
A theoretical model to study the interaction between boronic 1 

acids and insulin 2 

Durgesh Kumar
1, 2

, Kamlesh Kumari
3
, Prashant Singh

1,*
 3 

1
Department of Chemistry, Atma Ram Sanatan Dharma College, University of Delhi, New Delhi-110021, India; 4 

2
Department of Chemistry, University of Delhi, Delhi-110007, India; 

3
Department of Zoology, Deen Dayal 5 

Upadhyaya College, University of Delhi, New Delhi-110078, India 6 

*Corresponding Author 7 

Email: psingh@arsd.du.ac.in, Tel: +91-11-24113436 8 

Abstract 9 

Boronic acids are widely used in various applications in view of their ability to recognize and 10 

bind at specific sites of the biological molecules to mimic several processes. Therefore, this has 11 

attracted the researchers, academician and medical expertise to explore them. In the present 12 

work, the authors have designed a theoretical approach to study the interaction of boronic acid 13 

with insulin using computational tools. A library of boronic acids (114 compounds) are designed, 14 

optimized and interacted with insulin using computational tools i.e. iGEMDOCK. Further, their 15 

different biological activities and toxicity are determined. Results indicates the promising 16 

potential of the boronic acids on interaction with the insulin. Amongst, 114 molecules of boronic 17 

acids, 3-Benzyloxyphenylboronic acid (71) showed the best interaction with amino-acids of 18 

insulin and significant interaction was shown with the Glu21 and His5 residues. Further, these 19 

results were compared with the stabilizing agents and found to be more potent. 20 
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1. Introduction  23 

Boronic acids are Lewis acids and interact with Lewis bases. Their unique feature to form 24 

reversible covalent boronic esters with diols has been thoroughly explored in the area of sensor 25 

devices used in the sugars detection. The onlyproperty of boron is possibility to form reversible 26 

covalent bonds with nitrogen and oxygen atoms. The boronic acid or its ester equilibrium is 27 

sensitive towards pH, temperature, and competing hydroxyl compounds and is also influenced by 28 

the proximity of amines. Additionally, boronic acid functionalized materials have been deployed 29 

as enzyme inhibitors, as membrane transporter molecules, in boron neutron capture therapy, and 30 

in affinity column separation chromatography.
1-7

The reactivity of the boron centre is highly 31 

dependent upon their substituent as an alkyl group.
8-16

The most important feature of boronic 32 

acids is their interaction with diols, resulting in complexation and boronic ester formation. 33 

Consequently, it was widely advocated that a higher pH of the system would result in higher 34 

complexation between a diol and a boronic acid, and the lower the pKa enable them to make 35 

complexes with strong affinity. As a result boronic acid containing materials are generally 36 

thermoresponsive, pH-responsive and chemoresponsive. For example, many studies have been 37 

performed to design a boronic acid containing hydrogel that releases insulin in response to an 38 

increased blood glucose concentration.
1,3-5,7,17-25

 39 

Insulin is a popular natural hormone produced by the pancreas of humans and being in 40 

use since last 100 years and commonly used therapeutic protein.
26-31

 It has attracted the 41 

researchers from academics or industries. 
26,32-37

 the structure of the insulin has several issues 42 

like drastic reduction in stability and biological applications like drug delivery and it affects the 43 

potential to control the glucose level in the blood of the patients. Therefore, it is important to find 44 

the methods to avoid the aggregation of insulin to maintain its biological potency to control the 45 

sugar level. Boronic acids considers to have potential in different areas of chemical and life 46 

sciences and proposed to have ability to prevent the aggregation in the structure of insulin. In the 47 

present work, the authors have designed a library of the boronic acids to find their potential to 48 

avoid the aggregation of the structure of insulin using computational tool. This methodology is 49 

considered to be time saving, efficient and strategic. Further, Lipinski rule’s of five was applied 50 

on the potential compounds was applied to designed compounds. Further, the biological potency 51 

and toxicity of top 15 compounds has been determined.  52 

 53 



2. Experimental details 54 

Computational tools were utilized as a part of planning, optimization and recognizable proof of 55 

physical, chemical and biological properties of boronic acid. The capability of computational 56 

devices is utilized to predict the interaction between boronic acid with insulin and the 57 

instruments utilized was iGEMDOCK. It has several parts to understand the interaction like 58 

preparation of the molecules and insulin, docking of the molecules and analysis after the 59 

docking.  60 

2.1 Preparation of protein structure   61 

It is very important to prepare the receptor i.e. the structure of the insulin after taking it from the 62 

RCSB. It is done by using the Chimera and considered to be mandatory to get the accurate 63 

results. This computational tools is used to for the removal of ligands present as well solvent 64 

present, addition of hydrogen as well the charges. 65 

2.2 Preparation of compounds 66 

A library of boronic acids has been created using the CS ChemDraw 12 and they were optimized 67 

using Gaussian 9.0 to get better results.  68 

2.3 Molecular Docking 69 

iGEMDock, a computational tool used to determine the interaction between the designed boronic 70 

acids and the insulin and gives binding energy, composed of the energy due to hydrogen 71 

bonding, van der Waals and electrostatic interactions. After giving a set of poses, iGEMDOCK 72 

calculates the binding energy of each molecule as in Table 1.  73 

2.4 Scoring function 74 

The calculation for the scoring function based on the mathematical methods gives 75 

binding energy for the formation of interaction between the small molecule and the receptor. 76 

This binding energy is obtained by the non-covalent interaction like hydrogen bonding, van der 77 

Waals and electrostatic interactions.  78 

2.5 Drug likeness calculation on the basis of Lipinski rule: 79 

Herein, based on the docking score, the drug likeness score of best fifteen compounds 80 

was determined. Different properties like milogP (partition coefficient), molecular weight, and 81 

number of heavy atom, number of hydrogen donor, number of hydrogen acceptor and number of 82 

violation etc are calculated as in Table 2.
38-40 

 83 

 84 



2.6 Bioactivity score: 85 

Further, the bioactive score of the best fifteen molecules was determined. Herein, various 86 

activity scores for the GPCR ligand, ion channel modulator, nuclear receptor ligand, kinase 87 

inhibitor, protease inhibitor, enzyme inhibitor is determined. The properties were determined by 88 

using an online server i.e. www.molinspiration.com.
38 

The milogP of best fifteen compounds was 89 

found to be less than five and considered to have good permeability across the cell membrane. 90 

Further, with o or 1 violation in Lipinski rule of five means a molecule bind with the receptor 91 

effectively.  92 

2.7 Toxicity Prediction: 93 

Herein, the toxicity of the best 15 compounds based on Table 1 was predicted by using online 94 

web server (https://lazar.in-silico.de/predict) and various chemical properties of best 15 95 

compounds as in Table 3. It gives a range of dose or concentration and based on it, indicates 96 

lethal dose, the organs affected and the time to onset, duration and severity of effects.
41,42 97 

 
98 

3. Result & discussion 99 

Molecular docking is a promising approach to understand the interaction between small 100 

molecule and the receptor and screening is done based on the physical data in the form of 101 

binding energy. Authors examined this interaction by using computational tool, iGEMDOCK via 102 

drug screening.
43-47

 Herein, the molecule finds the best site in the receptor and binds having 103 

lowest energy for the formation of complex. The purpose of this work is to stabilize the most 104 

important hormone i.e. insulin by studying its interaction with the boronic acid and its 105 

derivatives using computational tool. The total energy contributed by the interaction decides the 106 

stability of the insulin. The association between the protein i.e. insulin and the boronic acid was 107 

considered in beam of mainly Vander Waal's, hydrogen bonding as well as electrostatic 108 

interactions.
48-57

 In this work, the key part is played by the total energy contributed is Vander 109 

Waal's interaction between the boronic acid and insulin (80-90%) yet other components also 110 

have also important like energy contributed by hydrogen bonding is additionally imperative up to 111 

some degree to choose the most potential competitor in adjustment of insulin and it is about (10-112 

20%) while the electrostatic interaction can be ignored.  113 

 114 
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Effect of boronic acids binding on the conformational stability of insulin  116 

The docking result of insulin (5MAM) protein with designed boronic acids (114 ligands)is 117 

mentioned in Table 1 with their total binding energy. It is observed that 3-benzyloxyphenyl 118 

boronic acid, 71 gave the most stable conformation to the insulin as mentioned in Table 1. From 119 

the docking result it is found that 3-benzyloxyphenyl boronic acid (71) showed highest binding 120 

affinity with minimum total energy –78.4613kcal/mol(Figure 1). The docked poses of the 121 

ligands are represented in (Figure 2) shows (a) Docked view, (b) electro-, (c) hydrophobic and 122 

(d) pose obtained by the interaction of insulin with 3-Benzyloxyphenylboronic acid (71). The ligand 123 

3-benzyloxyphenyl boronic acid showed lowest binding energy against insulin (PDB ID: 124 

5MAM) and these ligand show interactions with Glu21 and His5 residue of insulin as in Graph 125 

1.The Drug likeness score and bioactivity score of this ligand and other top 15 ligands were 126 

calculated in table 2. Thus, milogP values of derivatives of boronic acid compounds were found 127 

to be in the range of below 5 so it as obey the Lipinski rules. In general, higher the bioactive 128 

scope or value, more attention will be paid to the molecule, The compounds taken are potentially 129 

biologically active and participates in various physiological actions. Therefore, bioactivity score 130 

for GPCRs is found to be -0.13 to -1.04 for top 15 compounds and these 5 compounds (C. No. 131 

74, 91, 53, 55 & 102) are not in the GPCRs range -0.50 to 0.00 and remaining 10 compounds 132 

obey in this range.  133 

 134 

4. Conclusion 135 

In the present work, authors have developed a theoretical model to investigate the interaction 136 

between the active site of the insulin with boronic acids using computational tool i.e. iGemDock. 137 

A very few stabilizing agents are reported and it was observed that 3-benzyloxyphenyl boronic 138 

acid, 71 gave the most stable conformation to the insulin. It showed better stability of insulin in 139 

comparison of other reagents. A novel compound derivative of boronic acid is found to be 140 

excellent insulin stabilizer and drug candidate based on the molecular docking studies, 141 

bioactivity score, Lipinski score and its ADME properties. 142 

 143 

 144 

 145 

 146 



References 147 

1. Klis, T.; Serwatowski (2009) {2-[(2,6-Difluoro-phen-oxy)meth-yl]phen-yl}boronic 148 

acid. J. Acta Crystallogr Sect E Struct Rep Online, 65: o2348. 149 

2. Kacprzak, K.; Klis, T.; Serwatowski (2009) [3-Bromo-2-(3-fluoro-benz-yloxy)phen-150 

yl]boronic acid. J. Acta Crystallogr Sect E Struct Rep Online, 65: o2250. 151 

3. Jamkratoke, M.; Ruangpornvisuti, V.; Tumcharern, G.; Tuntulani, T.; 152 

Tomapatanaget, B. (2009) A-D-A sensors based on naphthoimidazoledione and 153 

boronic acid as turn-on cyanide probes in water. J Org Chem, 74: 3919-22. 154 

4. Halo, T. L.; Appelbaum, J.; Hobert, E. M.; Balkin, D. M.; Schepartz, A. (2009) 155 

Selective recognition of protein tetraserine motifs with a cell-permeable, pro-156 

fluorescent bis-boronic acid. J Am Chem Soc, 131: 438-9. 157 

5. Boloor, A.; Hanway, D.; Joshi, M.; Winn, D. T.; Mendez, G.; Walls, M.; Wei, P.; 158 

Qian, F.; Zhang, X.; Zhang, Y.; Hepperle, M. E.; Li, X.; Campbell, D. A.; Betancort, 159 

J. M. (2009) Synthesis and antiviral activity of HCV NS3/4A peptidomimetic boronic 160 

acid inhibitors. Bioorg Med Chem Lett, 19: 5708-11. 161 

6. Xue, C.; Cai, F.; Liu, H. (2008) Ultrasensitive fluorescent responses of water-soluble, 162 

zwitterionic, boronic acid-bearing, regioregular head-to-tail polythiophene to 163 

biological species.Chemistry, 14: 1648-53. 164 

7. Tuytten, R.; Lemiere, F.; Van Dongen, W.; Witters, E.; Esmans, E. L.; Newton, R. P.; 165 

Dudley, E. (2008) Development of an on-line SPE-LC-ESI-MS method for urinary 166 

nucleosides: hyphenation of aprotic boronic acid chromatography with hydrophilic 167 

interaction LC-ESI-MS. Anal Chem, 80: 1263-71. 168 

8. Thomson, J. M.; Prati, F.; Bethel, C. R.; Bonomo, R. A. (2007) Use of novel boronic 169 

acid transition state inhibitors to probe substrate affinity in SHV-type extended-170 

spectrum beta-lactamases. Antimicrob Agents Chemother, 51: 1577-9. 171 

9. Song, W.; Jeong, S. H.; Kim, J. S.; Kim, H. S.; Shin, D. H.; Roh, K. H.; Lee, K. M. 172 

(2007) Use of boronic acid disk methods to detect the combined expression of 173 

plasmid-mediated AmpC beta-lactamases and extended-spectrum beta-lactamases in 174 

clinical isolates of Klebsiella spp., Salmonella spp., and Proteus mirabilis. Diagn 175 

Microbiol Infect Dis2007, 57: 315-8. 176 



10. Gao, N.; White, P.; Doliba, N.; Golson, M. L.; Matschinsky, F. M.; Kaestner, K. H. 177 

(2007) Foxa2 controls vesicle docking and insulin secretion in mature Beta cells. Cell 178 

Metab, 6: 267-79. 179 

11. Reddy, K. R.; Kayastha, A. M. J (2006) Boric acid and boronic acids inhibition of 180 

pigeonpea urease.Enzyme Inhib Med Chem2006, 21: 467-70. 181 

12. Kong, Y.; Grembecka, J.; Edler, M. C.; Hamel, E.; Mooberry, S. L.; Sabat, M.; 182 

Rieger, J.; Brown, M. L. (2005) Structure-based discovery of a boronic acid 183 

bioisostere of combretastatin A-4. Chem Biol, 12: 1007-14. 184 

13. Cordes, D. B.; Gamsey, S.; Sharrett, Z.; Miller, A.; Thoniyot, P.; Wessling, R. A.; 185 

Singaram, B. (2005) The interaction of boronic acid-substituted viologens with 186 

pyranine: the effects of quencher charge on fluorescence quenching and glucose 187 

response. Langmuir, 21: 6540-7. 188 

14. Arm, K. J.; Williams, J. A. (2005) Boronic acid-substituted metal complexes: 189 

versatile building blocks for the synthesis of multimetallic assemblies. Chem 190 

Commun (Camb), 14: 230-2. 191 

15. Sopkova-de Oliveira Santos, J.; Bouillon, A.; Lancelot, J. C.; Rault, S. (2004) 2-(6-192 

Bromopyridin-2-yl)-6-methyl-[1,3,6,2]dioxazaborocane, a new stable (pyridin-2-193 

yl)boronic acid derivative. Acta Crystallogr, 60: o582-4. 194 

16. Ohara-Imaizumi, M.; Nishiwaki, C.; Kikuta, T.; Kumakura, K.; Nakamichi, Y.; 195 

Nagamatsu, S. J (2004) Site of docking and fusion of insulin secretory granules in 196 

live MIN6 beta cells analyzed by TAT-conjugated anti-syntaxin 1 antibody and total 197 

internal reflection fluorescence microscopy. Biol Chem, 279: 8403-8. 198 

17. Tamesue, S.; Numata, M.; Kaneko, K.; James, T. D.; Shinkai, S. (2008) Hierarchical 199 

carbon nanotube assemblies created by sugar-boric or boronic acid interactions. 200 

Chem Commun (Camb), 7: 4478-80. 201 

18. Swamy, K. M.; Ko, S. K.; Kwon, S. K.; Lee, H. N.; Mao, C.; Kim, J. M.; Lee, K. H.; 202 

Kim, J.; Shin, I.; Yoon, J. (2008) Boronic acid-linked fluorescent and colorimetric 203 

probes for copper ions. Chem Commun (Camb), 7: 5915-7. 204 

19. Monzo, A.; Olajos, M.; De Benedictis, L.; Rivera, Z.; Bonn, G. K.; Guttman, A. 205 

(2008) Boronic acid lectin affinity chromatography (BLAC). 2. Affinity 206 



micropartitioning-mediated comparative glycosylation profiling. Anal Bioanal Chem, 207 

392: 195-201. 208 

20. Minkkila, A.; Saario, S. M.; Kasnanen, H.; Leppanen, J.; Poso, A.; Nevalainen, T. 209 

(2008) Discovery of boronic acids as novel and potent inhibitors of fatty acid amide 210 

hydrolase. J Med Chem, 51: 7057-60. 211 

21. Lulinski, S. (2008) 3-Carb-oxy-2-methoxy-phenyl-boronic acid. Acta Crystallogr 212 

Sect E Struct Rep Online, 64: o1963. 213 

22. Li, M.; Lin, N.; Huang, Z.; Du, L.; Altier, C.; Fang, H.; Wang, B. (2008) Selecting 214 

aptamers for a glycoprotein through the incorporation of the boronic acid moiety. J 215 

Am Chem Soc., 130: 12636-8. 216 

23. Jeong, S. H.; Song, W.; Park, M. J.; Kim, J. S.; Kim, H. S.; Bae, I. K.; Lee, K. M. 217 

(2008) Boronic acid disk tests for identification of extended-spectrum beta-lactamase 218 

production in clinical isolates of Enterobacteriaceae producing chromosomal AmpC 219 

beta-lactamases. Int J Antimicrob Agents, 31: 467-71. 220 

24. Hagihara, S.; Tanaka, H.; Matile, S. (2008) Boronic acid converters for reactive 221 

hydrazide amplifiers: polyphenol sensing in green tea with synthetic pores. J Am 222 

Chem Soc., 130: 5656-7. 223 

25. Dabrowski, M.; Lulinski, S.; Serwatowski, J. (2008) (2-Butoxy-phen-yl)boronic acid. 224 

Acta Crystallogr Sect E Struct Rep Online, 64: o437. 225 

26. Shao, P. G.; Bailey, L. C. (1999) Stabilization of pH-induced degradation of porcine 226 

insulin in biodegradable polyester microspheres. Pharm Dev Techno., 4: 633-42. 227 

27. Erondu, N. E.; Nwankwo, J.; Zhong, Y.; Boes, M.; Dake, B.; Bar, R. S. (1999) 228 

Transcriptional and posttranscriptional regulation of insulin-like growth factor 229 

binding protein-3 by cyclic adenosine 3',5'-monophosphate: messenger RNA 230 

stabilization is accompanied by decreased binding of a 42-kDa protein to a uridine-231 

rich domain in the 3'-untranslated region. Mol Endocrinol., 13: 495-504. 232 

28. Bryant, C.; Spencer, D. B.; Miller, A.; Bakaysa, D. L.; McCune, K. S.; Maple, S. R.; 233 

Pekar, A. H.; Brems, D. N. (1993) Acid stabilization of insulin. Biochemistry, 32: 234 

8075-82. 235 



29. Varandani, P. T.; Nafz, M. A. (1986) Stabilization of insulin receptor subunit 236 

structure by glutathione-insulin transhydrogenase. Biochim Biophys Acta, 870: 502-237 

9. 238 

30. Steel, R. B.; Mosley, J. D.; Smith, C. H. (1979) Insulin and placenta: degradation and 239 

stabilization, binding to microvillous membrane receptors, and amino acid uptake. 240 

Am J Obstet Gynecol, 135: 522-9. 241 

31. Kono, T.; Robinson, F. W.; Sarver, J. A. (1975) Insulin-sensitive phosphodiesterase: 242 

Its localization, hormonal stimulation, and oxidative stabilization. J Biol Chem., 250: 243 

7826-35. 244 

32. Malik, R.; Roy, I. (2013) Stabilization of bovine insulin against agitation-induced 245 

aggregation using RNA aptamers. Int J Pharm, 452: 257-65. 246 

33. Schafers, S.; Naunheim, R.; Vijayan, A.; Tobin, G. (2012) Incidence of hypoglycemia 247 

following insulin-based acute stabilization of hyperkalemia treatment. J. Hosp Med., 248 

7: 239-42. 249 

34. Henquin, J. C.; Mourad, N. I.; Nenquin, M. (2012) Disruption and stabilization of β-250 

cell actin microfilaments differently influence insulin secretion triggered by 251 

intracellular Ca2+ mobilization or store-operated Ca2+ entry. FEBS Lett., 586: 89-95. 252 

35. Pen, A.; Durocher, Y.; Slinn, J.; Rukhlova, M.; Charlebois, C.; Stanimirovic, D. B.; 253 

Moreno, M. J. (2012) Insulin-like growth factor binding protein 7 exhibits tumor 254 

suppressive and vessel stabilization properties in U87MG and T98G glioblastoma cell 255 

lines. Cancer Biol Ther., 12: 634-46. 256 

36. Reizes, O.; Goldberger, O.; Smith, A. C.; Xu, Z.; Bernfield, M.; Bickel, P. E. (2006) 257 

Insulin promotes shedding of syndecan ectodomains from 3T3-L1 adipocytes: a 258 

proposed mechanism for stabilization of extracellular lipoprotein lipase. 259 

Biochemistry, 45: 5703-11. 260 

37. Gatzka, M.; Prisco, M.; Baserga, R. (2000) Stabilization of the Ras oncoprotein by 261 

the insulin-like growth factor 1 receptor during anchorage-independent growth. 262 

Cancer Res., 60, 4222-30. 263 

38. Novaulica, SK-900 26 Slovensky Grob, Slovak Republic; (c2012) Molinspiration 264 

cheminformatics. Available fromhttp://www.molinspiration.com.  265 



39. Lipinski CA. (2004) Drug Discovery Today. Technologies, 1 (4): 337-341.  266 

40. Lipinski CA, Lombardo F, Dominy BW, Feeney PJ. (2001) Experimental and 267 

computational approaches to estimate solubility and permeability in drug discovery 268 

and development settings.Adv Drug Delivery Rev., 23(1-3): 3-25.  269 

41. Russom C. L., bradbury s. P., broderius s. J., hammermeister d. E., drummond r. 270 

A.  (1997) Predicting modes of toxic action from chemical structure: acute toxicity in 271 

the fathead minnow (pimephales promelas). Environ. Toxicol. Chem., 16: 948–967. 272 

42. Helma, C. (2005) Lazar: lazy structure-activity relationships for toxicity prediction: 273 

Predictive toxicology. Taylor and Francis, Boca Raton, 479-499. 274 

43. Yang, J. M.; Chen, C. C. (2004) GEMDOCK: a generic evolutionary method for 275 

molecular docking. Protein, 55: 288-304. 276 

44. Singh, P., Kumari, K., Chandra, R. (2016). Green Synthesis of Tetrazines and their 277 

Role as Human Cytomegalovirus (HCMV) Protease Inhibitor. J. Theor. Comput. Sci., 278 

3, 1-5.  279 

45. Vishvakarma, V. K., Kumari, K., Patel, R., Singh, P., Mehrotra, G. K. Chandra, R., 280 

Chakrawarti, A. K. (2015). Theoretical model to investigate the alkyl chain and anion 281 

dependent interactions of gemini surfactant with bovine serum albumin. Spectrochim. 282 

Acta A Mol. Biomol. Spectrosc.,143, 319-323. 283 

46. Kumar, D., Singh, P., Chandra, R., Kumari, K., Kumar, M., et al. (2017). Impact of 284 

Gemini Surfactants on the Stability of Insulin using Computational Tools. J. 285 

NanomedineBiotherapeutic. Discov. 7, 1-5. 286 

47. Singh, P., Vishvakarma, V. K., Pant, B., Yadav, S., Aslam, M., Yadav, J., Yadav, A., 287 

Kumari, K., Patel, R., Chandra, R. (2017). Computational docking studies of 288 

Noscapines: A potential bioactive agent. Am. J. Pharmacol. Pharmacother., 4, 9-14. 289 

48. Kumar, D., Singh, P., Jayaraj, A., Kumar, V., Kumari, K., Patel, R. (2019). A 290 

Theoretical Model to Study the Interaction of Erythro-Noscapines with nsP3 protease 291 

of Chikungunya Virus.ChemistrySelect, 4, 4892-4900. 292 

49. Singh, P., Kumari, K., Awasthi, S. K., Chandra, R. (2016). Virtual Screening and 293 

Docking Studies of Synthesized Chalcones: Potent Anti-Malarial Drug. Int. J. Drug 294 

Develop. Res.8, 49-56. 295 

https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Kumar%2C+Durgesh
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Singh%2C+Prashant
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Jayaraj%2C+Abhilash
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Kumar%2C+Vinod
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Kumari%2C+Kamlesh
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Patel%2C+Rajan
https://onlinelibrary.wiley.com/toc/23656549/2019/4/17


50. Kumar, D., Kumari, K., Jayaraj, A., & Singh, P. (2020). Development of a theoretical 296 

model for the inhibition of nsP3 protease of Chikungunya virus using 297 

pyranooxazoles. J Biomol Struct Dyn, 30(10), 3018-3034. 298 

51. Kumar, D., Kumari, K., Jayaraj, A., Kumar, V., Kumar, R. V., Dass, S. K., et al. 299 

(2020). Understanding the binding affinity of noscapines with protease of SARS-300 

CoV-2 for COVID-19 using MD simulations at different temperatures. J Biomol 301 

Struct Dyn, 1-14. 302 

52. Kumar, D., Kumari, K., Jayaraj, A., Kumar, V., Singh, P., Chandra, R., et al. (2020). 303 

Selective Docking of Pyranooxazoles Against nsP2 of CHIKV Eluted Through 304 

Isothermally and Non-Isothermally MD simulations. ChemistrySelect, 5(14), 4210-305 

4220. 306 

53. Kumar, D., Kumari, K., Vishvakarma, V. K., Jayaraj, A., Kumar, D., Ramappa, V. 307 

K., et al. (2020). Promising inhibitors of main protease of novel corona virus to 308 

prevent the spread of COVID-19 using docking and molecular dynamics simulation. J 309 

Biomol Struct Dyn, 1-15. 310 

54. Singh, P., Kumar, D., Vishvakarma, V. K., Yadav, P., Jayaraj, A., & Kumari, K. 311 

(2019). Computational approach to study the synthesis of noscapine and potential of 312 

stereoisomers against nsP3 protease of CHIKV. Heliyon, 5(12), e02795. 313 

55. Vishvakarma, V. K., Kumari, K., & Singh, P. (2020). A Model To Study The 314 

Inhibition Of Arginase II With Noscapine & Its Derivatives. J Pro Res Bioinf 2(1), 1-315 

14. 316 

56. Vishvakarma, V. K., Shukla, N., Reetu, Kumari, K., Patel, R., & Singh, P. (2019). A 317 

model to study the inhibition of nsP2B-nsP3 protease of dengue virus with imidazole, 318 

oxazole, triazole thiadiazole, and thiazolidine based scaffolds. Heliyon, 5(8), e02124. 319 

57. Vishvakarma, V. K., Singh, P., Kumar, V., Kumari, K., Patel, R., & Chandra, R. 320 

(2019). Pyrrolothiazolones as Potential Inhibitors for the nsP2B‐nsP3 Protease of 321 

Dengue Virus and Their Mechanism of Synthesis ChemistrySelect 4(32), 9410-9419. 322 

 323 

  324 



Table 1 Energy obtained due to interaction of boronic acids (C. No.1-114) with insulin 325 

using a computational tool iGEMDOCK
45-49

 as well logs and log K values  326 

S.No. `C. No. Ligand Etotal logS Solubility (mg/ml) logKp (cm/s) 

1. 71 3-Benzyloxyphenylboronic acid -78.4613 -2.95 0.253 -6.07 

2. 74 3-Carboxy-5-nitrophenylboronic acid -77.7919 -1.36 9.22 -7.46 

3. 97 4-Benzyloxyphenylboronic acid -77.4836 -2.95 0.253 -6.07 

4. 26 2-Anthraceneboronic acid -75.835 -3.86 0.0308 -5.29 

5. 95 4,4'-Biphenyldiboronic acid -75.1476 -2.49 0.780 -6.81 

6. 72 3-Biphenylboronic Acid -74.7128 -3.07 0.168 -5.77 

7. 99 4'-Bromo-4-biphenylboronic acid -73.883 -3.36 0.0305 -5.76 

8. 40 2-Fluoro-4-biphenylboronic acid -72.1959 -3.21 0.134 -5.81 

9. 91 4-(Ethoxycarbonyl)phenylboronic acid -70.587 -1.76 3.39 -6.74 

10. 27 2-Biphenylboronic Acid -70.3698 -3.07 0.168 -5.77 

11. 12 2,4-Bis(trifluoromethyl)phenylboronic 

acid 

-70.242 -3.13 0.189 -6.03 

12. 53 2-Nitrophenylboronic acid -70.2281 -1.53 4.94 -6.85 

13. 63 3,5-Bis(trifluoromethyl)-phenylboronic 

Acid 

-70.0491 -3.13 0.189 -6.03 

14. 55 3-(Bromomethyl)phenylboronic acid -69.9194 -2.31 1.04 -6.63 

15. 102 4-Carbamoylphenylboronic acid -69.1293 -0.91 20.2 -7.52 

16. 10 2,3-Dimethoxyphenylboronic acid -69.0658 -1.60 4.60 -6.86 

17. 56 3-(Ethoxycarbonyl)phenylboronic acid -68.2942 -1.76 3.39 -6.74 

18. 4 2-(Ethoxycarbonyl)phenylboronic acid -68.0229 -1.76 3.39 -6.74 

19. 92 4-(Hydroxymethyl)phenylboronic acid -67.4829 -1.02 14.6 -7.27 

20. 6 2-(Methoxycarbonyl)phenylboronic acid -67.2027 -1.53 5.34 -6.91 

21. 68 3-Acetamidophenylboronic -67.108 -1.09 14.4 -7.39 

22. 93 4-(Methoxycarbonyl)phenylboronic acid -67.0982 -1.53 5.34 -6.91 

23. 58 3-(Methoxycarbonyl)phenylboronic acid -66.3049 -1.53 5.34 -6.91 

24. 98 4-Biphenylboronic Acid -66.2792 -3.07 0.168 -5.77 

25. 79 3-Cyanophenylboronic acid -65.936 -1.43 5.47 -6.81 

26. 88 3-Nitrophenylboronic acid -65.9255 -1.52 5.01 -6.86 

27. 65 3,5-Difluorophenylboronic acid -65.8186 -1.81 2.47 -6.53 

28. 66 3,5-Dimethoxyphenylboronic acid -65.7448 -1.60 4.60 -6.86 

29. 19 2,5-Dimethoxyphenylboronic acid -65.3143 -1.60 4.60 -6.86 

30. 24 2,6-Dimethoxyphenylboronic acid -65.3054 -1.60 4.60 -6.86 

31. 35 2-Chloropyridine-5-boronic acid -65.1689 -1.65 3.55 -6.75 

32. 108 4-Cyano-3-fluorophenylboronic acid -64.9647 -1.58 4.38 -6.84 

33. 49 2-Methoxypyridine-3-boronic acid -64.9643 -1.10 12.2 -7.19 

34. 62 3,4-Dimethoxyphenylboronic acid -64.7995 -1.60 4.60 -6.86 

35. 109 4-Cyanophenylboronic acid -64.4827 -1.43 5.47 -6.81 

36. 104 4-Chloro-2-(trifluoromethyl)-

phenylboronic Acid 

-64.1636 -2.89 0.289 -6.01 

37. 15 2,4-Dimethoxyphenylboronic acid -64.119 -1.60 4.60 -6.86 



38. 34 2-Chloropyridine-4-boronic acid -63.9093 -1.65 3.55 -6.75 

39. 36 2-Cyanophenylboronic acid -63.8188 -1.43 5.47 -6.81 

40. 30 2-Carboxyphenylboronic acid -63.4666 -1.33 7.81 -7.06 

41. 38 2-Ethylphenylboronic acid -63.3185 -2.39 0.669 -5.77 

42. 112 4-Fluoro-3-(trifluoromethyl)-

phenylboronic acid 

-63.1665 -1.94 1.75 -6.32 

43. 75 3-Carboxyphenylboronic acid -63.1531 -1.33 7.81 -7.06 

44. 37 2-Ethoxyphenylboronic acid -63.1486 -1.77 2.81 -6.49 

45. 22 2,6-Difluoro-3-pyridineboronic acid -62.9184 -1.55 4.44 -6.83 

46. 105 4-Chloro-3-(trifluoromethyl)-

phenylboronic Acid 

-62.8762 -2.89 0.289 -6.01 

47. 57 3-(Hydroxymethyl)phenylboronic acid -62.3348 -1.02 14.6 -7.27 

48. 1 1,4-Phenylenediboronic acid -62.3117 -0.94 19.2 -7.50 

49. 42 2-Fluoro-5-(trifluoromethyl)- 

phenylboronic Acid 

-61.9802 -2.45 0.730 -6.28 

50. 80 3-Ethoxyphenylboronic acid -61.9268 -1.77 2.81 -6.49 

51. 96 4-Acetylphenylboronic acid -61.6325 -1.42 6.29 -6.94 

52. 69 3-Acetylphenylboronic acid -61.4461 -1.42 6.29 -6.94 

53. 2 1-Naphthaleneboronic acid -61.2231 -2.72 0.328 -5.87 

54. 50 2-Methoxypyridine-5-boronic acid -61.1585 -1.10 12.2 -7.19 

55. 31 2-Chloro-4-methoxyphenylboronic acid -60.9687 -2.13 1.37 -6.42 

56. 60 3,4-(Methylenedioxy)phenylboronic acid -60.5811 -1.58 4.40 -6.86 

57. 48 2-Methoxyphenylboronic acid -60.4785 -1.56 4.21 -6.66 

58. 70 3-Aminophenylboronic Acid -60.4639 -1.16 9.44 -7.03 

59. 101 4-Butylphenylboronic acid -60.2212 -2.73 0.333 -5.46 

60. 83 3-Formylphenylboronic acid -60.1662 -1.22 8.95 -7.01 

61. 5 2-(Hydroxymethyl)phenylboronic acid -60.0975 -1.04 14.6 -7.27 

62. 44 2-Fluoropyridine-3-boronic acid -59.6923 -1.21 8.66 -7.02 

63. 103 4-Carboxyphenylboronic acid -59.6311 -1.33 7.81 -7.06 

64. 52 2-Naphthaleneboronic acid -59.4001 -2.72 0.328 -5.87 

65. 110 4-Ethoxyphenylboronic acid -59.1857 -1.77 2.81 -6.49 

66. 33 2-Chloropyridine-3-boronic acid -59.0891 -1.65 3.55 -6.75 

67. 29 2-Bromopyridine-5-boronic acid -58.9003 -1.96 2.21 -6.98 

68. 14 2,4-Difluorophenylboronic acid -58.0484 -1.81 2.47 -6.53 

69. 41 2-Fluoro-4-methylphenylboronic acid -57.7531 -1.94 1.75 -6.32 

70. 85 3-Hydroxyphenylboronic acid -57.5718 -1.37 5.89 -6.81 

71. 16 2,4-Dimethylphenylboronic acid -57.5072 -2.09 1.22 -6.11 

72. 94 4-(Methylthio)phenylboronic acid -57.1428 -2.00 1.69 -6.37 

73. 89 3-Pyridylboronic Acid -57.0923 -0.88 16.3 -7.22 

74. 113 4-Fluoro-3-methylphenylboronic acid -57.0877 -2.45 0.730 -6.28 

75. 111 4-Ethylphenylboronic acid -56.9452 -2.06 1.30 -6.06 

76. 39 2-Fluoro-4-(trifluoromethyl)- 

phenylboronic Acid 

-56.6364 -2.45 0.730 -6.28 

77. 106 4-Chloro-2-methylphenylboronic -56.6316 -2.38 0.709 -6.05 



78. 77 3-Chloro-4-methylphenylboronic acid -56.6198 -2.38 0.709 -6.05 

79. 114 4-Fluoro-methylphenylboronic acid -56.064 -1.94 1.75 -6.32 

80. 64 3,5-Dichlorophenylboronic acid -55.9604 -2.67 0.407 -5.99 

81. 47 2-Hydroxyphenylboronic acid -55.9475 -1.72 2.65 -6.42 

82. 67 3,5-Dimethylphenylboronic acid -55.9026 -2.09 1.22 -6.11 

83. 11 2,3-Dimethylphenylboronic acid -55.8925 -2.09 1.22 -6.11 

84. 23 2,6-Difluorophenylboronic acid -55.8472 -1.81 2.47 -6.53 

85. 86 3-Methoxyphenylboronic acid -55.8192 -1.56 4.21 -6.66 

86. 45 2-Formylphenylboronic acid -55.6917 -1.22 8.95 -7.01 

87. 13 2,4-Dichlorophenylboronic acid -55.5268 -2.67 0.407 -5.99 

88. 3 2-(Bromomethyl)phenylboronic acid -55.4612 -2.31 1.04 -6.63 

89. 18 2,5-Difluorophenylboronic acid -55.2963 -1.81 2.47 -6.53 

90. 81 3-Fluoro-4-methylphenylboronic acid -55.2656 -1.94 1.75 -6.32 

91. 7 2-(Methylthio)phenylboronic acid -55.2383 -2.00 1.69 -6.37 

92. 25 2,6-Dimethylphenylboronic acid -55.2258 -2.09 1.22 -6.11 

93. 59 3-(Methylthio)phenylboronic acid -55.0253 -2.00 1.69 -6.37 

94. 61 3,4-Dichlorophenylboronic acid -54.8509 -2.67 0.407 -5.99 

95. 21 2,6-Dichlorophenylboronic acid -54.7706 -2.67 0.407 -5.99 

96. 20 2,5-Dimethylphenylboronic acid -54.7279 -2.09 1.22 -6.11 

97. 73 3-Bromophenylboronic acid -54.5926 -2.42 0.762 -6.45 

98. 17 2,5-Dichlorophenylboronic acid -54.5644 -2.67 0.407 -5.99 

99. 9 2,3-Difluorophenylboronic acid -54.396 -1.81 2.47 -6.53 

100. 8 2,3-Dichlorophenylboronic acid -53.8515 -2.67 0.407 -5.99 

101. 76 3-Chloro-4-fluorophenylboronic acid -53.8003 -2.24 1.01 -6.26 

102. 100 4-Bromophenylboronic acid -53.0016 -2.42 0.762 -6.45 

103. 78 3-Chlorophenylboronic acid -52.977 -2.10 1.24 -6.22 

104. 82 3-Fluorophenylboronic acid -52.6656 -1.67 2.98 -6.49 

105. 107 4-Chlorophenylboronic acid -52.4022 -2.10 1.24 -6.22 

106. 43 2-Fluorophenylboronic acid -52.2772 -1.67 2.98 -6.49 

107. 87 3-Methylphenylboronic Acid -52.2568 -1.81 2.10 -6.28 

108. 51 2-Methylphenylboronic Acid -52.2056 -1.81 2.10 -6.28 

109. 32 2-Chlorophenylboronic acid -51.7109 -2.10 1.24 -6.22 

110. 28 2-Bromophenyllboronic Acidcid -51.7042 -2.42 0.762 -6.45 

111. 46 2-Furylboronic Acid -50.207 -0.89 14.5 -7.03 

112. 54 2-Thiopheneboronic Acid -48.3435 -1.37 5.46 -6.70 

113. 90 3-Thiopheneboronic Acid -47.5265 -1.35 5.70 -6.72 

114. 84 3-Furylboronic Acid -47.4753 -0.86 15.4 -7.06 
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Table 2 Bioactivity and drug likeness score of top 15 compounds as in Table 1 329 

C. No. milogP No. of 

violations  

GPCR 

ligand 

 

Ion channel 

modulator 

 

Kinase 

inhibitor 

 

Nuclear 

receptor 

ligand 

Protease 

inhibitor 

 

Enzyme 

inhibitor 

Lipinski. 

71 2.61 0 -0.24 -0.02 -0.07 0.74 0.59 1.17 Yes  

74 0.78 0 -0.71 -0.21 -0.54 0.57 0.08 1.12 Yes  

97 2.63 0 -0.24 -0.02 -0.07 0.74 0.59 1.17 Yes  

26 3.33 0 -0.24 0.02 0.11 0.63 0.58 1.19 Yes 

95 1.82 0 -0.13 0.06 0.13 0.75 0.60 1.18 Yes  

72 2.75 0 -0.36 -0.00 -0.07 0.65 0.50 1.28 Yes  

99 1.79  0 -0.43 -0.09 -0.07 0.51 0.35 1.13 Yes  

40 2.87 0 -0.20 0.16 0.13 0.77 0.57 1.31 Yes  

91 1.53 0 -0.83 -0.30 -0.64 0.47 0.15 1.00 Yes  

27 2.73 0 -0.36 -0.00 -0.07 0.51 0.39 1.11 Yes  

12 2.70 0 -0.16 0.11 0.04 0.74 0.48 1.00 Yes  

53 0.89 0 -1.04 -0.33 -0.74 0.04 -0.07 0.90 Yes  

63 2.70 0 -0.16 0.12 0.05 0.74 0.47 1.08 Yes  

55 1.67 0 -0.84 -0.59 -0.92 0.14 0.46 1.24 Yes  

102 -0.20 0 -0.76 -0.41 -0.29 0.18 0.50 1.39 Yes  
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Table 3 Toxicity and other parameters of the top 15 molecules as in Table 1 346 

C. No. Acute 

toxicity 

(Fathead 

minnow) 

(mg/mL) 

Acute 

toxicity 

(Daphnia 

magna) 

(mg/mL) 

Blood Brain 

barrier 

Penetration 

(Human) 

Carcinogenicity 

(Rodent multiple 

species/ sites) 

Carcinogenicity 

(Mouse) 

Mutagenicity 

(Salmonella 

typhimurium)  

71 21.1  35.1  Penetrating Non-carcinogenic Non-carcinogenic Mutagenic 

74 14.8 21.7  Penetrating Non-carcinogenic Non-carcinogenic Mutagenic 

97 25.4  31.1  Penetrating Non-carcinogenic Non-carcinogenic Mutagenic 

26 9.58  0.247 Penetrating Carcinogenic Carcinogenic Mutagenic 

95 15.9  0.359  Penetrating Carcinogenic Carcinogenic Mutagenic 

72 8.29  2.85  Penetrating Carcinogenic Carcinogenic Mutagenic 

99 35.1  3.84  Penetrating Carcinogenic Non-carcinogenic Mutagenic 

40 8.37  2.91 Non-penetrating Non-carcinogenic Non-carcinogenic Mutagenic 

91 29.6  46.6  Cannot create 

prediction 

Non-carcinogenic Non-carcinogenic Non-mutagenic 

27 8.09  2.71  Penetrating Carcinogenic Carcinogenic Mutagenic 

12 9.93  1.17  Penetrating Carcinogenic Non-carcinogenic Non-mutagenic 

53 11.7  16.4  Penetrating Carcinogenic Non-carcinogenic Mutagenic 

63 9.93  Highly 

toxic 

Penetrating Non-carcinogenic Non-carcinogenic Non-mutagenic 

55 Highly 

toxic 

Highly 

toxic 

Penetrating Carcinogenic Non-carcinogenic Mutagenic 

102 162.0  37.8  Penetrating Non-carcinogenic Non-carcinogenic Non-mutagenic 
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(a) (b) 

Figure 1 (a) 2D- & (b) 3D- structure of the 3-Benzyloxyphenylboronic acid (71) 

  
(a) (b) 

  
(c) (d) 

Figure 2 (a) Docked view, (b) electro-; (c) hydrophobic and (d) pose obtained by the interaction 

of insulin with 3-benzyloxyphenylboronic acid (71) 
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