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Abstract- We descnied an approach to thienocarbazoles via a F i h e r  mdole 

synthesis starting directly ftom oxotetrahydrobenzo[b]- and [cltbiophenes or ftom 

their a-hydroxymethylene derivatives with a Japp-Klingemmn reaction to make the 

hydrazones wbicb are cyclised under acidic conditions. 

Many studies toward the synthesis of 6H-pyrido[4,3-blcarbazoles like ellipticine, 9-methoxyellipticme or 

olivacine have been made m recent years and have been already reviewed.' Few examples of replacement 

of the pyridine ring m these pyridocarbazoles by other heterocycles like pyrrolesZ or pyrimidines3 have 

been descnied. In this present paper, we present the results obtained for introducing a tbiophene ring in 

the place of the pyridine. 

Ellipticine R1=%=H,R2=R3=CH3 

9-Methoxyellipticine R1 = OCH,, R ~ = R s  = CH, , %= H 

Olivacine RI=R2=H,R1=&=CH9 
\ 
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Our strategy was based on the work of Stilwell and ~oodward. '  They have described a approach to 6H- 

pyrido[4,3-b]carbazole skeleton via a F i h e r  indole synthesis, followed by a dehydrogenation ( Scheme 

1 ). 

, . Scheme 1 

In our case a Fischer indole synthesis will be applied onto keto-thiophenes (lJ and (2) 

1 - L 

Dwing our efforts to develop a synthetic route to the thiophene analogues of ellipticine derivatives, a- 

tetralone (3 has been used as a readily available model compound. The synthetic route ( Schemes 2 and 3 

)used were identical to the route applied to thienoketones (1) and (2) ( Schemes 4 and 5 ). 

Reagents and condit~om : i, HCOOCZH~, CH30Na, toluene; ii, p-R-Ph-Nz', CH&OONa, CH30H. 

Scheme 2 
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5 The Japp-Klingemann reaction of 2-hydroxymethylene-I-tetralone (9 with phenyl- and 4- 

metboxyphenyl-diazonium chloride afforded the hydrazones a) and (a) ( Scheme 2 ). The hydrazones 

(Sa )  and (5b) were cyclised with the acidic conditions generally used.6 The results are presented in Scheme 

3. Depending of the substituent on the phenyl ring, either aromatisation or cyclisation occurred. When R= 

H (a) only aromatisation to the azo derivative (6) was observed. Structure of 6 has been confirmed by 

aromatisation of with DDQ in refluxing benzene. When R= OCH, (m, then the cyclisation occurs as 

the only reaction. No presence of the aromatised product @) ( prepared separately using DDQ ) could be 

detected in the reaction. 

i 

Reagents and conditions : i THF Iconc. HCl(10: I), reflux; & DDQ, benzene, reflux. 

Scheme 3 
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The same route was applied to two thiophene analogues of 1-tetralone: 4-0x0-4,5,6,7- 

tetrahydrobeazo[b]thiophene7 (1) and 2,7-dimethyl-3-0x0-3,4,5,6-tetrahYdrob- (2) ( 

Scheme 4 ). 

The hydroxymethylene derivatives @) and @) were transformed mto the hydrazones (m and a m 

good yields vra a Japp-Klingemann reaction. 

- i@ 

HOH 

O - 9 
l l a  R=H - 
l i b  R= O C H ~  - 

- - 
\ \ 

HOH N- 

O 2 
CH3 

O 10 
CH3 

- - H' 

Reage& and conditions : i, HCOOC&, CH30Na, toluene; ii, P-R-P~-N;, CH3COONa, CH3OH. 

Scheme 4 

Treatement of compounds (w and with THWconc. HC1 (10:l) did not afford the desired 

tetracyclic stmctures (e) and (l3J) but led to  the am derivatives and (14b) redting fiom the 

aromatisation ofthe starting material ( Scheme 5 ). The transformation ofhydrazones (u) and (Ilb) with 

DDQ to & and respectively confirmed the aromatisation under Fischer indolisation conditions. 

In fact, aromatisation of hydrazone (m) is already observed when the compound is recrystallised 6om 

ethanol. The same behaviour is not observed for compound (m). If for the benzenoic analogues (5), the 

presence of the methoxy group in para position seems to favour the cyclisation versus aromatisation, the 

dehydrogenation is made easier in the case of benzo[b]thiophene derivative. In the case of 



benzo[c]tbiopbene derivative (m) cydisation occurred normaly under acidic conditions, unfortunatly 

compound (m) gave mainly resinilkation under the same conditions ( Scheme 6 ). The azo derivatives 

(m) and (m) were prepared using DDQ in refluxing benzene ( Scheme 7 ). 

R 

'Q N-N p 
H' 0 

l l a  R=H - 
lib R= OCH3 - 

Reagents and conditions : i, THF Iconc. HCl(10: l), reflux; ii, DDQ, benzene, reflux. 

Scheme 5 

N-N 

0 

Reagents and conditions : i, THF Iconc. HCl(10: I), reflux. 

Scheme 6 
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1Za R= H - - 16a R = H  
lZb R= 0CH3 - - 16b R= OCH3 

Reagents and conditions : i, DDQ, benzene, reflux. 

Scheme 7 

The competition between cyclisation and dehydrogenation of the arybydrazones observed for the benzene 

analogues seems not to occur for thiophene compounds. Indeed, the only isolable compounds afier acidic 

treatment of aryIhydrazone benzo[b]thiophene derivatives (m) and (m were azo compounds (14s) and 

(m), in opposition to arylhydrawne benzo[c]thiophene derivatives (a) and (m) which respectively 

led to tetracyclic compounds (l5J) and resinilication with no trace of (m) and (&) 

Fischer indole synthesis applied to the hydrazones (9, (11) and (12) was thought to allow the synthesis of 

analogues of ellipticine and related derivatives. We have shown that there is a competition between 

aromatisation to azo compounds and cyclisation. 

Having the ketones (I) and at hand, we decided to apply directly the synthesis on them Tke reaction 

of 1-tetralone (2) in the Fischer indole synthesis is h o d  leading the 11H- 5,6-dihydrobenzo[a]carbawle 

easily dehydrogenated to the 11H-benzo[a]carbazole ( Scheme 8 ). 

Reagents and conditions : i, p-R-Ph-NH-NH2,HCl, CH&OOH, retlux; ii, DDQ, benzene, reflux. 

Scheme 8 



HETEROCYCLES, Vol. 43. No. 2,1996 373 

In the same reaction conditions, the 4-0x0-4,5,6,7-tetrahydrohenzo[b]thiophene (1) gave a mixture of the 

dihydro and the fully aromatic compounds a) and (20). The presence of the two compounds was 

confirmed by the nmr spectrum of the reaction mixture. Other case of aromatisation during cyclisation has 

been already ~bserved. '~ Separation of compounds (19) and (m was di5cult and the reaction mixture 

was treated with DDQ to afford only compound (20) ( Scheme 9 ). 

Reagents andconditions : i, p-R-Ph-NH-m,HCI, CH3COOH, reflux; ii, DDQ, benzene, refhut. 

Scheme 9 

Treatment of the 2,7-dimethyl-3-oxo-3,4,5,6-tetrahydrohetlzo[~]thiophene (ZJ with phenylhydrazine 

hydrochloride m refluxing acetic acid gave the cyclisation reaction with a double bond shil? giving 21, the 

only compound present at the end of the reaction. In this case carbazole appears taking away the electrons 

fiom the thiophene moiety ( Scheme 10 ). 

Reagents and conditions : i, p-R-Ph-NH-NH2,HCI, CH3COOH, reflux 

Scheme 10 
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Compound is prepared with moderate yield ( 70% ). Unfortunatly, the same reaction with 4- 

methoxyphenylhydrazhe hydrochloride only gave resinification. 

EXPERIMENTAL 

1 H Nmr spectra were recorded using 250 MHz Bruker spectrometer. The operating frequency and the 

solvent are quoted in parenthesis before the chemical shift values (6 relative to internal CDCb). Mp were 

determined on a Kofler bench and are uncorrected. Elemental analysis were made on a Carlo Erba 

elemental analyser. 

General procedure for the Japp-KLingemann reaction. 

To a well stirred solution of sodium acetate (0.82 g, 10 mmol) m water (5 ml) was added the 

hydroxymethylene derivative" (5 mmol) in methanol (10 ml). Mer 10 min, a solution of the 

pbenyldiazonium chloride derivative (5.5 mmol) is added dropwise. The precipited phenylhydrawne was 

collected by liltration and wasched with water. 

2-Phenylhydrazone-1-tetralone &j : mp 82°C (from MeOH). Yield 90%. Anal. Calcd for Cl&4N20: 

C, 76.80; H, 5.60; N, 11.20. Found: C, 76.76; H, 5.69; N, 11.26. 'H Nmr & (CDCb) 2.99 ( 4 a  m), 7.03 

( l a m ) ,  7.33 (6H, m), 7.50 ( l a  m), 8.05 ( l a  d, J = 7.7 Hz) and 14.05 ( l a  s). 

2-(4-Methoxyphenylhydrazone)-1-tetralone : mp 115°C (6omMeOH). Yield 85%. Anal. Calcd for 

CI,HI~%O~: C, 72.85; H, 5.71; N, 10.00. Found: C, 72.93; H, 5.64; N, 9.97. 'H Nmr & (CDC13) 3.02 

(4Km),3.81(3~s),6.89(2~d,J=8.8Hz),7.26(3Hm),7.37(l~t,J=7.4Hz),7.48(I~t,J=7.0 

Hz) and 14.15 (1H ,s). 

4-0x0-5 -phenylhydrawne4,5,6,7-tetrahydrobenzo[b]thiophene : mp 140°C (from MeOH). 

Yield 80%. Anal. Calcd for Cdl12N20S: C, 65.62; 9 4.68; N, 10.93; S, 12.50. Found: C, 65.69; H, 4.57; 

N, 10.89; S, 12.44. IHNmr&(CDCl?) 3.13 (4Y m), 6.98 (1% t, 1 = 6.8 Hz), 7.15 ( l K  d, I = 5.3 Hz), 

7.28 (4H, m), 7.46 ( l a  d, J = 5.3 Hz) and 13.62 (lH, s). 
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4-0xo-~4-methoxyphenyLhydrazone)-4,5,6,7-teahydrobe[b]thiophene @&) : mp 112°C ( h m  

MeOH). Yield 80%. Anal. Calcd for CI&Il4N2&S: C, 62.92; H, 4.93; N, 9.78; S, 11.20. Found: C, 62.92; 

H,5.07;N,9.81;S, 11.26.1~Nm&(DMSO&)3.05(4~m),3.72(3H,s),6.91(2~~J=9Hz),7.27 

(2H, d, .!= 9), 7.38 (2% m) and 13.75 ( l e  s). 

2,7-Dimethyl-3-oxo-4-phenyLhydrawne-3,4,5,teahyobeo[cthiophene (12a) : mp 84-85OC 

(from MeOH). Yield 72%. Anal. Calcd for C1&6N20S: C, 67.60; H, 5.63; N, 9.86; S, 11.26. Found: C, 

67.58;H,5.66;N,9.85;S, 11.23.1~~mr&(CDC4)2.31(3~s),2.78(3H,s),2.83(4Ym),6.98(1H, 

m), 7.28 (4H, m) and 10.07 (lH, s). 

2,7-Dimethyl-3-oxo-e(4-methoryphenylhydrazone)-3,4,5,6-tetrahydr0be11~o[~]thiophene (12b) : mp 

112-113°C (fiom MeOH). Yield 70%. Anal Calcd for C17HlsN202S: C, 64.49; H, 5.73; N, 8.92; S, 10.18. 

Found: C, 64.45;Y 5.76;N, 8.87: S, 10.19. 'HNmr& (CDCI,) 2.25 (3Y s), 2.71 (3% s), 2.76 (4Y m), 

3.74 (3Y s), 6.82 (2H, d, _J = 9 Hz), 7.16 (ZH, d, J = 9 Hz), 9.98 (lH, s). 

General procedure for reaction of hydrazones with THFIconc. HCI 

The hydrazone (10 mmol) was refhured in 30 ml of THFIconc. HC1 (10:l) for 2 h . The mixture was 

allowed to cool to room temperature. Water was added and the solid was collected by filtration. 

2-Phenylaw-l-naphthol @) : mp 135°C (fiomMeOH). Yield 90%. Anal. Calcd for CI~NI~NZO: C, 

77.42;H,4.84;N, 11.28.Found:C,77.36;H,4.98;N, 11.15.'~~mr&(CDC1~)7.01(1H,d,.!=9.4 

Hz), 7.24 (2H, m), 7.47 (3H, m), 7.61 (4H, m), 8.42 (lH, d, I= 7.9 Hz) and 16.22 ( 1 9  s). 

11-Hydroxy-7-methoxy-10H-benzMb]carbazole : mp>30OoC (fromMeOH). Yield 75%. Anal. Calcd 

for C I ~ H I ~ N O ~  C, 77.56; H, 4.94; N, 5.32. Found: C, 77.48; H, 4.85; N, 5.32. 'H Nmr 6H (CDCI,) 3.09 

(3H, s), 6.07(lH,d,I=8.6Hz),  6.33 (2H, t, J=8.7Hz),  6.42(lH, d , J =  8.7Hz), 6.75 (1% s), 6.95 

(lH,d,1=7.8Hz),7.18(1H,s),7.26(1H,d,.!=7.8Iiz),8.52(1H,s)and9.38(1H,s). 
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4-Hydroxy-5-phenylazobenw[b]thiophene (14a) : mp 126T (&om MeOH). Yield 70%. And. Cdcd for 

CIJH~ONZOS: C, 66.14; Y 3.94; N, 11.02; S, 12.59. Found: C, 66.28; Y 3.87; N, 11.12; S, 12.50. ' H N ~  

6" (CDCL) 7.25 (1% m), 7.38 (3% m), 7.51 (2Y m), 7.64 (lH, I = 8.7 Hz), 7.69 (1% d, I = 5.5 Hz), 

7.81 (1% d, J = 7.5 Hz) and 14.04 (1% s). 

4-Hydroxy-5-(4-methoxyphenylazo)he11~)[b]thiophene (14b) : mp 135-136°C (from MeOH). Yield 

70%. Anal. Calcd for CI~HIZNZOZS: C, 63.36; % 4.25; N, 9.85; S, 11.28. Found: C, 63.30; 4.28; N, 

9.95;S, 11.21.LHNfnr6H(CDCl3)3.89(3~s),7.02(2~d,J=9.0Hz),7.37(1H,d,J=5.5Hz),7.45 

(l%d,J=8.7Hz),7.67(l~d,J=5.5Hz),7.76(l~d,J=8.7Hz),7.84(2Y~J=9.0Hz)and14.67 

(1% 9. 

1,3-Dimethyl-4-hydroxy-6-methoxy-l0-oao-9H-teno[3,4-b]carbazole (15b) : mp>300°C (ftom 

MeOH). Yield 75%. Anal. Calcd for CnHlsN02S: C, 68.68; H, 5.05; N, 4.71. Found: C, 68.71; Y 5.01; 

N, 4.72. 'H Nmr 6H (DMSO &) 2.42 (3Y s), 2.81 (3H, s), 3.82 (3K s), 4.05 (2% s), 7.02 (1% dd, J = 

7.5and2.5Hz), 7.22(2H,m)and7.47(1H,d,J=9Hz). 

General procedure for the preparation of compounds a, (Dl@)* and 0. 
To a well stirred suspension of the substituted phenylhydrazine hydrochloride (4.6 mmol) in glacial acetic 

acid (15 ml) at 80°C was added dropwise a solution of the ketone (4.2 mmol) in glacial acetic acid (5 ml). 

The mixture was heated at reflux for 3 h and after cooling, added in small portions to cold water (200 ml) 

with stiring. The solid was collected and recrystallized. 

* As in this case, compounds (l9J and @J were obtained (yield 80%) in a mixture inseparable by 

chromatography, the mixture of 19 and 20 was directly treated with DDQ in refluxing benzene. 

5,6Dihydro-11H-benzo[aJearbazole : mp 157°C (from MeOH). Yield 80%. Anal. Calcd for 

C16H13N: C, 87.67; Y 5.93; N, 6.39. Found: C, 87.71; Y 5.89; N, 6.38. ' H N ~  &, (CDCI,) 3.07 (4% m), 

7.27 (7Y m), 7.57 (lH, d, I =  7.3 Hz) and 8.22 (lH, s). 
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8-Methoxy-5,6-dihydro-llH-benzo[ajcarbazole (17b) : mp 184-185T (£tom MeOH). Yield 75%. 

Anal. Calcd for CI~HISNO: C, 81.93; Y 6.02; N, 5.62. Found: C, 81.91; H, 6.06; N, 5.68. IH Nmr 6H 

(CDCl3)3.05(4~m),3.92(3H,s),6.86(1H,dd,J=8.6and2.2Hz),7.01 (lH,d,J=2.2Hz),7.23(5H, 

m) and 8.13 ( l y  s). 

1,3-Dimethyl-1,3-diiydrothieno[3,4-a]carazole Q&) : mp 170°C (from MeOH). Yield 70%. Anal. 

Calcd for CI~HLSNS: C, 75.88; H, 5.92; N, 5.53. Found: C, 75.85; H, 5.93; N, 5.55. 'H Nmr 6H (CDCb) 

1.68(3Yd,I=7.5Hz),1.76(3H,d,J=7.5Hz),4.74(lH,q,J=7.5Hz),4.93(1II,q,J=7.5Hz),7.08 

(lH,d,J=8.2Hz),7.18(1H,t,I=7.8Hz),7.52(1H,d,J=8.2Hz),8.02(1II,d, J=8.2Hz), 8 .09( lY 

d, J = 7.8 Hz) and 11.25 (lH, s). 

General procedure for dehydrogenation using DDQ. 

A mixture of the hydrogenated compound (10 mmol) and DDQ (2.27 g, 10 mmol) was refluxed in dry 

benzene (50 ml) for 1 h . The solvent was evaporated under vacuum and the residue was poured in 100 ml 

of dichloromethane and the hydroquinone was filtered through a pad of Cellite. Concentration of the 

filtrate a gave crude product which was purified by chromatography on ahunioa with dichloromethane as 

eluent. 

2-(4-Methoxyphenylaw)naphtol : mp 106°C (from CH2C12). Yield 90%. Anal. Calcd for CI6& 

N20: C, 77.42; H, 4.84;N, 11.28. Found: C, 73.31; H, 4.98; N, 11.15. 'H Nmr 6w (CDCl3) 7.01 (lH, d, 1 

=9.4Hz),7.24(2~m),7.47(3I1,m),7.61(4H,m),8.42(l~d,J=7.9Hz)and16.22(1H,s). 

2,7-Dimethyl-3-hydroxy-4-phenylazobenzo[cthiophene : mp 84-85°C (fiom CH2C12). Yield 

75%. Anal. Calcd for CI&~N~OS: C, 68.08; N, 4.96; N, 9.93; S ,  11.35. Found C, 68.12; H, 4.87; N, 

9.94; S, 11.28. 'H Nmr 6" (CDCl,) 2.47 (3Y s), 2.91 (3Y s), 7.09 (lH, t, J = 7.1 Hz), 7.39 (6Y m) and 

15.13 (1% s). 
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2,7-Dimethyl-3-hydroxy-4-( 4-methoxyphenylazo)benzo[c1thiophene : mp 112-113°C (&om 

CH2C12). Yield 70%. Anal. Calcd for C17H~6N10& C, 65.38; H, 5.13; N, 8.97; S, 10.25. Found C, 65.43; 

H, 5.07; N, 8.88; S, 10.28. 'H N m  6H (CDC13) 2.48 (3- s), 2.92 (3% s), 3.82 (3% s), 6.92 (2H, d, J = 

9.0Hz), 7.38(3H,m),7.53(lH,d,I=8.3Hz)and 15.21(lH,s). 

11H-Benzo[a]carbamle W : mp 213°C (&om CH2Ch). Yield 90%. Anal. Calcd for C~~HIIN: C, 

88.48; E& 5.07; N, 6.45. Found C, 88.53; H, 4.98; N, 6.49. 'H Nmr & (CDC13) 7.32 (16 t, J = 7.6 Hz), 

7.46(1H,t,I=8.2Hz),7.58(1H,~I=8.6Hz),8.03(lH,d,~=7.3Hz),8.15(3H,m)and8.84(1~~). 

8-Methoxy-11H-benzo[alcarbazole : mp 218°C (from CH2Cll). Yield 85%. Anal. Calcd for 

CnHuNO: C, 82.58;H, 5.26;N, 5.67. FoundC, 82.51;Y 5.24;N, 5.72.l~Nmrh (CDC13) 3.97 (3H, s), 

7.09(1H,d,I=8.6Hz),7.48(lH,d,I=8.6Hz),7.58(4H,m),8.00(1H,d,J=7.8Hz),8.09(lH,d,J= 

8.4Hz),8.12(lH,d,J=7.2Hz)and8.77(1H,s). 

10H-Thieno[3,2a]carbazole (ZOa) : mp 225°C @om CHzC12). Yield 70%. Anal. Calcd for C14H9NS: C, 

75.33; H, 4.03; N, 6.27; S, 14.35. Found C, 75.36; H, 3.98; N, 6.29; S, 14.25. 'H Nmr & (CDCh) 7.21 

(lH,t,I=7.5Hz),7.39(1H,t,I=7.5~),7.58(lH,d,J=8.1Hz),7.73(1H,d,I=8.1Hz),7.82(lH, 

d,I=4.5Hz),7.91(1H,d,~=4.5Hz),8.11(1H,d,J=8.1Hz),8.15(1H,~J=8.1Hz)and11.81(1H, 

s). 

7-Methoxy-1OH-tbieno[3,2-a]carbamle : mp 240°C (&om CH2C12). Yield 60%. Anal. Calcd for 

CHHIINOS: C, 71.12; H, 4.38; N, 5.53; S, 12.66.Found C, 71.27; H, 4.48; N, 5.58; S, 1.59. 'H Nmr & 

(CDC13) 3.85 (3% s), 7.04 (lH, d4 _J =9 and 2.5 Hz), 7.51 (lH, d, J = 9 Hz), 7.69 (2% m), 7.81 (lH, d, I 

=5.5Hz),7.88(lH,d,J=5.5&),8.11(1H,d,J=8.4Hz)and11.75(l~s). 
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