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Abstract: Indolo[3,2-a]pyrrolo[3,4-c]carbazole, an isomer of arcyriaflavin A, has been synthesised in a one step reaction from

indole and maleimide. © 1999 Elsevier Science Ltd. All rights reserved.

he pfc‘mouncea physiological activities of the indolocarbazole alkaloids have triggered considerable
synthetic efforts.’ The active alkaloids among the sub-group indolo[2,3-a]pyrrolo[3,4-c]carbazoles include
the PKC-inhibitor staurosporine 1, which is amtihypertcnsive2 and inhibits platelet aggn‘:gation,3 as well as
the antitumor antibiotic rebeccamycin 2.4 5 For the aglycone arcyriaflavin A 3 several syntheses have
been developedi but surprisingly little has been done to synthesize isomeric structures such as indolo[3,2-
alpyrrolo[3,4-c]carbazole-6,8 -dione 45 which now, plus a few derivatives, has been prepared in a one step
reaction starting from indole 7 and the maleimides 8a-d.
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Although a few scattered cxamplcs of acid induced additions of indoles to maleimides yielding 3-(indolyl)-

published a study of this Michael type addition, that the generality of this reaction was recognised. The
conditions used were refluxing glacial acetic acid, with maleimide in excess, which afforded Michael
adducts such as 5 in high yields. In a related study, also published in 1997, Bogzag obtained similar
synthetic results using ZnCl catalysis in a nitromethane medium at 101°C.

In connection with a study of cycloaddition in indolic systems, indolylmaleimides of the type 6 were
needed and it was found that the experiments of Macor as well as those of Bogza could be nicely
reproduced and the indolosuccinimides obtained could, as cxpected9 be smoothly dehydrogenated by 2, 3-
dichloro-5, 6-dicyanobenzoquinone (DDQ) in dioxane.
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However, when the ratio of indole to maleimide was increased another product with the composition
C27H17N302, not observed by the previous workers, eventually became predominant.
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{s struciure 4¢ was assi
based on the followmg data. The mass spectrum featured the molecular ion (m/z=415) as the base peak.
The 1H-NMR spectrum exhibited two different indolic NH signals and the I3C.NMR data featured two
carbonyl signals at 168.4 and 169.2. The prev1ously described Michael adduct 5S¢ was present in the

mother liquor (Scheme 1 and Table 1).
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The structure of the indolo[3,2-a]pyrrolo[3,4-c]carbazoles 4a-d were finally confirmed by two
independent'? syntheses, both starting with 2,3-biindolyl!as outlined in Scheme 2.
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Compound 4a (R=H) has previously been obtained as a by-product by Prabhakar® in a multi-step
i i v

procedure involving alkylation of 3-thioloindole with 3,4-dichloromaleimide followed by desulfurization
with PACl2 which gave arcyriaflavin 3 (10 % vield) and the rearranged isomer 4a in 1 % yield. The NMR

spectrum of a sample prepared in this fashion corresponded exactly to that of our product.

dependent on the temperature and could also be regulated by the ratio between indole and maleimide (see
Table 1).

Indole Maleimide 8b Temperature Indolocarbazole 4b Michae! adduct 5b

(mmol) (mmol) (ratio) (ratio)

1 3 90°C 1 9

1 3 117°C 1 43

2 1 90°C 1 2

2 1 117°C 1 13

3 1 100°C 1 1.6

3 1 95°C 1 0.9

Table 1

The ratios were taken from the NMR spectra of the crude reaction mixtures. The entries 1-4 illustrate the
effect of the temperature on the outcome of the reactions. However at 90°C the reaction became

inconveniently slow and an optimum, both in yield and ratio of indolocarbazole, was found at 95°C.

Scheme 3 is a rationalisation of the observed chemistry, wherein the two products are formed in competing
reactions from a common intermediate, 10, which can either tautomerize to the Michael adduct or react

a second molecnle of indole to form the crucial 2.3-bond vu-\ldma eventi
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act with indole under acidic conditions (HOAc, 100°C)

ion is under kinetic control, i.e. the Michael adduct does not equilibrate and it is
e dehydrogenated maleimide 6 also failed to give the indolocarbazole 4.
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It is clear that the dehydrogenation of the presumed intermediate 12 is not effected by the maleimide as
neither succinimide nor any other reasonable hydrogenated species thereof were found in the reaction
mixture and the mass balance did not show any lack of maleimide. Here it might be added that it is known
that maleimide can yield adducts (with e.g. 1,5-dihydroflavin) that subsequently disintegrate to
succinimide and dehydrogenated nroductsl3
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The fact that both 12d and 13d yielded the dehydrogenated indolocarbazole 4d (100°C, HOAC) is in
harmony with our presumed reaction mechanism in scheme 3.

EXPERIMENTAL SECTION

NMR spectra were recorded on a Bruker DPX 300 (300 MHz) spectrometer or on a Bruker AM400 (400
MHz). IR spectra were recorded with a Perkin Elmer 1600 FT-IR. Mass analyses were performed on a
Micromass Platform II spectrometer and Finnigan MATSSQ710, both with a direct inlet at 70 eV.
Elemental analyses were performed by H. Kolbe Mikroanalytisches Laboratorium, Miilheim an der Ruhr,
Germany. Melting points were taken on a Biichi Melting Point B-545 apparatus and are uncorrected. All
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5H,7H,13H-Indolo[3,2-a]pyrrolo[3,4-c]carbazole-6,8-dione (4a)

mide ,.Om ol .....Al. .1.'.... i F1€ 1\ Ls
Indole (0 705 g 6 m uuuul) and maleimide (0 Lu. 194 g, £ nol) were he il gie acial acetic acid {15 my at

95°C for 64 hours. The orange precipitate was collected and washed with diisopropyl ether to give 0.145 g
(22%) of 4a as a orange solid. An additional small amount (1-2%) was present in the mother liquor.

mp: sublimes around 375°C. IR (KBr, cm-1): 3342, 3302, 3240, 1740, 1716, 1690, 1254, 1038, 748. NMR
(DMSO-dg): & 7.30-7.42 (2H, m), 7.51-7.53 (2H, m), 7.70-7.77 (2H, m) 8.76 (1H, d, ] = 7.8 Hz), 8.93
(1H, d, J =8.9 Hz), 11.00 (1H, s, broad), 12.12 (1H, s), 12.28 ( 1H, 5). 13C-NMR (DMSO-dg): § 107.5 (s),
110.9 (s), 111.6(d), 111.9 (s), 112.3 (d), 120.1 (d) 120.2 (s), 120.4 (d), 121.3 (s), 121.8 (d), 123.8 (d),
124.7 (s), 126.3 (d), 126.3 (s), 132.5 (s), 138.3 (s), 141.1 (s), 141.1 (5), 170.3 (s), 171.1 (s).
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Indole (0.705 g, 6 mmol) and N-methylmaleimide (0.225 g, 2 mmol) were heated in glacial acetic acid (15
mi) at 95°C for 96 h. The reaction mixture was filtered and the yellow crystals thus obtainedwere washed
with diisopropyl ether to give 0.120 g (18%) of 4b. The filtrate was evaporated and purified by column
chromatography on silica gel with 20% EtOAc in hexane as eluant to give 0,026g of 4b and a final yield of
21%.

mp: sublimes around 350°C. IR (KBr, cm-1) : 3429, 3359, 1732, 1682, 1380, 1254, 752, 731. IH-NMR (
DMSO-dg): & 3.08 (3H, s), 7.27 (1H, t, J = 6.5 Hz) 7.37 (1H, t, J = 6.0 Hz), 7.45-7.53 (2H, m), 7.67 (1H,

d, J=7.7 Hz), 7.73 (1H, 4, J = 6.0 Hz), 8.71 (1H, d, J = 7.3 Hz), 8.84 (1H, d, J = 7.7 Hz). 13C-NMR
{ {
\ \

DMSO-dg):d 23.4 (a). 106.1 ( \ 1105 (¢). 11.3(4) 1110(c) 1120 () 1190 (dY. 120.1 (). 120 1(<\
DM3SO-dg): (q), 100.1 (s), 110.5 (s), 11.53 (), 111.,9(s), 112.0 (a), 119.9 (d), 120.1 (d), 120.1(s),
191 N £ 11 T AN 1772 &£ 73N 119 & 7.\ 1%L N 7.1\ 1YL 1 72N 172379 Y 1.\ 1720 N .\ 1TA1 N 7.0\ 141 N £\
121.0 (8), 121.7 (@), 1253.5 (a), 125.5 (8), 126.U (@), 126.1 (Q), 132.5 (8), 138.0 (8), 141.U (5), 141.U (s),
170 ™ 7 _\ 1N A N A Y £a) i AN L1 NN N A 1 N _ 1T ... 3 O el T AT ra BV Be 2o ) TY A Dr nT -~ A0
108.7 (§), 10Y.4 (§). DI M/Z=35Y (1UU70). Andl. Ladiculatled 10r L2 1H]13N302L, /4.53; H, 3.80; N, 12.35

Found: C, 74.19; H, 3.74; N, 12.30.

7-Benzyl- 5H,13H-indolo[3,2-a]pyrrolo[3,4-c]-6,8-dione (4¢)

Indole (0.702g, 6 mmol) and N-benzylmaleimide (0.374g, 2 mmol) were heated in glacial acetic acid (15
ml) at 95°C for 72h. The reaction mixture were allowed to cool and the yellow crystals formed were
filtered,washed with acetic acid and dried to give 0.214g (26%) of 4¢. An additional small amount (1-2%)

of 4¢ was present in the mother liquor.
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137.4 (s), 138.3 (s), 141.2 (25), 168.4, (s) 169.2 (s).

MS: m/z=415 (100%). Anal. calculated for C27H17N302: C, 78.06; H, 4.12; N, 10.11. Found: C, 77.89;
H, 4.18; N, 10.04.

7-Ethyl- 5H,13H-indolo{3,2-b]pyrrolo{3,4-c]-6,8-dione (4d)

Indole ( 0.702g, 6 mmol) and N-cthylmaleimide (0.250g, 2mmol) were heated in glacial acetic acid (15

ml) at 95°C for 72h. The reaction mixture was filtered and the yellow crystals formed were washed with
aratic arid and dAried i oive () 1140 (1700) of 44 n additinnal emall amannt (1_.20) nf Ad waec nracant in
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the mother liquor.
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mp: sublimes around 300°C. IR (KBr, cm™1): 3459.8, 386.’, 1739.6, 1678.5, 1387.5, 1253.

727.8. 1H-NMR ( DMSO-dg): & 1.27 (3H, t, ] = 7 Hz), 3.69 (2} 1,q,1 =7 Hz),7.30 (1H, t, F =8 Hz), 7
(1H, t,J = 8 Hz), 7.47-7.55 (2H, m), 7.69 (1H, d, J = 8 Hz), 7.87 (1H, d, J= 8 Hz), 8.72 (1H, d, ] = 8 Hz),
8.88 (1H, d, J = 8 Hz). I3c.NMR (DMSO-dg):6 14.2 (g), 32.2 (1), 106.3 (s), 110.8 (s), 111.6 (d), 112.2
(s), 112.3 (d), 120.2 (d), 120.3 (d), 120.4,(s), 121.2 (s), 121.9 (d), 123.6 (s), 123.7 (d), 126.3 (d), 126.4 (d),
132.6 (s)138.3 (s), 141.2 (s), 141.2 (5)168.7 (s), 169.4 (s). Anal calculated for C22H15N3072: C, 74.78; H,

4.28; N, 11.89. Found: C, 74.55; H, 4.30; N, 11.79.
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2,3-biindolyl.

2,3-Biindolyl (0.200g, 0.86 mmol) and N-ethylmaleimide (0.249g, 2 mmol) were heated in acetic acid (15
ml) at 100°C for 5 minutes. The resulting mixture was allowed to cool and then it was poured into
saturated aquous NaHCO3. The residue was dissoived in EtOAc and washed with water and brine. The
combined EtOAc extracts were dried with MgSO4 and evaporated under reduced pressure. Purification by
column chromatography on silica gel using 30% EtOAc in hexane as eluant gave 0.037 g (12%) 4d,
0.078g (25%) 12d and 0.170g (55%) 13d as solids.

The isomeric structure of 12d was assigned based on the coupling between indolinic NH with the multiplet
at 4.53 ppm. The coupling constants for the peak at 4.53 ppm were resolved with homo-decoupling. The
NMR-experiment also showed that the small coupling J = 1 Hz at 4.53 ppm is a long-range coupling to the
doublet at 4.43. mp: 255-256°C. IH-NMR ( DMSO-dg): & H, t, J = 7 Hz), 3.42-3.50 (3H, m),
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iH, d, =3 Hz), 6. 46 ( ili, d, J = 8 Hz) 6. 66 (iH, i, J = 7 Hz) 6.92-7.02 (3H, m), 7.27 (iH, d, J = )
7.62 (2H, d), 10.72 (1H, s). 13C-NMR (DMSO-de) :5 12.9 (q), 33.0 (1), 37.4 (d), 39.1 (d), 42.4 (d), 59.9
(d), 101.4 (s), 110.5 (d), 110.9 (d), 118.3 (d), 118.7 (d), 119.6 (d), 121.1 (d), 124.7 (d), 126.7 (s), 127.8 (d),
129.9 (s), 132.9 (s), 136.6 (s), 150.3 (s), 176.9 (s), 177.8 (s). IR (KBr, cm-1): 3457, 3334, 1685, 1458,

1404, 1346, 1216, 744. No correct elemental analysis could be obtained of this compound, due to ease of

)
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dehydrogenation.
13d: mp: 142-143°C. 1H-NMR ( DMSO-dg): 8 1.13 (3H,t,J =7 Hz), 2.79 (1H, dd, J =18.2 Hz, ] = 4.9

Hz), 3.22 (1H, dd, J = 18.2 Hz, } =9.7 Hz), 3.52 (2H, q, 7 Hz), 440 ( 1H, dd, J = 9.7 Hz, ] = 4.9 Hz) 6.97
(T ¢ TNDATISMH m Y TI1Q M ¢+ 741 (1 tY 78N (1 AY TAY(1H A\ 777 (1 A 11928
\LEL, U Jy 7.UU /.10 (DXL, MIL j, 7,10 \1X2, U J, /.50 \Udhy U Jy 1.JU \RDL2y U ), 1.U& \1X, ), 7.7 7 \1Xky UJy L1140
(1L oY 11 84 11T oy 130 NMDR MMCN ALY 8 17 € fa) 229 (4 260 1) 2R T (AN 106 £ (<) 1064 Tie)
\in, 8j, 11.54 (111, S} C-INVER (ADIVIDU-GH) 10 1£.0 (), I5.4 (1), I0.U (1), 36./ (), 1UG.0O (5), 1UU.7(§),
111.6(d), 111.9 (d), 117.0 (d), 119.0 (d), 119.6 (d), 119.7 (d), 120.8 (d), 121.9 (d), 125.3 (d), 126.1 (s),

126.1 (s), 132.4 (s), 136.3 (s), 136.3 (s), 176.6 (s), 178.9 (s). IR (KBr, cm~1):3450-3150 (br), 1691, 1402,

1223, 1124, 743. Anal. calculated for C22H19N302: C, 73.93; H, 5.36; N, 11.76. Found: C, 73.84; H,

5.44; N, 11.70.

3-(Indol-3-yl)-succinimide (5, R=H)

Indole (4.38g, 40 mmol) and maleimide (3.92, 40 mmol) in acetic acid (35 ml) were refluxed for 36h.

Upon cooling, crystals of 5 (R=H) were obtained, 4.75g (55%) (concentration of the mother liguor gave a
f1.1 g) mp:196-197°C (lit!* 13 197-198°C). IR (KBr, em~1): 3392, 3370, 1696, 1184, 740,

701. 1H-N R(DMSO de): 8 2.78 (1H, dd, J = 18.0 Hz, J = 5.3 Hz), 3.18 (1H, dd, J = 18.0Hz, 1 = 9.5

¥ N M AN /1Y T ~ AN

Hz), 7.16 (iH, 1,7 =7 Hz), 733 (iH,d, ] =2.3

o Ty Va¥

Hz), 4.33 (iH, dd, 1 =9.5 Hz, ] = 5.3 Hz)7.00, (i, t

Hz), 7.38 (iH, d, J = 8 Hz), 7.42 (iH, 4, ] = 8 Hz).
111.8 (d), 118.5 (d), 118.9 (d), 121.5 (d), 123.5 (d), 126.
N-Methyl-3-(indol-3-yl)-maleimide (6, R=Me)
DDQ (0.346g, 1.5 mmol) dissolved in dioxane (20 ml) was slowly (1h) added to a solution of N-methyl-3-
(indol-3-yl)- succinimide 5 (R=Me )16 (0.348g, 1.5 mmol) in dioxane (20 ml). The reaction was left over
night. DDQ-2H was filtered off and the dioxane was evaporated, yielding 0.248g (72%) of N-methyl-3-
(indol-3-y1)-maleimide 6. mp: 195-196°C. IR (KBr, cm-1): 3190, 1682, 1607, 1442, 798, 747.

$18 v 470 AL, i HRAINy AVCMy ANV g N

,J=
13C.NMR (DMSO-dg) :8 37.5 (1), 39.1 (d), 11.0 (s),
0

). 136.6 (s), 178.2 (s), 180. 1 (5).
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1H-NMR ( DMSO-dg): 8 2.92 (3H, 5), 6.87 (1H, 5), 7.20 (1H, t, ] = 8 Hz), 7.25 (1H, t, ] = 8 Hz), 7.51
(IH d T=RH2\ 706 (1H d TR U QM 4 T=20HA 17M (11 ¢ hr 13C_NMD MMSN_I.\
\ddky WUy o 8 RALfy 77U 1iky Uy v U Lil)y U.JU \(1h1y Uy v ST RRLJy R&UL \1LRy Dy VL) NTINIVRIN \LZ1IVION ULy )
10 23.5 (q), 105.5 (s), 112.7 (d), 114.1 (d), 120.5 (d), 121.5 (d), 123.1(d), 125.5 (s), 131.1 (d), 136.7 (s),

139.1 (s), 171.7 (8), 172.1 (5).

3-(Indol-3-yl)-maleimide (6, R=H)

The procedure given above was used, using 3-(indol-3-yl) succinimide § (R=H) (0.428g, 2 mmol).The

crude product was treated with hot 2-propanol and the product was collected by filtration after cooling.

Yield: 0.360g, 85%.

mp:259-260°C. IR (KBr, cm-1):3349, 3231, 1754, 1697, 1592, 1346, 1227, 814, 687, 669. IH-NMR (

DMSO-dg): 8 6.77 (1H, s), 7.14-7.28 ( 2H, m), 7.51 (1H, d, ] =7 Hz), 7.94 ( 1H, d, ] = 7 Hz) 8.36 ( 1H,
d, ] =3 Hz). 13(‘—NMR (DMSQO-ds):8 1054 (s), 112.6 (d), 115.3 (d), 120.4 (d), 1214 (d\ 123.0(d), 125.6
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