2-Substituted benzyloxy benzonitriles (17-25)

Scheme2 *°

K,COg, KI
CN + dCH; Ry Ethanol -

OH R, R
Ry R3
1 8-16 17-25
Scheme 2
No. R>? Rg? R4?
8, 17°° H H H
9, 18 Cl H H
10, 19 H Cl H
11, 20 H H Cl
12, 21 F H H
13, 22 H F H
14, 23 H H F
15, 24 H OCHj H
16, 25 H H OCHjs
2-cyanophenol (1) substituted benzyl chloride (8-16)

2-substituted benzyloxy benzonitrile (17-25)

2-[ (3-methoxybenzyl)oxy]benzonitrile (24)



24 71.2-72.6

(EIMS) ( 24-1)

(m/z239, M")
C1sH13NO,
IR ( 24-2)
3016 (=CH) 256
(-C-H) 2222 *t C=N 1597, 1491, 1466

uv 283.4 nm

'H-NMR ( 24-3)

13
- ( 24-9) o 375
(3H, 9) -OCH; & 524 (2H,s) -OCH. IR
C= N 2-cyanophenol (1)  3-methoxybenzyl chloride (8)
C= N H-6
5 7.72 (1H, dd, J= 7.6, 1.6 Hz) - 5 7.03- 7.11,
5 7.63 (1H, ddd, J= 8.0, 8.0, 1.7 Hz), 3 7.29 (1H, d, J= 8.0 HZ)
H-5, H-4, H-3 (Fig. 24-a)

4703711 g772
5—6

/ \
d7.63 4\\ //1 CN

S
d7.29 OCH 2—1\ 4

d5.24 2'=3'\
OCH
d3.75

Fig. 24-a



BC-NMR (  24-5)
15 15

HMQC ( 24-6a, 24-6b)

0 55.20, & 70.07, & 113.72, & 12150,
133.90, o 135.18 -OCHjs, -OCH,-, C-3, C-5, C-6, C-4 (Fig.

24-b) HMBC

d121.50 d133.90
5—%6

SN
d13518 4,1 CN
3—2 6'—5'
dl1372  OCH; 7N,
d70.07 2'=3'\
OCH,4
d55.20
Fig. 24-b
HMBC (  24-7a, 24-7b)
-OCH,- (0 5.24) C-2,C-2?,C-6? 3J correlation C-1?
corrdation(Fig. 24-c) 0 11322, & 119.67, & 137.84, & 160.05
C-27 C-6? C-1? C-2 (Fig. 24-d)
/5:6\ A ON
4\\ //l—CN T leeo}\ d119.67
— o 4, 2 6'
3_2\00_6;/6 5\\, g d13784|l/ \”
b e\ _ [/ A
&JZ':? d113.22 37
\ |
OCH,4 S,
Fig. 24-c -OCH,- C-2,C-2? C-6? Hg. 24-d

C-1?
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3] corrdlation

Fg. 24-e

3] corréation 3J correlation
_"13(_:"_""""1[_' ___________ 1 36"
5 4 6
6 4 CN
1? 5? 3?
2? 4? 67
Fig. 24-e 6? 25 42
c-2? C-6? H-4? 3Jcorreation 0 6.87-6.92 H-4?
o 707 o 7.02-7.05 H-2? H-6? o 731
(1H, t, J=8.1 HZ), H-5? & 7.63(1H, ddd, J=8.0,80, 1L.7Hz) & 7.72
(1H, dd, J=7.6, 1.6 H2) H-4  H-6 (Fig. 24-f) 5
116.64, 6 159.62 C= N,C-3? 0 13390, 6 135.18
C-6,C-4 H-3,5 o 10116
C-1 (Fig. 24-9)
d116.64
A N N
i 47.02-7.05 1" | dwons
= 2\O/\1'¢6'\5' d7.31 4§3/ 2\0/\ S
I 0
d7.07 %3,/4 d6.87-6.92 AN
| T d159.62
OCH 5 OCH,
Fig. 24-f Fg. 24-g
24 2-[(3-methoxy

benzyl)oxy]benzonitrile
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26-44

Scheme3
A. 2-Substituted benzyloxy methylbenzenes (26-29)
B. 2-Substituted benzyloxy phenyl methanols (30-33)
C. 2-Substituted benzyloxy benzoates (34-41)
D. 2-Substituted benzyloxy benzamides (42-44)

K2CO3, Kl - ;
Ry + CICH; R4 Ethanol or Methanol O—CH QR'
5 4

OH R’ Ry
Ry R
2-5 8-16 26-44
Scheme3
No. R, No. R,? R3? R4?
2 CHs 8 H H H
3 CH,OH 9 Cl H H
4 COOCHs3 10 H Cl H
5 CONH> 11 H H Cl
12 F H H
13 H F H
14 H H F
15 H OCHs H
16 H H OCHs
compound R R.? R3? R4?
26 CHs H H H
27 CHz Cl H H
28 CHz H Cl H
29 CHz H H Cl
30°°  CH,OH H H H

31 CH,OH Cl H H

18



compound R R.? R3? R4?
32 CH,OH H Cl H
33 CH,OH H H Cl
34%°  COOCH; H H H
35 COOCH; cl H H
36 COOCH; H Cl H
37 COOCH; H H Cl
38 COOC;Hs H H H
39 COOC;Hs cl H H
40 COOC;Hs H Cl H
41 COOC;Hs H H Cl
42 CONH; cl H H
43 CONH; H Cl H
44 CONH; H H Cl

scheme 2)

methyl sicylate (4)

2-substituted benzyloxy benzonitrile
34-37
3841
methyl salicylate (4)

19
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2-Substituted benzylamino benzoates (45-55)

Scheme 4
Rs
% Ry R,
R, R, + CICH ZQR4 Echos’ K >
thanol or Methanol HN—CH ZAS ?_sz
NH, Ry’ R3'
Ry Rs
6-7 816 45-55
Scheme 4
No. R1 R4 Rs No. Ry? R3? R4?
6 COOCHs H H 8 H H H
7 COOCH3z OCH3; OCHgs 9 Cl H H
10 H Cl H
11 H H Cl
12 F H H
13 H F H
14 H H F
15 H OCHs; H
16 H H OCHs3
oompound Rl R4 R5 Rz? R3? R4’7
45 COOCzHs H H H H H
46 COOCzHs H H Cl H H
47 COOCzHs H H H Cl H
48 COOCzHs H H H H Cl
49 COOCzHs H H F H H
50 COOC;,Hs H H H F H
51 COOCzHs H H H H F
52 COOCzHs H H H OCHg3 H
53 COOCzHs H H H H OCHgs
54 COOCH;3 OCHjs OCHjs H OCHg3 H
55 COOCH;3 OCHjs OCHjs H H OCHgs




2-substituted benzyloxy benzonitrile
(17-25, Scheme 2) 54,55
methyl 2-amino-4, 5-dimethoxybenzoate (7)

. 2-Substituted benzyloxy benzoic acids (56-64) 2-substituted benzylamino
benzoic acids (65-75)

Scheme5 °1 *2 34, 36-37, 39,
45-55 10% NaOH 21-25

3M  NaOH
56-75

R4 COOR

HN—CHZQM'
Ry Ry 1. 10 % NaOH
R
2. AcOH

34, 36, 37, 39, 45-55

X—CHj R4
CN 1. 3M NaOH
Ry )
2. AcOH
O_CH2QR4 56-75
Ro' R3'

21-25

Scheme5

21



R4 COOCH
X—CH, R,
R, Rs'
56-75

compound R4 Rs R,? R3? R4? X
56 H H H H H @)
57 H H Cl H H @)
58 H H H Cl H @)
59 H H H H Cl @)
60 H H F H H @)
61 H H H F H @)
62 H H H H F @)
63 H H H OCHs; H @)
64 H H H H OCHs; @)
65 H H H H H NH
66 H H Cl H H NH
67 H H H Cl H NH
68 H H H H Cl NH
69 H H F H H NH
70 H H H F H NH
71 H H H H F NH
172 H H H OCHs; H NH
73 H H H H OCHs; NH
74 OCHs; OCHs; H OCHs; H NH
75 OCHs; OCHs; H H OCHs; NH

2-[(3-methoxybenzyl)oxy]benzoic acid (63)



63

100.0-101.9

(EIMS) ( 63-1)
(m/z 258, M")
C1sHO,
IR ( 632
3084 cmi* (=C-H) 2974, 2920 cmi*
(-C-H) 3000 cmi* 2300
cm™* (-OH)
1701 cm* C=0 1599, 1493, 1441 cm*
( Cc=0
= N -COOH
uv 243.3 nm
'H-NMR (  63-3)
14 5 3.74(3H,9 -OCH;
5 516 (2H,s) -OCH,- 5 12-14 (1H,br)  -COOH
( 24) 63-1)
5 6.85(1H, dd, J=8.1, 24 Hz), & 7.47
(1H, ddd, J=7.9, 7.9, 1.7 Hz), & 7.68 (1H, dd, J=7.6, 1.7 H2) H-47,
H-4 H-6 (Fig. 63-a)
24 63
-OCH3 & 3.75(3H, 9 5 3.74(3H, 9
-OCH»>- & 5.24(2H, 9 5 5.16 (2H, 9)

H-4? & 6.87-6.92
H-4 & 7.63(1H, ddd, J=8.0,8.0, 1.7 Hz)
H-6 o 7.72(1H,dd, J=7.6, 1.6 Hz)

5 6.85 (1H, dd, J=8.1, 2.4 Hz)
& 7.47 (1H, ddd, J=7.9, 7.9, 1.7 Hz)
& 7.68 (1H, dd, J=7.6, 1.7 Hz)

63-1 63

24



d7.68

VRN d12-14

d7.47 4\/ \/l_COOH

- 0 696-7.05(2H,m)
H-5 H-6? 5 7.28 (1H, t, I=7.9 HZ) H-5? 5
7.14-7.18 (2H, m) H-3 H-27? H-3
(Fig. 63-b)

|J[ d6.96-7.05
4\3/2\ o N PN
d7.14-7.18 ][ |

2l A
4714718 37

d6.96-7.05T

T' d7.28

OCH3

Fig. 63-b

BC-NMR ( 635)
15 15
5 16773  -COOH

HMQC ( 63-6a, 63-6b)
( ) Hg.63-C
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d130.98 co0H
4120.50 L 2N\,

o 111916
133164 2 L 5
3 (@) d129.62
d113.99

d112.592' 4 d113.33

OCH 4
Fig. 63-c
HMBC
HMBC (  63-7a, 63-7h)
H-5? C-12 C-3? (Fig. 63-d) d 138.90,
d 159.58 C-1? C-3? (Fig. 63-¢) -OCH,- (5 5.24)
C-2, C-2?2, C-6? °3Jcorrelation C-1? 2Jcorrdation b
157.18 C-2 , 5 11259, & 119.16, & 138.90
C-22C-6? C-1? H-3, H-5 C-1
5 122.04 C-1
COOH
T/G\Hcfzzm
an. _29157.18 6
R
2 A
r'd159.58
OCHj,
Fig.63-d H-57-OCH>-, H-3, H-5 Fig. 63-e
63 2-[(3-methoxy

benzyl)oxy]benzoic acid
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-1 LTB  GM1-receptor

17-44,56-75
B (LTB) GM1-receptor LTB
GM 1-receptor competitive GM1ELISA
LTB  GM1-receptor
Fg.5 lead compound (A)

251 g

Table1

(%) :LTBOD405 OD405/ I—TBOD405 I:)BSOD405
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Fig.5 OD405 17-44,56-75 LTB GM 1-receptor

0OD405

17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33

35
36
37
38
39

41
42

56
57

59
60
61
62
63

65
66
67
68
69
70
71
72
73
74
75
LT
PBSE | l l

0 05 1 15

2.5y gml
LTB 0.016p gwel
PBS: phosphate buffered sdine mock
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Table 1. Inhibition of toxin binding to GM 1-coated microtiter plates by compound 17-44,
56-75 (in vitro)

Rs
Ry Ry
X—CH> R,
Ry R
No. Ry R« Rs R’ Ry Ry X OD405 Inhibition %
A CHO H H H H H O 156 Al0-3.5
17 C=N H H H H H o 121 17 [J18. 2
18 C=N H H cl H H O 131 1810
19 CN H H H c H O 1344 19 -:I7 .3
20 C=N H H H H c O 1406 20 E|2. 2
2. &N H H F H H O 1345 21[03.1
22 C=N H H H F H O 1086 22 _:|2 8.3
23 CN H H H H F O 1404 23 jz . 4
24 C=N H H H OCH; H O 1208 24 :Il 8. 4
%5 N H H H H OCH O 12035 511, 4
26 CHa H H H H H O 126 2 [14. 1
27 CHy H H d H H O 1264 27 [13.s
22 CH H H H d H O 1385 5[4
29 CHs H H H H O O 12675 29[ J13.s
30 CHOH H H H H H O 1425 glo. 9
3. CHOH H H d H H O 1147 3 23 4
32 CH,OH H H H d H O 136 3 [J10.4
33 CH,OH H H H H d O 12005 g3[18. 3
34 COOCH; H H H H H O 12506 4 [7J14.0
35 COOCH; H H d H H O 13415 35[7. 5
36 COOCH; H H H d H O 1295 g3[J10. 9
37 COOCH; H H H H O 1484 4l 4. >
38 COOCHs H H H H H O 14785 g 5 -
39 cooOCHs H H d H H O 11555 g9 f——T22.5
40 COOCHs H H H H O 1113 40 —d26.1
41 COOCGHs H H H H O O 1138 41 [24.5




No. Ry Ri&£’ Rs R’ Ry R;f X OD405 Inhibition %
42 CONH, H H d H H O 1235 4 [16.2
43 CONH, H H H d H O 12605 43 ::Il 3.4
44 CONH, H H H H O 1268 #4[J13.5
56 COOH H H H H H O 129 s6 [J11.7
57 COOH H H d H H O 1u3s & [—"J26.1
58 COOH H H H d H O o0gyy Sf———43.8
50 COOH H H H H a O 09555 59 p——139
60 COOH H H F H H O 0995 60 ——"35.7
61 COOH H H H F H O 104 6 f——J31.8
62 COOH H H H H F O 1135 6 —124.5
63 COOH H H H OCH; H O 1245 &[J15.4 99
64 COOH H H H H OCHy O 0217 8¢ !
65 COOH H H H H H NH ooa4 SfF———139.09
6 COOH H H d H H NH osog7 ®f———150.09
67 COOH H H H H NH 0693 o[ 16 0. 4
68 COOH H H H H d NH 0495 S F 176. 6
69 COOH H H F H H NH ossse ®fF——44 7
70 COOH H H H F H NH ogog ©fF——150
7. COOH H H H H F NH o6u8 "t} 166
72 COOH H H H OCH, H NH ogg2z 72p——45
73 COOH H H H H OCHs NH 07387 "Ff 156 7
74 COOH OCH; OCH; H OCHs H NH 11605 '“p—22-25
75 COOH OCH; OCHs H H  OCH; NH 11815 T f——20-%4 10
MNPG L !
LTB 1433
PBS 0.2085
MNPG : m-nitrophenyl-a -D-galactopyranoside

25ugm MNPG  20mM
PBS. phosphate buffered sdine mock

LTB GM1




A. 2-Substituted benzyloxy benzonitriles (17-25)

Table 1-1 nitriles R? F
22 28.3 %
compound Ry R,' R3 R4 Conc. (ugml) inh.%
17 C= N H H H 25 18.2
18 C= N a H H 25 10
19 C= N H c H 2.5 7.3
QRl 20 c= N H H a 25 2.2
O—CHTQ7R4' 21 C= N F H H 2.5 31
, , 22 C= N H F H 25 28.3
Ry R3
23 C= N H H F 2.5 2.4
24 C= N H OCHs H 2.5 184
25 C= N H H  OCHs 25 114
Table 1- 1. Inhibition of toxin binding to GM 1-coated microtiter plates by compound 17-25
(in vitro)
B. 2-Substituted benzyloxy methylbenzenes (26-29)
Table1-2 toluenes Rs?
28
compound Ry R,' Rs' R4 Conc. (ug/ml) inh. %
Ry 26 CHs H H H 2.5 14.1
o—Chs rel 27 CHs cl H H 25 13.8
28 CHs H a H 25 4
Ry R3
29 CHs H H a 25 135
Table 1-2. Inhibition of toxin binding to GM 1-coated microtiter plates by compound 26-29
(in vitro)



C. 2-Substituted benzyloxy phenyl methanols (30-33)

Table 1-3 adcohols
31
compound R, Ry’ R3' R;' Conc. (ug/ml) inh. %
QRl 30 CHOH  H H H 25 0.9
0—CHs Ry 31 CH,OH a H H 25 234
32 CH,OH H c H 25 10.4
Ry R3'
? : 33 CH,OH H H a 25 18.3

Table 1-3. Inhibition of toxin binding to GM 1-coated microtiter plates by compound 30-33

(in vitro)

D. 2-Substituted benzyloxy benzoates (34-41)

Table 1-4 esters
R, 38
39-41
compound R, R,' Rs' R4 Conc. (ugml) inh.%
34 COOCH; H H H 25 14.9
QRl 35 ©COOCH, O H H 25 75
o—cHy R 36 COOCH; H a H 25 10.9
37 COOCH; H H c 25 -4.2
R; Ry 38 COOC,Hs  H H H 25 -3.7
39 COOC,Hs d H H 25 225
40 COOC,Hs H a H 25 26.1
41 COOC,Hs H H a 25 24.5

Table 1-4. Inhibition of toxin binding to GM 1-coated microtiter plates by compound 34-41

(invitro)




E. 2-Substituted benzyloxy benzamides (42-44)

Table 1-5 amides
. compound R, Ry’ R3' R;'  Conc. (ug/ml) inh. %
1
42 CONH, c H H 25 16.2
O_CHfQ Ra'll 43 CONH, H a H 25 13.4
Ry Ry 44 CONH, H H cl 25 13.5

Table 1-5. Inhibition of toxin binding to GM 1-coated microtiter plates by compound 42-44

(in vitro)

F. 2-Substituted benzyloxy benzoic acids (56-64)

9.7 mM (2.5 pg/ml)

Table 1-6 R, -COOH
58
19, 28, 32, 36, 40, 43
58
R, LTB  GM1-receptor
64
99.3% !

-D-galactopyranoside (MNPG) 20 mM (6 pg/ml)

64

37

MNPG

m-nitrophenyl-a
100 %

MNPG



Table 1-6. Inhibition of toxin binding to GM1- coated microtiter plates by compound 56-64,
19, 28, 32, 36, 40, 43 (in vitro)

R, Rs
compound R1 R, R3' R4 Conc. (ug/ml) inh. %
A CHO H H H 2.5 -3.5
56 COCH H H H 2.5 11.7
57 COCH a H H 2.5 26.1
58 COCH H c H 2.5 43.8
59 COCH H H c 2.5 39
60 COCH F H H 2.5 35.7
61 COCH H F H 2.5 31.8
62 COCH H H F 2.5 24.5
63 COCH H OCH3 H 2.5 154
64 COCH H H OCH3 25 99.3
19 C= N H cl H 2.5 7.3
28 CHs H c H 2.5 4
32 CH,OH H c H 2.5 104
36 COOCHj5 H c H 2.5 10.9
40 COOC;Hs H c H 2.5 26.1
43 CONH; H c H 2.5 134
MNPG 6 100

G. 2-Substituted benzylamino benzoic acids (65-75)

Table1-7 benzylamino derivatives
Ra Rs
2-substituted benzyloxy benzoic acid (56-64)
( 65 56 )
( 3 )
(-NH-) LTB  GM1-receptor



R.? Rs? R,?

@

C F OCH; H
)

R? R? R?

Table 1-7. Inhibition of toxin binding to GM 1- coated microtiter plates by compound 65-75,

(in vitro)

Rs

Ry Ry
HN_CHTQR4'
Ry Rs
compound R1 R4 Rs R, Rs3' R4 Conc. (ug/ml) inh. %
A CHO H H H H H 2.5 -35
65 COOCH H H H H H 2.5 39.9
66 COOCH H H c H H 2.5 50.9
67 COOCH H H H c H 2.5 60.4
68 COOCH H H H H a 2.5 76.6
69 COOCH H H F H H 2.5 447
70 COOCH H H H F H 2.5 50
71 COOCH H H H H F 2.5 66
72 COOCH H H H OCH;3 H 2.5 45
73 COOCH H H H H OCHs 2.5 56.7
74 COOCH OCH3 OCH3 H OCH;3 H 2.5 22.3
75 COOCH OCH3 OCH3 H H OCHs 2.5 20.5
1. lead compound (A)
2. R,
3. 64
( )



(-NH-)

65-73
R, -COOH R4? -OCH; -NH- O
73 64
64 coredructure LTB
GM 1-receptor
-2.
GM1-ELISA

64 68



