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ABSTRACT

The Heck-type allenylation of aryl halides with allenes has been observed for the first time: The regioselectivity of intermolecular carbopalladation
of 1,2-allenyl sulfones affording vinylic Pd intermediates is completely opposite to what was reported in the literature.

The Pd(0)-catalyzed coupling of alkenes and organic halides
affording substituted alkenes (Heck reaction) has become one
of the most commonly used C-C bond-forming reactions
(eq 1).1 The Pd(0)/Cu(I)-cocatalyzed reaction of terminal
alkynes with organic halides (Sonogashira coupling) would
afford substituted alkynes,2 in which a carbopalladation of
the C-C triple bond is not involved (eq 2). There is one report on the reaction of organic halides with

nonterminal alkynes affording allenes via a sequential
carboplladation andâ-H elimination (eq 3).3 However, the

carbopalladation of allenes usually afforded aπ-allylic
palladium intermediateA, which may undergoâ-H elimina-
tion or allylic substitution affording nonallenic products
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(Scheme 1).4 There is one report in which vinylic palladium
intermediates were formed from the intramolecular carbo-
palladation of allenes. Subsequent carboxylation led to the
formation of R,â-unsaturated alkenoates.5 Thus, the regio-
selectivity of carbopalladation of allenes may be determined
by the delocalization of theπ-allylic palladium intermediate
A and the high energy/reactivity of the allene to be formed
via theâ-H elimination of a vinylic Pd intermediateB. To
the best of our knowledge, no report has been documented
for the formation of substituted allenes from the Heck-type
reaction of allenes with organic halides. In this paper, we
wish to report the first example of allenylation of aryl halides
via B-type intermediates.

Allenes are an important structural unit in many natural
products. However, for a long period of time they were
considered to be highly unstable, which retarded the devel-
opment of their chemistry.6 Recent studies show that allenes
demonstrate excellent reactivities and selectivities.7 During
the course of our study on the chemistry of 1,2-allenyl
sulfoxides8,9 or sulfones,10 we were interested to see the
carbopalladation of these substrates, which may lead to the
formation of synthetically useful 1,3-alkadienyl sulfones via

theπ-allyl palladium species-forming carbopalladadation and
a subsequentâ-H elimination reaction. However, to our
surprise when we ran the reaction of 1,2-pentadienyl sulfone
(1a) with PhI under the catalysis of Pd(PPh3)4 and Ag2CO3

in toluene 6% yield of 1,3-diphenylation product, i.e., 1,3-
diphenyl-1,2-pentadienyl phenyl sulfone3a, was formed
unexpectedly as the only product (entry 4, Table 1),

indicating the exclusive unusual regioselectivity of the
carbopalladation of allenes with the phenyl group connected
to the 1- or 3-position (instead of the 2-position4) and the
palladium atom connected to the center carbon atom of the
1,2-allenyl sulfones.

Further screening indicated that the reaction is not good
in THF or dioxane, yielding3a in only 4∼5% yield (entries
1-3, Table 1). MeCN is a much better solvent (entry 4, Table
1). The same reaction in DMF gave the product3a in the
best yield (87%) (entry 5, Table 1). It is quite interesting to
note that an excess amount of sulfone1a was required for a
high-yielding reaction probably due to the fact that the
formed allene3a may react further with PhI if PhI is in
excess. Further studies showed that the yield is lower with
an increased ratio of2a/1a. The reaction in absence of
Ag2CO3 gave the product3a in only 11% yield (entry 6,
Table 1). At a lower reaction temperature, the yield is lower
(compare entries 7 and 8 with entry 5, Table 1). It is
interesting to note that no monophenylation product was
detected even when the reaction was conducted at room
temperature (entry 8, Table 1).

With the standard reaction conditions in hand, the scope
of the reaction was studied with the typical results sum-
marized in Table 2. With different R1, 1,3-diphenylation
products 3 were formed in good yields. Both electron-
deficient and electron-rich aryl iodides can be used (entries
4-8, Table 2).
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Scheme 1

Table 1. Pd(0)/Ag+-Catalyzed Carbopalladation Reaction of1a
with PhI

entry solvent
temp
(°C)

time
(h)

yield of 3aa

(%)

1 toluene 80 3 6
2 THF 80 3 4
3 dioxane 80 3 5
4 MeCN 80 3 77
5 DMF 80 3 87
6 DMF 80 3 11b

7 DMF 60 7 70
8 DMF rt 12 49

a Isolated yield based on PhI.b Reaction was conducted in the absence
of Ag2CO3.
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The reaction of 3,3-disubstituted 1,2-allenyl sulfones1d-g
afforded the monoarylation products4 in moderate to
excellent yields (Scheme 2). The structures of all the products

were established by the X-ray diffraction study of4a (Figure
1).11

In conclusion, we have observed for the first time the
Heck-type allenylation of aryl halides with allenes: With

3-monosubstituted 1,2-allenyl sulfones, 1,3-double arylations
were observed, while the corresponding reaction of 3,3-
disubstituted 1,2-allenyl sulfones afforded 1-monoarylation
products.12 The regioselectivity of intermolecular carbo-
palladation of 1,2-allenyl sulfones is completely opposite to
what was reported in the literature.4 Although the role of
the sulfonyl group and 5 mol % Ag2CO3 is not clear, this
reaction yielded important information for the study of
carbometalation of allenes. Further studies in this area are
being conducted in our laboratory.
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Table 2. Pd(0)/Ag+-Catalyzed Reaction of 1,2-Allenic
Sulfones with Organic Halidesa

entry R1 ArX
time
(h)

isolated
yield of 3 (%)

1 Et (1a) PhI (2a) 3 87 (3a)
2 Me (1b) PhI (2a) 3 66 (3b)
3 n-pent (1c) PhI (2a) 3 70 (3c)
4 Et (1a) p-MeC6H4I (2b) 3 77 (3d)
5 Et (1a) p-MeCO2C6H4I (2c) 3 74 (3e)
6 Et (1a) p-MeCOC6H4I (2d) 2.5 81 (3f)
7 Et (1a) p-ClC6H4I (2e) 2 77 (3g)
8 Et (1a) p-BrC6H4I (2f) 2 76 (3h)

a Reaction was carried out using 0.3-0.6 mmol of 1,2-allenic sulfones.

Scheme 2

Figure 1. ORTEP drawing of4a.
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