 772(7) 
6 990(7) 
7 371(9) 
7 923(10) 
8 082(9) 
7 713(8) 
7 153(8) 
5 790(6) 
5 289(7) 
4 864(8) 
4 925(8) 
5 444(9) 
5 877(8) 
4 653(6) 
4 115(6) 
3 565(7) 
3 554(7) 
4 075(7) 
4 619(6) 
5 885(6) 
5 643(7) 
6 022(8) 
6 fW9) 
6 822(8) 
6 464( 7) 
5 320(6) 
5 808(7) 
5 797(8) 
5 327(7) 
4 833(8) 
4 837(7) 
2 371(9) 
2 402( 10) 
1603(7) 
1550(9) 
1 540(9) 
2 41 l(7) 
1739(9) 
3 006(10) 
3 007( 12) 
2 539( 13) 
1130(51) 

852(51) 
6 459(49) 
6 234(50) 

Zlc 
2 617(13) 
2 290(15) 
2 825(15) 
3 646( 14) 
3 997( 13) 

-1 141(11) 
-2 157(12) 
-2 321(13) 
- 1 416( 14) 
- 429( 13) 
- 275( 1 1) 
-693(12) 

-1 320(15) 
- 1 233( 17) 

-504(15) 
122(13) 
22( 13) 

-2 137(11) 
-2 699(12) 
- 3 580( 13) 
-3 857(14) 
-3 306(15) 
- 2 456( 14) 

1363(10) 
900( 1 1) 
365( 1 1) 

708(12) 
1 245( 11) 
2 761(10) 
3 562(12) 
4 383(13) 
4 330(15) 
3 540( 13) 
2 725(12) 
2 624(10) 
2 911(11) 
3 658( 13) 
4 114(12) 
3 847(13) 
3 099(12) 
7 871(15) 
8 027( 17) 
6 714(12) 
6 471(15) 
7 978( 15) 
6 510(11) 
3 747( 15) 
4 128(19) 
4 777(24) 
4 507(29) 
2 933(85) 
2 OSO(87) 
1374(84) 

456(83) 

240( 12) 

group PI, Z = 2, D, = 1.563 g CM-~,  F(OO0) = 1884, 
p(Mo-K,) = 35.03 cm-’. 

Data collection and processing. Data were collected at room 
temperature on a Siemens AED diffractometer using niobium- 
filtered Mo-K, radiation (A = 0.710 69 A) and the 8-28 scan 
mode, the individual reflections profiles having been analysed 
according to Lehmann and Larsen.’ All reflections in the range 
3 6 8 6 25” were measured; of 15 418 independent reflections, 
6 725 having 12 20(1) were considered observed and used 
in the analysis. A correction for the absorption effects was 
applied ’ using the program ABSORB l4 (maximum and 

minimum values for the absorption corrections in the polar 
angles cp and p are 1.156 and 0.908 respectively). 

Structure solution and rejnernent. The structure was solved 
by direct and Fourier methods, and refined by full-matrix least 
squares first with isotropic and then with anisotropic thermal 
parameters for all non-hydrogen atoms except the carbon 
atoms of the phenyl rings and the atoms of the solvent molecule. 
The hydridic atoms were clearly localized in the final A F  map 
and refined isotropically. No attempts were made to localize the 
other hydrogen atoms because of the atom-number limits of the 
programs used (SHELX system 5 ) .  The unit cell does not contain 
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one crystallographically independent cation as expected, but 
two half-independent cations, as they have crystallographically 
imposed Ci symmetry. As the ligand is not centrosymmetric, it 
must be disordered with the atom C(8) statistically bonded to 
both metals, so that in the pyridazinyl ring the atoms N(2) and 
N(3) can be replaced by C(7) and C(8). Also the dichloro- 
methane molecule of solvation has been found disordered with 
one C1 atom statistically distributed in two positions of equal 
occupancy, labelled Cl(2) and Cl(3). 

The weighting scheme used in the last cycles of refinement 
was w = K[02(Fo)  + gFo2]-’ with K = 0.6635 and g = 
0.005 37. Final R and R’ values were 0.052 and 0.067 respec- 
tively. Final atomic co-ordinates are given in Table 3. Atomic 
scattering factors, corrected for the anomalous dispersion of Ir, 
P, and C1, were taken from ref. 16. All calculations were 
performed on the GOULD-SEL 32/77 computer of the Centro 
di Studio per la Strutturistica Diffrattometrica del C.N.R., 
Parma. 

Additional material available from the Cambridge Cry- 
stallographic Data Centre comprises H-atom co-ordinates, 
thermal parameters, and remaining bond distances and angles. 
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