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Abstract: Oxidation of toluene-p-sulfonates derived from 1-substituted-
1,5-syn-5-benzyloxyhex-3-enols using osmium tetraoxide gives
stereoselective access to 2-(1-alkoxyalkyl)-3-hydroxy-5-substituted-
tetrahydrofurans. This procedure has been applied to synthesize bis-
tetrahydrofurans.

The stereoselective synthesis of tetrahydrofurans is of considerable
interest at present because of their presence in many natural products.!
In the preceding communication, we report a short synthesis of 2,5-cis-
disubstituted tetrahydrofurans 1 in which there is an alkyl-substituted
stereogenic centre next to the tetrahydrofuranyl ring.2 We now report a
stereoselective synthesis of 2,5-cis-disubstituted tetrahydrofurans 2,
which possess an additional hydroxy substituent in the ring as well as an
alkoxy-substituted stereogenic centre next to the ring.
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2-Methylpropanal is known to react with the allyltin trichloride formed
in situ from the 4-benzyloxypent-2-enylstannane 3 and tin(IV) chloride,
to give the 3,7-syn-product 4 with good stereocontrol.> Oxidation of the
corresponding toluene-p-sulfonate 6 using osmium tetraoxide did not
give the expected diol 8. Instead, cyclisation took place under the
reaction conditions, and the 2,5-cis- and 2,5-frans-substituted
tetrahydrofurans 10 and 12 were isolated, 10 : 12 = 85 : 15 (87%), see
Scheme 1.* Similar results were obtained for oxidation of the toluene-p-
sulfonate 7, which had been prepared in two steps from butyl glyoxalate.
The 2,5-cis-substituted tetrahydrofuran 11 was the major product of the
oxidation, with excellent stereoselectivity, 11 : 13 =95 : 5.

The structures of these tetrahydrofurans were consistent with their
spectroscopic data. Stereochemistry was initially assigned to the
products on the basis that the osmium tetraoxide had reacted
preferentially with the alkenes to give diols 8 and 9, in line with the
well-established rules for hydroxylation of (Z)-allylic ethers.”
Cyclisation with inversion would then give the 2,5-cis-disubstituted
tetrahydrofurans 10 and 11 as the major products. This assignment was
confirmed for the tetrahydrofuran 10 by oxidation to the ketone 14
(65%). In the 'H NMR spectrum of this ketone, n.0O.e. enhancements
were observed between the 2- and 5-hydrogens.

To test the suitability of this approach for the synthesis of more complex
tetrahydrofurans, the ester 11 was converted into the protected
hydroxyaldehyde 15 which was taken through to the bis-tetrahydrofuran
17, see Scheme 2.

The reaction of the aldehyde 15 with the allyltin trichloride prepared in
situ from the pentenylstannane 3 proceeded with excellent stereocontrol
(= 95:5) to give the 1,5-syn-product 16. In this case, the syn-preference
of the stannane is matched with the Felkin-Anh preference of the
aldehyde.3 The alkenol 16 was converted into its toluene-p-sulfonate
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Scheme 1 Reagents: i, SnCl, (4, 84%, 1,5-syn: 1,5-anti=93:7; 5,
70%, 1,5-syn: 1,5-anti = 98 : 2); ii, toluene-p-sulfonyl chloride, pyridine
(6, 95%; 7, 86%); iii, osmium tetraoxide (cat.), N-methylmorpholine
N-oxide (10 and 12, 87%, 10 : 12 = 85: 15; 11 and 13, 90%; 11 : 13
>95:5).
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ester which was oxidised with osmium tetraoxide in the presence of N-
methylmorpholine N-oxide to give a mixture of two diols, ratio ca. 8 : 1.
The major diol was treated with sodium hydride which induced
cyclisation to give the bis-tetrahydrofuran 17 (25%).5

For a second synthesis of bis-tetrahydrofurans, the aldehyde 15 was
converted into the 5-[(tributylstannyl)propenylltetrahydrofuran 20, see
Scheme 3. Olefination using a Wittig procedure and reduction gave the
allylic alcohol 18. This was converted into its xanthate which was
rearranged to the dithiocarbonate 19 by heating under reflux in toluene.
Treatment with tributyltin hydride, under free radical conditions, gave
the allylstannane 20.

The allylstannane 20 was transmetallated with tin(IV) chloride, and the
allyltin trichloride formed reacted with benzaldehyde. Two products
were isolated and were identified as the alkenol 21 (50%) together with
the dienol 24, which accounted for the rest of the starting material.
Similar results were obtained using tin(IV) bromide and 2-
methylpropanal and butyl glyoxalate, which gave the alkenols 22 (70%)
and 23 (50%) together with the dienol 24 (25-45%).
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Scheme 2.Reagents: i,Bu'Me,SiCl, imidazole (73%); ii, DIBAL-H
(93%); iii, (COCI),, dimethylsulfoxide; iv, 3. SnCl, (74%); v, toluene-
p-sulfonyl chloride, pyridine (65%); vi, osmium tetraoxide (cat.),
N-methylmorpholine_N-oxide, then sodium hydride (25%)

The stereoselectivity of formation of the alcohol 21 from benzaldehyde
was estimated to be ca. 94 : 6 by HPLC. A sample of the epimer 25 was
prepared by Mitsunobu inversion of 21 using p-nitrobenzoic acid
followed by hydrolysis. The isomers 21 and 25 were clearly
distinguishable by 'H NMR, with 25 corresponding to the minor
product detected by HPL.C. The absolute configuration of the hydroxy-
bearing carbon of alcohol 21 was established by acetylation and
ozonolysis followed by a reductive work-up. This gave the
dextrorotatory 3-acetoxy-3-phenylpropanol which is known to be the
(R)-enantiomer 26.>7 The structures of the other alkenols 22 and 23
were assigned by analogy. Interestingly, the stereoselectivity of the
reactions of the stannane 20 with aldehydes would appear to be
controlled by the 4-alkoxy substituent in just the same manner as
observed for simpler stannanes, e.g. 3.3 The formation of the diene 24
involves a 1,4-elimination from the stannane. Similar eliminations have
been observed before on treatment of heavily substituted 4-alkoxyalk-2-
enyl-stannanes with Lewis acids,® and can compete with
transmetallation of the stannane and reaction of the allyltin trichloride
so formed with aldehydes. In the present case, improved conditions for
the reaction with the aldehyde, e.g. the use of different Lewis acids,
lower reaction temperatures, etc. were not examined.

Preliminary studies into the synthesis of bis-tetrahydrofurans were
carried out using the 2-methylpropanal derived alkenol 22. It was found
that, after conversion of the alcohol into its toluene-p-sulfonate ester,
oxidation using osmium tetraoxide was accompanied by direct
cyclisation and gave the bis-tetrahydrofuran 27 albeit in only modest
yield (29%).

This work shows how stereoselective hydroxylation of the products
obtained from reactions of allylstannanes with aldehydes with remote
induction, can be used to prepare 2,5-cis-substituted tetrahydrofurans.
This chemistry is to be applied to the synthesis of complex natural
products.
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Scheme 3.Reagents: i, Ph3P=CHCO,Me (93%); ii, DIBAL-H (80%);

iii, BuLi, carbon disulfide, Mel, then heat in toluene under reflux (84%
from 18); iv, BuzSnH, AIBN (78%); v, SnCl,, RCHO (21, 55%) or SnBry,
RCHO (22, 77%; 23, 52%); vi, PhaP, EtO,CN=NCO,Et,
p-NO,CgH,COH (89%); vii, NaOH, MeOH (80%); viii, Ac,0,
triethylamine, DMAP (98%); ix, ozone, then dimethyl sulfide followed by
NaBH,.
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