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Abstract 

The determination of the X-ray structure and formation constant of a Rh nl organometallic complex containing bis(salicyl- 
aldehyde)ethylendiiminate [(pyridine)Rh(salen)(adamantyl)], revealed a cis-influence on the axial metal-nitrogen bond signifi- 
cantly greater than that found in the analogous dimethylglyoximate. Comparison of the formation constants suggests that the 
stability of the hexacoordinate species with respect to the pentacoordinate species in Rh complexes is greater than that for Co 
complexes. 
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Octahedral Co m complexes, [LCo(chel)R], where L 
is a Lewis base, R an alkyl group and (chel) is either 
(Hdmg) 2 (alkylcobaloximes) [1] or a tetradentate Schiff 
base such as salen or saloph [2], have been studied as 
both models of the vitamin Bt2 system [3] and conve- 
nient sources of carbon radicals [4]. The (chel) influ- 
ences the coordination of the axial ligands, especially 
L, and the Schiff bases stabilize noticeably five-coordi- 
nate species [RCo(chel)] compared with cobaloximes 
[2]. The observation [5] that the Rh analogue of Y-de- 
oxyadenosylcobalamin, 5'-deoxyadenosylrhodamin, is a 
vitamin B12 inhibitor in E. Coli has prompted studies 
on the rhodoximes, [LRh(Hdmg)2R] [6-8], which have 
suggested that the Rh-C bond should be influenced by 
steric interactions with the equatorial ligand less than 
the corresponding Co-C bond. Many years ago, the 
synthesis of the [LRh(salen)R] with several different R 
groups was reported [9]. However, the lack of struc- 
tural and solution characterization does not allow the 
analysis of the influence of the equatorial ligand on the 
axial L-Rh-C fragment. Therefore, the study of 
organometallic Rh(salen) complexes with bulky R 
groups has been undertaken. The synthesis [10] of 
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[pyRh(salen)adam] (1) and [Rh(salen)adam] (2) (adam 
= adamantyl) complexes and the X-ray structure of 1 
are reported. The formation constants of 1 and of its 
analogous Co complex were measured. 

Two crystalline forms of 1, a and b, were obtained 
and structurally characterized. The ORTEP drawings 
[11] of la  (which applies also to lb) is shown in Fig. 1. 
The molecules of la and lb are very similar. The 
equatorial moiety in both la and lb deviates from 
planarity in a step conformation [12]. The equatorial 
coordination bond lengths, very similar in la and lb, 
are given in Fig. 1. The Rh-C distances are 2.125(3) 
(la) and 2.116(4) ,~ (lb) and the Rh-N(axial) distances 
are 2.347(3) (la) and 2.351(4) (lb) ,~, respectively. The 
comparison of la  and lb with the analogous rho- 
doxime, [ ( 1 -  MeIm)Rh(Hdmg)E(adam)] (3) [8] (1- 
MeIm = 1-methylimidazole) with Rh-C and Rh-  
N(axial) distances of 2.148(2) and 2.195(2) ,~, respec- 
tively, indicates that the Rh-C distances are hardly 
affected by the change of the equatorial ligand, the 
salen derivative being slightly shorter. The Rh-adam 
bonds are even shorter than the Co-adam bonds in 
[LCo(Hdmg)E(adam)] [13] with L=4-Me2NCsH4N 
(2.160(4) ,~) and L = 1-MeIm (2.154(5) A), despite the 
larger ionic radius of Rh m, supporting the hypothesis 
that the Rh-C bond is stronger than the C o - C  bond 
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Fig. 1. ORTEP drawing (50% probability thermal ellipsoids) and 
labelling scheme for non-hydrogen atoms of molecule la. The same 
scheme applies also for lb. Equatorial coordination distances: Rh -  
O(1) 2.026(3) [2.024(2)1; Rh-O(2) 2.037(2) [2.037(2)1; Rh-N(1) 
1.964(3) [1.956(3)]; Rh-N(2) 1.978(3) [1.980(3)] A. Values in square 
bracket refer to lb. 

[6,7]. In contrast the Rh-N (axial) distance in 1 is 
longer than that found in 3 [14] and that of 2.225(3) .~ 
found in [(4-ButCsHnN)Rh(Hdmg)2(But)] [6]. The cis- 
influence of the salen on the Rh-N(axial) bond is 
larger than that of (Hdmg) 2, consistent with the obser- 
vation that the five coordinate [Rh(salen)(adam)] (2) 
species is easily isolated, whereas only the correspond- 
ing hexacoordinate [pyRh(Hdmg)2(adam)] has been ob- 
tained. 

Species 2 has been characterized by elemental anal- 
yses and spectroscopy. The IR spectrum of a solid 
sample of 2 shows no absorption ascribable to coordi- 
nated water. The above data are consistent with the 
formulations corresponding to the five coordinate 2 
and to the dimer [{(adam)Rh(salen)}2]. Unfortunately, 
its poor solubility did not allow us to determine the 
molecular weight in non-coordinating solvents. How- 
ever, the presence of well defined isosbestic points in 
the spectrophotometric titration with py in CH2CI 2 
and the excellent fit of the absorbance at various py 
concentrations with the Benesi-Hildebrand equation 
indicate that the reaction follows the simple scheme 

[Rh(salen)(adam)] + py.  " [(adam)Rh(salen)py] 

involving exclusively monomeric species. The values of 
the equilibrium constant for the reaction at 25°C are 78 
M -1 in CHECI 2 and 25 M -1 in DMF and indicate the 
reluctance of the complex to bind even a strong donor 
ligand such as py. 

The equilibrium constant for [Co(salen)(adam)] [15] 
at 25°C in DMF is 0.15 M -~, the lowest value found in 
[alkylCo(salen)] series, where the values range from 83 
M -~ for a lkyl=Me to 17 M -1 for alkyl=Pr"[16], 
consistent with the greater donating ability of adam 
ligand. 

The present results suggest that organometallic five 
coordinate Rh species are more stable than rho- 
doximes when (chel)= salen. Furthermore, they con- 
firm [8] that the axial bonds should be more stable in 
Rh than in Co derivatives, indicating that in these 
systems Rh is a better Lewis acid than Co. This stabi- 
lization could be responsible of the lack of biological 
activity of 5'-deoxyadenosylrhodamin [5]. 
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