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Abstract

Six-coordinate cobalt(IIT) complexes trans-[Co{o-
Ce¢H4(PPhy), },X,]C10,, fac-[Co{PhP(CH,CH,-
PPh,), }X;], cis-[Co{P(CH,CH,PPh,); }X,]ClO,
and cis-B-[Co{-CH,P(Ph)CH,CH,PPh, },X,]PFs (X
= Cl, Br) have been prepared by halogen oxidation
of the Co(Il) analogues, and characterised by IR,
electronic and *'P NMR spectroscopy. The failure
to obtain complexes with X = I, and with some
related ligands is discussed, and the rather low
stability of the above complexes is rationalised in
terms of steric crowding at the metal centre.

Introduction

Cobalt(1IT) complexes of bi- or poly-dentate alkyl
substituted phosphines or arsines, are readily pre-
pared by air-oxidation of alcoholic solutions of
the ligands and cobalt(Il) halides. Typical examples
include those with 0-CqHs(AsMe,), [2], MeAs(o-
CGI‘I4ASMe2)2 [3] . AS(CH2 CH2 CH2 ASMe2)3 [4] .
[Me2AS(CH2)3AS(Ph)CH2']2 [5] and 0-C6H4(PMe2)2
[6]. In contrast aryl phosphine complexes of cobalt-
(Il) do not air-oxidise, and halogen oxidation has
been reported only for cis-Ph,PCH=CHPPh, [7]
and (briefly) P(0-C¢H4PPh,); [8] complexes. We
have recently examined the halogen oxidation of
polydentate phosphine and arsine complexes of
nickel(1l) [9], palladium(II) [10] and platinum(II)
[11] and the present study was undertaken for
purposes of comparison.

Results

Data on the new cobalt(I) complexes used in the
present study, and upon several known complexes
for which it was unavailable, are given in Table I.
Based upon this we assign monomeric five coordinate
structures, probably square pyramids [15] to [Co-
{PhP(CH,CH,PPh,),}X,] and [Co{MeAs(CH,CH,-
CH,AsMe,), }X,] (X = Cl, Br, I). In contrast the
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IR and electronic spectra of the 1:1 complexes of
the triarsine MeC(CH,AsMe,)s, contain the charac-
teristic [16] absorptions of CoX4?~ ijons, and are
formulated [Co{MeC(CH,AsMe,);},][CoX4]. The
data does not allow us to distinguish between S and
6-coordinate geometries for the cations, although
the paucity of low-spin octahedral Co(IlI) com-
plexes [17], favours the former.

Cobalt(11l}

Halogen (Cl, or Br,) oxidation of [Co{o-C¢H,-
(PPh,), },X]C10, (X =Cl, Br) gave the diamagnetic
[Co{o-C4¢H4(PPh,),},X,]C10, (Table I1) which are
identified as the zrans isomers on the basis of (a)
single 3P NMR resonances (Table III), (b) one IR
active »(CoX) vibration at relatively high frequency
[18] —402 cm™! (CI), 346 cm ! (Br), and (c) the
low energy of the first d—d transition [5, 7]. At-
tempts to prepare cis-[Co{o-CeHa(PPhy); },Cl,]ClO,
by sequential treatment [19] of the trans isomer
with silver acetate and CI™, resulted only in recovery
of the trans isomer. Although steric crowding may
destabilise the cis isomer, the easy reduction of
these complexes would lead to facile cis > trans
conversion by a Co(Il) catalysed route [19]. The
[Co{Ph,PCH,PPh, },X]ClO, [20] decompose im-
mediately on treatment with halogens, and as re-
ported by Miskowski ez al. [7], we find that [Co-
(Ph,PCH,CH,PPh,),X;]* appear to form in solu-
tion but decompose during attempts at isolation.

Cautious halogen oxidation of the corresponding
cobalt(Il) complexes in dry CH,Cl,/CCl,, produced
deep purple [Co{PhP(CH,CH,PPh,),}X;] (X = Cl,
Br), but reaction of [Co{PhP(CH,CH,PPh,),}1,] and
I, in CH,Cl,, or of [Co{PhP(CH,CH,PPh,),}Cls]
and KI in ethanol-CH,Cl, gave only a greenish-
yellow cobalt(Il) phosphine oxide complex. The
[Co{PhP(CH,CH,PPh,), }X;] are fairly stable solids,
but decompose slowly in solution, evident both in
their high conductances (for non-electrolytes) which
rise with time, and by the presence of some phos-
phine oxide (*'P NMR evidence). The *’P NMR
spectra (Table III) suggest only one isomer is present
but do not distinguish between mer and fac. The
far IR spectra show two »(Co—X) vibrations, as
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TABLE IiI. 3'P NMR Data®.
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Complex &(P) free ligand &(P) complex A (8Pgomplex —
5Pl.igand)
trans-[Co{o-CeHa(PPhy)3 1, Cl,1C10, -21 47.35 49.45
trans-[Co{o-CgH4(PPhy), },Br, | ClO4 422 443
fac-{Co{PhP(CH,CH,PPh,), }Cl;] Ph,P— —12.1,PhP < —15.8 Ph,P— 44.0, PhP < 89.2 56.1,105.0
fac-[Co{PhP(CH,CH,PPh,), }Br] Ph,P- 54.2,PhP < 100.0  66.3,115.8

cis-[Co{P(CH,CH,PPhy)3 }C15]Cl0,
cis-[Co {P(CH,CH,PPh,)3}Br, ] Cl0,
cis-B-[Co{-CH,P(Ph)CH,CH,PPh, },Cl,]PF¢

cis-p-[ Co{-~CH,P(Ph)CH,CH,PPh, },Br, |PF¢

Ph,P- -12.1,P <« -16.6

Ph,P— 49.0°, 46 .6¢, 61.1,58.7,132.9

P <1163
Ph,P-- 56.0P, 50.2¢, 68.1,62.3, 143.9
P <1273
Ph,P— —12.1, PhP < ~16.0 Ph,P-38.7,36.74 50.8,48.8,118.9,
PhP < 102.9, 104.79 120.7
Ph,P 40.2, 38.49, 52.3,50.5,123.0,

PhP < 107.0, 108.89 124.8

8Freshly prepared CDClj3 solutions & relative H3PQy, +8 values to high frequency. bPA.

expected (a; + ¢) for fac isomers, and lack the higher
frequency vibration (b,) expected for the trans
CoX, umit of a mer isomer. The electronic spectra
are also similar to those of [Co{MeAs(0-C¢H,As-
Me,; ), }X3] believed [3, 21] to be fac isomers, al-
though the triphosphine has been found to give mer
isomers with Cr(III) [22], Pt(IV) [11] and probably
Ni(IIT) [9]. Other workers [23] have noted that
donor groups with high rrans influence (like -PR,)
tend to occupy cis positions on Co(IIT) which would
favour the fac isomer.

Chlorination of the brown halide-bridged dimer
[MeC(CH2 PPh2)3COC12 CO(Ph2 PCHz )3 CMe] (PF6)2
[24] produced a bright green solid, but this could
not be obtained with a reproducible composition.
Unexpectedly the Co(Il) triarsine (MeAs(CH,CH,-
CH,AsMe,),, MeC(CH,AsMe,);) complexes were
recovered unchanged, after treatment with X,/
CCly, and after stirring .-for 2 days in EtOH/HX
with free access of air. This contrasts with the ready
oxidation of complexes of MeAs(o-C¢HzAsMe,),
[3] and AS(CH2CH2CH2ASMe2)3 [4] .

Dark red [Co{P(CH,CH,PPh;);}C1,]CIO; was
produced by treatment of the Co(lIl) analogue with
Cl; or NOC], and the bromide was obtained using
Br,." These complexes are 1:1 electrolytes, and the
3P NMR spectra confirm structure (I). A similar

P
2

B | _Pa
Co

~ i\x

‘ X

)

TReaction of [Co{P(CH,CH,PPhy)3}Br]ClO4 with NOBr
gave a red solid with IR. Absorptions at ca. 1535, 1570
em™ ", indicating a nitrosyl (NO™) species.

PA

P, of Fig. 1. 9See text.

structure has been established [25] by an X-ray of
[CO{N(CHgCHQPPh2)3}C12]BF4 Attempts to pre-
pare the iodo analogue by metathesis with KI/EtOH
caused reduction to Co(II).

The tripod arsine As(CH,CH,CH,AsMe,); has
been shown by Meek at al [4] to give [Co(Ass)-
X2]C104 (Cl, Br and 1) which have analogous struc-
tures to (I), in this case readily assigned from the 'H
NMR spectra (Table 1V). Although tripodal ligands
if bound as tetradentates can only coordinate as in
(I), open chain analogues have a wider range of
possibilities available (II) [5].

~F P P
Pl _x Pl x P\|/P
( AN < AN o
~
PT | x P\l_/P P P
| | <>
cisa (a) cis g (b) trans (c)
(In

For complexes of Ph,PCH,CH,P(Ph)CH,CH,P-
(Ph)CH,CH,PPh,, the central phosphorus atoms
are asymmetric centres and hence meso and racemic
diastereoisomers are expected. However the com-
mercial ligand contains™ only one diastereoisomer
and X-ray studies [27] of two iron complexes reveal
this is the meso form. The orange-brown [Co{-CH,-
P(Ph)CH,CH,PPh, },X,]PF¢ (Table 1II) are 1:1
electrolytes in freshly prepared nitromethane solu-
tions, but the solutions decompose on standing.
The far IR spectra are dominated by absorptions of
the phosphine ligand, and the ¥»(CoX) have not been
identified. However the electronic spectra are clearly

*Qur sample had Mp 162-166 °C compared to 168—
171 °C and 99-101 °C for the two isomers [26].
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TABLE IV. 'H NMR Spectral Data®.

A. L. Hale, H. C. Jewiss and W, Levason

Me,As (trans X) Mejy As (trans As)

[Co{AS(CH,CH,CH,AsMe,)3}C1, [ClO,
[Co{As(CH,CH,CH, AsMe, )3 1Br, | Cl0,4
{Co{AS(CH,CH,CH,AsMey)3 ;] Cl04

1.55 1.67,1.70
1.60 1.69,1.72
1.85 1.75,1.78

25 Scale relative to TMS in CDCl3. Free ligand -AsMe, = 0.90.

different from those of frans [Co{o-C4H,(PPh,), },-
X,]" and the trans isomers of linear tetraarsines |5,
28], ruling out the presence of significant amounts
of the trans isomer Ilc. Distinction of cis a and cis
B isomers on the basis of electronic spectroscopy is
less clear, although those in Table II are more re-
miniscent of c¢is p-[Co(tetraarsine)Cl;]* [5, 28].
Furthermore if, as outlined above, the tetraphosphine
is the meso diastereoisomer, the cis « complex is
not expected since the chelate terminal arms are
constrained to move towards the same apical posi-
tion. The 3'P NMR spectra of these two complexes
reveal considerable decomposition occurs in solution
on standing, and resonances characteristic of
oxidised/halogenated phosphines are present especial-
ly in the bromide spectra. The spectra of the Co(III)
complexes (Table III) shows four inequivalent phos-
phorus atoms (intensity 1:1:1:1) consistent only
with this cis-§ geometry proposed. We do not know
for certain within each pair (Z.e. PhP < and Ph,P-)
which resonance is frans P and which trans X,
although comparison with the complexes of P(CH,-
CH,PPh,);, would suggest the higher frequency
signal of each pair is due to P frans X. In view of
the decomposition observed in solution, the 3'P
spectra do not allow us to rule out the presence of
small amounts of a second isomer, although the
identification of the major species as the cis-8 isomer
is unequivocal.

All of the 3P NMR spectra (Table III) have broad
resonances (linewidth ca. 50 Hz) which is probably
due to scalar broadening by the quadrupolar cobalt
(1 = 7/2, **Co), ?»* and P—P couplings were not re-
solved.

Discussion

This study has shown that cobalt(Ill) complexes
can be isolated with certain phenylphosphines (o-
CsH4(PPhy),;, P(CH, CH, PPh;);, PhP(CH, CH,PPh,),,
[-CH,P(Ph)CH,CH,PPh,];), but not with others
(Ph,P(CH,),PPh, (n= 1, 2), MeC(CH,PPh,)3), whilst
qualitatively CoP,X,* units appear more stable than
CoP3X3°. Similar trends are evident with As(CH,-
CH,CH,AsMe,); and MeAs(CH,CH,CH,AsMe,),,
which respectively do and do not form Co(lll)
compounds. The ready formation of [Co{MeAs(o-

C¢HsAsMe,),1X3] [3] whilst MeAs(CH,CH,CH,-
AsMe,), and MeC(CH,AsMe,); fail to give similar
complexes may be due to the more favourable ring
size (5) in the former, and to the ‘o-phenylene
backbone effect’ observed in other systems [6, 9]
(essentially resistance to dissociation due to its
rigidity). Studies of other high valent metal com-
plexes (Pd(IV), Ni(IlI), efc.) with multidentate phos-
phines [9~11] have revealed that usually the metal
binds sufficient halide ions to neutralise the formal
charge, and then fills the remaining coordination sites
with neutral donors. The observed stability CoP,X,"
> CoP;X;% conflicts with this trend, and possibly
reflects the low ligand field effect of halide ions on
3d metals, since for t,¢Co(Ill), there will be signif-
icant gains in LFSE, from replacement of X~ by the
strong field P(As) donors. Detailed analysis of the
electronic spectra of the complexes in Table II, is
not possible due to the low symmetry, and the
limited number of d—d transitions observed§, but
approximations [30] suggest that for the phenyl-
phosphine complexes Dq is ca. 1900—-2200 cm™},
and B ca. 450—550 cm™ ! rather similar Dq values and
smaller B’s than found in cobalt(III) amines.

The 3P NMR coordination shifts in Table 3 are
generally similar to those found in other complexes
of these and similar ligands [31, 32], the large high
frequency shifts of the phosphorus atoms in five
membered rings being explained in terms of Ag,
the ring contribution [32]. The complexes of
P(CH,CH,PPh,); reveal that §P shifts to high fre-
quency with tfrans ligand P < Cl < Br, but the
absolute differences 8P4, p and 8Py, x  are
small (ca. < S ppm), so that distinction of mer or
Jac CoP3X; geometry for example, is uncertain
from §P data.

It is apparent that although we have obtained
Co(llI) complexes of various phenylphosphines,
these are much less robust than the corresponding
amines and alkyl-phosphine or -arsine compounds.
Although electronic factors will not be of negligible
importance, the major features in the phenylphos-
phine complexes are probably steric.

SWe believe that bands with epax < ca. 25000 cm™! are
essientially d—d in character, cf. [5, 8, 23, 28], although
some workers [7] suggest that charge transter bands lie as
low as ca. 20000 em™L,
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X-ray structural data on polyphosphine complexes
of other 3d metal ions, eg. Cr(Ill), Fe(Il), Co(II)
[22, 27, 33, 34], reveal that there is considerable
crowding about the metal centre, and destabilising
steric interactions will become increasingly important
as the metal covalent radii decrease, on moving along
the 3d period. Certainly the instability of [Co(Ph,-
PCH,CH,PPh,),X,]* is predictable from the
crowded nature of [Co(Ph,PCH,CH,PPh;),X]* [34],
where the sixth coordination site is effectively ‘filled’
by the ligands o-phenyl-H’s. The inability to obtain
cobalt(Ill) iodocomplexes with phenylphosphines
(whereas examples with alkyl phosphine or arsine
multidentates readily form) is in keeping with the
large size of I~ which would exacerbate the steric
problems, although this effect is no doubt re-
inforced by the weakly oxidising nature of I,.

Experimental

Physical measurements were made as described
elsewhere [9-11]. 3P NMR spectra were obtained
for freshly prepared CDCl; solutions on a Bruker
AM360, referenced to 85% H3;PO,; (+ve § values
to high frequency).

The following cobalt complexes were made by
literature methods: (X = Cl, Br or I) [Co(Ph,PCH,-
PPh;),X]C10, [20], [Co(Ph,PCH,CH,PPh,),X]-
Cl0,4 [35] [Co{o-CsH4(PPhy),},X]Cl0,4 [36], [Co-
{PhP(CH,CH,PPh,),}X,] [12]. [Co{-CH,P(Ph)CH,-
CH,PPh,},X]PFs and [Co,{MeC(CH,PPh,);},X;]-
(PF¢), were made as described in Refs. [13, 24]
using NaPF, instead of NaBPh,. Attempts to obtain
these as ClO,;  salts, lead to mixtures containing
CoX4?~ and ClO4~ as anions. [Co{P(CH,CH,-
PPh,);}X]Cl0, were made by refluxing together
Co(H,0)¢X,, the ligand and LiClO, in a 1:1:4
mol ratio in ethanol. When chlorinated solvents were
used (X = Br) some chloride was incorporated in the
product.

[Co{MeAs(CH,CH,CH,AsMe, ),}X,] (X = CI, Br, I

The ligand (0.19 g, 0.5 mmol) was added under
nitrogen to an ethanol solution (10 cm®) of the
appropriate Co(H,0)X; (0.5 mmol). After stirring
for 2 hours, the precipitated solids were filtered off,
rinsed with ethanol and vacuum dried. [Co{MeC-
(CH,AsMe;)3 },][CoX4] were made similarly. [Co-
{As(CH,CH,CH, AsMe;)3}X,]Cl0, [4] and [Co-
(Ph, PCHCHPPh,),X,]ClO4 [7] were made as de-
scribed.

[Co{PhP(CH,CH,PPh,),}X;]

To a suspension of the cobalt(Il) complex (1
mmol) in dry CCl; (10 cm®) was added a slight ex-
cess of the appropriate halogen in CCly, and the
mixture stirred for 1/2 hour. The solids produced
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were isolated by filtration, and dissolved in the
minimum amount of dry CH,Cl, containing a little
free X,. After filtration, the solutions were con-
centrated under reduced pressure, and the products
dried in vacuo (ca. 80%).

[Co{P{CH,CH,PPh,);}Cl,]ClO,

Nitrosyl chloride made as described elsewhere
[9] was distilled on a frozen solution of [Co{P(CH,-
CH,PPh,);}C1]CI0, (1 mmol) in CH,Cl,. The mix-
ture was allowed to warm up to room temperature,
and then the solvent and excess NOCI removed in
vacuo. Yield ca. quantitative.

[Co{P(CH,CH,PPh, )3} X,]ClO,, [ Co{-CH,P(Ph)CH,-
CH,PPh,}, X,]PF, [Co{0-CeH4(PPh, )}, X,]ClO,

A concentrated solution of the appropriate cobalt-
(1) complex (1 mmol) in CH,ClL,—CCl, (1:1 v/v
20 cm®) was treated with excess of the halogen
(ca. 1.2 mmol), and the mixture stirred at room
temperature for 30 minutes. The solutions were
filtered and concentrated under reduced pressure,
to yield the solid complexes, which were isolated
by filtration and dried in vacuo 50—70%.
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