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SUhMARY 

Octacarbonyldicobalt has been obtained in 40% yield from the reaction of 
cobaltous chloride and pentacarbonyhron; other cobalt salts are less effective in 
this reaction. The similar reaction of either anhydrous RhCl, or [Rh(CO),Cl], with 
pentacarbonyliron has been found to give high yields of Rh6(CO),6 even at atmos- 
pheric pressureat the reflux temperature ofmethanol. Carbonylation of jph(CO),Cl]z 
with carbon monoxide in the presence of Ullmann copper-bronze powder or silver 
can be controlled to give either Rh6(CO)r6 or RhJCO)r2 almost quantitatively. 

The carbonylation of transition metal salts in the presence of a variety of 
reducing agents has found wide application in the preparation of metal carbonyls’. 
Of particular interest is the isolated report3 of the preparation of molybdenum and 
tungsten hexacarbonyls from their hexahalides and pentacarbonyliron, where the 
latter appears to act as both the reducing and carbonylating agent. A recent investi- 
gation’ into the effectiveness of pentacarbonyliron as a catalyst for the hydroformyla- 
tion of olefins has shown that it has little catalytic activity alone. In the presence of 
traces of cobalt metal or cobalt salts, however, its activity is similar to that of octa- 
carbonyldicobalt, suggesting the possibility of a metathetical exchange of carbon 
monoxide between cobalt salts and pentacarbonyliron. The extension of this ex- 
change to the preparation of cobalt and rhodium carbonyls has now been in- 
vestigated- 

When cobalt naphthenate and an excess of pentacarbonyliron were heated 
( 140-150°) for 30 minutes in toluene under carbon monoxide (50 arm), octacarbonyl- 
dicobalt was obtained in an estimated yield of 43 %, although the isolated yield was 
lower due to handling difficulties. Under similar conditions the less soluble cobalt 
carbonate gave only a 9 y0 yield of the carbonyl. The highest isolated yield of octa- 
carbonyldicobalt (40 %) was obtained using cobaltous chloride in ethanol ; in ether, 
a poor solvent for CoC12, only a very low yield (lo%) was obtained, emphasising the 
importance of homogeneous conditions. Separate experiments showed that in the 

* For Part III see ret 1. 
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absence of pentacarbonyliron no significant amounts of octacarbonyldicobalt were 
formed from any of the above cobalt derivatives and carbon monoxide under com- 
parable conditions in these solvents_ 

Extension of this method to the preparation of rhodium carbonyls has shown 
thtit under moderate pressures of carbon monoxide (g&120 atm) anhydrous rhodium 
trichloride reacts with Fe(CO), in pentane either at temperatures of 100” for a 
moderate time (12 h) or at 7O-SO0 (60 h) to give high yields (Table 1) of the black 

TABLE 1 

USE OF PEXTAC.4RI3OSXLIRON As A “REDUCTIVE C_4?.33Oh?‘LATING” AGEXT 

Mole ratio Temp. Time 
(“C) (h) 

[Rh(CO)ICl], 
(9;) 

Rh&O),s 
(%) 

RhCI,;Fc(CO), 
lj3 Xl-80 12 SO 65” 
lj3 70-so 60 90 10 66 
113 110-120 12 90 7 62 
l/1.5 110-120 16 120 30 4 

~Rh(CO)2C1&/Fe(CO), 
lj!O 70-so 6 100 = 
I/ca 100 65-75 12 U 
l/ca 100 65-75 12 16 c 

p Trace quantity of Rh,(CO)12. b CO bubbled through the solution. c Rh,(CO),I major product in this 
reaction_ 

rhodium carhonyl, Rh,(CO)i6, first prepared by Hieber4 in unspecified yield by 
carbonylation of RhCl, (SO-230°, 200 atm CO) with silver or copper as halogen 
acceptor, and incorrectly5*6 formulated as R&(CO), t. Control experiments have 
shown that Rh6(CO),6 is not obtained in the absence of pentacarbonyliron. If the 
proportion of Fe(CO), to l&Cl3 falls to less than 2/l, only a low yield of 12h6(CO),, 
is obtained, even under high pressures of carbon monoxide, suggesting that Fe(CO)s 
rather than carbon monoxide is the carbonylating agent. When short reaction times 
are employed, the halide [Rh(CO),Cl], is the major product; this gives Rh6(CO),, 
in 68 o/0 yield after only 6 h at 70-80° and 100 atm CO with an excess of pentacarbonyl- 
iron, suggesting that the halide is an intermediate in the formation of Rh6(CO),, 
from RhCls. Carbon monoxide as such appears to play little part in this reaction 
since a similar high yield (64 %) of Rh,(CO), 6 was obtained by heating Iph(CO),Cl12 
under reflux for 12 h with an excess of Fe(CO)S in methanol under a slow stream of 
nitrogen_ Pentacarbonyliron must therefore be acting as both halogen acceptor and 
carbonylating agent. 

Hexadecacarbonylhexarhodium can thus be made in good yield at atmos- 
pheric pressure in ordinary glass apparatus by this method, which has the advantage 
of shorter reaction times than the recently reported’ atmospheric pressure carbonyla- 
tion of @h(CO)zCl]lz with carbon monoxide. Isolation of the rhodium carbonyls 
from the reaction mixture, readily accomplished by solvent extraction, is much easier 
than that of octacarbonyldicobalt- Only trace qnantities of Rh4(CO)i1 were ever 
observed in any of these reactions, and there was no evidence for the formation of 
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Rh,(CO),. Passage of carbon monoxide through a refluxing methanol solution of 
[Rh(CO),Cl], and an excess of pentacarbonyliron, gave Rh,(CO),, as the major 
product, although difficulty was experienced in separating it from unchanged m- 
(CO)&l]z- :- 

The high pressure synthesis of rhodium carbonyls using other halogen 
acceptors has also been investigated. Although similar reactions have been briefly 
reported previously 4, little detail and no yields were given. Table 2 shows that 

TABLE 2 

HLGH PRESSURE CARBOSYLATION OF [Rh(CO)&Q USIKG ULLhtdNN COPPER-BROSZE POWDER AND SILVER 

AS HALDGEX ACCEPTORS 

co 
(atm) 

HI 
(at m) 

Solvent Temp. Time Rb,(W,z RWCO),6 
(“C) (h) ( %) (PA) 

330” 

26W 

260” 
33G” 
33ob 
33@ 
33Fd 

70 

70 

50 

Pentane/ 
methanol 
?entane/ 
methanol 
Pentsne 

210 24 99 

210 24 9s 

210 24 5? 
so 15 92 
80 15 85 
so 15 97 
so 15 83 4 

y Copper-bronze powder in a copper-tube liner_ * Copper-tube liner. ’ Silver foil. ’ Trace of HRh(CO)* 
(see text) also formed in this reaction. 

Rh,(CO)th can be prepared in almost quantitative yield from @~I(CO),CI]~ using 
copper, in the form of Ullmann copper-bronze powder in a copper-tube liner, as a 
haIogen acceptor_ The presence of a hydroxylic compound, such as methanol, in 
this reaction is essential for high yields and appears to promote the formation of 
Rh,(CO),, in agreement with recent observationss on the carbonylation of rhodium 
trichloride trihydrate. A similar high yield of Rh6(CO)r6 was obtained when the 
reaction was carried out using mixtures of carbon monoxide and hydrogen. 

When the carbonyfation reaction was carried out in the presence of Ullmann 
copper-bronze powder in a copper-tube liner for a shorter reaction time *at a lower 
temperature, and in the absence of solvent, the only product was Rhs(CO)lZ (95 y0 
yield). The yield was reduced by use of a copper-tube liner alone. The use of silver foil 
as a halogen acceptor in place of copper-bronze in a copper-tube liner had no sig- 
nificant effect upon the yield of Rh4(C0)r2, but reduced yields were obtained with the 
silver foil using mixtures of carbon monoxide and hydrogen, and a small amount of 
Rhs(C0)r6 was obtained from this reaction. The reduction in yield was probably 
due to the formation of the hydride, HRh(CO), since on several occasions traces of 
yellow crystals, m.p. O” [in accord with the only reported description4 of HRh(CO),], 
were isolated from this reaction. These crystals [v(CO) 2128 m, 2070 s. 2003 s] were 
uns?able and decomposed above the m.p. to red crystals [v(CO) 2087 w, 2016 s, 
1996 s and 1861 m]. Although the hydride is reported to give Rh,(CO), (orange 
crystals, m.pm4 76O), neither of these compounds could be adequately characterised. 

J. Organometal. Chem., 14 (1968) 417422 



420 B. L. BOOTH, M. J. ELSE, R. FIJXDS, H. GOLDWHITE, R. N. HASQXDI= 

EXPERIMENTAL 

Cobaitous chIoride,- cobalt naphthenate, cobalt carbonate and rhodium tri- 
chloride trihydrate were commercial samples used without further purification. 
Anhydrous rhodium trichloride was prepared from the trihydrate at 440° in a stream 
of chIorineg, and [Rh(CO)&l] z was prepared by the action of carbon monoxide on 
heatedRhC1, - 3 I-IzO’p. Pentane in these experiments refers to Analar light petroleum 
(b-p. 30-400), which was purified from peroxides and unsaturated hydrocarbons. 
The IR spectra were recorded on a Perkin-Elmer 21 instrument. For the reactions 
with rhodium compounds only typical experiments are described, and the full 
experimental conditions are given in Tables 1 and 2. AIf yields of cobalt and rhodium 
carbonyls are based on cobalt and rhodium respectively. 

Determination ofmixtures of Co2(CO), and Fe(CO), 
The apparatus consisted of an Erlenmeyer flask (250 ml) with a magnetic 

stirrer, dropping funnel, a gas inlet, and an outlet connected to a gas burette (450 ml 
capacity); light was excluded from the apparatus I1 A standard solution of iodine in . 
toluene (50 g per litre) was used for each analysis, and 40 ml of this solution was taken 
for samples containing up to 0.6 g of total carbonyl- 

-4 suitable ahquot (5-10 ml) of the solution to be anaIysed was pipetted into 
the flask. and toluene was added to bring the volume of the solution to ca. 40 ml. 
The system was purged with CO, the solution was stirred for 2 min, and the gas 
burette was read f V,), Iodine solution was added, and the solution was stirred vigor- 
ously until the gas evolution had ceased (Vz)_ The system was again purged with CO, 
the solution stirred, and the voiume (IQ recorded. Analar pyridine (10 ml) was added, 
and the solution was stirred until no further gas evolution occurred (V& From the 
equations : 

Coz(CO), c 2 I2 -2CoI,+8CO 
Fe(CO), f I, - Fe(CO)J2 -t CO 
Fe(CO),I,+2 C5H5N - Fe(CO),(C,HSN),I,+2 CO 

the amounts of Col(CO)s and Fe(CO),- can be calculated as 

found 

Fe(CO), (g) =$(Vb- V, at N.T.P.) x 0.00:<75 
0.0171 

CoJCO)s (g) = [(V1- VI) -f(VZ- VS) at N-T-P.] x ~ 
89.6 

This method was tested on known mixtures of the two carbonyls and was 
to give results within 5% of the amounts known to be present. 

Reactions of cobalt and rhodium salts with pentacarbonyliron 
(a). Cubaltous chloride. Anbydrous cobaltous chloride (7.6 g, 60 mmole), 

pentacarbonyliron (24.0 g, 123 mmole) and dry ethanol(SOml)were heated at 1 lO-120° 
for 39 min under carbon monoxide (60 atm). The ethanol solvent was removed under 
vacuum, and the residue was extracted with pentane (50 ml). The extract was filtered, 
and cooled (OO) overnight to give octacarbonyldicobalt (4.0 g, 11.7 mmole, 40x), 
m-p. 51”, (lit.12 m-p. 51O); the IR spectrum was identical to that reported13. No reac- 
tion occurred in the absence of pentacarbonyliron. 

3: $lrganometal_ Chem., 14 (I968) 417422 
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(b). Cobalt naphthenate (cob& loo/, w/w)_ Under similar conditions cobalt 
naphthenate (20.0 g, 50 mmole) and pentacarbonyliron (8.0 g, 40 mmole) in toluene 
(50 ml) gave octacarbonyldicobalt (2.6 g, 7.6 mmole, 43 %) estimated by the gasometric 
technique described_ Sublimation of the residue obtained after evaporation of the 
toluene gave orange crystals of octacarbonyldicobalt. No reaction occurred in the 
absence of pentacarbonyliron. 

(c). Cobalt carbonate. When cobalt carbonate (2.0 g, 17 mmole), pentacarbonyl- 
iron (6.0 g, 30 mmole) and toluene (50 ml) were heated at 140” for 4 h under an initial 
pressure of 110 atm of CO and H2 (ratio l/l), analysis of the reaction mixture gave 
octacarbonyldicobalt (0.36 g, 1.5 mmole, 90/0). In the absence of pentacarbonyliron 
the yield of octacarbonyldicobalt was only 1%. 

(d). Rhodium tricMoride_ Anhydrous rhodium trichloride (2.0 g, 9.57 mmole), 
pentacarbonyliron (6.83 g, 35.4 mmole) and dry pentane (100 ml) were heated at 
1 10-115° for 12 h under carbon monoxide (90 atm); filtration of the solution and 
evaporation of the solvent to low volume gave red crystals of tetracarbonyl-p-di- 
chlorodirhodium (0.015 g, 0.035 mmole, 7%), m-p. 12S’ (lit-l2 m-p. 125O). The IR 
spectrum was identical to that reported. Extraction of the residue with boiling chloro- 
form and evaporation of the extract gave black crystals of hexadecacarbonylhexa- 
rhodium (I.0 g, 0.94 mmole, 60 %), m-p. 238-242” with decomposition (lit4 m.p. 235O), 
identified by JR spectroscopy’ and elemental analysis. (Found : C, 18.3 ; H, 0.1; Rh, 
57.7. Cr60L6Rh6 calcd.: C, 18.0; H, 0.0; Rh, 58.0%) 

(e). Tetrucurbonyl-,u-dichlorodirhodium. (i). High pressure synthkis. Tetra- 
carbonyl-p-dichlorodirhodium (1.30 g, 3.34 mmole), pentacarbonyliron (6.4 g, 32 
mmole) and dry pentane (100 ml) were heated at 70-80”for 6 h under carbon monoxide 
(100 atm). The reaction mixture was worked up as described in (d) above to give re- 
covered tetracarbonyl-p-dichlorodirhodium (0.043 g, 0.09 mu-role, 3 %) and hexadeca- 
carbonylhexarhodium (0.70 g, 0.66 mmole, 68 %)_ (ii). Low pressure synthesis. Tetra- 
carbonyl-pdichlorodirhodium (1.0 g, 2.59 mmole), pentacarbonyliron (45 g, 200 
mmole) and methanol (30 ml) were refluxed under a slow stream of nitrogen for 12 h. 
The solvent was evaporated and the residue extracted with cold pentane. Removal 
of the solvent from the pentane extract gave a mixture (0.026 g) shown by IR spectro- 
scopy to be mainly [ph(CO),Cl] 2 and a trace ofRh,(C0),2. Extraction of the residue 
with boiling chloroform gave hexadecacarbonylhexarhodium (0.51 g, 0.48 mmole, 
64%). 

When carbon monoxide was bubbled through the refluxing solution instead 
of nitrogen the major product, as identified by IR spectroscopy, was dodecacarbonyl- 
tetrarhodium, but isolation of thii product from unreacted [Rh(CO)&l], was diffi- 
cult; no Rh6(CO)i, was detected in this reaction_ 

Reactions of rhodium compounds with Ullmunn copper-bronze powder and silver 
The experiments using Ulhnann copper-bronze powder were carried out in 

an open glass tube which fitted inside a copper tube in a stainless steel autoclave. 
The experiments using silver foil were carried out in an open glass tube lined with 
silver foil in an autoclave ; no copper-tube liner was used in these experiments. 

(a). Preparation of dodecucurbonyltetrurhodium. Tetracarbonyl-p-dichlorodi- 
rhodium (0.98 g, 2.5 mmole) mixed with dry Ulhnann copper-bronze powder, was 
heated at 80° for 15 h under carbon monoxide (330 atm). The autoclave was vented, 
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the solid residue was extracted with cold pentane, and the extract was filtered and 
evaporated to give dodecacarbonyltetrarhodium (0.89 b 1.19 mmole, 95%) which 
decomposed at HO0 (ht.* m-p. 150° with decomposition). The compound was identi- 
fied by IR spectroscopy5 and elemental analysis. (Found: C, 19.4; H, 0.1; Rh, 55.1. 
C,,O,,Rh, calcd- I C, 19.2; ‘rl, 0.0; Rh, 54.9 %_) Extraction of the residue with boiling 
chloroform gave only a trace of Rh6(C0)r6. 

(b)_ Preparation of hexadecacarbonylhexarhodium. Tetracarbonyl-p-dichloro- 
dirhodium (1.13 g. 291 mmole) in pentane (100 ml) and methanol (5 ml) was mixed 
with UlImann copper-bronze powder and heated at 210° for 24 h under carbon 
monoxide (330 atm). After venting the autoclave the residue was extracted with 
boiling chloroform. RemovaI of the solvent from the extract gave hexadecacarbonyl- 
hexarhodium (1.02 g, O-96 mmole, 99 %)_ 
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