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Abstract: A construction of the cemtral tetracyclic core (19) of manzamine A (1) was successfully achieved by a highly
efficient Diels-Alder reaction of the suitably protected dihydropyridinones ( 5) arid Danishefsky 's diene as a key strategy.
Expedient conversion of the D-A product (7) 1o the precursor (15) was followed by the azocine lactam ring closure to furnish
the titled core.

Marine alkaloids manzamines are a unique family of oncolytic S-carboline-linked azacycles isolated from
several Okinawan marine sponges by Higa since 1986, to which was added recently the new and closely
related member ircinals.2 The first isolated congener manzamine A (l)la has been the subject of recent
synthetic investigations3 owing to its unique molecular structure and significant biological properties
including antitumorl® and antibacterial activities.1d Several groups have already reported the successful
construction of the central ABC tricyclic heart3 (Scheme I) including our own apprcmch.4

Quite recently, Hart announced the first synthetic entry into the tetracyclic core, which in turn prompted
us to report here our own venture to the ABCD tetracyclic core (19) based on the Diels-Alder (D-A) reaction
of 3-substituted dihydropyridinones as a key strategy, as well as novel protocols for azocine lactam formation

Based on our retrosynthetic analysis shown in Scheme 1, we have developed a route to the key tricyclic
intermediate (3; R = Ts, R2 = Me) utilizing a super high-pressure D-A reaction of the dihydropyridinone
(4).9b, ¢ As has already been described,4C attempted transformation from 3 to 2 proved to be unsuccessful,
therefore requiring further search for a suitable dienophile and more practical reaction conditions.

After several attempts, the new dienophiles (5, 6),6 each containing a COCF3 protecting group, were found
to be most suitable due to the ease of preparation and appropriate reactivity in D-A reaction. Thus, treatment of
5 and 6, respectively, with Danishefsky's diene in refluxing p-cymene furnished the corresponding enones (7
and 8 respectively)? in 66~85 % yield after acid treatment (Scheme I). Conveniently enough, the crude SEM-
protected adduct (7) was easily deprotected by TFA to furnish the NH-enone (9),7 which was converted to the
new tricyclic system (10)7 by the brief treatment of DABCO at 1t in 85% yield (Scheme II). Subsequent
ketalization of 10 afforded the stable ketal (ll)7o 8 as ca. 1:1 diastereomeric mixture, which could easily be
separated by the recrystallization from AcOEt / n-hexane (11a: 49%; 11b: 47%).
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The hardest task in the next stage was a selective deprotection of the two N-protecting groups. After various
abortive trials with typical reducing agents, we finally discovered that treatment of 11a with Na / anthracene? in
DME at - 60°C afforded 12 in 92 % yield.10 The deprotected NH piperidone (12) was far more stable toward
nucleophiles and quite suitable for the subsequent transformation under basic media, which were incompatible
with the labile N-sulfonyl piperidones such as 9 or 10. The reductive removal of COCF3 group by LiBH4
followed by protection of the newly generated NH group by BOC gave the alcohol (13)7 in 87% yield from 12.
Careful oxidation of 13 by PCC afforded the aldehyde (14)7 in 67% yield, which was then subjected to a Wittig
reaction with the ylide generated from 4-carboxybutyltriphenylphosphonium bromide to afford the cyclization
precursor (15).11
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The key precursor (15) in hand, we next tumed our attention to the crucial azocine lactam ring formation12,
Careful model study was required for the effective azocine lactam ring formation from the corresponding amino-
acid precursor.12 The two convenient methods were soon found for the conversion of the model system (16,
E/Z=ca. 1/10)13 as shown in Scheme IIl. The direct DPPA method14 afforded the bicyclic azocine lactam
(177 from 16 in nearly quantitative yield, while the indirect pentafluorophenyl (PFP) ester method!S furnished
17 in 83% overall yield, in which the intermediate PFP ester was isolated and treated with DMAP at 90 °C for
3.5h. This PFP method was then applied to the real substrate (15), treating the crude acid 15)11 with
pentafluorophenol and DCC to afford the easily separable PFP ester (18),7 which was a E/ Z (2:5) mixture upon
NMR analysis. Crucial cyclization was then carried out by heating 18 in the presence of DMAP in dioxane at
80 °C for 1.5 h to give the desired tetracycle (19) in 58% from 18. The DPPA method was also effective for
this crucial conversion albeit in lower yield (~20%). The structure of 19 was well confirmed by spectroscopic
means including IR, NMR (IH and 13C including nOe experiments), MS, and furthermore, unequivocally
determined by X-ray diffraction analysis.(Figure 1)16
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