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1. Introduction 
Cellular pathways regulated by tyrosine 

phosphorylation offer a rich source of drug targets for 

developing novel therapeutics [1]. Over the past 

decades, a huge effort has been undertaken by 

academia and the pharmaceutical industry to target 

kinases as well as phosphatases with small molecules. 

These efforts have been remarkably more successful 

for kinases, resulting in more than 25 kinase inhibitors 

being approved for clinical use and many more in 

clinical trials [2]. On the other hand, not a single  

 

phosphatase inhibitor has been submitted to the clinic. 

Because at the molecular level, there are significantly 

more kinases (> 500) than phosphatases (>130) 

encoded in the human genome, so as to say that the 

substrate specificity of phosphatases is much broader. 

Secondly, the substrate pocket of phosphatases is 

positively charged to complement the high negative 

charge of phosphorylated substrate which leads to the 

predominant discovery of negatively charged 

substrate, which suffers from poor bioavailability [2]. 
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One way to circumvent these issues is the 

identification of allosteric sites that are less conserved. 

Using novel computer-aided drug design 

methodology site identification by ligand competitive 

saturation (SILCS), a novel allosteric site in PTP 1B 

between α3 and β6 located 20 Ǻ from the active site 

was identified [3]. Utilizing a combined grand 

canonical Monte Carlo (GCMC) molecular dynamics 

(MD) sampling of multiple co-solvent or solute 

molecules representing different functional groups 

against a particular target protein in an aqueous 

solution, the SILCS methodology is a co-solvent 

sampling technique used to compute functional 

group binding affinity patterns. The simulations yield 

functional group probability distributions, that are 

then transformed into free energy maps, or 

"FragMaps," which help find new compounds or 

drugs that enhance ligand binding affinity. 

Furthermore, fragment-based drug design, protein-

protein interactions, pharmacophore screening, and 

excipient evaluation in the formulation of biologics 

are all possible to benefit from the application of 

FragMaps [4]. This allosteric site is not highly 

conserved among phosphatases, thus providing an 

opportunity to circumvent the selectivity problem 

associated with the active-site targeting inhibitors. 

One small molecule, compound P58 (Table 1), has 

been identified to bind to this site and inhibit the 

activity of the enzyme by blocking the mobility of the 

catalytically critical WPD loop. However, P58 suffers 

from significant limitations such as weak potency 

(IC50 10 M) and poor chemical stability. Using SILCS 

methodology, an additional hydrophobic pocket 

adjacent to the aromatic pocket occupied by P58 was 

characterized which over to improve the affinity [5]. 

Motivated by the success of P58, the new inhibitors 

would keep the overall configuration and hydrogen 

bonding potential of the OH group and provide an 

additional hydrophobic interaction that will interact 

favorably with PTP 1B, and thus, further improve the 

potency of the inhibitors. Preliminary CADD using 

SILCS suggests that the target compounds will adopt 

a position and orientation similar to that of P58 in its 

complex with PTP 1B. The ligand grid-free energies 

resulting from docking of the designed inhibitors 

favored the addition of the hydrophobic motifs such 

as methyl propyl, isopropyl, butyl, cyclopropyl, 

cyclopropylmethyl, and cyclohexylmethyl moieties to 

position 5 of P58 rather than position 1. Based on the 

above-mentioned ideas, novel 5-(N-substituted)-2-

(2,5-dimethyl-1H-pyrrol-1-yl) benzoic acid candidates 

(3a-g) were designed and synthesized as promising 

PTP1B inhibitors.   

 

2. Materials and Methods 
2.1 Computational methodology  

PTP1B allosteric site identified and characterized by 

Mackerell et al. [10] using the site identification by 

ligand competitive saturation hotspot approach 

(SILCS-Hotspot) was employed in this study. By 

manually aligning the ligands (P58, 2, 3a-g, and 4-11) 

with crystal structure ligand orientations with the 

highest common substructure in MOE (Chemical 

Computing Group), the ligands were created. The 

total of the atomic GFE scores derived from the 

categorization of every atom in a ligand and its 

overlap with the associated FragMap is known as the 

ligand grid free energy, or LGFE. The ligand position 

and conformation should be sampled using Monte 

Carlo methods (referred to as SILCS-MC) using the 

LGFE score and the ligand intramolecular energy as 

the Metropolis criteria. Translations, rigid-body 

rotations, and rotations of dihedrals about rotatable 

bonds are the movements used in SILCS-MC. 

Sampling the ligand-binding conformation in the field 

of the FragMaps in conjunction with the SILCS is the 

primary goal. The protein's prohibited area, known as 

the exclusion map, is where no water or non-

hydrogen solute sample was found during the SILCS 

simulations. The GFE energy of ligand non-hydrogen 

atoms that overlap with the exclusion maps is 1000 

kcal mol-1. For the SILCS-MC simulations, we apply 

an extensive docking protocol in this work, where the 

ligand is randomly oriented and positioned within a 

user-defined radius [10]. This process has the 

advantage of allowing for a greater conformational 

space exploration within the binding pocket. In order 

to achieve the ideal configuration, the SILCS-MC 

process starts with 10,000 steps of energy reduction of 

the ligand structures. This is followed by 10,000 steps 

of regular MC and 40,000 steps of annealing. For the 

standard MC, the temperature was set to 300 K, and 

for the annealing stages, it was progressively dropped 

to 0 K. The most advantageous LGFE scores, which 

are then utilized exclusively for ligand scoring, are 

employed to determine the final ligand binding  
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Table 1. The LGFE binding scores of 5-(substituted)-2-(2,5-dimethyl-1H-pyrrol-1-yl) benzoic acid derivatives (P58, 2, 3a-g and 

4-11) with allosteric site of PTP1B using SILCS methodology. 
 

 
 

Entry AT 

No. 

R1 

 

R2 

 

 

 

FragMap 

(PTP 1B) 

LGFE 

Generic 

FragMap 

(PTP 1B) 

LGFE 

Specific 

FragMap 

(TCPTP) 

LGFE 

Generic 

FragMap 

(TCPTP) 

LGFE 

Specific 

FragMap 

(PTP 1B) 

LGFE 

Generic 

difference 

FragMap 

(TCPTP) 

LGFE 

Specific 

difference 

P58 1001 OH OH -22.086  -21.229 -16.782 -15.401 -5.304 -5.828 

2 1002 Br OH -22.126 -21.284 -16.580 -14.633 -5.546 -6.651 

3a 1003 Ethylamino OH -23.997 -23.453 -19.357 -16.887 -4.64 -6.566 

3b 1004 Propylamino OH -24.068 -24.154 -20.703 -17.738 -3.365 -6.416 

3c 1005 Isopropyl-

amino 

OH -23.402 -21.296 -21.814 -19.442 -1.588 -1.854 

3d 1006 Butylamino OH -24.358 -23.894 -20.578 -17.256 -3.78 -6.638 

3e 1007 Cyclopropyl- 

amino 

OH -24.883 -24.364 -20.854 -17.289 -4.029 -7.075 

3f 1008 Cyclopropyl-

methylamino 

OH -24.159 -23.690 -22.207 -19.854 -1.952 -3.836 

3g 1009 Cyclohexyl- 

methylamino 

OH -24.579 -22.589 -25.414 -24.870 0.835 2.281 

4 1010 Br OCH3 -21.224 -20.551 -16.621 -15.301 -4.603 -5.25 

5 1011 Br Ethylamino -20.271 -19.917 -16.071 -15.627 -4.2 -4.29 

6 1012 Br Propylamino -20.124 -19.535 -16.685 -16.161 -3.439 -3.374 

7 1013 Br Isopropylamino -20.313 -19.385 -17.936 -17.749 -2.377 -1.636 

8 1014 Br Butylamino -20.032 -19.537 -17.268 -16.131 -2.764 -3.406 

9 1015 Br Cyclopropyl- 

amino 

-20.394 -21.048 -17.406 -16.646 -2.988 -4.402 

10 1016 Br Cyclopropyl-

methylamino 

-20.987 -21.766 -17.855 -17.987 -3.132 -3.779 

11 1017 Br Cyclohexyl- 

methylamino 

-21.425 -20.859 -21.698 -23.303 0.273 2.444 

 

conformations. For every ligand, we run five 

independent simulations with a minimum of 50 MC 

runs each. The simulation proceeded to a maximum 

of 250 MC runs before stopping once the three most 

favorable LGFE scores within 0.5 kcal mol-1 criteria 

were met or the most favorable LGFE score used from 

the 250 MC runs. The simulation was stopped after 50 

MC runs if the three most favorable LGFE scores were 

within 0.5 kcal mol-1. This procedure was employed 

to enhance the overall sampling and find the 

minimum free energy binding conformation. The 

most favorable LGFE score and associated ligand 

conformation were then selected from the five 

independent simulations. Further details about the 

rapid and accurate estimation of protein–ligand 

relative binding affinities using site identification by 

ligand competitive saturation were described by  

Mackerell et al. [10]. 

2.2 Chemistry part 

All 1H-NMR and 13C-NMR spectra were recorded on 

spectrophotometers operating at 400 MHz and 100 

MHz, respectively. Chemical shifts () are expressed 

in ppm, and coupling constants J are given in hertz. 

Chemical shifts are reported relative to residual 

solvent peak (DMSO-d6 at 2,5 ppm for 1H and 39.51 

ppm for 13C). The following abbreviations were used 

for signal multiplicity: s = singlet, brs = broad singlet, 

d = doublet, dd = doublet of doublet, t = triplet, q = 

quartet, m = multiplet. Column chromatography 

purifications were conducted on silica gel 60 Ǻ (40-63 

m, Sorbent Technologies), Analytical thin layer 

chromatography (TLC) was carried out on glass 

sheets Precoated with silica get (60 UV 254, Sorbent 

Technologies). Mass spectra were recorded using 
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electrospray as the ionization technique. 5-Bromo-2-(2, 

5-Dimethyl-1H-pyrrol-1-yl) benzoic acid 2 was 

obtained by treatment of 1 with excess amount of 2, 5-

hexanedione without solvent, and its structure was 

confirmed by reported data [13].  
 

2.2.1 General method for synthesis of the target 

compounds (3a-g)  

A mixture of an aryl bromide 2 (294 mg, 1 mmol), 

Cu(I)I (39 mg, 0.2 mmol), and K2CO3 (207.5 mg, 1.5 

mmol) was dissolved in CH3CN: H2O mixture ([1:4, 

v/v, 2.5 mL). The amine (3 mmol) was added and the 

reaction mixture was sealed in a 20 mL screwed tube 

and stirred electromagnetically in an oil bath at 

100~130 C from 24~36 hrs. The reaction mixture was 

cooled at room temperature, and diluted with H2O (20 

mL), and the pH was adjusted to 3~4 with 1N HCl. The 

water phase was extracted with CH2Cl2 (3  30 mL) 

and the combined organic phase was dried over 

MgSO4. The Organic solvent was removed and 

purified by silica gel column chromatography (eluent: 

2% methanol in CH2Cl2) to give the pure product.  
 

 

2-(2,5-Dimethyl-1H-pyrrol-1-yl)-5-(ethylamino) benzoic 

acid (3a) 

Pale yellow oil (0.199 g, 77 %), 1H-NMR   0.71-0.76 (t, 

J = 6.8 Hz, 3H), 1.74 (s, 6H), 2.86-2.90 (q, J = 6.8 Hz, 2H), 

5.58 (s, 2H), 6.02 (brs, 1H), 6.61-6.64 (dd, J = 8.8, 2.4 Hz, 

1H), 6.78-6.81 (d, J = 8.8 Hz, 1H), 6.88-6.90 (d, J = 2.4 

Hz, 1H), 12.38 (brs, 1H). 13C-NMR   17.09, 21.92, 40.71, 

104.91, 112.60, 114.50, 124.86, 128.60, 131.00, 132.81, 

149.93, 169.63. ESI-MS m/z 259 (M + H)+ calculated for 

C15H18N2O2.  
 

2-(2,5-Dimethyl-1H-pyrrol-1-yl)-5-(propylamino) benzoic 

acid (3b) 

Pale yellow oil (0.193 g, 71 %), 1H-NMR   0.78-0.81 (t, 

J = 6.8 Hz, 3H), 1.32-1.37 (m, 2H), 1.75 (s, 6H), 2.91-2.96 

(q, J = 6.8 Hz, 2H), 5.60 (s, 2H), 6.05 (brs, 1H), 6.69-6.72 

(dd, J = 8.8, 2.4 Hz, 1H), 6.83-6.85 (d, J = 8.8 Hz, 1H), 

6.92-6.93 (d, J = 2.4 Hz, 1H), 12.41 (brs, 1H). 13C-NMR  

 11.81, 13.03, 22.82, 40.74, 104.91, 112.60, 114.50, 

124.86, 128.60, 131.00, 132.81, 149.93, 169.33. ESI-MS 

m/z 273 (M + H)+ calculated for C16H20N2O2.  
 

 

5-(Isopropylamino)-2-(2,5-dimethyl-1H-pyrrol-1-yl) 

benzoic acid (3c) 

Pale yellow oil (0.201 g, 74 %), 1H-NMR   1.16-1.18 (d,  

J = 6.0 Hz, 6H), 1.76 (s, 6H), 3.75 (m, 1H), 5.65 (s, 2H), 

6.95 (brs, 1H), 6.72-6.75 (dd, J = 8.4, 2.4 Hz, 1H), 6.88-

6.90 (d, J = 8.4 Hz, 1H), 6.95-6.96 (d, J = 2.4 Hz, 1H), 

12.52 (brs, 1H). 13C-NMR   17.85, 27.56, 48.28, 109.70, 

117.78, 119.60, 129.44, 133.35, 135.81, 137.58, 152.77, 

172.89. ESI-MS m/z 273 (M + H)+ calculated for 

C16H20N2O2. 
 

5-(n-Butylamino)-2-(2,5-dimethyl-1H-pyrrol-1-yl) 

benzoic acid (3d)  

Pale yellow oil (0.220 g, 77 %), 1H-NMR   0.85-0.88 (t, 

J = 7.2 Hz, 3H), 1.24-1.32 (m, 2H), 1.32-1.44 (m, 2H), 

1.78 (s, 6H), 3.01-3.04 (t, J = 6.0 Hz, 2H), 5.64 (s, 2H), 

6.07 (brs, 1H), 6.73-6.76 (dd, J = 7.6, 1.6 Hz, 1H), 6.88-

6.90 (d, J = 8.4 Hz, 1H), 6.96-6.97 (d, J = 1.6 Hz, 1H), 

12.49 (brs, 1H). 13C-NMR   13.05, 14.07, 20.00, 23.01, 

42.86, 104.94, 112.60, 114.51, 124.87, 128.60, 131.00, 

132.83, 149.96, 168.14. ESI-MS m/z 287 (M + H)+ 

calculated for C17H22N2O2.  
 

 

5-(Cyclopropylamino)-2-(2,5-dimethyl-1H-pyrrol-1-yl) 

benzoic acid (3e) 

Pale yellow oil (0.203 g, 75 %), 1H-NMR   0.74-0.74 (d, 

J = 6.2 Hz, 4H), 1.76 (s, 6H), 3.71 (m, 1H), 5.65 (s, 2H), 

6.95 (brs, 1H), 6.72-6.75 (dd, J = 8.4, 2.4 Hz, 1H), 6.88-

6.90 (d, J = 8.4 Hz, 1H), 6.95-6.96 (d, J = 2.4 Hz, 1H), 

12.52 (brs, 1H). 13C-NMR   17.81, 26.92, 48.27, 109.70, 

117.78, 119.60, 129.44, 133.35, 135.81, 137.58, 152.78, 

172.89. ESI-MS m/z 271 (M + H)+ calculated for 

C16H18N2O2. 
 

5-(Cyclopropylmethylamino)-2-(2,5-dimethyl-1H-pyrrol-

1-yl) benzoic acid (3f) 

Pale yellow oil (0.187 g, 66 %), 1H-NMR   0.12-0.15 

(dd, J = 9.6, 4.4 Hz, 2H), 0.37-0.40 (dd, J = 7.6, 4.0 Hz, 

2H), 0.87 (m, 1H), 1.79 (s, 6H), 2.89-2.92 (t, J = 6.4 Hz, 

2H), 5.64 (s, 2H), 6.19 (brs, 1H), 6.76-6.79 (dd, J = 8.0, 

1.6 Hz, 1H), 6.88-6.90 (d, J = 8.4 Hz, 1H), 6.97-6.98 (d, J 

= 2.0 Hz, 1H), 12.47 (brs, 1H). 13C-NMR   3.60, 11.25, 

23.01, 43.27, 104.95, 112.60, 114.75, 124.94, 128.59, 

130.97, 148.92, 164.14. ESI-MS m/z 285 (M + H)+ 

calculated for C17H20N2O2.  
 

5-(Cyclohexylmethylamino)-2-(2,5-dimethyl-1H-pyrrol-1-

yl) benzoic acid (3g) 

Pale yellow oil (0.187 g, 57 %), 1H-NMR   0.81-1.31 (m, 

10H), 1.41 (m, 1H), 1.75 (s, 6H), 2.80-2.83 (t, J = 6.0 Hz, 

2H), 5.60 (s, 2H), 6.08 (brs, 1H), 6.91-6.71 (d, J = 6.4 Hz, 

1H), 6.82-6.51 (d, J = 8.8, 1H), 6.91-6.92 (d, J = 2.4 Hz, 

1H), 12.43 (brs, 1H). 13C-NMR   18.89, 25.83, 37.87, 

45.25 109.83, 112.10, 114.41, 124.13, 127.28, 130.82, 

131.92, 149.21, 169.83. ESI-MS m/z 327 (M + H)+ 

calculated for C20H26N2O2.  
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3. Results and Discussion 
3.1 Computational part 

Receptor-based molecular modeling is an efficient 

computer-aided drug design technique that uses the 

structure of the target protein to identify novel leads. 

However, most methods consider protein flexibility 

and desolvation effects in a very approximate way, 

which may limit their use in practice [6]. Predicting 

relative protein–ligand binding affinities is a central 

pillar of lead optimization efforts in structure-based 

drug design. SILCS methodology is based on 

functional group affinity patterns in the form of free 

energy maps that may be used to compute protein–

ligand binding poses and affinities [6]. SILCS-assisted 

molecular modeling protocol was introduced recently 

to address these issues, as SILCS naturally takes both 

protein flexibility and desolation effects into account 

by using full molecular dynamics (MD) simulations to 

determine 3D maps of the functional group-affinity 

patterns on a target receptor [6]. In the present work, 

simulations will be performed with CHARMM4 [7] 

using the CHARMM36 protein force field [8] and the 

CHARMM General Force Field for ligands [9]. SILCS 

MD simulations, FragMap generation, and calculation 

of LGFEs will be performed as previously described 

[10]. Docking of novel ligands into the SILCS 

FragMaps, as required to calculate LGFEs, will use the 

program AutoDock [11]. AutoDock allows for 

external "grids," in this case the SILCS FragMaps, to 

be read and used to direct ligand posing and scoring. 

LGFE predictions of relative free energy differences 

for selected ligands will be validated using free 

energy perturbation as implemented in the WCA 

approach [12]. A simplified flow diagram for the 

entire SILCS workflow yielding different qualitative 

and quantitative analyses is depicted in Figure 1 [10].  

So as to achieve the best possible configuration, the 

SILCS-MC process begins with 10,000 steps of energy 

minimization of the ligand structure. This is followed 

by 10,000 steps of typical MC and 40,000 steps of 

annealing. For the standard MC, the temperature was 

set to 300 K, and for the annealing stages, it was 

progressively dropped to 0 K. The most advantageous 

LGFE scores, which are then utilized exclusively for 

ligand scoring, are employed to determine the final 

ligand binding conformations. For every ligand, we 

run five separate simulations that each needs at least 

50 Monte Carlo (MC) runs. If the three most favorable 

 
 

Figure 1. Flow diagram for the entire SILCS workflow [10]. 
 

LGFE scores were within 0.5 kcal mol-1 after 50 MC 

runs, the simulation was stopped; otherwise, it 

proceeded for a maximum of 250 MC runs before 

being stopped. This procedure was employed to 

enhance the overall sampling and find the minimum 

free energy binding conformation. The most favorable 

LGFE score and associated ligand conformation were 

then selected from the five independent simulations 

[10]. A new class of inhibitors (3a-g) for PTP1B will be 

designed by extending the chemical structure of with 

an additional hydrophobic group targeting the 

hydrophobic site next to the OH group of P58 (Scheme 

1). Motivated by this idea, the new inhibitors would: 

1) keep the overall configuration and H-bonding 

potential of the OH group of P58 and, 2) provide 

additional hydrophobic interactions that will interact 

favorably with PTP1B, and thus, further improve the 

potency of the inhibitors. The results from SILCS 

studies have shown that alternate hydrophobic motifs 

such as ethyl (a), propyl (b), isopropyl (c), n-butyl (d), 

cyclopropyl (e), cyclopropylmethyl (f), and 

cyclohexanylmethyl (g) may lead to improve binding. 

Additionally, a series of inhibitors 5-11 (Table 1) with 

a hydrophobic tail coupled to the carboxylic acid 

group of P58 will be considered. SILCS modeling will 

be used to evaluate the feasibility of targeting the 

region next to the carboxylate of P58. Preliminary 

CADD using SILCS suggests that compounds 3a-g 

will adopt a position and orientation similar to that of 

P58 in its complex with PTP1B. To assess the 

specificity of the new inhibitors for PTP1B over other 

closely related enzymes including T-cell protein 

tyrosine phosphatase (TCPTP), all the designed  
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inhibitors (P58, 2, 3a-g, and 4-11) were also docked. 

The computational prediction results of the designed 

compounds (P58, 2, 3a-g, and 4-11) are presented in 

Table 1. The LGFE (generic and specific) of the 

designed compounds (P58, 2, 3a-g, and 4-11) 

indicated that the addition of the hydrophobic moiety 

to P58 is much more favorable at position 5 than that 

of position 1. The most docked compound of the 

allosteric site of PTP 1B with highest LGFE (generic -

24.883 kcal mol-1 and specific -24.364 kcal mol-1) was 5-

(cyclopropylamino)-2-(2,5-dimethyl-1H-pyrrol-1-yl) 

benzoic acid 3e while 5-(cyclohexylmethylamino)-2-

(2,5-dimethyl-1H-pyrrol-1-yl) benzoic acid 3g was the 

most docked one of TCPTP with LGFE (generic -

25.414 kcal mol-1 and specific -24.870 kcal mol-1). The 

obtained results indicated the specificity and 

selectivity of 3e to inhibit PTP 1B over closely related 

enzyme TCPTP where the LGFE of PTP 1B and 

TCPTP (generic difference) was -4.029 kcal mol-1 and -

7.075 kcal mol-1, respectively (Table 1). Visualization 

of SILCS Fragmaps also reveals the favorable and 

unfavorable sites for functional group interactions 

throughout the allosteric site of PTP 1B (Fig. 2).  
 

The molecular surface of the allosteric site of PTP 1B 

is shown in white while high-probability isosurfaces 

from the FragMaps are represented as meshes, with 

the aliphatic carbon FragMap in green, the aromatic 

carbon in purple, the hydrogen bond donor in blue, 

and hydrogen bond acceptor in red (Figure 2A). The 

hydrophobic pocket indicated by the green mesh is 

well overlapped by the cyclopropyl group in 

compound 3e (Figure 2C) relative to Compound 

P58(Figure 2B). On the other hand, the hydrophobic  

 

 
 

Figure 2: SILCS FragMaps for PTP 1B allosteric site are 

represented as meshes, with the aliphatic carbon FragMap 

in green, the aromatic carbon in purple, the hydrogen bond 

donor in blue, and the hydrogen bond acceptor in red. 

Ligand atoms are colored by element: (cyan) carbon, (red) 

oxygen, (blue) nitrogen, (pink) fluorine, and (white) 

hydrogen.  A. PTP 1B allosteric site, B. PTP 1B docked with 

P58, C. PTP 1B docked with compound 3e, D. PTP 1B 

docked with compound 5. 

 

pocket cannot be accommodated by even methyl  

group oriented at position 1 as presented in 

compound 5 (Figure 2D). The possible identification 

of therapeutic potentials of 5-(cyclopropylamino)-2-

(2,5-dimethyl-1H-pyrrol-1-yl) benzoic acid 3e which 

was confirmed through investigation in this study 

presents a positive insight into further confirmatory 

studies on its potential as a promising PTP 1B 

inhibitor and efforts are underway in this direction.  
 

 

3.2 Chemistry part 

Previous SILCS methodology technique  
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investigations indicated that compounds (3a-g) as a 

good candidate for PTP1B inhibitors (previous 

section). The synthesis of the target compounds (3a-e) 

starts with 2-amino-5-bromobenzoic acid 1 (Scheme 1). 

Treatment of compound 1 with excess 2,5-

hexanedione without solvent will yield 5-bromo-2-

(2,5-Dimethyl-1H-pyrrol-1-yl) benzoic acid 2 [13]. The 

resulting bromobenzene derivative 2 will couple to 

various amines using catalysts developed by Ullmann 

to provide the targets (3a-g) [14-21]. Amination of aryl 

halides has been an important and frequently 

required reaction for the synthesis of a wide range of 

interesting molecules used in the pharmaceutical field 

[22]. The C-N cross-coupling of electron-deficient aryl 

halides is not accessed easily under mild conditions 

compared with the electron-rich ones [22]. In the past 

few years, the utilization of microwave irradiation in 

chemical transformation has attracted significant 

importance in the search for green chemistry. Trials to 

adopt a microwave condition as a rapid and direct 

amination of aryl halides without transition metal 

catalysis as reported for C-N formation of the final 

targets (3a-g) have failed [23]. Applying efficient 

nickel-catalyzed C-N coupling reactions since Ni (0) 

and Ni (II) reagents are used as Ni catalytically active 

sources and screening of the reaction conditions to 

afford the final targets (3a-g) are tried by using 

different ratios of trans-chloro(1-naphthyl)bis (tri-

phenylphosphine)nickel (II) [Ni(PPh3)2-(1-naph)Cl] 

as catalyst and 1,3-bis(2,6-diisopropyl-phenyl) imi-

dazolium chloride (Ipr.HCl) as legend but no reaction 

occurred [24]. The first direct synthesis of N-aryl 

derivatives from halobenzoic acid was accomplished 

by Ullmann [14-21]. However, stoichiometric copper 

concentrations, harsh reaction conditions, strong 

bases, and polar organic solvents are needed for the 

traditional Ullmann amination. Significant progress 

has been made in minimizing these issues, despite 

great efforts. Buchwald-Hartwig amination, which 

operates under milder conditions in the presence of 

palladium-based catalysts with phosphine ligands or 

N-heterocyclic carbenes, should be the most efficient 

substitute. It has been shown to be effective in studies 

[25-33]. The fact that these ligands are frequently 

costly, hazardous, and air-sensitive is a disadvantage 

to this amination process. As a result, the low cost and 

low toxicity of the copper-based Ullmann-type 

amination techniques attracted interest once more [25-

33]. The optimized copper-catalyzed cross-coupling 

procedure for amination of 2-bromobenzoic acids 

using aliphatic amines was then applied to prepare 

desired products (3a-g) via a CuI catalyzed N-

arylation of aryl halides using K2CO3 as a base [22]. 

Ullmann-type coupling of aryl halides with amines 

using copper is recognized as an economic and 

versatile method for rapidly accessing aryl amines. 

The structures of the synthesized targets (3a-g) are 

confirmed by IR, 1H, and 13C-NMR in addition to HR-

MS.  
 

4. Conclusion 
The allosteric site of PTP 1B identified by the SILCS-

Hotspots approach was applied to the ligand 

optimization of P58. These findings from this study 

established 5-(Cyclopropylamino)-2-(2,5-dimethyl-

1H-pyrrol-1-yl) benzoic acid 3e as a promising 

selective inhibitor of PTP 1B. The selective allosteric 

inhibition of 3e strongly suggests it as a lead 

compound against PTP 1B for the management of 

T2DM. Further studies are imperative to focus on lead  

optimization as a novel PTP 1B inhibitor and efforts 

are underway in this direction. 
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