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Summary

The potential tetradentate ligand tri-3-butenylarsine (tba) reacts with
[Rh(cod)C1]; (cod = cycloocta-1,5-diene) and [Rh(C,H,),Cl], to give either
[Rh(tba)Cl], or {Rh(tba)Cl] depending on the reaction conditions. The com-
plex [Rh(tba)Cl], undergoes bridge-cleavage reactions with phosphines and
carbon monoxide to give the compounds [Rh(tba)LCl] [L = PPh;, PMePh,,
PBuj3, Ph,P(CH,),PPh,, and CO]; the.compound where L = PPhj has also been
obtained from reaction between tba and { RhCl(PPh,);]. The square-planar
complex {Rh(tba)Cl} forms the corresponding bromo- and iodo-derivatives by
metathetical halogen exchange; reacts with NaBPh, to give [Rh(tba)(n?-
CecHsBPhj)1; and with CO affords [Rh(tba)(CO)CIl]. Pyridine displaces the CO
ligand in this last compound to give [Rh(tba)pyCl], and both [Rh(tba)(CO)Cl]
and the triphenylphosphine analogue ionise in polar solvents, and yield
[Rh(tba)L]BPh, (L = CO or PPh,) with NaBPh,. Reaction between tba and
[Rh(CO),Cl], is complex, giving [(tba)Rh(u-Cl);Rh(CO),] as the major product
with a 1 : 1 molar ratio of reactants, but cis- and trans-[(tba)(CO)Rh(u-Cl),-
Rh(CO)(tba)]l with a 2 : 1 molar ratio, and [Rh(tba)(CO)Cl] with a 4 : 1 excess
of tba at room temperature.

The structures of these various compounds are discussed in the light of IR
and variable temperature 'H NMR spectroscopic evidence.

Introduction

Reactions of multidentate tertiary phosphine and arsine ligands with rho-
dium(I) and iridium(I) complexes have attracted considerable interest in recent
years [1]. The ability of phosphines to stabilise a variety of oxidation states and
the variation in sterecchemistry with multidentate chelate ligands is of particu-
lar interest. Ligands such as Ph,P(CH,CH,CH=CH,) [2], PhP(CH,CH,CH=—CH,).
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(3], and P(CH,CH,CH=CH,); [4] can behave as bidentate, tridentate, and tetra-
dentate liganas, respectively, on reaction with | RL(CO),Cl], or [Rh(C,H,),Cl];.
We now report the synthesis and some reactions of rhodium(I) complexes of the
arsine ligand, tba, As(CH,CH,CH=CH,), [5}.

Results and discussion

Both [Rh(cod)Cl},; and [Rh(C,H,4)Cl1]; (1 mol) react with tha (2 moi) in boil-
ing benzene to give [Rh(tba)Cl], (1) (Table 1) in 33% and 97% yield respectively.
This compound was only slightly soluble in CHCl; and CH,Cl,, and decomj.osed
in ether and ethanol. Its IR spectrum (Table 2) showed both a free olefin stretch-
ing vibration (1640 cm™!) and new bands at 1250 [v(C=C)], 892, 880, and 860
cm™! [§, o (C—H)] indicative [6,7] of coordinated olefin. A laser Raman spec-
trumn could not be obtained as this compound, and ali the other compounds iso-
lated in this work, decomposed in the laser beam. In the '"H NMR spectrum at
32°C (Table 2) the resonances for the olefin ligands are equivalent due to rapid
exchange (on the NMR time scale) of the bonded and non-bonded olefins. At
—60°C the exchange is so slow that the spectrum resolves into a set of sharp
bands at §5.24 (H?), 3.80 (H') and 3.24 ppm (H?) and broad resonances at
& 5.80 (H?) and 4.90 ppm (H' and H?) for fiee olefinic protons. Integration of
the spectrum suggests that two of the olefin groups are coordinated consistent
with structure I. At low temperature rapid equilibration between the different

(I

possible conformers leading to equivalence of the methylene protons (H* and
H?®) is stopped and these protons become non-equivalent as noted previously
for complexes of P(CH,CH,CH=CH,}, {4].

Chlorine-bridge cleavage takes place on reaction of 1 with PPh,, PPh,Me,
PBu} and Ph,P(CH,)4PPh; (bdpb) to give compounds 2—5, respectively (Scheme
1). Compound 2 has also been prepared in 66% yield by reaction of { RhCl-
(PPh;);] with tba in benzene at room temperature. The IR and '"H NMR spec-
tra of compounds 2—5 (Table 2) are similar to those of compound 1, and
integration of resonances due to coordinated and free olefin ligands in the NMR
spectrum of compound 2 at —60°C indicates that they are five coordinate. The
solid state structure of [RhCl1{P(CH,CH,CH=CH,);}] [8] has been found to be
trigonal bipyramid with the chlorine ligand trans to phosphorus. A similar struc-
ture (II) with the phosphine in the trigonal plane is tentatively proposed for the
compounds 2—5. In methanol, compound 2 reacts with NaBPh, to form the
ionic complex [Rh(tba)(PPh,)]BPh, (6), which showed no IR band at 1640 cm™!
for free olefin. consistent with structure III; this compound was only slightly
soluble in dimethyl sulphoxide-d¢ and insoluble in CDCl;, so that a low temper-
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ature NMR spectrum could not be obtained. It seems likely that in more polar

solvents dissociation of chloride ion from 2 takes place readily to give [ Rh(tha)-
(PPh,)]Cl.

(m (I

Passage of carbon monoxide through a suspension of compound 1 in dichloro-
methane at 0°C gives initially an orange solution which shows two strong ter-
minal metal—carbonyl bands at 2068 and 1990 cm™!, and a weak band at 1640
cm™! for a non-coordinated olefin ligand. When this solution is allowed to warm
to room temperature it produces the yellow complex [Rh(tba)(CO)CI1} (7)
[»(CO) 2004 cm™!] shown by IR and NMR spectroscopy to have both free and
coordinated olefinic groups consistent with structure II (L. = CQO). A similar
pyridine derivative [ Rh(tba)(py)Cl] {8) is formed on treatment of the orange
solution with pyridine at rcom temperature, while addition of NaBPh, to this
solution affords [Rh(tba)(CO)]BPh, (9), which has all three olefinic ligands
coordir.ated to the rhodium atom (structure 1I1; L = CO). We have been unable
to isolate a pure complex from the orange solution, but an orange solution
having the saine two metal—carbonyl absorptions in the IR spectrum is pro-
duced when carbon monoxide is passed through [Rh{(tba)Cl1] (10) in dichloro-
methane at 0°C; compound 7 is unaffected under these conditions. This sug-
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gests that the orange intermediate may be [Rh(tba)(CO),]Cl, or possibly { RhCl-
(tba)(CO), ], although it is difficult to understand why, if it has the last struc-
ture, it cannot be obtained by carbonylation of 7. In separate experiments it
has been shown that 7 is non-conducting in dichloromethane or chloroform
solution, and this may account for the absence of reaction with CO (vide infra).
In methanol solution, however, conductivity measurements indicate that 7 is
almost completely dissociated into [Rh(tba)(CO)]Cl, and reacts with pyridine
to give 8 and with NaBPh, to give 9.

Use of a 4 : 1 molar excess of tba in the reaction with either [Rh(cod)Cl],
or [Rh(C,H,),Cl], gave the monomer 10 as the major product. This, unlike the
dimer 1, was soluble in most of the common organic solvents, and undergoes
metathetical halogen exchange reactions with LiBr and Nal in methanol at
room temperature to give [Rh(tba)Br] (11) and [Rh(tba)I] (12). These com-
pounds show the characteristic IR band at 1640 cm™! for a free olefinic group,
and from a 'H NMR spectroscopic study of a solution of compound 10 in
CDCI,; over the temperature range of 32 to —60°C there is clear evidence for
both coordinated and free olefin ligands at the lower temperature. Thus, these
arsine complexes probably have a square planar structure IV both in the solid
state and in solution, rather than the trigonal bipyramid arrangement found for

i i r—AS
S / -
v vs
/ \Cl BPh,
B _ B i
(IZ) ()

the phosphorus analogue [RhX{P(CH,CH,CH=CH,);}] (X = Cl or Br) [4].
The iodo complex [RhI{P(CH,CH,CH=CH,);}] is reported to exist as an iodo-
bridged dimer in the solid state [4] but there was no evidence for similar behav-
iour with compound 12. In benzene solution compound 10 reacts with PPh,
to give the five-coordinate complex 2, and in dichloromethane or methanol
solution it appears to dissociate into [Rh(tba)]Cl or [Rh(tba)S]Cl (where S =
CH,Cl, or CH;0H). A similar dissociation is believed to occur on reaction of
[Rh(ttp)Cl] [ttp = PhP(CH,CH,CH,PPh,),] with carbon monoxide [8]. Sup-
port for such a dissociation comes from the reaction of compound 10 with
NaBPh, in methanol to give [Rh(tba)(n%-C¢HsBPh;)] (13). This compound,
which is insoluble in all common solvents, shows no evidence for a free olefin
ligand in the IR spectrum, but has strong bands at 1392 and 1452 cm™! charac-
teristic of the n-bonded phenyl group of a BPh, ligand [2,9,10,11]. On this
basis compound 13 is assigned the structure V, and appears to be the first
example of a compound in which the tetraphenylborate ligand acts as a two-
electron, rather than a six-electron, donor ligand.

When tba is caused to react with [Rh(CO),Cl], (1 : 1 molar ratio) in diethyl
ether at room temperature the major product is [Rh,(tba)(CO).Cl,] (14). The
IR spectrum of this compound shows two strong metal carbonyl bands at 2090
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and 2010 cm™! for cis-carbonyl ligands [12,13], a weak band at 1640 ¢cm™' for
free olefinic ligand, and strong bands at 286 and 270 cm™! assigned to bridging
chlorine ligands. A variable temperature NMR study has confirmed that one of
the olefin groups is not bonded to the rhodium atom, and hence, this compound
probably has structure V1. The use of a 2 : 1 molar excess of tba in this reaction
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(¥II) and the trans isomer

leads to the formation of an orange oil having three strong metal carbony! bands
in its IR spectrum at 2080, 2028 and 1960 ¢m™'. This oil, which could not be
obtained in a pure state, is converted in boiling diethyl ether into compound 7
as the only product, and is assumed to be a mixture of the cis[»(CO) 2080 and
2028 em™] and trans [v(CO) 1960 cm™'] isomers of [Rh(CO)(tba)Cl]; (struc-
ture VII). Related compounds having similar metal carbonyl absorptions have
been isolated previously from the reactions of donor ligands with [Rh(C0),Cl],
[10,14,15]. When the ratio of tba to rhodium complex is increased to 4 : 1 at
room temperature the monomeric complex 7 is the only product.

Experimental

IR spectra were recorded both as mulls in Nujol and in solution using a Perkin-
Eimer model 621 spectrophotometer, and 'H NMR spectra were recorded either
on a Varian HA 100 instrument or a Perkin-Elmer R32 instrument. Conductivi-
ties were measured in nitromethane or 1,2-dichloroethane at 20°C on a Cam-
bridge Instruments Ltd conductivity bridge, and molecular weights were deter-
mined on chloroform solutions using the isopiestic method on a Perkin-Elmer
model 115 apparatus. The starting materials [ Rh(C,H,),Cl], [16], [Rh(ced)Cl],
[17], [Rh(CO),C1], [18], [RhCI(PPh;);] [19], and tba [5], were prepared and
purified by standard procedures. Except where stated all reactions were carried
out under dry nitrogen, and all solvents were purified, dried, and de-aerated.

Reactions of tri(3-butenyljarsine

(a) With [Rh(CO),Cl], in a 1.1 molar ratio. When an ethereal solution of
tba (0.48 g, 2.0 mmol) was added dropwise with stirring to a solution of the
rhodium complex (0.78 g, 2.00 mmol) in the same solvent there was some
effervescence and the light yellow colour of the solution deepened. After heat-
ing under reflux for 2 h golden-yellow crystals of 14 (0.42 g, 0.73 mmol, 37%)

precipita‘=d, and these were filtered, washed with ether, and dried in vacuo.
(b) With [Rh({CO),Cl]; in a 2 : 1 molar ratic, Under similar conditions addi-
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tion of tba (0.96 g, 4.0 mmol) to the rhodium complex (0.78 g, 2.0 mmol)
gave immediate effervescence and the solution turned deep orange [IR: v(CO)
2080s, 2028s and 1960m cm™!]. Removal of the solvent gave an intractable
orange oil, which on dissolving in fresh diethyl ether and heating at reflux for
2 h gave a precipitate of deep yellow crystals of 7 (1.0 g, 2.46 mmol, 62%)
[IR (CH.CL): »(CO) 1970s cm™!.] A methanol solution of this compound
ionised to [Rh(CO)(tba)]Cl [IR (MeOH): »(CO) 2004vs cm™}; Ay in 1073 M
methanol = 95 ohm™' cm? mol™*].

(c) With [Rh(cod)Cl], in a 2 : 1 molar ratio. When a solution of tha (0.48 g,
2.0 mmol) in benzene (5 cm?®) was added dropwise to a stirred solution of
[Rh(cod)Cl]. (0.49 g, 1.0 mmol) in refluxing benzene (20 cm?3) the colour
changed from pale yellow to orange, and after 5 h at this temperature a deep
orange solid had precipitated. This was washed in hot benzene, and dried in
vacuo to give green-brown crystals of 1 (0.25 g, 0.33 mmol, 33%).

(d) With [Rh(cod)Cl], in a 4 : 1 molar ratio. Using a similar procedure reac-
tion between tba (0.96 g, 4.0 mmeol) and the rhodium complex (0.49 g, 1.0
mmol) in benzene over 1.5 h gave an orange oil, which was recrystallised from
a mixture of benzene and cyclohexane to give 10 (0.48 g, 1.27 mmol, 64%) as
orange crystals.

(e) With [Rh(C,H,),Cl], in a 2 : 1 molar ratio. Reaction between tba (2.40 g,
10.0 mmol) and [Rh(C,H,4),Cli]l, (1.96 g, 5.0 mmol) at the reflux temperature
of benzene over 12 h gave 1 (3.70 g, 4.90 mmol, 97%).

(f) With [RhCI(PPhs);]. Addition of tba (0.96 g, 4.0 mmol) in benzene (5
cm?) to a rapidly stirred solution of [RhC1(PPh;);] (1.85 g, 2.0 mmol) in the
same solvent at room temperature caused a colour change from deep red to
yellow, and after 2 h yellow crystals of 2 (1.10 g, 1.72 mmol, 86%) precipitated.
These were washed with diethyl ether, recrystallised from benzene, and dried in
vacuo. :

Reactions of [Rh(tba)Cl],

(a) With triphenylphosphine. Dropwise addition of a solution of triphenyl-
phosphine (0.52 g, 2.0 mmol) in benzene to a rapidly stirred suspension of the
rhodium complex (0.7 g, 1.0 mmol) in the same solvent gave a yellow solution
over 30 min. The excess of rhodium starting material was removed by filtration
and the filtrate was kept at <0°C for 12 h whereupon compound 2 (1.05 g,
1.6 mmol, 81%) precipitated.

(b) With diphenylmethylphosphine. Following a similar procedure, reaction
between diphenylmethylphosphine (0.40 g, 2.0 mmol) and the rhodium com-
plex (0.76 g, 1.0 mmol) gave orange crystals of 3 (0.81 g, 1.4 mmol, 70%)
which were recrystallised from benzene.

(c) With tri-n-butylphosphine. Reaction between tri-n-butylphosphine (0.40
g, 2.0 mmol) and the rhodium complex (0.76 g, 1.0 mmol) in benzene gave 4
(0.72 g, 1.27 mmol, 64%) as an orange solid recrystallised from benzene.

(d) With bis(diphenylphosphino)butane (bdpb). Under similar conditions
bis(diphenylphosphino)butane (0.86 g, 2.0 mmol) and the rhodium complex
(0.76 g, 1.0 mmol) in benzene after 12 h at <0°C gave'5 (1.0 g, 1.24 mmol,
62%) as a yellow solid recrystallised from benzene.

(e) Reaction with carbon monoxide. Passage of a steady stream of carbon
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monoxide for 30 min through a stirred suspension of the rhodium complex
(0.76 g, 1.0 mmol) at 0°C gave a light orange solutiecn which showed strong IR
bands at 2068 and 1990 cm™! in the metal carbonyl region, and a weak band
at 1640 em™! [p(C=C)]. Filtration of this solution to remove unchanged rho-
dium starting material followed by bubbling of carbon monoxide through the
filtrate for a further 2 h gave a yellow solution [»(CO) 1964vs cm™ '], which on
concentration gave [ Rh(tba)(CO)Cl] (0.10 g, 0.25 mmol, 25%).

Reactions of [Rh(tba)(CO)Cl]

(a) With pyridine. To a rapidly stirred solution of the rhodium carbony!
complex prepared as in (e) above, was added pyridine (0.16 g, 2.0 mmol), which
caused immediate evolution of carbon monoxide. Concentration of the solution
gave orange crystals of 8 (0.36 g, 0.80 mmol, 80%) which were washed "vith
diethyl ether and dried in vacuo.

(b) With sodium tetraphenylborate. When a methanolic selution of sodium
tetraphenylborate (0.68 g, 2.0 mmol) was added dropwise to a rapidly stirred
solution of the carbonyl complex (0.41 g, 1.0 mmol) there was almost imme-
diate formation of 9 (0.60 g, 0.87 mmol, 87%) as a white precipitate [IR
(Me,CO): »(CO) 2010vs em ™' ], which was recrystallised from a mixture of
methanol and dichloromethane.

Reactions of [Rh(tba)Cl]

(a) With lithium bromide. Dropwise addition of a solution of lithium bromide
(0.24 g, 2.75 mmol) in the minimum amount of methanol to a stizred solution
of [Rh(tba)Cl] {0.19 g, 0.5 mmol) in the same solvent at room temperature
gave a yellow-orange precipitate of 11 (0.15 g, 0.4 mmol, 80%), which was
recrystallised from a mixture of dichloromethane and methanol.

(b) With sodium iodide. Under similar conditions, reaction between scdium
iodide (0.27 g, 1.98 mmol) and [Rh(tba)Cl] (0.19 g, 0.50 mmol) gave an orange
precipitate of 12 (0.14 g, 0.30 mmol, 60%). The methanol of crystallisation
could be removed by recrystallisation from benzene.

(c) With triphenylphosphine, Triphenylphosphine (0.26 g, 1.0 mmol) in u
minimum amount of benzene was added dropwise to a stirred solution of
[Rh(tba)Cl] (0.38 g, 1.0 mmol) in benzene (5 cm?) at room temperature to
precipitate yellow crystals of 2 (0.40 g, 0.62 mmol, 62%).

(d) With carbon monoxide, Passage of carbon monoxide through a solution
of [Rh(tba)Cl] (0.19 g, 0.5 mmol) in dichloromethane (15 cm?) at 0°C for 30
min gave a light orange solution having IR bands at 2068s and 1990s [¢(CO)],
and 1640w cm™' [p(C=C)]. After passing carbon monoxide through the solu-
tion for a further 2 h at room temperature the colour changed to pale yellow,
and evaporation of the solvent gave 1 (1.50 g, 0.40 mmol, 80%). No further
reaction with CO occurred on extending the reaction time to 4 h,

(e) With sodium tetraphenylborate. A white precipitate of 13 (0.32 g, 0.48
mmol, 24%) was formed when a solution of sodium tetraphenylborate (0.68 g,
2.0 mmol) in methanol (5 ¢cm?*) was added to a solution of [Rh{tba)Cl1] (0.76 g,
2.0 mmol) in 1r ethanol at 0°C.
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Reactions of [Rh(tba)(PPh3)Cl] with sodium tetraphenylborate

Dropwise addition of a methanolic solution of sodium tetraphenylborate
(0.68 g, 2.0 mmot) to a rapidly stirred solution of [Rh(tba)(PPh;)Cl] (0.64 g,
1.0 mmol) in methanol gave an orange precipitate of 6 (0.40 g, 0.43 mmol,
43%) [Ay in 1073 M acetone = 130 ohm™! cm? mol~!] which was washed with
dichloromethane and methanol.
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