


TETRACENOMYCIN

Nocardia found in 
a brain biopsy

Culture of Streptomyces 
species

• Antitumor 
• Active against gram positive 

bacteria

J.  Antibiot. 1990, 43, 1169.



RETROSYNTHESIS

Regio- and 
stereoselective 

hydride reduction
Isoxazole
oxidation

Asymmetric 
benzoin 

cyclization

1,3-dipolar 
cycloaddition & 
dehydrogenation

Presenter
Presentation Notes
Why not just do the same reaction to get the symmetrical functionality? Why did they think to do two distinct reactions? Isoxazole ring sets up the geometry for the benzoin condensation?



RETROSYNTHESIS

Oxidative ring 
opening of 

cyclobutanone 
oxime

Dual 
cycloadditions

Presenter
Presentation Notes
Naphthonitrile oxide + ortho-quinone mono acetal

Fix the last step it should be two alkynes

isocyanate



TOTAL SYNTHESIS

Generation of the benzdiyne equivalent

Presenter
Presentation Notes
Need to ask about how the iodine becomes strongly electrophilic 

Benzene triol



TOTAL SYNTHESIS

[2+2] and [4+2] cycloaddition

They were also able to do this 
reaction as a one pot synthesis

Presenter
Presentation Notes
2+2 cycloaddition stereochemistry, they don’t report any other product, and I am not sure what controls the OTBS and OME being up vs down.



NON-LINEAR SYNTHESIS - 1

Ang. Chem. Int. Ed. 2007, 46, 6502-6504



NON-LINEAR SYNTHESIS – 2

Syn. Lett.. 2017, 28, 1719.

Presenter
Presentation Notes
BETA KETO ESTER



TOTAL SYNTHESIS

Establishing unsymmetrical functionality by unique oxidative ring opening

Presenter
Presentation Notes
Hydrolysis of silyl ethere
Chlror nitrosocompound



TOTAL SYNTHESIS

Construction of the tetracyclic skeleton

Presenter
Presentation Notes
1,3 dipolar cycloaddition is also commonly reffered to as Huisgen cycloaddition but he studied the mechanism of this reaction with azides reacting with alkynes



COMPLICATIONS WITH ADDITION OF 
THE MONO-ACETAL

Originally the reaction was run with 

Which lead to the desired product but 
in the benzoin cyclization led to low 

yields.  

This was proposed to be due to 
unfavorable steric interactions at 
the C-4 carbon leading to retro-

benzoin

So they tried cyclic, less rotatable, 
acetal moietys



NON-LINEAR SYNTHESIS - 3

Construction of the acetal moiety

Kumata coupling



NON-LINEAR SYNTHESIS – 3 CONT’D

Dakin Oxidation

Presenter
Presentation Notes
	triflouroacetate



DAKIN OXIDATION
• Very similar to Baeyer-Villiger
• Oxidation of aromatic aldehydes 

to phenols



TOTAL SYNTHESIS

Key benzoin cyclization

What does the triazolium salt 
do?

Rovis’ triazolium salt

J. Am. Chem. Soc. 2009, 131, 10872.



TRIAZOLIUM SALTS IN BENZOIN 
CONDENSATIONS

Why Triazolium salts and not just CN-?

- Ability to insert a chiral auxiliary into the mechanism to control the stereochemical outcome
- More powerful at increasing the acidity of the proton, so generally more applicable

- However, they are more complicated



NON-LINEAR SYNTHESIS - 4

Synthesis of the chiral triazolium salt

Acta Pharm. Sin. B 2012, 2, 213.
Tetrahedron. 1997, 53, 12867.

Steglich “like” Esterification

Presenter
Presentation Notes
Put in mechanism form steglich like esterification



STEGLICH ESTERIFICATION

Classic Steglich esterification would then be attacked
By an alcohol to make an ester. However here we have 
nucleophilic attack of an enolate from Meuldrum’s acid



NON-LINEAR SYNTHESIS – 4 CONT’D

J. Amer. Chem. Soc. 2009, 131, 10872.
Org. Biomol. Chem., 2014, 12, 7537.
J. Chem. Soc., Perkin Trans. 1, 1998, 1891. (Leeper Method)

Meerwein’s Salt

Presenter
Presentation Notes
No purification between steps, just DCM dried off 
Trimethyloxonium tetrafluoroborateNamesIUPAC nameTrimethyloxonium tetrafluoroborate
Other namesTrimethyloxonium fluoborate
IdentifiersCAS Number
420-37-1 
3D model (JSmol)
Interactive image
ChemSpider2016863
ECHA InfoCard100.006.360PubChem CID
2735153
InChI[show]
SMILES[show]
PropertiesChemical formula
C3H9BF4OMolar mass147.91 g·mol−1Melting point179.6–180 °C (355.3–356.0 °F; 452.8–453.1 K) Except where otherwise noted, data are given for materials in their standard state (at 25 °C [77 °F], 100 kPa).
Infobox referencesTrimethyloxonium tetrafluoroborate




MECHANISM OF HETEROCYCLE 
FORMATION

Presenter
Presentation Notes
triethylorthoformate



TOTAL SYNTHESIS

Series of imperative protections/deprotections to lead to the desired product

Presenter
Presentation Notes
What is up with the pH 8.9 reagent (just making a basic salt?)

MS scavange any acid impurities which will ruin the stereochemistry 



ISOXAZOLE TWO STEP 
HYDROXYLATION

Ang. Chem. Int. Ed. 2008, 47, 7446. 

Isolated
concave

convex



TOTAL SYNTHESIS

Regioselective hydride reduction & divergence of synthesis Tetraceomycin C/ Tetracenomycin X

Presenter
Presentation Notes
Not sure what is going on with DDQ



TOTAL SYNTHESIS

Slightly longer synthesis of  Tetracenomycin X



OVERVIEW

Not pictured: Keiichiro Sakata 

C- 20 total steps, 2.2% yield
X- 19 total steps, 2.2% yield
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