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Introduction

The potential use of metallocenes in oncology was first introduced by Köpf-Maier [1] with simple complexes of Ti [2] and Fe [3,4] . Unfortunately, the titanocenes proved to be too unstable to provide a biologically useful formulation. In the ferrocene series, only the ferriceniums possess some cytotoxicity but they show low biological activity and, in any case are not stable in aqueous media. A novel strategy based on multifunctional hybrids of ferrocene was then considered. This approach has recently been the subject of a large number of reviews [5 -16] and the results have proved to be, to say the least, mixed. Nonetheless the redox motif [ferrocenyl-ene-phenol] remains the most biologically promising candidate to date, since compounds presenting this motif show remarkable antitumor properties both in vitro and in vivo. [17] For example, complexes P5, P15, P85 and P722 (Scheme 1) exhibit IC50 values in the range 0.035 -1.5 µM on the triple negative breast cancer cell line MDA-MB-231. [17] Scheme 1. Sequence of reactions leading to ferrocenyl indenes Under mild oxidative conditions, this motif evolves to ferrocenyl quinone methide (QM, Scheme 1) via transient oxidation of the ferrocene. These QMs are remarkably electrophilic, allowing the reaction of biologically relevant nucleophiles such as thiolates to take place mainly by 1,8-Michael addition. [18] Quinone methide products generated by chemical or enzymatic oxidation of P15, P5 and P85 proved to be responsible for inhibition of thioredoxin reductase (TrxR) in vitro, one of the enzymes involved in the cellular redox homeostasis. Further investigation showed that inhibition was irreversible and took place by alkylation of the thiol / selenol group in the enzyme's active site. [19,20] Conversely, only P15-QM and its precursor P15 itself were able to inhibit TrxR in cellulo while neither P85 nor its QM did. [19] This discrepancy was explained by the instability of P85-QM that readily converts into a cyclic product (indene) in protic medium (Scheme 1) that is devoid of reactivity for thiols. P85-ind was indeed shown to be the main metabolite resulting from oxidation of P85 by liver microsomes. [21] Cathepsin B (cat.B) is an ubiquitous proteolytic enzyme belonging to the CA clan of cysteine proteases. This enzyme is mostly localized in the lysosomes and is involved in proteins turnover at the cellular level. Interestingly, this enzyme has also been proved to participate in tumor progression by degrading extracellular matrix proteins and is therefore considered as a relevant target for cancer treatment. [22 -24] Cat.B shares a common feature with TrxR, that is the presence of a highly nucleophilic thiol in its active site. [25] Unsurprisingly, most of the known organic inhibitors of cat.B are irreversible, acting as alkylating agents. [25] Various metallodrugs are also known to target cysteine proteases [26] including cat.B [27] . For example inorganic gold(I) [28,29] and organometallic gold(III) [30] complexes are good to excellent cat.B inhibitors owing to the aurophilicity of sulfur. Inhibition by the gold(I) complexes is considered as reversible because addition of excess cysteine allows recovery of cat.B activity. Some half-sandwich organometallic complexes of Ru(II) [31 -35] and some Pd complexes [36,37] also act as reversible inhibitors of cat.B and two of the ruthenium complexes were effective in impairing tumor invasion as a consequence of cat.B inhibition.

Due to the well-established reactivity of ferrocenyl quinone methides with thiols and their ability to readily convert to indenes, [19] we thought relevant to investigate the possible interaction of these compounds with cat.B in the aim of finding a new target explaining the anti-proliferative activity of the ferrocifen precursors.

Results

Inhibition of cathepsin B by ferrocifen derivatives

P85-QM (Scheme 1) was first chosen to assay its ability to inhibit cat.B since it is reasonably stable and easy to manipulate conversely to P5-QM. [17] P85-QM was obtained by chemical oxidation of P85 according to a previously published protocol. [21] In the classical assay conditions used for measuring the catalytic activity of cat.B, no inhibition of the enzyme was induced by P85-QM up to 100 µM.

In the presence of Bronsted or Lewis acids, ferrocenyl quinone methides, specially P85-QM, are readily converted into indene derivatives. [21] Therefore, we also investigated the ability of P85-ind to interfere with the catalytic activity of cat.B. P85-ind was synthesized from P85-QM by treatment with ZnCl2 (Scheme 1). To our surprise, the esterolytic activity of cat.B on the chromogenic substrate Z-Lys-ONp, measured by monitoring the formation of pnitrophenol at 326 nm, was inhibited by P85-ind in a concentration-dependent fashion with an IC50 of 19 µM (Table 1). Thus, we next investigated whether P5-ind, P15-ind or P722-ind shared the same property. Only P5-ind was able to inhibit cat.B with an IC50 of 38 µM whereas P15-ind and P722-ind were completely inactive. Let us also notice that P5, P15 or P85 were also fully inactive with respect to cat.B activity. Table 1. Cathepsin B inhibition results and docking calculations. 

P85-ind

(R)-P85-ind 19.2 ± 1.3 6 52.9 ± 0.3 6 ++ 3 (S)-P85-ind ++3 

P5-ind

(R)-P5-ind 38 ± 12 6 86.1 ± 0. (S)-P722-ind No inhibition nd - 4 These experiments were repeated with the more selective fluorogenic substrate Z-Arg-Arg-AMC classically used for measuring cat.B endoproteolytic activity by monitoring the formation of 7-amino-4-methylcoumarin by fluorimetry. [38] Using phosphate buffer pH 6 for the assay, no inhibition was noticed for any of the tested compounds. However, when the pH was decreased to 5, P85-ind was shown to inhibit cat.B, albeit with a lower efficacy since the IC50 equalled 53 µM. In the same experimental conditions, only P5-ind inhibited cat.B with a modest IC50 of 86 µM, whereas P5 and P85 were again inactive up to 100 µM. The unexpected behaviour of P5-ind and P85-ind towards cat.B prompted us to perform a series of docking calculations as follows.

Docking calculations

In order to better understand the analysis of the docking results few points need to be clarified:

1) Docking calculations using a genetic algorithm and random seeds (random starting points) are heuristic and stochastic calculations meaning that at each independent run we may obtain different results. Hence, a large number of calculations need to be performed so that a representative population of docked conformations can be obtained, and thus, a distribution analysis can be performed.

2) The distribution obtained can be interpreted as a probability of finding a specific conformation as proposed by the developers of AutoDock. [39] 3) As highlighted in ref. [39] , tight binding ligands afford well clustered distributions (not dispersed). On the other hand, ligands affording dispersed distributions can be interpreted as non specific binding ligands (see Analysis of the Docking Results Section in the Supporting Information for a detailed description of clustered and dispersed distributions).

For all these reasons and rather than using the "raw" computed binding energies, we focused our attention in the quality of the clustered distribution to discuss the docking results.

In order to rationalize how P85-ind acts as an inhibitor and where the active site of cat.B is located, a series of blind docking experiments were performed, meaning that no a priori information was used to determine the active site of cat.B, the whole enzyme being considered for the docking calculations. It is worth noting that the docked conformation of P85-ind was found close to residues His199 and Cys29 (Figure 1) where the active site of the enzyme is known to be located. At this point, it is important to highlight that the inhibition experiments were carried out with racemic complexes (Figure 2). A priori, we are not able to determine if only one, or both enantiomers, are responsible for the impairment of the enzymatic activity of cat B. On the one hand, the docked conformation of (R)-P85-ind exhibits an aromatic interaction between one of the cyclopentadienyl moieties of the ferrocene and His199 (Figure 1).

Aromatic interactions with His199 have already been identified as key factors in the inhibition of cat.B by ferrocene-based compounds. [40] Another important interaction can be found between the indene moiety and Trp221. (R)-P85-ind also shows hydrophobic interactions with Trp221, Gln23, Ser25, Cys26, Gly27, Cys29, Cys71, Asn72 and Leu181 (Table 2 and Figure S22).

Figure 2. Enantiomers of the different indenes used in this study

It also exhibits one H-bond with Asn222. On the other hand, (S)-P85-ind displays a lone pair-π (lp-π) interaction between Gly27 residue and the indene moiety (Figure 1). It also shows hydrophobic interactions with Gln23, Gly24, Ser25, Gly27, Phe32, Asn72, His199, Ser220 and Trp221 (Table 2 and Figure S24). (S)-P85-ind also shows two H-bonds with Cys29 and Gly33.

Table 2. Interactions between active ligands and cathepsin B.

Compound

Interactions

Hydrophobic

Interactions H-Bonds π-π stacking

Lp-π (R)-P85-ind Gln23 Ser25 Cys26 Gly27 Cys29 Cys71 Asn72 Leu181 Trp221 Asn222 Ferrocene-His199 Indene-Trp221 - (S)-P85-ind Gln23 Gly24 Ser25 Gly27 Phe32 Asn72 His199 Ser220 Trp221 Cys29 Gly33 - Gly27 (R)-P5-ind Gly24 Ser25 Cys108 Trp221 Asn222 Asp22 Gln23 Leu181 Indene-Trp221 - (S)-P5-ind Gln23 Ser25 Gly27 Phe32 Asn72 His199 Trp221 Ser220 Gly24 Cys29 Gly33 - Gly27
Further docking experiments were performed with the two enantiomers of P5-ind giving the following results. First, (R)-P5-ind is also docked in the main binding site of cat.B and exhibits an aromatic interaction between the indene moiety and Trp221 (Figure S15) as for (R)-P85-ind. In addition, (R)-P5-ind displays three H-bonds with Asp22, Gln23 and Leu181 which help stabilizing the docked conformation (Table 2). Although the indene and ferrocene moieties of (R)-P5-ind are "staggered" with respect to the (R)-P85-ind conformation in the main binding site, both inhibitors have the ferrocene pointing towards His199 and Cys29 and the indene moiety pointing towards the outer edge of the cavity (Figure 3). (R)-P5-ind also shows hydrophobic interactions with Gly24, Ser25, Cys108,

Trp221 and Asn222 (Table 2 and Figure S14). Second, the (S)-P5-ind docked conformation has the ferrocene and indene moieties oriented towards His199 and Cys29 like (S)-P85-ind.

Indeed, both structures are notably similar, showing a common lp-π interaction between the indene moiety and Gly27 (Figure S17). As for (S)-P85-ind, (S)-P5-ind shows hydrophobic interactions with Gln23, Ser25, Gly27, Phe32, Asn72, His199, Ser220 and Trp221 and three Hbonds with Cys29, Gly24 and Gly33 (Table 2 and Figure S16). However, (S)-P5-ind forms Hbond with Gly24 via its phenol and whereas (S)-P85-ind has hydrophobic interaction with this residue. Third, P722-ind and P15-ind do not reduce the in vitro activity of cat.B (Table 1). This experimental result can be easily explained taking a closer look into the docking results. The docked conformation of both (R)-P722-ind and (R)-P15-ind (and their enantiomers) are not found inside the main binding site (the active site) of cat.B (Table 1, Figures S3-S4 and S7-S8).

In addition, the cluster distribution of both enantiomers is dispersed, so that the ligands do not display any specific binding conformation.

Discussion

Cathepsin B is recognized to participate in the development of tumours and its level of activity is high in many types of cancers. As such, it appears as a potentially attractive target to develop anticancer drugs based on its inhibition. In addition to peptide-based inhibitors generally carrying an electrophilic warhead for irreversible inhibition, a number of other non peptidic, reversible inhibitors of cat.B have also been reported. [41][42][43][44][45] While investigating the ability of electrophilic ferrocenyl quinone methides to inhibit cat.B, we serendipitously found out that the indenes derived from P5 (diphenol) and P85 (monophenol) resulting from acidcatalysed cyclization of the quinone methide showed moderate IC50 (in the micromolar range)

as determined by enzymatic assays with two different substrates. In both assay conditions, the monophenol derivative was more active than the diphenol and the inhibition activity was highly pH-dependent. Moreover, compounds having bulky substituents on the aryl group at position 3 or at position 1 of the indene scaffold were inactive. The docking calculations performed with the four different indenes supported the experimental data.

Docking calculations performed on the two enantiomers of P85-ind and P5-ind localized the molecules in the active site of cat.B, more precisely at the vicinity of Cys29 and His199 that are both involved in peptide bond cleavage by a mechanism typical of cysteine proteases belonging to the papain superfamily (Scheme S1). [46] Such a configuration has previously been reported for ferrocene-tethered ionic liquids. [40] Following the Schechter and Berger nomenclature, the binding site of cat.B contains six subsites (S1 to S3 and S1' to S3'). In contrast to other cysteine proteinases, cat.B displays an unusual peptide segment (Ile105 -Thr 125) called the occluding loop that is flexible and governs the exoproteolytic (peptidyl dipeptidase) and endoproteolytic activities depending on its conformation. In the closed conformation (maintained by salt bridges between Asp22 and His110 and Arg116 and Asp224), the S2' subsite is partially obscured, preventing large substrates to bind and the enzyme to exert its endoproteolytic activity. [47] X-ray structures of bovine cat.B with different epoxide inhibitors provides a good picture of the active site in the closed form and the individual subsites. [48] The S1' subsite consists of a hydrophobic pocket formed by Val176, Leu181, Met196, His199 and Trp221 while the S1 subsite comprises Gln23, Gly27, Cys29, Gly74 and Gly198. According to these data and the docking calculations, (R)-P85-ind occupies a space formed by the upper parts of S1' and S1 subsites. (S)-P85-ind and (S)-P5ind occupy the same space with a different relative orientation in the binding pocket, the OH substituent carried by the indene pointing toward the core of the protein. These common orientations may play an important role in the inhibition of cat.B. Interestingly, the two pairs of enantiomers also roughly occupy the same position as nitroxoline in the active site of cat.B. [49] IC50s in the micromolar range are consistent with the occupancy of a single subsite by the inhibitors as pointed out by Wanatabe et al. [48] . The relatively larger IC50s measured with substrate Z-Arg-Arg-AMC (covering the S3 to S1' subsites) might be due to a higher relative affinity of this substrate for cat.B with respect to Z-Lys-ONp.

Docking results also highlight why experimentally, neither P722-ind nor P15-ind inhibit the enzyme. Apparently, bulky substituents on the indene motif are not suitable for a favourable inhibition of cat.B. Since P722 exhibits a remarkable anticancer activity with an IC50 of 0.035 ± 0.005 µM on triple negative breast cancer cell line MDA-MB231, [50] this work clearly demonstrates that its antiproliferative activity does not originate from cat.B inhibition.

In view of all these results, the indene motif seems to be the key factor conferring the ability to inhibit cat.B but it does not seem to be the only requirement since ferrocenyl indenes with bulky substituents do not. In order to confirm this hypothesis, another docking experiment has been conducted with (R)-P35-ind, i.e. an indene similar to (R)-P85-ind where the hydroxyl group was replaced by a primary amino group (Figure 1). Under mildly basic conditions, electrochemical oxidation of P35, the potential precursor of P35-ind, was assumed to result in the formation of an imino methide via a two-electron, two-proton process analogous to the oxidation of P85. [51] Interestingly, P35 has a lower IC50 value (0.8 µM) than P85 (1.13 µM) on MDA-MB231. This difference extends to other ferrociphenols and even to ferrocenophanes, for which the amino compounds are systematically slightly more cytotoxic than their phenolic equivalents. [52] One could hypothesize that the oxidation product of P35 also evolves to P35-ind and contribute to its biological activity a little more than P85ind contributes to the activity of P85. Thus, even though P35-ind was not synthesized, it seemed relevant to include it in the docking studies. Once again, we find the (R)-P35-ind ligand docked inside the main binding site of cat.B. Both docked structures for (R)-P85-ind and (R)-P35-ind are remarkably similar (Figure S37). (R)-P35-ind, like (R)-P85-ind, shows two π-π interactions with His199 and Trp221 (Figure S34). (R)-P35-ind also shows hydrophobic interactions with Gln23, Ser25, Cys26, Gly27, Cys29, Cys71, Asn72, Leu181 and Trp221, and one H-bond with Asn222 (Figure S33). In turn, (S)-P35-ind shows a similar lp-π interaction with Gly27 (Figure S36) as the one observed for (S)-P85-ind. Once more, (S)-P35ind and (S)-P85-ind docked conformations are virtually the same (Figure S37). (S)-P35-ind also shows hydrophobic interactions with Gln23, Gly24, Ser25, Gly27, Phe32, Asn72, His199, Ser220 and Trp221 (Figure S35). (S)-P35-ind shows two H-bonds with Cys29 and Gly33 residues like (S)-P85-ind. We anticipate that P35-ind should exhibit good cat.B inhibition properties like P85-ind.

Conclusion

In summary, we have successfully identified a first biological target for the main indene metabolite of the monophenol and diphenol ferrocifens P85 and P5 that may at least partially account for the anticancer activity of these compounds. We have also demonstrated that cathepsin B is not a target of the highly antiproliferative compounds P15 and P722. Further work is now needed to assess the ability of the indene metabolites to prevent extracellular matrix degradation and tumour invasion using for instance wound healing assays.

Experimental section

Materials

All reagents and solvents were obtained from Sigma-Aldrich. Acetone was dried over 4 Å molecular sieves. Thin-layer chromatography (TLC) was performed on silica gel 60 GF254.

Column chromatography was performed on Merck silica gel 60 (40-63 µm). All NMR experiments ( 1 H, 13 C and COSY) were carried out at room temperature on 400 MHz NMR spectrometer (Bruker), and chemical shifts (δ) are reported in ppm relative to solvent residual peak; s, d, t and q are used to denote singlet, doublet, triplet, and quartet, respectively. UV-visible spectra were recorded on a Cary 50 spectrometer (Varian). HRMS measurements were performed on a Thermo Fischer LTQ-Orbitrap XL apparatus equipped with an electrospray source. Ag2O was freshly prepared in our laboratory before use. P5, P85, P15, P722, P85-QM, P5-ind, P15-ind and P85-ind were synthesized according to literature methods. [21,53,54] Bovine spleen cathepsin B was purchased from Sigma-Aldrich (C6286). A stock solution in water was prepared and assayed at 280 nm taking OD280nm = 2.18 for [cat.B] = 1 mg/mL. Aliquots were stored at -20°C until use. Z-Lys-ONp and Z-Arg-Arg-AMC were purchased from Bachem.

Methods

Synthesis of the indene derivative of P722 (P722-ind)

P722 (0.06 g, 0.11 mmol) was dissolved in acetone (3 mL). Ag2O (0.1 g, 0.43 mmol) was added in one portion as a solid. The mixture was stirred for 10 min at room temperature. The black solid was eliminated by filtration. ZnCl2 (0.06 g, 0.4 mmol) was then added in one portion as a solid. The reaction was complete after 10 min of stirring. The mixture was then filtered over a 1-cm thick pad of silica gel. After solvent evaporation, the crude product was purified by silica gel column chromatography, using petroleum ether/ ethyl acetate (6:1) as eluent. P722-ind was isolated as an orange solid (30 mg, 50% yield). 

Cathepsin B spectrophotometric inhibition assay

The assay was performed in 20 mM acetate, 1 mM EDTA, 5 mM cysteine pH 5.0 at 20°C. Prior to the assay, cat.B (10 µL of 20 µM solution) was activated for 3 min by addition of assay buffer (0.5 mL). Enzymatic assays were performed with a fixed concentration of cat.B (67 nM) and a fixed concentration of Z-Lys-ONp (87 µM) in the presence of a variable concentration of test compound (3 -66 µM) in a total volume of 3 mL containing 5% DMSO. [55] Activity was measured by recording OD326nm for 3 min. IC50 were determined by applying a 4-parameter logistic equation.

Cathepsin B fluorimetric inhibition assay

Prior to the assay, solutions of P5, P85, P5-ind and P85-ind were prepared in DMSO at different concentrations (with a factor 20 compared to the final concentrations). The assay was performed at pH 5 or 6, using respectively an acetate or a phosphate buffer (37°C) and the solutions should be freshly prepared. The assay consisted in mixing L-cysteine (8 mM, in buffer, 60 µL), Triton X-100 (0.1% v/v, in water, up to 200 µL), cat.B (0.75 µM, in Triton X-100 0.1% v/v, 8 µL) and the tested compound (variable concentrations in DMSO, 10 µL) in a 96well black plate. They were incubated 10 min at 37°C. [56] Then, the substrate Z-Arg-Arg-AMC (20 µM, in Triton-100 -initially diluted in a minimal volume of DMSO, 60 µL) was added to the mixture and the plate was directly read with a microplate reader (Fluostar optima, BMG Labtech; ex: 380 nm, em: 470 nm) during 15 min. Negative and positive controls (with or without the specific inhibitor E-64) and the influence of the percentage of DMSO were also tested. The initial rates were determined and the IC50 were calculated using Prism 8.01 for windows (GraphPad software).

Computational methods

Before performing the docking calculations, models of all the ligands (optimized structures can be found in the Supporting Information (Tables S1-S13) and the target (cat.B) were built (see Supporting Information for further details). All docking calculations were carried out with a locally modified version (the only parameter that has been changed in the source code of AutoDock 4.2.6 is the MAX_RUNS variable) of AutoDock 4.2.6 software. [57] All the optimized ligands were docked to the prepared cathepsin B model. For both, ligand and protein, Gasteiger [58] charges were assigned and non-polar hydrogen atoms were merged using the AutoDockTools [57] . All the ligands contain an iron atom and atomic charges for metals need to be carefully assigned by the user. Computing the iron charge in this family of ligands with several schemes [59][60][61][62][63][64] leads to results close to zero. Hence, the charge of the metallic centre has been set to zero, affording a neutral organometallic compound. Flexible ligand docking was performed using the Lamarckian Genetic Algorithm [65] as implemented in the original AutoDock package. The grid used in all the calculations was centred at the protein's centre of mass with 160 lattice points in all three space directions with a point spacing of 0.375 Å. In order to have a very large distribution for each docking experiment, 10,000 runs were carried out for each ligand with 5,000,000 energy evaluations performed for each run. Figures S1 to S13 (in the Supporting Information) show the cluster distributions obtained after the docking experiments performed for each ligand. Information on the interactions found between each ligand and cathepsin B can be found further in this Supporting Information (Figures S14-S36).
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Graphical abstract

Ferrocenyl indenes resulting from oxidation of ferrocifen mono-and diphenols act as moderate inhibitors of the lysosomal enzyme cathepsin B as highlighted by in vitro enzymatic assays. These experimental results are substantiated by molecular docking calculations that position the active complexes in the active site of the enzyme. 

Computational Details

Ligand Optimization

Gas-phase geometry optimizations of all the compounds studied in this work were carried out with the Gaussian 16 quantum package. 1 Density Functional Theory (DFT) was employed to perform these calculations using the standard hybrid functional B3LYP, 2,3 including Grimme's dispersion correction (D3-BJ), 4 with the diffuse-augmented polarization valence-double- (6-31+G(d)) 5 basis set with one set of d polarization functions, 6,7 a set of s and p diffuse functions for all atoms but the hydrogens atoms, and the double- quality LANL2DZ 8 basis set with its associated effective core potential 9 (including 10 core electrons) for the iron atom. Subsequently, vibrational frequency calculations were performed at the same level of theory in order to confirm that all the structures found were minima. All the optimized structures can be found in the Supporting Information (Tables S1-S13).

Cathepsin B Model Preparation

In order to perform the protein-ligand docking experiments, the crystal structure of the Bovine Spleen cathepsin B (PDB ID: 2DC7) from the Protein Data Bank (http://www.rcsb.org/pdb) was analyzed. The resolution and R-value observed for this X-ray crystallographic structure are 1.94 Å and 0.187, respectively. In order to complete the protein sequence missing gaps, the SWISS-MODEL server (https://swissmodel.expasy.org/) was used to model the Bovine Spleen cathepsin B using the Blast method. The obtained structure was used for a subsequent molecular dynamics (MD) simulation. The MD calculation was performed using the GROMACS 2018 package 10,11 together with the GROMOS 53a6 force field 12 . The protonation state of histidine residues which optimizes the hydrogen bonding conformation was determined by the pdb2gmx module of the GROMACS package. The cathepsin model was placed in the center of a cubic box with periodic boundary conditions in three dimensions. The minimum distance between the protein surface and the box was set to 1.0 nm. The box was filled with SPC water molecules 13 , and the solvated system was neutralized by adding the appropriate amount of sodium ions. The system was minimized using the steepest descent algorithm and subsequently it was equilibrated for 1 ns in the NVT ensemble followed by a second equilibration of 1 ns in the NPT ensemble. Finally, a 50 ns MD simulation was carried out at 1 bar and 300 K. The Berendsen thermostat 14 and Parrinello-Rahman barostat 15,16 were used together with 1 nm cut-off for the van der Walls (vdW) and Coulomb interactions. The particle mesh Ewald (PME) method 17,18 was used for long range electrostatics and the leap-frog algorithm with a time step of 2 fs was used to integrate the equations of motion. The clustering analysis of the 50 ns MD trajectory was performed using the GMX Cluster module of the GROMACS package, and the best structure of the most populated cluster was selected for the subsequent docking calculations.

Analysis of the Docking Results

For each docking experiment, 10,000 runs leads to 10,000 poses. An unsupervised machine learning density-based clustering algorithm is used by AutoDock to classify the different poses by structure similarity. This clustering algorithm is based on the RMSD criteria of 2 Å. For each docking experiment, this algorithm leads to a different distribution of N clusters. In this study, N oscillates between ca. 50 and 400. Each cluster population corresponds to the number of poses inside the cluster. A cluster is defined as highly populated when it is built with at least 1000 poses (10% of the total number of poses). In contrast, a cluster is defined as modestly populated when it is built with less than 100 poses (1 % of the total number of poses). In each distribution, every cluster is represented by the best pose with the lowest binding energy.

Three different types of distributions will be considered:

1) Well clustered distributions. Distributions with a highly populated cluster and showing few clusters (less than 50) modestly populated will be considered as well clustered distributions.

2) Dispersed distributions. Distributions showing no highly populated cluster or showing an important amount of clusters (more than 300) modestly populated will be considered as dispersed distributions.

3) Intermediate distributions. Cases not falling in the previous "two extreme" type of distributions will be considered as intermediate distributions.

Following the recommendations of the AutoDock developers and their collaborators, 19 the best docked pose between the ligand and the protein was identified as the best pose of the most populated cluster. We call this pose the docked conformation. 
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 1 Figure 1. Docked conformations of (A) (R)-P85-ind and (B) (S)-P85-ind in cat.B (the "nonpolar" hydrogen atoms are not represented). Relevant residues in the binding site are represented in Licorice while the ligand is represented in CPK.

Figure 3 .

 3 Figure 3. Docked conformations of (A) (R)-P5-ind (in blue) vs. (R)-P85-ind (in red) and (B) (S)-P5-ind (in blue) vs. (S)-P85-ind (in red) inside the cathepsin B main binding site (the "non-polar" hydrogen atoms are not represented). His199, Cys29 and Trp221 are also depicted.
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 S2 Figure S2. Docking cluster distribution and best docked conformation for the (S)-P5-ind -Cathepsin B complex.
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 S3 Figure S3. Docking cluster distribution and best docked conformation for the (R)-P15-ind -Cathepsin B complex.
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 S5 Figure S5. Docking cluster distribution and best docked conformation for the (R)-P85-ind -Cathepsin B complex.
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 S6 Figure S6. Docking cluster distribution and best docked conformation for the (S)-P85-ind -Cathepsin B complex.
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 S7 Figure S7. Docking cluster distribution and best docked conformation for the (R)-P722-ind -Cathepsin B complex.
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 S8 Figure S8. Docking cluster distribution and best docked conformation for the (S)-P722-ind -Cathepsin B complex.
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 S9 Figure S9. Docking cluster distribution and best docked conformation for the P15 -Cathepsin B complex.
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 S10 Figure S10. Docking cluster distribution and best docked conformation for the P85 -Cathepsin B complex.
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 S11 Figure S11. Docking cluster distribution and best docked conformation for the P85-QM -Cathepsin B complex.
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 S12 Figure S12. Docking cluster distribution and best docked conformation for the (R)-P35-ind -Cathepsin B complex.
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 S13 Figure S13. Docking cluster distribution and best docked conformation for the (S)-P35-ind -Cathepsin B complex.
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 S28 Figure S28. H-bonds (green dashed lines, distances in Å) and hydrophobic interactions (red arcs) between P15 and cathepsin B.
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 S29 Figure S29. Other interactions (distances in Å) between P15 and cathepsin B.
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 S32 Figure S32. H-bonds (green dashed lines, distances in Å) and hydrophobic interactions (red arcs) between P85-QM and cathepsin B.
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 S37 Figure S37. Docked conformations of (R)-P35-ind (in blue) vs. (R)-P85-ind (in red) (left) and (S)-P35-ind (in blue) vs. (S)-P85-ind (in red) (right) inside the cathepsin B main binding site (the "non-polar" hydrogen atoms are not represented).
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 S38S391S41 Figure S38. Inhibition curves of cathepsin B by (A) P85-ind and (B) P5-ind. Substrate = Z-Lys-ONp A B
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Table S1 .

 S1 Optimized Cartesian coordinates and energies of (R)-P5-ind at the B3LYP-D3-BJ/6-31+G* (Fe LANL2DZ) level of theory in vacuum.

	C C	6.950839124675 6.314454957115	0.448343053728 1.186554492840	1.117840603942 0.160179965010	Energies (a.u.)	
	C H C	6.455656928614 6.053869785296 7.550808963068	-0.998049021629 -1.292828035817 -2.004797560068	1.071387070694 2.051345499683 0.657726456741	E	-1278.041211
	H H	7.138016042239 7.939161365162	-3.018425624041 -1.746342455276	0.607432846845 -0.333154191206	Zero-point correction	0.407844
	C C	5.319063134496 6.537657669708	0.351623714913 2.600791228606	-0.523187696220 -0.207965983532	Sum of electronic and	
	C C	3.614287231834 7.731271175510	-1.641079740023 2.998272606606	-1.456203698603 -0.831841619641	thermal enthalpies	-1277.608013
	C C C C H	7.952889554150 6.967405679425 5.764942655886 5.555158725735 8.497219441650	4.323308800333 5.283420283041 4.907293721548 3.573535514336 2.252741531843	-1.197068352399 -0.943654311387 -0.336815842380 0.019780617718 -1.019849300661	Sum of electronic and thermal free energies	-1277.687921
	H	8.877078695404	4.629314585403	-1.677687506905		
	H	4.995308327346	5.651642473668	-0.140103061053		
	H	4.621758544934	3.286602595366	0.496333579927		
	C	3.567563803162	-0.357792168578	-2.014726937686		
	C C	4.425403305009 4.521225204881	0.647615888198 -1.947893951043	-1.552368144360 -0.428765810984	(R)-P5-ind Structure	
	C	5.359172123897	-0.944991453083	0.029466418038		
	H	4.539462204282	-2.955285726563	-0.022422255023		
	H	4.392232524366	1.639966601383	-1.993309885443		
	H	2.861830088615	-0.143565903093	-2.815503078343		
	Fe	9.973327702265	0.900472717552	2.063639079413		
	C	7.889942142326	0.897857825046	2.137675125778		
	C	8.441951910278	0.068934061145	3.180809728669		
	C	9.272472065042	0.869620975141	4.016460562026		
	C	9.250809603379	2.202452980987	3.505785283386		
	C	8.412620210737	2.224314584960	2.354183020162		
	C	11.902055421969	1.496833064646	1.594642290633		
	C	11.904647185688	0.142063456284	2.048664598740		
	C	11.068119123040	-0.618268193307	1.173931593914		
	C	10.548602679789	0.266988965791	0.178978317259		
	C	11.064146951552	1.574088662551	0.438812055630		
	H	12.408893882170	2.327260803286	2.067798283292		
	H	12.415501667190	-0.233675570314	2.925186392666		
	H	10.841263617349	-1.671536045169	1.268151341017		
	H	9.847148615829	0.002350987137	-0.600988298011		
	H	10.827651126190	2.474613601157	-0.111617481412		
	H	8.222415445553	3.087187965034	1.736186443508		
	H	9.810005102409	3.043095015986	3.894663057779		
	H	9.846584360669	0.518264093011	4.863390107357		
	H	8.266485254554	-0.989804839506	3.306531855871		
	H	8.386533510495	-2.002397649849	1.360903582211		
	O	2.788840846688	-2.656289673970	-1.877469387949		
	H	2.208695837977	-2.332689206602	-2.583816492627		
	O	7.236260036027	6.575460973088	-1.317202290025		
	H	6.484117404378	7.145640623317	-1.093861302059		

Table S2 .

 S2 Optimized Cartesian coordinates and energies of (S)-P5-ind at the B3LYP-D3-BJ/6-31+G* (Fe LANL2DZ) level of theory in vacuum.

	C C	6.795489808688 6.318741455411	0.515490117156 1.193792297838	1.395972997358 0.310725514081	Energies (a.u.)	
	C C C	6.247379961487 5.497328631702 6.593214187795	-0.910734093487 0.292453676639 2.588531082990	1.401645522322 -0.507058905958 -0.095236575488	E	-1278.041876
	C C	4.072632449819 7.380366426410	-1.805164345900 2.856832357757	-1.655557647192 -1.227337150627	Zero-point correction	0.407723
	C C	7.656604249157 7.132388381793	4.162127385896 5.233607651229	-1.627248760732 -0.896764660173	Sum of electronic and	
	C C	6.328974272993 6.062851131614	4.989688007902 3.675671367142	0.221673879738 0.611176616829	thermal enthalpies	-1277.608773
	H H H H C	7.792185785538 8.274421251335 5.910504668400 5.441915454486 4.104332672355	2.026663981171 4.366499586605 5.820831053033 3.488940600877 -0.551939507692	-1.794566411966 -2.496291461702 0.786681244363 1.482915553474 -2.279657245256	Sum of electronic and thermal free energies	-1277.688855
	C	4.816354582296	0.508001373075	-1.705191440835		
	C	4.749882577289	-2.025492232947	-0.445188532514		
	C	5.460032185939	-0.974685350289	0.111366690043		
	H	4.702955053486	-3.007784185564	0.016531819492		
	H H	4.834324571337 3.569147632386	1.480473447800 -0.402046833212	-2.189294138912 -3.215763520791	(S)-P5-ind Structure	
	Fe	9.805930572044	0.956337208403	2.024028555614		
	C	7.765632317532	0.940615994102	2.397900458542		
	C	8.455435214672	0.047534128887	3.296625194761		
	C	9.401306073627	0.796619087670	4.055013741077		
	C	9.313545205518	2.159855366956	3.639961016100		
	C	8.320880109858	2.252693785418	2.620982223708		
	C	11.596301404591	1.625589097966	1.222520811049		
	C	11.726865542958	0.266720004371	1.646130687992		
	C	10.768569548173	-0.513532917533	0.926720474315		
	C	10.047029506858	0.364141546087	0.059361075473		
	C	10.557480398490	1.686202368194	0.241219052294		
	H	12.155092745335	2.467807374082	1.608438175522		
	H	12.402618483891	-0.100037526849	2.407306237551		
	H	10.593166702854	-1.574385125426	1.046809706230		
	H	9.212370233407	0.087649285923	-0.571326834318		
	H	10.181621167183	2.580879056416	-0.236243402896		
	H	8.057980507727	3.149166011436	2.082685511624		
	H	9.925262640338	2.976018260994	4.000864608451		
	H	10.088928591335	0.394508802222	4.786923306557		
	H	8.315024660025	-1.022686555351	3.353319284442		
	O	3.387603018104	-2.872687632762	-2.185489650161		
	H	2.962927116012	-2.607482410397	-3.015870670594		
	O	7.435562168697	6.499320580286	-1.329319814416		
	H	7.015495221778	7.154019275019	-0.749954227085		
	C	5.362884559345	-1.210881911934	2.628733020046		
	H	5.922610440604	-1.090918335664	3.561298794765		
	H	4.508693389998	-0.525413634388	2.650639165031		
	H	4.977860924389	-2.235793934785	2.584903668058		
	H	7.079935942943	-1.629085727362	1.379823134718		

Table S3 .

 S3 Optimized Cartesian coordinates and energies of (R)-P15-ind at the B3LYP-D3-BJ/6-31+G* (Fe LANL2DZ) level of theory in vacuum.

	Table S4. Optimized Cartesian coordinates and energies of (S)-P15-ind at the B3LYP-D3-BJ/6-31+G*
	(Fe LANL2DZ) level of theory in vacuum.		
	C C C C	6.972291327178 6.275975915977 6.728512816006 6.170151984395	0.364398087593 1.098345006115 0.379591735665 1.024624521084	1.173361519122 0.255053261391 1.359651167745 0.293106580890	Energies (a.u.) E	-1451.340634
	C C C C C C C C C C	6.565544459369 5.319248976018 6.411266498982 3.716740366949 7.563406656774 6.329701210043 5.427053914270 6.300005400445 4.187311576690 7.033703024394	-1.106787690400 0.231053654186 2.535772036888 -1.823345495657 3.020923222464 -1.095500152187 0.059089687196 2.444730549933 -2.148478340924 2.801752368463	1.078000312924 -0.442795477274 -0.063210789144 -1.421634401049 -0.707135254925 1.345018449035 -0.526804052329 -0.096718495604 -1.683893744280 -1.242567776904	E Zero-point correction Zero-point correction Sum of electronic and	-1451.339913 0.511273 0.511052
	C C C C	7.699756250183 6.675524870027 7.174126279364 6.568526640194	4.366757812909 5.271413137277 4.130433792477 5.146808430597	-1.022544583752 -0.701681351232 -1.624557448121 -0.869653816719	Sum of electronic and thermal enthalpies	-1450.798660
	C C C C	5.513754621433 5.391424825173 5.813486661871 5.685133731985	4.806237074803 3.445880608935 4.811072523455 3.467875047474	-0.072986351685 0.232202716361 0.261181130677 0.631166213632	thermal enthalpies Sum of electronic and	-1450.797814
	H H H H C H C H H H	8.361101844372 8.589529644792 4.706701163676 4.489954248522 3.582786862077 5.100227852880 4.085700908860 5.324238064846 7.510235798374 7.751283196060	2.326268452393 4.742957305649 5.482117069683 3.091896397506 -0.525011109085 3.212579579295 -0.888684335099 5.573777841614 2.022976009820 4.406506576705	-0.950195285732 -1.518520999884 0.184550163416 0.725424852560 -1.928842119693 1.510753541288 -2.286993387395 0.855687433155 -1.831686972353 -2.501913358310	thermal free energies Sum of electronic and thermal free energies	-1450.891638 -1450.893638
	C C	4.389216560020 4.704409981402	0.511736462125 0.226052288054	-1.443536669941 -1.708212619243		
	C C H C C H	4.660797181961 5.447169692273 4.746476897372 4.907939304577 5.524923879943 4.965049252888	-2.114013726083 -1.080805117956 -3.133083325249 -2.321066514106 -1.215093320729 -3.310135309508	-0.423341088971 0.058398922782 -0.056647897935 -0.491123433418 0.069897240519 -0.045301359242	(S)-P15-ind Structure	
	H H H H	4.288525296340 2.849128878794 4.618567693730 3.518937056407	1.516756950810 -0.323377007109 1.203204633895 -0.776817726417	-1.843660654202 -2.707540114617 -2.175264892531 -3.209779325812	(R)-P15-ind Structure	
	Fe Fe	9.977048223076 9.669921929373	0.984277374383 1.210865074086	2.076585491763 1.993379539025		
	C C	7.901723818259 7.654888108291	0.832696898721 0.883430528352	2.193465233574 2.367029103531		
	C C	8.533460797985 8.472275009361	0.000873848177 0.048492679814	3.187767749829 3.212782419335		
	C C	9.327054270674 9.309835834813	0.821594802649 0.880364367606	4.039908349221 4.011250138029		
	C C	9.201572977321 9.025523901903	2.170232863607 2.238550042559	3.588616997885 3.674705264987		
	C C	8.336317356757 8.020323487728	2.182247334068 2.246206352632	2.456981231512 2.663817796589		
	C C	11.849117523809 11.336520293964	1.731673310446 2.178414004331	1.595734165755 1.231450047115		
	C C	11.954204224869 11.668812991890	0.360305686215 0.833323915406	1.983021080813 1.582869821459		
	C C	11.148607725134 10.832034080093	-0.413266425948 -0.040882824710	1.090983860628 0.821158413620		
	C C	10.545632830935 9.983907456752	0.480513396497 0.765231459721	0.152285742356 0.000195244199		
	C C	10.978482659436 10.294491005928	1.806187509449 2.136779482762	0.464111449105 0.252674352649		
	H H	12.310362289165 11.767002294212	2.571538874566 3.072335131716	2.097996736890 1.662830771108		
	H H	12.511658507020 12.395758563418	-0.020491236876 0.530934932580	2.828438345045 2.324962248017		
	H H	10.995112991792 10.815821053698	-1.482818888497 -1.120871964042	1.138520663163 0.884338469258		
	H H	9.842844693128 9.196659261996	0.205644085636 0.401919667360	-0.622899158779 -0.647004949384		
	H H	10.664879129917 9.786990308604	2.713591660314 2.989309721356	-0.033911463877 -0.177735491697		
	H H	8.072432388393 7.626306271727	3.054344047236 3.124611758651	1.880158002112 2.178397070175		
	H H	9.711104227677 9.518548633891	3.030565010758 3.111863476739	4.001904939197 4.080792464245		
	H H	9.943982456066 10.054546118945	0.475498320191 0.539624716556	4.858425212926 4.718045625116		
	H H	8.434940876289 8.484723099837	-1.071876089674 -1.032401786402	3.270767302973 3.208149289993		
	O O	2.943874016018 3.595785864026	-2.869558487607 -3.268649290302	-1.867009552519 -2.218446742631		
	H H	2.331265769089 3.130256251678	-2.554318911640 -3.032335797823	-2.549290233415 -3.035522493902		
	O O	6.902430344975 6.766586915971	6.573407277624 6.420773348770	-1.044974780826 -1.318986642261		
	C C	5.899110927636 6.180629517131	7.542528336658 7.499669675151	-0.747640782956 -0.592983295383		
	H H	4.962329299535 5.087895495494	7.270622371621 7.376968393304	-1.255874782844 -0.568631436137		
	H H	5.708314689829 6.548457546443	7.556525287185 7.490234396322	0.335453568535 0.443551925464		
	C C	6.404442655978 6.568605961446	8.895518030989 8.793832973442	-1.223135384384 -1.290546742199		
	H H	6.630265747843 6.228720913154	8.829506004131 8.746684995710	-2.296272736335 -2.334198766867		
	H H	7.341597388731 7.659822573726	9.140815913550 8.889728367010	-0.711319224836 -1.311277689283		
	C C	5.386099795917 5.966843542030	10.009267717841 10.020216144924	-0.973275460792 -0.602231770127		
	H H	4.431000470463 4.867884074839	9.749011446072 9.911483464339	-1.465005199154 -0.555659639277		
	H H	5.179818943197 6.325037145444	10.082917143016 10.071691505630	0.102154689694 0.433917469344		
	N N	5.933398555945 6.405357123183	11.300190230812 11.245365067528	-1.404652973735 -1.279520191223		
	H H	6.083527295862 6.043264763262	11.307210200689 11.278073679896	-2.412475545297 -2.231414340076		
	H H	5.286185869922 6.054432654520	12.057148869586 12.071150247907	-1.194912168094 -0.799121670051		
	C C	7.712437602857 5.513628740815	-2.025224053305 -1.511836700021	0.602977554008 2.584933759949		
	H H	8.063460410604 6.083220253310	-1.702188278047 -1.353755769161	-0.382909176842 3.505859416917		
	H H	8.560822980510 4.593969244384	-1.998935203828 -0.919566281375	1.290405418184 2.644030814716		
	H H	7.362582489288 5.235723463425	-3.059980447982 -2.570155089710	0.517476161302 2.526517653984		
	H H	6.203167029837 7.231548739669	-1.465037247077 -1.722828195370	2.052133159693 1.287619747000		
	Energies (a.u.)				

Table S5 .

 S5 Optimized Cartesian coordinates and energies of (R)-P85-ind at the B3LYP-D3-BJ/6-31+G* (Fe LANL2DZ) level of theory in vacuum.

	C C	6.948948487920 6.321426431441	0.448382028476 1.183101102514	1.120979850283 0.155842798192	E	-1202.818623
	C H C H H	6.449824195178 6.037133336160 7.545509655668 7.129240064048 7.944408816961	-0.996934994984 -1.284857337432 -2.009691940161 -3.021955585486 -1.758673204740	1.077136696881 2.054616098437 0.680182177954 0.631757064123 -0.308370215507	Zero-point correction Sum of electronic and	0.403894
	C C	5.330892124399 6.546489289421	0.348772965591 2.598292473979	-0.533922203089 -0.211965052920	thermal enthalpies	-1202.390576
	C C	3.629553296586 7.719283756487	-1.642668965621 2.977921842865	-1.473738742216 -0.882443469193	Sum of electronic and	
	C C	7.934655477864 6.975748005871	4.308881731912 5.280996328882	-1.243093971777 -0.941117102051	thermal free energies	-1202.468105
	C	5.797656979493	4.910811750898	-0.285904797536		
	C	5.581930540195	3.577137104129	0.069876824015		
	H	8.463721916424	2.220223819029	-1.106711183530		
	H	8.849594861197	4.588120859719	-1.759437878001		
	H H H	7.143806060371 5.047112832246 4.669114169166	6.318334207733 5.660613960125 3.288669557688	-1.217806364530 -0.049698830728 0.584261525835	(R)-P85-ind Structure	
	C	3.589290578983	-0.360790228267	-2.036112194459		
	C	4.445357342209	0.644387034596	-1.570157121456		
	C	4.527152293272	-1.948235180975	-0.437693564200		
	C	5.363799340475	-0.945896610924	0.024032662967		
	H	4.538936444658	-2.954078106909	-0.027325351097		
	H	4.415626659505	1.636398534684	-2.012073886531		
	H	2.889452885102	-0.147244879839	-2.842176564737		
	Fe	9.966860697792	0.901529001796	2.063364678821		
	C	7.885032698548	0.902822399955	2.141195736122		
	C	8.436208717072	0.081035068299	3.190202967604		
	C	9.269455998017	0.886918350854	4.018075864631		
	C	9.249361532418	2.215812077545	3.497041715221		
	C	8.409864110853	2.230250575933	2.346394136173		
	C	11.893773262879	1.493734995029	1.583036394209		
	C	11.898141670133	0.142950224058	2.048911082142		
	C	11.058757772559	-0.625127893034	1.183721161709		
	C	10.535599444272	0.251390810034	0.182971137380		
	C	11.051617011146	1.560808599304	0.429531679765		
	H	12.401946156106	2.328193150612	2.047627472101		
	H	12.412019206119	-0.225076467641	2.926931593074		
	H	10.832307088192	-1.677525817164	1.288048000989		
	H	9.830646630759	-0.019616753663	-0.591543026103		
	H	10.810759757982	2.456279056518	-0.127198986184		
	H	8.220609669760	3.088299128319	1.721255111561		
	H	9.810290467880	3.058453149020	3.878989355953		
	H	9.843996625948	0.541459194728	4.867124601946		
	H	8.258819144411	-0.976350708039	3.324401491777		
	H	8.374371228670	-2.006548399170	1.391378780063		
	O	2.805812981992	-2.657533605405	-1.898654693997		
	H	2.230420085194	-2.334529815367	-2.609163300088		
	Energies (a.u.)				

Table S6 .

 S6 Optimized Cartesian coordinates and energies of (S)-P85-ind at the B3LYP-D3-BJ/6-31+G* (Fe LANL2DZ) level of theory in vacuum.

	C C	6.808582163917 6.334577635491	0.515443065820 1.199103761583	1.396987092454 0.314262332095	Energies (a.u.)	
	C C C	6.251300262386 5.505914111087 6.617126883251	-0.907340467466 0.306171426353 2.593180144837	1.398987618002 -0.505243197651 -0.090847905374	E	-1202.819302
	C C	4.065038759118 7.411323409924	-1.778693580045 2.849814159837	-1.656486084935 -1.219420486541	Zero-point correction	0.403705
	C C	7.685567792104 7.159023223666	4.160193583966 5.235864933893	-1.615973384656 -0.894504724492	Sum of electronic and	
	C C	6.350834227199 6.079831519938	4.991354789888 3.679685653956	0.219810482468 0.615466794515	thermal enthalpies	-1202.391384
	H H H H H	7.823073725415 8.311079179048 7.372173312226 5.930772593308 5.454624883022	2.013748468619 4.341181816722 6.256224754822 5.821976111691 3.486670645023	-1.778217537151 -2.486344539408 -1.201520196867 0.781047235346 1.483006379597	Sum of electronic and thermal free energies	-1202.469768
	C	4.103698542470	-0.523926435505	-2.277124953461		
	C	4.823966950682	0.529664864238	-1.701384096688		
	C	4.743509967924	-2.006921744453	-0.448299652437		
	C	5.461508329422	-0.962376688377	0.109930468232		
	H H	4.691205887888 4.847407796415	-2.990171827436 1.503143884012	0.010757909624 -2.183142534106	(S)-P85-ind Structure	
	H	3.567336657971	-0.367738210399	-3.211500728413		
	Fe	9.821272086593	0.938078393719	2.032726046285		
	C	7.780069340270	0.932692870802	2.400660208646		
	C	8.462746508786	0.034207902071	3.299456851041		
	C	9.409708548785	0.777368791344	4.062203283572		
	C	9.329851706518	2.141778403025	3.649358987911		
	C	8.341001717536	2.241584769083	2.627540304785		
	C	11.618092923234	1.599346534949	1.239695341552		
	C	11.739957672578	0.238913504240	1.660876660957		
	C	10.780411580321	-0.534849836482	0.936158808627		
	C	10.066768933324	0.348325309380	0.067873250901		
	C	10.583326864694	1.667378494232	0.254554661737		
	H	12.179542515527	2.437817239179	1.629894655402		
	H	12.410713741909	-0.132927161086	2.423995673930		
	H	10.599094402468	-1.595031605474	1.053347919051		
	H	9.233374358295	0.077505677575	-0.566911749917		
	H	10.212758899549	2.564970470879	-0.221497073400		
	H	8.082839686686	3.140884128109	2.091465285625		
	H	9.944170557480	2.954363900009	4.013828488500		
	H	10.093142107867	0.370648659525	4.795480082364		
	H	8.316847891008	-1.035401333228	3.353704143596		
	O	3.371897971963	-2.840106639041	-2.187818644343		
	H	2.945787411807	-2.569503953860	-3.015723863058		
	C	5.366093894154	-1.204179550616	2.626452698526		
	H	5.927579901999	-1.090632555102	3.558699142432		
	H	4.516863323211	-0.512713550425	2.651046778341		
	H	4.973813117136	-2.226202498653	2.580200933992		
	H	7.078945172427	-1.631211565736	1.374298852790		

Table S7 .

 S7 Optimized Cartesian coordinates and energies of (R)-P722-ind at the B3LYP-D3-BJ/6-31+G* (Fe LANL2DZ) level of theory in vacuum.

	C C	6.705662024309 6.248487042098	0.617390102866 1.214948120958	1.351461812346 0.211610034637	Energies (a.u.)	
	C H C	6.122725620984 5.632202187831 7.248120898138	-0.791499094498 -0.936322519554 -1.842502053937	1.464496995422 2.437290779450 1.307230543440	E	-1676.864747
	H C	7.617472468021 5.267014692185	-1.811423321264 0.337916835145	0.275428817194 -0.440333224387	Zero-point correction	0.510261
	C C	6.633095942323 3.459016305822	2.523279692385 -1.635764939106	-0.356745647742 -1.203415481022	Sum of electronic and	
	C C	7.935748671704 8.308295305680	2.740326834887 3.963130731114	-0.825665121293 -1.383980219327	thermal enthalpies	-1676.321784
	C C C H H	7.368695948552 6.060113837174 5.701144157440 8.666053408930 9.325512562108	4.994657681494 4.794848415643 3.566443629482 1.942258360181 4.112577883132	-1.485352524507 -1.033974418884 -0.482990565291 -0.738938824567 -1.742276131439	Sum of electronic and thermal free energies	-1676.420877
	H	5.342606826395	5.604961431947	-1.119721997306		
	H	4.685223210175	3.415543374820	-0.128330741483		
	C	3.603384173477	-0.479020357058	-1.977695236481		
	C	4.511506568412	0.516823979241	-1.598514639966		
	C C	4.229442101827 5.130890993485	-1.829204459192 -0.842852216103	-0.044726343806 0.321565461143	(R)-P722-ind Structure	
	H	4.084529841620	-2.737621473891	0.531422775800		
	H	4.617779327095	1.415778193121	-2.199036002309		
	H	3.002214005974	-0.352142741132	-2.876245687221		
	Fe	9.622328583984	1.026031112267	2.642725500227		
	C	7.550661812084	1.164161362254	2.405568610910		
	C	7.889583590658	0.483837582559	3.632564875931		
	C	8.661012124850	1.362151471037	4.446184587081		
	C	8.819034435727	2.591610652896	3.737724734655		
	C	8.149461450959	2.473119007031	2.486097351929		
	C	11.634072170667	1.433900667710	2.353489764442		
	C	11.477918148053	0.213515619863	3.079800898731		
	C	10.720421138713	-0.689443148772	2.271274822989		
	C	10.408992107725	-0.026226596954	1.042616114867		
	C	10.973517627834	1.285916449319	1.094204656336		
	H	12.126074157102	2.328471322397	2.711435737461		
	H	11.827114176601	0.021879616650	4.085573110559		
	H	10.392738577407	-1.674801155890	2.572951436338		
	H	9.809714378568	-0.427501018319	0.236274369701		
	H	10.882930481954	2.049738260197	0.333794589378		
	H	8.111059235334	3.233189936383	1.722038872284		
	H	9.387277904614	3.450316365249	4.069942122631		
	H	9.088274190306	1.118508692954	5.409606266580		
	H	7.628783918128	-0.532911782732	3.892151921057		
	H	8.076686135808	-1.567393446451	1.960791392283		
	O	2.568372921870	-2.630881250970	-1.524002406008		
	H	2.098880677703	-2.399352510137	-2.340163442253		
	C	6.819602484671	-3.270808253321	1.650882373912		
	H	6.352797792811	-3.305156897977	2.640220243770		
	H	6.131654911454	-3.681090245165	0.910404966477		
	N	7.979728249225	-4.157908023261	1.683354277047		
	C	8.873457220285	-4.187535752177	2.747600837749		
	C	8.350834323710	-4.982931654913	0.619879977283		
	C	9.638035609385	-5.700956930623	1.009003730581		
	H	10.402687478068	-5.482532503683	0.257282293938		
	H	9.459326761539	-6.780441926486	0.983327358601		
	C	9.986174374721	-5.171275133845	2.409432835689		
	H	10.944279651462	-4.643306580086	2.449412215650		
	H	10.015198796858	-5.950224281553	3.177700623658		
	O	8.759219151023	-3.519196101169	3.759895059092		
	O	7.731012329239	-5.086935586121	-0.419652400359		
	O	7.670230513883	6.220304987047	-2.021573014811		
	H	8.599352723254	6.237920414107	-2.299378898788		

Table S8 .

 S8 Optimized Cartesian coordinates and energies of (S)-P722-ind at the B3LYP-D3-BJ/6-31+G* (Fe LANL2DZ) level of theory in vacuum.

	C C	6.585338247657 6.299099574984	0.843974748401 1.314433030799	1.593817098163 0.345109020546	E	-1676.863345
	C H C H C	5.946638886662 6.721998318870 4.906148405182 5.366126480104 5.538930611726	-0.528758641613 -1.265793778925 -0.501116675066 -0.034114054322 0.300253451930	1.792330750967 2.048527017915 2.933880409322 3.808870591007 -0.395992144553	Zero-point correction Sum of electronic and	0.510038
	C C	6.723035708821 4.201188447971	2.588436179154 -1.945540349802	-0.273112740555 -1.351132192609	thermal enthalpies	-1676.320501
	C C	7.673370078941 8.094629613180	2.592044124902 3.784631386135	-1.303443929999 -1.893879208939	Sum of electronic and	
	C C	7.555439710710 6.592084113011	5.000801357706 5.017207726127	-1.462027656613 -0.448090925433	thermal free energies	-1676.420978
	C	6.183270217411	3.818967312248	0.133092367792		
	H	8.098986389200	1.650104021795	-1.638438298070		
	H	8.841379060846	3.766938426227	-2.685925848679		
	H	6.176633588803	5.968162801620	-0.129395594006		
	H C C	5.439314709771 4.374862934507 5.048118737350	3.832364512752 -0.828586961576 0.303356675048	0.924770200069 -2.176230662121 -1.701157472653	(S)-P722-ind Structure	
	C	4.687090071201	-1.951786006795	-0.033123474443		
	C	5.346519787747	-0.825886147839	0.433817739091		
	H	4.541682786845	-2.841530458952	0.571223507476		
	H	5.186639963587	1.167605854894	-2.344718511509		
	H	3.986953693977	-0.843000194611	-3.193236907832		
	Fe	9.496871164595	1.182258936773	2.584234488715		
	C	7.441028252017	1.412786057197	2.627356506992		
	C	7.895750972137	0.701212530799	3.798961745997		
	C	8.805176522305	1.532757605119	4.513527025011		
	C	8.928807409171	2.764265688954	3.801832871430		
	C	8.101761322646	2.694782865549	2.643185620690		
	C	11.442008051987	1.503685872149	1.947679283036		
	C	11.360909118550	0.274214013789	2.672162340371		
	C	10.426796140726	-0.573971647553	1.999378308276		
	C	9.932345045973	0.131822796478	0.858852069110		
	C	10.558046817696	1.416099242009	0.826383634683		
	H	12.034331090697	2.365900645375	2.223879253517		
	H	11.881440859797	0.042399818636	3.591828942140		
	H	10.118072627154	-1.559920623059	2.320494185381		
	H	9.166028988352	-0.217219639407	0.178993696286		
	H	10.352230443658	2.202716048049	0.113063348095		
	H	8.015460862553	3.459952392482	1.888284820484		
	H	9.573272532165	3.591855058807	4.067162438614		
	H	9.334748624664	1.259366790376	5.416219177920		
	H	7.626522169708	-0.307878590830	4.078846299087		
	H	4.055662446813	0.122954161547	2.636417697860		
	O	3.560801740801	-3.084150448500	-1.776861652266		
	H	3.260752811130	-2.967994457542	-2.691517153930		
	C	4.413531839659	-1.896904887723	3.335851447565		
	H	3.658367644025	-2.275905110219	2.645756299782		
	H	5.251761614521	-2.599368792618	3.376815969490		
	N	3.806851236486	-1.880209675680	4.662722653912		
	C	2.433999588919	-1.790059365733	4.890958011021		
	C	4.567300230375	-1.892872453499	5.827907869742		
	C	3.616885177329	-1.826217752486	7.016528818290		
	H	3.870376274457	-0.948757776327	7.619648315090		
	H	3.776493002043	-2.707172333173	7.646097282894		
	C	2.210236211795	-1.760131551297	6.398956543429		
	H	1.664130650133	-0.846735168478	6.654187627846		
	H	1.572285076743	-2.605140038899	6.676068598108		
	O	1.590742559243	-1.747505771075	4.017009742822		
	O	5.783521454830	-1.948616525219	5.851650069277		
	O	7.927224241753	6.207248279262	-1.997930030606		
	H	8.594097323334	6.068633185730	-2.688465690498		
	Energies (a.u.)				

Table S9 .

 S9 Optimized Cartesian coordinates and energies of P15 at the B3LYP-D3-BJ/6-31+G* (Fe LANL2DZ) level of theory in vacuum.

	C C	6.942044258077 6.246108877325	0.696597023296 1.133241546972	1.393783673412 0.308404971635	Energies (a.u.)	
	C C C	5.490462490638 6.137483448714 4.066058278784	0.197413751875 2.564844422851 -1.517502004750	-0.573681654725 -0.078973547091 -2.300732057591	E	-1452.532441
	C C	6.333469854079 6.235603716519	2.969185567835 4.304056216667	-1.412831930254 -1.785864409306	Zero-point correction	0.532761
	C C	5.912042851254 5.680153790319	5.279495800474 4.895349682793	-0.830416954274 0.496825470364	Sum of electronic and	
	C H	5.792500861534 6.574954512874	3.549790029333 2.221525414323	0.854729500698 -2.163472134190	thermal enthalpies	-1451.967393
	H H H C C	6.401903562354 5.412130534704 5.618023546697 3.403603830535 4.116849271399	4.615809013612 5.623758144827 3.260803279083 -0.477542388678 0.372522095952	-2.812612671611 1.253253347962 1.886866082331 -1.640270914824 -0.794923642520	Sum of electronic and thermal free energies	-1452.067983
	C	5.440337215313	-1.696397265299	-2.116092830875		
	H	5.946324205717	-2.494761974591	-2.650232487897		
	H	3.599933441422	1.188501184313	-0.297183934556		
	H	2.335429126757	-0.328256221955	-1.788943054983		
	Fe C	9.892126377996 7.864176416383	1.150334232822 1.559975448296	2.364475947172 2.152256476035	P15 Structure	
	C	8.216508555097	1.400352660930	3.539789028846		
	C	9.195713835068	2.380410429430	3.879612611979		
	C	9.472552484780	3.148949383397	2.707425042195		
	C	8.666611669149	2.642320543546	1.647424145681		
	C	11.901104230908	1.001736187594	1.873456777967		
	C	11.616563295668	0.200651837940	3.022228248867		
	C	10.630050822417	-0.765782479203	2.653028758887		
	C	10.307316888407	-0.562560445620	1.275111633828		
	C	11.091023979386	0.530306904438	0.793491544549		
	H	12.578251369042	1.844807070316	1.838477973750		
	H	12.041236805915	0.330495065465	4.008768996805		
	H	10.181251260704	-1.498630234027	3.310379297503		
	H	9.563775789063	-1.107718275820	0.709238927458		
	H	11.046970916848	0.953725419091	-0.201026066287		
	H	8.676078403920	2.990178690583	0.625463939792		
	H	10.204805454292	3.941017463849	2.623518663441		
	H	9.674669835795	2.490866075066	4.843469212581		
	H	7.822509332366	0.649331134690	4.210119385034		
	O	3.424059825493	-2.384018717583	-3.149229846602		
	H	2.483089036286	-2.154818150324	-3.200370925724		
	O	5.835986427514	6.563830355846	-1.289953567702		
	C	5.518045828500	7.600535983743	-0.364446072124		
	H	4.531550254209	7.407063452963	0.082053912593		
	H	6.261958441072	7.614019878842	0.445622490784		
	C	5.523302135587	8.918728974994	-1.122532955584		
	H	4.805048875937	8.851204782213	-1.951165358485		
	H	6.511204671431	9.086290146980	-1.565693597328		
	C	5.167073233174	10.101481142794	-0.220410523807		
	H	4.183713592020	9.919510082027	0.250358169618		
	H	5.899762728556	10.175571526977	0.593359706812		
	N	5.228029955805	11.354406657279	-0.981390814334		
	H	4.521250744351	11.362465654204	-1.715358707482		
	H	5.041273268737	12.153797406961	-0.379715098371		
	C	5.487447287539	-0.790426696644	2.832996045221		
	H	5.523040503562	-0.061170834311	3.650686891239		
	H	4.590504195990	-0.582879523247	2.239322257138		
	H	5.384213782235	-1.790656331161	3.271664530014		
	C	6.745927304233	-0.705852022618	1.949875005143		
	H	7.627016379292	-0.994407856829	2.529853862018		
	H	6.649790806583	-1.435741264417	1.143238933382		
	C	6.136060985404	-0.843246982247	-1.262392749525		
	H	7.207149578274	-0.974938178158	-1.133183214682		

Table S10 .

 S10 Optimized Cartesian coordinates and energies of P85 at the B3LYP-D3-BJ/6-31+G* (Fe LANL2DZ) level of theory in vacuum.

	C C	6.838536248060 6.156368158920	0.343956105567 0.373019464478	1.202816400023 0.025756787381	E	-1204.011265
	C H H C C	5.353663264080 5.232934171609 5.396415208947 5.385240821852 6.077410099706	-0.515534381012 -1.293045198868 0.456239810936 -0.803249041263 1.572569346177	3.060308253646 3.824651622604 3.565678241783 -0.470915629504 -0.852940470760	Zero-point correction Sum of electronic and	0.425555
	C C	3.932742470882 6.296560772683	-2.998118768444 1.460000688401	-1.482305780845 -2.235831388633	thermal enthalpies	-1203.560235
	C C	6.210714855205 5.879071325101	2.577576045882 3.826712063776	-3.067949010017 -2.534454005497	Sum of electronic and	
	C C	5.630219183296 5.726748593065	3.945955242835 2.829654481219	-1.163238726102 -0.332813847212	thermal free energies	-1203.641963
	H	6.541174875895	0.487881027973	-2.655426012313		
	H	6.397699097388	2.472166049822	-4.133573750601		
	H	5.805593957427	4.696472599171	-3.181835835867		
	H	5.358066263777	4.909711816812	-0.740517563962		
	H C C	5.538016656142 3.287023103513 4.014103129741	2.924809436352 -1.781807731701 -0.697684468319	0.732363570092 -1.236896180927 -0.745045282366	P85 Structure	
	C	5.304391581645	-3.120170069822	-1.240266077357		
	C	6.014211178006	-2.029934882365	-0.742216481797		
	H	5.797270096135	-4.063727740118	-1.453460882458		
	H	7.083282156050	-2.123105888421	-0.569851846371		
	H	3.509663901303	0.248942785657	-0.571062059697		
	H	2.221082491046	-1.679294718686	-1.433184242433		
	Fe	9.790037507599	1.067997089940	1.971175595427		
	C	7.771343826254	1.407595881180	1.613010770449		
	C	8.117848870656	1.744260662720	2.970191691422		
	C	9.111888694316	2.766625263871	2.948214845953		
	C	9.404044645535	3.066067879147	1.582216246078		
	C	8.592288266660	2.229282234033	0.763699180197		
	C	11.797098311665	0.726175966411	1.579061016865		
	C	11.497295276698	0.385716900506	2.934202240920		
	C	10.495380763942	-0.633864199396	2.921911133737		
	C	10.178503361299	-0.924468397604	1.558374854585		
	C	10.981280819341	-0.083442536708	0.728399895282		
	H	12.488216416887	1.492633085238	1.254439920528		
	H	11.922542130978	0.848443735210	3.814815715148		
	H	10.033383910978	-1.081268093568	3.791929400173		
	H	9.426984817524	-1.622807585853	1.215205309161		
	H	10.946067600849	-0.037065498830	-0.351841044994		
	H	8.611170424244	2.192309185888	-0.315058700902		
	H	10.149237858909	3.766567186321	1.229449662624		
	H	9.590217019291	3.204653963009	3.814169721979		
	H	7.708732879493	1.286514540970	3.859960732274		
	H	4.463102980825	-0.521495472766	2.422532083609		
	C	6.617957308079	-0.767139696944	2.218251298675		
	H	6.513959033867	-1.734145030688	1.721602253204		
	H	7.491666963827	-0.842795104445	2.871499941326		
	O	3.276842498650	-4.099838993023	-1.970384857359		
	H	2.339125790160	-3.890714560660	-2.102930297173		
	Energies (a.u.)				

Table S11 .

 S11 Optimized Cartesian coordinates and energies of P85-QM at the B3LYP-D3-BJ/6-31+G* (Fe LANL2DZ) level of theory in vacuum.

	C C	6.394879769494 6.027783447067	0.833484825220 0.577507366703	1.827443147146 0.409605427790	E	-1202.780195
	C H C H H	5.548125113788 5.892141870717 4.168231846697 3.464422790622 3.799853942493	0.569893292560 0.828600574572 -0.011603689971 0.596198046954 -0.083783431341	2.846601112327 3.847758299047 2.766133617790 3.349311259106 1.740086230442	Zero-point correction Sum of electronic and	0.402250
	C C	5.759964864810 5.990163143862	-0.697392205922 1.762102628320	-0.042502557600 -0.471129937244	thermal enthalpies	-1202.353108
	C O	5.229660656515 5.008975882318	-3.394537649184 -4.544678254419	-0.974342717532 -1.373514123253	Sum of electronic and	
	C C	6.628425646747 6.632922587124	1.762061121677 2.907957320606	-1.724721543671 -2.519428560622	thermal free energies	-1202.432507
	C	5.995078729790	4.071376267930	-2.077730549453		
	C	5.361468872207	4.084939293557	-0.830606598502		
	C	5.370350552803	2.944726971357	-0.029071056405		
	H	7.151605121988	0.870118222198	-2.054072968902		
	H H H	7.142006842376 5.999419684337 4.869126364612	2.895666597725 4.963974210265 4.987523204488	-3.479233222167 -2.697041161679 -0.479417154167	P85-QM Structure	
	H	4.899282288840	2.959548693233	0.949350326377		
	C	4.908706363080	-2.209616820576	-1.784765666622		
	C	5.166676256161	-0.953758507564	-1.347926828796		
	C	5.824079178176	-3.125053936722	0.344427752521		
	C	6.056235647743	-1.863867822412	0.777117434352		
	H	6.083093997699	-3.991155943208	0.946818766094		
	H	6.521367197187	-1.694902218092	1.742336336258		
	H	4.881035950431	-0.102772419501	-1.957134527327		
	H	4.432715423525	-2.391769726920	-2.744004752515		
	Fe	9.575174373323	0.736597327810	1.402557564255		
	C	7.731321062459	1.406012019353	2.109183004584		
	C	8.568172836328	0.987637826509	3.198363570832		
	C	9.756801931045	1.775212782560	3.188056392597		
	C	9.669384523813	2.684516726730	2.090886624041		
	C	8.432882441628	2.453935774471	1.416801951769		
	C	11.301482559878	0.412145317594	0.307572994332		
	C	11.156557515887	-0.597865904649	1.308409119794		
	C	9.926215751593	-1.284397728243	1.067596482526		
	C	9.313748595829	-0.700673246623	-0.082905018791		
	C	10.159722959932	0.350339368775	-0.550051434975		
	H	12.109545548159	1.128373892273	0.240049791329		
	H	11.837759729068	-0.781460393138	2.128595587698		
	H	9.515243731168	-2.086845309976	1.665324575103		
	H	8.363120924513	-0.989028229229	-0.505197434429		
	H	9.952515085067	1.011510470597	-1.380947323379		
	H	8.092859848317	2.973085695410	0.534258905352		
	H	10.429009644661	3.393280617785	1.788990281269		
	H	10.597102811890	1.665807132228	3.860494927617		
	H	8.346580141933	0.175553543869	3.877745647184		
	H	4.144149130064	-1.022072959662	3.198550611928		
	Energies (a.u.)				

Table S12 .

 S12 Optimized Cartesian coordinates and energies of (R)-P85-ind at the B3LYP-D3-BJ/6-31+G* (Fe LANL2DZ) level of theory in vacuum.

	C C	6.944005228261 6.326411621272	0.455527737270 1.193822748867	1.098250752596 0.128866998823	E	-1182.955976
	C H C H H	6.440433829322 6.020182587154 7.537586392789 7.121263926202 7.943445540141	-0.988188644633 -1.278755166761 -2.000906782455 -3.013035746103 -1.746610804494	1.045090588655 2.018723137452 0.652674469240 0.597144265383 -0.332196101003	Zero-point correction Sum of electronic and	0.416525
	C C	5.340081204417 6.560150631166	0.364803667258 2.608868090448	-0.571493443136 -0.233749628929	thermal enthalpies	-1182.515013
	C C	3.626170857597 7.746038405548	-1.633222232223 2.987843976959	-1.536025104281 -0.881231598788	Sum of electronic and	
	C C	7.969626993494 7.005963135198	4.318615251590 5.291660169144	-1.237379273327 -0.953965624806	thermal free energies	-1182.593028
	C	5.814997486547	4.922239158336	-0.322029571348		
	C	5.591188178018	3.588643015461	0.029061289547		
	H	8.493780322219	2.229400886684	-1.091262022579		
	H	8.894619085891	4.597022695973	-1.736025699937		
	H H H	7.180236719541 5.060433446807 4.667856533576	6.328896449261 5.672593143014 3.300624863556	-1.227281120305 -0.100674323905 0.524550867223	(R)-P85-ind Structure	
	C	3.608703381374	-0.339705322222	-2.089427912617		
	C	4.462336233234	0.659858575800	-1.616175161058		
	C	4.525763734484	-1.927110271869	-0.489354292868		
	C	5.362953466898	-0.930196834677	-0.017443069249		
	H	4.553637695639	-2.931150980759	-0.068982391842		
	H	4.437905733537	1.652494920188	-2.057709898574		
	H	2.922772359294	-0.121993758920	-2.905288842866		
	Fe	9.955813225394	0.898324241560	2.076809468938		
	C	7.870991872101	0.903761289407	2.129277862546		
	C	8.409028349805	0.076712662454	3.180910068956		
	C	9.235011586830	0.877002396849	4.021919786672		
	C	9.223835102360	2.208016045202	3.506114726008		
	C	8.397366178613	2.228674210325	2.345819559598		
	C	11.889976933261	1.486356802032	1.620181115221		
	C	11.884863693478	0.133198676053	2.079264835594		
	C	11.052125546192	-0.627605589976	1.201247789925		
	C	10.542540994968	0.255571372661	0.199362868309		
	C	11.060337491297	1.561994986755	0.458132928391		
	H	12.395895880829	2.316853410451	2.094256458523		
	H	12.388172249506	-0.240975596028	2.960825274228		
	H	10.820558687208	-1.679626376971	1.298069286515		
	H	9.844744574362	-0.008944245803	-0.583842731722		
	H	10.828089443692	2.460978987838	-0.096600295875		
	H	8.217717716325	3.089635564433	1.721821147876		
	H	9.782361864422	3.047987024754	3.897429870233		
	H	9.799033264440	0.526552597423	4.876004013764		
	H	8.228525084967	-0.981064137746	3.307945770735		
	H	8.361660481257	-2.001413487500	1.369619361547		
	N	2.803738331213	-2.641581596105	-2.061403489187		
	H	2.589678092342	-3.395449797745	-1.419276543318		
	H	1.967843585517	-2.309926055017	-2.528040280979		
	Energies (a.u.)				

Table S13 .

 S13 Optimized Cartesian coordinates and energies of (S)-P85-ind at the B3LYP-D3-BJ/6-31+G* (Fe LANL2DZ) level of theory in vacuum.

	C C	6.790134562524 6.329579365357	0.532147880412 1.217429670003	1.387945902148 0.299975615910	Energies (a.u.)	
	C C C	6.221789679104 5.500434568306 6.627840107424	-0.886579136484 0.330912008735 2.608138303167	1.385273961573 -0.524621324974 -0.105027013297	E	-1182.956682
	C C	4.035519665276 7.423540924419	-1.757507946070 2.855527317447	-1.689731347048 -1.234661281403	Zero-point correction	0.416451
	C C	7.713112462588 7.200509857241	4.162553136881 5.244514856940	-1.631328055430 -0.909188613545	Sum of electronic and	
	C C	6.390628794745 6.104456025378	5.009512465509 3.701119506568	0.205954578532 0.601775027251	thermal enthalpies	-1182.515795
	H H H H H	7.823707149876 8.339518686977 7.425491170477 5.981009375033 5.477713457104	2.014585567470 4.336003029864 6.262294366738 5.845070233578 3.515430739931	-1.794503890508 -2.502614658824 -1.216435045165 0.767667215044 1.469815680238	Sum of electronic and thermal free energies	-1182.593702
	C	4.099134059421	-0.492195610558	-2.301854945479		
	C	4.824553603628	0.553657245451	-1.725792147597		
	C	4.715565388125	-1.972890721979	-0.472402718902		
	C	5.440422677206	-0.935592770835	0.090066891383		
	H H	4.672676365442 4.856674069641	-2.951417592749 1.526215919062	0.003208111863 -2.209538181323	(S)-P85-ind Structure	
	H	3.575194364733	-0.331685698969	-3.241702017718		
	Fe	9.805932552624	0.929010436486	2.039986934504		
	C	7.760955271749	0.940254682626	2.395999602501		
	C	8.431687190678	0.035177918844	3.297142399401		
	C	9.381417153324	0.769038407453	4.066017004448		
	C	9.315360638296	2.134524313274	3.654428524790		
	C	8.332406869074	2.243674945735	2.627526497236		
	C	11.610249518964	1.578119819885	1.253786073851		
	C	11.721216426486	0.216726907316	1.675087626083		
	C	10.758944342615	-0.550141002852	0.946531999120		
	C	10.054656305306	0.338031334225	0.075696898210		
	C	10.579552729987	1.653405962813	0.264831676608		
	H	12.176009982303	2.412646502883	1.646248024701		
	H	12.386664062993	-0.159983407942	2.440491740216		
	H	10.569752266559	-1.609066664188	1.062797731470		
	H	9.221371003364	0.073405211094	-0.561828964899		
	H	10.216505216912	2.553540567650	-0.212235525364		
	H	8.085430960417	3.145665157931	2.090707484502		
	H	9.934642952763	2.941559808457	4.022889503675		
	H	10.057217906488	0.355493277239	4.802589392920		
	H	8.276666654343	-1.033299062004	3.348806998802		
	N	3.356803992294	-2.815674370318	-2.313738576851		
	H	3.027250588982	-3.539905686772	-1.686316204577		
	H	2.629498477375	-2.532680447019	-2.959961031863		
	H	7.044420498143	-1.616508033220	1.366504872103		
	C	5.326923766846	-1.176094137362	2.607146295782		
	H	5.882604805135	-1.065066705282	3.543301633199		
	H	4.482160236024	-0.478874866840	2.624996406648		
	H	4.928066759930	-2.195884290222	2.560372290056		

at pH 5;

++: well clustered distribution, +: intermediate, -:dispersed;

in main binding site of cat.B;

not inside the main binding site;

not determined;

inhibition curves can be found in the SI (figures S38 and S39)
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