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Despite the usefulness and widespread use of palladium-
catalyzed arylation and alkenylation of olefins (Heck reaction),1

successful examples of asymmetric Heck reactions are scarce and
have been reported only in the past few years, mainly using enan-
tiopure chelating diphosphines such as BINAP or (phosphinoaryl)-
oxazolines as chiral ligands.2 On the other hand, although
sulfoxides have proved to be efficient chiral auxiliaries in
asymmetric synthesis,3 especially in other crucial C-C bond
forming reactions such as Diels-Alder cycloadditions or nucleo-
phile additions, very little is known about their use in asymmetric
transition-metal-catalyzed reactions.4 To the best of our knowl-
edge we report here the first examples of asymmetric Heck
reactions using sulfoxides as chiral auxiliaries and how the sense
of the stereoselection can be controlled by appropriate choice of
the substitution at the sulfinyl moiety.5

2,3-Dihydrofuran has been the most frequently used substrate
in intermolecular asymmetric Heck reactions due to its cyclic
structure and good reactivity.6 In Table 1 are summarized the
results obtained in the palladium-catalyzed arylations of the readily
available (()-4-arylsulfinyl-2,3-dihydrofurans1-5.7

After some experimentation, we found that the reactions
proceeded cleanly in the presence of Ag2CO3 as base. Typical
experimental conditions are as follows: ArI (3 equiv), Pd(OAc)2

(10 mol %), and Ag2CO3 (2 equiv) in DMF at 100°C for a few
hours. These reactions took place similarly both in the absence
and in the presence of phosphine ligands (PPh3, dppp,8 or dppf8),
although in the latter case the processes were faster, giving in
satisfactory yields a mixture of 2-aryl-3-sulfinyl-2,5-dihydrofurans
A and B,9 which in many cases could be separated by flash
chromatography. However, the most interesting result concerns

the dependence of the stereoselectivity with the substitution at
the sulfoxide. Thus, regardless the electronic character of the
substitution at the aryl iodide, sulfoxides1-4 lead predominantly
to the isomersA with moderate stereoselectivity (diastereomeric
excess (de)) 34-56%), while theo-dimethylamino sulfoxide5
affords the isomersB with a remarkable stereocontrol (de) 70-
88%).10

Although from these preliminary results it is not possible to
establish a precise mechanistic explanation about the opposite
stereochemical outcome obtained from substrates1-4 and5, we
speculate that this different behavior could be attributed to either
a steric or a chelation control in the insertion step, respectively.
After oxidative addition, the coordination of the cationic arylpal-
ladium species1 [ArPdL2]+ with the double bond of vinyl
sulfoxides 1-4 in their s-trans conformations11 would occur
preferably from the least hindered face, that opposite to the Ar1

group, to give the complexC12 (Figure 1). Further insertion on
the double bond andâ-hydrogen elimination steps would lead to
the isomerA. In contrast, due to the excellent ability of the
palladium atom to coordinate amino groups, it can be assumed
that the initial coordination of [PhPdL2]+ to the NMe2 unit of 5
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would lead to the amino complexD,13 which would direct
intramolecularly the insertion of the aryl group (Ar2) from the
same side of the (N,N-dimethylamino)phenyl moiety to afford
finally the isomerB.

Having developed a stereoselective approach to the preparation
of 2-aryl-3-(arylsulfinyl)-2,5-dihydrofurans (A and B), it was
interesting to know if these new vinyl sulfoxides could undergo
a second Heck reaction to afford diaryl substituted dihydrofurans.
We were pleased to find that the major isomersB obtained from
dihydrofuran 5 reacted cleanly and in a fully stereoselective
manner under similar conditions to that described for5, but using
longer reaction times (20 h instead of 2-6 h).14 The reaction
appears to be general (Table 2), and the resulting 3,5-diaryldihy-
drofurans (19-23) were isolated as single isomers in good yields
(70-84%). This complete asymmetric induction might be
rationalized assuming a chelated model similar to that proposed
for dihydrofuran5, in which both the steric effects associated to
the substitution at C-2 and the coordination Pd/NMe2 in thes-trans
conformation of the unsaturated sulfoxide (10B or 12B) would
favor the insertion step from the face of the double bond opposite
to the aryl substituent at C-2.

To apply this methodology to the preparation of optically pure
compounds, enantiopure sulfoxides1-5 were required. Com-
pound (R)-5 (enantiomeric excess (ee)> 96%) was readily

prepared in 44% overall yield from (S)-o-(N,N-dimethylamino)-
phenyl methyl sulfoxide15 [(S)-24] as follows: reaction of the
R-sulfinyl anion of (S)-24 with ethylene oxide, formylation at
R-position with ethyl formate to give a mixture of hemiacetals
stereoisomers, and dehydratation with MsCl/Et3N (Scheme 1).
The Heck reaction of (R)-5 with iodobenzene under the usual
conditions afforded a 6:94 mixture of (2R,SR)-10A and (2S,SR)-
10B. After flash chromatography (2S,SR)-10B was obtained in
77% yield and its further desulfinylation by treatment with
activated powdered zinc16 led to the known (R)-2-phenyl-2,5-
dihydrofuran [(R)-25, 51% yield, ee> 96%17] whose optical
rotation was identical to the previously reported,18 proving
otherwise the stereochemical assignments previously established
by NMR for compoundsA and B.9 In a similar manner, the
treatment of (2S,SR)-10B with iodobenzene yielded (3R,SR)-19
(83%), which was cleanly transformed in one-step (90%) into
enantiopure (2S,4R)-2,4-diphenyltetrahydrofuran [(2S,4R)-26, [R]
) -52.5 (c ) 1.40, CHCl3), ee> 96%17] by reaction with Raney
nickel. (2S*,4R*)-26, called Calyxolane B, has been recently
isolated from a marine sponge.19

In conclusion, it has been demonstrated that the sulfinyl group
can be used as a novel and efficient chiral auxiliary in asymmetric
Heck reactions of dihydrofurans. The best results have been
obtained usingo-(N,N-dimethylamino)phenyl sulfoxides, in which
the presumed coordination of the Pd atom with the nitrogen
determines a high asymmetric induction in the key insertion step.
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Figure 1. Proposed models for the insertion step in the Heck reaction
of 1-4 and5.

Table 2. Heck Reaction of10B and12B with Iodoarenesa

Scheme 1a

a Key: (a) (i) LDA, Et2O, -78 °C; (ii) ethylene oxide; (b) (i) LDA,
-78 °C, THF; (ii) ethyl formate,-78 °C; (c) MsCl, Et3N, CH2Cl2, 0 °C;
(d) PhI, Pd(OAc)2, Ag2CO3, dppp, DMF, 100°C, 4 h; (e) PhI, Pd(OAc)2,
Ag2CO3, dppf, DMF, 100°C, 20 h; (f) Zn, sat. NH4Cl, THF, rt; (g) Raney
Ni, H2, EtOH, 0°C.
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