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SYNTHETIC STUDIES TOWARDS CYSTODYTIN A: THE PREPARATION OF NOVEL
CYSTODYTIN CONGENERS

Marco A. Ciufolini* and Norman E. Byrnet
Department of Chemistry, Rice University, P.O. Box 1892, Houston, Texas 77251

ABSTRACT: A sequence involving a modified Knoevenagel-Stobbe pyridine synthesis, and an
unusual intramolecular reaction between a quinone and an azide, permits expeditious
assembly of the ring system of the cystodytin alkaloids.

Cystodytin A, 1, is a cytotoxic alkaloid isolated from the tunicate, Cystodytes dellechiajei
(Della Valle).2 Tts novel ring system and its intriguing biological activity renders it particularly
appealing both as a target for total synthesis, and as candidate for pharmacological evaluation.
Cystodytins share architectural similarilies with other recently discovered marine natural
products incorporating highly condensed polyeyclic heteroaromatic skeleta, some of which
attain a considerable degree of complexity.3 Interest in cystodytin A and in its relatives is
reinforced, of course, by the recent discovery that many quinones, particularly heterocyclic ones,
inhibit reverse transcriptase:? questions concerning possible antiretroviral activity of the new
heterocycles therefore emerge. Significant quantities of these quinones are necessary for
bicassay and for analogue work, but given the scarcity of the compounds in their natural
sources, totally synthetic materials are clearly needed. Herein, we describe technology for the
preparation of novel substances that incorporate the complete ring system of 1. Our approach
should be of considerable usefulness in the synthesis of complex polycyelic structures of the type
found in the new natural products.
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The numerous difficulties posed by the construction of the quinoid framework of cystodytins
are alleviated to a considerable degree by the implementation of a strategy based on our recently
described modification of the Knoevenagel-Stobbe pyridine synthesis.5 Specifically, a process of
symmetrization identified ketone 2 as the starting material.8 Double aldol condensation with 2 -
azidobenzaldehyde? in agueous medium® provided 3, m. p. 129-131 °C, which upon acetylation
formed 4, m. p. 98.5-100° C, in 88 % overall yield. Unlike an ordinary aliphatic enone,?5 4
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combined easily with ethyl vinyl ether, giving alkoxydihydropyrans 5.102 The stereochemistry of
the newly formed pyran ring was determined to be cis (NMR), suggesting that 5 had arisen
from an endo-cyclocondensation 102 The ¢ycloadducts are recognized as latent forms of 1,5-
dicarbonyl compounds: such equivalence became manifest upon exposure of 5 to hydroxylamine
hydrechloride in refluxing acetonitrile, whereupon clean conversion to pyridine 610b gecurred
(52 % overall vield). It is noteworthy that in this sequence a vinyl ether is utilized as the synthetic
equivalent of the enolate of acetaldehyde. Clearly, any "classical” synthetic scheme involving
such reactive intermediate in an expressed form would be fraught with severe difficulties.

a. 10 % aq. NaOH, EtOH, 0 °C; h. Acy0, pyridine, 88 % overall a-b; ¢. CHo=CH-OE{, (CH201)2, Yb(fod)g, reflux, 68
%; d. HO-NH3+ CI-, MeCN, reflux, 77 %.

Ozonolytic cleavage of the surviving benzylidene group afforded ketone 7,10b gbtained in 76 %
vield after a rough chromatography (the first one in the entire scheme). Aromatization of 7 was
smoothly achieved by a two-step sequence involving enol acetate formation and treatment with

DDQ. Selective removal of the phenolic acetate from 8 yielded 9 in 56 % yield over three steps.
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a. 03, MeOH, -78 °C, then MeyS, 76 %; b. isopropenyl acetate, cat. TfOH; c. 1 eq. DDQ, PhMe, reflux, 15 min; d. aq.
NallCQg, MeOH, 259, 12 hr, 56 % overall b-d.

Compounds 7 and 9 were regarded as plausible candidates for cyclization to tetracyclic
structures, via thermal activation of the azido functionality. Thermolysis occurred only upon
heating above 1800 C in ortho-dichlorobenzene, suggesting the intervention of (singlet) nitrenes
during decomposition of the aryl azide.ll A rapid, clean conversion into carbolines 10 and 11
occurred, but none of the desired cystodytin-like compound was apparently formed.
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s, 8§ =918 ppm 2, § =8.88 ppm

a. ortho-dichlorobenzene, T > 180° C,

While the new carbolines may be of interest as candidate antitumor agents and as DNA
probes, a different approach to the desired ring system was necessary. Success was achieved as
follows. Phenol 9 delivered only o-quinone 12 upon Fremy's salt oxidation.12 The structure of 12
was unequivocally determined by its gated-decoupled 13C NMR spectrum, which showed one of
the two carbonyls as a sharp singlet, the other one as a doublet of triplets (J; =11 Hz; Jog=dJdg=dy
= 3.8 Hz). The ortho, but not the para quinoid structure, is consistent with the observed
spectrum.13 Interestingly, Fremy's sall was the only oxidant tried that produced a clean product
from 9. Other reagents either gave complex mixtures (DDQ/aq. acetone; CAN/agq. MeCN) or did
not oxidize 9 (Og/salcomine/DMF), In sharp contrast to 7 -9, quinone 12 thermolyzed at a
considerably lower temperature (refluxing toluene), producing quinonimine 18 (orange
crystals, dee. 210 Clcleanly and directly. The precise mechanism of quinonimine formation
remains ohscure. Whereas electron-transfer pathways that may lead to unusually facile nitrene
formation. from 12 may not be excluded at this time, it was found that compounds 7 - 9 are
recovered unchanged and in quantitative yield after 24 hrs at reflux, in toluene. It is possible,
therefore, that a 1,3-dipolar cycloaddition occurred as the initial chemical event.ll Subsequent
loss of Ng and rearrangement would then lead to the product.l4 Unusual quinone-azide
reactions of this type should be useful for the preparation of a variety of complex heterocycles.

—— 4:R=Tf

———= 15 : R = Ac
e

= 16 :R=Me

C-T:dt, 8 =179.43 ppm; J, =11.0; Jy =J3=J,= 3.8 Hz

C-8:s, 6 =17855 ppm 13:R=H

a. Fremy's salt, MeOH, phosphate buffer, 25° C, 65 %,; b. toluene, reflux, 74 %; ¢. Tfo0, Hiinig base, CHCly, 0° C, 70
%; d. AcgQ, pyridine, 75 %; e. CHgNg, ether, CHoClg, 0° C, 70 %.

Quinonimine 13 possesses the complete ring system of the cystodytins, but relative to the



natural products it incorporates an extra OH group. This functionality was found to be

amenable to derivatization to furnish compounds 14 - 16, which are of potential interest in

connection with SAR studies. The newly established availability of derivatives of cystodytins

represents a significant advance, since the natural products do not lend themselves readily to

chemical modification. The sequences outlined above demonstrate the usefulness of our

methodology in connection with the synthesis of highly condensed heteroaromatic systems.

Additional investigations in this area are underway and will be described in future disclosures.
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