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Abstract 

Beyond rule of 5 (bRo5) molecules are attracting significant interest in modern drug discovery 
mostly because many novel targets require large and more flexible structures. 

The main aim of this paper is the identification of ad hoc bRo5 physicochemical descriptors of 
ionization, lipophilicity, polarity and chameleonicity and their measurement. We used 
diƯerent methods to collect ionization (pKa measures and log k’80 PLRP-S trends), 
lipophilicity (in octanol/water, in apolar systems and in biomimetic environments), polarity 
(Δlog Poct−tol, EPSA and Δlog KWIAM) and chameleonicity (ChameLogD) descriptors for 26 
bRo5 drugs. A second aim was to check the relationship between physicochemical 
descriptors and permeability for a subset of compounds for which solid permeability values 
are reported in the literature. 

Results showed that the physicochemical profile in the bRo5 chemical space is often 
experimentally accessible, albeit more tools are required to overcome limitations of individual 
methods. For the investigated compounds, permeability is governed by Δlog Poct−tol and 
preliminary data support that chameleonicity could also have an impact. 
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1. Introduction 

Beyond rule of 5 (bRo5) molecules are attracting significant interest in modern drug discovery 
for at least two main reasons. First they have a potential to interact eƯectively with diƯicult-to-
drug targets which cannot be modulated by Ro5 compliant small molecules i.e. ligands that 
reside in the chemical space defined by Lipinski´s rule of 5 (Ro5) (Lipinski et al., 1997; Doak 
et al., 2016; Doak and Kihlberg, 2016). And new promising compounds in medicinal chemistry 
such as proteolysis targeting chimeras (PROTACs) reside in the bRo5 chemical space (Zou et 
al., 2019; Edmondson et al., 2019). 

According to a recent paper (Caron et al., 2019a) the following classes of compounds are 
included in the bRo5 chemical space: a) cyclic peptides (which are macrocyclic if their ring 
contains four or more amino acids), b) non-peptidic macrocycles (macrocycles are those 
molecular structures that contain one or more rings of at least 12 atoms) and c) non-
macrocyclic compounds. Most of them are large and flexible structures which often require 
long synthetic routes and are associated with low yields. Therefore an eƯicient property-
based drug design is essential for researchers who are called to design bRo5 candidates with 
the right solubility and permeability profiles (Leeson and Young, 2015; Shalaeva et al., 2018) 

Various sequential processes aƯect passive drug permeation across cell membranes, i.e. 
desolvation, interactions with phospholipid head groups and access to the hydrophobic 
membrane interior (Krämer et al., 2009; Guimarães et al., 2012). Each of these steps is likely 
diƯerently aƯected by the drug's molecular properties. For instance, polarity is expected to be 
involved in the desolvation step, whereas lipophilicity probably could roughly describe both 
interaction with phospholipids and passive membrane diƯusion. Although not clearly stated, 
a diƯerent balance of polarity and lipophilicity is required for various series of compounds to 
be permeable. Routinely drug discovery projects are applying log P/log D in the octanol/water 
system and the topological polar surface area (TPSA) as lipophilicity and polarity descriptors, 
respectively. bRo5 molecules are large and flexible (often ionizable) and capable of adjusting 
their properties to the environment, thus acting as molecular chameleons (Whitty et al., 2016; 
Caron et al., 2019a) i.e., they can adopt a more apolar conformation when crossing a cell 
membrane and a more hydrophilic conformation in the aqueous intra and extra cellular 
environment. Several weak intramolecular interactions can in principle be formed and 
contribute to provide dynamic, environment-dependent shielding of the polar groups 
(Matsson et al., 2016). The best known are intramolecular hydrogen bonds (IMHBs) (Caron et 
al., 2019a) but recently the shielding of an amide bond by formation of an NH−π interaction 
with an aromatic group was investigated to design molecular chameleons (Tyagi et al., 2018; 
Nielsen et al., 2014). 

Standard physicochemical tools used for Ro5 compliant compounds are often unsuitable for 
such complex structures. For instance, Shultz recently stated that descriptors such as TPSA, 



HBA, and HBD overestimate solvent accessible polarity and thus underestimate permeability 
(Shultz, 2019). Therefore, there is an emerging need (Caron and Ermondi, 2017) for updating 
the portfolio of physicochemical descriptors specific to the bRo5 chemical space. 

Ionization is accepted as a fundamental property in medicinal chemistry (Manallack et al., 
2013; Charifson and Walters, 2014; Young and Leeson, 2018), but sometimes is poorly 
determined in many drug discovery programs which could present a major issue for series 
including compounds with diƯerent ionization profiles. A new chromatographic descriptor, log 
k’80 PLRP-S (Caron and Ermondi, 2017; Caron et al., 2016) at diƯerent pHs provides a reliable 
estimation of the ionization properties of the bRo5 drug candidate if pKa could not be 
measured for instance due to insuƯicient sample quantity, purity or low solubility. Secondly, 
lipophilicity should also be determined in systems diƯerent from octanol/water to better 
consider the membrane complexity. The Immobilized Artificial Membranes (IAM) 
chromatographic systems (Russo et al., 2017; Tsopelas et al., 2016) in which columns are 
prepared by covalent binding a monolayer of phospholipids to silica particles (Pidgeon et al., 
1995) are of potential interest to this respect. Then, the experimental polarity descriptors, key 
determinants for permeability prediction (Caron and Ermondi, 2018), should be integrated in 
bRo5 drug discovery projects:  Δlog Poct–tol, i.e. the diƯerence between log Poct and log Ptol, 
(Caron and Ermondi, 2017; Ermondi et al., 2018) and EPSA that quantifies exposed polarity by 
retention time using controlled Supercritical Fluid Chromatography (SFC) conditions (Goetz et 
al., 2014a; Goetz et al., 2014b; Goetz et al., 2017) have attracted interest as polarity 
descriptors (Degoey et al., 2018; Hopkins et al., 2019; Vorherr et al., 2018). Notably, the 
Lipophilic Permeability EƯiciency (LPE) that has been recently introduced in the literature as a 
new eƯiciency metric is a surrogate of  Δlog Poct−tol. (Naylor et al., 2019) Also Δlog KWIAM 
introduced by Grumetto et al. (Grumetto et al., 2016) has been applied by some of us as a 
polarity descriptor involved in permeability prediction (Ermondi et al., 2018). Finally, as 
previously mentioned, most bRo5 compounds show a ‘chameleonic’ ability to change their 
conformation by exposing the polar groups in aqueous solution and burying them in apolar 
environments. Chameleonicity deserves therefore to be considered as an additional 
molecular property specific to large and flexible molecules. We recently demonstrated that 
the diƯerence between the two chromatographic log P values (BRlogP and ElogP) provides a 
lipophilicity range which could be a first attempt to obtain an experimental chameleonicity 
index (Ermondi et al., 2019). 

The main aim of this paper is therefore the identification of ad hoc bRo5 physicochemical 
descriptors of ionization, lipophilicity, polarity and chameleonicity, their measurement with 
diƯerent methods; to highlight their application domain, and their relationship with 
permeability. Therefore, in this study, we set-up a dataset of 26 bRo5 compounds including 
both cyclic and acyclic drugs, neutral and ionizable structures. For these compounds we 
collected a comprehensive list of ionization, lipophilicity, polarity and chameleonicity 
descriptors and discussed their experimental accessibility and relation with permeability. 

2. Experimental 

Source of drugs. All compounds were commercially available and had a purity >98%. 



pKa determination. Acid dissociation constants were measured potentiometrically using a 
SiriusT3 instrument (Sirius Analytical Instruments) equipped with a Ag/AgCl double junction 
reference pH electrode and a turbidity sensing device. Titration experiments were conducted 
in 0.15 M KCl solution under nitrogen atmosphere at a temperature of 25 ± 1 °C. All tests were 
performed using standardized 0.5 M KOH and 0.5 M HCl as titration reagents. For low-
solubility compounds, pKa values were determined in water–methanol mixtures (30–70% 
methanol v/v) and extrapolated to pure aqueous conditions using the Yasuda-Shedlovsky 
method. Reported experimental values are means of three determinations. 

The pH-metric method to measure lipophilicity in octanol/water and toluene/water. Log P/D in 
octanol/water and toluene/water were measured potentiometrically with a SiriusT3 
instrument (Sirius Analytical Instruments). Log P values were obtained from the diƯerence 
between the aqueous pKa and the apparent pKa determined from dual phase titrations 
(Avdeef, 2001). About 1 mg of the samples were titrated as in aqueous pKa, in presence of 
various amounts of the partitioning solvent, water-saturated n-octanol and toluene. The 
phase ratio applied was varied depending on the expected log P but generally high log P 
conditions were used. Log P values were first estimated and then refined by a weighted non-
linear least-squares, where the aqueous pKa values were used as unrefined contributions. log 
Ps from diƯerent phase volume ratios were finally averaged by taking into account the 
contribution of the ionized species. 

Shake-flask. To measure log Ds a shake flask method was used. 2.5 mg of compound were 
dissolved in 3 mL of buƯer solution with 0.15 M KCl. 1 mL of this solution was put in a 
separate vial to which 1 mL of octanol/toluene was added. The vials were vortexed for 10 min 
and the two phases were separated and analyzed by HPLC. Measurements were performed in 
triplicate. 

BRlogD. The original method was described in a previous paper (Ermondi et al., 2019). Shortly 
we correlated log k’60 determined on a XBridgeTM Shield RP18 (Waters, 5 cm x 4.6 mm, 5 μm 
particle size, 130 Å pore size) with 60%%acetonitrile, 40%%buƯer with log P of compounds. 
Here, we extend the method reliability to basic compounds using log D7.0 values. 

The PLRP-S system to measure log k’80 PLRP-S. A PLRP-S column, 100 A, 5 uM, 50 × 4.6 mm; 
part no. PL1512–1500 from Agilent was used with the mobile phase 
(80%%acetonitrile−20%%buƯer) flow rate 1 mL/min. Details of the method are reported 
elsewhere (Caron et al., 2016). 

EPSA. Experimental details are reported elsewhere (Goetz et al., 2014a; Goetz et al., 2014b) 
and in Annex 3 (S.I). 

IAM chromatography. The analyses were performed at 30 °C with 20 mM ammonium/acetate 
at pH 7.0 in mixture with acetonitrile at various percentages. The stationary phase was IAM 
PC.DD2 (Regis Technologies, 10 cm × 4.6 cm 10 μm packing 300 Å pore size). The flow rate 
was 1.0 ml/min. All samples were dissolved in the mobile phase. The adopted methodology to 
obtain log KWIAM and Δlog KWIAM was already described elsewhere (Ermondi et al., 2018). 
Δlog KWIAM was calculated using the shake-flask log D value. 



A HPLC Varian ProStar instrument equipped with a 410 autosampler, a PDA 335 LC Detector 
and Galaxie Chromatography Data System Version 1.9.302.952 was used for all 
chromatographic analysis. 

Molecular descriptors calculation. Most descriptors were calculated with Dragon v. 7.0.10 
(Kode, srl). pKa was calculated with MoKa v.3.0.0 (www.moldiscovery.com). 

3. Results and discussion 

3.1. Dataset and 2D computed descriptors 

The dataset is comprised of 26 compounds and is divided in two subsets. The first subset 
includes 15 molecules reported by Rossi Sebastiano et al. (Rossi Sebastiano et al., 2018) for 
which consistent permeability data are available. These are the training set of 10 compounds 
(asunaprevir, atazanavir, azithromycin, clarithromycin, erythromycin, rifampicin, ritonavir, 
roxithromycin, telaprevir, telithromycin) and the test set of 5 compounds (cyclosporin A (CsA), 
indinavir, paclitaxel, rifaximin, vinblastine). The second subset includes 11 additional drugs 
which were included in the study for several reasons: a) three rapamycins (everolimus, 
temsirolimus and sirolimus) as examples of poorly soluble compounds, b) rifapentine and 
rifabutin to extend the pool of ionization profiles exhibited by the rifamycin class, c) nelfinavir 
and saquinavir to extend the number of HIV-1 protease inhibitors, d) danoprevir to have at 
least two HCV NS3/4A protease inhibitors and e) three drugs which are not orally available 
(lanreotide, somatostatin 14, and vasopressin). 

The SMILES codes of the 26 compounds (Table S1 in the Supporting Information) were 
submitted to the Dragon software to obtain the following molecular descriptors, i.e. the 
molecular weight (MW), the number of rotatable bonds (RBN), the Kier's flexibility index (PHI), 
the number of hydrogen bond donor groups (HBD), the number of hydrogen bond acceptor 
groups (HBA), the topological polar surface area (TPSA) and a calculated lipophilicity value 
(ALOGP) (Table 1). 

Table 1. Data bars are used to visualize molecular descriptors of the investigated dataset (all 
the values are in Table S2). 

 

Although ubiquitously reported, the descriptors in Table 1 should be cautiously interpreted in 
the description of the bRo5 datasets for several reasons. First, they refer to the 1D/2D 
structures of the molecules. Moreover, they can only be calculated for the neutral species of 
the drugs. As far as flexibility is concerned, PHI, introduced by Kier (Kier, 1989), is the most 
judicious descriptor to be used in the bRo5 chemical space, while RBN (Veber et al., 2002) is 
not suited for macrocyclic structures (Caron et al., 2019b). HBD and HBA counts may vary 
depending on the software used. Finally, as mentioned in the Introduction, TPSA 
overestimates polarity (Shultz, 2019) and lipophilicity values strongly depend on the 
calculation method (see below). Overall Table 1 should only be used to have a general idea of 
the dataset diversity, for instance somatostatin, vasopressin and lanreotide (not orally 
available drugs) are very diƯerent from the other drugs. 

3.2. Ionization 



The acid-base dissociation constant (pKa) of a drug is a key physicochemical parameter 
influencing many biopharmaceutical characteristics; however, for several reasons its 
experimental determination is not a very common practice in drug discovery programs. 
Predictions are largely preferred even though high calculation errors or calculation failures are 
often observed (Balogh et al., 2012) (see Annex S1). 

We believe that the ionization profile of bRo5 compounds is key to understand their behavior. 
The first column in Table 2 shows the nature of the dominant (>50%) species of the 
compounds at pH 7.0. These assignments were obtained by combining pKa with 
chromatographic measurements as described below (all data are in Annex S1). pKa 
potentiometric determinations by T3 instrument provided results for most ionizable 
compounds, although solubility limits were found for atazanavir, ritonavir, telaprevir and 
paclitaxel. Moreover, the refinement procedure for lanreotide and somatostatin 14 was 
particularly diƯicult to perform because of the high number of ionization centers present on 
both molecules and no definitive results could be obtained. The chromatographic descriptor 
log k’80 PLRP-S (Caron et al., 2016; Caron and Ermondi, 2017) was also used to estimate the 
ionization properties of compounds. Briefly log k’80 PLRP-S at four diƯerent pHs (2, 5, 7, 10) 
are plotted against the pH of the buƯer. The ionization profile of the considered compound is 
determined from the log k’80 PLRP-S trend (Caron et al., 2016). For instance, through log k’80 
PLRP-S we could experimentally verify the basic nature of low soluble atazanavir (as 
mentioned above experimentally inaccessible to potentiometry) since log k’80 PLRP-S 
increases when passing from acidic to basic pHs. As a further example, in Fig. 1 we used the 
log k’80 PLRP-S trend to compare ionization behavior of the rifampicin class drugs (rifampicin, 
rifapentine, rifaximin, rifabutin). Rifampicin and rifapentine showed a similar ionization profile 
(zwitterionic), very diƯerent from rifaximin (neutral) and rifabutin (basic). Notably compounds 
belonging to the same class may have diƯerent ionization profiles. 

 

According to experimental data, Table 2 shows that the dataset includes neutral, basic and 
acidic compounds (all the details are in Annex S1). Furthermore, rifampicin and rifapentine 
are zwitterions whereas lanreotide and somatostatin 14 are drugs with a complex and 
uncertain ionization profile. 

3.3. Physicochemical descriptors and permeability 

In Table 2 we report all the data (i.e. lipophilicity, polarity, chameleonicity and permeability) 
collected for the investigated series of compounds. 

3.3.1. Lipophilicity 

The lipophilicity of large and flexible molecules (i.e. bRo5) is problematic to predict as it 
pertains to the assessment of multiple conformations and their relative populations. log D is 
even more challenging to predict than log P because of the uncertainty added by pKa 
predictions (Goetz and Shalaeva, 2018). To illustrate log Poct calculation limits in the bRo5 
chemical space we calculated log P with 8 calculators (MoKa, ACD, Marvin, MlogP, Xlogp3, 
IlogP, WlogP, Silicos-IT) for the subseries of five erythronolides (azithromycin, clarithromycin, 
erythromycin, roxitromycin, telithromycin) and for a series of beta-blockers (Ro5 compliant 



drugs). A box and whisker plot is used to compare data (Fig. 2). Larger boxes represent 
variation in the lipophilicity values across methods used to calculate log P. Boxes found for 
erythronolides (Fig. 2B) are significantly larger than those obtained for beta-blockers (Fig. 2A) 
and demonstrate that log P of bRo5 compounds strongly depend on the calculation method. 
Similar results have been recently discussed by Schultz (Tyagi et al., 2018). Because of these 
findings we decided to avoid calculated log P in this study altogether (MoKa values and 
additional observations along these lines are reported in the Annex S2). 

 

Several methods have been described in the literature to measure lipophilicity in the 
octanol/water system and the pros and cons of such methods have been discussed (their 
review is beyond the scope of this publication). In this study, we are interested in evaluating 
the relationship between permeability and lipophilicity. To do that we used several tools. First, 
we measured log P/log D values using the pH-metric method as implemented in the 
automatic titrator Sirius T3. Then shake-flask log D values were retrieved from the literature 
(Rossi Sebastiano et al., 2018) when available or measured in our laboratory. Because of the 
limits of direct methods, many research organizations have developed their own 
chromatographic tools for lipophilicity measurements, e.g. chromatographic hydrophobicity 
index (CHI) and Chrom Log D at GlaxoSmithKline (Valkó et al., 1997), or ElogD at Pfizer 
(Lombardo et al., 2001). We recently reported our own chromatographic method named 
BRlogD (Ermondi et al., 2019). log KWIAM has also been described as a valid surrogate of 
lipophilicity in octanol/water for neutral compounds (Tsopelas et al., 2016). We therefore 
measured ElogD, BRlogD and log KWIAM for the investigated dataset and reported their 
values in Table 2. 

Obtaining reliable permeability values for bRo5 compounds is a complex endeavor, due to the 
nature of the analytes and because of the significant impact of active transport mechanisms 
(Matsson et al., 2016). To optimize the quality of permeability data we used log Papp of the 
training set reported by Rossi Sebastiano et al. (Rossi Sebastiano et al., 2018) (in blue in Table 
2) since these permeability values were consistently obtained in a Caco-2 system. Notably we 
did not consider permeability data of the test set (in red in Table 2) since they were retrieved 
from the literature and present inconsistencies in the composition of the inhibitor cocktails 
implemented. 

The relationships between permeability expressed as log Papp and lipophilicity indexes are 
reported in Fig. 3. 

 

Fig. 3A shows a significant correlation (R2 = 0.63) between log Papp and log D7.4 as already 
described in the original paper (Rossi Sebastiano et al., 2018) (lipophilicity values were 
obtained using a standard shake–flask method). Fig. 3B and 3C shows the relationship 
between permeability and BRlogD and ElogD, respectively. Overall the lipophilicity 
descriptors are linearly correlated with permeability and similar equations are found. Fig. 3D 
shows that for this series of compounds log KWIAM does not significantly correlate with 
permeability. This could be related to the fact that log KWIAM is strongly dependent on the 



presence of charges (Ermondi et al., 2018) and thus unsuitable for datasets of compounds 
with diƯerent ionization profiles (Table 1). 

Overall the plots in Fig. 3 share a positive slope coeƯicient that supports the reliability of the 
found regressions (i.e. permeability tracks with lipophilicity). 

Finally, we also tested log Poct (Table 2, potentiometric determinations) for modeling 
permeability. The low R2 value (0.38, plot not shown) suggests that log P is a poorer descriptor 
of permeability than log D. 

3.3.2. Polarity 

Polarity, as discussed in the Introduction, is one of the major determinants of permeability. 
Experimental polarity is quantified by three main descriptors (Caron and Ermondi, 2018). 
EPSA is an exposed polarity measurement which assesses polarity by retention time using 
controlled Supercritical Fluid Chromatography (SFC) conditions (Goetz et al., 2014a). Δlog 
Poct−tol is the diƯerence between log Poct (the logarithm of the partition coeƯicient P in the 
octanol/water system) and log Ptol (the logarithm of the partition coeƯicient P in the 
toluene/water system). Δlog KWIAM is the diƯerence between the logarithm of the 
experimental chromatographic retention factor (log KWIAM) and the value here named clog 
KWIAM (Ermondi et al., 2018) calculated using eq. (1). 

 

 

 

Polarity data are in Table 2. Whereas most EPSA values were experimentally accessible, more 
limitations were found for Δlog KWIAM and Δlog Poct−tol since their determination (see 
above) needs a reliable value of log P/log D in octanol/water. Solubility issues in toluene also 
limited the experimental accessibility of Δlog Poct–tol. For the considered dataset we could 
determine Δlog Poct−tol for about 50% of the investigated compounds. Moreover, the 
experimental determination of Δlog Poct−tol requires some additional considerations. Since 
Δlog Poct−tol is the diƯerence between two experimental values (Shalaeva et al., 2013), it is 
important to use the same method to obtain the single values. In this study, the pH-metric 
method was mostly used to measure both log Poct and log Ptol (Table 2). Shake-flask was 
used to determine Δlog Poct−tol of unionizable compounds and the zwitterionic rifampicin 
(for which a Δlog Doct−tol and not a Δlog Poct−tol was therefore determined). Lipophilicity of 
some compounds was beyond the experimental range of our shake-flask method (−2.5 <log P 
< 2.5). Finally, for indinavir and telithromycin we used the shake-flask method to confirm 
potentiometric values. 

A relationship between permeability and polarity has been reported in many papers (their 
review is beyond the scope of this paper). In particular, the linear trend found between 
permeability and polarity (expressed as SA 3D PSA, the lowest polar surface area calculated 
on diƯerent crystallographic structures in the Rossi Sebastiano's training set is very strong (R2 
= 0.89) (Rossi Sebastiano et al., 2018). When replacing SA 3D PSA with EPSA for the same 



dataset (Table 2, compounds with permeability values in blue) the relationship between 
permeability and polarity is almost lost (Fig. 4A. R2 = 0.22). The relationship between 
permeability and Δlog KWIAM is shown in Fig. 4B (R2 = 0.48), higher than what was found for 
EPSA, but not excellent. The relationship between permeability and Δlog Poct−tol is very high 
(R2 = 0.89, Fig. 4C). Rifampicin is excluded from this regression since the balance of forces 
governing Δlog Doct−tol could be significantly diƯerent from Δlog Poct−tol. 

 

Overall, the plots in Fig. 4 show that the increase of polarity is always linked to a decrease in 
permeability which supports the reliability of the found regressions. Moreover, Δlog Poct−tol 
has experimental limits but is the best descriptor of permeability. This last finding is 
rationalized using two diƯerent strategies, as discussed below. The Block Relevance (BR) 
analysis (Caron et al., 2013) is a computational tool that has been used to characterize the 
balance of intermolecular forces governing polarity descriptors (Caron and Ermondi, 2018). 
BR analysis showed that Δlog Poct−tol is the cleanest descriptor of exposed solutes HBD 
groups (Ermondi et al., 2014) whereas Δlog KWIAM is governed by both HBD and HBA groups 
and also influenced by the solutes dimensions. Moreover, BR analysis showed that for EPSA 
the presence of HBA groups could be considered as an interference and thus EPSA can fail to 
model permeability when many and variable HBA groups are present in the chemical 
structure, which is the case in the bRo5 chemical space (Goetz et al., 2017). Besides BR 
analysis, we also used a second strategy to evaluate the significance of the three polarity 
descriptors. We reasoned that polarity calculated as SA 3D PSA (i.e. on the crystallographic 
structures (Rossi Sebastiano et al., 2018)) is a credible polarity value. Then we selected the 
subset of erythronolides for which all experimental data were obtained and normalized all the 
values (data in Table S3). Finally, we plotted on the Y axis SA 3D PSA and on the X axis the 
three experimental descriptors, i.e. EPSA, Δlog Poct−tol and Δlog KWIAM (Fig. 5). 

 

3.3.3. Combining lipophilicity and polarity to model permeability 

At first glance, Fig. 3 and 4 seem to suggest that both lipophilicity and polarity play a role in 
governing permeability in the investigated dataset of bRo5 compounds. However, the strong 
correlation found between Δlog Poct−tol (as well as SA 3D PSA) and permeability suggest that 
polarity is the main determinant, while lipophilicity is less important. This result is probably 
explained by the fact that compounds in this dataset have similar size and shapes (their 
radius of gyration covered a relatively narrow interval) (Rossi Sebastiano et al., 2018). The 
weak but non-negligible relationship with lipophilicity could be ascribed to the polarity 
component included in log Doct (Lombardo et al., 2000; Abraham et al., 2002; Caron et al., 
2013). 

3.4. Chameleonicity 

Molecular chameleons do exist as shown by CsA (Alex et al., 2011) and some other examples 
(Tyagi et al., 2018). But how can one experimentally determine the extent of chameleonicity of 
a given compound? And how relevant is chameleonicity in permeability modulation? In a 
recent paper (Ermondi et al., 2019) we showed that two validated chromatographic methods 



with diƯerent experimental conditions provide very similar log P for small molecules but give 
significantly diƯerent log P (but linearly correlated) for large and flexible molecules. This trend 
has been confirmed here also for basic compounds for which log D values were originally 
reported (Table 2 and Fig. 6A). 

 

 

The diƯerence between the two chromatographic log D values (BRlogD and ElogD) provides 
an experimental log D range (called ChameLogD, Table 2) which is a first attempt to 
experimentally quantify the chameleonic properties of drugs. 

Fig. 6B shows the relationship between permeability and ChameLogD. Although the number 
of compounds is limited and we cannot generalize, the higher the lipophilicity range, the 
higher the permeability. In other words, the higher the capacity of a compound to behave as a 
chameleon, the higher the permeability. 

4. Conclusion 

To increase the accessibility to bRo5 chemical space as a source of new drugs we need to use 
ad hoc tools, not easily transferable from the Ro5 world. In particular the fact that “…there is 
no substitute for generating measured data…”(Young and Leeson, 2018) recently outlined by 
Young and Leeson is essential for bRo5 compounds where calculations often fail. 

In this paper we outlined that physicochemical descriptors are experimentally accessible for 
most bRo5 drugs. In particular, for neutral and basic bRo5 compounds, the determination of 
lipophilicity and polarity is relatively straightforward whereas more diƯiculties are 
encountered with acidic, zwitterionic and compounds with a complex ionization profile 
(parenteral drugs in this study). That highlights the necessity of thorough ionization properties 
assessment before measuring other physicochemical descriptors. To aid pKa determination, 
a chromatographic tool such as log k’80 PLRP-S could be used as a valid alternative to assess 
the ionization properties of bRo5 compounds. 

Availability of more than one experimental method for measuring log Doct is crucial. (i.e. 
chromatography alone is not suƯicient). Notably, although log Doct is not the major 
determinant of permeability by itself, its determination is essential to obtain polarity and 
chameleonicity descriptors. 

Polarity has been confirmed to be a crucial descriptor for permeability. However diƯerent 
polarity descriptors (EPSA, Δlog Poct–tol and Δlog KWIAM) have diƯerent experimental 
limitations. Furthermore, the balance of intermolecular forces need to be known in order to 
define their applicability domain for a particular set of compounds. In this paper we have 
shown that Δlog Poct–tol is the best polarity descriptor. 

Since bRo5 compounds can adapt their properties to the environment and act as molecular 
chameleons, here we defined a new experimental descriptor called ChameLogD to quantify 
chameleonic properties of compounds. Preliminary results suggest a good relationship 
between ChameLogD and permeability. 
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