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Abstract

In order to search for biological active compound, 9-benzyl
carbazole-3-carbinol was used as a lead compound, and a series of its
derivatives has been prepared.

The antiplatelet, anti-inflammatory, inhibitory effect on microglia cells
and human leukemia cells lines of these carbazole derivatives were eval uated.
The structure-activity relationships in each system were also examined.
9-benzyl carbazole-3-carbaldehyde (3a),
9-(o-chlorobenzyl)carbazol e-3-carbal dehyde (3b),
9-(o-chlorobenzyl)carbazole-3-carbinol  (4b), 9-(p-chlorobenzyl)carbazole
-3-carbinol (4d) and 9-benzylcarbazole-3-aldoxime (7) demonstrated
significant antiplatelet activity. Their inhibitory profile is comparable to that
of YC-1.

Compound 3b showed simultaneously potent inhibition against
neutrophil degranulation and neutrophil superoxide formation.Compound 4b
and 4d demonstrated selective inhibition toward neutrophil degranulation with

inhibitory potency (ICsp 2.0 y M) equal about 6~7 times that of positive

control TFP.

Compounds 3b and 4b were identified as new class of inhibitors for



microglia cell activation. Study of their action mechanism suggested that they
act through unigue mechanism and should be considered as novel lead
compounds for further exploration. 9-(m-chlorobenzyl)carbazole-3-
carbaldehyde (3¢), 9-benzylcarbazole-3-carbinol (4a) and 9-(m-chlorobenzyl)
carbazole-3-carbinol (4¢) demonstrated significant antiproliferation against

HL 60, U 937 and K 562 leukemiacell lines.
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2a-d 3a-d 4a-d 5-9

R" R’

H,C—R

Compdconc
pog/mi R R Thrombin AA Collagen PAF
Control 90.4+0.5(4) 89.3+0.9(4) 88.3+t0.3(4) 90.7£0.4(4)
YC-11Cs 1730 p M 543 y M 538 y M 87.3 u M
Control 90.4+0.5(4) 89.3+0.9(4) 88.3+t0.3(4) 90.7£0.4(4)
2a 100 CeHs H 71.6+2.4(3)°  57.2+2.4(3)° 6.1+5.0(3)° 67.7+1.0(3)°
50 80.1+1.1(3)° 7.7£3.5(3)°
20 87.2+1.0(3)° 81.5+4.3(3)°
Control 90.4+0.5(4) 89.3+0.9(4) 88.3+t0.3(4) 90.7£0.4(4)
2b 100 0-Cl-CgH,4 H 72.2¢1.93)°  61.3+2.5(3)° 59.7+4.3(3)°  79.3t£0.8(3)°
50 84.9+1.7(3)° 74.6£1.5(3)°
20 85.1+1.8(3)° 85.6+1.0(3)°
Control 90.4+0.5(4) 89.3+0.9(4) 88.3+t0.3(4) 90.7£0.4(4)
2¢ 100 m-Cl-CgH,4 H 70.6£1.7(3) 53.1+2.9(3)° 59.4+2.0(3)° 69.9£2.1(3)°
50 79.4+1.0(3)° 80.6+3.1(3)°
20 83.3t2.2(3)° 87.9+0.8(3)°
Control 90.4+0.5(4) 89.3+0.9(4) 88.3+0.3(4) 90.7+0.4(4)
2d 100 p-Cl-CgH,4 H 80.4+1.1(3)° 63.1+3.4(3)° 51.4+0.6(3)¢ 74.6£3.3(3)°
50 81.1+0.4(3)° 75.0£1.4(3)
20 84.0+2.4(3)° 84.8+1.4(3)°
Control 90.4+0.5(4) 89.3+0.9(4) 88.3+t0.3(4) 90.7£0.4(4)
3a 100 CeHs CHO 53.845.4(3)° 0.0£0.0(3)° 0.0£0.0(3)° 43.5£5.6(3)°
50 0.0£0.0(3)° 0.0£0.0(3)°
20 1.4+1.1(3)° 52.0+10.8(3)°
10 35.0+16.8(3) € 86.5+0.8(3)°
5 80.4+1.3(3)°
2 83.9+1.0(3)
ICso 484 p M 821 pu M
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Control 90.4+0.5(4)  89.3+0.9(4) 88.3+t0.3(4)  90.7+0.4(4)
3b 100 0-Cl-CgH, CHO H 60.4+2.8(3)° 0.0+0.0(4)° 0.0£0.0(4)°  60.4+6.7(4)°

50 0.0+0.0(4)° 3.8+3.3(4)°

20 0.0+£0.0(4)° 32.8+17.3(4)°

10 24.7+13.5(4)° 82.7+1.3(4)°

5 54.0+15.7(4)

2 80.5+1.3(4)°

1 81.9+0.7(4)°

ICso 300 uy M 231y M 91.8 y M 300 y M
Control 90.4+0.5(4)  89.3+0.9(4) 88.3+0.3(4) 90.7+0.4(4)
3¢ 100 m-Cl-CgH, CHO H 70.1+1.4(3)°  64.6£3.2(3)° 63.8+1.1(3)°*  69.0+1.0(3)°

50 77.0£1.9(3)¢ 81.6+1.0(3)°
20 83.5+0.8(3)° 86.5+1.4(3)°
Control 90.4+0.5(4)  89.3+0.9(4) 88.3+0.3(4) 90.7+0.4(4)
3d100  p-Cl-CgH, CHO H 73.5£2.0(3)°  62.1+4.1(3)° 61.1+3.6(3)° 80.1+4.7(3)%
50 75.3+2.2(3)° 79.9+2.9(3)°
20 81.9+1.8(3)° 83.2+3.0(3)°
Control 90.4+0.5(4)  89.3+0.9(4) 88.3+0.3(4) 90.7+0.4(4)
4a 100 CeHs CHOH H 74.6£1.5(3)° 0.0+0.0(4)° 0.0+0.0(3)°
50 0.0+0.0(3) ¢ 2.9+25(4)°  69.5+6.8(3)
20 14.0+6.3(3)° 67.0+13.2(4)  88.0+1.5(3)
10 36.0+14.8(3)° 87.8+0.7(4)°
5 82.3+2.4(3)°

ICso 300 uy M 509 y M 1234 p M 189.5 y M
Control 90.4+0.5(4)  89.3+0.9(4) 88.3+0.3(4) 90.7+0.4(4)
4b 100 0-Cl-CgH, CHOH H  57.4450(3)° 0.0+0.0(3)° 0.0+0.0(4)° 0.0£0.0(3)°

50 0.0+0.0(4)° 8.9+7.2(3)°
20 22.0£11.1(4)°  86.7+1.2(3)
10 0.0£0.0(3)° 71.846.7(4)%

5 18.8+8.9(3)° 85.3+0.9(4)%

2 81.3+3.5(3)

ICso 300 uy M 125 u M 579 u M 1237 y M
Control 90.4+0.5(4)  89.3+0.9(4) 88.3+0.3(4) 90.7+0.4(4)
4¢ 100 m-Cl-CgH, CHOH H 65.9+4.8(3)° 0.0+0.0(3)° 0.0+0.0(3)° 0.0+0.0(3)°

50 0.0+0.0(3)° 0.0+0.0(3)° 0.0+0.0(3)°
20 87.2+0.3(3) 86.1+0.8(3)° 84.9+2.7(3)
ICso 300 uy M 851 u M 842 u M 848 u M
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Control 90.4+0.5(4)  89.3+0.9(4) 88.3+0.3(4) 90.7+0.4(4)

4d 100 p-Cl-CeH, CHOH H 60.9+7.5(3)° 0.0+0.0(3)° 0.0+0.0(3)° 0.0+0.03)°

50 0.0+0.0(3)° 0.0+0.03)¢  66.7+11.1(3)°

20 84.4+0.6(3) 87.0+2.5(3) 88.2+0.9(3)

ICso 300 uy M 841 u M 847 u M 167.6 y M
Control 90.4+0.5(4)  89.3+0.9(4) 88.3+0.3(4) 90.7+0.4(4)
5 50 CeHs COCH; COCH;

20 88.3+0.6 (3)¢ 84.2+0.7 (3)° 85.2+0.3(3)°  86.0+1.8 (3)a
Control 90.4+0.5(4)  89.3+0.9(4) 88.3+0.3(4) 90.7+0.4(4)
6 100 CeHs COCH; H 71.7¢1.3(3)°  53.1+7.5(4)° 39.1+6.3(3)° 66.3+0.5(3)°

50 71.9+3.0(4)° 64.3+2.4(3)° 81.0£0.7(3)°

20 81.9+1.2(4)° 85.6+0.9(3)°

ICso 3652 u M 2639 y M 563.5 u M
Control 90.4+0.5(4)  89.3+0.9(4) 88.3+0.3(4) 90.7+0.4(4)
7 100 CeHs CH=NON H 26.4+4.5(4)° 0.0£0.0(3)° 0.0+0.0(4)° 13.6+0.7(3)°

50 79.9+0.9(4)° 0.0+0.03)° 0.0+0.0(4)°  66.6+1.7(3)°

20 67.7£2.6(3)° 45.0+11.4(4)°  84.8+1.6(3)°

10 81.4+1.6(3)° 77.743.4(3)°

ICso 834 u M 717 4 M 1980 y M
Control 90.4+0.5(4)  89.3+0.9(4) 88.3+0.3(4) 90.7+0.4(4)
8 50 CeHs COOH H 89.6+0.6 51.4+0.6(3)° 30.9+11.6(4)°  89.2+0.5(3)*

20 83.5+1.1(3)° 84.6+2.0(4)

ICso 30 uM 1754 u M 121.3 y M 300 y M
Control 90.4+0.5(4)  89.3+0.9(4) 88.3+0.3(4) 90.7+0.4(4)
9 100 CeHs CH,OCH; H 61.6£0.3(3)°  53.5+4.9(3)° 8.7+t1.0(4)°  58.6+0.6(3)°

50 825+1.2(3)¢  65.0+1.4(3)° 19.6+1.2(4)° 81.4+1.2(3)°

20 70.4+0.9(3)° 77.0£4.7(4)2

10 79.9+2.9(3)°

ICso 300uM 3179 uM 1359 y M 300 y M

Platelets were incubated with test sample at 37 for 1 min before thrombin (0.1 unit/ml), AA (100u M),

collagen (10 p g/mL) or PAF (2 ng/ml) was added to trigger aggregation.Values are presented as mean + S.E.

and the concentration (u M) causing 50% inhibition o platelet aggregation (ICso). %: P 0.05,°: P 0.01, ©: P
0.001
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11-17

R
N
R

Compd conc

pog/mi R R' Thrombin AA Collagen PAF
Control 92.5+0.4(3) 87.8+0.6(6) 87.8+1.3(4)  90.2+0.5(4)
11 100 CH, 81.6+3.9(3)% 39.4+4.4(4)°  37.2¢1.43)°  42.1+4.5(4)°
Control 92.5+0.4(3) 87.8+0.6(6) 87.8+1.3(4)  90.2+0.5(4)
12 100 CHs 33.3+3.6(3)° 0.0+0.0(4)° 0.0+0.0(4)° 0.0+0.0(4)°

50 56.6+8.3(6)

20 31.4+17.2(5°  85.6+8.3(3)°

10 83.3+4.5(4)
Control 92.5+0.4(3) 87.8+0.6(6) 87.8+1.3(4)  90.2+0.5(4)
13 100 CaH7 41.2+7.0(3)° 0.0£0.0(4)° 0.0£0.0(3)° 1.1+0.9(4)°

50 37.9+11.8(3)

20 29.5+16.2(4) 87.9+0.8(3)°

10 70.5+8.6(4)%
Control 90.4+0.5(4) 89.3+0.9(4) 88.3+0.3(4)  90.7+0.4(4)
14 100  iso-CgHy 71.1+6.8(3)? 48.9+9.0(4)° 26.8+1.0(3)° 38.4+5.9(3)°
Control 90.4+0.5(4) 89.3+0.9(4) 88.3+0.3(4)  90.7+0.4(4)°
15 100 CiHs 0.0£0.0(3)° 0.0£0.0(3)° 43.5+5.6(3)°

20 0.0£0.0(3)° 0.0£0.0(3)°

10 1.4+1.1(3)° 52.0+10.8(3)°

10 2.9+1.2(3)° 86.5£0.8(3)°

5 63.7£2.4(3)°

2 83.6+1.9(3)
Control 89.3+0.9(4) 88.4+0.3(4) 90.4+0.5(4)  90.7+0.4(4)°
16 100 CHs 0.0+£0.0(4)° 0.0+0.0(3)° 0.0+0.0(3)°  0.0+0.0(3)°

50 34.2+5.9(4)° 10.3+0.6(3)° 14.1+0.9(3)°  8.3+0.0(3)°

20 85.8+1.3(4)° 13.0+0.9(3)° 18.4+1.4(3)°  78.0£3.1.0(3)°

10 56.8+1.8(3)° 48.3+2.0(3)°




5 70.7+1.1(3) 79.1+1.3(3)°

2 81.5+0.7(3)°
ICso 2154 M 112y M 1124 M 180 M
Control 89.3+0.9(4) 88.4+0.3(4) 90.4+0.5(4)  90.7+0.4(4)°
17 100 CHs CH=NOH 0.0+0.0(3)° 0.0+0.0(4)° 0.0+0.03°  0.0+0.0(3)°
50 82.0+1.0(3)° 0.0+0.0(4)° 17.142.93)°  55.6+1.1(3)°
20 0.0+0.0(4) © 18.9+0.4(3)°  83.5+0.8(3)°
10 24.4+2.9(4)°  19.4+0.7(3)°
5 30.7+3.1(4)°  44.5:1.9(3)
2 76.4+1.4(4)°  83.5:0.2(3)°
1 86.3+0.6(4)
ICso 29.54 M 81.7u M 22451 M

Platelets were incubated with test ssmpleat 37 for 1 min before thrombin (0.1 unit/ml), AA (100u M),
collagen (10 p g/mL) or PAF (2 ng/ml) was added to trigger aggregation.Values are presented as mean +
S.E. and the concentration (u M) causing 50% inhibition of platelet aggregation (ICs). ®: P 0.05,°: P
0.01, °: P 0.001.
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2a-d 3a-d 4a-d 59 11-19 20-24

carbazole 3 6 2a-d
2 3 -CHO 3a
ICsp 112 p M positive control TFP 3a  9-benzyl
group  o-chlorobenzyl group 3b

3a  benzyl group  m-chlorobenzyl (3¢) p-chlorobenzyl (3d)

3a 3b 3¢ -CHO -CH,OH 4a 4b
4c 9-(p-chlorobenzyl)carbazole
-3-carbaldehyde (3d) 9-(p-chlorobenzyl)carbazole-3-carbinol (4d)
4b 4d ICso 2.0
M postive control TFP  6-7 3a -CHO -COCH
8 ) 3a  -CHO

COCHs(5 6) -CH=NOH (7)
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2a-d 3a-d 4a-d 5-9

R" R'
N
Hzi:—R
Compd
conc Percent Release
v M R R R" B %inhibition Lysozyme % inhibition
-Glucuronidase
14.0+ 0.9 349+ 3.7
Co
ntrol
TFP 3 149+ 2.0 7.4+ 9.1 315+ 59 17.8+ 8.2
10 7.2+ 15* 51.3+ 8. 16.1+ 2.1**  57.8t 4.7
30 1.2+ 1.1** 85.9+ 2.5 3.1+ 1.9** 90.8+ 5.9
ICso 13.8+ 3.4 12.3+ 3.3
2a 30 CsHs H H 148+ 2.0 11.1+ 89 474+ 3.2* -22.2+ 6.6
100 17.7+ 0.8 -12.8+ 7.9 494+ 2.3* -29.5+ 11.3
2b 30 0-Cl-CgH; H H 11.9+ 0.0 127+ 75 461+ 19 -12.5+ 8.0
100 13.2+ 1.3 -0.2+ 79 48.1+ 4.5* -17.6x+ 6.3
2¢ 30 m-Cl-CgH; H H 16.5¢ 1.0 -23.9+ 9.1 48.0+ 2.1* -24.5+ 6.8
100 122+ 2.1 6.3+ 10.2 52.0+ 0.1** -36.3t 9.0
2d 30 P-CI-CsH, H H 10.3+ 2.8 145+ 2.8 48.8+ 2.0* -26.7£ 7.0
100 127+ 1.2 6.1+ 43 519+ 0.7** -36.2t 9.8
3a 1 CoHs CHO H 20.6+ 0.3** 244+ 3.6 53.8+ 2.5 113+ 24
3 13.9+ 0.8** 48.9+ 4.3 43.8+ 57** 284+ 5.2
10 10.0+ 1.6** 629+ 7.1 36.4+ 59** 40.7+ 6.4
30 ' 9.8+ 0.3** 63.8+ 2.4 34.5+ 3.9**  43.3+ 4.8
ICso 11.2+ 1.2
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3b 1 0-Cl-CH, CHO H 19.5+ 2.2** 29.1+ 5.6 45.2+ 55* 259+ 7.2
3 13.7+ 2.4** 50.5+ 7.3 34.5+ 5.6 437+ 6.1
10 10.1+ 0.2** 63.0+ 2.0 39.1+ 114 37.2+ 14.6
ICso 5.3+ 0.3
3¢ 10 m-Cl-C¢H, CHO H 14.6+ 1.6** 46.5+ 4.4 523t 2.1 14.1+ 0.7
30 13.8+ 1.3** 49.5+ 4.7 50.3t 5.4 17.7+ 6.0
100 13.5+ 0.5** 49.8+ 4.6 51.9+ 4.7 152+ 1.5
3d 1 P-CI-CsHs CHO H 18.8+ 0.8** 30.9t 4.2 482+ 1.4 20.4+ 1.9
3 14.7+ 0.8** 46.0+ 3.8 48.6+ 3.6 20.1+ 1.8
10 19.1+ 1.1** 30.1+ 3.2 47.6+ 0.4 21.1+ 3.8
4a 1 CiHs CH,OH H 20.5+ 0.8** 23.6+ 8.3 7.5t 4.9
3 17.4+ 1.6** 36.1+ 1.5 53.2+ 35 13.0+ 2.6
10 10.9+ 2.1** 60.9+ 4.5 51.6t+ 7.4 15.8+ 85
ICso 7.3t 0.8
4b 03 0-Cl-C¢H, CH,OH H 24.6+ 0.1** 29.1+ 5.6 57.0+ 35 6.1+ 1.2
1 18.5+ 2.8** 50.5+ 7.3 51.9+ 7.2 14.8+ 3.7
3 8.8+ 1.6** 63.02.0 55.5+ 4.1 8.6t 2.2
ICso 2.0t 01
4c 03 m-Cl-CgH, CH,OH H 15.0+ 1.0** 279+ 134 576+ 16 55+ 1.4
1 15.9+ 1.7** 413+ 75 53.2+ 4.3 126+ 7.0
3 19.4+ 2.6** 432+ 105 57.1+ 05 6.5+ 1.9
4d 0.3 P-Cl-CsH,; CH,OH H 8.1+ 2.2 18.6+ 7.0 525+ 1.6 14.7+ 2.7
1 16.3+ 1.5** 39.9+ 5.1 53.4+ 2.9 12.3+ 44
3 21.9+ 1.2%* 68.4+ 13.7 52.0+ 2.7 14.1+ 1.1
ICso 2.0t 04
325+ 0.4 48.2+ 3.0
Co
ntrol
5 10 GCgHs COCH; COCH; 29.9+ 0.2 7.9+ 1.7 459+ 5.7 5.3t 5.7
30 30.2+ 0.6 7.2+ 15 47.3+ 54 2.4+ 5.0
6 10 CsHs COCH;3 H 25.3+ 0.9 221+ 25 38.4+ 3.1 20.4+ 1.8
30 276t 1.4 154+ 3.1 39.9+ 34 175+ 1.7
7 10 GCgHs CH=NOH H 259+ 1.7 20.3t 4.2 459+ 3.1 5.3t 2.7
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30 316+ 11 2.9+ 34 36.8+ 7.0 24+ 9.4

8 3 CHs COOH H 26.3+ 1.7 192+ 51  42.0t 2.7 12.7+ 4.0
10 21.2+ 1.3 34.9+ 40 314+ 23 348+ 3.3
30 13.9+ 0.7 573+ 1.7  27.3t 21 434+ 1.1
1Cso 23.1+ 15

9 10 CHs CH,OCH; H 254+ 0.8%  21.8+ 3.4  42.9+ 46 11.3+ 5.5
30 27.5+ 0.2 153+ 15 459+ 4.7 5.1+ 3.7

a ;Data are presented as mean £ SEE. ; .b: Inducer: 1y M fMLP + 54 g/ml cytochdasin B. c: *P  0.005, **P
0.001, N=3. d: TFP: trifluoperazine (postive control).

11-19
R
N
g
Compd
conc Percent Release
M R R B inhibition Lysozyme % inhibition
-Glucuronidase
Control 14.0+ 0.9 34.9+ 3.7
TFP 3 149+ 2.0 7.4+ 9.1 315+ 59 17.8+ 8.2
10 7.2+ 15* 51.3+ 8. 16.1+ 2.1** 57.8+ 4.7
30 1.2+ 1.1** 85.9+ 2.5 3.1+ 1.9** 90.8t 5.9
ICso 13.8+ 3.4 12.3+ 3.3
11 30 CH; H 10.0+ 1.9 21.7+ 9.0 421+ 6.4 -0.2+ 6.3
100 7.9+ 24 39.8+ 9.8 44.0+ 3.8 6.2+ 6.0
12 10 CyHs H -- -- 39.2+ 114 9.0+ 12.2
30 13.8+ 0.6 8.3t 5.2 43.2+ 6.1 -3.2+ 6.1
100 15.3+ 35 -1.7+ 120 528+ 15 -.31.6t 9.6
13 10 GCgHy H 17.7+ 1.4* -36.0+ 9.5 -- --
30 139+ 1.6 1.9+ 53 51.2+ 2.1* -27.0+ 8.7



100 17.5+ 0.9* -33.8+ 8.0 52.4+ 2.9* -30.2+ 8.0
14 10 iso-C3H; H 12.6+ 0.9 118+ 15 - -
30 119+ 28 18.7+ 6.7 49.3+ 4.5* -21.6+ 6.4
100 18.2+ 1.7* -25.1+ 2.1 56.3+ 2.0* -28.7+£ 9.0
15 30 C4Hy H 9.2+ 0.0 279+ 15 55.6+ 1.7* -35.0+ 5.5
100 12.9+ 2.9 21.1+ 10.6  52.4+ 3.6* -25.8+ 8.0
16 3 CH; CHO 30.6 2.1 5.7+ 6.8 47.3+ 2.6 15+ 4.7
10 224+ 0.7%* 31.1+ 1.8 39.9+ 1.8 16.8+ 2.2
30 13.0+ 0.5** 59.9+ 2.0 29.5+ 2.3**  38.8+ 1.0
I1Cso 22.9+ 0.3
17 10 CH; CHNOH 23.7+ 0.6** 273+ 2.7 446+ 4.0 7.7+ 2.2
30 24.6+ 0.6* 245+ 24 46.1+ 3.1 4.4+ 1.6
control 14.0+ 0.9 349+ 3.7
TFP 3 38.7£ 1.9 s34+ 2.1 69.9+ 3.0 -27.0t 4.1
10 17.9+ 0.3 38.3+ 2.7** 39.1+ 0.3** 27.5+ 5.8*
30 5.0+ 0.6 87.1+ 2.7** 2.6+ 0.6** 94.3+ 2.1**
1Cso 12.2+ 0.3 13.2+ 0.7
18 10 CH; CH=CHCOOH 31.0+ 0.7 16.2+ 6.2 52.3+ 1.6 4.1+ 64
30 239+ 2.3 35.2+ 84 42.8+ 4.2 21.2+ 10.4*
104+ 2.4 71.3+ 8.2 28.7+ 41 47.0+ 9.2**
I1Cso 15.8+ 5.4
19 10 CH; C=NNHCONH, 35.7+ 3.0 4.6+ 1.5 58.1+ 2.5 -5.8+ 1.1
30 324+ 1.2 13.0+ 45 52.9+ 0.6 32+ 29

a Data are presented as mean £ S.E. ; b: Inducer: 1u M fMLP + 5u g/ml cytochalasin B. c: *P 0.005, **P
0.001, N=3. d: TFP: trifluoperazine (postive control).
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20-24

R
)
H>C
Compd
conc Percent Release
g M R B -Glucuronidase % inhibition Lysozyme % inhibition
37.8+ 1.8 54.9+ 2.3
C
ont
rol
TFP 3 38.7+ 1.9 s34+ 2.1 69.9+ 3.0 -27.0t 4.1
10 17.9+ 0.3 38.3+ 2.7**  39.1+ 0.3** 27.5+ 5.8*
30 5.0+ 0.6 87.1+ 2.7** 2.6+ 0.6** 94.3+ 2.1**
ICso 12.2+ 0.3 13.2+ 0.7




10 10 COOC;Hs 374+ 15 -0.3+ 1.3 55.2+ 0.6 -0.8+ 1.5

30 33.1+ 1.2 11.0+ 2.3 486+ 1.2 11.3t 2.0
20 3 CH=CHCOOH  23.2+ 1.0** 286+ 3.3 359+ 2.9 256t 25
10 17.2+ 0.2+* 496+ 1.6 283+ 25** 414+ 1.6
30 7.4+ 0.64* 77.2¢ 1.7 212+ 3.3** 565t 4.1
1Cso 13.7+ 0.7 22,6+ 2.6
21 10 CH=C(COOEt), 38.2+ 2.0 23t 13 578+ 16 5.3+ 2.0
30 37.8+ 1.1 -14+ 25 565+ 0.1 3.2+ 4.1
22 10 CH=CH(CN) (COOEt) 39.7+ 0.8 6.8+ 31 632+ 1.6 -15.3+ 4.1
30 39.1+ 0.8 52+ 32 604+ 1.4 -10.1+ 2.5
23 10 CH=CHCOCH, 315+ 1.0 152+ 1.6 519+ 1.7 5.4+ 0.8
30 29.8+ 1.4 20.1+ 0.2* 489+ 1.3 10.6+ 5.4
24 30 CH=CHCOOEt  37.6+ 1.2 1.0+ 1.6 588+ 0.8 7.2+ 6.4
100 36.4+ 216 27+ 22 580t 34 -5.7+ 10.4

a Data are presented as mean = SEE. ; b: Inducer: 3y M fMLP + 5y g/ml cytochaasin B. ¢: *P 0.005, **P
0.001, N=3. d: TFP: trifluoperazine (postive control).

| C50 30}.] M

2a-d 3a-d 4a-d 5-24

H,C—R
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Compd Conc.(u M) Superoxide anion  formation

R R R nmol/10° cells % inhibition
control 41+ 04
TFP 3 2.9+ 0.9 225+ 4.3
5 0.8+ 0.3* 525+ 2.0
10 0.2+ 0.1** 50.7+ 0.1
I1Cso 74+ 04 p M
control 41+ 04
2a 30 CsHs H H 4.4+ 05 -4.4+ 3.1
100 0.4+ 04 -6.7+ 1.2
1Cso 100y M
control 41+ 04
2b 30 o -Cl-CgH,4 H H 45+ 04 -7.1+ 15
100 4.4+ 0.4 -5.5+ 0.7
1Cso 100y M
control 41+ 04
2¢ 30 m -Cl-CgH,4 H H 4.4+ 04 -4.7+ 4.3
100 4.4+ 0.3 -4.0¢ 4.0
I1Cso 100y M
control 41+ 04
2d 30 p-Cl-CsH,4 H H 45+ 0.3 -7.0+£ 4.0
100 41+ 05 2.8+ 2.3
1Cso 100y M
Control 3.31+ 0.32
TFP 1 3.12+ 0.59 2.3+ 9.0
3 1.89+ 0.59** 442+ 12.4
10 0.53+ 0.06** 82.9+ 3.3
5.6+ 0.30
control 3.31+ 0.32
3a 30 CsHs CHO H 3.54+ 0.45 4.6+ 11.3
100 3.89+ 0.90 -1.6+ 18.4
I1Cso 100y M
control 3.31+ 0.32
3b 30 o -CI-CgH, CHO H 3.43+ 0.39 7.5+ 9.8
100 4.15+ 0.43 -10.7+ 1.9
I1Cso 100y M
control 3.31+ 0.32
3¢ 30 m -Cl-CgH, CHO H 3.98+ 0.28 -6.8+ 2.3
100 3.93+ 0.23 -6.1+ 5.7
1Cso 100y M
control 3.31+ 0.32
3d 30 p-ClI-CgH,4 CHO H 3.66+ 0.47 5.2+ 2.7
100 4,06+ 1.03 -15.1+ 17.6
I1Cso 100y M
control 3.31+ 0.32
4a 30 CsHs CH,OH H 3.74+ 2.3+ 139
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100 3.44+ 8.6+ 4.7
1Cs 100p M
control 3.31+ 0.32
4b 10 o -CI-C¢H,4 CH,OH H 4.15+ 0.02 -48.5+ 9.0
30 4,24+ 0.05** -51.8+ 9.2
100 436+ 0.12* -56.2+ 11.0
1Cs 100p M
control 3.31+ 0.32
4c 30 m -Cl-CgH,4 CH,OH H 3.93+ 0.84* -33.7+ 14.2
100 4.25+ 0.50* -29.0+ 8.9
1Cs 100p M
control 3.31+ 0.32
4d 10 p-Cl-CgH,4 CH,OH H 3.07+ 0.16 -9.3+ 3.8
30 2.97+ 0.08 -6.0+£ 5.3
1Cs 100p M
control 2.81+ 0.17
TFP 3 2.13+ 0.04 23.7+ 3.5
10 0.56+ 0.08** 79.2+ 4.3
30 0.22+ 0.09** 91.9+ 4.3
1Cs 9.7+ 11 pu M
control 2.81+ 0.17
5 10 CeHs COCHg3 COCH; 2.44+ 0.13 12.0+ 9.4
30 3.01+ 0.12 8.0+ 94
1Cs 30u M
control 2.81+ 0.17
6 10 CsHs COCH;, H 2.47+ 0.29 10.7+ 14.4
30 1.52+ 0.20** 457+ 7.6
1Cs 30u M
control 2.81+ 0.17
7 3 CsHs CH=NOH H 3.35+ 0.10 -20.0+ 54
10 3.78+ 0.18* -36.7+ 11.8
30 5.35+ 0.11** -93.1+ 124
1Cs 30u M
control 2.81+ 0.17
8 10 CsHs COOH H 2.80+ 0.25 0.3 5.6
30 3.07+ 0.18 9.9+ 84
1Cs 30u M
control 2.81+ 0.17
9 10 CsHs CH,OCH; H 3.26+ 0.52 -11.4+ 85u M
30 2.13+ 0.31 23.3t 135
1Cs 30u M
control 6.95+ 0.33
10 10 CsHs COOC;Hs H 7.36+ 0.46 -6.5+ 94
30 6.34+ 0.09 8.3+ 5.7
1Cs 30u M
control 5.85+ 0.50
TFP 3 6.04+ 0.19 -4.5+ 10.0
5 4.60+ 0.21 20.7+ 6.5*
10 2.32+ 0.18 60.0+ 4.8**
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1Cs 8.3t 0.8y M
control 41+ 04
11 30 H H H 45+ 05 -7.9+£ 19
100 43+ 0.4 -1.2+ 2.4
1Cso 100p M
control 41+ 04
12 30 CH; H H 4.3+ 0.3 3.1+ 2.1
100 4.4+ 0.4 5.7+ 1.0
1Cs 100p M
control 41+ 04
13 30 C,Hs H H 4.4+ 0.3 -6.6+ 2.1
100 43+ 0.4 -2.3+ 1.2
1Cso 100p M
control 41+ 04
14 30 iso-CyHs H H 41+ 04 -0.6+ 1.4
100 43+ 0.4 -3.6x 1.7
1Cs 100p M
control 41+ 04
15 30 CsH- H H 45+ 0.1 -7.8+£ 84
100 4.4+ 0.1 -7.0+£ 6.9
1Cs 100p M
control 2.81+ 0.17
16 10 H CHO H 2.12+ 0.22 22.9+ 12.1
30 1.72+ 0.24** 38.3+ 10.1
1Cs 30u M
control 2.81+ 0.17
17 30 H CH=NOH H 2.08+ 0.32** 27.2+ 8.3
100 2.51+ 0.07 10.2+ 3.9
1Cs 30u M
control 6.95+ 0.3
18 10 H CH=CHCOOH H 5.61+ 0.44 228+ 7.1
30 5.20+ 0.21 24.6+ 6.6
1Cs 30u M
Control 6.95+ 0.3
19 10 H CH=NNHCONH, H 4.99+ 0.46 28.0+ 5.9*
30 3.66+ 0.41 471+ 6.3**
1Cs 30u M
control 6.95+ 0.3
TFP 1 5.74+ 0.12 17.1+ 25
3 3.61+ 0.29 47.6+x 5.9**
10 1.54+ 0.10 77.9+ 1.1**
1Cs 3.4+ 0.3y M
control 2.81+ 0.17
20 10 CgHs CH=CHCOOH H 3.22+ 0.18 -16.2+ 12.6
30 2.64+ 0.16 52+ 7.7
1Cs 30u M
control 6.95+ 0.33
21 10 CgHs CHC(COOEY), H 6.16+ 0.48 115+ 3.0
30 6.25+ 0.16 9.4+ 6.8
1Cs 30u M
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control 6.95+ 0.33
22 10 CgHs CH=NNHCONH, H 6.85+ 0.26 1.1+ 4.8
30 3.02+ 0.31 12.9+ 6.7
I1Cso 30u M
control 6.95+ 0.33
23 10 CHC(COOEL)(CN) H 6.52+ 0.32 6.2+ 1.5
30 6.44+ 0.23 6.7+ 7.8
I1Cso 30u M
control CsHs CH=CHCOOEt H 6.95+ 0.33
24 10 7.35+ 0.21 -6.5+ 8.6
30 6.80+ 0.25 1.7+ 5.3
I1Cso 30u M
control 6.95+ 0.33
TFP 1 5.74+ 0.12 171+ 25
3 3.61+ 0.29 47.6+ 5.9**
10 1.54+ 0.10 77.6+ 1.1**
3.4+ 0.3y M

a. Data are presented as mean + S.E. b. Inducer : PMA 3nM. c.* P

TFP: trifluoperazine (as positive control).

2a-d 3a-d 4a-d

5-24

0.05,** P 0.001, N= 3~6. c.
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compdsconc

Percent release

HM R R R" B -Glucuronidase % inhibition Histamine % inhibition
Control 180+ 0.9 - 250+ 10 180+ 0.9
Mepacrine 10 134505% 252409 00 738+42

1.7%*
20 122+
9.0+1.0** 496+4.2 o 1 38.1+8.3(4)*
% 6.8+ 0.5 621+ 1.1 8% 934+ 8.8
2.4%*
ICso 223+ 1.0 147+17
Control 19.0+ 0.2 -- 23717 --
2a 3 CH,-CgHs H H 21.1+05 4357 222+27 27+44
10 195+ 0.1 38+85 264+11 6.4+79
Control 19.0+ 0.2 -- 23717 --
2b 30 CHy-(0-Cl-CgHa) H H 22809 22+79 254+39 4.9+10.2
100 26.8+ 2.0 91+72 227+37 59+11.8
Control 19.0+ 0.2 -- 23717 --
2¢ 30 CH,-(m-ClI-CgHy) H H 21.2+09 22+83 253+36 4896
100 237+ 0.6 05+23 256+31 72638
Control 19.0+ 0.2 -- 23717 --
2d 30 CHy-(p-Cl-CsHa) H H 20916 04+102 221+24 7.6+46
100 229+ 0.8 13+56 26.8+29 128+ 84
Control 206+16 575+ 38.
3a 30 CH,-CsHs CHO 18.5+2.6* 38.9+5.2  38.3t0.5 22.0+1.8
100 16.4+3.7%* 47.2¢9.2  37.4+28 23.8t+55
Control 206+16 575+ 38.
3b 30 CHy(0-CI-C¢Hy) CHO 20.0+3.2* 30.3£9.7  42.3t2.7 14.0+4.0
100 17.5¢3.7%* 43.3t9.0 38.6+0.6 21.3+2.0
Control 206+16 575+ 38.
3c 10 CHy-(m-Cl-CsHs) CHO 20.9+4.3* 34.0+£7.7 56.6£5.1 15.5+8.1
30 18.0+2.8** 40.1+7.2  42.5t+5.6** 27.7+5.6
100 13.8+2.2** 54.6+46  38.7+5.8** 34.6+59
ICso 77.2¢£10.7
Control 20.6+£1.6 575+ 38.

52



3d 10 CH,(p-Cl-C¢Hs) CHO H  21.6#57  32.7+12.4 59.7+1.8  9.4+1.2
30 16.6£2.8  454+6.9  445+65* 24.6+6.6
100 11.8+ 2.4** 593+6.9 38.1+5.8* 35.4+6.2
ICso 69.6+17.9
Control 29.6+ 1.6 575+ 3.8.
4a 3 CH»CeHs  CH,OH H  229+16  229+44 415+12 155t17
10 21.6+2.1  275t65 413+19 158t39
Control 296+ 16 57.5+3.8.
4b 3 CHy(0-Cl-CgHs) CH,OH H  225+1.3 24681 42.1+11 142422
10 245+02  17.6+3.3 455+16  [4tl8
Control 296+ 16 575+ 3.8.
4c 3 CHy(m-Cl-CgHs) CH,OH H  184+39 39.0+0.1 33.1+2.3P 326£37
10 21.9+14  26.6£12.8 36.9+12° 24.6£36
Control 296+ 16 57.5+3.8.
4d 1 CHpy(p-Cl-CéHs) CH,OH H 202408  32.1+45  386+1.4* 214+2.3
3 21.2+41  288+20 413+50 16.2¢88
Control 43.2+1.6 56.7+2.0
5 10 CHp-CeHs COCH; COCH 41.6+31  3.9+28  451+58 21075
3
30 36.8+2.6  14.8+14.8 459+4.9 (1)9-3i7-
Control 43.2+1.6 56.7+2.0
6 10 CHy-CeHs 42.3+0.7 1.9+45 53.4+2.0 5.8+1.6
30 34.0+2.4*  20.9+65  44.8+2.9+ 21.0£30
control 43.2+1.6 56.7+2.0
7 10 CHyCeHs CH=NOH H 395:04  85+25  50.1+36 11.743.2
30 36.6+35 157450 486+11 13.9t4.7
control 43.2+1.6 56.7+2.0
8 10 CH,-CgHs H 388t13  101+15 51.6+24 8911
30 34.0+1.6** 21.4+15 459+38 19.1#4.2
control 43.2+1.6 56.7+2.0
9 10  CHyrCeHs CH,OCH; H 51.8+25  -19.6+1.8 59.5:43  -4.7+4.4
30 51.2+¢1.8  -18.6#51 587+24  -3.6+2.0
control 31.5+1.4 54.0+0.5
10 10  CHyrCeHs COOCHs H 382434  -207466 64.0+20 -18.4+4.6
30 49.7+3.7  -57.3t7.2* 63.4+2.4  -17.4+4.7
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control 18.0+ 0.9 -- 250+1.0 --
n 3 CHs H 198+ 1.1 43+57 231+20 27+44
10 19.7+ 15 38+85 256+ 3.4 6.4+ 7.9
control 18.0+ 0.9 -- 250+1.0 --
12 3 CoHs H 186+ 1.6 22+79 254+39 49+10.2
10 173+ 15 91+72 227+37 59+11.8
control 18.0+ 0.9 -- 250+1.0 --
13 30 CsH; H 194+ 1.7 22+83 253+36 48+96
100 19.1+0.3 05+23 256+3.1 72+6.8
control 19.0+ 0.2 -- 237+ 17 --
14 3 iso-CH;  H 189+ 1.9 04+10.2 221+ 24 76+ 4.6
10 187+ 1.1 13+56 268+29 128+84
control 18.0+ 0.9 -- 250+1.0 --
15 3 CaHo H 17.9+ 0.8 57+38 251+16 6.7+ 6.6
10 202+ 05 64+19 264+15 119+33
control 43.2+1.6 56.7+2.0 43.2+1.6
MepacrinelO 20.9+0.699 31.9+2.1  426+£2.7%* 24.6t4.1
20 18.2¢41.1** 57.8+2.9  31.6+3.4** 435+4.2
30 5.9+0.8** 86.0£2.1  12.1+1.2** 78.2+14
ICso 32.2¢3.6
Control 43.2+1.6 56.7+2.0
16 10 CH, CHO 35.7¢33  17.8¢47  483t60  153%7.9
30 30.7+2.4%*  29.1+37 40.4+1.9+* 28.7+24
Control 43.2£1.6 56.7+2.0
17 10  CHs CH=NOH 38.8+1.7  10.4+15 505+3.6 ~ 10.9£3.2
30 33.3+0.7¢ 22.8+1.3 a4.7+2.7+ 213820
Control 315+14 54.0+0.5
18 10 CHs  CH=CHCOOH 28.4+13  9.8t1.4 52.4+0.8 2.9+2.3
30 40.7+2.3  -30.0+105 51.7+2.2 4.3+5.0
control 31.5+1.4 54.0+0.5
19 10 CH;, CH=NNHCONH, 325+1.0  -3.31.6 53.9+0.2  0.2¢t14
30 26.9+12  14.70.1 47.9+0.7 112423
control 43.2+1.6 56.7+2.0
20 10 CH,-CgHs CH=CHCOOH 39.6+25  8.2+57 52.1+4.4 8.4£4.5
30 39.7+0.03  7.8+3.4 47.2+22 167209
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control 31.5+1.4 54.0+0.5

21 10 CH,-CeHs CH=C(COOEt) H 27.2¢09  12.8+2.2 57.3t2.3  -6.0t5.4
30 27.4+10  12.9+0.8 57.0+35  ">5t7.6
control 31.5+1.4 54.0+0.5
22 10 CHp-CeHs CH=NNHCONH, H 31.741.8  -0.5+1.4 65.5+4.1 22482
30 31.9+11  -15+47 66.6+2.7  -23.3t6.1
control 31.5+1.4 54.0+0.5
23 10 CH,-CgHs CH=CHCOCH; 37.6+3.0  -19.3t7.8  66.0t4.4 222493
30 31.9+14  -12+18 60.7+3.4 12475
control 31.5+1.4 54.0+0.5
24 10 CHp-CeHs CH=CHCOOC,Hs H  33.5+1.9 -6.0+15  61.9+3.1  -14.7%66
30 32.9+1.8 -43+13  614+33  -136£7.0
control 31.5+1.4 54.0+0.5
Mepacrine 10 236+0.4  24.6+0.7*  41.8+25 22.5+1.8*
30 14.4+0.2  54.0+05%* 29.4+18  45.4+1.2%*
100 45+0.3  854+17** 10.9+0.6  79.7+05**
25.57+0.6 31.6+1.0

Mast cell were preincubation at 37 with 0.5 % DM SO or test compounds for 3 min. of cytochalasin
Fifteen minutes after the addition of compound 48/80 (10u g /D3, -g 1 uc ur amidd ehdest ami ne acti v
the supernatant wer eedad emdmaNweRid*P O0B*:POHl.ar e present

Microglia cells NO TNF-a
2a-d 3a-d 4a-d 5-9 LPS/TNF-a N9 microglia
cell NO TNF-a
Nitrile assay 3b  postive control 1400 W
NO ICsp 3.0 M 3b  o-Cl m 3c
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1/5 p 3d

Cl 3a 3b 3¢ CHO 2b
2¢ 3a  3d CHO 2a
2d 2a  phenyl group 11
3b -CHO -CH,OH 4b
4  o-Cl m-Cl  4c¢ 4-Cl 4d Cl 4a

3b 3c 3d 3a

TNF-a assay 3b 4b LPS/TNF-a -y
-induced TNF-a 1Cso 0.6 0.5y M
2a-d 3a-d 4a-d N9 NO TNF-a
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Compd R R ICso (MM)?
Nitrite TNF-a

2 H H >30( 6.8+ 1.0%)° > 30 (21.7 + 2.9%)
2a CeHs H > 30 (32.7 + 0.4%) > 30 (46.3 + 1.8%)
2b 0-Cl-CgH, H > 10 (45.9 + 0.9%) 2.93+0.06
2¢ m-Cl-CgH, H > 30 (37.2 + 1.5%) > 30 (44.7 + 1.9%)
2d p-Cl-CgH, H > 10 ( 6.7 = 2.5%) > 10 (40.9 + 7.9%)
3a CeHs CHO > 10 (20.0 + 5.6%) > 10 (43.9 + 1.8%)
3b 0-Cl-CgH, CHO 30+0.1 0.64+0.23
3¢ m-Cl-CgH, CHO 16.4+0.3 6.50 + 0.13
3d p-Cl-CgH, CHO > 10 ( 6.2 + 0.6%) > 10 (38.4 + 1.8%)
4a CeHs CH,OH > 10 (45.0 + 2.0%) 490+ 0.14
4b 0-Cl-CgH, CH,OH 23+0.1 0.52+0.16
4c m-Cl-CgHg CH,OH 9.9+0.3 4.60 +0.12
4d p-Cl-CgH, CH,OH > 10 (12.9 + 1.6%) >10 (11.1 + 3.1%)

1400W° 6.0+0.1 ND“

Dexamethasone® ND 0.10+0.01

TNF-a was measured by using TNF-a ELISA kit and see ref 65 for NO determination. Values are
expressed as the means + SE. (n = 3). ® When 50% inhibition could not be reached at the highest
concentration, the percent inhibition is given in the parentheses.Compounds that were unable to evaluation at
the concentrations > 10 mM because of the cytotoxicity. © 1400W (N-(3- aminomethyl)benzylacetamidine)
and dexamethasone are the reference inhibitors for nitrite and TNF-a formation, respectively. ¢ ND, not

determined.

Carbazole (2-15) HL60 U937 K562
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HL60 U937 K562 2-15 24

Pl
carbazole
HL60 U937 K562
(dose-dependent)
1Cs0
carbazole
carbazole 9 benzyl group (2a)  m-chlorobenzyl
group (2¢) HL60 U937 K562
o-chlorobenzy! group (2b) uo37
p-chlorobenzyl group (2d)
2a 3 -CHO (3a) 2d
3a  benzyl group  ortha para
Cl 3b 3¢ HL60 U937
K562 3b 3¢ Cl para  (3d)
U937
carbazole 3 -CH,OH 9 benzy|

group (4a) U937
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4a  benzyl group o-chlorobenzyl group

(4b)  m-chlorobenzyl group (4c¢) HL60 U937
K562 4b 4¢ Cl para (4d)
U937
2a 3 -COCH3(6) -CH=NOH (7) U937
carbazole 9 akaygroup  (11-15)
U937
carbazole
U937 HL60 K562
carbazole 3 -CHO -CH,OH 9

chlorobenzyl group

. Carbazole HL 60 U937 K562

Swey

R



HL-60 cell U937 cell K562 cell
Conc.

Compds R R ) ) i ) . .
(4 M) proliferation proliferation proliferation

(% of control) (% of control) (% of control)

Control 100.00 100.00 100.00

100 351+07°" 393+35™ 504+ 42"
50 37.0+16™ 416+1.17 552+ 49"

2a  CHxCeHs H
30 458 + 4.9 526+ 2.4 62.3+0.8
10 99.9+0.3 766+59" 83.7+14"7
100 474+19™ 150+05"™ 50.5+50""
50 62.6+34"" 33.0+24" 675+07""
Zb CHZ'(O'CI'C6H4) H ok Kk Kk
30 77.7+7.0 389+13 79.0+ 2.7
10 958+0.2" 823+14" 96.7+0.8
100 289+29™ 26.4+22"" 503+3.1"7"
50 298+12"" 31.1+75™ 55.7+24""
30 371+53™ 31.9+327" 585+05"
2c CHy-(m-Cl-CgH,) H .
10 94.0+55 53.4+ 29 82.7+26
5 ND 851+33" ND
1 ND 98.6+ 1.0 ND
100 753+52" 81.9+16"" 92.6+0.2
50 84.9+10.1 80.3+1.0™" 942+0.7
2d  CHy-(p-Cl-CgH,) H N .
30 90.2+ 1.7 92.0+ 15 100.1+ 1.4
10 ND 99.2+ 1.2 99.9+ 0.6
100 89.8+47° 80.0+06" 934+15
50 96.3+ 4.6 81.9+17™" 100.3+ 4.5
33 CHZ'C6H5 CHO .
30 97.1+35 842+ 1.0 984+ 1.2
10 ND 956+ 17" 94.2+ 2.6
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HL-60 cell U937 cell K562 cell

Compds R R ((;O:/IC.) proliferation proliferation proliferation
(% of control) (% of control) (% of control)

Control 100.00 100.00 100.00
100 250+22"" ND 405+06""
50 280+1.8"" ND 412+16""
30 268+28"" ND 437+177

10 326+54"" ND 90.6 + 4.5

3b  CHy(0-Cl-CgHs)  CHO
5 56.9+ 2.2 24.0+35 90.2+ 4.8

1 88.7+24" 492+32" 99.7+3.2

005 97.9+091 747+047 ND
0.01 ND 90.7+06" ND
100 239+41™ ND 41.0+23""
50 224+38"" ND 425+15"
30 23.0+58"" ND 452+0.17"
10 235+51"" ND 53.6+27"
3¢ CHy(m-Cl-CiHy)  CHO 5 345+40"" ND 581+15""
1 61.7+94"" 20.0+25" 97.9+13
0.50 81.9+85"" 73.7+49" 99.3+1.3
001 1028+3.1 765+32"" ND
0.05 ND 92.0+20" ND
100 263+32"" ND 383+16°
50 250+1.8"" ND 385+09"
30 433+307" ND 459+46""
10 53.0+21"" 206+29"  803+55"
3 CHr(p-Cl-CeHy) - CHO 5 589+32"" 323+28""  938+34
1 97.0+22 498+15"" 97.7+3.0
0.50 ND 60.9+02"" ND
0.10 ND 83.6+83" ND
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HL-60 cell U937 cell K562 cell

Compds R R ((;O:AC') proliferation proliferation proliferation
(% of control) (% of control) (% of control)
Control 100.00 100.00 100.00
100 48+06"" ND 457+12""
50 135+1.07 ND 508+12""
30 463+58"" ND 552+1.6
10 934+19° ND 825+45"
4a  CHyCgHs CH,OH 5 93.0+28" ND 86.3+1.1"
1 ND 371+18"7 913x11
0.50 ND 57.8+07" ND
0.01 ND 87.1+07" ND
0.05 ND 924+09" ND
100 50+36 ND 406217
50 144+40" ND 423+15""
30 19.2+23" ND 479+18""
b CHe(rC-Cel) CHOH 10 369+ 14 ND 63.6+0.1""
5 59.5+ 4.3 14.6+ 3.0 RN7+7.1
1 778+6.7" 552+23"" 100.6 + 5.2
0.50 85.0+12" 63.8+21"" ND
0.1 ND 939+16" ND
100 123+18"" ND 426+10"
50 174+42™ ND 456+1.17"
30 180+36" ND 468+12""
10 21.6+46" ND 541+18""
4¢  CH,-(m-Cl-CgHs) CH,OH 5 528+30"" ND 624+16""
1 75.7+62" 387+13" 98.6+0.8
0.50 86.0+4.0" 425+60" ND
0.1 ND 845+6.6" ND
0.05 ND 934+25" ND
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c HL-60 cell U937 cell K562 cell
onc.
Compds R M) proliferation proliferation proliferation
M
(% of control) (% of control) (% of control)
Control 100.00 100.00 100.00
100 13.0+54" ND 326+12"7
50 56.7+16" ND 55.7+07""
30 774+08°" ND 629+18""
10 101.3+2.6 ND 828+06"
4d  CHy(p-Cl-CgHs)  CH,OH
5 ND 21.0+0.3 952+ 1.0
1 ND 62.7+03"" ND
0.5 ND 71.0+05™ ND
0.1 ND 89.1+13™ ND
100 50.1+57" 36.9+15" 700+ 057"
50 885+29" 363+117 83.8+33"
30 95.7+2.4 53.0+1.8"" 828+17"
6 CH,-CgHs COCHj,
10 1045+ 1.6 67.8+29 89.3+4
5 ND 759+18"" ND
1 ND 91.0+29" ND
100 51.6+15"" 140+19™ 485+09"
50 62.3+ 135" 432+06 573+05"
7 CH,-CeHs CH=NOH . wx x
30 83.6+ 10.0 55.5+ 0.8 78.7+0.7
10 90.6+ 7.0 81.2+05™ 93.3+1.0
100 58.6+54"" 506+ 14" 709+06""
50 67.3+14"" 60.6+1.0"" 76.2+03"
1 CHs H .
30 90.9+6.6 79.7+0.8 90.4+ 1.0
10 ND 99.6+ 1.3 94.3+0.9
100 68.4+50"" 27+107 615+1.0""
50 845+6.1" 359+137 646+05""
12 C2H5 H *% *
30 96.0+55 86.0+ 2.9 90.3+1.3
10 ND 9247+10" 96.8+ 0.3
100 306+06"" 82+01" 450+03""
50 83.6+04" 65+02"" 508+ 12"
13 CgH H .
30 96.9 + 10.0 68.1+ 4.3 766+ 1.2
10 ND 99.1+4.7 95.6+ 0.7
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HL-60 cell U937 cell K562 cell
Compds R R ((;O:AC') proliferation proliferation proliferation
(% of control) (% of control) (% of control)
Control 100.00 100.00 100.00
100 89.1+32" 302+16" 68.3+1.0""
W st ’ 50 87.0+31" 347+13 783+ 1.0
30 978+ 7.7 795+ 1.0 875+ 1.1
10 ND 96.4+08" 90.1+0.5
100 37.7+389 7" 164+20"" 545+07"
- ’ 50 83.2+1.0 24.7+3.0 555+ 5.0
30 90.1+ 3.7 87.0+6.1 83.2+5.3
10 ND 99.7+0.9 100.1 2.8
100 62.7+14"" 13.8+13"" 66.7+13""
50 80.2+40" 30.7+28"" 725+17"
6 CHO cHO 30 87.3+4.3" 36.1+0.9 826+09"
10 105.3+5.5 472+45 91.3+0.6
5 ND 541+12"" ND
1 ND 89.3+03"" ND
100 21.8+20" 60.1+15" 81.5+05"
50 27+14™7 722+15" 89.0+20"
17 CHO CH=NOH 30 302+6.0" 847+15" 93.7+1.3
10 66.2+ 83" 90.1+06" 96.6+ 2.5
5 100.7 + 4.8 ND ND
+ 3 (* 005* 001 **  0.01);ND
Not Determined

(A) HL 60 (B) U 937 (C) K 562



(A)

120 4
—e— 3b
—O0— 3¢
100 4 —v— 4b
—— 4c
o 80
€%
c =
S5
© O 60 -
8%
58
a 40 4
20
0 ! ! ! ! ! :
0 2 4 6 8 10 12
Concentration (mM)
120
—o— 3b
—o— 3¢
100 - —¥— 4a
—— 4c
o 80 -
g5
c =
S5
© O 60+
35
S8
a 40 4
20 -
0 ! ! ! ! ! :
0.0 0.2 0.4 0.6 0.8 1.0 1.2
Concentration (M)
120
—o— 3b
—0— 3¢
100 4 —v— 4b
—v— 4c
@ 80 4
g3
c =
S8
© o 60 -
g%
=S
a 40 4
20 A
0 . . . . . . )
0 5 10 15 20 25 30 35

Concentration (mM)

(HL60

65



U937 K562) ICxo

-
N
!

HL 60 Cell U 937 cell K562 cell
Comds R R 1Cso (U M) 1Cso (U M) ICso (U M)
2a CHz-CeHs H 28.57+1.76 34.42+3.94 100
2b CHa-(0-Cl-CgHa) H 90.68+4.48 24.90+0.29 100
2¢ CHa-(m-Cl-CgHa) H 25.50+1.27 19.48+1.05 100
2d CH,-(p-Cl-CoHa) H 100 100 100
3a CHa-CoHs CHO 100 100 100
3b CH,-(0-Cl-CoHa) CHO 6.88+0.56 2.10£0.11 27.33+0.43
3¢ CH,-(m-Cl-CgH,) CHO 2.58+0.86 0.77+0.04 19.49+2.33
3d CH,-(p-Cl-CoHa) CHO 16.29+30.54 1.76£0.15 27.67+1.80
4a CH,-CeHs CH,OH 30.54+1.14 0.73£0.02 64.25+4.04
4b CH,-(0-Cl-CoHa) CH,OH 7.0740.34 1.65:0.06  27.53t1.94
de CH,-(m-Cl-CgHa) CH,OH 5.28+0.12 0.43+0.06 22.9942.52
4d CH,-(p-Cl-CoHa) CH,OH 60.04+2.38 2.2240.03 60.91:1.79
6 CHa-CoHs COCH; 100 32.95+1.09 100
7 CHa-CoHs CH=NOH 100 45.3620.31 91.62+4.12
1 CH, H 100 100 100
12 CHs H 100 44.37+0.34 100
13 CsHy H 80.90+1.38 35.82+1.01 100
14 is0-CaHy H 100 43.180.52 100
15 CaHo H 86.30+3.49 41.84+1.41 100
L) 24 50

b

I+
w
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9-benzycarbazole-3-carbinol (4a)

3a 3b 4b 4c 4d 7

3b 4b 4d 3b

1Cso

M postive control TFP  6-7

NO TNF-a

3b 4b 4d 9-benzycarbazole
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E. Merck

1. Acetic anhydride
2. Acetic acid

3. Aluminum chloride

4. Benzyl chloride (99 )

5. Chloroform ( ACS grade)

6. Chloroform-d for NMR spectroscopy (99.8 %)
7. Dichloromethane

8. Diethyl malonate

9. N, N-Dimethylformamide (99.5 )

10. Dimethyl sulfoxide-ds for NMR spectroscopy (99.8 %)
11. Ethyl cyanoacetate

12. n-Hexane

13. lodomethane

14. lodoethane

15. 1-lodopropane

16. 2-l1odopropane

17. lodobutane
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18. Magnesium sulfate

19. Maonic acid

20. Methanol for spectroscopy

21. Molecular sieve 0.4 nm

22. Piperidine

23. Phosphoryl chloride

24. Potassium hydroxide

25. Silicagel 60 70-230 mesh, ASTM
26. Sodium acetate

27. Sodium bicarbonate

28. Sodium borohydride

29. Sodium hydride suspension (80 )

30. Sodium hydroxide
31. Tetrahydrofuran
32. TLC plates si 60 Fzs4, 0.2 mm, 20 x 20 cm

Fluka

1. Carbazole

2. Hydroxylamine hydrocholride

Acros

1. Ethyl cyanoacetate
2. Semicarbazide hydrochloride
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1. Anhydrous potassium carbonate
2. Aluminum chloride

3. 0-Chlorobenzyl chloride

4. m-Chlorobenzyl chloride

5. p-Chlorobenzy! chloroide

1. Acetone
2. Ethyl acetate

3. n-Hexane

1.95 acohol
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(KBr)

EIMS

eV

Yanaco MP-500D (Melting Point Apparatus)

Shimadzu UV-160A UV-vis recording spectrophotometer

Nicolet Impact 400 FT-IR spectrophotometers :

, (cm™)

VG Platform |11 GC-MS instrument

m/z

71
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Bruker Avance DPX-200 FT-NMR spectrometer
o ppm J Hz
(singlet) d (doublet) dd (double doubl et)

(triplet) m (multiplet) br (broad)

Perkin-Elmer 2400 Series || CHNS/ O analyzer

+ 04 %

CAMAG UV-CABINET II : 254 nm

nm

72

t
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3, 6, 9-substituted carbazole Scheme
11-14 carbazole 3 6 9

I 9-Benzylcarbazole (2a) *°

carbazole (1) (3.34 20 ) 50 tetrahydrofuran
THF KOH 224g 40 10
THF benzyl chloride 2.24g 20 16

dichloromethane

sodium bicarbonate magnesium sulfate
n-hexane / ethyl acetate n-hexane/CH,Cl,
9-benzylcarbazole 2a 3.1 60 121-123

EIMS m/z : 257 (M%)
UV A maxnm (MeOH) (loge ) : 251 (3.95)
CioH1sN
:C:88.68; H:5.88; N:5.44
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: C: 88.62; H: 5.86; N: 5.45
'H NMR (CDCl3)3 : 5.54 (2 H, s, NCH,), 7.16-7.52 (11 H, m, H-1, H-2, H-3,
H-6, H-7, H-8, H-2', H-3', H-4', H-5', H-6'), 8.19 (2 H, d, J = 7.7 Hz,
H-4, H-5)

II 9-(o-Chlorobenzyl)carbazole (2b ) 9-(m-chlorobenzyl)carbazole ( 2¢)
9-(p-chlorobenzyl)carbazole ( 2d )

I THF 2-chlorobenzyl chloride
3-chlorobenzyl chloride 4-chlorobenzyl chloride 9-(o-
chlorobenzyl)carbazole 2b 2.62 45 % 120-121
9-(m-chlorobenzyl)carbazole 2¢ 3.37 58 67-68
9-(p-chlorobenzyl)carbazole 2d 3.21 55 169-170

2b
EIMSm/z : 291 (M™)
UV A qnaxnm (MeOH) (loge ) : 250 (14.23)
CioH14NCI
:C:78.21; H:4.84; N: 4.80
:C:78.16; H: 4.81; N: 4.75
'H NMR (CDCl3)d : 5.61 (2 H, s, NCH,), 6.52 (1L H, dd, J= 0.7, 7.6 Hz, H-6"),
6.98 (1 H, dd, J =75, 7.5 Hz, H-4), 7.17-7.34 (8 H, m, H-1, H-2,
H-3, H-6, H-7, H-8, H-3', H-5"),8.19 (2 H, d, J = 7.2 Hz, H-4, H-5)

2¢
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EIMSm/z : 291 (M™)
UV A qnaxnm (MeOH) (loge ): 263 (4.45)
C1oH14NCI
:C:78.21;H: 4.84; N: 4.80
:C:78.16; H: 4.81; N: 4.75
'H NMR (CDCl3)3 : 547 (2 H, s, NCH,), 6.99 (1 H, d, J = 7.1 Hz, H-6"),
7.14-7.52 (9 H, m, H-1, H-2, H-3, H-6, H-7, H-8, H-2', H-4', H-5'), 8.18 (2
H, d,J=7.6 Hz, H-4, H-5)

2d
EIMSm/z : 291 (M™)
UV A maxnm (MeOH) (loge ): 250 (4.29)
C1oH14NCI
:C:78.21;H:4.84; N:4.80
:C:78.16; H: 4.83; N: 4.81
'H NMR (CDCl3)3 : 5.48 (2 H, s, NCH,), 7.07 (2 H, d, J = 8.5 Hz, H-2', H-6),
7.21-7.50 (8 H, m, H-1, H-2, H-3, H-6, H-7, H-8, H-3', H-5), 8.16 (2
H,d, J=7.7Hz, H-4, H-5)

IIT 9-Benzylcarbazole-3-carbaldehyde ( 3a)

9-benzylcarbazole 2a 2.57 10 20
N,N-dimethyl formamide DMF 5 POCl; 14
15 60 2
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ethyl acetate n-hexane
| ethyl acetate 9-benzylcarbazole-3-carbaldehyde 3a 2.34
82 133-134
EIMS m/z : 285(M")
UV A maxnm (MeOH) (loge ): 274 (4.56)
IR: U c=o(KBr) cm®: 1690
CaoH1sNO
:C:84.19; H:5.30; N: 4.91
1 C:84.17 ; H: 5.29; N: 4.90
'H NMR (CDCl3)8 : 553 (2 H, s, NCH,), 7.13-7.49 (9 H, m, H-1, H-6, H-7,
H-8, H-2', H-3', H-4', H-5', H-6"), 7.96 (1 H, d, J = 6.8 Hz, H-2),
8.17 (L H, d, J =5.0 Hz, H-5), 8.63 (L H, dd, J = 1.0, 1.6 Hz, H-4),
10.08 (1 H, s, -CHO)

IV 9-(o-Chlorobenzyl)carbazole-3-carbaldehyde ( 3b )
9-(m-chlorobenzyl)carbazole-3-carbaldehyde (3¢ )
9-(p-chlorobenzyl)carbazole-3-carbaldehyde (3d )

2b 2¢ 2d 3a
3b 1.69 53 129-131 3¢ 217
68 113-144 3d 2.23 70 166-168

3b

EIMSm/z : 319 (M™)
UV A maxnm (MeOH) (loge ): 273 (4.23)
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IR, U c=0 (KBr): 1686
CoH14NOCI
:C:75.12 ; H: 441 ; N: 4.38
:C:75.16 ; H: 4.42; N: 4.39
'H NMR (CDCl3)d : 5.54 (2 H, s, NCH,), 7.11-7.55 (8 H, m, H-1, H-6, H-7,
H-8, H-3', H-4', H-5', H-6'), 7.98 (1 H, dd, J = 1.6, 8.6 Hz, H-2), 8.20 (1 H,
d,J=76 Hz H-5),865(1H,d, J=16Hz H-4),10.10(1H, s, -CHO)

3¢
EIMSm/z : 319 (M™)
UV A qnaxnm (MeOH) (loge ): 260 (4.34)
IR, U c=0 (KBr): 1686
CoH14NOCI
:C:75.12 ; H: 441 ; N: 4.38
:C:75.22 ; H: 4.42; N: 4.37
'H NMR (CDCl3)d : 553 (2 H, s, NCH,), 6.96-7.57 (8 H, m, H-1, H-6, H-7,
H-8, H-2', H-4', H-5' H-6'), 8.00 (H, dd, J = 1.4 ,8.4 Hz, H-2), 8.20(1 H, 4,
J=7.6Hz H-5),866 (1H,d,J=14Hz H-4),10.11 (H, s, -CHO)

3d
EIMS m/z : 319 (M™)
UV A naxnm (MeOH) (loge ): 273 (4.41)
IR, U c=0 (KBr): 1689
CooH1sNOCI
:C: 7512 ;H:441;N: 438
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:C: 75.26 ; H: 4.40; N: 4.39

'"H NMR (CDCl3)3 :5.52 (2 H, s, NCH,), 7.04-7.56 (8 H, m, H-1, H-6 H-7,

H-8, H-2', H-3', H-5', H-6"), 7.99 (1 H, dd, J = 1.6, 8.5 Hz, H-2), 8.19 (1 H,

d, J=7.6 Hz, H-5), 8.65 (L H, 5, H-4), 10.10 (1 H, s, -CHO)

V 9-Benzylcarbazole-3-carbinol ( 4a)

3a 1.0 3.5 20
150.0 4.0
100 2 x50 2 x50
CH.Cl,
4a 0.92 92 115-117

EIMS m/z : 287 (M%)
UV A maxnm (MeOH) (loge ): 253 (4.12)
IR: V maxx (KBr) cm™ :3325, 1331, 737
CaoH17/NO
:C: 83.60; H: 5.96; N: 4.87
1 C: 83.46; H: 5.98; N: 4.86

NaBH,4

'H NMR (CDCl3)3 : 1.84 (1 H, br s, -OH), 4.85 (2 H, s, -CH,0H), 5.50 (2 H,
s, NCHy), 7.11-7.46 (10 H, m, H-1, H-2, H-6, H-7, H-8, H-2, H-3, H-4,

H-5, H-6)), 8.12-8.15 (2 H, m, H-4, H-5)
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VI 9-(o-Chlorobenzyl)carbazole-3-carbinol (4b),
9-(m-chlorobenzyl)carbazole- 3- carbinol (4¢)

9-(p-chlorobenzyl)carbazole-3- carbinol (4d)

3b 3¢ 3d 4a
4b 0.98 88 113-115
4c 10 90 108-109 4d 0.99
89 118-119

4b
EIMSm/z : 321 (M™)
UV A maxnm (MeOH) (loge ): 252 (4.11)
IR: V ma (KBr) cm*:3452, 1431, 755
CyoH16NOCI
:C:74.65;H:5.01; N: 4.35
: C: 7456 ; H: 5.00; N: 4.34
'H NMR (CDCl3)3 : 1.97 (L H, s, -OH), 4.81 (2 H, s, -CH,OH), 5.52 (2 H, s,
NCH,), 6.42(H, d, J = 7.5 Hz, H-6), 6.87-7.46 (8 H, m, H-1, H-2, H-6, H-7,
H-8, H-3', H-4', H-5), 8.14 (2H, s, H-4, H-5)

4c
EIMSm/z : 321 (M™)
UV A qnaxnm (MeOH) (loge ): 252 (4.23)
IR: V ma (KBr) cm™:3221, 1331, 741
CooH16NOCI
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:C:74.65;H:5.01; N: 4.35
:C: 7458 ; H: 5.02; N: 4.36
'H NMR (CDCl3)3 : 1.63 (1 H, s, -OH), 4.87 (2 H, s, -CH,OH), 5.48 (2 H, s,
NCH,), 6.50-7.50 (9 H, m, H-1, H-2, H-6, H-7, H-8, H-2,' H-4', H-5', H-6'),
8.12-8.15 (2 H, m, H-4, H-5)

4d
EIMSm/z : 321 (M™)
UV A maxnm (MeOH) (loge ): 252 (4.34)
CoH16NOCI
:C:74.65;H:5.01; N:4.35
:C: 74.76 ; H: 5.00; N: 4.36
'H NMR (CDCl3) : 1.82 (1 H, br s, -OH), 4.85 (2 H, s, -CH,0H), 5.45 (2 H,
s, NCH,), 7.04 (2H, d, J = 8.4 Hz, H-2,' H-6'), 7.20-7.49 (7 H, m, H-1, H-2,
H-6, H-7, H-8, H-3', H-5), 8.11-8.14 (2 H, m, H-4, H-5)

VII 3,6-Diacetyl-9-benzylcarbazole (5 ) 3-acetyl-9-benzylcarbazole
(6)

2a 5.14 20 100
acetic anhydride 20.4 20 AlCl; 48
100

hexane / ethyl acetate = 9:1
5 3.07 45 341-342
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6 (2.27 38 132-134 )
5
EIMSm/z : 341 (M)
UV A maxnm (MeOH) (loge ): 252 (4.58)
IR: U c=0(KBr) cm*: 1667
Ca3H19NO;
- C: 80.92 ; H: 5.61; N: 4.10
: C: 80.87 ; H: 5.60; N: 4.11
'H NMR (CDCl3)d : 2.75 (6 H, s, 2 x-COCHj3), 5.59 (2 H, s, NCH,),
7.10-7.31 (5 H, m, H-2', H-3, H-4', H-5', H-6'), 7.44 (2 H, d, J = 8.7 Hz,
H-1, H-8), 8.15 (2 H, dd, J = 1.4, 8.7 Hz, H-2, H-7), 884 (2 H, d, J= 1.4
Hz, H-4, H-5)

6
EIMS m/z : 299 (M%)
UV A qnaxnm (MeOH) (loge ): 263 (4.42)
IR: U c=0(KBr) cm: 1667
CH17/NO
1 C:84.25; H: 5.72; N: 4.68
:C:84.10; H: 5.73; N: 4.68
'H NMR (CDCl3)3 : 2.72 (3 H, s, -COCHa), 5.50 (2 H, s, NCH,), 7.10-7.49
(9 H, m, H-1, H-6, H-7, H-8, H-2', H-3', H-4', H-5', H-6'), 8.09 (1 H, dd, J
=1.6,87Hz H-2),819(1H, d,J=7.6 Hz, H-5), 8.78 (H, d, J = 1.6 Hz,
H-4)
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VIII 9-Benzy-3-hydroxymethylcarbazole-3-aldoxime (7)

3a 1.0 3.5 20

sodium acetate 0.3 3.7

hydroxylamine hydrochloride  257.0 3.7
3 ether
hexane / ethyl
acetate = 7:3 7 0.95
90 185-187

EIMSm/z : 300 (M™)
UV A maxnm (MeOH) (loge ): 274 (4.49)
CaoH16N20
:C:79.98; H: 5.37; N: 9.33
1 C: 79.88 ; H: 5.36; N: 9.31
'H NMR (CDCl3)3 : 5.53 (2 H, s, NCH,), 7.12-7.50 (10 H, m, H-1, H-, H-6,
H-7, H-8, H-2', H-3, H-4', H-5, H-6', -CH=), 7.70 (1 H, d, J = 8.5 Hz,
H-2),8.14 (1 H, d, J=7.7 Hz, H-5), 8.31 (1 H, s, H-4)

IX 9-Benzylcarbazole-3-carboxylic acid ( 8) >

2a 1.0 3.5 3:1
40 70-80 1

82



KMnO, 0.9 5.6 20
1 10 % KOH
20 3 2N
HCI
8 260.0 25
264-267
EIMSm/z : 301 (M™)
UV A naxnm (MeOH) (loge ): 265 (4.53)
IR, U c-0 (KBr): 1668
C20H15N02
1 C:79.72; H: 5.02 ; N: 4.65
: C: 79.68 ; H: 5.03; N: 4.65
'H NMR (DMSO-de)d : 5.67 (2 H, s, NCH,), 7.14-7.65 (9 H, m, H-1, H-6,
H-7, H-8, H-2', H-3', H-4', H-5', H-6), 8.10 (1 H, d, J = 8.6 Hz, H-2), 8.19
(1H,d,J=7.6Hz H-5),8.81(1H,s, H-4)

X 9-Benzyl-3-methoxymethylcarbazole (9)

4a 0.5 1.7 DMF20
30 sodium hydride NaH 80 %
0.05 2.0 10 DMF lodomethane
0.24 1.7 60
n-hexane / ethyl

acetate 9 0.39
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78 % 232-234
EIMS m/z : 301 (M%)
UV A maxnm (MeOH) (loge ): 253 (4.63)
CzH10NO
:C:83.69; H:6.35; N: 4.65
: C: 83.66 ; H: 6.32; N: 4.66
'H NMR (CDCl3)3 : 350 (3 H, s, -OCHs), 4.70 (2 H, s, -CH,0), 552 (2 H, s,
NCH,), 7.15-7.49 (10 H, m, H-1, H-2, H-6, H-7, H-8, H-2', H-3', H-4', H-5/,
H-6'), 8.19-8.22 (2 H, m, H-4, H-5)

XI 9-Benzylcarbazole-3-ethycarboxylester (10)

30 HCI
8 200 0.67
n-hexane/ethyl
acetate 10 65 35
252-254

EIMS m/z :329 (M")
IR: V c=0(KBr) cm: 1698
C22H19N02
:C:80.22; H:5.81; N: 4.25
:C:80.42 ; H:5.82; N: 4.24
'"H NMR (CDCl3)d : 1.49 (3H, ¢, J= 7.1 Hz, -CHs), 448 (2H, ¢, J = 7.1 Hz,

-CH,CHb), 5.48 (2 H, 5, NCH,), 7.10-7.52 (9 H, m, H-1, H-6, H-7,
H-8, H-2, H-3, H-4, H-5, H-6), 8.16-8.23 (2 H, m, H-2, H-5),
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8.90 (L H, d, J = 1.6 Hz, H-4)

XII 9-Methylcarbazole (11) *®

carbazole (1) (1.67 10 ) 30 DMF
30 NaH 80 0.3
125 10 DMF iodomethane 1.42
0.1 60

n-hexane / ethyl acetate
11 126
72 % 91.5-92.5
EIMSm/z : 181 (M™)
C13H11N
:C:86.15; H:6.12; N: 7.73
:C:86.32; H: 6.15; N: 7.75
'H NMR (CDCl3)3 : 3.87 (3H, s, NCHs), 7.26 (2 H, dd, J = 7.6, 7.6 Hz, H-3,
H-6), 7.35-7.60 (4 H, m, H-1, H-2, H-7, H-8), 813 (2H, d,J=7.7
Hz, H-4, H-5)

XIII 9-Ethylcarbazole (12) 9-propylcarbazole (13)

9-isopropylcarbazole (14 ) 9-butylcarbazole (15)
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11 jodoethane

1-iodopropane 2-iodopropane  iodobutane

12 70 % 70-72 13
67 % 51-52 14 85 %,
123-124 15 85 % 57-58
12 :
EIMSm/z : 195 (M)
CuaHisN

:C:86.12; H:6.71; N: 7.17
:C:86.30; H: 6.74; N: 7.19
'"H NMR (CDCl3)d : 1.51 (3H, ¢, J= 7.2 Hz, -CHs), 442 (2H, g, J = 7.2 Hz,
-CH,CHj3), 5.51 (2 H, s, NCHy), 7.38 (2 H, dd, J = 7.4, 7.4 Hz, H-3,
H-6), 7.48-7.64 (4 H, m, H-1, H-2, H-7, H-8), 825 (2H, d,J=7.6
Hz, H-4, H-5)

13:
EIMS m/z : 209 (M™)
CisHisN
: C:86.08; H: 7.22 ; N: 6.69
: C:86.16 ; H: 7.26; N: 6.68
'H NMR (CDCl3) : 1.22 (3 H, t, J= 7.2 Hz, -CH3), 2.12 (2 H, m, -CH,CH,),
443 (2H, t,J=6.8 Hz, NCH;), 7.57-7.85 (6 H, m, H-1, H-2, H-3,
H-6, H-7, H-8), 8.47 (2H, d, J= 7.6 Hz, H-4, H-5)

14 :
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EIMS m/z : 209 (M™)
CisHisN
: C:86.08; H: 7.22 ; N: 6.69
1 C:86.22 ; H: 7.24; N: 6.67
'H NMR (CDCl3)d : 1.77 (6 H, d, J = 7.0 Hz, -(CH3),), 5.02-5.09 (1 H, m,
-CH-), 729 (2H, ddd, J= 1.9, 7.9, 1.3 Hz H-3, H-6 ), 7.47-7.61 (4
H, m, H-1, H-2, H-7, H-8), 8.19 (2H, dd, J = 7.9, 0.7 Hz, H-4, H-5)

15:
EIMSm/z : 223 (M™)
C16H17N
: C:. 86.06; H: 7.67 ; N: 6.27
: C:86.24 ; H: 7.66; N: 6.28
'H NMR (CDCl3)8 : 1.07 (3 H, ¢, J = 7.3 Hz, -CH3), 1.45-1.61(2 H, m,
-NCH,CH,CH,- ), 1.89-2.04 (2 H, m, -NCH,CH,CH- ), 4.38 (2 H,
t,J=7.0Hz -NCH; ), 7.38 (2 H, dd, J= 7.6, 7.6 Hz, H-3, H-6 ),
7.50-7.65 (4 H, m, H-1, H-2, H-7, H-8), 8.26 (2 H, d, J= 7.7 Hz,
H-4, H-5)

XIV 9-Methylcarbazole-3-carbaldehyde (16)

11 54 0.03 DMF 25 5
POCI; 28 0.03 70
6
n-hexane/ethyl acetate 16 4.7

75 76-78
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EIMS m/z : 209 (M%)
IRV c-o(KBr) cm™ :1686
Ci4H1;NO
:C:80.36; H:5.30; N: 6.69
1 C:80.42; H: 5.31; N: 6.69
'H NMR (CDCl3)d : 3.60 (3 H, s, NCH,), 7.15-7.49 (4 H, m, H-1, H-6, H-7,
H-8), 7.85 (L H, d, J = 8.6 Hz, H-2), 7.96 (1L H, d, J = 7.6 Hz, H-5),
8.33(1H, s, H-4),9.95(1H,s, -CHO)

XV  9-Methyl-3-hydroxymethylcarbazole-3-aldoxime (17)

16 1.0 4.8 20
sodium acetate 334 4.8
hydroxylamine hydrochloride  0.394 4.8
3
hexane/ethyl acetate = 4:1
17 0.97 90
201-203
EIMS m/z : 224 (M™)
IRV ma (KBr) cm* :3291
C14H12N20
:C:74.98 ; H: 5.39; N: 12.49
2 C:74.76; H: 5.38 ; N: 12.46
'H NMR (CDCl3)3 : 3.91 (3H, s, NCH3), 7.31-7.57 (5 H, m, H-1, H-6, H-7,
H-8, -CH-),8.03 (1 H, d,J=85Hz H-2),8.16 (1 H, d,J= 7.7 Hz,
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H-5) , 8.61 (1 H, s, H-4)

XVI 9-Methylcarbazoly-3-acrylic acid (18)

16 10 ,48 50
malonic acid 0.5 4.8 acetic acid 0.3
10 piperidine 0.09 20
40 sodium bicarbonate
18 057 90 300

EIMSm/z : 251 (M™)
IRV c-0(KBr) cm :1682
C16H13NO;
:C:76.48; H: 5.21; N: 5.57
2 C:76.33; H: 5.22; N: 5.56
'H NMR (CDCl3)5 :3.81 (3 H, s, NCHs3), 6.42 (1 H, d, J = 15.8 Hz, =CH-),
7.19-7.50 (3 H, m, H-1, H-8, -CH=), 7.93-8.06 (3 H, m, H-2, H-6,
H-7), 8.49-8.59(2 H, m, H-4, H-5)

XVII 9-Methyl-carbazol-3-carbaldehyde semicarbazide(19)

16 627 3 50
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sodium acetate 250
semicarbazide hydrochloride (334.5 3
2
dichloromethane/acetone = 9:1
20 0.64 80 205-206
EIMSm/z : 266 (M)
IR: Vv c=o(KBr) cm®: 1690
Ci5H14N4O
IRV ma (KBr) cmit :3450
:C:67.65; H:5.30; N:21.04
- C:67.54; H:5.31; N: 21.08

3

'H NMR (CDCl3)3 :3.82 (3 H, s, NCH3),6.46(2 H, br, 5,-CONH,), 7.12-7.55

(4 H, m, H-1, H-6, H-7', H-8), 7.81 (L H, d, J = 8.5 Hz, H-2), 7.84
(LH, s, -CH=),8.13 (L H, d, J = 7.6 Hz, H-5),8.43 (L H, 5, H-4)

XVIII 9-Benylcarbazolyl-3-acrylic acid (20)

3a 1425 5

21 186 87 126-128
EIMS m/z (rel. int %): 327 (M™)
IR: Vv c=0(KBr) cm™: 1640
C22H17N()2
: C:80.71; H: 5.23; N: 4.28

90
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- C:80.68; H: 5.25; N: 4.27
'H NMR (CDCl3)d : 5.64 (2 H, s, NCH,), 6.44 (1 H, d, J = 15.8, =CH-),
7.13-7.46 (8 H, m, H-1, H-8, H-2', H-3, H-4, H-5', H-6', -CH=),
7.59-7.63 (3H, m, H-2, H-6, H-7"), 821 (1 H, d, J = 7.5 Hz, H-5),
8.29 (1H, s, H-4)

XIX Diethyl 9-benzylcarbazole-3-methylidene malonate (21)

20 3a  1.425 5 diethyl
malonate 1.2 7.5 22 19
90 128-129
EIMS m/z (rel. int %) :427 (M™)
Co7H25N O,

: C:75.86; H: 5.89; N: 3.28

: C:75.69; H: 5.86; N: 3.31
'H NMR (CDCl3)8 : 1.32-1.40 (6 H, m, 2 x CHy), 4.28-4.48 (4H, m, 2 x

OCH,), 551 (2 H, s, NCH,), 7.10-7.59 (10 H, m, H-1, H-2, H-6,
H-7, H-8, H-2', H-3, H-4', H-5', H-6)), 7.94 (1 H, 5, -CH=), 8.10 (1
H, d, J = 7.7Hz, H-5), 8.27 (L H, 5, H-4)

XX Ethyl 9-benzylcarbazol-3-ylmethylidene cyanoacetate (22)

20 ethyl cyanoacetate 0.765 7.5
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dichloromethane
23 1.7 90 159-161
EIMS m/z (rel. int %) : 280 (M™)
IR: V c=o(KBr) cm: 1721, 1582
C25H20N2()2
:C:78.93; H:530; N: 7.36
:C.78.79; H: 5.28; N: 7.34
'H NMR (CDCl3)3 : 1.44 (3 H, t,J = 7.1 Hz, -CH,CHa3), 441 (2H, ¢, J = 7.1
Hz, -CH,CHs), 5.47 (2 H, s, NCHy), 7.11-7.53 (9 H, m, H-1, H-6,
H-7, H-8, H-2', H-3', H-4', H-5', H-6'), 8.09-8.18 (2 H, m, H-2, H-5),
8.36 (L H, s, H-4), 8.71 (1L H, s, -CH=)

XXI 4-(9-Benzyl-9H-carbazol-3-yl)-3-buten-2-one (23)

sodium hydroxide 0.7 17.5 50
30 acetone 3a 1 3.5
10

23 1.1 96 152-154
EIMSm/z (rel. int %) : 325 (M"))
IR: V c=0(KBr) cm*: 1667, 1590
CasH1gNO
:C:84.90; H:5.89; N:4.30
:C:84.81; H: 5.86; N: 4.31
'"H NMR (CDCl3)3 : 2.41 (3 H, s, -COCHys), 5.44 (2 H, s, NCH,), 6.77 (1L H, d,
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J = 16.2 Hz, -CH=CH-), 7.09-7.50 (9 H, m, H-1, H-6, H-7, H-8,
H-2', H-3, H-4', H-5, H-6), 7.61 (1 H, dd, J = 1.4, 8.6 Hz, H-2),
7.72(1H, d, J = 16.2 Hz, -CH=CH-), 8.13 (L H, d, J = 7.5 Hz, H-5),
8.27 (1 H, s, H-4)

XXII Ethyl-9-benylcarbazole-3-acrylate (24)

30 HCI
20 1 3 5
n-hexane/ethyl acetate
24 450 42 152-154
EIMS m/z (rel. int %) : 355 (M™)
IR: Vv c-o(KBr) cm®: 1698
C24H21N02
:C:81.02; H:5.95; N:3.94
:C:81.11; H:5.97; N: 3.92
'H NMR (CDCl3)8 :1.38 (3 H, ¢, J=7.1Hz, -CH,CHs), 430 (2H, ¢,J=7.1
Hz, -CH,CHs), 5.50 (2 H, s, NCHy), 6.49 (1 H, d, J = 159 Hz,
-CH=CH-), 7.11-7.51 (9 H, m, H-1, H-6, H-7, H-8, H-2', H-3,
H-4', H-5', H-6"), 7.63 (1 H, dd, J = 1.5, 8.6 Hz, H-2), 7.91 (1 H, 4,
J=159Hz, -CH=CH-), 8.14 (1 H, d,J=7.6 Hz, H-5), 8.29 (1 H, 4,
J=1.2Hz, H-4)
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3

Thrombbowm) ne

Par k Davi,s C&.0dMNMMNVAQIl ycer oll1l00NIH

units/ mL  stock solution
Arachidonicacid AA

Sigma Chemica Co. USA

Collagen  type 1, bovine Achilles tendon

Sigma Chemical Co.USA

1mg/ mL
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25 ml acetic acid

—70



4 Platelet-activating factor PAF Sigma chemical Co.USA

chloroform -20 0.9 NaCl
5 Adenosine diphosphate (ADP) Sigma chemical Co.USA
platelet suspension

100mM EDTA 1 14 wiv
90 xg 10
500 xg 10

EDTA 2mM bovine serum albumin BSA, 3.5 mg/ mL Tyrode

10 EDTA
Tyrode
Tyrode Coulter counter Model ZM
4.5 x 108 platelets / mi 1mM 30
Tyrode BSA mM

NaCl 136.9 KCl 27 MgCl, 21 NaH,PO, 04 NaHCO;

11.9 glucose 11.1

95



Lumi-aggregometer Model 1020, PayLon  Canada

turbidimetric method >
0.4 silicone Tyrode
37 1200 6
PBS 0 Tyrode
100 %0

Ai-A; | Ai-A, % 100
A1
Az

A, Tyrode ssolution

neutrophils
Sprague Dawley 300-350 g pentobarbital 60 mg/ kg i.p.
dextran Ficoll-hypaque density

gradient neutrophils
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0.05 sdine 0.25 bovine serum

abumin 175 sdine Hanks balanced salt solution
HBSS 4 mM NaHCO3; 10 mm N-(2-hydroxyethyl) piperazine-
N -(2-ethane sulfonic acid) HEPES  (pH7.4) 2 x 10°

90-95 neutrophils

Neutrophil degranulation method

1 B -Glucuronidase ol
DMSO 37
fMLP 10 mM
Tyrode' s solution 1000 xg
B -Glucuronidase  phenophthalein-
y -D-glucuronide 550 nm B

-Glucuronidase
2  Lysozyme 62
1 Lysozyme
Micrococcuslysodei kticus 450 nm

B -Glucuronidase lysozyme

release release elicited by secretagogue — spontaneous release  /total
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content x 100

Total content Triton X-100

C Superoxide formation method

Superoxide anion

0.4 ml 0.2ml
mL 0.9mg/ ml  ferricytochrome C
ml  superoxide dimutase SOD . 37
fMLP 0.3y M 30
550 nm superoxide dismutase

63

O, superoxide anion

O, nmol 19.08 x absorbance

mast cells

5 x 10°cdlls

12.5mg/

exsanguinated rats; Sprague-Dawley 250-300 g
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10 mi Tyrode ssolution O, Tyrode ssolution A

1-2 38 glucose- free
Tyrode solution 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 bovine serum

abumin0.1 . 1-1.5 x 10°

Mast cell degranulatiopn method

1 histamine

DMSO 37
compound 48 /80 10mg/ ml
Tyrode€ s solution 1000 xg
histamine  o-phthaldehyde

350/ 450 nm
2 B -glucuronidase 6

1 : B -glucuronidase

phenolphthalein- -D-glucuronide 550 nm
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Histamine (3 -glucuronidase
relrase release elicited by secretagogue-spontaneous release  / total
content x 100

Total content Triton X-100

E. NO (nitrticoxide) TNF-a

1.
(1) Iscover's Modified Dulbecos Medium (fetal bovine
serum  FBS) Gibco BRL (Gaithersburg)
(2) TNF-3 (enzyme immunoassay, EIA) kit
Genzyme Co. (MA)
(3 -a (mouse interferon-a , INF-a ): R D System
(MN)
(4) RAW 264.7 mouse macrophage-like cdll line American Type
Culture Collection, MD.
(5) Dubecco's Modifed Eagle Medium (DMEM) (fetal calf
serum) Gibco BRL (Gaithersburg)
(6) Sigma (St. Louis, MO)
51
Murine microglia cell lines N9 2 FBS Iscover's

Modified Dulbeco's Medium

37 100ng/ ml LPS (Escherichia coli, Serotype
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0111 B4) 100 U/ ml INF-a 24 -70

RAW 264.7 mouse macrophage-like cell 5 feta caf serum 100
units/ ml penicillin -~ 1001 g streptomycin DMEM

37 100/ ml LPS
(Escherichia coli, serotype 0111 B4) 100 U / ml INF-y 24

-70

NO 65
150u | sulfanilamide (5 mM, 40u | ) HCI (2 M,
10 pl) naphthylethylenediamine (40 mM, 20u |) 10
microplate 550 nm
NaNO,
TNF-a

TNFa - TNF-a enzymeimmunoassay (EIA) kit
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HL 60 66-67
HL 60 RPMI640 medi@mHh(EBS6 U/ ml
penicilOyogn/ ml strelptomycami B&)
5 % CO95 %ncubator 225x10cell s
[ ml medi um trypan blue exclusi on

trgp bl ue

trypan bl ue (hemocyt ometer)
Carbazol e HL 6O
HE6 O 24wel |l p(l ate 2.510
cell s/ ml) Carbazol e 37 5 %
CoO 95 % ncubator 24 pl at e

PBS of(spphh-bu&f ered saline)
44g / mL propidium iodine (PIl)

(flow cytometry)
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