(

(
(

(

(

) E. Merck
Acetic anhydride (98.5%)
Chloroform-d for NMR spectroscopy (99.8 )
Dimethyl sulfoxide-dg for NMR spectroscopy (99.8 )
Dimethyl sulfoxide GR dry (max.0.05 H,0) (99.8 )
Ethyl 2-furancarboxylate
Ethanol absolute
Molecular sieve 0.4 nm
Methyl iodide
N,N-Dimethylformamide (99.5 )
Nitric acid fuming GR (100%)
Pyridine
Phosphorus pentoxide (P,Os)
Silicagel 60 (70-230 mesh  ASTM)
Sodium hydride suspension (80% in paraffin ail)
Sodium hydrogen carbonate GR (99.5%)
Sulfuric acid GR (95-97%)
Toluene
) Fluka
2-Hydroxy-3-methylbenzoic acid
) L ancaster
Cesium fluoride
2-Hydroxy-4-methylbenzoic acid
2-Hydroxy-3-methoxybenzoic acid
2-Hydroxy-5-iodobenzoic acid
Methyl salicylate
Malonic acid
5-Nitrofurfural
Sodium hydride (60% w/w dispersion in minera oil)
) Aldrich
2-Hydroxy-5-methylbenzoic acid
2-Hydroxy-4-methoxybenzoic acid
2-Hydroxy-5-methoxybenzoic acid
2-Hydroxy-6-methoxybenzoic acid
)
2-Hydroxy-6-methylbenzoic acid ethyl ester
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2-Hydroxy-4-chlorobenzoic acid
2-Hydroxy-5-chlorobenzoic acid
2-Hydroxy-5-bromobenzoic acid

)
Magnesium sulfate anhydrous (95 )
Potassium hydroxide (85%)
Sodium hydroxide (>96 )

)

Acetone
Benzene
Chloroform
Diethyl ether
Ethyl acetate
M ethanol
n-Hexane

)
Ethanol (95 )

)

Hydrochloric acid
) Tedia
Ammonium hydroxide (Ammonia solution)



) (Mélting Point Apparatus)
Yanaco MP-500D Micro Melting Point Apparatus

407500
) - (UV-visible Spectrophotometer)
Shimadzu UV-160A UV-visible Recording Spectrophotometer
(A max) nm
loge Molar absorptivity
) (Infrared Spectrophotometer IR)
Nicolet Impact 400 FT-IR Spectrophotometer
(KBr) (polystyrene)
(cm™)
) (Mass Spectrophotometer)
EIMS VG PLATFORM Il FISONS instrument
(ionization voltage) 70 ev m/z
) (Fourier-Transform Nuclear Magnetic
Resonance Spectrometer, FT-NMR)

Bruker ADVANCE DPX-200 FT-NMR Spectrometer
Internal standard Tetramethylsilane (TMYS) (chemical
shift) & ppm J (coupling constant)

Hz " s (singlet) "d"

(doublet) " ¢ (triplet) " 4" (quartet) "m “
(multiplet) " br* (broad) "dd"
(double doublet) " ddd* (double double doublet)
) (Elemental Analyzer)
Heraeus CHN-OS RAPID
t 4
) (Column Chromatography)
E. Merck silica gel 60 (Kieselgel 60 70-230
mesh ASTM)
) (Thin-layer Chromatography)
E. Merck TLC auminium sheets silica gel 60

Foss pre-coated 25 sheets 20x 20 cm  layer thickness 0.2 mm (Art.
5554)
) (UV lamp)

CAMAG UV-Cabinet I 254 nm 366 nm



Substituted salicylic acid methyl esters (2-4 6-13)
2-Hydroxy-3-methylbenzoic acid methyl ester (2) (53)

2-hydroxy-3-methylbenzoic acid 24.34 g (0.16 mol) cesium

fluoride 34.46 g (0.24 mol) methyl iodide 34.06 g (0.24 mol) (1:1.5:

1.5) 250 mL DMF 24
5%
( ) 2-hydroxy-3-methylbenzoic acid methyl ester
(2) 23.46 g ( 88.3%) EIMSm/z (rdl. int) 166 [M]" (67.3),

134 (100); *H NMR (200 MHz, CDCl3): & 2.27 (3H, s, CH3), 3.93 (3H, s,
COOCHs3), 6.78 (1H, dd, J=8.0 Hz, H-5), 7.30 (1H, d, J=8.0 Hz, H-4),
7.68 (1H, d, J=8.0 Hz, H-6), 11.02 (1H, s, OH); *C NMR (50 MHz,
CDCl3): & 15.6 (CHg), 52.2 (COOCHj3), 111.6 (C-1), 118.4 (C-5), 126.5
(C-3), 127.3 (C-6), 136.4 (C-4), 160.0 (C-2), 171.0 (CO)
2-Hydroxy-4-methylbenzoic acid methyl ester (3)
2-hydroxy-4-methylbenzoic acid 24.34 g (0.16 mol) cesium
fluoride 34.46 g (0.24 mol) methyl iodide 34.06 g (0.24 mol)
2 ( : =1:4)
2-hydroxy-4-methylbenzoic acid methyl ester (3)
24.34 g ( 96.4%) EIMSm/z (rel. int): 166 [M]" (85.1), 134
(100); 'H NMR (200 MHz, CDCls): & 2.39 (3H, s, CHs), 3.89 (3H, s,
COQOCHy), 6.66 (1H, dd, J=8.0 Hz, H-5), 6.72 (1H, s, H-3), 7.67 (1H, 4,
J=8.1 Hz, H-6), 10.73 (1H, s, OH); *C NMR (50 MHz, CDCly): & 21.4
(CH3), 52.0 (COOCHg), 109.7 (C-1), 117.6 (C-3), 120.4 (C-5), 129.6
(C-6), 146.9 (C-4), 161.5 (C-2), 170.5 (CO)
2-Hydroxy-5-methylbenzoic acid methyl ester (4)
2-hydroxy-5-methylbenzoic acid 24.34 g (0.16 mol) cesium
fluoride 34.46 g (0.24 mol) methyl iodide 34.06 g (0.24 mol)
2 ( : =1:4)
2-hydroxy-5-methylbenzoic acid methyl ester (4)

23.40 g ( 88.1%) EIMS m/z (rel. int): 166 [M]" (58.0), 134
(100); 'H NMR (200 MHz, CDCls): & 2.27 (3H, s, CHs), 3.93 (3H, s,
COQOCHy), 6.87 (1H, d, J=8.4 Hz, H-3), 7.24 (1H, dd, J=8.4 Hz, H-4),
7.62 (1H, d, J=8.4 Hz, H-6), 10.64 (1H, s, OH); *C NMR (50 MHz,
CDCl3): 0 20.3 (CH3), 52.1 (COOCHj3), 111.8 (C-1), 117.3 (C-3), 128.3

(59

(59
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(C-5), 129.5 (C-6), 136.6 (C-4), 159.4 (C-2), 170.5 (CO)
2-Hydroxy-3-methoxybenzoic acid methyl ester (6)
2-hydroxy-3-methoxybenzoic acid 26.90 g (0.16 mol) cesium
fluoride 34.46 g (0.24 mol) methyl iodide 34.06 g (0.24 mol)
2 ( : =1.5)
2-hydroxy-3-methoxybenzoic acid methyl ester (6)
21.58 g ( 74.0%) mp: 67-67.5 ; EIMS m/z (rel.
int): 182 [M]" (55.5), 122 (100); *H NMR (200 MHz, CDCls): & 3.86
(3H, s, COOCHj3), 3.90 (3H, s, OCHz-3), 6.77 (1H, ¢, J= 8.0 Hz, H-5),
7.00 (1H, d, J=8.0 Hz, H-4), 7.38 (1H, d, J=8.1 Hz, H-6), 10.96 (1H, s,
OH); *C NMR (50 MHz, CDCls): & 52.3 (COOCHs), 56.1 (OCH3-3),
1125 (C-1), 1164 (C-4), 1184 (C-5), 120.9 (C-6), 148.4 (C-2), 151.9
(C-3), 170.8 (CO)
2-Hydroxy-4-methoxybenzoic acid methyl ester (7)
2-hydroxy-4-methoxybenzoic acid 26.90 g (0.16 mol) cesium
fluoride 34.46 g (0.24 mol) methyl iodide 34.06 g (0.24 mol)
2 ( : =1:3)
2-hydroxy-4-methoxybenzoic acid methyl ester (7)
25.02 g ( 85.8%) mp: 51-51.5 ; EIMSm/z (rel. int):
182 [M]" (22.2), 150 (100); *H NMR (200 MHz, CDCl3): & 3.80 (3H, s,
COOCHs5), 3.89 (3H , 5, OCHs-4), 6.38-6.43 (2H, m, H-3,5), 7.71 (1H, 4,
J=7.2 Hz, H-6), 10.96 (1H, s, OH); **C NMR (50 MHz, CDCl3): & 51.9
(COOCHy), 55.4 (O CHz-4), 100.7 (C-3), 105.4 (C-5), 107.5 (C-1), 131.2
(C-6), 163.8 (C-2), 165.6 (C-4), 170.4 (CO)
2-Hydroxy-5-methoxybenzoic acid methyl ester (8)
2-hydroxy-5-methoxybenzoic acid 26.90 g (0.16 mol) cesium
fluoride 34.46 g (0.24 mol) methyl iodide 34.06 g (0.24 mol)
2 ( : =1:3)
2-hydroxy-5-methoxybenzoic acid methyl ester (8)
20.00 g ( 68.6%) EIMS m/z (rel. int): 182 [M]* (23.4), 79
(100); *H NMR (200 MHz, CDCly): & 3.75 (3H, s, COOCHj3), 3.92 (3H,
s, OCHs-5), 6.89 (1H, d, J=9.1 Hz, H-3), 7.06 (1H, dd, J=9.1, 3.1 Hz,
H-4), 7.26 (1H, d, J/=3.1 Hz, H-6), 10.35 (1H, s, OH); **C NMR (50 MHz,
CDCl3): 0 52.3 (COOCHs), 55.8 (OCH3-5), 111.8 (C-1), 111.8 (C-6),
118.5(C-3), 124.0 (C-4), 152.0 (C-2), 156.0 (C-5), 170.3 (CO)
2-Hydroxy-6-methoxybenzoic acid methyl ester (9)
2-hydroxy-6-methoxybenzoic acid 26.90 g (0.16 mol) cesium
fluoride 34.46 g (0.24 mol) methyl iodide 34.06 g (0.24 mol)
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2 ( : =1:8)
2-hydroxy-6-methoxybenzoic acid methyl ester (9)
24.50 g ( 84.1%) mp: 46.5-47.5 ; EIMS m/z (rel.
int): 182 [M]* (29.9), 107 (100); *H NMR (200 MHz, CDCl3): & 3.84
(3H, s, COOCHy), 3.93 (3H, s, OCHs-6), 6.39 (1H, d, J= 8.3 Hz, H-3),
6.57 (1H, d, J/=8.3 Hz, H-5), 7.31 (1H, ¢, J=8.3 Hz, H-4), 11.48 (1H, s,
OH); *C NMR (50 MHz, CDCly): & 52.4 (COOCHs), 56.1 (OCH3-6),
102.2 (C-1), 103.0 (C-5), 110.1 (C-3), 135.1 (C-4), 160.8 (C-2), 163.5
(C-6), 171.6 (CO)
2-Hydroxy-4-chlorobenzoic acid methyl ester (10)
2-hydroxy-4-chlorobenzoic acid 27.60 g (0.16 mol) cesium
fluoride 34.46 g (0.24 mol) methyl iodide 34.06 g (0.24 mol)
2 ( : =1:5)
2-hydroxy-4-chlorobenzoic acid methyl ester (10)

23.52 g ( 79.0%) EIMS m/z (rel. int): 188 [M]"+2 (6.0), 186
[M]" (18.0), 63 (100); 'H NMR (200 MHz, CDCly): & 3.92 (3H, s,
COOCHs,), 6.83 (1H, dd, J=8.6, 2.0 Hz, H-5), 6.97 (1H, d, J/=2.0 Hz, H-3),
7.72 (1H, d, J=8.6 Hz, H-6), 10.82 (1H, s, OH); *C NMR (50 MHz,
CDCl3): & 52.4 (COOCHg), 111.0 (C-1), 117.7 (C-3), 119.8 (C-5), 130.9
(C-6), 141.4 (C-4), 162.1 (C-2), 169.9 (CO)
2-Hydroxy-5-chlorobenzoic acid methyl ester (11)

2-hydroxy-5-chlorobenzoic acid 27.60 g (0.16 mol) cesium
fluoride 34.46 g (0.24 mol) methyl iodide 34.06 g (0.24 mol)
2 ( : =1:3)
2-hydroxy-5-chlorobenzoic acid methyl ester (11)
26.17 g ( 87.9%) mp: 46.5-47 ; EIMS m/z (rd. int):
188 [M]*+2 (16.6), 186 [M]* (49.8), 154 (100); ‘H NMR (200 MHz,
CDCl3): d 3.94 (3H, s, COOCHy), 6.91 (1H, d, J=8.9 Hz, H-3), 7.37 (1H,
dd, J=8.9, 2.7 Hz, H-4), 7.78 (1H, d, J=2.7 Hz, H-6), 10.65 (1H, s, OH);
3C NMR (50 MHz, CDCl3): & 52.6(COOCH,), 113.3 (C-1), 119.2 (C-3),
123.9 (C-5), 129.2 (C-6), 135.6 (C-4), 160.1 (C-2), 169.6 (CO)
2-Hydroxy-5-bromobenzoic acid methyl ester (12)
2-hydroxy-5-bromobenzoic acid 34.72 g (0.16 mol) cesium
fluoride 34.46 g (0.24 mol) methyl iodide 34.06 g (0.24 mol)
2 ( : =1.6)
2-hydroxy-5-bromobenzoic acid methyl ester (12)
22.82 g ( 62.0%) mp: 62.5-63 ; EIMS m/z (rel.

int): 232 [M]*+2 (23.3), 230 [M]" (23.3), 63 (100); *H NMR (200 MHz,
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CDCl3): & 3.94 (3H, s, COOCHs), 6.86 (1H, d, J/=8.9 Hz, H-3), 7.50 (1H,
dd, J=8.9, 2.5 Hz, H-4), 7.92 (1H, d, J=2.5 Hz, H-6), 10.67 (1H, s, OH);
C NMR (50 MHz, CDCls): & 52.6 (COOCHs), 110.8 (C-5), 113.8
(C-1), 119.6 (C-3), 132.2 (C-6), 138.4 (C-4), 160.6 (C-2), 169.5 (CO)
2-Hydroxy-5-iodobenzoic acid methyl ester (13)
2-hydroxy-5-iodobenzoic acid 42.24 g (0.16 mol) cesium

fluoride 34.46 g (0.24 mol) methyl iodide 34.06 g (0.24 mol)

2 ( : =1.6)

2-hydroxy-5-iodobenzoic acid methy! ester (13)

30.87 g ( 69.4%) mp:55.556 ;EIMSm/Z (rd. int):
278 [M]* (3.1), 63 (100); 'H NMR (200 MHz, CDCls): & 3.93 (3H, s,
COOCHs,), 6.75 (1H, d, J=8.8 Hz, H-3), 7.67 (1H, dd, J=8.8, 2.3 Hz, H-4),
8.10 (1H, d, J=2.3 Hz, H-6), 10.69 (1H, s, OH); *C NMR (50 MHz,
CDCl3): & 52.6 (COOCHg), 80.0 (C-5), 114.5 (C-1), 120.0 (C-3), 138.3
(C-6), 144.0 (C-4), 161.2 (C-2), 169.3 (CO)

Ethyl 5-nitro-2-furoate (14) (55)
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200 mL -10 60 mL

-10 ethyl
furoate 43.0 g (0.307 mol) 60 mL
-10
-10 —5 2
10 NaOH 60
mL pyridine 1
pyridine

ethyl 5-nitro-2-furoate (14)
26.81 g ( 471 ) mp:102-1025 ; EIMS m/z (rd. int):
185 [M]* (10.8), 99 (100); *H NMR (200 MHz, CDCl3): & 1.39 (3H, ¢,
J=7.1 Hz, COOCH,CHy5), 4.42 (2H, ¢, J= 7.1 Hz, COOCH,CH5), 7.28
(1H, d, J=3.8 Hz, H-4), 7.34 (1H, d, J=3.8 Hz, H-3); *C NMR (50 MHz,
CDCl3): 0 14.1 (COOCH,CH5), 62.3 (COOCH,CH,), 111.5 (C-3), 118.6
(C-4), 145.0 (C-2), 152.3 (C-5), 156.9 (CO)

Ethyl 5-(2'-alkoxycarbonyl substituted phenoxy)furan-2-
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carboxylates (21-33)

Ethyl 5-(2'-methoxycarbonylphenoxy)furan-2-carboxylate (21)
(59

DMSO 50 mL methyl salicylate 7.61 g (0.05
mol) 80% NaH 1.5 g (0.05 mol) ethyl
5-nitro-2-furoate 7.59 g (0.041 mol) 50 mL DMSO

84 —86 24
5 KOH
KOH
() ethyl 5-(2'-methoxycarbonyl-
phenoxy)furan-2-carboxylate (21) 5.36 g ( 45.0 )

EIMS m/z (rd. int): 290 [M]* (21.6), 170 (100); UVA manm (MeOH)
(loge): 276 (4.21); IR (KBr) cm™: 1721 (C=0); 'H NMR (200 MHz,
CDCls): & 1.30 (3H, ¢, J= 7.1 Hz, COOCH,CHj), 3.82 (3H, s, COOCHs),
4.29 (2H, ¢, J=7.1 Hz, COOCH,CHs), 5.37 (1H, d, J/=3.5 Hz, H-4), 7.09
(1H, d, J=3.5 Hz, H-3), 7.10 (1H, d, J=7.8 Hz, H-6'), 7.28 (1H, dd, J=7.8
Hz, H-4"), 7.50 (1H, ddd, J=7.8 Hz, H-5, 7.90 (1H, d, J=7.8 Hz, H-3);
3C NMR (50 MHz, CDCls): & 14.2 (COOCH,CHs), 52.3 (COOCHz),
60.6 (COOCH,CHs), 88.9 (C-4), 120.3 (C-6'), 120.5 (C-3), 122.4 (C-2),
125.4 (C-4'), 132.1 (C-3), 133.9 (C-5'), 136.2 (C-2), 153.5 (C-1), 158.2
(COOCH,CHs), 160.0 (C-5), 165.1 (COOCHSs); Anal. Calcd for CisH140s:
C, 62.07; H, 4.86. Found: C, 61.99; H, 4.85

Ethyl 5-(2'-methoxycarbonyl-6'-methylphenoxy)furan-2-carboxylate
(22) °

DMSO 50 mL 2-hydroxy-3-methylbenzoic acid
methy!| ester (2) 8.30 g (0.05 moal) 21
() ethyl 5-(2-methoxycarbonyl-6'-methyl-
phenoxy)furan-2-carboxylate (22) 4.86 g ( 39.0 )

EIMS m/z (rel. int): 304 [M]* (24.9), 170 (100); UVA manm (MeOH)
(loge): 279 (4.49), 207 (4.56); IR (KBr) cm™: 1721 (C=0); *H NMR (200
MHz, CDCls): & 1.34 (3H, ¢, J=7.1 Hz, COOCH,CH3), 2.26 (3H, s,
CHs-6"), 3.77 (3H, s, COOCHz), 4.32 (2H, ¢, J=7.1 Hz, COOCH,CHy),
5.01 (1H, d, J=3.6 Hz, H-4), 7.07 (1H, d, J=3.6 Hz, H-3), 7.25 (1H, dd,
J=7.6 Hz, H-4'), 7.43 (1H, d, J=7.6 Hz, H-5), 7.79 (1H, d, J=7.6 Hz,
H-3); ®C NMR (50 MHz, CDCls): & 14.3 (COOCH,CHs), 15.8
(CH3-6'), 52.3 (COOCHj3), 60.5 (COOCH,CH3), 85.2 (C-4), 120.9 (C-3),
123.9 (C-2'), 126.1 (C-4'), 129.8 (C-3), 132.2 (C-6'), 135.4 (C-2), 135.8
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(C-5), 150.1 (C-1'), 158.3 (COOCH,CHj), 161.3 (C-5), 165.2 (COOCHS5);
Andl. Calcd for CigH1606: C, 63.15: H, 5.30. Found: C, 63.08; H, 5.32

Ethyl 5-(2'-methoxycarbonyl-5'-methylphenoxy)furan-2-carboxylate
(23)

DMSO 50 mL 2-hydroxy-4-methylbenzoic acid
methyl ester (3) 8.30 g (0.05 mol) 21
() ethyl 5-(2-methoxycarbonyl-5'-methyl-
phenoxy)furan-2-carboxylate (23) 5.24 g ( 42.0 )

EIMS m/z (rdl. int): 304 [M]* (27.2), 170 (100); UVA menm (MeOH)
(loge): 274 (4.33), 236 (4.22); IR (KBr) cm™: 1716 (C=0); *H NMR (200
MHz, CDCly): & 1.26 (3H, ¢, J=7.0 Hz, COOCH,CH3), 2.27 (3H, s,
CHg-5), 3.73 (3H, 5, COOCH3), 4.24 (2H, g, J=7.0 Hz, COOCH,CHb),
5.30 (1H, d, J=3.5 Hz, H-4), 6.87 (1H, s, H-6), 7.00 (1H, d, J=3.5 Hz,
H-3), 7.05 (1H, d, J=8.0 Hz, H-4), 7.82 (1H, d, J=8.0 Hz, H-3); *C
NMR (50 MHz, CDCls): & 14.2 (COOCH,CHs), 21.3 (CHz-5), 52.1
(COOCHs,), 60.5 (COOCH,CHs), 88.7 (C-4), 119.5 (C-2), 120.5 (C-3),
121.0 (C-6), 126.3 (C-4), 132.1 (C-3)), 136.1 (C-2), 145.3 (C-5)), 153.6
(C-1), 158.2 (COOCH,CHs), 160.3 (C-5), 165.0 (COOCH5); Anal. Calcd
for Ci6H1606: C, 63.15; H, 5.30. Found: C, 62.95; H, 5.29

Ethyl 5-(2'-methoxycarbonyl-4'-methylphenoxy)furan-2-carboxylate

DMSO 50 mL 2-hydroxy-5-methylbenzoic acid
methy| ester (4) 8.30 g (0.05 moal) 21
() ethyl 5-(2-methoxycarbonyl-4'-methyl-
phenoxy)furan-2-carboxylate (24) 5.49 g ( 440 )

EIMS m/z (rd. int): 304 [M]" (32.3), 170 (100); UVA maxnm (MeOH)
(loge): 276 (4.48); IR (KBr) cm™: 1732 (C=0); 'H NMR (200 MHz,
CDCl3): & 1.30 (3H, ¢, J=7.1 Hz, COOCH,CHj3), 2.33 (3H, s, CHz-4),
3.79 (3H, s, COOCHj), 4.28 (2H, ¢, J=7.1 Hz, COOCH,CHj), 5.29 (1H,
d, J=3.6 Hz, H-4), 7.02 (1H, d, J=8.4 Hz, H-6), 7.07 (1H, d, J=3.6 Hz,
H-3), 7.29 (1H, dd, J=8.4, 2.3 Hz, H-5"), 7.71(1H, d, J=2.3 Hz, H-3); *C
NMR (50 MHz, CDCls): & 14.2 (COOCH,CH3), 20.5 (CHs-4'), 52.2
(COOCHz), 60.5 (COOCH,CHs), 88.1 (C-4), 120.5 (C-3), 120.6 (C-6),
122.2 (C-2), 132.3 (C-3), 134.4 (C-5'), 135.5 (C-4'), 136.0 (C-2), 151.2
(C-1'), 158.2 (COOCH,CHj), 160.7 (C-5), 165.2 (COOCHs3); Andl. Calcd
for C16H1606: C, 63.15; H, 5.30. Found: C, 62.99; H, 5.28

Ethyl 5-(2'-ethoxycarbonyl-3'-methylphenoxy)furan-2-carboxylate
(25)

1€



DMSO 50 mL 2-hydroxy-6-methylbenzoic acid

ethyl ester 9.01 g (0.05 mal) 21
() ethyl 5-(2'-ethoxycarbonyl-3'-methylphenoxy)-
furan-2-carboxylate (25) 541 g ( 415 ) EIMS m/z

(rel. int): 318 [M]" (17.3), 156 (100); UVA menm (MeOH) (loge): 274
(4.72), 208 (4.64); IR (KBr) cmi: 1725 (C=0); 'H NMR (200 MHz,
CDCly): 8 1.27 (3H, ¢, J=7.1 Hz, COOCH,CHs-C-2), 1.32 (3H, ¢, J=7.1
Hz, COOCH,CH3-C-2), 2.36 (3H, s, CHs-3), 4.28 (2H, ¢, J=7.1 Hz,
COOCH,CH3-C-2), 4.35 (2H, ¢, J=7.1 Hz, COOCH,CH3-C-2), 5.45 (1H,
d, J=3.6 Hz, H-4), 6.92 (1H, d, J=8.0 Hz, H-6)), 7.04 (1H, d, J=7.6 Hz,
H-4), 7.10 (1H, d, J=3.6 Hz, H-3), 7.26 (1H, ¢, J=8.0 Hz, H-5); *C NMR
(50 MHz, CDCl3): & 14.0 (COOCH,CHs-C-2), 14.3 (COOCH,CH-C-2),
19.4 (CH5-3), 60.7 (COOCH,CH5-C-2), 61.5 (COOCH,CH5-C-2), 89.6
(C-4), 116.1 (C-6)), 120.4 (C-3), 125.9 (C-2), 127.1 (C-4'), 130.6 (C-5),
136.4 (C-3), 138.0 (C-2), 151.9 (C-1), 158.2 (CO-C-2), 159.9 (C-5),
166.3 (CO-C-2); Anal. Calcd for Ci7H1506: C, 64.14; H, 5.70. Found: C,
64.02; H, 5.68

Ethyl 5-(2'-methoxycarbonyl-6'-methoxyphenoxy)furan-2-
carboxylate (26)

DMSO 50 mL 2-hydroxy-3-methoxybenzoic acid
methyl ester (6) 9.11 g (0.05 mol) 21
( : =1:3) ethyl 5-(2'-methoxy-

carbonyl-6'-methoxyphenoxy)furan-2-carboxylate (26)
412g( 314 ) EIMSm/ (rel. int): 320 [M]* (29.9), 122 (100); UV
A maxNM (MeOH) (loge): 279 (4.78), 207 (4.60); IR (KBr) cm™ 1725
(C=0); 'H NMR (200 MHz, CDCly): & 1.31 (3H, 7, J=7.1 Hz
COOCH,CHj3), 3.78 (3H, s, COOCHj3), 3.79 (3H, s, OCH3-6"), 4.28 (2H,
q, J=7.1 Hz, COOCH,CH5), 5.10 (1H, d, J=3.6 Hz, H-4), 7.06 (1H, d, J=
3.6 Hz, H-3), 7.15 (1H, dd, J=8.1, 1.7 Hz, H-5), 7.26 (1H, ¢, J/=8.1 Hz,
H-4"), 7.47 (1H, dd, J=8.1, 1.7 Hz, H-3); *C NMR (50 MHz, CDCl,): &
144 (COOCH,CHj), 524 (COOCH;), 56.4 (OCHs-6"), 60.4
(COOCH,CH5), 85.5 (C-4), 116.8 (C-5", 121.0 (C-3), 122.8 (C-3), 125.2
(C-2), 126.6 (C-4), 1352 (C-2), 1416 (C-1), 152.3 (C-6), 158.4
(COOCH,CH5), 161.5 (C-5), 165.1 (COOCHS3); Anal. Calcd for C;gH160-:
C, 59.99; H, 5.04. Found: C, 59.81; H, 5.02
Ethyl 5-(2'-methoxycarbonyl-5'-methoxyphenoxy)furan-2-
carboxylate (27)

DMSO 50 mL 2-hydroxy-4-methoxybenzoic acid
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methyl ester (7) 9.11 g (0.05 mol) 21

( : =1:4) ethyl 5-(2'-methoxy-
carbonyl-5'-methoxyphenoxy)furan-2-carboxylate (27)
513g(  39.0 ) EIMSm/4 (re. int): 320 [M]" (19.1), 170 (100); UV
A maxNM (MeOH) (loge): 258 (4.36), 207 (4.52); IR (KBr) cm™ 1725
(C=0); 'H NMR (200 MHz, CDCly): & 1.24 (3H, 1, J=7.1 Hz
COOCH,CHj), 3.70 (3H, 5, COOCHj3), 3.72 (3H, s, OCH3-5"), 4.21 (2H,
g, J=7.1 Hz, COOCH,CHs), 5.32 (1H, d, J=3.6 Hz, H-4), 6.56 (1H, d, J=
2.5 Hz, H-6), 6.70 (1H, dd, J=8.8, 2.5 Hz, H-4"), 7.03 (1H, d, J=3.6 Hz,
H-3), 7.84 (1H, d, J=8.8 Hz, H-3); *C NMR (50 MHz, CDCl3): & 14.1
(COOCH,CH3), 51.7 (COOCHj3), 55.5 (OCHs-5"), 60.4 (COOCH,CHs3),
88.6 (C-4), 106.2 (C-6), 110.8 (C-4'), 114.3 (C-2'), 120.3(C-3), 133.7
(C-3), 136.1 (C-2), 155.1 (COOCH,CH3;), 158.0 (C-1", 159.9 (C-5),
163.9 (C-5"), 164.5 (COOCHs); Anal. Calcd for CigH1607: C, 59.99; H,
5.04. Found: C, 59.91; H, 5.03

Ethyl 5-(2'-methoxycarbonyl-4'-methoxyphenoxy)furan-2-
carboxylate (28)

DMSO 50 mL 2-hydroxy-5-methoxybenzoic acid
methyl ester (8) 9.11 g (0.05 mol) 21
( : =1.6) ethyl 5-(2'-methoxy-

carbonyl-4'-methoxyphenoxy)furan-2-carboxylate (28)

4.46 g ( 35.3 ) EIMSm/z(rel. int): 320 [M]* (16.1), 150 (100); UV
A maiM (MeOH) (loge): 276 (4.23), 211 (4.24); IR (KBr) cm™: 1728
(C=0); 'H NMR (200 MHz, CDCly): & 1.33 (3H, ¢, J=7.1 Hz
COOCH,CHj3), 3.80 (3H, s, COOCHj5), 3.82 (3H, s, OCH3-4"), 4.30 (2H,
q, J=7.1 Hz, COOCH,CHy), 5.21 (1H, d, J=3.6 Hz, H-4), 7.00-7.14 (3H,
m, H-3, 5, 6), 7.42 (1H, d, J=2.9 Hz, H-3); *C NMR (50 MHz, CDCly):
d 143 (COOCH,CHj), 525 (COOCHj;), 55.8 (OCHz-4), 60.6
(COOCH,CHy), 87.2 (C-4), 115.9 (C-3), 120.0 (C-6), 120.7 (C-3), 122.7
(C-5), 1236 (C-2), 1358 (C-2), 146.8 (C-1), 156.9 (C-4), 158.4
(COOCH,CH3), 1615 (C-5), 165.0 (COOCHs; ); Ana. Cacd for
C16H1607: C, 59.99; H, 5.04. Found: C, 59.78; H, 5.06

Ethyl 5-(2'-methoxycarbonyl-3'-methoxyphenoxy)furan-2-
carboxylate (29)

DMSO 50 mL 2-hydroxy-6-methoxybenzoic acid
methyl ester (9) 9.11 g (0.05 mol) 21
( : =1:4) ethyl 5-(2'-methoxy-

carbonyl-3'-methoxyphenoxy)furan-2-carboxylate (29)
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410g( 256 ) EIMSm/Z (rd. int): 320 [M]" (67.2), 150 (100); UV
A maM (MeOH) (loge): 273 (4.36), 206 (4.34); IR (KBr) cm™ 1721
(C=0); '"H NMR (200 MHz, CDCly): & 1.32 (3H, ¢, J=7.1 Hz
COOCH,CHs), 3.83 (3H, s, COOCH3), 3.85 (3H, s, OCH3-3'), 4.30 (2H,
g, J=7.1 Hz, COOCH,CHs), 5.56 (1H, d, J=3.6 Hz, H-4), 6.64 (1H, d, J=
8.4 Hz, H-6), 6.74 (1H, d, J=8.4 Hz, H-4"), 7.10 (1H, d, J=3.6 Hz, H-3),
7.30 (1H, ¢, J=8.4 Hz, H-5); *C NMR (50 MHz, CDCls): & 14.3
(COOCH,CHs), 52.6 (COOCHs), 56.2 (OCH;-3"), 60.8 (COOCH,CHs),
90.8 (C-4), 107.7 (C-4), 110.0 (C-6'), 115.2 (C-2)), 120.3 (C-3), 131.4
(C-5), 136.6 (C-2), 152.8 (COOCH,CH3), 157.7 (C-1'), 158.2 (C-3),
158.9 (C-5), 165.1 (COOCH,); Anal. Calcd for CygH160+: C, 59.99; H,
5.04. Found: C, 59.88; H, 5.05

Ethyl 5-(2'-methoxycarbonyl-5'-chlorophenoxy)furan-2-carboxylate
(30)

DMSO 50 mL 2-hydroxy-4-chlorobenzoic acid
methyl ester (10) 9.31 g (0.05 moal) 21
() ethyl 5-(2'-methoxycarbonyl-5'-chloro-
phenoxy)furan-2-carboxylate (30) 354 g ( 26.6 )

EIMS m/z (rel. int): 326 [M]*+2 (5.0), 324 [M]* (15.0), 170 (100); UVA
M (MeOH) (loge): 271 (4.85), 239 (4.90); IR (KBr) cm™:; 1728 (C=0);
IH NMR (200 MHz, CDCls): & 1.34 (3H, ¢, J=7.1 Hz, COOCH,CHb),
3.83 (3H, s, COOCH3), 4.32 (2H, ¢, J=7.1 Hz, COOCH,CHs), 5.53 (1H,
d, J=3.6 Hz, H-4), 7.09 (1H, d, J=2.0 Hz, H-6)), 7.13 (1H, d, J=3.6 Hz,
H-3), 7.24 (1H, dd, J=8.4, 2.0 Hz, H-4'), 7.89 (1H, d, J=8.4 Hz, H-3); 1°C
NMR (50 MHz, CDCl): & 14.3 (COOCH,CHs), 52.5 (COOCH), 60.9
(COOCH,CHs), 90.4 (C-4), 120.3 (C-3), 120.3 (C-6), 120.8 (C-2), 125.6
(C-4), 133.3 (C-3), 137.0 (C-2), 139.6 (C-5), 154.5 (COOCH,CHb),
158.2 (C-1'), 158.7 (C-5), 164.5 (COOCHs): Anal. Calcd for CysH13ClOg:
C, 55.48; H, 4.04. Found: C, 55.36; H, 4.03

Ethyl 5-(2'-methoxycarbonyl-4'-chlorophenoxy)furan-2-carboxylate
3D

DMSO 50 mL 2-hydroxy-5-chlorobenzoic acid
methyl ester (11) 9.31 g (0.05 moal) 21
() ethyl 5-(2'-methoxycarbonyl-4'-chloro-
phenoxy)furan-2-carboxylate (31) 3.68 g ( 276 )

EIMS m/z (rel. int): 326 [M]*+2 (7.0), 324 [M]* (21.0), 170 (100); UVA
M (MeOH) (loge): 272 (4.15), 207 (4.39); IR (KBr) cm™:; 1728 (C=0);
IH NMR (200 MHz, CDCly): & 1.32 (3H, ¢, J=7.1 Hz, COOCH,CHb),
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3.83 (3H, s, COOCHj5), 4.30 (2H, ¢, J=7.1 Hz, COOCH,CHj), 5.44 (1H,
d, J=3.6 Hz, H-4), 7.05-7.11 (2H, m, H-3, 6"), 7.46 (1H, dd, J=8.8, 2.7 Hz,
H-5), 7.90 (1H, d, J=2.7 Hz, H-3); *C NMR (50 MHz, CDCl,): & 14.3
(COOCH,CHj5), 52.7 (COOCHj5), 60.8 (COOCH,CHs), 89.5 (C-4), 120.4
(C-6), 121.7 (C-3), 123.8 (C-2)), 130.8 (C-4'), 131.9 (C-3), 133.7 (C-5),
136.7 (C-2), 152.3 (C-1), 158.2 (COOCH,CH;), 159.4 (C-5), 164.0
(COOCH,); Anal. Calcd for CisH13ClOg: C, 55.48; H, 4.04. Found: C,
55.28; H, 4.05

Ethyl 5-(2'-methoxycarbonyl-4'-bromophenoxy)furan-2-carboxylate
(32)

DMSO 50 mL 2-hydroxy-5-bromobenzoic acid
methyl ester (12) 11.51 g (0.05 mol) 21
() ethyl 5-(2'-methoxycarbonyl-4'-bromo-
phenoxy)furan-2-carboxylate (32) 473 g ( 312 )

EIMS m/z (rel. int): 370 [M]*+2 (9.2), 368 [M]* (9.2), 170 (100); UVA
M (MeOH) (loge): 272 (5.01), 206 (4.81); IR (KBr) cm™:; 1740 (C=0);
IH NMR (200 MHz, CDCl,): & 1.32 (3H, ¢, J=7.1 Hz, COOCH,CH,),
3.83 (3H, s, COOCHs), 4.29 (2H, ¢, J=7.1 Hz, COOCH,CHs), 5.45 (1H,
d, J=3.6 Hz, H-4), 7.00 (1H, d, J=8.7 Hz, H-6)), 7.10 (1H, d, J=3.6 Hz,
H-3), 7.59 (1H, dd, J=8.7, 2.5 Hz, H-5)), 8.04 (1H, d, J=2.5 Hz, H-3); 1°C
NMR (50 MHz, CDCl): & 14.3 (COOCH,CHz), 52.7 (COOCHS>), 60.8
(COOCH,CHs), 89.7 (C-4), 118.1 (C-4'), 120.3 (C-3), 120.6 (C-2), 121.9
(C-6), 124.1 (C-2), 134.8 (C-3), 136.6 (C-5), 1529 (C-1), 158.1
(COOCH,CH,), 159.2 (C-5), 163.9 (COOCH); And. Calcd for
C1sH13BrOg: C, 48.80; H, 3.55. Found: C, 48.68; H, 3.54

Ethyl 5-(2'-methoxycarbonyl-4'-iodophenoxy)furan-2-carboxylate
(33)

DMSO 50 mL 2-hydroxy-5-iodobenzoic acid
methyl ester (13) 13.90 g (0.05 mol) 21
() ethyl 5-(2'-methoxycarbonyl-4'-iodo-
phenoxy)furan-2-carboxylate (33) 456 g ( 26.7 )

EIMS m/z (rel. int): 416 [M]* (25.2), 170 (100); UVA menm (MeOH)
(loge): 273 (4.46), 216 (4.45); IR (KBr) cm™: 1729 (C=0); *H NMR (200
MHz, CDCly): & 1.33 (3H, ¢, J=7.1 Hz, COOCH,CH2), 3.83 (3H, s,
COOCHS,), 4.30 (2H, ¢, J=7.1 Hz, COOCH,CHs>), 5.47 (1H, d, J=3.6 Hz,
H-4), 6.87 (1H, d, J=8.7 Hz, H-6), 7.11 (1H, d, J=3.6 Hz, H-3), 7.79 (1H,
dd, J=8.7, 2.3 Hz, H-5)), 8.22 (1H, d, J=2.3 Hz, H-3); *C NMR (50 MHz,
CDCly): & 14.3 (COOCH,CHs>), 52.7 (COOCHs), 60.8 (COOCH,CHa),
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88.4 (C-4'), 89.9 (C-4), 120.4 (C-3), 122.0 (C-6), 124.3 (C-2), 136.8
(C-2), 140.7 (C-3), 142.6 (C-5), 153.8 (C-1), 158.2 (COOCH,CHs),
159.1 (C-5), 163.8 (COOCH3); Anal. Calcd for CisHislOg: C, 43.29; H,
3.15. Found: C, 43.17; H, 3.16

5-(2'-Carboxyl substituted phenoxy)furan-2-carboxylic acids (41-
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48  50-53)

5-(2'-Carboxylphenoxy)furan-2-carboxylic acid (41) (55)

ethyl 5-(2'-methoxycarbonylphenoxy)furan-2-carboxylate (21)

2.90 g (0.01 mol) 20 NaOH 10 mL 8
TLC
20 H,SO, Congo Red Paper

- 5-(2'-carboxyl phenoxy)furan-2-carboxylic
acid (41) 174 g (700 ) mp: 1615162 ;
EIMS m/z (rel. int): 248 [M]* (4.7), 120 (100); UVA manm (MeOH)
(loge): 273 (4.45); IR (KBr) cm™: 1686 (C=0); 'H NMR (200 MHz,
DMSO-d): & 5.50 (1H, d, J=3.5 Hz, H-4), 7.00 (1H, d, J=3.5 Hz, H-3),
7.10 (1H, d, J=7.8 Hz, H-6"), 7.30 (1H, dd, J=7.8 Hz, H-4'), 7.60 (1H, dd,
J=7.8 Hz, H-5), 7.90 (1H, d, J= 7.8 Hz, H-3); °C NMR (50 MHz,
DMSO-dg): & 89.0 (C-4), 120.8 (C-3), 120.9 (C-6'), 124.1 (C-2'), 126.3
(C-4), 132.1 (C-3), 134.3 (C-5), 136.9 (C-2), 153.0 (C-1), 159.3
(CO-C-2), 159.9 (C-5), 166.1 (CO-C-2); And. Cacd for Cy,HgOs: C,
58.07; H, 3.25. Found: C, 57.99; H, 3.26
5-(2'-Carboxyl-6'-methylphenoxy)furan-2-carboxylic acid (42)

(55)
ethyl
5-(2'-methoxycarbonyl-6'-methyl phenoxy)furan-2-carboxylate (22) 3.04
g (0.01 moal) 41
5-(2'-carboxyl-6'-methylphenoxy)furan-2-carboxylic acid (42)
159g( 605 ) mp:181.5182 ;EIMS m/ (re. int):
262 [M]" (5.7), 134 (100); UVA M (MeOH) (loge): 274 (4.72), 208
(4.58); IR (KBr) cm™: 1686 (C=0); *H NMR (200 MHz, DMSO-d¢): &
2.18 (3H, s, CH3-6'), 5.10 (1H, d, J=3.6 Hz, H-4), 7.06 (1H, d, J=3.6 Hz,
H-3), 7.33 (1H, dd, J=7.6 Hz, H-4"), 7.58 (1H, d, J=7.6 Hz, H-5), 7.72
(1H, d, J=7.6 Hz, H-3"); *C NMR (50 MHz, DMSO-dg): & 15.7 (CHz-6),
85.6 (C-4), 121.4 (C-3), 125.2 (C-2'), 126.9 (C-4'), 130.0 (C-3), 131.9
(C-6), 135.7 (C-2), 136.0 (C-5), 150.2 (C-1), 159.2 (CO-C-2), 161.0
(C-5), 166.0 (CO-C-2); And. Cacd for Ci3H1006: C, 59.55; H, 3.84.
Found: C, 59.47; H, 3.83
5-(2'-Carboxyl-5'-methylphenoxy)furan-2-carboxylic acid (43)
(55)

ethyl
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5-(2'-methoxycarbonyl-5'-methyl phenoxy)furan-2-carboxylate (23) 3.04
g (0.01 moal) 41
5-(2'-carboxyl-5'-methylphenoxy)furan-2-carboxylic acid (43)

1.70g( 65.0 ) mp: 1815182 ; EIMS m/z (rel. int):
262 [M]" (8.6), 134 (100); UVA mam (MeOH) (loge): 270 (4.10), 235
(4.03); IR (KBr) cm™: 1694 (C=0), 1651 (C=0); *H NMR (200 MHz,
DMSO-dg): & 2.33 (3H, s, CH3-5), 5.48 (1H, d, J=3.6 Hz, H-4), 7.10
(1H, s, H-6"), 7.17 (1H, d, J=3.6 Hz, H-3), 7.19 (1H, d, J=8.0 Hz, H-4"),
7.80 (1H, d, J=8.0 Hz, H-3); *C NMR (50 MHz, DMSO-d¢): & 21.2
(CHs-5), 88.7 (C-4), 120.8 (C-3), 121.1 (C-2), 121.5 (C-6), 127.1 (C-4),
132.2 (C-3), 136.4 (C-2), 145.4 (C-5), 153.1 (C-1), 159.2 (CO-C-2),
160.2 (C-5), 165.8 (CO-C-2); Anal. Cacd for Ci3H1006: C, 59.55; H,
3.84. Found: C, 59.41; H, 3.85
5-(2'-Carboxyl-4'-methylphenoxy)furan-2-carboxylic acid (44)

(55)
ethyl

5-(2'-methoxycarbonyl-4'-methyl phenoxy)furan-2-carboxylate (24) 3.04
g (0.01 mal) 41
5-(2'-carboxyl-4'-methylphenoxy)furan-2-carboxylic acid (44)

1.86 g ( 71.0 ) mp: 1835184 ; EIMS m/z (rel. int):
262 [M]" (8.9), 134 (100); UVA mxnm (MeOH) (loge): 273 (4.38); IR
(KBr) cm™: 1690 (C=0), 1663 (C=0); ‘*H NMR (200 MHz, DM SO-d):
0 2.34 (3H, s, CHz-4), 5.43 (1H, d, J=3.6 Hz, H-4), 7.15 (1H, d, J=3.6
Hz, H-3), 7.18 (1H, d, J=8.3 Hz, H-6"), 7.44 (1H, d, J=8.3, 1.9 Hz, H-5),
7.69 (1H, d, J= 1.9 Hz, H-3); *C NMR (50 MHz, DMSO-d): & 20.5
(CHs-4"), 88.2 (C-4), 121.2 (C-3), 121.3 (C-6"), 123.7 (C-2), 132.3 (C-3),
134.8 (C-5), 135.9 (C-4), 136.3 (C-2), 150.8 (C-1), 159.2 (CO-C-2),
160.6 (C-5), 166.0 (CO-C-2); Ana. Calcd for Ci3H1006: C, 59.55; H,
3.84. Found: C, 59.83; H, 3.83
5-(2'-Carboxyl-3'-methylphenoxy)furan-2-carboxylic acid (45)

ethyl

5-(2'-ethoxycarbonyl-3'-methyl phenoxy)furan-2-carboxylate (25) 3.18 ¢
(0.01 mal) 41
5-(2'-carboxyl-3'-methylphenoxy)furan-2-carboxylic acid (45)

161 g ( 61.3 ) mp: 169.5-170 ; EIMS m/z (rel. int):
262 [M]" (4.6), 135 (100); UVA n»nm (MeOH) (loge): 268 (4.70), 208
(4.56); IR (KBr) cm™: 1701 (C=0), 1663 (C=0); ‘H NMR (200 MHz,
DMSO-dg): d 2.32 (3H, s, CH3-3), 5.73 (1H, d, J=3.8 Hz, H-4), 7.01
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(1H, d, J=8.1 Hz, H-4), 7.17 (1H, d, J=7.7 Hz, H-6"), 7.20 (1H, d, J=3.8
Hz, H-3), 7.37 (1H, ¢, J= 81, 7.7 Hz, H-5); *C NMR (50 MHz,
DMSO-dg): & 19.1 (CHs-3), 90.6 (C-4), 115.9 (C-4), 120.7 (C-3), 127.0
(C-2), 127.3 (C-6'), 130.7 (C-5), 136.8 (C-2), 136.8 (C-3'), 150.9 (C-1Y),
158.8 (CO-C-2), 158.9 (C-5), 167.5 (CO-C-2); Anal. Calcd for Cy3H100s:
C, 59.55; H, 3.84. Found: C, 59.37; H, 3.85
5-(2'-Carboxyl-6'-methoxyphenoxy)furan-2-carboxylic acid (46)

ethyl

5-(2'-methoxycarbonyl-6'-methoxyphenoxy)furan-2-carboxylate (26) 3.20
g (001 mol) 41
5-(2'-carboxyl-6'-methoxyphenoxy)furan-2-carboxylic acid (46)

1.72 g ( 61.8 ) mp: 195.5-196 ; EIMS m/z (rel. int):
278 [M]" (23.5), 151 (100); UVA oxnm (MeOH) (loge): 278 (4.71), 206
(4.53); IR (KBr) cm™: 1682 (C=0); *H NMR (200 MHz, DMSO-dq): &
3.79 (3H, s, OCHs-6"), 5.20 (1H, d, J=3.6 Hz, H-4), 7.11 (1H, d, J=3.6 Hz,
H-3), 7.34-7.47 (3H, m, H-3, 4, and 5); **C NMR (50 MHz, DM SO-dy):
0 56.6 (OCHs-6"), 85.4 (C-4), 117.5 (C-5, 121.3 (C-3), 122.5 (C-3),
126.1 (C-2), 127.3 (C-4), 135.2 (C-2), 140.5 (C-1), 152.0 (C-6"), 159.0
(CO-C-2), 161.1 (C-5), 165.7 (CO-C-2); Anad. Calcd for Ci3H1007: C,
56.12; H, 3.62. Found: C, 56.04; H, 3.61
5-(2'-Carboxyl-5'-methoxyphenoxy)furan-2-carboxylic acid (47)

ethyl

5-(2'-methoxycarbonyl-5'-methoxyphenoxy)furan-2-carboxylate (27) 3.20
g (001 mol) 41
5-(2'-carboxyl-5'-methoxyphenoxy)furan-2-carboxylic acid (47)

1.98 g ( 71.0 ) mp: 206-206.5 ; EIMS m/z (rel. int):
278 [M]" (13.9), 151 (100); UVA oM (MeOH) (loge): 256 (4.27), 208
(4.41); IR (KBr) cm™: 1694 (C=0); *H NMR (200 MHz, DMSO-dq): &
3.81 (3H, s, OCH»s-5"), 5.48 (1H, d, J=3.6 Hz, H-4), 6.85 (1H, d, J=2.5 Hz,
H-6", 6.96 (1H, dd, J=8.8, 2.5 Hz, H-4'), 7.16 (1H, d, J=3.6 Hz, H-3),
7.90 (1H, d, J=8.8 Hz, H-3); *C NMR (50 MHz, DMSO-dg): & 56.2
(OCHs-5), 88.1 (C-4), 107.0 (C-6), 112.0 (C-4), 1154 (C-2), 121.0
(C-3), 134.0 (C-3), 136.1 (C-2), 154.6 (C-1), 159.0 (CO-C-2), 160.1
(C-5), 163.9 (C-5), 165.2 (CO-C-2); Anal. Calcd for Cy3H,907: C, 56.12;
H, 3.62. Found: C, 55.98; H, 3.63
5-(2'-Carboxyl-4'-methoxyphenoxy)furan-2-carboxylic acid (48)
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ethyl
5-(2'-methoxycarbonyl-4'-methoxyphenoxy)furan-2-carboxylate (28) 3.20
g (001 mol) 41
5-(2'-carboxyl-4'-methoxyphenoxy)furan-2-carboxylic acid (48)
1.80g( 649 ) mp:209.5-210 ; EIMS m/ (rel. int):
278 [M]* (9.2), 150 (100); UVA M (MeOH) (loge): 275 (4.35), 209
(4.30); IR (KBr) cm™; 1701 (C=0), 1655 (C=0); 'H NMR (200 MHz,
DMSO-dg): & 3.80 (3H, s, OCHs-4'), 5.33 (1H, d, J=3.6 Hz, H-4), 7.14
(1H, d, J=3.6 Hz, H-3), 7.20 (1H, dd, J=8.9, 2.9 Hz, H-5'), 7.30 (1H, d,
J=8.9 Hz, H-6), 7.36 (1H, d, J=2.9 Hz, H-3); *C NMR (50 MHz,
DMSO-dg): & 56.0 (OCHg-4"), 87.2 (C-4), 116.0 (C-3), 119.7 (C-5),
121.1 (C-3), 123.2 (C-6'), 124.9 (C-2'), 135.9 (C-2), 146.0 (C-1'), 156.9
(C-4), 159.0 (CO-C-2), 161.2 (C-5), 165.5 (CO-C-2); Anal. Cacd for
C3H1007: C, 56.12; H, 3.62. Found: C, 55.91; H, 3.61
5-(2'-Carboxyl-5'-chlorophenoxy)furan-2-carboxylic acid (50)
ethyl
5-(2'-methoxycarbonyl-5'-chlorophenoxy)furan-2-carboxylate (30) 3.25 g
(0.01 mal) 41
5-(2'-carboxyl-5'-chlorophenoxy)furan-2-carboxylic acid (50)
153g( 634 ) mp:191-191.5 ; EIMS m/ (rel. int):
284 [M]"+2 (1.0), 282 [M]" (3.0), 155 (100); UVA menm (MeOH) (loge):
268 (4.55), 238 (4.54), 206 (4.43); IR (KBr) cm™: 1701 (C=0), 1678
(C=0); 'H NMR (200 MHz, DMSO-dg): & 5.64 (1H, d, J=3.6 Hz, H-4),
7.18 (1H, d, J= 3.6 Hz, H-3), 7.45-7.50 (2H, m, H-4', 6", 7.91 (1H, d,
J=7.7 Hz, H-3); °C NMR (50 MHz, DMSO-ds): & 89.3 (C-4), 120.8
(C-3), 121.2 (C-6'), 122.7 (C-2), 126.4 (C-4), 133.6 (C-3), 136.7 (C-2),
138.0 (C-5'), 153.5 (C-1'), 159.0 (CO-C-2), 159.1 (C-5), 165.0 (CO-C-2);
Anal. Calcd for C,H,ClOg: C, 51.00; H, 2.50. Found: C, 51.12; H, 2.49
5-(2'-Carboxyl-4'-chlorophenoxy)furan-2-carboxylic acid (51)
ethyl
5-(2'-methoxycarbonyl-4'-chlorophenoxy)furan-2-carboxylate (31) 3.25 g
(0.01 mal) 41
5-(2'-carboxyl-4'-chlorophenoxy)furan-2-carboxylic acid (51)
1.63g( 67.8 ) mp:2005-201 ; EIMS m/ (rel. int):
284 [M]*+2 (4.0), 282 [M]" (12.0), 155 (100); UVA mmnm (MeOH)
(loge): 272 (4.61); IR (KBr) cm™: 1694 (C=0); 'H NMR (200 MHz,
DMSO-d): & 5.63 (1H, d, J=3.6 Hz, H-4), 7.19 (1H, d, J=3.6 Hz, H-3),
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7.34 (1H, d, J=8.8 Hz, H-6), 7.71 (1H, dd, J=8.8, 2.7 Hz, H-5"), 7.87 (1H,
d, J=2.7 Hz, H-3); *C NMR (50 MHz, DMSO-dg): & 89.2 (C-4), 120.8
(C-3), 122.9 (C-6"), 125.5 (C-2'), 130.0 (C-4), 131.2 (C-3), 133.8 (C-5),
136.6 (C-2), 151.6 (C-1), 158.9 (CO-C-2), 159.3 (C-5), 164.6 (CO-C-2);
Anal. Cacd for C,H,ClOg: C, 51.00; H, 2.50. Found: C, 50.81; H, 2.51
5-(2'-Carboxyl-4'-bromophenoxy)furan-2-carboxylic acid (52)
ethyl
5-(2'-methoxycarbonyl-4'-bromophenoxy)furan-2-carboxylate (32) 3.69 g
(0.01 mal) 41
5-(2'-carboxyl-4'-bromophenoxy)furan-2-carboxylic acid (52)
1.96 g ( 68.9 ) mp: 211.5-212 ; EIMS m/z (rel. int):
330 [M]*+2 (4.1), 328 [M]" (4.1), 198 (100); UVA oxnm (MeOH) (loge):
270 (4.32), 209 (4.29); IR (KBr) cm*: 1694 (C=0); *H NMR (200 MHz,
DMSO-dg): o 5.64 (1H, d, J=3.6 Hz, H-4), 7.19 (1H, d, J=3.6 Hz, H-3),
7.27 (1H, d, J= 8.8 Hz, H-6"), 7.82 (1H, dd, J=8.8, 2.6 Hz, H-5"), 7.99 (1H,
d, J=2.6 Hz, H-3); *C NMR (50 MHz, DMSO-dg): & 89.3 (C-4), 117.9
(C-4), 120.8 (C-3), 123.2 (C-6), 125.8 (C-2), 134.2 (C-3), 136.7 (C-2),
136.8 (C-5), 152.1 (C-1'), 158.9 (CO-C-2), 159.2 (C-5), 164.5 (CO-C-2);
Anal. Calcd for C;,H;BrOg: C, 44.06; H, 2.16. Found: C, 44.15; H, 2.15
5-(2'-Carboxyl-4'-iodophenoxy)furan-2-carboxylic acid (53)
ethyl
5-(2'-methoxycarbonyl-4'-iodophenoxy)furan-2-carboxylate (33) 4.16 ¢
(0.01 mal) 41
5-(2'-carboxyl-4'-iodophenoxy)furan-2-carboxylic acid (53)
2.49 g ( 66.6 ) mp:231.5232 ;EIMSm/Z (rd.int): 374
[M]" (12.8), 247 (100); UVA onm (MeOH) (loge): 267 (4.22), 215
(4.22); IR (KBr) cm™: 1690 (C=0); *H NMR (200 MHz, DMSO-dq): &
5.64 (1H, d, J=3.6 Hz, H-4), 7.10 (1H, d, J=8.6 Hz, H-6"), 7.19 (1H, 4,
J=3.6 Hz, H-3), 7.96 (1H, dd, J=8.6, 2.3 Hz, H-5), 8.14 (1H, d, J=2.3 Hz,
H-3); *C NMR (50 MHz, DMSO-dg): & 89.4 (C-4), 90.2 (C-4), 120.8
(C-3), 123.1 (C-6), 125.8 (C-2), 136.6 (C-2), 140.0 (C-3), 142.6 (C-5),
152.8 (C-1), 158.9 (CO-C-2), 159.1 (C-5), 164.5 (CO-C-2); And. Calcd
for CoH;10g: C, 38.53; H, 1.89. Found: C, 38.68; H, 1.88



Substituted furo[2,3-b]chromone-2-carboxylic acid ethyl esters
(61-68  70-73)

Ethyl furo[2,3-b]chromone-2-carboxylate (61) (53)
20 mL  phosphorus pentoxide 3.5 g (0.025 mol)
absolute alcohol 2 mL (0.034 mol) 100
1 polyphosphoric acid ethyl ester (PPE)
5-(2'-carboxylphenoxy)furan-2-carboxylic acid (41) 1.0 g (0.0038 mol)
6 TLC 10 mL
PPE 5 NaOH 15 mL
NaOH
()
- ethyl
furo[2,3-b]chromone-2-carboxylate (61) 0.290 g (

27.8 ) mp: 145-147 ; EIMS m/z (rel. int): 258 [M]" (89.7), 186
(100); UVA maxnm (MeOH) (loge): 305 (4.45), 261 (4.55), 244 (4.59),
215 (4.45); IR (KBr) cm™: 1725 (COO), 1671 (CO); *H NMR (200 MHz,
CDCl3): 6 1.38 (3H, ¢, J=7.1 Hz, OCH,CHs), 4.39 (2H, ¢, J=7.1 Hz,
OCH,CHs), 7.47 (1H, ddd, J=8.0, 1.2 Hz, H-6), 7.55 (1H, dd, J=8.0, 1.2
Hz, H-8), 7.63 (1H, s, H-3), 7.72 (1H, ddd, J=8.0, 1.7 Hz, H-7), 8.29 (1H,
dd, J=8.0, 1.7 Hz, H-5); ®°C NMR (50 MHz, CDCl3): & 14.2 (OCH,CH3),
61.7 (OCH,CHs), 104.6 (C-3a), 114.1 (C-3), 117.9 (C-6), 123.1 (C-4a),
125.9 (C-8), 126.8 (C-5), 134.1 (C-7), 138.4 (C-2), 153.3 (C-8a), 157.7
(CO0), 162.8 (C-9a), 173.4 (CO); Andl. Calcd for C14H190s: C, 65.11; H,
3.90. Found: C, 65.19; H, 3.91
Ethyl 8-methylfuro[2,3-b]chromone-2-carboxylate (62)

61 5-(2'-carboxyl-6'-methyl phenoxy)-
furan-2-carboxylic acid (42) 1.0 g (0.0036 mol) 6
ethyl 8-methylfuro[2,3-b]chromone-2-carboxylate (62)

(59
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0320g( 308 ) mp: 157-159 ; EIMS m/z (rel. int):
272 [M]* (100); UVA i (MeOH) (loge): 305 (4.82), 269 (4.83); IR
(KBr) cm™: 1725 (COO), 1667 (CO): 'H NMR (200 MHz, CDCl): 3
1.41 (3H, ¢, J=7.1 Hz, OCH,CHa), 2.55 (3H, s, CHa), 4.42 (2H, ¢, J=7.1
Hz, OCH,CHs), 7.38 (1H, dd, J=7.8 Hz, H-6), 7.57 (1H, d, J=7.8 Hz,
H-7), 7.66 (1H, s, H-3), 8.16 (1H, d, J=7.8 Hz, H-5); *C NMR (50 MHz,
CDCly): 8 14.2 (OCH,CHs), 15.6 (CHz), 61.7 (OCH,CH>), 104.3 (C-3a),
114.1 (C-3), 123.0 (C-4a), 124.5 (C-5), 125.4 (C-6), 127.5 (C-8), 135.4
(C-7), 138.3 (C-2), 151.9 (C-8a), 157.8 (COO), 162.9 (C-9a), 173.8 (CO);
Anal. Calcd for CisH1,0s: C, 66.17; H, 4.44. Found: C, 66.25; H, 4.45

Ethyl 7-methylfuro[2,3-b]chromone-2-carboxylate (63) (53)
61 5-(2'-carboxyl-5"-methyl phenoxy)-
furan-2-carboxylic acid (43) 1.0 g (0.0036 mol) 6

ethyl 7-methylfuro[2,3-b]chromone-2-carboxylate (63)

0280g( 269 ) mp:160.5161 ; EIMSm/ (rel. int):
272 [M]* (93.2), 200 (100); UVA onm (MeOH) (loge): 306 (4.22), 274
(4.35), 248 (4.41), 215 (4.17); IR (KBr) cm; 1721 (COO), 1655 (CO);
'H-NMR (200 MHz, CDCl3): & 1.40 (3H, ¢, J=7.1 Hz, OCH,CH), 2.52
(3H, s, CHs), 4.41 (2H, ¢, J=7.1 Hz, OCH,CHs), 7.29 (1H, d, J=8.1 Hz,
H-6), 7.37 (1H, s, H-8), 7.65 (1H, s, H-3), 8.19 (1H, d, J=8.1 Hz, H-5);
3C NMR (50 MHz, CDCly): & 14.2 (OCH,CHj), 21.7(CHs), 61.6
(OCH,CHs), 104.5 (C-3a), 114.2 (C-3), 117.8 (C-8), 120.7 (C-4a), 126.5
(C-5), 127.2 (C-6), 138.2 (C-2), 145.7 (C-7), 153.4 (C-8a), 157.8 (COO),
162.8 (C-9a), 173.5 (CO); Ana. Calcd for CisHq,0s: C, 66.17; H, 4.44.
Found: C, 66.31; H, 4.43

Ethyl 6-methylfuro[2,3-b]chromone-2-carboxylate (64) (53)
61 5-(2'-carboxyl-4'-methyl phenoxy)-
furan-2-carboxylic acid (44) 1.0 g (0.0036 mol) 6

ethyl 6-methylfuro[2,3-b]chromone-2-carboxylate (64)

0290g( 279 ) mp: 160-162 ; EIMS m/z (rel. int):
272 [M]* (100); UVA onm (MeOH) (loge): 309 (4.52), 266 (4.68), 243
(4.74), 220 (4.66); IR (KBr) cm™: 1721 (COO), 1659 (CO); 'H NMR
(200 MHz, CDCl3): & 1.40 (3H, ¢, J=7.1 Hz, OCH,CHz), 2.48 (3H, s,
CH,), 4.41 (2H, ¢, J=7.1 Hz, OCH,CHs), 7.49 (1H, d, J=8.0 Hz, H-8),
7.52 (1H, dd, J=8.0, 1.4 Hz, H-7), 7.65 (1H, s, H-3), 8.09 (1H, d, J=1.4
Hz, H-5); *C NMR (50 MHz, CDCl3): & 14.2 (OCH,CHs), 20.8 (CH,),
61.6 (OCH,CHs), 104.5 (C-3a), 114.2 (C-3), 117.6 (C-8), 122.7 (C-4a),
126.3 (C-5), 135.2 (C-7), 136.0 (C-6), 138.3 (C-2), 151.6 (C-8a), 157.8
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(CO0), 162.9 (C-9a), 173.6 (CO); Anal. Calcd for Cy5sH1,0s: C, 66.17; H,
4.44. Found: C, 66.05; H, 4.45
Ethyl 5-methylfuro[2,3-b]chromone-2-carboxylate (65)
61 5-(2'-carboxyl-3'-methyl phenoxy)-
furan-2-carboxylic acid (45) 1.0 g (0.0036 mol) 6
ethyl 5-methylfuro[2,3-b]chromone-2-carboxylate (65)
0.208 g ( 20.0 ) mp: 169-170 ; EIMS m/z (rd. int):
272 [M]" (100); UVA mxnm (MeOH) (loge): 313 (4.59), 245 (4.74), 223
(4.66); IR (KBr) em™: 1736 (COO), 1670 (CO); 'H NMR (200 MHz,
CDCl3): & 1.39 (3H, ¢, J=7.1 Hz, OCH,CHy3), 2.91 (3H, s, CH,), 4.39
(2H, ¢, J=7.1 Hz, OCH,CH,), 7.22 (1H, d, J=8.1 Hz, H-6), 7.39 (1H, 4,
J=8.0 Hz, H-8), 7.54 (1H, ¢, J/=8.1, 8.0 Hz, H-7), 7.60 (1H, s, H-3); *C
NMR (50 MHz, CDCl3): & 14.3 (OCH,CHj), 23.0 (CH,), 61.7
(OCH,CHs,), 105.3 (C-3a), 114.5 (C-3), 116.2 (C-8), 121.4 (C-4a), 129.1
(C-6), 132.8 (C-7), 138.2 (C-2), 142.5 (C-5), 155.1 (C-84d), 157.9 (CO0),
162.0 (C-9a), 175.8 (CO); Anal. Calcd for C;sH1,0s: C, 66.17; H, 4.44.
Found: C, 66.41; H, 4.43
Ethyl 8-methoxyfuro[2,3-b]chromone-2-carboxylate (66)
61 5-(2'-carboxyl-6'-methoxyphenoxy)-
furan-2-carboxylic acid (46) 1.0 g (0.0035 mol) 6
ethyl 8-methoxyfuro[2,3-b]chromone-2-carboxylate (66)
0.246 g ( 23.7 ) mp:>300 ; EIMSm/ (rd. int): 288
[M]™ (100); UVA mnm (MeOH) (loge): 316 (4.48), 250 (4.73), 227
(4.79); IR (KBr) em™: 1736 (COO), 1677 (CO); 'H NMR (200 MHz,
DMSO-dg): & 1.31 (3H, ¢, J=7.1 Hz, OCH,CH,), 3.98 (3H, s, OCH,),
4.33 (2H, ¢, J=7.1 Hz, OCH,CH5), 7.43-7.55 (2H, m, H-5, 7), 7.67 (1H,
dd, J=7.3, 2.0 Hz, H-6), 7.75 (1H, s, H-3); *C NMR (50 MHz,
DMSO-dg): & 14.3 (OCH,CHs), 56.8 (OCH,), 61.7 (OCH,CHs), 104.4
(C-3a), 114.4 (C-3), 116.7 (C-6), 116.7 (C-7), 123.8 (C-4a), 126.2 (C-5),
138.0 (C-2), 143.1 (C-84), 148.5 (C-8), 157.5 (CO0), 162.9 (C-9a), 173.0
(CO); Anal. Calcd for Ci5sH1,0g: C, 62.50; H, 4.19. Found: C, 62.58; H,
4.20
Ethyl 7-methoxyfuro[2,3-b]chromone-2-carboxylate (67)
61 5-(2'-carboxyl-5'-methoxyphenoxy)-
furan-2-carboxylic acid (47) 1.0 g (0.0035 mol) 6
ethyl 7-methoxyfuro[2,3-b]chromone-2-carboxylate (67)
0.298 g ( 28.7 ) mp:171-172 ; EIMSm/z (rd. int):
288 [M]* (100); UVA nm (MeOH) (loge): 291 (4.79), 248 (4.79); IR
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(KBr) cm™: 1723 (COO), 1657 (CO); *H NMR (200 MHz, CDCls): &
1.38 (3H, ¢, J=7.1 Hz, OCH,CHs), 3.91 (3H, s, OCH5), 4.38 (2H, ¢, J=7.1
Hz, OCH,CHy), 6.94 (1H, d, J=2.4 Hz, H-8), 7.01 (1H, dd, J=8.8, 2.4 Hz,
H-6), 7.61 (1H, s, H-3), 8.19 (1H, d, J=8.8 Hz, H-5); *C NMR (50 MHz,
CDCl53): 0 14.2 (OCH,CHa), 56.0 (OCHj5), 61.6 (OCH,CH5), 101.1 (C-8),
104.4 (C-3a), 114.2 (C-3), 114.2 (C-6), 116.7 (C-4a), 128.1 (C-5), 138.2
(C-2), 155.1 (C-7), 157.9 (COO0), 162.8 (C-9a), 164.4 (C-8a), 173.0 (CO);
Anal. Cacd for Ci5H1,06: C, 62.50; H, 4.19. Found: C, 62.31; H, 4.18
Ethyl 6-methoxyfuro[2,3-b]chromone-2-carboxylate (68)
61 5-(2'-carboxyl-4'-methoxyphenoxy)-
furan-2-carboxylic acid (48) 1.0 g (0.0035 mol) 6
ethyl 6-methoxyfuro[2,3-b]chromone-2-carboxylate (68)
0216g( 208 ) mp:147-148 ;EIMSm/z (rel. int):
288 [M]" (100); UVA menm (MeOH) (loge): 321 (4.06), 246 (4.43), 218
(4.46); IR (KBr) cm®: 1723 (COO0), 1677 (CO); 'H NMR (200 MHz,
CDCl3): & 1.38 (3H, ¢, J=7.1 Hz, OCH,CH5), 3.89 (3H, s, OCH5), 4.39
(2H, ¢, J=7.1 Hz, OCH,CHy), 7.27 (1H, dd, J=9.4, 3.2 Hz, H-7), 7.48 (1H,
d, J=9.4 Hz, H-8), 7.64 (1H, s, H-3), 7.67 (1H, d, J=3.2 Hz, H-5); °C
NMR (50 MHz, CDCls): & 14.2 (OCH,CHs), 56.0 (OCH3), 61.7
(OCH,CHs), 104.2 (C-3a), 106.8 (C-5), 114.1 (C-3), 119.2 (C-8), 123.4
(C-7), 123.8 (C-4a), 138.4 (C-2), 147.9 (C-84a), 157.4 (C-6), 157.9 (COO),
163.0 (C-9a), 173.4 (CO); Anal. Calcd for Ci5sH1,06: C, 62.50; H, 4.19.
Found: C, 62.38; H, 4.20
Ethyl 7-chlorofuro[2,3-b]chromone-2-carboxylate (70)
61 5-(2'-carboxyl-5'-chlorophenoxy)-
furan-2-carboxylic acid (50) 1.0 g (0.0035 mal) 50
ethyl 7-chlorofuro[2,3-b]chromone-2-carboxylate (70)
0240g( 231 ) mp:2035204 ;EIMSm/z (rd.int):
294 [M]* +2 (13.9), 292 [M]* (41.7), 220 (100); UVA mam (MeOH)
(loge): 302 (4.82), 275 (4.86); IR (KBr) cm™: 1723 (COO), 1664 (CO);
'H NMR (200 MHz, CDCl3): & 1.39 (3H, 7, J=7.1 Hz, OCH,CHs), 4.40
(2H, ¢, J=7.1 Hz, OCH,CHj), 7.46 (1H, dd, J=8.6, 1.9 Hz, H-6), 7.60 (1H,
d, J=1.9 Hz, H-8), 7.63 (1H, s, H-3), 8.25 (1H, d, J=8.6 Hz, H-5); °C
NMR (50 MHz, CDCls): & 14.2 (OCH,CHs) , 61.9 (OCH,CHs), 104.9
(C-3a), 114.0 (C-3), 118.2 (C-8), 121.8 (C-4a), 126.8 (C-6), 128.1 (C-5),
138.8 (C-2), 140.2 (C-7), 153.4 (COO), 157.7 (C-84), 162.6 (C-9a), 172.6
(CO); And. Calcd for Ci4HoClOs: C, 7.45; H, 3.10. Found: C, 57.56; H,
311



Ethyl 6-chlorofuro[2,3-b]chromone-2-carboxylate (71)
61 5-(2'-carboxyl-4'-chlorophenoxy)-
furan-2-carboxylic acid (51) 1.0 g (0.0035 mal) 70
ethyl 6-chlorofuro[2,3-b]chromone-2-carboxylate (71)
0.209 g ( 20.1 ) mp: 201.5-202 ; EIMS m/z (rel. int):
294 [M]" +2 (23.9), 292 [M]" (71.7), 53 (100); UVA onm (MeOH)
(loge): 311 (4.54), 260 (4.77), 241 (4.76), 221 (4.70); IR (KBr) cm™:
1730 (COO), 1663 (CO); *H NMR (200 MHz, CDCls): & 1.39 (3H, ¢,
J=7.1 Hz, OCH,CH,), 4.40 (2H, ¢, J=7.1 Hz, OCH,CH5), 7.53 (1H, d,
J=8.9 Hz, H-8), 7.62 (1H, s, H-3), 7.67 (1H, dd, J=8.9, 2.6 Hz, H-7), 8.26
(1H, d, J= 2.6 Hz, H-5); *C NMR (50 MHz, CDCl3): & 14.2 (OCH,CHy),
61.8 (OCH,CHy), 104.6 (C-3a), 113.9 (C-3), 119.6 (C-8), 124.3 (C-4a),
126.4 (C-5), 132.0 (C-6), 134.2 (C-7), 138.8 (C-2), 151.6 (C-84d), 157.6
(CO0), 162.8 (C-9a), 172.2 (CO); Anal. Calcd for Ci4HyClOs: C, 57.45;
H, 3.10. Found: C, 57.23; H, 3.09
Ethyl 6-bromofuro[2,3-b]chromone-2-carboxylate (72)
61 5-(2'-carboxyl-4'-bromophenoxy)-
furan-2-carboxylic acid (52) 1.0 g (0.0030 mol) 6
ethyl 6-bromofuro[2,3-b]chromone-2-carboxylate (72)
0.236 g ( 229 ) mp: 204.5-205 ; EIMS m/z (rel. int):
338 [M]™+2 (79.2), 336 [M]" (79.2), , 53 (100); UVA nanm (MeOH)
(loge): 312 (4.76), 270 (4.92); IR (KBr) cm™: 1736 (COO), 1670 (CO);
'H NMR (200 MHz, CDCl3): & 1.39 (3H, ¢, J=7.1 Hz, OCH,CHj), 4.40
(2H, ¢, J=7.1 Hz, OCH,CH,), 7.46 (1H, d, J=8.9 Hz, H-8), 7.62 (1H, s,
H-3), 7.81 (1H, dd, J=8.9, 2.5 Hz, H-7), 8.43 (1H, d, J=2.5 Hz, H-5); *C
NMR (50 MHz, CDCl3): & 14.2 (OCH,CHs), 61.9 (OCH,CH3), 104.7
(C-3a), 114.0 (C-3), 119.5 (C-6), 119.8 (C-8), 124.6 (C-44a), 129.6 (C-5),
137.0 (C-7), 138.9 (C-2), 152.2 (C-8a), 157.6 (CO0), 162.8 (C-9a), 172.1
(CO); Anal. Calcd for C4HoBrOs: C, 49.87; H, 2.69. Found: C, 49.75; H,
2.68
Ethyl 6-iodofuro[2,3-b]chromone-2-carboxylate (73)
61 5-(2'-carboxyl-4'-iodophenoxy)-
furan-2-carboxylic acid (53)1.0 g (0.0026 mol) 6
ethyl 6-iodofuro[2,3-b]chromone-2-carboxylate (73)
0.212 g ( 20.6 ) mp:218.5219 ; EIMSm/z (re. int):
384 [M]" (100); UVA mxnm (MeOH) (loge): 315 (4.62), 245 (4.98); IR
(KBr) cm™: 1725 (COO), 1663 (CO); 'H NMR (200 MHz, CDCl3): &
1.39 (3H, ¢, J=7.1 Hz, OCH,CH3), 4.40 (2H, ¢, J=7.1 Hz, OCH,CHy>),
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7.34 (1H, d, J=8.8 Hz, H-8), 7.64 (1H, s, H-3), 8.00 (1H, dd, J=8.8, 2.2
Hz, H-7), 8.63 (1H, d, J= 2.2 Hz, H-5); ®°C NMR (50 MHz, CDCl3): &
14.2 (OCH,CHs), 61.9 (OCH,CHs), 89.9 (C-6), 104.8 (C-3a), 114.0 (C-3),
120.0 (C-8), 124.8 (C-4a), 135.8 (C-5), 138.8 (C-2), 142.7 (C-7), 153.0
(C-8a), 157.7 (COO0), 162.7 (C-9a), 172.0 (CO); Anal. Calcd for
CuHslOs: C, 43.77; H, 2.36. Found: C, 43.61; H, 2.37

5-(2'-Alkoxycarbonyl substituted phenoxy)furfurals (81-93)

5-(2'-Methoxycarbonylphenoxy)furfural (81)

DMSO 150 mL methy| salicylate 18.258 g (0.12
mol) 60% NaH 4.8 g (0.12 mol)
5-nitrofurfural 14.109 g (0.1 mol) 90 mL DM SO
23
5 KOH KOH
C )

5-(2'-methoxycarbonylphenoxy)furfural (81)

3838g(  13.0 ) EIMSm/ (rel. int): 246 [M]* (19.0), 126 (100);
UVA maM (MeOH) (loge ): 302 (4.60), 209 (4.36); IR (KBr) cm™:
1729 (C=0), 1675 (CHO); 'H NMR (200 MHz, CDCl3): & 3.82 (3H, s,
COOCH,), 5.44 (1H, d, J= 3.7 Hz, H-4), 7.20 (1H, d, J=3.7 Hz, H-3),
7.25 (1H, d, J=1.1 Hz, H-6"), 7.35 (1H, ddd, J=7.7, 1.1 Hz, H-4"), 7.58
(1H, ddd, J=7.7, 1.8 Hz, H-5"), 7.99 (1H, dd, J=7.7, 1.8 Hz, H-3), 9.37
(1H, s, CHO); **C NMR (50 MHz, CDCly): & 52.4 (COOCHSs), 89.0
(C-4), 121.6 (C-3), 123.0 (C-2), 125.3 (C-6'), 126.3 (C-4), 132.3 (C-3),
134.1 (C-5'), 144.8 (C-2), 152.7 (C-1), 163.1 (C-5), 164.8 (COOCHs),
175.6 (CHO)
5-(2'-Methoxycarbonyl-6'-methylphenoxy)furfural (82)

DMSO 150 mL 2-hydroxy-3-methylbenzoic acid

methyl| ester (2) 19.938 g (0.12 mol) 81
( ) 5-(2'-methoxycarbonyl-6'-methyl-
phenoxy)furfural (82) 3.707 g ( 119 ) EIMSm/z (rel.

int): 260 [M]* (39.2), 134 (100); UVA mam (MeOH) (loge ): 302 (4.58);
IR (KBr) cm: 1736 (C=0), 1670 (CHO); 'H NMR (200 MHz, CDCl5):

1¢



d 2.27 (3H, s, CHs-6), 3.77 (3H, s, COOCHs), 5.23 (1H, d, J=3.8 Hz,
H-4), 7.18 (1H, d, J=3.8 Hz, H-3), 7.29 (1H, ¢, J=7.6 Hz, H-4"), 7.48 (1H,
dd, J=7.6, 1.7 Hz, H-5), 7.83 (1H, dd, J=7.6, 1.7 Hz, H-3), 9.34 (1H, s,
CHO); *C NMR (50 MHz, CDCl3): & 15.9 (CH3-6"), 52.4 (COOCHz),
87.0 (C-4), 123.7 (C-3), 126.5 (C-4'), 126.5 (C-6), 130.0 (C-3), 132.1
(C-2), 136.0 (C-5), 1445 (C-2), 150.3 (C-1'), 163.6 (C-5), 165.0
(COOCHS,), 175.3 (CHO)
5-(2'-Methoxycarbonyl-5'-methylphenoxy)furfural (83)

DMSO 150 mL 2-hydroxy-4-methylbenzoic acid

methyl| ester (3) 19.938 g (0.12 moal) 81
( ) 5-(2'-methoxycarbonyl-5'-methyl-
phenoxy)furfural (83) 3.162 g ( 10.1 ) mp:

60.5-61.5 ; EIMS m/z (re. int): 260 [M]" (41.0), 134 (100); UVA
maM (MeOH) (loge ): 301 (4.79), 231 (4.55), 208 (4.55); IR (KBr) cm™:
1723 (C=0), 1670 (CHO); 'H NMR (200 MHz, CDCl3): & 2.38 (3H, s,
CHs-5), 3.77 (3H, s, COOCHj3), 5.40 (1H, d, J=3.8 Hz, H-4), 7.00 (1H, s,
H-6"), 7.13 (1H, 4, J= 8.0 Hz, H-4), 7.18 (1H, d, J=3.8 Hz, H-3), 7.87
(1H, d, J=8.0 Hz, H-3), 9.34 (1H, s, CHO); **C NMR (50 MHz, CDCl5):
o 21.4 (CHs-5'), 52.2 (COOCHg), 88.9 (C-4), 119.9 (C-2), 122.2 (C-6)),
125.4 (C-3), 127.2 (C-4), 132.3 (C-3), 144.7 (C-2), 145.6 (C-5), 152.7
(C-1'), 163.3 (C-5), 164.8 (COOCHpg), 175.5 (CHO)
5-(2'-Methoxycarbonyl-4'-methylphenoxy)furfural (84)

DMSO 150 mL 2-hydroxy-5-methylbenzoic acid

methy!| ester (4) 19.938 g (0.12 mol) 81
( ) 5-(2'-methoxycarbonyl-4'-methyl-
phenoxy)furfural (84) 4.361 g ( 140 ) EIMSm/z (rel.

int): 260 [M]" (27.5), 134 (100); UVA M (MeOH) (loge ): 311 (3.99),
238 (4.16), 211 (4.60); IR (KBr) cm™ 1729 (C=0), 1677 (CHO); H
NMR (200 MHz, CDCl3): & 2.37 (3H, s, CH3-4'), 3.78 (3H, s, COOCHy5),
5.36 (1H, d, J=3.7 Hz, H-4), 7.10 (1H, d, J=8.3 Hz, H-6'), 7.16 (1H, d,
J=3.7 Hz, H-3), 7.35 (1H, dd, J=8.3, 2.3 Hz, H-5), 7.76 (1H, d, J/=2.3 Hz,
H-3), 9.33 (1H, s, CHO); *C NMR (50 MHz, CDCls): & 20.6 (CHz-4),
52.3 (COOCHs), 88.5 (C-4), 121.6 (C-6), 122.6 (C-2), 125.4 (C-3),
132.6 (C-3), 134.7 (C-5'), 136.4 (C-4"), 144.7 (C-2), 150.4 (C-1'), 163.6
(C-5), 165.0 (COOCHy), 175.5 (CHO)
5-(2'-Ethoxycarbonyl-3'-methylphenoxy)furfural (85)

DMSO 150 mL 2-hydroxy-6-methylbenzoic acid
ethyl ester 21.624 g (0.12 mol) 81



( ) 5-(2'-ethoxycarbonyl-3'-methylphenoxy)-
furfural (85) 6.225g( 189 ) EIMSm/ (rel. int): 274
[M]* (30.6), 112 (100); UVA maxnm (MeOH) (loge ): 301 (4.39), 210
(4.58); IR (KBr) cm™: 1736 (C=0), 1677 (CHO); *H NMR (200 MHz,
CDCl3): 6 1.23 (3H, ¢, J=7.1 Hz, COOCH,CH3), 2.36 (3H, s, CH3-3),
4.29 (2H, ¢, J=7.1 Hz, COOCH,CHj3), 5.48 (1H, d, J=3.7 Hz, H-4), 6.99
(1H, d, J=7.9 Hz, H-6"), 7.10 (1H, d, J=7.9 Hz, H-4"), 7.17 (1H, d, J=3.7
Hz, H-3), 7.30 (1H, ¢, J=7.9 Hz, H-5'), 9.35 (1H, s, CHO); *C NMR (50
MHz, CDCl;): & 140 (COOCH,CHs), 195 (CHs3), 615
(COOCH,CHj), 89.6 (C-4), 117.1 (C-6), 125.0 (C-3), 126.2 (C-2'), 128.0
(C-4'), 130.8 (C-5'), 138.4 (C-3), 144.8 (C-2), 150.9 (C-1), 162.8 (C-5),
166.0 (COOCH,CHj), 175.6 (CHO)
5-(2'-Methoxycarbonyl-6'-methoxyphenoxy)furfural (86)

DMSO 150 mL 2-hydroxy-3-methoxybenzoic
acid methyl ester (6) 21.864 g (0.12 mol) 81
( : =2:1)

5-(2'-methoxycarbonyl-6'-methoxyphenoxy)furfural (86)

1.027 g ( 31 ) mp:79-80 ; EIMSm/z (rel. int): 276 [M]”
(14.2), 150 (100); UVA naxnm (MeOH) (loge ): 305 (4.65), 209 (4.60);
IR (KBr) cm™; 1736 (C=0), 1670 (CHO); *H NMR (200 MHz, CDCl5):
0 3.81 (3H, s, COOCHs5), 3.83 (3H, s, OCHs-6"), 5.35 (1H, d, J=3.8 Hz,
H-4), 7.19 (1H, d, J=3.8 Hz, H-3), 7.20 (1H, dd, J=8.0, 1.7 Hz, H-5),
7.32 (1H, ¢, J=8.0 Hz, H-4"), 7.53 (1H, dd, J=8.0, 1.7 Hz, H-3"), 9.33 (1H,
s, CHO); ®C NMR (50 MHz, CDCl3): & 525 (COOCHs), 56.4
(OCHs-6"), 87.3 (C-4), 116.9 (C-5), 1229 (C-3), 125.0 (C-2), 127.0
(C-3), 127.0 (C-4), 141.1 (C-1), 144.3 (C-2), 152.1 (C-6"), 163.7 (C-5),
164.8 (COOCHs5), 175.3 (CHO)
5-(2'-Methoxycarbonyl-5'-methoxyphenoxy)furfural (87)

DMSO 150 mL 2-hydroxy-4-methoxybenzoic
acid methyl ester (7) 21.864 g (0.12 mol) 81
( )
5-(2'-methoxycarbonyl-5-methoxyphenoxy)furfural (87)

1.370 g ( 41 ) mp:99-100 ; EIMSm/ (rel. int): 276 [M]”
(41.6), 63 (100); UVA onm (MeOH) (loge ): 301 (4.64), 254 (4.50),
209 (4.51); IR (KBr) cm™: 1723 (C=0), 1670 (CHO); *H NMR (200
MHz, CDClj): & 3.75 (3H, s, COOCHj3), 3.83 (3H, s, OCH3-5"), 5.42
(1H, d, J=3.7 Hz, H-4), 6.70 (1H, d, J=2.5 Hz, H-6'), 6.83 (1H, dd, J=8.8,
2.5 Hz, H-4"), 7.18 (1H, d, J=3.7 Hz, H-3), 7.97 (1H, d, J=8.8 Hz, H-3),
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9.34 (1H, s, CHO); *C NMR (50 MHz, CDCl5): & 52.1 (COOCHs5), 55.8
(OCH4-5), 88.9 (C-4), 107.5 (C-6), 111.8 (C-4'), 114.9 (C-2), 125.2
(C-3), 134.0 (C-3), 144.7 (C-2), 154.3 (C-1'), 163.1 (C-5'), 164.2 (C-5),
164.4 (COOCHj), 175.6 (CHO)
5-(2'-Methoxycarbonyl-4'-methoxyphenoxy)furfural (88)
DMSO 150 mL 2-hydroxy-5-methoxybenzoic
acid methyl ester (8) 21.864 g (0.12 mol) 81
( )

5-(2'-methoxycarbonyl-4'-methoxyphenoxy)furfural (88)

6.481g( 195 ) mp:50.551.5 ;EIMSm/ (rel. int): 276
[M]* (21.1), 150 (100); UVA manm (MeOH) (loge ): 306 (4.16), 209
(4.18); IR (KBr) cm™: 1729 (C=0), 1664 (CHO); *H NMR (200 MHz,
CDCl3): & 3.78 (3H, s, COOCHs), 3.83 (3H, s, OCHs-4), 5.31 (1H, 4,
J=3.8 Hz, H-4), 7.07 (1H, dd, J=9.0, 3.0 Hz, H-5"), 7.14-7.18 (2H, m, H-3
and 6, 7.45 (1H, d, J= 3.0 Hz, H-3), 9.32 (1H, s, CHO); **C NMR (50
MHz, CDCl;): & 52.5 (COOCHg), 55.9 (OCHs-4'), 88.0 (C-4), 116.1
(C-3), 120.1 (C-5'), 123.3 (C-6'), 123.7 (C-2'), 125.8 (C-3), 144.5 (C-2),
146.0 (C-1'), 157.4 (C-4'), 164.1 (C-5), 164.7 (COOCH,), 175.4 (CHO)
5-(2'-Methoxycarbonyl-3'-methoxyphenoxy)furfural (89)

DMSO 150 mL 2-hydroxy-6-methoxybenzoic
acid methyl ester (9) 21.864 g (0.12 mol) 81
( : =2:1)

5-(2'-methoxycarbonyl-3'-methoxyphenoxy)furfural  (89)
7.820 9 ( 23.6 ) EIMSm/ (rel.int): 276 [M]" (6.7), 55 (100); UV
A manM (MeOH) (loge ): 298 (4.79), 209 (4.61); IR (KBr) cm™: 1737
(C=0), 1675 (CHO); 'H NMR (200 MHz, CDCl3): & 3.83 (3H, s,
COOCHs3), 3.84 (3H, s, OCH3-3), 5.59 (1H, d, J=3.8 Hz, H-4), 6.73 (1H,
d, J=8.4 Hz, H-6"), 6.80 (1H, d, J=8.4 Hz, H-4), 7.18 (1H, d, J=3.8 Hz,
H-3), 7.35 (1H, ¢, J=8.4 Hz, H-5'), 9.37 (1H, s, CHO); *C NMR (50 MHz,
CDCl3): & 52.7 (COOCHs3), 56.3 (OCHs-3), 90.7 (C-4), 108.6 (C-4),
111.1 (C-6), 115.9 (C-2), 124.8 (C-3), 131.7 (C-5), 145.0 (C-2), 151.8
(C-1), 157.9 (C-3), 161.9 (C-5), 164.8 (COOCHj3), 175.9 (CHO)
5-(2'-Methoxycarbonyl-5'-chlorophenoxy)furfural (90)
DMSO 150 mL 2-hydroxy-4-chlorobenzoic acid
methyl ester (10) 22.391 g (0.12 mol) 81
( : =1.1)

5-(2'-methoxycarbonyl-5'-chlorophenoxy)furfural (90)

1.069 g ( 32 ) mp: 795805 ; EIMS m/Zz (rel. int): 282
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[M]*+2 (3.5), 280 [M]" (10.5), 126 (100); UVA manm (MeOH) (loge ):
302 (4.53), 235 (4.37), 206 (4.44); IR (KBr) cm™: 1721 (C=0), 1667
(CHO); 'H NMR (200 MHz, CDCl3): & 3.80 (3H, s, COOCHj), 5.54
(1H, d, J= 3.8 Hz, H-4), 7.19 (1H, s, H-6), 7.21 (1H, d, J=3.8 Hz, H-3),
7.31 (1H, dd, J=8.5, 2.0 Hz, H-4"), 7.93 (1H, d, J=8.5 Hz, H-3'), 9.38 (1H,
s, CHO); *C NMR (50 MHz, CDCl): & 52.6 (COOCH,), 89.9 (C-4),
121.3 (C-2), 121.8 (C-6'), 125.0 (C-3), 126.6 (C-4'), 133.4 (C-3), 139.8
(C-5), 1451 (C-2), 153.3 (C-1), 161.9 (C-5), 164.0 (COOCHs3), 175.7
(CHO)

5-(2'-Methoxycarbonyl-4'-chlorophenoxy)furfural (91)

DMSO 150 mL 2-hydroxy-5-chlorobenzoic acid

methyl ester (11) 22.391 g (0.12 mol) 81
( ) 5-(2'-methoxycarbonyl-4'-chloro-
phenoxy)furfural (91) 18759 ( 56 ) EIMSm/Z (rel.

int): 282 [M]*+2 (2.9), 280 [M]* (8.7), 126 (100); UVA manm (MeOH)
(loge ): 301 (4.71), 208 (4.61); IR (KBr) cm™: 1729 (C=0), 1675 (CHO);
'H NMR (200 MHz, CDCl3): & 3.81 (3H, s, COOCHs), 5.48 (1H, d,
J=3.7 Hz, H-4), 7.15-7.20 (2H, m, H-3 and 6'), 7.52 (1H, dd, J=8.7, 2.7
Hz, H-5'), 7.95 (1H, d, J=2.7 Hz, H-3), 9.36 (1H, s, CHO); *C NMR (50
MHz, CDCl3): & 52.7 (COOCHs3), 89.3 (C-4), 123.0 (C-6), 124.3 (C-2),
125.2 (C-3), 131.8 (C-4"), 132.1 (C-3), 134.0 (C-5)), 144.9 (C-2), 151.2
(C-1), 162.4 (C-5), 163.6 (COOCHS3), 175.6 (CHO)
5-(2'-Methoxycarbonyl-4'-bromophenoxy)furfural (92)

DMSO 150 mL 2-hydroxy-5-bromobenzoic acid
methyl ester (12) 27.725 g (0.12 mol) 81
( : =1.1)
5-(2'-methoxycarbonyl-4'-bromophenoxy)furfural (92) 4,716

g ( 12.1 ) EIMSm/z (rel. int): 326 [M]*+2 (10.5), 324 [M]" (10.5),
126 (100); UVA manm (MeOH) (loge ): 300 (4.89), 212 (4.78); IR (KBr)
cm™: 1737 (C=0), 1667 (CHO); 'H NMR (200 MHz, CDCls): & 3.81
(3H, s, COOCHa), 5.48 (1H, d, J= 3.7 Hz, H-4), 7.10 (1H, d, J=8.7 Hz,
H-6), 7.19 (1H, d, J=3.7 Hz, H-3), 7.66 (1H, dd, J=8.7, 2.6 Hz, H-5),
8.09 (1H, d, J=2.6 Hz, H-3), 9.36 (1H, s, CHO); *C NMR (50 MHz,
CDCl3): & 52.7 (COOCHs), 89.4 (C-4), 119.2 (C-4), 123.2 (C-6"), 124.5
(C-2'), 125.2 (C-3), 135.1 (C-3), 137.0 (C-5'), 145.0 (C-2), 151.8 (C-1),
162.3 (C-5), 163.5 (COOCHs3), 175.6 (CHO)
5-(2'-Methoxycarbonyl-4'-iodophenoxy)furfural (93)

DMSO 150 mL 2-hydroxy-5-iodobenzoic acid

2C



methyl ester (13) 33.365 g (0.12 mol) 81
( : =1.1)

5-(2'-methoxycarbonyl-4'-iodophenoxy)furfural (93)
5.447 g ( 122 ) mp:59.5-60.5 ; EIMSm/ (rel. int): 372 [M]"
(15.3), 126 (100); UVA maxnm (MeOH) (loge ): 305 (4.44), 218 (4.41);
IR (KBr) cm™: 1729 (C=0), 1659 (CHO); *H NMR (200 MHz, CDCl5):
0 3.81 (38H, s, COOCHs), 5.52 (1H, d, J= 3.7 Hz, H-4), 6.96 (1H, d,
J=8.6 Hz, H-6"), 7.19 (1H, d, J=3.7 Hz, H-3), 7.84 (1H, dd, J=8.6, 2.3 Hz,
H-5), 8.27 (1H, d, J=2.3 Hz, H-3), 9.38 (1H, s, CHO); *C NMR (50
MHz, CDClj): & 52.7 (COOCHj3), 89.5 (C-4), 89.5 (C-4'), 123.3 (C-6),
124.7 (C-2), 125.1 (C-3), 141.0 (C-3), 142.9 (C-5), 145.0 (C-2), 152.6
(C-1), 162.1 (C-5), 163.4 (COOCHg3), 175.6 (CHO)

5-(2'-Alkoxycarbonyl substituted phenoxy)-2-furanacrylic acids

(101-109) 5-(2'-Carboxyl substituted phenoxy)-2-

furanacrylic acids (111-114, 116-118  120-123)

5-(2'-Methoxycarbonylphenoxy)-2-furanacrylic acid (101)
5-(2'-carboxylphenoxy)-2-furanacrylic acid (111)
5-(2'-methoxycarbonylphenoxy)furfural (81) 3.838 ¢

(0.016 mol) malonic acid 1.665 g (0.016 mol)  pyridine
0.775 mL (0.0096 moal) boiling water bath 2
(ammonia water)
dil. HClI (1:1)
Congo Red Paper
- 5-(2'-carboxylphenoxy)-2-furanacrylic acid
(111) 1.320 g ( 309 ) mp: 2185-2195 ;

EIMS m/z (rel. int): 274 [M]" (0.8), 136 (100); UVA manm (MeOH) (log
e ): 315 (4.74), 208 (4.51); IR (KBr) cm; 1690 (C=0), 1644 (C=0); *H
NMR (200 MHz, DMSO-dg): & 5.66 (1H, d, J=3.5 Hz, H-4), 5.94 (1H, d,
J=15.7 Hz, CH=CH-COOH), 6.90 (1H, d, J=3.5 Hz, H-3), 7.18 (1H, dd,
J=8.0, 1.1 Hz, H-6"), 7.28 (1H, d, J=15.7 Hz, CH=CH-COOH), 7.30 (1H,
ddd, J=1.5, 1.1 Hz, H-4'), 7.50 (1H, ddd, J=8.0, 1.8 Hz, H-5"), 7.61 (1H,
dd, J=7.5, 1.8 Hz, H-3); *C NMR (50 MHz, DMSO-dg): & 90.9 (C-4),
113.9 (CH=CH-COOH), 118.6 (C-3), 119.0 (C-6), 125.6 (C-4), 128.3
(C-2"), 130.1 (C-3), 130.8 (CH=CH-COOH), 132.0 (C-5'), 143.0 (C-2),
151.8 (C-1'), 158.7 (C-5), 166.9 (COOH), 167.7 (CH=CH-COOH)

C )
- 5-(2'-methoxycarbonylphenoxy)-2-

2C



furanacrylic acid (101) 0.508 g ( 11.3 ) mp:
151.5-152.5 ; EIMS m/z (rel. int): 288 [M]" (58.6), 136 (100); UVA

naM (MeOH) (loge ): 315 (4.15); IR (KBr) cm™: 1698 (C=0), 1667
(C=0); *H NMR (200 MHz, DMSO-dq): & 3.76 (3H, s, COOCHs), 5.59
(1H, d, J=3.5 Hz, H-4), 5.92 (1H, d, J=15.7 Hz, CH=CH-COOH), 6.89
(1H, d, J=3.5 Hz, H-3), 7.27 (1H, d, J=15.7 Hz, CH=CH-COOH), 7.32
(1H, dd, J=8.1, 1.1 Hz, H-6"), 7.40 (1H, ddd, J=7.7, 1.1 Hz, H-4"), 7.68
(1H, ddd, J=8.1, 1.8 Hz, H-5'), 7.89 (1H, dd, J=7.7, 1.8 Hz, H-3); °C
NMR (50 MHz, DMSO-dg): & 52.6 (COOCHs), 89.9 (C-4), 113.7
(CH=CH-COOH), 118.6 (C-3), 120.7 (C-6), 122.4 (C-2), 126.1 (C-4),
130.7 (CH=CH-COOH), 131.8 (C-3), 134.7 (C-5), 142.8 (C-2), 153.2
(C-1), 159.2 (C-5), 164.9 (COOCHj3), 167.7 (CH=CH-COOQOH)

5-(2'-Methoxycarbonyl-6'-methylphenoxy)-2-furanacrylic acid (102)

5-(2'-methoxycarbonyl-6'-methylphenoxy)furfural (82)

3.567 g (0.014 mol) malonic acid 1.457 g (0.014 mol)
pyridine 0.678 mL (0.0084 mol) boiling water bath
2 (ammonia water)
dil. HCI (1:1)

Congo Red Paper

1 -
5-(2'-methoxycarbonyl-6'-methylphenoxy)-2-furanacrylic acid (102)
1542g( 372 ) mp: 14151425 ;EIMSm/z (rel.
int): 302 [M]" (30.8), 136 (100); UVA maxnm (MeOH) (loge ): 326 (4.76),
207 (4.54); IR (KBr) cm: 1729 (C=0), 1670 (C=0); *H NMR (200 MHz,
DMSO-dg): & 2.22 (3H, s, CH3-6'), 3.69 (3H, s, COOCHs), 5.17 (1H, 4,
J=3.5 Hz, H-4), 5.87 (1H, d, J=15.6 Hz, CH=CH-COOH), 6.80 (1H, d,
J=3.5Hz, H-3), 7.24 (1H, d, J=15.6 Hz, CH=CH-COOH), 7.36 (1H, ¢, J=
7.7 Hz, H-4), 7.62 (1H, dd, J=7.7, 1.4 Hz, H-5), 7.73 (1H, dd, J=7.7, 1.4
Hz, H-3); ®C NMR (50 MHz, DMSO-dg): & 15.7 (CHs-6), 52.5
(COOCHa), 86.4 (C-4), 112.8 (CH=CH-COOH), 119.2 (C-3), 123.9
(C-2), 126.9 (C-4"), 129.7 (C-3'), 130.8 (CH=CH-COOH), 132.1 (C-6"),
136.4 (C-5'), 142.0 (C-2), 150.2 (C-1"), 160.5 (C-5), 164.9 (COOCH,),
167.8 (CH=CH-COOH)
5-(2'-Methoxycarbonyl-5'-methylphenoxy)-2-furanacrylic acid (103)
5-(2'-carboxyl-5'-methylphenoxy)-2-furanacrylic acid (113)
5-(2'-methoxycarbonyl-5'-methylphenoxy)furfural (83)

2C



3.037 g (0.012 moal) malonic acid 1.249 g (0.012 mol)

pyridine 0.581 mL (0.0072 mol) boiling water bath
7 (ammonia water)
dil. HCI (1:1)

Congo Red Paper

1 -

5-(2'-carboxyl-5'-methylphenoxy)-2-furanacrylic acid (113)

0.8¢g( 23.8 ) mp: 227-228 ; EIMS m/z (rel. int): 288
[M]* (3.2), 136 (100); UVA manm (MeOH) (loge ): 317 (4.59), 231
(4.39), 206 (4.51); IR (KBr) cm™: 1670 (C=0), 1624 (C=0); 'H NMR
(200 MHz, DMSO-dg): & 2.30 (3H, s, CH3-5), 5.64 (1H, d, J= 3.5 Hz,
H-4), 5.93 (1H, d, J= 15.6 Hz, CH=CH-COOH), 6.89 (1H, d, J=3.5 Hz,
H-3), 6.99 (1H, s, H-6"), 7.12 (1H, d, J=7.8 Hz, H-4), 7.27 (1H, d, J=15.6
Hz, CH=CH-COOH), 7.54 (1H, d, J=7.8 Hz, H-3"); *C NMR (50 MHz,
DMSO-dg): & 21.1 (CH3-5), 90.9 (C-4), 113.9 (CH=CH-COOH), 118.7
(C-3), 119.3 (C-6"), 125.0 (C-2), 126.3 (C-4), 130.2 (C-3), 130.9
(CH=CH-COOH), 142.7 (C-5), 1429 (C-2), 151.9 (C-1'), 158.8 (C-5),
166.7 (COOH), 167.8 (CH=CH-COOH)

( : =2:1) -
5-(2'-methoxycarbonyl-5'-methyl phenoxy)-2-furanacrylic
acid (103) 0.320 g ( 9.1 ) mp: 15551565 ;

EIMS m/z (rel. int): 302 [M]* (30.4), 136 (100); UVA menm (MeOH)
(loge ): 318 (4.35), 232 (4.17); IR (KBr) cm’: 1729 (C=0), 1670 (C=0);
'H NMR (200 MHz, DMSO-dg): & 2.34 (3H, s, CHs5), 3.72 (3H, s,
COOCH,), 552 (1H, d, J=3.6 Hz, H-4), 591 (1H, d, J=15.7 Hz
CH=CH-COOH), 6.87 (1H, d, J=3.6 Hz, H-3), 7.13 (1H, s, H-6), 7.21
(1H, d, J=7.9 Hz, H-4), 7.26 (1H, d, J=15.7 Hz, CH=CH-COOH), 7.79
(1H, d, J=7.9 Hz, H-3); *C NMR (50 MHz, DMSO-dg): & 21.2 (CHz-5),
52.5 (COOCHS3), 89.6 (C-4), 113.6 (CH=CH-COOH), 118.8 (C-3), 119.5
(C-2), 121.3 (C-6)), 127.0 (C-4), 130.9 (CH=CH-COOH), 131.9 (C-3),
142.7 (C-5), 145.9 (C-2), 153.3 (C-1), 159.5 (C-5), 164.8 (COOCH,),
167.8 (CH=CH-COOH)

5-(2'-Methoxycarbonyl-4'-methylphenoxy)-2-furanacrylic acid (104)
5-(2'-methoxycarbonyl-4'-methylphenoxy)furfural (84)

4.158 g (0.016 moal) malonic acid 1.665 g (0.016 mol)

pyridine 0.775 mL (0.0096 mol) boiling water bath

2C



7 (ammonia water)
dil. HCl (1:1)
Congo Red Paper

5-(2'-methoxycarbonyl-4'-methyl phenoxy)-2-furanacrylic acid
(104) 1.2 g ( 24.8 ) mp: 187-188 ; EIMS
m/z (rel. int): 302 [M]" (23.6), 136 (100); UVA mehnim (MeOH) (loge ):
322 (4.48), 206 (4.43); IR (KBr) cm™: 1723 (C=0), 1670 (C=0); H
NMR (200 MHz, DMSO-dg): & 2.33 (3H, s, CHs-4), 3.74 (3H, s,
COOCHs), 548 (1H, d, J=3.5 Hz, H-4), 5.89 (1H, d, J=15.6 Hz,
CH=CH-COOH), 6.85 (1H, d, J=3.5 Hz, H-3), 7.21 (1H, d, J=8.4 Hz,
H-6"), 7.25 (1H, d, J=15.6 Hz, CH=CH-COOH), 7.47 (1H, dd, J=8.4, 2.1
Hz, H-5'), 7.68 (1H, d, J=2.1 Hz, H-3); **C NMR (50 MHz, DM SO-d):
0 20.4 (CHs-4'), 52.6 (COOCHg), 89.2 (C-4), 113.5 (CH=CH-COOH),
118.8 (C-3), 121.0 (C-6'), 122.3 (C-2'), 130.9 (CH=CH-COOH), 132.0
(C-3), 135.2 (C-5), 135.9 (C-4), 142.6 (C-2), 151.0 (C-1), 159.9 (C-5),
165.0 (COOCHj3), 167.8 (CH=CH-COOH)
5-(2'-Ethoxycarbonyl-3'-methylphenoxy)-2-furanacrylic acid (105)

5-(2'-ethoxycarbonyl-3'-methylphenoxy)furfural  (85)

5.992 g (0.022 mol) malonic acid 2.289 g (0.022 mol)
pyridine 1.065 mL (0.0132 mol) 104
C )
- 5-(2'-ethoxycarbonyl-3'-methyl-
phenoxy)-2-furanacrylic acid (105) 1.867 g ( 27.0

) mp: 11351145 ; EIMSm/z (rel. int): 316 [M]* (13.8), 136 (100);
UVA manm (MeOH) (loge ): 317 (4.48), 206 (4.33); IR (KBr) cm™
1736 (C=0), 1670 (C=0); 'H NMR (200 MHz, DMSO-dq): & 1.19 (3H,
t, J=7.1 Hz, COOCH,CHs), 2.29 (3H, s, CH3-3), 4.26 (2H, ¢, J=7.1 Hz,
COOCH,CHs), 5.68 (1H, d, J=3.5 Hz, H-4), 5.92 (1H, d, J=15.7 Hz,
CH=CH-COOH), 6.88 (1H, d, J=3.5 Hz, H-3), 7.08 (1H, d, J=8.0 Hz,
H-6), 7.18 (1H, d, J=8.0 Hz, H-4), 7.26 (1H, d, J=15.7 Hz
CH=CH-COOH), 7.41 (1H, 7, J=8.0 Hz, H-5); °C NMR (50 MHz,
DMSO-dg): & 14.2 (COOCH,CHs), 19.1 (CH3-3), 61.6 (COOCH,CHs),
90.9 (C-4), 114.1 (CH=CH-COOH), 116.4 (C-6), 1185 (C-3), 125.7
(C-2), 127.6 (C-4), 130.8 (CH=CH-COOH), 131.6 (C-5'), 137.6 (C-3),
1430 (C-2), 151.6 (C-1), 158.7 (C-5), 166.1 (COOCH), 167.8
(CH=CH-COOH)

2C



5-(2'-Methoxycarbonyl-6'-methoxyphenoxy)-2-furanacrylic acid (106)

5-(2'-methoxycarbonyl-6'-methoxyphenoxy)furfural (86)

2.053 g (0.0074 moal) malonic acid 0.77 g (0.0074 mol)
pyridine 0.358 mL (0.00444 mol)
104 ( )

5-(2'-methoxycarbonyl-6'-methoxyphenoxy)-2-furanacrylic acid (106)

0.21 g ( 89 ) mp: 15851595 ; EIMS m/z
(rel. int): 318 [M]" (45.4), 136 (100); UVA manm (MeOH) (loge ): 327
(4.60), 208 (4.62); IR (KBr) cm™: 1729 (C=0), 1682 (C=0); 'H NMR
(200 MHz, DMSO-dg): & 3.72 (3H, s, COOCHj3), 3.80 (3H, s, OCH3-6),
5.20 (1H, d, J=3.5 Hz, H-4), 5.85 (1H, d, J=15.6 Hz, CH=CH-COOH),
6.80 (1H, d, J=3.5 Hz, H-3), 7.24 (1H, d, J=15.6 Hz, CH=CH-COOH),
7.40-7.51 (3H, m, H-3, 4, and 5); *C NMR (50 MHz, DMSO-dg):
52.6 (COOCHs), 56.6 (OCHs-6"), 86.1 (C-4), 112.5 (CH=CH-COOH),
118.0 (C-59, 119.2 (C-3), 122.3 (C-2), 124.8 (C-3), 127.5 (C-4), 130.8
(CH=CH-COOH), 140.7 (C-1), 141.6 (C-2), 152.1 (C-6), 160.8 (C-5),
164.6 (COOCHz3), 167.8 (CH=CH-COOH)

5-(2'-Methoxycarbonyl-5'-methoxyphenoxy)-2-furanacrylic acid (107)
5-(2'-carboxyl-5'-methoxyphenoxy)-2-furanacrylic acid (117)

5-(2'-methoxycarbonyl-5'-methoxyphenoxy)furfural (87)

2.0 g (0.0073 mal) malonic acid 0.760 g (0.0073 mol)
pyridine 0.355 mL (0.0044 mol) boiling water bath
2 (ammonia water)
dil. HCI (1:1)

Congo Red Paper

5-(2'-methoxycarbonyl-5-methoxyphenoxy)-2-furanacrylic acid (107)

0.191 g ( 83 ) mp: 12951305 ; EIMSwm/Zz
(rel. int): 318 [M]" (7.4), 136 (100); UVA manm (MeOH) (loge ): 322
(4.58), 251 (4.45), 209 (4.56); IR (KBr) cm™: 1706 (C=0), 1636 (C=0);
'H NMR (200 MHz, DMSO-dg): & 3.71 (3H, s, COOCHs), 3.81 (3H, s,
OCHs-5), 553 (1H, d, J=35 Hz, H-4), 592 (1H, d, J=15.6 Hz
CH=CH-COOH), 6.86-6.89 (2H, m, H-3 and 6"), 6.97 (1H, dd, J=8.8, 2.5
Hz, H-4), 7.27 (1H, d, J= 15.6 Hz, CH=CH-COOH), 7.90 (1H, d, J=8.8
Hz, H-3); *C NMR (50 MHz, DMSO-ds): & 52.2 (COOCHSs), 56.2
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(OCHs-5", 89.1 (C-4), 106.9 (C-6"), 112.0 (C-4"), 113.4 (CH=CH-COOH),
114.2 (C-2'), 118.7 (C-3), 130.8 (CH=CH-COOH), 133.8 (C-3), 142.6
(C-2), 1549 (C-1), 1595 (C-5), 164.1 (C-5), 164.2 (COOCHs,),
167.7(CH=CH-COOH)
5-(2'-carboxyl-5'-methoxyphenoxy)-2-furanacrylic acid (117)

0.286 g ( 13.0 ) mp: 254-255 ; EIMSm/z (rel. int): 304
[M]* (2.2), 151 (100); UVA maxnm (MeOH) (loge ): 315 (4.47), 251
(4.30), 207 (4.50); IR (KBr) cm™: 1697 (C=0), 1651 (C=0); 'H NMR
(200 MHz, DMSO-dg): & 3.76 (3H, s, OCH3-5"), 5.68 (1H, d, J=3.5 Hz,
H-4), 5.94 (1H, d, J=15.6 Hz, CH=CH-COOH), 6.71 (1H, d, J=2.4 Hz,
H-6), 6.87-6.92 (2H, m, H-3 and 4), 7.28 (1H, d, J=15.6 Hz
CH=CH-COOH), 7.67 (1H, d, J=8.6 Hz, H-3); *C NMR (50 MHz,
DMSO-dg): & 56.0 (OCHs-5), 90.9 (C-4), 104.9 (C-6), 111.1 (C-4),
1139 (CH=CH-COOH), 1186 (C-3), 1197 (C-2), 130.8
(CH=CH-COOH), 132.0 (C-3), 142.9 (C-2), 153.3 (C-1'), 158.5 (C-5),
162.2 (C-5), 166.1 (COOH), 167.7 (CH=CH-COOH)
5-(2'-Methoxycarbonyl-4'-methoxyphenoxy)-2-furanacrylic acid (108)

5-(2'-methoxycarbonyl-4'-methoxyphenoxy)furfural (88)

6.381 g (0.0231 moal) malonic acid 2.404 g (0.0231 mol)
pyridine 1.122 mL (0.0139 mol)

104 (

=2:1) -

5-(2'-methoxycarbonyl-4'-methoxyphenoxy)-2-furanacrylic acid (108)
079g( 107 ) mp:133-134 ; EIMSm/z (rel. int):
318 [M]" (5.2), 63 (100); UVA matm (MeOH) (loge ): 324 (4.69), 209
(4.66); IR (KBr) cm™: 1729 (C=0), 1675 (C=0); 'H NMR (200 MHz,
DMSO-dg): & 3.74 (3H, s, COOCHj3), 3.80 (3H, s, OCH3;-4'), 5.38 (1H,
d, J=3.5 Hz, H-4), 5.89 (1H, d, J=15.6 Hz, CH=CH-COOH), 6.84 (1H, d,
J=3.5 Hz, H-3), 7.20-7.36 (4H, m, H-3, 5, 6' and CH=CH-COOH); **C
NMR (50 MHz, DMSO-dg): & 52.7 (COOCHs), 56.1 (OCHs-4"), 88.2
(C-4), 113.2 (CH=CH-COOH), 115.8 (C-3), 119.0 (C-3), 120.2 (C-6),
123.2 (C-5'), 123.6 (C-2), 130.8 (CH=CH-COOH), 142.3 (C-2), 146.2
(C-1), 1568 (C-4), 160.7 (C-5), 164.6 (COOCHj;), 167.8
(CH=CH-COOH)
5-(2'-Methoxycarbonyl-3'-methoxyphenoxy)-2-furanacrylic acid (109)

5-(2'-methoxycarbonyl-3'-methoxyphenoxy)furfural (89)
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7.320 g (0.0265 moal) malonic acid 2.758 g (0.0265 mol)
pyridine 1.283 mL (0.0159 mol)

104 - 5-(2'-methoxy-

carbonyl-3'-methoxyphenoxy)-2-furanacrylic acid (109)

4501 g ( 534 ) mp: 17551765 ; EIMS m/z (rd. int): 318
[M]" (12.8), 107 (100); UVA manm (MeOH) (loge ): 313 (4.48), 206
(4.42); IR (KBr) cm™; 1737 (C=0), 1682 (C=0); ‘H NMR (200 MHz,
DMSO-dg): & 3.77 (3H, s, COOCH3), 3.81 (3H, s, OCH3-3"), 5.83 (1H, 4,
J=3.5 Hz, H-4), 5.95 (1H, d, J=15.6 Hz, CH=CH-COOH), 6.77 (1H, d,
J=8.4 Hz, H-6"), 7.91 (1H, d, J=3.5 Hz, H-3), 7.00 (1H, d, J=8.4 Hz, H-4"),
7.27 (1H, d, J=15.7 Hz, CH=CH-COOH), 7.46 (1H, ¢, J/=8.4 Hz, H-5";
C NMR (50 MHz, DMSO-dg): & 52.8 (COOCHs3), 56.6 (OCH3-3),
92.2 (C-4), 108.8 (C-4'), 109.9 (C-6"), 114.5 (CH=CH-COOH), 114.8
(C-2), 118.3 (C-3), 130.8 (CH=CH-COOH), 132.4 (C-5"), 143.4 (C-2),
152.3 (C-1), 1574 (C-3), 157.6 (C-5), 164.9 (COOCH,), 167.7
(CH=CH-COOQH)
5-(2'-Carboxyl-6'-methylphenoxy)-2-furanacrylic acid (112)

5-(2'-methoxycarbonyl-6'-methylphenoxy)-2-furanacrylic  acid
(102) 0.605 g (0.002 moal) 10mL 10 NaOH 1.0 g (0.025 mol)
6 TLC
dil. HCI (1:1)
Congo Red Paper

5-(2'-carboxyl-6'-methylphenoxy)-2-furanacrylic acid (112)
0.334 g ( 58.0 ) mp:198-199 ; EIMS m/z (rel. int): 288
[M]" (1.3), 135 (100); UVA mnm (MeOH) (loge ): 329 (4.74), 206
(4.47); IR (KBr) cm™: 1690 (C=0), 1667 (C=0); ‘H NMR (200 MHz,
DMSO-dg): ® 2.21 (3H, s, CH3-6"), 5.11 (1H, d, J=3.6 Hz, H-4), 5.86
(1H, d, J=15.6 Hz, CH=CH-COOH), 6.81 (1H, d, J=3.6 Hz, H-3), 7.24
(1H, d, J=15.6 Hz, CH=CH-COOH), 7.34 (1H, ¢, J=7.7 Hz, H-4'), 7.58
(1H, dd, J=7.7, 1.8 Hz, H-5), 7.73 (1H, dd, J=7.7, 1.8 Hz, H-3); *C
NMR (50 MHz, DMSO-dg): & 15.7 (CHs-6"), 86.0 (C-4), 112.6
(CH=CH-COOH), 119.3 (C-3), 125.2 (C-2), 126.7 (C-6'), 129.8 (C-4),
130.8 (C-3), 131.8 (CH=CH-COOH), 135.9 (C-5), 141.8 (C-2), 150.1
(C-1), 160.8 (C-5), 166.0 (COOH), 167.8 (CH=CH-COOQOH)
5-(2'-Carboxyl-4'-methylphenoxy)-2-furanacrylic acid (114)
5-(2'-methoxycarbonyl-4'-methylphenoxy)-2-furanacrylic  acid
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(104) 0.605 g (0.002 mol) 112
5-(2'-carboxyl-4'-methylphenoxy)-2-furanacrylic acid (114)

0.207 g ( 359 ) mp: 18151825 ; EIMS m/z (rel. int):
288 [M]* (1.3), 77 (100); UVA oM (MeOH) (loge ): 327 (4.67), 207
(4.51); IR (KBr) cm™: 1716 (C=0), 1618 (C=0); ‘H NMR (200 MHz,
DMSO-dg): 6 2.34 (3H, s, CHs-4), 5.40 (1H, d, J= 3.5 Hz, H-4), 5.89
(1H, d, J=15.6 Hz, CH=CH-COOH), 6.85 (1H, d, J/=3.5 Hz, H-3), 7.20
(1H, d, J=8.5 Hz, H-6"), 7.25 (1H, d, J=15.6 Hz, CH=CH-COOH), 7.44
(1H, dd, J= 8.5, 2.1 Hz, H-5"), 7.69 (1H, d, J=2.1 Hz, H-3); **C NMR (50
MHz, DMSO-dg): 0 20.4 (CHs-4"), 88.5 (C-4), 113.2 (CH=CH-COOH),
119.0 (C-3), 121.1 (C-6"), 123.6 (C-2), 130.8 (CH=CH-COOH), 132.1
(C-3), 134.6 (C-5), 135.7 (C-4), 142.3 (C-2), 150.8 (C-1", 160.4 (C-5),
166.0 (COOH), 167.8 (CH=CH-COOQOH)
5-(2'-Carboxyl-6'-methoxyphenoxy)-2-furanacrylic acid (116)

5-(2'-methoxycarbonyl-6'-methoxyphenoxy)-2-furanacrylic acid
(106) 0.150 g (0.0005 moal) 112
5-(2'-carboxyl-6'-methoxyphenoxy)-2-furanacrylic acid (116)

0.099 g ( 69.2 ) mp: 189.5-190.5 ; EIMS m/z (rel. int):
304 [M]* (14.0), 151 (100); UVA oM (MeOH) (loge ): 331 (4.78),
210 (4.68); IR (KBr) cm™: 1682 (C=0), 1636 (C=0); *H NMR (200 MHz,
DMSO-dg): & 3.79 (3H, s, OCHs-6"), 5.15 (1H, d, J=3.5 Hz, H-4), 5.84
(1H, d, J=15.6 Hz, CH=CH-COQOH), 6.80 (1H, d, J/=3.5 Hz, H-3), 7.23
(1H, d, J=15.6 Hz, CH=CH-COOH), 7.39-7.44 (3H, m, H-3', 4, and 5);
3C NMR (50 MHz, DMSO-ds): & 56.6 (OCHs-6"), 85.9 (C-4), 112.3
(CH=CH-COOH), 117.4 (C-5), 119.4 (C-3), 1225 (C-3), 126.2 (C-2),
127.4 (C-4'), 130.8 (CH=CH-COCH), 1405 (C-1), 141.4 (C-2), 152.0
(C-6), 161.1 (C-5), 165.8 (COOH), 167.8 (CH=CH-COOQOH)
5-(2'-Carboxyl-4'-methoxyphenoxy)-2-furanacrylic acid (118)

5-(2'-methoxycarbonyl-4'-methoxyphenoxy)-2-furanacrylic acid
(108) 0.637 g (0.002 mol) 112
5-(2'-carboxyl-4'-methoxyphenoxy)-2-furanacrylic acid (118)

0.458 g ( 75.3 ) mp: 19351945 ; EIMS m/z (rel. int):
304 [M]" (21.2), 63 (100); UVA onm (MeOH) (loge ): 330 (4.31), 206
(4.32); IR (KBr) cm™: 1698 (C=0), 1637 (C=0); ‘H NMR (200 MHz,
DMSO-dg): 6 3.80 (3H, s, OCHs-4"), 5.31 (1H, d, J=3.5 Hz, H-4), 5.88
(1H, d, J=15.6 Hz, CH=CH-COOH), 6.83 (1H, d, J=3.5 Hz, H-3),
7.16-7.33 (3H, m, H-5, 6' and CH=CH-COOH), 7.35 (1H, d, J=3.0 Hz,
H-3); *C NMR (50 MHz, DMSO-dg): & 56.0 (OCHs-4'), 87.6 (C-4),
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112.9 (CH=CH-COOH), 1159 (C-3), 119.1 (C-3), 119.7 (C-6), 123.2
(C-5), 125.1 (C-2), 130.8 (CH=CH-COQCH), 142.1 (C-2), 146.1 (C-1),
156.8 (C-4'), 161.2 (C-5), 165.7 (COOH), 167.8 (CH=CH-COOH)
5-(2'-Carboxyl-5'-chlorophenoxy)-2-furanacrylic acid (120)
5-(2'-methoxycarbonyl-5'-chlorophenoxy)furfural  (90)

0.839 g (0.003 mol) malonic acid 0.31218 g (0.003 mol)
pyridine 0.15 mL (0.0018 mol) boiling water bath
7 (ammonia water)
dil. HCI (1:1)

Congo Red Paper
5-(2'-carboxyl-5'-chlorophenoxy)-2-furanacrylic acid (120)

0.225 g ( 244 ) mp: >300 ; EIMS m/z (rel. int): 310
[M]™+2 (0.2), 308 [M]* (0.6), 136 (100) ; UVA onm (MeOH) (loge ):
306 (4.28), 206 (4.33); IR (KBr) cm™: 1690 (C=0), 1644 (C=0); 'H
NMR (200 MHz, DMSO-dg): 0 5.76 (1H, d, J= 3.5 Hz, H-4), 5.96 (1H,
d, J=15.7 Hz, CH=CH-COOH), 6.92 (1H, d, J= 3.5 Hz, H-3), 7.28 (1H, 4,
J=15.7 Hz, CH=CH-COOH), 7.31 (1H, d, J= 2.0 Hz, H-6"), 7.40 (1H, dd,
J=8.3, 2.0 Hz, H-4"), 7.64 (1H, d, J=8.3 Hz, H-3); *C NMR (50 MHz,
DMSO-dg): 6 91.5 (C-4), 114.3 (CH=CH-COOH), 1184 (C-3), 119.0
(C-6), 125.7 (C-4), 127.2 (C-2), 130.7 (CH=CH-COOH), 131.6 (C-3),
135.6 (C-5), 143.2 (C-2), 1524 (C-1), 157.8 (C-5), 165.8 (COOH),
167.6 (CH=CH-COOH)
5-(2'-Carboxyl-4'-chlorophenoxy)-2-furanacrylic acid (121)

5-(2'-methoxycarbonyl-4'-chlorophenoxy)furfural  (91)
1.804 g (0.0064 mal) malonic acid 0.666 g (0.0064 mol)
pyridine 0.31 mL (0.00384 mol)
120 -
5-(2'-carboxyl-4'-chlorophenoxy)-2-furanacrylic acid (121)

0.425 g ( 21.4 ) mp: 211-212  ; EIMS m/z (rel. int): 310
[M]™+2 (0.3), 308 [M]* (0.9), 136 (100); UVA mnm (MeOH) (loge ):
311 (4.35), 206 (4.40); IR (KBr) cm™: 1690 (C=0), 1644 (C=0); H
NMR (200 MHz, DMSO-dg): & 5.72 (1H, d, J=3.5 Hz, H-4), 5.95 (1H, d,
J=15.7 Hz, CH=CH-COOH), 6.91 (1H, d, J=3.5 Hz, H-3), 7.24 (1H, 4,
J=8.8 Hz, H-6"), 7.28 (1H, d, J=15.7 Hz, CH=CH-COOH), 7.56 (1H, dd,
J=8.8, 2.7 Hz, H-5), 7.63 (1H, d, J=2.7 Hz, H-3); *C NMR (50 MHz,
DMSO-dg): 6 91.1 (C-4), 114.2 (CH=CH-COOH), 1184 (C-3), 121.0
(C-6), 129.4 (C-3), 129.4 (C-4"), 130.1 (C-2), 130.7 (CH=CH-COOH),
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131.6 (C-5), 143.1 (C-2), 1505 (C-1, 158.2 (C-5), 165.4 (COOH),

167.6 (CH=CH-COOH)

5-(2'-Carboxyl-4'-bromophenoxy)-2-furanacrylic acid (122)
5-(2'-methoxycarbonyl-4'-bromophenoxy)furfural  (92)

4.276 g (0.0132 mal) malonic acid 1.374 g (0.0132 mol)

pyridine 0.64 mL (0.00792 mol)

120 -

5-(2'-carboxyl-4'-bromophenoxy)-2-furanacrylic acid (122)

2.002 g ( 43.1 ) mp: 231-232 ; EIMS m/z (rel. int): 353
[M]™+2 (3.8), 351 [M]" (3.8), 136 (100); UVA mnm (MeOH) (loge ):
312 (4.78), 209 (4.73); IR (KBr) cm™: 1690 (C=0), 1644 (C=0); *H
NMR (200 MHz, DMSO-dg): & 5.73 (1H, d, J=3.5 Hz, H-4), 5.95 (1H, d,
J=15.7 Hz, CH=CH-COOH), 6.91 (1H, d, J=3.5 Hz, H-3), 7.17 (1H, 4,
J=8.7 Hz, H-6"), 7.27 (1H, d, J= 15.7 Hz, CH=CH-COOQH), 7.68 (1H, dd,
J=8.7, 2.5 Hz, H-5), 7.74 (1H, d, J=2.5 Hz, H-3); *C NMR (50 MHz,
DMSO-dg): 6 91.3 (C-4), 114.2 (CH=CH-COOH), 117.3 (C-4), 1184
(C-3), 121.3 (C-6'), 130.3 (C-2), 130.7 (CH=CH-COOH), 132.3 (C-3),
1345 (C-5), 143.1 (C-2), 151.0 (C-1), 158.1 (C-5), 165.3 (COOH),
167.6 (CH=CH-COOH)
5-(2'-Carboxyl-4'-iodophenoxy)-2-furanacrylic acid (123)

5-(2'-methoxycarbonyl-4'-iodophenoxy)furfural (93) 5.226

g (0.0140 mol) malonic acid 1.45684 g (0.0140 mol)
pyridine 0.678 mL (0.0084 mol) 120

- 5-(2'-carboxyl-4'-iodo-
phenoxy)-2-furanacrylic acid (123) 0.946 g ( 16.8

) mp:2435-2445 ; EIMSm/z (rel. int): 400 [M]" (0.4), 136 (100);
UVA M (MeOH) (loge ): 311 (4.54), 209 (4.57); IR (KBr) cm™:
1690 (C=0), 1644 (C=0); *H NMR (200 MHz, DMSO-ds): & 5.73 (1H,
d, J=3.5 Hz, H-4), 5.95 (1H, d, J=15.7 Hz, CH=CH-COOH), 6.91 (1H, 4,
J=3.5 Hz, H-3), 7.01 (1H, d, J=8.5 Hz, H-6"), 7.27 (1H, d, J=15.7 Hz,
CH=CH-COOH), 7.79-7.88 (2H, m, H-3 and 5); **C NMR (50 MHz,
DMSO-dg): & 89.6 (C-4'), 91.3 (C-4), 114.2 (CH=CH-COOH), 118.4
(C-3), 121.2 (C-6"), 130.4 (C-2), 130.7 (CH=CH-COOH), 138.0 (C-3),
140.3 (C-5)), 143.1 (C-2), 151.7 (C-1), 158.0 (C-5), 165.3 (COOH),
167.6 (CH=CH-COOH)
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1.
(1) Thrombin Park Davis Co. USA 50% (v/v) glycerol
100 NIH unit/mL stock solution
(2)Arachidonic acid (AA) Sigma Chem. Co. USA
100nmM 200 mMv
(3)Collagen (type 1 bovine Achilles tendon) Sigma Chem. Co.
USA 25 mM 4
| mg/mL -70
10 ng/mL
(4)Platelet-activating factor (PAF) Sigma Chem. Co. USA
chloroform -20 0.9 % NaCl
2 ng/mL

2 (95,96)

(1) 100 mM EDTA 1 14 (viv)
EDTA 6 mM 90" g
10 (platelet- rich plasma)
500" g 10
(platelet pellets) EDTA (2 mM) Bovin serum albumin (3.5
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mg/mL)  Tyrode's solution (calcium free)

(500" g) 10 EDTA  Tyrode's
solution
Tyrode's solution (mM) NaCl (136.8), KCI
(2.8), NaHCO;3 (11.9), MgCl; (1.1), NaHPO, (0.33), CaCl, (1.0) and
glucose (11.2) Coulter counter (Model ZM)
4.5% 10° platelets/mL 30
(2 Anticoagulant citrate dextrose solution
(ACD citric acid, sodium citrate, glucose) 1 9
600" g 9
(PRP) PRP heparin  PGE; 2800 rpm 6
(platelet pellets) Tyrode's
solution (calcium free) PGE;
2300 rpm 6 Tyrode's solution
PGE;
Tyrode's solution BSA (3.5 mg/mL)
(mM) NaCl (136.9), KCI (2.7), NaHCOs; (11.9), MgCl, (1),
NaH,PO, (0.4), CaCl, (2) and glucose (11.1) Coulter counter
(Model ZM) 3.75x 10° platelets/mL

(97,98)

(turbidimetric method)
dual-Channel Lumiaggregometer (Model 1020, PayTon, Canada)
0.4 Silicone
900 (900 rpm)
3 6
(DM SO)
0.5% 37
0 = [(A]_-Az) / (A]_-Ab)] x 100%
Ay
Az

Ap Tyrode's solution
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1. (%9)
(exsanguinated rats; Sprague-Dawley, 250-

300 g) 10 mL Tyrode's solution (Tyrode's sol'n A)
1-2 38% bovine serum
abumin (BSA )

Tyrode's solution B (mM) NaCl (137), KCI (2.7),
NaHCO; (12), MgCl, (1.0), NaH,PO, (0.3), CaCl, (1.0), glucose (5.6)
and BSA 0.1% 1- 1.5x 10°

2.
Mast cell degranulation method
(1) (histamine) (100)
0.5% DM SO 37
3 compound 48/80 (10 ng/mL)
15 Tyrode's solution
(1000" g)10 pH 12.5
histamine 0.2% o-phthaldialdehyde
350/450 nm

(2)B - glucuronidase (101)

histamine B - glucuronidase
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phenol phthalein-3 -D-glucuronide
550 nm B -glucuronidase

Histamine (3 -glucuronidase

Release % = [(releases elicited by secretagogue - spontaneous release)
/ total content]x 100

(total content Triton X-100 )

1 (102)

(Sprague Dawley, 250-300 g)  pentobarbital (60 mg/kg)
( 100 mM EDTA
) dextran
(400" g)10
Ficoll-Hypaque (500" g)30
Hanks balanced salt solution (HBSS) ( 10
mM N-(2-hydroxyethyl)piperazine-N'-(2-ethanesulfonic acid)
(HEPES) pH 7.4 4 mM NaHCO,) (700" g)10
NaCl solution (0.05%)
0.25% bovine serum abumin (BSA)

NaCl solution (1.75%) HBSS
( 1x 10" cells/mL) 95%

2.
(A)Neutrophil degranulation method
(1B -glucuronidase (208)
0.5% DMSO

37 3 IMLP (Iu M)

45 Tyrode's solution
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(1000" g)10
B -glucuronidase  phenolphthalein-B -D-glucuronide

550 nm B -
glucuronidase
(2)Lysozyme (10)
B - glucuronidase lysozyme
Micrococcus lysodeikticus
450 nm

B -glucuronidase  lysozyme

release % = [(release elicited by secretagogue — spontaneous
release)/total content]x 100

(total content Triton X-100 )

(B)Superoxide formation method

Superoxide anion (104)

(2x 10° cells/mL)

ferricytochrome ¢ (0.5 mg/mL) 37
3 fMLP (0.3 p M) PMA (3 nM)
30 6.6
M g/mL  superoxide dismutase (SOD)
550 nm SOD ferricytochrome ¢

O, ~ (superoxide anion) (105)

O, " (nmol)=19.08x absorbance
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NO (nitric oxide) TNF-a

(1)Iscove's modified Dulbecco's medium (IMDM) (fetal
bovine serum, FBS) Gibco BRL (Gaithersburg)

(2 TNF-a (enzyme immunoassay, EIA) kit
Genzyme Co. (MA)

(3) -y (mouse interferon-y , IFN-y ) R&D
Systems (MN)

(4RAW 264.7 mouse macrophage-like cell line American Type

Culture Collection, MD.
(5)Dulbecco’'s modified Eagle's medium (DMEM)

(fetal calf serum) Gibco BRL (Gaithersburg)
(6) Sigma (St. Louis, MO.)
(106)

RAW 264.7 mouse macrophage-like cell line 5% heat-
inactivated fetal caf serum 100 unitsmL penicillin -~ 100 y g/mL
streptomycin  DMEM 37

1 1 mg/mL  LPS (Escherichia coli, serotype
0111:B4) 24 -70
Murine microglial cell lines N9 2% heat-inactivated FBS
IMDM 37
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1 10 ng/mL LPS (Escherichia coli, serotype

0111:B4) 10 U/mL IFN-y 24 -70
3.NO 7
NO Griess reaction
nitrite 40u L 5 mM sulfanilamide 10u L
2M HCl  20u L 40 mM naphthylethylenediamine 150p L
10 microplate
550 nm NaNO,
4. TNF-a
TNF-a TNF-a enzyme immunoassay
(EIA) kit
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