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Summary

New rhenium compounds Re(CNR); I, Re(CNR),I;, Re(CNR);l;, Re-
(CNR);Br;, Re(CNR),; (CO)I., Re(CNR), (CO);I and [Re(CNR). (CO).1"
(CNR = p-tolylisocyanide) have been isolated and characterized. Their mag-
netic properties and IR spectra are reported.

Introduction

A particularly large number of rhenium complexes with basic ligands
have been isolated during recent years. However, the only known complexes
of this metal with isocyanides, are the hexakis(isocyanide)rhenium(I) salts
[1]. The ease with which potassium hexaiodorhenate reacts in acetone solu-
tion with carbon monoxide to give carbonyl metallates [2], and the well
known affinity for carbon monoxide of isocyanide, lead us to suppose that
treatment of potassium hexaiodorhenate with isocyanide in solution would
produce new rhenium isocyanide complexes.

Results and discussion

When potassium hexaiodorhenate is treated with excess p-tolylisocyanide
in ethanol or acetone solution a yellow crystalline, diamagnetic, non-electro-
lytic compound, Re(CNR);I (I) is formed. If however, hexaidorhenate is heated
in ethanol for a short time with a deficiency of isocyanide, a compound precipi-
tates which, after dissolution in methylene chloride, and addition of hexane,
gives pure brown crystalline Re(CNR);l; (11), a diamagnetic non-electrolyte
whose molecular weight is in accord with it being a heptacoordinated deri-
vative of rhenium(IIT).
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The diamagnetic, non-electrolyte Re(CNR):I, (1I1), was obtained from
the mother liquor of 1I by addition of water. The corresponding bromo com-
pound, Re(CNR);Br; (1V), was the sole product isolated when potassium hex-
abromorhenate was treated with isocyanide.

When compound I is refluxed in ethanol under CO, Re(CNR), (CO)I,
(V), a heptacoordinated non-electrolyte, was obtained in poor yield. Since V
is a derivative of Re! it should be paramagnetic; this is supported by its NMR
spectrum.

Compound ! is the product of complete substitution of iodopentacar-
bonylrhenium with isocyanide. A heptacoordinated compound, which is a
diamagnetic, non-electrolyte, Re(CO); (CNR),I (VI), is also formed from p-
tolylisocyanide and diiodotetracarbonylrhenate [ Re(CO).I.]™ [3]. On the
other hand, when tetrabutylammonium tetraiododicarbonylrhenate [ Re(CO),-
L, 1[(Cs:H,);N] [3] is treated with p-tolylisocyanide, reduction of Re''' to
Re! aoccurs with the formation of hexacoordinated, diamagnetic, [Re(CNR),-
(CO),11I (VII), the ionic nature of which was established by a double exchange
reaction with sodium tetraphenylborate. In this case both the excess negative
charge on the rhenium atom and the steric hindrance due to the four CNR
groups are probably responsible for prevention of heptacoordination.

IR spectra

The IR spectrum of compound I (Nujol mull) shows two broad bands in
the C—N stretching region at 2050 and 1870 cm™'. In dichloromethane solu-
tion there are three bands in the C—N stretching region at 2180m, 2080s, and
2040m cm™'. These values are relatively low compared with those for pure iso-
cyanide (2150 cm™') and are related to the low oxidation number of rhenium
(+1), which permits some 7 back donation from the metal to the ligand, in
this compound. The compound is C,, type, for which three active IR bands
are predicted in the C—N bond stretching region. This agrees with our obser-
vations. Compound II shows four bands in the C—N stretching region, at
2180m, 2140s, 2100s and 2020m cm™!, in agreement with a structure of C,
type. In this case, however, the relatively low stretching frequency values
compared with those of pure isocyanide (2150 cm™) do not agree with the
high oxidation number for rhenium (+3). We assume, therefore, that there is
practically no difference in electronegativity between iodine and rhenium, so
that the charge on the rhenium atom is actually much smaller than its oxi-
dation number would lead one to predict.

The bond between isocyanide and metal is not therefore exclusively o
but also shows some double bond character. Compound ITI (Nujol mull)
shows a broad unresolved band in the C—N stretching region at ca. 2100
cm™!, consisting of a shoulder at 2150 ecm™, and two strong bands at 2060
and 2030 cm™'. This is consistent with a trans structure of C,, type which
should possess three active bands.

The 1R spectrum of compound 1V in Nujol, on the other hand, shows
only one strong sharp band at 2200 cm™', higher than the band present in
the free isocyanide. This confirms what has been said about 7 back donation
of the metal to the ligand which must be almost absent here due to the great-
er electronegativity of Br compared to I. From the IR spectrum we may
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assume that this compound is of the cis or C;, type for which only two bands
should be present in the C—N stretching region.

In Nujol compound V shows a broad unresclved band at ca. 2100 cm™!,
and a broad unresolved band in the C—O stretching region at about 1900 cm™.
Compound VI shows (Nujol mull) two bands in C—N stretching region at 2200
and 2178 cm™, and four bands in the C—O region at 2110 m, 2060 s, 1980 s
and 1940 m cm™'. We may assume a formulation of C; type. Compound VII
shows only one strong band in the C—N stretching region at 2040 cm ™!, and one
band in the C—O region at 1885 cm™'. We may thus conclude that the structure
of the cation is of D,, type. Analytical data for compounds 1 -VII are given
in Table 1.

Experimental

Molecular weights were recorded on a Mechrolab model 301-A osmome-
ter in CHCI; solution. IR spectra were recorded on a Perkin—Elmer model
457 spectrometer.

lodopentakis(p-tolylisocyanide)rhiienium (I)

Potassium hexaiodorhenate (1 g) was dissolved in acetone (20 ml), and
p-tolylisocyanide (1 g) was added to the solution. After stirring for 1 h at room
temperature a mixture (1/1) of ethanol and water was added to the brown sol-
ution. The yellow crystals of Re(CNR);I which separated were recrystallized
from acetone and ethanol/water (1/1). The compound is soluble in acetone,
dichloromethane, chloroform, methanol and ethanol but insoluble in other
common organic solvents.

Triiodotetrakis(p-tolylisocyanide)rhenium (I1)

Potassium hexaiodorhenate (1 g) was suspended in ethanol (20 mi) and
treated with p-tolylisocyanide (0.4 g) at room temperature for 1 h. The brown
crystals which separated were dissolved in dichloromethane (20 ml). On addition
of hexane (20 mi) brown crystals separated which corresponded to Re(CNR).I;.
The product is soluble in dichloromethane and chloroform but insoluble in
other common organic solvents.

Triiodotris(p-tolylisocyanide)rhenium (I11)

Black crystals which correspond to Re(CNR);l; separated from the mo-
ther liquor of I1 by addition of water. The product is soluble in ethanol, me-
thanol, acetone but insoluble in other common organic solvents.

Tribromotris(p-tolylisocyanide)rienium (IV)

A suspension of potassium hexabromorhenate (1 g) in ethanol (20 ml)
was treated with p-tolyisocyanide (0.4 g) at room temperature, for 24 h. On
addition of water green crystals of Re(CNR);Br; separated. The product is
soluble in methanol, ethanol, acetone but insoluble in other common organic
solvents.
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Diiodomonocarbonyltetrakis(p-tolylisocyanide)rhenium (V)

Compound I (1 g) was suspended in ethanol (20 m! ) and the mixture
was refluxed under carbon monoxide for 2 h. Upon cooling, orange crystals
of Re(CNR)4(CO)I, separated.

Iodotetracarbonylbis(p-tolylisocyanide)rhenium (VI)

A mixture of [Re(CO);1.][(CsHs)iN] [3] (1 g) and p-tolylisocyanide
(0.4 g) was refluxed in ethanol (20 ml) for 2 h. On addition of hexane at rcom
temperature white crystals of Re(CO)4 (CNR),! separated. The compound is
soluble in acetone, dichloromethane, chloroform but insoluble in other com-
mom organic solvents.

Dicarbonyltetrakis(p-tolylisocyanide)rhenium iodide (VII)

A mixture of [Re(CO),I,;] [(CiHq)sN] [3] (1 g) and p-tolylisocyanide
(0.8 g) was refluxed in 40 ml of ethanol for 2 h. On cooling, the orange cry-
stals which separated were treated with a solution of KOH in ethanol, to
give yellow crystals of [Re(CO). (CNR),]I.
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