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SYNTHETIC COMMUNICATIONS, 28(7), 1239-1251 (1998) 

SYNTHESIS OF PENTACYCLIC HETEROAROMATIC SYSTEMS 

RELATED TO INDOLOCARBAZOLES ALKALOIDS. 

Heme Royer, Delphine Joseph, Damien Prim and Gilbert Kirsch*. 

Groupe de Synthese Organique et H&&ocyclique. 

Laboratoire de Chimie Organique 

Universite de Metz, Ile du Saulcy 

57012 Metz cedex 1. 

Abstract: A direct access to pentacyclic molecules via Fischer Indole Synthesis 

starting fiom tricyclic ketones is described. 

Introduction: Indolocarbazole alkaloids are a stxucturally rare but biologically 

mterestmg class of natural compounds'". Tjipanazole 1, Staurosporine t 

Rebeccamycine 3 as well as Staurosporhone, Arcryaflavh and their derivatives 

have been extensively studied, due to a large variety of biological activities such as 

1239 

Copyright 0 1998 by Marcel Dekker, Inc. 
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1240 ROYER ET AL. 

antifimgal", inhiiition of protein kiuase C0' and platelet aggregatiod4', antitumor" 

and antimicrobial(9. 

The indolo[2,3-a]carbazole system constitutes the &mework of such 

natural products. Many studies toward the synthesis of mdolocarbazole have been 

made m recent years(&"). No examples of replacement of one carbazole nitrogen m 

these compounds by other heteroatoms like sulfur or selenium have been 

described. As a part of our contribution to polycyclic polyheteroaromatic systems 

with potential biological activitie~('~~'~), we descnie here an easy access to 

pentacyclic molecules via Fischer Indole Synthesis starting &om tricyclic ketones. 

Starting ketones are derived &om oxotetrahydrocarbazole, 

diienzothiophene and diienzoselenophene and have been prepared as described('& 

'') previously. 

Starting ketones used in this study are listed in table 1 and 2. 
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PENTACYCLIC HETEROAROMATIC SYSTEMS 

compound 

124 1 

X R 

Compound 

6a 

5a 

5b 

5c 

5d 

5e 

5f 

S H 

Table I :  

6b 

6c 

X R Y 

Se H 

N-CH3 H 

Table 2: 
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1242 ROYER ET AL. 

Pentacyclic compounds z and fi are obtained via Fischer Indole Synthesis 

(Scheme 1). 

Scheme 1 

RIQ-& 0 

Reflux. 1 Substituted Substituted 
Arylhydrazines CF3C02W CH3COzH 1 Reflux. 

CF3C02W CH3COzH Arylhydrazines 

+ 
R! 

R'=H, OCH3, Br. Rz=H, CH3. R3=H, Cl, OCH3, CH3, NOZ. X= S, Se, NH. 

When Fischer Iudole Synthesis was applied to ketone 3 pentacyclic 

structure 9 is obtained in a 65% yield (Scheme 2). 

Fischer Indole Synthesis was carried out in an acidic media ( C H 3 C W  

CF3COfi 3: 1) by reacting ketones 4 and 5 with substituted arylhydrazines. The 

D
ow

nl
oa

de
d 

by
 [

M
os

ko
w

 S
ta

te
 U

ni
v 

B
ib

lio
te

] 
at

 0
0:

07
 0

4 
Fe

br
ua

ry
 2

01
4 



PENTACYCLIC HETEROAROMATIC SYSTEMS 1243 

I 
4 

Compound 

7a 

7b 

7c 

7d 

7e 

7f 

7g 
7h 

7i 

5 

n 
7k 

8a 

8b 

8c 

8d 

8e 

9a 

9b 

Scheme 2. 

0 - 51 

Table 3 : Chemical data on compounh and 8. 

X R’ l? R‘ Yield(%) m.p. (“C) 

NH H H H 48 >300 

NH 
NH 
NH 
NH 
NH 
NH 
NH 
NH 

S 

S 

S 

S 

Se 

Se 

Se 

N-CH3 

0 

0 

24 

56 

35 

29 

54 

24 

21 

36 

48 

37 

30 

22 

41 

33 

15 

14 

68 

66 

>300 

>300 

>300 

>300 

>300 

>300 

>300 

>300 

>300 

>300 

>300 

185 

188 

2 10 

224 

175 

>300 

>300 
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1244 ROYER ET AL. 

intermediate aryhydrmnes were not isolated but directly cyclised. In all cases the 

Fwher Indole Synthesis resuhed m a mixture of aromatic and dihydroaromatic 

compounds. However, extending the reaction time (12 hours at reftux instead of 2) 

allowed a direct access to compounds 2 and &. 

hverimental section. 

'H and 13C NMR spectra were recorded using a 250 MHz Brucker 

spectrometer for solution m DMSO. 6 values are given relatives to mtemal CDCl3. 

Melting points were determiued on a Kofler hot stage apparatus and are 

uncorrected. Elemental analyses were performed on a Carlo Erba elemental 

analyser. Mared spectra (IR) were measured on a PERKIN-ELMER 881 

spectrometer and are reported m wavenumbers (cm-I). W-vis absorbances were 

measured on a SHIMADZU W 1205 apparatus and are reported m nanometers 

(nm). Elemental analyses were performed on a Carlo Erba elemental analyser. 

General procedure for the Fischer indole synthesis: 

A mixture of tricyclic ketone ( 5  mmol) and substituted 

aryhydrazine ( 5  mmol) in 15 ml CBCOzW CF~COZH 3:l is refluxed for 12 h. 

The reaction flask is cooled to room temperature, water is added and the solid is 

collected by ijltration. Pentacyclic compounds z and 8 are purified by 

recrissallisatim or chromatography on silica gel using generally CHzClz as eluent. 
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PENTACYCLIC HETEROAROMATIC SYSTEMS 1245 

Compound 7a: RMN 'H(CDCIJDMS0) %pm) 10.30(s, 2H, NH); 7.98(d, 2H); 

7.76(s, 2H); 7.40(d, 2H); 7.26(m, 2H); 7.10(m, 2H). RMN 13C (CDClmMSO) 

&pm) 137.1; 123.9; 122.5; 121.9; 118.2; 117.3; 116.9; 109.6; 109.5. IR(KBr): 

3413. W-Vk A,,,= : 329. Anat cdcd for C1J&Nz: C, 84.37; H, 4.69; N, 10.94. 

Found: C, 84.47; H, 4.75; N, 10.78. 

Compound 7b: RMN 'H(CDC4-DMSO) Q p m )  10.28(s, 1H); 10.10(s, 1H); 

7.94(d, 1H); 7.69(m, 2H); 7.36(m, 2H); 7.23(m, 2H); 7.05(m, 1H); 6.89(dd, 1H); 

3.79(s, 3H, OCH3); RMN 13C (CDClJDMSO) e p m )  151.8; 137.2; 132.2; 124.9; 

124.1; 122.7; 122.3; 118.5; 118.3; 117.9; 117.2; 112.1; 110.3; 109.9; 109.6; 

109.5; 109.4; 100.5; 53.9. IR(IU3r): 3401. W-Vi A,,,= : 359. Anal. calcd for 

Ci9Hi4NzO: C, 79.72;H, 4.89;N, 9.79. Found: C, 79.66;H,4.94;N, 9.64. 

Compound 7c: RMN 'H (CDClmMSO) Q p m )  10.03(s, 2H); 7.62(s, 2H); 

7.41(dd, 2H); 7.25(dd, 2H); 6.85(dd, 2H); 3.77(s, 6H, OC&); RMN 13C 

(CDCIJDMSO) G(ppm) 152.0; 132.4; 125.1; 122.9; 118.6; 112.3; 110.8; 109.9; 

100.9; 54.1. IR(KBr): 3412. W - V k  A,,,= : 356. And calcd for C20H1&02: C, 

75.95; H, 5.06; N,8.86. Found: C, 79.89; H, 5.02; N, 8.96 

Compound 7d: RMN 'H(CDClJDMS0) e p m )  10.23(s, 1H, NH); lO.lO(s, lH, 

NH); 7.82(d, 1H); 7.63(s, 1H); 7.57(s, 2H); 7.28(d, 1H); 7.12(m, 2H); 6.95(m, 

2H); 2.28(s, 3H)CH3; RMN 13C (CDClJDMSO) Q p m )  137.4; 135.7; 126.2(x2); 

124.5; 124.3; 124.2; 122.8; 122.5; 122.4; 118.5; 118.0; 117.9; 117.3; 117.2; 
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1246 ROYER ET AL. 

109.9; 109.7; 109.4; 19.8. IR(KFlr): 3403. W-Vis A,,,= : 325. Anal. calcd for 

C ~ ~ H I ~ N Z :  C, 84.44; H, 5.19; N, 10.37. Found: C, 84.25; H, 5.28; N, 10.47. 

Compound 7e: RMN 'H(CDC13DMSO) G(ppm) 10.39(s, lH, NH); 10.27(s, lH, 

NH); 7.70(d, 1H); 7.65(s, 1H); 7.45(m, 2H); 7.15(m, 2H); 7.00(t, 1H); 6.93(d, 

1H); 6.83(t, 1H). RMN 13C (CDCldDMSO) Wpm) 138.1; 136.4; 125.8; 124.4; 

124.2; 123.8; 123.4; 123.1(x2); 119.9; 118.9; 118.5; 118.3; 118.1; 111.3; 111.0; 

110.6; 110.3. IR(KBr): 3379. W-Vis La : 327. Anal. calcd for C18HllN2Cl C, 

74.35; H, 3.79; N, 9.64. Found: C, 74.44; H, 3.66; N, 9.58. 

Compound 7f: RMN 'H(CDCldDMS0) G(ppm) 10.40(s, lH, NH); 10.26(s, lH, 

NH); 7.84(s, 1H); 7.73(d, 1H); 7.48(m, 2H); 7.21(d, 1H); 7.08(m, 3H); 6.83(t, 

1H). RMN I3C (CDClJDMSO) G(ppm) 137.3; 135.9; 125.1; 124.7; 124.1; 123.9; 

122.9; 122.0; 120.4; 118.9; 118.0; 117.5; 117.3; 11 1.4; 110.3; 109.9; 109.7; 

109.5. lR(KBr): 3404. UV-Vis ?L,- : 327. And calcd for C1&IIlN2Br: C, 64.48; 

H,3.28;N, 8.36. Found: C, 64.58;H, 3.21;N, 8.30. 

Compound 7g: RMN 'H(CDCldDMS0) @pm) 10,38(s, lH, NH); 9,48(s, 1H)- 

NH; 7,54(d, 2H); 7.18 (s, 1H); 7,03(s, 1H); 6,88(d, 2H); 6,77(d, 1H); 6,65(d, 1H). 

RMN I3C (CDCl3DMSO) 6@pm) 137.5; 135.7; 125.6; 124.9; 124.2; 123.8; 

122.9; 122.2; 121.0; 118.9; 118.5; 117.9; 117.3; 111.2; 110.7; 109.9; 109.4; 

109.2. lR(KBr): 3414. W-Vis I L , , , ~  : 329. Anal. calcd for Cl&loN2CIBr: C, 58.46; 

H, 2.71;N, 7.58. Found: C, 58.52;H, 2.81;N, 7.48. 
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PENTACYCLIC HETEROAROMATIC SYSTEMS 1247 

Compound 7h: RMN 'H(CDC1dDMSO) Q p m )  10.37(s, lH, NH); 10.07(s,lH, 

NH); 7.53(s, 1H); 7.28(m, 2H); 7.00(m,2H); 6.80(d, 1H); 6.51(d, 1H); 3.41 (s,3H, 

ocH3); RMN 13C (CDCldDMSO) e p m )  151.7; 135.5; 132.1; 124.8; 124.5; 

123.4; 122.4; 122.3; 121.8; 118.9; 117.3; 117.2; 112.3; 110.9; 110.4; 110.2; 

109.4; 100.4.l[R(KBr): 3409. W-Vis I,,,= : 333. Anal. calcd for C19H13NzWl C, 

71.14; H, 4.06; N,8.74. Found C, 71.11; €I, 4.04; N, 8.79. 

Compound 7i: RMN 'H(CDC13-DMSO) Q p m )  10.28(s, 1H); 10.26(s, 1H); 

8.05(d, 1H); 7.72(s, 1H); 7.58(s, 1H); 7.35(m, 3H); 7.17(t, 1H); 7.03(d, 1H); 

3.85(s, 3H, OCH3); 2.97(s, 3H, CH3). RMN 13C (CDCldDMSO) m p m )  151.5; 

138.4; 133.5; 125.2; 124.5; 123.1; 122.2; 118.9; 118.4; 117.8; 117.1; 111.8; 

110.1; 109.6; 109.5; 109.4; 109.2; 100.5; 53.9; 21.4. IR(IU3r): 3405. W-Vis La: 

357. Anal. calcd for Cz&IlaNzO: C, 80.00; H, 5.33; N, 9.33. Found: C, 79.95; H, 

5.31; N, 9.40. 

Compound 5: RMN 'H(CDC1dDMSO) w p m )  10.92(s, lH, NH); 7.97(dd, 1H); 

7.86(m, 2H); 7.73(d, 1H); 7.67(dd, 1H); 7.32(d, 1H); 7.21(m, 2H); 7.15(m, 1H); 

6.98(m, 1H). RMN 13C (CDC13/DMSO) Wpm) 138.3; 136.9; 134.8; 132.8; 131.8; 

124.5; 123.7; 123.1; 121.5; 121.4; 120.0; 119.6; 119.2; 118.4; 117.6; 115.6; 

111.0; 109.8. lR(KBr): 3413. UV-Vis A,,,= : 352. Anal. calcd for CId31INS: C, 

79.12;H,4.03;N,5.13.Found:C,79.06;H,4.10;N,5.07. 

Compound 7k: RMN lH(CDC1dDMSO) Q p m )  11.23(s, lH, NH); 7.79(s, 1H); 

7.62(- 2H);7.53(~ 2H); 7.08(1~, 2H); 6.89(111, 2H). RMN 13C (CDCl3/DMSO) 
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1248 ROYER ET AL. 

6oppm) 137.5; 136.7; 134.7; 132.9; 132.0; 124.9; 123.8; 123.2; 121.7; 121.4; 

120.0; 119.4; 119.2; 118.7; 117.6; 115.8; 110.8; 109.5. IR(KBr): 3417. W-Vis 

A,,,= : 355. And calcd for CISHl~NSCl C, 70.24; H, 3.25; N, 4.55. Found: C, 

70.21; H, 3.21; N, 4.62. 

Compound 71: RMN 'H(CDClJDMS0) Wpm) 10.89(s, lH, NH); 7.61(d, 1H); 

7.47(d, 1H); 7.35(m,3H); 6.84(m, 3H); 6.60(d, 1H); 1.92 (s, 3H)-CH3. RMN I3C 

(CDCl3-DMSO-250 MHz)  Wpm) 136.6; 136.3; 134.6; 132.7; 131.1; 126,2; 

125.7; 125.4; 124.8; 121.4; 121.3; 119.2; 118.9; 118.8; 118.2; 114.6; 110.9; 

109.3; 21.2. IR(KJ3r): 3416. W-Vis A,,,= : 385. Anal. calcd for CI9Hl3NS: C, 

79.44;H,4.53;N,4.88.Found: C, 79.49;H,4.50;N,4.91. 

Compound 8a: RMN 'H(CDClJDMS0) Wpm) 8.78(s, 1H)-NH; 8.25(d, 1H); 

8.15(t, 2H); 7.97(d, 1H); 7.72(d7 1H); 7.54(m, 4H); 7.34(t, 1H). RMN I3C 

(CDCldDMSO) 6oppm) 139.3; 138.9; 137.8; 135.0; 134.6; 125.5; 125.4; 124.5; 

123.4; 123.1; 122.4; 120.5; 120.3; 119.8; 119.5; 119.2; 114.3; 111.1. IR(Kl3r): 

3408, 2935. W-Vis A,,,= : 355. Anal. calcd for C1&II~NS: C, 79.12; H, 4.03; N, 

5.13.FoundC,79.01;H,3.98;N,5.21. 

Compound 8b: RMN 'H(CDClJDMS0) e p m )  8.82(s, lH, NE); 8.26(d, 1H); 

8.15(~ 2H); 8.01(d, 1H); 7.77(d, 1H); 7.62(m, 2H); 7.46(m, 2H); 7.33(m, 1H); 

RMN I3C (CDClJDMSO) Wpm) 137.9; 136.9; 135.7; 135.5; 134.0; 124.4; 

123.9; 123.5; 123.3(x2); 120.8; 120.2; 119.1; 117.8; 117.7; 117.4; 114.7; 110.1. 
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PENTACYCLIC HETEROAROMATIC SYSTEMS 1249 

IR(IU3r): 3435. W-Vis A,,,= : 358. Anal. calcd for ClsHIINSe: C, 67.5; H, 3.44; 

N,4.38. Found: C,67.42;H, 3.35;N,4.46. 

Compound 8c: RMN 'H(CDClJDMS0) Q p m )  10.95(s, lH, NH); 8.03(d, 1H); 

7.40(m, 2H); 7.31(d, 1H); 7.00(m, 2H); 6.88(t, 1H); 6.69(m, 2H); RMN 13C 

(CDCldDMSO) Wpm) 136.9; 136.3; 136.2; 135.3; 134.5; 124.4; 123.9; 123.2; 

123.1; 122.4; 122.0; 120.1; 118.1; 117.6; 117.3; 115.0; 111.3. IR(KBr): 3411. 

UV-Vk A,,,= : 359. Anal. calcd for Cl&IlflSeCl C,60.93; H, 2.82; N, 3.95. 

Found: C, 61.01; H, 2.86; N, 3.90. 

Compound 8d: RMN 'H(CDCldDMS0) Wpm) 11.62(s, 1% NE); 8.84(s, 1H); 

8.56(d, 1H); 8.15(d, 1H); 7.97(d, 1H); 7.82(d, 1H); 7.62(d, 1H); 7.43(t, 1H); 

7.28(t, 1H). RMN I3C (CDCldDMSO) a p m )  135.9; 135.5; 135.2; 135.1; 134.2; 

124.1; 123.8; 123.1; 122.9; 122.4; 122,O; 120,l; 117.9; 117.6; 117.1; 114.8; 

111.2. IR(KBr): 3417. W-Vk A,,,= : 357. Anal. calcd for C~&IlflzS&: C, 

59.18;H,2.74;N,7.67.Found C,59.08;H,2.81;N,7.65. 

Compound 8e: RMN 'H(CDClJDMS0) a p m )  8.51 (s, 1 9  NH); 8.16(d, 1H); 

8.12(d, 1H); 7.91(~, 1H); 7.49(m, 3H); 7 . 3 6 ( ~  1H); 7.30(m, 2H); 3.92(~, 3H, N- 

CB); 2.58(s, 3H, CH3). RMN I3C (CDCldDMSO) m p m )  140.5; 140.0; 137.2; 

134.7; 129.1; 125.2; 124.4; 124.3; 121.4; 120.5; 119.2; 119.0; 118.3; 115.7; 

110.4; 108.6; 106.3; 101.5; 29.5; 21.5. WKBr): 3398. W-Vis I.,,,= : 357. Anal. 

calcd for CzoHI4Nz: C, 85.11; H, 4.96; N, 9.93. Found: C, 85.08; H, 5.01; N, 9.88. 
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1250 ROYER ET AL. 

Compound 9a: RMN 'H(CDCldDMS0) Q p m )  11.66(s, lH, NH); 9.70(s, 1H); 

9.03(m, 2H); 8.84(m, 2H); 8.46(s, 1H); 4.95(s, 2H); 3.56(s, 3H)-OCH3. RMN I3C 

(CDC13/DMSO) Q p m )  148.8; 141.5; 136.6; 129.4; 128.5; 127.9; 122.2; 121.8; 

121.1; 120.3; 116.9; 114.8; 112.7; 112.3; 107.7; 102.4; 54.9; 44.3. IR(KBr): 3399. 

Anal. calcd for Cl&112N02SC1: C, 63.25; H, 3.51; N, 4.10. Found: C, 63.29; H, 

3.58; N, 4.02. 

Compound 9b: RMN 'H(CDC1dDMSO) G(ppm) 11.56(s, lH, NH); 9.31(s, 1H); 

9.02(d, 2H); 8.75(d, 2H); 8.63(d, 2H); 8.46(d, 2H); 4.95(s, 2H); 3.56(s, 3H)- 

OCH,; 2.21(s, 3H)-CH3. RMN 13C (CDClJDMSO) Qpm) 148.7; 141.2; 138.1; 

135.4; 133.5; 130.9; 129.0; 128.8; 122.2; 120.7; 120.3; 120.2; 116.8; 112.6; 

112.4; 102.4; 54.9; 44.4; 19.9. WKBr): 3408. Anal. calcd for C1&X15N@S: C, 

71.03;H,4.67;N,4.36.Found:C,70.94;H,4.72;N,4.40. 

References: 

1. Bergman. J., Studies in Natural Product Chemistv m Atta-ur-Rahman (Ed.), 

Stereoselective Synthesis (Part A), Elsevier, Amsterdam, 1988, vol. 1, p.3. 

2. Moody. C.J. and Rahimtoola. K.F., J. Org. Chem. 1992,57,2105-2114. 

3. Link. J.T. and Danishefsky. S.J., Tetrahedron Lett. 1994,35,9135-9138. 

4. Oka. S., Kodama. M., Takada. H., Tomizuka. N., Suzuki H. and Agric. G., 

Biol. Chem. 1986,50,2723-2726. 

5 .  Omura. S., Iwai. Y., Hirano. A., Nakagawa. A, Awaya. J., Tsuchiya. Y. and 

Ma-. R, J. Antibiotics 1977,3,275-278. 

D
ow

nl
oa

de
d 

by
 [

M
os

ko
w

 S
ta

te
 U

ni
v 

B
ib

lio
te

] 
at

 0
0:

07
 0

4 
Fe

br
ua

ry
 2

01
4 



PENTACYCLIC HETEROAROMATIC SYSTEMS 1251 

6. Sarstedt. B. and Winterfeldt. E., Heterocycles 1983, a, 469-472. 

7. Hughes. I., Nolan. W. and Raphael. RA., J. Chem. Soc. Perkin Trans 1 1990, 

2475. 

8. Gribble. G.W. and Berthel. S.J., Tetrahedron 1992,48, 8869-8880. 

9. Gallant. M., Link. J.T. andDanishefski. S.J., J. Org. Chem. 1993,58,343-349. 

10. Link. J.T., Gallant. M. and Danishefski. S.J., J. Am. Chem. Soc. 1993, 115, 

3782-3783. 

11. Shankar. B.B., McCombie. S.W., Kirkup. M.P., Viet. A.Q., Puar. M.S. and 

Ganculy. A.R, Tetrahedron Lett. 1993,34, 5685-5689. 

12. Martarello. L., Joseph. D. andKirsch. G. J. Chem. Soc. Perkin Trans I 1995, 

2941-2944. 

13. Martarello. L., Joseph. D. and Kirsch. G., Heterocycles 1996,43, 367-379. 

14. Joseph. D., Martarello. L. and Kirsch. G., J. Chem. Research (s) 1995, 448- 

449. 

15. Jarkas. N. and Kirsch. G. Heterocyclic Communications 1997,2, 65-70. 

16. Joseph. D., Thesis: "Syntheses de tetrahydrocarbazolones et application a la 

prdparation d'analogues h6teocycliques des pyridocarbazoles." Octobre 1995, 

University of Metz. 

17. Joseph. D., Martarello. L. and Kirsch. G., J. Chem. Research m) 1995, 2001- 

2009. 

18. Cagaiant. P. and Cagniant. D., Bull. Soc. Chim. Fr 1952, 19,336-339. 

19. Cagniant. D. andKirsch. G., C.R. Acad. Sciences 1971,272, 1978-1981. 

(Received in The Netherlands 03 November 1997) 

D
ow

nl
oa

de
d 

by
 [

M
os

ko
w

 S
ta

te
 U

ni
v 

B
ib

lio
te

] 
at

 0
0:

07
 0

4 
Fe

br
ua

ry
 2

01
4 




