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Hydridotrichlorostannatocarbonylbis(triphenyl-
phosphine)platinum(II), PtH(SnCI;)(COYPPh3),,
as a Selective Hydroformylation Catalyst

Sir:

There are relatively few literature references to the use of
platinum complexes as hydroformylation catalysts, and
these few appear only in the patent literature!-3 and none of
them are hydrido complexes. We have prepared the new
complex, PtH(SnCl;)(CO)(PPh3), (1) and have found that
it is an active catalyst for the hydroformylation of 1-pen-
tene at 100° and 3000 psi of synthesis gas (CO-H, = 1:1).
Analysis of the aldehydes in the product showed more than
95% of the straight chain compound, hexanal. The crystal-
line catalyst can be recovered unchanged from the reaction
mixture and may be reused without any loss of activity.

Other platinum(II) hydrides that are converted to the
carbonyl complex under the reaction conditions may be
used as catalysts. Thus trans-[PtH(SnCl3)(PPhs);] (2) or
trans-[PtHCI(PPh3);] (3), to which excess SnCl,.2H>0
(mole ratio 1:5) is added, also function as effective cata-
lysts, and 1 can be recovered from the reaction mixtures.

The reported method* for the preparation of 2 was modi-
fied. To a stirred solution of trans-[PtHCI(PPh3);]5 (0.76
g), benzene (25 ml), and ether (75 ml) was added 1.2 g
SnCly-2H,0. After stirring the mixture for 30 min, the or-
ange-yellow precipitate of 2 was filtered and washed with
ether, yield 0.76 g.

A suspension of 5 g of 2 in 250 ml of benzene was placed
in a 300-ml autoclave. After the autoclave was flushed
three times with N3 (1000 psi) and once with CO (1000
psi), the autoclave was charged with CO (1500 psi) and
with Hs (1500 psi), and the mixture was heated at 100°,
After 6 hr, the autoclave was cooled and depressured,
whereupon greenish yellow crystals separated from the so-
lution. These crystals were filtered and washed with ben-
zene and then with pentane: yield 4.1 g; mp 93-95° dec; ir
vpeH) 2165 cm™!, y(c==0) 2050 cm™!, v(sn-c1y 335, 314,
292 cm~! (Nujol mull). Anal. Calced: C, 45.6; H, 3.2;: Cl,
10.9. Found: C, 45.4; H, 3.2; Cl, 10.5.

At the present time, we are unsure of the exact structure
of the relatively unstable complex, 1. It may be a four-coor-
dinate ionic salt, [Pt(H)(CO)(PPh;),]*SnCls~, analogous
to the corresponding known® BPhys™ salt, or it may be a five-
coordinate compound, in which case it would be quite un-
usual. On drying under vacuum, or on exposure to air for
several days, it loses CO and gives trans-[PtH-
(SnCl3)(PPh3),]. Attempts to recrystallize the carbonyl
complex resulted in the formation of trans- [PtHCI(PPh;),]
with extrusion of CO and SnCl,.
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A typical hydroformylation reaction was performed as
follows. PtH(SnCl3)(CO)(PPh3); (2.4 g, 2.5 mmol) and
150 ml of benzene were charged into a 300-ml autoclave
which was equipped with an equulizing pressure addition
vessel containing 1-pentene (17.5 g, 250 mmol). After the
autoclave was sealed and flushed with N, and CO, H,
{1500 psi) and CO (1500 psi) were charged, and the solu-
tion was heated to 100° with stirring. 1-Pentene was then
added to the autoclave and the reaction mixture stirred with
heating for 2.5 hr. The product was analyzed by GLC; es-
sentially all the olefin had disappeared and the aldehyde
product consisted of 95% hexanal and 5% 2-methylpentan-
al.

Essentially similar results were obtained when complexes
2 or 3 (to which was added SnCl,.2H,0) were employed as
catalysts.

The rate of the reaction catalyzed by 1 is about five times
that of a Cop(CO)sg-catalyzed reaction carried out under
the same conditions. Although a Co,(CO)s(PR3) catalyst’
also leads to relatively high selectivity to straight-chain
product, the rate of hydroformylation with this catalyst is
negligible at 100°. Rh(CI)(CO)(PPh3), or other modified
Rh catalysts operate effectively at 100°, but the ratio of
straight- to branched-chain aldehydes® is usually about 3
compared to a ratio of about 20 with the Pt catalyst, 1.
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Characterization of Oligomers of
Tetrakis(phenyl isocyanide)rhodium(l) in
Acetonitrile Solution

Sir:

There has been considerable recent interest in the optical
spectra and electrical conductivities of platinum compounds
in which direct metal-metal interactions are present.'—¢
Perhaps the best known examples are the double salts, such
as [Pt(NH3)4][PtCls] (Magnus’ green salt or MGS).! Low
solubility of the double salts has generally restricted study
to solid samples, although it should be noted that Isci and
Mason have obtained electronic spectra for certain
[Pt(CNR)s][Pt(CN)4] complexes in ethanol solution.®

Many simple platinum salts also possess unusual proper-
ties.>3 The planar ions in these compounds, as in MGS,
stack face-to-face in infinite columns. However, with the
exception of one or two mixed-valence aggregates, notably
[Pt(C104)2],'¢"~, complete dissociation to monomeric
fragments occurs in solution. Even the copper-colored,
mixed-valence Krogmann’s salt, K;Pt(CN)4Cly 3+-3H-0,
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Figure 1, Electronic absorption spectra of [Rh{(CNPh)4](PFs) in aceto-
nitrile solution at 25° (cell pathlength): A, 5.7 X 1072 M (0.06 mm);
B, 2.7 X 1072 M (0.06 mm); C, 6.3 X 10~% M (0.75 mm). The peak
positions and concentration dependences for the BPhy~ and BF,~ salts
are the same.
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Figure 2, Relative energies of the molecular orbitals derived from
ag(d-2) and az, monomer functions in Dyy (or Dag) [Rh(CNPh)4]5%*.

forms a nearly colorless solution containing discrete Pt(II)
and Pt(IV) complex ions.?

We have begun a systematic investigation of metal
(d®)-metal (d®) interactions in solution. Systems that ap-
pear to be highly promising are based on plarar Rh(I) and
Ir(I) isocyanides. Our work to date has shown that solution
oligomerization is common for these complexes, which is in
accord with molecular weight measurements made by Ka-
wakami et al. on acetonitrile solutions containing Ir(I) aryl
isocyanides.” Here we report an electronic spectroscopic
characterization of [Rh{CNPh)4],”* (n = 1, 2, 3) in aceto-
nitrile solution.

Tetrakis(phenyl isocyanide)rhodium(I) chloride was ob-
tained as a dark green powder from the reaction of excess
phenyl isocyanide with Rh(CO)CI(PPh3); or [RhCI-
(COD)]; in benzene solution.® It was converted to the crys-
talline, yellow PF¢~, blue BPhs~, and yellow-brown BF4~
salts by metathesis in water. For all three salts, dilute aceto-
nitrile solutions are yellow and concentrated ones are blue.
Representative absorption spectra for three different con-
centrations of [Rh(CNPh)4](PFg) in acetonitrile solution
are shown in Figure 1. The bands at 361, 411, 468 nm dom-
inate the low-concentration spectra and are logically due to
monomeric [Rh(CNPh)4}*. In support of this assignment,
it may be noted that very similar bands have been observed
in several square planar Rh(I) complexes containing w-ac-
ceptor ligands.>'0 As the total Rh(I) concentration is in-

creased, two new bands grow in, first at 568, then at 727
nm, while the higher energy bands decrease in relative in-
tensity. This behavior is interpreted in terms of the fol-
lowing equilibria.

2[Rh(CNPh)]* = [Rh(CNPh)s],2*+

[Rh(CNPh),]2* + [Rh(CNPh)4]* & [RR(CNPR)]s ™

[Rh(CNPh)s],"* + [Rh(CNPh)s]* 2 [RR(CNPh) 4] s+

In this scheme the 568-nm band is assigned to the dimer, as
(Aq11)? vs. Asgg yields a straight line. Further, it is reason-
able to assume that the 727-nm band is attributable primar-
ily to trimer absorption. The fact that (A441;)3 vs. 4750 de-
viates slightly from linearity at very high Rh(I) concentra-
tions suggests that higher oligomers also absorb in the same
region. Using a weighted least-squares procedure to fit the
data to the appropriate equations, we have computed the
following equilibrium constants and molar extinction coeffi-
cients.

Ki(25°) =16 £ 1 M~ ¢(411) = 6,000 £ 100 monomer
K»(25°) =16 £ 3 M~ ¢(568) = 14,800 + 800 dimer
€3(750) = 16,000 + 8,000 trimer

The absorbances at 411, 568, and 750 nm were used to
avoid overlapping peaks.

The electronic spectral properties of [Rh(CNPh)],%*
may be understood in terms of the orbital interactions dia-
gramed in Figure 2. As infrared spectral evidence rules out
the involvement of bridging isocyanides,'' the dimer is very
probably bound through direct Rh-.Rh interactions. These
bonding interactions apparently are substantial, as they
must overcome unfavorable coulombic forces between the
cationic units. The orbitals that will interact most strongly
are those that extend perpendicular to the molecular plane,
namely the ajz(d;2) and as[p,, #*(CNPh)] functions. It is
also important to note that a, is likely to be the HOMO,
and aj, the LUMO, in the monomeric units, as the 411-
and 468-nm bands of [Rh(CNPh)4]* are entirely analogous
to the well-established a;; — ay, features ['A,, —
AZU(‘AZU); Eu(3A2u)] in [Rh(CNEt)4]+,‘0 [Rh(2=
phos)»]*,° and [Rh(2-phos);]*.° Thus the 411-nm mono-
mer band is assigned to the spin-allowed a;; — a, transi-
tion.

It is not likely that there will be a significant energy dif-
ference between Dgj (eclipsed) and D4y (staggered) rotam-
eric configurations for the dimeric molecules, and the MO
level scheme in Figure 2 gives symmetry labels for both
possibilities. In both cases the upper and lower sets contain
orbitals of the same symmetry, and as a result there will be
considerable mixing, stabilizing the lower set (la;g, layy, or
la;, 1bs) and destabilizing the upper set (2a;,, 2a3,, or 2ay,
2b5). As the lower set is filled this stabilization must be the
source of the intermonomer binding forces.

Two allowed electronic transitions are predicted for the
dimer, one higher (la;; — 2ay, or la; — 2b;) and one
lower (lay, — 2a;4 or 1by — 2a) than the a;g — ayy exci-
tation in the monomer. We assign the 568-nm band in the
dimer, therefore, to lay, — 2aj, (or la; — 2by). A similar
analysis for a trimeric molecule predicts five allowed transi-
tions, the lowest of which (2a;, — 2a3,) is assigned to the
727-nm band.'? Detailed interpretations of the electronic
properties of a wide variety of Rh(l) and Ir(l) isocyanide
oligomers will be presented in subsequent papers.
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Diels—-Alder Reactions of Monohaptocyclopentadienyl
Complexes of Platinum
Sir:

Many examples of cycloaddition reactions between cyclic
polyolefins coordinated to transition metals and electrophil-
ic acetylenes are known.! In many of these the metal is
thought to play a crucial role. “Symmetry forbidden” ther-
mal cycloadditions have been attributed'® to the lifting of
symmetry constraints by the metal. In *‘allowed” reactions
metal participation may induce a template effect which ov-
ercomes large negative entropy factors by binding both
reactants in close proximity and in the proper orientation
for reaction. Alternatively, just one species may be activat-
ed by coordination to the metal.

Diels-Alder addition of electrophilic acetylenes to nickel-
ocene was one of the first such cycloadditions reported.'®

@@@

R

R = CF;, COOCH,

I results from the (27 + 4x) addition of the acetylene to
the cyclopentadienyl (Cp) ring. Addition occurs from the
same side of the ring as the nickel atom such that the dou-
ble bond formed from the acetylene is bonded to the metal.
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This has led to the postulate that Il may be an intermedi-
ate? resulting from prior acetylene coordination to the
metal.

We have prepared two new platinum(II) species, Pt(n'-
CsHs)(CH3)(COD) (IV) and Pt(n'-CsHs)2(COD) (V),
where COD = 1,5-cyclooctadiene. The stereochemistry of
the Diels-Alder reactions of the monohapto Cp rings in
these compounds is of interest, since square planar plati-
num(II) complexes are often capable of forming five-coor-
dinate adducts with acetylenes. ‘

Reaction of PtCI(CH3)(COD) and PtCl,(COD) with
CsHsTI in THF yields IV and V, respectively.? The cyclo-
pentadienyl protons appear as a sharp peak in both NMR
spectra at about 7 4 with a 9Pt coupling constant of ap-
proximately 40 Hz characteristic of the monohapto bonding
mode.* Observation of '93Pt-H coupling to the protons of
the vinyl groups establishes that the COD is bidentate in
both cases. Cooling a NMR sample of IV to =90° does not
cause any broadening of the Cp resonance which is consis-
tent with rapid ring “whizzing” > at this temperature.
Treatment of IV and V with CF3C=CCF; results in the
formation of Diels-Alder adducts VI and VII, respectively.?
The presence of a norbornadiene residue in each of VI and
VII was easily detected by means of its characteristic 'H
spectrum.’'?

For IV a (2 + 47) reaction between the 5'-Cp metal
species and an acetylene could lead to four possible prod-
ucts, VIa-d. Vla and VIb result from acetylene attack on

NG z LN

i !/ R R
R
R
VIa VIib
ﬁ CHJ
Vie VIid
R=CF,

the #'-Cp ring from the side opposite the metal, while VIc
and VId result from attack on the ring from the same side
as the metal. Interconversion of VIa with VIc or VIb with
VId requires inversion at the apical carbon which is s-bond-
ed to the metal, a high energy process which must be con-
sidered unlikely to occur,

The observed coupling for VI between the '°>Pt and '°F
atoms of 12 Hz was sufficiently small that it could be inter-
preted as arising from a direct bonding interaction (VId), a
long range coupling (VIa or VIb), or a through space cou-
pling (VIc). An X-ray structure determination was under-
taken;® see paragraph at end of paper regarding supplemen-
tary material. The structure found, shown in Figure 1, is
that of Vla, and results from the addition of C4Fs to the
ring on the side opposite the platinum atom substituent.
This implies no metal participation via a template or activa-
tion mechanism and no precoordination of the attacking
molecule of C4F¢ as has been suggested for nickel and other
systems.
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