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SuMMARY 

[(CO),RhCl]. and [CodMCl], (M =Rh’, Ir’ ; Cod = l,%zyclooctadiene) react 
with bidentate salicylaldimines, HSal=NR (R=alkyl, aryl), in the presence of base to 
yield the chelate compounds (CO)&hSal=NR and CodMSal=NR. A more efficient 
route to these compounds involves bridge-splitting metathetical reaction of the chloro- 
bridge with the thallium(I) Schiff-base derivatives TlSal=NR_ The (CO),IrSal=NR 
derivatives were obtained using this method starting from [Ir(CO)&l],. The potential 
tetradentate Schiff-base NJ?‘-ethylenebis(salicylaldimine), H,Salen, yields the novel 
binuclear derivatives [(CO),M]$alen and [CodRh],Salen. 

INTRODUCTION 

In their reactions with protonic ligands such as carboxylic acids’, /3-diketo- 
nes2*3, Schiff-bases4, porphyrins’, etc., metal carbonyls have recently proven to be 
extremely useful starting materials for the syntheses of metal complexes of these 
ligands. The method is particularly tieful for preparing complexes of 2nd and 3rd 
row transition metals which often are difficult to obtain by more conventional routes. 
As part of a study of Schiff-base chelates of the heavier transition metals we have in- 
vestigated the reactions of bidentate and tetradentate salicylaldimines with the 
carbonyl chlorides of rhodium(I) and iridium(I), and also with the related 1,5- 
cyclooctadiene (Cod) derivatives. In these reactions it is found that the chloro rather 
than the carbonyl or olefin groups are replaced by the ligand. We have found that the 
thallium(I) complexes6 of the Schiff-bases in most cases react more efficiently and 
under milder conditions than the corresponding free S&#-bases. Bonati and co- 
workers have recently described related rhodium(I) and iridium(I) chelates with 
p-diketones’, oxines’ and /3-ketoimines’ but in the main using different synthetic 
procedures to those described here. The structures of the present chelates have been 
in$estigated by IR and NMR spectroscopy. Some reactions of the complexes are 
described_ Preliminary results have been mentioned briefly6. 

RESUL.-lS AND DISCUSSION 

Syntheses 
The reactions of [(CO),RhCl], or (CodMCl), (M=Rh, Ir; Cod=1,5- 
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cyclooctadiene) with bidentate salicylaldimines, HSal=NR., in methanol at room 
temperature did not produce any isolable products. Addition of the base triethylamine, 
however, led to replacement of the chloride and chelation of the ligand to produce the 
complexes (CO),RhSal=NR and CodMSal=NR (R=n-C3H,, CsHs, p-CH3CSH4, 
p-C&H_& A more efficient method involved the use of salicylaldiminatothallium(I) 
complexes6, TlSal=NR, which involved simply filtration of precipitated thallous 
chloride followed by crystallization of the mother liquor. The (CO),IrSal=NR 
derivatives were obtained by this route from [(CO)JrClln. The complexes are all 
soluble in organic solvents in which they are monomeric and non-conducting. They 
are diamagnetic as expected for d8 Rh’ and If. In the solid state some of the complexes 
exhibit red-yellow dichroism. This has been observed in other related systems and has 
been attributed to metal-metal interactions’*“. 

The tetradentate Schiff-base X’,M’-ethylenebis(salicylaldimine), (H,Salen) 
reacted with [(CO),RhCI],, [(CO)sIrCI], or (CodRhCl), in methanol to yield yellow 
or red complexes with the 2/l metal to ligand formulations [(CO)tM]zSalen and 
(CodRh)zSalen respectively. A Cod-iridium product could not be isolated. The 
(CodRh)&len compound was much more soluble in organic solvents than the 
carbonyl derivative. The moiecular weight determination in chloroform was in 
agreement with this binuclear formulation and the mass spectrum terminated in the 
molecular ion. The related ligand N,N’-phenylenebis(salicylaldimine), (H,Salophen), 
did not show any reaction. The tetradentate j?-ketoimine N,N’-ethylenebis(acetyl- 
acetoneimine), H,Acacen, reacted with [(CO),RhC1]2 to produce, not the Schiff-base 
chelate, but an ethylenediamine (En) derivative [(CO),RhCl],En. Hydrolysis of the 
Schiff-base has occurred in the presence of the rhodium(I) complex in the same manner 
as recently observed9 with bidentate P-ketoimines. The En complex could be in- 

dependently synthesized in low yield by reaction with ethylenediamine directly. It 

-i-ABLE 1 

INRURED SPECTRA OF RHODIUM {I) AND IRIDIUM (I) CARBOhiT_ SCHIFF-BASE COMPLEXES 

Complex 

(CO)ZRh Sal=N(C3Hi-n) 

(C0)21rSaI=N(C,H,-nf 

(CO),RhSal=N(C,H,) 

(CO),RhSal=N(C,H,CH,-p) 
(CO)JrSal=N(C6H,CH,-p) 

(CO),RhSal=N(C,H,Cl-py 
(CO)zRhSal=N(C,H,Cl-p)b 
(CO)JrSal=N(CsH,Cl-p) 
((CO)ZRh),Salen 
[(CO),RhCl-J2En 
[(PhSP)(CO)Rh]$alen 
(Ph3P)(CO)RhSal=N(C,H,CH,-p) 

Phase v(C0) (cm-‘) 

Nujol mull 2079 s, 2074 (sh), 2054 w, 2001 s, 1975 w 
CHCl, soln. 2082 s, 2006 s 
Nujoi mull 2061 s, 2038 w, 1988 s, 1931 w 
CHCI, soln. 2070 s. 1989 s 

Nujol mull 2090 s, 2063 w, 2031 s, 2010 w, 1993 w 
CHCI, soln. 2084 s, 2014 s 

Nujol mull 2075 s, 2046 w, 1998 s, 1981 w, 1961 w 
Nujol mull 2057 s, 2032 w, 1977 s, 1963 (sh), 1943 w 
CHCl, soln. 2071 s, 1997 s 
Nujol mull 2090 s, 2062 w, 2013 s, 1998 w, 1969 w 
Nujol mull 2082 s, 2059 w, 1995 s, 1960 w 

Nujol mull 2058 s, 2035 w, 1981 s, 1942 w 
Nujol mull 2070 s, 2065 s, 2052 (sh). 1983 s, 1964 m, 1954 m 

Nujoi Ipuil 2111 s, 2080 w, 2045 s, 2000 (sh), 1985 (sh)’ 
Nujol mull 1967 s 
Nujol mull 1962 s 

D Red ftxm. b Yellow form. c -,-(NH) 3270 m, 3200 m. 
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shows slight dissociation in nitromethane solution, A,= 22 ohm- ’ - cm2 - mole- 1 
(l/l conductors, A,= SO-90 ohm-l - cm2 - mole- ‘)_ 

Spectra and structure 
The (CO),MSal=NR compounds all show two strong v(C0) frequencies in 

their solution infrared spectra (Table 1). The mull spectra generally show more 
complex absorptions in this region due to solid state splitting_ The solid state spectra 
of the red and yellow forms of the R=p-Cl&H, compound are different due probably 
to association via metal-metal bonding or oxygen-bridging in one of the formsg*‘o. 
The mull spectra of the [(CO),M],S a 1 en compounds display a v(C0) pattern similar 
to those of bridged dicarbonylrhodium complexes possessing bridging groups such 
as acetate”, suphate”, nitrate” and 8,8’-dihydroxy-5,5-biquinoline’2. The v(C0) 
and v(NH) bands in the spectrum of [(CO),RhCI],En are in similar positions to those 
very recently observed in phenylene- and long-chain alkyldiaminerhodium carbonyl 
chloride complexes. These latter complexes have been formulated1”~‘3 as possessing 
bridging diamine groups. The 1700-1200 cm- ’ region of the spectra of the salicyl- 
aldiminato compounds are typical of chelated Schiff-base metal complexes. 

TABLE 2 

‘H NMR SPECTRA 

Complex 

M R 

d values (relative to TMS: ppm) 

Schiff-Base 

Aromkic CH=N CHI CH, CH, 

Cod 

(CH=CH)? (CH2)a 

(C0)2MSai=NR 
Rh n-C3H, 

Ir n-C,H, 
Rh C6HS 
Ir CBHs 
Rh P-CH&H, 
Ir &H&Ha 
Ir P-CGH, 

CodMSakNR 
Rh C6H5 

Ir CsHS 

Rh P-CH&H, 

Ir F-CH&Ha 

Rh pCIC,H, 

Ir p-CIC6H, 

(Cod Rh), Salen 

6.52-7.47 8.01d 

6.58-7.61 8.20 
6.58-7.49 8.13d 
6.61-7.70 8.36 
6.54-7.52 8.15d 
6.64-7.69 8.31 
6.68-7.70 8.33 

6.42-7.38 

6.55-7.55 

6.40-7.40 

6.52-7.52 

6.42-7.42 

6.55-7.65 

6.28-7.41 

7.94d 

8.30 

7.96d 

8.30 

7.89d 

8.30 

7.65d 

3.89t 1.92m 0.95t 

4.21t 1.94m 0.9% 

2.37 
2.38 

3.18 1.5 -2.1 
4.57 2.1 -2.5 
2.97 1.45-1.9 
4.43 1.93-2.3 

2.32 3.20 1.5 -2.1 
4.55 2.1 -2.5 

2.37 3.02 1.54-1.96 
4.42 1.96-2.30 
3.12 1.5 -2.1 
4.57 2.1 -2.6 
2.94 1.42-1.97 
4.47 1.97-2.35 

3.370 3.67 1.55-2.02 
4.5 2.02-2.62 

E Sharp singlet; d doublet J(L03Rh-.‘H)- 2 Hz; t triplet J 7 Hz; m multiplet. 
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We have also observed itl’ in compounds of the type M,Salen, (M=Cf’, Fe”‘). 
There should, however, be no steric hindrance to the coordination ofAcacen 

as a bridging ligand- The observed hydrolysis to produce the compound [(CO),- 
RhCl],En can be associated with the tendency for H,Acacen to bond to the metal in 
the keto-amine tautomeric form9*18-20 in contrast to the enolic form for the sali- 
cylaldimines. Thus the C-N bond in the former case readily undergoes nucleophilic 
displacement by water (in the solvent) to yield coordinated ethylenediamine and free 
acetylacetone. In contrast the CH=N bond in the salicylaldimine complexes would 
require an initial S,l displacement by water to give -CH(OH)-NH- followed by 
addition of another mole of water catalysed by acid or metal. 

The slight conductance of the complex in nitromethane solution favours the 
ethylenediamirie bridging structure for this complex (Fig. Id), rather than an ionic 
salt of the type [(CO),RhEn][(CO),RhCI,}. As mentioned above, this type of 
bridging has recently been suggested for other diamines12*13. It is worth pointing 
out, however, that there is some conflict-in the literature’ I- l4 between bridging and 
ionic structures for Cod and carbonyl rhodium(I) complexes with secondary amines, 
bipyridine and phenanthroline. 

Reactions 
Some oxidative addition and substitution reactions of the complexes were 

studied. All attempts to convert the square-planar Rh’ a.nd If chelates into octahedral 
Rhn’ and Ir”’ derivatives, by reaction with X,, HX and RX (X=halogen, R=alkyl) 
were unsuccessful. Decomposition appeared to occur in all cases and no stable product 
could be isolated_ There are no previous reports of oxidative additions to Rh’ and Ir’ 
complexes which contain bidentate ligands other than chelating diphosphines21. It 
is known 22*23 that the ability of d* complexes to undergo oxidative addition reac- 
tions is highly dependent on the nature of the attached ligands. The present Schiff- 
bases can presumably be classed as deactivating. 

[(CO),M],Salen and (CO),MSal=NR (M=Rh, Ir) react readily with excess 
1,5-cyclooctadiene in methanol to give the corresponding diene complexes (CodM),- 
Salen and CodMSal=NR. Reactions with excess triphenylphosphine in benzene led to 
substitution ofonly one ofthecarbonyl groups to yield the complexes [Ph,P(CO)M],- 
Salen and (Ph,P)(CO)MSal=NR. This partial substitution has been observed in 
related systems7-9. Attempts to replace both CO groups in (CO),RhSal=NR by 
reaction with excess i,Zbis(diphenylphosphino)ethane (Diphos) yielded a poorly 
characterized product which still contained CO. The Diphos derivative from (Cd),- 
RhOx (Ox=oximato) has, however, been isolated8. It was thought that the mono- 
phosphine Schiff-base derivatives might undergo oxidative addition reactions with 
alkyl halides more readily than the parent carbonyl compounds, but again no isolable 
products could be obtained. More detailed studies of the reactions of these chelate 
compounds are currently in progress including the effect of variation of the attached 
phosphine. 

EXPERIMENTAL 

Syntheses 
[(CO)2RhCI], 24, (CodRhCl), 14, (CodIrCl), 25 and the thallium(I) Schiff- 
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base complexes6 were prepared as described previously. [Ir(CO),Cl],, obtained from 
Strem Chemicals Inc., was used without further purification. Analytical figures and 
other properties are given in Table 3. 

(CO),RhSUk~R (&II-C&, C6H5, p-CH&&, p-ClC,*f,). These COm- 

pounds could be prepared by two routes, involving either the thallium(I) S&B-base 
complexes, or triethylamine as base. The thallium complex route resulted in higher 
yields and greater purity of product. 

(a). An equimolar amount of the thallium(i) Schiff-base complex was added as 
a solid to an ethanolic solution of [(CO)2RhCl],, and the resultant solution stirred 
under an atmosphere of nitrogen for about 1 h at room temperature. The precipitated 
thallous chloride was filtered off, and the products crystallized by evaporation of the 
solution p= C6H5, p-CH&,H, p-ClC,H, (yellow form)] or by addition of a little 
water followed by evaporation (R=n-C,H,). The red form of (CO)&hSal=N- 
(C,H,Cl-p) was obtained by recrystallization from chloroform/methanol. All the 
products could be recrystallized from chloroform/methanol (R = C,H,, pCH,C6H, 
p-ClCkHJ or from ethanol/water (R = n-C,H,). Yields 70-80 %_ 

(b). A small excess of triethylamine was added to a methanolic solution of 
[(CO),RhCl], and an equimolar amount of the Schiff-base ligand, HSal=NR 
(R=p-CH&H4, p-ClC,H,), yielding a yellow solution from which yellow crystals 
of (CO),RhSal=NR were obtained by careful evaporation. The reaction was carried 
out at room temperature, under an atmosphere of nitrogen. The products were re- 
crystallized from chloroform/methanol. Yields Xl-60 %_ 

(CO),lrSd=NR (R=n-C,H,, C,H,, p-CH3C6H,, pCZC,H,). Equimolar 
amounts of [Ir(CO),Cl], and the thallium(I) Schiff-base complex were refluxed in 
ethanol, under an atmosphere of nitrogen, for about 1 h. The thallous chloride was 
filtered off, and the products crystallized by evaporation of the solution (R = p-CH,- 
C6H4, p-CIC6H4) or by addition of water followed by evaporation (R=n-C3H,, 
C,H,). For R =p-CH&H.+, pClC,H,, products were recrystallized from methylene 
chloride/ethanol. For R=n-C,H,, C6H, the products were recrystallized from etha- 
nol/water. Yields 70-80 %. 

CodMSakZVR (A4 = It-, Rh; R = C,H,, p-CH,C,H,, p-CIC,H,). The thallium(I) 
Schiff-base complex was added as a solid, in a 2/l molar ratio, to a degassed methylene 
chloride solution of (CodRhCl), or a degassed benzene solution of (CodIrCl)z, and 
the mixtures stirred under an atmosphere of nitrogen, at room temperature, for 1 h. 
The thallous chloride was filtered off, and the products crystallized by the addition 
of degassed ethanol, followed by careful evaporation of the solution. All the products 
were recrystallized from degassed methylene chloride/ethanol_ The iridium complexes 
were quite air-sensitive as solids, and were stored under nitrogen. Yield 70-90%. 

No products of the type CodMSal=N(C,H,-n) could be prepared, using 
either the thallium(I) complex, or the free ligand with added triethylamine as base. 
These reactions led only to decomposition products. 

C(Cw%S l a en and (CodM)2SaZen (M=Rh, It-). [(CO),Rh],Salen was 
obtained in high yield as an insoluble yellow product on mixing methanolic solutions 
of [(CO),RhCl]2 and the ligand in a l/l mole ratio. 

The Cod analog with Rh’ could be synthesized either by (a) addition of a 
small excess of triethylamine to a l/l mole ratio mixture of (CodRhCl), and the 
ligand in degassed methanol, followed by addition of ether to bring about crystalliza- 
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tion, or (b) by use of Ti,SaIen. Both routes result in comparable yields (60-7079 and 
purity of product_ The product is much more soluble in organic solvents than is the 
carbonyl analog. 

cwh~~l s 1 7 a en was obtained as an insoluble red solid by the addition of a 
small excess of Gethylamine to a refluxing ethanolic mixture of [(C0)31rC1], and 
the Jigand_ 

Attempts to prepare related compounds with the tetradentate ligand Hz- 
Salophen were unsuccessful in all cases. 

The.reaction of [(CO),RhCl], with H,Acacen in methanol at room tempera- 
ture yielded dichroic green-violet crystals after evaporation of the yellow solution. 
The analytical figures corresponded to the formulation [((CO),RbCI),En]; the 
N-H stretching vibration of ethylenediamine appeared in the IR spectrum (Table 1). 
The complex was independently prepared from the carbonyl chloride and ethylene- 
diamine mixed in 2/l mole ratio. 

Attempted oxidatitle addition reactions 
1. With halogens. The Schiff-base complexes (CO),RhSal=NR were treated 

with quantitative amounts of iodine in THF, or bromine in Ccl,, and while most 
reactions resulted in complete dissolution of the initial complex, no halogen-sub- 
stituted derivatives could be isolated. 

2. With hydrogen haiides. The complexes (C0)2RhSal=NR were treated with 
quantitative, and subsequently excess aqueous HCl or HBr in methanol, but again 
decomposition occurred. 

3. With alkyZ halides. The Schiff-base complexes were reacted with methyl 
iodide under three different conditions: (a). equivalent amounts of alkyl halide and 
complex in benzene, (b) excess alkyl halide in benzene, and (c) alkyl halide as solvent 
in a sealed tube at 60-70”. In general, the [(CO)zMJzSalen and (CO),MSal=NR 
derivatives showed some evidence of reaction, but again no stable products could be 
isolated_ The Cod complexes of Rh’ and Iti failed to react. 

Ligand replacement reactions 
1. With 1,5-cycboctadiene:[(CO),M],Salen and (C0)2MSal=NR were re- 

fluxed with excess Cod in methanol, under nitrogen, for about 30 min or until all 
the insoluble reactant had dissolved. The products (CodM),Salen and CodMSal=NR 
were isolated by cooling and carefully evaporating the alcohol solution. 

2. With triphenylphosphine. [(CO)(PPh,)M],Salen and (CO)(PPh,)MSal=NR 
were readily prepared by refluxing the appropriate Schifl-base complex with a quanti- 
tative amount of PPh,, in a small volume of benzene, for about 1 h, or until all the 
insoluble reactant had dissolved. The light yellow products were precipitated by the 
addition of light petroleum, and recrystallized from ether/heptane. 

3. With Diphos. The Schiff-base complexes [(CO),MIzSalen and (CO)BM- 
Sai=NR were treated with diphos in the same manner as for PPh,, but with extended 
reaction times. However, infrared spectra showed that only partial replacement of 
the carbonyl groups had occurred. 

Instrumentation 
Infrared spectra were obtained on a Perkin-Elmer 521 instrument_ Scans of 
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the v(C0) region were recorded on an expanded scale. ‘H NMR spectra were measured 
using Varian A 60 or HA 100 spectrometers. Mass spectral measurements were 
carried out on a Pqkin-Elmer-Hitachi RMU-6E instrument with perfluorokero- 
sene used as a counting calibrant. Solution molecular weight determinations were 
made using a Mechrolab osmometer. Conductivity measurements were obtained 
with a Wayne-Kerr bridge. Magnetic measurements were made using the Gouy 
method. 
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