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Abstract—The regioselective dihydroxylation of a series of functionalised polyenes is described. Under acidic conditions, the
osmate ester derivatives obtained from oxidation with OsO4/TMEDA undergo an intramolecular cyclisation reaction forming
functionalised tetrahydrofurans with high stereoselectivity and in good yield. The generality of this method is illustrated with an
application to the synthesis of a bis-tetrahydrofuran ring system. © 2001 Elsevier Science Ltd. All rights reserved.

Recently we reported that the combination of osmium
tetroxide and TMEDA forms a reagent that is a willing
hydrogen bond acceptor. Oxidation of a series of cyclic
allylic alcohols1 and amides2 with this reagent gives a
directed dihydroxylation reaction resulting in the for-
mation of syn stereoisomers that are difficult to access
by other means. We have also reported preliminary
results on the oxidation of allylic alcohols containing
more than one alkene unit and have shown that hydro-
gen bonding is a viable means of controlling regioselec-
tivity.1 As an extension of these studies we had cause to
oxidise a series of allylic trichloroacetamides using the
OsO4/TMEDA combination (Scheme 1). As expected,
the reactions were regioselective forming the diol prod-
ucts derived from attack at the proximal alkene. In
each case the oxidation regime involved addition of the
transition metal and TMEDA in dichloromethane at
−78°C, followed by hydrolysis of the resulting osmate
ester with acidic methanol.

In fact, the two oxidations illustrated below show that
the directed dihydroxylation reaction is capable of con-
trolling not only regioselectivity, but also gives (syn)
stereoselectivity in both cyclic and acyclic3 systems.

Dihydroxylation of alkenes 1 and 3 under more standard
conditions (UpJohn- cat. OsO4, NMO, acetone/water)
did not show any comparable regio- or stereoselectivity.
For example, the di-substituted alkene within compound
1 was oxidised exclusively (with no control of stereose-
lectivity) while the C-6,7 and C-10,11 alkenes within
compound 3 were oxidised in approximately equal pro-
portions (again with no control of stereoselectivity). The
results shown in Scheme 1 illustrate that this method is
particularly useful and unique for directing the oxidation
of multifunctional compounds.

We then attempted the regioselective oxidation of alke-
nes 5 and 7, fully expecting to achieve good yields of

Scheme 1. Reagents : (i) OsO4 (1 equiv.), TMEDA (1 equiv.), CH2Cl2, −78°C; then MeOH, HCl, rt.
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Scheme 2. Reagents : (i) OsO4 (1 equiv.), TMEDA (1 equiv.),
CH2Cl2, −78°C; then MeOH, HCl, rt; (ii) (MeO)2CMe2, TFA.

oxidative cyclisation of the intermediate osmate ester
complexes.

The oxidative cyclisation of other 1-trichloroacetamide-
2,6-dienes was investigated and we discovered that the
cyclisation reaction was fairly general with yields rang-
ing from 44 to 63% (Scheme 3).4 The corresponding
allylic alcohols also cyclised to tetrahydrofurans, but in
yields that were 10–20% lower.5

The structures of compounds 8 and 14 were proven by
X-ray crystallography on derivatives (Fig. 1).6

Finally, we also oxidised the farnesyl derivative 15 and
isolated the cyclised product in good yield, 72%
(Scheme 4). In order to manipulate the structure, and
illustrate the utility of the methodology, we then pro-
tected the secondary alcohol (Ac2O) and cleaved the
alkene (Lemieux) to furnish a lactol.7g This compound
was oxidised to the lactone 17 using Jones reagent.
Given the widespread occurrence of tetrahydrofurans in
nature, and that bis-tetrahydrofuran structures are the
key constituents of a variety of acetogenin natural
products, we expect that this methodology will prove to
be of use in synthesis.

These types of oxidative cyclisation have been reported
before, most notably with potassium permanganate7

and chromium trioxide,8 although a single recent report
detailed the oxidative cyclisation of geranyl and neryl
acetates with osmium tetroxide while this work was in
progress.9 It is fair to say that, generally, such cyclisa-
tions can give fairly low yields of tetrahydrofuran prod-
ucts, probably because of over oxidation of the
substrate/reaction products.

Scheme 3. Reagents : (i) OsO4 (1 equiv.), TMEDA (1 equiv.),
CH2Cl2, −78°C; then MeOH, HCl, rt; (ii) Ac2O, Et3N,
CH2Cl2.

the corresponding dihydroxylated products (Scheme 2).
While the initial osmylation proceeded as expected to
give osmate esters, decomplexation of these esters gave
not diol products, but high yields of the tetra-
hydrofurans 6 and 8 that had resulted from a further

Figure 1.

Scheme 4. Reagents : (i) OsO4 (1 equiv.), TMEDA (1 equiv.), CH2Cl2, −78°C; then MeOH, HCl, rt; (ii) Ac2O; (iii) OsO4 (cat.)
quinuclidine, NaIO4; (iv) CrO3, H2SO4, acetone.
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Figure 2.

In terms of mechanism we are confident that the reac-
tion initiates with a regioselective dihydroxylation of
the polyene, controlled by hydrogen bonding (in some
cases we have been able to fully characterise the result-
ing osmate esters). For the cyclisation process we
invoke addition of the O�Os�O fragment across the
remote alkene bond as originally proposed by Baldwin
for KMnO4.10 This process would involve reduction of
Os(VI) to Os(IV), and the cyclisation is possible
because the reacting partners are intramolecular. Subse-
quent hydrolysis of the osmate ester in situ would
produce the diol product. At this time, we do not have
any evidence to indicate the nature of the other ligands
on osmium as it undergoes the oxidative cyclisation and
it could be the case that acid serves to promote what-
ever ligand exchange is necessary to allow cyclisation to
occur. Alternatively, acid could protonate the oxo lig-
ands thus making the metal a better electrophile and
more reactive in the cyclisation. If this addition mecha-
nism is correct then we would expect the cyclisation to
be stereospecific with respect to addition across the
alkene (and this is certainly borne out by the oxidation
of 11 and 13). It is also worth noting that there is a
clear stereoselectivity for formation of a cis-tetra-
hydrofuran (Fig. 2). The preference for production of
cis-tetrahydrofurans is explained via reaction through
transition structure A; the intact glycol osmium bonds
help to enforce the cis stereochemistry across the incip-
ient five-membered ring.

This method of cyclisation should prove relatively easy
to study because we know that osmium(VI) is the active
oxidising agent and we also know which alkene is
oxidised first. Indeed, this ability to separate the initial
osmylation reaction from the cyclisation event should
prove invaluable in developing and understanding the
method further, particularly with regard to catalytic
variants. The good yields recorded in this paper bode
well for the introduction of an efficient and stereoselec-
tive oxidation protocol based on the use of osmium and
using hydrogen bonding as a controlling element.
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