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Hydrodifluoromethylation of Alkenes with Difluoroacetic Acid

Claudio F. Meyer,”"! Sandrine M. Hell,”! Antonio Misale,” Andrés A. Trabanco,” and Véronique

Gouverneur @

Abstract: A facile method  for  the regioselective
hydrodifluoromethylation of alkenes is reported using difluoroacetic
acid and phenyliodine(lll) diacetate in tetrahydrofuran under visible
light activation. This metal-free approach stands out as it uses
inexpensive reagents, does not require a photocatalyst, and displays
broad functional group tolerance. The procedure is also operationally
simple and scalable, and allows access in one step to high value
building blocks for application in medicinal chemistry.

Fluorinated compounds are of high interest in drug
discovery due to the unique ability of fluorine to modulate the
lipophilicity, polarity, metabolic stability and solubility of potential
drug candidates, properties that directly influence bioavailability
and adsorption." The difluoromethyl group (CF.H) stands out as
a metabolically stable lipophilic bioisostere of weak hydrogen
bond donors such as alcohols, anilines, amines or thiophenols,
and as such has been used in a variety of drug molecules.?
Traditionally, the CF;H group is generated by deoxyfluorination
of an aldehyde with reagents such as N,N-dimethylaminosulfur
trifluoride (DAST) or bis(2-methoxyethyl)aminosulfur trifluoride
(Deoxo-Fluor®).® These reagents react with alcohols, ketones
and carboxylic acids with poor selectivity, thereby impo
extensive protecting group chemistry for molecules fea
these functionalities.* Furthermore, the exothermic
decomposition of these reagents at elevated temperat
contact with water presents safety concerns, especiall
scale synthesis.® In response to these challenges
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Scheme 1. A. Known methods for the hydrodifluoromethylation alkenes. B.
Streamlined novel process for the hydrodifluoromethylation of alkenes in the
absence of photocatalyst. EWG = electron-withdrawing group. PC =
photocatalysis. DMF = dimethylformamide. THF = tetrahydrofuran.

Hex-5-enyl benzoate 1a was chosen as model substrate to
investigate the proposed decarboxylative hydrodifluoro-
methylation. Initial efforts focused on combining hypervalent
iodine oxidants 3a-3c with difluoroacetic acid 2 as the
difluoromethyl source in THF under visible light irradiation (blue
LEDs, A = 450 nm) at 50 °C. The desired hydrodifluoro-
methylated product 4a was observed with complete
regioselectivity, albeit in moderate yields (Table 1, entries 1-3).
Phenyliodine(lll) diacetate 3a (PIDA) was the most efficient
oxidant affording 4a in 59%. The yield was not improved when
alternative non-protic solvents such as NMP, MTBE, MeCN,
DMF or DMA were used (Table 1, entries 4-8)."* Protic solvents
were not suitable (Table 1, entry 9),"° and the yield of 4a was not
increased in the presence of photocatalyst.'® Running the
reaction at higher concentration did not influence the reaction
outcome (Table 1, entry 10). When a second batch of PIDA was
added after 6 h, the yield of 4a was significantly improved (Table
1, entry 11). A control experiment showed that 4a was obtained
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in 21% yield when the reaction was performed in the absence of
light (Table 1, entry 12)."”
Table 1. Optimization of the reaction conditions."”!

oxidant (3.0 equiv)

)CL o) solvent (0.07 M) o
.

Ph OAM;\ HOXCFzH 50°C,5h OAME\/CFzH

1a 2 (6.0 equiv) blue LEDs 4a

0-1-0 F,C._O-1-O__CF; MeO—I—O
D i T g i g @A
o) o) o] o] o]
3a 3b 3c

entry solvent oxidant yield [%)]
1 THF 3a 59
2 THF 3b 4"
3 THF 3c 27
4 NMP 3a 41
5 MTBE 3a 41
6 MeCN 3a 12
7 DMF 3a 51
8 DMA 3a 40
9 MeOH 3a 2
10 THF 3a O
11 THF 3a ,
128 THF 3a

[a] 1a (0.1 mmol), oxidant (0.3 mmol), 2 (0.6 mmol), s
LED irradiation (A = 450 nm) for 14 h. The yield was determinel
spectroscopy  using ftrifluorotoluene  as internal
Hydrotrifluoromethylation not observed. [c] THF (0.1 M). [d] A second po
of 3a (0.3 mmol) was added after 6 h. [e] Reaction in the absence of light. TH
= tetrahydrofuran. NMP = N-methyl-2-pyrrolidone. MTBE = methyl terfputyl
ether. DMF = dimethylformamide. DMA = dimetMacetamide. "}
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difluoromethylation under the reaction conditions (4p-r). Alkynes
are suitable substrates as demonstrated with the isolation of 4s.
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Scheme 2. Substrate scope. Reaction conditions: alkene 1a-y (0.3 mmol), 2
(1.8 mmol), 3a (0.9 mmol), THF (4.5 mL), blue LED irradiation (A = 450 nm),
50 °C, 14 h. After 6 h a second portion of 3a (0.9 mmol) was added. Yields
determined by YF NMR spectroscopy using trifluorotoluene as internal
standard, yields of isolated products in brackets. [a] The starting material is 7-
octen-1-ol. [b] HCI (conc. 0.5 mL) was added after completion of the reaction.
[c] The starting material is N-propargylphtalimide (1s). [d] In CDCls, the C8-H
difluoromethylated product is obtained in 14% yield.

CFH
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With the aim of scaling up our reaction from milligram to
multigram, we selected alkene starting materials that are
converted into valuable difluoromethylated building blocks for
application in  medicinal chemistry (Scheme 3). 44-
Difluorobutan-1-amine is a known compound previously
prepared in five steps applying deoxyfluorination chemistry."®
Pleasingly, the hydrodifluoromethylation of t-butyl allyl N-
carbamate 1z was accomplished in one step on a 10 g scale
affording 4z isolated in 68% vyield (9.2 g). For this process, the
concentration was increased from 0.07 M to 0.13 M, and three
equivalents of PIDA 3a was sufficient. Similar conditions
enabled the multigram synthesis of azetidine 4aa (8.9 g, 67%)."

2(6.0equiv) e
_ 3a (3.0 equiv) ~~ decagram scale
_— > ' '
BocHN™ > THF. 50 °C. 9 h BocHN CFH ' commercial substrates |
12,10 g blue LEDs 4z, 68% inexpensive reagents
9.2 g isolated i :
. i one-step synthesis
2 (6.0 equiv) —
3a (3.0 equiv) ’i(\cFZH ‘
- - i
BocN THF, 50 °C, 7 h, BocN }
1aa. 10 blue LEDs 4aa, 67% : '
199 8.9 g isolated i high value building block \

Scheme 3. Scale-up synthesis of building blocks highly valuable for medicinal
chemistry.

A series of experiments were performed to gain more
insight into the reaction mechanism. Addition of the radical
quencher 2,2,6,6-tetramethylpiperidin-1-oxyl (TEMPO) in

hibited
the formation of product 4a affording instead the TEMPO ad
4ab in 51% yield (Scheme 4A). Next, when diene 1a

submitted to the reaction conditions, the cyclized product 4ac
was obtained in 78% yield (Scheme 4B). Collectively, t
are consistent with the presence of a CF;H radical i
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Scheme 4. Mechanistic considerations. Yields were determined by "F NMR
spectroscopy using trifluorotoluene as internal standard. Yields of isolated
products are shown in brackets. dr = diastereomeric ratio. nd = not detected.

In conclusion, we have developed a new streamlined
protocol for the hydrodifluoromethylation of alkenes as part of
our recent late stage fluorination program aimed at avoiding
operationally complex, over-engineered, and costly processes.?
Difluoroacetic acid was used as an inexpensive difluoromethyl
radical source and phenyliodine(lll) diacetate as oxidant, both
reagents used in excess to maximize yields. These mild
conditions tolerate a wide array of functional groups. This novel
reaction was applied to the multigram-synthesis of
pharmaceutically relevant building blocks providing shorter and
safer synthetic routes compared to synthesis relying on classical
deoxyfluorination protocols.
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Terminal alkenes undergo net hydrodifluoromethylation in the presence of an
excess of difluoroacetic acid and phenyliodine(lll) diacetate in tetrahydrofuran
applying visible light irradiation (A = 450 nm). This highly practical protoc
telescopes access to biorelevant building blocks that would require multiple

synthetic steps applying deoxyfluorination chemistry.
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