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The preparation of some dicarbonyl(N-substituted-
monothiocarbamato)rhodium(l) complexes is describ-
ed. The red crystalline compounds are dimeric in
chloroform solution and their infrared spectra in the
terminal carbonyl region consist of three bands.
These cbservations suggest that the structure of the
compounds is similar to that of [RhR(CO)CI], with
the sulphur atoms of the monothiocarbamate ligands
bridging the two rhodium(l) ions in the dimer. The
reaction of the dimeric species with excess ligand and
triphenyl-phosphine is also described. The mono-
thiocarbamate acts as a monodentate ligand bonded
through the sulphur atom only, in the products for-
med in these reactions.

Introduction

The continuing interest in the study of metal com-
plexes containing monothiocarbamate ligands is shown
by the number of recent reports concerning various me-
tal ions complexed with a variaty of N-substituted mo-
nothiocarbamates. These reports have concerned
thallium(I)!, nickel(I1)?***¢, palladium(11)?, platinum
(I1Y, zinc(11)"8, cadmium(I11)}, mercury(II)?, silver(1)
and copper(1)* compounds.

It has been shown that the stereochemistry of the
monothiocarbamate complexes is normally different
to that of the corresponding dithio— species, and in
several cases, very pronounced differences have been
found. Structural studies of bis (N,N-disubstituted-
dithiocarbamato)nickel(I1) complexes have shown that
the compounds are monomeric and have essentially
square planar Ni-S; coordination'’2. In contrast,
the corresponding monothiocarbamato species arc
polymeric and have effective octahedral coordina-
tion?**5,  No detailed structural analysis of these
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compounds is presently available but preliminary
studies indicate that bis(N,N-di-n-propylmonothio-
carbamato)nickel(II) is a hexamer, which has a cyclic
chain structure involving bridging sulphur atoms in
addition to chelate rings containing sulphur and oxy-
gen atoms’. We have recently reported®, the occur-
rence of weak ferromagnetic interactions in a series
of these monothiocarbamato-nickel(II) complexes.
The corresponding square-planar dithiocarbamate
complexes are diamagnetic.

The X-ray crystal structure of bis(piperidine)-bis-
(N-piperidylmonothiocarbamato)zinc(II) has shown
that the two monothiocarbamate ligands are bonded
to zinc through the sulphur atoms only and the piper-
idine molecules occupy the other two tetrahedral
sites’.  The average C-O and C-N bond lengths are
1.22(2) and 1.36(2)A, respectively. These values
are comparable to those found in organic amides
where a double bond is delocalized over the C-O and
C-N honds. Recent studies on bis(tertiary phosphine)-
bis(N—substituted—monothiocarbamato)palladium(I1)
compounds have indicated that similar monodentate
coordination of sulphur occurs and proton magnetic
resonance studies of the dimethylphenylphosphine deri-
vative have established that the phosphine molecules
are frans in the square-planar structure’.

The isolation of rhodium(I) complexes containing
the dithiocarbamate ligand has been achieved®. Seve-
ral compounds of the type dicarbonylbis(N,N-di-R-
substituted-dithiocarbamato)rhodium(l) (R = CH;s,
C:Hs), which are monomeric in solution and appear
to involve bidentate coordination of the dithiocarba-
mate ligand have been reported”. The present paper
cutlines the preparation of some rhodium(l) mono-
thiocarbamates and structural assignments of these
complexes are made using mainly the results of in-
frared analysis.

Experimental Section

(a) Preparation of dicarbonyl(N-substituted-mono-
thiocarbamato)rhodium(l) compounds:

Hydrated rhodium(II1) chloride (1 g) was dissolved
in refluxing absolute ethanol (15 cm®) and carbon
monoxide was bubbled vigorously through the solu-
tion until it was pale-yellow in colour (2 hr.)".

The yellow solution was filtered and cooled to
room temperature and excess carbonyl sulphide was
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passed into the solution. The appropriate secondary
amine (0.25 g) was added dropwise to the stirred
solution. The red precipitate which separated out
almost immediately was collected, washed with a
small amount of cold ethanol and recrystallized from
chloroform or acetone. Yields in excess of 90 per
cent based on the amine were obtained.

Analyses: dicarbonyl(N,N-diethylmonothiocarbama-
to)rhodium(l) - (Etzmtc)Rh(CO); - Caled. for CHje-
NO;SRh: C, 28.9; H, 3.5; N, 4.8; S, 11.0. Found:
C, 29.2; H, 34; N, 4.7; §, 10.2. dicarbonyl(N-pyr-
rolidylmonothiocarbamato)rhodium(I) - (pyrrmtc)Rh-
(COY, - Caled. for CG;HsNOsSRh: C, 29.1; H, 2.8; N,
49; S, 11.1. Found: C, 304; H, 3.1; N, 4.5; S, 10.1.
dicarbonyl(N-piperidylmonothiocarbamato)rhodium(l)
- (pipmtc)RA{CO);, - Calcd. for CsHNO;SRh: C, 31.7;
H, 3.3; N, 46; S, 10.6. Found: C, 32.1; H,3.5; N,
4.6; S, 10.7.

(b) Preparation of pyrrolidinium[dicarbonylbis-(N-
pyrrolidylmonothiocarbamato)rhodium(l)| - [pyrrH1
[ (pyrrmtc),Rh(COY,]: When excess secondary amine
is added to the resaction mixture in (a) above, the red
precipitate dissolves completely to give a yellow solu-
tion, In the preparation of the pyrrolidine derivative
a yellow crystalline precipitate formed slowly. This
precipitate was collected, washed with ethanol and ait-
dried. The yellow material decomposes slowly when
stored in a sealed vessel.

Anglysis: Caled. for CiHxN;O,8;Rh: C, 39.1; H,
5.3; N, 8.6; S, 13.1. Found: C, 39.0; H, 5.7; N, 8.6;
S, 13.0. )

Other derivatives, e.g. diethyl- and piperidyl com-
pounds were not isolated because of their high so-
lubility and apparent ease of decomposition.

(c) Preparation of (carbonyl)bis(triphenylphosphine)
(N,N-diethylmonothiocarbamato)rhodium(l) - (TPP):
(Et;mtc)RA(CO): When the stoicheiometric amount
of triphenylphosphine was added to the yellow solu-
tion obtained in (b) for the diethylamine reaction, a
light yellow microcrystalline material was precipita-
ted. The precipitate was collected, washed with cold
ethanol and air-dried. Awnalysis: Calcd. for CaHso
NO,SP;Rh: C, 64.0; H, 5.1; N, 1.8; P, 79; S, 4.1
Found: C, 64.1; H, 5.3; N, 1.6; P, 8.1; S, 4.3.

(d) Measurements: Magnetic moments were deter-
mined by the Gouy method. Molecular weight mea-
surements were made at 37°C in chloroform solution
using a Mechrolab 301A vapour phase osmometer
calibrated with benzil.

Infrared spectra were measured over the range 4000
250 cm~! using a P.E. 457 spectrometer equipped
with scale expansion. Potassium bromide discs,
Nujol mulls or chloroform solutions of the com-
pounds were used.

Conductance measurements were made on a Phi-
lips PR9500/02 bridge. Microanalyses were done
by the Australian Microanalytical Service.

Results and Discussion
When the yellow solution formed by the reaction
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Table 1, Molecular weight data for rhodium(l) (monothio-
carbamato)carbonyl compounds.¢

Molecular Weight

Compound Concn {(g/dm’) Found Calculated?
{pyrrmtc)Rh(CQO), 100 600 289
‘ 20.0 615
(pipmtc)Rh(CO), 10.6 550 303
21.3 590

2 CHCI, solution at 37°C. ® For monomer.

of carbon monoxide with hydrated rhodium trichlo-
ride in ethanol" is reacted with carbonyl sulphide in
the presence of a secondary amine, high yields of red
microcrystalline products are obtained which have
stoicheiometry corresponding to Rh(CO)N,N-disubs-
tituted-monothiocarbamate).

The red solids, which may be recrystallized from
chloroform or acetone, are diamagnetic in the solid
state and the results in Table I indicate that they are
dimeric in chloroform solution. Solutions of the
compounds in chloroform are non-conducting.

The infrared spectra of the compounds in chloro-
form solution show three bands in the region charac-
teristic of terminal C-O stretching modes®.  The
specttum of [(pyrtmtc)Rh(CO;]; in this region is
shown in Figure 1. Similar spectra are found for

—
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Figure 1. Infrared spectrum of [(pyrrmtc)Rh(CO).]. in
chloroform.

[(Et:mtc)Rh(CO; ], and [(pipmtc)Rh(CO).): and the
absorptions for the three compounds are shown in
Table 1I. The appearance of three bands in this
region is similar to the behaviour of [Rh(CO).Cll.
which has been shown to consist of infinite chains of
dimeric units each of which has two planes contain-
ing Rh(CO).Cl, bent at an angle of 124° along the line
joining the two chlorines®. The infrared spectra of
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83, 1761 (1961).

(17 B.F.G. Johnson, j. Lewis, and P.W. Robinson, J. Chem. Soc.
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Table ll. Infrared spectra of rhodium(I)(monothiocarbamato)carbonyl compounds.

Band position (cm™) @

Vc-o Vc=a
[(Et;mtc)Rh(CO).] ¢ 2102(m), 2080(s), 2032(s) 1665(s), 1652(s) 4
[(pyrrmtc)Rh(CO).]. ¢ 2105(m), 2085(s), 2039(s) 1666(s) ¢
[(pipmtc)Rh(CQ),]. ¢ 2105(m), 2085(s), 2039(s) 1659(s) 4
[pyrrH ][ (pyrrmtc).Rh(CO),]4 2055(s), 1975(s) 1567(s) &
(TPP)(Et:mtc)Rh(CO) ¢ 1987(s) 1557(s) €
as = strong, m = medium intensity; & C—Q stretch in metal-carbonyl; ¢ chloroform solution; 4 KBr disk; ¢vcoo, Veon (see

text); f8y.n, 1640 cm™'.

the dimeric units in cyclohexane solution” for the
species containing chloro, bromo, iodo, and mercapto
bridging atoms are similar to those of the present com-
pounds. The dimeric molecules containing the two
planes at an angle have overall C;, symmetry and the
angled relationship should give rise to one symmetric
and fwo antisymmetric vc-o absorptions, i.e. a total of
three infrared active species. Such a pattern is obser-
ved for the monothiocarbamate complexes reported in
this paper. Accordingly, the structure shown schema-
tically in Figure 2 is suggested for these compounds,
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Figure 2. Suggested structure for dimeric dicarbonyl (N-sub-
stituted-monothiocarbamato)rhodium(I) compounds.

where the sulphur donor atoms are bridging the two
rhodium(I) ions in the dimeric unit. This appears
to be ‘the first example of this type of bonding in
monothiocarbamate complexes. Of further interest
is the appearance of strong bands in the infrared
spectra in the range 1652-1666 cm™!. These absorp-
tions are characteristic'® of vc-o in systems of the type
—S~C(=O0)NR; and are appreciably shifted from vc-o
observed in all other monothiocarbamate complexes

(18) N.B. Colthup, L.H. Daly,and S.E. Wiberley, ’'Introduction
tc:9 Infrared and Raman Spectroscopy’’, Academic Press, New York,
1964,
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so far reported which have only partial double bond
character in both C—O and C-N bonds*®.

When excess amine is added to the reaction mix-
tures containing the red dimeric products, complete
dissolution of the compound occurs and a yellow
solution is obtained. When pyrrolidine was used a
vellow crystalline product slowly crystallized from
the solution. The infrared spectrum of the com-
pound has an absorption at 1640 cm™' which is due
to 8w arising from the pyrrolidinium ion® Non-
aqueous solutions of the compound are non-conducting
but the parent pyrrolidinium-N-pyrrolidine-monothio-
carbamate also behaves as a non-electrolyte under
similar conditions. The infrared spectrum of the
compound in the terminal carbonyl region® consists
of a strong doublet (Table II) which indicates a cis
arrangement of the carbonyl groups. The strong
absorption at 1567 cm™' may be assigned to vc-o,
veun since it is not normally possible to separate
the two absorptions in these compounds®’. The po-
sition of the absorption indicates monodentate coor-
dination of the sulphur atoms. Similar bonding has
been suggested for a series of square-planar palla-
dium(1I) monothiocarbamates®>. The most likely
structure of the anion in the present compound is
square-planar with the 4-coordinate rhodium(I) ion
bonded to two carbon monoxide molecules and two
monodentate monothiocarbamate groups.

When excess diethylamine is added to the reaction
mixture containing the red [(Etamtc)Rh(CO).l;, a
yellow solution results, and when triphenylphosph-
ine is added, a pale yellow microcrystalline compound
is obtained having a formula corresponding to (TPP)»
(Etamtc)Rh(CO). Molecular weight measurements in
chloroform, although not completely reliable becau-
se of the very low solubility of the compound indicate
that the complex is monomeric. The infrared spectrum
(Table II) has only one band (1987 cm™!) which can be
assigned as vc_o and the strong absorption at 1557
cm~! indicates that the monothiocarbamate is probably
bonded as a monodentate ligand through the sulphur
atom. The triphenylphosphine groups are likely to
be trans because this arrangement has been shown to
occur in similar square-planar palladium(I1) com-
plexes containing monothiocarbamates®,



