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A new method for the synthesis of the marine alkaloid fascaplysin has been developed via a simple and
practical approach to pyrido[1,2-a:3,4-b’]diindole ring system formation. Conversion of the marine alka-
loid homofascaplysin C into fascaplysin is also described.
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The pentacyclic pyrido[1,2-a:3,4-b’']diindole system (1) forms
the basis of a number of marine alkaloids, including the well
known red pigment fascaplysin (2) from the marine sponge Fasca-
plysinopsis Bergquist sp. (Fig. 1).! This compound has a broad range
of biological activity, and in particular, it demonstrates the selec-
tive inhibition of cyclin-dependent kinase 4, which regulates the
Go-G1/S checkpoint of the cell cycle.> Owing to this fact, fascaply-
sin can be used as a lead compound for creating novel anticancer
drugs. Several methods to prepare fascaplysin have been described
in the literature.* We report herein two variations on the synthesis
of fascaplysin based on a common approach, which we previously
elaborated for heterocyclic system 1.> One of variants includes an
efficient one-step conversion of the marine alkaloid homofascaply-
sin C (3) into fascaplysin.

Earlier we reported a simple and efficient synthesis of the mar-
ine alkaloid homofascaplysin C.° This method was based on forma-
tion of the pyrido[1,2-a:3,4-b'|diindole system by in situ Fischer
cyclization between indoloketone 4a and phenylhydrazine
(Scheme 1).° Intermediate 5a was converted into target compound
3 in one step using 2,3-dichloro-5,6-dicyanobenzoquinone (DDQ)
as the oxidizing agent.

To obtain fascaplysin via this strategy we started with unsubsti-
tuted indoloketone 4b, the synthesis of which was described in the
literature.” Our attempts to obtain the product of Fischer cycliza-
tion without isolation of the corresponding phenylhydrazone 6
failed under various conditions, however, the isolation of the inter-
mediate phenylhydrazone 6 did not cause any difficulties. In the
next stage, most standard conditions were ineffective because
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Figure 1. Structures of pyrido[1,2-a:3,4-b’|diindole (1) and its natural representa-
tive fascaplysin (2).

the rearrangement was either incomplete or was accompanied
by resinification of the reaction mixture. We were able to synthe-
size compound 5b using p-toluenesulfonic acid in benzene, in 60%
yield.® Dehydrogenation of compound 5b was performed over Pd/C
in preparative yield. The main spectral characteristics of the ob-
tained product were identical to those of compound 1 presented
in the literature.*® Oxidation of compound 1 to fascaplysin was also
described in that article.*® Thus, fascaplysin can be synthesized in
seven steps from commercially available ethyl indole-2-carboxyl-
ate in 17% overall yield.

To minimize the losses in the conversion of 4b into 5b we decided
to employ a one-step process to convert4a into 5a via removal of the
methyl by oxidation to a carboxyl group and decarboxylation. Thus
we could realize the conversion of homofascaplysin C (3) into fasca-
plysinin one step through Baeyer-Villiger rearrangement under the
action of meta-chloroperoxybenzoic acid (m-CPBA).°

In the second variant of our method fascaplysin was obtained in
five steps starting from readily available 3-methylindole in 18%
overall yield. This new method for the synthesis of fascaplysin
should enable the preparation of a wide range of fascaplysin deriv-
atives from readily available phenylhydrazines and opens up fresh
opportunities for detailed SAR studies of these potentially bioac-
tive compounds.
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Scheme 1. Reagents and conditions: (a) Ph—-NH-NH,-HCl, EtOH, rt, 2 h; (b) TsOH, PhH, A, 20 min; (c) Ph-NH-NH,-HCl, AcOH, A, 4 h; (d) DDQ, 1,4-dioxane, A, 2 h; (
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(EtOCH,CH,),, A, 6 h; (f) m-CPBA, EtOAc, rt, 24 h; (g) CH3COsH, MeOH, 0 °C, 45 min (Ref. 4a).
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(5b).  Phenylhydrazone 6
(500 mg, 1.8 mmol) was added to a solution of TsOH-H,0 (1.0 g, 5.4 mmol) in
8 mL of dry benzene. The reaction mixture was refluxed for 30 min, then cooled
and diluted with benzene (20 mL), washed with aq. NaHCO3 (3 x 30 mL), and
dried over Na,SO,4. The solvent was evaporated under reduced pressure. The
crude product, after recrystallization from hexane/toluene, gave 5b (278 mg,
60%). The main spectral characteristics of 5b were identical to those described in
the literature.** These conditions for Fischer rearrangement were first proposed
in the publication: Murakami, Y.; Yokoyama, Y.; Miura, T.; Hirasawa, H.;
Kamimura, Y.; Izaki, M. Heterocycles 1984, 22, 1211-1215.

A mixture of
homofascaplysin C (71 mg, 0.25 mmol) and m-CPBA (130 mg, 0.75 mmol) in
EtOAc (4 mL) was stirred at room temperature for 24 h. The reaction mixture
was washed with H,0 (3 x 10 mL) and acidified with hydrochloric acid. The
combined aqueous layer was extracted with EtOAc (3 x 3mlL) and then
evaporated under reduced pressure to give 2 as a red powder (52 mg, 67%);
the main spectral characteristics of which were identical to those of fascaplysin.
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