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Abstract

Arylhydrazines 1 react with 2-methylcyclohexanon2 via Fischer indole synthesiso 4a-
methyl-2,3,3,4a-tetrahydro-tcarbazoles3, which cyclize with 2-substituted malonatésto give
5-aryl- and 5-alkylsubstituted 4-hydroxy-11b-methy2,3,11b-tetrahydro¥b-pyrido[3,2,1ik]carb-
azol-6-oness. Pyridocarbazole$ can be shown to give a series of reactions, sscalectrophilic
halogenation to 5-chloro-pyridocarbazole-4,6-di@nand nucleophilic halogenation to 4-chloro-pyri-
docarbazol-6-onell. 4-Azido-5-phenylpyridocarbazol-6-onE3 cyclizes under thermolysis to the
indolo derivativel4. This reaction was studied by differential scagrealorimetry (DSC).

Introduction

Tetrahydropyrido[3,2,1k]carbazol-6-onel{lue structure inA) is part of the heterocyclic skeleton
of many natural products (e. g. Strychnos alkaléidsuch as strychninolones and derivatives [2, 3a],
e.g. Brucine (dimethoxystrychnin) [3b] and VomigiR2-hydroxy-N-methylpseudostrychnine) [3c]. It
possesses the biological interesting combinatiahefvell-known indole structure [4] and the 4-hyd-
roxy-2-pyridone structure.

Especially the pyridone system is noteworthy foresal reasons: The basic structure can be found
in many natural products, such as the highly tdXicinine (a 4-methoxy-2-oxo-3-pyridinecarbonit-
rile[3d]), in compounds with antibiotic activity .e Flavipucin [5]), and the yellow fungal pigment
Tenellin [6]. A whole class of 4-hydroxy-5,6-dihydR-pyridones with antibiotic activity (e.g. Moci-
mycin [3e]) is produced bystreptomycespecies. 4-Hydroxy-2-pyridone itself has been uaed



18th International Electronic Conference on Synthetic Organic Chemistry (ECSOC-18) 1-30 November 2014
Syntheses and Reactions of 5-Alkyl- and 5-Aryl-11b-Methyl-1,2,3,11b-tetrahydro-pyrido[3,2,1-jk]carbazoles
Having a Strychnos Alkaloids Partial Structure 2

"3-Deaza-uracil" for the preparation of nucleosat@logs [7] and some halogenated derivatives have
shown herbicidal activity [8].

Recently we published the syntheses and reactioaseries of pyrido[3,2,jk]carbazol-6-one8
with two aromatic benzo rings in the carbazole rtyoj8], and of tetrahydropyrido[3,2 jkjcarbazol-
6-ones with one hydrogenated benzo ring of t@pEL0] (red partial structurg having the pyridone
part fused to the aromatic part of the carbazoleldBg up the 4-hydroxy-2-pyridone part starting
with enamines or azomethines on one side, andiveaoilonic acid derivatives on the other side, has
attracted our attention for many years [11]. Tadirthe ring closure reaction to the desired pwsiti
in the present work 2,3,4,9-tetrahydrocarbaz@l€sndolenines™) are tested as substrates for gieth
and trichlorophenyl malonates. The resulting tetdab-pyrido[3,2,1jk]carbazoles of typ® (green
saturated ringcomprise already four rings as found in Strychatk®loids [2] with the two oxygen
functions at the correct positions and having tyredpne part fused to the hydrogenated ring.

Results and Discussion

1. Synthesis of tetrahydrocarbazoles 3 and cyclocdansation with malonates to tetrahydro-
pyrido-carbazolones 6

Our approach to the tetrahydro-pyridocarbazole esysstarted with the synthesis of 2,3,4,4a-
tetrahydro-H-carbazoles$ with suitable substituents at the desired possti@Methylcyclohexanone
(2, pink coloreq gives, depending on the reaction conditionsafascher indole synthess mixture
of two isomers, 4a-methyl-2,3,4,4a-tetrahydkd-darbazole 3a) and 1-methyl-2,3,4,9-tetrahydro-1H-
carbazole4a) [12]. The isomers were called as the neuttalapnd the basic producB)([13], a pro-
perty which makes it easy to separate them [14fhdristic investigations support an intermolecular
rearrangement by radical cleavage of the internedigdrazones which allow a free rotation of the
radical molecules [15]; the structures were asslgneef. [16]. The ratio of both isomei3and4, is
influenced by the structure of the substituent asippon 2 of the cyclohexanone and the kind of the
acid catalyst: with soft acids such as acetic gmidduct3 is preferably formed, with hard acids such
as sulfuric acid, preferableis formed [17]; however, the yields are low. Ounthetic approach star-
ted from commercially available phenylhydrazine togdloridesla-c and 2-methylcyclohexanone
(2), which were brought to reaction directly in gkdcacetic acid as solvent without releasing the fre
phenylhydrazine bases. The work-up includes theaetton of3 with diethyl ether from the alkaline
solution to isolate the crude so-called "basic potsl' as oils, which crystallized in the caseafand
3c on addition of hexan&b was obtained as an yellowish oil. Comparison ef'th nmr spectra o8
with spectra of the isomer 1-methyl-2,3,4,9-tetdroylH-carbazoles4 [10] show, that the methyl
groups in the hydrogenated carbazole rings arddddaetween 1.07-1.08 ppm, whereas the 4a-methy!
group in3 has a signal at 1.30 ppm. In addition, the NH-aign 9-position, which is visible in all
spectra of typd at 10.40-10.50 ppm, is missing in structudg¢Scheme 01).



18th International Electronic Conference on Synthetic Organic Chemistry (ECSOC-18) 1-30 November 2014
Syntheses and Reactions of 5-Alkyl- and 5-Aryl-11b-Methyl-1,2,3,11b-tetrahydro-pyrido[3,2,1-jk]carbazoles
Having a Strychnos Alkaloids Partial Structure 3

The thermal cyclocondensation of 4a-methyl-2,34ed@hydro-H-carbazoles3a-c with diethyl
phenylmalonate and diethyl benzylmalonated(coloredl in diphenylether as the solvent gave via
reactive ketene intermediates [11] pyrido-carbazedp which could be formed in two isomeric struc-
tures. The spectral analysis showed that a ringuctodirected to the aromatic ring producican be
ruled out, because of the lack of an olefinic pnodb position 8 and an fourth aromatic proton fiitwen
carbazole part. In this way, tetrahydro-pyridocaddanes6a-d were obtained in good yields.
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Thermal cyclocondensation 8k with diethyl butylmalonaté&c gave only very low yields ode
However, when the cyclization reaction was perfatmé&hout solvent at 200 °C with the highly reac-
tive bis-(2,4,6-trichlorophenyl) n-butylmalonated], the so-called "active malonate” [11, 18], thegri
closure proceeded in good yields of 70%6¢0

2. Electrophilic attack directed to 4-hydroxy-11b-nethyl-5-phenyl-1,2,3,11b-tetrahydro-&i-
pyrido[3,2,1-k]carbazol-6-one (6a)

The attack with electrophilic reagents on 4-hydréxghenyl-tetrahydropyridocarbazolofia has
three possible targets: the positions 1-4 of thezbeing in carbazole, the phenyl ring in posittoand
position 5 itself in the heterocyclic ring, whichrcbe considered as tautomeric CH-acidic position.
Under mild conditions, only position Be(d marked substituentis attacked, similar as found in rela-
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ted quinoline systems [19] . With concentratediaécid in glacial acetic acid already at room temp
rature 5-nitro-5-phenyl-tetrahydropyrido[3,2,1-j&afbazoledione8 was formed in excellent yields
(Scheme 02). Chlorination &a with sulfuryl chloride in dioxane as the solverstvg at 50 °C in
excellent yields 5-chloro-5-phenyl-tetrahydropyf@li@,1-jk]Jcarbazoledion®. Bromination with bro-
mine in chloroform formed already at room tempemin similar excellent yields 5-bromo-5-phenyl-
tetrahydropyrido[3,2,1-jk]carbazolediod®.
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The electrophilic attack formed in all three exaesph 5,5-disubstituted pyridinedione structure
deriving from the CH-acidic group of tleey-dioxo tautomer obain position 5.

3. Nucleophilic displacement of the 4-hydroxy-groupn tetrahydro-pyridocarbazolone 6a
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1,2,4-Triazole sodium reacted in dimethylformamsdéution with 4-chloro derivativélaat 60 °C
in excellent yields to 5-phenyl-4-triazolyl-tetratrppyridocarbazolon&?2, a structure related to anti-
fungal agents [21] . 4-Chloro derivatidda and sodium azide gave in boiling ethanol in excell
yields 4-azido-5-phenyl-tetrahydropyridocarbazoldide The structure ofi3 is supported by the IR
signal of the azido group at 2109 énBoth reactions demonstrated the high reactiviitihe 4-chloro
group against nucleophiles.

4. Thermal cyclization of 4-azido-5-phenyl-tetrahydopyridocarbazolone 13

In the last years we investigated a series of zgtibn reactions of azides with reactive ortho-
substituents [22, 23]. The thermal cyclization dho-phenyl azides in pyridocarbazoles proceeds via
nitrene intermediates [24] and is known to produngilo products [25]. The conditions of the ring
closure reaction of the 4-azido derivati¥8 was investigated by differential scanning calotiye
(DSC) to obtain the information on the cyclizati@mperature to indol#4 (red markeyland possible
further decomposition. The DSC diagram shows aizgtbn range with 139.1 °C onset and 171.8 °C
maximum, which allows to use dimethylformamide efiux temperature as the cyclization solvent
(Scheme 04).
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The reaction enthalpy with a value&ifi = -547 J/g is rather large, which must be takeo consi-
deration when larger batches are thermolyzed. At23C a melting point is observed, which is iden-
tical with the data obtained from the cyclized ildpyridocarbazolel4. The structure of 3a-
methyl-2,3,3a,14-tetrahydroindolo[2',3":4,5]pyridd#, 1ik]carbazol-9(H)-one (14) is supported by
NMR data, which contain a NH signal at1l1.97 ppm, and by mass spectral data, which shew t
molecule peak.

Conclusion

It could be shown, that 4a-methyl-2,3,4,4a-tetrabytH-carbazoles3 are obtained without by-
products of the isomeric 1-methyl-2,3,4,9-tetraloydlH-carbazoled in yields of 50-70%. Cyclocon-
densation of tetrahydrocarbazolgsvith substituted malonates results in the fornrmatd 4-hydro-
xy-11b-methyl-1,2,3,11b-tetrahydrd46pyrido[3,2,1}k]carbazol-6-oness without formation of the
iIsomeric pyridocarbazolés Both electrophilic as well as nucleophilic atta@kt6 gave regioselective
substitutions in the heterocyclic pyridone ringheitin position 5 or position 4, respectively. Thaf
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cyclization of 4-azido-5-phenyl-tetrahydropyridoocazolone 13 was investigated by differential
scanning calorimetry (DSC) and produced indologyecarbazolel4 under suitable conditions
obtained from DSC data.

Methods and Experimental
General

Melting points were determined using a Stuart SNWRRing Point Apparatus (Bibby Scientific Limited,
Stone, Staffordshire, UK) in open capillary tub@alorimetric data (DSC data) were obtained on &iRer
Elmer Pyris 1 DSC instrument (Perkin Elmer Corpaltham, MA, USA) with the Pyris Software for Windew
(Pyris Thermal Analysis System) V3.72. The diffdi@inscanning calorimetry plots were recorded betwe
25-600 °C, with a heating rate of 2-10 °C/min, as+3.0 mg of compound in sealed aluminum crucifléds
bar). IR spectra were recordeith aBruker Alpha-P instrument (Bruker GmbH, KarlsruBarmany) with
Attenuated Total Reflectance (ATR)easurement, using a reflection method. NMR speatra recorded on a
Bruker Avance lll instrument (Bruker GmbH) (300 MM2). Chemical shifts are given in pp) from the
internal TMS standard. Elemental analyses wereopaed at the Microanalytical Laboratory of the Unisity
of Vienna, Austria. Mass spectra were obtained feoRP 1100 LC/MSD mass spectral instrument (Agilent
Technologies, Santa Clara, CA, USA) with eitherifdos or negative atmospheric pressure chemicakaiion
(APCI) ion source, 50-200 V, nitrogen, or atmosfihpressure electrospray (AP-ES) method. Analytical
HPLC was performed on a Shimadzu LC 20 system pgdipvith a diode array detector (215 and 254 nng on
Pathfinder AS reversed phase (4.6150 mm, 5 umyuoluunning in acetonitrile/water gradient (30—-108é-
tonitrile). Dry column flash chromatography [26] svearried out on silica gel 60 H (5—gf) (Merck, Darm-
stadt, Germany). All reactions were monitored big thyer chromatography on 0.2 mm silica gel F pides
(Merck, Darmstadt, Germany) using UV light (254 &&® nm) for detection. Common reagent-grade chemi-
cals are either commercially available and werel wgghout further purification or prepared by stardilitera-
ture procedures.

4a-Methyl-2,3,3,4a-tetrahydro-H-carbazole (3a) A suspension of phenylhydrazinium chloride)
(30.8 g, 0.21 mol) in glacial acetic acid (170 migs warmed to 50 °C. To this suspension, a solutfon
2-methylcyclohexanon2 (22.7 g, 0.20 mol) in glacial acetic acid (35 mgs added dropwise rapidly under
stirring. After addition, the mixture was heatedlanreflux for further 2 hours and then cooleddom tempe-
rature. The solvent was removed under reducedymeshie residual brown oil diluted with water (bQ) and
then 2M ag. sodium hydroxide solution (130 mL) was adaethé residue until an alkaline pH was reached.
The product was extracted with diethyl ether (1Q9,nthe organic phase dried with sodium sulfatierfied and
the solvent removed at the rotary evaporator. Es@ue was distilled under reduced pressure ta tight
yellow oil at 144-155 °C / 13 mm Hg.; lit. bp 158/20 mm Hg [27]. On addition of a few drops of heaa
transparent crystals were formed within a few mésufThe yield was 27.7 g (71%); colorless prisns 6@ °C
(hexane) lit. mp 69 °C [27]. IR: 3043 w, 2968 w429m, 2852 w, 1609 w, 1574 s ¢motH NMR (CDCh): &
1.19 (dt, 1 H,J=7.0 + 2.0 Hz, 3-GH), 1.33 (s, 3 H, Me), 1.44 (dt, J = 7.0+ 2.0 HH,13-CHy ey,
1.72-1.84 (m, 2 H, 2-H), 2.19-2.30 (m, 2 H, 4-4}2.55-2.66 (dt, J = 7.0 + 2.0 Hz, 1 H, 1-&k), 2.85-2.91
(M, 1 H, 1-CHeq), 7-21 (dt, J = 7.0+1.5 Hz, 1 H, ArH), 7.30-7.36,2 H, ArH), 7.61 (d, J = 7.0 Hz, 1 H,
5-H). Anal. calcd for @HqsN (185.27): C, 84.28; H, 8.16; N, 7.56. Found: 8.83; H, 8.36; N, 7.66.

6-Methoxy-4a-methyl-2,3,4,4a-tetrahydro-H-carbazole(3b): This compound was obtained from
4-methoxyphenylhydrazinium chlorid&k) (17.7 g, 0.10 mol) and 2-methylcyclohexanoBe({1.2 g, 0.10
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mol) using the procedure and work-up describe®#&iThe yield was 9.89 g (46%), yellowish oil, bp 190
°C/14 mm Hg; lit. bp 122 °C/2 mm Hg [28].

6-Chloro-4a-methyl-2,3,4,4a-tetrahydro-H-carbazole(3c): This compound was obtained from 4-chloro-
phenylhydrazinium chloridel€) (7.16 g, 40 mmol) and 2-methylcyclohexano®e(4.49 g, 40 mmol) using the
procedure and work-up described 8arto obtain after distillation a yellowish oil, b@@ °C/14 mm Hg. The
oily liquid crystallized on addition of hexane. Teelid was filtered by suction, washed with colcdree and
dried at room temperature under reduced pressurg/ield was 3.05 g (47%), colorless crystals, mp®6
(hexane); its yellow picrate showed a mp of 1811RC.3050 w, 2920 m, b, 1610 w, 1580 s'trAnal. calcd
for C13H14CIN (219.72): C, 71.07; H, 6.42; N, 6.37. Found70,85; H, 6.56; N, 6.41.

4-Hydroxy-11b-methyl-5-phenyl-1,2,3,11b-tetrahydro6H-pyrido[3,2,1-jk]carbazol-6-one(6a): A mix-
ture of tetrahydrocarbazo8a (1.85 g, 10 mmol) and diethyl phenylmalondia)((2.37g, 10 mmol) in diphenyl
ether (10 mL) was heated in a 2-necked flask eaquippith a distillation bridge and a 20 cm Vigrewiumn to
230-240 °C internal temperature and kept for 3 f@atithis temperature. Then the temperature wasda
250 °C and the distillation was continued untilmore ethanol was liberated (about 1 hour). Theti@amix-
ture was cooled to room temperature, treated wastahe (50 mL) and stirred for 24 hours. The resglsolid
product was filtered by suction, dissolved in fatiene (200 mL), heated with char-coal, filtered #me sol-
vent reduced to 50 mL i. vac.. The residue wasrfiltl, washed with cold methanol (20 mL) and driedeu
reduced pressure at 40 °C. The yield was 1.61 ¢)489ray-white powder, mp 213 °C (toluene). IR: 304
2981 w, 2962 m, 2881 w, 1682 s, 1608 m, 1556 $.cid NMR (CDCk): & 1.44 (s, 3 H, Me), 1.63-1.69 and
2.01-2.35(2m, 4 H, 1-CH2-CH,), 2.72 (t, J = 7.0 Hz, 2 H, 3-GH 7.24-7.26 (t, J = 7.0 Hz, 1 H, 9-H),
7.33-7.38 and 7.41-7.56 (2 m, 7 H, 10-H, 11-H, 5PI8.56 (dd, J = 7.0+2.0 Hz, 1 H, 8-H). Anal. chfor
CooH1gNO5 (329.40): C, 80.22; H, 5.81; N, 4.25. Found: C480H, 5.85; N, 4.21.

4-Hydroxy-10-methoxy-11b-methyl-5-phenyl-1,2,3,11letrahydro-6 H-pyrido[3,2,1-jk]carbazol-6-one
(6b): This compound was obtained from 6-methoxy-tetrabgarbazoleb (2.15 g, 10 mmol) and diethyl
phenylmalonateSa) (2.37g, 10 mmol) using the procedure and worldegcribed foba.. The yield was 1.97 g
(55%), colorless prisms, mp 251 °C (toluene). IB5@m, 2930 m, 2720 m, 1610 m, 1600 mi'cAH NMR
(DMSO-d): 6 1.25 (s, 3 H, Me), 1.55-2.30 (m, 4 H, 1-£12-CH,), 2.60 (t, J = 7.0 Hz, 2 H, 3-GH 3.60 (s,
OMe), 6.80-7.00 (5 H, Ph), 7.20-7.40 (s, (m, 3 H{,®-H, 11-H), 11.20 (s, OH). Anal. calcd fop4E,:NO3
(359.43): C, 76.86 H, 5.89 N, 3.90. Found: C, 7643.91 N, 3.76.

10-Chloro-4-hydroxy-11b-methyl-5-phenyl-1,2,3,11bdtrahydro-6H-pyrido[3,2,1-jk]carbazol-6-one
(60): This compound was obtained from 6-chloro-tetdtbgarbazol&c (2.19 g, 10 mmol) and diethyl phenyl-
malonate %a) (2.37g, 10 mmol) using the procedure and worldegcribed foba. The yield was 2.76 g
(76%), colorless prisms, mp 237 °C (toluene). I®2@m, b, 1750 w, 1730 w, 1710 m, 1680 s, 163G6E0In
cmt. 'H NMR (DMSO-d): 8 1.20 (s, 3 H, Me), 1.55-2.30 (m, 4 H, 1-§R-CH,), 2.65 (t, J = 7.0 Hz, 2 H,
3-CH,), 7.20 (s, 5 H, Ph), 7.30-7.40 (m, 1 H, 9-H), 460 (m, 1 H, 11-H), 8.30 (dd, J = 7.0+1.0 Hz, B-H
11.20 (s, OH). Anal. calcd forggHgCINO, (363.85): C, 72.63; H, 4.99; N, 3.85. Found: C242H, 5.18; N,
3.51.

5-Benzyl-4-hydroxy-11b-methyl-1,2,3,11b-tetrahydrdBH-pyrido[3,2,1-jk]carbazol-6-one(6d): This
compound was obtained from tetrahydrocarba3al.81 g, 15 mmol) and diethyl benzylmalondib)((3.75
g, 15 mmol) using the procedure and work-up desdrfor6a. The yield was 2.92 g (52%), gray prisms, mp
216 °C (1-butanol). IR3200-3300 b, m, 2920 m, 1680 s, 1610 s, 15605 ¢H NMR (DMSO-d): 5 1.30
(s, 3H, Me), 1.35-2.30 (m, 4 H, 1-GH2-CH,), 2.65 (t, J = 7.0 Hz, 2 H, 3-GH 3.87 (s, 2 H, benzyl-C}},
7.10-7.50 (m, 8 H, ArH, Ph), 8.42 (dd, J = 7.0+#Z) 1 H, 8-H). Anal. calcd for £H,;NO, (343.44): C,
80.44; H, 6.16; N, 4.08. Found: C, 80.64; H, 61224.04.
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5-Butyl-4-hydroxy-11b-methyl-1,2,3,11b-tetrahydro-&1-pyrido[3,2,1-jk]carbazole-6-one(6€):

Method A: This compound was obtained from tetrabgdrbazole3a (2.81 g, 15 mmol) and diethyl n-
butylmalonate %c) (3.24 g, 15 mmol) using the procedure and worldegcribed fo6a. The yield was 0.69 g
(15%).

Method B: An intimate mixture of tetrahydrocarbaz®h (1.85 g, 10 mmol) and bis-(2,4,6-trichlorophenyl)
n-butylmalonate&d) (5.19 g, 10 mmol) was heated to 200 °C for 20uta@a without solvent. The product was
cooled to room temperature and digested with hegameral times to remove 2,4,6-trichlorophenol. The
remaining solid was filtered by suction, washedwhiexane and dried under reduced pressure at 40heC.
yield was 2.16 g (70%), colorless powder, mp 19&@&thanol). IR 3350 m, 2960 m, 1675 s, 1610 m, 1555 s
cmt. 'H NMR (DMSO-d): 8 0.91 (t, J = 7.0 Hz, butyl-C§}, 1.23 (s, 3 H, Me) 1.35-2.30 (m, 6 H, 1-§H
2-CH,, 2 butyl-CHy), 2.60-2.80 (m, 4 H, 3-C)lbutyl-CH,), 7.10-7.50 (m, 3 H, 9-H, 10-H, 11-H), 8.33 (dd&; J
7.0+1.5 Hz, 8-H), 10.80 (s, br, 1 H, OH). Anal.athfor GgH»3NO, (309.41): C, 77.64; H, 7.49; M,53.

Found: C, 77.38; H, 7.12; M,62.

11b-Methyl-5-nitro-5-phenyl-1,2,3,11b-tetrahydro-pyido[3,2,1-jk]carbazole-4,6(%1)-dione (8): To a
solution of 2-phenyl-tetrahydropyridocarbazold@#(1.98 g, 6 mmol) in glacial acetic acid (20 mL)ncentra-
ted nitric acid (8.0 mL) was added slowly with stig at room temperature. The reaction mixture kegst at
room temperature for 12 hours to afford a soliddpiet, which was filtered by suction, washed withtevg50
mL) and dried under reduced pressure at 40 °Cyigié was 2.10 g (92%), yellow prisms, mp 145 °C
(ethanol). IR: 2950 w, 1710 m, 1685 s, 1640 s, 1@, Anal. calcd for G,H,gN,O, (374.40): C, 70.58; H,
4.85; N, 7.48. Found: C, 70.96; H, 5.04; N, 7.30.

5-Chloro-11b-methyl-5-phenyl-1,2,3,11b-tetrahydro-grido[3,2,1-jk]carbazole-4,6(%1)-dione (9): To a
suspension of 2-phenyl-tetrahydropyridcarbazoleagl.98 g, 6 mmol) in dioxane (20 mL), sulfuryl chbte
(1.0 g = 0.6 mL, 7.4 mmol) was added dropwise, kepthe temperature at 50 °C. After further 10 nb@xsuat
this temperature, the reaction mixture was pourdd we-water (300 mL) and the precipitate filtetgdsuc-
tion, washed with water (50 mL) and dried undeuced pressure at 40 °C. The yield was 1.87 g (8yétpw
prisms, mp 158 °C (cyclohexane). IR: 1705 m, 1681650 s crit. Anal. calcd for G,H;gCINO, (363.85): C,
72.63; H, 4.99; N, 3.85; Found: C, 72.72; H, 5863.81.

5-Bromo-11b-methyl-5-phenyl-1,2,3,11b-tetrahydro-psido[3,2,1-jk]carbazole-4,6(%1)-dione (10): To a
solution of 2-phenyl-tetrahydropyridocarbazold#(1.98 g, 6 mmol) in chloroform (20 mL), a solutiohbro-
mine (0.96 g, 6 mmol) in chloroform (5 mL) of wdewly added. The reaction mixture was stirred ano
temperature for 20 minutes and then extracted wéter. The organic layer was dried with sodiumatelfand
taken to dryness under reduced pressure. Thewafiddigested with cyclohexane, filtered by suctod dried
at reduced pressure at room temperature. The wigdd?.20 g (89%), pale yellow crystals, mp 150 ¢gElpohe-
xane). IR: 2970 w, 1710 m, 1685 m, 1655 s, 1605na.cAnal. calcd for G,H,gBrNO, (408.30): C, 64.72; H,
4.44; N, 3.43. Found: C, 64.53; H, 4.76; N, 3.37.

4-Chloro-11b-methyl-5-phenyl-1,2,3,11b-tetrahydro-61-pyrido[3,2,1-jk]carbazol-6-one(11a): A mix-
ture of 2-phenyl-tetrahydropyridocarbazolddee(1.00 g, 3 mmoland phosphoryl chloride (10 mL) was heated
under reflux for 4 hours. The resulting solutiomsvpmured onto ice/water (100 mL) and brought to=p#-6
with 2 M aqueous sodium hydroxide solution. The solid vitkeréd by suction, washed with water (50 mL) and
dried under reduced pressure at 40 °C. The yiekl@a2 g (69%), grayish prisms, mp 191 °C (etharnBl)

3051 w, 2964 m, 2861 w, 1647 s, 1624 s, 1587 m.cdtd NMR (CDCk): & 1.45 (s, 3 H, Me), 2.13-2.38 (m, 4
H, 1-CH,, 2-CH,) 2.80 (t, J = 7.0 Hz, 2 H, 3-G} 7.37-7.39, 7.41-7.47, 7.50-7.69 (3 m, 8 H, Rhl,40-H,
11-H), 8.58 (dd, J = 7.0+1.5 Hz, 8-H). Anal. cafod C,oH1gCINO (347.85): C, 75.97; H, 5.22; N, 4.03. Found:
C, 76.36; H, 5.64; N, 3.82.
4,10-Dichloro-11b-methyl-5-phenyl-1,2,3,11b-tetrahgro-6H-pyrido-[3,2,1-k]carbazol-6-one (11b):A
mixture of 8-chloro-2-phenyltetrahydropyridocarbkr® 6¢ (1.10 g, 3 mmol) and phosphoryl chloride (10 mL)
was heated under reflux for 4 hours. The excesspitayl chloride was removed under reduced presthee
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residue was poured on ice/water (200 mL) and thieaght to pH = 4-6 with ®1 aqueous sodium hydroxide
solution. The resulting solid was filtered by saoantiwashed with water (50 mL) and dried under redyares-
sure at room temperature. The yield was 0.94 g §828torless prisms, mp 175 °C (ethanol). IR: 2852920
w, 1665 s, 1630 s, 1600 w, 1585 w'tnAnal. calcd for G,H17CIb,NO (382.29): C, 69.12; H, 4.48; N, 3.66.
Found: C, 69.17; H, 4.57; N, 3.61.

11b-Methyl-5-phenyl-4-(1,2,4-triazol-1-yl)-1,2,3,14-tetrahydro-6 H-pyrido[3,2,1-jk]carbazol-6-one
(12): To a solution of 4-chloro-5-phenyl-tetrahydropymdobazolondla(1.16 g, 3 mmol) in dimethylform-
amide (10 mL), 1,2,4-triazole sodium (0.36 g, 3 Mm@s added and the resulting mixture stirred0sel °C
for 30 minutes. After cooling to room temperature mixture was poured into cold water (200 mL), gb&d
filtered by suction, washed with cold water (50 nalod dried under reduced pressure at room temperdatioe
yield was 1.00 g (88%), colorless prisms, mp 20Zeé@anol). IR: 2940 w, 1670 s, 1630 m, 1600 w,0L68
cmt. Anal. caled for G4HogN4O (380.45): C, 75.77; H, 5.30; N, 14.73. Found7&.86; H, 5.01: N, 14.64.

4-Azido-11b-methyl-5-phenyl-1,2,3,11b-tetrahydro-B-pyrido[3,2,1-jk]carbazol-6-one (13):To a solu-
tion of 4-chloro-5-phenyl-tetrahydropyridocarbazmdl1a(1.16 g, 3 mmol) in ethanol (15 mL) and water (5
mL), sodium azide (0.26 g, 4 mmol) was added ardé¢sulting mixture was heated to 80 °C for 12 hour
Insoluble inorganic material was removed by fiiwatand the solvent of the filtrate was removedarrréduced
pressure. The solid residue was digested with w&@emL), filtered by suction, washed with wate® (BL)
and dried under reduced pressure at room temperdathe yield was 1.00 g (94%), colorless prismg/dec.
138 °C (ethanol). Calorimetric data for the therys®: decomposition at 139.1 °C onset, 171.8 °Cimarn,
AH = -547 J/g; mp at 236.1 °C onset, 236.4 °C maxrimhH = 2.2 J/g. IR: 3052 w, 2924 m, 2860 w, 2109 s
1663 s, 1625 s, 1591 m ¢m'H NMR (CDCk): 8 1.42 (s, 3 H, Me), 1.62-1.68 and 2.00-2.33 (2 H, 4-CH,
2-CH,), 2.69 (t, J = 7.0 Hz, 2 H, 3-GH 7.32-7.35 (m, 3 H, 9-H, 10-H, 11-H), 7.38-7.46, 6 H, Ph), 8.59 (dd,
J=7.0+ 2.0 Hz, 8-H). Anal. calcd fopfi1gN4O (354.41): C, 74.56; H, 5.12; N, 15.81. Found7€.50; H,
5.21; N, 15.67.

3a-Methyl-2,3,3a,14-tetrahydroindolo[2',3":4,5]pyrido[3,2,1jk]carbazol-9(1H)-one (14): A solution of
4-azido-5-phenyl-tetrahydropyridocarbazolo&8)((100 mg, 0.3 mmol) in dimethylformamide (6 mL) sMaea-
ted under reflux for 12 hours, then cooled to raemperature and poured onto ice/water (100 mL).rékal-
ting precipitate was filtered by suction, washethva small amount of water and dried under redycedsure
at 40 °C. The yield was 53mg (56%)), light yellovisprs, mp 236 °C (dimethylformamide/methanol). IR13
w, 3198 w, 3055 w, 2948 w, 2928 w, 2661 w, 1668622 s, 1579 s, 1558 m dintH NMR (CDCk): & 1.46 (s,
3 H, Me), 1.66-1.72, 2.16-2.21 and 2.32-2.39 (3, 1-CH, 2-CH,), 2.81 (t, J = 7.0 Hz, 2 H, 3-GNH
7.24-7.32 (m, 1 H, 5-H), 7.35-7.47 (m, 5 H, 4-HH4611-H, 12-H, 13-H), 8.48-8.51 and 8.58-8.78 (22nt],
7-H, 10-H), 11.97 (s, 1 H, NH). MS (API-ESI neg)!m{%) = 326 (M+1, 35), 325 (M, 100); MS (API-ESI
pos): m/z (%) = 328 (M+1, 25), 327 (M, 100). Anzdlcd for G,H1gN-O (326.40): C, 80.96; H, 5.56; N, 8.58.
Found: C, 81.30; H, 5.62; N, 8.72.
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