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The structural architecture present in marine toxin azaspiracid - 20 

stereocenters, 9 rings, 3 separated spirocenters - has attracted considerable 

synthetic attention. Our efforts toward the synthesis of azaspiracid have led to the 

completion of both C1-C26 northern and C27-C40 southern halves. Herein, the 

synthesis of southern FGHI ring system is described. The key steps included an 

Andrus anti-aldol coupling to furnish the C32, C33 stereocenters, an acid-catalyzed 

ketalization to furnish FG rings, and a Yb(OTf)3-mediated spiroaminal formation 

to generate I ring.  

The first total synthesis of cytotoxic macrolides amphidinolide B1 and the 



proposed structure of amphidinolide B2 have been accomplished. The key 

developed protocols include a metal catalyst-free sequence for the synthesis of the 

diene subunit, a non-chelation-controlled aldol coupling to install the C18 

stereocenter, an efficient macrocyclization of the 26-membered lactone ring, and 

the incorporation of the labile allylic epoxide moiety.  

The unique structure of the highly substituted diene functionality represents 

significant synthetic challenges. A Wittig / HWE reaction sequence yielded the 

C13-C15 diene moiety in good yield in excellent diastereoselectivity. Subsequent 

Sharpless epoxidation and Red-Al-mediated regionselective epoxide opening gave 

the C16 tertiary alcohol.  

The protecting groups on C21 were discovered to have significant effects on 

the aldol reaction between C9-C18 aldehyde and C19-C25 methyl ketone. Although 

chelating groups such as PMB, Bn afforded 18S isomer as a single diastereomer, 

the removal of these groups has proven problematic. Non-chelating silyl group 

generated 18R isomer in 8:1 dr at -100ºC, while the 18S stereomer was obtained at 

-40ºC in 1.2:1 dr. 

A spontaneous intramolecular Wadsworth−Emmons olefination established 

the 26-membered macrocycle. The oxidation and in situ elimination of a selenide 

moiety proceeded smoothly in the presence of free alcohols using TMSOOTMS. 

The first total synthesis of amphidinolide B1 and the proposed structure of 

amphidinolide B2 were accomplished in 29 linear steps. Additionally, We 



discovered that the initially proposed structure of amphidinolide B2 was incorrect.  
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1 

PART I: SYNTHETIC STUDIES TOWARD THE  
SOUTHERN PORTION OF AZASPIRACID-1 

 
 

CHAPTER 1. BACKGROUND OF AZASPIRACID 
 

1.1 Discovery and Bioactivities of Azaspiracid-1 

 

Azaspiracid poisoning is a recent toxic syndrome first reported in 1995, 

when several individuals became ill after consuming mussels harvested from 

Killary Harbor in Ireland.1 An active search for the causative toxin led to the 

isolation of azaspiracid-1 by the Satake group in 1998.2 The initial structure of 

azaspiracid-1 was proposed based on extensive 2D NMR studies;2 however, this 

original structure has been recently discredited and was revised by Nicolaou and 

co-workers in 2004. 3  Independently and concurrently, our laboratory had 

converged on the same stereochemical conclusion.4 The major stereochemical 

errors were believed to be in the ABCDE northern portion of the molecule. In 

addition to the inverted stereochemical configurations of C14, C16, C17, C19 and C20, 

the southern FGHI ring system was found to be enantiomeric to the proposed 

structure and the C8,9 olefin in the A ring proved to be actually in C7,8 position. 

After structure elucidation of azaspiracid-1, a total of more than 30 azaspiracid 

analogues differing slightly in their methylation and hydroxylation patterns have 

subsequently been described and their structure was determined using tandem mass 

spectrometry and NMR spectroscopy.5  
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Figure 1.1. Originally Proposed and Revised Structures of Azaspiracid-1 

 

A marine dinoflagellate was proposed to be the origin of azaspiracids6 and 

they have been discovered in multiple shellfish species including mussels, oysters, 

scallops, clams, etc.7 Human consumption of azaspiracid-contaminated shellfish 

can result in severe acute symptoms such as nausea, vomiting, diarrhea, and 

stomach cramps.1 Although there is no information about toxicity of these 

analogues to humans, azaspiracid-1 is known to possess toxicity in vitro with a 

lethal dose in mice of 0.2 mg / kg.2 The mechanism by which azaspiracids induce 

their toxic effects and their biological target/s is still unknown;8 however, several 

effects on in vitro cell cultures have been revealed for azaspiracid-1 including 

cytoskeletal alterations, 9  caspase activation, 10  cytotoxicity, 11  cytosolic calcium 

levels modulation, 12  and alteration of neuronal network. 13  The considerable 

toxicity and the mechanistic elusiveness have made azaspiracids a significant 

threat to the shellfish industry and human health. This situation is further 

complicated by the scarce amount of azaspiracids obtained from natural sources.6 
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1.2 Synthetic Efforts Toward Azaspiracid-1 

 

The intriguing structural architecture (20 stereocenters, 9 rings, 3 

spirocenters) of azaspiracid-1 has attracted considerable attention from the 

synthetic community, in particular by the research groups of Carter,4, 14 Nicolaou,3,15 

Evans,16 Forsyth,17 Sasaki,18a, 18e and Mootoo. 18h The extensive efforts led to the 

first total synthesis of (-)-azaspiracid-1 and the correction of its structural 

assignment by the Nicolaou group in 2004.3 In 2006, Nicolaou and co-workers 

reported an improved synthesis of (-)-azaspiracid-1.15g Besides Nicolaou’s landmark 

work, several partial synthetic studies4, 14, 17, 18 and Evans’ total synthesis of (+)-

azaspiracid-1 have also been communicated.16  

 

1.2.1 Nicolaou’s First-Generation Total Synthesis of (-)-azaspiracid-1 

 

In 2004, Nicolaou and co-workers reported the conquest of (-)-azaspiracid-

1 as well as the correction of its originally proposed structure (Scheme 1.1).3 

Nicolaou’s approach disconnected the complex molecule into three key building 

blocks: C1-C20 ABCD ring domain, C21-C27 E ring fragment and C28-C40 FGHI 

ring system. The ABCD ring system found in compound 1.5 was accessed via 

TMSOTf catalyzed polycyclization, whereas the the C22 and C24 stereocenters in 

C21-C27 fragment 1.8 were obtained from the known lactone 1.7.19 The key steps in 

the synthesis of FGHI ring system included a Yb(OTf)3- or Nd(OTf)3-mediated 

highly stereoselective spiroaminal formation to afford compound 1.15. 
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Scheme 1.1. Nicolaou’s Strategy for the Synthesis of Three Major Fragments 
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The coupling of these fragments and the completion of the synthesis is 

shown in Scheme 1.2. The addition of the stabilized dithiane anion to 

pentafluorophenol ester 1.17 formed C21-C20 bond. The following Stille coupling 

between allylic acetate 1.19 and stannane 1.16 furnished compound 1.20, which 

contains all carbon atoms needed for the azaspiracid-1 structure. In the presence of 

NIS, G ring was produced via an intramolecular iodoetherification. After the 

spontaneous formation of E ring during the global desilylation, (-)-azapsiracid-1 

was obtained in sequence of 50 longest linear steps. 
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