PAPER

3927

Arylation of 2-Furyl 4-Fluorophenyl Ketone: An Extension of Heck Chemistry

towards Novel Integrase Inhibitors
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Abstract: An optimized procedure for the direct and regioselective
arylation of 2-acylfurans has been developed. The versatility of this
protocol has been evaluated on a series of aryl and heteroaryl ha-
lides, thus obtaining a small collection of 2,5-disubstituted furans in
moderate to good yields. Finally, the optimized protocol has been
successfully applied to the synthesis of the HIV-1 integrase inhibi-
tor 3 and could be further exploited for the generation of novel sub-
stituted furans as potential integrase inhibitors.
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HIV-1 integrase (IN) is an essential enzyme involved in
viral replication cycle related to the integration of viral
DNA into host cell genome. HIV-1 integrase represents
an interesting target for the development of new anti-HIV
therapies because it has no known counterpart in the host
cell. During the last twenty years many efforts have been
devoted to the identification of HIV-1 integrase inhibitors
(INTs). These efforts have recently culminated in the FDA
approval of raltegravir (1, Figure 1) as the first INI on the
market.! During the last few years, our research group has
been involved in the search for novel INIs that led to the
identification of an interesting hit compound 2 having a
micromolar activity both on enzymatic and cellular assays
(Figure 1).22b

Structure activity relationship (SAR) studies showed that
the 2,5-disubstituted furan moiety was essential for the bi-
ological activity,”" and the exploration of the C5-func-
tionalization has recently led to the identification of a
promising carbinol analogue 3 (Figure 1) endowed with a
moderate activity against IN (IC50: 43 pM). * Unfortu-
nately, the strategy used for the synthesis of the latter
compound, based on a Suzuki coupling and next Grignard
reaction on the 2-formyl moiety, suffered from a lack of
efficiency due to low yields and poor tolerance towards
several functional groups.* Organometallic reactions
(e.g., Meerwein and Suzuki coupling) have been previ-
ously used by us to build 2-arylated furans.?** However,
the requirements of diazonium salts or boron species limit
the versatility of the above mentioned procedures since
each organometallic species should be prepared separate-
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Figure 1 Structure of raltegravir (1) and integrase inhibitors 2 and
3 recently developed by us

ly before each coupling reaction. Accordingly, we envi-
sioned an alternative and more versatile route for the
synthesis of the IN inhibitor 3 (Scheme 1): the latter com-
pound could be obtained by reduction of 5a followed by
ester deprotection while the intermediate 5a could in turn
be achieved via direct arylation of the easily obtainable 2-
furyl 4-fluorophenyl ketone (4) and commercially avail-
able methyl 4-iodosalicylate.

Direct arylation® has recently emerged as a valuable ap-
proach for the functionalization of various pentatomics
heterocycles.® Several examples on the application of
Heck coupling for the selective 2-arylation of functional-

HO.
7
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Scheme 1 Retrosynthetic approach for the synthesis of the carbinol
derivative 3
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ized furans are reported in the literature.’ However, only
a few efficient examples are known on the application of
such approach for the direct arylation of 2-acylfurans.®
Herein, an improved general method for the direct aryl-
ation of the 2-furyl 4-fluorophenyl ketone (4) has been de-
veloped and applied to the synthesis of the IN inhibitor 3.
The versatility of this protocol has been also evaluated on
a series of aryl and heteroaryl halides and its exploitation
could allow to generate novel 2,5-disubstituted furans as
potential IN inhibitors.

The 2-acylfuran 4 was synthesized in two steps starting
from commercially available 2-furoyl chloride, which
was initially converted into the corresponding Weinreb
amide in quantitative yield. The latter intermediate was
then used in the next Grignard reaction without any fur-
ther purification to give the desired compound 4 in 86%
overall yield (Scheme 2). The 2-furyl 4-fluorophenyl ke-
tone (4) was then used as substrate for the optimization of
the Heck coupling reaction (Table 1). The first attempt of
direct arylation was conducted according to the standard
McClure protocol:’ commercially available methyl 4-io-
dosalicylate was added over 10 hours to a solution of cat-
alyst (PdCl,), ligand (PCys;), additive (Bu,NCl), and the 2-
acylfuran 4 in DMF at 110 °C. The resulting mixture was
stirred for an additional 10 hours to give the desired com-
pound Sa even if in low yields (20%), after a long reaction
time (20 h) and using an high catalyst loading (10 mol%)
(Scheme 2; Table 1, entry 1). In order to optimize this
coupling protocol, the influence of each parameter on the
outcome of the reaction was thoroughly investigated
(Table 1). The optimal temperature for the coupling was
proved to be 110 °C (higher temperatures gave the same
results) and the reaction was completed within 2 hours, as
revealed by the consumption of the aryl iodide on TLC.
The halide species were added to the reaction mixture as
last step and no differences were evidenced with or with-
out cannulation. A profitable completion of the optimiza-
tion of the reaction was guaranteed by the use of different
Pd(0) catalysts such as Pd,(dba); or precatalyst forms such
as Pd(OAc),, and PdCl, (Table 1, entries 1-18). However,
the best results were obtained using Pd(PPh;),Cl, as cata-
lyst (Table 1, entry 18). Tricyclohexylphosphine, triphe-
nylphosphine, triethyl phosphite, and tri-o-tolylphosphine

0°C,1h

NaBH,, MeOH
61%

ME‘OQC

Scheme 3  Synthesis of the integrase inhibitor 3
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Scheme 2 Direct arylation of 4 following the McClure protocol

were tested as monodentate ligands while dppp, dppf, and
Xantphos were used as bidentates.

Results with PCy; and PPh; were comparable, but a loss
of efficacy was found with triethyl phosphite and dppp
(Table 1, entries 2-9). It was interesting to note that no re-
action occurred with both P(o-tolyl); and bidentate
ligands such as dppf or Xantphos (Table 1, entries 10—14).
NiCl, also proved to catalyze the Heck coupling,'® but its
application to our reaction was unsuccessful (Table 1, en-
try 15). Ligand-free conditions'!"'? were also attempted in
combination with PdCl,, but poor results were obtained
(Table 1, entries 17). Among the tetralkylammonium
salts, used as additive in the ‘Jeffery conditions’,"
Bu,NCI gave the best results in our hands both in terms of
yield and easiness of purification (Table 1, entry 19).
LiCI'* and pivalic acid'> were also considered as suitable
additives for the Heck reaction, but they gave poor results
in our reaction (Table 1, entry 20, 21). Ag,CO; was tested
for its double action as halide scavenger and base,'® but
low yield and several side products were obtained
(Table 1, entry 23). Et;N and K,CO; were used as base
giving worst results compared to KOAc (Table 3, entries
24, 25). Particularly anhydrous conditions were not gen-
erally required. Among the solvents, DMF had the best
impact on the reaction outcome while DMF-H,0,
DMSO, toluene, MeCN, and ethanol always gave lower
yields (Table 1, entries 26-30). Microwave conditions
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Table 1 Optimization of the Coupling Reaction®
Entry Catalyst Ligand Base Solvent Additive Heating Time Yield
(0.1 equiv) (0.2 equiv) (3 equiv) 0.1 M) (1 equiv) °O) (h) (%)°
1€ PdCl, PCy, KOAc DMF Bu,NBr 110 20 20
2 PdCl, PCy, KOAc DMF Bu,NBr 110 2 19
3 Pd(OAc), PCy; KOAc DMF Bu,NBr 110 2 20
4 PdCl, PPh, KOAc DMF Bu,NBr 110 2 28
5 Pd(OAc), PPh; KOAc DMF Bu,NBr 110 2 26
6 PdCl, P(OEv), KOAc DMF Bu,NBr 110 2 15
7 Pd(OAc), P(OEt), KOAc DMF Bu,NBr 110 2 11
8 PdCl, dppp KOAc DMF Bu,NBr 110 2 10
9 Pd(OAc), dppp KOAc DMF Bu,NBr 110 2 5
10 PdCl, P(o-tolyl), KOAc DMF Bu,NBr 110 12 -
11 Pd(OAc), P(o-tolyl); KOAc DMF Bu,NBr 110 12 -
12 PdCl, dppf KOAc DMF Bu,NBr 110 12 -
13 Pd(OAc), dppf KOAc DMF Bu,NBr 110 12 -
14 PdCl, Xantphos KOAc DMF Bu,NBr 110 12 -
15 NiCl, PPh, KOAc DMF Bu,NBr 110 12 -
16 Pd,(dba), PPh, KOAc DMF Bu,NBr 110 12 12
17 PdCl, - KOAc DMF Bu,NBr 110 12 5
18 Pd(PPh;),Cl, - KOAc DMF Bu,NBr 110 2 29
19 Pd(PPh;),Cl, - KOAc DMF Bu,NCl 110 2 40
20 Pd(PPh;),Cl, - KOAc DMF pivalic acid 110 2 14
21 Pd(PPh;),Cl, - KOAc DMF LiCl 110 2 -
22 Pd(PPh;),Cl, - KOAc DMF - 110 12 30
23 Pd(PPh;),Cl, - - DMF Ag,CO; 110 2 18
24 Pd(PPh;),Cl, - Et;N DMF Bu,NCl 110 12 -
25 Pd(PPh;),Cl, - K,CO;, DMF Bu,NCl 110 12 -
26 Pd(PPh;),Cl, - KOAc DMF-H,0 Bu,NCl 110 2 23
27 Pd(PPh;),Cl, - KOAc MeCN Bu,NCl 110 2 19
28 Pd(PPh;),Cl, - KOAc DMSO Bu,NCl 110 2 25
29 Pd(PPh;),Cl, - KOAc toluene Bu,NCl 110 2 17
30 Pd(PPh;),Cl, - KOAc EtOH Bu,NCl 110 2 -
31 Pd(PPh;),Cl, - KOAc DMF Bu,NCl 80-100 MW 3x30" 30
32 Pd(PPh;),Cl, - KOAc DMF pivalic acid 80-100 MW 3x30" 10

2The reaction between methyl 4-iodosalicylate (1 equiv) and the 2-furyl 4-fluorophenyl ketone (4; 2 equiv) (Scheme 2) was monitored by TLC
analysis and stopped after consumption of the aryl iodide.
® Isolated yield.
¢ Reaction conditions are those of the standard McClure protocol (ref. 9).
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had no effect in speeding up the reaction and low yields
were obtained even after repeated irradiation cycles
(Table 1, entries 31, 32). Catalyst stoichiometry was also
investigated, and the best results were obtained under 1
mol% loading (Table 2, entry 4).

Table 2 Effect of Pd(PPh;),Cl, Loading on the Yield of Sa*

Entry Catalyst loading (equiv)  Yield (%)°
1 0.100 40
2 0.050 36
3 0.030 41
4 0.010 52
5 0.005 37

*Reaction conditions are those reported in Table 1, entry 19.
®Isolated yield.

Overall, the optimized protocol for the direct arylation of
4 employed Pd(PPh;),Cl, (1 mol%), Bu,NCI as additive,
KOACc as base, and DMF as solvent. An excess of 2-furyl
4-fluorophenyl ketone (4; 2 equiv) should also be used in
order to prevent undesired homocoupling reaction. The
main advantages of this protocol are represented by the
low catalyst loading, the short reaction time, and no need
of cannulation.

This optimized protocol has been then exploited for the
synthesis of the integrase inhibitor 3 as shown in
Scheme 3. Compound Sa obtained via direct arylation in
52% yield (Table 2, entry 4), was initially reduced to the
corresponding carbinol 6 using NaBH, at 0 °C. Saponifi-
cation of the latter intermediate gave the desired com-
pound 3 in good overall yield.

Finally, the versatility of the optimized coupling protocol
was evaluated on a series of aryl and heteroaryl iodides in
place of methyl 4-iodosalycilate: a small collection of 2,5-
disubstituted furans was thus obtained (Table 3). Aromat-
ic substituents such as cyano, nitro, methoxy, carboxyeth-
yl, amino, and fluoro were well tolerated giving the
desired products in moderate to high yields (Table 3, en-
tries 2-9). Heterocyclic iodides such as N,N-dimethyl-5-
iodouracil gave also good yields of the corresponding
product (Table 3, entry 10).

In summary, an optimized protocol for the direct and regi-
oselective arylation of 2-acylfurans has been developed.
This procedure proved to be a suitable tool for the easy de-
rivatization of the 2-furyl 4-fluorophenyl ketone (4), giv-
ing access to the 2,5-disubstituted furan 5a in high yields,
short reaction time and using a low catalyst loading. The
latter compound was then easily converted into the HIV-
1 integrase inhibitor 3 with good overall yield. The versa-
tility of the coupling protocol was finally proved on dif-
ferent aryl and heteroaryl iodides and its exploitation
could allow to generate novel 2,5-disubstituted furans as
novel potential integrase inhibitors.

Table 3 Application of the Optimized Heck Protocol to Different Aryl and Heteroaryl Iodides®

Entry Halide Product Yield (%)®
HO |
1 Sa 52
M902C
|
2 /©/ sb 80
NC
|
3 /©/ 5c 87
OoN
|
4 /(j/ sd 72
MeQO Z
78

\

|
5 /Ej/ Se
EtO.C
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Table 3 Application of the Optimized Heck Protocol to Different Aryl and Heteroaryl Iodides* (continued)

Entry Halide Product Yield (%)®
6 p sf 68
O
|
7 /O/ 5g 31
HoN
|
8 /©/ 5h 84
F
|
9 ©/ 5i 83
(o]
Me |
10 l‘\)ﬁ/ 5§ 51
oy
Me

* Conditions: aryl/heteroaryl iodide (1 equiv), 2-furyl 4-fluorophenyl ketone (4; 2 equiv), KOAc (3 equiv), Bu,NCI (1 equiv), DMF (0.1 M),

110 °C, 2 h.
®Isolated yield.

All commercially available chemicals were used as purchased. An-
hydrous reactions were run under a positive pressure of dry N,. Pe-
troleum ether (PE) used refers to the fraction boiling in the range
40-60 °C. TLC was carried out using Merck TLC plates silica gel
60 F254. Chromatographic purifications were performed on col-
umns packed with Merck 60 silica gel, 23—400 mesh, for flash tech-
nique. 'H and *C NMR spectra were recorded at 400 MHz on a
Bruker Avance DPX400 spectrometer. Chemical shifts are reported
relative to CDCl; at 6 = 7.24 and TMS at 6 = 0.00. Melting points
were taken using a Gallenkamp melting point apparatus and are un-
corrected. Elemental analyses were performed on a Perkin-Elmer
PE 2004 elemental analyzer, and the data for C, H, and N are within
0.4% of the theoretical values. Mass spectral (MS) data were ob-
tained using an Agilent 1100 LC/MSD VL system (G1946C) with
a 0.4 mL/min flow rate using a binary solvent system of 95:5
MeOH-H,0. UV detection was monitored at 254 nm. Mass spectra
were acquired in positive mode scanning over the mass range of 50—
1500. The following ion source parameters were used: drying gas
flow, 9 mL/min; nebulizer pressure, 40 psig; drying gas tempera-
ture, 350 °C.

Microwave reactions were conducted using a CEM Discover Syn-
thesis Unit (CEM Corp., Matthews, NC). The machine consists of a
continuous focused microwave power delivery system with opera-
tor-selectable power output from O to 300 W. The temperature of the
contents of the vessel was monitored using a calibrated infrared
temperature control mounted under the reaction vessel. All experi-
ments were performed using a stirring option whereby the contents
of the vessel are stirred by means of a rotating magnetic plate locat-
ed below the floor of the microwave cavity and a Teflon-coated
magnetic stir bar in the vessel.

4-Fluorophenyl(furan-2-yl)methanone (4, 2-Furyl 4-Fluoro-
phenyl Ketone)

2-Furoyl chloride (130.5 mg, 1 mmol) was added to a suspension of
N,O-dimethylhydroxylamine hydrochloride (195 mg, 2 mmol), py-
ridine (cat), and Na,CO; (424 mg, 4 mmol) in THF (2 mL, 0.5 M)
and the resulting mixture was stirred overnight at r.t. Aq 1 M NaOH
(20 mL) and EtOAc (20 mL) were added and the two-phase solution
was stirred for 1 h. The aqueous layer was extracted with EtOAc
(2 x 20 mL). The organic layers were collected, dried (Na,SO,), and
evaporated. The oily residue was dissolved in THF (2 mL, 0.5 M)
and then 4-fluorophenylmagnesium bromide (1 M in THF, 1.2
mmol, 1.2 mL) was added dropwise. The solution was stirred for 1
h at r.t., cooled to 0 °C, diluted with EtOAc (20 mL) and sat. aq
NH,CI (20 mL) was then added. The organic layer was washed with
H,0 (20 mL) and brine (20 mL), dried (Na,SO,), and evaporated to
dryness. The residue was purified by flash chromatography
(EtOACc-PE, 1:4) to give the desired product 4 (163 mg, 86%) as an
orange oil; R, = 0.40 (EtOAc-PE, 1:8).

'H NMR (CDCL,): & = 8.05 (dd, J, = 8.55 Hz, J, = 5.42 Hz, 2 H),
7.70 (s, 1 H), 7.26 (m, 1 H), 7.17 (t, J, = 8.55 Hz, 2 H), 6.61 (m, 1
H).

13C NMR (CDCLy): & = 180.40, 165.20 (J; = 253.05 Hz), 151.92,
146.82, 137.88, 131.65 (J; = 8.59 Hz), 120.11, 115.24 (Jp =21.91
Hz), 112.03.

MS (ESI): m/z = 213 [M + Nal*.

Anal. Calcd for C;;H,FO,: C, 69.47; H, 3.71. Found: C, 69.66; H,
3.70.
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Heck Coupling of 2-Furyl 4-Fluorophenyl Ketone (4) with Aryl/
Heteroaryl Iodides; General Procedure

A solution of Pd(PPh;),Cl, (1.8 mg, 1 mol%, 0.0025 mmol),
Bu,NCl (70 mg, 0.25 mmol, 1 equiv), KOAc (74 mg, 0.75 mmol, 3
equiv), and 2-furyl 4-fluorophenyl ketone (4; 95 mg, 0.50 mmol, 2
equiv) in DMF (2.5 mL, 0.1 M) was stirred and degassed at r.t. for
15 min. The respective aryl/heteroaryl iodide (0.25 mmol, 1 equiv)
was then added and the resulting mixture was heated at 110 °C un-
der N, for 2 h. TLC analysis revealed a complete consumption of
the iodide after 2 h and the reaction was quenched by diluting with
EtOAc (20 mL) and adding sat. aq NH,C1 (20 mL). The organic lay-
er was washed with H,O (20 mL) and brine (20 mL), dried
(Na,SO,), and evaporated to dryness. The residue was purified by
flash chromatography using a mixture of EtOAc—PE.

Methyl 4-[5-(4-Fluorobenzoyl)furan-2-yl]-2-hydroxybenzoate
(5a)
Yield: 52%; white solid; mp 178 °C; R,= 0.31 (EtOAc-PE, 1:6).

IR (CHCL,): 1678, 16414, 1601 cm™.

'H NMR (CDCl,): & =10.86 (s, 1 H), 8.09 (dd, J, =8.35 Hz,
J,=5.43Hz,2H),7.90(d,J, = 8.15Hz,2 H), 7.39 (d, J, = 1.08 Hz,
1 H), 7.35 (d, J, =3.80 Hz, 1 H), 7.32 (dd, J, = 8.15 Hz, J, = 1.08
Hz, 1 H), 7.21 (t, J, = 8.35 Hz, 2 H), 6.95 (d, J, = 3.80 Hz, 1 H),
3.98 (s, 3 H).

13C NMR (CDCl,): § = 180.40, 169.98, 162.97 (Jr = 245.10 Hz),
161.76, 156.38, 152.13, 135.55, 133.32, 131.89 (Jp=8.55 Hz),
130.64, 122.00, 115.64, 115.63 (Jp=21.54 Hz), 113.44, 112.59,
109.78, 52.37.

MS (ESD): m/z =363 [M + Na]*.

Anal. Caled for C;oH,3FOs: C, 67.06; H, 3.85. Found: C, 66.95; H,
3.83.

4-[5-(4-Fluorobenzoyl)furan-2-yl]benzonitrile (5b)
Yield: 80%; white solid; mp 217 °C; R,= 0.29 (EtOAc-PE, 1:4).

IR (CHCl,): 2230, 1644, 1601 cm™.

'H NMR (CDCL,): § = 8.06 (dd, J, = 8.46 Hz, J, = 5.64 Hz, 2 H),
7.90 (d, J, =8.05 Hz, 2 H), 7.73 (d, J, = 8.05 Hz, 2 H), 7.34 (d,
J,=3.63Hz, 1 H),7.22 (t,J, = 8.55 Hz, 2 H), 6.99 (d, J, = 3.63 Hz,
1 H).

13C NMR (CDCL): 8 = 180.50, 165.52 (J; = 254.03 Hz), 155.66,
152.21, 133.03, 132.90, 132.72, 131.81 (J.=8.08 Hz), 125.24,
122.07, 118.32, 115.69 (Jp = 21.31 Hz), 112.37, 109.86.

MS (ESI): m/z = 314 [M + Nal*.

Anal. Calcd for C4iH,,FNO,: C, 74.22; H, 3.46; N, 4.81. Found: C,
74.12; H, 3.48; N, 4.79.

4-Fluorophenyl[5-(4-nitrophenyl)furan-2-yljmethanone (5c¢)
Yield: 87%; pale yellow solid; mp 202 °C; R; = 0.21 (EtOAc-
PE, 1:7).

IR (CHCl,): 1645, 1601, 1521, 1340 cm™.

'H NMR (CDCLy): § =831 (d, J,=9.15 Hz, 2 H), 8.07 (dd,
J,=8.54 Hz, J,=5.49 Hz, 2 H), 7.95 (d, J, = 9.15 Hz, 2 H), 7.36
(d, J, =3.66 Hz, 1 H), 7.22 (1, J, = 8.54 Hz, 2 H), 7.05 (d, J, = 3.66
Hz, 1 H).

13C NMR (CDCl,): § = 180.49, 165.56 (Jr = 252.55 Hz), 155.31,
152.49, 147.66, 134.77, 133.20, 131.83 (Jp=10.30 Hz), 12541,
124.37, 122.05, 115.73 (Jp = 22.66 Hz), 110.45.

MS (ESD): m/z =334 [M + Na]*.

Anal. Calcd for C;H,;,FNO,: C, 65.60; H, 3.24; N, 4.50. Found: C,
65.73; H, 3.24; N, 4.46.
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4-Fluorophenyl[5-(4-methoxyphenyl)furan-2-ylJmethanone
(5d)

Yield: 72%; pale yellow solid; mp 114 °C; R, = 0.37 (EtOAc—
PE, 1:6).

IR (CHCly): 1634, 1611, 1601, 1479 cm™.

'H NMR (CDCL,): & = 8.05 (dd, J, = 7.98 Hz, J, = 5.85 Hz, 2 H),
7.75 (d, J, =8.52 Hz, 2 H), 7.31 (d, J,=3.72 Hz, 1 H), 7.19 (t,
J,=7.98Hz,2H),6.97 (d, J, = 8.52Hz,2H), 6.71 (d, J, = 3.72 Hz,
1 H), 3.85 (s, 3 H).

13C NMR (CDCly): § =180.22, 165.23 (Jp = 254.13 Hz), 160.57,
158.72, 150.82, 133.84, 131.71 (Jg=8.13 Hz), 126.55, 123.07,
122.06, 115.45 (Jg = 22.18 Hz), 114.35, 106.06, 55.31.

MS (ESD): m/z = 319 [M + Nal*, 615 [2 M + Na]*.

Anal. Calcd for C,gH3FO;: C, 72.97; H, 4.42. Found: C, 73.09; H,
4.43.

Ethyl 4-[5-(4-Fluorobenzoyl)furan-2-yl]benzoate (5e)
Yield: 78%; white solid; mp 124 °C; R,= 0.24 (EtOAc-PE = 1:7).

IR (CHCI,): 1712, 1641, 1601 cm™.

'H NMR (CDCL,): & = 8.05 (d, J, = 8.30 Hz, 2 H), 8.01 (m, 2 H),
7.79 (d, J, =8.30 Hz, 2 H), 7.27 (d, J, =3.69 Hz, 1 H), 7.14 (t,
J,=8.30Hz,2H), 6.89 (d, J, = 3.69 Hz, 1 H), 4.33 (q, J, = 6.92 Hz,
2 H), 1.35 (t, J, = 6.92 Hz, 3 H).

13C NMR (CDCl,): & = 180.42, 165.85, 165.40 (Ji = 255.55 Hz),
156.92, 151.87, 133.41, 132.91, 131.82 (Jr = 10.04 Hz), 130.13,
124.68, 122.29, 115.59 (Jp =22.03 Hz), 109.13, 61.12, 14.22.

MS (ESD): m/z = 339 [M + HJ*, 361 [M + NaJ*.

Anal. Caled for C,)H,;sFO,: 71.00; H, 4.47. Found: C, 70.89; H,
4.44.

1-{4-[5-(4-Fluorobenzoyl)furan-2-yl]Jphenyl}ethanone (5f)
Yield: 68%; pale yellow solid; mp 146 °C; R, = 0.26 (EtOAc—
PE, 2:7).

IR (CHCI,): 1682, 1641, 1601 cm™.

'H NMR (CDCLy): & = 8.08 (dd, J, = 8.78 Hz, J, = 5.54 Hz, 2 H),
8.03 (d, J, = 8.32 Hz, 2 H), 7.89 (d, J, =8.32 Hz, 2 H), 7.35 (d,
Jy=3.70Hz, 1 H),7.21 (t, J, = 8.78 Hz, 2 H), 6.98 (d, J, = 3.70 Hz,
1 H), 2.63 (s, 3 H).

13C NMR (CDCl,): & = 197.05, 180.46, 165.44 (J, = 255.85 Hz),
156.76, 151.98, 137.08, 133.11, 131.82 (Jy = 10.08 Hz), 128.95,
127.34, 124.93, 122.27, 115.62 (J; = 21.64 Hz), 109.33, 26.55.
MS (ESD): m/z = 331 [M + Nal*, 347 [M + KJ*.

Anal. Caled for CoH,3FO;: C, 74.02; H, 4.25. Found: C, 73.90; H,
4.27.

5-(4-Aminophenyl)furan-2-yl(4-fluorophenyl)methanone (5g)
Yield: 31%; dark red solid; mp 132 °C; R;=0.13 (EtOAc-PE, 2.7).
IR (CHCLy): 1622, 1601, 1477 cm™.

"H NMR (CDCl,): § = 8.04 (dd, J, = 8.65 Hz, J, =5.98 Hz, 2 H),
7.62 (d, J, =8.65 Hz, 2 H), 7.30 (d, J;, =3.99 Hz, 1 H), 7.18 (t,
J,=8.65Hz,2H),6.72 (d, J, = 8.65 Hz,2 H), 6.64 (d, J, =3.99 Hz,
1 H).

13C NMR (CDCl,): & =180.22, 165.20 (Jp = 252.41 Hz), 159.74,
150.40, 147.84, 134.05, 131.75 (Jp=9.57 Hz), 126.78, 123.61,
119.65, 115.48 (Jp =21.53 Hz), 114.97, 105.22.

MS (ESD: m/z =304 [M + Na]*.

Anal. Calcd for C;H;,FNO,: C, 72.59; H, 4.30; N, 4.98. Found: C,
72.73; H, 4.29; N, 5.00.
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4-Fluorophenyl[5-(4-fluorophenyl)furan-2-yllmethanone (5h)
Yield: 84%; white solid; mp 129 °C; R,= 0.39 (EtOAc-PE, 1:7).

IR (CHClLy): 1643, 1601 cm™.

'H NMR (CDCLy): & =7.98 (dd, J, =9.16 Hz, J, = 5.73 Hz, 2 H),
772 (dd, J, = 8.59 Hz, J, =5.73 Hz, 2 H), 7.24 (d, J, = 4.01 Hz, 1
H), 7.10 (m, 4 H), 6.72 (d, J, = 4.01 Hz, 1 H).

13C NMR (CDCL,): 8 = 180.42, 165.96 (J; = 253.29 Hz), 164.23
(Jp = 248.17 Hz), 157.45, 151.23, 133.61, 131.74 (Jz = 9.22 Hz),
126.99 (J.=8.07 Hz), 125.56, 116.76, 116.09 (J;=21.90 Hz),
115.52 (Jp = 21.68 Hz), 107.13.

MS (ESD): m/z =307 [M + Na]*.

Anal. Calcd for C;H,F,0,: C, 71.83; H, 3.55. Found: C, 71.66; H,
3.60.

4-Fluorophenyl(5-phenylfuran-2-yl)methanone (5i)
Yield: 83%; white solid; mp 119 °C; R,= 0.42 (EtOAc-PE, 1:8).

IR (CHCL,): 1639, 1600 cm™.

'H NMR (CDCL,): & = 8.06 (dd, J, = 8.71 Hz, J, = 5.50 Hz, 2 H),
778 (d, J,=7.33 Hz, 2 H), 7.43 (t, J,=7.33 Hz, 2 H), 7.37 (d,
J,=733Hz, 1 H),7.32 (d, J, =3.66 Hz, 1 H), 7.18 (dd, J, = 8.71
Hz, 2 H), 6.82 (d, J, = 3.66 Hz, 1 H).

13C NMR (CDCly): § =180.35, 165.28 (Jr =251.07 Hz), 158.31,
151.36, 133.65, 131.80 (Jp=8.00 Hz), 129.29, 129.21, 128.88,
125.00, 122.53, 115.50 (Jg = 21.72 Hz), 107.45.

MS (ESI): m/z = 267 [M + HJ*, 289 [M + Na]*.

Anal. Calcd for C;H,,FO,: C, 76.68; H, 4.16. Found: C, 76.49; H,
4.20.

5-[5-(4-Fluorobenzoyl)furan-2-yl]-1,3-dimethylpyrimidine-
2,4(1H,3H)-dione (5j)

Yield: 51%; pale orange solid; mp 194 °C; R, = 0.50 (EtOAc-
PE, 1:1).

IR (CHCL): 1710, 1666 cm™.

'H NMR (CDCLy): & =8.00 (s, | H), 7.86 (dd, J, =8.65 Hz,
J,=532Hz,2H),7.21(d, J, = 3.99Hz, 1 H), 7.13 (d, J, = 3.99 Hz,
1 H), 7.12 (1, J, = 8.65 Hz, 2 H), 3.49 (s, 3 H), 3.37 (s, 3 H).

BC NMR (CDCly): § =180.65, 165.24 (Jr =253.29 Hz), 159.98,
151.79, 150.63, 149.30, 140.20, 133.86, 131.39 (Jp=9.86 Hz),
123.74, 115.61 (Jg = 20.02 Hz), 110.86, 104.17, 37.50, 28.12.

MS (ESI): m/z = 351 [M + Nal*.

Anal. Calcd for C;H3FN,0,: C, 62.19; H, 3.99; N, 8.53. Found: C,
62.01; H, 4.07; N, 8.62.

Methyl 4-[5-(4-Fluorophenyl)(hydroxymethyl)furan-2-yl]-2-
hydroxybenzoate (6)

NaBH, was added portionwise to a solution of 5a (18 mg, 0.053
mmol) in MeOH (1 mL) until TLC indicated a complete consump-
tion of the starting material. The solution was diluted with H,O (10
mL) and EtOAc (10 mL). The organic layer was washed with H,O
(10 mL) and brine (10 mL), dried (Na,SO,), and evaporated. The
residue was purified by flash chromatography (EtOAc-PE, 1:4) to
give the desired product (11 mg, 61%) as a white solid; R, = 0.27
(EtOACc-PE, 1:4).

"H NMR (CDCl,): 8 =10.80 (s, 1 H), 7.81 (d, J, = 8.42 Hz, 2 H),
7.46 (d, J,=8.69 Hz, J,=5.33 Hz, 2 H), 7.23 (s, 1 H), 7.14 (d,
J,=8.42Hz,2H),7.08 (d,J, =8.69 Hz,2 H), 6.70 (d, J, = 3.36 Hz,
1H), 6.22 (d, J, =3.36 Hz, 1 H), 5.87 (s, 1 H), 3.95 (s, 3 H).

MS (ESD): m/z =365 [M + Na]*.

Anal. Calcd for C,H,sFOs: C, 66.66; H, 4.42. Found: C, 66.81; H,
4.49.

4-[5-(4-Fluorophenyl)(hydroxymethyl)furan-2-yl]-2-hydroxy-
benzoic Acid (3)

A solution of 6 (0.030 mmol) in THF (1 mL) at 60 °C was treated
dropwise with aq 1 M NaOH until TLC analysis indicated a com-
plete consumption of the starting material. The solution was cooled
to 0 °C and diluted with Et,O (5 mL) and aq 1 M NaOH (5 mL). The
organic layer was separated and the aqueous layer was acidified
with concd HCI until pH <1 and finally extracted with EtOAc (5
mL). The organic phase was dried (Na,SO,) and evaporated to give
the desired product (9 mg, 88%) as a white solid; mp 162 °C (dec.).

'HNMR (MeOD): § =7.83 (d,J, = 8.76 Hz, 1 H),7.49 (d, J, = 8.41
Hz, J, =5.45 Hz, 2 H), 7.10 (t, J, = 8.76 Hz, 2 H), 7.04 (m, 2 H),
6.84(d,J, =3.25Hz,1H),6.25(d,J, =3.25Hz, 1 H), 5.82 (s, 1 H).

MS (ESD: m/z =327 [M-1T.

Anal. Caled for CgH,;FOs: C, 65.85; H, 3.99. Found: C, 65.99; H,
3.92.
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