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Artificial Light-Gated Catalyst Systems

Ragnar S. Stoll and Stefan Heche*

“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.”
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Motivation

“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.”
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Illuminating Photoswitchable Catalysis
Bethany M. Neilson and Christopher W. Bielawski*
Department of Chemistry and Biochemintry, The University of Teras a1 Austin, Awstis, Tesan 78712, Uned States
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B INTRODUCTION

Many of the emestial kncvoms found i living onganisms ase
wontrolied by molecular wnits that undergo changes triggered
by extersal stimul Indeed, many Mokogical systems harses
externally applied energy and use % to regulate mobeculsr
transport o catabytic phecomens with exquaite spatel and
temporal contrel. In conteast, systhetic chemical peocesses are
typically lissized 10 o fed rate wsd/or selectivity eoce the
reaction condiions are chosen. [ncoeporatieg stimull-respon-
sive units into synthetic joocesses may esable switchable
catalytic activities and/or sedectivities, and facilitate apphestions
that raege froes streamlinel multiviep syntheses 1o the
production. of polyssers with sophisticated micostracee.

Sigaficant efiorts in the field of catalyvis have been directed
towanrd the optimization of catalyst structere 1o achieve high
sulvtrate comversions and/or bigh rego., chemo., of stereo-
selextivities. Moee recently, however, efforts bave focused oo
using external stimull, incloding acid-base chemistry,”
mechanical force,' redox processes,' and light' to modulste
the introsic activithes and/oc selectvities displayed by catalysts.
Light, in particedar, i s ateeactive stimubs & 2 i scoinvisive,
olfers escellent temporal and spatial resclution, and ca be
precisely coatrolled with an appropeiste source. Fasthermore,
using gt of predetermined wavelengths allows for selective
excitation and subieguest reactivity of speciic moleculer weis
in a dghly controlled ssasser,

Photocesponsive processes found in mature, =cloding
photosysthesis and vison, (lustrate the power of using
dectromagnetic radiation to initiate and -q:uhu mmplu

biochermical

precatalyst w (rradiated to groerste & atalytically active,
photoexcted state which sbsequently reacts with » substrate
(Pigure 1), In contrast, photoscowated or “photecaged”
catalyshe warte with wn (nactve cetalyst species Dt wpon
leradiation, becoeses catalytically sctive (Figure 1b). Notable
examples of photoactivated catalysis incdode photoscd wsd
photobase generators,” as well as metal complenes that hecome
activated wpon the dwsociation of photolabile kgands **
Photoswitihable catalysis invelves & catalyscdy sdive species
that undergoes 4 revensible photochesscal transhormation and,
w4 result, ahers i ntrinei catalytic propesties (Figure 1¢).
The catalyst i % initial state may Be active or tnactive, and the
photoindoced transfoemation may etther change the rate ot
which the catalyst ciltates & gven reaction (A = I &, # &)
or may allow the catabynt to promote & different reacsen (C -
D). Ilh!a\-mtn-lmuummmnmedby
cethogonal stimul (Le, differest wavelengtts of Tght), the
catalyst may be toggied between two states that duplay
different reactivities or selectivities via 3 remote Iight stimelus
Altho: more. difosit in vwhr phmon-udub& ﬂn‘nu
effens
wdy‘kmunndhlhtpmmmﬁnmmlﬂgﬁttﬂﬂ
s the resction proceeds in addition te regulating the nitiaticn

process.
An ideal photoswachable catalyst reguires that the photo-
induced trandcemution (i) cccses with high effciency in both
the foeward and the reverse directions, (&) causes & i
dreration in steric ee electronic properties of the catalyst, asd
(m) ukimately wllt; z charges in catalytic activies and/or
unit shosid be

melecslar and processes, and
potential utility of synthetic catadyss that reigond to kght m.s

1
capable of absarbing light at 3 wavelengeh that will not excite

similar preciston. A number of ly diferent
approaches have beem used to reakae antificial photoresponsive
systems, inchuding photocatadysis, photoactivated catalysis, snd
photoswitchable citalysis. In photocatalysis” an inactive
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Motivation
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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.
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I Switchable Catalysts

Dynamic Responsive Systems for Catalytic Function
Matea Viatkovic, Beatrice S, L. Collins, and Ben L. Feringa®"

M. Vlatkovi¢, B. S. L. Collins, B. L. Feringa, Chem. Eur. J. 2016, 22, 17080-17111.



State-of-the-Art AN
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J. Wang, B. L. Feringa, Science 2011, 331, 1429-1432.



State-of-the-Art
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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.



Concept to Control Regioselectivity in Acylation Reactions

H s N~ NHBoc
N - NHBoc 365 nm N

N - o) H

H - N =

N+ (0]
0 H\’(©/ N S A or 448 nm '\Ill N\\/N
N Q( N

Fred_1

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



Results 4,6-0O-benzylidene-a-b-mannopyranoside (old) ,{,f"f;,j

)/

/ ‘ \
/ s’

g g S S R
HO toluene, r.t., HO ¥ AcO * AcO
OMe 18 h OMe OMe OMe
2 3 4 5
Catalyst 30l 4la] 5lal Yield [%]'b]
DMAP (A =365 nm) 1 4.5 1.5 82
DMAP (A = 448 nm) 1 4 1 73
Fred 1 2 1 1 61
Fred 1 (A =365 nm) 1 4 3 61

[2lRatio was determined via *H NMR [blYield was determined via *H NMR



Results 4,6-0O-benzylidene-a-b-mannopyranoside (old) P

Feb22-2017HD_FE.60.fid
Erb FE37_UB

dark

Feb22-2017HD_FE.70.fid
Erb FE37_B

365 nm

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
2.19 2.18 2.17 2.16 2.15 2.14 2.13 2.12 2.11 2.10 2.09 2.08 2.07 2.06 2.05 2.04 2.03 2.02 2.01 2.00 1.99 1.98 1.97 1.96 1.95 1.94 1.93
f1 (ppm)

'H NMR in MeOH-d,



Homemade Catalysis Device
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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



Results 4,6-0O-benzylidene-o-b-mannopyranoside (new) ,{,f"fp,j

A
P00\ 16 1.0 equiv. A0 P01\ 00° Ph0\ 76 P00\ 75°
HO toluene, r.t. HO ¥ AcO * AcO
OMe 18h OMe OMe OMe
2 3 4 5

Catalyst 3lal 4la] 5lal Yield [%]™]
DMAP (A =365 nm) 1 4.5 1.5 82
DMAP (A = 448 nm) 1 4 1 73

Fred 1 2 1 1 65
Fred 1 (A =365 nm) 1 » . 24

[cooled]

[2lRatio was determined via *H NMR [blYield was determined via *H NMR
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Results 4,6-0O-benzylidene-a-b-mannopyranoside (old)

DNJan29-2018.110.fid
Niedek DN_538.1

dark

DNJan30-2018.220.fid
Niedek DN_539.1

365 nm
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Results 4,6-O-benzylidene-a-bD-mannopyranoside (old vs. new)

Feb22-2017HD_FE.70.fid
Erb FE37_B

DNJan30-2018.220.fid
Niedek DN_539.1

Feb22-2017HD_FE.60.fid
Erb FE37_UB

DNJan29-2018.110.fid
Niedek DN_538.1

365 nm

N

dark

HNEEE
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s

'H NMR in MeOH-d,
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Rational Catalyst Design
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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

B3LYP-D3(BJ)/6-311G**
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Synthesized Catalysts

H B Q
N ~ NHBoc
N
W T @Aﬁj
i “ G
o N N\
(0]

Overall 35 steps for the preparation of 5 catalysts
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Synthetic Strategy

NH,
EDAC, HOBt
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0 z CH,CI,/H,O
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Synthetic Strategy

M, |
O\\N /O O\
H\)(i H B Aoon ©\ H :
N - ; >
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e N g |
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(18% overall yield)
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Regioselective Acylation of Fusidic Acid (Steroid Antibiotic)

2 mol% cat.
1.0 equiv. Ac,0

toluene, r.t.,
18 h

diacylated + anhydride

diacylated
monoacylated

starting material

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)
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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) g,: &
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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)
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C. K. Hill, J. F. Hartwig, Nat. Chem. 2017, advance online publication.
(Functionalization of fusidic acid methyl ester)
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Regioselective/Chemoselective Acylation of Cortisol (Steroid Hormone)

\

4
-/ﬁﬁﬂ‘

2 mol% cat.
1.0 equiv. Ac,0

toluene, r.t.,
18 h
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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-a-D-mannopyranoside as a benchmark substrate
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Outlook
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Using the new catalysts for the acylation of 4,6-O-benzylidene-a-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!
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