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Abstract

w Ž 3 .� Ž .4x Ž . w Ž .� Ž .4xThe cationic complexes Pd h -allyl Ph P o-C H NMe PF 1 and PdMe PPh Ph P o-C H NMe CF SO P2 6 4 2 6 3 2 6 4 2 3 3
Ž .C H 2 catalyse, without any added phosphine, the telomerization reaction of 1,3-butadiene with methanol, showing high6 6
Ž . Ž .chemio- )95% and regioselectivity towards the linear 1-methoxy-2,7-octadiene )93% . q 1999 Elsevier Science B.V.

All rights reserved.
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1. Introduction

Telomerization reactions of dienes with dif-
ferent hydrogen active compounds like water,
alcohols, amines, carboxylic acids to provide
products of dimerization and simultaneous addi-
tion of nucleophile are well known in homoge-

w xneous catalysis 1–3 . A great deal of attention
has recently been focused on the telomerization
of 1,3-butadiene with water, as the resulting
product can be hydrogenated to give n-octanol,

) Corresponding author. Tel.: q39-49-827-5217; Fax: q39-49-
827-5223; E-mail: basato@chim02.unipd.it

w xa useful raw material for plasticizers 4 ; other-
wise this reactivity might also be attractive for
industrial production of n-octyl-amine from

w x1,3-butadiene and ammonia 5 , and of linear
ethers from dienes and alcohols, interesting high
cetane oxygenated components for formulation

w xof environmentally friendly diesel fuels 6 .

2. Discussion

In most cases, the catalyst is a complex
mixture of either a zero- or a bi-valent palla-
dium precursor with low coordinating anions
andror ligands with phosphine ancillary func-
tions; the catalytic efficiency and distribution of

1381-1169r99r$ - see front matter q 1999 Elsevier Science B.V. All rights reserved.
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products is strongly dependent both on the steric
and electronic character of phosphine ligands
and on the PrPd ratio. Most studies have been
centred on the prototype reaction of 1,3-
butadiene with methanol and very high conver-
sion and selectivity towards 1-methoxy-2,7-oc-
tadiene can be reached with alkyl phosphines

Ž . Ž .and Pd dba dbasdibenzylideneacetone in2
w x2r1 ratio 7 . A mechanism is generally pro-

posed which involves in the crucial steps the
Ž .complexation of two dienes to a Pd 0 complex

and their oxidative cyclization to give a bis-h3-
Ž .allylpalladium II species, which then under-

goes protonolysis and nucleophilic attack to the
terminal position of coordinated octadienyl chain
w x8 .

w xWe have found that the recently published 9
w Ž 3 .� Žcationic complexes Pd h -allyl Ph P o-C H -2 6 4

.4x Ž . w Ž .� ŽNMe PF 1 and PdMe PPh Ph P o-C -2 6 3 2 6
.4x Ž .H NMe CF SO PC H 2 catalyse, without4 2 3 3 6 6

any added phosphine, the telomerization reac-
tion

Žwith high efficiency and selectivity Tables 1
. 1and 2 and Fig. 1 .

In all cases, the conversion increases with
time thus indicating a high stability of the cat-
alytic system. The turnover number, after 12 h
at 608C, is always greater than 1700 mol of
reacted 1,3-butadienermol of catalyst and

Žreaches a turnover frequency of 466 molr mol
.h for complex 1 in the presence of MeONa as

co-catalyst. The differences in conversion using

1 w xComplexes were synthesised as previously reported 9 . Cat-
alytic runs were performed in a stirred stainless steel autoclave,
equipped with a liquid sample valve and internal thermocouple.
The thermostatted autoclave containing the complex, anydrous
methanol, n-hexane and benzene, as internal standard, was added

Žwith freshly distilled butadiene and pressurized with nitrogen 2
. Ž .MPa . Samples were periodically collected in pre-cooled y708C

capped vials and analysed by gas chromatography on a HP 5890
instrument.

Table 1
Telomerization of 1,3-butadiene with methanol catalysed by the

w Ž 3 .� Ž .4x Ž .cationic complexes Pd h -allyl Ph P o-C H NMe PF 12 6 4 2 6
w Ž .� Ž .4x Ž .and PdMe PPh Ph P o-C H NMe CF SO P C H 2 ;3 2 6 4 2 3 3 6 6

Conversions with timea

bŽ .Complex Conversion % with time

3 h 6 h 9 h 12 h
c1 58.24 71.87 95.77 98.85

1 38.63 46.25 62.12 71.32
d1 42.36 54.02 68.09 85.47
c2 43.43 60.73 75.35 79.43

2 32.90 41.30 55.80 70.90

a Ž .Solvent: n-hexane 20 ml ; C H rMeOHrPds2400r6000r1;4 6

Pds5=10y5 mol; T s608C.
bwŽ . Ž .xmoles C H in products r moles C H initial =100.4 6 4 6
c Ž .In the presence of MeONa MeONarPd 10r1 .
dT s808C.

complex 1 or 2 alone are small, although the
former appears to be slightly more efficient. A

Ž .higher reaction temperature 808C slightly in-
creases the conversion, but it reduces the selec-

Ž .tivity Table 2 .
In general, the selectivity towards telomers is

Ž .good )92%, at 608C and constant with time,
the major by-products being C -dienes. Com-8

plex 1 is more selective and its selectivity
reaches a value greater than 97% in the absence
of MeONa. The linearity of the products is also
high and scarcely dependent on the type of

Ž .catalytic system regioselectivity 93–94% .
These results can be compared with those

obtained with other cationic palladium com-
w Ž 3 . x Ž Ž . Ž .plexes Pd h -allyl L PF Ls Me N P O ,n 6 2 3

.dba, PPh , PBu , cod , where in all cases mix-3 3

tures of C - and higher weight telomers are8
w x Žproduced 10 . The presence of the 2- di-

.phelylphosphino -dimethylaniline ligand in the
coordination sphere of complexes 1 and 2 clearly
plays a fundamental role in determining their
selectivity towards the C telomer.8

The close similarity in the catalytic behaviour
between complexes 1 and 2 suggests that the
mechanism involves essentially the same inter-
mediates. We propose the formation of the

wŽ l . xq Ž lcationic hydride complex P N PdH P N
Ž ..sPh P o-C H NMe , resulting from the in-2 6 4 2

sertion of a butadiene unit on the coordinated
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Table 2
w Ž 3 .� Ž .4x Ž . w Ž .� ŽTelomerization of 1,3-butadiene with methanol catalysed by Pd h -allyl Ph P o-C H NMe PF 1 and PdMe PPh Ph P o-2 6 4 2 6 3 2

.4x Ž . aC H NMe CF SO PC H 2 ; Selectivities after 3 and 12 h6 4 2 3 3 6 6

Ž . Ž .Complex Selectivity % after 3 h Selectivity % after 12 h
b c b cŽ . Ž .Telomers lin. tel. Dimers Trimers high tel. Telomers lin. tel. Dimers Trimers high tel.

d Ž . Ž .1 95.91 92.94 4.06 0.02 0.01 96.04 92.95 3.91 0.05 0.01
Ž . Ž .1 97.32 93.01 2.66 0.01 0.01 97.03 93.22 2.91 0.02 0.04

e Ž . Ž .1 91.21 93.25 8.72 0.03 0.04 89.73 93.12 10.15 0.05 0.07
d Ž . Ž .2 93.47 93.65 6.49 0.03 0.00 92.04 93.95 7.88 0.02 0.04

Ž . Ž .2 95.37 93.50 4.63 0.00 0.00 94.84 95.05 5.06 0.02 0.05

a Ž . y5Solvent: n-hexane 20 ml ; C H rMeOHrPds2400r6000r1; Pds5=10 mol; Ts608C.4 6
bw Ž . Ž .x2 moles of telomer r moles of converted C H =100.4 6
c Regioselectivity to the linear telomers cis and trans-1-methoxy-2,7-octadiene, expressed as percentage of linear over total telomers.
d Ž .In the presence of MeONa MeONarPd 10r1 .
eTs808C.

Ž . Ž .allyl 1 or methyl 2 group, followed by b-
elimination of a C -triene or a C -diene. Inser-7 5

tion of dienes into allyl- or alkyl-palladium
w xbonds are well-known processes 8,11 . The hy-

Ž .drido palladium II complex could, in principle,
undergo coordination and insertion of a molecule
of 1,3-butadiene, opening in this way the cat-

Ž w x.alytic cycle hydrido route, 12 , or undergo
reductive elimination of Hq to give as effective

Ž .catalyst the subcoordinated palladium 0 com-
wŽ l . x Ž w x.plex P N Pd oxidative cyclization route 8 .

To shed light on this point, we have used as
catalytic system a 1r1 molar mixture of

Ž . Ž .Pd dba and Ph P o-C H NMe . Under the2 2 6 4 2

same experimental conditions, the rate of telom-
erization is about twice that observed with the

Fig. 1.

cationic complexes 1 and 2, the conversion
being complete in 6 h at 608C, but the chemio-

Ž .and regioselectivities are very similar Table 3 .

3. Conclusion

On these bases, we believe that in all cases,
the telomerization is catalysed by the palladium
Ž . wŽ l . x0 complex P N Pd : this is easily formed by

Ž . la ligand exchange process in the Pd dba rP N2

system or by Hq reductive elimination from a
Ž .hydrido complex, when the palladium II

cationic precursors are used. This reduction is
favoured by the presence of MeOy, which, in
fact, has a positive effect on the telomerization
rate. In this view, the observed differences in
catalytic activity seem to be simply related to a
higher concentration of active sites, starting from

Ž .a palladium 0 -based system.
The obtained results confirm the importance

of the phosphinoamine PlN ligands in stabiliz-

Table 3
Telomerization of 1,3-butadiene with methanol catalysed by the

Ž . Ž . asystem Pd dba rPh P o-C H NMe in 1r1 PdrP molar ratio2 2 6 4 2

Ž .Time h 1.00 2.00 3.00 4.00 5.00 6.00

C H conversion 44.88 62.21 74.18 89.67 96.80 99.544 6

Selectivity 94.20 96.50 96.52 96.70 96.69 96.48
Linearrtotal ethers 93.84 93.48 93.50 94.15 94.14 93.46
Dimers 5.76 3.33 3.45 3.20 3.21 3.42

a Ž .Solvent: n-hexane 20 ml ; C H rMeOHrPds2400r6000r1;4 6

Pds5=10y5 mol; T s608C.
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ing palladium centres, which behave as very
active and selective catalysts in the telomeriza-

w xtion of butadiene with methanol 13 . The
Ž .cationic allyl and methyl palladium II com-

plexes 1 and 2 are very stable and easy to
handle compounds, which represent a valid sin-
gle component alternative to the mixtures of

Ž . Ž .Pd OAc or Pd dba with phosphine ligands,2 2

usually employed as catalyst precursors in this
type of reactions.
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