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Introduction to Taxol: An Evergreen Molecular Ensemble

• Potent anti-cancer activity

• Listed as WHO’s essential 

medicine list

Isolation & Industrial Scale Preparation

• Destructive isolation process from Pacific 

Yee tree.

• Current best route comes from Plant Cell 

fermentation enabling metric ton quantity.

6-8-6-4 Ring Skeleton

▪ At least 30 groups simultaneous started its 

synthesis in 90’s to check the synthetic feasibility.

▪ Even till date it’s been an interest to chemists.

▪ Most of the syntheses actually accesses the terpene 

core until ~20 steps. (Convergent synthetic routes)
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Concept of Two-Phase Synthesis

• Why we should pursue? Because of the purely

curiosity

• Rapid access to all the natural & unnatural

taxanes with different oxidation level

• Preferences of C-H functionalization on

terpenes

• Every oxidation step could allow for a structure-

activity relationship.

• As many as 20 enzymes to accomplish Taxol

synthesis by nature

• Two-cyclase phase, Nine- C-O bond forming

steps, rest for functionalization.

• Meticulous design of the substrate in the

chemical space.

• Did not restrict to the biosynthesis steps since

unnatural taxanes were also to be synthesized.
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Taxol Synthesis Pyramid
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Synthesis of Taxadienone & Taxadiene
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Oxidation at C5, C10, C13
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C5-Acetoxylation

Conducted in NMR tube using AcOH-d4 and TMB

as internal standard lead to the discovery that additive

has a role.



Oxidation at C5, C10, C13
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C13-Oxidation: • Most of the existing methods put this oxidation at

the very end

• Putting this at the beginning posses risk of

interference.

• However, it shows critical medicinal importance so

lets install it.

May be prior C10

functionalization is necessary

To mute the reactivity of Δ 11-

12 alkene.
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Oxidation at C5, C10, C13
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C10-Oxidation: Since out of C10/C13 oxidation, it was unclear which position 

should be done first. 



Synthesis of taxuyunnaine D
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Synthesis of Taxabaccatin IV
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• C5, C10, C13 Installed

• Stereoselective C2- oxidation

• C9 oxidation & diol formation

Using C9-C10 as an Alkene precursor for Diol formation

New Cyclase Phase with
∆
9,10 Olefin:

Model Substrate Optimization:



Synthesis of Taxabaccatin III
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Blueprint



Oxidation at C1 & C7
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• Methylene C-H is more challenging to oxidize than 

electron rich methine C-H bond at C1.

• Selection between C7 & C6.

• Steric hindrance presented by quaternary C8-position.

• Functional group compatibility in presence of strong 

oxidants.



Directed C-H Oxidation at C7 from C9
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Oxidation at C1-Challenge Begins
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Challenge at the C1 goes deeper

15

Lit Report



Fixing the Stereochemistry at C2 in presence of C1
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• Failure in C2-reduction.

• Failed MOM deprotection for

C5 carbon to oxetane formation.

• No C7-Oxidation.

• Poor material throughput.

This Path was abandoned



How to solve C1-reduction? Back to the drawing Board
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Studying C7-Oxidation Model
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Enolate Based Oxidation Approach at C7
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C7-Oxidation using Oxidation Relay
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Final Fifth Generation Route
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Final Fifth Generation Route
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What Did We Learn?
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▪ Two Phase synthesis logic concept. A Rapid

assembly of core structure generation. Then put

the requisite functional groups via site selective

oxidation. Mimicking the Enzymatic approach.

▪ Strategic Insertion of C-O bonds with different

oxidation level thus accessing the unnatural

taxanes in the Taxol oxidation pyramid.

▪ An extremely wide array of functionalization

techniques regarding C-O bond formation

process & usage of several critical parameters.

▪ KIE assisted protection of alcohol by the smallest

possible protecting group.

▪ Effect of the peripheral functionalization on the

shape & geometry of the molecule & it’s

reactivity.




