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The engineering of catalysts with desirable properties can be accelerated by computer-aided design (CAD). To achieve this
aim, features of molecular catalysts can be condensed into numerical descriptors that can then be used to correlate reactivity
and structure. Based on such descriptors, we have introduced topographic steric maps that provide a three-dimensional
image of the catalytic pocket 8 the region of the catalyst where the substrate binds and reacts 8 enabling it to be visualized
and also reshaped by changing various parameters. These topographic steric maps, especially when used in conjunction with
density functional theory calculations, enable catalyst structural modifications to be explored quickly, making the online design
of new catalysts accessible to the wide chemical community. In this Perspective, we discuss the application of topographic
steric maps either to rationalize the behaviour of known catalysts 8 from synthetic molecular species to metalloenzymes & or
to design improved catalysts.

Humans have been unknowingly using natural catalysts a’. > » ?
(enzymes)for the production of food antieveragedor Reactants Product B> =
thousands of yearsvore recently, modern chemistry has \ / Reackale st

introduced synthetic catalystahosefield of application (»/ m ,’
is, in principle infinite. Modern catalysi®as the potential .
to address and solv@meof the greatchallengesof the

215t century, especially those related the increasing
demandsof sustainableenergy?. However, while nature
has had billions of years to develdughly efficient

enzymeghat cancatalyzea finite setof reactions required
for life (approximatelys,000 classified to datg chemists
have hadonly a fewdecadego developefficient catalysts
that can promotehemical transformationto addresghe

above challenges
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Figure 1. Catalytic pocket in enzymes and synthetic
catalysts. a) The catalytic pocket of enzymes is characterized
by a few residues directly involved in the catalytic action

. . (bronze patch), and by residues indirectly involved, for example
Both for nature andfor chemists developing a good by altering the pKa of a directly involved residue. Other residues

molecular catalyst means designing welHunctioning may be responsible for binding the substrate (green patch),
catalytic pocketds the region of the enzyme or synthetic allowing the recognition and precise positioning of an enzyme's
catalyst where the substrdisndsand reacd by properly substrate in proximity to the chemically active catalytic residues.
arrangingthe atoms involved in the catalytic process in b) The catalytic pocket of a transition metal-based synthetic

threedimensional spade (Figure 1). As an example molecular catalyst is usually characterized by a metal
) ' coordinated to one or more organic ligands. The metal is

protease,stheenzymesthatcaFaIyze _the cleavag.e.of p(_eptide directly involved in the catalytic action, while the organic

bonds haveevolved into famiies defined byspecificamino  scaffold (in green) plays an indirect catalytic role by modulating

acids or metal ators fundamentalto their biological the electronic properties of the metal. The three-dimensional

function, and they araall efficient in catalyzing the same Wwrapping of the organic scaffold around the metal center is

chemical reaction.Serine protease families have even responsible for the selectivity in substrate binding via shape
; . complementarity, the formation of noncovalent binding

evolvedto the same catalytic pockétrough independent . .

. interactions, or both.
evolutionary pathways

The fine tuning of theactive siteof proteases has
providedtheseenzymeswith a high degree of specialization

uni v

by restricting their action to a selected number of peptide
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bonds located at specific sites
substrates This tuning has been the result afountless
random mutationén ther amino acid sequencendin the
natural selectionof the most effective solutiondn a
syntheticchemstry laboratory two main approaches are
generallyusedto developa new catalyst onerelieson the

in specific proteinintroduced by usto quantify the steric hindrance of-N

heterocyclic carbengdNHCs)?*%5, As shown in Figure 2b,
the buried volumequantifies the fraction of the first
coordination sphere around a metal cewitcupied by the
organic ligandBecausehe buried volumedcuseson space
occupation around the metal, rather than swecific

high-throughput screening of a large library of potential features ofa given class olfigands, it canbe usedo build

catalyststo exploreas manycandidatesas possibl&®, and
the other consistsof developng a catalystwith predefined
propertiesin an informed way possibly through a few
iterationsaimed atimproving the catalysé performance
upto a satisfactory level

One of the main challenges @atalystdesign istuning
catalyss from poorly effective prototypes tosystems
fitting the stringentcriteria for industrial applicationg:his
is adaunting taskbecauseevenminimal differences irthe
active siteof a catalystcan alterits catalytic performance
For instancegood selectivityusuallyrequiresfavoring one
reaction pathway over the others lapproximately 2
kcal/mol and reducingan activation barrier by the same
amount can result in anultifold improvementin the
catalytic activity.This energydifferenceis smaller tharthat
associated witta hydrogen bondn water (approximately 5
kcal/moP) but still enough toshuttle 95% of thereactants
along the favored reaction pathway.

Molecular descriptors for predictive catalyst design

Molecular descriptors are one of thgillars of
predictive catalystdesigri® & they quantify properties of
catalystsenabling to correlatexperimental behaviour and

property structure relationshipgor any class of catalysts
and ligandsFor examplethis parametehas ben used to
quantify the steric effects digands in high-oxidationstate
metal catalys® and together with the Tolman cone angle,
to explainthe enhancement of nickel catalysis cross
coupling reactionsia remote sterieffect?”.
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structuré™*3, Molecular descriptors were introduced by Figure 2. Schematic representation of descriptors used in

Hammet, who proposedan empiricalequationbasedon
two parameters to correlatates and equilbrium constarg
of reactiors involving aromatic compound¥. Since this
seminal work several other
proposed to build quantitative structureactivity
relationships withina given family of organometallic

descriptors have been

catalysis. a) Steric and electronic molecular descriptors,
capturing the hindrance and the electronic influence of ligands
on the metal can be used to correlate the experimental
behaviour of a catalyst to its structure. b) Popular steric
descriptors used in catalysis: the Tolman cone angle, which
measures the solid angle containing the whole ligand; the
buried volume, which measures the fraction of the first

catalysts'®, in which a transition metal at the center of the coordination sphere occupied by a ligand; and the Sterimol
catalytic pocket is usually responsible for the catalytic parameters, which measure the ligand length (L) and the

action. The mostcommonapproachwhich wasintroduced
by Tolmart® for phosphinesis to connect the experimental
behavior of catalysts to two different descriptors
characterizing the ligandsone electronic descriptor
captuing the electroniceffectsdue to transmission along
the chemical bondand one steric descriptor arisg from
forces (normally nontonding between parts of the
molecule(Figure 2al®.

The steric descriptor introduced Gylman the cone
angle (Figure )% is one of the mospopular steric
desciptors, andit can evenbe found in organometallic
chemistrytextbooks®. Howe\er, it hasthe disadvantagef
being only applicable to phosphinesMore general steric
descriptorsinclude those proposed by Taft Charton® 19
and Verloop®?! as well asthe buried volumgwhich was

minimal and maximal (B1 and Bs) dimensions perpendicular to
the ligand length. ¢) Wireframe, space-filling Corey-Pauling-
Koltun (CPK), and topographic steric map representations of a
ruthenium complex.

Nevertheless,most of the proposed descriptorare
limited by condensingthe featuresof a given catalysto
single numbes, while the chemical behaviar is often more
complex becausat is related to thehreedimensional 8D)
shape of theatalytic pocket. This point becomes pivotal in
the case of asymmetric synthesis, where the selectivity of
the catalyst is related to effective-sigmmetrizationof the
catalytic pocket. Singlgalue descriptors such as the
Tolman cone angle or the burieslume, are unable to
capture these feature§his limitation has inspired the
search forother descriptorscapableof capturingthe 3D
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shape ofa catalyst Some of the proposesblutionsare
based oni) stereocartographya mapping technique to
locate regions of maximurasymmetry andconsequently,
stereoinduction around a chiral cataf§stii) accessible
molecular surfagea method for quantifying the intrinsic
steric properties of a chelating ligabhdsed on thsolvent
accessible surface area of the metal céhteand iii)
Sterimol parameters a set of parameterghat can
successfullycapturethe size and shape o ligand on a
metal by measuring the dimensgof the substituents
along specific directions (Figure 2bj°3L. These
methodologies are powerful toolsfor quantifying
differences ina catalytic pocket and toguantitatively
correlatethe experimental behavio of a catalystwith its
structure However, theycamot providea 3D visualization
of theshapeof a catalyticpocket.

Visuali zing the catalytic pocket

The concept of catalytic pocket was developed in the
field of enzymatic catalysis and the importance of a
properly shaped catalytic pocket has been wsiablished
since the introduction of the logndkey model by
Fischef?. These conceps can easily be extended to
moleculartransitionmetal catalysts, sinchigh selectivity

Following a similar philosophya method for visualizing
the hindrance around catalytic center haslso been
describedby Houk Montgomery and Liy who used a
graphical representatidmased on ligan@D steric contour
maps in which the contours describe the distareween
the van der Waals surface of the ligardithe substratgto
explain the reversal ofthe regioselectivityin reductive
couplings of alkynes and aldehydesstalyzed by NiINHC
complexe¥. The same approach was used recenthiny
and Montgomery to rationalize the regio and
enantiocontrol inthe same reaction when using a new class
of exceptionally hindereanantiopure NHC ligand$

Topographi ¢ steric of  transition -metal

complexes

map s

In addition tooffering an mage ofthe catalytic pocket
topographic steric mapsanalsobe considered fingerprist
of transitionmetal complegs An illustration of this is
presentedn Figure 3 for a set ofthreerelatedprivileged
chiral ligand$® bisoxazoline and binaphth{iandsin Cx-
symmetric complexed and 2 and a phosphinooxazoline
ligand in Ci-symmetric complex3. These complexes are
known to induce enantioselectivity in a wide variety of
textbook reactions, including Diélalder cycloadditiors,

and good catalytic activity require shape complementarityMichael and MukaiyaniaMichael additionreactions Heck

between the substrate and the catalyst both in estiayand

synthetic catalys. However the number of tools capakhié

visualizing the shape ofthe catalytic pocketin transition

metal complexesremains surprisinglylow. The most
commonapproach is tereparea ball-and-stick or aspace

filling CoreyPaulingKoltun (CPK) visualization of the
catalyst in a specific orientatiofi** to maximize the
exposure of the catalytic pock@tigure 2c). In addition to
the difficulies associated withvisualizing differences
between related systems, these representattmsnot
provide any quantitative description of thepocket
surroundilg the metal center

In this context, we introduced the concept of
topographic steric maps® (Figure 2c), which can be
consideredphysicachemical analog®f physical mapsn
geography Topographic steric mapgrovide an image of

reactiors andasymmetrichydrogenatioa

Simple visual inspectianof the ballandstick or CPK
structures of complexesl-3 do not enablean immediate
comparison of the various systems (see Figgoefor a
representative amparison between different visualizations
of a complex).Conversely, the steric mapa Figure 3
identify the individual complexes anuhtuitively indicate
how different ligands shape the catalytic podkedifferent
ways The slim bisoxazolindigand of 1 occupies space
along the equator ohe catalytic pocketwith the upward
orientedt-butyl groups corresponding to the relatively soft
bulges in thesouthwesternand rortheasternquadrant®.
The upwardfacing phenyl groups of the binaphthyl ligand
in 2 form a northwestern to southeastegroove similar to
that in1. The main differencgarein the naphthyl groupsf
2, which cover the bottom of the catalytipocke in the

the surface of interaction between the catalyst and thenorthwestern and ®utheasternquadrants and in the

substratés) that isshaped by the ligands in the complex
while the numerical array ofgints defining the surface can
be used for quantitative analys@3ncethe metal centrhas
been set tothe equivalent ofsea leveland thewhole
complex has been oriented to maximize expostr¢he
metal cente from the top, altimetric contous offer a

stronger hindrance provided by tpbéenyl groups of2 in
the southwesterrand rortheastermuadrant®. The catalytic
pocketof 3 can be considered a hybrid of thoselaind 2,
with the western hemisphere similar to thatloand the
eastern hemisphere similar to that 2f Consistently, the
%Veur Of 2 is clearly larger than that df while the %\4ur

quantitative description of the catalytic pocket. Elevation of 3is intermediate between those2énd3.

from the metalis measuredn a manner analogous to that
used withphysical mapgor geographical featuresnd a
coloring schemdrom deep blue to darted canbe used to

indicateregionsin the catalytic pocket where there is space

available to host the substrdtelow or abovéhe'sealevel.
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of bulky substratesyhile in the steric map 06 theseare
relatively unhindered zoneswhich possiblyallows for
coordination of bulkier substrates.

Subsequentomparison ofthe catalytic activies of 4, 5,
and6 i n tanyktionUof propiophenone wittdifferent
aryl chlorides indicated that CAAG6 complex 6
outperforms CAAG5 complexs 4 and 5, and it offers
excellent yieldsregardless of the structuref the aryl
chloride (Figure 43, validating the catalyst design

strategy®.
%V, 43.8 %V, 53.9 %V, 49.1 Another example of catalyst design based on the
T — E—— | comparative analysis of catalytic pockets in related
30 20 10 00 10 20 3.0 (A) complexes can be found in the development of chelating

Figure 3. Topographic steric maps of transition metal
complexes. In particular, of three related ligands in the density
functional theory (DFT)-optimized structures of the palladium
complexes 1-3. Only the ligands in red have been
considered in the definition of the catalytic pocket. The steric
maps are viewed down the z-axis; the orientation of the
complexes is indicated for 1 and applies to the three systems.
The isocontour scheme, in A, is shown at the bottom. The red
and blue zones indicate the more- and less-hindered zones in
the catalytic pocket, respectively. Comparison of the steric maps
allows differences to be identified in the shapes of the catalytic
pockets of the three complexes.

Topographic steric maps in catalyst design

Topographic steric mapsan bea useful guide for the
design of new catalyss because they enable the
determination ofthe effect of structural changes-or
example, Bertranat al used opographic steric map®
design cyclic six-membered (alkyl)(aminokxarbene
(CAAC-6) ligands capable of outcompeng their five-
membered analogues (CAA®R) in Pdmediated a-
arylatiors of ketones witharyl chlorides (Figure 4ajC.
Previous wark on CAAG5 Pdcomplexesndicated that,
with unhindeed ethylsubstituentswas unable to promote
the a-arylation reaction, whiles, with a bulky menthyl
substituent replacing the ethyl groupsshowed high
reactivity with the less sterically demandiagyl chloride,
i.e., chlorobenzene.However, 5 showed muchlower
reactivity with bulkier aryl chlorides, suc as o-
chlorotoluene or Zhlorom-xylene.

This knowledge led the authorshgpothegze thata CAAC
ligand with large steric hindrancédut more flexiblethan5
would offer better catalytic efficiency and broaden the
substratescopeto a large variety oéryl chlorides. To test
this hypothesisthe CAAC-6 ligand of 6, also having the
advantageof being more electrordonating was selected.
Buried volume analysis of the crystallographic structures of
4, 5 and 6 confirmed the overall larger steric congestion
around the Pd cemrof 6 compared to bott and 5.
Further analysis of the steric maps indicated that the
additional steric hindrance i is also placed arounthe
north to south axiswhich probably prewats coordination

ligands for the Paatalyzed copolymerization of ethylene
with olefins having a polar functional gip (Figure 4b).
One of the drawbacks of the currently available catalysts is
that only a few of them selectively generate high
molecularweight linear polymersi-urthermorethe typical
strategy used to increase molecular mass oiefin
polymerization, bamd on the inhibition of the chain
termination reactions by increasing the steric hindrance
around the active center of the catalytic sy$féf cannot

be applied in a straightforward manner. For instance,
increasing the steric hindrancé the substituents on the P
atom of a phosphinsulfonato Pdigand in the prototype
Drenttype catalysts 10) for the copolymerization of
ethylene with higher (and bulkier) olefins drastically
reduces the amount of incorporatedrsonomer, as this
steric hindrance is located in proximity of the coordinated
monomer (Figure 4b).

Carrow and coworkers resolved this dichotomy by
designing Pd catal ysts
ligand based on a phosphonic diamesphine (PDAP)
motif, such as in9 (Figure 4b}. In addition to having
different electronic properties, the steric hindrancehef
PDAP skeleton can be tuned by changing the bulkiness of
the substituents on the diamide N atoms, which is in
positions remote from the coordinated monomer (Figure
4b). This should preserve good insertion rates of the
comonomer.

The initial comparisorof the steric hindrance of (P"O)
ligands in the crystallographic structures of-d&anplexes
indicated tha®, having the prototype PDAP ligand with a
diisopropyl phosphonic diamide group, displayed
significantly higher steric hindrance compared to other
common ligands, such as the carboxylagsed ligand irY

or the ditert-butyl phosphine oxide ligand & In addition,
visualization of the catalytic pocket indicated that the
PDAP ligand in9 hinders the O side of the complex
(western hemisphere), whilehg impact on the P side,
which is near the coordination position available for the
incoming monomer in the eastern hemisphere, is minimal.
This analysis led the authors to conclude that variations of
the amine substituents in the PDAP ligand could be a goo
handle for tuning the polymerization behawioof the
catalyst.
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Subsequent comparison of the catalytic copolymerizationinsertion copolymerization of ethylene with polar vinyl
behavior of Pd complexes bearing a series of differentlymonomers to prepare higholecularweight copolymers
substituted PDAP ligands allowed the authors to identify (My up to 13 g/mol).
complexes, such akl, which are potent catalysts for the

a) Pd-catalyzed o-arylation of ketones with aryl chlorides

(i) (ii)
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b) Pd-catalyzed synthesis of high molecular weight functional polyethylenes
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Figure 4. Application of topogr aphic steric maps in catalysts design. a) Pd-c at al y-argation £ of ketones with aryl
chlorides. (i) Reaction investigated by Bertrand et al.*°, a-arylation of propiophenone. (i) Pd complexes compared in ref. 40. (jii)
Performance of catalysts 4-6 in the a-arylation propiophenone. (iv) Steric maps of complexes 4-6. A comparison of the steric maps of
complexes 4, 5 and 6 indicated that complex 6 was the most promising catalyst, because it has at the same time high steric hindrance

and relatively free space along the north to south axis for coordination of bulky substrates. Subsequent experiments confirmed that 6
outperforms 4 and 5 in the a-arylation of propiophenone by aryl chlorides with different degrees of steric hindrance, such as
chlorobenzene and 2-chloro-m-xylene. b) Pd-cataly zed synthesis of high -molecular -weight functional pol yethylenes . (i) Reaction
investigated by Carrow et al.*!, copolymerization of ethylene with functionalized 1-olefins. (ii) Pd complexes compared in ref. 41. (i)
Performance of catalysts 10 and 11 in the synthesis of functionalized polyethylenes. (iv) Steric maps of complexes 7-9. Comparison of

the steric maps of complexes 7, 8 and 9 indicated thatt he most hindered phosphineDPwdsdohse mdsto ni c
promising skeleton for further structuralvar i ati ons. Subsequent experi mental screening o
diamide ligands demonstrated that catalysts such as 11 are potent catalysts for the insertion copolymerization of ethylene with polar

vinyl monomers to form linear high-molecular-weight poly(ethylene-co-acrylate) materials. Both in parts a) and b) the steric maps are
viewed down the z-axis; the orientation of the complexes is indicated for 4 and 7, and this orientation applies to all systems. The
isocontour scheme, in A, is the same as that described in Figure 3.

%V,

=49.6
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Physico -chemical characterization of the catalytic
pocket



As the steric maps identify the surface of the catalystshould becontrolled by the small, upwardoriented S=0
exposed to the substratéhis surface can bdurther moieties (Figure 5¢). The daracterization of the catalytic
analyzed to characterizbe catalytic pockein terms ofits pocket in terms ofts steric propertiesconfirmed that the
physicechemical propertiesFor exampleanalysis of the  catalytic pocket of12 is highly asymmetri®, with a
catalytic pocketbased on itsteric propertiealoneis not northwest to southeastriented groove shaped by the
sufficient for explaining theenantioselectivity in the upwardoriented p-tolyl groups (Figure 5d). DFT

asymmetric 1,4addition of phenylboronic acid to-2 calculations demonstrated that in the favored transition
cyclohexenone  which leads to chiral 3 state the reacting groups are accommodated in this groove

phenylcyclohexanone(Figure 5a), promoted by Rh (Figure 5c). In contrast the steric map ofLl3 shows a
catalysts12 and 13 (see Figure 5b)Both 12 and 13 are substantiallyflatter catalytic pocke{Figure 5d), suggeshg

highly enantioselective, with enantneric excessof 90% that steric effects are not responsible for the high

and 99%, respectively. While the good performanc&2f enantioselectivity exhibited bi3.
was expected, the high enantioselectivity achieved %8th
was surprising because the enantioselective induction

a)

+ Ph-B(OH); —01 5

" Down

Figure 5. Rh-catalyzed asymmetric addition of phenylboronic acid to 2 -cyclohexenone . a) Scope of the reaction: enantioselective
synthesis of 3-phenylcyclohexanone. b) Rh catalysts compared in ref. 35 . ¢) Ball-and-stick representations of the favored transition
state geometries for the Ci C bond formation steps between the 6-membered rings of phenylboronic acid (colored in pink) and 2-
cyclohexenone (colored in cyan) with 12 and 13. d) Steric maps of the catalytic pockets of 12 and 13 in the transition-state geometries of
the Ci C bond formation step. The steric map of 12 is strongly asymmetric, with steric hindrance in the NE and SW quadrants due to the
upward-oriented phenyl groups of 12. This hindrance forms a NW to SE groove matching the relative disposition of the reacting groups
in the favored transition state. The steric map of 13 is flatter, with no zones of high steric hindrance. Therefore, 13 is not capable of
enforcing a favored orientation of the reacting groups in the Ci C bond formation step through steric effects. e) Electrostatic potential
maps of the catalytic pockets of 12 (top) and 13 (bottom) in the same transition states. The situation is reversed relative to the steric
maps: the electrostatic potential map of 13 is strongly asymmetric because of the highly negative electrostatic potentials in the NE and
SW quadrants (due to the upward-oriented O atoms of 13), while the electrostatic map of 12 is flatter.

Characterizing thesurfaces of thecatalytic pocket derived from DFT calculations provided a different
defined by the steric mapssingthe electrostatic potentials perspective of the two catalyst¢Figure 5e) The
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electrostatic potential map of the catad pocket of13 is

remarkably asymmetric, with highly negative electrostatic

potential hotspots located in proximity the S=O moieties.
In contrastthe electrostatic potential map i is flatter. As

a result, the electrostatic map 18 is asymmetric antias a
shapesimilar to that of the steric map ofl2. The favored

transition state again places the reacting groups in the

northwest to southeast groowehich is in this caseshaped
by the electrostatic potential on the surface of thalytic

pocket. In short, imaging catalytic pocketith the steric
maps and characterizing thesurfaces using a general
property, such ashe electrostatic potential, allosd us to

explain the origin ofhe stereoselectiviés of12 and13.

Characteriz ing the catalytic pocket of metalloproteins

The application of topographic steric maps is not limited to
synthetic molecular catalysts. For example, they can be use

to characterize the catalytic pocketf natural or artificial
metalloenzyme$. To illustrate how they can be used in the
analysis and desigof enzyme® in this sectionwe discussa
comparson betweerthe catalytic pocket othe wild-type
mononuclear fhydroxymandelate synthase fromA.
orientalis and that of anin silico designed triple mutant
(S221M/V223F/Y359A) of a homologous enzyme fr@n
coelicolor.

The wildtype enzyme facilitates the conversion of
phenylpyruvate to §-mandelaté®, while the mutant is
designedo inducethe oppositenantioselectivityandfavor
the formation of(R)}mandelaté*® (Figure 6a). The active
site of these proteins (Figuréb) presents a trigonal
bipyramical Fe center with coordinating -H atoms of

His181

Wild Type
His181

Triple Mutant
His181

Ala359

His261

Phe350 S M Phe350

2.5 25

=

His181

Glu340

(S)-product His261

Figure 6. Steric maps of the catalytic pocket of

metalloproteins. a) Scope of the reaction: oxidation of
phenylpyruvate to mandelate. b) Ribbon representation of
the structure of the S221M/V223F/Y359A mutant from S.
coelicolor with the catalytic site in a ball-and-stick

His181 and His261 in the equatorial plane and an _Oxyg?r?epresentation. The coordination positions available for
from the carboxylate group of Glu340 along the main axiscatalysis are shown in green. c) Steric map of the active site

(according to theesidue numbering dB. coelicolo). The
other two coordination positionsploredin green in Figure
6b, are avadble for catalysis. In the-Kay structures of the
wild-type enzyme (PDB ID: 2R5Y) and of the mutant
(PDB ID: 3ZG3®), these positions areccupied by theg)
mandelate and theRfmandelate produstrespectively. Co
was used asa catalytically inactive mimicof Fe*®*° to
intercept the intermediate in which theproduct is
coordinated to the metal.

in the crystallographic structure of the wild-type enzyme
from A. orientalis and of the S221M/V223F/Y359A mutant
from S. coelicolor. The metal is at the origin, the barycenters
of the metal-coordinated N and O atoms are on the z-axis,
and the metal-coordinated O atom is on the XZ-plane. d)
Ball-and-stick representation of the mandelate products
bound in the crystallographic structure of the wild-type
enzyme from A. orientalis and of the S221M/V223F/Y359A
mutant from S. coelicolor. In both structures, Co(ll) (colored
pink) was used as a redox-inactive Fe(ll) mimic.

In both cases,he coordinating residues, His181, His261,
and Glu340, are located at the bottom of the catalytic
pocket®. As highlighted by thatericmaps shown in Figure

6¢c, in the catalytic pocket of thewild-type enzymethe
space above the metal is constrained by several residues
(thosein positions 223, 234, 261, 340, 350, and 3%@)

the aromatic ring of §-mandelate is thus placed in the
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southwestermjuadrant in an opesubpcket between the Finally, the digital version of the steric map, which is the
metal and residues Thr234 and Val223.cbntrast, in the array of points defining the surface in the Cartesian space,
mutantthe aromatic ring of)-mandelate is placed in the could beused as a digital steric descriptor withinltiinear
northwesterrquadrant of the catalytic pockgR)-mandelate  regression analysi&®! or could beembedded in a workflow
cannot be accommodated in the catalytic pocket of the wild for the highthroughput screening of new catalystithin

type enzyme, asstaromatic ringvould clash withthe large ~ machine learimg approaché&8®,

Tyr359 residue. Computer code availability

The impact of the V223F and Y3&9mutationsis evident The source codecalculating buried volumes and steric

from a comparison of the stericepresentation of the maps is downloadable from the SambVca wekrver
catalytic pocket the V1223F mutation blocks the open https://www.molnac.unisa.ittOMtools/Test '
space in thesouthwestermuadrant, where the aromatic ring 2019/download/download. html

of Smandelate would be placed, while the Y259A mutation
opensspace in thenorthwestermguadrant, to accommodate
the aromatic ring oR-mandelate.
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