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Motivation

R. S. Stoll, S. Hecht, Angew. Chem. Int. Ed. 2010, 49, 5054-5075.
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“Beyond activity control: Throughout this review we have
focused on catalytic activity, encoding the ability of the catalyst
to enable and speed up an otherwise unfeasible chemical
reaction. However, one of the inherent challenges in catalyst
research is not only the mere enabling of a given chemical
transformation but also the complete control over its outcome
by developing suitable catalysts to dictate chemoselectivity,
regioselectivity, and stereoselectivity of the reaction.”



Motivation

B. M. Neilson, C. W. Bielawski, ACS Catalysis 2013, 3, 1874-1885.
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“Ultimately, photoswitchable catalysis will require the ability to
photochemically alter the selectivity of the catalyst in addition
to its activity. A system in which the catalyst’s intrinsic chemo-,
regio-, and/or stereoselectivity could be remotely
photomodulated will have numerous applications in tandem
catalysis, and is expected to provide unprecedented control over
polymer microstructure, as well as to simplify multistep
syntheses of complex small molecules.”



Motivation

M. Vlatković, B. S. L. Collins, B. L. Feringa, Chem. Eur. J. 2016, 22, 17080-17111.
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Even though progress in this field has been remarkable, major
barriers remain that need to be overcome. For example, a
photoswitchable catalyst capable of catalyzing two orthogonal
reactions is yet to be reported. Unlike redox-switchable and ion-
switchable systems, in which chemical waste is generated,
photoswitchable systems offer major advantages, as they use a
clean and noninvasive external trigger that allows
spatiotemporal precision.



State-of-the-Art

J. Wang, B. L. Feringa, Science 2011, 331, 1429-1432.

4

(P,P)-trans 1: rac.
(M,M)-cis 1: (S) 48% ee
(P,P)-cis 1: (R) 50% ee



State-of-the-Art

M. Vlatkovic, L. Bernardi, E. Otten, B. L. Feringa, Chem. Commun. 2014, 50, 7773-7775
D. Zhao, T. M. Neubauer, B. L. Feringa, Nat. Commun. 2015, 6, 6652.
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Concept to Control Regioselectivity in Acylation Reactions

B3LYP-D3(BJ)/6-311G**
[computations at B3LYP-D3(BJ)/cc-pVTZ level in progress]
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Fred_1



Results 4,6-O-benzylidene--D-mannopyranoside (old)

[a]Ratio was determined via 1H NMR [b]Yield was determined via 1H NMR
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Catalyst 3[a] 4[a] 5[a] Yield [%][b]

- - - - -

DMAP (λ = 365 nm) 1 4.5 1.5 82

DMAP (λ = 448 nm) 1 4 1 73

Fred_1 2 1 1 61

Fred_1 (λ = 365 nm) 1 4 3 61



Results 4,6-O-benzylidene--D-mannopyranoside (old)

1H NMR in MeOH-d4
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dark

365 nm



Homemade Catalysis Device

a) closed lightproof catalysis device b) reaction vessel equipped with septum to inject reactants and reagents c) inlet of the catalysis device with support for the LED 
and d) close-up view of the LED reaction vessel area
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Results 4,6-O-benzylidene--D-mannopyranoside (new)

[a]Ratio was determined via 1H NMR [b]Yield was determined via 1H NMR
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Catalyst 3[a] 4[a] 5[a] Yield [%][b]

- - - - -

DMAP (λ = 365 nm) 1 4.5 1.5 82

DMAP (λ = 448 nm) 1 4 1 73

Fred_1 2 1 1 65

Fred_1 (λ = 365 nm)
[cooled]

1 14 7 74



Results 4,6-O-benzylidene--D-mannopyranoside (old)

1H NMR in MeOH-d4
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dark

365 nm



Results 4,6-O-benzylidene--D-mannopyranoside (old vs. new)

1H NMR in MeOH-d4
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365 nm

dark



Rational Catalyst Design

B3LYP-D3(BJ)/6-311G**
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• L-Phe-OMe vs. D-Phe-OMe

• L-Phe-OMe vs. L-Phe-OBn

• L-Phe: ester vs. amide

• ortho/ortho vs. ortho/meta

• enantiomer of Fred_1



Synthesized Catalysts
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Overall 35 steps for the preparation of 5 catalysts



Synthetic Strategy
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Synthetic Strategy
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Regioselective Acylation of Fusidic Acid (Steroid Antibiotic)

C. K. Hill, J. F. Hartwig, Nat. Chem. 2017, advance online publication.
(Functionalization of fusidic acid methyl ester)
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starting material

monoacylated

diacylated + anhydride

diacylated



Regioselective Acylation of Fusidic Acid (Steroid Antibiotic)

C. K. Hill, J. F. Hartwig, Nat. Chem. 2017, advance online publication.
(Functionalization of fusidic acid methyl ester)
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Regioselective Acylation of Fusidic Acid (Steroid Antibiotic)

C. K. Hill, J. F. Hartwig, Nat. Chem. 2017, advance online publication.
(Functionalization of fusidic acid methyl ester)
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Regioselective Acylation of Fusidic Acid (Steroid Antibiotic)

C. K. Hill, J. F. Hartwig, Nat. Chem. 2017, advance online publication.
(Functionalization of fusidic acid methyl ester)

20



Regioselective/Chemoselective Acylation of Cortisol (Steroid Hormone)
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Summary
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• Development of a new concept controlling regioselectivity

• Preparation of peptide based catalysts

• Spectroscopic investigation of the new catalysts

• Design of a catalysis device

• Construction of the catalysis device

• Proof of concept using 4,6-O-benzylidene--D-mannopyranoside as a benchmark substrate



Outlook
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• Using the new catalysts for the acylation of 4,6-O-benzylidene--D-mannopyranoside

• Investigation of the efficiency of the new catalysts using fusidic acid and cortisol as further
substrates

• UV/Vis characterization of all catalysts

• Determination of the trans/cis ratios in photostationary state (NMR, Ruth Gschwind)

• Find further potential reactions to expand the concept
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Thank you for your attention!




