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Synthetic procedures are described that allow access to a number of new Rh(III) complexes 
with the tetradentate bis-amide ligand N,N'-bis(2'-pyridinecarboxamide)- 1,8-naphthalene 
(LH2). These complexes have the formulae Rh(LH2)Cl3, Na[RhLX2] • H20  (X = Cl, CN) and 
[RhLA2]C104 (A = pyridine, 1-methylbenzotriazole). The compounds have been characterized 
by elemental analyses, conductivity measurements, X-ray powder patterns, spectroscopic (IR, 
UV/VIS, 'H NMR) studies and electrochemical methods. The neutral amide behaves as a bis- 
bidentate ligand in the oligomeric or polymeric, octahedral complex Rh(LH,)Cl3. Monomeric, 
trans octahedral structures are assigned for the complexes of L2“ in the solid state; the doubly 
deprotonated ligand acts as a tetradentate chelating agent with the four nitrogens as ligating
atoms.

1. Introduction

The coordination chemistry of organic amide li­
gands plays an important role in inorganic chemis­
try [1], ranging from solution chemistry [2, 3] to bi­
ological modeling [4, 5] and materials chemistry 
[6, 7]. In contrast to the large number of studies 
concerning 3d metal-amide complexes, little is 
known about the corresponding complexes with 
4d and 5d metals [1]; exceptions are Pd11 and Pt11 
complexes.

As part of our systematic investigation on the 
coordinating properties of the amide bond [8-18], 
we report here the preparation and detailed char­
acterization of rhodium(III) complexes with the 
bis-amide tetradentate ligand N,N'-bis(2'-pyri- 
dinecarboxamide)-1,8-naphthalene (I, LH2). Until 
now, with the exception of the work of Che and 
co-workers [19], no Rh(III) complexes with bis- 
amide ligands have been investigated. One of the 
driving forces behind our current interest in rho- 
dium-amide chemistry is the fact that dianionic, 
pyridine-containing, bis-amide ligands are capable 
of stabilizing transition-metal ions in high oxida­
tion states [2, 19, 20]; the exciting possibility to
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generate stable Rh(IV) species was one of the sti­
muli for this work. The ligand LH2 has been 
shown to coordinate to 3d [21-24], Pd(II), Pt(II)
[25] and 4 f [26, 27] metals in several modes, largely 
determined by the nature of the metal and the an­
ion present, and by the preparative conditions.

i , lh2

2. Experimental
All synthetic operations were performed under 

aerobic conditions. The starting material 
RhCl3-3H 20  was purchased from Merck. LH2 
was synthesized as described earlier [21]; its purity 
was checked by microanalyses and 'H NMR spec­
troscopy. The solvents and chemicals used were of 
reagent grade, without further purification. In 
electrochemical work, MeCN was dried and dis­
tilled over powdered CaH2. N ”Bu4BF4 (Merck) 
was dried at 95 °C in a vacuum for 48 h before use. 
All solutions for electrochemical studies were 
deaerated with high-purity Ar. Physicochemical 
measurements and spectroscopic techniques were 
carried out by published methods [15, 28, 29].
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{ [ Rh(LH2)C l2]Cl}n  (1)
A solution of RhCl3 • 3 H20  (0.26 g, 1.0 mmol) in 

MeOH (25 ml) was added dropwise to a stirred 
warm solution of LH2 (0.37 g, 1.0 mmol) in the 
same solvent (30 ml). Upon addition of the metal 
salt a yellow precipitate was formed. Stirring was 
continued for 12 h at room temperature. The pre­
cipitate was filtered off, washed with EtOH (2x5  
ml) and Et20  (3x 10 ml), and dried in vacuo over 
silica gel. Yield: ca. 95%.
Analyses for C22H16N40-,RhCl3

Calcd C 45.74 H 2.80 N 9.70 Cl 18.41%, 
Found C 46.03 H2.71 N 9.63 Cl 17.93%.

The molar conductance (AM) value for a ca.
1 x 1 0 '3 M DMSO solution at 25 °C was 34 S cm2 
mol-1.

Naf RhLCl2]  • H20  (2)
LH2 (0.37 g, 1.0 mmol) was slowly added to a 

solution of RhCl3-3H 20  (0.26 g, 1.0 mmol) in 
MeOH (30 ml). A yellow precipitate was imme­
diately obtained. The reaction mixture was stirred 
while a solution of NaOH (0.08 g, 2.0 mmol) in 
H20  (5 ml) was added in small portions over ap­
proximately 10 min; during the alkali addition the 
colour changed to red. Overnight reflux gave a 
red-orange precipitate, which was collected by fil­
tration and redissolved in MeCN (30 ml). Layer­
ing of this solution with an equal volume of Et20  
gave, after several days, orange-red flakes, which 
were isolated by filtration, washed with Et20  and 
dried in air. Yield: ca. 35%.
Analyses for C22H I6N40 3RhNaCl2

Calcd C 45.46 H 2.78 N  9.64 Cl 12.20%, 
Found C 45.33 H 2.69 N 9.80 Cl 13.01%.

AM(MeCN, 10“3 M, 25 °C): 128 S cm2 m o r 1.

Naf RhL( CN)2]  ■ H20  (3)
To a solid mixture containing complex 2 (0.25 g, 

0.43 mmol) and excess NaCN (0.10 g, 2.05 mmol) 
was added MeOH (40 ml). The resulting orange 
slurry was refluxed for a few hours to yield an in­
tense yellow solution and some white precipitate. 
The latter was removed by filtration and the fil­
trate refrigerated (-2 0  °C) for 48 h. The resulting 
yellow microcrystalline solid was collected by fil­
tration and washed with Et20 . The solid was puri­
fied by dissolution in MeOH (30 ml), followed by 
filtration, addition of 30 ml of acetone-Et2Ö 
(50:50, v/v), and overnight storage of the solution 
at - 5  °C. The product was isolated by filtration,

washed with «-hexane and dried in air. Yield: ca. 
40%.
Analyses for C y H l6N60 3RhNa

Calcd C 51.26 H 2.87 N 14.95%, 
Found C 51.01 H 2.96 N 14.27%.

AM(MeCN, 10“3 M, 25 °C): 140 S cm2 m o r 1. 
AM(MeOH, 10“3 M, 25 °C): 74 S cm2 m o r 1.

[  RhL( P y)2]C l0 4 (4)
A slurry of complex 1 (0.25 g) in EtOH (50 ml) 

was treated with an excess of pyridine (Py) (1.2 ml) 
and Zn powder (0.12 g). The reaction mixture was 
heated for 15 min at 55 °C and evaporated to dry­
ness. The crude product was extracted into 
CH2Cl2-M eO H  (ca. 40:60, v/v), the solution fil­
tered and an excess of LiC104-3H 20 , dissolved in 
the minimum volume of MeOH, added. After 
overnight storage in a freezer, the resulting orange 
powder was collected by filtration, washed with 
Et20  and dried in vacuo. The product was purified 
by two cycles of dissolution in MeCN and precipi­
tation by Et20 . Yields were typically in the 
20-30%  range.
Analyses for C32H24N60 6RhCl

Calcd C 52.87 H 3.33 N 11.56%, 
Found C 53.01 H 3.48 N 11.17%.

AM(MeCN, 10“3 M, 25 °C): 128 S cm2 mol"1.

[  RhL(Mebta) 2]C104 (5)
This orange solid was prepared by reacting com­

pound 1 (0.25 g, 0.43 mmol) with excess 1-me- 
thylbenzotriazole (II, Mebta) and LiC104 • 3 HzO, in 
the presence of Zn powder (0.12 g) and the strictly 
stoichiometric (for the removal of the two amide 
hydrogens of LH2) amount of Py (0.07 ml, 0.87 
mmol) in a manner similar to the procedure de­
scribed above for 4. The product was isolated and 
purified using the same solvents and procedures as 
above. Yield: ca. 20%.
Analyses for C36H28NI0O6RhCl

Calcd C 51.77 H 3.39 N 16.78%, 
Found C 51.91 H 3.50 N 15.99%.

AM(MeCN): 119 S cm2 m o r1.

11, M ebta
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Caution! Perchlorate salts are potentially explo­
sive. Although no detonation tendencies have been 
observed in the synthetic work, caution is advised 
and handling of only small quantities is recom­
mended.

3. Results and Discussion
The Experimental Section lists five Rh(III) com­

plexes in order of time of their preparation. The 
formation of some representative compounds can 
be summarized in eq. (l)-(3 ):

n RhCl3 • 3 H ,0  + n LH2 M.eQH >
{[Rh(LH2)Cl2]Cl}„ + 3«H 20  (1)

i

RhCl3-3 H ,0  + LH, + 2NaOH MeQH~ H Q̂ >
3 2 2 reflux

Na[RhLCU]H20  + NaCl + 4 H ,0  (2)
2

{[Rh(LH2)Cl,]Cl}n+4>7 Py + n LiC104• 3 H20  
1

EtOH-M eOH-CH,CU  
Zn, exc. Py
«[RhL(Py)2]C104 + n LiCl + 2nPyHCl + 3n H.O (3)

4

A few synthetic points deserve comments. First, 
the nearly quantitative yield in the preparation of 
1 is a strong evidence that this compound is oligo­
meric or polymeric. Second, it appears that the 
anions rram'-fRhLCy- is the thermodynamically 
preferred species in aqueous methanol (at ~  neu­
tral pH) in the absence of strong axial ligands, 
which can be used as a starting material for the 
synthesis of analogous products. For example, we 
anticipated that complex 2 should undergo chloro 
substitution on treatment with an excess of strong 
axial ligands and have confirmed this by preparing 
complex 3. Third, in the syntheses of the cationic 
complexes 4 and 5 the reaction is accelerated by 
the presence of Zn powder; presumably, a Rh(I) 
species generated in situ  catalyses the substitution 
reactions. This parallels the behaviour observed 
for the Rh(III)/l,2-bis(2'-pyridinecarboxamido)- 
benzene/Py complexes [19]. A final point of inter­
est is the use of LiC104 in the preparation of 4 and 
5. The use of LiC104 as the source o f counterions, 
instead of NaC104 or KC104, gives good results 
because LiC104 and LiCl (a product of the reac­
tions) are both soluble in the solvent mixture used 
and, thus, 4 and 5 are not contaminated.

The isolated compounds are microcrystalline or 
powder-like and stable under atmospheric condi­
tions. Complex 1 is slightly soluble only in DMSO. 
Complexes 2 - 5  are soluble in polar organic sol­
vents, but to varying extents. The complexes have 
a moderate solubility in H20; however, their 
aqueous solutions are not stable. We had hoped to 
structurally characterize one of the complexes of 
L2_ by X-ray crystallography (working mainly 
with MeCN and DMF), but were thwarted on nu­
merous occasions by twinning problems or lack of 
single crystals. Thus, the characterization of the 
complexes is based on other physical techniques 
and on spectroscopic methods.

The molar conductance values of 2 - 5  in MeCN 
and MeOH lie in the ranges observed for 1:1 elec­
trolytes [30]. The Am value of 1 in DMSO is also in 
accord with this compound being formulated as a 
1:1 electrolyte [30],

X-ray powder diffraction patterns in the 
4 °< 2 0 < 6 0 °  range indicate that each solid repre­
sents a definite compound, which is not contami­
nated with starting materials or/and byproducts.

All the prepared complexes are diamagnetic.
The thermal decomposition of the complexes 

was studied using TG/DTG, DTA and DSC tech­
niques. The TG/DTG curves of 2 and 3 show a 
first, endothermic mass loss at 80-125 and 
70 -115 °C, respectively, which corresponds to the 
release of the water content; the relatively low tem­
perature o f H20  loss indicates that this is lattice 
held. Clear plateaux are reached at about 130 and 
120 °C for 2 and 3, respectively, suggesting that the 
anhydrous species are thermally stable. The acti­
vation energy values Ea of the dehydration reac­
tions were

Na[RhLXJ • H20  — ^  Na[RhLX2] + H20  (4)
(X = Cl, CN)

determined by the variable heating rate method 
proposed by Flynn and Wall [31]; full experimen­
tal details o f this method have also been given in 
ref. 32. The average Ea values are 69.4 KJ mol-1 
for 2 and 57.5 KJ mol-1 for 3. These values are 
characteristic of the removal of crystal water 
[11,14,33]. By differential scanning calorimetry 
(DSC) at a heating rate of 5 °C min-1 we have also 
measured the enthalpy o f dehydration of 2 and 3. 
The AH values were found to be 31.6 (2) and 26.9
(3) KJ mol-1; these values are in the region expect-
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ed for the removal of crystal H20  [11,14,34], The 
complexes decompose above ca. 280 °C with rath­
er simple degradation mechanisms, as revealed by 
the small number o f DTG peaks, and without for­
mation of stable intermediates; however, com­
pound 5 explodes at ca. 250 °C.

Table I gives diagnostic IR and far-IR bands. 
The assignments have been made by comparison 
with the data obtained for metal complexes with 
the same [21-27] or similar [8-18,35,36] ligands; 
the assignments for LH2 and complex 1 were as­
sisted by deuterium isotopic substitution, which 
highlights any absorption associated with the 
N -H  bonds. Assignments of metal-ligand stretch­
ing vibrations have been made by noting: (i) the 
frequencies of the internal modes of LH2, Py and 
Mebta in the far-IR region; (ii) the variation in 
band frequency with changing the axial ligand in 
2 - 5 ,  and (iii) extensive literature reports [37-39].

In the v(OH)water region, the spectra of 2 and 3 
show one medium and continuous absorption cov­
ering the 3500-3300 cm“ 1 region, which is attri­
buted to the presence of lattice water [40]. Dehy­

dration of these complexes at ca. 150 °C causes the 
disappearance of the band confirming its origin.

The perchlorate compounds 4 and 5 show very 
strong bands due to the v3(F2) and v4(F2) modes of 
the uncoordinated (ionic) Td C104“ near 1100 and 
620 cm-1, respectively [37],

The IR spectrum of Mebta exhibits two bands 
at 1197 and 1110 cm-1, which can be associated 
with the v(N=N) and v(N -N ) modes of vibration, 
respectively [41]. These bands are shifted to higher 
frequencies in 5. Both shifts are compatible with 
N(3) of Mebta being the donor atom to 
rhodium(III) [41].

The IR spectrum of LH2 shows the characteris­
tic bands of trans secondary amide groups with 
2-pyridyl residues [22]. The absence of large shifts 
of the v(N -H ) and amide V bands in the spectrum 
of 1, in comparison with these bands in LH2, con­
firms the inability of the amide nitrogen to partici­
pate in coordination, if non-deprotonated. The 
amide I band shifts to a lower frequency, while the 
amide II and III bands shift to higher frequencies 
in 1; these shifts indicate amide-O coordination

Table I. Diagnostic IR and far-IR bands“ (cm ') o f LH2 and its rhodium(III) complexes.

Assignments l h 2 1 2 3 4 5

v(OH) t H o 
v(N -H )

3510-3300 mb 3480-3300 mb
3285 s 3245 m

v(C=N) 2137s
Amide Ib 1669 vs 1623 vs 1617s 1621 vs 1627 vs 1625 s
Amide IIC 1519m 1528 s
v(C -N )amide 1395 vs 1386 s 1390 s 1392 s
Amide IIIC 1278 m 1292 m
v(N = N)Mebta 1225 vs
v (N -N )Mebta 1131 me
v3(C104 ) 1098 vsb 1100 vsb
Amide Vd 658 sb 665 mb
(5(2'-pyridyl rings) 622 m 657 m 654 m 658 m 659 m 655 s
<5(Py) 647 m
v4(C104 ) 618 vs 621 vs
v(Rh-C) 479 m
v(R h-N amide) 471m ,444 m 461 mb, 448 w 468 m, 440 w 470 m, 447 w
v(Rh-O amide) 469 w, 463 w
y(2'-pyridyl rings) 410m 455 m 458 w 461 mbf 459 m 460 m
y(Py) 452 m
v(R h-N Mebta) 345 w
v(Rh—Cl)t 327 vs 324 vs
v(R h -N  ) 
v(R h -N p )

273 m ,264 m 287 m ,276 w 284 m, 272 m 280 mb 286 w, 273 w
246 m

a Fourier-transform spectra; b v(CO); c in secondary amides these bands arise from v(C-N) and J(NH) modes; 
d 7r(NH);e overlapping with a ligand band;f overlapping, vs = very strong, s = strong, m = medium, w = weak, b = 
broad, y = out-of-plane deformation, Ö = in-plane deformation, v(Rh-Cl), is the stretching vibration of the terminal 
R h-C l bond, Py = pyridine and Mebta = 1-methylbenzotriazole.
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[35,36], Differences between the spectra of 1 and 
2 - 5  are readily observable. Importantly, the 
v(N -H ) and amide V bands are absent in the spec­
tra of 2 - 5 ,  as expected from the stoichiometry. In 
addition the amide II and III peaks have been re­
placed by a strong band at ca. 1390 cm-1, which is 
characteristic for deprotonated secondary amide 
complexes [11,25,35,36], This replacement is to be 
expected, as the removal of the amide proton 
produces a pure C -N  vibrational stretching 
mode. As has been shown previously for complex­
es of neutral secondary amides [35], the presence of 
both coordinated and uncoordinated amide groups 
in a compound is indicated by the considerably 
more complicated IR spectrum obtained. The ob­
servation of only one sharp absorption for each 
amide I, II and III band in the spectrum of 1 indi­
cates that both amide groups are coordinated.

In the spectra of 1, 2, 3 and 5, the in-plane and 
out-of-plane deformation bands of the 2'-pyridyl 
ring shift to higher frequencies to indicate coordi­
nation of both ring N-atoms [42]. These character­
istic bands are doubled in the spectrum of 4, due to 
the presence o f two different pyridine rings. Since 
the four bands are significantly shifted to higher 
frequences from their positions in the free LH2 and 
Py spectra, the implication is that all heterocyclic 
nitrogens of 4 are coordinated [11,16].

The spectrum of 3 exhibits the v(C = N) mode in 
the region characteristic of terminal C-bonded cy- 
ano groups [37]. In addition to this mode, the cy- 
ano complex exhibits the v(Rh-C ) band in the low 
frequency region; the frequency of the v(Rh-C ) 
mode is consistent with an octahedral environ­
ment around the metal [37,39]. The very strong

bands at 327 and 324 cm-1 in the far-IR spectra of 
1 and 2, respectively, arise from the terminal 
Rhin-C l stretching vibration in an octahedral en­
vironment [37,39]. It is quite clear that the position 
of v(Rh-Cl) rules out the possibility of bridging 
chloro ligands [39], The appearance of one v(Rh- 
Cl)t in each spectrum indicates that the two chloro li­
gands are trans to each other [37]. The presence of 
two v(R h-N amide) and two v(R h-N ring) vibrations in 
the far-IR spectra of 2 - 5  confirms the cis arrange­
ments of the amide and 2'-pyridyl nitrogens in the 
equatorial plane of these complexes [37].

Table II gives details of the solid-state electronic 
spectra and diagnostic 'H NMR chemical shifts 
for the prepared complexes. The electronic spectra 
of Rh(III) complexes all show bands at 21870- 
24570 and 26770-32400 cm-1; the spectra resemble 
those of other six-coordinate rhodium(III) com­
pounds and are assigned as transitions from the 
'Aj ground state to the 'Tlg and 'T2g upper states 
in octahedral symmetry, in increasing order of en­
ergy [38,43]. The higher energy band is probably 
obscured by change-transfer absorptions and 
hence crystal field parameters can not be calculat­
ed [43]. The complexes 4 and 5 seem to exhibit a 
splitting of the first spin-allowed band; this split­
ting is characteristic of a tetragonal distortion aris­
ing from the different nature of L2- and Py or 
Mebta [43], However, an 'A lg—*3T2g (singlet-tri- 
plet, spin-forbidden transition) origin of the lower 
energy component of the visible band can not be 
ruled out [43].

The 1H  NMR study was based on comparison 
with the data obtained for diamagnetic complexes 
with the same [25] or similar [19,35,36] ligands; as-

Table II. Characteristic solid-statea b electronic (103 cm ') and ‘H NMR (ppm)b spectral data.

Compound

UV/VISC 'H NM Rd e

i A —*'Tig ig 'A .g-'TyC T NH(amide) H(6') 7(H5'H6')f

1 21.87 sh 26.77 10.34 b 8.90 d 5.6
2 22.22 29.41 9.11 d 5.8
3 23.53 sh 30.58 9.05 d 5.4
4 22.57 sh, 24.57 32.05 9.20 d 5.6
5 22.78 sh, 24.47 32.40 9.17 d 5.5

a Diffuse reflectance spectra; b spectra recorded at ambient temperature;c assignments are given assuming a ligand 
field of Oh symmetry; d chemical shifts with reference to Me4Si in d6-DMSO (1 -3 ) or CD3CN (4,5) solutions; e the 
spectra were run 15-20 min after dissolution;f coupling constants in Hz. b = broad, d = doublet, sh = shoulder.
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signments for individual ring protons in 4 and 5 
were also assisted by resonance decoupling studies. 
The occurrence of the NH signals at almost the 
same ö values in the spectra of 1 (10.34 ppm) and 
free LH2 (10.52 ppm) in d6-DMSO indicates the 
non-involvement of the neutral amide nitrogens in 
coordination; a large downfield shift would be ex­
pected if coordination had occurred.

As compared to the spectrum of free LH2 in var­
ious solvents, the naphthalene and 2'-pyridyl signals 
in the spectra of the complexes are slightly shifted 
to lower or higher fields; the changes in chemicals 
shifts are due to several effects, like the electric 
field caused by complexation, n -bonding and tem- 
perature-independent paramagnetism of the metal 
ion [44]. The most pronounced variation in chemi­
cal shift is the downfield shift of H(6') (in free LH2 
this signal appears at <5 8.54 and 8.56 ppm in 
d6-DMSO and CD3CN, respectively) indicating 
the participation of the nearest nitrogen atoms 
N(l') in metal coordination [25,35,36]. For com­
plexes 2 -5 , chemical shifts and coupling constants 
of naphthalene protons were found to be com­
pletely unaffected by the nature of the axial ligand.

The spectra of 4 and 5 are much more compli­
cated than those of 1, 2 and 3 due to the presence 
of Py and Mebta as axial ligands. With regard to 
compound 5, the 'H NM R spectrum of free Mebta 
in CD3CN shows signals at ö 4.34(s), 7.45(t), 
7.59(t), 7.84(d) and 8.03(d) due to CH3, H(5), 
H(6), H(7) and H(4), respectively [45]. The signal 
of H(4) shifts downfield (ca. 0.25 ppm) compared 
with the free triazole, suggesting that the azole- 
N(3) atom is coordinated to Rh(III) [45].

Complexes 2, 3 and 4 were studied by using the 
cyclic voltammetry (CV) technique in MeCN. Data

are summarized in Table III. Unfortunately, the 
insoluble nature of the rhodium complex o f neu­
tral LH2 prevented comparison with the CV data 
of the deprotonated complexes. Complex 5 dis­
played complicated, broad, ill-defined and irre­
versible features, presumably because of the non­
innocent redox behaviour of Mebta.

The CV examination of 2 in MeCN reveals the 
presence of two oxidation couples at +0.37 and 
+ 0.94 V (vs. ferrocenium-ferrocene) and one re­
duction couple at Ep of -2 .00  V. The peak separa­
tion AEp for each oxidation couple is close to that 
anticipated for a Nerstian one-electron process 
(59 mV); plots of peak current vs. v(v = scan rate) 
in the 20-200 mV s_1 are linear, and the ratio of 
the cathodic to anodic peak currents is very close 
to one, indicating that electron transfer is revers­
ible and that mass transfer is limited [46]. The re­
duction couple (Rhm + e —> Rh11) is irreversible. 
Complexes 3 and 4 show a similar CV behaviour; 
however, the second oxidation reaction is irrevers­
ible. The increase in the oxidation potential values 
parallels the increase in the charge on the complex 
from -1  to +1. Complexes 2 and 3, which bear the 
same charge, have a small difference in the formal 
oxidation potential. This probably indicates the 
dominance o f the potential-energy terms over the 
effect of the donor strength of the axial ligands
[19].

The relative insensitivity of the first oxidation 
couple of the anionic complexes 2 and 3 to the na­
ture of the axial ligand, the high stability o f their 
one-electron oxidized products and literature re­
ports [19] for Rh(III) complexes with similar di­
anionic, pyridine-containing, bis-amide tetraden- 
tate ligands suggest that the first oxidation couple

Table III. Cyclic voltammetric dataa b cfor the rhodium(III) complexes 2, 3 and 4 in MeCN.

1st oxidation 2nd oxidation 1 st reduction

Complex E ° /d pc/ pa Eo/d (Epae) *pa"/ipa' V i /i 81pc/ pa(ox)

2 +0.37 1.04 + 0.94 0.88 -2 .00 1.43
3 + 0.48 1.01 (+ 1 .0 4 ) 1.12 - 2 .3 5 1.61
4 + 0.80 0.92 (+ 1 .2 6 ) 2.01 - 1 .7 8 1.76

a Cyclic voltammograms were recorded using a standard three-electrode assembly (glassy-carbon working, Pt-wire 
auxiliary, SCE reference) and 0.1 M NBu4”BF4 as supporting electrolyte; b the scan rate was 100 mV s“1 and no IR 
compensation employed;c potentials are quoted vs. the ferrocene/ferrocenium couple; d E0/ is given for reversible cou­
ples; e these potentials are reported for irreversible couples;f ipa' and i 2 are the peak currents of the first and second 
oxidation peaks, respectively; g i^ and ipa(ox) are the peak currents of the reduction and the first oxidation couple, re­
spectively.
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is largely ligand- and not metal-centred. Although 
LH2 only gives an irreversible oxidation peak at a 
much more anodic potential (ca. 1 V vs. ferrocen- 
ium-ferrocene), it has been established [19] that 
coordination to metal and deprotonation of the 
amide groups can cause analogous ligands to be 
oxidized at a less anodic potential. Che and 
co-workers [19] have shown that the axial ligand 
exerts its effect through the central metal electron 
density which in turn affects the energy levels and 
electron density on the equatorial ligand; thus, the 
redox oxidation couple is mainly ligand-centred 
but has a certain degree of metal character. The 
second oxidation couple of 2, 3 and 4 is attributed 
to Rhni-^R hIV + e~, with the generated Rh(IV) 
species being unstable. Efforts to characterize the 
one- and two-electron oxidized species using ESR 
and UV/VIS spectroscopies are in progress.

From the overall study presented above, it is 
concluded that 1 almost certainly has the oligo­
meric or polymeric, octahedral structure shown in
III. Thus each molecule of LH2 would act as a bis- 
bidentate ligand coordinating through both pyri- 
dyl-N and amide-O atoms and bridging two metal 
ions. Molecular models show that such a structure 
is quite feasible. This form of coordination would 
allow a considerable amount of hydrogen bond­
ing, accounting for the low solubility of this ionic 
complex. Although trans conformations of the 
four ligand donor atoms can not be discounted, 
the appearance of two v(R h-N ring) and two 
v(R h-O amide) bands in the far-IR spectrum sug­
gests a cis arrangement.

Complexes 2 -5  have a low-spin, monomeric oc­
tahedral stereochemistry (IV). The nitrogen atoms 
of the chelating tetradentate dianionic ligand L2~ 
seem to adopt an essentially planar arrangement 
about rhodium(III), with the remaining axial coor­
dination sites occupied by chloro(2), cyano(3), 
pyridine(4) or 1-methylbenzotriazole(5) ligands. 
Amide deprotonation leads to systems having a 
considerable degree of delocalization.

X' = cr. Y+ = Na* (  2  )

X- o z Y+ = Na‘ ( 3 )

X - Py. Y~ = C I O / ( 4  )

X Mebta , Y = CIO«' ( 5 )

IV

The results described in this report represent the 
initial study of the coordination chemistry of poly- 
dentate amide ligands with 4d and 5d metals; fur­
ther studies are in progress and iridium and gold 
species at various oxidation states are under char­
acterization.
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