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Abstract A novel process involving base-catalyzed intramolecular de-
fluorination/O-arylation of readily available a-fluoro-B-one-sulfones was
realized and provided a series of 3-fluoro-1,4-oxathiine 4,4-dioxide de-
rivatives in good to excellent yields. Unlike traditional defluorination re-
actions with stoichiometric base as the deacid reagent, this process is
triggered by a catalytic amount of base (TMG: tetramethylguanidine)
and molecular sieves serve as both an adsorbent to remove HF acid and
an activator to assist C-F bond cleavage.

Key words base catalysis, defluorination, O-arylation, metal-free re-
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Organofluorines are an important class of industrial
chemicals, accounting for 30% of agrochemicals and 10% of
pharmaceuticals.! The implantation of fluorine atoms into
organic molecules can alter the biological properties of li-
pophilicity, bioavailability, and metabolic stability. Howev-
er, environmental persistence and toxicity to human health
are motivating efforts to develop processes that efficiently
degrade organofluorines.? The development of new meth-
ods for their decomposition and emission reduction are sig-
nificant for environmental conservation and public health.
Carbon-fluorine bonds are among the most chemically ro-
bust bonds (for example, the Ph-F bond energy is 127.2
kcal/mol), which makes bond activation relatively challeng-
ing.? In addition, it takes great effort to avoid fluoride waste.
Some significant achievements have been made in the de-
fluorination of aryl fluorides under mild reaction condi-
tions (Scheme 1A), but all of the strategies need excess base
as the deacid reagent.*® Recently, transition-metal-cata-
lyzed transformations of carbon-fluorine bonds have been
developed under mild reaction conditions (Scheme 1A) by
using tailored transition-metal- or organophotocatalysts,
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such as nickel,* cobalt,® palladium,® rhodium’ xanthylium,?
and ruthenium.”®® The results show that C-F bond activa-
tion remains challenging and excess base seems to be nec-
essary for neutralizing the released HF acid.
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Scheme 1 Methods for defluorination; TMG: tetramethylguanidine

Base-promoted intramolecular defluorination/O-aryla-
tion reactions have not attracted much attention, and only
one example has been reported by Drushlyak’s group'®
(Scheme 1B). The possibility of using a catalytic amount of
base to access the defluorination/O-arylation reaction has
not been realized. Herein, we report a novel synthesis of 3-
fluoro-1,4-oxathiine 4,4-dioxides by base-catalyzed defluo-
rination/O-arylation reactions of a-fluoro-f-one-sulfones
(Scheme 1C). This would be useful for the exploitation of
pharmacologically active candidates and fluorine-contain-
ing compounds in materials science because monofluoro-
alkenes usually function as stable bioisosteres of amide
bonds and sulfones are frequently applied in pharmaceuti-
cals and synthetic chemistry.!! Preliminary experiments
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and related literature reports suggest that molecular sieves
would serve as both an adsorbent to remove HF acid and an
activator to assist C-F bond cleavage.

Initially, we selected 2-fluoro-2-((2-fluorophenyl)sulfo-
nyl)-1-phenylethan-1-one (1a) as the model substrate to
explore reaction conditions (Table 1). The desired reaction
took place smoothly in the presence of 1,8-diazabicy-
clo[5.4.0]lundec-7-ene (DBU), Cs,CO;, and Na,CO; with
MeCN as the solvent at 80 °Cin 10 h to form 2a in moderate
yields (entries 1-3).

Table 1 Optimization of Reaction Conditions?
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Entry  Base/x Solvent/additive ~ Temp (°C) Yield (%)®

1 DBU/1.2 MeCN 80 55
2 Cs,C05/1.2 MeCN 80 46
3 Na,C0,/1.2 MeCN 80 37
4 pyridine/1.2 MeCN 80 nr
5 NEt;/1.2 MeCN 80 nr
6 DABCO/1.2 MeCN 80 nr
7 DIPEA/1.2 MeCN 80 nr
8 T™MG/1.2 MeCN 80 12
9 DBU/1.2 THF 80 65
10 DBU/1.2 dioxane 80 43
11 DBU/1.2 toluene 80 40
12 DBU/1.2 DMF 80 64
13 DBU/1.2 DMSO 80 55
14 DBU/1.2 DCM 80 58
15 DBU/1.0 THF 80 63
16 DBU/0.8 THF 80 66
17 DBU/0.5 THF 80 61
18 DBU/0.2 THF 80 27
19 DBU/0.8 THF 25 56
20 DBU/0.8 THF 50 54
21 DBU/0.8 THF 65 59
22 DBU/0.8 THF 95 65
23 DBU/0.8 THFe 80 56
24 DBU/0.8 THF/3A MS 80 71
25 DBU/0.8 THF/4A MS 80 57
26 DBU/0.8 DMF/3A MS 80 79
27 TMG/0.8 DMF/3A MS 80 89
28 TMG/0.5 DMF/3A MS 80 88
29 TMG/0.1 DMF/3A MS 80 90
30 TMG/0.05 DMF/3A MS 80 92 (90)¢

Table 1 (continued)

Entry  Base/x Solvent/additive  Temp (°C)  Yield (%)®

31 TMG/0.01 DMF/3A MS 80 18
32 TMG/0.05 THF/3A MS 80 decomposed
33 TMG/0.05 DMSO/3A MS 80 69
34 TMG/0.05 EtOAc/3A MS 80 nr
35 TMG/0.05 DMF 80 47
36 DBU/0.05 DMF/3A MS 80 81
37 - DMEF/3A MS 80 nr

2 Reaction conditions: 1a (0.1 mmol) and base in anhydrous solvent (0.5 mL)
were mixed at 25-95 °C for 10 h.

bYields as measured by 'F NMR spectroscopy with PhCF; as an internal stan-
dard; nr means no reaction.

¢ THF instead of anhydrous THF.

4 The isolated yield is given in parentheses.

No reaction occurred if pyridine, triethylamine (NEt;),
1,4-diazabicyclo[2.2.2]octane (DABCO), or N,N-diisopropyl-
ethylamine (DIPEA) was employed (entries 4-7). With DBU
as the catalyst, changing the solvent from MeCN to THF ac-
celerated the formation of 2a to 65% yield (entry 9). Other
solvents such as dioxane, toluene, DMF, DMSO, and DCM
did not improve the results (entries 10-14). Reducing the
amount of DBU to 0.8 equiv gave 2a in 66% yield (entry 16).
Examination of the reaction temperature revealed that 80
°C is optimal (entries 19-23). The yield of 2a could be in-
creased to 79% by adding 3A molecular sieves (3A MS) as a
dehydrating reagent (entries 24-26). With tetramethyl-
guanidine (TMG) as the catalyst, the outcome was further
improved (entries 27-29). Remarkably, even a reduced TMG
loading of 5.0 mol% led to a good yield (92%; isolated yield
90%; entry 30). In addition, under the same conditions but
with THF, DMSO, or EtOAc as the solvent, the reaction was
not further optimized (entries 32-34). The yield of 2a
dropped sharply when the 3A MS were removed (entry 35).
When 5.0 mol% DBU was used as the catalyst under the
standard conditions, the transformation still resulted in
81% yield (entry 36). We believe that the 3A MS might act as
not only a dehydrating reagent but also a deacid reagent
and activator in this base-catalyzed intramolecular defluo-
rination/O-arylation reaction. Unsurprisingly, the reaction
was shut down entirely without the base catalyst (entry
37).

With the optimized reaction conditions in hand, we
then investigated the scope of substrates. As shown in
Scheme 2, electron-neutral, -donating, or -withdrawing
substituents on the phenyl unit were generally well tolerat-
ed, affording the desired products 2a-h in 65-98% yields.
Naphthyl (1i), pyridyl (1j) and furanyl (1k) groups were
compatible and provided 2i-k in 54-85% yields. Substrates
with cyclopropyl (11) and biphenyl (1m) groups successful-
ly gave 21 and 2m in 45% and 87% yields, respectively. The
substituted 2-fluorophenylsulfone substrates 1n-s were
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Scheme 2 Scope of 2-fluorophenylsulfone substrates. Reagents and
conditions: 1 (0.2 mmol), TMG (5.0 mol%), and 3A MS (50 mg) in DMF
(1 mL), 80 °C, 10 h. Molecular sieves need to be activated at 180 °C for 5
h. Yields of isolated product are given. 2 The loading of TMG was in-
creased to 10.0 mol%.

also suitable for the reaction and produced 2n-s in 45-98%
yields.

Next, we turned our attention to the scope with substi-
tuted 2-fluoro-2-((3-fluoropyridin-2-yl)sulfonyl)-1-pheny-
lethan-1-ones (3). As shown in Scheme 3, products 4a-m
were furnished in good to excellent yields (75-97%).
Among these, Cl and Br groups were tolerated; these prod-
ucts possess a useful feature with respect to further syn-
thetic manipulations. Moreover, heteroaryl- and alkyl-sub-
stituted substrates 3n-s afforded the corresponding prod-
ucts 4n-s in 75-96% yields. Substrates with challenging
bulky adamantyl and tertiary butyl groups smoothly
formed 4r and 4s in 90% and 75% yields, respectively. 3-Fluo-
ro-2-sulfonylpyridine substrates with methyl groups at dif-
ferent positions furnished desired products 4t and 4u in
94% and 95% yields.

Practically, the transformations of 1a and 3u could be
run on a gram scale without appreciable decrease in their
yields. Accordingly, under the standard reaction conditions,
products 2a and 4u could be readily isolated in 90% (2.48 g)
and 94% (2.74 g) yields, respectively.

As shown in Figure 1, the structures of 3-fluoro-2-phen-
ylbenzo[b][1,4]oxathiine 4,4-dioxide (2a) and 3-fluoro-2-
phenyl[1,4]oxathiino[3,2-b]pyridine 4,4-dioxide (4a) were
confirmed by X-ray diffraction analysis.

To gain more mechanistic insights into the current
TMG-catalyzed desulfonylation/O-arylation reaction, con-
trol experiments were performed (Scheme 4A). With 1.0
equiv of pyridine as the deacid reagent, the yield of 2a de-
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Scheme 3 Scope of 3-fluoro-2-sulfonylpyridine substrates. Reagents
and conditions: 3 (0.2 mmol), TMG (5.0 mol%), and 3A MS (50 mg) in
DMF (1 mL), 80 °C, 10 h. Yields of isolated product are given.

creased sharply. This suggests that the 3A MS might not
only act as a deacid reagent but also assist in the C-F bond
cleavage during the O-arylation process. If 2-((2-chlorophe-
nyl)sulfonyl)-2-fluoro-1-phenylethan-1-one (5) and 2-((2-
bromophenyl)sulfonyl)-2-fluoro-1-phenylethan-1-one (6)
were employed under the standard reaction conditions,
product 2a was obtained in trace yields and substrates 5
and 6 decomposed completely. These results indicate that
the fluorine and the 3A MS are necessary to this transfor-
mation. With this in mind, a proposed mechanism is shown
in Scheme 4B. When TMG reacts with a-fluoro-p-ketosul-
fone 1, a-fluorosulfonyl carbanion A is easily obtained.
Then, carbanion A undergoes a keto-enol tautomerism re-
action to generate oxyanion B, and subsequently, an intra-
molecular nucleophilic attack to the Ar-F carbon atom gen-
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Figure 1 X-ray crystal structures of products 2a and 4a
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erates six-membered ring anion C. After defluorination, ad-
duct 2 is generated and the released HF acid can be trapped
by the 3A MS to assist with base-catalyst regeneration.?
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Scheme 4 Mechanistic hypothesis

In summary, we have developed a novel base-catalyzed
defluorination/O-arylation that streamlines the synthesis
of 3-fluoro-1,4-oxathiine 4,4-dioxide derivatives from read-
ily accessible substituted a-fluoro-p-one-sulfones,!* which
might be valuable for the exploitation of fluorine-contain-
ing pharmaceutical molecules and materials. Unlike tradi-
tional defluorination reactions with transition-metal catal-
ysis or with stoichiometric base as the deacid reagent, our
process is triggered by a catalytic amount of base and mo-
lecular sieves act as the deacid reagent and activator. This
method, is complementary and contradistinctive to the
classical transformations of defluorination reactions and
represents a valuable method for organofluorine chemistry.
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