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Synthesis, biological activity and structure-activity relationships of diverse compounds are described. The

relationships between dipole moment and biological activities are discussed. Despite the progress of

interdisciplinary science, the use of dipole moment values of organic compounds to understand their potent

medicinal activities in various diseases remains unexplored.

Dipole moment, Biological activity, QSAR

1. Introduction

The dipole is basically a system comprising of two poles, opposite in nature. Dipoles are characterized by their

dipole moment (µ), a measure of the system's overall  polarity, a vector quantity. The dipole moment values of

numerous compounds and their implications on biological activity are discussed here based upon the available

data.

2-Pyrrolidone:

2-Pyrrolidone is a compound consist of five-membered  lactam. Several studies had been performed to calculate

the dipole moment of the five-membered lactams, the 2-Pyrrolidone .

Kumler et al. observed dipole moment of range 3.7-3.9 D in simple amides in dioxane at 30° . Fischer reported a

dipole moment value of 3.7 D for 2-pyrrolidone in benzene . Huisgen et al. calculated a lower value of 3.55 D for

2-pyrrolidone in benzene at 25° . Earlier than that, Devoto observed a much lower value of 2.3 D for pyrrolidone

in benzene . The reduction in dipole moment observed due to the formation of a pyrrolidone dimer , a value of

2.2 D reported in dimer in benzene at 25° .

Cholestanone:

Studies showed that the biological activity of steroids is increased by the substitution of fluorine for hydrogen on a

carbon atom adjacent to a carbonyl group .

Allinger et al. calculated the dipole moment of 2-fluorocholestanone . The calculated dipole moment of the 2α-

fluorocholestanone was 4.28D and for 2β-fluorocholestanone, the value was 2.95D. The experimentally measured

dipole moment value of the only known 2-fluorocholestanone was 4.39D in the benzene solution.
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Purines, Pyrimidines and Azines:

Mishra et al. calculated the dipole moment of the ground and lowest singlet π - π* and n- π* excited states of

biologically important azines, pyrimidines, and purines . Findings showed that in going from the ground to the n-

π* excited state the dipole moment of pyridine changed by -2.3 D, pyridazine changed by -2.0 D and pyrimidine

changed by -2.1 D.

Experimentally obtained values for dipole moment changes for pyridine was -3.2D, and -2.84 D and -2.7 D for

pyridazine, and pyrimidine, respectively, following the corresponding π- π* excitation .

Thiophene and Carboxamides:                                                                               

The substituted thiophenes and condensed thiophenes possess pharmacological activities like antiviral ,

antibacterial , anticancerous , antifungal , analgesic and anti-inflammatory activities . Melavanki et al.

reported the ground and excited state dipole moment of three carboxamides: (E)-2-(4-Chlorobenzylideneamino)-

N-(2-chlorophenyl)-4, 5, 6, 7-tetrahydrobenzo[b]thiophene- 3-carboxamide (C ), (E)-N-(3-Chlorophenyl)-2-(3, 4-

dimethoxybenzylideneamino)-4, 5, 6, 7-tetrahydrobenzo[b] thiophene-3-carboxamide (C ) and (E)-N-(3-

Chlorophenyl)- 2-(3, 4, 5-trimethoxybenzylideneamino)-4, 5, 6, 7- tetrahydrobenzo[b]thiophene-3-carboxamide

(C ) 

2. Dipole Moment and Anticancer Activity

This section describes different types of anticancer drugs and their dipole moment values.  

2.1. Topovale

Topovale is a potent topoisomerase I inhibitor, also known as ARC-111. Studies showed that ARC-111 (Dibenzo

[c,h]-[1,6] naphthyridin-6-one) is one of the effective topoisomerase I (Top I) targeting agent and its analogues

exhibit antitumor activities . A series of ARC-111 compounds were considered, for cytotoxicity test against tumor

cell lines in RPMI 8402 .

The data from chemometric tools, PLS and ANN indicated that dipole moment of ARC-111 analogues had great

impacts on antitumor activities.

2.2. MDMA:

Riahi et al. carried out studies on the effects of the novel drug MDMA as an anticancer drug on the biologic

receptor of DNA . For the computational studies, molecular geometries of MDMA and DNA bases (Adenine,

Guanine, Cytosine, and Thymine) were optimized. Parameters like dipole moment and energies of the frontier

molecular orbitals were calculated.
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2.3. Efavirenz (EFZ):

Efavirenz (Sustiva or EFZ) is an anti-HIV drug. Description of the interactions between EFZ and DNA base pairs

using the density functional tight-binding method were reported . Riahi et al. reported a dipole moment value of

4.68D for EFZ .

2.4. Adriamycin and Daunomycin:

Scientific studies showed that Adriamycin and Daunomycin produce complexes with DNA and block the processes

of transcription and replication . Daunomycin is mainly used to treat leukemia, while Adriamycin has a wide

range of anticancer activities . The dipole moment of the optimal structures was calculated using HF and B3LYP

computational methods .  Adriamycin showed a dipole moment value of 5.74D and Daunomycin showed a value

of 4.72D .

2.5. Methotrexate, Temozolomide, Carmustine, Tamoxifen and Hydroxifen:

Methotrexate disrupts the synthesis of DNA, RNA, thymidylates, and proteins   by inhibiting the production of

folate.

Theoretical calculations were done for anticancer drugs like Methotrexate, Carmustine, Temozolomide, Tamoxifen,

and Hydroxifen to study their physicochemical and geometrical properties . Dipole moments of Methotrexate,

Carmustine, Temozolomide, Tamoxifen, and Hydroxifen were calculated.                           

2.6. Glutamine:

Glutamine is an  α-amino acid  with many functions in the body. It is used in the biosynthesis of proteins and a

critical part of the immune system. Glutamine has a special role in intestinal health since the human body naturally

produces this amino acid.

To know and detect novel anticancer agents with good selectivity to kill cancer cells and inhibit their proliferation

without being toxic   is a very difficult task. Non-essential amino acids like Glutamine (GLN) can supply its amide

nitrogen atoms in the biosynthesis of other amino acids, amino sugars, purine, pyrimidine bases, and

coenzymes   via amide transferases . Srikanth et al. discussed the antitumor activities of GLN . Elidrissia et

al. modeled different antitumor glutamines by substituting 5-N-substituted-2-(substituted benzenesulphonyl)

glutamines with different substitutions . The theoretical calculations from modeled structures showed that

molecular descriptors like dipole moment is a useful tool for the prediction of more active antitumor 5-N-substituted-

2-(substituted benzenesulphonyl) glutamines compounds. They also addressed the importance of Quantitative

Structure-Activity Relationship (QSAR) Studies for the prediction of new biological active glutamine compounds.

2.7. Lantadenes:
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Lantadenes are bioactive compounds derived from the weed Lantana Camara. It showed potent cytotoxic activity

against a number of cancer cell lines and showed anti-antitumor potentials.

QSAR-based studies including dipole moment calculations were helpful in determining the anticancer activities of

Lantadenes Against A549 Cell Lines . They considered a series of forty compounds for the study. Substituent of

four selected compounds and their anticancer activity are known.

2.8. Xanthone:

Xanthone (9H-xanthene-9-one) is a naturally occurring oxygenated  heterocyclic compound with interesting

pharmaceutical properties. The compound has dibenzo-γ-pyrone as the main structure with the  molecular

formula C H O It is prepared by heating of phenyl salicylate. The most significant activities of xanthones include

antibacterial, anticancer, antivirus, antiprotozoal, antimalarial, and anti-inflammatory.

Xanthone compounds showed higher anticancer activity for colorectal cancer (WiDR cell line) . Miladiyah et al.

made QSAR analysis to predict their activity, based on the biological activity of xanthones in WiDR cell lines and

quantum descriptors of the xanthones’ structures. They selected the AM1 semiempirical method for the

optimization of the structure because the AM1 method is fast, requires no complex mathematical calculation ,

and able to predict large molecules and multivalent compounds with good accuracy .

2.9. Fullerene C  and Benzopyrene:

Because of numerous conjugated double bonds and low-level lowest unoccupied molecular orbital (LUMO) ,

fullerene can easily take up an electron and that makes them an apt antioxidant. Studies demonstrated the

biological antioxidant potential of fullerenes   and its activity against carcinogenic agents .

Benzo(α)pyrene (BaP) can be found in  automobile exhaust fumes, in coal tar, in all smoke resulting from the

combustion of organic material including tobacco smoke and in many foods, especially grilled and smoked meats

. BaP destabilizes the genome by making covalent adducts to DNA   and eventually produce cancer . In an

enzymatic reaction, BaP turns into a toxic compound by forming benzo(α) pyrene-7, 8-dihydro diol-9, 10-epoxide

. Studies were done to analyze the chemical reactivity of the carcinogenic BaP 7,8 diol 9,10 epoxide using

semiempirical (PM3) and density functional theory (DFT) methods .

Tavangar et al. examined the interaction of fullerenes with the benzo(α) pyrene 7, 8 epoxide (BaPe) molecule,

using the DFT method .

2.10. Coumarins:

Coumarins acquired attention because of its various therapeutic properties such as antiviral, antimicrobial, anti-

tumor, anti-inflammatory, antidiabetic, anticancer, antioxidant, and many others . Ouattara et al. have considered
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the QSAR method to correlate the structure of the compound and its anticancer activity, mainly for breast cancer

.  The study revealed that the dipole moment is the paramount descriptor for improving anticancer activity.

3. Dipole moment and antifungal activity:

There are wide varieties of fungus that can make infections in human. Fungus of the genus Candida causes

serious illnesses those frequency remains constant despite the development of new therapeutic means, especially

in immune-compromised patients.

3.1. Thiosemicarbazide:

Siwek et al. described the antifungal effect of 4-arylthiosemicarbazides against Candida species . The active

compounds are also distinguished by high dipole moment, highest occupied molecular orbital energy (E ),

favorable binding energy (E ), and an electron-accepting heteroaromatic ring at the N  position.

3.2. Pyrazolopyridines:

Pyrazolopyridines are antidepressant, anti-inflammatory, anti-hyperglycemic, antitumor, antibacterial, anxiolytic

agents, and also used for the treatment of Alzheimer’s diseases, drugs addiction, and infertility . Quiroga et al.

showed the synthesis and antifungal in vitro activity of pyrazolo [3,4-b] pyridines derivatives .   To find the

correlation between structure and antifungal activity, theoretical calculations were done at the semiempirical level

using the PM3 method, and the quantitative parameters like dipole moment and Log P was calculated. As the

dipole moment gives the polarity of the compound, Log P determines its ability to penetrate fungal cell membranes

and to reach the interacting sites . 

3.3. Oxadiazoles:

Ashtekar et al. studied the antifungal activity of 1,3,4-oxadiazole by QSAR approach , to design more potent

antifungal oxadiazole derivatives. This study suggested that molar refractivity and dipole moment have positive

contribution in the antifungal activity of oxadiazole.  

3.4. Beta-Pinene (β-pinene):

Gao et al. investigated the synthesis of  three series of β-pinene derivatives and their fungicidal activities against

three important agricultural pathogens Rhizoctonia solani, Fusarium graminearum, and Botrytis cinerea  . The

structure-activity relationship (SAR) analysis indicated that the compounds with more net positive charge

possessed better fungicidal activity. The study showed that the most important factors affecting the activity were

the geometry and charge distribution, which involved dipole moment.

3.5. Indol-4-one:
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Indole is an aromatic heterocyclic organic compound that has a bicyclic structure, consisting of a six-

membered benzene ring fused to a five-membered pyrrole ring. González et al. designed, synthesized, and tested

a series of indol-4-one derivatives with 1- and 2-(2,4-substituted phenyl) side chains . González-Chávez and

Méndez et al. reported a theoretical reactivity study of Indol-4-Ones derivatives and its correlation with antifungal

activity . This study suggested that there is a correlation between the relative polarity of the compounds and the

antifungal activity.

3.6. Aminobenzenesulphonamide Schiff bases:

Santosh et al. synthesized a series of Schiff bases derivatives from 4-aminobenzenesulphonamide and tested

against the fungi Aspergillus niger and Candida albicans  . Richard et al. conducted  a SAR study on identical

series of compounds to predict more active antifungal agents . 

3.7. Chalcones and Chromanes:

Chalcones are natural compounds that belong to the flavonoid family . These compounds have attracted great

interest due to their wide range of pharmacological properties . They have attracted intense interest because of

their numerous biological activities . In addition, the structure known as dihydrochromane (or tetrahydropyran) is

an important structural fragment of the molecules in many biologically active and natural compounds . In

particular, antibiotic activity has been identified for this fragment . A current trend in the discovery and

development of highly active compounds is the hybridization of two or more active fragments that may present

improved pharmacological activities .

Mellado et al. synthesized a series of chalcones and dihydrochromane–chalcones hybrids and the compounds

were tested against the antifungal activity against B. cinerea and M. fructicola  . The increased polarization of the

carbonyl group led to the increased antifungal activity of the compound against M. fructicola. This study also

presented an increase of antifungal activity of chalcone for M. fructicola with an electron donor substituent on the

ortho position of C .

4. Dipole moment and antibacterial activity:

4.1. Copper (II) complexes with quinolones and nitrogen-donor heterocycles:

Quinolones shows a wide range of antibacterial activities. By targeting essential type II bacterial topoisomerases

, quinolones inhibit DNA replication . They act more effectively in the presence of certain metal ions, like

Cu , Mg   . Several groups reported the synthesis and antibacterial activity of metal compounds with

quinolones .

Deng et al. presented QSAR of a series of Copper (II) complexes with quinolones and nitrogen-donor heterocycles

. Different descriptors relating to electronic characteristics, like dipole moment, HOMO, LUMO, energy

difference, and net charges, were investigated in the correlation analysis. The theoretical calculations indicated that
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net HOMO (Ʃ ) and dipole moment are the most independent parameters affecting the antibacterial activity.

They found a positive correlation, antibacterial activity increases with a dipole moment.

4.2. Thiourea derivatives:

Thiourea derivatives and their transition metal complexes were studied extensively due to their wide range of

pharmacological activities .

Soliman reported QSAR on five N-alkyl substituted thiourea ligands (L) and their [ZnL2Cl2] complexes to

investigate their antibacterial activity against E. coli and P. aeruginosa  .                                 

Different quantum chemical descriptors were analyzed during this study. The decrease of dipole moment, energy

gap and the charge descriptors of these compounds as well as the increase of their molecular polarizabilities due

to the N-alkyl substituents enhanced the antibacterial activities of the thiourea derivatives (L).

4.3. Indolylpyrimidines:

Datar made a QSAR analysis to predict the antibacterial activity of indolylpyrimidine derivatives against

Pseudomonas aeruginosa (PA), a gram-negative pathogen and Staphylococcus aureus (SA), a gram-positive

pathogen . The dipole moment and antibacterial activity of nine selected derivatives are calculated.

4.4. Terpenes and phenylporpanes:

Terpenes and phenylporpanes are the major constituents of different essential oils. Several groups reported the

antibacterial activity   and the antimycobacterial activity of essential oils .

Chavira et al. evaluated the antimycobacterial activity of 25 constituent molecules of essential

oils against Mycobacterium tuberculosis H37Rv and Mycobacterium Bovis AN5 .

Menthol has a higher dipole moment and cymene has the lowest dipole moment. Thymol and carvacrol are the

compounds with lower free energy of solvation. The study demonstrated that the lipophilicity alone is not

responsible for the antimycobacterial activity of the compounds, but this activity is linked to the electronic

characteristics of the phenolic group.

4.5. Quinazolinone:

The quinazolinone derivatives are biologically active compounds . Irfan et al. investigated the structural and

electronic properties and the antibacterial activity of quinazolinone derivatives . The same group synthesized

quinazolinone derivatives as active compounds . The specific compounds exhibited higher dipole moment

(5.1D) than compound (3.6D), revealing that this compound has a higher ability of interaction with the surrounding

medium and more binding ability resulting in superior biological effects.
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4.6. Azole-derived compounds:

The activity of azoles against fungi is based on the inhibition of ergosterol . Azoles also show antibacterial

activity by inhibiting the enoyl acyl carrier protein reductase . Among the azole derivatives, triazole compounds

showed higher antifungal activity , good antimicrobial , and antitumor   activities. Azoles derivatives in

combination with metals are promising to develop new efficient drugs, even against drug-resistant pathogens .

Hurtado et al. reported the synthesis and characterization of new chromium(III) and cobalt(II) complexes derived

from triazole ligands and their antifungal, antibacterial, and cytotoxic activities . The calculated molecular dipole

moment of these compounds showed values ranging from 2.22 to 12.97 D.

4.7. Polyphenols:

Bordes et al. studied the antibacterial activity of 35 polyphenols . Different quantum descriptors like HOMO,

LUMO, dipole moment, the polarizability, the maximal and minimal atomic Mulliken charges, the maximal and

minimal atomic Hirshfeld charges were considered for QSAR analysis. The calculated data described that both

electronic and electric charge (dipole moment, minimum atomic charge (Mulliken)) properties of polyphenols were

important for the explanation of Bacterial Load Difference (BLD) with E. coli.

5. Dipole moment and various other medical disorders

5.1. Hydrazide Analogues:

Hydrazide analogues possess biological activities. Narasimhan et al. reported the synthesis, antimicrobial activity

of substituted benzoic acid benzylidene/furan-2-yl-methylene hydrazides .   The study also showed that the

presence of electron-withdrawing groups (-NO , -Cl, -Br) on aromatic ring improved the antimicrobial activity of

compounds. Dipole moment was the best descriptor for antibacterial activity of substituted hydrazides against S.

aureus.

5.2. Phenothiazine (PTZ):

Derivatives of phenothiazine are highly bioactive and have widespread use as antipsychotropic , antimalarial ,

antimicrobial , antitumor , antitubercular , and analgesic . Bayoumy et al. reported the synthesis,

biological activity, and molecular modeling of phenothiazine derivatives . The most potent compound against

gram-negative bacteria and had the lowest value of dipole moment compared to other compounds .

5.3. Thiazolidine:

The thiazolidine derivatives have a wide range of medicinal applications such as antiviral , antimicrobial ,

anticonvulsant , anti-inflammatory , and antimalarial activities .
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Scientific reports showed that these types of compounds have activity against Gram-positive bacteria and Gram-

negative bacteria .

De Pavia et al. reported the synthesize of 5-arylidene-thiazolidine-2,4-dione derivatives and evaluated their

antimicrobial activity against Staphylococcus aureus ATCC 29213 .

Different descriptors were considered for structural-activity analysis and the only selected descriptor that was not

exclusively related to the benzene ring was the dipole moment. The data showed that active compounds have

lower dipole moment values compared to inactive compounds. 

5.4. Cinchona alkaloids:

Cinchona alkaloids especially were used for treating falciparum malaria .  Warhurst et al. calculated the dipole

moment of different amino alcohol alkaloids . The calculated dipole moment of each active alkaloid was lower

than that of its 9-epimer.

5.5. Tetraoxanes:

Tetraoxanes  are biologically active compounds containing two peroxide groups. Different groups reported the

antimalarial activity of tetraoxanes . Paula et al. calculated the electron affinity, dipole moment, and logP

1,2,4,5-tetraoxanes and analyzed its correlation with activity against Plasmodium falciparum  .

5.6. Chalcones:

Researchers had reported the anti-inflammatory , antibacterial , trypanocidal , antitumoral , antiviral

, and antileishmanial activities   of Chalcones. Souza et al. described the effects of sulfonamide 4-

methoxychalcones against Leishmania amazonensis  .  Different parameters including HOMO, LUMO, electron

distribution and dipole moment were calculated.

5.7. Cimetidine Analogues:

The cimetidine derivatives like ranitidine   and tiotidine , showed a better H  antagonist activity. Young et al.

considered a series of cimetidine analogues to investigate H  receptor histamine antagonist activity by replacing

the cyanoguanidine moiety by other neutral and dipolar groups . The study showed that there was no simple

relationship between antagonist activity and dipole moment alone.

6. Conclusions:

We have described the significance of dipole moment in determining the biological activity of diverse compounds.

Many of the compounds have shown a direct correlation between dipole moment and biological activity.
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