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Abstract

In the presence of methanesulfonic acid the platinum(0) complex [P{C,H,XDPPB)] catalyses the
hydroformylation of various olefins. In some cases there is quite good chemoselectivity and high
regioselectivity towards n-aldehyde.

The well known and readily accessible platinum complexes of the type [Pt(al-
kene)(PP)] (PP = chelating ditertiary phosphine) are inactive in the hydroformyla-
tion of olefins [1], but are active in the presence of a strong organic acid with poor
coordinating ability, such as methanesulfonic acid (MSA) [1]. Thus, the complex
[P(C,H,)(DPPB))], [DPPB = 1,4-bis(diphenylphosphino)butane] was prepared by a
known procedure (see eq. 1) [2]:

PPh, Cl PPh, CH2
NaBH
(CH,), Pt — e (CH,) Pt —
24/ CH2=CH2 2'4 "
PPh, cl PPh, CH2

and used in the presence of an equimolecular amount of MSA in the hydroformyla-
tion reaction of various olefinic substrates. The results are summarized in Table 1.

Under standard conditions (100° C and 100 atm of an equimolecular mixture of
CO and H, in toluene) and with a substrate-to-catalyst molar ratio of ca. 320,
1-alkenes are converted into the expected oxo-aldehydes with acceptable rates and
with fair to good yields (see Table 1). The catalytic system is rather sensitive
towards steric hindrance at the double bond; thus terminal alkenes bearing sub-
stituents in the 2- or 3-position, exemplified by a-methylstyrene and 3,3-dimethyl-
1-butene respectively, react sluggishly with CO-H, under the conditions used (see
Exp. 5 and 12). Furthermore, internal double bonds are rather unreactive, as shown
by the hydroformylation of cyclohexene (see Exp. 6), but this can be exploited for

* Dedicated to the memory of Professor Piero Pino.
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selective hydroformylation reactions. For example, 3-vinylcyclohexene is more than
92% hydroformylated at the vinylic double bond (see Exp. 10).

The chemoselectivity of the reaction is generally good, however, although there is
little hydrogenation of the subsirate in most cases, migraiion of the double bond in
the case of linear 1-alkenes constitutes a serious disadvantage. In the case of
1-hexene, for example, up to 25.7% of isomeric hexenes are formed (see Exp. 4).
Surprisingly, such isomerization is much less important during hydroformylation of
linear olefins containing functional groups, such as ethyl 3-butenoate and allyl
cyanide (see Exp. 9 and 11).

Hydrogenation of the oxo-aldehydes to give the corresponding alcohols under the
conditions used is generally more pronounced than the reduction of the substrate,
but it can be controlled by stopping reaction at a low substrate conversion. The
strong acid present can promote various other undesired processes, such as aldehyde
condensation and substrate polymerization (particularly when the substrate is
styrene or a-methylstyrene).

The regioselectivity towards the formation of linear aldehydes is very good and
comparable with that obtained with the most commonly used -catalyst
[PtCl,(PP)]/SnCl, (PP = chelating diphosphine) [3]: the yield of linear aldehyde
exceedes 96% in the case of 1-alkenes bearing substituents in 2- or 3-positions (see
Exp. 5, 10 and 12).

The complex [Pt(C,H,)PPh,),] [4] shows a lower catalytic activity than
[Pt(C,H,)}DPPB)] in the hydroformylation of styrene; interestingly, in this case the
regioselectivity towards formation of the branched aldehyde is markedly higher (see
Exp. 2).

The use of trifluoromethanesulfonic acid (TFMSA) results in a marked increase
in both the conversion and yield of aldehyde (see Exp. 7); however, in the case of
reactive olefins such as styrene and a-methylstyrene, the predominant reaction is
substrate polymerization. In contrast, the presence of an excess of MSA increases
the reaction rate, but lowers the chemoselectivity (see Exp. 8).

The nature of the solvent exerts a marked influence on the rate and on the
chemioselectivity (see Table 2). For example, the hydroformylation of 3,3-dimethyl-
1-butene is much faster in methylene chloride (about 85% conversion after 19 h)
than in toluene (about 38% conversion after 45 h). In the former solvent there is also
a substantial amount of hydrogenation of the oxo-aldehydes to alcohols, whereas
when ethanol is used as the solvent the yield of aldehydes was only 8.7%. Ethereal
solvents reduce the catalytic activity: thus, use of diethyl ether or tetrahydrofuran
leads to considerable reduction in the reaction rate, and when triethylorthoformate
was used as the solvent or cosolvent [5] in the hydroformylation of styrene, the
catalysis was completely inhibited.

A study of the influence of other reaction parameters is in progress with the aim
of elucidating the reaction mechanism.
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