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Concise Synthesis of the Cell Cycle Inhibitor Demethoxyfumitremorgin C
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Abstract: Reaction of the imine derived from L-tryptophan methyl ester and senecialdehyde with Fmoc-L-Pro-Cl induces an
acyliminium Pictet-Spengler condensation, yielding a mixture of cis and trans tetrahydro-B-carbolines. Deprotection of the cis
product with concomitant diketopiperazine formation afforded the natural product in 20 % overall yield.
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Recently, Osada et al. developed' a bioassay for the discovery of mammalian cell cycle inhibitors. Using this
method, they identified’ a series of diketopiperazines from the fermentation broth of Aspergillus fumigatus BM939.
These alkaloids include demethoxyfumitremorgin C (1) and the previously known fumitremorgin C (2), together with
their plausible biogenetic precursors tryprostatin B (3) and tryprostatin A (4). Syntheses of the tryprostatins have
since appeared.” We focused our attention on 1, the most biologically active member of this series (IC,, values for 1-4
are 0.45, 4.1, 4.4, and 16.4 pM respectively), and here wish to report a concise synthesis.

1 R=H 3 R=H
2 R=0OMe 4 R=0Me

Prior to its isolation as a natural product, 1 was prepared’ by O’Malley and Cava in 1987, as a model for the
tremorgenic mycotoxin® fumitremorgin C (2). They employed a chloroformate induced Pictet-Spengler condensation®
to give a 2:1 mixture of tetrahydro-B-carbolines. The minor isomer was carried forward to 1 in a total of six steps.
Later, the groups of Nakagawa and Hino' as well as Bailey' also synthesized 1. These routes used a masked
senecialdehyde in the Pictet-Spengler reaction, resulting in higher yields. However, subsequent generation of the
prenyl side chain resulted in alkene mixtures.

In our synthesis (Scheme 1), we have succeeded in using the direct combination of senecialdehyde and proline
in the Pictet-Spengler reaction, enabling rapid assembly of the natural product. Reaction of L-tryptophan methy! ester
and senecialdehyde in trimethyl orthoformate’ generated imine §. The crude imine was treated with Fmoc-L-Pro-C1"
to afford a 1.4:1 mixture of the cis tetrahydro-B-carboline 6 and the trans diastereomer 7. Interestingly, in a recent
study' with tryptamine, Pictet-Spengler products were not observed with o,B-unsaturated imines. The ratio of
products in our cyclization is also noteworthy. In an earlier example'” with isovaleraldehyde and L-Cbz-Pro-Cl, the
trans epimer predominated. The difference may be due to our use of the more bulky Fmoc group.

The tetrahydro-B-carbolines 6 and 7 were readily separated'* by chromatography and subjected to removal of
the Fmoc group with simultancous diketopiperazine cyclization,” yielding the natural product 1 and its epimer 8
respectively. Synthetic demethoxyfumitremorgin C was identical (TLC, mp, 'H and ’C NMR) to an authentic sample,
and had an optical rotation of [a]”, = +16.4° (¢ 0.14, CHC),), lit: natural™ {o]*, = +8.0° (¢ 0.2, CHCL,), synthetic’
fa]‘, = +19.1° (¢ 0.11, CHCl)). We are presently optimising the conditions of our acyliminium cyclization and
applying it to the synthesis of analogues for biological evaluation.
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Fmoc-L-Pro-Cl (1.1 eq),
pyridine (2 eq), CH,Cl,,
0°C1h nt6.5h

(CH,),C=CH-CHO,
HC(OMe),

20 % piperidine in CH,Cl,,
it 30 min

6 o-H, 27 % 10-H 75 %
78-H,19% 8 B-H, 80 %
Schame 1
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