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Abstract: The reaction of acetals with 2-(trimethylsiloxymethyl)allyltrimethylsilane under the influence 
of the combined use of a catalytic amount of tin0l) halide and acetyl halide affords the corresponding 2- 
aryl-4-methylenetetrahydrofurans in good yields. 

Tetrahydrofuran is one of the most common skeletal elements among a wide range of biologically active 

natural products. While a number of methods have already been documented for the construction of this 

important ring element, 1 they appear to be only scattered procedures for the efficient synthesis of 

tetrahydrofurans by a manipulation of carbonyl compounds with relevant three-carbon units. Trost et al. reported 

a palladium-catalyzed cycloaddition of trimethylenemethane to carbonyl compounds to form methylene- 

tetrahydrofurans. 2 Much more recently, Taddei et al. reported a two-step synthesis of methylene- 

tetrahydrofurans from aldehydes and 2-¢hloromethyl-3-trimethylsilyl-l-propene via homoallyl alcohols. 3 To the 

best of our knowledge, however, acetals have never been used in the direct preparation of telxahydrofurans via a 

carbon-carbon bond-forming three-carbon manipulation. 

Now we wish to report a new and efficient method for the synthesis of methylenetetrahydrofurans from 

acetals and 2-(trimethylsiloxymethyl)allyltrimethylsilane. 4 

Our previous investigation on the halogenative allylation of acetals with allyltrimethylsilane promoted by 

SnX2 / AcX 5 suggested that the reaction of acetals with an allyltrimethylsilane 1 bearing a protected 
hydroxymethyl group at 13-position would provide a simple and efficient route towards the synthesis of 2- 

substituted-4-methylenetetrahydrofurans (Scheme 1). 

MeO OMe R 2 ~ R 2 R ~  RI.,~. ÷ TMS OTMS . . . . . . .  

1 
Scheme I 
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First, we examined the reaction of p-anisaldehyde dimethyi acetal (2) with 2-(trimethylsiloxy- 

methyl)allyltrimethylsilane (1) in the presence of various activator catalysts as shown in Table 1. A 

stoichiometric amount of a common Lewis acid, BF3.OEt2, 6 gave directly 2-substituted-4- 

methylenetetrahydrofuran (3) in 74% yield (Run 5). However, neither reaction with a catalytic amount of 

BFyOEt2 nor TiCh afforded desired cyclization products 3 (Runs 1 and 2). Allylation product 4 was formed 

predominantly by a catalytic amount of trimethylsilyl trifluoromethanesulfonate (TMSOTf) 7 (Run 4). While the 

reaction promoted by the combination of SnC12 and AcCI (5 mol% each to the acetal) afforded the corresponding 

tetrahydrofuran in 91% yield, a stoichiometric amount of AcC1 (1.1 equiv, to the acctal) lowered the yield (Run 

7). A catalytic amount of benzoyi halide (BzX) in place of AcCI also gave satisfactory results (Runs 8 and 12). 

The reagent system, SnX2 (5 reel%) - AcX (5 mol%) 8 gave better results in terms of both chemical yield and 

efficiency compared to other activator systems. 

Table 1. The Effect of Activator System to the Reaction between p-Anisaldehyde 
Dimethyl Acetal(2) and 2-(Trimethylsiloxymethyl)allyltrimethylsilane(l). 

_ ~ O M o  ' v ~  Activator . ~  MeO ,, 

~. + A r ~ O H  MeO + TMS OTMS CH2CI2/r t Ar 
OMe 

2 1 Ar = 4-MeOCoH4 3 4 

Run Activator (mol%) a) Time / h Yield b) of 3 / % Yield b) of 4 / % 

1 BF3.OEt 2 (5) 8 0 0 
2 TiCI 4 (5) 6 0 13 
3 SnCI4 (5) 2 65 35 
4 TMSOTf (5) 2 c) 6 80 
5 BF3.OEt 2 (120) 2 74 0 
6 SnCI 2 (5) - AcCI (5) 2 91 0 
7 SnCI 2 (5)- AcCI (110) 2 57 0 
8 SnCI2 (5) - BzCI (5) 2 76 8 
9 SnCI2 (5) - TMSCI (5) 30 0 9 
10 AcCI (5) 8 0 0 
11 SnBr 2 (5)- AcBr (5) 1 83 0 
12 SnBr2 (5)- BzBr (5) 1.5 83 0 
13 SnBr2 (5) - TMSBr (5) 6 17 53 
14 Sn(OTf)2 (5) 1 82 0 

a) Molar ratio of acetal(2) : allylsilane(1) = 1 : 1.2 b) Isolated yield of purified product. 
c) The reaction was performed at -78°C. 

The reaction was conducted with various acetals under the optimum conditions and the results are 

summarized in Table 2. 9 As can be seen, the reaction is successful for acetals derived from various aromatic 

aldehydes and ketones. However, in the case of benza]dehyde dimethyl acetal, 2-phenyl-4- 

methylenetetrahydrofuran was obtained in only 25 % yield. 

In this reaction, acetals are used as dication equivalent of one-carbon unit, whereas 2- 

(trimethylsiloxymethyl)allyltrimethy]silane provides dianion - C-C-C-O - equivalent as shown in Scheme 2.10 
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Table 2. Synthesis of Various 4-Methylenetetrahydrofurans from Acetals. a)'b) 

MeOvOMe ~ SnX 2 - AcX R~ 
+ TMS OTMS D, 

R I ~ ~  R 2 CH2CI2 / r t  R 2 

5 1 6 

R 1 R 2 X Time / h Yield c) of 6 / % 

Ph H CI 12 25 

4-MeOCsH4 H CI 2 91 

2-MeOCsH4 H CI 4 97 

4-MeCsH4 H Br 24 67 

2-Furyl H Br d) 8 70 

(E)-PhCH=CH H Br 12 64 

Ph Me CI 4 66 
Br 2 58 

Ph Et CI 6 47 
Br 6 70 

a) Each product gave satisfactory 1H NMR and IR spectra. 
b) Molar ratio of acetal : allylsilane : SnX 2 : AcX = 1 : 1.2 : 0.05 - 0.1 : 0.05 - 0.1. 
c) Isolated yield of purified product. 
d) The reaction was performed at -20°C. 

oMe soy TMS R1 ÷ 

R I " ~  R2 TM R 2 

III III 

Scheme 2 
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Next, we examined the reaction of ethylene glycol acetal ofp-anisaldehyde(7) with allylsilane 1, alld the 

result was also proved to be very successful (Scheme 3). 

MoO + TMS OTMS 
CH2CI2 / r t / 2.5 h 

7' 1 MeO 
3 85% 

Scheme 3 

This novel methodology was also effective to the synthesis of 2,5-disubstituted-4-methylenetetra- 

hydrofuran 9 from acetal and 2-[1-(trimethylsiloxy)ethyl]allyltrimethylsilane (8) as shown in Scheme 4. 

v• SnCI2 - AcCI 

MeO OMe + CH~CI2 / r t / 2 h "~-(OMe TMS OTMS ~_ 

2 8 

Scheme 4 

In conclusion, the present one-step reaction of acetals and allylsilane to form methylenetetrahydrofurans has 

an advantage that features experimental convenience and extremely mild reaction conditions in comparison to the 

earlier two-step synthesis of methylenetetrahydrofurans. Further work on broadening the scope and synthetic 

applications of this novel methodology is now in progress. 

Meo  
9 76% 

(cis : t rans = 63 : 37) 
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