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482, Carbonyl Complexes of Rhodium. Part I1.* Complexes with
Triaryl Phosphites.
By Miss L. VALLARINO.

The preparation and properties of complexes [RhL,(CO)CI] and [RhL,CI]
(L = triaryl phosphite) are described. These compounds are monomers,
non-electrolytes, and diamagnetic. The complexes [RhL,(CO)Cl] are
similar to, but less stable than, the analogous compounds with triarylphos-
phines. On treatment with an excess of triaryl phosphite they give com-
plexes of the type [RbL,Cl]. The complexes [RhL,(CO)CI] react with
sodium thiocyanate, losing carbon monoxide and giving compounds
[Rh,L,(SCN),] which are diamagnetic, non-electrolytes, and have a bi-
nuclear structure with bridging thiocyanate groups.

THE triaryl derivatives of tervalent phosphorus, arsenic, and antimony react (cf. Part I *)
with tetracarbonyl-pp’-dichlorodirhodium thus :

[Rh,(CO),Cl,] + 4L — 2[RhL,(CO)CI] + 2CO
(L = Ar;P, Ar,As, and Ar,Sb)

Triaryl phosphites used in this reaction gave two series of compounds : [RhL,(CO)CI]
and [RhL,CI] where L = (PhO),P, (p-CgHMe-O);P, or (p-C¢H,CI-O)3P). The former,
which are formally analogous to the products isolated with triphenylphosphine, can be
prepared by using the stoicheiometric amount of triaryl phosphite, and the latter by using
an excess of phosphite.

That triarylphosphines do not give compounds [RhL,CI] even under very drastic
conditions is in agreement with the previous observation that triaryl phosphites with metal
carbonyls tend to give products poorer in carbon monoxide than those obtained by reaction
with triarylphosphines.

The compounds of both series, [RhL,(CO)CI] and [RhL,Cl], are non-electrolytes in
nitrobenzene solution, monomeric, and diamagnetic. The complexes prepared, and their
properties, are listed in the Table.

Triaryl phosphite complexes of rhodium(1).

Complex Decomp. pt.

[Rh{(CeH ;2O)sP}2(CO)CI] .cunrrininniiiiiiiiiiiiiianaens 160—170° Pale yellow needles
{Rh{(p-CeH Me-0)3P}3(CO)Cl] annnnrnrnnnnnninineenanene. 170—176 Pale yellow needles
[Rh{($p-CeH Cl:O)gP}3(CO)CI] .cererrrrnnnrnnianinnnnnnns 180—185 Yellow plates
(B33 T (O3 110374 =4 X o | PR 170—180 Yellow needles
[Rh{(p-CeHMe-O)gP}Cl] «euenernininiiinieniennniinaes 166—167 Yellow needles
[Rh{(p-CeHCLO)gPYCl] eeneiinininiiinininiennnane 183—186 Pale yellow needles
[Rh{(p-CHMe-0);P}5(SCN)] cevvvrvnininniiniiiiinnane 150—170 Yellow prisms
[Rh{(p-C¢H,Cl‘O)sP},(SCN)] ........ ... 158—160 Yellow prisms

[Rh{(p-C¢H,CI-O)gP}sI] .............. ... 135—136 Orange prisms
[Rh,{($-C H,Me-0),P},(SCN),] 150—175  Yellow prisms

Compounds [RhL,CI] are stable to dilute aqueous acid and strong base, and to boiling
concentrated hydrochloric acid. They do not possess reducing properties and are not
attacked by strong reducing agents such as hypophosphorous acid in aqueous alcohol,
hydrazine hydrate in ethanol, or metals (magnesium, zinc, and cadmium). They do not
react with aromatic amines or pyridine, but are decomposed by aryl fsocyanides with
formation of tetraisocyanorhodium(r) salts.

The chlorine in the compounds [RhL,Cl] can be replaced by iodine or thiocyanate
in acetone solution by means of sodium jodide or thiocyanate respectively. These
derivatives are analogous to the corresponding chlorides, but the iodide is less stable.
The solid does not alter on storage for several months, but its solutions, when exposed to
the air, become brown within a few hours.

* Part I, 1957, 2287.
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The complexes [RhL,(CO)CI] behave analogously to the corresponding phosphine
complexes, but are more reactive towards triaryl phosphites and sodium thiocyanate.
With the former they lose carbon monoxide and give [RhL4Cl]. They react with a sus-
pension of sodium thiocyanate in acetone in the cold : carbon monoxide is liberated and,
when [Rh{(p-CgH Me-0);P},(CO)Cl] is used as a starting material, a yellow crystalline
product can be isolated ; this is a non-electrolyte in nitrobenzene solution and diamagnetic,
has the composition [Rh{(p-C¢HMe 0)sP},(SCN)], and must be formulated as a dimer
with bridging thiocyanate groups (cf. I). Molecular-weight determinations are not

CH,Me-0), P(O-CeH Me-p),
(C-CHMeOR /\ L PO
(p-CeHMe- O),P/ \P(O-C.,H,.Me-P)a

reliable because of the very low solub111ty of this product. The formulation is, however,
supported by the infrared spectrum. It is known 2 that in the thiocyanato-complexes
of platinum(i1) terminal thiocyanate groups absorb in the region of 2100--2150 cm.™},
while bridging thiocyanate groups absorb between 2150 and 2182 cm.l. Com-
pound (I) has a strong absorption band at 2150 cm.” while in the monomeric
complex [Rh{(p-CsH Me- 0)3P}3(SCN)] in which the thiocyanate group is certainly terminal,
does not absorb in this region but has a strong absorption band at 2092 cm.™1.

The preceding three types of rhodium(1)—phosphite complex should have square planar
configuration, and [RhL,(CO)CI] should exist in cis- and #rans-forms. It is probable that
they have #rans-configuration, in analogy with the similar derivatives of phosphines and
arsines (Part I).

EXPERIMENTAL

Carbonylbis(triphenyl Phosphite)chlororhodium(1), [Rh{(Ph-O);P},(CO)CI].—A .solution of
triphenyl phosphite (4 mmols.) in benzene (50 ml.) was added to a solution of tetracarbonyl-
dichlorodirhodium (1 mmol.) in benzene (20 ml.). Carbon monoxide was evolved and the colour
of the solution changed from orange to yellow. The solution was taken to dryness at 15 mm.,
giving a yellow oil which was washed with ethanol. This was treated in chloroform with char-
coal, filtered, and diluted with ethanol. Crystals slowly separated. The complex was purified
further by reprecipitation from chloroform with ethanol (Found: P, 8-0; Rh, 12-95%,; M,
cryoscopic in 2-3% benzene solution, 770. C;,H;,0,CIP,Rh requires P, 7-9; Rh, 13-1%;
M, 1787). It is soluble in methylene chloride, chloroform, benzene, and nitrobenzene,
moderately soluble in acetone and ethyl ether, insoluble in methanol, ethanol, and hexane.
It is diamagnetic.

The following were prepared and purified analogously :

Carbonylbis(tri-p-tolyl phosphzte)ahlororhodmm(I [Rh{(p-C4H Me+O),P},(CO)CI] (Found : P,
6-4; Rh, 11-5%; M, cryoscopic in 2-2%, benzene solution, 865. C,;H,,0,CIP,Rh requires
P, 7-1; Rh, 11-8%; M, 871), xm = —464 X 1075,

Carbonylbis(tri-p-chlorophenyl  phosphite)chlovorhodium(t),  [Rhf(p-C,H,Cl-0),P},(CO)Cl]
(Found: P, 6-4; Rh, 10-4; CO, 3-0%; M, cryoscopic in 2-4% benzene solution, 990.
C;3,H,,0.Cl,P,Rh requires P, 6-2; Rh, 10-4; CO, 2:8%; M, 994), ym = —474 X 1078,

Attempted Reaction of Carbonylbis(tri-p-chlovophenyl Phosphite)chlororhodium with p-Toluidine
and Pyridine.—The complex (0-1 g.) in chloroform (10 ml.) and an excess of p-toluidine were
refluxed for 10 min. The solution was cooled and on dilution with ethanol a crystalline product
was obtained (0-075 g.) which did not contain nitrogen and evolved carbon monoxide on addition
of arylisocyanides. It was identical with the starting material, as shown by its infrared
spectrum.

The starting material was also recovered unchanged after being boiled with pyridine in
chloroform and identified by its infrared spectrum.

Reaction of Carbonylbis(tri-p-chlorophenyl Phosphite)chlororhodium with p-Tolyl isoCyanide.—
p-Tolyl isocyanide was added to the complex suspended in ethanol. Carbon monoxide was

1 Malatesta and Sacco, Ann. Chim. (Italy), 1954, 44, 134.
2 Chatt and Duncanson, Nature, 1956, 178, 997.
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evolved and the starting material dissolved, giving a brown-red solution. On addition of
sodium perchlorate in ethanol a violet crystalline product separated, which in boiling benzene
gave yellow [Rh(p-C,HMe-NC),]CIO, (Found : N, 8-5; Rh, 15-2. Calc. for C3,H,;0,NCIRh :
N, 8-3; Rh, 15-35%).

Reaction of Carbonylbis(iri-p-tolyl Phosphite)chlovorhodium with Sodium Thiocyanate.—Solid
sodium thiocyanate (0-15 g.) was added to the complex (0-4 g.) suspended in acetone (15 ml.);
there was gas evolution and the solid changed in appearance. The mixture was boiled for 10
min. and then the solvent evaporated at 15 mm. The residual solid was extracted with chloro-
form; the solution was filtered and diluted with ethanol. Crystals separated at once, and were
filtered off, washed with ethanol, and purified by reprecipitation with ethanol from a chloroform
solution (yield 0-3 g.). They were fetrakis(tri-p-tolyl phosphite)-pyu’-dithiocyanatodirhodium,
{(p-CeH Me0),P},Rhy(SCN),} [Found: C, 59-2; H, 5-1; N, 1-8%; M, cryoscopic in 0-66%
benzene solution, 1400 (not very reliable because of low solubility). CgeHgO;,N,S,P,Rh,
requires C, 59-65; H, 4-9; N, 1-6%; M, 1731]. It is appreciably less soluble than the other
compounds described. It is diamagnetic. It does not evolve carbon monoxide when treated
with aryl isocyanides, even at 100°.

Tris(triphenyl Phosphite)chiororhodium(t), [Rb{(Ph-O);P};Cl]—Triphenyl phosphite (8
mmols.) was added to a solution of tetracarbonyldichlorodirhodium (1 mmol.) in benzene. The
solution was evaporated to a small volume at 15 mm. and diluted with ethanol. The complex
obtained was recrystallised from chloroform by addition of ethanol (yield 1-75 g.) (Found :
P, 8-4; Rh, 9-55%,; M, cryoscopic in 3-49, benzene solution, 1035. C;H,;0,CIP,Rh requires
P, 87; Rh, 9-6%; M, 1069). It is slightly less soluble than its carbonyl analogue. It is
diamagnetic.

The following were prepared and purified analogously :

Tyis(tri-p-tolyl  phosphite)chlororhodium(i), [Rh{(p-C¢HMe-O),P},Cl] (Found: P, 7-7;
Rh, 8-7%; M, cryoscopic in 3-09%, benzene solution, 1100. CgH O CIP;Rh requires P, 7-8;
Rh, 8:6%; M, 1195), ym = —746 X 10-5.

Tris(tri-p-chlorophenyl phosphite)chlororhodium (1), [Rh{(p-C;H,Cl-0);P};,Cl] (Found: Cl,
25-95; P, 6-7; Rh, 7-5%; M, cryoscopic in 8%, bromoform solution, 1410. C;,H,,0,Cl,,P;Rh
requires Cl, 25-7; P, 6-7; Rh, 7-5%; M, 1379), xm = —396 X 1075,

An attempted reaction of tris(tri-p-chlorophenyl phosphite)chlororhodium with p- tolmdme,
as described for the carbonyl compound, gave unchanged starting material (infrared spectrumy}.

Tris(tri-p-tolyl Phosphite)thiocyanatorhodium(t), [Rh{(p-C.H,Me-O);P};(SCN)].—The chloro-
complex (0-4 g.) and sodium thiocyanate (0-3 g.) in acetone were refluxed for 15 min., then taken
to dryness under reduced pressure, and the residual solid was extracted with chloroform. The
solution was filtered and diluted with ethanol. A crystalline product was obtained (0-31 g.),
which was purified as its chloro-analogue (Found : N, 1-3; S, 2-8%; M, cryoscopic in 1-29%,
benzene solution, 1233. C4HgONSP;Rh requires N, 1-15; S, 2:6%; M, 1218). It is
diamagnetic.

Tris(tri-p-chlovophenyl Phosphite)thiocyanatorhodium(t), [Rh{(p-C¢H,C1'0),P};(SCN)].—This
compound was prepared and purified as its p-tolyl analogue (yield 0-5 g. from 0-6 g.} (Found :
N, 1-15; S, 2-459%. C;;H;40,NCI,SP,Rh requires N, 1-0; S, 2-3%). It is diamagnetic.

Tris(tri-p-chlorophenyl Phosphite)iodorhodium(1), [Rh{(p-C,H,Cl-O);P};I].—This complex,
prepared and purified analogously to the corresponding thiocyanate (yield 0-2 g. from 0-3 g. of
chloro-complex and 0-15 g. of sodium iodide) (Found : C, 43-8; H, 2:65%,; M, cryoscopic in
1-69%, benzene solution, 1410. C;H;,O,Cl,IP;Rh requires C, 44-0; H, 2-5%,; M, 1475), is
diamagnetic.

Conductance Measurements.—None of the compounds described shows electric conductance
in 10-*m-nitrobenzene solution at 20°.

Infrared Spectra—The compounds were finely ground and suspended in Vaseline. Their
infrared spectra were taken with a Perkin-Elmer spectrophotometer (type 21), a rock-salt
prism and cell being used. No compensation was made for the absorption of the Vaseline.

The author is indebted to ** Politecnico di Milano, Istituto di Chimica Industriale,’’ for the
infrared spectra, and to Professor L. Malatesta and Dr. L. M. Venanzi for discussion.
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