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The preparation and properties of rhodium complexes of the general formulae 
Rh(A)(CO), and Rh(A)(CO)L (A = tropolone (trop), Me-trop,.i-Pr-trop, salicylal- 
dehyde (Sal)) are described. The coordinated salicylaldehyde moiety of [Rh- 
(sal)Y,] (Yz = COD, (CO),, (CO)PPhs) complexes react with primary amines 
to yield Rh(sal=NR)Y, derivatives. Rh(sal=NMe)(C0)2 can be formed by 
addition of salicylaldehyde to the solution obtained by refluxing RhC4 - xH,O 
with dimethylformamide. 

Introduction 

Rhodium(I) complexes with salicylaldehyde, tropolone and related ligands 
have been little studied [1,2 J. In this paper we describe some methods of 
synthesis of Rh(A)(CO), and Rh(A)(CO)L complexes and some related com- 
plexes of Schiff bases. Several groups [3--51 have reported rhodium(I) com- 
plexes of salicylaldimine Schiff bases, but they mainly used other synthetic 
methods. 

We used as ligands the anionic forms of tropolone (trop), @-methyltropolone 
(Me-trop), /3-isopropyltropolone (i-Pr-trop), salicylaldehyde (sal), salicylaldimines 
(sal=NMe, sal=NPh), N,N’-ethylenebis(salicylaldimine)(salen) and N,N’-p-pheny- 
lenebis(salicylaldimine)(salpphen). 

Results and discussion 

Tropolone complexes 
Complexes of the general formulae Rh(A)(CO), (where A = trop, Me-trap, 
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i-Pr-trap) were prepared by three methods: (i) Bubbling of carbon monoxide at 
ordinary pressure through suspensions or solutions of complexes of the type 
Rh(A)(diolefm) [1] resulted in displacement of the diolefin and formation of 
the corresponding dicarbonyl derivative (eq. 1). 

Rh(A)(diolefin) + 2 CO + Rh(A)(CO), + diolefin (1) 

(ii) The reaction of [RhCl(CO)& with TlA gave Rh(A)(CO), (eq. 2): 

1/2[RhC1(C0),]2 + TlA + Rh(A)(CO), + TlCl (2) 

(iii) In a more direct route, tropolone or its derivatives were added to the 
solution [6] obtained by refiuxing RhC13 - xH,O in dimethylformamide (DMF) 
(es. 3). 

(3) 

The complexes were isolated as stable orange-yellow microcrystalline solids, 
non-conducting in acetone. Elemental analyses, yields and IR data are listed in 
Table 1.. The ‘H NMR spectra confirm the proposed formulation, showing 
resonances at 7.2-7.7 ppm (H-ring), along with those of the substituents (Me, 
2.5 ppm; i-Pr, 1.3 ppm and 2.9 ppm, J(CH,-CH) 7 Hz). The complexes show 
v(C0) absorptions in their solution IR spectra as expected for ck-dicarbonyl 
derivatives, but the solids show complex absorptions probably due to rhodium- 
rhodium interactions [7,81_ 

We studied in most detail the reactions of Rh(trop)(CO),. Triarylphosphines 
or triphenylarsine react with this complex to displace one CO ligand according 
to eq. 4. 

Rh(trop)(CO), + L -+ Rh(trop)(CO)L + CO (4) 

(L = AsPh,, PPh,, P@-ClC,H&, P@-MeC6H4)3 and P@-MeOC,H&); the crystal 
structure of Rh(trop)(CO)PPh3 was reported recently [a]. 

Those complexes can also be prepared from the solution obtained by reflux- 
ing RhCls - xH,O with dimethylformamide [S] (eq. 5). 

RhC13 . xH,O =% “&;;;y$$;,, 7 Rh(trop)(CO)PR3 (5) 

The complexes obtained by both methods are yellow air-stable solids at room 
temperature. Table 1 lists the analytical data for these complexes, whose IR 
spectra show a single band due to the v(C0) vibration in the 1960-1975 cm-’ 
region, along with the characteristic bands of the tropolonate ligands [ 11. 

Rh(trop)(CO), reacted with diphos, bipy or phen to yield poorly characterized 
products which still contain some coordinated carbon monoxide. On the other 
hand, when it was refluxed in acetone in the presence of an excess of diolefin, 
the formation of Rh(trop)(diolefin) was observed_ Thus, the reaction is rever- 
sible (eq. 6). 

Rh(trop)(CO), + diolefin =+ Rh(trop)(diolefin) + 2 CO (6) 

Some preliminary experiments show that in the presence of KOH Rh(trop)- 
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(CO)p and the systems Rh(trop)(CO), + L (L = PR3, diphos, phen) catalyze 
hydrogen transfer from isopropanol to acetophenone. 

Sulicylaldehyde complexes 
Bubbling of carbon monoxide at normal pressure through an anhydrous 

toluene solution of Rh(sal)(COD) causes a decrease in the yellow colour of the 
solution. The IR spectrum of the solution shows two bands, at 2025 and 2095 
cm-‘, characteristic of a cti-dicarbonyl derivative. These observations suggest the 
occurrence of the reaction indicated in eq. 7. 

Rh(sal)(COD) + 2 CO + Rh(saI)(CO), + COD (7) 

However, when the carbonylation was performed with solvents which had 
not been dried, formation of Rh,(CO),, and salicylaldehyde was observed 

(es. 8). 

6 Rh(saI)(COD) + 19 CO + 3 HZ0 M= Rh6(C0h6 + 3 CO, + 6 COD + 6 I-Isal 

(8) 
An analogous reaction was previously observed by Chini et al. [9] with 

ERhCl(CO)zlz. 
On the other hand, the reaction of [RhCI(CO),]2 with.TIsaI appears to give 

Rh(sal)(CO), species (observed in solution by IR spectra) along with some 
rhodilum metal. The addition of an equimolecular amount of PPh3 to a solution 
of Rh(sal)(CO), gives Rh(sal)(CO)PPh+ An alternative route is provided by the 
following reaction: 

+ [ RhCl( CO)PPh3] Z + Tlsal + Rh(sal)(CO)PPh, + TlCl (9) 

Salicylaldimine-Schiff-base complexes 
An unexpected reaction was observed when salicylaldehyde was added to the 

solution obtained by refluxing RhC13 - wH,O in dimethylformamide. The com- 
plex precipitated by addition of water was Rh(sal=NMe)(CO)l, which was 
characterized by elemental analyses, IR and ‘H NMR spectra (4.0 ppm (NMe); 
6.0-7.0 ppm (H-ring); 7.4 ppm (H-ald), (CD3)&O). The formation of this 
product suggests that carbonylation of RhCl, - xHzO in dimethylformamide 
involves formation of amines, and some methylamine reacts with the salicylalde- 
hyde group, to form the corresponding Schiff base. Rh(sal=NMe)(CO)* exhibits 
green-blue dichroism, and the solid has a complex IR spectra probably because 
of metal--metal interactions. 

As expected [IO], the addition of Schiff-base ligands to the solution obtained 
by refluxing RhC13 - xH,O in dimethylformamide, leads to formation of Rh(saI= 
NMe)(CO),, Rh(sal=NPh)(CO), [5], Rhz(salen)(CO)q * [ 51 and Rhz(salphen)- 
(CO),, but the yield of the binuclear derivatives is rather low (<25%). The new 

* This product was contaminated with about 5% of Rh(sal=NMe)(CO)Z. implying cleavage of the 
salen &and_ 
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complexes Rha(salphen)(CO)a and Rh&alphen)(COD), can be prepared in high 
yield by treating [RhCl(C0)J2 or [RhC1(COD)Iz with salphen in the presence 
of triethylamine. 

Rhodium(I) salicylaldimine-Schiff-base complexes can be prepared by reaction 
of the coordinated salicylaldehyde moiety with primary amines (eq. 10). 

Rh(sal)Y, + RNH2 + Rh(sal=NR)Y, + H,O (10) 

(Y, = COD, (CO)2, (CO)PPh3; R = Me, Ph) 

This method was also used for the preparation of the homologous binuclear 
complexes with salen and salphen. 

Other related reactions observed for these complexes are indicated in eqs. 11 
and 12. 

Rh(sal=NPh)(COD) 2 Rh(sal=NPh)(CO), = Rh(sal=NPh)(CO)PPhs (11) 

Rh+alen(COD)z s Rh,salen(CO), 3 Rh,salen(CO),(PPh,), (12) 

All the salicylaldimine-Schiff-base complexes (Table 2) are stable in air at 
room temperature. Their IR spectra show absorptions characteristic of the 
chelate-Schiff-base compounds in the range 1700-1200 cm-’ _ In particular, 
the new complexes Rh(sal=NR)(CO)PPh, (R = Me, Ph) in dichloromethane 
show a strong band v(C0) at 1960-1965 cm-‘. In the solid state, this band is 
broad in the case of the sal=NMe complex and split in the case of the sal=NPh 
complex, probably due to lattice effects in the solid. 

Experimental 

1 The C, H and N analyses were made with a Perkin-Elmer 240 microanalyzer, 
the IR spectra were recorded on a Perkin-Elmer 567 spectrophotometer (over 

‘the range 4000-200 cm-‘) using Nujoll mulls between KBr discs, polyethylene 
sheets, or dichloromethane solutions. The ‘H NMR spectra were recorded on a 
Varian XL-100 instrument. 

&Methyltropolone and the Schiff bases were prepared by published procedures 
[4,11,12]. 

Reparation of complexes of the type Rh(A)(CO), (A = trap, Me-trap, i-Pr-trop) 
The compounds were prepared by the three generaI routes described below. 
(i) Carbon monoxide was bubbled through a solution of the complex Rh(A)- 

(COD) in dichloromethane at room temperature for 15 min. The resulting solu- 
tion was evaporated and the complex was precipitated by adding n-pentane or 
petroleum ether. 

(ii) A mixture of [RhC1(C0)J2 and the stoichiometric amount of TlA (except 
A = /3imethyltropolone) was refluxed with methanol with stirring for 1 h. The 
formed TlCl was filtered off through kieselguhr and the filtrate was evaporated 
to dryness. The solid obtained was recrystalhzed from CH,Cl,/petroleum ether. 
The complex Rh(trop)(CO), was purified by sublimation (SO--SO%, 0.1 mmHg). 

(iii) A solution of RhCls - xH,O in dimethylformamide wss refluxed with 
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stirring for approximately 30 min. The resulting yellow solution was treated with 
a slight excess of the ligand HA and the mixture was stirred for 15 min. Addition 
of distilled water precipitated the complex which was washed with water, dried 
in vacua and crystallized from CH,Cl,/petroleurn ether. 

Preparation of complexes of the type Rh(trop)(CO)L (L = AsPh3, PPh3, 

P(P-CG&L P(p-MeGH& and P(p-MeOG.&1J 
The addition of a stoichiometric amount of phosphme to a solution of 

Rh(trop)(CO), in dichloromethane caused rapid evolution of carbon monoxide. 
The solution was stirred at room temperature for 1 h and evaporated to ca. 
3-4 ml, and crystallization was induced by the addition of petroleum ether. 
The crystals thus obtained were recrystallized from CH,Cll/petroleum ether. 

When L = AsPh3 the dichloromethane solution was stirred under reflux for 
1 h, using an excess of AsPh3 (L/Rh 2/l) . 

Preparation of Rh(sal)(CO)PPh, 
A slurry of 85.73 mg (0.1 mmol) of [RhCI(CO)PPh,], and 66.50 mg (0.2 mmol) 

of Tlsal in acetone was stirred for 1 h, at room temperature. The TlCl was 
removed by filtration through kieselguhr and the yellow solution obtained was 
evaporated to dryness. The residue was crystallized from CH,C&/pentane. 

Preparation of Rh(sai=NMe)(CO), 
(i) A dimethylformamide solution of RhC& - xH,O was refluxed for 30 min. 

The yellow solution was cooled to room temperature, and a slight excess of 
salicylaldehyde was added. The mixture was stirred for 60 mm, then distilled 
water was added to precipitate a green-blue solid, This was filtered off, washed 
with water, dried in vacua, and recrystallized from CHzClz/pentane. 

(ii) Carbon monoxide was bubbled through a solution of Rh(sal)(COD) in 
acetone or methanol, which had been previously saturated with gaseous methyl- 
amine or treated with MeNH, - HCI/E&N_ The yellow solution was treated with 
water, and the complex which separated was recrystallized from methanol/water. 

Similar procedures were used in the preparation of the complexes Rh(sal= 
NPh)(CO), and Rh+alen(C0)4. The precipitated Rh2(salen)(C0), complex was 
contaminated with ca. 5% of Rh(sal=NMe)(CO),, which could be eliminated 
by washing with EGO. 

Preparation of complexes of the type Rh(sal=NR)(CO)PPh, (R = Me, Ph) 
(i) To a solution of Rh(sal=NR)(CO), in dichloromethane was added a 

stoichiometric amount of triphenylphosphine. The yellow solution was stirred 
at room temperature for 30 mm, then evaporated to small vohnne. The mono- 
carbonylated complexes were precipitated by adding n-pentane. 

(ii) A solution of Rh(sal)(CO)PPh, in methanol solution was treated with an 
excess of methylamine at room temperature or aniline at reflux temperature_ 
Careful addition of distilled water caused precipitation of a yellow solid, 
which was recrystallized from CH2C12/Et20. 

The above methods were also used for preparation of the complex Rh,salen- 
(CO)z(PPh&. - 
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Prepamtion of RhzsalphenfC0)4 and Rhzsalphen(COD)z 
(i) A slight excess of the ligand salphen was added to the solution obtained 

by refluxing RhCl, - xHzO in dimethylformamide. Addition of distilled water 
gave a red solid in low yield (12%). 

(ii) A solution of [RhCI(CO) 2 2 m methanol was treated with the stoichiom- J _ 
et& amount of salphen in the presence of a slight excess of triethylamine. An 
insoluble red solid was obtained_ 

The related complex Rhzsalphen(COD)z was prepared by use of [RhCI(COD)), 
as starting material. 
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