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Late-stage defluorinative functionalization:
synthesis of thio-amides and heterocycles from
trifluoromethylarenes

Marcus Söderström,a Esther Olaniran Håkansson b and Luke R. Odell *b

A novel transformation of trifluoromethyl arenes into thioamides has been developed. The reaction pro-

ceeds in a two-step, one-pot fashion via a methyl–dithioester intermediate formed in a defluorination/

thiolation using BF3·SMe2, followed by a mild and rapid substitution of the thiomethyl–moiety. The

method was compatible with the synthesis of both secondary and tertiary thioamides, using a wide range

of trifluoromethylarenes. In addition, the method was successfully extended to the synthesis of various

heterocycles by utilizing amines with specific pendant functionalities. Finally, the method was demon-

strated as a potent late-stage approach when applied to the installation of thioamides and heterocycles

into flufenamic acid, cinacalcet, leflunomide and celecoxib as well as amino acid/peptide modifications.

Introduction

The trifluoromethyl (CF3) group is a common motif in many bio-
logically active molecules, where it influences structural, electro-
tronic and biological properties, making it highly prevalent in
pharmaceuticals.1 In addition, the CF3-group has also received
substantial recent interest as a synthetic handle.2–8 The inertness
and high activation energy of the C–F bond pose a significant
challenge for chemists in the development of new methods to
unlock its synthetic potential. On the other hand, the stability of
the CF3 group offers an opportunity for its early incorporation
into synthetic pathways, enabling selective chemical transform-
ations later in the sequence or as a final step.9

We have recently reported a novel approach for the transform-
ation of trifluoromethylarenes into methyl–dithioesters using
the commercially available reagent BF3·SMe2 as a dual-purpose
defluorinative (via BF3) and thiolating (via SMe2) reagent.

10

In our exploration of the reaction mechanism, we discov-
ered that the main by-products from the reaction was the rela-
tively inert BF4

+SMe3
− salt. As such, the combination of a reac-

tive dithioester functional group and non-interfering by-pro-
ducts, would lend itself to an extension of the methodology via
a one-pot synthesis of other functional groups, enabling
further exploration of novel trifluoromethyl transformations. A
one-pot procedure also provides a powerful and efficient strat-
egy for late-stage functionalization of the relatively inert tri-

fluoromethyl group, enabling rapid access to thioamide deriva-
tives while eliminating the need to isolate and handle unstable
dithioester intermediates.

The thioamide group is an important functional group due
to its impact on medicinal chemistry,11 occurrence in various
biologically active natural products12 (such as cycasthioa-
mide,13 thioviridamide,14 and closthioamide15) and use in
peptide modifications.16 The thioamide moiety can, for
example, be seen in ethionamide, an antibiotic used against
tuberculosis, mercaptopurine, used for cancer and auto-
immune disease treatment, elesclomol, a cancer cell apoptosis
inducer, and fimasartan, an angiotensin II receptor antagonist
(Fig. 1). Furthermore it has been shown that an amide to thioa-
mide substitution in peptides can improve stability against
proteolysis17 improve permeability18 and influence hydrogen-
bonding in peptides,19 among other beneficial effects.16

The functional group has also found significant utility as a
synthetic intermediate, especially as a heterocycle precursor.20

The combination of nitrogen and sulfur nucleophilicity, the
electrophilic thiocarbonyl carbon, the delocalized π-system,
and the leaving group potential of the thiocarbonyl sulfur lend
the thioamide group to numerous synthetic possibilities. The
importance of the thioamide moiety is further highlighted by
the numerous reported methods for its synthesis. From classi-
cal examples such as the Willgerotd–Kindler reaction21 using
ketones or aldehydes, and the thionylation of amides using
Lawesson’s22 or related reagents, to current literature that now
offers diverse examples and strategies for synthesizing thioa-
mides from a variety of functional groups.16,23

Despite this, to the best of our knowledge, a trifluoromethyl
to thioamide conversion has never been reported. Such a trans-
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formation would unlock useful late-stage opportunities for the
insertion of a thioamide group, following incorporation of the
stable trifluoromethyl group early in a synthetic route. This in
combination with the versatility of the thioamide moiety for
further introduction of more complex structures would provide
a powerful tool in medicinal chemistry synthesis efforts. We
therefore aimed to develop the first strategy for the conversion
of trifluoromethylarenes into thioamides via a telescoped two-
step dithioester/amine substitution approach.

Herein we report a method for the transformation of
trifluoromethylarenes into thioamides. In addition, we also
report the further transformation of thioamides into various
heterocyclic moieties, representing the first generally appli-
cable trifluoromethyl to heterocycle conversion. Finally, we
demonstrate the utility of the method by applying it to
approved pharmaceuticals and amino acids, highlighting its
use in real world applications.

Results and discussion

We began our investigation using trifluorotoluene (1a) as the
substrate and piperidine as our model nucleophile, opting for

direct addition of the amine to the crude methyl–dithioester
reaction mixture in a one-pot approach. Addition of 2 equiv. of
piperidine and stirring at room temperature resulted in only
trace amounts of the thioamide product 1b, even after a 24 h
reaction time (Table 1, entry 1).

However, when the amount of piperidine was increased to 4
equivalents the desired thioamide 1b could be isolated in 79%
yield, although complete conversion of methyl–dithioester was
not achieved (entry 2). When increasing to 6 equiv. the trans-
formation proceeded to full conversion within 60 min and the
thioamide product was isolated in 86% yield (entry 3). We
suspect that any leftover acid from to first step renders the
amine unreactive, therefore necessitating the addition of
excess base/nucleophile.

As the amount of amine could be a potential problem using
high-molecular weight or precious nucleophiles, we explored
the addition of an alternative base for neutralization. This
proved effective, as the addition of Et3N prior to the nucleo-
phile yielded comparable results, requiring only 2 equivalents
of piperidine (entry 4). Starting from the isolated methyl–di-
thioester (entry 5) gave a slightly higher yield, but overall
affords a lower yield calculated over two-steps from trifluoroto-
luene, highlighting the advantage of a one-pot procedure.

With these conditions in hand, we proceeded to investigate
various amine nucleophiles (Table 2). Primary amines were
found to be suitable substrates, affording thioamides 2b-8b in
47–86% yield. Notably, this included 2b where methylamine
was added in an ethanol solution, demonstrating excellent
chemoselectivity. This was also observed when using ethanol-
amine as a nucleophile, resulting in exclusive formation of
thioamide 6b. It was also possible to use ethylenediamine as
the nucleophile without excessive dimerization, although the
product was isolated as its N-acetylated analogue 7b to facili-
tate purification. In addition, pre-treating the reaction with
Et3N to reduce the amount of nucleophile needed was again
demonstrated with 2-picolylamine, where the product 8b was
isolated in 82% yield. Using primary amines generally resulted

Fig. 1 The thioamide in biologically relevant molecules, classic dithio-
ester synthesis, our previous work, and this work.

Table 1 Exploration of the one pot synthesis of thioamides from
trifluoromethylarenes

Entry Piperidine (equiv.) Time Yielda

1 2 24 h Trace
2 4 4 h 79%
3 6 1 h 86%
4 2b 1 h 86%
5c 6 30 min 90% (78%)d

Conditions: 0.5 mmol scale in 1 mL DCE. a Isolated yield. b 4 equiv.
Et3N added before piperidine. c Starting from isolated methyl–dithio-
ester. d Yield calculated over two steps starting from 1a.
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in complete conversion of the dithioester within 60 minutes,
although with a more sterically hindered nucleophile in cyclo-
hexaneamine, the reaction required 4 h to achieve complete
conversion to thioamide 3b.

Of note is that the unusual thiohydroxamic acid functional
group in 9b could also be achieved with this method, requiring
fewer steps compared to recently developed methods.24

Cyclic secondary amines pyrrolidine, morpholine and
N-methylpiperazine were all smoothly converted to the corres-
ponding thioamides 10b-12b in good yields. N-Methylated
amines were also viable substrates and the reaction with
N-methylbenzylamine led to a 69% isolated yield of 13b after a
4 h reaction time. Unfortunately, reaction with poorer nucleo-
philes such as anilines and ammonia led to only traces of the
desired products (Fig. S2).

Next, the trifluoromethylarene scope was also examined and
a phenyl, fluoro, acetamide and a phenoxy group were all well-

tolerated returning isolated yields of 70–84% (14b-17b). The
electron-poor substrates 3-(trifluoromethyl)benzamide and 4-
(trifluoromethyl)benzenesulfonamide were also converted into
the corresponding thioamides 18b and 19b in moderate yields
of 45% and 39%, respectively. These yields are in line with
those previously reported for dithioester synthesis.10 Finally, 3-
(trifluoromethyl)-1H-pyrazole could be converted to the thioa-
mide 20b using this strategy. Notably, the methyl–dithioester
intermediate had been previously observed, but could not be
isolated due to stability issues. The thioamide was however
stable towards purification and was easily isolated in 47%
yield. Scaling up the reaction was also possible, and a 5 mmol
reaction with piperidine resulted in 87% yield of thioamide 1b.
Aliphatic trifluoromethyl substrates were not suitable for this
method, as no intermediate was seen in the dithioester
forming step, presumably due to low stabilization of the pro-
posed carbocation intermediate10 during defluorination.

Table 2 Scope of the one-pot synthesis of thioamides from aryltrifluoromethanes

Isolated yields. Conditions unless otherwise stated: 0.5 mmol scale in 1 mL DCE. Time for step 1 according to previous publication:10 2a-15b,
21b 30 min. 16b-17b 10 min. 18b-19b 60 min. 20b 120 min. Time for step 2. a 30 min. b 60 min. c 4 h. d 10 equiv. acetic anhydride was added after
step 2. e Pre-treated with 4–6 equiv. Et3N before adding 2 equiv. nucleophile in step 2. f 6 h under N2 stream.
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We also wanted to explore the possibility of varying the di-
thioester moiety using thiol nucleophiles. Quenching the reac-
tion with Et3N, followed by addition of 2-mercaptoethanol
resulted in product formation (LCMS analysis), however full
conversion of the dithioester intermediate could not be
achieved, even after an extended reaction time. Increasing the
amount of nucleophile improved conversion slightly, and a
large excess (>10 equiv.) of thiol led to significant side-product
formation. We suspected that the low conversion was a result
of reversible addition of 2-mercaptoethanol and methanethiol.
Therefore, a reaction was run under a gentle stream of nitro-
gen to remove gaseous methanethiol from the reaction
mixture. This resulted in complete consumption of the inter-
mediate and the desired dithioester 21b was isolated in a 30%
yield.

To further demonstrate the versatility of the trifluoro-
methylarene as a synthetic handle, we sought to develop a CF3
to heterocycle interconversion (Table 3). Importantly, this
would represent a powerful new tool for medicinal chemists to
fundamentally alter compound properties during optimization
campaigns. To this end, we first examined the addition of

benzhydrazide, which upon heating at 80 °C overnight,
afforded the oxadiazole 1c in 59% yield. This transformation is
thought to proceed via initial formation of a thiohydrazide, fol-
lowed by a subsequent attack from the carbonyl oxygen at the
thiocarbonyl center followed by desulfurization and aromatiza-
tion. Indeed, similar transformations from the thioamide have
been reported before, although these utilize hypervalent
iodine species to induce cyclization.25 This methodology was
extended to other di-nucleophiles (ethylenediamine and
cysteamine), and led to the successful synthesis of imidazoline
2c and thioazoline 3c in useful yields.

In contrast, the less reactive nucleophiles ethanolamine,
2-picolylamine and histamine did not undergo cyclization
under heating conditions and returned only the corresponding
thioamide products. Therefore, I2 activation of the thiocarbo-
nyl26 was employed to facilitate the heterocyclization. Using
this modification, oxazoline 4c, imidazo[1,5-α]pyridine 5c and
7,8-dihydroimidazo[1,5-c]pyrimidine 6c were all successfully
synthesized from trifluorotoluene in 40–55% yield.

This is, to the best of our knowledge, the first generally
applicable synthesis of heterocycles from a non-activated tri-
fluoromethyl group,27–31 and the first report of the dihydro
version of the imidazo[1,5-c]pyrimidine ring system. This
clearly illustrates the potential of our method in achieving

Table 3 Scope of the trifluoro group to heterocycle transformation

Isolated yields. Heating (80 °C, 1c, 2c, 3c) or I2 (4c, 5c, 6c) used to
facilitate cyclization. If insoluble. a EtOH was added as co-solvent (1c,
3c, 5c, 6c). Reactions using larger nucleophiles (1c, 5c, 6c) were pre-
treated with 4–8 equiv. Et3N (depending on if nucleophile was HCl salt
or not), followed by 2 equiv. nucleophile. See SI for detailed
information.

Table 4 Applications of developed methods towards biologically rele-
vant molecules

Isolated yields. Following general procedures described above. a 10
equiv. nucleophile used. b I2 (3d) or Heating (80 °C, 4d) used to facili-
tate cyclization. c Yields calculated from amino acid/peptide as limiting
reagents (0.25 mmol) using excess trifluorotoluene (0.5 mmol). d The
Fmoc protected peptide was first deprotected in situ (see SI for details)
before being added to the reaction mixture. If the mixture was in-
soluble, EtOH or MeOH was added as co-solvent. See SI for detailed
information.

Research Article Organic Chemistry Frontiers
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unique functional group transformations. It is also of note
that no signs of aromatization of 2c-4c and 6c could be
observed under these conditions.

Next, to probe the potential for late-stage modifications in
medicinal chemistry, we applied these methodologies towards
pharmaceutically and biologically relevant molecules (Table 4).
Flufenamic acid could be converted to the piperidine thioa-
mide 1d in 58% yield. Here the first step of the reaction was
performed at 80 °C overnight, to minimize side-reactions.
Cinacalcet could be transformed into the more hydrophilic
ethanol–thioamide 2d in 56% yield. It is notable that an ali-
phatic amine was well-tolerated and the compound also
retained optical activity, indicating minimal epimerization at
the naphthylamine centre. For heterocyclic transformations,
leflunomide was converted into the oxazoline analog 3d in
28% yield, while celecoxib was decorated with a thiazoline
motif (4d) in 42% yield. Notably the yield for 4d was improved
compared to isolation of the unstable dithioester analog,10

highlighting the advantage of thioamide formation in a one-
pot procedure.

Finally, as the thioamide moiety can have profound influ-
ence on the chemical and biological properties of peptides,16

we also wanted to explore its installation onto amino acids.
Accordingly, we thioacylated a Boc-protected lysine, affording
the novel unnatural amino acid 5d in 78% yield, as well as
thioacetylated the N-terminal of dipeptide Gly-Phe-OMe
affording 6d in 36% yield.

Conclusions

In conclusion, we have developed a one-pot strategy for the
synthesis of biologically and synthetically important thioa-
mides from trifluoromethylarenes, enabling powerful new ret-
rosynthetic disconnections. We have also demonstrated the
utility of this approach towards more complex transform-
ations, including the successful incorporation of diverse
heterocyclic moieties. In addition, these methods have been
successfully applied to the late-stage functionalization of phar-
maceuticals, leading to novel analogs with significantly altered
physicochemical properties. We hope these findings will prove
valuable in future synthetic and drug discovery efforts.
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