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01 Introduction

Anti-Markovnikov alcohol*: the hydroxyl group is bound to the less 
substituted of two adjacent carbons.

Markovnikov’s rule: The rule formulated in 1869 by V. V. Markovnikov
predicts the products of an electrophilic addition of asymmetrical
reagents (e.g. hydrogen halides, water and alcohols) to asymmetric
alkenes. It states that the reaction favors the formation of the
regioisomer in which the more electrophilic part of the reagent has
been added to the carbon atom of the double with the most hydrogens.

* Yao, C.; Dahmen, T.; Gansäuer, A.; Norton, J. Science 2019, 364, 764.
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Primary alcohols are widely demand in the chemical industry (bulk/fine
chemicals, specialties) and life sciences (pharmaceuticals, flavouring,
fragrances and so on).
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Synthesis of primary alcohols from olefins.
(a) Hydroboration/oxidation process.
(c) Anti-Markovnikov hydration.

(b) Hydroformylation/hydrogenation process.
(d) Epoxidation/anti-Markovnikov hydrogenation process.
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Gansäuer and Norton, 2019:

Yao, C.; Dahmen, T.; Gansäuer, A.; Norton, J. Science 2019, 364, 764.

100% atom economy
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Previous work (Gansäuer, 2008):

Deliver H2 as H·, H+, e-
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Selected examples:
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Yao, C.; Dahmen, T.; Gansäuer, A.; Norton, J. Science 2019, 364, 764.

Competition reactions between hydrogen atom transfer (top)
and hydrogen atom abstraction (bottom).
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Beller, 2019:

Hydrogenation of benchmark epoxides with various catalyst
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Mercury tests

Kinetic studies
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Mechanistic studies
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Achieving anti-Markovnikov hydration of alkenes under mild conditions
has been a dream of synthetic chemists for a long time, and it has been
referred to as one of top ten challenges of catalysis since 1993.*

*Haggin, J. Chem. Eng. News 1993, 71, 23.
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Proposed catalytic cycle
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Unfortunately, this work was difficult to reproduce.

03 Catalytic Anti-Markovnikov Hydration of Unactivated Alkenes

Our attempts to hydrate 1-hexene in a basic aqueous medium in the presence
of a phase-transfer agent or surfactant and pure trans-(PMe3)2PtHCl failed to
yield any alcohol products.

In addition, spectroscopic studies failed to confirm nucleophilic attack of
hydroxide ion on coordinated olefins in this system.

Instead, the predominant reaction under a variety of conditions was olefin
isomerization.

Ramprasad, D.; Yue, H. J.; Marsella, J. A. Inorg. Chem. 1988, 27, 3151.
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Grubbs, 2011:
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Proposed mechanism and initial mechanistic studies
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Lei, 2017:

03 Catalytic Anti-Markovnikov Hydration of Unactivated Alkenes

anti-Markovnikov hydration of alkenes through the radical cation
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Selected examples:
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In situ IR investigation for mechanistic insights
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Kinetic experiments of each component
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Based on the kinetic data of HAT between PhSH and carbon radical (k = 3.13 ×
105 M-1 S-1 for PhCH2· in hexane): (1) the HAT process is expected to be a fast step; 
(2) the protonation of PhS- might be the rate-determining step.
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Isotope-labeling experiments Proposed mechanism
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Li, 2017:
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Engineering of a cytochrome P450 enzyme by 
directed evolution to catalyze metal-oxo–mediated 
anti-Markovnikov oxidation of styrenes.
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Directly anti-Markovnikov hydration of alkenes
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 Computational chemistry – to deeply comprehend  mechanisms 

 Novel catalytic system
first-raw transition metal; small molecular catalysis

 Atomic economy
H2O, without extra additive

 Reliable asymmetric catalysis
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 Activation of H2O



Thanks for your attention!


