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Amine Catalysis with Substrates Bearing N-Heterocyclic Moieties

Control over the enamine pyramidalization a IOng-OverIOOked Enabled by Control over the Enamine Pyramidalization Direction
e o o o Jasper 5. Mohler, Dr. Tobias Schnitzer, Prof. Helma Wennemers g4
key feature, enhances the reactivity and stereoselectivity of Frst publishe: 23June 2020 | htpsicoi g0 1002cher 202002966 | Glations: 15

amine catalysis. The work laid the basis for dual catalysis of
peptides and enzymes and supramolecular catalysis.

Read the full text > T PDF ¥, TOOLS « SHARE
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major challenge to organocatalysis. A tailored peptide is introduced as a stereoselective catalyst for

[ [ o conjugate addition reactions with substrates bearing a broad range of N-heterocyclic moieties.
MOIe t'es En abled by Con trOI O ver the En am’ne Conformational studies highlight the importance of endo-pyramidalized enamines for high

. . o ° ° stereoselectivity.
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Abstract

Stereoselective organocatalytic C-C bond formations that tolera?

valuable since these moieties are common motifs in numerous « mz rl h
compounds. Such transformations are, however, challenging sin U C
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Professor, ETH Zurich, Wennemers Group
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Primitive selection of the fittest emerging through

functional synergy in nucleopeptide networks
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Professor, Ben-Gurion University of the Negev,
Laboratory of Systems Chemistry

() FETOPEN-CLASSY.EU X CLASSY_H2020



https://doi.org/10.1038/s44160-022-00228-9
https://doi.org/10.1038/s44160-022-00228-9
https://www.pnas.org/content/118/9/e2015285118
https://twitter.com/CLASSY_H2020
http://in.bgu.ac.il/en/natural_science/chem/Ashkenasy/Pages/default.aspx

JACS
From the authors TS o0

Reversible Photoswitchable Inhibitors Generate Ultrasensitivity in
Out-of-Equilibrium Enzymatic Reactions

This general and modular strategy enables reversible and e o
tunable control over the kinetic rates of individual enzyme- ACCESS| i wamiir | @ s | © st
catalyzed reactions and makes a programmable linkage of ey e I

enzymes to a wide range of network topologies feasible.

synthetic reaction networks exhibiting ultrasensitivity has been
challenging, but would greatly expand the potential properties of life-
like materials. Herein, we exploit a general and modular strategy to
reversibly regulate the activity of enzymes using light and show how
u.ll.msl.ms'rﬁvily arises in simpl: out- ul‘-u.]u.i.liblium enzymatic sysbems
upon incorporation of reversible photoswitchable inhibitors (Pls).
Utilizing a chromophore,/warhead strategy, Pls of the protease a-
chymotrypsin were synthesized, which led to the discovery of
inhibitors with large differences in inhibition constants {K_} for the
different photoisomers. A microfluidic flow setup was used to study
cnzymatic reactions under out-of-cquilibrium  conditions by
continuous addition and removal of reagents. Upon irradiation of the continuously stirred tank reactor with different light pulse
sequences, i.e, varying the pulse duration or frequency of UV and blue light irradiation, reversible switching between photoisomers
resulted in ultrasensitive responses in enzymatic activity as well as frequency filtering of inpul signals. This general and modular
strategy enables reversible and tunable control over the kinetic rates of individual enzyme-catalyzed reactions and makes a

24 5 "Reversible Photoswitchable Inhibitors Generate

Ultrasensitivity in Out-Of-Equilibrium Enzymatic Reactions" T

Downloaded via 46.140.11.250 on June 26, 2023 at 14:32:41 {UTC).

See bitps:pubs. acs orgsharingmadelines for option: on how te legitimarely share publizhed articles.

energy into directed motion, growth, and division. These Although a plethora of different external stimuli to reversibly
processes are governed by complex chemical reaction networks and spatiotemporally control the activity of enzymes have been
that operate far from equilibrivm and allow a precise regulation applicd in the kst decades,™ light is an ideal external control
of a wide range of cellular mechanisms, eg, signaling or clement: it is bivorthogonal (4 > 360 nm),”* ™ affers high
metabolism.' @ A characteristic feature found in many spatiotemporal resolution, can be precisely tuned in terms of

Michael Teders, Aleksandr A. Pogodaev, Glenn Bojanov, SR, Toinenn & e
Wilhelm T. S. Huck. JACS. 2021, 143 (15), 5709-5716; s R e T o e 1

function (see I-'";gun: 1A for a general schematic of the processes is the (mostly) covalent installation of photo-
phenomenon )¢ switchable chromophores into the biomolecule of interese ™'~

o This property enables signaling systems to
D O | . 1 O 1 O 2 1 O 1 2 9 5 6 filter out noise and be readily activated once a certain required These so-called “melecular photoswitches™ undergo a reversible
. ° J a C S ° C threshold stimuli is present. Different mechanisms have been change in their three-dimensional structure between two or

identified that can gencrate this nonlinear input—output more isomeric forms upon iradiation with light of svitable
relationship, e.g., multisite phosphorylations,” molecular titra- wavelen: A number u{bio]u?'nl processe:
tions (Imﬂ’ering),ﬁ substrate r_nmpel'itinn,q'm or zero-order foldi g . . 7 =
Kinetics.* ding, ™ membrane transport,” or

A central goal of systems chemistry is to investigate and N
translate the common design principles of nature into a practical Rnn:n-ul LJer..unhu- 14, 2020
and modular approach, ultimately enabling a programmable and Published: April 12, 2021
rational clauigi'n of life-inspired systems exhibiting tunable

s

properties. While (light-induced) sigmoidal responses in
ereymatic logic gate systems hav.:. bct_n r_l.“po_rlﬂl,""_-"'“ l]:u_ 5 d‘m
bottom-up construction of ultrasensitive, life-inspired enzymatic 6 F
WILH ELM T. S. HUCK <7 ACS Publications e T oy 5709 @: ‘Q‘
% 2
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Professor, Radboud University, Huck Research Group
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We have successfully exploited a general and modular strategy to
control functional enzymatic systems under out-of-equilibrium
conditions via the incorporation of competitive photoswitchable
trypsin and a-chymotrypsin inhibitors.

® "Reversible Photoswitchable Inhibitors Enable Wavelength-
Selective Regulation of Out-of-Equilibrium Bi-Enzymatic Systems"

Michael Teders, Nicholas M. Murray, Wilhelm T. S. Huck.
ChemSystemsChem. 2021;
).DOI: 10.1002/syst.202100020

WILHELM T. S. HUCK
Professor, Radboud University, Huck Research Group
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Reversible Photoswitchable Inhibitors Enable Wavelength-
Selective Regulation of Out-of-Equilibrium Bi-enzymatic
Systems

Michael Teders, Nicholas R. Murray, and Wilhelm T. 5. Huck®!

The construction of synthetic enzymalic reaction networks can of engymatic systems studied under out-ol-equilibrivm con-
provide new insights into the design prnciples of living ditions. Upon synthesis and incorporation of potent photo-
systems. However, the programmable connection of enrzymes  switchable trypsin inhibitors (Tr-Pls), the output of several
into a wide range of network topologies has been challenging  functional enzymatic systems could be photoregulated using
due to the lack of a general sirategy enabling a reversible 3900460 nm light as a trigger signall In addition, the wave-
activity regulation of individual network enzymes. Here, we  length-selective control over the activity of two enzymes within
exploit a general and modular strategy based on the external  a functional bi-enzymatic system was achieved using a suitable
regulation of enzymes using light and photoswitchable inhib-  combination of two Pls.

itors (Pls) that enables the bottom-up construction and control

1. Introduction reversible and precise requiation of individual network compo-
nents [e.g. enzymes) and isolated network motifs.

In living systems, biochemical processes are organieed  inlo A plethora of different strategies To reversibly and spalio

complex networks, which are continuously sensing and adapt-  temporally contred the activity of enrymes have been devel

ing to changes in the environment™ The properties of these  oped in the past decades™ ™ In a systems chemistry setting,

networks underlie many of the characteristic capabilities of  light is an ideal external trigger to regulate enzyme activity, ™™

living systems, such as self-healing, homeostasis, or conversion  and we recently reported that the incorporation of reversible
ol «chemical enengy  inlo direcled  maolion, growth  and  pholoswiltchable cchymolrypsim mhibitors (Or-Pls) generates a
division ™9 noenlinear ultrasensitive input-output response wien studying

A central goal of systems chemistry is to investigate and  enzymatic reactions under out-of-equilibrivm  conditions ™
translate the common design prindples of the enzymatic Here, we expand upon owr strategy by symthesizing photo-
reaction networks found in nature inlo a practical and modular swilchable trypsin inhikdtors [ Tr-Pls) and combaning these n the
approach, thereby ultimately enabling the programmable and  bollom-up construction of pholorespomsive modubes conlain
rational design of life-inspired systems exhibiting tumable  ing two enzymes ([Figure 1). To demonstrate the feasibility of
properties” ' In living systems, enzymes are the molacular  our strategy to control multiple enzymes individually using
machines of choice as their activity can be controlled via, for  different wavelengths, we incorporated both a Cr- and a Tr-Plin
example, post-ransdational modifications, allosteric interactions,  a bieneymalic system,
or substrate competition.™" "% In addition, their non-linearity
(resulting in sensitive feedback loops), chemical specificity and
high turnover numbers make themn ideal for converting a wide
range of signals into a molecular output. However, the bottom-
up canstruction of (complex) life-inspired systems is partioularly
challenging due ta the Lok of a general strateqy enabling the
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From the aUthorS Acceh_erated Reaction Engineering c-f Photo(bio)catalytic

Reactions through Parallelization with an Open-Source
Photoreactor

WO rking With Iigh t- dep en den t enzym atic re aCtionS iS Christoph K. Winkler,* Stefan Simi¢,” Valentina Jurkas,” Sarah Bierbaume,&

Luca Schmermund, Silvan Poschenrieder,” Sarah A. Berger,” Elisa Kulterer,”®

challenging due to the need for specialized illumination Robert Kourist™ and Wolfgang Krouti -
equipment. Here, we introduce our open-source photoreactor, T e, et 1 o ot o S i

enabling precise illumination for 24 samples with controlled SR e Tt Sl e S

agitation, temperature, wavelength, and light intensity. o T and gt ead B e o s

1. Intreduction Scheme 1, A * Protochborophyllide oxidoreductases (| PORs)
catalyze the stereo and regio-selective reduction of a © C

5
4R e "Accelerated Reaction Engineering of Photo(bio)catalytic Reactions e e e e e

community in the recent years." * Photobiocatalysis has the  dimers (CPD) vio a light dependent retro-cycloaddition (not
= - o n potential of combining the synthetic advantages of biocatalytic  shown)™ ' And finally, undes illuminaticn, the photosystem I
through Parallelization with an Open-Source Photoreactor it o e i G oy o e kool oy e v o
their sustainable nature™™ with the promise of nowvel reactiv-  while liberating two electrons which are eventually stored as

ities that may be unlocked by using photons as reagents. MADPH and ATP (Schemne 1, 0.
Until today only four light-dependent groups of enzymes Besicdes These Tour true pholo-enzymes, promisouous ross
have been reported?™ Flavin-dependent photodecarboxylases  tivities were demonstrated for several biocatalysts that upon

were shown to decarboxylate medium to long-chain fatty acids
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How robust can stereoselective peptide catalysts,
“mini-enzymes”, be? In this publication, we show
that peptide catalysis can work in concert with
gold-catalysis.

(%)
'f.l 5 "Synergistic Peptide and Gold Catalysis: Enantioselective
Addition of Branched Aldehydes to Allenamides”

Helma Wennemers, Leo D. M. Nicholls.
Chem. Eur. J. 2021, 03;
). DOI: 10.1002/chem.202103197

HELMA WENNEMERS
Professor, ETH Zurich, Wennemers Group
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Synergistic Peptide and Gold Catalysis: Enantioselective
Addition of Branched Aldehydes to Allenamides

Leo D. M. Nicholls™ and Helma Wennemers*™

-
Abstract: The combination of a peptide catalyst and a goll:l-\I
calalyst is presented lor enantioselective addition reactions
between branched aldehydes and allenamides. The two
catalysts act in concert to provide vA-enamide aldehydes
bearing a fully substituted, benzylic sterecgenic center - a
structural motif common in many natural products and
therapeutically aclive compounds - with good yiekds and
enantinselectivities. The reaction tolerates a vanety of alkyl
and alkoxy substiuted aldehydes and the products can be
elaborated into several chiral building blocks bearing either
14 or 15 functional group relationships. Mechanistic
sludies showed thal the conformalional Teatures of The
peptide are important for bath the catalytic efficiency and
stereochemistry, while a balance of acd/base additives is
key for emsuring formation of the desired product over

kundesired side reactions.

"y

Fully substituled, bengylic stereogenic centers are mporiant
building blocks of many natural products and biologically active
compounds (Figure 1a)™ These structural motifs have bacome
the target of a variety of synthetic methodologies™™ Among
them, an attraclive approach  relies on amine  catalyzed
reactions between branched aldehydes and suitable carbon
based electrophiles, which procesd throwgh reactive enamine
intermediates.™ In recent years, the combination of a metal
catalyst with an amine catalyst has expanded the scope to
include atherwise unreactive electrophiles,”™ interesting elec
trophiles to be wsed in these types of reactions  ane
allenamides™ which can act as synthetically versatile C-2 or C-3
synthons throwgh synthetic elaboration of the enamide moiety
formed after C—C bond formation (Figure 1) Recently, two
ehegant studies by MascarenasLapez and Gonzdlez showcased
the feasibility of reactions between branched aldehydes and

lal Dr. L [0 M. Nicholls, Prof, H. Wennemers
Lotoratany of Organic Chemistny
ETH Fiarich
Viewdimir-Proorg- W 3, 8053 Zoich Switzerion)
E-moit: Helma Wenremers@org.chem.ethech
L Supporting information for this aticle & owaioblde on the WWW under
Mmoo oy T 0 TS chern AT 00T 97
" & 2071 The Authors. Chernisiny - A Furopeon Jownal published by Wiley-
WH GmbH This s an open aooess antick: under the tams of the Creatse

Cormwmens Attrabulon Non-Lommencal Nolern License, whach permmils ine
and distribution v any medum, provided the eriginal work s properly ciled,
the pee is non-~commercial and no modifications or adoptations are mode.
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Figuire 1. a) Selected thempeutically active compoimnds contaiming fully
substituted benzylic sterengenic centers. b The enantioselective sddition of
a-bramched aldetsdes to allenamedes., O Tipeplide catalyst H-oPro-Pro-
Ghs—NH; and its canfarmation.

allenamides catalyzed by profinod sibhd ethers and Auw-based
catalysts."" These reports also pointed out that dual catalysis is
challenging simce the organocatalyst and the metal calalyst
must act in concert and not interfere with each other"'™ We
reasoned that amine-based catalysts, in which the amino group
is shielded and therefore less prone to interact with the metal
catalyst, may offer advantages in this reaction.

Owr group developed  the peplide  H-oPro-Pro-Glu-NH,
which is a highly efficient and stereosedective organacatalyst for
C-C bond formations that rely on the formation of enamine
intermediates™ ™ Detailed NMR spectroscopic analyses re-
vealed that this peplide adopls a stable ground state
conlorrmation, in which the amine moiely forms a sall bridge
with the glutamic acid side chain (Figure 103" We envisioned
that this intramolecular coordination would  disfavour non-
preductive interactions between the pepti- !
center and that as a result, peplides of *
would be efficient catalysts Tor the 1

Hereim, we report the stereos
aldehydes to allenamides, cata!
tion of peptide and gold catal
mild conditions, tolerates

alkoy-aryl aldehydes ann! pr [N "
e o ETH ZUrICH

elaboration into chiral buildin
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From the aquthors

Photobiocatalysis is a young field of research dealing with the
combination of light and enzymes to drive reactions. Here, we
investigated how one of only four known natural light-dependent
enzymes behaves in tubular reactors, with the aim of improving
its efficiency.

24 5 "Strategies for Transferring Photobiocatalysis to Continuous
Flow Exemplified by Photodecarboxylation of Fatty Acids"

Stefan Simi¢, Miglé Jakstaite, Wilhelm T. S. Huck, Christoph K.
Winkler, and Wolfgang Kroutil. ACS Catal. 2022, 12, 14040-14049.
). DOI: https://doi/10.1021/acscatal.2c04444
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Strategies for Transferring Photobiocatalysis to Continuous Flow
Exemplified by Photodecarboxylation of Fatty Acids
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ABSTRACT: The challenges of light-dependent hiocatalytic transformations
of lipophilic substrates in aqueous media are manifold. For instance,
photolability of the catalyst as well as insufficient light penetration into the
reaction vessel may be further exacerbated by a heterogeneously dispersed
substrate. Light penetration may be addressed by performing the reaction in
continuous flow, which allows two modes of applying the catalyst: (i)
heterngeneously, immobilized on a carrier, which requires light-permeable
supparts, or (i) homogeneously, dissolved in the reaction mixture. Taking the
light-dependent photodecarboxylation of palmitic acid catalyzed by fatty-acid
photodecarboxylase from  Chlorella variabilis (CvFAP) as a showcase,
strategies for the transfer of a photoenzyme-catalyzed reaction into
continuous flow were identified. A range of different supports were evaluated
for the immohilization of CoFAP, whereby Fupergit C250 1. was the carrier of
choice, As the photostability of the catalyst was a limiling factor, a homogeneous system was preferred instead of employing the
heterogenized enzyme. This implied that photolabile enzymes may preferably be applied in solution if repair mechanisms cannot be
provided. Furthermore, when comparing different wavelengths and light intensities, extinction coefficients may be considered to
ensure comparable absorption at each wavelength. Employing homogeneous conditions in the CvFAP-catalyzed photo-
decarboxylation of palmitic acid afforded a space-time yield unsurpassed by any reported batch process (5.7 gI.7"h7™', 269
mmol-L""h™") for this reaclion, demonsiraling the advaniage of conlinuous How in allaining higher productivity of
photobiocatalytic processes.

KEYWORDS: kocatalysis, pholocatalysis, flow, decarboxylation, rencwables

B INTRODUCTION
Although direct excitation of organic compounds by light to
facilitate chemical reactions has been known for more than a

Scheme 1. Photodecarboxylation of Fatty Acids Catalyzed
by the Photodecarboxylase CvFAP from Chlorella variabilis
NC64A

CvFAP
/WCDZH 4[1'“,., /WH . co,
-

light (naturally or by promiscuity) or photoinduced electrons
are transferred to it® The scope of photobiocatalytic
transformations was significantly expanded following the
discovery of fatty-acid photodecarboxylases that catalyze
light-dependent decarboxylation of fatty acids (Scheme 1).°
This class of natural photoenzymes and its most known
orthologue from €. variahilis NC&4A (CeFAP) has sub
sequently shown great promise for the production of biofuels,”
and apart from its natural substrates, fatty acids, the wildd-rype

enzyme, or its variants have been demonstrated to decarbox-
vlate hydroxy- and amino-substituted Gtty a:‘ids,? dicarboxylic
century, the recent rise of photoredox catalysis has significantly acids,” a-substituted carboxylic acids,” and the herbicide
expanded the scope: af Iﬂmlf-lchemisrry in the synthesis of phosphinothricin.'” In the enzyme’s reaction mechanism, the
organic molecules.” Apart from enabling new reaction decarboxylation event is Iriggered by a single

pathways not accessible by thermal control, the use _Pf photon from the substrate’s carboxylate group -

energy is also considered a sustainable approach.” Akin to
photocatalysis, biocatalysis has been shown to enahle
sustainable reaction methodologies due to its generally mild
reaction conditions, vse of aqueous media, high stereo- and
chemu{n:lccl.i.vily. amd ever-increasing substrate and reaction
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At the interface of these two fields of catalysis, photo- 2
hiocatalysis arose, whereby either the enzyme itself requires » U;'
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From the aquthors

This work addresses essential questions for studies on the origins

of life, such as which is the minimal nucleobase sequence length

that may enable a rudimentary transmission of information in

chemical systems or the importance of their adaptability to
changes in the environment.

24 e "Collective Adaptability in a Replication Network of
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A major challenge Tos enderstanding the ongins of life i to explore how repboation networks can engage n
an evolutionary process. Herein, we shed light on this problem by implementing a network constituted by
twi different types of extremely simple biological components: the amino acid cysteine and the canonical
- nucleobases adenine and thyrmine, connected through amide bonds o the cysteine amino group and
oxidation of its thiol into three possible disulfides. Supramolecular and kinetic analyses revealed that both
self- and mutual interactions between such dinuclecbase compounds drive their assembly and
replication pathways. Those pathways imvolving sequence complementarity led to enbanced replication

rates, suggesting a potential bias for selection. The interplay of synergistic dynamics and competition
betwesen replicators was then simulated, under conditions that are not easily accessible with
expeniments, in an open reactor parametrized and constrained with the unprecedentedly complete
experimental kinetic data obtained for our replicative network Interestingly, the simulations show
histability, as a selective amplification of different species depending on the initial midture composition.
Crerall, this network configuration can favor a collective adaptabdity o changes 0 the avallabdity of

PO 101038/ 25c02415e feedstock molecules, with disulfide exchange reactions serving as ‘wires’ that conmect the different
rsee lifchesmical -science wndhidual Fula- and cross-catalylic pathways
[ [ 4
" Introduction a step towards replication, protometabolic networks and pro-
Iinimai Nucieopnase sequences e
Research on life’s origins constitutes a major multidisciplinary In the endeavour to mimic NA's capacity for replication or,

cffort to unravel the physicochemical means by which living  more generally, the capacity of living cells to self-reproduce,
systems could emerge from non-living matter, Many questions different forms of replication have becn dmrl:lq')cd with both
remain open in the field, with implications that are both smnthetic and biological molecules.™ ™ The literature is rich in

Sonia Vela, Zulay D. Pardo Botero, Cristian Moya, Andres e e e b B e e e

conceptual (what essential features of living organisms allow  in oscillatory reactions.™ Most of these autocatalytic trans-

De |la Escosura. Chem. Sci., 2022, Accepted Manuscript. chanceriotion of thoc slvcac - e chnieny s fomsions unot be conedrd ke, o

for the study of complex chemical systems, wherein dynamic  molecular level.™ In the search for such specificity, templaie

). DOI: https://doi.org/10.1039/D2SC02419E i S S e e
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area  involves the development of chimeric systems that Gdes, ™ as well as with synthetic molecules not present in
combine the propertics of distinet biological building blocks, as  extant biology.™ However, this type of mechanism tends to hale
the replication process due to an excr “ding

(and therefore inhibition] of the #
“Drpariment of Organic Chemistey, Untversidod Autdnomn de Modrid, Compus e cules, which handicaps efforts £
Cantobdurce, 28049 Mudrid, Spaie F-mail andres. deloescosaraiuam es sonia growth.

el - ) ; Network autocatalysis b
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Madrid, Spain on lipids,™ Pﬂpﬂﬂlk‘-’?“' /
t Electronic supplementary information [E51) available: Frocedures for the cules.™ Autocatalysis in t /
snthesis and characterizition of the network components, additional data, with sclf-assembly of the /

supramolecular studies and in depth discussion of the kinetic model and — jnto hybridized strands, f
simulations. See hitps:/doi. oo 1010890 2sc02 1%
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Addirion Reactions with N-Heterocyclic Substituents

Jasper 5. Mahler,® Lena K. Betersdorfer,® Brenno Masina ® Philipp Wechsler.® and

N-heterocycles are widespread among therapeutics and agrochemicals. For B e i oo o ot
synthesis, and in particular, catalysis, these substituents are challenging ot et A 5 20 B et v 21 208
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since they can interfere by intermolecular interactions with the catalytic
cycle. Here, we show that the activity and stereoselectivity of tailored Supporin informtion for i il s vl cn the Y e g/ dof g/ 101002 e 202200576
peptide catalysts are not affected by N-heterocycles. 82022 T Ao Adanced St & s bl by Tl I G, Tl s s pem cces e e s

terms of the Crestive Commons Attribition Mon-Commercial MNoDerivs Licenze, which permits use and distmibution in amy

mednmn, provided the oniginal work iz properly cited, the use is non-commercial and no modifications or adaptations are made.
: Abstract: N-heterocyclic moisties are  abundant # cat [\ ,

among pharmaceuticals and agrochemicals, but a T e - "’.E 'fih”‘
H H
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1\ e "Tripeptide Organocatalysts for Stereoselective Conjugate gl sl ol i

H-Pro-Pro-Xaa as catalysts for sterecselective con-

Addition Reactions with N-Heterocyclic Substituents” e o s R

stifuents at the N-terminal proline, the reactive site,
were cmcial for high chemo- and stereoselectivity.
Different N heterocyclic moieties, even at both
reaction pariners, were readily tolerated and prod-
ucts were obtamed in vields of 61-93% and

Jasper S. Mohler, Lena K. Beiersdorfer, Brenno Masina, Philipp cmtoslcites o 1o 55 . =
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heterocyelic moisty™ A proximately half of all the reactivity and sterecselectivity of the catalyst and,
active pharmaceutical i ts (APIz) are chiral *#  thus, severely compromize the resction o~
Stereoselective catalytic reactions that tolerste N- Chiral amines have become pov-

heterccyclic substitusnts are therefore useful synthetic  bond formations en rowfe fo -~

tools. However, mumerous catalvsts — both metal- pounds wnder mild condib

organic catalysts and osganocatalysts — are incompat-  mtensively studied transfp

ible with N- ]J.etemmcl&: due to their basic or acidic, between aldehvdes and nitr

H-bond acceptor or domor sites that can engage m mtr{mldehkﬂas are versatil
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covalent or non-covalent interactions with the catalyst mg chiral pyrrolidines,
of reaction intermediates ¥ Such interactions can affect  and other motives comn mzurlch
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From the authors
(M) Gheck for updates Stereoselective peptide catalysis in complex

Here, we investigated the properties of tripeptide catalysts in | coreorm o ETVITONMENS — from river water o celllysatest
complex mixtures in hydrophobic and aqueous solvents. We " ' e

challenged the catalysts with biomolecules bearing functional
groups that could interfere by coordination or reaction with the

0 Uppocted Licence

hiarva beeen il e by thee Ryl Sociedy
of Chesmistry Many sterenselective peptide catalysts have been established. They consist, like nature’s catalysts, of aming
acads but have sgraficantly lower molecular weighls than eneymes. Whereas enzymes operale with
exguisite chemoselectivity in complex biological erwvironments, peptide catalysts are used in pure
organic solvents and at higher concentrations. Can a peptide catalyst exhibit chemoselectivity %
rerminiscent of ereymes? Here, we investigated the properties of ripeptide catalysts in complex. midunes
in hydrophobic and agueous solvents. We challenged the catalysts with biomolecules bearing functional
groups that could interfere by coordination or reaction with the peptide. the substrates, or intermediates.
H-pFro-aMePro-Glu- NHC, :H,., emerged through tailonng of the trans/os ratio of the tertiary armide as
a conformationally well-defined tripeptide that catatyzes C—C bond formations with high reactivity amd
sterecselectivity — regardless of the solvent and compound compasition. The chemoselectivity of the

jon-NesC

e

Receed 10t Apnl 2022
Accepled 2/th May 2022

O peptide, the substrates, or intermediates. T S e
10 Introduction lysates. Key to the performance of this peptide is the aMePro

residue that ensures a high trans/cis ratio of the tertiary amide
During the past two decades, peptides have been recognized as bond regardiess of the solvent and compound compaosition.
potent catalysts for different reactions.’” Several of these
peptide catabysts feature exquisite levels of stereoselectivity and . .
reactivity. Since they consist, like nature’s catalysts, of amino Results & discussion
acids but are significantly smaller, peptide catalysis can be Peptide catalysis in water in the presence of biomolecules
viewed as “mini-craymes”. Yet, whereas coymes catalyit  ye yced the alkylated tripeptide H-oPro-Pro-Glu-NHCGyzHy; 1 s
reactions in aqueous media, most peptidic catalysts operate in - starting point for our studies (Fig. 1). This peptide is a ster
organic solvents. 3" A further marked difference is the envi- oo e, catalyst for the conjugate addition reaction of alde-
ronment in which catalysis takes place. Enzymces work in highly hydes to nitroolefins in water and organic solvents.™™* The

Tobias Schnitzer, Jonas W. Rackl, Helma Wennemers. o cllr v |t s 8 SIS o o e i e e o i

in well-defined environments consisting only of substrates and . ¢ pond formation with the nitroolefin.™ ** Essential for the

? ? rod in tvents. & T, CNZ . cal ic efficiene is a hi cis ratio wPro-Prio
Chemical Science 2022, 13, 31, 8963—8967. oty s oo g e e s o .3 ot o e s

became intrigued by the question of whether a peptide catalyst 1 ecyjar proton donor.”* In water, the alkyl chain facilitates

e DO!: hitps://doi.org/10.1039/d25c02044k SE R SEn i TR

1) e "Stereoselective peptide catalysis in complex environments
— from river water to cell lysates”

Open Access Article. Publizhed oa 14 Juoe 2022, Dovaleaded on 6262023 34242 PML

[e<) ARROER| Thi: aticle iz licenced undes a Creative C

‘We began by exploring the effect of compounds common in
mixtures, and possibly even in cell lysates?

Herein, we show that the peptide H-oPro-aMePro-Glu
NHCy;Hy 5 is so chemosclective that it catalyzes C-C bond

biological systems on the reactivity and stereosclectivity of
peptide 1 {Scheme 1), We thus added amine -

formation reactions between aldehydes and nitroolefins with
extjuisite stereoselectivity in complex mictures, including cell

]
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t Electronic supplementary information (1251) available. GGG 2152664, For 51 p [} []
and  coetallographic data in CIF or  other  cledronic  format — see
bt oiorg 101039 d w044k Fig. 1 Peptide catatyst 1. 2 ‘ lrIC
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From the aquthors

Our work presents a Bayesian analysis method which
demonstrates the interference of enzyme kinetic parameters
and determines most likely reaction mechanisms in artificial
enzymatic networks. Moreover, enzymes immobilised in beads
inside flow reactors allows us to reuse them.

11

A e "A Bayesian Approach to Extracting Kinetic Information
from Artificial Enzymatic Networks"

Mathieu G. Baltussen, Jeroen van de Wiel, Cristina

Lia Fernandez Regueiro, Miglé Jakstaité and Wilhelm

T. S. Huck. Anal. Chem. 2022, 94, 20, 7311-7318.
)O DOI: https://doi.org/10.1021/acs.analchem.2c00659
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A Bayesian Approach to Extracting Kinetic Information from
Artificial Enzymatic Networks

Mathieu G. Baltussen, Jeroen van de Wiel, Cristina Lia Fernindez Regueiro, Migle Jakstaite,
and Wilhelm T. 5. Huck*
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ABSTRACT: In order to create artifical enzymatic c(y|8) P(A)Y)
cap able of increasingly complex behavior, anmlprmvtd nu:tlmd.nlogy =
understanding and controlling the kinetics of these networks i E
needed..Hrewe ntroduce a Bayesian analysis method allowing for =
the aceurate inference of enzyme kinetic parameters and determi- P
mmnuimmhkdy:mhmmhmmbymmbmgdaufmm -—-l' -
different experiments and network topelogies in a single probabilistic —
analysis framework. This Bayesian approach explicitly allows us to =
continuously improve our parameler lmlesadbeh v
predictions by iteratively adding Lwd.a.l to our models, Ll —

automatically taking into account uncertaintics introduced Iry th

experimental setups or the chemical processes in general We

demanstrate the potential of this approach by characterizing systems
of enzymes compartmentalized in beads inside flow reactors, The methods we introduce here provide a new approach to the design
of increasingly complex artificial enzymatic networks, making the design of such networks more efficient, and robust against the
accumulation of experimental errors.

(]

B INTRODUCTION exploration of more complex systems. Furthermore, while the

Enzymatic reaction networks (ERNs) play key roles in many fitting of a model to experimental data is in principle relatively

cellular processes, such as energy metabolism, signaling simple, in pr:.cncn: TUMETOUS  SoUrces of uncertainty are
pathways, and cell division." ™ The fields of synthetic biology encountered, including experimental errors and unknown
and systems chemistry aim to understand and reproduce the inhibitory or allosteric effects. Typically, the kinetic parameters
behavior of these ERNs in artificial systems.” * Previous work of an enzymatic reaction are estimated from a single data set,
has shown the development of small network motifi® by using least-squares regression or similar maximum likelihood
aulocatal‘ysis and delayed inhibition,'" Phutochmical control estimation methods. Although this ppmadl is well-estab-

of oscillations by rwerslh] pha tc'n.hhmn, coupling to lished, there are multiple downsides."” First, sources of
DNJ'Lbascd circuits,"* logic-gate responses,” patte mﬂuﬂn uncertainty must be explicity modeled in, which would
iy adaplive responses lo environmen tal ‘PEH urbations,"* mqu.ire an exact knowledge of the i.nﬂuence of thes

mdehEWd?ﬂm environments. © While these uncertainties on the final experimental results,' bem:l
networks can show complex behavior, such as oscillations thkappmcho&mrmglcctsaddiﬁmalmumcs ofdaua, cither

and adaptation, scaling up their size toward metabolic scales
remains a significant challenge. To construct complex, yet
functional FRNs, estimating the mechanisms and kinetics of
the enzymatic reactions in these syste mﬂsmtlalmotd:rl
reliably predict the relevant mmnlw n which a
desired functional output will be observed.'” But while the
development of artificial ERNs with more complex behavior
contimues, methods are missing to not only obtain realistic Received: February 9, 2022
kinetic parameter estimate but also simultaneously allow For Accepted:  Apsil 29, 2022
the evaluation of the relevance and correctness of existing Published: May 12, 2022
kinetic models,

T'hulacknﬂ’ammmandupcrmrnﬂllymﬂshcpamm cter

amd mechanism estimation greatly limits the efficient

from previous or additional experiments or from literature.
And last, estimation of enzyme kinetics is often done using
rather limited data sets, which should increase the uncertainty
of the obtained parameter values, but in p~

leads to overfitting of the proposed me

A\ 4 ACS Publications



https://doi.org/10.1021/acs.analchem.2c00659
https://doi.org/10.1038/s44160-022-00228-9
https://doi.org/10.1038/s44160-022-00228-9
https://twitter.com/CLASSY_H2020
http://in.bgu.ac.il/en/Pages/default.aspx

CHEMICAL
REVIEWS Ceosee

From the authors o e

Shortening Synthetic Routes to Small Molecule Active
Pharmaceutical Ingredients Employing Biocatalytic Methods

Using enzymes (nature’s catalysts) can drastically simplify the i nowniai i it g A
process of making complex molecules. In our literature review, we e o s 212105 1 o o
show how this is particularly beneficial for pharmaceuticals as ACCESS e e e

ABSTRACT: Biocatalysis, using enzymes for organic synthesis, has emerged as powerful [T a
tool for the synthesis of active pharmaceutical ingredients (APIs). The first industrial M % Kehamec iy u

they often have a well-defined geometry and are expensive to e e e T oy et R

molecular biology methods, such as efficient gene sequencing and synthesis, triggered £ ‘é
breakthroughs in directed evolution for the rapid development of process-stable enzymes %ﬂ-‘ J‘"-—-a-w -
ro du Ce with broad substrate scope and good selectivities tailored for specific substrates. To date, e Q.rn‘"ti"'“‘-'-‘mam.:. Y olalyin
¢ enzymes are employed to enable shorter, more efficient, and more sustainable alternative = Staring sl

routes toward (established) small molecule APIs, and are additionally used to perform
standard reactions in APl synthesis more cfficiently. Herein, large-scale synthetic routes
12 containing biocatalytic key steps toward >130 APls of approved drugs and drug candidates are compared with the corresponding

chemical protocols (if available) regarding the steps, reaction conditions, and scale. The review is structured according to the

4\ e "Shortening Synthetic Routes to Small Molecule Active o e s
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2.1.1. Reduction of Ketones 1055 pounds ot
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From the aquthors

We demonstrate that the formation of well-defined structures

by double-stranded DNA-peptide conjugates is restricted to a

specific range of environmental conditions and that precise

DNA hybridization, satisfying the interaction interfaces, is a
crucial factor in this process.
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Abstract

Recent attempts to develop the next generation of functional biomaterials focus on systems chemistry approaches
exploiting dynamic networks of hybrid molecules. This task is often found challenging, but we herein present ways for
profiting from the multiple interaction interfaces forming Nucleic-acid-Peptide assemblies and tuning their formation.
We demonstrate that the formation of well-defined structures by double-stranded DNA-peptide conjugates (dsCon) is
restricted to a specific range of environmental conditions and that precise DNA hybridization, satisfying the
interaction interfaces, is a crucial factor in this process. We further reveal the impa[@fextemal stimuli, such as
competing free DNA elements or salt additives, which initiate dynamic interconversions, resulting in hybrid structures
exhibiting spherical and fibrillar domains or a mixture of spherical and fibrillar particles. This extensive analysis of the

co-assembly systems chemistry offers new insights into prebiotic hybrid assemblies that may now facilitate the design

of new functional materials. We discuss the implications of these findings for the emergence of function in synthetic
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From the aquthors

What I really enjoyed during this project is how we build
on the detailed knowledge of our peptide catalysts to
develop a novel transformation which gives access to

versatile building blocks.
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Organocatalytic Synthesis of Triflones Bearing Two Non-Adjacent

Stereogenic Centers

Alena Budinskd and Helma Wennemers*
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Abstract: Trifluoromethylsulfones (triflones) are uselul
compounds for synthesis and beyond. Yet, methods to
aceess chiral triflones are scarce. Here, we present a
mild and ellicient organocatalytic method for the stereo-
selective synthesis of chiral triflones using o-aryl vinyl
triflones, building blocks  previously  unexplored in
asymmelric synthesis. The peplide-catalyzed reaction
gives rise 1o a broad range of y-triflylaldehydes with two
non-adjacent stereogenic centers in high yields and
stereoselectivities. A calalyst-controlled stereoselective
protonation followmg a C—C bond formation is key 1o
control over the absolute and relative configuration,
Straightforward derivatization of the products into, e.g.,
disubstituted  d-sultones, y-lactones, and pyrrolidine
heterocycles highlights the synthetic versatility of the
products.

vy

Thc trilluoromethytsullonyl (SO,CF,, triflyl) group is an
intriguing functional moiety. As one of the most electron-
withdrawing groups with moderate lipophilicity ' triflones
have altracled inlerest for applications as lherapeulics,”!
catalysts and ligands,”™ or functional materials. " Further-
more, the SO,CE; group can undergo a plethora of different
transformations since il combines the well-established reac-
tivity of alkyl and aryl sulfonyl groups with reactivity
exclusive to the triflyl group ¥ * Straightforward methods 10
access rifllones are therefore enabling Lools for laking Tull
advantage of these unigue features.

Whereas several methods for the synthesis of achiral or
racemic Lriflones are available, stereoselective methods that
provide C-disubstituted triflones are scarce despite their
synthetic utility. ™" The few reported examples rely on the
enantioselective  reaction ol o-triflyl  carbanions  with
electrophiles,”"! or the oxidation of chiral SCFy-containing
compounds (Scheme 1A, Teft). An alicrnative, concep
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Scheme 1. A) Synthetic routes to chiral trifiones. B) Conjugate addition
reaction between aldehydes and o-substizuted vinyl triflones requires
catalyst-controlled C—C bond formation and protonation to control the
configuration at the two non-adjacent stersogenic centers.

tually different approach would be a stereoselective —ideally
catalylic—conjugate addition reaction lo e-substituted vinyl
triflones (Scheme 1A, right). In [act, different nucleophiles
have been reacted with a-substituted vinyl triflones, but
nome o these conjugate  addition  reactions  provecded
stereoselectively. #% ™ We envisioned thal a chiral secon-
dary amine-based organocatalyst could 2!

selective conjugate addition with ale

philes (Scheme 1B). Here, the che’

catalyst must control the steres

bond formation and b) the r

carbanion. Especially the sec

protonation, is a difficult task

established methods that utili o .
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Catalyticlength-controlled oligomerization
with synthetic programmable templates

Our results provide basic insights into the principles of catalysis
and oligomerization which are key processes for the evolution __ -
of life. They are the first step in creating molecular assembly ot erbrto Kk rinsmr i e

Published online: 26 January 2023

Nature uses templated length-controlled oligomerization to process
genetic information. Templates that are DNA and RNA based and fully
synthetic have also been developed for preparing unnatural oligomers.
However, these reactions require stoichiometric amounts of the template
for product formation. Here we report a catalytic macrocyclic template

lines for the construction of complex molecules from simple
indiViduaI Components a a goal at the heart Of CLASSY. that promotes the oligomerization of a small-molecule substrate witha

1 5 rigid oligoproline moieties decorated with catalytic sites in a defined spatial

® "Cata Iyt ic len gt h-controlled oli gomer ization with Tletesdetenmine e b of momomas thatare ncorporatsd o he
synthetic programmable templates™
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growing oligomer, thus allowing access to specific products with lengths
preprogrammed by the template.

Templated synthesis is key to the production of natural oligom-
ers from the respective monomeric building blocks'. For example,
the genetic information Is transcribed from DNA into RNA and then
translated into peptides and proteins. The natural DNA-based oli-
gomerization machinery has been manipulated by scientists such
thatit allows for the synthesis of any desired complementary DNA and
RNA strand”*. This approach has even been used for the syntheslis of
sequence-controlled non-natural oligomers (Fig. 1a)° '°. Impressive
progress has also been made in templated oligomer synthesis with
non-DNA-based templates” and has enabled access to macrocycles™
and cages® from monomeric non-natural building blocks. Further-
more, dynamic covalent chemistry tools have facilitated the creation
of self-replicating macrocycles' ™. These are formidable achievements
because even the controlled formation of macrocycles from a single
precursor isstill challenging”. Templating also allowed for the synthe-
sisoflinear oligomerswith length control, which is particularly difficult
because they bear at least one reactive terminus'* ™. The preparation
of such synthetic oligomers with a defined length requires otherwise
controlled polymerization conditions®* or successive couplings of
the monomers with experimental interventions at each step™*, The
templated formation of synthetic oligomersin one pot is thereforean
intriguing and enabling alternative to access non-natural oligomers.

Anintrinsic limitation of DNA-based templates and all other scaf-
folds used so far is the tight binding between the template and the

complementary strand. The newly formed oligomer is therefore only
accessible instoichiometric amounts relative to the template, and the
complex between the template and the synthetic oligomer needs to
be disassembled inasubsequent release step™. Catalytic turnover has
remained elusive in templated oligomerization. Here we report cata-
lytic oligomerization that uses a synthetic template to bind, activate
and covalently link monomeric bullding blocks in one pot with control
over the length of the newly formed oligomer.

Results and discussion
We envisioned the following components and features as key to facili-
tating acatalytic length-controlled oligomerization (Fig. 1b): (1) amac-
rocyclic template (T) decorated with two sets of catalytic sites (green
and dark blue) located in defined mutual distances on opposite faces
ofthe cavity; (2) abifunctional monomeric building block (M) bearing
two functional groups (blue and light green) that only react with each
other uponactivation by the catalytic sites of the template: and (3) the
formatlonofanoligomer (0) that has a lower b!-
monomeric bullding blocks to the templar-
the template, and thereby the number
should then activate a different num”
formation of an oligomer with con’

Based on the above conside
must be rigid and built from mod
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From the aquthors

This work shows the importance of self-assembly in the control

of aqueous peptide-based catalysts, and how complementary

nucleobases can be used to fine-tune their supramolecular

structure and catalytic activity, improving both the conversion
. and diastereoselectivity.
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Abstract: Biohybrid catalystz that operate in agueous media are
intriguing for systems chemistry. In this paper, we investigate whether
contral over the self-assemibly of biohybrid catalysts can fune their
properties. As a model, we use the catalytic activity of functional
hybrid malecules consisting of a catalytic H-oPro-Pro-Glu tripeptide,
derivafized with fatty acid and nucleobasze moisfies. This combination
of simple biclogical components merged the catalytic properties of the
peptide with the self-assembly of the lipid, and the structural ordering
of the nuclecbases. The biomolecule hybrids self-azsemble in
agueocus media into fibrillar azsemblies and catalyze the reaction
between butanal and nitrostyrene. The interactions between the
nuclecbases enhanced the order of the supramelecular structures
and affected their catalyfic activity and stersossleciivity. The results
point to the significant control and ordering that nucleobases can
provide in the self-assembly of biologically inspired supramolecular
catalysizs.

Introduction

Sysfems chemistry represents a new approach in the chemical
sciences and encompasses a holistic view of chemical systems,
understood as sets of molecules interconnectad through chemical
transformation andfor self-assembly processes ¥ The study of
such dynamic chemical systems is expected fo aid the resoclution
of questions regarding the arigin of life ¥ It should also facilitate
the design of ariificial systems and materials that emulate
processes and features of living cells 5™ To implement ‘life-like’
behavicrs in synthetic chemical structures, one approach is to
design and prepare hybrid molecules that merge different
biological components,® ' including lipid chains with the capacity
fo induce seli-assembly, or nucleobases with their inherent high
specificity o control supramolecular processes that are relevant
in Mature. Herein, such an approach was employed to interrogate
whether supramolecular assembly can modify the catalytic
activity of lipopeptide assemblies.

Catalysis plays a crucial role in living organisms.”™ Complex
networks of enzymatic transformations, for instance, allow

biological systems to control cellular processes and achieve
hamanctacie Thoae tha intradoctinon AfF catabdie fimetinne e an

important consideration for the design of synthetic mimics of
biological zystems 57 In this respect, prior studies combined
catalysis with other ‘life-like’ features such as replication, "#2%
dissipative self-assembly,”"* gr the formation of dynamic and
responsive soft materials.?*2® Alhough there are examples of
enhancement of acfivity of organocatalysts through formation of
supramolecular assemblies,® there is litile knowledge of how
specific interactions within the assemblies affect their catalytic
propertiss. As a consequence, tuning the activity and
stereoselectivity of supramolscular catalysts is far from trivial.=
2 Herein, we show that non-covalent interactions between
nucleobase units within catalytic multicomponent biohybrid
assemblies allow for tuning of their catalytic activity (Figures 1).

k M N ﬁ" k. \
k\ A Self-assembly - g ‘\) A\

e W \& _\\“ .‘tt
. AN
; ik
@EE Tripeptide cotadyst
NN Lipid Catalyst
[ | Nicleobases 0 ' o N

Figure 1. Cartoon repressnting the formation of catalytically active
supramalecular asssmblies by peplide-nucieolipid hybrids.

Results and Discussir

Design and synthesis '
To study the effect of ‘ ;’J :
performance of bichybrid o
compounds containing 1 . 5 \ ©
nucleobase, and a lipid. . 5 P
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From the aquthors

This review reflects about the high interconnection existing
between the main prebiotic synthetic routes, pointing out how
common intermediates and catalytic cycles connecting them would
be critical to establish self-organized and dissipative networks as
constituents of primitive minimal metabolisms.
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The field of prebiotic chemistry has been dedicated over decades to finding ablotic routes towards the
malecular components of life. There is nowadays a handful of prebiotically plausible scenarios that enable
the laboratory synthesis of most aming acids, fatty acids, simple sugars, nucleotides and core metabolites
of extant living crganisms. The major bottleneck then seerns to be the self-organization of those building
blocks into systems that can self-sustain. The purpose of this tutodal review is having a close look, guided
by experimental research, into the main synthetic pathways of prebiotic chemistry, suggesting how they
could be wired through common intermediates and catalytic cycles, as well as how recursively changing
conditions could help thern engage in self-organized and dissipative networks/assemblies (Le, systems
that consume chemical or physical energy from their erwvironment te maintain their internal organization
in a dynarmic steady state out of equilibriurm). In the article we alse pay attention to the implications of this
view for the emergence of homochirality. The revealed connectivity between those prebiotic routes
should constitute the basis for a robust research program towards the bottorn-up implemertation of

Received 28th July 2023 protametabolic systems, taken as a central part of the origins-of-lfe prablerm. In addition, this appreach
DOl 10.1039/d3cs005594a should foster further exploration of control mechanisms to tame the combinatorial explosion that typically
accurs in mixtures of various reactive precursors, thus regulating the functional integration of their
rscli/chem-soc-rev respective chemistries into self-sustaining protocellular assemblies.
Key learning points
(1] The eonstruction of a complete “protometabolle’ map will facilitate the task o ddentily and classify the different control mechankems that could emerge from
subzets of § d prebiotic reaction pathways and ion p » leading to “minimal bolie systems’.
(2) Pusting together a protometabolic network from these highly interconnected prebiotic ehemistries would require that some reactions are run in both the
forward and reverse direetions, channelling the exploration of the available chemical space in ways that rel complex, quilibrium states/mixtures.

(3) Non-enzymatic reaction networks could have provided, from a set of central protometabolic cycles, the adequate conditions for the emergence of oligomer/

polymer catalysss and replicators.

(4) Energetic funnelling, enabled by the coupling of multiple catalytic cycles under dissipative conditions, would represent a transition towards systems and

networks with Increasing robustness (partly expressed as ‘dynamie kinetle stability).

(5] The establishment of aute- and eross-catalytie loops, together with the sel bly of non ilibri lecular structures from some network
would open evolutd possibilities woward, 1lul blies with a higher stability and adaptability. These phenomena could also have

striking consequences for the amplification of small enantiomerie excesses of building blocks in the resulting protocells.

1. Introduction Earth or somewhere else, will require understanding the con-
straining mechanisms that enable prebiotic reaction pathways
Unravelling how life could have emerged from a set of inter- to get organized into self-maintaining swo
connected out-of-equilibrium chemistries, on the primitive mechanisms imply different types of sel®
separation, spatial heterogeneity, com

© Department of Organic Chenistry, Universidad Autdnoma de Madrid, Campus catalysis (template replication, eye)’
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whose exergonic degradation ¢

Spain dynamically unfavourable tra
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Here, we show that catalyst deactivation can be
overcome by catalysts that bear an intramolecular acid

or protonation and release of the alkylated catalyst
through f3-elimination of the nitroolefin.
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Overcoming Deactivation of Amine-based Catalysts: Access to
Fluoroalkylated y-Nitroaldehydes

Martin Schnurr, Jonas W. Rackl and Helma Wennemers*

Laboratory of Organic Chemistry, D-CHAB, ETH Zirich, Vladimir-Prelog-Weg 3, Zurich 8093, Switzerland

ABSTRACT: Organocatalytic conjugate addition reactions of aldehydes to fluoroalkylated nitroolefins with chiral amine
catalysts offer a straightforward stereoselective path to fluorcalkylated y-nitroaldehydes and downstream derivatives.
However, amine-based catalysts suffer from deactivation by reaction with the electron-poor fluoroalkylated nitroolefin. Here,
we show that catalyst deactivation can be overcome by catalysts that bear an intramolecular acid for protonation and release
of the alkylated catalyst through -elimination of the nitroolefin. NMR spectroscopic, kinetic, and molecular modeling studies
provided detailed structural and mechanistic insights into the factors that control reversible catalyst alkylation and facilitated

efficient catalysis.

INTRODUCTION

Fluorealkyl groups, particularly the trifluoromethyl (CFz)
group, are valuable for improving the pharmacokinetic
properties of bicactive compounds, including their
metabolic stability, lipophilicity, and permeability.! In
recent  years, several versatile organocatalytic
enantioselective  trifluoromethylation methods  that
proceed under mild conditions have been developed.2? We
envisioned that the synthetic repertoire could be expanded
by fluoroalkylated nitroolefins as building blocks for the
stereoselective incorporation of CFa and related fluoroalkyl
groups by the organocatalytic conjugation addition with
aldehydes (Scheme la). A chiral amine-based catalyst
would yield, viad an enamine intermediate (Scheme 1b, top),
fluorvalkylated y-nitroaldehydes and, thus, allow access to
y-pyrrolidines, y-lactams, or y-amino acids, motives that are
common in bioactive compounds (Scheme 1a).4 Related
chiral amine-catalyzed conjugate additions with aryl- or
alkyl-substituted nitroolefins  are widely studied.®1+
However, fluorinated nitroolefins are more electrophilic
and react readily with amines (Scheme 1b, bottom).1517 We,
therefore, anticipated that fluorinated nitroolefins would
deactivate amine-based catalysts by N-alkylation reactions
and circumvent the desired aldehyde-nitroolefin conjugate
addition. In fact, only two examples utilized a CFa-
substituted nitroolefin (1a) as a substrate, and the product
was obtained in low yields (<45%) despite catalyst loadings
of 15-20 mol%.71®  For efficient catalysis, catalyst
deactivation needs to be overcome, either by suppressing
alkylation or making alkylation reversible.

Herein, we present stereoselective conjugate addition
reactions of aldehydes to a wariety of fluoroalkyl-
nitroolefins. Key to catalysis and high stereoselectivity is
the peptide H-DPro-aMePro-Glu-NH: that overcomes
catalyst deactivation by intramolecular protonation of the
alkylated amine, thereby facilitating reversible catalyst
alkylation (Scheme 1c). Mechanistic studies provided deep
insight into the reaction and enabled access to fluorinated

Scheme 1 a) Amine-catalyzed conjugate addition with
fluoroalkylated nitroolefins. b) Competition between enamine
formation and catalyst deactivation by N-alkylation. c) Reversible
catalyst alkylation through intramoelecular protonation.
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y-nitroaldehydes, and downstream derivatives, with high
stereoselectivity at a catalyst loading of 0.5 mol%.

RESULTS AND DISCUSSION
Reactivity of amine-based catalys* Mey]-
nitroolefins. We began by ey~
butanal with CFy-substituted p’
of the Hayashi-Jergensen o
used catalyst for conjugatr
left).**® Less than 15% y
even when acetic acid (

as an external proton sc mZU rI.Ch



https://twitter.com/CLASSY_H2020
https://doi.org/10.1021/jacs.3c08198
https://doi.org/10.1021/jacs.3c08198
https://doi.org/10.1021/jacs.3c08198
https://doi.org/10.1038/s44160-022-00228-9
https://doi.org/10.1038/s44160-022-00228-9

Cell-Like ‘Molecular Assembly Lines’
of Programmable Reaction
Sequences as Game-Changers in
Chemical Synthesis

¢ www.fetopen-classy.eu

X @CLASSY_H2020

\ ‘iri s % i i accelopment’
gj:, m Z U r I Ch UNI %}% § m Icror" r ptakesyou further

| GRAZ]

This project has received funding from the European Union’s Horizon 2020
research and innovation programme under grant agreement No 862081.

© accelopment Schweiz AG


https://twitter.com/HeatInsyde
https://www.heat-insyde.eu/
https://twitter.com/CLASSY_H2020

