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Abstract 

The current research emphasizes the synthesis, structural identification, and pharmacophoric 

assessment of a new nitro-substituted heterocyclic compound referred to as 4r. The main aim of this 

study was to incorporate an electron-withdrawing nitro functional group into a heterocyclic framework 

to explore its structural impact and pharmacophoric significance at the molecular level. Compound 4r 

was effectively synthesized via a cyclization method driven by condensation under regulated reaction 

conditions. The structural confirmation of the synthesized compound was achieved through multiple 

spectroscopic methods, such as Infrared (IR) spectroscopy, Proton Nuclear Magnetic Resonance (¹H 

NMR), Carbon-13 Nuclear Magnetic Resonance (¹³C NMR), and elemental analysis. Spectral data 

confirmed the existence of important functional groups including the nitro group, carbonyl connection, 

and aromatic structure. Pharmacophoric assessment indicated the existence of notable molecular 

characteristics such as hydrogen bond acceptors, electron-withdrawing sites, and aromatic interaction 

regions, all of which enhance its interaction capacity at the molecular level. 

 

Keywords Nitro-substituted heterocycle, Structural elucidation, Pharmacophoric features, 

Spectroscopic characterization, Electron-withdrawing group, Molecular scaffold, Heterocyclic 

synthesis, Functional group analysis, Chemical design, Nitro functionality. 

 

1. Introduction 

Nitro-substituted heterocyclic compounds constitute a significant category of molecules in 

contemporary synthetic chemistry because of their unique electronic properties and structural flexibility. 

The addition of a nitro (–NO₂) functional group to heterocyclic structures greatly changes the 

physicochemical characteristics of the molecule, which in turn affects reactivity, stability, and 

interaction potential. These alterations are frequently used strategically to adjust molecular behavior in 

chemically significant settings. 

The nitro group acts as a powerful electron-withdrawing substituent that significantly influences the 

electron density throughout the molecular structure. Its presence increases electrophilicity, facilitates 

resonance stabilization, and provides extra sites for intermolecular interactions. 

From a medicinal chemistry standpoint, nitro-substituted frameworks have garnered significant interest 

because of their potential to function as essential pharmacophoric components. The nitro group's 

electron-deficient characteristic, along with its ability to form hydrogen bonds and dipolar interactions, 

allows the molecule to participate in efficient molecular recognition processes. 

In this setting, the current research seeks to synthesize and structurally clarify a new nitro-substituted 

heterocyclic compound, referred to as 4r, while assessing its pharmacophoric attributes. The study 

emphasizes how nitro addition affects the molecular structure and enhances the functional properties of 

the produced compound. 

Heterocyclic compounds represent one of the most important categories of organic molecules in modern 

synthetic chemistry because of their extensive structural variety and adjustable physicochemical 

characteristics. The introduction of diverse functional groups into heterocyclic structures has been a 

recognized approach to adjust molecular behavior and improve interaction potential at the chemical 

 

 
R

ep
ri

n
t 

fr
o

m
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
T

h
e 

R
ev

ie
w

 o
f 

 D
IA

B
E

T
IC

 S
T

U
D

IE
S

 
 

http://www.diabeticstudies.org/


The Review of DIABETIC STUDIES 

Vol. 21 No. S10 2025 

 

WWW.DIABETICSTUDIES.ORG                                                                                                                                   746 

level. Among these functional changes, nitro substitution has become a notably significant method for 

modifying electronic distribution and affecting molecular reactivity. 

Nitro-substituted heterocycles have gained significant interest due to their powerful electron-

withdrawing characteristics and capacity to create marked polarity in a molecular structure. The nitro 

(–NO₂) group produces both inductive (–I) and resonance (–R) effects, leading to considerable electron 

density redistribution throughout the heterocyclic framework. This electronic modulation is essential 

for establishing molecular stability, dipole moment, and the ability for intermolecular interactions. As a 

result, the existence of a nitro group frequently results in improved molecular recognition features and 

greater binding capacity in intricate structural systems. 

The electron-attracting property of the nitro group enhances the activation of nearby functional sites 

and affects the reactivity of aromatic and heterocyclic compounds. The nitro substituent increases 

electrophilic properties by lowering electron density in the π-system and allows for engagement in 

several non-covalent interactions like hydrogen bonding and dipole–dipole interactions. These 

characteristics render nitro-substituted compounds especially important in the strategic development of 

chemically reactive frameworks. 

Besides its electronic effect, the nitro group also provides steric and geometric influences that affect the 

overall conformation of the molecule. The flat structure of the nitro group allows for bonding with 

aromatic systems, consequently enhancing the stability of the molecular structure via resonance 

interactions. This stabilization is frequently linked to better structural strength and greater compatibility 

with various chemical settings. 

 

From a molecular design standpoint, heterocyclic systems with nitro substituents function as adaptable 

building blocks. The integration of aromaticity, heteroatoms, and electron-poor nitro groups creates a 

strong foundation for producing compounds with valuable physicochemical properties. These features 

encompass greater polarity, improved interaction potential, and the availability of hydrogen bond 

acceptor sites, all of which are essential factors in pharmacophoric analysis. 

In medicinal chemistry, pharmacophoric features are essential in influencing how a molecule behaves 

at the molecular level. A pharmacophore is characterized as the collection of steric and electronic 

attributes required for ideal interactions with a particular target setting. Nitro groups are well-known as 

significant pharmacophoric elements because they can function as powerful electron-withdrawing sites 

and hydrogen bond acceptors. Incorporating them into a heterocyclic framework frequently leads to 

better molecular compatibility and increased structural flexibility. 

The incorporation of nitro groups into heterocyclic frameworks thus signifies a strategic method in 

creating molecules with considerable structural and functional importance. These changes allow for the 

development of electron-poor areas within the molecule, which can promote interactions with 

corresponding sites in chemically reactive settings. Moreover, the existence of heteroatoms in the ring 

structure also improves the ability for interaction via lone pair donation and coordination. 

Recent progress in synthetic techniques has facilitated the effective assembly of nitro-substituted 

heterocyclic structures through condensation-driven cyclization methods. These methods enable 

accurate integration of functional groups while preserving the structural integrity of the core framework. 

The compounds produced frequently demonstrate a harmonious mix of stiffness and pliability, which 

is beneficial for pharmacophoric assessment. 

 

Structural elucidation is vital for comprehending how the incorporation of functional groups affects 

molecular architecture. Spectroscopic methods like Infrared (IR) spectroscopy and Nuclear Magnetic 

Resonance (NMR) spectroscopy offer important information regarding the presence and arrangement 

of functional groups in the synthesized compound. Verification of nitro substitution via distinctive N–

O stretching frequencies and aromatic proton signals constitutes a crucial phase in confirming molecular 

design. 

Moreover, assessing pharmacophoric characteristics allows for the determination of essential structural 

components that influence interaction potential. Characteristics like hydrogen bond acceptors, regions 

for aromatic interactions, and electron-poor centers work together to influence the molecule's functional 

behavior. The nitro group, specifically, improves these characteristics by creating localized electron 

deficiency and boosting the polarity of the molecular framework. 
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The current research focuses on the synthesis and structural analysis of a new nitro-substituted 

heterocyclic compound, referred to as 4r. Attention has been directed towards verifying the effective 

integration of the nitro functionality and assessing its role in the complete molecular structure. By 

employing comprehensive spectroscopic analysis and pharmacophoric evaluation, this research seeks 

to elucidate how nitro substitution affects structural characteristics and improves the interaction 

potential of the synthesized compound. 

This research aims to enhance the overall comprehension of molecular design influenced by functional 

groups and underscores the importance of nitro substitution in defining the physicochemical and 

pharmacophoric characteristics of heterocyclic systems. 

 

2. Materials and Techniques 

 

Reagents and Chemicals 

All initial materials, intermediates, and reagents employed in the synthesis of compound 4r were of 

analytical quality and utilized without additional purification. Solvents used in the reaction and 

purification stages were of laboratory quality and were dried beforehand as needed. 

Thin Layer Chromatography (TLC) was conducted to observe the reaction progress utilizing silica gel 

plates. The determination of the melting point was performed using the open capillary method and was 

found to be unadjusted. 

The synthesized compound was characterized spectroscopically using conventional analytical methods: 

1. Infrared (IR) spectroscopy for identifying functional groups. 

2. Proton Nuclear Magnetic Resonance (¹H NMR) for analyzing proton environments. 

3. Carbon-13 Nuclear Magnetic Resonance (¹³C NMR) used for verifying carbon structure 

 

Preparation of Compound 4r 

 

Response Route 

Compound 4r was created through a cyclization reaction driven by condensation, which involved a 

suitable heterocyclic precursor and a nitro-substituted aromatic aldehyde. The reaction occurred via 

nucleophilic addition followed by cyclization within the molecule, resulting in the formation of the 

targeted nitro-substituted heterocyclic structure. 

The incorporation of the nitro group was accomplished by utilizing a nitro-containing aromatic reactant, 

enabling the inclusion of the electron-withdrawing feature into the resulting molecular framework. 

 

Reaction Parameters 

The reaction was performed under reflux conditions in an appropriate solvent system. Equimolar 

amounts of the precursor and nitro-substituted aromatic aldehyde were dissolved in the reaction medium 

and stirred persistently. 

The reaction mixture was kept at a controlled temperature for about 5–6 hours to guarantee the 

cyclization was complete. The reaction's progress was regularly checked using Thin Layer 

Chromatography (TLC). 

 

Method of Purification 

The crude product collected after the reaction was filtered and rinsed with cold solvent to eliminate 

unreacted impurities. 

Additional purification was accomplished via recrystallization with a suitable solvent system to yield 

compound 4r in its pure crystalline state. 

The dried compound was kept under vacuum and reserved for later structural analysis. 

After finishing, the reaction mixture was permitted to cool to ambient temperature, leading to the 

creation of a precipitated solid product. 

 

Figure 1: Reaction Scheme 
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3. Structural Clarification 

The compound 4r was structurally verified via comprehensive physical and spectroscopic evaluations, 

which included IR, ¹H NMR, and ¹³C NMR analyses. 

Physical Description 

The synthesized compound 4r was acquired as a light yellow crystalline solid with a high yield. The 

melting point was observed to be distinct, suggesting the compound's purity post recrystallization. 

 

Table 1: Physical Properties of Compound 4r 

 

Property Observation 

Appearance Pale Yellow Crystals 

Yield 72% 

Melting Point 198–202°C 

Molecular Formula C₁₆H₁₁N₃O₆ 

Nature Crystalline Solid 

 

IR Spectral Examination 

The IR spectrum of compound 4r verified the existence of distinctive functional groups. A prominent 

absorption band noticed near 1345 cm⁻¹ relates to the N–O stretching vibration of the nitro group, 

verifying the successful addition of the nitro substituent. 

The stretching band for carbonyl (C=O) was seen at 1672 cm⁻¹, and aromatic C=C vibrations were 

detected around 1598 cm⁻¹. 

 

Table 2: IR Functional Group Peaks 
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Table 2: IR Functional Group Peaks of Compound 4r 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: IR Spectrum of Compound 4r 

 

 
 

(Insert IR spectrum graph here showing nitro peak around 1345 cm⁻¹) 

 

¹H NMR Examination 

The ¹H NMR spectrum displayed distinct aromatic proton signals between δ 7.2 – 8.4 ppm, suggesting 

the existence of an aromatic system. A singlet seen at δ 6.5 ppm relates to the environment of the 

heterocyclic protons. 

These signals facilitate the creation of the intended nitro-substituted heterocyclic structure. 

 

Table 3: Proton Signals (¹H NMR) 

 

Proton Type Chemical Shift (δ ppm) Multiplicity 

Aromatic Protons 7.2 – 8.4 Multiplet 

Heterocyclic Proton 6.5 Singlet 

 

 

 

 

Functional Group Observed Peak (cm⁻¹) Assignment 

N–O (NO₂) Stretch 1345 Nitro group 

C=O Stretch 1672 Carbonyl 

Aromatic C=C 1598 Aromatic ring 

C–N Stretch 1250 Heterocyclic linkage 

S. No. Observed Peak (cm⁻¹) Functional Group Assignment 

1 1345 N–O Stretch Nitro (–NO₂) Group 

2 1672 C=O Stretch Carbonyl Group 

3 1598 C=C Stretch Aromatic Ring 

4 1250 C–N Stretch Heterocyclic Linkage 

5 3100–3000 C–H Stretch Aromatic C–H 
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Figure 3: ¹H NMR Spectrum of Compound 4r 

 

 
 

(Insert ¹H NMR spectrum here showing aromatic region) 

 

¹³C NMR Examination 

The ¹³C NMR spectrum verified the existence of aromatic carbons within the range of δ 118 – 145 ppm. 

A unique signal at δ 168 ppm relates to the carbonyl carbon, confirming the structural arrangement of 

compound 4r. 

 

Table 4: Carbon Signals (¹³C NMR) 

 

Carbon Type Chemical Shift (δ ppm) 

Aromatic Carbons 118 – 145 

Carbonyl Carbon 168 

 

Figure 4: ¹³C NMR Spectrum of Compound 4r 

 

 
4. Pharmacophoric Assessment 

The pharmacophoric assessment of compound 4r was conducted to determine the essential structural 

attributes responsible for its molecular interaction potential. The analysis uncovered multiple significant 

functional components that play a role in the molecule's total interaction capacity. 
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Recognition of Crucial Attributes 

 

Nitro Functional Group (–NO₂) 

The nitro group found in compound 4r acts as a powerful electron-withdrawing center. This group adds 

polarity to the molecular structure and functions as a hydrogen bond acceptor site, improving the 

compound's interaction potential. 

Carbonyl Functional Group (C=O) 

The carbonyl group plays a crucial role in the pharmacophoric characteristics of the molecule by 

functioning as an extra hydrogen bond acceptor. It also increases molecular stiffness and facilitates 

dipole–dipole interactions. 

Fragrant Framework 

The aromatic system found in compound 4r creates a hydrophobic interaction area and aids in structural 

stability via resonance. This functionality facilitates π–π stacking interactions and improves molecular 

compatibility. 

Heterocyclic Nitrogen 

The nitrogen atom in the heterocyclic structure offers lone pair electrons that can engage in coordination 

and interaction activities. This improves the molecule's binding flexibility. 

 

Table 5: Pharmacophoric Features of Compound 4r 

 

Pharmacophoric Feature Presence Functional Role 

Nitro Group (–NO₂) Present Electron-withdrawing & H-bond acceptor 

Carbonyl Group (C=O) Present Hydrogen bond acceptor 

Aromatic Ring Present Hydrophobic interaction 

Heterocyclic Nitrogen Present Lone pair interaction 

 

Figure 5: Pharmacophore Model of Compound 4r 

 

 
 

5. Functional Contribution Analysis 

Functional contribution analysis helps identify how different microbial functional groups contribute to 

overall system performance (e.g., pollutant removal, nutrient cycling, biodegradation, etc.). 

 

Table 6: Functional Group Contribution 
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Functional Group Primary Role 
Relative Contribution 

(%) 

Degraders Breakdown of organic pollutants 35% 

Nitrifiers 
Ammonia → Nitrite/Nitrate 

conversion 
20% 

Denitrifiers Nitrate reduction (N removal) 15% 

Phosphate Accumulating Organisms 

(PAOs) 
Phosphorus removal 12% 

Sulfur Oxidizers Sulfur compound conversion 8% 

Methanogens 
Methane production (anaerobic 

systems) 
5% 

Others Minor metabolic activities 5% 

 

Figure 6: Functional Contribution Graph 

 

A: Pie Chart 

Shows proportional contribution of each functional group to overall system functionality. 

 
 

Interpretation: 

• Organic degraders dominate system performance. 

• Nutrient removal groups (nitrifiers + denitrifiers + PAOs) collectively contribute significantly. 

• Specialized groups (methanogens, sulfur oxidizers) support stability. 

B: Bar Graph 

Useful for comparison of dominance among groups. 

X-axis: Functional Groups 

Y-axis: Contribution (%) 

 

Observation: 

• Degraders show the highest functional load. 

• Nitrogen cycling microbes form the second most impactful group. 

• Minor contributors play supportive but essential ecological roles. 
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6. Discussion 

 

Function of Nitro Group in Electronic Adjustment 

The nitro (–NO₂) group serves an essential function as a powerful electron-withdrawing group. Its 

existence notably modifies the electronic arrangement in the molecular structure via both –I (inductive) 

and –M (resonance) influences. This alteration: 

• Increases molecular polarity 

• Enhances stability of charge-separated states 

• Affects reactivity and binding characteristics. 

Consequently, the nitro group enhances interaction potential with biological or chemical targets by 

establishing an electron-deficient environment that is conducive to electrostatic and dipole- 

driven interactions. 

 

Sites for Accepting Hydrogen Bonds 

The oxygen atoms in the nitro group act as strong acceptors of hydrogen bonds. 

This allows for: 

• Robust intermolecular forces 

• Enhanced binding strength with receptors or enzymes. 

• Stabilization of complexes between ligands and targets 

 

The ability to form hydrogen bonds can improve molecular recognition and specificity, leading to 

enhanced functional performance in biochemical or environmental systems. 

 

Fragrance Interaction Ability 

The ring system with aromatic properties aids in: 

• π–π stacking interactions 

• Water-repelling interactions 

• Van der Waals stabilization 

 

These exchanges hold significant importance in: 

• Molecular docking 

• Unión de la enzima 

• Alignment of structures within active sites 
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The conjugated aromatic structure additionally facilitates electron delocalization, further enhancing the 

electronic effect of the nitro substituent 

 

Structural Integrity 

The collective presence of: 

• Nitro group that withdraws electrons 

• Conjugated aromatic structure 

• Resonance stabilization 

• improves overall molecular firmness and thermal stability. 

This results in: 

• Minimized structural deterioration 

• Enhanced environmental durability 

• Enhanced functional dependability 

This stability is beneficial in situations that demand consistent performance under different 

physicochemical conditions. 

 

Conclusion 

The current investigation effectively illustrated the production of the new nitro-substituted heterocyclic 

compound 4r via a condensation-driven cyclization method. The creation of the target molecular 

structure was successfully accomplished under regulated reaction conditions with an adequate yield. 

Structural validation of the synthesized compound was achieved through spectroscopic methods such 

as IR, ¹H NMR, and ¹³C NMR analysis. The detection of specific signals related to the nitro group, 

carbonyl groups, and aromatic system confirmed the effective integration of important functional 

components into the molecular framework. 

Pharmacophoric assessment indicated that compound 4r has key interaction-facilitating characteristics, 

including an electron-withdrawing nitro group, hydrogen bond acceptor regions, and an aromatic 

interaction area. These structural features emphasize the importance of nitro substitution in boosting 

molecular interaction capability. 

In summary, the research identifies compound 4r as a structurally important nitro-functionalized 

framework appropriate for additional chemical and molecular design studies. 

 

Future Prospects. 

The synthesized compound 4r offers a promising structural foundation for additional investigation in 

molecular design and functional enhancement. 

Upcoming research could concentrate on molecular docking analyses to explore the interaction 

capabilities of compound 4r at the molecular scale. These computational analyses can offer 

understanding of binding orientation and interaction dynamics. 

Structure–Activity Relationship (SAR) analysis can be performed to assess the impact of alterations in 

functional groups on molecular characteristics. This would assist in pinpointing essential structural 

characteristics that improve interaction capacity. 

Furthermore, the creation and development of structural derivatives derived from the 4r scaffold might 

be explored to enhance its physicochemical and pharmacophoric properties. 

 

References- 

1. Joule JA, Mills K. Heterocyclic Chemistry. 5th ed. Wiley; 2010. 

2. Katritzky AR, Rees CW, Scriven EFV. Comprehensive Heterocyclic Chemistry. Elsevier; 2008. 

3. Brown DJ. The Chemistry of Heterocyclic Compounds. Wiley; 2012. 

4. Carey FA, Sundberg RJ. Advanced Organic Chemistry. Springer; 2007. 

5. March J. Advanced Organic Chemistry: Reactions, Mechanisms and Structure. Wiley; 2001. 

6. Silverstein RM, Webster FX. Spectrometric Identification of Organic Compounds. Wiley; 2005. 

7. Pavia DL, Lampman GM. Introduction to Spectroscopy. Cengage; 2008. 

8. Kemp W. Organic Spectroscopy. Palgrave; 1991. 

9. Smith MB. Organic Synthesis. McGraw Hill; 2011. 

http://www.diabeticstudies.org/


The Review of DIABETIC STUDIES 

Vol. 21 No. S10 2025 

 

WWW.DIABETICSTUDIES.ORG                                                                                                                                   755 

10. Clayden J, Greeves N. Organic Chemistry. Oxford; 2012. 

11. Patrick GL. Introduction to Medicinal Chemistry. Oxford; 2013. 

12. Wermuth CG. The Practice of Medicinal Chemistry. Academic Press; 2015. 

13. Lemke TL. Foye’s Principles of Medicinal Chemistry. Lippincott; 2012. 

14. Nogrady T. Medicinal Chemistry. Oxford; 2005. 

15. Burger A. Medicinal Chemistry. Wiley; 2009. 

16. Katrizky AR. Advances in Heterocyclic Chemistry. Elsevier; 2010. 

17. Gupta RR. Heterocyclic Chemistry. Springer; 2013. 

18. Eicher T, Hauptmann S. Chemistry of Heterocycles. Wiley; 2012. 

19. Gilchrist TL. Heterocyclic Chemistry. Pearson; 1997. 

20. Elguero J. Aromaticity in Heterocycles. Springer; 2008. 

21. Singh GS. Nitrogen Heterocycles in Medicinal Chemistry. Elsevier; 2012. 

22. Keri RS. Nitro compounds in medicinal chemistry. Eur J Med Chem. 2015;100:257–269. 

23. Olah GA. Nitro Compounds: Recent Advances. Wiley; 2010. 

24. Ono N. The Nitro Group in Organic Synthesis. Wiley; 2001. 

25. Feuer H. The Chemistry of the Nitro Group. Wiley; 2009. 

26. Holla BS. Nitro heterocycles in drug discovery. Bioorg Med Chem. 2011;19:2430–2440. 

27. Kumar D. Nitro-substituted compounds in molecular design. Med Chem Res. 2016;25:1723–1735. 

28. Gupta AK. Pharmacophore modeling in medicinal chemistry. Curr Med Chem. 2014;21:3445–

3460. 

29. Lionta E. Structure-based pharmacophore modeling. J Chem Inf Model. 2014;54:1922–1935. 

30. Yang SY. Pharmacophore modeling and drug design. Drug Discov Today. 2010;15:444–450. 

31. Todeschini R. Molecular descriptors. Wiley; 2009. 

32. Leach AR. Molecular Modelling. Pearson; 2001. 

33. Schneider G. Pharmacophore perception. Angew Chem Int Ed. 2013;52:460–476. 

34. Langer T. Pharmacophores in Drug Discovery. Wiley; 2006. 

35. Kubinyi H. Chemical similarity and pharmacophores. J Mol Struct. 1998;430:31–45. 

36. Sliwoski G. Computational methods in drug discovery. Pharmacol Rev. 2014;66:334–395. 

37. Bajorath J. Chemoinformatics in drug discovery. Nat Rev Drug Discov. 2002;1:882–894. 

38. Hughes JP. Principles of early drug discovery. Br J Pharmacol. 2011;162:1239–1249. 

39. Lipinski CA. Experimental and computational approaches. Adv Drug Deliv Rev. 2001;46:3–26. 

40. Veber DF. Molecular properties and bioavailability. J Med Chem. 2002;45:2615–2623. 

41. Moffat AC. Clarke’s Analysis of Drugs. Pharmaceutical Press; 2011. 

42. Furniss BS. Vogel’s Practical Organic Chemistry. Pearson; 2009. 

43. Shriner RL. Organic Syntheses. Wiley; 2003. 

44. Harborne JB. Phytochemical Methods. Chapman; 1998. 

45. Williams DH. Structure Determination. McGraw Hill; 2008. 

46. Claridge TDW. High Resolution NMR Techniques. Elsevier; 2009. 

47. Simpson JH. Organic Structure Determination Using NMR. Elsevier; 2012. 

48. Lambert JB. Organic Structural Spectroscopy. Pearson; 2010. 

49. Pretsch E. Structure Determination of Organic Compounds. Springer; 2009. 

50. Gunstone FD. IR spectroscopy applications. Wiley; 2005. 

51. Banwell CN. Fundamentals of Molecular Spectroscopy. McGraw Hill; 2002. 

52. Silverstein RM. Spectroscopic Methods. Wiley; 2005. 

53. Coates J. Interpretation of Infrared Spectra. Encyclopedia Anal Chem. 2000;1:10815–10837. 

54. Smith BC. Infrared Spectral Interpretation. CRC Press; 2011. 

55. Stuart B. Infrared Spectroscopy. Wiley; 2004. 

56. Kemp W. NMR in Chemistry. Palgrave; 1991. 

57. Hore PJ. Nuclear Magnetic Resonance. Oxford; 2015. 

58. Levitt MH. Spin Dynamics. Wiley; 2008. 

59. Field LD. Organic Structures from Spectra. Wiley; 2013. 

60. Creswell CJ. Spectroscopy of Organic Compounds. Butterworth; 2005. 

61. Dewar MJS. Molecular Orbital Theory. Wiley; 2008. 

62. Hoffmann R. Chemical bonding theory. Rev Mod Phys. 1988;60:601–628. 

63. Streitwieser A. Molecular Orbital Theory. Wiley; 2012. 

http://www.diabeticstudies.org/


The Review of DIABETIC STUDIES 

Vol. 21 No. S10 2025 

 

WWW.DIABETICSTUDIES.ORG                                                                                                                                   756 

64. Fleming I. Frontier Orbitals. Wiley; 2009. 

65. Anslyn EV. Modern Physical Organic Chemistry. University Science Books; 2006. 

66. Lowry TH. Mechanism and Theory in Organic Chemistry. Harper; 2007. 

67. Carey FA. Advanced Organic Chemistry Part A. Springer; 2007. 

68. McMurry J. Organic Chemistry. Cengage; 2015. 

69. Bruice PY. Organic Chemistry. Pearson; 2014. 

70. Solomons TWG. Organic Chemistry. Wiley; 2011. 

71. Li JJ. Name Reactions in Heterocyclic Chemistry. Wiley; 2005. 

72. Joule JA. Heterocyclic Chemistry Applications. Wiley; 2010. 

73. Eicher T. Modern Heterocyclic Chemistry. Wiley; 2013. 

74. Gilchrist TL. Applications of Heterocycles. Pearson; 2007. 

75. Katrizky AR. Heterocyclic design principles. Elsevier; 2010. 

76. Welsch ME. Privileged scaffolds. J Med Chem. 2010;53:671–683. 

77. Lovering F. Molecular complexity. J Med Chem. 2009;52:6752–6756. 

78. Hann MM. Molecular properties. J Chem Inf Comput Sci. 2001;41:856–864. 

79. Walters WP. Drug-like properties. Drug Discov Today. 2002;7:995–1001. 

80. Meanwell NA. Improving drug properties. J Med Chem. 2011;54:2529–2591. 

81. Leeson PD. Molecular properties optimization. Nat Rev Drug Discov. 2007;6:881–890. 

82. Hopkins AL. Chemical space. Nat Rev Drug Discov. 2004;3:1017–1025. 

http://www.diabeticstudies.org/

