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Abstract We describe a convergent route to 5,11-dihydroindolo[3,2-
b]carbazoles using a twofold oxidative cyclization as key step. The
method has been applied to the synthesis of a precursor for malassezi-
azole A and to the first total synthesis of malasseziazole C.
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The human lipophilic yeast Malassezia furfur is believed
to be one of the fungi which in their pathogenic mycelial
form cause the common skin disease pityriasis versicolor, a
fungal infection leading to mild inflammation of the skin
and characteristic colored lesions.! Steglich et al. described
the isolation and structural elucidation of eleven new alka-
loids from cultures of Malassezia furfur, among them the
malasseziazoles A-C (1-3) and pityriazole (4, Figure 1).2
These compounds were shown to be tryptophan metabo-
lites generated via indol-3-ylpyruvate and some of them
may be involved in the pathogenesis of pityriasis versicol-
or.2 The structural variety and the broad range of biological
activities of carbazole alkaloids have been extensively in-
vestigated.*> Also the chemistry of indolocarbazoles has
been studied in detail.>® However, till 2002 all indolocarba-
zole alkaloids isolated from nature were limited to indo-
lo[2,3-a]carbazole derivatives.>®>< Thus, the compounds 1-
4 found by Steglich et al. are structurally unique, as the
malasseziazoles A-C (1-3) represent the first 5,11-dihy-
droindolo|[3,2-b]carbazole alkaloids and pityriazole (4) is
the first 1-(indol-3-yl)carbazole isolated from natural
sources.
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Figure 1 Malasseziazoles A-C (1-3) and pityriazole (4)

Bergman et al. have developed synthetic routes to 5,11-
dihydroindolo[3,2-b]carbazoles.52<’-°  511-Dihydroindo-
lo[3,2-b]carbazole-6-carbaldehyde and 5,11-dihydroindo-
lo[3,2-b]carbazole-6,12-dicarbaldehyde are formed by pho-
tolysis of a tryptophan solution and represent strongly
binding ligands for the aryl hydrocarbon receptor.!® Berg-
man’s group reported efficient syntheses of both com-
pounds.”8

Previously, we have already reported the first total syn-
thesis of pityriazole (4).1" In the present paper,'? we de-
scribe an approach to a potential precursor for the synthe-
sis of malasseziazole A (1) and the first total synthesis of
malasseziazole C (12-formyl-5,11-dihydroindolo[3,2-b]car-
bazole-6-carboxylic acid) (3).
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Scheme 1 Retrosynthetic analysis of malasseziazole A (1)

The synthetic plan for malasseziazole A (1) is based on
our well-established palladium-catalyzed synthesis of car-
bazoles.'>'* Key feature of our approach is a bidirectional
indole annulation, which was applied earlier to the synthe-
sis of indolo[2,3-b]carbazole from m-phenylenediamine via
our iron-mediated synthesis.!> Thus, malasseziazole A (1)
should be formed by twofold palladium(II)-catalyzed oxi-
dative cyclization of 2',5'-bis(phenylamino)acetophenone
(5) followed by oxidation of the acetyl side chain to an a-
keto acid (Scheme 1). Compound 5 could derive from dou-
ble Buchwald-Hartwig coupling of the 2',5'-disubstituted
acetophenone 6 with aniline (7). In a model study, we
achieved the oxidation of acetophenone (8) to the corre-
sponding a-keto acid 9 in high yield following the proce-
dure reported by Zhang et al. (Scheme 2).16
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Scheme 2 Oxidation of acetophenone (8) to 2-oxo-2-phenylacetic acid

(9). Reagents and conditions: (a) SeO, (2 equiv), pyridine, 120 °C,
18 h, 83%.

The palladium(0)-catalyzed Buchwald-Hartwig cou-
pling of 2',5'-dichloroacetophenone (6a) with 2.1 equiva-
lents of aniline in the presence of catalytic amounts of
SPhos!’ as ligand led to 2’,5'-bis(phenylamino)acetophe-
none (5)'8 in high yield (Scheme 3). The Buchwald-Hartwig
amination of the 2',5'-bistriflate 6¢, which is readily pre-
pared from the corresponding 2',5'-dihydroxy compound
6b (3 equiv Tf,0, 6 equiv 2,6-lutidine, CH,Cl,, -15 °C to r.t.,

16 h, 81% 6¢), provided compound 5 in only moderate yield.
The oxidative cyclization of 5 under the conditions previ-
ously applied''!® led to the 6-acetyl-5,11-dihydroindo-
lo[3,2-b]carbazole (10, 12% yield)?° along with the monocy-
clized product 11 (23% yield)?! and starting material. The
fact that only one regioisomeric monocyclized product was
formed as byproduct has been ascribed to an acetyl-direc-
ted palladation generating an acetyl-coordinated palladi-
um(Il) complex.?? Subsequent reductive elimination leads
to the 4-acetyl-substituted carbazole derivative 11, which
on further cyclization provides compound 10. An optimiza-
tion of this oxidative cyclization is still being explored.

Scheme 3 Synthesis of the 5,11-dihydroindolo[3,2-b]carbazole 10. Re-
agents and conditions: (a) aniline (7, 2.1 equiv), Pd(OAc), (10 mol%),
SPhos (20 mol%), Cs,CO; (2.1 equiv), toluene, reflux, 2 d, 77%; (b)
Pd(OAC), (30 mol%), K,CO; (30 mol%), PivOH, 85 °C, air, 19 h, 12% 10,
23%11,21%5.

For the first total synthesis of malasseziazole C (3), we
decided to follow the route described by Bergman et al. for
the synthesis of 6,12-disubstituted indolo[3,2-b]carba-
zoles.® Condensation of diethyl cyclohexane-1,4-dione-2,5-
dicarboxylate (12) with an excess of aniline (7) afforded di-
ethyl 2,5-bis(phenylamino)terephthalate (13) as reported
by Liebermann more than a century ago (Scheme 4).23 Our
original conditions for the palladium(II)-catalyzed oxidative
cyclization [30 mol% Pd(OAc),, 5 equiv Cu(OAc), AcOH,
microwave, 130 °C, 3 h],>* provided the desired diethyl
5,11-dihydroindolo|[3,2-b]carbazole-6,12-dicarboxylate (14)
in only 38% yield along with 28% of the monocyclized prod-
uct and 27% of starting material. The conditions first de-
scribed by Akermark et al. for the cyclization of electron-
deficient diarylamines (two equivalents of palladium(II) ac-
etate in acetic acid at 100 °C),%>%6 afforded compound 14 in
69% yield. The selective reduction of 14 described by Berg-
man et al.? led to the monoalcohol 15 in 92% yield. Oxida-
tion of the monoalcohol 15 using 2,3-dichloro-5,6-dicyano-
1,4-benzoquinone (DDQ) afforded the monoaldehyde 16.8%7
Finally, ester cleavage of 16 provided quantitatively malas-
seziazole C (3),%8 which is identical to the natural product
according to its spectroscopic data.?
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Scheme 4 Synthesis of malasseziazole C (3). Reagents and conditions:
(a) aniline (7, 2.4 equiv), AcOH, 100 °C, air, 12 h, 96%; (b) Pd(OAc), (2.2
equiv), AcOH, 100 °C, 3 h, 69%; (c) LiAlH, (2.0 equiv), THF, 0 °C, 30 min,
92%; (d) DDQ (1.3 equiv), 1,4-dioxane, r.t., 2 h, 92%; (e) KOH (100
equiv), EEOH-H,0 (1:1), reflux, 30 min, 100%.

Saponification of compound 14 afforded 5,11-dihy-
droindolo|3,2-b]carbazole-6,12-dicarboxylic acid (17) in
high yield (Scheme 5).2° The diacid 17 should have a better
solubility in water, which would be advantageous for pro-
jected bioactivity studies. Moreover, as a potential oxida-
tion product of malasseziazole C (3), compound 17 could
also be a natural product.

14 17

Scheme 5 Synthesis of 5,11-dihydroindolo[3,2-b]carbazole-6,12-di-
carboxylic acid (17). Reagents and conditions: (a) KOH (100 equiv),
EtOH-H,0 (1:1), reflux, 1 h, 86%.

In conclusion, using a bidirectional indole annulation as
the key step, we have achieved an approach to the 5,11-di-
hydroindolo[3,2-b]carbazole alkaloid malasseziazole A (1).
Moreover, we have completed the first total synthesis of
malasseziazole C (3) thus confirming the structural assign-

ment for this natural product. Via the present route, malas-
seziazole C (3) is available in five steps and 56% overall yield
based on cheap commercial starting materials.
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