
Copper-Catalyzed Direct C‑2 Difluoromethylation of Furans and
Benzofurans: Access to C‑2 CF2H Derivatives
Marie-Charlotte Belhomme, Thomas Poisson,* and Xavier Pannecoucke*

Normandie Universite,́ COBRA, UMR 6014 et FR 3038; Universite ́ de Rouen; INSA Rouen; CNRS, 1 rue Tesnier̀e, 76821 Mont
Saint-Aignan Cedex, France

*S Supporting Information

ABSTRACT: We report herein the first copper-catalyzed C-2
difluoromethylation of furans and benzofurans. The developed
methodology allows the selective introduction of the
CF2CO2Et moiety at C-2 using CuI as a catalyst. This process
was applied to a broad range of furans and benzofurans, giving
the functionalized products in moderate to good yields. The
resulting products were then decarboxylated to afford the
highly valuable C-2-CF2H-substituted furans and benzofurans
in good yields.

Fluorine atom is very popular for modifying the properties of
bioactive compounds. Indeed, the electronegativity and size

of the F atom and the high energy of the C−F bond provide to
the fluorine atom a significant ability to modify the biological and
physical properties of a molecule.1 Hence, it is not surprising to
find this intriguing atom on more than 20% of pharmaceuticals
and 30% of agrochemicals.2 Thus, several methodologies have
been developed to introduce fluorinated building blocks and
particularly the CF3 group.

3 Among all of these methodologies,
the introduction of fluorinated moieties by means of direct C−H
bond functionalization has become one of the most popular
approaches.3d−h Besides, furans and benzofurans are an
important class of heterocycles. Those two oxygenated rings
are encountered in several bioactive and natural compounds4 and
are versatile building blocks in organic chemistry and materials
science.5 Therefore, it is not surprising that a lot of effort has been
devoted to accessing highly functionalized derivatives in order to
improve the molecular diversity.6 The usual way to access these
backbones mainly focuses on the construction of the oxygenated
ring, and the most popular strategies remain (1) base-promoted
dehydrative cyclization of functionalized ethers7 and (2)
transition-metal-catalyzed cyclization of arylacetylene deriva-
tives.8 Recently, several interesting and elegant methodologies
involving C−H bond functionalization have been reported to
offer a new access to these valuable highly functionalized
products. This reaction manifold mainly focuses on the
introduction of aryl9 and alkyne10 derivatives at either the C-2
or C-3 position. Quite surprisingly, among these elegant
methodologies, only a few reports dealing with the direct
introduction of fluorinated building blocks onto furan and
benzofuran derivatives have been described to date (Scheme 1).
Most of these reports focus on the radical introduction of the CF3
moiety on furans and benzofurans.11 Moreover, only three
reports depict the radical introduction of the CF2CO2Et moiety
on the benzofuran ring (Scheme 1).12

As part of our research program devoted to the development
of new straightforward access to fluorinated molecules,13 we
report herein our contribution toward the copper-catalyzed
direct and selective C-2 introduction of the difluoromethyl motif,
a potential CF2H precursor for instance, on furans and
benzofurans.
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At the outset of the study, benzofuran (1a) was chosen as a
model substrate to optimize the reaction conditions (Table 1).

First, the reaction was carried out in the presence of palladium
catalysts such as Pd(PPh3)4 (entry 1). Unfortunately, despite all
our attempts, no traces of the product were observed. To tackle
this lack of reactivity, we turned our attention to copper catalysts.
Indeed, we envisioned that the reaction might proceed through
an electrophilic metalation. Thus, copper catalysts might bemore
efficient than palladium catalysts through the formation of highly
electrophilic Cu(III) species. After extensive investigations, we
were pleased to find that the CuI/1,10-phenanthroline (3)
system gave the C-2-CF2-substituted benzofuran 2a in 50%
isolated yield (entry 2). Next, a survey of solvents revealed that
DMF is the most adequate solvent for this transformation. For
instance, when the reaction was performed in NMP or dioxane,
the product was obtained in 21% or 8% yield, respectively
(entries 3 and 4). The nature of the base also played an important
role in this reaction. Among all of the inorganic bases tested,
K2CO3 was the most efficient for this reaction (entries 2, 5, and
6). In addition, lower yields were observed with organic bases
such as 2,6-lutidine (entry 7). Next, different copper catalysts
were examined. CuCl led to the formation of 2a in a yield
comparable to that with CuI (45%; entry 8), whereas both
[Cu(OTf)]2·C6H6 and Cu(OTf)2 gave lower yields (33%;
entries 9 and 10). The effectiveness of Cu(I) and Cu(II)
indicated that Cu(I) might be the active catalyst, probably
involving a Cu(I)/Cu(III) catalytic cycle.14 As expected, control
experiments revealed that no reaction occurred in the absence of
the copper catalyst or the base (entries 11 and 12). Finally, it was
noted that 1,10-phenanthroline (3) plays a crucial role in this
reaction, as no product was observed in the absence of this ligand
(entry 13).
With these optimized conditions in hand, we moved on the

extension of the scope of the reaction to several benzofurans and
furans (Scheme 2). First, benzofuran derivatives were placed
under our reaction conditions. 3-Methylbenzofuran (1b) reacted

smoothly to afford the difluorinated benzofuran 2b in 61% yield,
while 2-methylbenzofuran was unreactive under our reaction
conditions, thus highlighting the C-2 selectivity of our process.
Benzofuran 1c bearing a phenyl substituent at C-5 gave the
corresponding product 2c in modest yield (36%). 3-Phenyl-
benzofuran (1d) was tested and gave 2d in 67% isolated yield.
When the reaction was performed on a larger scale (2.5 g, 12.7
mmol), similar results were obtained, highlighting the efficiency
of the difluoromethylation process. The 4-bromophenyl
derivative 1e gave fluorinated benzofuran 2e in similar yield
(62%). It is noteworthy that no alteration of the bromine
substituent was observed, showing the compatibility of our
process with brominated substrates. Finally, the difluoromethy-
lation reaction was carried out with benzofuran 1f providing the
polysubstituted benzofuran 2f in a decent 62% yield and a 68%
yield on a gram scale. It is worthy of note that the crystal structure
of 2f was determined by X-ray crystallographic analysis and
confirmed the C-2 selectivity of the reaction.15

Next, we turned our attention to the furan backbone. First, the
reaction with furan (1g) was carried out under slightly modified
conditions (60 °C instead of 80 °C) and gave fluorinated furan
2g in 52% yield, despite the high volatility of the product. 2-
Methylfuran (1h) and 2,3-dimethylfuran (1i) reacted smoothly
to afford the difluoromethylated products 2h and 2i in 61% and
52% yield, respectively. Then, several O-protected 2-hydrox-
ymethylfurans were screened, and the reaction proceeded well
with all of the protecting groups. The O-benzyl derivative 2j was
isolated in 64% yield, while the O-MOM derivative 2k was
obtained in 65% yield. One should note that reaction performed
with 1j on a 2 g scale (10 mmol) gave the desired product in 70%
yield. The acetyl moiety was also compatible, and fluorinated
furan 2l was obtained in 63% yield. Then, C-3-substituted furan
2m was tested and gave a 66:34 mixture of the C-2 and C-5
regioisomers in 45% yield (66% based on the recovered starting
material). This result might be explained by the stability of the
putative carbocation resulting from the nucleophilic attack of the
aromatic ring on a highly electrophilic Cu(III) species (vide
infra). Finally, furans bearing aromatic substituents were tested.
2-Phenylfuran (1n) gave the C-5-difluoromethylated furan 2n in
58% yield. Similarly, furans 1o and 1p reacted nicely to give the
corresponding fluorinated furans 2o and 2p in 59% and 61%
yield, respectively.
To gain insight into the reaction pathway, the reaction was

carried out in the presence of radical inhibitors or scavengers
(Scheme 3). When the reaction was performed with 1 equiv of
TEMPO under the standard conditions, no deleterious effect was
observed, and benzofuran 2a was obtained in a slightly decreased
yield (40%); tert-butylhydroxytoluene (TBHT) led to similar
observations. It is noteworthy that no trace of the TEMPO−
CF2CO2Et adduct was detected in the crude reaction mixture.
Thus, taking into account these observations, we envisaged the
following reaction pathway: The Cu(I) catalyst reacts with ethyl
bromodifluoroacetate to form the Cu(III) species A.13a,16 The
furan or benzofuran 1 undergoes nucleophilic addition to the
metal center to give the most stabilized carbocation B. The base
reacts with B to form intermediate C, which undergoes reductive
elimination to deliver compound 2 and release the copper
catalyst.17

Finally, to highlight the versatility of these fluorinated
scaffolds, we turned our attention to transformation of the
ester into the valuable CF2H moiety.18 Indeed, the CF2H moiety
is well-appreciated in isostere-based drug design. The CF2H
group is recognized as a bioisostere of alcohol and thiol moieties

Table 1. Optimization of the Reaction Conditionsa

entry metal base solvent yield (%)b

1 Pd(PPh3)4 K2CO3 DMF −
2 CuI K2CO3 DMF 51 (50c)
3 CuI K2CO3 NMP 21
4 CuI K2CO3 dioxane 8
5 CuI Cs2CO3 DMF 23
6 CuI KH2PO4 DMF 43
7 CuI 2,6-lutidine DMF 17
8 CuCl K2CO3 DMF 45
9 [Cu(OTf)]2.C6H6 K2CO3 DMF 33
10 Cu(OTf)2 K2CO3 DMF 33
11 − K2CO3 DMF NR
12 CuI − DMF NR
13d CuI K2CO3 DMF NR

aConditions: 1a (0.24 mmol), metal catalyst (0.024 mmol), 3 (mmol),
BrCF2CO2Et (1.92 mmol), base (0.48 mmol), solvent (1.2 mL), 80
°C, 20 h, air atmosphere. bYields were determined by 19F NMR using
α,α,α-trifluorotoluene as an internal standard. NR = no reaction.
cIsolated yield. dReaction was performed without 1,10-phenanthroline.
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and might behave as a lipohilic hydrogen-bond donor.19

Therefore, increasing attention has been recently paid to the
design of new access to these relevant CF2H compounds,20 and
several commercial pharmaceuticals21a,b and a drug candidate21c

bearing this motif have recently appeared. Thus, we decided to
convert the difluoroacetyl group into the CF2Hmoiety through a
saponification/decarboxylation sequence (Scheme 4). To
achieve the formation of the CF2H moiety from the CF2CO2Et
group, benzofuran 2a was first converted into the corresponding
acid 3a in quantitative yield, and 3a was directly engaged in a
CsF-mediated decarboxylation reaction.22 Pleasingly, the C-2-
CF2H-substituted benzofuran 4a was isolated in 65% yield. Then
the decarboxylation process was successfully applied to
benzofurans 3b and 3c, giving the decarboxylated products 4b
and 4c in 85% and 64% yield, respectively. Finally, this process
was applied to furan 3d, providing the C-2-CF2H-substituted
furan 4d in 47% isolated yield; the modest yield was due to the
high volatility of the product.
In summary, we have reported the first copper-catalyzed direct

introduction of the CF2CO2Et moiety onto furan and

benzofuran skeletons. This reaction proved to be C-2-selective,
and the resulting products were obtained in moderate to good
yields. Moreover, the reaction proved to be efficient on larger
scales (up to 2.5 g). In addition, several functional groups were
tolerated under our conditions. Subsequently, the difluoracetyl
group was readily converted into the valuable CF2H group by
decarboxylation, affording a unique access to the CF2H-
substituted furan and benzofuran derivatives.

■ EXPERIMENTAL SECTION
Residual CHCl3 served as the internal standard for 1H NMR (δ 7.26),
and CFCl3 served as the internal standard for

19F NMR (δ 0.0); CDCl3
was used as the internal standard for 13C NMR (δ 77.0). Flash
chromatography was performed with silica gel (0.063−0.200 mm).
Analytical thin-layer chromatography (TLC) was performed on silica gel
aluminum plates with F-254 indicator and visualization by UV
fluorescence and/or staining with KMnO4 or PMA. HRMS analyses
were performed under ESI conditions with a micro-TOF detector. All
experiments were conducted in oven-dried glassware with magnetic
stirring. 5-Phenylbenzofuran,10b 3-phenylbenzofuran,10b,23 3-(4-
bromophenyl)benzofuran,24 2-(benzyloxymethyl)furan,25 2-

Scheme 2. Scope of the Reaction

aIsolated yield. bReaction was performed on a 2.5 g scale (12.7 mmol). cReaction was performed on a 1 g scale (4.1 mmol). dReaction was
performed at 60 °C. eReaction was performed on a 2 g scale (10 mmol). f2m was obtained as a 66:34 mixture of the C-2 and C-5 isomers; the major
isomer is shown.
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((methoxymethoxy)methyl)furan,26 3-(benzyloxymethyl)furan,27 2-
phenylfuran,28 and 2-(4-methoxyphenyl)furan24 were prepared accord-
ing to the known procedures.
α-O-(3,4-Dioxal)acetophenone. A solution of 2-bromoacetophe-

none (4.1 g, 21 mmol), sesamol (2.9 g, 21 mmol), and potassium
carbonate (4.3 g, 31mmol) in acetone (30 mL) was refluxed for 6 h. The
reaction mixture was cooled to room temperature, poured into water,
and extracted with Et2O (3 × 100 mL). The combined organic layers
were washed with water (100 mL) and brine (100 mL) and dried over
MgSO4. The solvent was removed under vacuum, and the solid was
recrystallized from 2-propanol to afforδ α-O-(3,4-dioxal)acetophenone
as a yellow solid in 65% yield (3.5 g). 1H NMR (CDCl3, 300 MHz): δ
8.02−7.98 (m, 2H, Ph), 7.63 (tt, 1H, Ph, J = 7.2, 2.3 Hz), 7.53−7.48 (m,
2H, Ph), 6.69 (d, 1H, J = 8.3Hz), 6.58 (d, 1H, J = 2.6Hz), 6.36 (dd, 1H, J
= 8.3, 2.6 Hz), 5.92 (s, 2H), 5.21 (s, 2H). 13CNMR (CDCl3, 75MHz): δ
194.5, 153.4, 148.3, 142.3, 134.4, 133.8, 128.7 (2C), 128.0 (2C), 107.8,
106.0, 101.2, 98.5, 71.7. IR (neat, cm−1): 2904, 1701, 1486, 1184.
HRMS (EI): calcd for [M] C15H12O4, 256.0736; found, 256.0732 (−1.6
ppm). Mp: 75−76 °C.
7-Phenylfuro[2,3-f ]-1,3-benzodioxole (1f). BCl3 (1.4 mL, 1.40

mmol, 1 M in DCM) was added dropwise to a solution of α-O-(3,4-
dioxal)acetophenone (300 mg, 1.17 mmol) in DCM (10.5 mL) at −78
°C. After 30 min at room temperature, the reaction mixture was
quenched with cold water and extracted with DCM (3 × 20 mL). The

combined organic layers were washed with brine (30mL) and dried over
MgSO4. The solvent was removed under vacuum, and the residue was
purified by flash chromatography (petroleum ether/ethyl acetate 19:1,
Rf = 0.44) to afford 1f as a colorless oil in 39% yield (109 mg). 1H NMR
(CDCl3, 300 MHz): δ 7.70 (s, 1H), 7.61−7.58 (m, 2H, Ph), 7.50−7.45
(m, 2H, Ph), 7.40−7.34 (m, 1H, Ph), 7.19 (s, 1H), 7.04 (s, 1H), 6.02 (s,
2H). 13C NMR (CDCl3, 75 MHz): δ 150.9, 146.3, 144.8, 140.7, 132.0,
128.9 (2C), 127.30, 127.25 (2C), 122.6, 119.6, 101.3, 98.7, 93.7. IR
(neat, cm−1): 2910, 1553, 1463, 1150. HRMS (EI): calcd for [M]
C15H10O3, 238.0630; found, 238.0637 (+2.9 ppm).

2-(2-Fluoro-4-methoxyphenyl)furan (1p). A sealed tube was
charged with 2-fluoro-4-methoxyphenylboronic acid (277 mg, 1.63
mmol), P(PPh3)4 (157 mg, 0.14 mmol), K2CO3 (376 mg, 2.72 mmol),
DMF (5mL), andH2O (2mL). After the mixture was degassed with N2,
2-bromofuran (200 mg, 1.36 mmol) was added, and the tube was sealed.
The resulting mixture was heated at 80 °C for 12 h. The solution was
cooled, filtered through a plug of Celite, and extracted with Et2O (3× 15
mL). The organic layer was washed with water (2× 15mL) and brine (2
× 15 mL) and dried over MgSO4. The solvent was removed under
vacuum, and the residue was purified by flash chromatography
(petroleum ether/ethyl acetate 19:1, Rf = 0.44) to afford 1p as a
colorless oil in 46% yield (119 mg). 1H NMR (CDCl3, 300 MHz): δ
7.73 (t, 1H, J = 8.7 Hz), 7.47 (d, 1H, J = 1.5 Hz), 6.78−6.67 (m, 3H),
6.50 (dd, 1H, J = 3.4, 1.5 Hz), 3.84 (s, 3H, OMe). 13C NMR (CDCl3, 75
MHz): δ 159.7 (d, JCF = 11.0 Hz), 159.2 (d, JCF = 249.8 Hz), 148.2 (d,
JCF = 3.3 Hz), 141.2, 126.6 (d, JCF = 4.9 Hz), 112.1 (d, JCF = 13.2 Hz),
111.7, 110.1 (d, JCF = 2.8 Hz), 108.0 (d, JCF = 10.6 Hz), 102.0 (d, JCF =
25.9 Hz), 55.5 (d, JCF = 3.9 Hz).

19F NMR (CDCl3, CFCl3, 282MHz): δ
−112.6 (s, 1F). IR (neat, cm−1): 2842, 1629, 1287, 1024. HRMS (EI):
calcd for [M] C11H9FO2, 192.0587; found, 192.0592 (+2.6 ppm).

General Procedure A: Copper-Catalyzed Difluoromethyla-
tion Reaction of Benzofurans and Furans. Under an air
atmosphere, CuI (5 mg, 0.024 mmol), 1,10-phenanthroline (5 mg,
0.029 mmol), and K2CO3 (66 mg, 0.48 mmol) were dissolved in DMF
(1.2 mL). Then the benzofuran or furan derivative (0.24 mmol) and
ethyl bromodifluoroacetate (0.25 mL, 1.92 mmol) were added, and the
tube was sealed. The resulting mixture was heated at 80 °C for 20 h. The
solution was cooled and extracted with Et2O (3 × 10 mL). The organic
layer was washed with water (2 × 10 mL) and brine (2 × 10 mL) and
dried over MgSO4. The solvent was removed under vacuum, and the
residue was purified by flash chromatography (SiO2, petroleum ether/
ethyl acetate or pentane/diethyl ether).

Ethyl 2-(Benzofuran-2-yl)-2,2-difluoroacetate (2a). Prepared fol-
lowing general procedure A from benzofuran 1a. Compound 2a was
obtained as a colorless oil in 50% yield (29 mg) after flash
chromatography (SiO2, petroleum ether/ethyl acetate 19:1, Rf =
0.57). 1H NMR (CDCl3, 300 MHz): δ 7.66 (d, 1H, J = 7.7 Hz), 7.56
(d, 1H, J = 8.3 Hz), 7.42 (t, 1H, J = 7.7 Hz), 7.32 (t, 1H, J = 8.3 Hz), 7.16
(s, 1H), 4.42 (q, 2H, J = 7.2 Hz), 1.38 (t, 3H, J = 7.2 Hz). 13C NMR
(CDCl3, 75 MHz): δ 162.1 (t, JCF = 33.7 Hz), 155.4 (t, JCF = 1.1 Hz),
146.5 (dd, JCF = 33.4, 33.4 Hz), 126.5, 126.4, 123.7, 122.3, 112.0, 108.9
(t, JCF = 249.2 Hz), 108.1 (t, JCF = 3.9 Hz), 63.7, 13.9.

19F NMR (CDCl3,
CFCl3, 282 MHz): δ−104.6 (s, 2F). IR (neat, cm−1): 2986, 1770, 1292,
1105.HRMS (ESI+): calcd for [M +H]+ C12H11F2O3, 241.0676; found,
241.0686 (+4.1 ppm).

Ethyl 2,2-Difluoro-2-(3-methylbenzofuran-2-yl)acetate (2b). Pre-
pared following general procedure A from 3-methylbenzofuran (1b).
Compound 2b was obtained as a colorless oil in 61% yield (37 mg) after
flash chromatography (SiO2, petroleum ether/ethyl acetate 49:1, Rf =
0.38). 1H NMR (CDCl3, 300 MHz): δ 7.60 (d, 1H, J = 7.7 Hz), 7.50 (d,
1H, J = 8.1 Hz), 7.41 (t, 1H, J = 7.7 Hz), 7.32 (t, 1H, J = 8.1 Hz), 4.41 (q,
2H, J = 7.2Hz), 2.43 (s, 3H), 1.37 (t, 3H, J = 7.2 Hz). 13CNMR (CDCl3,
75 MHz): δ 162.5 (t, JCF = 34.1 Hz), 154.2, 140.9 (t, JCF = 32.5 Hz),
128.9, 126.3, 123.1, 120.3, 118.1 (t, JCF = 2.2 Hz), 111.8, 110.4 (t, JCF =
249.8 Hz), 63.6, 13.9, 7.7. 19F NMR (CDCl3, CFCl3, 282 MHz): δ
−103.9 (s, 2F). IR (neat, cm−1): 2987, 1767, 1287, 1093.HRMS (AP+):
calcd for [M + H]+ C13H13F2O3, 255.0833; found, 255.0834 (+0.4
ppm).

Ethyl 2,2-Difluoro-2-(5-phenylbenzofuran-2-yl)acetate (2c). Pre-
pared following general procedure A from 5-phenylbenzofuran (1c),

Scheme 3. Mechanistic Experiments and Proposed
Mechanism

Scheme 4. Decarboxylation ReactionEasy Access to the
CF2H Derivatives

aIsolated yield.
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except that the reaction mixture was heated at 80 °C for 15 h instead of
20 h. Compound 2c was obtained as a colorless oil in 36% yield (27 mg)
after flash chromatography (SiO2, petroleum ether/ethyl acetate 19:1, Rf
= 0.35). 1H NMR (CDCl3, 300 MHz): δ 7.84 (s, 1H), 7.66−7.60 (m,
4H), 7.48 (t, 2H, J = 7.6 Hz), 7.38 (tt, 1H, J = 7.6, 1.3 Hz), 7.21 (s, 1H),
4.43 (q, 2H, J = 7.2 Hz), 1.40 (t, 3H, J = 7.2 Hz). 13C NMR (CDCl3, 75
MHz): δ 162.1 (t, JCF = 33.0 Hz), 155.0, 147.0 (t, JCF = 33.6 Hz), 141.0,
137.6, 128.8 (2C), 127.4 (2C), 127.2, 127.1, 126.2, 120.6, 112.1, 108.8
(t, JCF = 249.2 Hz), 108.3 (t, JCF = 3.3 Hz), 63.8, 13.9.

19F NMR (CDCl3,
CFCl3, 282 MHz): δ−104.7 (s, 2F). IR (neat, cm−1): 2988, 1777, 1288,
1113.HRMS (AP+): calcd for [M + H]+ C18H15F2O3, 317.0989; found,
317.0994 (+1.6 ppm).
Ethyl 2,2-Difluoro-2-(3-phenylbenzofuran-2-yl)acetate (2d). Pre-

pared following general procedure A from 3-phenylbenzofuran (1d).
Compound 2d was obtained as a colorless oil in 67% yield (51 mg) after
flash chromatography (SiO2, petroleum ether/ethyl acetate 19:1, Rf =
0.46). When the reaction was performed on 12.7 mmol (2.5 g) of 1d,
compound 2d was obtained in 60% yield (2.4 g). 1H NMR (CDCl3, 300
MHz): δ 7.50−7.33 (m, 8H), 7.22 (t, 1H, J = 7.6Hz), 4.09 (q, 2H, J = 7.2
Hz), 1.13 (t, 3H, J = 7.2 Hz). 13C NMR (CDCl3, 75 MHz): δ 162.1 (t,
JCF = 33.0 Hz), 154.1, 140.8 (t, JCF = 30.8 Hz), 129.7 (2C), 129.5, 128.5
(3C), 128.0, 126.8, 123.7, 123.6 (t, JCF = 3.3 Hz), 121.3, 111.9, 109.7 (t,
JCF = 249.2 Hz), 65.6, 13.7. 19F NMR (CDCl3, CFCl3, 282 MHz): δ
−99.9 (s, 2F). IR (neat, cm−1): 2987, 1768, 1288, 1049.HRMS (AP+):
calcd for [M + H]+ C18H15F2O3, 317.0989; found, 317.0984 (−1.6
ppm).
Ethyl 2,2-Difluoro-2-(3-(4-bromophenyl)benzofuran-2-yl)acetate

(2e). Prepared following general procedure A from 3-(4-bromophenyl)-
benzofuran (1e). Compound 2e was obtained as a colorless oil in 62%
yield (59 mg) after flash chromatography (SiO2, petroleum ether/ethyl
acetate 19:1, Rf = 0.52). 1H NMR (CDCl3, 300 MHz): δ 7.66−7.62 (m,
2H), 7.61−7.53 (m, 2H), 7.50−7.41 (m, 3H), 7.34 (t, 1H, J = 7.2 Hz),
4.27 (q, 2H, J = 7.2 Hz), 1.29 (t, 3H, J = 7.2 Hz). 13C NMR (CDCl3, 75
MHz): δ 162.0 (t, JCF = 33.0 Hz), 154.2 (t, JCF = 1.1 Hz), 141.0 (t, JCF =
31.4 Hz), 131.8 (2C), 131.3 (2C), 128.5, 127.7 (t, JCF = 1.1 Hz), 126.9,
123.9, 122.8, 122.5 (t, JCF = 2.8 Hz), 121.1, 112.0, 109.7 (t, JCF = 250.3
Hz), 63.7, 13.8. 19F NMR (CDCl3, CFCl3, 282 MHz): δ −101.0 (s, 2F).
IR (neat, cm−1): 2983, 1769, 1288, 1049.HRMS (AP+): calcd for [M +
H]+ C18H14F2O3Br, 395.0094; found, 395.0094 (0.0 ppm).
Ethyl 2-(7-Phenylfuro[2,3-f ]-1,3-benzodioxol-8-yl)-2,2-difluoroa-

cetate (2f). Prepared following general procedure A from 7-phenylfuro-
[2,3-f ]-1,3-benzodioxole (1f), except that the reaction mixture was
heated at 80 °C for 8 h instead of 20 h. Compound 2f was obtained as a
yellow solid in 62% yield (53 mg) after flash chromatography (SiO2,
petroleum ether/ethyl acetate 9:1, Rf = 0.28). When the reaction was
performed on 4.19 mmol (1.0 g) of 1f, compound 2f was obtained in
68% yield (1.0 g). 1H NMR (CDCl3, 300 MHz): δ 7.49−7.43 (m, 5H),
7.04 (s, 1H), 6.87 (s, 1H), 6.02 (s, 2H), 4.15 (q, 2H, J = 7.2 Hz), 1.23 (t,
3H, J = 7.2 Hz). 13C NMR (CDCl3, 75MHz): δ 162.2 (t, JCF = 33.0 Hz),
149.7 (t, JCF = 1.1 Hz), 148.2, 145.6, 140.2 (t, JCF = 31.4 Hz), 129.6,
129.5 (t, 2C, JCF = 1.7 Hz), 128.5 (2C), 128.4, 124.2 (t, JCF = 3.3 Hz),
121.4, 109.6 (t, JCF = 249.2 Hz), 101.7, 99.1, 93.6, 63.5, 13.7. 19F NMR
(CDCl3, CFCl3, 282 MHz): δ −99.8 (s, 2F). IR (neat, cm−1): 2983,
1767, 1461, 1304, 1030. HRMS (EI): calcd for [M] C19H14F2O5,
360.0809; found, 360.0815 (+1.7 ppm). Mp: 54−55 °C.
Ethyl 2,2-Difluoro-2-(furan-2-yl)acetate (2g). Prepared following

general procedure A from furan (1g), except that the reaction mixture
was heated at 60 °C for 25 h. Compound 2g was obtained as a colorless
oil in 52% yield (24 mg) after flash chromatography (SiO2, pentane/
diethyl ether 19:1, Rf = 0.55). (Caution: the product is highly volatile).

1H
NMR (CDCl3, 300 MHz): δ 7.53−7.52 (m, 1H), 6.78−6.77 (m, 1H),
6.48−6.46 (m, 1H), 4.39 (q, 2H, J = 7.2 Hz), 1.37 (t, 3H, J = 7.2 Hz). 13C
NMR (CDCl3, 75 MHz): δ 162.4 (t, JCF = 33.6 Hz), 144.9, 144.6 (t, JCF
= 34.1 Hz), 111.6 (t, JCF = 3.3 Hz), 110.8−110.7 (m), 108.7 (t, JCF =
248.1 Hz), 63.5, 13.9. 19F NMR (CDCl3, CFCl3, 282 MHz): δ −103.1
(s, 2F). IR (neat, cm−1): 2990, 1767, 1260, 1010.HRMS (EI): calcd for
[M] C8H8F2O3, 190.0442; found, 190.0444 (+1.3 ppm).
Ethyl 2,2-Difluoro-2-(5-methylfuran-2-yl)acetate (2h). Prepared

following general procedure A from 2-methylfuran (1h), except that the
reaction mixture was heated at 60 °C for 20 h. Compound 2h was

obtained as a colorless oil in 61% yield (30 mg) after flash
chromatography (SiO2, pentane/diethyl ether 19:1, Rf = 0.55).
(Caution: the product is highly volatile). 1H NMR (CDCl3, 300 MHz):
δ 6.65−6.62 (m, 1H), 6.06−6.04 (m, 1H), 4.39 (q, 2H, J = 7.2 Hz), 2.34
(s, 3H), 1.37 (t, 3H, J = 7.2 Hz). 13C NMR (CDCl3, 75 MHz): δ 162.6
(t, JCF = 34.1 Hz), 155.2 (t, JCF = 2.2 Hz), 142.6 (t, JCF = 33.6 Hz),
112.7−112.6 (m), 108.7 (t, JCF = 247.6 Hz), 106.8 (d, JCF = 3.9 Hz),
63.4, 13.9, 13.5. 19F NMR (CDCl3, CFCl3, 282 MHz): δ−102.5 (s, 2F).
IR (neat, cm−1): 2990, 1767, 1280, 1050. HRMS (EI): calcd for [M]
C9H10F2O3, 204.0598; found, 204.0608 (+4.9 ppm).

Ethyl 2,2-Difluoro-2-(4,5-dimethylfuran-2-yl)acetate (2i). Prepared
following general procedure A from 2,3-dimethylfuran (1i), except that
the reaction mixture was heated at 60 °C for 20 h. Compound 2i was
obtained as a colorless oil in 52% yield (27 mg) after flash
chromatography (SiO2, pentane/diethyl ether 49:1, Rf = 0.43).
(Caution: the product is highly volatile). 1H NMR (CDCl3, 300 MHz):
δ 6.52 (s, 1H), 4.38 (q, 2H, J = 7.2 Hz), 2.24 (s, 3H), 1.96 (s, 3H), 1.37
(t, 3H, J = 7.2 Hz). 13C NMR (CDCl3, 75 MHz): δ 162.7 (t, JCF = 34.1
Hz), 150.6 (t, JCF = 2.2 Hz), 141.3 (t, JCF = 33.0 Hz), 115.4 (t, JCF = 1.1
Hz), 114.8−114.7 (m), 108.8 (t, JCF = 247.0 Hz), 63.3, 13.9, 11.4, 9.7.
19F NMR (CDCl3, CFCl3, 282 MHz): δ −102.6 (s, 2F). IR (neat,
cm−1): 2963, 1768, 1261, 1043.HRMS (EI): calcd for [M] C10H12F2O3,
218.0755; found, 218.0752 (−1.2 ppm).

Ethyl 2,2-Difluoro-2-(5-(benzyloxymethyl)furan-2-yl)acetate (2j).
Prepared following general procedure A from 2-(benzyloxymethyl)-
furan (1j), except that the reaction mixture was heated at 80 °C for 15 h
instead of 20 h. Compound 2jwas obtained as a colorless oil in 64% yield
(47 mg) after flash chromatography (SiO2, pentane/diethyl ether 7:3, Rf
= 0.46). When the reaction was performed on 10.6 mmol (2.0 g) of 1j,
compound 2j was obtained in 70% yield (2.3 g). 1H NMR (CDCl3, 300
MHz): δ 7.38−7.29 (m, 5H), 6.73 (ddd, 1H, J = 3.4, 1.7, 1.7 Hz), 6.40
(d, 1H, J = 3.4 Hz), 4.57 (s, 2H), 4.52 (s, 2H), 4.39 (q, 2H, J = 7.2 Hz),
1.36 (t, 3H, J = 7.2 Hz). 13C NMR (CDCl3, 75 MHz): δ 162.3 (t, JCF =
33.6 Hz), 154.7 (t, JCF = 1.7 Hz), 144.3 (t, JCF = 34.1 Hz), 137.5, 128.4
(2C), 127.9 (3C), 112.4 (t, JCF = 3.9 Hz), 110.0, 108.5 (t, JCF = 248.1
Hz), 72.3, 63.6, 63.5, 13.9. 19F NMR (CDCl3, CFCl3, 282 MHz): δ
−103.0 (s, 2F). IR (neat, cm−1): 2987, 1766, 1278, 1049. HRMS (EI):
calcd for [M] C16H16F2O4, 310.1017; found, 310.1021 (+1.4 ppm).

Ethyl 2,2-Difluoro-2-(5-((methoxymethoxy)methyl)furan-2-yl)-
acetate (2k). Prepared following general procedure A from 2-
((methoxymethoxy)methyl)furan (1k), except that the reaction mixture
was heated at 80 °C for 12 h instead of 20 h. Compound 2kwas obtained
as a colorless oil in 65% yield (41 mg) after flash chromatography (SiO2,
pentane/diethyl ether 7:3, Rf = 0.43). 1H NMR (CDCl3, 300 MHz): δ
6.71 (ddd, 1H, J = 3.4, 1.7, 1.7 Hz), 6.40 (d, 1H, J = 3.4Hz), 4.67 (s, 2H),
4.55 (s, 2H), 4.38 (q, 2H, J = 7.2 Hz), 3.39 (s, 3H), 1.36 (t, 3H, J = 7.2
Hz). 13C NMR (CDCl3, 75 MHz): δ 162.3 (t, JCF = 33.6 Hz), 154.3 (t,
JCF = 1.7 Hz), 144.5 (t, JCF = 33.6 Hz), 112.3 (t, JCF = 3.9 Hz), 110.0,
108.5 (t, JCF = 248.1 Hz), 95.5, 63.5, 60.6, 55.4, 13.8.

19F NMR (CDCl3,
CFCl3, 282 MHz): δ−103.0 (s, 2F). IR (neat, cm−1): 2945, 1767, 1278,
1038. HRMS (EI): calcd for [M] C11H14F2O5, 264.0809; found,
264.0823 (+5.0 ppm).

Ethyl 2,2-Difluoro-2-(5-(acetoxymethyl)furan-2-yl)acetate (2l).
Prepared following general procedure A from furfuryl acetate (1l),
except that the reaction mixture was heated at 80 °C for 15 h instead of
20 h. Compound 2l was obtained as a colorless oil in 63% yield (40 mg)
after flash chromatography (SiO2, pentane/diethyl ether 7:3, Rf = 0.47).
1HNMR (CDCl3, 300MHz): δ 6.72 (ddd, 1H, J = 3.4, 1.7, 1.7 Hz), 6.47
(d, 1H, J = 3.4 Hz), 5.05 (s, 2H), 4.39 (q, 2H, J = 7.2 Hz), 2.08 (s, 3H),
1.36 (t, 3H, J = 7.2 Hz). 13C NMR (CDCl3, 75 MHz): δ 170.4, 162.1 (t,
JCF = 33.6 Hz), 152.1 (t, JCF = 2.2 Hz), 144.8 (dd, JCF = 34.1, 34.1 Hz),
112.5 (t, JCF = 3.9 Hz), 111.3, 108.4 (t, JCF = 248.1 Hz), 65.5, 57.5, 20.7,
13.8. 19F NMR (CDCl3, CFCl3, 282 MHz): δ −103.1 (s, 2F). IR (neat,
cm−1): 2922, 1746, 1227, 1050. HRMS (E+): calcd for [M + Na]+

C11H12F2O5Na, 285.0550; found, 285.0545 (−1.8 ppm).
Ethyl 2,2-Difluoro-2-(3-(benzyloxymethyl)furan-2-yl)acetate and

Ethyl 2,2-Difluoro-2-(4-(benzyloxymethyl)furan-2-yl)acetate (2m).
Prepared following general procedure A from 3-(benzyloxymethyl)-
furan (1m), except that the reactionmixture was heated at 60 °C for 24 h
instead of 20 h. Compound 2m was obtained as a 66:34 mixture of
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regioisomers as a colorless oil in 45% yield (66% based on recovered
starting material) (33 mg) after flash chromatography [SiO2, pentane/
diethyl ether 19:1, Rf = 0.22 (major regioisomer), 0.18 (minor
regioisomer)].
Ethyl 2,2-Difluoro-2-(3-(benzyloxymethyl)furan-2-yl)acetate

(Major Regioisomer). 1H NMR (CDCl3, 300 MHz): δ 7.47 (s, 1H),
7.37−7.29 (m, 5H), 6.60 (s, 1H), 4.60 (t, 2H, J = 1.9 Hz), 4.55 (s, 2H),
4.36 (q, 2H, J = 7.2 Hz), 1.34 (t, 3H, J = 7.2 Hz). 13C NMR (CDCl3, 75
MHz): δ 162.3 (t, JCF = 34.1 Hz), 144.0, 140.1 (t, JCF = 34.7 Hz), 137.8,
128.4 (2C), 127.8 (2C), 127.7, 124.9 (t, JCF = 1.7 Hz), 112.4, 109.7 (t,
JCF = 249.2 Hz), 72.3, 63.5, 62.3, 13.9. 19F NMR (CDCl3, CFCl3, 282
MHz): δ −102.7 (s, 2F). IR (neat, cm−1): 2921, 1767, 1289, 1070.
HRMS (E+): calcd for [M + H]+ C16H17F2O4, 311.1095; found,
311.1097 (+0.6 ppm).
Ethyl 2,2-Difluoro-2-(4-(benzyloxymethyl)furan-2-yl)acetate

(Minor Regioisomer, Contaminated by the Major Regioisomer). 1H
NMR (CDCl3, 300 MHz): δ 7.50 (s, 1H), 7.37−7.32 (m, 5H), 6.81 (s,
1H), 4.56 (s, 2H), 4.42−4.35 (m, 4H), 1.37 (t, 3H, J = 7.2 Hz). 13C
NMR (CDCl3, 75 MHz): δ 162.3 (t, JCF = 33.6 Hz), 145.1 (t, JCF = 33.6
Hz), 142.7, 137.7, 128.5 (2C), 127.8 (3C), 123.6, 112.2 (t, JCF = 3.3 Hz),
108.5 (t, JCF = 248.1 Hz), 72.3, 63.5, 62.9, 13.9. 19F NMR (CDCl3,
CFCl3, 282 MHz): δ−103.3 (s, 2F). IR (neat, cm−1): 2922, 1768, 1290,
1091. HRMS (E+): calcd for [M + H]+ C16H17F2O4, 311.1095; found,
311.1104 (+2.9 ppm).
Ethyl 2,2-Difluoro-2-(5-phenylfuran-2-yl)acetate (2n). Prepared

following general procedure A from 2-phenylfuran (1n), except that the
reaction mixture was heated at 80 °C for 15 h instead of 20 h.
Compound 2n was obtained as a colorless oil in 58% yield (37 mg) after
flash chromatography (SiO2, pentane/diethyl ether 19:1, Rf = 0.44). 1H
NMR (CDCl3, 300 MHz): δ 7.72−7.68 (m, 2H), 7.45−7.40 (m, 2H),
7.34 (tt, 1H, J = 7.4, 1.3 Hz), 6.84 (ddd, 1H, J = 3.4, 1.7, 1.7 Hz), 6.70 (d,
1H, J = 3.4 Hz), 4.42 (q, 2H, J = 7.2 Hz), 1.39 (t, 3H, J = 7.2 Hz). 13C
NMR (CDCl3, 75 MHz): δ 162.4 (t, JCF = 33.6 Hz), 156.3 (t, JCF = 2.2
Hz), 143.5 (dd, JCF = 33.6, 33.6 Hz), 129.5, 128.8 (2C), 128.5, 124.3
(2C), 113.6 (t, JCF = 3.9 Hz), 108.7 (t, JCF = 248.1 Hz), 105.6, 63.5, 13.9.
19F NMR (CDCl3, CFCl3, 282 MHz): δ −102.8 (s, 2F). IR (neat,
cm−1): 2988, 1765, 1273, 1042. HRMS (E+): calcd for [M + H]+

C14H13F2O3, 267.0833; found, 267.0841 (+3.0 ppm).
Ethyl 2,2-Difluoro-2-(5-(4-methoxyphenyl)furan-2-yl)acetate

(2o). Prepared following general procedure A from 2-(4-
methoxyphenyl)furan (1o), except that the reaction mixture was heated
at 80 °C for 15 h instead of 20 h. Compound 2o was obtained as a
colorless oil in 59% yield (42 mg) after flash chromatography (SiO2,
pentane/diethyl ether 19:1, Rf = 0.26). 1H NMR (CDCl3, 300 MHz): δ
7.65−7.62 (m, 2H), 6.96−6.93 (m, 2H), 6.81 (ddd, 1H, J = 3.4, 1.7, 1.7
Hz), 6.55 (d, 1H, J = 3.4 Hz), 4.41 (q, 2H, J = 7.2 Hz), 3.85 (s, 3H), 1.39
(t, 3H, J = 7.2 Hz). 13C NMR (CDCl3, 75 MHz): δ 162.5 (t, JCF = 33.6
Hz), 159.9, 156.5 (t, JCF = 2.2 Hz), 142.8 (dd, JCF = 34.1, 34.1 Hz), 125.9
(2C), 122.5, 114.2 (2C), 113.7 (t, JCF = 3.9 Hz), 108.8 (t, JCF = 247.6
Hz), 104.0, 63.4, 55.3, 13.9. 19F NMR (CDCl3, CFCl3, 282 MHz): δ
−102.5 (s, 2F). IR (neat, cm−1): 2977, 1765, 1274, 1021. HRMS (EI):
calcd for [M] C15H14F2O4, 296.0860; found, 296.0868 (+2.7 ppm).
Ethyl 2,2-Difluoro-2-(5-(2-fluoro-4-methoxyphenyl)furan-2-yl)-

acetate (2p). Prepared following general procedure A from 2-(2-
fluoro-4-methoxyphenyl)furan (1p), except that the reaction mixture
was heated at 80 °C for 15 h instead of 20 h. Compound 2pwas obtained
as a colorless oil in 61% yield (46 mg) after flash chromatography (SiO2,
pentane/diethyl ether 19:1, Rf = 0.21). 1H NMR (CDCl3, 300 MHz): δ
7.74 (t, 1H, J = 8.9 Hz), 6.84 (ddd, 1H, J = 3.4, 1.7, 1.7 Hz), 6.79−6.67
(m, 3H), 4.42 (q, 2H, J = 7.2 Hz), 3.84 (s, 3H), 1.39 (t, 3H, J = 7.2 Hz).
13C NMR (CDCl3, 75 MHz): δ 162.4 (t, JCF = 34.1 Hz), 160.8 (d, JCF =
11.0 Hz), 159.8 (d, JCF = 251.4 Hz), 150.8−150.7 (m), 142.6 (dt, JCF =
33.6, 1.1 Hz), 127.1 (d, JCF = 5.0 Hz), 113.8 (dt, JCF = 3.9, 1.7 Hz), 110.8
(d, JCF = 12.7 Hz), 110.3 (d, JCF = 3.3 Hz), 108.8 (t, JCF = 248.1 Hz),
108.6 (d, JCF = 11.6 Hz), 102.0 (d, JCF = 25.3 Hz), 63.5, 55.6 (d, JCF = 4.4
Hz), 13.9. 19F NMR (CDCl3, CFCl3, 282 MHz): δ −102.7 (s, 2F),
−111.9 (s, 1F). IR (neat, cm−1): 2999, 1760, 1273, 1032. HRMS (EI):
calcd for [M] C15H13F3O4, 314.0766; found, 314.0779 (+4.2 ppm).
General Procedure B: Saponification/Decarboxylation Se-

quence for the CF2CO2Et Moiety. Under a nitrogen atmosphere, the

C-2-CF2CO2Et-substituted benzofuran or furan was dissolved inMeOH
(0.3 M), and an aqueous solution of K2CO3 (3 equiv, 1 M) was added.
After 30 min at room temperature, the reaction mixture was acidified to
pH 1 by addition of a solution of HCl (2 N), and the solution was
extracted with DCM (three times). The organic layer was washed with
brine and dried overMgSO4. The solvent was removed under vacuum to
afford the corresponding C-2-CF2CO2H-substituted product in
quantitative yield. This one was then added to a solution of CsF (5
equiv) in NMP (0.25M) under a nitrogen atmosphere, and the tube was
sealed. The resulting mixture was heated at 200 °C for 16 h. The solution
was cooled and extracted with Et2O (three times). The organic layer was
washed with water (twice) and brine (twice) and dried over MgSO4.
The solvent was removed under vacuum, and the residue was purified by
flash chromatography (SiO2, pentane/diethyl ether).

2-(Difluoromethyl)benzofuran (4a). Prepared following general
procedure B from 2a (0.24 mmol). Compound 4a was obtained as a
colorless oil in 65% yield (26 mg) after flash chromatography (SiO2,
pentane, Rf = 0.51).

1H NMR (CDCl3, 300 MHz): δ 7.66 (d, 1H, J = 7.6
Hz), 7.56 (d, 1H, J = 8.1 Hz), 7.41 (t, 1H, J = 7.6 Hz), 7.31 (t, 1H, J = 8.1
Hz), 7.05 (s, 1H), 6.77 (t, 1H, J = 54.2 Hz). 13C NMR (CDCl3, 75
MHz): δ 155.2 (t, JCF = 1.1 Hz), 148.3 (t, JCF = 28.6 Hz), 126.6 (t, JCF =
1.1 Hz), 126.1, 123.6, 122.1, 111.9, 108.8 (t, JCF = 236.6 Hz), 106.8 (t,
JCF = 5.0 Hz).

19F NMR (CDCl3, CFCl3, 282 MHz): δ−117.1 (dd, 2F, J
= 54.2, 2.0 Hz). IR (neat, cm−1): 1616, 1371, 1136. HRMS (EI): calcd
for [M] C9H6F2O, 168.0387; found, 168.0381 (−3.5 ppm).

2-(Difluoromethyl)-3-phenylbenzofuran (4b). Prepared following
general procedure B from 2d (0.67 mmol). Compound 4b was obtained
as a colorless oil in 85% yield (140 mg) after flash chromatography
(SiO2, pentane, Rf = 0.30).

1H NMR (CDCl3, 300 MHz): δ 7.72 (d, 1H,
J = 7.6 Hz), 7.65 (d, 1H, J = 8.3 Hz), 7.57−7.47 (m, 6H), 7.37 (t, 1H, J =
7.6 Hz), 6.78 (t, 1H, J = 52.1 Hz). 13C NMR (CDCl3, 75MHz): δ 154.5,
142.7 (t, JCF = 23.7 Hz), 129.6 (t, JCF = 1.7 Hz), 129.2 (2C), 129.1 (2C),
128.6, 127.0, 126.8, 123.9 (t, JCF = 6.6 Hz), 123.6, 121.1, 112.1, 108.3 (t,
JCF = 234.4 Hz).

19F NMR (CDCl3, CFCl3, 282 MHz): δ−114.3 (d, 2F,
J = 52.1 Hz). IR (neat, cm−1): 1613, 1395, 1085, 1026. HRMS (EI):
calcd for [M] C15H10F2O, 244.0700; found, 244.0703 (+1.2 ppm).

7-Phenyl-8-difluoromethylfuro[2,3-f ]-1,3-benzodioxole (4c). Pre-
pared following general procedure B from 2f (0.12 mmol), except that
the reaction mixture was heated at 200 °C for 4 h instead of 16 h.
Compound 4c was obtained as a colorless oil in 64% yield (22 mg) after
flash chromatography (SiO2, pentane/diethyl ether 49:1, Rf = 0.35). 1H
NMR (CDCl3, 300 MHz): δ 7.56−7.47 (m, 5H), 7.07 (s, 1H), 6.99 (s,
1H), 6.65 (t, 1H, J = 52.1 Hz), 6.04 (s, 2H). 13C NMR (CDCl3, 75
MHz): δ 150.1, 148.2, 145.5, 142.2 (t, JCF = 23.7 Hz), 129.7, 129.1 (4C),
128.6, 124.5 (t, JCF = 7.2 Hz), 120.3, 108.2 (t, JCF = 234.4 Hz), 101.7,
99.0, 93.8. 19F NMR (CDCl3, CFCl3, 282 MHz): δ −113.5 (d, 2F, J =
52.1 Hz). IR (neat, cm−1): 1608, 1460, 1238, 1153, 1021. HRMS (EI):
calcd for [M] C16H10F2O3, 288.0598; found, 288.0604 (+2.1 ppm).

2-(Benzyloxymethyl)-5-(difluoromethyl)furan (4d). Prepared fol-
lowing general procedure B from 2j (0.24 mmol), except that the
reaction mixture was heated at 200 °C for 4 h instead of 16 h.
Compound 4d was obtained as a colorless oil in 47% yield (27 mg) after
flash chromatography (SiO2, pentane/diethyl ether 19:1, Rf = 0.33). 1H
NMR (CDCl3, 300 MHz): δ 7.37−7.35 (m, 5H), 6.64 (s, 1H), 6.62 (t,
1H, J = 54.2 Hz), 6.39 (s, 1H), 4.59 (s, 2H), 4.52 (s, 2H). 13C NMR
(CDCl3, 75 MHz): δ 153.8 (t, JCF = 2.2 Hz), 146.7 (t, JCF = 29.7 Hz),
137.5, 128.5 (2C), 127.90 (2C), 127.85, 110.9 (t, JCF = 4.4 Hz), 109.9,
108.4 (t, JCF = 234.9 Hz), 72.3, 63.7. 19F NMR (CDCl3, CFCl3, 282
MHz): δ−115.3 (d, 2F, J = 54.2 Hz). IR (neat, cm−1): 1359, 1071, 1017.
HRMS (EI): calcd for [M] C13H12F2O2, 238.0805; found, 238.0815
(+4.2 ppm).
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