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ABSTRACT

Allyl propargyl ethers undergo cobalt-mediated cycloisomerization reactions to form dihydrofurans in good yield and with excellent
diastereoselectivity. The reaction works with a range of substrates, and its utility in synthesis is exemplified by the preparation of a
bistetrahydrofuran unit.

Tetrahydrofurans are a common subunit found in many
bioactive natural products. They are prevalent in the poly-
ether ionophore antibiotics1 and in the annonaceous aceto-
genins.2 Numerous pathways for their synthesis have been
developed,3 and in recent years much work has focused on
metal-mediated approaches. Many of the metal-mediated
processes, including those which utilize ruthenium,4 rhe-
nium,5 and chromium6 oxo species, are based on oxidative
cyclizations of bishomoallylic alcohols and 1,5 dienes.

Recently, we reported a cobalt-mediated cycloisomeriza-
tion of 1,6-enynes that produces vinylcyclopentenes in high
yield with excellent diastereoselectivity (Scheme 1).7 The
reaction proceeds by an oxidative insertion into an allylic

C-H bond to form an allylcobalt hydride (e.g.,2), followed
by sequential C-C and C-H reductive eliminations to form
the cyclopentene3. In this letter, we report that this novel
cycloisomerization may be extended to the highly diaste-
reoselective preparation of 2H,5H-dihydrofurans. The reac-
tion provides ready access to the corresponding tetrahydro-
furans and is amenable to poly-THF synthesis.
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We began the study of dihydrofuran synthesis using the
allyl propargyl ether5, which is readily prepared from
cyclohexane carboxaldehyde in two steps. Treatment of5
under the standard conditions developed for1, namely,
addition of Co2(CO)8 (1.1 equiv) to a solution of5 in toluene
followed by thermolysis under an argon atmosphere, failed
to provide any characterizable products. In contrast, when
the reaction was conducted at 65°C for 24 h, dihydrofuran
6 was produced as a single diastereomer in a modest 40%
yield (Table 1). Allowing the reaction to go for longer periods

of time resulted in a decreased yield, presumably as a result
of decomposition of the product. Equivalent yields were
obtained if the reaction was conducted at reflux in 1,2-DME,
while very little reaction was observed in benzene at reflux.
The yield of the reaction could be improved by adding an
oxidant such asN-methylmorpholine-N-oxide ortert-butyl-
hydroperoxide (3.3 equiv) to a solution of the cobalt complex
in DME prior to thermolysis.8 The use of excess NMO (>4
equiv) in DME produces significant amounts of the Pauson-
Khand product, even at room temperature. In contrast, even
a large excess of TBHP (>10 equiv) produces only traces
of Pauson-Khand products, making it the oxidant of choice
for this reaction. Conveniently, it was found that the reaction
proceeds in air with no significant change in either yield or
stereoselectivity. The yields using this procedure are com-
parable to those obtained in the carbocyclization of1. Unlike

the cyclization of1, no alkene isomerization was observed.
However, this may be due to decomposition of the enol ether,
which would be formed by such an isomerization, under the
reaction conditions.

The method was found to work well with a series of allyl
propargyl ethers (Scheme 2). Notably, in all cases only the

trans-diastereomer was observed. The stereochemical as-
signment was made by observation of weak NOEs between
the 5-position and the vinyl group (Figure 1) and was further
substantiated by the lack of any NOE between the protons
at the 2- and 5-positions of the dihydrofuran. As with the
previous carbocyclization reaction, the dihydrofuran cycliza-
tion only proceeds with silyl-protected acetylenes. Use of
an internal alkyne pushes the reaction down the more
conventional Pauson-Khand pathway (e.g.,15 f 16).

To explore the utility of this cyclization, we sought to
utilize the dihydrofuran products in a synthesis of a simple
bis-THF unit (Scheme 3). This would require the removal
of the trimethylsilyl group, hydrogenation of the endocyclic
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Table 1. Optimization of 2H,5H-dihydrofuran Formationa

entry solvent temp (°C) atmosphere additiveb yield (%)

1 PhMe 110 argon 0
2 PhMe 65 argon 40
3 PhH 80 argon 5
4 DME 85 argon 40
5 DME 85 argon NMO 63
6 DME 85 air 45
7 DME 85 air NMO 58
8 DME 85 air TBHP 65

a All reactions were conducted with 1.1 equiv of Co2(CO)8 for 24 h.
b In all cases, 3.3 equiv of additive were used.
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alkene, and transformation of the acyclic alkene into a new
allyl propargyl ether. Direct oxidation of the terminal alkene
proved to be difficult. Ozonolysis of6 did not lead to the
desired aldehyde, and dihydroxylation was sluggish owing
to the proximity of the trimethylsilyl group. In the end, after
conducting the dihydroxylation at reflux in acetone with
NMO and catalytic OsO4, only a 36% yield of the dihy-
droxylated product could be obtained. To remove the steric
hindrance to oxidation, the silyl group was removed by
treatment with TBAF (6 equiv) in THF at reflux for 6 h,
affording diene17 in 99% yield. Dihydroxylation of17was
much more facile, proceeding to completion within 4 h at
room temperature. The yield of isolated diol was still modest

(51%), possibly owing to reduced selectivity in the oxidation
of the diene. Some improvement was realized when the
oxidation was conducted using Sharpless’ asymmetric di-
hydroxylation conditions. Thus, treatment of17 with AD-
mix-R at room temperature for 23 h afforded a 59% yield
of the diol.9

Hydrogenation of the remaining olefin in18 proved to be
less than straightforward. Isomerization of the double bond
was observed under standard conditions (Pd(OH)2/C, EtOAc,
H2 (1 atm)), leading to a 1:1 mixture of thecis- andtrans-
tetrahydrofurans. After examining several sets of conditions
and catalysts, it was found that using PtO2 as catalyst under
45 psi H2 provided the tetrahydrofuran in 99% overall yield
with less than 4% of thecis-tetrahydrofuran being formed.

To set the stage for the second cycloisomerization reaction,
the diol was cleaved to the corresponding aldehyde with
NaIO4. Addition of the Grignard reagent formed from lithium
trimethylsilylacetylide and magnesium bromide etherate
proceeded cleanly and in high yield. However, under the best
conditions found (5 equiv MgBr2, -40 °C, Et2O), the
stereoselectivity of the addition was only modest, ranging
from 1.5 to 2.5:1. As expected, the major product resulted
from a Cram-chelate attack on the aldehyde.10 Use of the
corresponding triisopropoxy-titanium reagent gave a modest
reversal of selectivity (1:2),11 whereas other metals such as
zinc and lithium gave no selectivity whatsoever. The mixture
of alcohols could be oxidized to a single ketone with Dess-
Martin periodinane in 92% yield. However reduction with a
series of reducing agents such as NaBH4, Zn(BH4)2, LiBHEt3,
and L-Selectride gave no significant improvement in dia-
stereoselectivity relative to the Grignard reaction.

Direct separation of the alcohol diastereomers19aandb
proved impossible by chromatography. However, conversion
to the corresponding dicobalt hexacarbonyl complexes al-
lowed a very easy separation by chromatography (Rf differ-
ence of 0.2 in 10% EtOAc/hexanes). After separation of the
isomers, the cobalt could be removed by oxidation with
NMO to afford the alcohols19a and 19b, with a mass
balance of 95%. In several cases, we have found that the
formation of cobalt complexes allows facile separation of
diastereomeric propargylic alcohols (e.g., precursor to13).
This may prove to be a general method for separating this
class of stereoisomers.

Allylation of the major addition product,19a, with
n-butyllithium and allyl bromide proceeded in 70% yield.
Finally, subjection of the allyl ether to the cycloisomerization
conditions defined above readily furnished the diether20a
in 55% yield. A similar sequence with19b afforded20b,
also in good yield. Both reactions proceeded with complete
stereocontrol, and NOE studies again confirmed that both

(9) Kolb, H. C.; VanNieuwenhze, M. S.; Sharpless, K. B.Chem. ReV.
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Figure 1. Observed NOE signals in6.
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reactions afforded thetrans-stereoisomers. Thus, the method
can be used for the preparation of bothtrans-syn-transand
trans-anti-transpolyethers.

In conclusion, we have developed a method for the
formation of polytetrahydrofurans in good yield and with
excellent diastereoselectivity using a cobalt-mediated cy-
cloisomerization of allyl propargyl ethers. The method
compliments other metal-mediated methods for the formation
of tetrahydrofurans and should find utility in the total
synthesis of poly-THF containing molecules.
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