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Abstract - Oxetanes were regioselectively cleaved with silicon tetrafluoride to
give y-fluoro alcohols in good yields, in which effects of additives and
stereoselectivities were investigated.

Although oxetanes are readily accessible using a variety of synthetic methods and have received
considerable attentions as useful C-3 building blocks,1 their use as substrate for fluorination is himited
because of relatively low electrophilicity of the oxetane ring.2 We have already published that silicon

tetrafluoride is a useful reagent for the ring-opening fluorination of oxiranes to give p-fluoro alcohols.3 In
the present study we have found that silicon tetrafluoride is also good fluorination reagent for oxetanes,
and wish to describe herein a facile synthesis of y-fluoro alcohols.
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Initial examination into the ring-opening fluorination of the oxetane (1a) met with recovery of the starting
materials u;ldcr a variety of reaction conditions studied for the fluorination of oxiranes (in the presence of
i-PryNEt, MesS, n-BugNF, or H20).3 This may be due to the less cation stabilizing ability of the dodecyl
group attached to the oxetane, and therefore, the phenyl-substituted analogue (1b) was next examined. As

expected, this substrate underwent ring-opening fluorination reaction with SiF4-MesS in ether to give y-

fluoro alcoho! (2b) in 70% yield as the sole product.4



1i8 HETEROCYCLES, Vol. 52, No. 1, 2000

SiF,, Additive ‘j\/\
- R OH
R 1 2
a:R' = n-Cy{Hy; No reaction
b: R' =Ph 70%

Other mono-substituted oxetanes (1¢ ~ f) were examined under the same conditions found for the ring-
opening fluorination of 2-phenyloxetane (1b) (vide infra).
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R? 2 (yield, %)
c: trans-PhCH=CH Complex
d: trans-CsH,;CH=CH  Complex
e: PhC=C 52
f: n-CgH,sC=C 65

While alkene-substituted derivatives (1c, d) did not give the desired fluorinated products but rather
complicated reaction mixtures were obtained, alkyne-substituted oxetanes (le, f) underwent ring-opening
fluorination reaction to give y-fluoro alcohols in good yields. This may be due to the susceptibility of
alkenes to acid catalyzed polymerization.

In the cases with 2,2-disubstituted oxetanes, the reaction conditions for the desired regioselective ring-
opening fluorination were relatively tricky, and olefinic compounds were obtained as by-products which
were, however, always readily separable by chromatography on silica gel. Results are summarized in
Table 1.

The ring-opening fluorination reaction was highly influenced by the additive. In the presence of TBAF in
ether the reaction gave the desired fluorinated product in good yield, whereas the reaction did not afford
the ring-opened product in the presence of i-PraNEt / H20, which effected the ring-opening fluorination of
epoxides previously reported. In the case of the aliphatic oxetane (1h), the reaction was also highly
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g:R'=Ph, R2=CH;, R3=H
h: R1 - R2= n‘C5H11, R3 = n‘C4Hg
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Table 1 Ring-opening Fluorination of 2,2-Disubstituted Oxetanes.?

Entry Oxetane Additive Solvent Yield/%® 2:39
T g 7 BugNE F0 78 83 17
2 1g i-ProNEt CICH,CH3Cl 67 67: 33
3 1g i-PryNEt /Ho0 EtyO 0 _:-

4 1h None Et,O 88 66 :34
5 1h PhsP Et,0 87 70: 30
6 ih PhsP / CCly Et;O 92 71:29
7 1h PhoPCH»CH,PPhy EtO 85 51:49
8 1h Me;S EtO 89 78:22
9 1h DMF EtO 69 29:71

10 1h I-PrpNEt CICH2CH2Cl 70 10:90

a) The reaction was carried out according to the typical experimenial procedure. b)Isolated yields. c)Based on isolated materials,

dependent on the additive and solvent. In 1,2-dichloroethane, formation of the olefin (3h) predominated,
whereas fluorinated compound was obtained as a major product in ether even in the absence of the
additive.

The structural effect of oxetane ring on the formation of olefinic product was next examined using the
oxaspiro type derivative (11, j) under rigorously anhydrous conditions. The oxetane (1i) possessing the
equatorial oxygen gave the fluoride (2i) as a major product, whereas the axial counterpart (1) afforded the
elimination product (4) as the sole product.
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These exarnples indicated that the present fluorination proceeded mostly vig an SN2 type attack of the
fluoride ion from the back side of the oxetane oxygen, and therefore, in the case of the oxetane (1j), the
trans-diaxial orientation of the alkoxy and a hydrogen made the elimination more favorable, leading to the
formation of the olefin (4).

Ring-opening fluorination of oxetanes studied here provides a rapid access to y-fluoro alcohols in good
yield. The fluorination was often affected by the formation of elimination product formed under the
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influence of the characteristic features of fluoride ion as a base. This type of by-product formation was
suppressed in part by the addition of a certain additive in the fluorination media.
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4, A typical procedure for the ring-opening fluorination of oxetane is as follows: Into a 30 mL round-
bottomed flask equipped with a balloon filled with SiF4 were added ether (3 mL) and Me,S (37 pL,
0.5 mmol) successively. To it was added a solution of oxetane (1) (0.5 mmol) in ether (2 mL) at 0
°C, and the mixture was stirred at that temperature for 1 h. Aqueous KF solution (5 mL) was added
and the normal work-up followed by separation on silica gel TLC gave y-fluoro alcohol (2).
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