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The Cinnamate Complex of Rhodium(I1) and some of its Adducts 
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Rhodium cinnamate and some of its adducts were 
synthesized and characterized through IR and visible 
spectroscopy, thermogravimetry and magnetic suscep- 
tibility. The compounds have the general formula 
Rhz(Cin)4.2L (Cin = cinnamate ion and L = pyridine, 
imidazole or dimethylamine). The IR spectra show 
that the carboxylate ions fitnction as bridges between 
two rhodium atoms. Only one band appears in the 
visible spectra (600 nm region); this band follows the 
spectrochemical series reported previously for rhodi- 
um acetate adducts [l, 2J. When these compounds 
are heated under nitrogen atmosphere the final prod- 
uct at 310 “C is rhodium metal. Rhodium cinnamate 
is diamagnetic at 25 “C. 

Introduction 

The rhodium carboxylates whose structure have 
been determined present a spatial arrangement anal- 
ogous to that of copper acetate [3]. As indicated in 
Fig. 1, the L position can be occupied by a great 
variety of ligands, the color of the compounds being 
dependent on the donor atom. When this atom is 
oxygen, the color is green or blue-greenish; with 
nitrogen, the color is violet or pink, and with sulphur, 
orange. 

The order of the wavelength shifts with respect to 
the donor atoms is: 0 < S < sp3N < sp2Nr As <$=O 
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Fig. 1. The spatial arrangement of the rhodium carboxylates. 
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[2, 4, 51. Bear et aZ. have reported evidence for 
anticancer activity of rhodium carboxylates [6-81 
and the importance of these compounds as catalysts 
has been pointed out [ 16-181. Most of the literature 
concerning rhodium carboxylates has, with some ex- 
ceptions [5,9, lo], focused on rhodium acetate. In 
this paper we report the synthesis and study of some 
of the properties of rhodium cinnamate and of its 
adducts with pyridine (Py), imidazole (Im) and di- 
methylamine (DMA). 

Experimental 

Synthesis of Rhodium Cinnamate 
Sodium cinnamate was obtained by the following 

procedures: approximately 2.4 g (16 mmol) of cin- 
namate acid in 10 ml of water were neutralized with 
25% aqueous sodium hydroxide, using phenolpthalein 
as indicator. The resulting aqueous solution was 
concentrated to a thick slurry on a hot plate and, 
after cooling slightly, approximately 100 ml of 
acetone were added with stirring. The salt was col- 
lected by filtration using a medium fritted-glass 
crucible, washed with 50 ml of acetone and dried 
under vacuum at room temperature. Rhodium cin- 
namate was synthesized by 1.5 hr reflux ‘of 1.0 g 
(3.8 mmol) of RhClJ*3Hz0 (Fluka AC) and 6.5 g 
(38 mmol) of sodium cinnamate in 100 ml of ab- 
solute ethanol. During the course of the reaction the 
initially red solution gradually changed into a sus- 
pension of a green solid. After cooling to room tem- 
perature, the green solid was collected and washed 
three times by resuspension in 60 ml portions of 
water. After drying in a desiccator for 24 hours, the 
product was treated with ether and fdtered. The solid 
was then dissolved in acetonitrile, the solution was 
filtered and evaporated to dryness under an air flux. 
The residual greenish-brown solid was heated under 
vacuum at 76 “C for 8-10 hours to yield a green 
solid. The compound is practically insoluble in al- 
cohol, water and most common solvents. It is, how- 
ever, soluble in acetonitrile, dimethylformamide and 
dimethylsulfoxide. 
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100 mg (0.13 mmol) of rhodium cinnamate was 
treated with pyridine (approximately 1.5 ml, Merck), 
giving a brick-red solid. After sedimentation, the 
supernatant was removed with a pipette and the solid 
residue washed several times with ether and dried 
under vacuum. The compound is insoluble in aceto- 
nitrile, methanol, acetone and water, but soluble in 
dimethylformamide. 

100 mg (0.13 mmol) of rhodium cinnamate dis- 
solved in a minimum volume of acetonitrile (clarified 
by decantation) was treated with a concentrated solu- 
tion of 0.04 g of imidazole (Aldrich), in absolute 
ethanol. After standing overnight in the refrigerator, 
the supernatant was removed with a pipette and the 
residual solid washed several times with 2 ml of ether. 
The product was maintained in a desiccator over 
anhydrous CaC12. The compound is practically in- 
soluble in most common solvents, exceptions being 
acetonitrile and dimethylformamide. 

300 mg (0.39 mmol) of rhodium cinnamate dis- 
solved in 18 ml of dimethylformamide (clarified by 
decantation) were treated with about 0.2 ml of 
dimethylamine (40% solution, Riedel-De Ha&n AC). 
After stirring, the solid product was washed several 
times with alcohol followed by ether. 

Carbon, hydrogen and nitrogen were determined 
by the Microanalytical Laboratory, Instituto de 
Quimica, Universidade de Sao Paulo. Infrared spectra 
were recorded on a Perkin Elmer-180 spectrometer 
using fluorolube mulls contained between KBr 
windows. Visible absorption spectra were recorded 
on a Zeiss DMR-10 spectrometer. Thermogravimetric 
analyses were performed on a Perkin-Elmer TGS-1 
apparatus at a heating rate of 10 deg min-’ under 
a nitrogen atmosphere. Magnetic susceptibility mea- 
surements were made by the Gouy method using an 
external weighing device [ 121. 

TABLE I. Analytical Data. 

Elemental analysis for rhodium cinnamate and its 
adducts, all of which are air stable, are reported in 
Table I. Thermogravimetric curves for rhodium 
cinnamate and its adducts are shown in Fig. 2. 

Rhodium cinnamate is stable up to about 200 ‘C, 
where rapid decomposition takes place. The pyridine 
adduct exhibits liberation of axial ligands up to 200 
“C. After the pyridine molecules have been comple- 
tely liberated, the compound becomes practically 
stable up to the point of cage break-down, which 
occurs between 290-310 “C. For the other adducts, 
axial ligand loss is not so sharp. In all cases, the final 
residue is rhodium metal. 

Infrared spectra 
Figure 3 reproduces the infrared spectrum of 

Rhz(Cin)4, the frequencies of the principal IR bands 
being shown in Table II. 

The difference between vWrn and vsym for the 
carboxylate group indicates that these groups act as 
bridges joining two rhodium atoms [l, 131. As in 
the acetate amine adducts [4], the v_ (CO,-) 
band, which occurs at 1545 cm-’ in the anhydrous 
rhodium cinnamate, shifts lo-13 cm-’ to higher 
wavenumbers in the adducts. On the other hand, 
the u_ band is displaced S-10 cm-’ towards lower 
wavenumbers. In all the spectra, there is a character- 
istic absorption in the 1640 cm-’ region attributed 
to the C=C stretching mode [13]. The 1575, 1490 
and 1445 cm- 1 bands can be assigned to ring vibra- 
tions. 

Electronic Spectra 
As noted above, the colors of rhodium carboxy 

lates depend on the nature of the donor atom of the 
axial ligand (L), O-donors giving green or blue- 
greenish compounds, N-donors pink compounds and 
S-donors orange complexes. Generally, the visible 
spectra present one (ca. 600 nm) or two (ca. 600 and 
450 nm) bands. The lower energy band has been 
assigned to the transition n*(Rh-Rh) -+ o*(Rl-Rh) 
[ 141. The position of the band at ca. 600 nm depends 

Carbon 
talc. found 

Hydrogen Nitrogen 
talc. found talc. found 

Rh2004 54.43 54.08 3.55 3.48 
Rh#in)4-2Py 58.00 57.84 4.02 4.09 2.94 3.14 
Rh2(Cin)4*21m 54.21 54.19 3.90 3.91 6.02 5.93 
Rh#in)4+2DMA 54.31 53.85 4.19 4.98 3.17 3.40 
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Fig. 2. ‘Ihermogratietric curves for: A, rhodium cinnamate (0.948 mg); B, @dine adduct (0.923 mg); C, imid=ole adduct 
(0.907 mg) and D, dimethylamine adduct (0.868 mg). 

on the axial ligand because the u* orbital is directed 
outwards along the metal-metal bond. The other 
band, at cu. 450 nm, is dependent on the nature of 
the bridging ligand (RCOO-), as indicated by a 
comparison of literature values for acetate [l] and 
salicylate [S] . The electronic absorption spectral 
data for rhodium cinnamate and its adducts are listed 
in Table III. 

Although not soluble in most common solvents, 
anhydrous rhodium cinnamate is soluble in coordinat- 
ing solvents such as DMF, DMSO, acetonitrile, pyri- 
dine, etc. The solution in DMF is green while those 
in acetonitrile and pyridine are pink, consistent with 
the progressive shift of h1 to shorter wavelength 
going from DMF to acetonitrile to pyridine (Table 
III). The shift to shorter wavelength upon changing 
the donor atom from oxygen to nitrogen is consistent 
with the fact that this absorption arises from a d-d 
transition with the orbital splitting following the 

Fig. 3. IR spectrum of Rh#in)b in the 2000-1200 cm-’ 
region. 

usual spectrochemical series, Le., the spectral shifts 
being related to the donor atom in the general order: 

TABLE II. IR Data in cm-’ for Rh#in)4*2L. 

"il.¶Ylll 
@CO) 

%Yl-Il 

@CO) 
AV c=c 

stretch. 
Ring 

Rh2(Cin)4 1545 1395 150 1640 1580,1495,1445 
Rhz(Cin&*ZPy 1552 1385 167 1635 1570,1490,1445 
Rhz(Cin)4*2Im 1555 1390 165 1635 1575,1490,1445 
Rh&Zin)d*2DMA 1558 1385 173 1635 1575,1490,1445 
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TABLE III. Visible Absorption Spectral Data for Rhodium 
Cinnamate and its Adducts. 
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