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[4 1 2]Cycloaddition of indole derivatives with bismaleimides: a route
to new biscarbazoles

Ulf Pindur,* Eugenia Gonzalez and Farokh Mehrabani
Institute of Pharmacy, Department of Chemistry and Pharmacy, University of Mainz,
D-55099 Mainz, Germany

New results for the reaction of  in situ generated N-acylindole-2,3-quinodimethanes and donor-/acceptor-
substituted 3-vinylindoles with some bismaleimides are described. By a [4 1 2]cycloaddition process, a
variety of  biscarbazoles are formed endo-selectively. These conformationally flexible molecules constitute
a new class of  compounds believed to have potential as DNA minor groove binding ligands.

Introduction
In recent years DNA minor groove-binding ligands possessing
pronounced sequence specificity for the oligonucleotide matrix
derived from natural sources or from synthesis have often been
studied because of their sequence-recognizing ability, their abil-
ity to control transcription processes in the presence of DNA
binding proteins and, on the molecular level, for the elucidation
of binding modes and of specific structural parameters.1–3

Some outstanding examples of these ligands with pronounced
antitumour activity are distamycin A 1 3,4 or (1)-CC 1065 2,3,5

respectively. Both compounds are able to adopt a convex and
helical conformation and thus bind to the minor groove of
DNA by fitting the helical curvature of the DNA (‘isoheli-
city’ 3). The complexes formed are stabilized by hydrogen bonds,
and additionally by electrostatic, van der Waals and hydro-
phobic forces.3 Additionally, the cyclopropane moiety of drug 2
is able to alkylate the N-3 of adenine in double-stranded DNA.5

With these leading drugs in mind and additionally considering
the DNA intercalative potential of anellated carbazoles,3,8 we
have now focused our synthetic attention on the structurally
related biscarbazoles of type 5 and 7 (Schemes 1 and 2) or the
partially hydrogenated analogues thereof. On the basis of our
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investigations on pericyclic reactions to give carbazole deriv-
atives and carbazole alkaloids,6–8 the Diels–Alder reactions of
appropriate indole-2,3-quinodimethanes 3 or 3-vinylindoles 6
with some bisdienophiles as linking structural elements repre-
sents an interesting strategy leading to these new compounds
on the basis of retrosynthetic analysis (Schemes 1 and 2).

In this context, the Diels–Alder reactions of N-benzoyl-
indole-2,3-quinodimethane with some mono dienophiles and a
bisdienophile were earlier reported by our group.9–11 Although
the general success of this cycloaddition strategy has been
documented fairly well, continued investigation of this type of
reaction has particular interest in heterocyclic and medicinal
chemistry. Thus, in continuation of these studies on pericyclic
reactions with indole derivatives, we report some new Diels–
Alder reactions of in situ generated N-substituted indole-2,3-
quinodimethanes 3 and of 3-vinylindoles 6 with several bis-
maleimides 4 according to the strategy outlined in Schemes 1
and 2. The scope and limitation of this route are now being
explored in respect of the flexibility of the reactant function-
alities. The stereochemistry of the primary [4 1 2]cycloadducts
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obtained were investigated in detail to rationalize the reaction
mechanism. In a further study, the conformational properties
of the new biscarbazoles to form a helical shape for optimal
DNA minor groove binding and/or DNA intercalation 1,3 were
investigated. In this context the present paper presents some
preliminary results.

Results and discussion
Synthetic aspects
The N-substituted indole-2,3-quinodimethanes 3a–c were
generated in situ from the respective N-substituted 2,3-bis-
(bromomethyl)indoles 8a–c in the presence of sodium iodide
via the 2,3-bis(iodomethyl) derivative, in accordance with the
method we have already reported,10–11 but with some variations
in the reaction conditions. In a molar ratio of 2 :1 of 3 and 4,
the indole-2,3-quinodimethanes 3 were readily captured by the
bismaleimides 4a–c to give rise to double Diels–Alder adducts
9a–i with two pyrrolo[b]anellated carbazole structures in 60–
70% yield. In all cases, the meso forms were produced (TLC
reaction control supported by HPLC analysis; see also struc-
tural aspects).

In the case of the Diels–Alder reactions of 3-vinylindoles
6a–c with bismaleimides 4, we expected the formation of new
pyrrolo[a]anellated biscarbazoles of type 7, with a more convex
molecular structure. The respective 3-vinylindoles 6a–c were
readily available from a known Wittig procedure developed by
us.8 Thus, the 3-isopropenyl-1-phenylsulfonyl-1H-indole 6a
reacted stereoselectively with the bismaleimide 4a in a 2 :1 ratio
at room temperature to furnish the endo,endo-bis and endo-
mono-[4 1 2]cycloadducts 10a and 11a. Similarly, the E/Z mix-
ture (ratio 2 :1) of the 3-vinylindole 6b also reacted stereo-
selectively with the bismaleimide 4a at room temperature to
give a mixture of double and mono endo-Diels–Alder products
10b and 11b. The results confirm that the E-isomer of 6b should
be the more reactive isomer, because the E stereochemistry is
preserved formally in the cycloadducts.6 Furthermore, the
selective reaction of the mono cycloadduct 11b with the corres-
ponding vinylindole 6b was monitored by TLC and the form-
ation of the biscarbazole 10b from the monocarbazole 11b
could be detected.

The electronically less reactive 3-vinylindole 6c reacted with
the bisdienophile 4a only under reflux in chloroform to afford
exclusively a double Diels–Alder cycloadduct 12. In this case,
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the primarily formed cycloadduct undergoes double-bond
isomerization to give rise to the dimeric and ‘indolized’ carb-
azole 12 by a formal [1,3]-H shift in the cycloadduct primarily
formed.

Structural aspects
From the double Diels–Alder adducts 9, a maximum of 16
stereoisomers is possible by formation of 4 stereocentres. On
the basis of cis-selectivity in the repetitive Diels–Alder step,6 a
total of 3 stereoisomers would be expected: a meso form with
Cs-symmetry and a pair of enantiomers with C1-symmetry.
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However, from the Diels–Alder reaction of the 3-vinylindoles
6a and 6c, 6 or in the case of the β-methoxy substituted educt
6b, 8 new stereocentres are generated in the products. Thus, a
theoretical maximum of 64 or 256 stereoisomers is possible
with all combinations. In the reaction of the 3-vinylindoles 6a
and 6c, 2 meso forms with Cs and 6 pairs of enantiomers with
C1-symmetry could be formed. In the Diels–Alder reaction of
the β-methoxy substituted 3-vinylindole 6b, 4 meso forms (Cs)
and 28 pairs of enantiomers (C1) are to be expected. However,
in accordance with the Diels–Alder cis-selectivity and endo-
stereoselectivity and on the basis of 1H and 13C NMR investig-
ations (600 MHz 1H, 400 MHz 1H and 100.6 MHz 13C NMR
spectra exhibit only one set of signals) we are sure, that in all
cases meso forms of biscarbazoles 9, 10 and 12 are produced
under the given conditions as main products.

The constitution of the [b]- and [a]-anellated biscarbazoles 9,
10 and 12 and monocarbazoles 11 was first of all elucidated in
more detail, by routine high resolution 1H and 13C NMR spec-
troscopy. The stereochemistry of compounds 9–12 was estab-
lished by detailed NMR studies and by comparison of NMR
data previously reported for similar stereo compounds of anel-
lated carbazoles.6,7,13–15 Proton-proton decoupling experiments,
spin-echo experiments, 1D NOE studies and application of sev-
eral 2D NMR techniques allowed unequivocal characterization
of all the compounds.

For example, in the case of the Diels–Alder products 9, only
one set of signals is formed for the two pyrrolo[b]carbazole
moieties, even in the 600 MHz 1H NMR spectra. On the basis
of symmetry considerations, the meso form is thus valid. The
two-proton ABX-spin systems in both cyclohexene rings were
differentiated by NOE studies (Fig. 1) in combination with
H,H-COSY, H,C-COSY and HMBC experiments. A coupling
constant between 3a-H and 10a-H of 8.5–8.9 Hz (600 MHz)
confirms the cis configuration in all carbazoles 9. This value is
fairly supported by the computer-generated model (AM1
geometry 18) for compound 9c (Fig. 1) using the Altona equ-
ation 16 [dihedral angle H]C(3a)]C(10a)]H = 13.88] (calculated
value J = 7.8 Hz). Additionally, in the case of the biscarbazole
9c the six aliphatic proton spin system in both anellated carb-
azole rings was simulated by the RACCOON program.20 For
example the calculated coupling constant between 3a-H and
10a-H of 8.8 Hz on the basis of correspondence of experi-
mental and theoretical frequencies and relative intensities in the
spectrum fairly complete the configurational analysis of this
new class of compounds.

In the case of pyrro[a]anellated biscarbazoles 10 and 12, and
monocarbazoles 11, it is to be expected that the 10b-H and 3a-
H would be cis disposed due to the nature of a concerted Diels–
Alder reaction. The relatively low coupling constants, J10b,3a of
8.2–8.9 Hz, are consistent with the cis assignment. Vicinal coup-
ling constants, J10b,10a of  4.8–6.0 Hz for compounds 10 and 11
established that the 10a-H and 10b-H are also orientated cis
and therefore the cycloadditions were endo for all reactions
studied. These coupling constant values are also supported fair-
ly well by computer-generated model of molecule 10a (Fig. 1,
AM1 calculations 18) using the Altona equation 16 [J10b,3a calcu-
lated value = 8.0 Hz for dihedral angle H]C(10b)]C(3a)]
H = 88; J10b,10a calculated value = 4.68 Hz for dihedral angle
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H]C(10b)]C(10a)]H = 44.18]. These proton assignments are
also in agreement with the NOE enhancement observed, e.g.
for derivative 10a. Fig. 1 shows the high diagnostic value of
the 1H{1H}-NOE measurements, performed for unequivocal
clarification of the relative configuration of the cycloadducts.
The important NOE observed between 10b-H and 3a-H for
compound 10a is indicative of a cis configuration. Further-
more, this is accompanied by a very strong NOE between 10b-
H and the downfield 10a-H and the strong NOE detected is
indicative of a 10b-H and 10a-H cis relationship.

Construction of Dreiding models of the biscarbazoles 9, 10
and 12 and preliminary calculations of some conformational
families by the molecular mechanics method 17 revealed that
these compounds are able to adopt a helical conformation with
the potential to bind into the minor groove of DNA. In an
expanded project, further studies involving incorporation of
several other substituents in the carbazole domain and in the
‘bridge’ of the molecules (including dehydrogenations) 21,22 are
being worked on. DNA-binding studies, computer molecular
modelling 23 and cell biological investigations are planned in the
future to establish the structure–activity relationships of this
new class of compounds.3

Experimental

General details
1H and 13C NMR spectra were recorded at room temperature
on Bruker AC 200, 400 and Bruker AMX 600 spectrometers

Fig. 1 AM1-minimized local conformation of biscarbazole 9c (A) and
biscarbazole 10a (B).18,19 NOE and some coupling constants 20 are given
for constitutional and configurational analysis. Only some relevant
hydrogen atoms are depicted in the formula.
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using Me4Si as internal reference; J values are given in Hz. The
abbreviation pt refers to pseudo triplet (overlapped dd). The EI
(70 eV) mass spectra were recorded on a Varian MAT 7 spec-
trometer and FD mass spectra were measured on a Varian CH
7a spectrometer. Ionisation modes are indicated in parentheses.
Elemental analyses were performed using a Carlo Erba Stru-
mentazione 1106 apparatus. Mps were measured with an Elec-
trothermal 8200 instrument. Flash column chromatography
was performed on Merck 60 silica gel (particle size: 0.040–0.063
mm). HPLC was performed on a Merck Hitachi L-6200
instrument with a LiChrospher RP-18 (5 µm), 250 × 4 mm ana-
lytical column using as eluent methanol–water (4 :1). The light
petroleum used boiled in the range 40–60 8C. All reactions were
performed in highly pure, anhydrous solvents under argon
atmosphere. The yields given refer to analytically pure com-
pounds. Substantial product loss occurred during chromato-
graphic work-up.

General procedure for the preparation of compounds 9
To a solution of the appropriate bismaleimide 4 (0.22–1.45
mmol) and powdered sodium iodide (200 mg) in dimethyl-
formamide or dimethoxyethene was added a solution of 2,3-
bis(bromomethyl)indole 8 (0.45–2.9 mmol) in dimethylform-
amide or dimethoxyethane. The reaction mixture was stirred at
65 8C for 1 h after which it was treated with sodium thiosulfate
and then filtered. The filtrate was concentrated to a volume of
5–10 ml under reduced pressure and the residue obtained was
washed with water to give a precipitate. This was filtered off
and washed with methanol. The resulting residue was purified
by flash column chromatography using light petroleum–ethyl
acetate as eluent (ratio 1 :2).

meso-N,N9-Methylenedi-p-phenylenebis(5-benzoyl-1,2,3,3a,4,5,
10,10a-octahydropyrrolo[3,4-b]carbazole-1,3-dione) 9a
This compound was obtained from in situ generated N-
benzoylindole-2,3-quinodimethane 3a from N-benzoyl-2,3-
bis(bromomethyl)indole 8a (1.0 g, 2.45 mmol) as starting educt
and the bismaleimide 4a (400 mg, 1.11 mmol). The crude prod-
uct was purified by flash column chromatography using gradi-
ent light petroleum–ethyl acetate as eluent (ratio 1 :2); yield
60% (1.25 g), mp 228–233 8C (from ethanol) (Found: C, 77.33;
H, 4.15; N, 6.68. C55H40N4O6 requires C, 77.51; H, 4.74; N,
6.57%); δH(400 MHz; CDCl3) 3.03–3.10 (4H, m, 2J 16.6 and 3J
8.4, 2 × 10-Hβ and 10-Hα), 3.28–3.52 (6H, m, 2 × 4-Hβ,
2 × 10a-H and 2 × 3a-H), 3.92–3.96 (4H, d, 2J 18.9, 2 × 4-Hα
and ArCH2Ar), 7.01–7.09 (4H, d, 3J 8.37, 2 × 2H-phenyl),
7.11–7.26 (12H, m, 2 × 2H-phenyl, 2 × 8-H, 2 × 7-H, 2 × 9-H
and 2 × 6-H), 7.46–7.50 (4H, t, 2 × 39-H and 2 × 59-H), 7.61–
7.64 (2H, dd, 2 × 49-H) and 7.65–7.67 (4H, d, 2 × 29-H and
2 × 69-H); δC(100.6 MHz; CDCl3) 21.15 (2 × C-10), 23.70
(2 × C-4), 39.15 (2 × C-10a), 40.08 (2 × C-3a), 41.04
(ArCH2Ar), 114.81 (2 × C-6), 115.40 (2 × C-9b), 117.91 (2 ×
C-9), 123.06 (2 × C-8), 123.97 (2 × C-7), 126.22 (2 × 2 × Ct-
phenyl), 128.43 (2 × C-9a), 128.87 (2 × 2 × Ct-phenyl), 129.43
(2 × 2 × Ct-phenyl), 129.57 (2 × 2 × Ct-phenyl), 130.02 (2 ×
Cq), 132.84 (2 × Ct), 133.41 (2 × Cq), 135.37 (2 × Cq), 136.82
(2 × Cq), 140.8 (2 × Cq), 168.8 (2 × C]]O, COPh), 177.77 (2 ×
C-1) and 178.35 (2 × C-3); m/z (FD) 853 (M1, 100%), 749 (8)
and 426 (22).

meso-N,N9-Methylenedi-p-phenylenebis(5-phenylsulfonyl-1,2,3,
3a,4,5,10,10a-octahydropyrrolo[3,4-b]carbazole-1,3-dione) 9b
This compound was obtained from in situ generated N-
phenylsulfonylindole-2,3-quinodimethane 3b from N-phenyl-
sulfonyl-2,3-bis(bromomethyl)indole 8b (200 mg, 0.45 mmol)
and as the starting educt the bismaleimide 4a (80 mg, 0.22
mmol). The product was purified by flash column chrom-
atography using gradient light petroleum–ethyl acetate as
eluent (ratio 1 :2); yield 70% (290 mg), mp 151–155 8C (from
ethanol) (Found: C, 68.56; H, 4.33; N, 5.86; S, 6.44.

C53H40N4O8S2 requires C, 68.84; H, 4.32; N, 6.05; S, 6.93%);
δH(600 MHz; CDCl3) 2.92–2.96 (2H, m, 2J 15.35 and 3J 8.07,
2 × 10-Hβ), 3.26–3.31 (2H, m, 2J 17.91 and 3J 8.6, 2 × 4-Hβ),
3.31–3.34 (2H, d, 2J 16.37 and 3J 3.17, 2 × 10-Hα), 3.45–3.49
(2H, ddd, 3J 8.6, 2 × 10a-H), 3.54–3.57 (2H, ddd, 3J 7.03,
2 × 3a-H), 3.94 (2H, s, ArCH2Ar), 4.05–4.08 (2H, d, 2J 17.51,
2 × 4-Hα), 6.86–6.87 (4H, d, 3J 8.42, 2 × 2H-phenyl), 7.11–7.13
(4H, d, 3J 8.43, 2 × 2H-phenyl), 7.24–7.35 (8H, m, 2 × 8-H,
2 × 7-H, 2 × 9-H, 2 × 6-H), 7.35–7.41 (4H, m, 2 × 39-H and
2 × 59-H), 7.8–7.81 (2H, d, 2 × 49-H) and 8.16–8.17 (4H, d,
2 × 29-H and 2 × 69-H); δC(150.9 MHz; CDCl3) 20.70 (2 ×
C-10), 22.60 (2 × C-4), 38.50 (2 × C-10a), 39.65 (2 × C-3a),
41.04 (ArCH2Ar), 114.53 (2 × C-6), 116.47 (2 × C-9b), 118.24
(2 × C-9), 123.61 (2 × C-8), 124.77 (2 × C-7), 126.25 (2 ×
2 × Ct-phenyl), 126.47 (2 × 2 × Ct-phenyl), 128.65 (2 × C-9a),
129.28 (2 × 2 × Ct-phenyl), 129.37 (2 × 2 × Ct-phenyl), 129.98
(2 × Cq), 132.20 (2 × Cq), 133.66 (2 × Cq), 136.33 (2 × Ct),
138.51 (2 × Cq), 140.83 (2 × Cq), 177.81 (2 × C-1) and 178.17
(2 × C-3); m/z (FD) 924 (M1, 100%), 784 (4), 701 (4), 641 (7)
and 462 (16).

meso-N,N9-Methylenedi-p-phenylenebis(5-acetyl-1,2,3,3a,4,5,
10,10a-octahydropyrrolo[3,4-b]carbazole-1,3-dione) 9c
This compound was obtained from in situ generated N-acetyl-
indole-2,3-quinodimethane 3c from N-acetyl-2,3-bis(bromo-
methyl)indole 8c (400 mg, 1.16 mmol) as the starting educt
and the bismaleimide 4a (200 mg, 0.58 mmol). The product
was purified by flash column chromatography using gradi-
ent light petroleum–ethyl acetate as eluent (ratio 1 :2); yield
60% (220 mg), mp 180–183 8C (from ethanol). Several purific-
ation methods were used. In all cases the compound included
ethanol in a non-stoichiometric ratio. Therefore the results of
elemental analysis are given with the inclusion of ethanol (0.2
mol) (Found: C, 73.32; H, 4.89; N, 7.51. C45H36N4O6 requires
C, 73.27; H, 4.88; N, 7.59%); δH(600 MHz; acetone) 2.73 (6H, s,
2 × CH3), 3.03–3.07 (2H, dd, 2J 15.98 and 3J 8.4, 2 × 10-Hβ),
3.25–3.29 (2H, dd, 2J 15.95 and 3J 3.7, 2 × 10-Hα), 3.39–3.43
(2H, dd, 2J 15.86 and 3J 8.06, 2 × 4-Hβ), 3.59–3.63 (2H, ddd, 3J
8.5, 2 × 10a-H), 3.69–3.72 (2H, ddd, 3J 8.15, 2 × 3a-H), 3.82–
3.86 (2H, dd, 2J 17.11 and 3J 3.20, 2 × 4-Hα), 3.94 (2H, s,
ArCH2Ar), 7.02–7.04 (4H, d, 3J 8.52, 2 × 2H-phenyl), 7.19–
7.21 (4H, d, 3J 8.85, 2 × 2H-phenyl), 7.21–7.24 (2H, 3J 7.4, ddd,
2 × 8-H), 7.24–7.27 (2H, ddd, 3J 7.6, 2 × 7-H), 7.51–7.52 (2H,
d, 3J 7.13, 2 × 9-H), 8.07–8.08 (2H, d, 3J 7.66, 2 × 6-H) ethanol
1.20 (3H, t, CH3), 2.10 (1H, s, OH) and 3.53 (2H, q, CH2);
δC(150.9 MHz; CDCl3) 20.60 (2 × C-10), 24.03 (2 × C-4),
27.22 (2 × CH3), 38.70 (2 × C-10a), 40.06 (2 × C-3a), 41.00
(ArCH2Ar), 115.19 (2 × C-6), 115.70 (2 × C-9b), 118.02 (2 ×
C-9), 123.29 (2 × C-8), 124.57 (2 × C-7), 126.21 (2 × 2 × Ct-
phenyl), 128.80 (2 × C-9a), 129.52 (2 × 2 × Ct-phenyl), 130.02
(2 × Cq), 133.03 (2 × Cq), 135.98 (2 × Cq), 140.79 (2 × Cq),
169.58 (2 × C]]O, Ac), 178.04 (2 × C-1) and 178.36 (2 × C-3);
m/z (FD) 728 (M1, 100%), 691 (40) and 647 (21).

meso-N,N9-Sulfonyldi-p-phenylenebis(5-benzoyl-1,2,3,3a,4,5,
10,10a-octahydropyrrolo[3,4-b]carbazole-1,3-dione) 9d
This compound was obtained from in situ generated N-
benzoylindole-2,3-quinodimethane 3a from N-benzoyl-2,3-
bis(bromomethyl)indole 8a (1000 mg, 2.45 mmol) as the start-
ing educt and the bismaleimide 4b (500 mg, 1.22 mmol). The
product was purified by flash column chromatography using
gradient light petroleum–ethyl acetate as eluent (ratio 1 :2);
yield 80% (1.76 g), mp 175–180 8C (from ethanol) (Found: C,
71.38; H, 4.16; N, 6.00; S, 4.61. C54H38N4O8S requires C, 71.85;
H, 4.21; N, 6.20; S, 3.55%); δH(400 MHz; CDCl3) 3.03–3.09
(4H, dd, 2J 15.65 and 3J 8.53, 2 × 10-Hβ, 2 × 4-Hβ), 3.31–3.43
(4H, m, 2 × 10-Hα, 2 × 4-Hα), 3.43–3.55 (4H, m, 3J 8.2, 2 × 10a-
H, 3J 8.16, 2 × 3a-H), 7.06–7.10 (2H, d, 2 × 9-H), 7.16–7.23
(4H, m, 2H-phenyl), 7.32–7.38 (4H, m, 2 × 2H-phenyl), 7.43–
7.59 (6H, m, 2 × 8-H, 2 × 7-H, 2 × 6-H), 7.6–7.65 (6H, m,
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2 × 39-H, 2 × 59-H and 2 × 49-H) and 7.86–7.96 (4H, d, 2 ×
29-H and 2 × 69-H); δC(100.6 MHz; CDCl3) 20.75 (2 × C-10),
23.57 (2 × C-4), 39.18 (2 × C-10a), 40.12 (2 × C-3a), 114.79
(2 × C-6), 115.24 (2 × C-9b), 117.9 (2 × C-9), 123.08 (2 × C-8),
124.04 (2 × C-7), 126.58 (2 × 2 × Ct-phenyl), 128.30 (2 × C-9a),
128.50 (2 × 2 × Ct-phenyl), 128.9 (2 × 2 × Ct-phenyl), 129.44
(2 × 2 × Ct-phenyl), 132.92 (2 × Ct), 133.25 (2 × Cq), 135.25
(2 × Cq), 136.27 (2 × Cq), 136.8 (2 × Cq), 140.58 (2 × Cq),
168.78 (2 × C]]O, COPh), 177.08 (2 × C-1) and 177.61 (2 ×
C-3); m/z (FD) 902 (M1, 100%), 798 (7), 657 (5), 617 (6) and
451 (4).

meso-N,N9-Sulfonyldi-p-phenylenebis(5-phenylsulfonyl-1,2,3,3a,
4,5,10,10a-octahydropyrrolo[3,4-b]carbazole-1,3-dione) 9e
This compound was obtained from in situ generated N-
phenylsulfonylindole-2,3-quinodimethane 3b from N-phenyl-
sulfonyl-2,3-bis(bromomethyl)indole 8b (200 mg, 0.45 mmol)
as starting educt and the bismaleimide 4b (92 mg, 0.22 mmol).
The product was purified by flash column chromatography
using gradient light petroleum–ethyl acetate as eluent (ratio
1 :2); yield 80% (350 mg), mp 176–180 8C (from ethanol)
(Found: C, 63.97; H, 3.99; N, 5.67; S, 9.93. C52H38N4O10S3

requires C, 64.07; H, 3.89; N, 5.74; S, 9.86%); δH(200 MHz;
DMSO) 2.93–3.05 (2H, m, 2J 15.9 and 3J 8.32, 2 × 10-Hβ),
3.1–3.2 (2H, m, 2J 16.2 and 3J 3.48, 2 × 4-Hβ), 3.34–3.46 (2H,
m, 2 × 10-Hα), 3.55–3.77 (6H, m, 2 × 10a-H, 2 × 3a-H and
2 × 4-Hα), 7.22–7.55 (16H, m, 2 × 9-H, 2 × 2H-phenyl, 2 × 2H-
phenyl, 2 × 8-H, 2 × 7-H, 2 × 6-H), 7.77–7.81 (4H, d, 2 × 39-H,
2 × 59-H) and 7.86–7.96 (6H, m, 2 × 29-H, 2 × 69-H and 2 × 49-
H); δC(50.3 MHz; DMSO) 19.67 (2 × C-10), 21.81 (2 × C-4),
37.96 (2 × C-10a), 38.86 (2 × C-3a), 113.90 (2 × C-6), 116.90
(2 × C-9b), 118.49 (2 × C-9), 123.63 (2 × C-8), 124.52 (2 ×
C-7), 125.98 (2 × 2 × Ct-phenyl), 127.48 (2 × 2 × Ct-phenyl),
128.08 (2 × 2 × Ct-phenyl), 128.54 (2 × C-9a), 129.60
(2 × 2 × Ct-phenyl), 132.61 (2 × Ct), 134.28 (2 × Cq), 135.41
(2 × Cq), 136.53 (2 × Cq), 137.26 (2 × Cq), 139.95 (2 × Cq),
177.81 (2 × C-1), 177.95 (2 × C-3); m/z (FD) 974 (M1, 100%),
830 (16) and 487 (15).

meso-N,N9-Sulfonyldi-p-phenylenebis(5-acetyl-1,2,3,3a,4,5,
10,10a-octahydropyrrolo[3,4-b]carbazole-1,3-dione) 9f
This compound was obtained from in situ generated N-
acetylindole-2,3-quinodimethane 3c from N-acetyl-2,3-bis-
(bromomethyl)indole 8c (1000 mg, 2.9 mmol) as the starting
educt and the bismaleimide 4b (590 mg, 1.45 mmol). The prod-
uct was purified by flash column chromatography using gradi-
ent light petroleum–ethyl acetate as eluent (ratio 1 :2); yield
70% (1.5 g), mp 173–177 8C (from ethanol) (Found: C, 67.24;
H, 4.45; N, 7.09; S, 4.11. C44H34N4O8S requires C, 67.88; H,
4.36; N, 7.19; S, 4.11); δH(400 MHz; acetone) 2.72 (6H, s,
2 × CH3), 3.03–3.06 (2H, m, 2J 15.98 and 3J 8.4, 2 × 10-Hβ),
3.07–3.1 (2H, dd, 2J 15.95 and 3J 3.7, 2 × 10-Hα), 3.23–3.47
(2H, m, 2 × 4-Hβ), 3.63–3.68 (2H, ddd, 2 × 10a-H), 3.73–3.85
(4H, m, 2 × 3a-H and 2 × 4-Hα), 7.2–7.28 (4H, m, 2 × 2H-
phenyl), 7.44–7.51 (6H, m, 2 × 2H-phenyl and 2 × 8-H),
7.69–7.99 (4H, d, 2 × 7-H and 2 × 9-H) and 8.04–8.06 (2H, d,
2J 6.96, 2 × 6-H); δC(100.6 MHz; CDCl3) 20.44 (2 × C-10),
23.93 (2 × C-4), 27.2 (2 × CH3 Ac), 38.71 (2 × C-10a), 40.02
(2 × C-3a), 115.03 (2 × C-6), 115.45 (2 × C-9b), 118.02
(2 × C-9), 123.28 (2 × C-8), 124.6 (2 × C-7), 126.51 (2 ×
2 × Ct-phenyl), 128.40 (2 × 2 × Ct-phenyl), 128.67 (2 × C-9a),
132.92 (2 × Cq), 135.82 (2 × Cq), 136.21 (2 × Cq), 140.44
(2 × Cq), 169.57 (2 × C]]O, Ac), 177.32 (2 × C-1), 177.59
(2 × C-3); m/z (FD) 778 (M1, 100%), 744 (73), 700 (46) and
388 (8).

meso-N,N9-Carbonyldi-p-phenylenebis(5-benzoyl-1,2,3,3a,4,5,
10,10a-octahydropyrrolo[3,4-b]carbazole-1,3-dione) 9g
This compound was obtained from in situ generated N-
benzoylindole-2,3-quinodimethane 3a from N-benzoyl-2,3-

bis(bromomethyl)indole 8a (1.0 g, 2.45 mmol) as the starting
educt and the bismaleimide 4c (450 mg, 1.22 mmol). The prod-
uct was purified by flash column chromatography using gradi-
ent light petroleum–ethyl acetate as eluent (ratio 1 :2); yield
60% (1.27 g), mp 148–153 8C (from ethanol) (Found: C, 76.41;
H, 4.21; N, 6.34. C55H38N4O7 requires C, 76.23; H, 4.38; N,
6.46%); δH(400 MHz; CDCl3) 3.04–3.14 (4H, m, 2 × 10-Hβ,
2 × 4-Hβ), 3.33–3.45 (4H, m, 2 × 10-Hα and 2 × 4-Hα), 3.46–
3.59 (4H, m, 2 × 10a-H and 2 × 3a-H), 7.08–7.13 (2H, d, 2 ×
9-H), 7.18–7.25 (4H, m, 2 × 2H-phenyl), 7.26–7.32 (4H, m,
2 × 2H-phenyl), 7.45–7.52 (6H, m, 2 × 8-H, 2 × 7-H, 2 × 6-H),
7.59–7.7 (6H, m, 2 × 39-H, 2 × 59-H and 2 × 49-H) and 7.74–7.8
(4H, d, 2 × 29-H and 2 × 69-H); δC(100.6 MHz; CDCl3) 20.74
(2 × C-10), 23.59 (2 × C-4), 39.21 (2 × C-10a), 40.13 (2 ×
C-3a), 114.79 (2 × C-6), 115.31 (2 × C-9b), 117.9 (2 × C-9),
123.07 (2 × C-8), 124.01 (2 × C-7), 125.89 (2 × 2 × Ct-phenyl),
128.36 (2 × C-9a), 128.86 (2 × 2 × Ct-phenyl), 129.44 (2 ×
2 × Ct-phenyl), 130.57 (2 × 2 × Ct-phenyl), 132.9 (2 × Ct),
133.33 (2 × Cq), 135.28 (2 × Cq), 135.48 (2 × Cq), 136.8
(2 × Cq), 168.8 (2 × C]]O, COPh), 177.43 (2 × C-1), 177.69
(2 × C-3) and 194.18 (C]]O); m/z (FD) 866 (M1, 100%), 863 (8),
758 (5) and 433 (3).

meso-N,N9-Carbonyldi-p-phenylenebis(5-phenylsulfonyl-1,2,3,
3a,4,5,10,10a-octahydropyrrolo[3,4-b]carbazole-1,3-dione) 9h
This compound was obtained from in situ generated N-
phenylsulfonylindole-2,3-quinodimethane 3b from N-phenyl-
sulfonyl-2,3-bis(bromomethyl)indole 8b (200 mg, 0.45 mmol)
as the starting educt and the bismaleimide 4c (83.73 mg, 0.22
mmol). The product was purified by flash column chromato-
graphy using gradient light petroleum–ethyl acetate as eluent
(ratio 1 :2); yield 60% (253 mg), mp 158–161 8C (from ethanol).
Several purification methods were used. In all cases the com-
pound included ethanol in a non-stoichiometric ratio. Therefore
the results of elemental analysis are given with the inclusion of
ethanol (0.2 mol) (Found: C, 67.06; H, 4.24; N, 5.86; S, 6.45.
C53H38N4O9S2 requires C, 67.17; H, 4.04; N, 5.90; S, 6.76%);
δH(200 MHz; CDCl3) 2.85–2.98 (2H, m, 2J 15.8, 2 × 10-Hβ),
3.02–3.48 (4H, m, 2 × 4-Hβ and 2 × 10-Hα), 3.52–3.65 (4H, m,
2 × 10a-H and 2 × 3a-H), 4.06–4.14 (2H, d, 2 × 4-Hα), 7.09–
7.13 (4H, d, 2 × 2H-phenyl), 7.2–7.48 (12H, m, 2 × 2H-phenyl,
2 × 9-H, 2 × 8-H, 2 × 7-H and 2 × 6-H), 7.61–7.8 (4H, d,
2 × 39-H and 2 × 59-H), 7.84–7.98 (4H, d, 2 × 29-H and 2 × 69-
H), 8.14–8.18 (2H, d, 2 × 49-H) ethanol 1.18 (3H, t, CH3), 2.09
(1H, s, OH) and 3.50 (2H, q, CH2); δC(50.3 MHz; CDCl3) 20.74
(2 × C-10), 22.6 (2 × C-4), 38.62 (2 × C-10a), 39.79 (2 × C-3a),
114.57 (2 × C-6), 116.38 (2 × C-9b), 118.26 (2 × C-9), 123.69
(2 × C-8), 124.91 (2 × C-7), 125.94 (2 × 2 × Ct-phenyl), 126.52
(2 × 2 × Ct-phenyl), 128.58 (2 × C-9a), 129.32 (2 × 2 × Ct-
phenyl), 130.47 (2 × 2 × Ct-phenyl), 132.05 (2 × Cq), 133.75
(2 × Ct), 135.42 (2 × Cq), 136.36 (2 × Cq), 136.78 (2 × Cq),
138.58 (2 × Cq), 177.42 (2 × C-1), 177.8 (2 × C-3) and 194.16
(C]]O); m/z (FD) 938 (M1, 100%), 806 (38), 653 (36) and 469
(13).

meso-N,N9-Carbonyldi-p-phenylenebis(5-acetyl-1,2,3,3a,4,5,
10,10a-octahydropyrrolo[3,4-b]carbazole-1,3-dione) 9i
This compound was obtained from in situ generated N-acetyl-
indole-2,3-quinodimethane 3c from N-acetyl-2,3-bis(bromo-
methyl)indole 8c (1.0 g, 2.9 mmol) as the starting educt
and bismaleimide 4c (540 mg, 1.45 mmol). The product was
purified by flash column chromatography using gradient
light petroleum–ethyl acetate as eluent (ratio 1 :2); yield 70%
(1.5 g), mp 222–226 8C (from ethanol). Several purification
methods were used. In all cases the compound included ethanol
in a non-stoichiometric ratio. Therefore the results of elemental
analysis are given with the inclusion of ethanol (0.2 mol)
(Found: C, 71.80; H, 4.68; N, 7.35. C45H34N4O7 requires C,
71.92; H, 4.52; N, 7.45%); δH(200 MHz; CDCl3) 2.73 (6H, s,
2 × CH3, Ac), 3.02–3.08 (2H, dd, 2J 15.9, 2 × 10-Hβ), 3.33–
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3.41 (4H, m, 2J 16.7, 2 × 4-Hβ and 2 × 10-Hα), 3.52–3.61 (4H,
m, 3J 8.8, 2 × 10a-H and 2 × 3a-H), 3.95–4.00 (2H, d, 2 ×
4-Hα), 7.23–7.33 (8H, m, 4 × 2H-phenyl), 7.45–7.47 (2H, d,
2 × 9-H), 7.74–7.79 (4H, d, 2 × 8-H, 2 × 7-H), 7.88–7.9 (2H, d,
2 × 6-H) ethanol 1.18 (3H, t, CH3), 2.09 (1H, s, OH), 3.50 (2H,
q, CH2); δC(50.3 MHz; CDCl3) 19.47 (2 × C-10), 23.43 (2 ×
C-4), 26.92 (2 × C-10a), 38.87 (2 × C-3a), 115.11 (2 × C-9b),
115.27 (2 × C-6), 117.76 (2 × C-9), 122.86 (2 × C-8), 124.02
(2 × C-7), 126.61 (2 × 2 × Ct-phenyl), 128.38 (2 × C-9a), 130.04
(2 × 2 × Ct-phenyl), 133.16 (2 × Cq), 135.42 (2 × Cq), 135.82
(2 × Cq), 136.10 (2 × Cq), 170.00 (2 × C]]O, Ac), 178.17 (2 ×
C-1), 178.28 (2 × C-3) and 194.01 (C]]O); m/z (FD) 742 (M1,
100%), 700 (36), 658 (14), 519 (5) and 371 (11).

General procedure for the preparation of compounds 10–12
To a solution of the appropriate vinylindole 6 (1.78 mmol) in
CHCl3 (20 ml), a solution of the bismaleimide 4a (0.89 mmol)
in CHCl3 (30 ml) was added dropwise. The reaction mixture
was stirred at room temperature, for 6 days, in the case of the
dienes 6a and 6b, and refluxed for 4 days for the vinylindole 6c.
The solution was concentrated under reduced pressure and the
residue was purified by flash column chromatography using
light petroleum–ethyl acetate as eluent.

meso-N,N9-Methylenedi-p-phenylenebis(5-methyl-10-
phenylsulfonyl-1,2,3,3aâ,4,10,10aâ,10bâ-octahydropyrrolo[3,4-
a]carbazole-1,3-dione) 10a and 2-{4-[4-(2,5-dioxo-2,5-dihydro-
1H-pyrrol-1-yl)benzyl]phenyl}-5-methyl-10-phenylsulfonyl-
1,2,3,3aâ,4,10,10aâ,10bâ-octahydropyrrolo[3,4-a]carbazole-1,3-
dione 11a
The mixture of the two compounds was obtained from 3-
vinylindole 6a (528 mg, 1.78 mmol) and the bismaleimide 4a
(320 mg, 0.89 mmol). The products were separated and purified
by flash column chromatography using light petroleum–ethyl
acetate as eluent (ratio 2 :1).

Compound 10a. Yield 31% (263 mg), mp 200–202 8C (from
methanol) (Found: C, 68.99; H, 4.75; N, 5.63; S, 6.76.
C55H44N4O8S2 requires C, 69.31; H, 4.65; N, 5.87, S, 6.72%);
δH(200 MHz; CDCl3) 2.07 (6H, s, 2 × 5-CH3), 2.34 (2H, dd, 2J
15.0 and 3J 6, 2 × 4-Hα), 2.87 (2H, dd, 2J 15.0 and 3J 1.7, 2 × 4-
Hβ), 3.28 (2H, pt, 3J 7.3, 2 × 3a-Hβ), 3.84 (2H, s, ArCH2Ar),
4.09 (2H, dd, 3J 8.9 and 3J 6, 2 × 10b-Hβ), 4.57 (2H, br s,
2 × 10a-Hβ), 6.84 (4H, d, 3J 7.8, ArH), 6.94–7.06 (6H, m,
ArH), 7.13–7.23 (4H, m, ArH), 7.37–7.53 (6H, m, ArH), 7.63
(2H, d, 3J 7.8, 2 × 6-H) and 7.88 (4H, d, 3J 8.2, 2 × 2-H and
2 × 6-H of PhSO2); δC(50.3 MHz; CDCl3) 20.2 (q, 2 × 5-
CH3), 33.9 (t), 37.3 (d), 40.9 (t, ArCH2Ar), 43.4 (d), 62.5 (d),
115.2 (d), 123.5 (d), 123.9 (d), 126.2 (d), 126.4 (s), 127.3 (d),
127.5 (s), 129.0 (s 1 d), 129.1 (d), 129.5 (d), 129.9 (s), 133.4
(d), 137.7 (s), 140.7 (s), 144.6 (s), 173.2 (s, 2 × C]]O) and
177.5 (s, 2 × C]]O); m/z (FD) 952 (M1, 100%), 655 (26) and
297 (17).

Compound 11a. Yield 55% (320 mg), mp 155–160 8C (from
light petroleum) (Found: C, 69.49; H, 4.68; N, 6.15.
C38H29N3O6S requires C, 69.60; H, 4.45; N, 6.40%); δH(400
MHz; CDCl3) 2.11 (3H, s, 5-CH3), 2.39 (1H, dd, 2J 15.0 and 3J
6.0, 4-Hα), 2.90 (1H, dd, 2J 15.0 and 3J 1.7, 4-Hβ), 3.32 (1H, pt,
3a-Hβ), 3.94 (2H, s, ArCH2Ar), 4.13 (1H, dd, 3J 8.8 and 3J 5.9,
10b-Hβ), 4.62 (1H, br s, 10a-Hβ), 6.81 (2H, s, olefinic H of
maleimide), 6.87 (2H, d, 3J 7.6, ArH), 6.97 (1H, t, 3J 7.6, ArH),
7.11 (2H, d, 3J 7.9, ArH), 7.15–7.23 (5H, m, ArH), 7.40–7.50
(3H, m, ArH), 7.54 (1H, t, 3J 7, 7-H or 8-H), 7.65 (1H, d, 3J 8.2,
6-H) and 7.90 (2H, d, 3J 7.5, 2-H and 6-H of PhSO2); δC(100.6
MHz; CDCl3) 20.2 (q, 5-CH3), 33.8 (t), 37.2 (d), 41.0 (t,
ArCH2Ar), 43.4 (d), 62.5 (d), 115.2 (d), 123.5 (d), 123.9
(d), 126.1 (d), 126.3 (2 × d), 127.3 (d), 127.4 (s), 129.0 (d),
129.2 (d), 129.3 (s), 129.5 (d), 129.7 (d), 129.8 (s), 133.4 (s),
134.1 (d), 137.4 (s), 140.2 (s), 140.8 (s), 144.5 (s), 169.5 (s, 2 ×
C]]O), 173.3 (s, C]]O) and 177.7 (s, C]]O); m/z (FD) 655 (M1,
100%).

meso-N,N9-Methylenedi-p-phenylenebis(4-methoxy-10-
phenylsulfonyl-1,2,3,3aâ,4,10,10aâ,10bâ-octahydropyrrolo[3,4-
a]carbazole-1,3-dione) 10b and 2-{4-[4-(2,5-dioxo-2,5-dihydro-
1H-pyrrol-1-yl)benzyl]phenyl}-4-methoxy-10-phenylsulfonyl-
1,2,3,3aâ,4,10,10aâ,10bâ-octahydropyrrolo[3,4-a]carbazole-1,3-
dione 11b
A mixture of the two compounds was obtained from 3-
vinylindole 6b (560 mg, 1.78 mmol) and the bismaleimide 4a
(320 mg, 0.89 mmol). The products were separated and puri-
fied by flash column chromatography using gradient light
petroleum–ethyl acetate as eluent (ratio 2 :1 then 1 :1).

Compound 10b. Yield 4% (35 mg), mp 200–203 8C (from light
petroleum–ethyl acetate) (Found: C, 67.22; H, 4.70; N, 5.60;
S, 6.66. C55H44N4O10S2 requires C, 67.05; H, 4.50; N, 5.68; S,
6.51%); δH(200 MHz; CDCl3) 3.63 (6H, s, 2 × OCH3), 3.67 (2H,
pt, 3J 7.9, 2 × 3a-Hβ), 3.82 (2H, s, ArCH2Ar), 4.05–4.12 (4H,
m, 2 × 10b-Hβ and 2 × 4-Hβ), 4.57 (2H, dd, 3J 4.8 and 4J 2.7,
2 × 10a-Hβ), 6.11 (2H, br s, 5-H), 6.92–7.08 (6H, m, ArH),
7.17–7.24 (4H, m, ArH), 7.44–7.61 (12H, m, ArH) and 7.90
(4H, d, 3J 7, 2 × 2-H and 2 × 6-H of PhSO2); δC(50.3 MHz;
CDCl3) 39.7 (d), 40.9 (t, ArCH2Ar), 41.0 (d), 42.7 (d), 58.0 (q,
2 × OCH3), 60.8 (d), 115.3 (d), 116.1 (d), 121.2 (d), 124.1 (d),
125.8 (s), 126.2 (d), 127.3 (d), 129.1 (s), 129.2 (d), 129.4 (d),
129.5 (s), 129.7 (s), 130.8 (d), 133.5 (d), 135.6 (s), 145.3 (s), 172.2
(s, 2 × C]]O) and 172.6 (s, 2 × C]]O); m/z (FD) 984 (M1, 3%),
810 (10), 636 (100) and 313 (1).

Compound 11b. Yield 16% (95 mg), mp 157–160 8C (from
light petroleum–ethyl acetate) (Found: C, 68.24; H, 4.31; N,
5.95. C38H29N3O7S requires C, 67.94; H, 4.35; N, 6.25); δH(400
MHz; CDCl3) 3.63 (3H, s, OCH3), 3.67 (1H, pt, 3J 7.9, 3a-Hβ),
3.91 (2H, s, ArCH2Ar), 4.08–4.17 (2H, m, 10b-Hβ and 4-Hβ),
4.58 (1H, dd, 3J 4.8 and 4J 2.7, 10a-Hβ), 6.11 (1H, dd, 3J 5.8 and
4J 2.9, 5-H), 6.79 (2H, s, olefinic H of maleimide), 6.95–7.00
(3H, m, ArH), 7.10 (2H, d, 3J 8.2, ArH), 7.22–7.30 (6H, m,
ArH), 7.43 (2H, m, ArH), 7.54 (1H, t, 3J 7, 7-H or 8-H), 7.61
(1H, d, 3J 8.1, 6-H) and 7.89 (2H, d, 3J 7.8, 2-H and 6-H of
PhSO2); δC(100.6 MHz; CDCl3) 39.7 (d), 41.0 (d), 41.1 (t,
ArCH2Ar), 42.8 (d), 58.0 (q, OCH3), 60.8 (d), 115.3 (d), 116.2
(d), 121.2 (d), 124.1 (d), 125.8 (s), 126.1 (2 × d), 126.3 (d), 127.3
(d), 129.3 (d), 129.4 (d), 129.6 (d), 129.8 (s), 130.8 (d), 133.6 (s),
134.1 (d), 135.5 (s), 137.5 (s), 140.3 (s), 140.7 (s), 145.2 (s), 169.5
(s, 2 × C]]O), 172.3 (s, C]]O) and 172.7 (s, C]]O); m/z (FD) 671
(M1, 22%), 506 (13), 493 (20), 464 (54), 450 (100), 436 (61), 422
(47), 408 (62), 380 (25) and 312 (9).

meso-N,N9-Methylenedi-p-phenylenebis(4-methoxycarbonyl-10-
methyl-1,2,3,3aâ,4â,5,10aâ,10bâ-octahydropyrrolo[3,4-a]-
carbazole-1,3-dione) 12
This compound was obtained from 3-vinylindole 6c (383 mg,
1.78 mmol) and the bismaleimide 4a (320 mg, 0.89 mmol). The
product was purified by flash column chromatography using
gradient light petroleum–ethyl acetate as eluent (ratio 2 :1 then
1 :1); yield 27% (189 mg), mp 185 8C (from methanol) (Found:
C, 71.38; H, 5.24; N, 7.19. C47H40N4O8 requires C, 71.56; H,
5.11; N, 7.10%); δH(200 MHz; CDCl3) 2.86–3.05 (4H, sa, 2 ×
5-Hα and 2 × 5-Hβ), 3.26–3.31 (2H, m, 2 × 4-Hβ), 3.83 (6H,
s, 2 × NCH3 or 2 × OCH3), 3.93 (8H, br s, ArCH2Ar and
2 × NCH3 or 2 × OCH3), 4.28 (2H, dd, 3J 8.2 and 3J 4, 2 × 3a-
Hβ), 4.53 (2H, d, 3J 8.2, 2 × 10b-Hβ), 7.10–7.29 (14H, m, ArH)
and 7.54 (2H, d, 3J 7.5, 2 × 6-H); δC(50.3 MHz; CDCl3) 29.6 (t),
31.0 (q, 2 × NCH3), 39.6 (d), 40.6 (d), 40.9 (t, ArCH2Ar), 43.1
(d), 52.3 (q, 2 × OCH3), 109.4 (d), 110.3 (s), 118.5 (d), 119.5 (d),
122.5 (d), 125.9 (s), 126.3 (d), 127.4 (s), 129.6 (d), 134.1 (s),
138.1 (s), 140.9 (s), 172.4 (s, C]]O), 173.9 (s, C]]O) and 175.2 (s,
C]]O); m/z (FD) 788 (M1, 100%), 519 (45) and 394 (16).

Computational methods
Input geometries of compounds 9a and 10a for semiempirical
quantum chemistry calculations were derived from SYBYL
6.03 17 using the option BUILD MOLECULE and the TRIPOS
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force field MAXIMIN2 for minimizing on a VAX station 4000/
90. These conformations were then quantum mechanically min-
imized by using the keyword XYZ, and furthermore with VECT
PRECISE, using a dec8400 5/300 (Zentrum für Datenverarbei-
tung, University of Mainz). The AM1 hamiltonians in the
MOPAC version 6.0 were used.18 The quality and precision of
the application of the AM1 method to anellated carbazole
heterocycles has been documented by us.19
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