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Summary 

Five-coordinate cationic compleses of rhodium(I) of the type [ Rh- 
(CO)~L3]C10J where L is a tertiary phosphine or arsine react with a nu.m- 
ber of (more basic) monodentate nitrogen donor ligands (Y) to give four- 
coordinate comp!eses of the type [ Rh(CO)Y L2] CIO,. p-Tolyl isocyanide 
however gives five-coordinate compleses of the type [ Rh@-tolyl-NC)zL3] 
C103. The bidentate ligand 4,4’-bipyridyl(Y-Y) gives four-coordinate bridged 
compleses of the type [(CO)L~Rh(Y-Y)RhLI(CO)](C10,)2. Structures have 
been assigned to all the complexes. 

Introduction 

In recent years a number of cationic compleses of rhodium(I) have been 
reported [l-7]. In several of these complexes rhodium has a coordination 
number five, in others it takes up a coordination number four. It is generally 
believed that in such complexes, m which the metal has a d8 electron con- 
figuration, an increase in the electron density at the central metal atom will 
favour the formation of a five-coordinate rather than a four-coordinate com- 
plex [S]. However, allays and coworkers [9] while preparing a series of cat- 
ionic complexes of iridium(I) found that use of the most basic phosphines, 
which would increase the electron density at the metal atom, produced only 
four-coordinate compleses. They suggested that factors other than the elec- 
tron denstty at the metal atom, for esample, steric effects, may determine 
the relative stability of five- in comparison with four-coordinate complexes. 

We have reported [7] recently the isolation of several five-coordinate 
cationic complexes of rhodium(I) of the type [ Rh(CO)?L,] C104, where L 
is a tertiary phosphine or arsine or hiphenyl stibine. When these compleses 
are treated with the bidentate nitrogen donor ligands 2,2’-bipyridyl (brpy) 
and l,lO-phenanthroline (phen), which are more basic than either carbon 
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monoxide or a tertiary phosphine (or arsine), the bidentate ligand replaces a 
molecule of carbon monoxide and a phosphine (or arsine) to give complexes 
of the type [ Rh(CO)(Y-Y)L,] CIOJ, (Y-Y is bipy or phen), where the metal 
continues to have a coordination number five. It was therefore of interest to 
find what coordination the metal would take if in these reactions the biden- 
tate nitrogen tigands are replaced by monodentate Iigands of a similar type. 
The results of these investigations are reported here. 

Results and discussions 

The cationic complexes [ Rh(CO)?L3] CIOJ in alcoholic medium react 
with the monodentate nitrogen donor hgands (Y) pyridine (py), Q-, P-, y- 
picolines (pit), quinoline (qn), isoquinoline (iqn) and benzo[f] quinoline (bfqn) 
in the mole ratio l/2 to l/3 to give four-coordinate complexes of the type 
[ Rh(CO)Y L,] C!O+ These are l/l electrolytes in nitrobenzene and show a 
v(cO) band ca. 2010 cm-’ m the mtiared. At least in the case of pyrldine use 
of even a twentyfold excess of the ligand did not yield a five-coordinate com- 
plex. Similar four-coordinate complexes of rhodium(I) containing pyridine 
and its derivatives have been synthesised by other workers 14, lo]. Due to 
steric reasons it is likely that the new cations would have a trans configura- 
tion (I). This is supported by the fact that the cations [ Rh(CO)(py) ((p-CHGHJ)J 
P) :I* and [ Rh(CO)(py)((o-CH,C,H,),P}2]‘show a single methyl resonance 
in their NMR spectra (Table l)- In a cis configuration each of the two phos- 
phines would have a different ligand lrans to it and so It IS hkely that their 
methyl resonances do not overlap. 

It LS seen that introduction of a monodentate nitrogen donor llgand 
which has a seater o-donor but a poorer n-acceptor capacity than either car- 
bon monoxide or a tertiary phosphine (or arsine) favours coordination num- 
ber four rather than five for the rhodium atom. We believe that bipy and phen 
favour five-coordination for the metal because of their chelating ability and 
not due to their better u-donor capacity_ 

These results suggest that at least in cationic complexes of rhodium(I) 
(and other similar compleses) the moderately basic tertiary phosphmes and 
arsines generally favour a coordination number five. If, however, the phos- 
phines are bulky, the metal may have a coordination number four, as in some 
of the compounds of iridium reported by Mays et al. [9]. If one or more ni- 
trogen donor ligands, which are more basic than the phosphine or arsine li- 
gands, are also present m the comples, then the metal appears to prefer a co- 
ordination number four [ 4, lo]. 

The bidentate but non-chelating ligand, 4,4’-bipyridyl (4,4’-blpy = Y-Y) 
gives binuciear complexes of the type [ (CO)L,Rh(Y-Y)RhL,(CO)] (CIO,), 
where the metal again has a coordination number four. These complexes be- 
have as l/2 electrolytes in nitrobenzene and show a single v(C0) band ca. 
2000 cm-’ in the infrared, and hence should have configuration II or III. Py- 
_razine (pyz), which also could act as a bridging bidentate ligand [II], how- 
ever, gives only mononuclear four-coordinate complexes and the cations of 
these compounds should have configuration I. p-Tolyl isocyanide (RNC), which 
is a poorer u-donor but a better n-acceptor than pyndine and similar nitrogen 
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donor ligands, replaces both the.carbon monoside molecules and gives five- 
coordinate complexes of the type [ Rh( RNC),L,] CIO, . These cations 
show a single Y(NC) peak in the infrared at ca. 2130 cm -’ and hence should 
have configuration IV. The NMR spectra of these isocyanide complexes show 
a single methyl resonance (Table 1). This result, though not conclusive, is 
consistent with configuration IV for these cations. 
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Experimental 

The infrared (Nujol mulls) and NMR (in CDCl,, using TMS as internal 
reference) measurements were carried out with Carl Zeiss UR 10 spectropho- 
tometer and Varian T-60 instruments respectively. Conductivity measurements 
were made using Toshniwal Instruments Conductivity bridge type CLO1.02. 

The compleses of the type [ Rh(CO)zLJ] ClO, were made as reported 
earlier (71. Microanalyses were carried out at the University of Surrey and 
Utuversity of Manchester, England. 

Carbonylpyridmebls(terllaty phosphme or arw~e)rhodrutn(l) perchlorate, 
[RhWO)(py)LJ ClO, 

To an ethanolic suspension of the complex [ Rh(CO),L,] C!I04, ([ Rh- 
(CO)?L,] CIO, in the case of L = o-tolyl$), pyridine, dissolved in ethanol, was 
added in the mole ratio l/2. The mixture was refluxed on a water bath for about 
W-I. The resulting yellow solution on evaporation under reduced pressure deposi- 
ted the required compound as shining yellow crystals. 

The corresponding compounds containing Q-, p-, y-picolines, quinoline, 
isoquinolme, benzo[f] quinoline and pyrazine were prepared in the same 
way. 
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Dicarbonyl-p-4,4’-bipyridyltetrakis(tertiary phosphine or arsine)dirhodium(l) 
perchlorate, [Rh,(CO),( Y-Y)L,] (CIO,), 

To an ethanolic suspension of [ Rh(CO),L3] Clod, was added 4,4’-bipyridyl, 
in ethanol, in the mole ratio l/2. The mixture was retluxed on a waterbath for 
2h. The resulting yellow solution on cooling deposlted the yellow crystals of 
the required compound. 

Bis(p-tolyl isocyanide)tris(tertiary phosphine or arsine or stibrne)rhodium(I) 
perchlorate, [Rh(RNC),L,] ClO, 

p-T01yl isocyanide in ethanol was added to an ethanolic suspension of 
[ Rh(CO)IL3] CIO, in the mole ratio 2/l. The mixture was refluxed for an hour 
on a water-bath. The resulting orange-yellow solution was concentrated under 
reduced pressure and cooled when the required compound separated as 
shining crystals. 
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