ethyl 5-(2-alkoxycarbonyl substituted
phenoxy)furan-2-carboxylate derivatives
ethyl furo[2,3-b]chromone-2-carboxylate 3
Scheme 3



Scheme 3

COOH COOCH3
CsF
* CHsl DvE™
OH OH
[\ HNOg He /\ _OAc
Ac,O O-N
O COOCH2CH3 2 O COOCH2CH3
-HOAC /O\COOCHZCHg

COOCHj3
N o\ _NeH
DMSO
OH 02N O COOCH 2CH3

COOCHS
@i /@\ o

COOCH,CHs
COOH
@i /O\
COOH
(@)

| A\

COOCH,CH3
o o



Substituted salicylic acid methyl esters (2-4  6-13)

2-4 6-13 CsF
(76) Scheme 4
Scheme 4
R1 R1
R COOH R COOCHj3
CsF
+ CHal BuE™
R3 OH Rg OH
R4 Ry
2-4 and 6-13
2. R1:R2:R3:H, R4:CH3 9: R2:R3:R4:H, R1:OCH3
3: R1:R2:R4:H, R3:CH3 10: R1:R2:R4:H, R3:C|
4: R1:R3:R4:H, RZZCH3 11: R1:R3:R4:H, R2:C|
6: Ri=R,=R3=H, R4:OCH3 12: R1=R3=R4=H, R,=Br
7. R1:R2:R4:H, R3:OCH3 13: R1:R3:R4:H, R2:|
8: Ri1=R3=R4=H, RZZOCHQ,
2-hydroxy-3-methoxybenzoic acid methyl ester (6)

6 Scheme 4
2-hydroxy-3-methoxy-benzoic acid cesium fluoride methyl iodide
(1:1.5:1.5) DMF 24

5%
( : =1:5)
6 ( 74.0 %) 67-67.5
m/z 182 [M]* 'H NMR 10 > 3.86

(3H,s) COOCH; & 3.90(3H,s) OCHs3 & 6.77 (1H, ¢, J= 8.0 Hz)
H-5 & 7.00 (1H, d, J=80Hz) H-4 & 7.38 (1H, d, J=8.1 Hz)
H-6 & 10.96 (1H,s) OH BC NMR 9
5 523 COOCH; & 561 OCHs;3 & 170.8
Cc=0 51125 C-1 51164 C-4 & 1184



C5 061209 C-6 61484 C-2 51519 C-3
( Figurel Figure3)
methyl salicylate 2-hydroxy-6-methylbenzoic acid ethyl
DMF

CsF
CsF Mel=1 15 15



Ethyl 5-nitro-2-furoate (14)

14 ethyl furoate acetin
pyridine (77
Scheme 5
Scheme 5
@\ TIA H>©<OA°
C
0 COOCH,CHs 2~ |0,N 0 COOCH,CH3
= | B acetin B
NN
HONA /@\
TOAC O,N o COOCH,CHs
14
14 Scheme 5
-10
-10 ethyl furoate
-10
-10 - -5 2
10 NaOH
pyridine 1
pyridine
14 (
471 ) 102-102.5 m/z 185 [M]*
'H NMR 7 5 1.39 (3H, 1, J=7.1 H2)
COOCHCH3 6 442 (2H, q,J=7.1Hz) COOCH,CH; & 7.28 (1H,
d,J=38Hz) H-4 & 7.34(1H,d,J=38Hz) H-3 BC NMR
7 0 141 COOCH,CHs; 6 62.3
COOCH,CH; o 156.9 C=0 o 1115

C-3 061186 C4 51450 C-2 51523 C-5
( Figure4  Figure 6)

2



14

10

NaOH

-10

-10



Ethyl 5-(2'-alkoxycarbony! substituted phenoxy)furan-2-carboxylates

(21-33)
21-33 phenoxide ethyl 5-nitro-2-
furoate (78) Scheme 6
Scheme 6
R1
R COOR
+ /@\
O-N COOCH-»CH
R3 OH 2 o) 2~Ts
R4
R
R COOR
NaH
e aN
R3 o) o) COOCH,CH3
R4
21-33
21: R:CH3, R1:R2:R3:R4:H 28: R:CH3, R1:R3:R4:H, RZZOCHQ,

22: R=CH3, R1=R>=R3=H, Ri=CH3;  29: R=CH3, R;=R3=Rs=H, R;=OCH3;
23: R=CHj3, Ri=R,=Rs=H, Rs=CH3;  30: R=CHj3, R1=R,=R4s=H, Rs=Cl

24: R=CHj3, R1=R3=Rs=H, R,=CH3;  31: R=CHj3, R1=R3;=R4s=H, R,=Cl

25: R=C;Hs, Ro=R3=Rs=H, Ri=CH3  32: R=CHj3, R1=R3=Rs=H, R=Br
26: R=CH3, R1=R,=R3=H, Ry=OCH3 33: R=CH3, R1=R3=R4=H, Ro>=I

27: R=CH3, R1=R>=R4s=H, Rs=OCH3;

ethyl 5-(2'-methoxycarbonyl-6'-methoxyphenoxy)furan-2-

carboxylate (26)

26 Scheme 6 DMSO
2-hydroxy-3-methoxybenzoic acid methyl ester (6) 80%
NaH ethyl 5-nitro-2-furoate DMSO

84- 86 24



5 KOH
KOH
( : =1:3)
26 (314 ) m/z 320 [M]" IR
1725 cm* C=0 'H NMR 16
& 1.31(3H, t,J=7.1Hz) COOCH,CH; & 3.78(3H,s) COOCH;
8 3.79(3H,s) OCHs;-6' & 4.28(2H, gq,J=7.1Hz) COOCH,CH; &
5.10 (1H, d, /=836 Hz) H-4 & 7.06 (1H, d, J=3.6Hz) H-3 & 7.15
(1H, dd, J=8.1,1.7Hz) H-5 & 7.26 (1H, s, J=81Hz) H-4' & 7.47
(1H, dd, J=8.1,1.7Hz) H-3' BC NMR 16
5 144 COOCH,CH; & 524 COOCH; & 56.4
OCH;-6' & 60.4 COOCH,CH; & 1584 COOCH,CH; & 165.1
COOCH, HMQC ( Figure 11) 5 855
C4 51168 C-5 & 1210 C-3 5 1228 C-3 b 1266 C-4
5 1252 C-2' & 1352 C-2 & 1416 C-1

0 1523 C-6 o 1615 C-5 (
Figure 7 Figure 10) HMQC
26

2-hydroxy-6-methylbenzoic acid
2-hydroxy-6-methylbenzoic acid ethyl ester
2-hydroxy-6-methylbenzoic acid ethyl ester
2-hydroxy-6-methyl-benzoic acid 2-hydroxy-6-methylbenzoic
acid methyl ester
2-hydroxy-6-methylbenzoic acid ethyl ester
DMSO

80% NaH
ethyl 5-nitro-2-furoate DMSO



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

50-53)
41-48 50-53 20% NaOH
(79) Scheme 7
Scheme 7

R

R COOR
1. 20% NaOH _
/ A\ 3 50% Ho50,

Rs 0] 0] COOCH,CH3

R4

R
R COOH
Rs O/Q\COOH

R4

41-48 and 50-53
41: R;=R,=R3=R,=H 47: R;=R,=R;=H, R3=OCH3

42: R1=R,=R3=H, Ry=CH3 48: R1=R3:=Rs=H, R,=0OCHj3
43: Ri=R»=R4=H, Rs=CH3 50: R;=R,=Rs=H, R3=Cl
44: Ri=R3=R4=H, R,=CH3 51: Ri=R3=Rs=H, R,=Cl
45: R=R3=R4=H, Ri=CHz 52: R1=R3=R4=H, R,=Br
46: R1=R,=R3=H, Ry=0OCH3 53: R1=R3=Rs=H, R.=I

5-(2'-carboxyl-6'-methoxyphenoxy)furan-2-carboxylic

acid (46)
46 Scheme 7 ethyl
5-(2'-methoxy-carbonyl-6'-methoxyphenoxy)furan-2-carboxylate (26)
20 NaOH 8 TLC
20 H,SO,

Congo Red Paper



46 (618 ) 195.5-196

m/z 2718 [M]* IR 1682cm® C=0
'H NMR 8 d 3.79 (3H, s)
OCHz-6' & 5.20 (1H, d, /=36 Hz) H-4 & 7.11 (1H, d, J=3.6 Hz)
H-3 & 7.34-747 (3H, m) H-3 4 & C NMR
13 5 566 OCHs6' & 159.0 CO-C-2
5 165.7 CO-C-2 HMQC ( Figure 16)
5854 C4 51175 C-5 51213 C3 51225 C3 b
1273 C-4 HMBC ( Figure 17)
51261 C-2 51352 C-2 51405 C-1' 5
1520 C-6 & 1611 C-5 (
Figure12  Figure 15) HMQC HMBC
46
ethyl

5-(2'-methoxycarbonyl-3'-methoxyphenoxy)furan-2-carboxylate (29)
2-hydroxy-6-methoxy- benzoic acid
5-(2'-carboxyl-3'-methoxyphenoxy)furan-2-carboxylic acid
(49) 3
H,S0, ether linkage 29
20 H,SO,



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

70-73)
61-68  70-73 polyphosphoric
acid ethyl ester (PPE) (80:81)
Scheme 8
Scheme 8

R1

R COOH
‘ ‘ PPE
_—

R3 o) o) COOH

R4

COOCH,CH3

61-68 and 70-73

61: R1=Ry=R3=Rs=H 67: Ri=R,=R4s=H, Rs=OCH3;
62: R1=R»=R3=H, Rs=CH3; 68: R1=R3=R,=H, R,=OCH3;
63: Ri1=R»=Rs=H, R3s=CH3; 70: Ri=R,=Rs,=H, R3=Cl

64: R1=R3=Rs=H, R,=CH3; 71: Ri=R3=Rs=H, R,=Cl

65: R:=R3=Rs=H, Ri=CH3; 72: Ri=Rs=R4s=H, R,=Br
66: R1=R,=R3=H, Ry/=OCH3;  73: Ri=R3=Rs=H, R.=I

ethyl 7-methoxyfuro[2,3-b]chromone-2-carboxylate (67)

67 Scheme 8 phosphorus
pentoxide absolute alcohoal 100
1 PPE 5-(2'-carboxyl-5'-methoxy-



phenoxy)furan-2-carboxylic acid (47) 6 TLC

PPE 5 NaOH
NaOH
( )
67 ( 28.7 ) 171-172
m/z 288[M]" IR 1723cm® COO 1657cm® CO
'H NMR 12 5 1.38(3H, ¢, J=7.1

Hz) OCH,CHs & 3.91(3H,s) OCHs & 4.38(2H, ¢, J=7.1 Hz)
OCH,CH; & 6.94 (1H, d, J=24Hz) H-8 & 7.01(1H, dd, J=8.8, 2.4
Hz) H-6 & 7.61(1H,s) H-3 & 819(1H,d,J=88Hz) H-5

BC NMR 14 15
2 5 142 OCH,CH; & 56.0
OCH; & 61.6 OCH,CH; & 1579 COO & 173.0 CO
HMQC ( Figure 22) 5 101.1 C-8 5 114.2
C3 51142 C6 51281 C-5 HMBC (
Figure 23) 5 1044 C-3a & 116.7
C4a 6 1382 C2 51551 C-7 1628 C-9a & 164.4
C-8a ( Figure 18 Figure
21) HMQC HMBC
67

polyphosphoric acid ethyl ester (PPE)

polyphosphoric acid (PPA) PPA
(decarboxylation) furo[2,3-b]chromone
ethyl furo[2,3-b]chromone-2-carboxylate
PPE PPA

(4)
toluene  absolute alcohol

PPE
PPE

5-(2'-carboxyl-3'-methoxyphenoxy)-furan-2-carboxylic acid (49)
ethyl 5-methoxy-furo[2,3-b]chromone-2-carboxylate
(69)



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

81-93 phenoxide 5-nitrofurfural
82 Scheme 9
Scheme 9
Rq
R COOR
o
OoN CHO
R3 OH (0]
R4
Ry
R COOR
i B
DMSO
R3 e) 9] CHO
R4
81-93
81: R:CH3, R1:R2:R3:R4:H 88: R:CH3, R1:R3:R4:H, RZZOCHQ,

82: R=CHj3, Ri=R,=R3=H, Rs=CH3;  89: R=CH3, R,=R3=R4s=H, R1=OCH3
83: R=CHj3, Ri=R;=Rs=H, R3=CH3;  90: R=CH3, Ri=R,=Rs=H, R3=Cl

84: R=CHj3, Ri=Rs=Rs=H, R,=CH3  91: R=CH3, Ri=R3=Rs=H, R,=Cl

85: R=C,Hs, R:=R3=Rs=H, R1=CH3z  92: R=CH3s, R1=R3=R4=H, R,=Br
86: R=CH3, Ri=R,=R3=H, Ry=OCH3 93: R=CH3, R1=R3=R4=H, Rx>=I

87: R=CH3s, R1=R>=Rs=H, R;=OCH3

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

81 Scheme 9 DMSO methy!I
salicylate 60% NaH 5-nitrofurfural
DMSO 23
5 KOH



KOH

( ) 81
( 13.0 ) m/z 246 [M]" IR 1729
cmt C=0 1675 cm® CHO 'H NMR
10 5 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 H2)
H-6' & 7.35(1H, ddd, J=7.7, L.1Hz) H-4' & 7.58 (1H, ddd, J=7.7, 1.8
Hz) H-5 o 7.99 (1H, dd, J=7.7,1.8Hz) H-3' & 9.37(1H,s) CHO

3C NMR 13 d 52.4
COOCH; & 164.8 COOCH; & 175.6 CHO HMQC (
Figure 28) 5 89.0 C4 61216 C3 51253 C-6
5 1263 C-4 & 1323 C-3 8 1341 C-5 HMBC (
Figure 29) 5 1230 C-2 & 1448
C-2 & 1527 C-1 5 1631 C-5
( Figure24 Figure 27) HMQC HMBC
81

2-hydroxy-6-methylbenzoic acid
2-hydroxy-6-methylbenzoic acid ethyl ester
2-hydroxy-6-methylbenzoic acid ethyl ester
2-hydroxy-6-methyl-benzoic acid 2-hydroxy-6-methylbenzoic
acid methyl ester
2-hydroxy-6-methylbenzoic acid ethyl ester
DMSO

60% NaH
5-nitrofurfural DMSO



5-(2'-Alkoxycarbonyl substituted phenoxy)-2-furanacrylic acids
(101-109) 5-(2'-Carboxyl substituted phenoxy)-2-furanacrylic
acids (111-114, 116-118  120-123)

101-109, 111, 113, 117 120-123

K noevenagel reaction &3 Scheme 10
Scheme 10
Ry
=
R COOR |
\N
/@\ + CHy(COOH)y ———
R4
Ry
R COOR
/@\ " O 0
Ry o Yo~ cH=CH—COOH
R4

101-109, 111, 113, 117 and 120-123

101: R=CH3, R1=R>=R3=Rs=H 109: R=CH3, R>=R3=Rs=H, R1=OCH3;
102: R=CH3, R1=R»=R3=H, Rs=CH3; 111: R= H, Ri=R»=R3=Rs=H

103: R=CH3, R1=R»=Rs=H, Rs=CH3; 113: R=H, Ri=R,=Rs=H, R3=CH3
104: R=CH3, R1=R3=Rs=H, R,=CH3; 117: R= H, Ri=R>=Rs=H, R3=OCH3
105: R=C;Hs, R.=R3=Rs=H, R1=CH3 120: R= H, Ri=R,=R4=H, Rs=Cl

106: R=CHj3, R1=R,=R3=H, Ry=0OCHj; 121: R= H, Ri1=R3=R4=H, R,=Cl

107: R=CH3, R1=R>=R4s=H, Rs=OCH3; 122: R= H, Ri=R3=R4=H, Rx=Br

108: R=CH3, R1=R3=Rs=H, R,.=OCH3; 123: R= H, Ri=R3=R4=H, R>=I

5-(2'-methoxycarbonylphenoxy)-2-furanacrylic acid (101)
5-(2'-carboxylphenoxy)-2-furanacrylic acid (111)



101 111 Scheme 10

5-(2'-methoxycarbonylphenoxy)furfural (81) malonic
acid pyridine boiling water bath 2
(ammonia water)
dil. HCI (1:1)
Congo Red Paper
- 111 ( 30.9
) 218.5-219.5 m/z 2714 [M]" IR
1690 1644cm’ C=0 '"H NMR
8 0 5.66 (1H, d, /=35 Hz) H-4 5 5.94 (1H, d,

J=15.7Hz) CH=CH-COOH 0 6.90(1H,d,J/=35Hz) H-3 & 7.18
(1H, dd, J=8.0, 1.1 Hz) H-6 o 7.28 (1H, d, J=15.7 Hz)
CH=CH-COOH & 7.30 (1H, ddd, J=7.5, 1.1 Hz) H-4' & 7.50 (1H,
ddd, J=8.0, 1.8 Hz) H-5 0o 7.61 (1H, dd, J=7.5, 1.8 Hz) H-3

C NMR 14 5 166.9
COOH & 167.7 CH=CH-COOH HMQC ( Figure
34) 5909 C4 51139 CH=CH-COOH & 118.6
C-3 51190 C-6 51256 C4 51301 C-3 & 130.8
CH=CH-COOH & 132.0 C-5 HMBC ( Figure 35)

51283 C-2 51430 C-2 &
1518 C-1' & 1587 C-5 (
Figure 30  Figure 33) HMQC HMBC
111
( )
- 101 (
11.3 ) 151.5-152.5 m/z 288
[M]" IR 1698 1667 cm® C=0 'H NMR
11 5 3.76 (3H,s) COOCH; & 5.59 (1H, d,

J=35Hz) H-4 & 5.92(1H,d,J=157Hz) CH=CH-COOH & 6.89

(1H,d, J=35Hz) H-3 & 7.27(1H, d,J=157Hz) 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, 1.8Hz) H-5 & 7.89 (1H, dd, J=7.7,

1.8 Hz) H-3 BC NMR 15
5 52.6 COOCH; & 164.9 COOCH; & 167.7
CH=CH-COOH HMQC ( Figure 40) 5

899 C-4 61137 CH=CH-COOH o 1186 C-3 & 120.7
C-6 61261 C-4 o6 130.7 CH=CH-COOH ¢ 131.8 C-3

3



5 1347 C5 HMBC ( Figure 41)
51224 C2 & 1428 C-2 51532 C-1'

0 159.2 C-5 ( Figure 36
Figure 39) HMQC HMBC
101
pyridine
dil. HCI (1:1)
5-(2'-methoxycarbonyl phenoxy)furfural (81)
5-(2'-methoxy-carbonyl-5'-methylphenoxy)furfural (83)

5-(2'-methoxycarbonyl-5'-methoxyphenoxy)furfural (87)
Knoevenagel reaction
5-(2'-methoxycarbonyl phenoxy)-2-furanacrylic acid (101)
5-(2'-methoxycarbonyl-5'-methylphenoxy)-2-furanacrylic acid (103)
5-(2'-methoxycarbonyl-5'-methoxyphenoxy)-2-furanacrylic acid (107)
5-(2'-carboxylphenoxy)-2-furanacrylic acid (111)
5-(2'-carboxyl-  5-methylphenoxy)-2-furanacrylic  acid  (113)
5-(2'-carboxyl-5'-methoxyphenoxy)-2-furanacrylic acid (117)
5-(2'-methoxycarbonyl-5'-chlorophenoxy)furfural  (90)

5-(2'-methoxy-carbonyl-4'-chlorophenoxy)furfural (91)
5-(2'-methoxycarbonyl-4'-bromophenoxy)furfural (92)
5-(2'-methoxycarbonyl-4'-iodophenoxy)-furfural (93) Knoevenagel
reaction 5-(2'-carboxyl-
5'-chlorophenoxy)-2-furanacrylic acid (120)

5-(2'-carboxyl-4'-chloro-phenoxy)-2-furanacrylic acid (121)
5-(2'-carboxyl-4'-bromophenoxy)-2-furanacrylic acid (122)
5-(2'-carboxyl-4'-iodophenoxy)-2-furan-acrylic acid (123)
5-(2'-methoxycarbonyl-5'-chloro-phenoxy)-2-furanacrylic  acid
5-(2'-methoxycarbonyl-4'-chloro-phenoxy)-2-furanacrylic acid
5-(2'-methoxycarbonyl-4'-bromo-phenoxy)-2-furanacrylic acid
5-(2'-methoxycarbonyl-4'-iodophenoxy)-2-furanacrylic acid

HCI 90 91
92 93 Knoevenagel reaction



112,114,116 118 10% NaOH

(79) Scheme 11
Scheme 11

R

R COOR

/ \ 1. 10% NaOH__
2. dil. HCl

R o o CH=CH—COOH
R4
R1

R COOH

CH=—CH—COOH

SN

112, 114, 116 and 118

Rs o)

R4

112: Ri=R>=Rs=H, Ry=CH3
114: R1=Rs=R4=H, Ry=CH3
116: R1=R>=R3s=H, Ry=0OCH3
118: R1=R3=Rs=H, R,=0OCHg3

5-(2'-carboxyl-6'-methylphenoxy)-2-furanacrylic acid (112)

112 Scheme 11
5-(2'-methoxycarbonyl-6'-methylphenoxy)-2-furanacrylic acid (102)
10 NaOH 6 TLC

dil. HCI (1:1)
Congo Red Paper



112 ( 58.0 ) 198-199
m/z 288 [M]* IR 1690 1667 cm® C=0 'H NMR
10 5 221(3H,s) CHs6 & 5.11
(1H, d, J=86Hz) H-4 & 5.86(1H, d, J=15.6Hz) CH=CH-COOH
5 6.81 (IH, d, J=36 Hz) H-3 & 7.24 (I1H, d, J=15.6 Hz)
CH=CH-COOH & 7.34 (1H, ¢, J=7.7Hz) H-4' & 7.58 (1H, dd, J=7.7,

1.8Hz) H-5 & 7.73(1H,dd, J=7.7,1.8Hz) H-3 BCNMR

15 5 157 CHs6' & 166.0
COOH & 167.8 CH=CH-COOH HMQC ( Figure
46) 5860 C4 51126 CH=CH-COOH & 119.3
C-3 51298 C4 & 1308 C-3 & 131.8 CH=CH-COOH
51359 C-5 5 1252 C-2' 51267 C-6
51418 C-2 51501 C1' 51608 C-5

( Figure42  Figure 45) HMQC

112

5-(2'-ethoxycarbonyl-3'-methyl phenoxy)-2-furanacrylic acid (105)
2-hydroxy-6-methylbenzoic acid
5-(2'-carboxyl-3'-methylphenoxy)-2-furanacrylic acid
5-(2'-methoxycarbonyl-3'-methoxyphenoxy)-2-furanacrylic acid

(109) 2-hydroxy-6-methoxybenzoic acid
5-(2'-carboxyl-3'-methoxyphenoxy)-2-furanacrylic
acid 3
HCI ether linkage
105 109

dil. HCl (L:2)



2-4
6-14 21-33 41-48 50-53 61-68 70-73 81-93 101-109 111-114
116-118  120-123
21-33 41-48 50-53 61-68
70-73 81-93 101-109 111-114 116-118  120-123



