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ring-opening of epoxides
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Abstract

It has been found that potassium dihydrogen trifluoride is an efficient and easy-to-handle solid reagent for the ring-opening
reaction of epoxides giving fluorohydrins regio- and stereo-selectively. The reaction proceeds via cis-addition of HF to the

epoxide.
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The selective introduction of a fluorine atom into
organic molecules has been investigated extensively
because of the unique chemical, physical and biological
properties of organofluorine compounds [1]. The syn-
thesis of fluorohydrins by the ring-opening of epoxides
with hydrogen fluoride has been applied in the chemistry
of steroids, amino acids, carbohydrates and prosta-
glandins as one of the site-selective fluorination reactions
[2-4]. A wide variety of reagents such as potassium
hydrogen difluoride [3], potassium hydrogen difluoride/
aluminium trifluoride [5], potassium hydrogen difluo-
ride/tetrabutylammonium dihydrogen trifluoride [6],
various amine-HF reagents [4,7], silicon tetrafiuoride
[8] and tetrabutylphosphonium fluoride [9] have been
employed for fluorohydrin synthesis as alternatives to
the very toxic hydrogen fluoride. However, some prob-
lems still remain for improvement such as the require-
ment of high temperature or a co-reagent, the difficulty
of handling gaseous or toxic reagent for laboratory use,
etc.

Potassium dihydrogen trifluoride (KH,F,) is used for
the preparation of fluorine gas [10], but has few ap-
plications in the synthesis of organofluorine compounds
such as electrochemical fluorination {11]. In this paper,
we report the use of KH,F; as an effective and easy-
to-handle reagent for the regio- and stereo-selective
ring-opening reaction of epoxides to give fluorohydrins.
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The reaction of styrene oxide (1a) with KH,F, was
initially attempted [Eq. (1)]. The ring-opening reaction
proceeded regioselectively to afford 2-fluoro-2-phenyl-
ethanol (2a) exclusively. The reaction conditions were
examined and the results are listed in Table 1. A good
result was obtained when the reaction was carried out
at 80 °C in 1,2-dichloroethane using 5 mmol of KH,F,
relative to 1 mmol of epoxide (entry 9). The reaction
did not proceed when KHF, was used instead of KH,F,
under the same conditions, indicating that KH,F; is
more effective than KHF, in this reaction although the
latter has been used for the ring-opening of epoxides
(entry 10).
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Table 1
The ring-opening reaction of styrene oxide with KH,F,

Entry Amount of KH,F;* Solvent Temp. Time Yield® of 2a
No. employed 0 (h) (%)
{mmol)

1 1 Et,O room temp. 24 11
2 1 CeHs room temp. 24 19
3 1 CH,;CN room temp. 24 34
4 1 CH,CL, room temp. 24 51
5 1 CH,CICH,Cl1 room temp. 24 50
6 1 CH,CICH,Cl 80 2 60
7 2 CH,CICH,Cl 80 1 59
8 3 CH,CICH,Cl 80 1 73
9 5 CH,CICH,Cl 80 1 76°
10 5¢ CH,CICH,Cl 80 1 0

* Amount of KH,F; relative to 1 mmol of styrene oxide.

*Yields determined by 'F NMR analysis of the crude products (C¢H;CF; was used as internal standard).

¢ Isolated yield was 68%.
94 KHF, was used instead of KH,F;.

Fluorohydrin synthesis from several epoxides has been
examined using these reaction conditions, and the results
are listed in Table 2. The corresponding fliorohydrins
were obtained regioselectively in fair to good yield from
aromatic epoxides (entries 1-7). With aliphatic epoxides,
however, the yield of fluorohydrin was very low because
of side-reactions such as polymerization (entries 8 and
9).

It is noteworthy that the stereoselectivity of this
reaction is quite different from other fluorohydrin
syntheses via the ring-opening of epoxides. Ring-opening

Table 2
Fluorohydrin synthesis using KH,F;*

Entry Epoxide Time Yield® (%)
No. (h)

2 (threoferythro) © 3
1 1a 1 68 0
2 1b 1 42 0
3 1c 12 70 ¢ (80:20) 0
4 1d 12 61° (56:44) 0
5 1e 3 59 (100:0) 0
6 if 7 528 (35:65) 0
7 1g 70 70 (81:19) 0
8 1k 32 8" 15"
9 1i 2 6" (100:0)° -

* Epoxide (1 mmol) and KH,F, (5 mmol) were stirred at 80 °C
in 1,2-dichloroethane.

® Isolated yield.

¢ Isomer ratio of 2 (determined by 'F NMR). The configuration
of these isomers is illustrated in Scheme 1.

9 1-Phenyl-2-propanone (12%) was formed.

¢ 1-Phenyl-2-propanone (15%) was formed.

f2,2-Diphenylethanal (30%) was formed.

& 2,2-Diphenylethanal (29%) was formed.

" Yield determined by 'F NMR of the crude products (CsH;CF3
was used as internal standard).

P Only trans-2-fluorocyclohexanol was formed.

with amine-HF reagents has been reported to proceed
in a trans-stereoselective manner, i.e. trans- and cis-
epoxide predominantly afford erythro- and threo-fluo-
rohydrin, respectively [4,6,7]. In the case of the reaction
with SiF,, both frans- and cis-1-methyl-2-phenyloxirane
gave threo-fluorohydrin [8]. However, this reaction ap-
pears to be cis-stereoselective in the case of aromatic
epoxides, i.e. trans- and cis-epoxide predominantly afford
threo- and erythro-fluorohydrin, respectively (entries
3-7) '. Although the mechanism of this reaction is not
as yet clear, one possible explanation for the regio-
and stereo-selectivity may be the existence of competitive
reactions via an ion pair-like intermediate (4) and
carbonium ion (5) (Scheme 1). The formation of rear-
rangement products (entries 3-6) suggests that reaction
occurs via a carbonium ion 5 stabilized with a phenyl
group. However, if the reaction proceeded solely via
5, the stereoselectivity would be independent of the
isomerism of the starting epoxide since the reaction
would proceed predominantly from 5T which exhibits
no steric repulsion between the phenyl and the R
groups, and the threo product would be predominant
as a result of attack of a fluoride anion species directed
by the Aydroxy group [8]. For this reason it is assumed
that reaction via an ion pair-like intermediate 4 occurs
competitively %, with intermediate 4T forming from the
trans-epoxide with subsequent fluorination yielding the
threo-fluorohydrin 2T. In the case of the cis-epoxide,
erythro-fluorohydrin 2E is obtained predominantly via

! Calculated from the results of entries 3 and 4 (Table 2). Pure
trans-1-methyl-2-phenyloxirane should predominantly afford threo-
fluorohydrin (threo/erythro =95:5, yield 77%) and pure cis-1-methyl-
2-phenyloxirane should afford more erythro-fluorohydrin than the
threo isomer (threoferythro=42:58, yield 57%).

2 A similar intermediate has been suggested in other ring-opening
reactions of epoxides [12].
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Scheme 1. The F~ jon depicted in the reaction pathways should be
considered merely as illustrative of the reacting species which may
include H,F;.

the corresponding intermediate 4E, although the ster-
eoselectivity decreases because another reaction path
via 5 gives the threo-fluorohydrin predominantly. In the
case of aliphatic epoxides, cyclohexene oxide afforded
only trans-2-fluorocyclohexanol (Table 2, entry 10), sug-
gesting a different mechanism such as Sy2-type attack
of fluoride anion although the detail is obscure because
of very low yield.

A typical experimental procedure was as follows. To
KH,F; (5 mmol) in a Teflon® (PFA) vessel was added
a solution of epoxide (1 mmol) in 1,2-dichloroethane
(5 mi). The reaction mixture was stirred at 80 °C for
the period indicated in Tables 1 and 2, and then
quenched with aqueous sat. NaHCO;. After usual work-
up, the crude product was purified by silica gel column
chromatography or bulb-to-bulb distillation. The prod-

ucts were identified by IR, 'H NMR and F NMR
spectroscopy.

In conclusion, we have demonstrated that KH,F;
works as an efficient reagent for the ring-opening of
epoxides to give fluorohydrins in a regio- and stereo-
selective manner. The reaction proceeds via predom-
inantly cis-addition of HF to the epoxide.
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