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Nucleophilic trifluoromethylation and perfluoroalkylation reactions have been the outstanding
approach during the last few decades to effect fluoroalkyl group addition or substitution reactions.
In most instances, perfluoroalkyl-metal species participate at the beginning of the reactions. In this
account, however, the latest nucleophilic non-metal assisted or uncatalyzed trifluoromethylation and
perfluoroalkylation reactions of substrates bearing biological relevance will be discussed.
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1. Introduction

A recent review article by Wu, Beller and collaborators 1], and
before that the seminal in-depth review article by Grushin
and colleagues [2] appropriately summarize the nucleophilic
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trifluoromethylation and perfluoroalkylation reactions of organic
substrates in the presence of metals. Thus numerous transforma-
tions regarding fluorination of both aliphatic and aromatic
substrates either with or without formal leaving groups can be
accomplished with the intervention of metals and transition metal
complexes which aid in the coupling of the fluoroalkyl moieties
that act as nucleophiles onto the organic electrophilic substrates.

The nucleophilic trifluoromethylation has been extensively
studied and reviewed [3]. However, the incorporation of CF3 groups
remains limited by the low stability of the CF3 anion due to «-
elimination to the difluorocarbene [4]. The following sections shall
describe diverse sources of trifluoromethylating and perfluoroalk-
ylating reagents such as fluoroform CFsH, trimethylsilyltrifluor-
omethane (MesSiCF;), fluorinated sulfones, sulfoxides, sulfides,
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Scheme 1. Mechanism for the trifluoromethylation of benzaldehyde with CFsH.

phosphorous-derived reagents, trifluoroacetate, hexafluoroacetone
hydrate salts, and trifluoroacetaldehyde hydrates that can be
employed as nucleophilic sources towards a variety of electrophiles,
such as carbonyl compounds, thiocarbonyl compounds, halides,
imines, hydrazones, nitrones, iminium salts, and azomethine imines.

2. The use of fluoroform (CF3H) as nucleophilic
trifluoromethylating agent

Fluoroform is a byproduct of Teflon manufacture, but if desired,
it could be synthesized as a commodity chemical by fluorine/
chlorine exchange of chloroform; a gas with a boiling point of
—83 °C. However, until recently, it had attracted little interest as a
synthetic fluorinated building block reagent, in spite of various
reports by Shono, and Langlois since 1991 [5,6], which employed it
for the nucleophilic trifluoromethylation of ketones. These earlier
works set the stage for the recent series of important papers by
Grushin, Prakash, and Shibata [7-9] where they have reported the
use of fluoroform in a great variety of nucleophilic trifluoro-
methylation reactions with the intervention of metals or
metalorganic species.

The reaction of fluoroform at room temperature with
a deprotonating strong base, leads to rapid decomposition of
the trifluoromethyl anion thus formed to a difluorocarbene

Me 'Me
CFH +

K+

intermediate. However, addition of 1 equiv. of CFzH to “"“BuOK
in DMF in the presence of benzaldehyde (Barbier conditions) at
—40°C led to a mixture of the corresponding trifluoromethyl
carbinol in 40% yield with 30% of benzoic acid, 22% of benzyl
alcohol and 8% of remaining benzaldehyde as described in Eq. (1).
When the same reaction was performed at room temperature as
opposed to —40 °C, only the starting material was recovered [10].

CF3H

PhCHO + ®*MBuOK

DMF

0,
-40°Ctor.t. 40% 30%

Me—‘lsLN,Si;Me f
Me - Me

OH
Ph— + PhCOOH * PhCH,OH
CF,

The reaction of fluoroform with metallated dimethyl sulfoxide
(dimsyl-K) afforded 65% yield of the trifluoromethyl alcohol
derived from benzaldehyde. The mechanism of the reaction could
be explained by deprotonation of fluoroform by potassium
dimsylate affording the trifluoromethyl anion which was trapped
in situ by the carbonyl moiety of DMF solvent to form the gem-
aminoalcoholate 1 (Scheme 1, step A). This intermediate is a
masked and stable form of the trifluoromethyl anion at — 22 °C (a
CF;~ synthon), therefore avoiding the degradation of the carbenoid
CFsK [10].

The nucleophilic adduct between A (Scheme 1) and DMF (1,
Scheme 1) reacts with benzaldehyde to afford the CFs-alcohol.

Prakash and collaborators [8] have developed a protocol which
generates and stabilises the CF;~ anion to allow direct trifluor-
omethylation of a range of targets (Eq. (2)). The team initially
showed that if CFsH is dissolved in toluene with potassium
hexamethyldisilazide as a stabilizing base, this allows the direct
introduction of the CF3 group into trimethylsilyl chloride (Eq. (2)).
Building on this success, the researchers showed that careful
optimization of solvent and reaction conditions enables CF;H to
trifluoromethylate a wide range of silicon, boron, sulfur and
carbon-based compounds. Besides, the synthesis of the Ruppert
reagent, MesSiCF3 (vide infra), can easily be prepared from CFs;H as
starting material (Eq. (2)) [8].
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Luo and Qu have very recently uncovered [11] the origin of the
remarkable effects of alkali metal salts of hexamethyldisilazane in
the reaction of fluoroform with electrophiles. The detailed
mechanism of trifluoromethylation of Si and C centers in the
presence of (Me3Si);NK as a base has been studied using the DFT
methods. The authors [11] found that the origin of the so
pronounced an effect of the alkali metals is related to the stability
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