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Recent Progress in One-Pot Syntheses of Fluorinated Building Blocks
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Abstract: Fluorine-containing molecules are now widely selected for both fundamental research and industrial
applications in the fields of pharmaceuticals, agrochemicals, and advanced materials. The development of methodologies
for the efficient synthesis of fluorine-containing molecules has become one of the most important issues in organic
chemistry for long time. This mini-review focuses on the recent development in the one-pot syntheses of some important
fluorinated building blocks which are recognized as the versatile tools for the construction of fluorine-containing

molecules.
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1. INTRODUCTION

Fluorine-containing molecules are found to increase
utilities in various fields such as pharmaceuticals, agro-
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[3], perchloryl fluoride [4], N-fluoro reagent [5-7], diethyl-
aminosulfur trifluoride (DAST) [8], etc. The handling of
such fluorinating reagents requires special apparatus and
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chemicals and material sciences. Currently, “as many as 30—
40% of agrochemicals and 20% of pharmaceuticals on the
market are estimated to contain fluorine” [1]. The research
on how to increase efficiency of drug-like molecule
synthesis has attracted much attention from both academic
and industrial views.

Synthetic methodologies for the synthesis of organo-
fluorine compounds are roughly classified into two basic
strategies: the direct fluorination and through the fluorinated
building-blocks. Direct fluorination includes C-F bond
formation by treatment of substrate with a fluorinating
reagent, such as elemental fluorine [2], hydrogen fluoride
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techniques due to their extraordinary corrosion and toxicity.
The building-block based methodologies involve appropriate
chemical transformations starting from unique and easily
prepared fluorine-containing molecules [9]. Since normal
experimental procedures are usually applicable to these
reactions with lower pollution and toxicity, the building-
block based methodologies are more acceptable for synthetic
purposes.

Recently, one-pot synthesis has drawn great interest for
its brevity and efficiency. It can be defined as a simple and
efficient route to target molecules by including two or more-
step transformations in a single operation starting from rela-
tively simple precursors [10]. It encompasses either a multi-
component reaction (MCR) [11], or a domino (sometimes
called tandem, cascade or zipper) reaction [12]. It’s
obviously that this “integrated chemistry process” [13]
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would allow to minimize the consumption of solvents,
reagents, energy, and the starting materials are either
commercially available or easily prepared. Furthermore, the
structure of the reaction product is easily diversified by
systematic variation of each input.

Thus, one-pot syntheses of fluorinated building blocks
provide some facile and practical methods, which encourage
chemists to utilize these readily available and versatile tools
for the synthesis of interested fluorine-containing molecules.
This mini-review focuses on the recent development in the
syntheses of some important fluorinated building blocks
according to their different functionalities.

2. ONE-POT SYNTHESIS OF FLUORINATED
CARBONYL BUILDING BLOCKS

2.1. One-Pot Synthesis of gem-Difluorocarbonyl Building
Blocks

Difluoroeneoxysilane 1 can be readily obtained from
acylsilane 2 and trifluoromethyltrimethylsilane 3 by using
Portella’s method [14]. This in-situ generated difluoro-
eneoxysilane 1 could be reacted with different electrophiles
in the presence of Lewis acids to afford a variety of
corresponding gem-difluorocarbonyl derivatives (Scheme 1)
[15-20]. Using similar procedures, difluoro-C-glycosides
have been prepared [21]. These compounds with gem-
difluorocarbonyl structures also have some bioactivities and
synthetic utilities. For example, difluoroanalogue 4 [15] of
ar-turmerone is a sesquiterpene displaying an antitumor
activity [22]. Since monoterpene could be employed as
pheromones [23], flavors [24], etc., 3,3-difluoro-6-methyl-
hept-5-en-2-one 5 was prepared as the difluoroanalogue of a
key intermediate towards monoterpene synthesis [16].
Difluoroegomaketone with potential bovine respiratory
toxicity [25], which contains the moiety of difluoroaldol 6,
could be also prepared by using this one-pot methodology
[17]. The insertion of the B-amino-a,a-difluoroketone 7 [18]
unit into a peptide proved to be successful in the design of
enzyme inhibitors such as protease inhibitors [26]. It’s also
reported that the Michael addition and subsequent
annulation of 8 led to the formation of multisubstituted
difluorocyclohexenones and fluorophenols [19].
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The similar a,B-unsaturated intermediates 9, which were
obtained by the treatment of acylsilanes 2 with perfluoro
organolithium reagents 10, reacted with methylhydrazine to
afford a series of 4-fluoro-5-(perfluoroalkyl)pyrazoles 11 in
53-69% vyields (Scheme 2) [27]. The isolated silyl ethers of
enols 9 or their synthetic equivalents 12 or 13 were utilized
to react with binucleophilic reagents for the construction of
various fluorinated heterocycles [28].

2.2. One-Pot Synthesis of Fluorinated 1,3-Dicarbonyl
Building Blocks

Huang et al. [29] described a one-pot preparation of
fluorinated B-diketones 16. silyl enol ethers 14 were reacted
with perfluoroalkyl iodides 15 to yield fluorinated ketones
17. The subsequent double dehydrofluorination and
addition-elimination of 17 led to the formation of 18, which
were further hydrolysized to yield the final products 16
(Scheme 3). Fluoroalkylacetoacetates 20 were obtained from
2,2-dihydropolyfluoroalkanonates 19 through a similar route
(Scheme 4) [30], and both dicarbonyl compounds 16 and 20
could also be prepared by Claisen condensation of trifluo-
roacetate 23 and ketones or esters 24 (Scheme 5) [31].
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Much attention has been paid to the fluorinated p-dike-
tones 16 because they are not only employed as insecticides
[32] or used in luminescence analysis [33], but also utilized
as fluorinated building blocks to build a variety of fluoro-
alkylated heterocycles. Fluorinated pB-diketones 16 were
reacted with hydrazines to afford trifluoromethyl pyrazoles
25 and 26 (Scheme 5) [31]. Comparing with 16, fluoro-
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Renetal.

alkylacetoacetates 20 play more important roles in the
syntheses of fluorinated heterocycles (Scheme 6). Ethyl
4,4 A-trifluoroacetoacetate 27 was reacted with dinucleo-
philic phenylhydrazine to give pyrazolone 28 [34], it could
also undergo Biginelli reaction, Pechmann reaction and
Hantzsch reaction to afford dihydropyrimidinone 29 [35],
substituted coumarin 30 [36] and dihydropyridine 31 [37]
respectively. In addition, B-amino acid precursors 32 could
be obtained from 27 [38]. Ethyl 2-diazo-4,4,4-trifluoro-
acetoacetate 33, which was readily prepared by a diazo
transfer reaction from 27 [39], also has been wildly used for
synthesis of fluorinated oxazole 34 [30], dihydrofuran 35
[40], and pyrazole 36 [41].

3. ONE-POT SYNTHESIS OF
ACETIMIDOYL HALIDES

In 1993, Uneyama et al. [42] developed a simple one-pot
synthesis of perfluoroimidoyl halides 38, which were
obtained in 80-90% yields when a mixture of fluorinated
carboxylic acid 37 and a aryl amine was refluxed in carbon
tetrachloride (or carbon tetrabromide) in the presence of
triethylamine and triphenylphosphine (Scheme 7).

PERFLUORO-

As the preparation of perfluoroimidoyl halides 38 could
be performed in large scale with good to excellent yields,
this method has encouraged chemists to utilize this type of
readily available and multifunctional building blocks for the
synthesis of various organofluorine compounds (Scheme 7)
[43]. The trifluoroacetimidoyl metals, such as palladium
species 39 obtained from imidoyl iodide [44], could be
employed in heck reaction or other palladium catalyzed
reactions [45]. 38 could also be nucleophilically substituted
by ambident reagents such as diethyl malonate and then
cyclized to form the fluoroalkyl substituted quinolines 40
[46]. Different kinds of amino acid precursors could be
prepared from 38. y-Fluorinated-B-enamino ester 41 could
be obtained exclusively as Z isomers by treatment of 38 with
lithium ester enolates [47]. The fluorinated isoserine
precursor, y-Fluorinated-a-hydroxyl ester 43, was obtained
via intramolecular wittig-type rearrangement of imino ethers
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42, which could be simply prepared from the reaction of 38
with ethyl glycolate [48]. Mg(0)-promoted double silylation
of 38 gave enamines 44, which underwent electrophilic
addition to benzaldehyde and subsequent transformations
lead to the formation of B-hydroxy-a,a-difluoroamino acid
precursors 45 [49].

If there is a nucleophilic substituent presented at ortho
position on benzene ring in N-aryl imidoyl chloride 47, the
intramolecular nucleophilic substitution would occur and
lead to the ring-cyclized benzo-1,3-diazoles in a single step
(Scheme 8) [50].
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This process was carried out under mild condition and
without the participation of any transition metal catalysts.
The starting materials are commercially available, thus it is a
smart strategy for the preparation of fluorinated benzo-1,3-
diazoles even in a large scale.

4. ONE-POT CONSTRUCTION OF TRIFLUORO-
METHYLATED ALDOL STRUCTURES

Fluorinated alcohol derivatives could be utilized as
inhibitor of amyloid-B, which has long been associated with

Alzheimer’s disease [51]. Yamazaki et al. [52] described a
general one-?ot preparation of trifluoromethylated aldol
structures, R'-CH(CF3)-CH(OH)-R% The reduction of a-
trifluoromethyl propionates 49 with DIBAL from -78°C to
0°C afforded corresponding aldehydes 50 as key inter-
mediates, which could be smoothly reacted with appropriate
nucleophiles to yield compounds 51 or 52 with trifluoro-
methylated aldol structures (Scheme 9). The nucleophiles,
such as Grignard reagents and various types of enolates,
could be used in this reaction. It’s considered to be a novel
method for carbon-carbon bond formation which avoids any
direct handling with the unstable aldehydes 50.
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5. ONE-POT SYNTHESIS OF FLUORINATED
OLEFINIC BUILDING BLOCKS

Alkenes possessing a fluoroalkyl group are well known
as one of the important building blocks because they are
often found in the framework of biologically active
molecules, such as panomifene, tamoxifen [53], etc. Shimizu
et al. [54] reported that treatment of 2-substituted 3,3-
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dichloro-1,1,1- trlfluoropropan -2-0l 53 with an organo-
lithium reagent R’Li in THF at -98 °C produced intermediate
2,3-disubstituted 2-lithio-3-trifluoromethyloxirane 54, which
reacted with an organoborane R°B(OCMe,), to yield
tetrasubstituted fluoroolefins 55 with excellent stereo-
selectivity. The intermediates 54 could also be reacted with
electrophiles E-X to afford trifluoromethyl oxiranes 56
(Scheme 10).
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However, this one-pot process suffered from harsh
reactlon condltlons such as low temperature at -98 °C. When
R* and R? of 55 were permitted to be the same, the Suzuki-
Miyaura crosscoupling reaction would be more practical
one-pot method [55]. The treatment of trifluoromethyl
substituted alkynes 58 with aryl boronic acids 57 and aryl
iodides 59 in the presence of 5 mol% Pd (0) in DMF/H,0 at
100 °C produced 60 in 69-93% yields (Scheme 11).
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Compounds containing the CH=C(CI)CF; moiety are
normally used as synthetic precursors of trifluoromethyl-
acetylenes in the synthesis of five-membered heterocycles
64, 65 and 66 [56]. The classic routes to 2-chloro-3,3,3-
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trifluoroprop-1-enylbenzenes 63 are based on Wittig
reaction [57] or organometallic approach [58]. Nenajdenko
et al. [59] described a one-pot transformation of aromatic
aldehydes 61 to 63 via hydrazone intermediate 62. The
reaction proceeded stereoselectively in good yields and the
Z-isomers of 63 were formed preferentially (Scheme 12).

Comparing with 63, compounds, such as aryl substituted
68 with carbonyl group, are more useful for the formation of
thiophene 69, isoxazole 70 and dihydrothiazepine 71 throu-
gh the dinucleophilic attack [60]. The one—pot synthesis of
B-chloro-B-(trifluoromethyl)acrolein 68 was achieved by
Vilsmeier-Haack reaction when 1,1,1-trifluoro-3-phenyl-
acetone 67 was treated with DMF and phosphoryl chloride
(Scheme 13) [61].
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Recently, Jeong et al. [62] developed an efficient one-pot
synthesis of a,B-dichloro-p-trifluoromethylated enone 75,
which has similar structure of 68. The enone 75 was
obtained in good yield when Trifluoropropynyl lithium 72
reacted with N-methoxy-N-methylbenzamide 73 in THF
from -78 °C to 0 °C to afford lithium coordinated interme-
diate 74, followed by treatment with trifluoro-methane-
sulfonyl chloride. The intermediate 74 could also react with
water and dinucleophiles to afford pyrazole 76 and
pyrimidine 77 in a one-pot process (Scheme 14) [63].
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1-Trifluoromethylvinyl compounds are known to be
attacked by nucleophiles in Sy2’ mechanism to afford 1,1-
difluoro-1-alkenes [64]. Junji et al. [65] have established a
novel one-pot method for functionalized 1,1-difluoro-1-
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alkenes such as monosubstituted 1,1-difluoro-1-alkenes 80,
3,3-difluoroallylic alcohols 81 and their acetates 82. These
compounds are simply synthesized in two steps from 1-
trifluoromethylvinylsilane 78: (i) Sy2' reaction of 78 with
nucleophiles to construct 2,2-difluorovinylsilanes 79, and
(ii) the removal of the silyl group followed by the attack of
electrophile, such as benzaldehyde. The combination of
these two processes allows a one-pot synthesis of the
functionalized 1,1-difluoro-1-alkenes bearing two kinds of
substituents (Nu, E) starting from 1-trifluoromethylvinyl-
silane 78, which functions as a CF,=C-CH," equivalent
(Scheme 15).
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Fluorinated vinyl stannanes 83 could be used to generate
anionic 84 in situ, which could be applicable to form a
variety of functionalized alkenes by one-pot process. (E)-a-
fluoro-B-trifluoromethylallylic alcohols 85 were obtained in
65-99% vyields when the anionic species 84 reacted with
aldehydes [66]. The key intermediates 84 could also react
with o, B-unsaturated aldehydes 86 to form 1,4-diene
intermediates, which were subsequentially fluorinated by
DAST and resulted in the formation of polyfluorinated alka-
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(2E,4E)dienes 87 in 58-71% yields (Scheme 16) [67]. It’s
remarkable that the reaction of DAST with polyfluorinated
diallylic alcohols yielded polyfluorinated (2E, 4E) isomers
specifically. The migration of double bond occurred only at
the non-fluorine-containing analogues.

Generally, different kinds of functionalized perfluoro-
alkyl substituted alkenes 90 could be easily prepared by one-
pot reactions from fluorinated B-ketophosphonium salts 89.
The phosphoranes 88 were acylated by the addition of
perfluoroalkanoic anhydrides to generate fluorinated B-
ketophosphonium salts 89 in-situ, which were attacked by
nucleophiles, such as organolithium, organozinc or Grignard
reagents, and afforded a fluorinated carbon-carbon double
bond (Scheme 17) [68].
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While methylenetriphenylphosphorane 88 (R! = R? = H)
was employed as a nucleophile to attack fluorinated f-
ketophosphonium salts 89, 91 was formed after the
deprotonation and elimination of triphenylphosphine oxide.
Subsequential reaction of 91 with aldehydes enatio-
selectively afforded (E)-fluorodienes 92 in 20-58% yields
[69]. The similar result was observed in the synthesis of
intermediate 93, which could further react with acrylates or
aldehydes to yield trifluoromethylated vinylcyclopropanes
94 or fluorovinylic epoxides 95 as trans-isomers (Scheme
18) [70].

6. CONCLUSION

Fluorine-containing molecules attract widespread attent-
ion as important components of agrochemicals, pharmaceu-
ticals, and advanced materials. To provide a facile and direct
access to these molecules, a number of valuable one-pot
syntheses of fluorinated building blocks and their synthetic
utilities are described here. Such one-pot process allows
easy and efficient formation of some structurally interested
and biologically important building blocks which open
possibilities to the design of new fluorine-containing
molecules. It is expected that new and useful fluorinated
building blocks and their novel syntheses will be developed
in the future.
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