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1-R-3-Methyl-2,3-epoxybutanes have been found to react with trifluoroacetic

anhydride at 20-40°C in the absence of a catalyst to give mixtures of the di-
fluorocacetate and the product of substitutive O-acylation. The formation of
the latter is favored by raising the temperature. The reaction mechanism is

discussed.

We have previously shown that some epoxy-compounds react with carboxylic acid anhydrides
in the presence of an acidic catalyst on heating to give isomerization products of the oxi-
rane to the allyl alcohol, followed by its acylation (substitutive O-acylation). This reac-
tion, which is carried out at 140-160°C in the presence of an acid (sulfuric, phosphoric,
toluene-p-sulfonic, etc.), at lower temperatures gives mainly the diesters of the correspond-
ing glycols. The same unsaturated monoesters of allyl alcohols are formed on decomposition
of the glycol diacetates at 120-140°C. The latter reaction is not, however, as regioselective
as substitutive O-acylation of the oxiranes themselves [1]. The diacetates give, in addition
to allyl esters, substantial amounts of the isomeric vinyl ethers [2]. This excludes the pos-
sibility of the formation of allyl monocacetates via intermediate glycol diacetates [1]. How-
ever, it remains unclear how the acetoxyl group arises — whether as suggested in [1], or by
preliminary isomerization of the epoxides to allyl alcohols [3] followed by acylation by the
acid anhydride. The significance of these alternatives resides in the fact that under the
conditions of the experiment (120-160°C), these epoxides are capable of isomerizing to the
allyl alcohols, either in the presence of a catalyst [3], or thermally [4]. The resulting
alcohols could indeed be acylated under the reaction conditions to give esters.

In order to obtain further information on the mechanism of this reaction, we have exam-
ined the reaction of trifluorocacetic anhydride with the epoxides (Ia-c). It would be expected
that, thanks to the higher electrophilicity of the trifluoroacetyl group and the low nucleo-
philicity of the trifluorocacetate anion, substitutive O-acylation would occur under milder
conditions, thereby excluding the possibility of prior isomerization of the oxiranes to the
allyl alcohols.
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As expected, trifluoroacetic anhydride reacted exothermically with the oxiranes (Ia-c)
even in the absence of a catalyst. This provides a unique opportunity to clarify the behavior
of the intermediate carbocationoid species in respect of deprotonation in the presence of the
weakly nucleophilic trifluorocacetate group, and to establish whether the latter is trapped by
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TABLE 1. Properties of (IIa-c) and (IIIb)

Com- | Empirical bp, °C. - PMR. spectrum, § , ppm Yield
pound | formula (mm) o a4 : %
Ila C7H5CIF302 44...48 (12)}1,3928/1,2309! 1,82 (3H, d.d. J=1 Hz CHs);| 49

375 (2H. d, J=6,4 Hz CHyCl):
525 (2H, m CHz) 559 (1H,
t, /=64 Hz CH)
1Ib | C/HeBrF30, | 59...62 (12)]1,4140|1,2602| 1,85 (3H,di.d. J/=1}Hz CH);| 48
‘ 358 (2H,d, J=6,6 Hz,CH,Br);
528 (2H, m, /=1 Hz, =CH,)
: 562 (IH, t, J=6,6 Hz,CH)
ITc | CisHaF30; 124...126 |1,470011,1614} 1,76 (3H,d.d.. /=1 Hz, CH,);| 40
(11 4,08 (2H, d, /=6,6 Hz CH,);
509 (2H, m —CH;) 561 (1H,
t, /=6,6 Hz, CH); 6,87...7,32
(5H, m, CsHs)
111b | CoHsBrFsO, | 96...98 (12)1,4250| 1,5801] 1.65 a and 168 (6H, s, CH:;): 27
346...3,71 (2H, m, CH,Br);
545 571 (1H. m. CH)

the carbocationoid species as readily as by the more nucleophilic (and basic) acetate group,
or whether the reaction gives the unsaturated ester only.

In the case of (Ib), it was found that. -at 20-40°C a mixture of the mono- (II) and diacetate (III)
was formed in a ratio of 3:2. The diagnostic features for measuring this ratio were the sig-
nals for the CH; and =CCH; groups in the PMR spectra at 1.65-1.68 and 1.72-1.85 ppm, respec-
tively. At higher temperatures (120-140°C), the proportion of the monoacetate (II) increased
slightly, the ratio becoming equal to 7:3. Compounds (TIa-c) and (IIIb) were isolated from
the reaction mixtures and characterized [(IIIb) was isolated from the mixture of composition
(IIb):(IIIb) = 3:2)].

It is clear that the intermediate carbocationoid species (A) formed during the reaction
can coordinate, irrespective of the reaction conditions, with such a weak nucleophile as the
trifluoroacetate anion. The decreasing proportion of the diacetate, and the increased pro-
portion of the monoacetate in the reaction products also shows that at elevated temperatures
there is either an increase in the rate of deprotonation of the intermediate carbocationoid
species, or the glycol ditrifluoroacetate formed decomposes to the monoacetate.

In order to exclude one of these likely pathways for the formation of the monoacetate,
we followed the course of the high-temperature decomposition of the ditriflucroacetate (IIIb).
It was found that this ester is stable at temperatures of 100-140°C in the absence of an acid
catalyst. Only in the presence of a catalyst (TsOH) at 130°C did cleavage of the diester oc-
cur to give (IIb) (PMR), no vinyl isomer being present.

It is therefore evident that substitutive O-acylation of oxiranes does not involve the
intermediate formation of allyl alcohols, nor does it occur via the ditriflucroacetates (III).
The likelihood is that the first stage of the reaction is the formation of the carbocationoid
species (A), which is then deprotonated to (IIIa-c). It is assumed that substitutive O-acyl-
ation of oxiranes by other acid anhydrides follows a similar course.

EXPERIMENTAL

PMR Spectra were recorded in CCl, on a Perkin-Elmer R-12B (60 MHz) spectrometer, inter-
nal standard HMDS. The gas chromatograph used was an LKhM-8MD, with a catharometer, column
(3 m) with 5% OV-17 on Chromaton-Super, carrier gas (helium) flow rate 40-60 ml/min, temper-
ature 120-200°C.

The elemental analyses of (IIa-c) and (IIIb) for C, H, and Hal were in agreement with
the calculated values.

Reaction of Oxiranes (Ia-c) with Trifluoroacetic Anhydride. In a three-necked flask,
fitted with a thermometer, reflux condenser, and a dropping funnel with a delivery tube reach-
ing to the bottom of the flask, was placed 0.025 mole of the oxirane (Ia-c), heated to 120-
140°C, and 3.7 ml (0.025 mole) of trifluorcacetic acid added dropwise over 20 min. As the
reaction proceeded, the temperature of the mixture fell to 70-90°C. The reaction was followed
by PMR, using the diagnostic signals for the methyl groups of the oxirane at 1.,20-1.30 ppm.
The reaction was normally complete within 30-40 min, following which the mixture of (II) and
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(III) was fractionated to give three fractions: (a) boiling at 46-86°C (12 mm), (b) 59-102°C
(12 mm), (c) 124-170°C (12 mm). Fractionation of these fractions gave (IIa-c), the yields
and properties of which are given in Table 1. .

Reaction of Oxirane (Ib) with Trifluoroacetic Anhydride at 20°C. To 4.13 g (0.025 mole)
of the oxirane (Ib) was added dropwise with stirring at 20°C 3.7 ml (0.025 mole) of trifluoro-
acetic anhydride. An exothermic reaction ensued, the temperature rising to ~40°C. When evo-
lution of heat had ceased, the mixture was stirred for a further 30 min and redistilled to
give 7.8 g of a fraction bp 59-102°C (12 mm), which from its PMR spectrum was a mixture of
(IIb) and (IIIb) in a ratio of 3:2. Fractionation of this mixture gave 2.5 g (27%) of (IIIb)

(Table 1). .
Decomposition of 4-Bromo-2-methyl-2,3-ditrifluorocacetoxybutane (IIIb) in the Presence

of TsOH. The compound (IIIb) (3.75 g, 0.0l mole) was heated with a few crystals of TsOH at
130°C for 2 h. From its PMR spectrum, the reaction mixture contained 70Z of 1-bromo-3-methyl-

2-trifluoroacetoxy-3-butene.
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