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ligand is as compatible as carbonyl or phosphine with
catalytic activity. The effect of counterion variation on
cyanometallate stability, i.e., 2a vs. 2¢, is consistent with
other observations from this laboratory;!¢ the causes of
these counterion effects are not well understood, however,
and are worthy of further study. Perhaps most impor-
tantly, this work emphasizes that organometallic cyanide
chemistry in aprotic solvents is possible. This is not a
trivial point. There are few previous studies of the re-
activity of organocyanometalates in aprotic solvents and,
to our knowledge, none in which one low-valent organo-
cyanometalate was converted to another (ie., 1 — 2).
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Summary: Nucleophilic substitution reactions on cate-
na-[Ru(C0),(0,CCH,)] with isocyanides provide synthetic
routes to the dinuclear ruthenium(I) complexes [Ru,-
(CO)(CN-t-Bu)g}(PFe),, [Ru(COXCNR);](PF¢),, and [Ru,-
(CNR)1](PFg), (R = CgHsCH,, 2,6-Me,CeHs) which are
derivatives of the unknown d’-d” dimer [Ru,(CO),,]2*.
The X-ray crystal structures of [Ru,(CO),(CN-t-Bu)s](PFs),
and [Ru,(CNCH,C¢Hs)10](PFg), have been determined.

Homoleptic metal isocyanide complexes and complexes
which contain predominantly isocyanide ligands are sur-
prisingly rare when compared to the diversity of metal
carbonyl complexes known.!® Why this is so is still not
clear, but it can probably be related to the different steric
and electronic properties of the isocyanide ligand when
compared to the carbonyl ligand. We have recently begun
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investigating the chemistry of the polymeric ruthenium(I)
complexes catena-[Ru(C0),(0,CR)]* and of the dinuclear
osmium(I) complexes [{Os(CO)3(0,CR)},]* as precursors
to ruthenium(I) and osmium(I) chemistry. Herein we
report on the reactions of catena-[Ru(C0),(0,CR)} with
isocyanides in labilizing alcohol solvents which produce
rare examples of dinuclear homoleptic isocyanide com-
plexes and provide the first rational® synthetic route to
derivatives of the unknown [M;(CO),,]** (M = Fe, Ru, Os)
dicationic dimers. Confirmatory X-ray structure deter-
minations on two of these salts have been carried out.

The new dinuclear ruthenium(I) complexes are prepared
by treating a suspension of the polymer catena-[Ru-
(C0)4(0,CCH3)] (1) in refluxing ethanol with an excess of
isocyanide (typically a 6:1 isocyanide:ruthenium molar
ratio), followed by precipitation with NH,PF,. Short re-
action times (<10 min) produce the salts [Ruy(CO),(CN-
t-Bu)g] (PFe); (2) and [Ru,(CO)(CNR)g](PFg), (3, R =
CeH;CH,; 4, R = 2,6-Me,C:Hj;), whereas more prolonged
reaction times (72 h) have been found to yield the homo-
leptic dimers [Ruy(CNR),](PFg), (5, R = CZH;CH,; 6, R
= 2,6-Me,CgH;%). Complexes 3 and 4 convert on heating
with isocyanide to 5 and 6, but we have found no evidence,
under either thermal or photochemical conditions, for the
further substitution of 2 by isocyanide.

Lower substituted dinuclear cations have not been ob-
served in the reactions of 1 with isocyanides in alcohol
solvents even with stoichiometric additions of isocyanide.
What is observed in these reactions though is the complete
consumption of isocyanide with a corresponding partial
conversion of 1. The process by which 1 reacts with iso-
cyanide in alcohol possibly occurs via a combination of
routes involving depolymerization of dimeric Ru(I) units
by either isocyanide® or solvent molecules” giving soluble
[{Ru(C0O),L(0,CCH,)};] complexes, and the labilization!®
of the acetato ligands in such species to give cationic in-
termediates of the type [Ru,(CO),L,(0,CCH;)]*" or
[Ruy(CO),L,,J?*. The effects of the positive charge residing
on such intermediates would be expected to favor sub-
stitution of carbonyl ligands by the more nucleophilic
isocyanide ligands, thus leading to high levels of substi-
tution.

Complexes 2—6 exhibit in solution an unusual spectrum
of stereochemical flexibility. For 4 and 6 single methyl
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resonances at 303 K are observed, indicating a dynamic
exchange process which equilibrates the axial and the
equatorial ligands. The slow-exchange limit is reached for
6 at 283 K when the isocyanide methyl resonances are
observed at 2.22 and 2.03 ppm in the expected 1:4 ratio.
Thus 4 and 6 provide rare examples of stereochemical
nonrigidity in dinuclear complexes containing six-coor-
dinate metal atoms and monodentate ligands.! Complex
5 is, on the other hand, stereochemically rigid at room
temperature as regards the exchange of axial and equa-
torial ligands, and the expected 1:4 ratio of both methylene
and arene signals is observed at 303 K. The high-field
(500-MHz) 'H NMR spectrum of 2 contains five methyl
resonances in the range 1.61-1.69 ppm. On cooling, the
number of signals increases until at the limit of the tem-
perature range (193 K), 14 major resonances are observed.
The narrow range (0.2 ppm) in which these resonances
appear has prevented an interpretation of these changes
except to conclude that the dimeric structure is probably
retained in solution because of the absence of any tem-
perature-dependent chemical shifts or line width broad-
ening. We can only speculate that the large number of
methyl resonances at low temperature represents a number
of isomers in dynamic equilibrium together with the
possibility of nonequivalent methyl groups on individual
equatorial isocyanide ligands arising from restricted ro-
tation in the molecule (vide infra).

In order to evaluate factors such as restrictions in the
rotation of tert-butyl groups and the steric constraints to
higher substitution, the X-ray crystal structure of 2 has
been determined.’? Further, as part of a study® to define
cone angle limits to homoleptic dimer formation the
structure of 5 has also been determined.?

The dimeric cations of 2 (Figure 1) and 5 (Figure 2) both
lie across a crystallographic twofold axis with the two
halves of each molecule linked only by a ruthenium-ru-
thenium bond (2, 2.886 (2) A; 5, 2.904 (1) A). The carbonyl
ligands in 2 are located in the equatorial plane of each
ruthenium atom and lie in an anti configuration about the
ruthenium-ruthenium bond. The equatorial ligands in
both halves of the cations of 2 and 5 adopt a staggered
conformation with C-Ru-Ru-C dihedral angles in the
range 42.4 (6)-50.5 (6)° for 2 and 38.2 (5)-49.9 (5)° for 5.
This staggered arrangement is probably a gross reflection
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Figure 1. A perspective view of the dimeric cation of 2 showing
the atom numbering scheme. Selected bond lengths (A) and angles
(deg): Ru-Ru’ = 2.886 (2), Ru~C(1) = 1.89 (2), Ru-C(2) = 2.03
(1), Ru—C(3) = 1.99 (1), Ru—-C(4) = 1.99 (1), Ru-C(5) = 2.00 (1),
C(1)-0(1) = 1.15 (2), C(2)-N(2) = 1.13 (2), C(3)-N(3) = 1.16 (2),
C(4)-N(4) = 1.13 (2), C(5)-N(5) = 1.15 (2), Ru'-Ru-C(1) = 85.1
(3), Ru-Ru—C(2) = 86.0 (3), Rw-Ru-C(3) = 90.5 (3), Ru"-Ru—C(4)
= 92.4 (3), Ru'-Ru-C(5) = 174.1 (3).

Figure 2. A perspective view of the dimeric cation of 6 showing
the atom numbering scheme. Seleted bond lengths (A) and angles
(deg): Ru-Ru’ = 2.904 (1), Ru-C(1) = 1.968 (9), Ru—C(2) = 1.99
(1), Ru—C(3) = 1.99 (1), Ru-C(4) = 1.99 (1), Ru-C(5) = 1.98 (1),
C(1)-N(1) 1.16 (1), C(2)-N(2) = 1.14 (2), C(3)-N(3) = 1.14 (2),
C(4)-N(4) = 1.13 (2), C(5)-N() = 1.17 (1), Rw'-Ru-C(1) = 176.6
(2), Ru'-Ru—C(2) = 85.0 (2), Ru-Ru-C(3) = 88.2 (2), Rw-Ru-C(4)
= 87.9 (2), Ru'-Ru-C(5) = 88.7 (2).

of minimized steric interactions between ligands on op-
posite metal atoms and in this regard must be considered
to be similar to that observed for the isoelectronic dimers
[M3(CO)y0-,(CNR),] (M = Mn, Re; n = 0-4),'¢6 [Co,-
(CNMe)]**,'7 and [M(C0O)yo]> (M = Cr, Mo).1# The

equatorial ligands in the latter complexes show an overall
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tendency to bend inward toward the opposite metal atom,
an effect shown also by all the equatorial ligands in 5
(Ruw'-Ru-C in the range 85.0 (2)-88.7 (2)°), but only by
the carbonyl ligands in 2 (Ru’-Ru—C(1) = 85.1 (3)°), and
by an equatorial isocyanide ligand cis to each carbonyl
group (Rw'-Ru-C(2) = 86.0 (3)°). The other equatorial
isocyanide ligands in 2 bend away from the opposite ru-
thenium atom (Ru’-Ru—C(3) = 90.5 (3) and Ru'-Ru-C(4)
= 92.4 (3)°). Another interesting effect is observed for 5
where a pair of trans radial isocyanides have the phenyl
groups bending inward toward the center of the dinuclear
unit, while the phenyl groups of the other ligand pair are
bent away from the center of the molecule. In this regard,
it is noteworthy that the smallest dihedral angles 38.2 (5)
and 39.2 (5)° each involve ligands on opposite ruthenium
atoms for which the phenyl groups bend away from the
center of the dimer. It is thus apparent that in both 2 and
5, the ligand arrangement reflects reduced steric interac-
tions not only within each half of the molecules but also
between each half of the dimers. An examination of the
nonbonded contacts for 2 and also of space-filling models
further suggests that the ligand arrangement observed
crystallographically for 2 represents sterically the best
possible arrangement and that the dinuclear unit should
be considered to be sterically saturated. It is thus con-
ceivable that the low-temperature 'H NMR effects can be
attributed to nonequivalent methyl groups in individual
tert-butyl isocyanide ligands, while the introduction of
further tert-butyl isocyanide ligands is to be considered
unlikely due to prohibitive steric interactions, thus possibly
explaining the lack of further substitution of 2.

In conclusion, it is clear that the complex catena-[Ru-
(C0O)4(0,CCH;)] under suitable experimental conditions
provides a most unusual synthetic precursor in rutheni-
um(I) chemistry. We are actively pursuing this further.
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Summary: Controlied potential bulk reductive electrolysis
of cis-[PtCl,(PPh;),] results in the generation of [Pt-
(PPh,),] in solution. This 2-coordinate, 14-electron com-
pound is efficiently trapped by acetylenes, RC=CR (R =
Ph, COOMe), to produce [Pt{PPh;),(RC=CR)] quantita-
tively and by oxidative addition addenda (e.g., C¢HsCOCI,
Mel) to produce the corresponding oxidative addition
products in high yield. No products arising through ligand
disproportionation, Pt(0)/Pt(11) electron transfer, or ligand
P-C bond cleavage are produced.

t Permanent address: Department of Chemistry, Adrian College,
Adrian, Michigan 49221.

Stable, 2-coordinate, 14-electron bis(tertiary phos-
phine)platinum(0) complexes [PtL,] are well-known where
L is sterically demanding, e.g., P(t-Bu),,! P(¢-Bu),Me,?
P(¢-Bu),Ph,! P(c-Hx);,13 or P(i-Pr)s,! with chemical re-
activity appearing to increase with decreasing steric de-
mand. The unhindered complex [Pt(PEt;),] has been
generated photochemically in situ from the oxalate [Pt-
(C,0,.)(PEt;),] and shown to be extremely reactive toward
coordinating and oxidative addition addenda.*® It is re-
ported® that platinum(0) complexes can be similarly gen-
erated from [Pt(C,0,)(PPh,),], but the characterization
of several of the reaction products has been questioned.’
The generation of [Pt(PPhg),] is problematic because of
the tendency for ligand P-C bond cleavage to occur in
coordinatively unsaturated complexes containing aryl-
phosphine ligands.? Thus, passing nitrogen through so-
lutions of [Pt(C,H,)(PPh,),] results in not only loss of
ethylene but also formation of benzene and generation of
the ortho-metalated phosphido-bridged cluster [Pty(u-
PPh,),(PPh,C¢H,),l.°  Similarly, thermolysis!® of [Pt-
(PPhj),] produces [Pty(u-PPhy),(PPhy),] and [Ptg(u-
PPh,)s(PPh;),Ph] whereas photolysis'! of [Pt(C,0,)-
(PPhy),] under hydrogen does not produce [PtHy(PPh;),]
(cf. the PEt; analogue)*® but rather, after precipitation
with NaBF,, the cluster [Ptg(u-PPhy)y(u-H)(PPhg)s]*.

Use of electrochemical methods to generate low-valent
intermediates, such as [Pt(PPhy),], has recieved scant
attention in the past, although such methods may show
distinct advantages over thermal and photochemical
techniques. In the past it has been reported that controlled
potential bulk reductive electrolysis of [PtCly(PPhy),],
followed by addition of HCI gas,!? yields a hydrido com-
plex, although no details of characterization were given.
Interestingly, electrochemical reduction of [PtCly(PPhy),],
followed by the addition of water, also yields a hydride,®
characterized by an IR absorption at 2232 cm™!, whereas
electrochemical reduction in the presence of excess tri-
phenylphosphine is reported!® to produce [Pt(PPh,)s],
characterized by elemental analysis only.

Here we report on the controlled potential bulk reduc-
tive electrolysis of cis-[PtCly(PPh;),]'* to generate [Pt-
(PPh;),] and trapping reactions with coordinating and
oxidative addition addenda. This method provides a
versatile synthesis of a diverse range of platinum(0) and
platinum(II) complexes from a common precursor. The
electrosynthesis is described in detail for the preparation
of [Pt(PPhy),(RC=CR)] complexes on a ca. 50-mg scale.!®
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