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Abstract: Molecular and pharmacokinetic properties prediction is important determinant in the current drug development 

process. In this study, molecular and pharmacokinetic properties of phenoxy acids and their derivatives are theoretically 

predicted using in silico tools to determine how synthetic modifications such as branching, amidation, esterification, 

heterocyclic groups, and hydrazide group change the structural and pharmacokinetic properties with respect to the parent 

phenoxy acid. From the results it was observed that phenoxy acid possess good central nervous system (CNS) 

permeability compared to the acid derivatives.  It could also be further predicted that conversion of phenoxy acid to 

functional derivatives leads to molecules with good pharmacokinetic profile. Based upon these theoretical predictions, it 

can be concluded that   various chemical modifications of phenoxy acid moiety furnish promising derivatives with good 

pharmacokinetic profile and oral bioavailability. 
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INTRODUCTION 

 In the current drug development process 

molecular modelling techniques are extensively used in 

order to persuade that the lead structure contains 

optimum absorption, distribution, metabolism and 

excretion (ADME) properties [1]. The aim of in silico 

studies is to select molecules with suitable properties 

and to eliminate compounds with undesirable 

properties. Computational chemistry resources (online) 

have been widely used to study molecular properties 

lipophilicity, topological surface area, molecular 

weight, sum of hydrogen bond acceptors and donors, 

number of violations, number of rotatable bonds and 

molecular volume to assess oral bioavailability and 

ADME profile of ligand molecules such as Caco2 cell 

( human epithelial colorectal adenocarcinoma cells) and 

MDCK (Madin-Darby Canine Kidney 

Epithelial Cells) cell permeability, skin permeability, 

plasma protein binding (PPB), and blood brain barrier 

penetration (BBB) to predict their pharmacokinetic 

behaviour [2-3].  

 

Phenoxy acids and their derivatives are 

associated with wide variety of pharmacological 

activities such as anti hyperlipidemic, hypoglycaemic, 

antimicrobial, antiviral, antitubercular, 

antiinflammatory, analgesic, anticancer, antioxidant, 

and antihypertensive activities. Phenoxy propionic acid 

moiety is a part of hypolipidemic agents, fenofibrate 

and gemfibrozil (Fig: 1 and 2) [4]. 

 

Significance of carboxylic acid (-COOH) functional 

group  

 In general, introduction of carboxylic acid 

moiety increases water solubility of lead molecule 

which leads to enhancement of the absorption into the 

biological membranes [3]. Around 450 drugs are 

available in the market which contains carboxylic acid 

in their structure and it is considered as privileged 

functional group. Molecular docking studies, on -

COOH demonstrated that carboxylate anion can 

establish strong electrostatic interactions with basic 

amino acids present in the active site of protein target 

such as arginine, proline and lysine. This group can act 

as hydrogen bond donor and acceptor [5-7].    

 
Fig: 1    Fig: 2 
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In view of the therapeutic ability of phenoxy 

acids and their derivatives, we have selected around 234 

compounds from the literature to predict their molecular 

and pharmacokinetic properties [8-20]. In this work an 

attempt has been made to study the effect of branching, 

presence of heterocyclic groups, amidation, 

esterification, and hydrazone moiety on ADME 

properties of phenoxy acetic acid. Phenoxy acetic acid 

structure was used as scaffold structure and effects on 

ADME properties were studied. Hypothetical molecules 

were built wherever necessary for better comparison 

and understanding. Wherever correlation was observed 

between theoretical and practical values, it was 

explained with suitable example. 

 

MATERIALS AND METHODS 

Prediction of Molecular and Pharmacokinetic 

descriptors 

Molecular descriptors, such as log P (partition 

coefficient), molecular weight (MW), the acceptors and 

donors for hydrogen bonding in a molecule and 

topological polar surface area (TPSA) were calculated 

using the online software 

(http://www.molinspiration.com/). The “Lipinski rule” 

states that orally bioavailable molecules fulfil the 

following criteria: log p ≤5, molecular weight ≤500, 

hydrogen bond acceptors ≤10, and hydrogen bond 

donors ≤5.  The percentage of absorption was estimated 

using the equation: % ABS = 109 − (0.345 × TPSA). 

Absorption, distribution, metabolism and excretion 

(ADME) properties of molecules were predicted using 

the preADMET online server 

(http://preadmet.bmdrc.org/). This program calculates 

the in vitro Caco-2 cell permeability (<4 - low, (4-70)-

moderate, >70-high permeability), skin permeability, 

plasma protein binding (>90 - strongly bound, <90- 

weakly bound) and blood brain barrier penetration 

(BBB) (>1 - CNS active compounds (+),<1 - CNS 

inactive compounds (-). 

 

RESULTS AND DISCUSSIONS 

Molecular properties and ADME descriptors 

for the scaffold structure phenoxy acid (Fig: 3) were 

calculated. The predicted molecular and ADME 

descriptors such as log P, TPSA, % ABS and %PPB are 

presented in Table.1 which showed that the predicted 

lipophilicity of phenoxy acid is 1.24, indicating that 

incorporation of various substituent groups on to the 

molecule are possible to obtain orally active compound. 

Phenoxy acetic acid has good percentage absorption 

(92.94) while BBB >1 (1.22) suggests that this acidic 

moiety is having considerable CNS permeability. 

Percentage plasma protein binding of phenoxy acid is 

very less (39.12) indicating that drug interactions of this 

compound is very less. Molecular weight of this 

interesting molecule is 166.18, which explains its 

suitability as a lead molecule for the insertion of 

substituent groups. 

 

 
Phenoxy acetic acid (PA) 

Fig: 3 
 

Table 1: Important molecular and ADME parameters of phenoxy acid 

Descriptors PA 

Log P 1.24 

TPSA 46.53 

MV 136.83 

% ABS 92.94 

PPB 39.117 

BBB 1.22 

                                  

Effect of branching 

To study effect of branching on ADME profile 

phenoxy acid moiety, we build hypothetical molecules 

and calculated the properties which are given in table 2. 

From the Table it can be observed that as the TPSA 

values of these derivatives are similar, there is no effect 

on absorption of acids when they are extended with one, 

two groups or when they are branched (3-

phenoxypropanoic acid, 2, 2-dimethyl-3-

phenoxypropanoic acid, 3-phenoxypentanoic acid, 3-

phenoxybutanoic acid) (4a-d).  
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Table 2: Important molecular and ADME parameters of 4a-4d 

Descriptor Log P TPSA MV %ABS PPB BBB 

4a 1.51 46.53 153.63 92.94 80.50 1.65 

4b 2.40 46.53 186.46 92.94 95.38 2.90 

4c 2.38 46.53 187.02 92.94 97.08 1.33 

4d 1.87 46.53 170.22 92.94 91.74 1.57 

                         

  
Fig: 4a-4d 

 

Effect of heterocyclic groups 
When theoretical properties were predicted, 

topological surface area (TPSA) is enhanced when the 

phenyl ring is substituted with thiazole (59.42) (5a), 

oxazole (72.56) (5b) and pyrazole (71.26) (5c), Oxazole 

with its nitrogen and oxygen raised TPSA volume to a 

great extends in comparison to the thiazole substitution. 

It is also observed that percentage plasma protein 

binding of unsubstituted phenoxy acid is very less 

(39.12), whereas when the ring is substituted with 

thiazole heterocyclic it is enhanced to 85.79 and with 

the introduction of oxazole and pyrazole it raised from 

39.117 to 64.28 and 64.98 respectively. When phenoxy 

acetic acid is substituted with morpholine, 

hydrophilicity of the derivative is increased (0.48), 

percentage absorption is appreciable (85.61) and 

percentage plasma protein binding is very less (20.15) 

in comparison to other heterocyclic substituted phenoxy 

acids. From these results, it can be demonstrated that 

distribution of this derivative is less and it may have 

less drug interactions.  

 

We have calculated theoretical properties for 

58 molecules available in the literature containing 

heterocyclic groups on phenoxy acid scaffold which are 

summarized in table.1 in the supplementary material [8-

12]. The results showed that all the compounds meet the 

lipinski rules of the five with predicted scores of < 5 for 

lipophilicity, ranging from 1.19 to 4.58. Most of the 

compounds also showed TPSA value < 150A, 

indicating good permeability in the plasma membrane. 

The percentage of absorption (% ABS) values 

calculated ranged from 48.72 to 84.34.  

 

Calculation of drug likeness score for these 

compounds revealed that most of them are moderately 

active as GPCR ligands, ion channel modulators, kinase 

inhibitors, nuclear receptor ligands, protease inhibitors 

and enzyme inhibitors. Few compounds are highly 

active as GPCR ligands (1-10: 0.1-0.11), ion channel 

modulators (2, 3, 6, 9, 10 - 0.03-0.05) nuclear receptor 

ligands (1-10:  0.26-0.49) and some of them are active 

as enzyme inhibitors (1-3, 9, 24, 28, 31:0.00-0.07). 

 

Table 3: Substitution of phenoxy acid with heterocyclic rings 

 

Descripto

rs 

Thiazol

e 

 (5a) 

Oxazol

e 

(5b) 

Pyrazol

e 

(5c) 

Oxadiazo

le 

(5d) 

Pyrimidi

ne 

(6a) 

Morphol

ine 

(6b) 

Indole 

(7a) 

Benzisoxazo

le 

(7b) 

Piperidi

ne 

(7c) 

Log P 1.84 1.20 1.12 1.11 1.26 0.48 3.23 2.80 1.52 

TPSA 59.42 72.56 71.26 85.46 72.32 67.79 62.32 72.56 58.56 

MV 194.79 185.65 189.31 181.50 199.93 214.61 23722 229.64 222.43 

%ABS 88.50 83.96 84.41 79.51 84.04 85.61 87.49 83.96 88.79 

%PPB 85.79 64.28 64.98 62.84 46.34 20.15 86.70 92.39 25.48 

BBB 0.107 0.109 0.021 0.125 0.258 0.018 0.554 0.011  0.026 
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Fig: 5a-d (phenoxy acids bearing five–membered heterocyclic rings) 

Fig: 6a-c (phenoxy acids bearing unsaturated and saturated six–membered heterocyclic rings) 

Fig: 7a-b (phenoxy acids bearing fused heterocyclic rings) 

 

Influence of esterification on phenoxy acids 

Phenoxy butanoic acid and atropine are 

predicted to have very good CNS permeability, but 

esterification leads to loss of CNS activity. We have 

calculated theoretical properties for 1 molecule 

available in the literature containing ester group on 

phenoxy acid scaffold is summarized in table.2 and in 

supplementary material in table.5. The results showed 

that the compound meet the lipinski rule of the five. 

The compound also showed TPSA of less than 150A, 

indicating a good permeability of the drug in the 

cellular plasma membrane. The percentage of 

absorption (% ABS) value is 95.62%. 

 

We have calculated theoretical properties for 2 

molecules available in the literature containing   

phenoxy esters which are summarized in table.2 in the 

supplementary material [13-14]. 

 

Table 4: Substitution of phenoxy acid with ester 

Descriptors PA Atropine(8) 2-phenoxybutanoic acid(9a) SM21(9b) 

LogP 1.24 2.42 2.11 4.76 

TPSA 46.53 58.56 46.53 38.78 

MV 136.83 306.03 170.22 326.88 

%ABS 92.94 88.7968 92.94715 95.62 

% PPB 39.114 35.26 83.68 83.41 

BBB 1.22 0.0508 2.024 0.28 

 

 
Fig: 8       Fig: 9a-b 

  

  

Calculation of drug likeness score for the compound 

revealed that the compound is active as GPCR ligand 

(0.31), ion channel modulator (0.06), nuclear receptor 

ligand (0.12), protease inhibitor (0.13) enzyme inhibitor 

(0.08) and moderately active (-0.27) as kinase inhibitor.  

 

 

Effect of N-acylhydrazone formation on ADME 

profile of phenoxy acids 
Conversion of phenoxy acid to N-

acylhydrazone and aryl-N-acylhydrazones increased 

lipophilicity and % PPB whereas CNS permeability is 

predicted to be decreased as per the Table.5 Phenyl 

hydrazide moiety increased lipophilicity and PPB, 

whereas BBB value is indicating CNS impermeability.  
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Table: 5 Substitution of phenoxy acid with aceto hydrazides 

Descriptors PA 4-oxo butanoic 

acid 

 (Fig.10) 

4-[4-

(carboxymethoxy)phenyl] 

  -4-oxobutanoic acid(Fig.11) 

2-phenoxy-N'-[(E)-

phenylmethylidene]aceto 

 hydrazide (Fig.12) 

LOGP 1.24 1.25 0.55 3.07 

TPSA 46.53 54.37 100.90 50.70 

MV 136.83 163.63 216.42 235.88 

%ABS 92.94 90.24 74.1895 91.50 

%PPB 39.114 87.13 69.48 99.12 

BBB 1.22 1.08 0.00826357 0.477 

 

 
Fig: 10   Fig: 11     Fig: 12 

 

Predicted values infer that different phenoxy 

acids such as phenoxy acetic acid, 4-oxo butanoic acid 

(Fig.10)(1.08), phenoxy propanoic acid, 2, 2-dimethyl-

3-phenoxy propanoic acid have very good CNS 

penetration, hydrazide derivation of phenoxy propionic 

acid (Fig: 12) drastically decreased CNS permeability 

(0.47) which is given in Table.5.  Pre ADME studies 

demonstrated that the derivative has good absorption in 

the intestine and distribution. 

 

Table 6: Substitution of phenoxy acid with aceto hydrazides 

Descriptors 2-methyl-2-phenoxy-N'-[(E)-

phenylmethylidene] Propane 

hydrazide 

2-phenoxy-N'-[(E)-

phenylmethylidene]butane 

hydrazide              

2-phenoxy-N'-[(E)- 

phenylmethylidene] 

propane hydrazide 

LOGP 3.88 3.42 2.92 

TPSA 50.70 50.36 50.36 

MV 268.71 258.42 241.61 

%ABS 91.50 91.62 91.62 

%PPB 94.54 93.35 95.60 

BBB 0.63 3.53 2.43 

 

 
Fig: 13                Figs: 14     Fig: 15 

 

 We have calculated theoretical properties for 16 

molecules available in the literature containing phenoxy 

aceto hydrazides which are summarized in Table.3 in 

supplementary material [15-16]. The results showed 

that except few compounds (11, 13 and 14) all the 

compounds obeyed the lipinski rules of the five and the 

percentage of absorption (% ABS) values ranged from 

81.952 to 91.50, indicating good absorption in the gut. 

 

  Calculation of drug likeness score towards 

these compounds revealed that all of them are 

moderately active  as GPCR ligands, ion channel 

modulators, kinase inhibitors, nuclear receptor ligands, 

protease inhibitors and enzyme inhibitors (-5.0 to 0.0).  

 

Turan–Zitouni et al synthesized aryl propionic 

acid derivatives with N-acylhydrazone moiety and 

evaluated them for antinociceptive, anti-inflammatory 

activity using different animal models. The results 

demonstrated that these derivatives were active in 

peripherally mediated antinociceptive and anti-

inflammatory activities while all of them were inactive 

in centrally mediated activities. In this study correlation 

was observed between predicted values and in vivo 

results (BBB >1).  
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Influence of amidation on ADME properties of phenoxy acetic acid 

 

Table 7: Substitution of Phenoxy acid with amide group 

ADME PA 2-Phenoxy 

acetamide (fig:16) 

2-phenoxy-N-

phenylacetamide (fig:17) 

LOGP 1.24 0.73 2.80 

TPSA 46.53 52.53 38.33 

MV 136.83 140.10 212.62 

% ABS 92.94 85.45 91.75 

% PPB 39.117 10.65 95.56 

BBB 1.22 0.57 0.83 

 

 
Fig: 16       Fig: 17 

 

Important molecular and ADME properties 

were compared for unsubstituted phenoxy acid, its 

amide derivative and 2-phenoxy N-phenyl acetamide 

derivatives using hypothetical molecules. As per the 

results amidation of phenoxy acid (Fig: 18) decreased 

the lipophilicity (0.73), percentage absorption (85.45) 

and percentage protein binding (10.65) whereas 

amidation using aromatic amine (2-phenoxy N-phenyl 

acetamide) (Fig: 33) led to compounds with good 

absorption and distribution properties. One important 

observation regarding CNS permeability is amidation 

either with NH3 or aromatic amines leads to CNS 

inactive agents (Fig: 32, Fig: 33). With the introduction 

of electron withdrawing agents CNS permeability is 

decreased. 

 

There are several phenoxy amides available in 

the literature which showed pharmacological properties 

such as antipyretic, hypoglycaemic, anticancer, 

antinociceptive, anti-inflammatory etc. We have 

calculated theoretical properties for 109 molecules 

available in the literature containing phenoxy amides 

which are summarized in table.4 in the supplementary 

material [17-20]. 

 

  The results showed that except for few 

compounds (17, 18, 23, 25, 33, 35- 41, 48-52, 51, 52, 

56-60) all the compounds meet the Lipinski rules of the 

five. All compounds showed a PSA of less than 150A, 

indicating a good permeability of the drug in the 

cellular plasma membrane. The percentage of 

absorption values (% ABS) are found to be in the range 

of 69-94.07% for these molecules. 

 

Calculation of drug likeness score towards 

compounds revealed that most of them are moderately 

active as GPCR ligands, ion channel modulators, kinase 

inhibitors, nuclear receptor ligands, protease inhibitors 

and enzyme inhibitors. Few compounds are active as 

GPCR ligands (34, 39, 42, 44:0.03-0.06), kinase 

inhibitors (51, 60, 61: 0.02-0.15), nuclear receptor 

ligands (23-25, 42: 0.02-0.11). 

 

Based upon these theoretical predictions, it can 

be concluded that phenoxy acid moiety is good 

pharmacophoric group present in variety of 

pharmacologically active agents and chemical 

modifications of this moiety is feasible with respect to 

ADME profile and oral bioavailability.                                  
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