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GunDUZ TASKIRAN, SIBEL GULLE and Y Aavuz ERGUN*
Department of Chemistry, Faculty of Arts and Sciences, Dokuz Eylul University,
Kaynaklar Campus, 35160 Buca-Izmir, Turkey
E-mail: yavuz.ergun@deu.edu.tr

The synthesis of an effective intermediates 7 and 11 for the synthesis
of pyrido[3,2-c]carbazole derivatives were accomplished with different
synthetic pathways. In this study, new tetrahydrocarbazole derivatives
(3,4, 5, 6,9 and 10) were also synthesized.
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INTRODUCTION

The discovery of antitumor activity of ellipticine and 9-methoxyellipticine,
two naturally occurring 6H-pyrido[4,3-b]carbazole alkaloids, has led to an explosion
of activities toward synthesis and biological evaluation of pyridocarbazoles'”. Many
efforts have revealed that pyridocarbazoles show marked anticancer and anti-HIV
activities®’.

When examining the structure of the pyridocarbazoles, it is observed that the
fusion of the carbazole nucleus at the a, b and c positions with the pyridine ring at
the 2,3- and 3,4-positions results in 12 isomeric pyridocarbazoles, six belonging to the
quinoline and six to the isoquinoline series. The synthesis of both the quinoline and

the isoquinoline series was achieved previously® .
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7H-Pyrido(3,2-c)carbazole Aspidospermidine

One of them, 7H-pyrido[3,2-c]carbazole, was synthesized in two different ways
previously. First synthesis of 7H-pyrido[3,2-c]carbazole was accomplished via
aromatization of 8,9,10,11-tetrahydro-7H-pyrido[3,2-c]carbazole which obtained
from cyclization of 7-quinolylhydrozone of cyclohexanone by Kulka and Manske".
Second successful synthesis was realized with photocyclization of 1(2-indolyl)-2-
arylethylene derivatives by Silva and Snieckus'®.
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Hexahydro and octahydro pyrido[3,2-c]carbazole derivatives which have saturated
structure at C and D rings of pyrido[3,2-c]carbazole are very important precursors
and synthesized successfully as a core structure of aspidosperma alkaloids in most
studies'™'°.

Herein we accomplished the synthesis of two new precursors 7 and 11 for the
synthesis of pyrido[3,2-c]carbazole skeleton (Schemes 1 and 2).
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Scheme-I: (i) NaOH (20 %), methanol-water, THF, reflux, 12 h; (ii) LiAlH,, THF, reflux,
5 h; (iii) p-TsCl, pyridine, stirred, 18 h; (iv) NaCN, DMSO, stirred, 18 h; (v)
DDQ, THF (90 %), N,, 0°C, stirred, 5 h; (vi) TBAHS, p-TsCl, NaOH (40 %),
CH,Cl,, stirred, 2 h
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Scheme-1I: (i) KH, diethyl carbonate, refluxed, 1 h; (ii) NaOC,Hs/C,HsOH, acrylonitrile,
stirred, overnight; (iii) conc. HCI, dioxane, reflux, 8 h

EXPERIMENTAL

All melting points were measured in sealed tubes using an electrothermal digital
melting point apparatus (Gallenkamp) and are uncorrected. IR spectra were recorded
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on a Hitachi 270-30 infrared spectrometer. 'H NMR spectra were obtained on a
high resolution fourier transform Bruker WH-400 NMR spectrometer with
tetramethyl silane as an internal standard. Mass spectra were determined on the
electron impact mode by direct insertion at 70 eV with a Micromass UK Platform
IT LC-MS spectrometer. Combustion analysis of compounds was obtained on a
CHNS-932-LECO. Analytical and preparative thin layer chromatography (TLC)
was carried out using silica gel 60 HF-254 (Merck). Column chromatography was
carried out by using 70-230 mesh silica gel (0.063-0.200 mm, Merck).
2-(1,2,3,4-Tetrahydro-9H-carbazol-3-yl)acetic acid (2): Tetrahydrocarbazole
nitrile derivative 1 (1 g, 4.76 mmol) was dissolved in tetrahydrofuran (2 mL) and
sodium hydroxide (20 mL) (methanol-water) was added. The mixture was refluxed
for 12 h and then it was poured in water (150 mL). The mixture was extracted with
diethyl ether. Organic layer was dried with anhydrous magnesium sulfate. After the
solvent was removed, a yield of 0.86 g (79 %) of 219 was obtained. m.p. 97-98 °C.
IR (KBTI, Vi, cm™): 3397 (NH), 3300 (OH-broad band), 1698 (C=0). 'H NMR
(DMSO-ds): 6 1.50-1.60 (m, 1H, CH), 1.94-1.98 (m, 1H, CH), 2.18-2.22 (m, 1H,
CH), 2.24-2.31 (m, 1H, CH), 2.34 (d, 2H, J=7.2 Hz, CH,), 2.71 (d, 2H, J = 4.8 Hz,
CH,), 2.79 (dd, 1H, J = 14.8 and 4.8 Hz, CH), 6.89 (t, 1H, J = 8 Hz, ArH), 6.96
(t,1H,J=7.6 Hz, ArH), 7.22 (d, 1H, J = 8.4 Hz, ArH), 7.29 (d, 1H, J = 8 Hz, ArH),
10.59 (s, 1H, NH), 12.60 (s, 1H, OH). LC-MS (70 eV): m/z % 231 (11.4), 230
(100), 169 (4.9), 143 (4.4). Anal. calcd. (%) for CisHisNO,: C, 73.34; H, 6.59; N,
6.11. Found. (%): C, 73.25; H, 6.63; N, 6.13.
2-(1,2,3,4-Tetrahydro-9H-carbazol-3-yl)ethanol (3): A solution of acid 2
(0.5 g, 2.18 mmol) in 15 mL of anhydrous tetrahydrofuran was added to a stirred
solution of lithium aluminum hydride (0.34 g, 8.94 mmol) in tetrahydrofuran (15 mL)
at 0 °C. The mixture was refluxed for 5 h and then it was cooled. The excess lithium
aluminum hydride was decomposed with water (10 mL). The reaction mixture was
extracted with ethyl acetate and organic layer was dried anhydrous magnesium
sulfate. The solvent was removed under reduced pressure. The reaction product 3
was obtained as yellow oil which on standing set to a glass. IR (KBr, Vi, cm™):
3401 (NH), 3299 (OH). '"H NMR (CDCls): 8 1.58-1.65 (m, 1H, CH), 1.70-1.76 (m,
2H, CH,), 1.96-2.06 (m, 2H, CH and OH), 2.33-2.40 (m, 1H, CH), 2.65-2.72 (m,
2H, CH,), 2.92 (dd, 2H, J = 15.2 and 4.4 Hz, CH>), 3.81 (t, 2H, J = 6.8 Hz, CH,),
7.16-7.27 (m, 3H, ArH), 7.54 (d, 1H, J = 7.2 Hz, ArH), 7.91 (s, 1H, NH). LC-MS
(70 eV): m/z % 217 (14.6), 216 (100), 215 (3.9), 198 (21.2). Anal. calcd. (%) for
Ci4H7NO: C, 78.10; H, 7.96; N, 6.51. Found. (%): C, 78.28; H, 7.91; N, 6.45.
2-(1,2,3,4-Tetrahydro-9H-carbazol-3-yl)ethyl-4-methylbenzenesulfonate
(4): A cooled solution of p-toluenesulfonyl chloride (0.47 g, 2.46 mmol) in 10 mL
of pyridine was added to a cooled solution of 3 (0.47 g, 2.18 mmol) in pyridine
(10 mL). The solution was allowed to stand in the cold for 18 h. The mixture was
poured into water (200 mL) and then it was extracted with ethyl acetate. Organic
layer dried with anhydrous magnesium sulfate. The solvent was evaporated under
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reduced pressure and the residue was recrystallized from methanol to yielded 0.35 g
(43 %) of 4. m.p. 108-109 °C. IR (KBT, Via, cm™): 3436 (NH), 1356 and 1170
(S=0). '"H NMR (DMSO-dg): 6 1.35-1.45 (m, 1H, CH), 1.61-1.82 (m, 4H, 2x CH,),
2.09 (dd, 1H, J = 14.4 and 8.8 Hz, CH), 2.36 (s, 3H, Ar-CH3), 2.56 (dd, 1H, CH,
J =10.0 and 3.6 Hz, CH), 2.59-2.64 (m, 2H, CH,), 4.16 (t, 2H, J = 5.6 Hz, CH.,),
6.90 (t, 1H, J=8.0 Hz, ArH), 6.96 (t, 1H, J = 6.8 Hz, ArH), 7.21 (d, 2H, /= 8.4 Hz,
ArH), 7.42 (d, 2H, J = 8.0 Hz, ArH), 7.79 (d, 2H, J = 8.0 Hz, ArH), 10.56 (s, 1H,
NH); LC-MS (70 eV): m/z % 371 (28.7), 370 (100), 369 (10.8), 198 (53.2), 196
(11.7), 173 (3.1), 155 (3.3). Anal. calcd. (%) for C,;H;3NOsS: C, 68.27; H, 6.27; N,
3.79; S, 8.68. Found. (%): C, 68.16; H, 6.21; N, 3.84; S, 8.65.

3-(1,2,3,4-Tetrahydro-9H-carbazol-3-yl)propanenitrile (5): Nitrile 4 (2 g,
5.40 mmol) was dissolved in N,N-dimethylformamide (30 mL) and sodium cyanide
(1.33g, 27 mmol) was added. The mixture was heated at 50 °C for 18 h. The mixture
was cooled and it was poured into water (150 mL). The mixture was extracted with
diethyl ether. The organic layer was dried with anhydrous magnesium sulfate and
the solvent was removed. The reaction product S was obtained as yellow oil. IR
(KB, Viax, cm™): 3397 (NH), 2244 (CN). '"H NMR (CDCl;): & 1.41-1.51 (m, 1H,
CH), 1.57-1.68 (m, 2H, CH>), 1.76-1.84 (m, 1H, CH), 1.89-1.97 (m, 1H, CH), 2.21
(dd, 1H, J=14.8 and 9.6 Hz, CH), 2.49 (t, 2H, J=7.2 Hz, CH,), 2.73-2.81 (m, 3H,
CH and CH»), 6.99 (t, 1H, J = 6.8 Hz, ArH), 7.05 (t, 1H, J = 7.2 Hz, ArH), 7.32 (d,
1H, J=7.6 Hz, ArH), 7.38 (d, 1H, J = 8.0 Hz, ArH), 10.58 (s, 1H, NH). LC-MS (70
eV): m/z % 226 (11.6), 225 (67.3), 199 (17.2), 198 (100), 182 (4.6), 155 (2.0).
Anal. calcd. (%) for C;sHisN»: C, 80.32; H, 7.19; N, 12.49. Found. (%): C, 80.24;
H, 7.21; N, 12.53.

3-(4-Oxo0-1,2,3,4-tetrahydro-9H-carbazol-3-yl)propanenitrile (6): A solution
of tetrahydrocarbazole nitrile 5 (2 g, 8.92 mmol) was prepared at 0-5 °C in tetra-
hydrofuran (30 mL) (90 %). A solution of 2,3-dichloro-5,6-dicyano-p-benzoquinone
(4.05 g, 17.83 mmol) was dissolved in tetrahydrofuran (20 mL) and it was added
the solution at inert atmosphere. The reaction mixture was stirred 5 h at room tempe-
rature then the solution was poured into sodium hydroxide solution (400 mL, 10 %)
and the mixture was extracted twice with ethyl acetate. The organic layer was dried
with anhydrous magnesium sulfate and the solvent was evaporated under reduced
pressure. The residue was purified by chromatography using silica gel and ethyl
acetate. After the solvent was evaporated, a yield of 1.15 g (54 %) of 6 was
obtained. m.p. 221-222 °C. IR (KBr, Vi, cm™): 3183 (NH), 2239 (CN), 1612
(C=0). 'H NMR (DMSO-dq): & 1.73-1.81 (m, 1H, CH), 1.92-2.01 (m, 1H, CH),
2.17-2.25 (m, 1H, CH), 2.27-2.32 (m, 1H, CH), 2.52-2.58 (m, 1H, CH), 2.69 (t, 2H,
J=7.2Hz, CH,), 3.05-3.08 (m, 2H, CH.), 7.15-7.22 (m, 2H, ArH), 7.44 (d, 1H, J =
7.2 Hz, ArH), 8.00 (d, 1H, J=6.8 Hz, ArH), 11.90 (s, 1H, NH). LC-MS (70 eV): m/
z % 240 (17.2), 239 (100), 186 (0.7), 73 (8.4). Anal. calcd. (%) for C;sH14N,O: C,
75.61; H, 5.92; N, 11.76. Found. (%): C, 75.73; H, 5.86; N, 11.78.



Vol. 22, No. 10 (2010) Synthesis of Pyrido[3,2-c]carbazole Derivatives 8189

3-(4-Ox0-9-tosyl-1,2,3,4-tetrahydro-9H-carbazol-3-yl)propanenitrile (7): A
solution of 6 (0.75 g, 3.15 mmol) in 20 mL of chloroform was cooled to 0 °C. After
that 2 mL of sodium hydroxide solution (40 %), tetrabutyl ammonium hydrogen
sulfate (100 mg) and p-toluenesulfonyl chloride (0.90 g, 4.72 mmol) were added.
The mixture was stirred for 2 h at 0 °C, washed with hydrochloric acid (20 mL,
10 %) and the organic layer was dried with anhydrous magnesium sulfate. The
solvent was evaporated under reduced pressure. The residue was recrystallized from
methanol to yielded 0.81 g (65 %) of 7. m.p. 135-136 °C. IR (KBTI, Vi, cm™):
2931(CH), 2245 (CN), 1668 (C=0), 1363 and 1169 (S=0). 'H NMR (CDCl;):
8 1.73-1.82 (m, 1H, CH), 1.95-2.06 (m, 1H, CH), 2.19-2.25 (m, 1H, CH), 2.26-2.35
(m, 1H, CH), 2.38 (s, 3H, Ar-CHj3), 2.52-2.63 (m, 2H, CH,), 2.64-2.73 (m, 1H,
CH), 3.15-3.24 (m, 1H, CH), 3.57 (dt, 1H, J = 18.8 and 4.8 Hz, CH), 7.27 (d, 2H,
J=8.4Hz, ArH), 7.31-7.37 (m, 2H, ArH), 7.74 (d, 2H, J = 8.8 Hz, ArH), 8.12-8.18
(m, 2H, ArH). LC-MS (70 eV): m/z % 394 (3.5), 393 (10.2), 392 (42), 339 (66),
237 (24), 184 (58), 156 (67), 128 (47), 91 (100). Anal. calcd. (%) for C»H20N,OsS:
C, 67.33; H,5.14; N, 7.14; S, 8.17. Found. (%): C, 67.21; H, 5.09; N, 7.23; S, 8.15.

Ethyl-4-0x0-1,2,3,4-tetrahydro-9-methoxymethyl-carbazole-3-carboxylate
(9): A solution of 4-oxo-1,2,3,4-tetrahydro-9-methoxymethyl carbazole 8 (1.15 g,
5 mmol) in diethyl carbonate (25 mL) was added dropwise at O °C to a mixture of
potassium hydride (35 % dispersion in mineral oil, 1.18 g, 10 mmol) in diethyl
carbonate (25 mL). The mixture was heated at reflux temperature (150 °C) for 1 h
and the reaction mixture was poured into ice-water (100 mL). The aqueous layer
was extracted three times with dichloromethane. The combined organic phases
were dried with magnesium sulfate and filtered and the solvents were evaporated.
The residue was purified by column chromatography using silica gel and ethyl
acetate/hexane (1:1). The solvent was evaporated and the residue was recrystallized
form methanol to afford 1.20 g (79 %) of 9. m.p. 85-86 °C. IR (KBT, Vi, cm™):
2939 (CH), 1727 (C=0), 1654 (C=0). 'H NMR (DMSO-d;): 6 1.20 (t, 3H, J = 6.8
Hz, CH;), 2.35-2.41 (m, 2H, CH,), 3.02-3.19 (m, 2H, CH,), 3.22 (s, 3H, OCHs),
3.65 (t, 1H, J =7.2 Hz, CH), 4.14 (q, 2H, J = 7.2 Hz, CH,), 5.56 (s, 2H, NCH,0),
7.20-7.29 (m, 2H, ArH), 7.64 (d, 1H, J = 6.8 Hz, ArH), 7.98 (d, 1H, J = 6.8 Hz,
ArH). LC-MS (70 eV): m/z % 303 (18.6), 302 (100), 286 (8.0), 271 (1.0), 270
(6.1). Anal. calcd. (%) for C;HoNO4: C, 67.76; H, 6.35; N, 4.65. Found. (%): C,
67.69; H, 6.33; N, 4.71.

Ethyl-3-(cyanoethyl)-4-0x0-1,2,3,4-tetrahydro-9-methoxymethylcarbazole-
3-carboxylate (10): A solution of 9 (1 g, 3.3 mmol) in absolute ethanol-tetrahydro-
furan (1:1) (20 mL) was added to a solution of sodium ethoxide in absolute ethanol
which was prepared from metallic sodium (0.2 g) and absolute ethanol (25 mL), at
0 °C under nitrogen atmosphere. The reaction mixture was stirred 0.5 h at 0 °C and
then acrylonitrile (0.23 g, 3.3 mmol) was added. The reaction mixture was stirred
overnight at room temperature. Then the reaction mixture was poured into hydrochloric
acid solution (50 mL., 5 %) and extracted with ethyl acetate. The solvent was evaporated
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under reduced pressure and the resulting residue was chromatographed using silica
gel and ethyl acetate-hexane (1:1). The solvent was removed and then the product
was recrystallized from ether to afford 0.72 g (61 %) of 10, m.p. 97-98 °C. IR (KBr,
Vimax, cm™): 2956 (CH), 2249 (CN), 1713 (C=0), 1647 (C=0). 'H NMR (CDCl;):
8 1.20 (t, 3H, J = 6.8 Hz, CH3), 2.24-2.40 (m, 3H, CH and CH,), 2.60-2.64 (m, 2H,
CH,), 2.73-2.79 (m, 1H, CH), 3.05-3.11 (m, 1H, CH), 3.18-3.24 (m, 1H, CH), 3.31
(s, 3H, OCHa), 4.17 (q, 2H, J = 7.2 Hz, CH,), 5.44 (s, 2H, NCH,0), 7.30-7.33 (m,
2H, ArH), 7.44-7.47 (m, 1H, ArH), 8.21-8.24 (m, 1H, ArH). LC-MS (70 eV): m/z
% 357 (3.3), 356 (22), 355 (100), 325 (6.3), 323(8.2). Anal. calcd. (%) for
CxH2N,04: C, 67.78; H, 6.26; N, 7.90. Found.: C, 67.86; H, 6.30; N, 7.83.

3-(4-Oxo0-1,2,3 4-tetrahydro-9H-carbazol-3-yl)propanoic acid (11): A solution
of 10 (1 g, 2.8 mmol) in dioxane (20 mL) was refluxed with concentrated hydro-
chloric acid (10 mL) for 8 h. Then the reaction mixture was poured into water and
extracted with ethyl acetate. The solvent was evaporated under reduced pressure
and the resulting residue was recrystallized from ether to afford 110 mg (15 %) of
11, m.p. 260-261 °C. IR (KBr, Vi, cm™): 3250 (NH), 2958 (CH), 1711(C=0),
1625 (C=0). "HNMR (DMSO-d): 6 1.59-1.67 (m, 1H, CH), 1.81-1.90 (m, 1H, CH),
1.98-2.08 (m, 1H, CH), 2.16-2.22 (m, 1H, CH), 2.30-2.42 (m, 3H, CH and CH,),
2.92-2.98 (m, 2H, CH,), 7.08-7.15 (m, 2H, ArH), 7.36 (dd, 1H, J = 6.8 and 2.4 Hz,
ArH), 7.91 (d, 1H, J= 6.8 Hz, ArH), 11.75 (s, 1H, NH), 11.98 (s, 1H, OH). LC-MS
(70 eV): m/z % 258 (100), 256 (2.5), 255 (5.9), 241 (11.7), 240 (68.7), 230 (21.7),
201 (4.4), 200 (31.6). Anal. calcd. (%) for C;sH;sNOs: C, 70.02; H, 5.88; N, 5.44.
Found. (%) C, 69.90; H, 5.81; N, 5.49.

RESULTS AND DISCUSSION

In this study we accomplished the synthesis of a precursor 7 for the synthesis
of pyrido[3,2-c]carbazole in a different pathway starting from carbazolone 1'
(Scheme-I). Compound 1 was hydrolyzed in basic conditions to give acid 2'%".
Acid 2 was reduced to alcohol 3 with lithium aluminum hydride'”"*. Alcohol 3 was
converted into sulfonate ester derivative 4 with p-toluene sulfonyl chloride®.
Compound 4 was reacted with sodium cyanide in dimethyl sulfoxide yielded
compound 5''®, Then compound 5 selectively oxidized at 4 position using dichloro
dicyano-p-benzoquinone in tetrahydrofuran (90 %) gave compound 6°'. Nitrogen
atom of compound 6 was protected with p-toluene sulfonyl chloride using phase
transfer catalyst tetrabutyl hydrogensulfate and sodium hydroxide (50 %) in
dichloromethane and gave compound 7*.

Pyrido[3,2-c]carbazole can be easily synthesized with the aromatization of the
octahydropyrido[3,2-c]carbazole which is synthesized from catalytic hydrogenation
and cyclization of compound 7 in the light of literature***.

Alternatively, intermediate 11 was synthesized starting from N protected 4-oxo
tetrahydrocarbazole 8 (Scheme-II). Compound 8 was refluxed with diethyl carbonate
in the presence of potassium hydride and gave 9%°. Then compound 9 was treated
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with acrylonitrile and sodium ethoxide in ethanol and gave 10. Compound 10 was
hydrolyzed using concentrated hydrochloric acid in dioxane. Deprotection and
decarboxylation occurred as a result of hydrolysis and yielded 11**?’. Octahydro
pyrido[3,2-c]carbazole structure can be synthesized by using Magnus' precedure™.
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