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A palladium-catalyzed arylation of allylic acetates followed by -acetoxy elimination was shown to produce Heck-type coupling products.

Optimal reaction conditions employed ligand-free palladium on carbon in the presence of tetrabutylammonium chloride, a trialkylamine base,

and water.

Palladium-catalyzed coupling reactions are among the mosting olefinic products. Methods for the intermolecular cou-

useful synthetic methods for the formation of carba@arbon
and carbon-heteroatom bondslncluded within this general
class is the Heck reactidgnyhich has received a substantial
amount of interest since its initial repértRecently, we
reported the intramolecular Heck-type coupling of aryl
iodides and allylic acetates/carbonat¢sAcetoxy elimina-
tion occurs preferentially ovet-hydride elimination, produc-
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pling of allylic acetates and aryl iodides have been previously
reported; however, these methods require stoichiometric
amounts of metal additives to form nucleophilic reagemts
situ® Herein, we report a method for aryhllyl intermo-
lecular coupling between aryl iodides and allylic acetates.

1-lodonaphthalené and allyl acetate were reacted with
use of our previously optimized conditions for the intramo-
lecular reaction (Scheme 1).

While a low yield of the desired produtwas obtained,
examination of other allyl leaving groups gave even poorer
results (Table 1). We then examined the effect of the catalyst
and additives.

Scheme 1. Initial Coupling Experiments

/\/OAC (2 equiv)

Pdy(dba)s (5 mol%)

! (o-tolyl)sP (0.2 equiv) oS
n-BuNMes (2.0 equiv) OO
OO CH3GN-H,0 (10:1)
160 °C, 10 min 23%
(microwave)

1




Table 1. Investigation of Leaving Groups for the Table 2. Heck-Type Coupling of Allyl Acetate with Various

Intermolecular Heck-Type Coupling Reaction Aryl lodidest
X entry aryl iodide product yield
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(2.0 equiv) 1 OO 1 OO 2 80
yield yield
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aConditions: aryl iodide (1.0 equiv), allylic acetate (2.0 equiv)(Eia)
(5 mol %), ©E-tolyl)sP (22 mol %),n-BuMeN (2.0 equiv), CHCN—H,0, 4 71
10:1, 160°C in microwave reacto NMR yield, mesitylene used as internal 7 8
standard.
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Optimization of the palladium catalyst showed palladium .
on carbon to be the catalyst of choice (Scheme 2). The use s 9 10 %8
of phosphine ligands in the reaction provided low yields of OMe OMe
2; however, other ligand free palladium sources such as
palladium acetate led to complete conversion of the starting P
material. '
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A number of tetrabutylammonium salts were also screened
as additives for the reaction. It was found that tetrabutylam- 5 2 Ncglndgig?é Oaryl ,iO)didg S.ON ?E%iv), all)ylifoscgtda/te E)&O (iquivl),
. . . . . Us X2 .0 equiv),n-BuMe; .U equiv), (1) carpon mo
monium chloride increased the conversion of the reaction %), HO (1.0 equiv), DMF, 180C sealed tube, 3 h except as notedll

similarly to the ligand-free Heck coupling reported by yields refer to isolated, pure productsReaction heated for 8 H.Reaction
Jeffery? heated for 1 h with 10% Pd/carbon (5 mol %)8% of internal olefin

; - observed.
The reaction scope was explored under the optimized

conditions. We began by examining the aryl iodide partner
(Table 2). Electron donating groups (entry 5) led to increased jmes. However

reaction times, presumably due to slower oxidative addition 4kene to the thermodynamically more stable styrenyl system
of palladium into the aryl iodine bondSubstrates bearing  ,ccyrred under the reaction conditions (entries 6 and 8). In

electron withdrawing substituents required shorter reaction yha case of an ester in thEara position 13 (entry 7) the
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in these cases rapid isomerization of the
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We next turned our attention to the range of allylic acetates (entries 3-5). Olefin selectivity was dependent upon the size
that participate in the reaction (Table 3). As with most Heck of the substituent, with larger substituents leading to the less

Table 3. Heck-Type Coupling of 1-lodonaphthalene with

Various Allylic Acetated
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sterically hindered trans product.

Scheme 3. Proposed Mechanism for the Heck-Type Coupling
Reaction
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A possible mechanism (Scheme 3) for this reaction
involves initial oxidative insertion of palladium into the aryl
iodine bond ofl to give 28, followed by carbopalladation
of olefin 29 to give intermediate80. Intermediate30 then
undergoeg-acetoxy elimination to giv@. Reduction of Pd-

(I1) to Pd(0) is then most likely achieved by coordination of
an amine base followed Brhydride transfer and reductive
elimination of hydrogen iodide. While a-allyl-type inter-
mediate could also be postulated, the formation of isomeric
products from isomeric starting materials (entries 1 vs 3)
suggests this is not a dominant process.

In summary, we have developed an intermolecular cou-
pling of aryl iodides and allylic acetatesa a Heck-type
coupling under low palladium catalyst loadings. This pro-
cedure gives rapid access to a range of both terminal and
internal olefins, which can easily be further functionalized.

aConditions: aryl iodide (1.0 equiv), allylic acetate (3.0 equiv),
BusNCI-xH,0 (3.0 equiv),n-BuMeN (4.0 equiv), 10% Pd/carbon (1 mol
%), HO (1.0 equiv), DMF, 180C sealed tube, 3 h except as notedll
yields refer to isolated, pure productdReaction heated for 12 H.10%
Pd/carbon (10 mol %).
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reactions, substitution on the olefin led to slower reaction
rates and lower yieldsInterestingly, use of a 1,2-disubsti-
tuted olefin (entry 1) led to the formation of a tertiary center,
which offers the possibility of developing an asymmetric
method. Substitution at the positionto the acetate was also
tolerated and afforded the desired products in good yields OL051947E

Supporting Information Available: Experimental pro-
cedures and full characterization of all new compounds. This
material is available free of charge via the Internet at
http://pubs.acs.org.

Org. Lett, Vol. 7, No. 21, 2005 4747



