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Abstract
Two types of fluoride ion-catalyzed desilylative-defluorination (intermolecular and intramolecular versions) have been reported. The

intermolecular desilylative-defluorination consists of sequential reactions: generation of a nucleophile by fluoride ion-promoted desilylation,

its reaction with a fluorinated electrophile, and simultaneous formation of a final product and regeneration of fluoride ion. Precursors of

nucleophiles used in the catalytic reaction system involve disilane, silyl ethers, CF3-TMS, and FSO2CF2CO2TMS. The intramolecular version is

quite useful for the preparation of gem-difluoroalkenes including a-substituted 2,2-difluorostyrenes, 2-trimethylsilyloxy-3,3-difluoroacrylate,

tetrafluoroquinodimethane, which arise from 1,2-, 1,4- and 1,6-desilylative-defluorination, respectively. The potential advantages for both types of

the desilylative-defluorinations are (1) effective preparation of base or nucleophile-sensitive products, (2) very mild and essentially neutral

conditions, and (3) use of a catalytic amount of fluoride ion.
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Fluoride ion-promoted silicon–carbon and silicon–oxygen

bonds cleavage and generation of carbanion and oxyanion are

one of the most frequently employed reactions in organic

synthesis. Generations of enolate from silyl enol ethers,

benzyne from o-Me3Si-aryl triflates, and CF3-anion equivalent

from Ruppert-Prakash reagent, Tamao oxidation, and Pd-

catalyzed Hiyama coupling, all of these synthetically useful

reactions are initiated by fluoride ion endowed with a strong

affinity to silicon atom [1].

However, most of these reactions require the use of a

stoichiometric or excess amount of fluoride ion, which causes

sometimes undesirable side-reactions due to the strong basic

conditions. On this basis, it is more feasible to design any

practical syntheses, which consist of a sequence of fluoride ion-

catalyzed desilylation, generation of reactive intermediates

leading to the expected desired reactions, and regeneration of

fluoride ion at the final stage of the reaction.

There are two potentially feasible reaction systems in

fluoride ion-catalyzed desilylative-defluorination: the one is
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intermolecular desilylative-defluorination and the other is

intramolecular version. The former consists of an intermole-

cular reaction of a nucleophile generated by fluoride ion-

promoted desilylation reaction with fluorinated electrophile

bearing a potentially removable fluorine atom. In this reaction,

a final product is formed by a combination of desilylated

nucleophile and defluorinated electrophile as shown in Scheme

1. The latter is intramolecular desilylative-defluorination, in

which a substrate bearing both of removable silyl moiety and

fluorine atom undergoes fluoride ion-promoted desilylation

followed by defluorination leading to formation of a final

product and along with regeneration of fluoride ion (Scheme 1).

This short review describes two types of the fluoride ion-

catalyzed desilylative-defluorination reactions as shown in

Scheme 1.

1. Intermolecular desilylative-defluorination reaction

The SN20 type dimethylphenylsilylation of 1 is shown in

Scheme 2 is one of the typical intermolecular desilylative-

defluorination, where fluoride ion initiates the heterolytic Si–Si

bond cleavage of disilane 2 to generate dimethylphenylsilyl

anion, which then attacks trifluoropropene 1 in an SN20
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reaction, providing difluoroallyl silane 3 as a final product

along with a fluoride ion [2]. A catalytic amount of TBAF

(10 mol%) is enough to complete the overall reaction.

One of the advantages of the fluoride-ion-catalyzed

desilylative-defluorination is a suitable control of the rate of

generation of a reactive nucleophile in situ. This protocol is

particularly useful for the reaction with very reactive

fluorinated electrophile like perfluorocyclobutene 4 (Scheme

3) and hexafluorobenzene 7 (Scheme 4). As shown in Scheme

3, the desired substitution proceeds smoothly by a combined

use of trimethylsilyl ether as a precursor of nucleophile and a

trace amount of CsF. In this reaction system, a reactive

nucleophile can be generated in a stepwise manner only after

one cycle of the expected reaction sequence (generation of

alkoxide equivalent from 5, nucleophilic attack to perfluor-

ocyclobutene 4, and formation of product 6 via addition-

elimination along with regeneration of fluoride ion) completes.

Therefore, the reaction system is equivalent to the experimental

conditions in which addition rate of a nucleophile is adjusted so

as to control the reaction rate [3].

Similar nucleophilic substitution of alkoxide anion equiva-

lent 9 on an aromatic ring was achieved by the reaction of silyl

ethers with hexafluorobenzene 7 in the presence of a catalytic

amount of CsF as an initiator (Scheme 4) [4]. It was reported

that the use of silyl ethers was more favorable for polyalk-

oxylation of 7 than alkali metal alkoxide.
Scheme
Transformation of benzenesulfonyl fluoride to the corre-

sponding sulfonates (PhSO2OR) with trimethylsilyl ethers

(ROSiMe3) was also catalyzed by a catalytic amount of

tetraethylammonium fluoride [5].

Fluoride ion-catalyzed generation of difluorocarbene from

trimethylsilyl fluorosulfonyldifluoroacetate 12 and the subse-

quent cyclopropanation of alkenes 11 provide difluorocyclo-

propanes 13. The overall reactions can be classified into the

intermolecular desilylative-defluorination (Scheme 5) [6]. Here

again only 1.2 mol% of NaF can transform all of the silyl

acetate 12 to difluorocarbene.

Successive reactions starting from fluoride ion-catalyzed

generation of trifluoromethyl carbanion equivalent from

Ruppert-Prakash reagent 15 and its subsequent addition

to acyl silane 14 followed by Brook rearrangement of
3.
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intermediate 17 lead to the formation of difluoroenol silyl ether

16 successfully (Scheme 6). The reaction with trifluoroacetyl

triphenylsilane was firstly discovered by Jin et al. [7], and later

on, extensive synthetic application of the corresponding

trialkylsilanes was developed by Portella and co-workers [8].

The key step of the net transformation of 14–16 is Brook

rearrangement, in which intramolecular attack by alkoxide

anion to silicon in 17 induces heterolytic carbon–silicon bond

cleavage and simultaneous extrusion of b-fluorine atom as a

fluoride ion, resulting in the formation of a final product 16

along with regeneration of fluoride ion. This reaction provides

aliphatic difluoroenol silyl ethers in more favorable yields

than Mg-promoted defluorination of trifluoromethyl alkyl

ketones [9].

2. Intramolecular desilylative-defluorination reaction

Three kinds of intramolecular desilylative-defluorination

have been reported: 1,2- and 1,4- and 1,6-version, respectively.

Scheme 7 shows 1,2-desilylative-defluorination, in which the

leaving silyl moiety and fluorine atom are located at C1 and C2

carbons. This fluoride ion-catalyzed reaction proceeds within

10 min in the presence of 0.5 mol% of tetrabutylammonium

triphenyldifluorosilicate (TBAT) in either CH2Cl2 or n-hexane,

affording 1-substituted (X = F, Cl, and Br) 2,2-difluorostyrenes

19 in excellent yields. The result demonstrates perfect recycling

of fluoride ion under the reaction conditions [10].

1,4-Desilylative-defluorination of ketene silylacetal 21 [11]

is shown in Scheme 8. Here again only 0.2 mol% of fluoride ion

is enough to complete the reaction within 10 min and gives
Scheme 7.
methyl 2,2-difluoro-1-trimethylsilyloxyacrylate 22 in an

excellent yield. Particularly interesting and important fact is

that the use of 10 mol% of fluoride ion resulted in very poor

yield of the desired product 19. Fig. 1 clearly reveals the yield

of 22 decreases sharply as the amount of TBAT increases. The

b-carbon of 22 is so highly electrophilic due to both gem-

fluorines and b-carbomethoxy group that it accepts easily

fluoride ion as a nucleophile to generate the corresponding

enolate of 2-trimethylsilyloxy-3,3,3-trifluoropropionate, which

would undergo condensation with 22, providing a complex

mixture. This reaction system catalyzed with a trace amount of

fluoride ion is quite useful when the product is highly reactive

with nucleophiles. The product 22 is a good synthetic precursor

for 3-substituted 2,2-difluoropyruvates 24 [12].
Fig. 1. Relation between yield of 22 and amount of TBAT.
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1,6-Desilylative-defluorination is also feasible for the

preparation of tetrafluoroquinodimethane 27 from 26 as shown

in Scheme 9 [13]. The fluorinated quinodimethane is so reactive

and unstable that use of the minimum amount of fluoride ion is

essential to avoid unfavorable fluoride ion-induced oligomer-

ization of 27. The octafluoroparacyclophane 28 is an excellent

precursor for the insulating fluoroparylene polymer [14].

3. Conclusion

Two types of fluoride ion-catalyzed desilylative-defluorina-

tion (intermolecular and intramolecular version) have been

reported. The intermolecular desilylative-defluorination consists

of sequential reactions: generation of a nucleophile by fluoride

ion-promoted desilylation, its reaction with a fluorinated

electrophile, and simultaneous formation of a final product

and regeneration of fluoride ion. The intramolecular version is

quite useful for the preparation of gem-difluoroalkenes which

arise from 1,2-, 1,4- and 1,6-desilylative-defluorination. The

potential advantages for both types of the desilylative-

defluorinations are (1) effective preparation of base or

nucleophile sensitive products, (2) very mild and essentially

neutral conditions, and (3) use of catalytic amount of fluoride ion.
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