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Scheme 1. Sy
Stille reaction was performed with several halo cis-diol derivatives by reaction with allyltributyltin in the
presence of a palladium catalyst forming allyl cis-dihydrodiol derivatives. These couplings were con-
ducted with conventional heating as well as with microwave irradiation. Allylbenzene cis-dihydrodiol
was obtained with excellent yield using mild conventional heating. However, if the diol moiety is pro-
tected with the isopropylidene group, the expected product is obtained only under microwave irradia-
tion. The unusual reactivity observed for the polyoxygenated derivatives suggests assistance of the free
hydroxyls in the catalytic cycle.

� 2008 Elsevier Ltd. All rights reserved.
Biotransformation of monosubstituted arenes by mutant strains
of Pseudomonas putida1 to produce cis-dihydrodiols is a valuable
process2 leading to homochiral synthons, which are useful in
asymmetric synthesis of natural products.3,4 Although there are
more than 400 cis-arene diols known, low production yields and
substrate specificity of the enzyme involved in this transformation
limit the synthetic possibilities of these multifunctional com-
pounds. In order to expand the utility of these cis-diols, it is highly
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desirable to increase the variety of these compounds available,
with different motifs in their side chain. Up to now, there have
been only a few reports aiming at this goal, such as Boyd’s5,6 palla-
dium-catalyzed cross-coupling of unprotected cis-diols, Hudlicky’s
preparation of alkynes7 and Ley’s preparation of organostannanes
as Stille cross-coupling partners.8 Also, results concerning the side
chain modification of cis-diols on previously functionalized rings
have been reported.9–15
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Table 1
Stille cross-coupling of allyltributyltin and cis-cyclohexadienediols and derivatives
under conventional heating

1a-k + SnBu
3

Pd(PPh
3
)
4
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2a-k

a

Entry Reactant
(1a–k)
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(�C)

Time
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(2a–k)
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(%)
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OH 2a
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OH 2a
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O
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O

OO
O
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O

OO
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Traces

a All reactions were carried out using 15 mol % of palladium catalyst.
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We based our study on Boyd’s work5 in which cis-cyclohexadi-
enediols reacted with allyltributyltin in the presence of a palla-
dium catalyst to replace bromine or iodine by an allyl group,
forming allyl cis-dihydrodiols in low to moderate yields. We stud-
ied this reaction over several cis-dihydrodiol derivatives in order to
obtain valuable synthons for our research program in natural prod-
ucts synthesis.16 Insertion of allylic side chain into cis-diol deriva-
tives combined with modern synthetic methodologies is currently
the focus of our research, in order to achieve the total synthesis of
chiral epoxyenones, such as epoxyquinols, ambuic acid, jesterone
and related compounds (Scheme 1).17 In this Letter, we present
our results involving the Stille cross-coupling of allyltributyltin
and several cis-diols and derivatives, under conventional heating
and microwave irradiation, to obtain proper synthons for our re-
search program.

Stille reactions were conducted with conventional heating (oil
bath) as well as with microwave irradiation.18 Allylbenzene cis-
dihydrodiol (Table 1, entry 1, 2a) was obtained with excellent yield
by reaction of iodo precursor 1a with allyltributyltin under mild
heating. Despite Boyd’s work in which bromo cis-cyclohexadiene-
diol 1b did not react at 35 �C, the product 2a could be obtained
at a higher temperature. However, the reaction yield was lower
than the one obtained with the iodo derivative. Compound 2a
showed to be unstable in mild acidic conditions rendering aro-
matic products. As functionalization grows on the cyclic structure,
this type of compounds becomes more stable. Protected cis-diols,
as well as further functionalized derivatives are also suitable syn-
thons for our synthetic purposes. A very common way to prevent
aromatization of cis-dihydrodiols is to protect the diol moiety with
the isopropylidene group (1c,d). The isopropylidene group also
blocks one face of the cyclohexadiene, hence directing the
stereochemical outcome of the reaction.3 However, when Stille
cross-coupling was performed with substrates containing the iso-
propylidene group, no reaction was achieved (Table 1, entries 3
and 4). These results suggest that steric hindrance of this protec-
tive group does not allow the reaction to occur. When iodo cis-
dihydrodiol is protected as its diacetate (1e), cross-coupling occurs
in 3 h at 35 �C in 72% yield (entry 5), supporting the hypothesis
that the steric effect plays an important role in this reaction. How-
ever, polyoxygenated derivatives 1f–i19–21 afforded the expected
products even when they are partially protected as acetonides.
These results indicate that an assistance of the free allylic hydroxyl
in the palladium catalytic cycle may occur.22,23 In an effort to con-
firm these hypothesis, compounds 1j and 1k were submitted to the
same cross-coupling conditions. Reaction of the sterically hindered
derivative 1k only afforded small amounts of 2k, and compound 1j
showed no reaction. A more detailed observation of the results in
Table 2
Stille reaction of cis-diol 1b under various conditions

+ SnBu3 Pd catalyst

THF

2a

Br
OH

OH
1b

OH

OH

Entry Source of
heatinga

Pd catalyst
(mol %)

Temperature
(�C)

Time
(min)

Yield

1 Oil bath Pd(PPh3)4 (15%) Reflux 480 20
2 Microwave Pd(PPh3)4 (15%) 90 5 15
3 Microwave Pd(PPh3)4 (7%) 90 5 7
4 Microwave Pd(PPh3)4 (15%) 90 10 38
5 Microwave Pd(PPh3)4 (15%) 100 6 42
6 Microwave PdCl2(PPh3)2 (15%) 100 6 12
7 Microwave Pd(PPh3)4 (15%) 120 6 13

a Microwave reactions were carried out using 200 W power.
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Table 1 (entries 7–9) shows that compounds 1g and 1i were con-
verted to the corresponding allyl derivatives in higher yields than
1h. These results outline the importance of the presence of an
allylic hydroxyl moiety at the coupling partner, specially when it
is arranged at the less hindered face, opposite to the isopropyli-
dene group.

Stille reactions were also conducted under microwave condi-
tions to study a possible improvement in the reaction rates and
yields. Reaction of 1b was studied in detail in order to define the
best conditions for microwave heating. Time, temperature, catalyst
and catalyst load were varied. These results are showed in Table 2.
Table 3
Stille cross-coupling of allyltributyltin and cis-cyclohexadienediols and derivatives
under microwave irradiation
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a All reactions were carried out using 200 W power.
b All reactions were carried out using 15 mol % of palladium catalyst.
Lowering the catalyst load affected the reaction course (entry 3).
The reaction yield can be improved by using a longer irradiation
time (entry 4), as well as raising the temperature to 100 �C (entry
5). However, at 120 �C the reaction yield decreased, probably due
to catalyst decomposition and formation of oxidative addition
products.24 When the catalyst was changed to PdCl2(PPh3)3, the
reaction did not work in a satisfactory manner (entry 6).

Once the reaction conditions for 1b were optimized, microwave
reactions were extended to a variety of derivatives. As shown in
Table 3, when the diol moiety was protected with isopropylidene
group (1c and d, entries 3 and 4) the expected product was ob-
tained in modest yields by microwave irradiation at higher tem-
peratures. In general, higher reaction times did not afford better
conversions. These preliminary results indicated that cross-cou-
pling can be significantly accelerated under microwave-assisted
conditions, but a finer tuning of the reaction parameters must be
performed in order to achieve higher yields.

In conclusion, Stille reaction has been successfully performed
with cis-dienediols and derivatives.25,26 These transformations
are promoted by oxygenated groups such as free hydroxyls or ace-
tates. Results obtained with polyoxygenated derivatives suggest an
assistance of the free allylic hydroxyl in the catalytic cycle. Also, it
is demonstrated that higher yields were obtained when the assist-
ing hydroxyl is placed at the less hindered face. However, if the diol
is protected with an isopropylidene group, the coordination to the
palladium species is more difficult due to steric restrictions and the
reaction did not take place under conventional heating. The use of
microwave irradiation improves reaction rates and yields in a sig-
nificant way for isopropylidene-protected cis-cyclohexadienediols,
in comparison with conventional heating.

Stille cross-coupling proved to be a valuable tool to obtain prop-
er building blocks for the synthesis of chiral epoxyenones. Exten-
sion of this coupling protocol for the synthesis of natural
products of this type is currently under investigation and will be
reported in due course.
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