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Summary: cu,&Epoxysilanes undergo the ring opening-fluorination with silicon tetrafluoride in 

the presence of diisopropylethylamine and water to give 8-fluoro-8-silyl alcohols 

specifically, and the subsequent olefination with potassium hexamethyldisilazide 

affords fluoroalkenes in good yield. 

Although cc,fl-epoxysilanes are versatile intermediates for the specific synthesis of 

carbonyl compounds and olefins via fi-hydroxysifanes,' the use as a substrate for the ring 

opening-fluorination appears to be difficult due to the strong affinity between silicon and 

fluoride anion, i. e., desilylation may occur concomitantly.* 

We have recently introduced a new fluorination system utilizing silicon tetrafluoride 

modified with certain additives and this system has proved to be a mild and selective tool for 

the ring openig-fluorination of epoxides.3 In the present study, we have found that silicon 

tetrafluoride effects the ring opening-fluorination of a,&epoxysilanes to produce 

fl-fluoro-/-silyl alcohols without eliminating the silicon moiety, and the subsequent treatment 

with potassium hexamethyldisilazide leads to a new selective synthesis of fluoroalkenes. 

R2 
!, b cat, NaH/l&C-6 R 

We initially attempted the ring opening-fluorination of cu,&epoxysilane la with a series 

of fluorination agents: Et3N 3HF did not effect the ring opening, whereas with @IF'),-Py, 

BF3.Etz0, or KHF2, the reaction gave the desilylated products (5, 7) or the diol (6) and no 

fluorohydrin @!a) was obtained. In contrast to these reagents, SiF4 with certain additives 

effects the selective ring opening-fluorination (see Table l), where the use of &ho (4.0 eq) 

and i-PrzNEt (1.0 eq) was crucial for the best yield (entry 3). The SiFk/n-BqNF system that 

worked well with silicon-free epoxides3 was less effective due to the cleavage of the Si-C bond 

with fluoride anion.2 A variety of or,&epoxysilanes was transformed into fluorohydrins (see 

Table 2). 
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Table 1. Ring Opening-Fluorination of a,f?-Epoxysilanes with SiF4 

ille 
3 

2_a 

Entry Additive (equiv.) 2 (%yield)a 

1 
H2O (1.0) 31 C12H25woH OH 

2 
H2° (2.0) 50 I H 

3 H2° (4.01 80 
C14B29CBO C13H2 Silvre3 

4 n-Bu4NF(1.7) 50 
z. 

aIsolated yield. 

Table 2. Preparation of g-Fluoro-g-silyl Alcohols2 

Entry Epoxysilane Froduct (%yieldlb Entry Epoxysilane Product (%yiela)b 
-__--- 

5 php'1Ne3 PhCH2CH0 

6 c6Hl~~~'siM1:,,~~H~3~~~e 

7 c6Hlkl;,:H13~~:I~~a~e 

of . . . ..T. ~Isolatea~i~ld, - 

%he reaction was carried out under 
the conditions used for the entry 3 

CNot determined. 

The l,l-disubstituted and 1,1,2_trisubstituted oxiranes (entries l--4) gave the 

fi-fluoro-fl-silyl alcohols in fair to good yields, whereas the 1,2-disubstituted oxiranes 

(entries 5 and 6) practically did not afford the fluorohydrins. The oxirane having 

triethylsilyl group (entry 7) underwent ring opening-fluorination sluggishly, indicating that 

the trimethylsilyl substituent was essential in the present reaction. The fluorine atom was 

regiospecifically introduced into the carbon bearing the trimethylsily group. The 

stereochemical outcome was examined with Id and le (entries 3 and 4), and the reaction was 

found to proceed stereospecifically to give the trans-opened fluorohydrins (Zd, Ze) in good 

yield.4 

Next, the Peterson-type olefination5 was examined with the fiuorohydrin (2s) (see Table 

3). In strong contrast to the fluorine-free analogues, W3-Et;!0 or l&SO4 did not effect the 

olefination but the rearranged allylic alcohol (5) and/or aldehyde (7) was obtained in each 

case. An intriguing behavior of Za was revealed under basic conditions. Treatment of Za with 
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potassium hexamethyldisilazide gave the fluoroalkene (3a) in good yield, and the cyclization 

regenerating an a,&epoxysilane was not observed, showing a distinct difference from /?-bromo(or 

chloro)-fl-silyl alcohols that readily underwent epoxidation upon treatment with bases.' The 

olefination proceeded stereoselectively with syn-silyl alcohol (Ze), giving 3e predominantly 

(see eq. 2), whereas the anti-isomer (2d) gave a mixture of 8d and 8e in a 45:55 ratio (eq. 

1).7 This may be explained by a steric hindrance arising from two hexyl groups in the 

anti-isomer (2d) against syn-elimination, whereas the sterically preferred conformation with 

the syn-isomer (2e) allows the stereoselective olefination.8,g 

Table 3. Preparation of Fluoroalkene from 2-a. 

La l 

F +X+3 

Entry Reagent (eq) Temp IbCJ Solv. e (%)a 1 (%Ja 1 (%)a 

1 BF3.Et20 (1.11 0 CH2C12 0 28 50 

2 H2S04 (1.0) 50 THF 0 0 10 

3 KN(SiMe3)2(1.1) 0 THF 68 0 0 

aIsolated yield. 

KN(SiMe3)2 (1.1 eq), Et20, 0 Oc 63% (3,d:3,e = 45:557 

2," . 
72% (32:3,' = 2:98) (2) 

Table 4. Desilylation of B-Fluoro-B-silyl Alcohols. 

Entry Substrate conditions~ Product %yiel& P-OH 

1 2A A 4_b 70 4,b H F 

2 2-b B 4-b 67 'gH13 
6H13 

3 2,a A dd 89 + 
4A HO 

4 2,a B da 
5 Le A Le 
6 2-e B ie 

aConditions, A: n-Bu4NF (l-2 eq) in THF at 0 OC 

B: NaH (0.1 eq)/18-C-6 (0.1 eq) in THB at 0 OC--rt. 
b -Isolated yield. 

The stereospecific desilylation of 2 was readily conducted with n--BwNF in THF, and the 

fluorohydrins(4) were obtained in good yield with retention of configuration at the carbon 

bearing a fluorine (see Table 4). No rearrangement giving carbonyl compounds via carbenoid-like 

species was observed under these conditions. Another interesting desilylation was also observed 

in the presence of a catalytic amount of NaH/18_Crown-6 in THF', where the rearranged silyl 
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ether (8) as mixed with the fluorohydrin (4b) was obtained from 2b on rapid workup. 4b was most 

conveniently isolated after aqueous hydrolysis for complete desilylation. In these cases, the 

desilylation also proceeded with retention of configulation at the carbon bearing a fluorine." 

This procedure enables us to synthesize 2-mono- or 1,2-dialkylsubstituted 2-fluoroethanols that 

were not affordable at all by the SiF4 promoted ring opening-fluorination of mono- or 

1,2-dialkylsubstituted oxiraness3 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 
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