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The tetrahydrofuran moiety is a commonly occurring structural
feature of a large number of biologically active natural products,
many of which contain substituents at the 1′-, 2-, and 5-positions
of the ring.1,2 Thus, there has been a long-standing interest in the
stereoselective synthesis of substituted tetrahydrofurans, and a
number of different methods have been devised for their prepara-
tion.2 However, only three methods allow for ring closure with
concomitant formation of both a new stereogenic center and a new
C-C bond at the C1′-position.3 These methods tend to exhibit only
modest (ca. 1-3:1) stereoselectivity for the preparation of 2,3- and
2,5-disubstituted tetrahydrofurans and are limited to a narrow range
of substrates. Herein we describe a new, stereoselective method
for the synthesis of substituted tetrahydrofurans fromγ-hydroxy
alkenes that forms both a C-C and a C-O bond and up to two
new stereocenters; extremely high diastereoselectivities (g18:1) are
observed for the formation of 2,5- and 2,3-disubstituted tetrahy-
drofurans. We also report our initial studies on the mechanism of
this transformation, which suggest the reaction proceeds via an
unusual intramolecular insertion of an olefin into a Pd(Ar)(OR)
intermediate.

During the course of our studies on late transition metal-mediated
sp3 carbon-heteroatom bond-forming reactions we became inter-
ested in the possibility of capturing the organopalladium intermedi-
ate generated in a Heck reaction with a heteroatom nucleophile.4-7

For example, reaction of aγ-hydroxy alkene (1) with an ArPdX
species in the presence of a base could afford organopalladium
intermediate2, which could undergo reductive elimination to
provide a substituted tetrahydrofuran with the generation of two
stereocenters and two bonds (Scheme 1).

Larock has previously demonstrated that Pd-catalyzed reactions
of aryl halides with 4-penten-1-ol typically afford aldehyde and/or
alcohol products resulting from Heck-insertion/â-hydride elimina-
tion processes.8,9 However, we felt that the formation of tetrahy-
drofurans could be achieved with a judicious choice of palladium
catalyst. Our initial experiments focused on the reaction of 4-penten-
1-ol (3) with 2-bromonaphthalene (eq 1). We found that small

amounts (ca. 20%) of the desired tetrahydrofuran were formed in
the presence of catalytic Pd2(dba)3/P(o-tol)3 with NaOtBu as base.10

Use of DPE-Phos11 as ligand increased the yield of this transforma-
tion, and when an excess of the aryl bromide and base (2.0 equiv
each) were employed, the desired product was obtained in 76%
isolated yield.12

As shown in Table 1, a variety of primary, secondary, and tertiary
γ-hydroxy alkenes react with electron-rich and -neutral aryl
bromides to provide tetrayhdrofuran products in good yield; vinyl
bromides may also be employed as coupling partners (Table 1,
entries 4 and 10).13 The main side products observed in these
reactions are dehalogenated arenes along with aldehydes/ketones
resulting from oxidation of the alcohol substrates. Only trace
amounts of arylated “Heck-type” products were formed.

Substitutedγ-hydroxy alkenes undergo cyclization with good
to excellent levels of diastereoselectivity.trans-2,5-Disubstituted

Scheme 1

Table 1. Tetrahydrofuran Synthesisa

a Conditions: 1.0 equiv alcohol, 2.0 equiv ArBr, 2.0 equiv NaOtBu, 1
mol % Pd2(dba)3, 2 mol % DPE-Phos, THF (0.25 M), 65°C, 2 h.b Yields
represent average isolated yields for two or more experiments.c This
material contained ca. 5% of a regioisomeric product.d The reaction was
conducted with 4 mol % P(o-tol)3 as ligand in toluene solvent at 110°C.
e The reaction was conducted with 2.5 mol % Pd2(dba)3/10 mol % P(o-
tol)3 in toluene at 110°C for 48 h.
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and trans-2,3-disubstituted products are obtained from the corre-
sponding 1- and 3-substituted alcohols, respectively, ing18:1 dr
(Table 1, entries 5, 6, 8).14,15 Reaction of a 2-substituted alcohol
substrate proceeded with modest (2:1) stereoselectivity, affording
the correspondingcis-2,4-disubstituted product (entry 7).14,15 Tet-
rahydrofurans withanti-1′,2-stereochemistry (entries 9-10) were
obtained in reactions oftrans-disubstituted olefin4.14,15 Reaction
of cyclic olefin 6 afforded bicyclic product7 with >20:1 diaste-
reoselectivity (entry 11).

The stereochemical outcome of these reactions can be used to
analyze possible mechanisms of this transformation. The high
regoioselectivity of these reactions coupled with the high diaste-
reoselectivity observed in the formation oftrans-2,5-disubstituted
products suggests that the initial step of this processis not
intermolecular carbopalladation; it is unlikely that high 1,4-
asymmetric induction would be achieved without chelation/direction
by the substrate. Furthermore, previously described Heck arylations
of 3 afford mixtures (ca. 5:1) of regioisomeric products,8 whereas
our reactions typically affordg95:5 regioselectivity.

Three other mechanisms could potentially account for the
formation of tetrahydrofuran products under these conditions
(Scheme 2). The elegant studies of Semmelhack have shown that
Pd(II)-catalyzed carbonylations ofγ-hydroxy alkenes proceed via
Wacker-typetrans-hydroxypalladation of a Pd(II)-olefin com-
plex.3a-c,4-6 The related reaction of a Pd(Ar)(X)-olefin complex
bearing a tethered alkoxide (8) could potentially afford 2-benzyl-
substituted tetrahydrofurans (Path A). However, this pathway would
providesyn-1′,2-disubstituted products fromtrans-olefin substrate
4 rather than theanti-1′,2-disubstituted products that are observed.
Thus, this mechanism can be ruled out on the basis of product
stereochemistry.16

The remaining two mechanistic pathways would both provide
products with the observedanti-1′,2-stereochemistry. Reaction of
alcohol4 with NaOtBu and a Pd(Ar)Br complex would lead to the
formation of a Pd(Ar)(OR) intermediate (9),17,18 which could
undergo insertion of the olefin into the Pd-O bond19 (Scheme 2,
Path B) followed by C-C bond-forming reductive elimination.20

Alternatively,9 could undergo insertion of the olefin into the Pd-C
bond followed by sp3 C-O bond-forming reductive elimination
(Path C).21 In both mechanisms the high 2,5- and 2,3-diastereose-
lectivites would arise from the substrate reacting through an
organized, cyclic transition state in which the substitutents are
oriented in pseudoequatorial positions. We are unable to differentiate
between these two possible mechanisms with our current data. The
intramolecular insertion of an olefin into a Pd(Ar)(OR) complex is
unprecedented in catalytic reactions, as is sp3 C-O bond-forming
reductive elimination in nonallylic systems. Related transformations
are precedented in stoichiometric reactions of Pt- or Ni-complexes,
but are rare.19,21

In conclusion, we have developed a new, stereoselective,
palladium-catalyzed synthesis of substituted tetrahydrofurans from
γ-hydroxy alkenes. In contrast to related Pd(II)-catalyzed alkoxy-
carbonylation reactions,3a-c,4-6 these new reactionsdo not proceed
through a Wacker-type mechanism. Further studies on the scope,
limitations, applications, and mechanism of these reactions are
currently underway.
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Scheme 2. Possible Mechanistic Pathways
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