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Abstract: A new, general method for the highly regioselective in-
troduction of substituents into the 3-position of 5-unsubstituted 4-
O-alkyl tetronates has been developed. 3-Lithiated 4-alkoxy-2-tri-
isopropylsilyloxyfurans generated from the corresponding 3-iodo-
precursors via halogen–metal exchange serve as key intermediates.
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5-Unsubstituted 4-O-alkyl tetronates (4-alkoxy-5H-furan-
2-ones) 1 bearing an alkyl or acyl group at C-3 serve as
versatile building blocks in natural product synthesis as
well as for the construction of complex heterocyclic scaf-
folds in general.1 Probably, the most direct approach to
compounds 1 is the regioselective alkylation or acylation
of an appropriate 5-unsubstituted 4-O-alkyl tetronate
building block (Scheme 1).2 To date, however, little work
has been directed toward this goal. Ley et al. reported the
direct palladium-catalyzed acylation of 3-tributylstannyl
4-O-methyl tetronate (3) with a variety of acid chlorides
to afford the corresponding 3-acyl tetronates in reasonable
to good yields.3 Preliminary attempts, conducted in the
same laboratory, to regioselectively acylate the 3-lithiated
dianion 2 failed and were not pursued further.4–6 More re-
cently, we have introduced the chelation-controlled C-3
selective hydroxyalkylation of boron 4-methoxy-2-fura-
nolates 4 with aldehydes leading to 3-acyl tetronates after
oxidation of the intermediate alcohols.7 This method,
however, although highly regioselective and good yield-
ing, is essentially restricted to aliphatic aldehydes and
thus limited in scope.

We now report a new, general and highly efficient method
for the regioselective introduction of a wide variety of
substituents into the C-3 position of 5-unsubstituted 4-O-
alkyl tetronates involving 3-lithiated 2-triisopropylsilyl-
oxyfurans 5 as key intermediates. These intermediates
were envisioned to arise from 4-alkoxy-3-iodo-2-triiso-
propylsilyloxyfurans 8 via a halogen–metal exchange. In-
deed, treatment of compound 8a with either 1.1
equivalents of n-BuLi or 2.0 equivalents of t-BuLi in THF
at –78 °C for 15 minutes and subsequent quenching with

deuterated methanol followed by phosphate buffer pH 5.5
led to C-3 mono-deuterated tetronate (2H)-6a in high
yields containing >95% deuterium (Scheme 2).8 Neither
deuterium incorporation at C-5 of (2H)-6a nor formation
of C-5 deuterated 3-iodo tetronate 7a, indicating a com-
peting deprotonation of 8a at C-5,9 was observed.

As depicted in Scheme 2, the 3-iodo-substituted precur-
sors 8a and 8b could be obtained in two steps from the
readily available 4-O-alkyl tetronates 6a10 and 6b,11 re-
spectively. First, C-3-selective iodination of the tetronates
6 has to be achieved. To the best of our knowledge, to date
there is only one report in the literature concerning the io-
dination of 4-O-alkyl tetronates: Campos et al. described

Scheme 1

Scheme 2 Reagents and conditions: (a) I2 (4.0 equiv), pyridine (1.0
equiv), DMF, r.t. (7a: 86%; 7b: 80%); (b) TIPSOTf, Et3N, CH2Cl2,
0 °C (8a: 95%; 8b: 91%); (c) n-BuLi (1.1 equiv) or t-BuLi (2.0
equiv), THF, –78 °C; (d) i) CD3OD, –78 °C; ii) phosphate buffer pH
5.5 (quant.; >95% 2H).
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the reaction of compound 6a with bis(pyridine)iodoni-
um(I) tetrafluoroborate (IPy2BF4) in the presence of two
equivalents of triflic acid to give iodide 7a in a 54%
yield.12 We found that simple treatment of 4-O-alkyl
tetronates with excess iodine (4.0 equiv) and 1.0 equiva-
lents of pyridine in DMF at room temperature is a much
cheaper and even more efficient alternative. In this way 3-
iodo tetronates 7a and 7b were obtained in 86% and 80%
yield, respectively, from the corresponding 3-unsubstitut-
ed tetronates 6.13 Somewhat lower yields were observed in
the absence of pyridine. The 3-iodo-substituted 2-triiso-

propylsilyloxyfurans 8a and 8b were then generated in
high yields (95% and 91%, respectively) by treatment of
the corresponding tetronates 7 with triisopropylsilyl tri-
fluoromethanesulfonate (TIPSOTf) in the presence of
triethylamine (CH2Cl2, 0 °C).14

Starting from the 3-iodofurans 8a and 8b, a number of 3-
substituted tetronates 1 were prepared. The lithiated inter-
mediates 5 were generated as described above and then re-
acted with a variety of carbon-, sulfur- and silicon-
centered electrophiles (1.1–2.0 equiv, –78 °C to r.t.).15

The results are summarized in Table 1. In the case of

Table 1 Reaction of 3-Lithiated 4-Alkoxy-2-Triisopropylsilyloxyfuranes 5 with Various Electrophiles

Entry Iodide Electrophile Product R E Yield (%)a

1 8a MeI (2.0 equiv) 1a17 Me Me 92

2 8b MeI (2.0 equiv) 1b Bn Me 91

3 8b n-C12H25I (2.0 equiv) 1c Bn n-C12H25 82

4 8a CH2=CHCH2Br (2.0 equiv) 1d Me CH2=CHCH2 85

5 8a BnBr (2.0 equiv) 1e17 Me Bn 88

6 8b

(2.0 equiv)

1f Bn 57

7 8a

(1.1 equiv)

1g7 Me 84

8b 8b

(1.1 equiv)

1h Bn 70

9c 8a

(1.1 equiv)

1i3,7 Me 62

10c 8a

(1.25 equiv)

1j Me 44

11 8a

(1.1 equiv)

1k Me PhS 70

12b 8a TMSCl (1.25 equiv) 1l Me TMS 91

a Yield of isolated, purified product base on 8.
b n-BuLi (1.1. equiv) was used for halogen–metal exchange.
c Reactions were run at –78 °C.
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primary alkyl iodides, allyl bromide and benzyl bromide
high yields of the corresponding 3-alkylation products
were obtained (entries 1–5). Even with an epoxide the
result was satisfactory (entry 6). Reactions with both ali-
phatic and aromatic aldehydes proceeded smoothly to af-
ford the corresponding 3-hydroxyalkylation products in
good yields (entries 7, 8). This is particularly remarkable,
since product 1g had hardly been accessible with our
previously reported boron furanolate-based 3-hydroxy-
alkylation method.7 3-(1-Hydroxyalkyl) tetronates, e.g.
1g, are known to be readily oxidized with various reagents
such as IBX7 or MnO2

16 to give the corresponding 3-acyl
tetronates. However, 3-acyl tetronates are also directly
accessible from intermediates 5 by reaction with acid
chlorides at –78 °C (entry 9). Analogously, the benzyl-
oxycarbonyl derivative 1j was obtained by reaction with
benzyl cyanoformate albeit in only a moderate yield
(entry 10). Finally, intermediate 5a was trapped with
heteroatom-centered electrophiles. In this way the 3-phe-
nylthio derivative 1k was prepared by reaction with N-
phenylthiophthalimide (entry 11), while the 3-silylated
tetronate 1l could be readily obtained by treatment with
trimethylsilyl chloride (entry 12).

In conclusion, we have developed a new, general and
efficient method for the regioselective introduction of a
wide variety of substituents into the 3-position of 5-un-
substituted 4-O-alkyl tetronates.
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