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Synthesis of a Calothrixin B Isomer with a Novel 7H-Indolo[2,3-j]phenanthri-
dine-7,13(8H)-dione Structure
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Abstract: Synthesis of an N-protected 2-bromo-1H-carbazole-
1,4(9H)-dione is reported for the first time. We took full advantage
of the high polarization and electrophilic properties of this new
compound to engage it in a regioselective hetero-Diels–Alder reac-
tion. The resultant cycloadduct was next transformed to an isomer
of the naturally occurring calothrixin B displaying a new 7H-indo-
lo[2,3-j]phenanthridine-7,13(8H)-dione structure.

Key words: 2-bromo-1H-carbazole-1,4(9H)-dione, hetero-Diels–
Alder reaction, 7H-indolo[2,3-j]phenanthridine-7,13(8H)-dione,
calothrixin B isomer

Calothrixins A and B (1a, 1b; Figure 1) were first report-
ed in 1999 as antiproliferative agents from the strains of
Calothrix cyanobacterium (a blue-green alga) and shown
to have an indolo[3,2-j]phenanthridine core structure on
the basis of their spectroscopic data.1 Owing to their bio-
logical properties and their unusual structure, there has
been much interest in these alkaloids and several total
syntheses have recently appeared.2 As part of an ongoing
research project in the quest for novel analogues to im-
prove the spectrum of activity of these alkaloids, we be-
came interested in the synthesis of the calothrixin B
isomer 2 which features a 7H-indolo[2,3-j]phenanthri-
dine-7,13(8H)-dione structure. To the best of our knowl-
edge such a structure has not yet been synthesized;
however, two examples of the preparation of the 12H-in-
dolo[3,2-j]phenanthridine ring 3 have been already re-
ported, one based on an electrocyclization reaction,3 the
other on a Diels–Alder cycloaddition–lactamization se-

quence.4 It may be added that the same motif can be found
embedded in a structurally more complex orange dye.5

The most salient feature of our calothrixin B synthesis2d,g

was a fully regioselective hetero-Diels–Alder cycloaddi-
tion between a 3-bromo-1H-carbazole-1,4(9H)-dione 4
and the ‘push–pull’ diene 5. By analogy, we thus thought
that a similar strategy based on the cycloaddition reaction
of a 2-bromo-1H-carbazole-1,4(9H)-dione 6 with diene 5
would be well suited to reach the targeted calothrixin iso-
mer 2. Herein, we describe the synthesis of the yet un-
known dienophiles 6a and 6b and the transformation of
6b to 2 following the retrosynthetic plan shown in
Scheme 1.

Our initial approach to 2 is outlined in Scheme 2, where a
benzyl protecting group had been chosen to temporarily
mask the indole nitrogen atom. As shown in Scheme 2,
compound 6a was easily prepared from the 9-benzyl-9H-
carbazol-4-ol (8), itself prepared in a three-step sequence
from the commercially available carbazole (7).2d Its reac-
tion with diene 5 led to the expected addition product 10
in 73% yield. Although the transformation of this adduct
to compound 13 could be accomplished uneventfully fol-
lowing a route, which, at the same time, proved successful
to prepare the N-benzyl-protected calothrixine B,2d efforts
to deprotect the indole nitrogen atom to give 2 in practical
yield remained unfruitful.

Because of this failure, we were led to reconsider the
choice of the indole nitrogen protecting group and we
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thought that a more labile Cbz group could be a useful al-
ternative to the initially chosen benzyl group. The synthe-
sis of the new key intermediate 6b was first envisaged
following a reaction sequence similar to that we used for
the preparation of 6a (Scheme 3). Thus, the benzyl 4-hy-
droxy-9H-carbazole-9-carboxylate (14), prepared from
carbazole (7),2g was first oxidized to the benzyl 1,4-dioxo-
1,4-dihydro-9H-carbazole-9-carboxylate (15) by expo-
sure to phenyliodoso trifluoroacetate in aqueous acetoni-
trile. Bromination of 15 led to the expected formation of
the dibromo adduct 16. However, and in sharp contrast
with its N-benzyl analogue, subsequent efforts to achieve
a regioselective b-elimination of HBr met with little suc-
cess. Indeed, irrespective of the conditions used to effect

this transformation, all attempts led to mixtures of 4b and
6b in ratios ranging from 1:1 to ca. 1:2.6

Consequently, we turned our attention to an alternative
strategy involving bromination of the N-Cbz-protected
9H-carbazol-1-ol 21. Scheme 4 outlines our successful
approach to this compound. First of all, N-Cbz protection
of the 2,3,4,9-tetrahydro-1H-carbazol-1-one (18), effi-
ciently prepared from 4-(1H-indol-3-yl)butanoic acid
(17),7 afforded compound 19 which was next fully arom-
atized following a two-step procedure to give the required
21 via the seleno intermediate 20. Finally, when submitted
to the Grunwell reaction conditions,8 21 led to the re-
quired 6b9 (33% overall yield) whose structure was fully
ascertained by a single crystal X-ray analysis10 (Figure 2).
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Proceeding on to reach the targeted 2 we next reacted 6b
with diene 5. After heating in chloroform at 50 °C for 18
hours, the 3,4-dihydro-2H-indolo[2,3-j]phenanthridine-
1,7,13(8H)-trione (22)11–14 could be isolated in 70% yield
(Scheme 5). It is noteworthy that cleavage of the N-Cbz
protecting group occurred in the course of the reaction.15

The final steps of the synthesis were accomplished as
shown in Scheme 5. Chemoselective O-triflation provid-
ed enol triflate 23 along with phenol triflate 24. Treatment
of this mixture with DDQ afforded 24 in 55% overall
yield. Finally, reduction of triflate 24, following the pro-
cedure reported by Cacchi et al.,16 provided the calothrix-
in isomer 2.17

In conclusion, a synthesis of a calothrixin B isomer, fea-
turing a new 7H-indolo[2,3-j]phenanthridine-7,13(8H)-
dione structure, has been achieved in 11 steps and in ca.

5.5% global yield. The most salient features of this syn-
thesis include a hetero-Diels–Alder reaction to assemble
the five-ring framework of the molecule and the prepara-
tion and use of a new 2-bromo-1H-carbazole-1,4(9H)-di-
one dienophile protected by an easily removed N-Cbz
group. Preliminary evaluation of in vitro cytotoxic effects
against MCF-7 and KB human cancer cell lines were real-
ized for compounds 10 and 13. It is interesting to note that
compound 13 displays an activity of the same order as that
showed by its N-benzyl calothrixin B isomer (IC50 ≈ 0.1
mM) and that both 10 and 13 display a similar activity.
Moreover, compound 10 and its N-debenzylated analogue
are equally cytotoxic, the same being true for the corre-
sponding calothrixin B synthetic intermediates. It thus ap-
pears that deprotection of the indole nitrogen and full
aromatization of the Diels–Alder adducts are not key
transformations to get significant cytotoxicities.

Scheme 3 Reagents and conditions: (i) PhI(OCOCF3)2 (3 equiv), MeCN–H2O, 1 h, 20 °C, 84%; (ii) Br2 (1 equiv), AcOH, 20 min, 20 °C then
ice-water and filtration of the precipitate (→ 16), quant.; (iii) see ref. 6.
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(17) 8H-Indolo[2,3-j]phenanthridine-7,13-dione (2): red solid; 
mp >350 °C. 1H NMR (300 MHz, DMSO): d = 7.35 (t, J = 
7.2 Hz, 1 H, HAr), 7.43 (t, J = 7.2 Hz, 1 H, HAr), 7.56 (d, J = 
8.4 Hz, 1 H, HAr), 7.81 (t, J = 7.6 Hz, 1 H, HAr), 7.91 (t, J = 
7.6 Hz, 1 H, HAr), 8.10 (d, J = 8.4 Hz, 1 H, HAr), 8.20 (d, J = 
8.0 Hz, 1 H, HAr), 9.50 (s, 1 H, H-6), 9.65 (d, J = 8.4 Hz, 1 
H, HAr), 13.10 (br s, 1 H, NH). 13C NMR (75 MHz, DMSO): 
d = 114.0 (CHAr), 118.5 (quaternary C), 122.3 (CHAr), 123.0 

(quaternary C), 124.0 (2 × quaternary C), 124.3 (CHAr), 
127.1 (CHAr), 127.9 (CHAr), 129.7 (CHAr), 129.9 (CHAr), 
131.8 (CHAr), 134.1 (quaternary C), 135.4 (quaternary C), 
138.4 (quaternary C), 146.9 (CHAr), 151.8 (quaternary C), 
177.6 (C-7), 186.7 (C-13). FT-IR (KBr): 3444, 1659, 1535 
cm–1. MS (EI, 70 eV): m/z (%) = 298 (100) [M+], 270 (55), 
242 (26), 241 (26), 214 (38). HRMS (EI): m/z calcd for 
C19H10N2O2: 298.0742; found: 298.0743.
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