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The decarboxylative Claisen rearrangement (dCr) reaction of 1-(furan-2-yl)ethyl 2-tosylacetate afforded
2-ethylidene-3-(tosylmethyl)-2,3-dihydrofuran. Reaction of the dearomatised heterocycle with a variety
of electrophiles gave addition products with excellent syn-diastereoselectivity. The furanol adducts were
then utilised as functionalised scaffolds for a series of subsequent transformations.
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Polysubstituted furans are an important structural motif found
in many natural products1 and important pharmaceuticals.2 The
synthetic utility of furans stems from their ready conversion into
non-aromatic oxygen heterocycles and the ease with which they
may be elaborated to give other oxygen-containing compounds.3,4

Recently we developed a variant of the Ireland–Claisen rearrange-
ment, the decarboxylative Claisen rearrangement (dCr) reaction,
which provides homoallylic sulfones by exposure of allylic tosy-
lacetates to N,O-bis(trimethylsilyl)acetamide (BSA) and potassium
acetate under relatively mild thermal conditions.5 During the
course of our studies on the heteroaromatic variant of this reac-
tion, it was found that substituted thiophene-, pyrrole- and
indole-containing substrates gave dCr reaction products in good
yields.6 For example, reaction of thiophene-2-methyl ester 1 with
BSA and KOAc under thermal conditions gave thiophene 3, pre-
sumably via non-aromatic intermediate 2 (Scheme 1). In contrast,
subjection of tosyl ester 4, derived from a secondary alcohol, to
the same conditions gave rearranged thiophene 5 without rearo-
matisation. These results can be explained in terms of (i) in-
creased steric buttressing between the furan 2-substituent and
the 3-tosylmethyl group in 5, and (ii) enhanced stabilisation of
the more highly substituted exocyclic olefin in the non-aromatic
rearrangement product 5. The synthesis of other dearomatised
heterocycles has been reported using Claisen rearrangements,7

2,3-Wittig rearrangements,8 intramolecular organometallic-medi-
ated cyclisations,9 annulation,10 Kishner reduction or thermally.11
ll rights reserved.
Many of the methods for the generation of these compounds
rely on forcing conditions, use of toxic metals, or relatively unsta-
ble reagents and intermediates. The most important studies on
the synthesis and reactivity of dearomatised furans were con-
ducted by Miles et al., who developed the synthesis of 2- and
3-methylene-2,3-dihydrofurans and investigated their use as
highly reactive enes in the carbonyl-ene reaction.12 Herein, we
report the use of the dCr reaction for the synthesis of 2-ethyli-
dene-3-(tosylmethyl)-2,3-dihydrofuran, and its use as a potent
nucleophile in diastereoselective addition reactions to give highly
functionalised furans.

To investigate this intriguing dearomatisation process further
we examined the analogous furan system, hoping to take advan-
tage of its lower resonance energy relative to other heteroaromat-
ics.13 Addition of methylmagnesium chloride to furfural (6),
followed by diisopropylcarbodiimide (DIC)-mediated coupling of
the resultant alcohol with commercially available tosyl acetic acid
(7) gave furan ester 8 (Scheme 2). Reaction of 8 with BSA and KOAc
under microwave irradiation,14 using a pulse sequence previously
optimised for dCr reactions of non-aromatic substrates,15 provided
2-ethylidene-3-(tosylmethyl)-2,3-dihydrofuran (9) in good yield as
a 10:1 Z/E mixture of stereoisomers, as determined by NOE analy-
sis.16 Upon standing in untreated commercial CDCl3 overnight, 9
aromatised to give exclusively 2-ethyl-3-(tosylmethyl)furan (10).
In contrast, 9 was found to be stable for over two weeks in CD2Cl2,
and it was thought that the acid impurities present in untreated
CDCl3 were the cause of the rearomatisation. Complete rearrange-
ment from 9 to 10 was achieved in a 10% TFA solution in CD2Cl2 in
less than 7 min as determined by 1H NMR.
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Table 1
Reactions of 9 with electrophiles

Entry Electrophile Conditions temp, solvent, additive, time Product Yield (%) (syn:anti)

1

O

O
O

H rt, CH2Cl2, none, 2 h

O

Ts

O

HO
O

11

91 (10:1)a

2 N
I

rt, CH2Cl2, none, 3 h

O

Ts

N

12

66

3
O

H Ph
0 �C, CH2Cl2, ZnCl2, 1 h

O

Ts

HO
Ph

13

59 (10:1)

4
O

H
0 �C, CH2Cl2, ZnCl2, 1 h

O

Ts

HO

14

60 (10:1)

S
O

O

Ts

S

Ts

KOAc (0.1 equiv)
BSA (1.0 equiv)

PhMe, 110 °C
18 h, 58%

2

5

S

Ts

1

S

Ts

3

S
O

O

Ts

4

KOAc (0.1 equiv)
BSA (1.0 equiv)

PhMe, 110 °C
18 h, 75%

Scheme 1.
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3 x 1 min
at 150 °C
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68%
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2. 7, DIC, Et3N
CH2Cl2, rt, 12 h
88% (2 steps)
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Scheme 2.
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Table 1(continued)

Entry Electrophile Conditions temp, solvent, additive, time Product Yield (%) (syn:anti)

5

H

O
0 �C, CH2Cl2, ZnCl2, 1 h

O

Ts

HO

15

62 (10:1)

6

Ph

O

H
0 �C, CH2Cl2, ZnCl2, 1 h

O

Ts

Ph

HO

16

75 (10:1)

7

O Br

H 0 �C, CH2Cl2, ZnCl2, 1 h

O

Ts

HO Br

17

82 (5:3)

8

O

H 0 �C, CH2Cl2, ZnCl2, 1 h

O

Ts

HO

18

58 (5:1)

9

O

OMe

O

OMe
150 �C m-xylene, KOAc, 16 h

O

Ts

O

OMe

O

OMe

19

73 (5:3)

a Lower syn-selectivity was observed at increased temperatures.

Figure 1. The molecular structure of 14A,18 majority of hydrogens omitted for
clarity.
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Next, reaction of the 10:1 Z/E mixture of 9 with various electro-
philes was investigated. Combination of 9 with the electron-defi-
cient substrates ethyl glyoxalate (entry 1) and Eschenmoser’s salt
(entry 2) in the absence of Lewis acid gave addition products 11
and 12, respectively, in good yields (Table 1). Aliphatic aldehydes
(entries 3–5) reacted with enol ether 9 at 0 �C in the presence of
zinc(II) chloride to give the corresponding furan-containing ad-
ducts. The use of other Lewis acids (TiCl4, BF3�OEt and BBr3) at
0 �C or at rt resulted in either decomposition or rearomatisation
of 9 to give 10. Benzaldehyde (entry 6) and 2-bromobenzaldehyde
(entry 7) also reacted with enol ether 9 under the zinc(II) chloride
conditions to give the secondary alcohol products in good yields. In
contrast, 2-cyanobenzaldehyde was a poor substrate for this reac-
tion, giving only trace amounts of the addition product. Reaction of
enol ether 9 with crotonaldehyde in the presence of ZnCl2 gave
exclusively the 1,2-addition product 18 as a 5:1 diastereoisomeric
mixture. The syn-configuration of the products was anticipated on
the basis of the analogous Z-enol ether additions to aldehydes,17

and was confirmed by X-ray crystallographic analysis of the dini-
trobenzoate ester 14A of alcohol 14 (Fig. 1).18 A decrease in dr
was observed with increasing steric hindrance of the aldehyde,
as observed when 2-bromobenzaldehyde was used as the electro-



3506 J. E. Camp, D. Craig / Tetrahedron Letters 50 (2009) 3503–3508
phile (entry 7). Additionally, the ene-reaction of dimethyl maleate
with 9 in the presence of KOAc (entry 9) gave addition product 19
in good yield, but as a 5:3 mixture of diastereomers.

We have explored a number of transformations in order to dem-
onstrate the utility of the furan addition products. For example,
treatment of maleate derivative 19 or furanol 21 with ruthenium tri-
chloride-sodium periodate19 gave acids 20 and 22, respectively
(Scheme 3).20 Tosyl furan 14 could be alkylated,21 hydroxy-alkyl-
Scheme
ated22 and sulfenylated23 to give the desired substitution products
as mixtures of diastereomers at the benzylic position. The tosyl moi-
ety was removed from furan 23 by treatment with either magne-
sium24 or sodium25 to give butenyl-substituted furan 24 in good
yields. Treatment of tosyl furan 23 with t-BuOK resulted in elimina-
tion of the tosyl moiety to yield diene 25.26 Additionally, reaction of
furanol 27 with sodium amalgam resulted in a Julia–Lythgoe27 olef-
ination to afford substituted styrene derivative 28.
3.



Scheme 4.
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Preliminary investigations into prefunctionalisation at the C20

and ester methylene positions to introduce mutually reactive func-
tionality were also undertaken. Ethyl ester 30 was synthesised
from furfural (6) and subjected to the standard heterocyclic dCr
conditions to afford enol ether 31 as a 10:1 mixture of E/Z isomers.
Reaction of enol ether 31 with acetaldehyde gave alcohol 32, indi-
cating that this overall transformation works on homologous sub-
strates. Additionally, allylation of tosyl ester 8 yielded 33 as a 1:1
mixture of diastereomers. Treatment of 33 with BSA and KOAc un-
der microwave irradiation gave enol ether 34, which was com-
bined with acetaldehyde in the presence of ZnCl2 to give alcohol
23. This route provides an alternative synthesis of allyl alcohol
23 to that outlined in Scheme 3, and increases the utility and flex-
ibility of this method. These transformations are depicted in
Scheme 4.

In conclusion, we have utilised a heterocyclic dCr reaction for
the facile synthesis of novel dearomatised furan 9, which was
found to react diastereoselectively with various electrophiles un-
der relatively mild conditions. These addition products are useful
substrates for accessing highly substituted furans. Additionally,
the dCr precursors could be prefunctionalised, increasing the flex-
ibility of this method for synthetic applications. Currently we are
investigating the enantioselective dCr reactions of (S)- and (R)-1-
(furan-2-yl)ethyl 2-tosylacetate, and the addition reactions of the
derived enantiomerically pure dearomatised furans with electro-
philes. We are also evaluating the factors that affect the diastereo-
meric ratio of the heterocyclic dCr reaction. The results of these
studies will be reported in due course.
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