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A Radical Cyclisation Route to 3-Alkyl Furans.
Synthesis of Perillene and Dendrolasin
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A general three step synthesis of 3-alkyl furans! including
Perillene and Dendrolasin, from alk-2-ynyl alcohols is described
via radical cyclisation of 2-bromo-l-ethoxyethyl alk-2-ynyl
ethers to 2-ethoxy-4-alkylidene tetrahydrofurans.

Currently radical cyclisation is widely accepted as a powerful tool in organic
synthesis.l) Its use in the synthesis of variety of butyrolactones is well docu-
mented.2s3) 3-Alkyl furan (1) is an important functional moiety frequently encoun-
tered in variety of terpenoids, however, there are not many general useful synthe-
tic methodologies to this important functional moiety. " We now wish to describe a
general strategy to the synthesisof 3-alkyl furans (1) from alk-2-ynyl alcohols
using radical cyclisation as the key step. This, incidentally establishes that a
mixture of propargyl alcohol and ethyl vinyl ether can serve as an isoprene
equivalent.

The methodology is depicted in Scheme 1; radical cyclisation of bromoacetal 3,
obtained by bromination of ethyl vinyl ether in the presence of alk-2-ynyl alcohol
2, generates the 2-ethoxy-4-alkylidene tetrahydrofuran (4), which on acid cata-
lysed aromatisation leads to 3-alkyl furan (1l). The requisite alk-2-ynols (2)
were obtained either by condensing formaldehyde with 1-lithioalkynes(for 2a,b)
or by alkylating lithium salt of prop-2-ynol THP ether with alkyl halide followed
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Scheme 1. a. CHZCl , -40 °c, CH,=CH-OEt, 1.5-2 h; b. n—Bu3SnCl (0.15 equiv.)/
NaCNBH3 %1.5 equiv.)/cat .AIBN/t-BuOH; c. PTSA/benzene/RT.
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Table 1. Synthesis of 3-alkyl furans via radical cyclisationa)
% yieid of
Entry 3 y4§$ 1
a 98 97 89
b 98 76 67
c 96 55 65
d 80 75 67
e 80 72 75

a) All the compounds were purified by silicagel column chromatography
and yields refer to the isolated and chromatographically pure products.
b) Mixture of stereoisomers (= 1:1).
by pyridinium p-toluenesulfonate catalysed hydrolysis (for 2c-e). The key

radical precursors g# were obtained in over 80% yield (Table 1) by a slow addition
of ethyl vinyl ether (1.2 equiv., 1.5-2 h) to a cold (-40 °C) solution of alcohol 2
(1 equiv.) and NBS (1.2 equiv.) in methylene chloride. The radical «cyclisation
(3—+4) was best achieved by in situ generated catalytic tri-n-butyltinhydride
(n—Bu3SnCl/NaCNBH3) in refluxing t-BuOH (1 to 3 h) in the presence of a catalytic
amount of azobisisobutyronitrile (AIBN). The cyclised product (g)# was obtained as
a mixture of stereoisomers (= 1:1) as evidenced by NMR and the mixture was used as
such in the next aromatisation step. Finally, the cyclised products 4 were trans-
formed to 3-alkyl furans (l)# by treatment with a catalytic amount of p-toluenesul-
fonic acid in benzene (5—8 h) at room temperature. The yields of bromination,
cyclisation and aromatisation are summarised in Table 1.

The generality of this methodology is exemplified by the synthesis of
two naturally occuring terpenoids Perillene (lg)4'5) and Dendrolasin (12)4'6)
starting from readily available dimethylallyl bromide and geranyl bromide (Table 1,
entries d and e)?’ Currently, this work is being extended to establish the flexi-
bility of this methodology to multiply substituted furans available in nature.

* Spectral data for 3a: IR (neat), 2300, 2240, 1120, and 1050 cm™}; u NMR (60 MHz,
ccl,), 6 4.75(1H,t,J=6 Hz), 4.15(2H,t,J=2 Hz), 3.60(2H,m), 3.3(2H,d,J=6 Hz), 2.15
(2d,m), 1.2-1.8(8H,m), 1.2(3H,t,J=7 Hz), 0.9(3H,t,J=6 Hz); 4a IR (neat), 1190,
1130, 1100, 1050, 1030, 1000, 930 cm~!; 1u NMR (60 MHz, CCl,),85.1-5.4(1H,m,0le-
finic), 5.1(1H, m,H-2), 4.15-4.35(2H,m,H-5), 3.2-3.9(2H,m,-OCH,CH3), 2.25-
2.6(2H,m,H-3), 1.7-2.2(2H,m,allylic), 0.8-1.6(14H,m); la IR (neat), 1500, 1460,
1030, 780, 730 cm~Y; 1w NMR (60 MHz, cCly), 7.25(1H,t,J=1.5 Hz),87.15(1H,br s),
6.2(1H,br s), 2.4(2H,br t,J3=7 Hz,), 1.25(10H,m) 0.85(3H,t). Similarly, all other
compounds gave satisfactory spectral data. Perillene (1d) and Dendrolasin (le)
exhibited spectral data identical to those reported in literature.
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