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CARBONYLATION OF IRh(COD)N,J, AND IRh(CO),NCOj,; A NEW 
SELECTIVE METHOD FOR PREPARATION OF IRh,(CO),,j. 

Summary 

Carbonylation of [ Rh(COD)N,], (COD = I. 5-cyclooctadienc) in ethanol gave 
the rhodium cluster [Rh,(CO),,] selectively in high yield: when non polar solvents 
were used. the known [Rh(CO),N,], and (Rh(C0)2NCO], were obtained. Reaction 
of carbon monoxide with the isocyanato-bridged derivative [Rh(CO),NCO], in 
ethanol also gave (Rh,(CO),,]. In both cases the carbonylation reaction also gave 
NH,COOEt. Carbonylation of the iridium dichloride dimer [Ir(COD)Cl], in the 

presence of sodium citrate gave (Ir,(CO),,]. 

Introduction 

The carbonylation of azido to isocyanato complexes in aprotic solvents is well 
known, and has been shown to occur readily for a number of azido-metal complexes 
(I 31. Alkoxy-carbonyl derivatives have been isolated from the reaction in a protic 
medium [4]. The results of a study of the carbonylation in protic solvents of 
rhodium(I) complexes having bridged azido or isocyanato groups are described 
below. 

Experimental 

[M(COD)Cl12 (M = Rh, Ir: COD = 1.5-cyclooctadiene) were prepared as de- 
scribed in the literature 15.6). The reactions were carried out under nitrogen or 
carbon monoxide and solvents were degassed before use. IR spectra were recorded 
on a Beckman 4210 instrument. Elemental analyses were performed by the Analyti- 
cal Laboratory of Milan University. 

A suspension of [Rh(COD)CI], (I .O g. 4.06 mmol) and NaN, (0.79 g, 12.5 mmol) 
in benzene (25 ml) was stirred at room temperature for 24 h. The yellow solution 
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Analyses: Found: C’. 37.88: H. 4.67: 9. 16.64: M.W. (hcnzcnc). 512. 

(Rh(C’OD)N,]_ , calcd.: C’. 37.96; H. 4.78: N. 16.605: NW., 506. Its IK spectrum 

showed absorptions ut 2060 and 1275 cm ’ ( tc,_( S : ) anti I_( N : ) rcqwclivrly: 

rqwrtcd 2058 and 1279 cm ’ ) 171. 

A mcthand/water mixture (22 ml/3 ml) was treated with CO ;mJ drgas.sed. it 

was rc9lux~d. uith CO huhbling through and [lr(c‘OI~K’I]. (0.31 g) a’:\~ :~ddcd with 

stirring. After cu. 10 min ii vcllow product prwipitated wt. A few drcjps of ;qucous 

I .%I disodium citrate ww added. and the suspension stirred for further 20 min. Thr 

ycllou green product was fitrwd off. wi~sh~d with ~~wtha~~d then \vith n-hesnnc. and 

drictd in wcuo. Its 1R spectrum and clrmcnt:d analysis \\crc c*~w&tcnt with ~hc 

formula [lr,(C‘O),,J (Q] (Yield: 615). 

Results aud discussion 

1 Kh(CUlI)N,, Jz w;ts prcviousl> pr~p;lred hy mctathctical rcacticw of [ Kh(C’OI3)- 

c’l], with NaN, in hcnzcnc [7] and its reaction with (‘0 in C’II,C’I J solution ws 

reported to give [Khl(‘C)),NCO], as thr only ia&tblc product 171. WC h;rvc f~wt~il 

that the carhonylation of this dienr complex in bcnzcnc at I atmoaphcrcr and room 

lcmpcr;tture Ir;tds to 1 he isocv;tnatc,-hridgcd wmpxmd wticn long rracticw times arc 

used. Ry stopping the (‘0 huhbling ;tftrr few minutes, thr insoluhlc [ Rh(<‘O),S,], 
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can be isolated; this derivative was previously obtained by treating [Rh(C’O),Cl], 
with NaN, [7]. Further treatment with CO leads to formation of [Rh(CO)2NCO],. 

Conversely, if [Rh(COD)N,], is carbonylated in ethanol for 24 h, the known 
cluster [Rhr,(CO),h] is formed. In this case the concomitant formation of ethyl- 
carbamate, NH,COOEt. is observed: 

[ Rh( COD)N,] 2 c‘o COD t NHJY)OEt + N2 + [ Rh,((‘O),,] (1) 
EIOll 

The yields of the complex are good (ca. 85%). The IR data are in agreement with 
those previously reported [g]. The rhodium cluster can be also obtained by carbony- 
lation of [Rh(CO),NCO]2 in ethanol at I atmosphere and room temperature for 
I5 h. The yields are comparable with those obtained starting from the diene 

complex. Formation of NH,COOEt was again demonstrated. These results suggest 
that [Rh(CO)2NCO], is the intermediate in the formation of [Rh,(CO),,,] when 

ethanol is used as the reaction medium. Although the detailed mechanism by which 
[Rh,(CO),,] is formed in our case is not completely clarified. we suggest that it must 
be quite different from that proposed for [Rh(CO),C’l], as the starting material [IO] 
because in that case HCI was shown to be produced. 

The easy high-yield synthesis of the precursors. [Rh(COD)X], (X = Cl. N,). 
makes this procedure attract& for the preparation of the hexarhodium cluster. 

The results described above were extended to the iridium analogue [Ir(COD)N,]2. 
Although WC‘ were unable to obtain this bridged azido derivative analytically pure. 
its carbonylation in ethanol produced [Ir,(CO),,] (IR absorptions). We thus decided 
to study the carbonylation reaction of the iridium precursor [Ir(COD)CI], itself. The 
reaction of this complex with CO in methanol/water mixture at rcflux gave 
[Ir,(CO),,] in ca. 40% yield. When a base such as disodium citrate was added. the 

yields were raised to ca. 60%. 
Work is in progress to examine the possibility of extending this process for cluster 

formation to other transition metals. 
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