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THE PALLADITM CATALYZED REACTION OF CARBON DIOXIDE WITH AILENE

A. Dohring and P.W, Jolly
Max-Planck-Institut fiir Kochlenforschung
D—-4330 Milheim a.d. Ruhr, W.-Germany

Summary
In the presence of a bis(% 3-ally1)pallaﬂimu—bisdicycldm:ylphosplmwethane catalyst
allene and an cooligamerize to give a mixture of esters, a lactone and polymer.

In recent years there has been considerable interest in the transition metal
catalyzed cooligamerization of carbon dioxide with unsaturated organic molecules.
Although the results are samewhat disappointing, sucoessful reactions have been
reported involving h:tadiam”
been isolated, We describe here the palladiumn-catalyzed cooligamerization of allene

andalk:,mesz) and both esters and lactones have
with C02= selected experiments are sumnarized in Table 1,

The most effective catalyst was prepared by treating (7 -CjH),Pd with bis-di~
cyclohexylphosphinoethane. Highest yields of the cooligamerization products 1-3
(40 %) were obtalned with a reaction temperature of 110°C (expt, a). At higher
or lower temperatures the yield decreased (expt. b and ¢); at lower temperatures,
the conversion was lower while at higher temperatures the product was a carbonyl-
containing polymer. The cooligamerization was less effective in the presence of
other ligands (expt. d~h) or Pd(dibmzilidel’leacem)z {(expt. j) or when carried
out in IMF (expt. i) or in the presence of water. Practically no cooligamerization
was observed in the presence Of (1°-CjHpdCl),, (7°-CjH).Pt, Ni((DD), ar
Ni(DCPE]Z.
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The cooligomerization products were isolated by preparative gas chromatography and
identified by a cambination of MS, IR, Raman, 'H- and 'SC-MMR spectroscopy as the

esters (1) and (2} and the lactone (3).
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Product (3) is reminiscent of the lactones formed in the cyclo-cooligamerization

of @, with alkynesz) ard suggests that the allene might be initially isomerized
to propyne. That the main reaction products (1) and (2) are fommed in this way is
ruled out by an experiment involving propyne (expt. 1) in which anly traces of

cooligamers are formed. Spectrosocpic data for (1), (2) and (3) are given below.

The oooligomerization reaction is invariable accampanied by the farmation of oligo-

mers and polymer. Six of these oligamers have been igolated and identified (4-9).
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The mechani=m of the cooligamerization reaction is not known. By analogy to related
nickel-catalyzed reactions, it seems plausible that cendensation of allene at the
metal leads to the generation of metallacyclic systams which react further with
insertion of (0, into the M~C bond. For example, the nickelacyclopentane species
(10)>) has been shown to react with (0, to give the nickel-carboylate (11)8). The
fomaﬂmofestersarﬂhmaroligmersmﬂmereactimdiswssedlueupliesa
hydrogen—transfer step which presumably proceeds through the intemediacy of a
palladiun-hydride species.
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Ro
R
PN RO
Ra E/ ‘
2
10 , R=CgHyg 1
-1
Campound (1} ¢ ¥ 0:0 1725, PN 1637 am ° (R); JC,I 113.5, Bcz
8C4 65.0, 505 114.6, 8C6 20.9, BC.’ 166.3, SCB 136.9, 809 10

sc'u, 5.15, 4.90, sc'u, 4.77, ac’y, 5.15, 4.98, 5%, 1.76, 5C%m, 5.30, 6.07,
5 "%, 1.82.

140.8, §C, 142.9,

3

125.1," 6C,,, 18,35,

Compound (2): v, o 1743, v, 1664, 1639 an' (R); sC

8C

114.6, 5C, 140,8,

1 2
3 143.1, 8C, 64.5, 5Cg 113.5, 5C5 2.9, 5 C, 165.4, 5Cg 123.1, 5C, 144.4,
5, 17.5; 3C'H, 4.90, 5.19, ¢, 4.82, csu2 5.13, 5.02, & c6H3 1.84,

5C%H 4.25, 5C°H 6.87, & C10H3 1.40.

Compound (3): 8 ¢, 161.1, 5 C, 110.7, 5C, 155.1, & C, 105.6, & C 161.7,

5Cg 20.7, 5, 19.3; sc%5.25, sctu s.66, 5%, 1.73, 5 ¢, 1.60.
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