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ABSTRACT

Grubbs’ RuCl2(dCHPh)(PCy3)2 (catalyst 1) and RuCl2(dCHPh)(PCy3)(IMess) (catalyst 2) complexes have been successfully utilized in the
construction of â,γ-unsaturated δ-lactones containing various substitution patterns of methyl groups. Asymmetric dihydroxylation followed
by reduction leads to 3,4-cis-dihydroxy-2,6-dideoxypyranoses, which have proven to play very important biological roles as key components
of natural products.

The ring-closing metathesis (RCM) reaction continues to play
a powerful role in the construction of complex organic
molecules.1 The development of ruthenium carbene com-
plexes (1 and 2 Figure 1) by Grubbs and co-workers is

particularly notable because of the remarkable functional
group tolerance, operational simplicity, high stability, and

availability.2 Although used extensively to form large-
membered macrocycles and nitrogen-containing heterocylces,
only a few examples are found in the literature for the
formation ofR,â-unsaturatedγ- andδ-lactones.3 To the best
of our knowledge, there is no precedence for the RCM
production ofâ,γ-unsaturatedδ-lactones.

Deoxysugars and deoxysugar oligosaccharides are impor-
tant integrated components in biological systems.4 Because
of the high density of stereogenic centers in these com-
pounds, their synthesis from nonchiral compounds represents
a challenge for synthetic chemists. All diastereomers of the
2,6-dideoxypyranoses have been previously synthesized
and are all found in nature in medicinally interesting
glycosides.5 Our strategy for the synthesis of 2,6-dideoxy-
pyranosides was to utilize the RCM reaction for the forma-
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Figure 1. Grubbs first (1) and second (2) generation catalysts.
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tion of â,γ-unsaturatedδ-lactones. Asymmetric dihydroxy-
lation (AD) of these highly functionalized compounds
followed by borohydride reduction would result in the
desired compounds. The dihydroxylation of theseâ,γ-
unsaturated cyclic systems introducescis-hydroxyl groups
in the C(4)- and C(5)-positions of theδ-lactone. Our route,
which starts from simple precursors, is amenable to variations
at several positions and proves valuable in the diastereose-
lective synthesis of an array of highly functionalizedδ-lac-
tones, which can be easily converted to 2,6-dideoxypyrano-
sides.

Our reaction sequence takes advantage of the formation
of simple homoallylic esters. First, acids4a-c were prepared
via a Grignard reaction (Scheme 1).6 By introducing readily

available homoallylic alcohols5a and5b, compounds6a-f
were prepared via a Fisher esterification by employing an
inverse Dean-Stark trap utilizing chloroform as the azeotro-
ping solvent (Table 1).7 It is important to note that esterifi-

cation did not work efficiently under Fisher conditions with
azeotroping solvents toluene or benzene.8 Ester precursors
for D- andL-pyranosides were prepared from readily available
chiral propargylic alcohols (-)-(S)-7aand (+)-(R)-7b (Scheme
2).

Esterification followed by reduction with Lindlar’s catalyst
proved to be the method of choice for producing both the
(R)- [corresponding to (D)] and (S)- [corresponding to (L)]
enantiomers for the construction of pyranosides.

The ring-closing metathesis of compounds6a-j proceeded
in high yields. Grubbs’ RuCl2(dCHPh)(PCy3)2 catalyst1
proved to be efficient for compounds6a,c,d,g-j , producing
yields similar to those obtained with the use of RuCl2-
(dCHPh)(PCy3)(IMes) catalyst2, as illustrated in Table 2.
Reaction conditions were optimized to run in either dichlo-
romethane or chloroform under refluxing conditions in the
0.01 M range. It was observed that under increased concen-
tration conditions (i.e.,>0.01 M), a cross-metathesis product
would arise with the use of both1 and2.9

The major difference between the two catalysts is their
relative reactivity. Catalyst1 worked best at 5 mol %,
whereas catalyst2 worked on a 1 mol % scale. Also entry
6 in Table 2 illustrates the formation of a tetrasubstituted
olefin in which catalyst1 gave no evidence of theδ-lactone.
This reactivity difference can be reasoned that due to the
lack of carbene stabilization provided by the absence of
π-interactions, the imidazole ligand is more basic than the
tricyclohexylphosphine analogue. The higher basicity trans-
lates into an increased activity of RuCl2(dCHPh)(PCy3)-
(IMes) (catalyst2).2a In an attempt to optimize the reaction
conditions, various amounts of Ti(OiPr)4 were added.3a-c,e,10

The rationale for its addition has to do with alleviating the
formation of a seven-membered stable metal complex in
which the Ru chelates to the carbonyl oxygen of the ester,
which can potentially slow the conversion rate. GC monitor-
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Scheme 1. Grignard Syntheses of Homoallylic Acids

Table 1. Utilizing an Inverse Dean-Stark Trap for the
Formation of Terminal Substituted Olefinic Esters

Scheme 2. Preparation of Stereodefined Olefinic Esters
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ing provided direct evidence for complete conversion.
Column chromatography ensued after eachâ,γ-unsaturated
δ-lactone formed for the purposes of removing the cross-
metathesis product (<1% w/w) and Ru catalyst.11 Com-
pounds8b and 8e (entries 2 and 5, Table 2) proved to
be relatively unstable at room temperature and quickly
decomposed into the more highly stable conjugated com-
pounds.

The asymmetric dihydroxylation was attempted utilizing
a number of procedural protocols.12 The readily available
AD-mix (both R andâ) gave both poor yields and low d.r.

The use of methanesulfonamide in the reaction led to product
degredation. Commercially available AD-mixes consist of
0.4 mol % K2[OsO2(OH)4], 1 mol % (DHQD)2PHAL (AD-
mix â) or (DHQ)2PHAL (AD-mix R), 3 equiv of K3[Fe-
(CN)6], and 3 equiv of K2CO3.13 In the case of internal
olefins, the addition of at least a stoichiometric amount of
a hydrolysis aid such as Et4NOAc or MeSO2NH2 is
required to obtain reasonable reaction rates due to hydrolysis
problems or sterically hindered intermediate osmate esters.
It was found that the optimal reaction conditions were
met when the substrates were subjected to mild basic
conditions such as 1.5 M KH2PO4 at pH 10.1, 4 mol % K2-
OsO2(OH)4, 3 equiv of K3Fe(CN)6, and 5 mol % ligand. It
is known that internal olefins react best at pH values between
11.2 and 12 due to an enhanced hydrolysis of the intermedi-
ate osmate esters under strong basic conditions.14 It was
observed that the diastereoselectivity of the reaction was
lower when the reaction was run with high pH values (ca.
pH 12.0).

With achiral substrates, the chiral ligand induces the
expected configuration according to the Sharpless mnemonic
(Scheme 3). However, when the methodology was applied

to those compounds of preset chirality (entries 1-8, Table
3), the desired dihydroxylated compound had a tendency to
arise as a mixture of diastereomers in the “mismatched”
cases. These diastereomers were purified by column chro-
matography. The diastereomeric ratios were calculated from
data obtained by NMR and confirmed by utilizing a
Chiraldex B-PH 30 m× 0.32 mm capillary GC column (â-
cyclodextrin permethylated hydroxypropyl) by first convert-
ing the free hydroxyls to the trifluoroacetates. Attempts
to invoke the dihydroxylation in the absence of the chiral
ligand gave an 80:20 mix with compounds9c, 9e, 9g, and
9j.
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Table 2. Synthesis of Methyl-Substitutedδ-Lactones via
Ring-Closing Metathesis

a Reaction concentration was 0.01 M.b Isolated yield from column
chromatography. N/A) no attempt; NR) no reaction.

Scheme 3. Asymmetric Dihydroxylation for the Synthesis of
2-Deoxyribolactone

a Key: (a) Na(CN)BH3, 1.0 M AcOH/AcONa pH 5.2.
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Reduction of the lactone to the lactol was accomplished
with aqueous Na(CN)BH3 to give the final 2,6-dideoxysugar.

In conclusion, we have demonstrated a feasible route into
2,6-dideoxysugars employing a RCM and an AD strategy.
This chemistry provides an avenue into a number ofâ,γ-
unsaturatedδ-lactones that can be easily converted into an
array of deoxygenated sugar derivatives. We have found that
the use of Ti(OiPr)4 as a chelating agent was not required in
the RCM reaction, but did serve to expedite the overall
reaction (16 h to 6 h). Asymmetric dihydroxylation of
chirally biased molecules provided access into thecis-
hydroxyl diastereomers.
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Table 3. Conversion ofâ,γ-Unsaturatedδ-Lactones to 2,6-Dideoxysugars

a Overall yield after chromatography based on the startingâ,γ-unsaturatedδ-lactones.b c ) 1.0, D2O.
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