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Summary: A radical(l) cyclized to the fluorinated double bond in selective 5-exe mode to 

afford tetrahydrofuran derivatives(6). and subsequent oxidation provided means for the 

syntheses of fluorinated y-butyrolactones(8) and butenolide(2). 

Radical conditions for the C-C bond forming ring closure are attracting much attention 

in synthetic chemistry, and useful regio-, and stereoselective cycllzations for the prepa- 

ration of five membered rings were explored. 
1) 

The most commonly used radical initiation is 

reductive cleavage of the carbon-halogen bond by tributyltin hydride(Bu3SnH). The carbon- 

centered radical that is thus generated attacks an intramolecular unsaturated bond. The 

cyclizatlon process involving functional group(s) which tolerate radical conditions demon- 

strates the importance of radical cyclization in organic synthesis. Fluorine substitution 

in the cyclization system should be promising with Bu3SnH initiation due to high C-F bond 

strength. Although various radical reactions of fluoroalkyl radicals and fluorinated olefins 

2). are known, Intramolecular versions of these reactions have not been observed frequently. 
3) 

4) As a part of our study on the synthetic utilization of fluoro-olefinic compounds, we de- 

signed the intramolecular radical cyclization of the bromoacetal to the fluorinated double 

bond. This paper reports the selective ring closure of this cyclization ln the 5-exe mode 

as well as the syntheses of fluorinated y-butyrolactones and butenolide. 

Scheme I 

Two cyclizatlon modes in the ring closure of a radical(l) are possible as evident from 

Scheme I. To gain some understanding of the effect of fluorine substitution(s) on regio- 

selectivity(5-exe vs. 6-endo), radical cyclization was carried out on monofluoro-, difluoro- 

and trifluoro-types of bromoacetals. These bromoacetals(5) were prepared by reactions of 

fluoroallyl alcohols(2,z,4)5)with butyl vinyl ether or 3,4_dihydropyran in the presence of 

N-bromosuccinlmide in methylene chlorlde(Scheme II). 
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A typical procedure for the radical cyclization of 5f is - 

atmosphere, a solution of bromoacetal(5f. 1 mmol), Bu3SnH(1.1 

nitri.le(catalytic amount) in benzene(6 ml) was refluxed for 3 

solvent, the residue was dissolved in ether(5 ml) followed by 

given below: In an argon 

mmol), and azobisisobutyro- 

hr. After removal of the 

the addition of 10 % potassium 

fluoride aq.(3 ml) with stirrlng. 6) The precipitate was removed by filtration; extraction 

with ether, drying(MgS04), and purification by column chromatography on silica gel gave tetre 

hydrofuran derivative(6f) in 89 % yield. 7) 

Table: Radical Cyclization of Bromoacetal(?) 

Starting Product 
material (yield) 

6c(67%) - 

5d - g(quant.1 

Starting 
material 

Product(s) 
(yield) 

F 

Ph 

sf 6f(89%) 

3(56%, 1:1.2)L' 

a) A mixture of two stereoisomers( 
ca. 

2 : 1 estimated by lH-NMR). 
b) The reduction product of & was also isolated without cyclization 

in 28 % yield. 

c) The ratlo was determined by GLC. 

As summarized in the table, the radical cyclization proceeded in 67 %-quantitative 

yield. The regioselectivity of the ring closure of the radical(l) was the 5-exe mode in all - 

cases and fluorinated tetrahydrofuran derivatives(g) were obtained selectively. Tetrahydro- 

pyran via the 6-endo mode could not be detected at all. The radical cyclization of the 
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unfluorinated system corresponding to 1. has been reported to take a 5~x0 course. 
8) 

These 

results show that fluorine substitution(s) attached to the radical acceptor double bond 

has no effect on the origin of the ring closure mode of 5-exo. In the reaction of a, the 

radical attacks the gem-difluorinated double bond and trans-substituted double bond in a ratio 

of 1 : 1.2, which indicates the same reactivities of both double bonds as radical acceptors. 

In the case of 5&, tandem cyclization(5-exe to the fluorinated double bond followed by 5-exe 

to the trisubstituted double bond) did not occur, and the ring closure terminated at the 

first stage to afford 6h. - An intermediary carbon radical(l) bearing two fluorine atoms 

reacted with Bu3SnH at a rate faster than its addition to the intramolecular double bond. 

The fluorinated tetrahydrofuran(6) thus obtained was converted to fluorinated y-butyro- 

lactones(g)')by Jones oxidation. Furthermore the reaction of 5a was conducted for the - 

synthesis of butenolide(z) 
10) 

via radical cyclization in three steps(Scheme III). 

Cr03 - H2SO4 

cl “! EC69 %) , 

afg+71 %) 8h(40 %) n-- 

a1 A mixture of stereoisomers( 6 : 1 ). 

b) A mixture of stereoisomers(ca.7 : 1 by 'H-NMR). 
c) Two steps from cyclization. 

5a 6a 8a - 

ScGrne III - 

z(R=n-C6H,3) 

quantitative yield 

H-NMR 1.26(3H,d-d, 
6.4 and 2.0 Hz, CH3) 

CH 

Molecular structure of 
major isomer of 6c - 

The stereochemistry of & and 8b was es- - 

tablished as follows. An X-ray crystallographic 

analysis of the mayor isomer of & 
11) showed a 

trans configuration of alkyl substituents on 

C-2 and C-3, and in the NMR spectrum, the iH 

resonance assigned to the methyl on C-2 showed 

a coupling to the syn(cis) fluorine of 2.0 Hz. 

As expected, in the lactone(e), the methyl 

resonance of the mayor isomer was coupled to syn 

fluorine(2.2 Hz), whereas in the minor isomer 

no coupling to antrctrans) fluorine was ob- 

served(Scheme IV). 

_Y 

1 
H-NW 

1.45(3x, d-d, JHH =6.5 

1 
H-NMR 

1.30(3H, d, JHH=6.9 HZ, 

and J HI=2.2 Hz, CH31 CH3) 

o 4.43(;I; z-q, JHF=22.1 0 4.76(18, d-q, JHF=20.4 

H 
HH=6.5 Hz, CH) and J HH'6.9 Hz, CH) 

Major isomer of 8b - 
Scheme IV 

Minor isomer of 8b - 
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Fluorine substitutions for hydrogens in biologically active molecules are important for 

chemical modification. 
12) The present radical cyclization can be applied to the synthesis of 

fluorinated analogs of some y-butyrolactones which naturally occur with biological activity. 
13) 

Further studies of radical cyclizations of fluorine-substituted systems and the application of 

this approach to the synthesis of fluorinated biologically active compounds are now in 
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