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Abstract: Reaction of RhCl(CO)(PhsP)Z(PhSP = triphenylphosphine) with AgClO4 in
acrylonitrile at 30°%C produces a new cationic rhodium(I) complex, [Rh(CHZCHCN)(CO)
(Ph3P)2]C104(1) and AgCl. The 1H—NMR and IR spectra of 1 suggest that acrylonitrile
is coordinated to rhodium through the m-system of the vinyl group. The complex 1
reacts with molecular hydrogen to give a propionitrile-rhodium(I) complex, [Rh(CH3
CHZCN)(CO)(Ph3P)£C104QQ where the coordination of propionitrile through nitrogen is
suggested by the "H-NMR and IR spectral data. The coordinated acrylonitrile in 1 is
readily replaced with triphenylphosphine and propionitrile to give [Rh(CO)(Ph3P)3]
ClO4 and 2, respectively. The complex 1 is catalytically active for the hydrogena-
tion and polymerization of acrylonitrile at 25°C under the atmospheric pressure of

hydrogen.

The reaction of IrCl(CO)(Ph3P)2 with AgClO4 in acrylonitrile produces AgCl pre-
cipitate and the clear yellow solution which is catalytically active for the polyme-
rization of acrylonitrile under nitrogen at room temperature.1 Subsequently, we
have become interested in the reaction of the rhodium analog, RhCl(CO)(PhSP)2 with
AgClO4 in acrylonitrile.

We wish to report the synthesis, reactions and catalytic activities of a new
cationic rhodium (I) complex, [Rh(CHZCHCN)(CO)(PhSP)Z]ClO4(1) which has been identi-
fied by elemental analyses, conductivity measurements, 1H—NMR and IR spectral data.
There have been a few other cationic acrylonitrile-rhodium (I) complexes reported
(e.g., [Rh(CSle)(CHZCHCN)]C104, [Rh(Cngz)(CHZCHCN)(PhSP)]C104) with their catalytic
activities for the hydrogenation of olefins.

The addition of AgClO4 into the yellow solution of RhCl(CO)(PhsP)2 in acryloni-
trile under nitrogen immediately produced AgCl precipitate.3 The yellow solution
obtained by the removal of AgCl turned orange within one hour and eventually dark
brown within three hours at 30°C under nitrogen. The addition of hexane to this dark
brown solution resulted in brown solid of [Rh(CHZCHGN)(CO)(PhSP)2]C104(l) (eq. 1).4
The complex 1_15 stable in the solid state in air and in solution under nitrogen, and
soluble in polar organic solvents (acrylonitrile, chloroform, dichloromethane) but

insoluble in non polar solvents (benzene, hexane).

—_
RhCl(CO)(PhSP)2 + AgClO4 + CH2CHCN

1
[Rh (CH,CHCN) (CO) (Ph,P),]C10,  +  AgCl
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The molar conductance (120 ohm'lcmzmo]'l) of 1(4.0 x 10'5g‘in acrylonitrile)

‘shows that the complex 1 is a 1:1 electro]yte.5

The formation of a n-bonding between acrylonitrile and rhodium is suggested bf
the IR spectrum of 1. The nitrile stretching frequency, v N of acrylon1tr11e in
1(2220 cm_l, Nujol) is lower than that of free acrylonitrile (2230 cm~ ) The dec-

rease in vc indicates that the acrylonitrile in ] is coordinated to rhodium through

N

the w-system of the vinyl group since it is well known that v.. of acrylonitrile

CN
increases upon coordination to a metal through nitrogen.6 A very strong and broad
absorption band at ca. 1100 cm'l(Nujol) attributable to the anionic tetrahedral ClO4
group7 supports that 1 is an ionic compound as confirmed by the conductivity data

(see above). The vCO

(medium) cm” (NuJol), respectlvely

and pCH (CH CHCN) in 1 appear at 1995(very strong) and 950

Thé acrylonitrile hydrogens of 1 give rise to a multiplet at ca. § = 5.75 ppm
(vs. TMS, thDC13)shifted‘upfie1d ca, 0.25 ppm from those(at ca. 6§ = 6.0 ppm)
of free acrylonitrile. The multiplet due to the phenyl hydrogens of triphenylphos-
phine is seen at ca. 8 = 7.5 ppm. The chemical shift of acrylonitrile in 1 and the
ratio {10:1) of phenyl hydrogens to acrylonitrile hydrogens clearly suggest Rh(CH2
CHCN)(PhSP)2 moiety in 1. The upfield shifts(0.25 ppm) observed for the acryloni-
trile hydrogens in 1 are understood in terms of the increase in electron density
at acrylonitrile due to its w-acceptor charactor through the m-system of the vinyl
group as suggested by the IR data. The low oxidation state of rhodium in 1 probably
facilitates the electron flow from the metal to the n-system of the vinyl group in
the coordinated acrylonitrile. The hydrogens of acrylonitrile coordinated through
nitrogen show downfield shifts relative to those of free acrylonitrile.G’8 No
complexes of coordinated acrylonitrile through the n-system of the nitrile group
have been reported thus far. 6

The complex 1 reacts with molecular hydrogen in chloroform at 25° C to g1ve the
propionitrile~ rhodlum(I) complex, [Rh(CH3 2CN)(CO)(Ph P) ]ClO (2) {eq. 2)

[Rh(CHZCHCN)(CO)(Ph3P)2]C104 + Hz = ol

(2)
[Rh (CH4CH,,CN) (CO) (Ph,P) ,]C10, :

The IR spectral data provide the information on the nature of the bonding -
between metal and nitrile. It is well established that the bonding of a nitrile
to a transition metal through nitrogen increases VeN relative to vC& of the nitrile

uncoordinated, whéreas the bonding through the n-system of the C=N group is charac-
of propionitrile in 2 is seen at 2260 cm.-1

CN
(Nujol) while that of free propionitrile is seen at 2248 cm'l,10 which suggests

that the propionitrile in 2 is coordinated through nitrogen. The vc0(1970 cm 1,

terized by a decrease in vCN'G The v

Nujol) observed for 2 is significantly lower than that (1995 cm” ) for 1. This may
be the reflection of stronger Rh-CO bond in 2 than in 1. The IR spectrum of 2 also
shows a strong and broad band at 1100 cm~ (Nu)ol) suggesting the anionic tetrahe—

dral C10, group in 2 as seen for 1.7
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The H-NMR spectrum of 2 shows the methyl hydrogens of the coordinated propio-
nitrile at § = 0.53 ppm(triplet, vs. TMS, CDCIZ) and the methylene hydrogens at
4 = 1,97 ppm(quartet), while free propionitrile shows those at § = 1.22 and 6 = 2.38
ppm, respectively. The moiety of Rh(CH3CH2CN)(Ph3P)2 is evident in 2 from the
chemical shifts of the hydrogens of propionitrile and the ratio of the phenyl hydro-
gens at ca. 8§ = 7.5 ppm to the hydrogens of propionitrile. The methyl hydrogens
of propionitrile in 2 are shielded more upon coordination to rhodium(I) than the
methylene hydrogens (1.22 - 0.53 = 0.69 ppm and 2.38 - 1.97 = 0.41 ppm, respectively).
The hydrogens of saturated nitriles coordinated to d6 transition metalis (Ru{ii}, Rh
(I11)) showed downfield shifts relative to those of the free nltrlles,8 while those
coordinated to d8 transition metal (Ir (I)) showed upfield shifts.ll’12 The upfield
shifts observed for 2 may be due to the facile electron flow from the electron rich

rhodium (I) to propionitrile. The spin coupling between 103

Rh and the hydrogens of
coordinated propionitrile has not been observed.
Acrylonitrile in 1 is readily replaced by propionitrile or triphénylphosphine

to give 2 or [Rh(CO)(Phsp)s]CIO‘l13 in chloroform under nitrogen at ZSOC(eq. 3).

[Rh(CHZCHCN)(CO)(PhSP)z]CIO4 + L —_—
[Rh(CO)(Ph3P)2L]C104 * CHZCHCN 3

L = CH,CH,CN, Ph.P

The reaction of 1 with molecular hydrogen to produce 2(eq. 2) has prompted us
to investigate the cataiytic activity of 1 for the hydrogenation of acrylonitrile.
It has been found that the acrylonitrile solution of 1 under hydrogen(PH = 700 mmHg)
at 25°C catalytlcally produces propionitrile and polyacrylonitrile. For example,
a 10 ml of acrylonitrile solution of 1(0.12 g, 0.15 mmecle) under hydrogen(PH2‘= 700
mmHg) produces 7.5 mmoles of propionitrile and 0.12 g(ca. 2.3 mmoles of acryloni-

trile monomer) of insoluble beige polyacrylonitrile14 for 100 hours at 25°C.
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