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Abstract 

The reaction of Rh2(02CCHs$, with an excess 
of molten PhCONHz gave Rhz(PhCONH).@h- 
CONH,)z (1) which contains a dirhodium unit 
having four bridging benzamidato anions and two 
axial, neutral benzamide ligands. The compound has 
been characterized by elemental analysis and infrared 
spectroscopic data. Reactions of (1) with SbPhs 
and pyridine in CH2Clz afford crystalline Rhz(Ph- 
CONH)4(SbPh3)2*CH2Clz (2) and Rh2(PhCONH)4- 
(py)* (3), respectively. The structures of (2) and (3) 
were determined from single-crystal X-ray diffrac- 
tion data. Compound (2) crystallizes in the triclinic 
space group Pi with half of the dimer and half 
of the CH2Clz molecule constituting the asymmetric 
unit. The cell dimensions for (2) are: II = 12.927(7) 
A, b = 13.661(S) A, c = 10.242(6) A, (Y = 103.45(4)O, 
p = 99.63(4)“, y = 67.44(4)O, V= 1622(l) A3, and 
Z = 1. The molecule, which has a crystallographic 
center of inversion, consists of a dirhodium unit 
bridged by four benzamidato ligands. Each rhodium 
has one axial ligand, SbPh3. The Rh-Rh distance 
is 2.463( 1) 8, and the Rh-Sb bond length is 2.68 l(1) 
A. The mean Rh-0 and Rl-N distances are 
2.029[4] A and 2.056[3] A, respectively. The 
Rh-Rh-Sb angle is essentially linear having a value 
of 176.40(2)“. The compound (3) crystallizes in 
the orthorhombic space group Pbcu with the 
following unit cell dimensions: a = 16.395(2) A, 
b = 18.250(2) A, c = 11.754(l) A, cr = /3 = y = 90.0”, 
I’ = 3517(l) A3, and Z = 4. Half of the molecule 
constitutes the asymmetric unit. The molecule 
has two pyridine ligands in the axial positions. 
The equatorial positions are occupied by four anionic 
benzamidato ligands as in (2). The RhRh distance 
is 2.437(l) A. The distance between the rhodium 
and the axial pyridine nitrogen atoms is 2.227(7) 
A and the angle Rh-Rh-N(3) is 175.5(2)‘. The 

averages of the Rl-0 and Rh-N bond lengths are 
2.059[6] A and 2.050[7] A, respectively. Electron 
transfer behavior of (1) in different solvents and in 
the presence of strong neutral donor ligands has 
been investigated. The compound (1) in THF, DMF 
and CH3CN exhibits a prominent oxidation wave 
at Er12 = +0.42 V (A&, = 100 mV), t0.23 V (58 
mV), and +0.36 V (65 mv), respectively. The 
pyridine, dithiane, PPh3 and SbPh3 adducts of 
(1) in CH2C12 show the first oxidation at +0.39 V 
(60 mV), tO.48 V (90 mV), +0.46 V (65 mV) and 
+0.47 V (200 mV), respectively. The PPh3 adduct 
displays another quasireversible oxidation at +l .l 
V (90 mv). In THF, the pyridine and PPh3 adducts 
undergo oxidation at +0.35 V and +0.60 V, re- 
spectively. In DMF, the PPh3 adduct shows oxidation 
at +0.50 V. In most of the cases, a second, less 
prominent oxidation wave was observed at slightly 
higher potential than the prominent oxidation 
peak. The electronic spectra of the pyridine, PPh3 
and SbPh3 adducts show low energy absorption 
at 460 nm (shoulder), 445 nm (shoulder), and 508 
nm (E = 1520 M-’ cm-‘), respectively. The elec- 
tronic spectra of (1) studied in several polar solvents 
display bands in the range 440-563 nm. 

Introduction 

*Author to whom correspondence should be addressed. 

Widespread current interest [l-25] in the struc- 
ture and reactivity of dirhodium complexes is due 
primarily to (i) the ease of preparation and the 
stability of the complexes, (ii) the ability of the 
dirhodium unit to undergo axial ligation, (iii) their 
reversible redox chemistry, (iv) their catalytic [18- 
201 and biological [21-251 activities. In most of 
the studies, dirhodium tetracarboxylates have been 
used. The mono- or diadducts of the Rh2(carboxy- 
lato)4 core have been prepared and characterized 
by X-ray crystallography with a variety of neutral 
ligands. Spectroscopic results and theoretical cal- 
culations done on these tetracarboxylates show [lo, 
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26-321 the metal-metal bond order to be 1.0 with 
the ground state configuration u2~482S*2rrti. The 
Rl-Rh distances lie in the range 2.37-2.49 A. 
Crystallographic studies have shown [l] that the 
Rh-Rh distance is dependent on both the type of 
bridging carboxylates and the nature of the axial 
ligands. It is also known that the mode of axial 
coordination is dependent on the nature of R of the 
bridging RCOO-. Work from this laboratory has 
shown [33,34] that in Rhz(02CR)4(Me2SO)2, 
the axial coordination is through S of the Me2S0 
when R = CHa or C2H,, but it is through oxygen 
when R = CFa. 

Further illustrations [S, 7, 11-15, 35-381 of 
the influence of various three-atom bridging ligands 
on the properties of the Rhz4+ unit are provided 
by complexes in which these ligands are COa2-, 
S04’-, H,P04-, CH,CSO-, R’NC(O)R-, dimen 
(which is 1,8-diisocyanomethane), and the Xhp- 
ligands, which are 6-fluoro, 6-chloro or 6-methyl 
derivatives of 2-oxopyridine. 

Bear and coworkers have pioneered the study 
of Rh2(amidato), compounds [l l-151 and in 
the case of Rh2[HNC(0)CF3],py2 they have 
provided an X-ray crystallographic characterization 
of the molecule. However, we felt that further studies 
in this area were warranted, with the particular 
objectives of getting more structural data and more 
information on the binding of axial ligands. We 
therefore undertook the preparation of compounds 
containing the benzamidato anion, HNC(O)Ph- 
and we have been successful in preparing and charac- 
terizing several compounds containing the Rh,- 
(HNC(O)Ph), moiety. 

Electrochemical studies on dirhodium complexes 
have shown that they typically exhibit reversible 
electron transfer process(es). Replacement of the 
carboxylato by the amidato ligands results [l I-141 
in a cathodic shift of the oxidation potentials (ie., 
oxidation becomes more favorable). In some amidato 
species, a second oxidation of the dirhodium unit 
is known [l 1, 141 to occur within the solvent cut- 
off limit. Recently, Bottomley and Hallberg inves- 
tigated [ 171 the electrochemical oxidation of several 
dirhodium tetracarboxylates and they observed that 
the oxidation potentials which range from +I 55 
V to +I .21 V vs. SCE are dependent on the type of 
R in RCOO-. They also found [ 171 that for a given 
carboxylate, the oxidation potential is sensitive 
to the nature of the axial ligands. Strong u-donor 
ligands cause a cathodic shift of the oxidation poten- 
tial by pushing more electron density to the d,z(MO) 
of the rhodium atom. In this paper the details of 
electrochemical investigations done on the rhodium 
benzamidato species in various solvents and in 
presence of several bases will be reported and a 
comparison made with previously reported data for 
carboxylato and amidato complexes of dirhodium(II). 

Experimental 

Materials 
Rhodium(I1) acetate, Rh2(02CCHa)4(CHa0H)2, 

was prepared by a literature method [39]. Benz- 
amide, PhCONH*, was purchased from Aldrich 
Chemical Company. 

Preparation of Rh2(PhCONH),‘(PhColvH,),, (1) 
A mixture of 0.1 g of Rh2(02CCH3)4(CH30H)2 

and 2 g of benzamide was heated at 140 “C for 
48 h under a dinitrogen atmosphere. At this temper- 
ature, the ligand was in the molten condition. The 
excess ligand was removed by sublimation under 
vacuum at 140 “C. The brown residue was washed 
several times with dichloromethane and diethylether 
to remove any trace of unreacted ligand. The yield 
was quantitative. 

Anal. Calcd. for Rh2(PhCONH)4(PhCONH2)2 : 
C, 54.54; H, 4.11; N, 9.09. Found: C, 54.03; H, 
3.97; N, 8.64. Infrared spectrum in KBr phase shows 
bands at: 3360 (s, br), 3180 (s, br), 3040 (w), 1650 
(s), 1635 (s), 1595 (s), 1560 (s), 1445 (s), 1425 (s), 
1390 (s), 1215 (s), 1115 (s), 1025 (m), 1000 (w), 
925 (m), 835 (m), 790 (m), 695 (s), 665 (s), 650 
(s), 540 (sh), 520 (m), 465 (w), 415 (w), 440 (w) 
cm-’ (s, strong; m, medium; w, weak; br, broad; 
sh, shoulder). The compound is sparingly soluble 
in common non-polar solvents. It is soluble in polar 
organic solvents like dimethylformamide and 
dimethylsulfoxide, but only slightly soluble in 
acetonitrile, acetone and tetrahydrofuran. Attempts 
to crystallize the product were unsuccessful; only 
powders were obtained. 

Preparation of Rh,(PhCONH),(L), (L = py, PPh3, 
SbPh 3) 

The adducts were easily obtained by reacting (1) 
in CH2C12 with the axial ligand, L. The yield is 
quantitative. The products were soluble in CH2C12 
though (1) was sparingly soluble in that solvent. 
In a typical reaction, 50 mg of (1) was suspended 
in 10 mL CH2C12. To this suspension a slight excess 
of the stoichiometric amount of L was added. In 
the case of pyridine or PPha, the color of the solution 
was yellow while for the SbPha adduct the color 
was orange. 

The compound Rh2(PhCONH)4(SbPh3)2~CH2C12 
(2) was obtained in crystalline form by slow diffu- 
sion of methanol into a CH2C12 solution of the com- 
pound. The solvent of crystallization is very labile 
and the compound loses crystallinity on removal 
from the solution. The same is observed for the 
PPh3 adduct which was obtained in a similar way. 
The orange-yellow compound Rh2(PhCONH)~(py), 
(3) was obtained in crystalline form by slow evapora- 
tion of a CH2C12/hexane mixture. The crystals of 
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