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Abstract: A few GH-pyrido[4,3-b]carbazoles were prepared for cytotoxicity testing in cultures of human lung cancer cells. 
Methyl 8-methoxyirxfoleacetate j.& prepared by reduction of methyl 4-(2-nitro-5-methoxyphenyl)9-oxobutyrate 11, was 
condensed with 3-acetylpyrfdine to give the vinyl indole 14 which was quarternized with p-nitrobenxyl bromide. Cyclization 

of this salt with the aid of sodium mathoxide and ethyl nicotinate methbdkfe gave the GH-pyrido[4.3-b]carbaxole I_& Brief 
treatment with tributyl phosphine in boiling DMF gave the ester u which, after reduction with LiAIH4 followed by treatment 
with methyl isocyanate, gave 5hydroxymethyl-9-methoxy-I I-methyl-6H-pyrfdo[4,3,-b]carbazole N-methyfcarbamate 4. 

9Methoxyolivacine 19 was oxidized to the aldehyde u with SeO2. Reduction to the carbinol &I proceeded 
smoothly with NaCNBH3 in acid medium. Treatment with methyl isocyanate gave the carbamate 6 and the acetate Z was 
prepared by acetylation of the carbinol 2% 

In a previous paper’ we reported the synthesis and antttumor activity of 5-hydroxymethyl-11 -methyl-GH-pyrido[4.3- 

b]carbazole N-methykarbamate, 1, and suggested a molecular mechanism to account for the antitumor activity of ellipticine 2 

which differed from the one proposed by Auclair and Paoletti. 2 Since 9-methoxyellipticine, 9, is active in a variety of 

expenmental tumor systems3 we decrded to prepare and test the 9methoxy derivative &4 

In our suggested mechanism we postulated that the methyl group at C-5 in ellipticine is the site of metabolic 

achvation but there is no compelling evidence to rule out activation at the alternate C-l 1 methyl group of 2. Since a 

successful synthesis of 5 has proven to be elusive thus far we decided to prepare the olivacine anabgue, fj.5 In this paper 

we report the synthesis of the GH-pyrido[4,3-blcarbazoles, A,6 and z. 

The synthesis of 4 was carried out using the same method described for the preparation of 1 with a few significant 

modifications (Scheme 1). 

Commercially available 3-methyl-4nitroanisole B was treated with ethyl oxalate and NaH to give the pyruvate ester 

which, on oxidation with H202 in NaOH solution, gave after acidification, the acid 9.6 Treatment with SOCl2 gave fl which 

was condensed with the anion prepared from methyl acetoacetate and NaH gave L1 Ammonolysis furnished the ester 12 

which was then reduced with Pd/C and ammonium forrnate to give j.3. Condensation of the ester u with 3-acetylpyridine in 

the presence of H2SO4 gave the vinylindole 14, quaternization of which with p-nitrobenzyl bromide gave the quaternary salt 

15. Cycllzation and aromatization of s to ti was carried out in the presence of NaOCHs folbwed by treatment with ethyl 

nicotlnate methiodide. The methiodide Salt was found to give more consistent yields of u then treatment with ethyl 

nicotinate methobromide. 
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1 R=H,R’=CH200CNHCH3,R*=CCH3,R3=H 

2 R=d=H,R’=R*-CH3 

9 R-0CH3,R’=R2-CH3,R3-H 

4 R = OCH3, R’ = CH&KlCNHCH3, R* = Cl+, R3 = H 

5 R=R3=H,R1=C~,R*=CH200CNHCH3 

5 R = OCH3, R’ = Cf+j, R* = H, R3 = CHmNHCH3 

Z R = OCH3, R’ = C~+J, R* - H, R3 = CHeCH3 

Dequafembafion using nifrosodimefhyhniline and sodium mefhoxide, which was successful In the synfh 

1, gave I..Z in poor yield, owing to the difficuffy in separating the desired ester from the nifrone formed in the re 

Heating I& with frfphenylphosphine in DMF7 did not give a clean reaction product owing in part to the forma 

friphenylphosphine oxide which was difficulf to remove. If is known that friphenylphosphine reduces nifro groups 1 
friphenylphosphine 0xide.s The rosf successful procedure consisted of heating 16 in boiling DMF with four equivals 

fribufylphosphine for a short period of time. Excess reagent and solvent were easily removed by distillation and 1 

product fribufylphosphine oxide was separated by chromatography. Reduction of u furnished the alcohol I.& 
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a: (i) (COOCH3)2, NaH (ii) Hz&. NaCtf; b: (i) SOCl2 (ii) CH&OCl-t2COOCH3. NaH ; C: NH&H, MeOH; 
d: P&C, decalin; e: %acefylpyridine, H2SO4; 1: p-nifrobenzyl bromide; g: NaOCH3 , MeOH, ethyl nicofinafe 
mefhiodide; h: n-BusP, DMF; i: LiAIH4; j: CHsNCO, DMAP. 
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When the carbinol j&was stirred with CH3NCO and 4-dimethylaminopyridine (DMAP) in CH2Cl2, the cloudy 

suspension clarified while being stirred overnight. The carbamate 4 was obtained, but the NMR spectrum indicated that the 

material was a mixture of isomers formed in the ratio of 2:l. When a DMSO solution of this mixture was gradually heated to 

65°C. one of the isomers was converted to the other and upon cooling reversion to the original mixture did rot occur. 

Attempts to separate the isomers has been unsuccessful thus far. When the reaction was carried out in CHC13 the isomer 

ratio was 20:1 .g 

Because attempts to prepare oliiacine 2p by a modiiication of Moody’s short synthesis of ellipticinelo failed,’ 1 we 

resorted to the synthesis of 9methoxyoliiacine described by Besselievere and Husson.12-14 The conversion of I.9 and 20 

to the carbamate 6 and the acetate z and a is shown in scheme II. 

Scheme II 

P R,-OCt(J,R-~20H 
24 RI- H.R-W 

il CH, 

Z R,-H.R-m 
6 R, -~,R.C+~$XKM~C& 
Z R,-CCf+.R-CH@OCC% 

a: SeOs, b: NaCNBHs; c: CHsNCO or acetic anhydride. 

Oxidation of 19 and a with Se02 gave the aldehydes 21 and 22 as deep red crystalline solids.15 Reduction with 

either NaBH4 or LiAIH4 was unsuccessful but NaCNBH3 in acid solution gave the desired carbirols a and 24. Treatment of 

24 with CH3NCO in CH2Cl2 in the presence of DMAP gave the carbamate B as a single isomer. The acetates a and Z were 

obtained by acetylation of the respective carbinols p and 24. 

Compounds &fi, Z and a were tested lor cytotoxicity against four human lung cancer cell lines in tissue culture at 

the Albany Medical College by Dr. J. R. Ruckdeschel and Mr. R. Portuese. The results will be reported elsewhere. Suffice it 

to say that the carbamates 4 and 6 appear to be mOre cytotoxic than either ellipticine or adriamycin which were used as 

standards. 

EXPERIMENTAL 

All reactions were carried out in an atmosphere of dry nitrogen and in flame-dried glassware. Tetrahydrofuran and 

dioxane were distilled over sodium-benzophenone before use. CH3NCO and CF3COOH were distilled before use and all 

other starting materials were used as received from the supplier. Infrared spectra were recorded on a Perkin-Elmer Model 

298 spectrometer. Proton NMR spectra were run on a Varian XL-200 (200 MHz) spectrometer using (CH3)4Si as the internal 

standard and are reported in parts per million. Mass spectra were obtained on a Hewlett-Packard Model 5987A GUMS 

spectrometer using isobutane as the Cl gas. Melting points were taken on a Mel-temp apparatus and are uncorrected. 

Elemental analyses were performed by Atlantic Microlab Inc., Norcross, GA. Despite careful drying some GH-pyrido[4,3- 

b]carbazoles retained H20 tenaciously. Proton signals attributed to H20 were observed in the NMR spectra. 
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cont. H2SO4. The mixture was reffuxed for 6.5 h, cooled and poured into ice-water. The solution was brought to pH 659.0 

by addition of NH40H and the solid that separated was collected, washed with H20 and d&d. After crystallization from 

CH3OH there was obtained 11.03g (67%) of the desired vinyl indote u, m.p. 163-164°C. IR (KBr) 5 3210-2610, 1730, 

1610, 1590, 1470-1440. 1295, 1250, 1205, 1170, 1115, 1065, 1030, 1015,915, 645, 815. 730, 715. 675, 645 cm-‘; 

NMR (CDCb) 66.82 (lH, s, NH), 6.70 (IH, d, J=2.0), 8.53 (IH, d, J=4.6), 7.62-7.18 (IH, m,), 6.82 (IH, dd, J=2.3,8.8), 6.57 

(IH, s), 5.82 (IH, s. =CH), 5.42 (IH, s, =CH), 3.72 (2H, s. CH2), 3.71 (3H, s, OCH3), 3.66 (3H, s, CODCH3); MS m/e 323 

@+I). 

Anal. Calcd. for CtaHtsN203: C. 70.79; H, 5.63; N. 8.69. Found: C, 70.67; H. 5.69; N, 8.65. 

The corresponding p-nitrobenzyl pyridinium bromide I.5 was prepared by allowing 3.959 (0.012 M) of the above 

vinyl indole to react with 8.1 g (0.037 M) of 4nitrobenzyl bromide in 100 mL of dry acetone overnight and then filtering the 

quaternary satt fi. After washing with fresh acetone and drying the saft melted at 190-193°C (dec.). wt. 6.059 (92%). IR 

(KBr) X 3340,3010,2960, 1740, 1630, 1575, 1485, 1350, 1295, 1210, 1160, 1070,945,810, 710 cm-t; NMR (DMSOda) 

6 11.43 (lH,s, NH),9.23 (lH,d. J=5.8),9.14(1H, s).8.56(1H,d, J=8.0),8.23-8.17(2H, m), 7.72(lH,d, J=8.6), 733(lH, d, 

J=9.0), 6.73 (IH, dd, J=2.0,8.8, Ha), 6.15 (IH. s. =CH). 6.03 (IH, s, =CH). 5.69 (2H, s, CH2N+). 3.83 (2H, s, Q&COOCH3), 

3.63 (3H, s, OCH3). 3.44 (3H. s, COOCH3). 

Anal. Calcd. for C2sH24Brf’l305: C, 58.00; H, 4.49; N, 7.81. Found: C. 58.09; H, 4.53; N, 7.78. 

_ _ m,Dvndo14.3: __. - To a solution of 

8.009 (0.015 M) of the Sal j.5 in 800 mL of dry CH30H there was added 16.Og (0.055 M) of ethyl nicotinate methiodiie. A 

Soiutron Of GH30Na prepared by dissofving 860 rng (0.037 M) of Na in 90 mL of CH30H was added and the resulting dark red 

solution was albwed to stir at room temperature for 3 h during which time an orange sotii separated. The mixture was left 

overnight, filtered and the solid was washed with CH3OH to leave 8.2g (95%) of 16, m.p. 268-270X (dec.). It was used 

directly in the next step. IR (KBr) 7.3440, 2960, 1680, 1625, 1600, 1480, 1345, 1200, 1070. 1030. 865, 810, 740 cm-l. 

J,I_Z A mixture of 35g (6mM) of j_& and 5.05 mL - _ _ _ __. _ 

(0.184 M) Of tributylphosphine in 50 mL of dry DMF was refluxed for 15 min and cooled to room temperature. The volatiles 

were removed by distilhtion in~8!&Q and the residue was washed with hexane (2 x 50 mL). The residual dark oil was 

chromatographed On a Silica gel column using CH2Gl2: CH30H (98:2) as the eluant. The solid that was obtained was 

crystallized from ethyl acetate to give 1 .Olg (52%) of u, m.p. 178-180°C; IR (KBr) )r 3400, 2960, 1675, 1605, 1480, 1445, 

1325, 1300, 1215, 1070, 1040. 875. 840, 790, 700 cm-t; NMR (CDCl3) 6 10.34 (IH. s, NH), 9.60 (lH, brs, Ht). 8.81 (IH, d, 

J=6.3, H3), 6.58 (1H. brs, H4), 7.71 (IH, d, J=2.3, Hto), 7.35 (IH, d, J18.6, H7), 7.14 (IH, dd, J=2.4, 8.7, Hs), 4.11 (3H, s, 

DCH3), 3.95 (3H, s, COOCH3), 3.16 (3H, s, C-II, CH3).; MS tie 321 (M+l). 

Anal. Catcd. for ctgHtsN2@: C, 71.23; H, 5.04; N, 8.75. Found: C, 71.11; H, 5.12; N, 8.68. 

_ _ p,l0: _ _ The ester j_Z was added portionwise to a 

stirred suspension of 0.86g (0.023 M) of LiAtH4 in 350 mL of THF and the reaction mixture was stirred at room temperature 

for 4 h before being quenched by the addition of 1.5 mL of H20. Then 200 mL of CHC13 was added and after stinfng the 

suspension was filtered. The fittrate was evaporated to dryness to leave 1.22g of the carbinol j.8. The solid that remained on 

the fitter was washed thoroughly with warm CHCl3. Evaporation of the dried CHCl3 extracts gave an additional 0.46g of u 

making the total 1.68g (74%). Recrystallization from CH30H afforded the analytical sample, m.p. 209-211°C (de@. IR (KBr) 

h 3300-2840, 1605, 1485, 1410, 1300, 1260. 1220, 1150, 1040, 990, 820 cm-t; NMR (DMSOds) 8 11.28 (IH, s, NH), 

9 69 (lH, so HI), 8.41 (tH, d, J16.0, Hg), 8.05 (IH, d, J=6.0. H4), 7.88 (lH, d, J=2.2, Hlo). 7.51 (IH, d, Js8.7, H7), 7.19 (lH, 

dd, J=2.4,8.7, Hs). 5.22 (2H. s, C&OH), 3.91 (3H. s, OCH3), 3.28 (3H, s, C11-CH3); MS tie 293 (M+l). 
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NM (DMSO-$) 6 11.18 (IH, s, NH), 8.97 (lH, s, Htf), 8.32 (1H. d, J=6.0, Hs), 7.92-7.86 (2H, m. H4, Hp), 7.44 (1H. d, 

J=8.6. H7), 7.13 (tH, dd, J=2.6, 8.6, H8). 5.34 (IH, 1, OH), 5.20 (2H, d, J15.2, C&20H), 3.89 (3H, s, DCH3), 3.31 (s, H20), 

2.80 (3H, s, CH3); MS m’e 293 (M+l). 

Anal. Calcd. for CtsHtsN202.0.25 H20: C, 72.84; H, 5.48; N. 9.44. Found: C, 72.81; H, 5.59; N, 9.09. 

l_Hvdraxvmethvl&: _ _ __. _ Reduction of 22 was carried out as described above in 

75% yield, m.p. 240-243°C (dec.). IR (KBr) 13340-3060, 1605, 1388. 1255, 1230. 1060, 870, 815, 750, 725 cm-l; NMR 

(DMSC-ds) 6 8.97 (IH, s, NH), 8.37-8.30 (3H. m), 7.91 (lH, d, J=6.4), 7.55-7.25 (3H, m), 5.22 (2H, s, C&OH), 3.18 (s, 

H20), 2.89 (3H, s. CH3); MS m’e 263 (M+l). 

Anal. Calcd. for Ct7Ht4N20.0.5 H20: C, 75.28; H, 5.53; N, 10.37. Found: C, 75.19; H, 5.62; N, 10.29. 

l-(Hvdroxvmethvl,§: A suspension of 340 mg _ _ __ __. _ 

(1 .t6 mM) of &I, 280 nq of DMAP in 180 mL of CH2Cl2 was stirred at room temperature for 30 min. before 2.1 mL of 

CHsNCO was added. The mixture was stirred for 18 h and then concentrated to about IO mL. The clear solution was cooled 

in an ice-sait bath for 2 h and the yelbw crystals which separated were washed with cofd (-20°C) CH2Cf2. After drying there 

was obtained 215 mg (54%) of 6, m.p. 225-228°C (dec.). IR (KBr) )c 3320, 3220, 1690, 1605, 1490, 1415, 1280, 1210, 

1150, 1040.870, 800, 765 cm-l; NMR (DMSCds) 6 11.21 (IH, s, NH), 8.88 (lH, s, Htf), 8.33 (IH, d, J=6.0. H3). 7.95-7.89 

(2H, m, H4, Hto), 7.45 (IH, d, J=8.8, H-I), 7.18-7.12 (2H. m. Hs. NHCHs), 5.74 (2H. s, CH2), 3.89 (3H, s, OCHs), 3.32 (s, 

H20), 2.81 (3H, s., C-5 CHs), 2.61 (3H, d, J=4.4. NHCHs); MS nVe 350 (M+l). 

Anal. CakXf. for C2oHtsNs02.0.67 H&I C. 66.49; H, 5.68; N, 11.63. Found: C, 66.57; H, 5.46; N, 11.33. 

l_Acetoxvmethvl,Z: __ __ _ _ A solution of 51 mg (0.175 mM) of the carbinol 

24, 230 ul of pyrkfine and 230 ul of acetic anhydride in 20 ml of CHCl3 was stirred at room temperature overnight. The 

solution was washed thoroughly with H20. After drying the solution was concentrated to dryness to leave a red oil which, 

after chromatography on silica gel (ethyl acetatejhexane, 2:1), gave 26 mg (44%) of the acetate 1, m.p. 240°C (dec.). IR 

(KBr) k 3460-2800, 1735, 1600, 1490, 1415, 1225, 1180, 1035,815, 775 cm-l; NMR (DMSC-ds) 68.42 (IH, s, Htt), 8.37 

(tH, d, Jr6.0, Hg), 8.19 (IH, s), 7.71 (lH, d, J=6.0, H4). 7.54 (lH, s, NH), 7.30 (IH, d, J=8.8. H7), 7.11 (IH, d, J=8.8, Hs), 

5.80 (2H, s, CH2), 3.91 (3H, s, OCH3), 2.58 (3H, s, CCH3), 2.16 (3H, s, CCCCf-f3). 1.82 (s, H20); MS nJe 335 (M+l). 

Anal. Calaf. fOrCmHtsN2CsO.5 H20: C, 69.07; H, 5.53; N, 8.17. Found: C, 70.22; H, 5.57; N, 8.17. 

_ _ -,a: Acetylation of a gave 25 in 46% yield, m p, 228-230°C. 

fR (KBr) ~3400-2800. 1730, 1600, 1470, 1415, 1375, 1235, 1030, 915, 870, 830, 745, 730 cm-t; NMR (CDCl3) 6 8.59 

(lH, s), 8.41 UH, d, J=6.2), 8.17 (IH, d, J=2.8), 8.13 (tH, d. J=4.4), 7.80-7.18 (2H, m), 5.82 (2H, s, CH2), 2.71 (3H, s. CHs), 

2.14 (3H, CCCH3), 1.6 (s, H20); MS We s, 305 (M+l). 

Anal. Cafcd forCtgHfsN2C20.4 H20: C, 73.26; H, 5.39; N. 8.99. Found: C, 73.13, H, 5.35: N, 8.82. 
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