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Supplemental Methods 

Synthesis of benzbromarone derivatives (6-F-, Cl-, or Br-BBR) 

Synthesis of 4-fluorosalicylaldehyde (a-1). Into a 1 L 3-necked round-bottom 
flask was added 3-fluorophenol (33.6 g, 0.3 mol), anhydrous MgCl2 (85.7 g, 0.9 
mmol), triethylamine (75.9 g, 0.75 mol) and anhydrous acetone (340 mL).  The 
resulting solution was stirred at 25 °C for 30 min, followed by the addition of 
paraformaldehyde (45 g, 1.5 mol).  Then the reaction mixture was heated to reflux 
for 5 h under a nitrogen atmosphere.  Once TLC showed the consumption of starting 
material, acetone was evaporated under vacuum.  The residue was acidified to pH 3 
with 10% hydrochloride and extracted with ethyl acetate (3 × 150 mL).  The 
combined organic layer was washed with water, dried over anhydrous sodium sulfate, 
and evaporated in vacuum to afford an oily brownish red oil (18.1 g, 43.1% in yield) 
which was used directly in the next reaction (Byun et al. 2008; Uini and Lars 1999). 

Synthesis of 4-chlorosalicylaldehyde (a-2). Compound a-2 was prepared from 
3-chlorophenol (65.2 g, 0.509 mol), anhydrous MgCl2 (145.4 g, 1.53 mol), 
triethylamine (103 g, 1.02 mmol) and paraformaldehyde (76.4 g, 2.55 mol) in 
anhydrous acetone (650 mL) in a similar manner as described for a-1.  An oily 
brownish red oil (49 g, 61.7% in yield) was obtained directly for the next reaction. 

Synthesis of 4-bromosalicylaldehyde (a-3). Compound a-3 was prepared from 
3-bromophenol (34.6 g, 0.201 mol), anhydrous MgCl2 (57.4 g, 0.603 mol), 
triethylamine (40.7 g, 0.402 mol) and paraformaldehyde (30.2 g, 1.01 mol) in 
anhydrous acetone (340 mL) in a similar manner as described for a-1.  An oily 
brownish red oil (26 g, 64.7% in yield) was obtained which was used directly in the 
next reaction. 

Synthesis of 6-fluoro-2-acetylbenzofuran (b-1). Into a 500 mL 3-necked 
round-bottom flask was added a-1 (18.1 g, 0.129 mol), KOH (8.0 g, 0.142 mol) and 
anhydrous ethanol (145 mL).  The resulting yellow mixture was slowly heated to 
reflux for 30 min, followed by dropwise addition of chloroacetone (15.5 g, 0.168 mol) 
over 10 min.  The reaction mixture was sequentially refluxed at 80 °C for 3 h.  
When TLC confirmed the completion of the reaction, the solvent was evaporated in 
vacuum.  The resulting precipitate was filtered, dried, and purified by 
re-crystallization with anhydrous ethanol to afford a pink crystal (14.9 g, 64.7% in 
yield); mp 94.5-95.3 °C.  1H-NMR (300 MHz, CDCl3): δ 7.65 (dd, 1H, J = 8.7, 5.4 
Hz, Ar-H), 7.48 (s, 1H, Ar-H), 7.28 (d, 1H, J = 6.8 Hz, Ar-H), 7.09 (td, 1H, J = 9.1, 
2.2 Hz, Ar-H), 2.60 (s, 3H, CH3). 

Synthesis of 6-chloro-2-acetylbenzofuran (b-2). Compound b-2 was prepared 
from a-2 (49 g, 0.314 mol), KOH (19.4 g, 0.346 mol) and chloroacetone (37.8 g, 
0.409 mol) in anhydrous ethanol (350 mL) in a similar manner as described for b-1.  
A pink crystal (16.7 g, 27.4% in yield) was obtained; mp 117.0-117.7 °C.  1H-NMR 
(300 MHz, CDCl3): δ 7.61 (m, 2H, Ar-H), 7.47 (s, 1H, Ar-H), 7.29 (dd, 1H, J = 8.5, 
1.7 Hz, Ar-H), 2.61 (s, 3H, CH3). 

Synthesis of 6-bromo-2-acetylbenzofuran (b-3). Compound b-3 was prepared 
from a-3 (26 g, 130 mmol) KOH (8.1 g, 144 mmol), and chloroacetone (15.7 g, 169 



DMD #77818  
 

mmol) in anhydrous ethanol (145 mL) in a similar manner as described for b-1.  A 
pink crystal (11.0 g, 35.6% yield) was obtained; mp 103.8-104.4 °C.  1H-NMR (300 
MHz, CDCl3): δ 7.76 (s, 1H, Ar-H), 7.58 (d, 1H, J = 8.4 Hz, Ar-H), 7.43 (m, 2H, 
Ar-H), 2.61 (s, 3H, CH3). 

Synthesis of 6-fluoro-2-ethylbenzofuran (c-1). A solution containing b-1 (14.7 
g, 0.821 mol) and 80% hydrazine monohydrate (12.8 mL, 0.205 mol), suspended in 
diethylene glycol (120 mL), was slowly heated to 150 °C for 30 min.  Then KOH 
(8.3 g, 0.148 mol) was added after the reaction was cooled to 25 °C.  Subsequently, 
the mixture was stirred and refluxed for 3 h under reflux until the starting material 
was not observed on TLC.  After cooled down to 25 °C, the reaction mixture was 
diluted with water and extracted with ethyl acetate (3 × 120 mL).  The combined 
organic layer was washed with water and brine, dried over anhydrous sodium sulfate, 
and evaporated to provide a brown oil (11.5 g, 84.9% in yield).  1H-NMR (300 MHz, 
CDCl3): δ 7.36 (dd, 1H, J = 8.5, 5.5 Hz, Ar-H), 7.12 (dd, 1H, J = 9.1, 2.0 Hz, Ar-H), 
6.93 (m, 1H, Ar-H), 6.33 (d, 1H, J = 0.9 Hz, Ar-H), 2.77 (q, 2H, J = 7.5 Hz, CH2), 
1.32 (t, 3H, J = 7.5 Hz, CH3). 

Synthesis of 6-chloro-2-ethylbenzofuran (c-2). Compound c-2 was prepared 
from b-2 (16.7 g, 0.86 mol), 80% hydrazine monohydrate (13.4 mL, 0.215 mol) and 
KOH (8.7 g, 0.155 mol) in diethylene glycol (125 mL) in a similar manner as 
described for c-1.  A white crystalline powder (13.7 g, 88.5% yield) was obtained; 
mp 55.9-57.0 °C.  1H-NMR (300 MHz, CDCl3): δ 7.38 (m, 2H, Ar-H), 7.15 (dd, 1H, 
J = 8.3, 1.7 Hz, Ar-H), 6.34 (s, 1H, Ar-H), 2.78 (q, 2H, J = 7.5 Hz, CH2), 1.32 (t, 3H, 
J = 7.5 Hz, CH3). 

Synthesis of 6-bromo-2-ethylbenzofuran (c-3). Compound c-2 was prepared 
from b-3 (11.0 g, 0.46 mol), 80% hydrazine monohydrate (7.2 mL, 0.115 mmol) and 
KOH (4.7 g, 0.829 mol) in diethylene glycol (65 mL) in a similar manner as described 
for c-1.  A white crystalline powder (9.7 g, 93.7% in yield) was obtained; mp 
59.6-60.8 °C.  1H-NMR (300 MHz, CDCl3): δ 7.57 (s, 1H, Ar-H), 7.28 (m, 2H, 
Ar-H), 6.34 (s, 1H, Ar-H), 2.77 (q, 2H, J = 7.6 Hz, CH2), 1.33 (t, 3H, J = 7.6 Hz, 
CH3). 

Synthesis of 6-fluoro-2-ethyl-3-(4-methoxy)-benzoylbenzofuran (d-1). To a 
suspension of 4-methoxybenzoic acid (12.8 g, 0.841 mol) in thionyl chloride (32mL) 
maintained 40 °C was added five drops of anhydrous DMF.  The reaction mixture 
was stirred at 40 °C for 3 h and then evaporated in vacuum to yield 4-methoxybenzoyl 
chloride (12.6 g, 0.875% in yield) which was used directly for the next reaction.  
4-Methoxybenzoyl chloride (12.6 g, 0.736 mol) and c-1 (11.5 g, 0.701 mol) were 
dissolved in anhydrous CH2Cl2 (90 mL), followed by dropwise addition of tin (IV) 
chloride (40.2 g, 0.154 mol).  The reaction mixture was constantly stirred for 24 h at 
room temperature and then slowly poured into cold water (200 mL).  The resulting 
precipitate was filtered, and the aqueous layer was extracted with CH2Cl2 (90 mL × 2) 
(Rizzo et al. 2008).  The combined organic layer was washed with water and brine, 
dried over anhydrous sodium sulfate, evaporated, and purified by re-crystallization 
with petroleum ether  to afford a brown crystalline powder (17.9 g, 85.7% in yield); 
mp 83.1-84.4 °C.  1H-NMR (300 MHz, CDCl3): δ 7.82 (dd, 2H, J = 8.8, 1.8 Hz, 
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Ar-H), 7.34 (dd, 1H, J = 8.7, 5.5 Hz, Ar-H), 7.20 (dd, 1H, J = 8.7, 2.2 Hz, Ar-H), 6.96 
(m, 3H, Ar-H), 3.91 (s, 3H, OCH3), 2.86 (q, 2H, J = 7.5 Hz, CH2), 1.32 (t, 3H, J = 7.5 
Hz, CH3). 

Synthesis of 6-chloro-2-ethyl-3-(4-methoxy)-benzoylbenzofuran (d-2). 
Compound d-2 was prepared from 4-methoxybenzoyl chloride (13.6 g, 0.798 mol), 
c-2 (13.7 g, 0.76 mol) and tin(IV) chloride (43.5 g, 0.167 mol) in anhydrous CH2Cl2 
(100 mL) in a similar manner as described for d-1.  The crude product was 
recrystallized with petroleum ether to afford a white crystal (20.1 g, 84.2% in yield); 
mp 76.5-77.5 °C.  1H-NMR (300 MHz, CDCl3): δ 7.82 (d, 2H, J = 8.9, Ar-H), 7.49 
(d, 1H, J = 1.8 Hz, Ar-H), 7.31 (d, 1H, J = 8.4, Ar-H), 7.18 (dd, 1H, J = 8.4, 1.8 Hz, 
Ar-H), 6.96 (d, 2H, J = 8.9, Ar-H), 3.90 (s, 3H, OCH3), 2.89 (q, 2H, J = 7.5 Hz, CH2), 
1.32 (t, 3H, J = 7.5 Hz, CH3). 

Synthesis of 6-bromo-2-ethyl-3-(4-methoxy)-benzoylbenzofuran (d-3). 
Compound d-3 was prepared from 4-methoxybenzoyl chloride (4.8 g, 0.283 mol), c-3 
(9.7 g, 0.27 mol) and tin(IV) chloride (15.5 g, 0.593 mol) in anhydrous CH2Cl2 (75 
mL) in a similar manner as described for d-1.  The crude product was recrystallized 
with petroleum ether and ethyl acetate (3:2) to afford a light yellow needle crystal (7.4 
g, 76.9% in yield); mp 111.8-112.7 °C.  1H-NMR (300 MHz, CDCl3): δ 7.82 (d, 2H, 
J = 8.8, Ar-H), 7.65 (d, 1H, J = 1.5 Hz, Ar-H), 7.32 (dd, 1H, J = 8.4, 1.6 Hz, Ar-H), 
7.25 (d, 1H, J = 8.4 Hz, Ar-H), 6.96 (d, 2H, J = 8.8 Hz, Ar-H), 3.90 (s, 3H, OCH3), 
2.88 (q, 2H, J = 7.6 Hz, CH2), 1.32 (t, 3H, J = 7.6 Hz, CH3). 

Synthesis of 6-fluoro-2-ethyl-3-(4-hydroxy)-benzoylbenzofuran (e-1). To a 
solution of d-1 (12.0 g, 0.403 mmol) in anhydrous CH2Cl2 (96 mL), pre-cooled at 
-50 °C, was added dropwise of BBr3/CH2Cl2 (2 mL, 1 M) over 10 min.  The mixture 
was stirred at -50 °C for 2 h, and then stirred at room temperature for 4 h.  Cold 
water was slowly added to quench the reaction and then the resulting mixture was 
extracted with CH2Cl2 (100 mL × 2).  The combined organic layer was washed with 
water and brine, dried over anhydrous sodium sulfate, and evaporated.  The crude 
product was purified by re-crystallization with acetic acid to give a gray crystalline 
powder (4.7 g, 41.1% in yield); mp 135.0-135.9 °C.  1H-NMR (300 MHz, 
DMSO-d6): δ 10.49 (s, 1H, OH), 7.70 (d, 2H, J = 8.6 Hz, Ar-H), 7.63 (dd, 1H, J = 9.1, 
2.3 Hz, Ar-H), 7.39(dd, 1H, J = 8.7, 5.5 Hz, Ar-H), 7.15 (td, 1H, J = 8.8, 2.3 Hz, 
Ar-H), 6.90 (d, 2H, J = 8.6 Hz, Ar-H), 2.78(q, 2H, J = 7.5 Hz, CH2), 1.24 (t, 3H, J = 
7.5 Hz, CH3). 

Synthesis of 6-chloro-2-ethyl-3-(4-hydroxy)-benzoylbenzofuran (e-2). 
Compound e-2 was prepared from d-2 (12 g, 0.38 mol) and BBr3/CH2Cl2 (2 mL, 1 M) 
in anhydrous CH2Cl2 (96 mL) in a similar manner as described for e-1.  The crude 
product was recrystallized with acetic acid to give a white crystal (3.7 g, 32.3% in 
yield); mp 148.5-149.7 °C.  1H-NMR (300 MHz, DMSO-d6): δ 10.49 (s, 1H, OH), 
7.84 (d, 1H, J = 1.6 Hz, Ar-H), 7.69 (d, 2H, J = 8.6 Hz, Ar-H), 7.34 (m, 2H, Ar-H), 
6.90 (d, 2H, J = 8.6 Hz, Ar-H), 2.80 (q, 2H, J = 7.5 Hz, CH2), 1.24 (t, 3H, J = 7.5 Hz, 
CH3). 

Synthesis of 6-bromo-2-ethyl-3-(4-hydroxy)-benzoylbenzofuran (e-3). 
Compound e-3 was prepared from d-3 (6.4 g, 0.18 mol) and BBr3/CH2Cl2 (1 mL, 1 M) 
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in anhydrous CH2Cl2 (51 mL) in a similar manner as described for e-1.  The crude 
product was recrystallized with anhydrous ethanol to give a white powder (3.4 g, 
53.0% in yield); mp 155.0-156.9 °C.  1H-NMR (300 MHz, DMSO-d6): δ 10.49 (s, 
1H, OH), 7.97 (d, 1H, J = 1.4 Hz, Ar-H), 7.79 (d, 2H, J = 8.7 Hz, Ar-H), 7.44 (dd, 1H, 
J = 8.4, 1.7 Hz, Ar-H), 7.32 (d, 1H, J = 8.4 Hz, Ar-H), 6.90 (d, 2H, J = 8.7 Hz, Ar-H), 
2.80 (q, 2H, J = 7.5 Hz, CH2), 1.24 (t, 3H, J = 7.5 Hz, CH3). 

Synthesis of 6-fluoro-2-ethyl-3-(3,5-dibromo-4-hydroxy)-benzoylbenzofuran 
(6-F-BBR). To a suspension of e-1 (2.0 g, 0.7 mol) and anhydrous sodium acetate (0.9 
g, 0.106 mol) in glacial acetic acid (30 mL) at 5 °C, was slowly added dropwise of 
Br2 (2.5 g, 0.155 mol) dissolved in glacial acetic acid (30 mL) over 15 min.  The 
mixture was stirred for 2 h at room temperature, and then quenched with H2O (20 mL) 
(Hu and Jeong 2006).  The resulting precipitate was washed with water, filtered, 
concentrated under reduced pressure, and purified by re-crystallization with 70% 
ethanol to give a white needle crystal (2.3 g, 74.3% in yield); mp 121.5-122.5 °C.  
1H-NMR (400 MHz, CDCl3): δ 7.97 (s, 2H, Ar-H), 7.38 (dd, 1H, J = 8.6, 5.3 Hz, 
Ar-H), 7.22 (td, 1H, J = 8.6, 2.3 Hz, Ar-H), 7.02 (dd, 1H, J = 9.1, 2.3 Hz, Ar-H), 2.86 
(q, 2H, J = 7.5 Hz, CH2), 1.35 (t, 3H, J = 7.5 Hz, CH3).  13C NMR (100 MHz, 
CDCl3): 187.48, 166.70, 162.05, 159.63, 153.22, 133.58, 133.40, 133.40, 122.85, 
121.48, 115.21, 112.08, 110.05, 110.05, 99.05, 22.01, 12.19. HRESIMS: m/z 438.8988, 
440.8936, 442.8943 [M+H]- (Calcd. for C17H10Br2FO3, 438.8986, 440.8967, 
442.8946). 

Synthesis of 6-chloro-2-ethyl-3-(3,5-dibromo-4-hydroxy)-benzoylbenzofuran 
(6-Cl-BBR). 6-Cl-BBR was prepared from e-2 (2.0 g, 0.67 mol), anhydrous sodium 
acetate (0.8 g, 0.101 mol) and Br2 (2.4 g, 0.148 mmol) in glacial acetic acid (60 mL) 
in a similar manner as described for 6-F-BBR.  The crude product was recrystallized 
with anhydrous ethanol to give a white crystal (1.1 g, 36.0% in yield); mp 
169.6-170.5 °C.  1H-NMR (400 MHz, CDCl3): δ 7.96 (s, 2H, Ar-H), 7.52 (d, 1H, J = 
1.8 Hz, Ar-H), 7.34 (d, 1H, J = 8.4 Hz, Ar-H), 7.23 (dd, 1H, J = 8.4, 1.8 Hz, Ar-H), 
2.87 (q, 2H, J = 7.5 Hz, CH2), 1.35 (t, 3H, J = 7.5 Hz, CH3).  13C NMR (100 MHz, 
CDCl3): 187.32, 166.89, 153.72, 153.27, 133.46, 133.40, 133.40, 130.60, 125.30, 
124.52, 121.54, 115.23, 111.78, 110.07, 110.78, 21.97, 12.14.  HRESIMS: m/z 
454.8656, 456.8669, 458.8629 [M+H]- (Calcd. for C17H10Br2ClO3, 454.8691, 
456.8670, 458.8650). 

Synthesis of 6-bromo-2-ethyl-3-(3,5-dibromo-4-hydroxy)-benzoylbenzofuran 
(6-Br-BBR). 6-Br-BBR was prepared from e-3 (1.46 g, 0.42 mol), anhydrous sodium 
acetate (0.5 g, 0.64 mol) and Br2 (1.5 g, 0.93 mol) in glacial acetic acid (45 mL) in a 
similar manner as described for 6-F-BBR.  The crude product was recrystallized 
with anhydrous ethanol to give a light yellow crystal (0.63 g, 43.2% in yield); mp 
183.1-184.1 °C.  1H-NMR (400 MHz, CDCl3): δ 7.96 (s, 2H, Ar-H), 7.68 (d, 1H, J = 
1.6 Hz, Ar-H), 7.37 (dd, 1H, J = 8.4, 1.6 Hz, Ar-H), 7.28 (d, 1H, J = 8.4 Hz, Ar-H), 
2.88 (q, 2H, J = 7.5 Hz, CH2), 1.35 (t, 3H, J = 7.5 Hz, CH3).  13C NMR (100 MHz, 
CDCl3): 187.28, 166.80, 153.94, 153.28, 133.45, 133.40, 133.40, 127.20, 125.72, 
121.94, 117.95, 115.26, 114.70, 114.70, 110.08, 21.95, 12.12.  HRESIMS: m/z 
498.8212, 500.8169, 502.8149, 504.8139 [M+H]- (Calcd. for C17H10Br3O3, 498.8186, 
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500.8166, 502.8145, 504.8125). 
Uncorrected melting points were determined with an YRT-3 melting apparatus.  

The progresses of the reactions were monitored by analytical thin-layer 
chromatography (TLC) on HSGF254 precoated silica gel plates (Yantai Zifu 
Chemical Group Co. China).  1H and 13C NMR spectra were recorded on a Bruker 
ARX-300 or Bruker ARX-400 spectrometer using CDCl3 or DMSO-d6 
(Sigma-Aldrich) as solvents.  High resolution electrospray ionization mass 
spectroscopy (HRESIMS) was performed on a hybrid quadrupole time-of-flight 
(Q-TOF) MS system (microQ-TOF; Bruker Corporation, Billerica, MA). 
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Supplemental Scheme 1. Synthetic route of benzbromarone derivatives.  Reagents 
and conditions: (i) papaformaldehyde, MgCl2, Et3N, acetone, refluxing under N2 
atmosphere, 5 h; (ii) 1) KOH, EtOH, refluxing, 30 min; 2) chloroacetone, refluxing, 3 
h; (iii) 1) 80% hydrazine monohydrate, diethylene glycol, 150 °C, 30 min; 2) KOH, 
refluxing for 3 h; (iv) 4-methoxybenzoyl chloride prepared from 4-methoxybenzoic 
acid, SnCl4, room temperature, 24 h; (v) BBr3, -50 °C, 2 h, then room temperature, 4 h; 
( ) Br2, AcONa, AcOH, room temperature, 2 h. 
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Supplemental Figure 1. Metabolic stability of BBR and 6-F-BBR in mouse, rat, or 
human liver microsomes at the concentration of 1�M or 10 �M. 

 

 

 


