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Synthesis of Rh,(CO),, and Rhy(CO),; at Atmospheric Pressure

By P. Curint* and S. MARTINENGO

(Istituto di Chimica Generale ed Inovgawica dell’ Universitd, Via Venezian 21, Milano, Italy)

HieBER and LacaLrry,! by reaction of dry rhodium
trichloride and copper or zinc with carbon mon-
oxide at 200 atm. and different temperatures,
obtained Rh,(CO),, (< 80°) or Rhg(CO),s (>80°).
Recently Rhy(CO),¢ has been prepared in high
yields by treating rhodium trichloride trihydrate
in methanol with carbon monoxide at 50 atm. and
60°2 Both syntheses require high-pressure equip-
ment that is not always available. We report a

synthesis which operates at atmospheric pressure
and does not require any special equipment. The
starting material for the new synthesis is
[Rh(CO),Cl],, which is easily prepared from
rhodium trichloride trihydrate and carbon mon-
oxide at 100°.3

By addition of water (about 5%,) to a solution of
[Rh(CO),Cl]; in an organic solvent (such as
methanol, acetone, or tetrahydrofuran) saturated
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with carbon monoxide, a slow formation of
Rh,(CO),¢ takes place according to the equation:

3[Rh(CO),Cl], + 7CO + 3H,0 —
Rhg(CO), + 3CO, + 6HCL (1)

The yield of Rhg(CO), 4 is low (30—409%,) owing to
the side reaction between the hydrochloric acid
liberated in the above reaction and the tetra-
carbonyldichlorodirhodium?:

[Rh(CO,Cl], 4 2HC] 2 2H[Rh(CO),Cl,].

Under these conditions Rhg(CO);¢ is the only
insoluble product and can be obtained in a pure
state’ by filtration; the tetracarbonyldichloro-
dirhodium can be recovered from the solution by
evaporation to dryness. Hydrochloric acid and
carbon dioxide determinations give full confirma-
tion of equation (1).

The Rh4(CO),q4 yield can be raised to 80—909%,
by neutralizing the free acidity with potassium
hydroxide or, better, by buffering the solution
with lithium acetate. The reaction time is about
two or three days at room temperature.
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Rh4(CO),4 can be purified by slow extraction with
chloroform or methylene chloride in nitrogen
atmosphere.

Similarly a mixture of Rh{CO),, and Rh¢(CO),,
is obtained by reducing a solution of [Rh(CO),Cl],
in n-heptane with carbon monoxide in the presence
of sodium hydrogen carbonate. After stirring for
48 hr. at room temperature, the suspension is
filtered and the solid is extracted with more n-
heptane; the combined solution is cooled to
—170°, giving red crystals of pure Rh(CO)y; (71%).
The residual solid is washed with water, leaving
Rh(CO),6 (119) on the filter.

Surprisingly, the direct reduction with zinc of a
pentane solution of [Rh(CO),Cl], gives only low
yields of Rh,(CO),, (15—25%,), owing to the
formation of considerable amounts of a zinc
carbonylrhodiate. In this type of synthesis,
carbonylrhodiates are important intermediates or
by-products; these compounds will be the object
of a separate communication.
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