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A novel cyclization process of 2,3-bis(trimethylsilyl)buta-1,3-

diene with various acyl chlorides in the presence of aluminium

trichloride affords 2,5-disubstituted or 2,3,5-trisubstituted

furans in short reaction time; a subsequent acylation process

of the furan ring occurs if the reaction time is prolonged.

In the frame of our studies dealing with synthesis of polyconju-

gated compounds,1 we have extensively used unsaturated silanes as

convenient starting materials.2 Among them, (1E,3E)-1,4-bis(tri-

methylsilyl)buta-1,3-diene 1a and (1E,3E,5E)-1,6-bis(trimethyl-

silyl)hexa-1,3,5-triene 1b were subjected to formal cross-coupling

processes2f,g and to substitution reactions with various electro-

philes.2a–c.e In particular, we reported a convenient approach to

ketosilanes with a conjugated (all-E) diene 2a or triene 2b structure

via a highly chemoselective substitution of one trimethylsilyl group

of the butadiene 1a or hexatriene 1b with acyl chlorides in the

presence of AlCl3. Subsequent substitution of the second silyl

group with another acyl chloride in the same reaction flask led

to the corresponding dicarbonyl compounds with a conjugated

diene 3a or triene 3b structure (Scheme 1).2a This methodology

was successfully applied to the synthesis of several compounds

of biological interest2b,f and to precursors of more extended

polyenes.2e With this background, we addressed our attention to

the acylation reaction of 2,3-bis(trimethylsilyl)buta-1,3-diene 4.

The butadiene 4 is easily available by various synthetic methodo-

logies3 but, with the exception of Diels–Alder reactions,3d,e

addition of chlorocarbenes4 and polymerization processes,5 its

reactivity has not yet been explored. Now we wish to report that

the 2,3-bis-substituted diene 4 with the silyl groups in the internal

positions in the reaction with the ArCOCl/AlCl3 electrophile

follows a different and very useful synthetic pathway.

As a starting point we studied the reaction of 46 with the

benzoyl chloride 5a/aluminium trichloride complex, following the

protocol described for the corresponding reaction of 1,4-bis(tri-

methyilsilyl)buta-1,3-diene 1a.2a Accordingly, the freshly prepared

benzoyl chloride 5a/AlCl3 complex was slowly added to a solution

of the diene 4 in 1.1:1 molar ratio, maintaining the temperature at

0 uC. After 18 h reaction time, 4 was only partially converted

(46%) and the unexpected 2-methyl-5-phenylfuran 7a (Scheme 2)

was isolated in 48% yield after work-up and chromatography on

silica gel column.7

Functionalized furans are common structural units in many

natural molecules and pharmaceuticals,8 flavours and fragrance

compounds9 and are broadly used as building blocks in organic

synthesis10 and materials science.11 Common synthetic approaches

are based either on cyclization of acyclic precursors or on trans-

formation of furan rings by various functionalization processes.12

Much attention has been paid to the former type of strategy,

because of its broader potential and versatility.13 In view of these

considerations, we decided to investigate the reaction of Scheme 2

as a novel method for the synthesis of functionalized furans.

Different experimental conditions were tested to lead the

reaction to completion. We found that a 1 : 2 molar ratio between

the starting diene 4 and the benzoyl chloride 5a/AlCl3 complex was

necessary to complete the conversion of 4 affording, after 18 h

reaction time, 7a in 40% yield together with two regioisomeric

products 8a,b (15% yield), deriving from the acylation of the furan

ring (Scheme 3). A further increase of the 4 : 5a/AlCl3 ratio to 1 : 4

led, after a comparable reaction time, to the complete acylation of

7a affording exclusively 8a,b (62% yield) (Scheme 3). Higher yield

of 2,5-disubstituted furan 7a (56%) was obtained by increasing the

4 : 5a/AlCl3 ratio up to 1 : 6 and shortening the reaction time

(40 min) to prevent further acylation of the furan ring (Scheme 3).

A simple change of the experimental conditions allowed us to

carry out the reaction with a more convenient stoichiometry: slow

addition of the diene 4 to the pre-formed benzoyl chloride 5a/AlCl3
complex in 1 : 1.5 4 : 5a/AlCl3 molar ratio at 0 uC followed by
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immediate quenching with a saturated solution of ammonium

chloride led to reaction completion without further acylation of the

furan ring. The furan 7a was isolated as the sole reaction product

in 63% yield by silica gel column chromatography.14 GC-MS

analysis of the reaction mixture before quenching and chromato-

graphic purification revealed the presence of a mixture of 7a and a

trimethylsilyl-substituted 7a, as already observed in the first

experiment described.7 Different experimental conditions had to

be used to isolate this elusive silylated intermediate: quenching the

reaction with a sodium carbonate saturated aqueous solution and

chromatographic purification on basic alumina column afforded,

besides furan 7a (43% yield), a silylated derivative (21% yield),

which was identified via 1H NMR spectroscopy as 2-methyl-3-

trimethylsilyl-5-phenyl furan 6a. The position of the trimethylsilyl

group on the furan ring was unambiguously determined by NOE

experiments (see ESI{). From these data it seems reasonable that

6a is formed as the first cyclization product, which then undergoes

an easy desilylation in the acidic work up conditions and during

the chromatography on silica gel column (Scheme 4).

The reaction was extended to various acyl chlorides 5b–g in

similar experimental conditions (Scheme 4) and the results are

summarized in Table 1.

When acyl chlorides 5b–e were used (entries 2–5, Table 1), the

corresponding silylated furans 6b–e, whose structure was con-

firmed by NOE experiments, survived work-up and silica gel

chromatographic purification and were isolated as the sole reaction

products. They were subsequently subjected to quantitative

desilylation in the presence of BF3?etherate (Scheme 4). An

increase of the acylation complex : diene ratio to 2 : 1 and to 3 : 1

was necessary for chlorides 5e and 5c, respectively, to optimize the

reaction yields, and longer reaction times were needed in the case

of the acyl chlorides 5b and 5c to lead the reaction to completion.

Although further studies are necessary to elucidate the

mechanism of the process, the tentative pathway reported in

Scheme 5 would involve: (i) acylation of diene 4 at the terminal

carbon atom with formation of allyl cation A;15(ii) deprotonation

of A with formation of bis(trimethylsilyl) ketodiene B; (iii)

protonation of B to generate allyl cation C;15 (iv) cyclization of

C to cyclic allyl cation D;15 (v) desilylation of D affording the

silylated furan 6a.

In summary, we have reported our preliminary results on a

novel cyclization process of the bis-silylated diene 4 and acyl

chlorides promoted by aluminium trichloride, which appears

suitable as a general protocol for the synthesis of 2,5-disubstituted

and, in many cases, 2,3,5-trisubstituted furans. The method

compares well with other cyclization processes for the synthesis

Scheme 4

Table 1 Synthesis of polysubstituted furans

Entry RCOCl
5/AlCl3
equiv. Silylated furan 6 Furan 7

1 1.5 —

2 1.5

3 3b

4 1.5

5 2d

6 1.5 —

7 1.5 —

aReaction time 95 min including diene addition (20 min).b 4 : 5c/
AlCl3 ratio = 1 : 3 was necessary to optimize the reaction yield
(1 : 1.5 ratio and 1 : 2 ratio afforded 32 and 40% yield, respectively).
cReaction time 50 min including diene addition (20 min).d 4 : 5e/
AlCl3 ratio = 1 : 2 was necessary to lead reaction to completion

Scheme 5

Scheme 3
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of substituted furans, in view of the easy experimental procedure

and availability of starting compounds. The isolation, in many

cases, of 3-trimethylsilyl-substituted furans represents another

advantage of our approach, in consideration of the possibility,

explored in the recent literature,12b to use the trimethylsilyl group

for the regioselective introduction of functional groups on the

furan ring.
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