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Abstract A practical Lewis acid-catalyzed Meyer–Schuster rearrange-
ment of fluoroalkylated propargylic alcohols, leading to a series of β-flu-
oroalkyl-α,β-enones, is developed. The methodology reported herein
features moderate to high yields and high stereoselectivity in the syn-
thesis of β-alkyl-β-fluoroalkyl-α,β-enones.

Key words Lewis acids, Meyer–Schuster rearrangement, β-trifluoro-
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Fluorine and fluorinated groups are common function-

alities in the field of organic and medicinal chemistry. In-

troduction of these structural motifs to an organic molecule

significantly alters its physical and biological properties

such as solubility, polarity, lipophilicity, and metabolic sta-

bility.1 Compared with the parent compounds, fluorinated

counterparts are often more suitable for practical uses in

materials science, agrochemistry, and pharmaceutical in-

dustries. β-Trifluoromethyl-α,β-enones are versatile build-

ing blocks in a variety of synthetic transformations such as

asymmetric Diels–Alder reactions,2 Nazarov reactions,3 en-

antioselective conjugate alkynylations,4 phosphine-cata-

lyzed [3+2] cycloadditions,5 and other reactions.6 The

preparation of β-trifluoromethyl-α,β-enones has been

achieved by the aldol condensation of trifluoroacetaldehyde

hemiacetal or hydrate with ketone followed by an acid-me-

diated dehydration process.7 Other methods describing the

preparation of β-trifluoromethyl-α,β-enones include the

base-promoted isomerization of 4,4,4-trifluorinated prop-

argylic alcohols,8 the gold-catalyzed rearrangement of CF3-

substituted propargylic carboxylates,9 the ruthenium-cata-

lyzed isomerization of β-trifluoromethylated secondary al-

lylic alcohols,10 and the Mitsunobu reagent-induced redox

isomerization of CF3-containing propargylic alcohols.11

Meyer–Schuster rearrangement of secondary and tertiary

propargylic alcohols is a straightforward method for the

preparation of α,β-unsaturated carbonyl compounds.12 The

high atom economy, the easily accessible starting materials,

and the high substrate tolerance are features of this meth-

od. However, synthesis of β-trifluoromethyl-α,β-enones di-

rectly from the Meyer–Schuster rearrangement of trifluoro-

methylated propargylic alcohols is rare. Recently, our group

reported a new Lewis acid-catalyzed defluorinative cyc-

loaddition/aromatization cascade reaction,13 in which the

difluorophenylmethylated propargylic alcohols were prone

to cyclizing with nitriles but did not rearrange to α,β-enone

products. Activated benzylic C–F bonds were found to be

necessary for the cascade reaction. During our ongoing ef-

forts toward an efficient methodology for preparing fluori-

nated compounds, we became curious as to whether the

similar Lewis acid-catalyzed conditions, with minor modi-

fications to the fluoroalkylated propargylic alcohols and

solvents, could cause the rearrangement to α,β-enones.

Herein, we report the Lewis acid-catalyzed rearrangement

of fluoroalkylated propargylic alcohols for the synthesis of

β-fluoroalkyl-α,β-enones and β-hydroxy-β-trifluoroalylat-

ed ketones.

The fluoroalkylated propargylic alcohols 1a–s used for

the present study were prepared from the reduction or nu-

cleophilic addition of the corresponding fluorinated alkyl

alkynyl ketones.14 Thus, 1,1,1-trifluoro-4-phenylbut-3-yn-

2-ol 1a was chosen as a model compound and dichlo-

roethane was applied as the solvent to optimize the reac-

tion conditions. AgOTf, InCl3, Sc(OTf)3, and Cu(OTf)2 have

been demonstrated to promote the Meyer–Schuster rear-

rangement in a catalytic manner.15 Initial attempts to uti-

lize these Lewis acids to promote the title reaction were

made. Other rare-earth metal triflates16 were also exam-

ined systematically. The results are compiled in Table 1. As

shown in entries 1–3, the use of one equivalent of Lewis
© Georg Thieme Verlag  Stuttgart · New York — Synlett 2019, 30, A–E
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acids such as AgOTf, InCl3, and Cu(OTf)2 did not promote

the rearrangement even after 12 hours of stirring at 70 °C.

The reaction in the presence of one equivalent of Sc(OTf)3

under identical conditions (entry 4) afforded the desired β-

trifluoromethyl-α,β-enone 2a, but the yield was only 15%.

Additionally, β-hydroxy-β-trifluoromethylated ketone 3a

that could result from the 1,4-addition of H2O to 2a was iso-

lated as a side product with a yield of 13%. Bi(OTf)3 and

Eu(OTf)3 displayed slightly inferior activities to that of

Sc(OTf)3, affording 2a (15–10%) and 3a (18–12%), respec-

tively (entries 5 and 6). Endeavors to use Yb(OTf)3, Zn(OTf)2,

and In(OTf)3 were unsuccessful. In these cases, the starting

material was recovered intact or decomposed (entries 7–9).

It was previously reported that the use of an ionic liquid as

the solvent medium significantly enhances the reaction

rate and selectivity in metal triflate-catalyzed Friedel–

Crafts reactions.17 Inspired by this previous finding, we per-

formed the rearrangement reaction by utilizing [bmim]BF4

or [bmim]PF6 as the solvent. As indicated in entries 10–13,

although [bmim]PF6 enhances the activity of both Sc(OTf)3

and Bi(OTf)3 for the rearrangement reaction, the formation

of 3a could still not be avoided. We then turned our atten-

tion to other Lewis acids. Further screening of the reaction

using BF3·OEt2
18 gave encouraging results. The use of 1.0

equivalent of BF3·OEt2 afforded 2a in good yield (76%, entry

14). The yield remained high upon decreasing the loading of

BF3·OEt2 from 1.0 to 0.8 and 0.5 equivalent (entries 15 and

16). The uses of lower catalyst loading (0.2 equivalents, en-

try 17) or of THF (entry 18) and 1,4-dioxane (entry 19) in-

stead of dichloroethane were examined, but a reduction in

the reaction yield was obtained in all of these cases. There-

fore, the reaction conditions shown in entry 16 were con-

sidered to be optimal.19

Table 1  Optimization of the Reaction Conditions

Entry Lewis acid (equiv) Temp (°C) Time (h) Yield (%)a

2a 3a

 1 InCl3 (1.0)  70 12  0  0

 2 AgOTf (1.0)  70 12  0  0

 3 Cu(OTf)2 (1.0)  70 12  0  0

 4 Sc(OTf)3 (1.0)  70 12 15 13

 5 Eu(OTf)3 (1.0)  70 12 10 12

 6 Bi(OTf)3 (1.0)  70 12 15 18

 7 Yb(OTf)3 (1.0)  70 12  0  0

 8 Zn(OTf)2 (1.0)  70 12  0  0

 9 In(OTf)3 (1.0)  70 12  0  0

10 Sc(OTf)3 (1.0)b 110  7  0 25

11 Sc(OTf)3 (1.0)c 110  7 32 22

12 Bi(OTf)3 (1.0)b 110  7  0 11

13 Bi(OTf)3 (1.0)c 110  7 24 23

14 BF3·OEt2 (1.0)  70  1.5 76  4

15 BF3·OEt2 (0.8)  70  2 81  4

16 BF3·OEt2 (0.5)  70  4 80  6

17 BF3·OEt2 (0.2)  70 10 25 22

18 BF3·OEt2 (0.5)d  70  3 46 22

19 BF3·OEt2 (0.5)e  70  3 39 20

a Isolated yields after silica gel chromatography.
b [bmim]BF4 was used as the solvent.
c [bmim]PF6 was used as the solvent.
d THF was used as the solvent.
e 1,4-Dioxane was used as the solvent.
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Table 2  BF3·OEt2-Catalyzed Rearrangement of Fluoroalkylated Propar-
gylic Alcohols

Entry Product Conditions Yield (%)a

 1 70 °C, 12 h 78

 2 45 °C, 1 h 75

 3 70 °C, 14 h 61

 4 45 °C, 2 h 73

 5 70 °C, 17 h 57

 6 70 °C, 7 h 71

 7 70 °C, 30 h 65

 8 70 °C, 3 h 52

 9 70 °C, 2 h 87

10 70 °C, 2 h 81

11 70 °C, 2 h 86

12 70 °C, 3 h 62
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Table 2 (continued)

The generality of this BF3·OEt2-catalyzed rearrangement

was next examined by using a series of fluoroalkylated

propargylic alcohols. As illustrated in Table 2, the reaction

of secondary alcohols bearing either electron-withdrawing

(–F, –Cl, –CN, and –CO2Et) or electron-donating functional

groups (–CH3 and –OCH3) on the phenyl ring proceeded to

give the thermodynamically more stable (E)-products 2b–g

in moderate to good yields (57–78%, entries 1–6). Notably,

an electron-donating group on the phenyl ring accelerated

the present reaction, whereas an electron-withdrawing

group slowed the reaction down. The electronic effects

were validated again by the reaction of a more electron-de-

ficient substrate 1h. In this case (entry 7), a prolonged reac-

tion time was required to attain full conversion of the start-

ing material. The reaction with use of a substrate bearing a

sterically demanding 1-naphthyl group yielded 2i in 52%

yield (entry 8). For trifluoromethylated tertiary alcohols

with an alkyl group at the tetrasubstituted carbon center,

the reaction provided the desired products 2j–l in high

yield (81–87%, entries 9–11) and stereoselectivity. Excellent

stereoselectivity was also observed in the formation of β-

pentafluoroethyl-α,β-enone 2m (entry 12). We speculated

that the stereocontrol could stem from an intramolecular

interaction between boron and the fluorinated alkyl group

in the boron allenolate intermediate A, facilitating the alle-

nol–enone tautomerism to form (E)-intermediate B, fol-

lowed by protonation to provide the final (E)-product C ex-

clusively (Scheme 1).21

13 70 °C, 6 h 77

14 70 °C, 6 h 74

15 45 °C, 2 h 36

16 45 °C, 2 h 43

17 70 °C, 3 h 75

a Isolated yields after silica gel chromatography.
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Scheme 1  Proposed mechanism for the exclusive formation of (E)-
product C

However, in the cases of a tertiary alcohol substituted

with a phenyl (entry 13) or 4-chlorophenyl group (entry

14) at the tetrasubstituted carbon center, the corresponding

β-hydroxy ketones 2n and 2o were produced instead of the

expected enone products. Other structurally diverse sub-

strates, such as diflurophenylmethylated and pentafluoro-

alkylated alcohols (entries 15–17), were subjected to the

BF3·OEt2-catalyzed reaction conditions and furnished the

corresponding α,β-enones 2p–r in moderate to good yields

(36–75%). The inferior yields for 2p and 2q could be as-

cribed to the instability of the benzylic fluoride moiety un-

der the BF3·OEt2-catalyzed conditions. Otherwise, the reac-

tion was limited to aryl-substituted propargylic alcohols

and failure was observed in the case of alcohol 1s that has

an n-butyl group at the acetylenic position.22

To confirm that the stereoselectivity of our method is

superior to conventional methods,23 we performed the re-

arrangement of 1l–m by using an access amount of concen-

trated H2SO4. As shown in Scheme 2, the reactions provide

the E/Z-isomer and a significant amount of dehydration

product 5.

Scheme 2  Sulfuric acid-induced rearrangement reaction of 1l and 1m

In conclusion, we have developed a new and practical

procedure for the synthesis of β-fluoroalkyl-α,β-enones24

by using the BF3·OEt2-catalyzed Meyer–Schuster reaction.

The protocol is highly stereoselective for the conversion of

trifluoroalkylated tertiary allylic alcohols into (E)-β-alkyl-

β-fluoroalkyl-α,β-enones. We envision that the methods

disclosed herein will find practical applications in the syn-

thesis of structurally complex β-fluoroalkyl enones that are

of importance in synthetic chemistry.
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