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Abstract

The design, synthesis and biological evaluation (anticancer and antimalarial activity) of bis-B-
carbolines, based on the structure of the naturally occurring alkaloid neokauluamine, is described.
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The structurally complex dimeric manzamine alkaloid neokauluamine 1 (Figure), isolated by
Hamann and coworkers, exhibits cytotoxicity against human lung and colon carcinoma cells,
and is also significantly more active against parasitemia (P. berghei) in mice than either
chloroquine or artemesinin.? Extensive precedent exists for the biological activity of -
carboline containing natural products, including manzamine A, 2.2 Notably, Coldham has
recently reported that structurally simplified analogs of 2 containing the 3-carboline moiety
retain significant biological activity,3 highlighting the importance of the f-carboline moiety
for biological potency.
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The dimeric structure of 1 can be viewed as a complex scaffold for the orientation of two f3-
carboline units with a ca. 13.8 A distance. The enormous importance of polyvalent
interactions in biology,* and our recent work with bisaminoquinolines that function as
potent inhibitors of autophagy,® suggested that designed B-carboline dimers with similar
distances between the two p-carboline moieties could display important biological activity.®
We describe herein the design, synthesis and initial biological evaluation of such dimers that
demonstrate potent anticancer and antimalarial activity.

While the published structure of neokauluamine, determined through NMR analysis, did not
assign the stereochemistry at C-30’, C-31’, and C-34’, molecular modeling at the level of
MMFF (SPARTAN v. 10.0, Wavefunction, Inc.) of each of the possible diastereomers
revealed that the distance between the two p-carboline moieties is ca. 13.8 A for each of the
possible diastereomers. We reasoned that replacement of the dimeric manzamine core
structure with simple linkers could be used to establish comparable distances between the -
carboline heterocycles. The appropriate linker lengths were established using ChemBio3 Pro
13.0 to calculate the lengths of the extended conformations of two commercially available
diamines 6 and 8, the structures of which are shown in the Figure. The B-carboline dimers
were prepared by reductive amination’ of linkers 6 and 8 with 1-formyl-B-carboline 5,8 as
outlined in the Scheme. Partial conversion to dimers, 3° and 419, respectively, led to the
concomitant formation of monomeric p-carbolines 711 and 912, which serve as important
control compounds to test the importance of the dimeric structures for biological activity.

Cytotoxicity assays were performed against two cancer cell lines, H1299 (lung) and A375
(melanoma), for which sensitivity to B-carbolines containing structures has been established
by Coldham and others,3 as well as IMR90 (normal lung fibroblast). The results are
summarized in Table 1. We find that the dimeric -carbolines 3 and 4, which are comparable
in potency to both neokauluamine 1 and manzamine A 2, are ca. 10x more potent than the
monomeric B-carbolines 7 and 9. A significant difference was also observed in the
selectivity of these dimeric compounds for cancer vs. non-cancer cells. As indicated in Table
1, the selectivity index (SI) was ca. 8x greater for the dimeric compounds vs. the monomeric
ligands against both cell lines.

We have further found that dimeric compounds 3 and 4 that we have prepared are
comparable in their antimalarial potency to manzamine A 2 against Mycobacterium
tuberculosis (H37Rv) and significantly more active than the corresponding monomeric
ligands 7 and 9. Similar differences in antibacterial activity were observed between dimeric
and monomeric B-carbolines against S aureus, MRS, E. coli and M intracellulare. The only
system that we examined for which this trend did not hold was P. aeruginosa.

In summary, inspired by the unique structure and interesting biological activities of
neokauluamine, we have prepared simple dimeric B-carbolines that are significantly more
potent against both cancer and malarial cell lines than the corresponding monomeric ligands.
Our results are consistent with the importance of multivalency in biological systems. Further
studies to understand the bases for these differences and the specificity of the relevant
interactions are currently underway in our laboratory and our results will be reported in due
course.
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Figure.
Structures of Neokauluamine 1, Manzamine A 2, and Bis-p-Carboline Dimers 3 and 4
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Synthesis of Monomeric and Dimeric p-Carboline Analogues
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