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Palladium-catalyzed cross coupling reactions of Ar-X (X
) I, Br, and OTf) with carbon nucleophiles (R-M, where M
) SnR′3, BR′2, or MgX) have found wide application in the
syntheses of complex organic molecules, due in part, to the mild
reaction conditions and high functional group compatibility.1

Successful extension of this class of reactions to heteroatom
nucleophiles including amines2 and thiols3 has been reported.
Recent advances in the Pd-catalyzed aryl aminations have
extended the generality of this reaction to include a wide variety
of amines.4 In contrast, the Pd-catalyzed coupling of Ar-X
with alcohols still remains an elusive goal despite its potential
application in organic synthesis. Aryl ethers, including oxygen
heterocycles, are prominent in a large number of pharmacologi-
cally important molecules and are found in numerous secondary
metabolites.5 Existing methods for the conversion of Ar-X to
aryl ethers often require harsh or restrictive conditions and/or
the presence of activating groups on the arene ring.6 For
example, the Cu(I)-catalyzed syntheses of aryl and vinyl ethers
commonly require freshly prepared sodium alkoxides in a large
excess of the corresponding alcohol to achieve reasonable yields
from the corresponding aryl halides and vinyl halides.7 Fur-
thermore, this method has not been demonstrated to be effective

for the coupling of tertiary alkoxides and we are aware of no
reports of intramolecular processes of this type which proceed
in good yield.8 Herein we report our efforts in effecting an
intramolecular Pd-catalyzed ipso substitution of an aryl halide
with an alcohol (eq 1).

Subjecting substrates1 and2 to reaction conditions which
were successful in the intramolecular Pd-catalyzed amination
reaction (Pd2(dba)3, 2P(o-tolyl)3, NaOt-Bu in toluene at 80°C)
afforded no desired cyclized product.9 Conversely, the use of
ligands including (S)-(-)-2,2′-bis(di-p-tolylphosphino)-1,1′-bi-
naphthyl (Tol-BINAP), (S)-(-)-2,2,′-bis(diphenylphosphino)-
1,1′-binaphthyl (BINAP), and 1,1′-bis(diphenylphosphino)-
ferrocene (DPPF) in place of P(o-tolyl)3 effected cyclization of
the model substrates atg80 °C in toluene with either Pd2(dba)3
or Pd(OAc)2 as the Pd source and either NaOt-Bu or K2CO3 as
base.10 This observation is in accord with recent reports that
chelating bis(phosphine) ligands significantly improved the Pd-
catalyzed amination reaction.4c,d Although Pd2(dba)3 was an
effective precatalyst, Pd(OAc)2 was found to be superior. Using
the aforementioned conditions, a variety of intramolecular
substrates were examined and the results obtained are shown
in Table 1.11

As shown, five-, six-, and seven-membered heterocycles were
obtained in good yields from the corresponding aryl halide. In
addition, a number of functional groups were found to be
compatible with the reaction conditions including acetals (entry
3), silyl ethers (entry 4), and amides (entry 7). Reactions
performed using method A were significantly slower (24-36
h) than reactions performed using method B (1-6 h); however,
the reactions using method A were somewhat cleaner. It should
be noted that no reaction was observed in the absence of base.
Cyclization of the aryl iodide substrate (entry 2) was extremely
slow in toluene, but in 1,4-dioxane, complete conversion
occurred in 24-36 h. Two equivalents of ligand relative to
palladium and two equivalents of NaOt-Bu relative to substrate
were required to achieve reasonable yields in the cyclization of
substrates containing a secondary alcohol (entries 11 and 12).
Observed side products included dehalogenation of the aryl
halides and, in the case of substrates containing a secondary
alcohol, oxidation of the alcohol to the ketone. Attempts to
cyclize 2-bromophenethyl alcohol afforded only phenylacetal-
dehyde which was unstable under the reaction conditions.12

The mechanism of the Pd-catalyzed synthesis of aryl ethers
most likely proceeds via a pathway roughly similar to that
suggested for the Pd-catalyzed aryl amination reaction.9a,13As
shown in Scheme 1, oxidative addition of the Pd(0)Ln with the
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aryl halide affords the Pd(II) organometallic intermediateA. In
the presence of a suitable base, chelation/deprotonation could
afford the palladacycleC, which then undergoes reductive
elimination to yield the oxygen heterocycle.14 IntermediateA
bearing a chelating DPPF ligand was isolated and characterized
by NMR and IR spectroscopy and by elemental analysis. This
complex was found to be chemically and kinetically competent

as a catalyst for the conversion of 4-(2-bromophenyl)-2-methyl-
2-butanol to 2,2-dimethylchroman. In addition, heating a
solution ofA and a stoichiometric amount of NaOt-Bu in toluene
afforded 2,2-dimethylchroman as the only detectable product
by GC. Attempts to isolate palladacycleC, however, proved
unsuccessful.15

In summary, we have developed the first Pd-catalyzed
synthesis of cyclic aryl ethers from alcohols and aryl halides.
This process was shown to be reasonably functional group
tolerant and produces five-, six-, and seven-membered hetero-
cycles in moderate to good yield. Efforts to extend the substrate
scope to primary alcohols as well as developing an intermo-
lecular version are currently in progress.
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Table 1. Pd-Catalyzed Synthesis of Cyclic Aryl Ethers

( )y

aMethod A: 5 mol % Pd(OAc)2, 6 mol % Tol-BINAP, 1.2 equiv
of K2CO3 in toluene at 100°C. Method B: 3 mol % Pd(OAc)2, 3.6
mol % DPPF, 1.2 equiv of NaOt-Bu in toluene at 80°C. Method C:
5 mol % Pd(OAc)2, 10 mol % DPPF, 2.0 equiv of NaOt-Bu in toluene
at 90°C. b Yields refer to average isolated yields of two or more runs.
cReaction was performed in 1,4-dioxane.

Scheme 1
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