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A rapid assembly of the tetracyclic core of FD-838, featuring a

catalytic asymmetric Stetter reaction, is described.

The antibiotic FD-8381a (Fig. 1) belongs to a family of natural

products that share a densely functionalized spirofuranone-lactam

core. Minor structural modifications of the substituents around

this core result in markedly different biological activity profiles.

For example, azaspirene1b is a potent anti-angiogenic agent,

synerazol1c is an antifungal antibiotic, and cephalimysin A1d is

cytotoxic towards p388 and HL-60 cells. Not surprisingly, these

natural products have attracted attention from the synthetic

community in recent years.2

Intrigued by the densely functionalized spirocyclic core of these

natural products and by their diverse biological activities, we

initiated a synthesis program with FD-838 as our primary target.

Central to our synthesis plan was the rapid construction of the

spirobicyclic core common to all these natural products using the

catalytic asymmetric Stetter reaction3 recently developed in our

laboratory (Scheme 1).4 This functionalized core would serve as a

platform for a modular synthesis of FD-838 and should also prove

useful in the synthesis of other congeners of this family.

To test the viability of the proposed Stetter reaction, we

undertook the synthesis of an aldehyde bearing an N-benzyl

substituted maleimide (Scheme 2). Dibromination and elimination

provides the bromomaleimide, and addition–elimination of

1,3-propanediol under basic conditions generates the expected

alcohol.5 A number of oxidation methods were screened, and

although aldehyde 3 could be observed in crude reaction mixtures,

attempts to isolate it resulted in its decomposition. We speculate

that this material decomposes via a b-elimination process, releasing

an oxymaleimide leaving group. Gratifyingly, Dess–Martin

oxidation, followed by a careful work-up and purification

procedure, provides aldehyde 3 in good yield. The analogous

PMB-protected maleimide 4 can also be prepared using this

protocol.

With access to aldehydes 3 and 4, we evaluated the key catalytic

asymmetric Stetter reaction under a variety of conditions. We were

delighted to find that the use of aminoindanol derived precatalyst

A under the optimized conditions6 resulted in formation of the

desired product in excellent yield and enantiomeric excess

(Scheme 3).

Conversion of spirocyclic compound 5 into a Michael acceptor

is achieved using a two-step process. Generation of the triethylsilyl

enol ether 7 proceeds efficiently under soft enolization conditions.

Oxidation of 7 to furanone 8 is achieved through a hydride

abstraction using the trityl cation in the presence of a hindered

base.7
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Fig. 1 Selected spirofuranone-lactam natural products.

Scheme 1 General synthesis plan for FD-838 and the spirofuranone-

lactam family of natural products.

Scheme 2 Synthesis of substrates for the Stetter reaction.
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Next our attention turned to the installation of the pendant

furan ring. This is carried out by treating furanone 8 with a strong

Lewis acid in the presence of methylfuran.8 This reaction is

thought to proceed via formation of a resonance-stabilized

oxocarbenium ion which is trapped by furan, followed by

rearomatization. Notably, this reaction fails completely in DCM

and nitromethane, which leads us to speculate that the

oxocarbenium ion formed is stabilized by reversible addition of

acetonitrile to form the corresponding nitrilium ion9 until trapping

by furan can occur. The stereochemistry of the trapping event may

be rationalized by considering model B, Scheme 4. The bottom

face of the oxocarbenium ion is shielded by the proximal carbonyl

on the succinimide ring while the top face has the methylene.10

With tricyclic compound 9 as a platform, we have begun to

explore end-game strategies for the synthesis of FD-838. The

Barbier-type alkylation of succinimides reported by Farcas and

Namy seemed well-suited for this task.11 Indeed, treatment of

compound 9 with samarium diiodide in the presence of benzyl

bromide provides hemiaminal 10 in 33% unoptimized yield as a

single regioisomer (Scheme 5).12 The illustrated stereochemistry is

likely inconsequential since the hemiaminal may undergo facile

ring-opening.

In conclusion, we have constructed the spirobicyclic core of FD-

838 using a high yielding and highly enantioselective catalytic

Stetter reaction. In addition, we have developed a protocol for the

installation of the furan ring and alkylation of the succinimide

ring. We continue to study these advanced intermediates and will

report on the synthesis of FD-838 and other congeners of this

family in due course.
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