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Synthesis, Characterization, Computational
Analysis And Antimicrobial Assay Of Novel
Naphthyloxy And Naphthylphenoxy Derivatives
Nidhi Singh, Jaya Pandey, Jayashree Anireddy
Abstract: Naphthols are basically naphthalenes containing hydroxyl group. The synthetic reactions on these molecules via Williamson synthesis
produced some diversified biologically active 1-[2-(Naphthalen-1-yloxy)-ethyl], 1-[2-(Naphthalen-2-yloxy)-ethyl], 1-{2-[4-(Naphthalen-1-yloxymethyl)phenoxy]-ethyl} and 1-{2-[4-(Naphthalen-2-yloxymethyl)-phenoxy]-ethyl} derivatives. The reactions were executed via a simple one-pot synthetic route,
using an elementary and efficient catalyst, potassium carbonate. The leading edge of this catalyst is that it is easily available and quite inexpensive, thus
making this method an economical one. The synthesized compounds were spectrally analyzed for manifesting their subsistence and then computational
studies were done for them, predicting their drug-likeness scores. The synthesized compounds were further subjected to anti-microbial assay for
substantiating the results of computational analysis and importance of synthesized molecules.
Index Terms: Antimicrobial assay, computational analysis, drug-likeness, naphthols, potassium carbonate, Williamson synthesis, 1-[2-(Naphthalen-1yloxy)-ethyl derivative, 1-[2-(Naphthalen-2-yloxy)-ethyl derivative, 1-{2-[4-(Naphthalen-1-yloxymethyl)-phenoxy]-ethyl} derivative, 1-{2-[4-(Naphthalen-2yloxymethyl)-phenoxy]-ethyl} derivative.

——————————  ——————————

1. INTRODUCTION
Naphthols are florescent organic compounds with molecular
formula C10H7OH. They are naphthalene homologs of phenol,
with higher reactivity of hydroxyl group than that of phenols [1],
[2], [3], [4], [5]. Owing to this fact the newfangled compounds
were easily synthesized having lower heat of formation for
them. The paper describes the reaction between naphthols
and organohalide compounds using potassium carbonate as
catalyst. The organohalides used were haloalkanes of
pyrrolidine, piperidine and morpholine, reacted with α- and βnaphthol. The chemistry in synthesis of these molecules
involves Williamson synthesis. It involves reaction of an
alkoxide ion with an alkyl halide through SN2 mechanism [6],
[7], [8]. The alkoxide ion formed on treatment with base acts
as a nucleophile that displaces the halide from alkyl halide [9],
[10], [11], [12]. Naphthols were taken as the initial reactant as
it is a metabolite of carbaryl and naphthalene and its
conjugates may covalently bind to important macromolecules
or enter a redox cycle with molecular oxygen thereby
generating reactive oxygen species, which in turn produces
cytotoxic effects [13], [14], [15], [16], [17], [18]. This suggests
better biological potency for the synthesized molecules.The
objective of this work was to synthesize novel naphthol based
derivatives, computationally analyze them for their drug like
properties and to detect their antimicrobial potency. These
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compounds were synthesized via a one-pot synthetic route
using potassium carbonate as a mild, economic and efficient
catalyst. Potassium carbonate was chosen as the driving
catalyst because it is readily available and an inexpensive
compound. In this work, four series of compounds have been
synthesized. First two series (1a-c and 2a-c) involve reaction
of α- and β-naphthol with substituted pyrrolidine, piperidine
and morpholine alkyl halides.α- and β-naphthol in turn produce
alkoxide ion which displaces chloride ion from 1-(2chloroethyl)pyrrolidine
hydrochloride,
1-(2chloroethyl)piperidine
hydrochloride
and
4-(2chloroethyl)morpholine hydrochloride [19], thereby producing
its corresponding naphthyloxy products (Fig. 1).

Fig. 1: K2CO3 facilitated synthesis of substituted naphthyloxy
derivatives.
Third and fourth series involve reaction of α- and β-naphthol
with 4-(Bromomethyl)phenol and alkyl halides. It is a two-step
reaction furnished through one-pot synthesis. Firstly, 4(Bromomethyl)phenol reacts with 1-(2-chloroethyl)pyrrolidine
hydrochloride, 1-(2-chloroethyl)piperidine hydrochloride and 4(2-chloroethyl)morpholine hydrochloride producing phenoxy
ethyl derivatives, which in turn reacts with α- and β-naphthol
fabricating
corresponding
naphthyloxy
phenoxyethyl
derivatives [20] (Fig. 2).The synthesized series constituted
simple, but novel, naphthyloxy and naphthylphenoxy
derivatives which were synthesized with the concept of
showcasing promising antimicrobial potency.
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carbonate (0.207gm.) was added to it and 1.2mmol alkyl chain
[R] was added to the same R.B. flask. The reacting mixture
was refluxed with stirring for 6hrs. at 50-600C. The reaction
progress rate was examined through TLC using solvent
system, methanol:DCM (1:9). After completion of the reaction,
work-up was done using ethyl acetate and water. The final
ethyl acetate distillate was concentrated in rotary evaporator
and finally dark brown colored product was collected.
2.2.2 General Procedure for Synthesis of 1-[ 2-(
Naphthalen-2-yloxy)-ethyl] derivatives (2a-2c):
1mmol β-Naphthol (0.144gm.) was dissolved in 25ml. of dry
acetone in a R.B. flask of 100ml.; 1.5mmol potassium
carbonate (0.207gm.) was added to it and 1.2mmol alkyl chain
[R] was added to the same R.B. flask. The reacting mixture
was refluxed with stirring for 6hrs. at 50-600C. The reaction
progress rate was examined through TLC using solvent
system, methanol:DCM (1:9). After completion of the reaction,
work-up was done using ethyl acetate and water. The final
ethyl acetate distillate was concentrated in rotary evaporator
and finally light brown colored product was collected.

Fig. 2: K2CO3 facilitated synthesis of substituted naphthyloxy
phenoxy derivatives.

2 EXPERIMENTAL
2.1 Material and Methods
All synthesis work was performed in clean, oven-dried Borosil
glasswares. Analytical grade chemicals and reagents were
purchased from Sigma Aldrich and used for this synthesis
work. Reactions were tracked and observed through Thinlayer chromatography (TLC) [21] performed on TLC silica gel
plates with specification 60 F254 by Merck and visualized under
UV illuminator chamber. Melting points were calculated using
capillary tubes in melting point apparatus. 1H-NMR and 13CNMR analysis was performed at 500MHz and 125MHz
respectively, on JNM-ECZ500R/S1 spectrophotometer using
deuterated chloroform as solvent. High resolution mass
spectra were documented using Agilent 6520 (QTOF).Computational analysis of bioactivity scores of the
synthesized compounds was performed through Molinspiration
cheminformatics and the drug-likeness score of the same
were validated by Molsoft software. Antimicrobial assay of the
synthesized compounds was also performed. Agar disc
diffusion method was deployed for anti-bacterial and antifungal estimation of the compounds. Anti-bacterial activity was
evaluated against two bacterial strains: Staphylococcus aureus
(gram positive bacteria) and Proteus vulgaris (gram negative
bacteria). In-vitro anti-bacterial estimation was carried out
using Mueller Hinton agar obtained from Himedia. Anti-fungal
activity was evaluated against Candida albicans and
Aspergillus niger. Whatman no. 1 sterile filter paper discs
(6mm.) were used for compound impregnation. Dimethyl
sulfoxide (DMSO) from Merck was used for preparation of
stock solution of compounds.
2.2 General Procedure for Compound Synthesis
2.2.1 General Procedure for Synthesis of 1-[ 2-(
Naphthalen-1-yloxy)-ethyl] derivatives (1a-1c):
1mmol α-Naphthol (0.144gm.) was dissolved in 25ml. of dry
acetone in a R.B. flask of 100ml.; 1.5mmol potassium

2.2.3 General Procedure for Synthesis of 1-{2-[4(Naphthalen-1-yloxymethyl)-phenoxy]-ethyl}
derivatives
(3a-3c):
1mmol 4-(Bromomethyl)phenol (0.187gm.) and 25ml. acetone
was taken in a R.B. flask and 1.5mmol potassium carbonate
(0.207gm.) was added to it. Then, 1.2mmol alkyl chain [R] was
added to the same R.B. flask. The reacting mixture was
refluxed with stirring for about 4 hrs. at 50-600C. The reaction
progress rate was examined through TLC using solvent
system, methanol:DCM (1:9). After the reaction proceeds to
completion
forming
1-[2-(4-Bromomethyl-phenoxy)-ethyl]
derivative, 1mmol α-Naphthol (0.144gm.) was added to the
same R.B. flask and stirring with reflux was continued for
another 6hrs. at 50-600C. The reaction progress was
monitored through TLC in methanol:DCM (1:9). After
completion of the reaction, work-up was done using ethyl
acetate and water. The final ethyl acetate distillate was
concentrated by means of rotary evaporator and the final dark
yellow precipitate of the product was collected.
2.2.4 General Procedure for Synthesis of 1-{2-[4(Naphthalen-2-yloxymethyl)-phenoxy]-ethyl}
derivatives
(4a-4c):
1mmol 4-(Bromomethyl)phenol (0.187gm.) and 25ml. acetone
was taken in a R.B. flask and 1.5mmol. potassium carbonate
(0.207gm.) was added to it. Then, 1.2mmol alkyl chain [R] was
added to the same R.B. flask. The reacting mixture was
refluxed with stirring for about 4 hrs. at 50-600C. The reaction
progress rate was examined through TLC using solvent
system, methanol:DCM (1:9). After the reaction proceeds to
completion
forming
1-[2-(4-Bromomethyl-phenoxy)-ethyl]
derivative, 1mmol β-naphthol (0.144gm.) was added to the
same R.B. flask and stirring with reflux was further continued
for another 6 hrs. at 50-600C. The reaction progress was
monitored through TLC in methanol:DCM (1:9). After
completion of the reaction work-up was done using ethyl
acetate and water. After three washings, ethyl acetate distillate
was concentrated by means of rotary evaporator and the final
dark brown precipitate was collected, which was subjected to
vacuum drying for obtaining dry amorphous solid.
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2.3 Spectral Analysis
2.3.1 Analysis of 1-[ 2-( Naphthalen-1-yloxy)-ethyl
pyrrolidine (1a):
Dark brown amorphous solid. M.P.: 140-145oC. (IR: KBr, ʋmax.
cm -1): 3040 (C-H hetero str.); 1045(C-O-C str.); 3000-3100(CH aromatic); 1470-1605(C-C aromatic); 2850(ʋsCH2);
2920(ʋasCH2); 1300(C-N str.). (1H-NMR in ppm: 500MHz;
Solvent: CDCl3): δ 6.68-8.058 (m, H aromatic); δ 4.47 (t, -CH2); δ 2.95 (t, -CH2-); δ 2.00 (t, -CH2-); δ 1.92 (m, -CH2-). (13CNMR in ppm: 125MHz; Solvent: CDCl3): δ 153.09, 134.52,
127.78, 126.66, 125.90, 125.68, 125.12, 121.53, 121.43,
105.25, 77.30, 63.65, 53.82, 23.21. (MS, m/z): 241(M+), 143,
98. Anal. Calcd. for C16H19NO: C=79.63; H=7.93; N=5.80;
Investigated: C=79.66; H=7.88; N=5.81.
2.3.2 Analysis of 1-[ 2-( Naphthalen-2-yloxy)-ethyl]
piperidine (2b):
Light brown colored, amorphous solid. M.P.: 145-1520C. (IR:
KBr, ʋmax. cm-1): 3060 (C-H hetero str.); 1030 (C-O-C asymm.
str.); 1250 (C-O-C symm. str.); 2900-3000 (C-H aromatic.);
1450-1600 (C-C ring str.); 2800 (ʋsCH2); 2890 (ʋasCH2); 1340
(C-N str.). (1H-NMR in ppm: 500MHz; Solvent: CDCl3): δ 7.137.75 (m, H aromatic); δ 4.23 (t, -CH2-); δ 2.86 (t, -CH2-); δ 2.56
(t, -CH2-); δ 1.63 (m, -CH2-); δ 1.46 (m, -CH2-). (13C-NMR in
ppm: 125MHz; Solvent: CDCl3): δ 156.86, 134.64, 129.42,
129.05, 127.76, 126.83, 126.4, 123.67, 119.121, 106.80,
77.12, 65.94, 55.16, 25.97, 24.27. (MS, m/z): 255(M+), 143,
112. Anal. Calcd. for C17H21NO: C=79.96; H=8.29; N=5.49;
Investigated: C=80; H=8.23; N=5.49.
2.3.3 Analysis of 1-{2-[4-(Naphthalen-1-yloxymethyl)phenoxy]-ethyl}-morpholine
(3c): Dark yellow colored, amorphous solid. M.P.: 285-2950C.
(IR: KBr, ʋmax.cm-1): 3010 (C-H hetero str.); 1070 (C-O-C str.);
1040 (C-O-C asymm. str.); 1260 (C-O-C symm. str.); 29003000 (C-H aromatic); 1360 (C-N str.). (1H-NMR in ppm:
500MHz; Solvent: CDCl3): δ 6.88-8.10 (m, H aromatic); δ 5.40
(s, -CH2-); δ 7.40 (d, H aromatic); δ 6.70 (d, H aromatic); δ
4.40 (t, -CH2-); δ 2.8 (t, -CH2-); δ 2.52 (t, -CH2-); δ 3.78 (t, CH2-). (13C-NMR in ppm: 125MHz; Solvent: CDCl3): δ 157.7,
155.3, 136.2, 132.5, 127.9, 126.4, 126.1, 125.7, 125.5, 78.2,
73.6, 70.8, 56.8, 54.2. (MS, m/z): 363(M+), 220, 143, 130.
Anal. Calcd. for C23H25NO3: C=76; H=6.93; N=3.85;
Investigated: C=76.03; H=6.89; N=3.86.
2.3.4 Analysis of 1-{2-[4-(Naphthalen-2-yloxymethyl)phenoxy]-ethyl}-pyrrolidine (4a): Dark brown col
ored, amorphous solid. M.F.: C23H25NO2. M.W.: 347.45. M.P.:
278-2820C. (IR: KBr, ʋmax. cm-1): 3020 (C-H hetero str.); 1080
(C-O-C str.); 1045 (C-O-C asymm. str.); 1260 (C-O-C str.);
2900-3010 (C-H aromatic); 1345 (C-N str.). (1H-NMR in ppm:
500MHz; Solvent: CDCl3): δ 6.90-7.80 (m, H aromatic); δ 5.30
(s, -CH2-); δ 7.5 (d, H aromatic); δ 6.70 (d, H aromatic); δ 4.20
(t, -CH2-); δ 2.80 (t, -CH2-); δ 2.20 (t, -CH2-); δ 1.50 (m, -CH2-).
(13C-NMR in ppm: 125MHz; Solvent: CDCl3): δ 157, 156,
134.6, 132.5, 129.5, 129.3, 127.9, 127.7, 126.8, 126.4, 123.7,
118.8, 114.4, 105.8, 77.8, 72, 53, 51.8, 23.5. (MS, m/z):
347(M+), 220, 143, 98. Anal. Calcd. for C23H25NO2: C=79.50;
H=7.25; N=4.03; Investigated: C=79.53; H=7.20; N=4.03.
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minimum inhibitory concentration (MIC) prediction, different
concentration solutions were prepared from this stock solution
(50µg/ml and 30µg/ml.). Whatman no. 1 sterile filter paper
discs were doused with solution for 10 mins. and dried at room
temperature under aseptic conditions. 3.8gm. of Mueller
Hinton agar was accurately weighed and dissolved in 100ml.
distilled water and autoclaved at 1200C for 15mins. for
sterilization process. Autoclaved petri-plates were kept ready
and the prepared media was poured in petri-plates and kept
for solidification and then they were inoculated with test
organism. The entire process of plate preparation was
performed under aseptic conditions. The discs were placed on
plates and incubated at 370C for 24 hours [22]. Ciprofloxacin
was used as positive control, while DMSO was used as
negative control. The minimum inhibitory concentration (MIC)
was calculated using microdilution method [23] at different
concentrations and the result determination was performed in
triplicates and final result was averaged outcomes.A similar
procedure was practiced for anti-fungal activity estimation.
Stock solution (100µg/ml.) of synthesized compounds was
prepared in DMSO and solutions of concentration 50µg/ml.
and 30µg/ml. were derived from the same. Whatman no. 1
sterile filter paper discs were doused in solution for 10mins.
and dried at room temperature under aseptic conditions.
6.5gm. quantity of required Sabouraud dextrose agar was
dissolved in 100ml. distilled water and autoclaved at 1210C for
15mins. for sterilization process. The prepared media was
cooled to 500C.Autoclaved petri-plates were kept ready and
prepared media was poured into it followed by inoculation of
test organism in it. The entire plate preparation process was
accomplished under aseptic conditions. The discs were placed
thereafter, and the plates were incubated at 280C for about 96140hrs. Nystatin was used as positive control while DMSO
was used as negative control. The antimicrobial activity was
measured by measurement of zone of inhibition [24]. The
determinations were performed in triplicates and the results
averaged.

3 RESULTS AND DISCUSSION
The mechanistic steps in synthesis, involve abstraction of
proton from naphthol molecule, using potassium carbonate
thereby generating a nucleophile. The generated nucleophile
attacks the halogenated alkyl chain thereby producing the
required products. This entire mechanism encompasses
Williamson ether synthesis.The synthesized compounds were
obtained in fairly high yields. The yields of the products were
satisfactorily well with maximum yield for 2c and 4c as 92%
and 96% respectively as demonstrated in Table 1 and Table 2.
Table 1: Synthesis of 1-[ 2-( Naphthalen-1-yloxy)-ethyl and 1-[
2-( Naphthalen-1-yloxy)-ethyl derivatives using K2CO3.

2.4 General Procedure for Antimicrobial Assay
Stock solution of the synthesized compounds was prepared in
Dimethyl sulfoxide (DMSO) of concentration 100µg/ml. For
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Table 2: Synthesis of 1-{2-[4-(Naphthalen-1-yloxymethyl)phenoxy]-ethyl}
and
1-{2-[4-(Naphthalen-2-yloxymethyl)phenoxy]-ethyl} derivatives using K2CO3.

The synthesized compounds were examined for their
molecular properties via molecular properties (Table 3)
predictor of Molinspiration cheminformatics software; and for
their bioactivity via bioactivity predictor of Molinspiration
Cheminformatics software (https://www.molinspiration.com)
(Table 4). The drug-likeness of the molecules was predicted
through Drug Likeness predictor of Molsoft LLC software
(https://www.molsoft.com) (Table 4). These properties
validated the therapeutic potential of the synthesized
compounds.Some important molecular properties like logP
[25], polar surface area [26], number of hydrogen bond donors
[27] and acceptors [28]; of the synthesized compounds were
predicted using this software. These molecular properties
showed considerable positive results for good binding affinities
of the compound with the receptors. These properties of
synthesized molecules are summarized in Table 3.
Table 3: Predicted molecular properties of the synthesized
compounds.
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These synthesized compounds were analyzed for their
pharmacokinetic properties and their drug like properties
based on Lipinski’s rule [29]. The MLogP (octanol-water
partition coefficient) is used to calculate lipophilic efficiency of
the drug as it is an important parameter which plays a pivotal
role in drug-distribution in the body [30], [31]. The values of
MLogP for synthesized compounds are in the higher ranges
indicating an oral route for drug delivery. The TPSA (Total polar
surface area) is also an important physico-chemical criterion of
drug likeness. The TPSA values higher than 140 angstorms
tend to be very poor penetrators of cell membrane, and not
likely for drug doses. The lower TPSA values of the
synthesized compound series, indicates greater probability of
the drug permeability through cell membranes. The higher
number of rotatable bonds (n rot b) stipulates the flexibility of
the molecule and thereby suggests its greater binding affinity
with the binding pocket [32], [33]. The lower heat of formation
indicates ease and facilitation of compound synthesis and
demarcates its stability [34], [35] especially in case of 1c, 2c,
3b, 3c, 4b and 4c.The bioactivity of these molecules was
predicted by molinspiration cheminformatics via virtual
screening toolkit miscreen software. This software derives its
drug-likeness properties by analysing six most important drug
classes each from GPCR ligand [36], ion channel modulator
[37], kinase inhibitor [38], [39], [40], nuclear receptor ligand
[41], [42], protease inhibitor [43], [45] and enzyme inhibitor
[46], [47] and thereby predicting a range of -1.50 to +0.50 for
GPCR ligand score; -2.00 to +0.50 for ion channel modulator
score; -2.00 to +1.00 for kinase inhibitor score; -2.00 to +0.50
for nuclear receptor ligand score; -2.00 to +0.50 protease
inhibitor score; -1.50 to +0.50 for enzyme inhibitor score for
the synthesized compounds. The bioactivity predictions of the
synthesized compounds were evaluated against six different
protein structures. As per the molinspiration drug likeness
graphs three categories of bioactivity scores can be predicted
as:
 Bioactivity scores greater than 0.00 indicate considerable
activity.
 Bioactivity scores within -0.50 to 0.00 range indicate
moderate activity.
 Bioactivity scores less than -0.50 indicate inactivity of the
compounds.
To further corroborate the predicted results, exact druglikeness of the synthesized compounds were calculated via
molsoft software. as per molsoft; drug-likeness scores greater
than 0.00 indicate considerable bioactivity or are quite likely to
be further studied as drug molecules.The various bioactivity
scores for GPCR ligand, ion channel modulator, kinase
inhibitor, nuclear receptor ligand, protease inhibitor and
enzyme inhibitor; as well as the drug-likeness scores of the
synthesized molecules are tabulated in Table 4.
Table 4: Predicted bioactivity scores and drug-likeness scores
of the synthesized compounds.
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2c, 3a,4a, 4c (ZI ranging from 5mm. to 10mm.) exhibited minor
activity against Proteus vulgaris with Ciprofloxacin as standard
(ZI = 26 ± 0.25). It was deciphered that compound 1a and 2a
exhibited no activity against gram negative bacteria (Table
5).The results for anti-fungal activity showed moderate
activities for all compounds but exceptionally well activity for
compound 3c and 4c) in both the tested organisms,
Aspergillus niger (ZI = 13±0.15 for 3c and ZI = 13±0.12 for 4c)
and and Candida albicans; almost equalizing the activity of
standard (ZI = 13±0.35 for A. niger and ZI = 12±0.75 for C.
albicans). All other compounds displayed moderate activities
(ZI ranging from 6 to 11mm.), except for 1a and 2a which
showed no activity in case of Candida albicans (Table 6).
Table 6: Antifungal activity of the synthesized compounds.

Depending upon the bioactivity score ranges and druglikeness scores; and upon observance of trends of Table 4, we
can predict the synthesized compounds to possess drug like
properties, which can be further explored for their therapeutic
potential. All twelve compounds demonstrated considerable to
moderate bioactivities, but compounds 1a, 2b and 3b
manifested admirable bioactivity and compound 1b showed
exemplary outstanding drug-likeness scores.The bioactivity of
the synthesized compounds was further validated by
performing anti-microbial assay on them. The results for antibacterial activity of gram-positive bacteria indicated that
compound 1b and compound 3b showed exemplary results
which were comparable to the values of standard drugs.
Compound 1c, 2b, 2c, 3a, 3c, 4a, 4b, 4c showed satisfactory
results and compounds 1a and 2a showed comparatively
lesser anti-bacterial activity, as demonstrated in Table 5.
Table 5: Antibacterial activity of the synthesized compounds.

Thus, the results clearly demarcate the importance of these
small, novel molecules as powerful anti-bacterial and antifungal agents.

4

The results for anti-bacterial activity of gram-negative bacteria
showed that compound 3b (ZI > 20mm.) was found to be a
highly potent molecule, while compounds 1b, 1c, 2b, 3c, 4b (ZI
ranging from 11mm. to 20mm.) manifested lower activities and

CONCLUSION

A series of substituted naphthyloxy prototypes including
naphthyloxy derivatives and naphthyloxy phenoxyethyl
derivatives were synthesized via Williamson synthesis using
elementary, efficient and economic catalyst potassium
carbonate. The synthesized compounds were analyzed for
their spectral data and were further subjected to computational
studies for prediction of molecular properties, bioactivity
scores and drug-likeness scores of the synthesized
compounds via Molinspiration cheminformatics and Molsoft
LLC software. The computational studies revealed that the
synthesized compounds possessed drug like properties and
therefore can be further investigated for their therapeutic
potential. Further, the validation of these compounds through
their antimicrobial assay, proved them to be simple and potent
787
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novel molecules.

ACKNOWLEDGEMENT
The authors are thankful to Amity University Uttar Pradesh,
Lucknow Campus, for providing the facilities for completion of
this work. The authors are also thankful to UPCST (Grant
registration #CST/D-2282/2016) and DST (Grant registration
#CS-176/2013) for their financial support in completion of this
work.

REFERENCES
[1] Lee, S., Choi, E., Baek, Y., & Lee, C. (2019). Morphologybased Banknote Fitness Determination. IEEE Access, 1–
1.doi:10.1109/access.2019.2917514 .
[2] Q. Zhou, M. Lei, J. Li, K. Zhao, Y. Liu, ―Determination of 1naphthol and 2-naphthol from environmental waters by
magnetic solid phase extraction with Fe@ MgAl-layered
double hydroxides nanoparticles as the adsorbents prior
to high performance liquid chromatography,‖ Journal of
Chromatography A, vol. 1441, pp.1-7, Apr. 2016
[3] R. Sreekanth, K.P. Prasanthkumar, M.M. Sunil Paul, U.K.
Aravind, C.T. Aravindakumar, ―Oxidation reactions of 1and 2-naphthols: An experimental and theoretical study,‖
The Journal of Physical Chemistry A, vol. 117, no. 44, pp.
11261-11270, Oct. 2013.
[4] R.N. Boyd, R. Neilson, R.T. Morrison, R. Thornton,
―Theory of Unimolecular reactions,‖ Organic Chemistry,
6th ed.; Englewood Cliffs, and N.J. Prentice Hall eds.,
ACS, pp. 241–242, 1992.
[5] M. Jiang, B.X. Li., F. Xie, F. Delaney, X. Xiao, ―Design,
synthesis, and biological evaluation of conformationally
constrained analogues of naphthol AS-E as inhibitors of
CREB-mediated gene transcription,‖ Journal of medicinal
chemistry, vol. 55, no. 8, pp.4020-4024, Mar. 2012.
[6] S. Marchais-Oberwinkler, P. Kruchten, M. Frotscher, E.
Ziegler, A. Neugebauer, U. Bhoga, E. Bey, U. M llerVieira, J. Messinger, H. Thole, R.W. Hartmann,
―Substituted 6-phenyl-2-naphthols. Potent and selective
nonsteroidal
inhibitors
of
17β-hydroxysteroid
dehydrogenase type 1 (17β-HSD1): design, synthesis,
biological evaluation, and pharmacokinetics,‖ Journal of
medicinal chemistry, vol. 51, no. 15, pp. 4685-4698, July
2008.
[7] E. Fuhrmann, J. Talbiersky, ―Synthesis of alkyl aryl ethers
by catalytic Williamson ether synthesis with weak
alkylation agents,‖ Organic process research &
development, vol. 9, no. 2, pp. 206-211, Feb. 2005.
[8] R.J. Ouellette, J.D. Rawn, ―Ethers and Epoxides,‖ Organic
Chemistry Study Guide: Key Concepts, Problems, and
Solutions, Elsevier, pp. 482-489, 2015.
[9] K. Shibatomi, M. Kotozaki, N. Sasaki, I. Fujisawa, S.
Iwasa, ―Williamson Ether Synthesis with Phenols at a
Tertiary Stereogenic Carbon: Formal Enantioselective
Phenoxylation of β‐Keto Esters,‖ Chemistry–A European
Journal, vol. 21, no. 40, pp. 14095-14098, Apr. 2015.
[10] R.G. Smith, A. Vanterpool, H.J. Kulak, ―Dimethyl
sulfoxide as a solvent in the Williamson ether synthesis,‖
Canadian Journal of Chemistry, vol. 47, no. 11, pp. 20152019, Sept. 1969.
[11] X. Zhang, J. Ren, S.M. Tan, D. Tan, R. Lee, C.H. Tan, ―An
enantioconvergent halogenophilic nucleophilic substitution
(SN2X) reaction,‖ Science, vol. 363, no. 6425, pp. 400404, Jan. 2019.

ISSN 2277-8616

[12] T.A. Hamlin, M. Swart, F.M. Bickelhaupt, ―Nucleophilic
Substitution (SN2): Dependence on Nucleophile, Leaving
Group, Central Atom, Substituents, and Solvent,‖
ChemPhysChem, vol. 19, no. 11, pp. 1315-1330, Mar.
2018.
[13] J. Ajenjo, M. Greenhall, M, C. Zarantonello, P. Beier,
―Synthesis and nucleophilic aromatic substitution of 3fluoro-5-nitro-1-(pentafluorosulfanyl) benzene,‖ Beilstein
journal of organic chemistry, vol. 12, no. 1, pp. 192-197,
Aug. 2016.
[14] M.D. Doherty, G.M. Cohen, M.T. Smith, ―Mechanisms of
toxic injury to isolated hepatocytes by 1-naphthol,‖
Biochemical pharmacology, vol. 33, no. 4, pp. 543-549,
Feb. 1984.
[15] S. Sugahara, K. Fukuhara, Y. Tokunaga, S. Tsutsumi, Y.
Ueda, M. Ono, K. Kurogi, Y. Sakakibara, M. Suiko, M.C.
Liu, S. Yasuda, ―Radical scavenging effects of 1-naphthol,
2-naphthol, and their sulfate-conjugates,‖ The Journal of
toxicological sciences, vol. 43, no. 3, pp. 213-221, Nov.
2018.
[16] K. Chakkaravarthi, K. Gokulakrishnan, T. Suman, D.
Tamilvendan, ―Synthezise, Spectral, Antimicrobial and
Antioxidant Studies of Mannich Bases of Β-Naphthol and
Gabapentin,‖ International Journal of ChemTech
Research, vol. 6, no. 1, pp. 432-439, Jan. 2014.
[17] M. Gangwar, M.K. Gautam, A.K. Sharma, Y.B. Tripathi,
R.K. Goel, G. Nath, ―Antioxidant capacity and radical
scavenging effect of polyphenol rich Mallotus
philippenensis fruit extract on human erythrocytes: an in
vitro study,‖ The Scientific World Journal, vol. 2014, pp.
1-12, Nov. 2014.
[18] P. Priscilla, A.M. Khader, K. Balakrishna, Vinayachandra,
―Synthesis of new 5-naphthyl substituted 1, 3, 4oxadiazole derivatives and their antioxidant activity,‖ Der
Pharma Chemica, vol. 5, no. 2, pp. 24-32, Jan. 2013.
[19] L. Fan, J. Ma, Y.H. Chen, X.Q. Chen, ―Antioxidant and
antimicrobial phenolic compounds from Setaria viridis,‖
Chemistry of natural compounds, vol. 50, no. 3, pp. 433437, July 2014.
[20] N. Kaur, D. Kishore, ―Synthesis of 2-(oxadiazolo,
pyrimido, imidazolo, and benzimidazolo) substituted
analogues of 1,4-benzodiazepin-5-carboxamides linked
through a phenoxyl bridge,‖ Journal of Chemical
Sciences, vol. 126, no. 6, pp. 1861-1867, Nov. 2014.
[21] N. Haridas, S. Sreekumar, C.K. Biju, ―In Silico validation
of Anti-tuberculosis activity in Andrographis paniculata,‖
International Journal of Pharmaceutical Sciences and
Drug Research, vol. 9, no. 4, pp. 201-209, July 2017.
[22] G.A. Idrees, O.M. Aly, G.E. Abuo-Rahma, M.F. Radwan,
―Design, synthesis and hypolipidemic activity of novel 2(naphthalen-2-yloxy) propionic acid derivatives as
desmethyl fibrate analogs,‖ European journal of medicinal
chemistry, vol. 44, no. 10, pp. 3973-3980, Oct. 2009.
[23] E.J. De Beer, M.B. Sherwood, ―The paper-disc agar-plate
method for the assay of antibiotic substances,‖ Journal of
bacteriology, vol. 50, no. 4, pp. 459, Oct. 1945.
[24] J.L Rodriguez-Tudela, F. Barchiesi, J. Bille, E.
Chryssanthou, M. Cuenca-Estrella, D. Denning, J.P.
Donnelly, B. Dupont, W. Fegeler, C. Moore, M.
Richardson, ―Method for the determination of minimum
inhibitory concentration (MIC) by broth dilution of
fermentative yeasts,‖ Clinical Microbiology and Infection,
vol. 9, no. 8, pp. i-viii, Aug. 2003
788

IJSTR©2019
www.ijstr.org

INTERNATIONAL JOURNAL OF SCIENTIFIC & TECHNOLOGY RESEARCH VOLUME 8, ISSUE 10, OCTOBER 2019

[25] J.M. Andrews, ―Determination of minimum inhibitory
concentrations,‖ Journal of antimicrobial Chemotherapy,
vol. 48, no. 1, pp. 5-16, Jul. 2001.
[26] G. Caron, M. Vallaro, G. Ermondi, ―Log P as a tool in
intramolecular hydrogen bond considerations,‖ Drug
Discovery Today: Technologies, Mar. 2018.
[27] S.C. Yam, S.M. Zain, V.S. Lee, K.H. Chew, ―Correlation
between polar surface area and bioferroelectricity in DNA
and RNA nucleobases,‖ The European Physical Journal
E, vol. 41, no. 7, pp. 86, Jul. 2018.
[28] Y. Zafrani, Y, D. Yeffet, G. Sod-Moriah, A. Berliner, D.
Amir, D. Marciano, E. Gershonov, S. Saphier,
―Difluoromethyl bioisostere: examining the ―lipophilic
hydrogen bond donor‖ concept,‖ Journal of medicinal
chemistry, Jan. 2017
[29] ] S. Zheng, S. Xu, G. Wang, Q. Tang, X. Jiang, Z. Li, Y.
Xu, R. Wang, F. Lin, ―Proposed Hydrogen-Bonding Index
of Donor or Acceptor Reflecting Its Intrinsic Contribution to
Hydrogen-Bonding Strength,‖ Journal of chemical
information and modeling, Jul. 2017.
[30] C.M. Chagas, S. Moss, L. Alisaraie, ―Drug metabolites
and their effects on the development of adverse reactions:
Revisiting Lipinski’s Rule of Five,‖ International journal of
pharmaceutics, Oct. 2018.
[31] C.A. Lipinski, F. Lombardo, B.W. Dominy, P.J. Feeney,
―Experimental and computational approaches to estimate
solubility and permeability in drug discovery and
development settings,‖ Advanced drug delivery reviews,
Mar. 2001.
[32] H. Liu, M. Wei, X. Yang, C. Yin, X. He, ―Development of
TLSER model and QSAR model for predicting partition
coefficients of hydrophobic organic chemicals between
low density polyethylene film and water,‖ Science of the
Total Environment, Jan. 2017.
[33] D.F. Veber, S.R. Johnson, H.Y. Cheng, B.R. Smith, K.W.
Ward, K.D. Kopple, ―Molecular properties that influence
the oral bioavailability of drug candidates,‖ Journal of
medicinal chemistry, vol. 45, no.12, pp. 2615-2623, Jun.
2002.
[34] C.M. Tice, ―Selecting the right compounds for screening:
use of surface‐area parameters,‖ Pest Management
Science, vol. 58, no. 3, pp. 269-275, Mar. 2002.
[35] E.J. Prosen, F.D. Rossini, ―Heats of formation,
hydrogenation, and combustion of the monoolefin
hydrocarbons through the hexenes, and of the higher 1alkenes, in the gaseous state at 25-degrees-C,‖ Journal of
Research of the National Bureau of Standards, vol. 36,
no. 3, pp. 269-275, Mar. 1946.
[36] A.I. Dragan, C.M. Read, C. Crane-Robinson, ―Enthalpy–
entropy compensation: the role of solvation,‖ European
Biophysics Journal, vol. 46, no. 4, pp. 301-308, May 2017.
[37] T. Kenakin, ―Theoretical aspects of GPCR–ligand complex
pharmacology,‖ Chemical reviews, vol. 117, no. 1, pp. 420, Feb. 2016.
[38] J.A. Poveda, A.M. Giudici, M.L. Renart, A. Morales, J.M.
González-Ros, ―Towards understanding the molecular
basis of ion channel modulation by lipids: Mechanistic
models and current paradigms,‖ Biochim Biophys Acta
Biomembr, vol. 1859, no. 9(B), pp. 1507-1516, Apr. 2017.
[39] C. Lee, J. Baek, S.Y. Han, ―The role of kinase modulators
in cellular senescence for use in cancer treatment,‖
Molecules, vol. 22, no. 9, pp. 1411, Aug. 2017.

ISSN 2277-8616

[40] Y. Hu, J. Bajorath, ―Exploring the scaffold universe of
kinase inhibitors,‖ Journal of medicinal chemistry, vol. 58,
no. 1, pp. 315-332, Sept. 2014.
[41] M.W. Karaman, S. Herrgard, D.K. Treiber, P. Gallant, C.E.
Atteridge, B.T. Campbell, K.W. Chan, P. Ciceri, M.I.
Davis, P.T. Edeen, R. Faraoni, ―A quantitative analysis of
kinase inhibitor selectivity,‖ Nature biotechnology, vol. 26,
no. 1, pp. 127, Jan 2008.
[42] M.K. Crowder, C.D. Seacrist, R.D. Blind, ―Phospholipid
regulation of the nuclear receptor superfamily,‖ Advances
in biological regulation, vol. 63, pp. 6-14, Oct. 2016.
[43] J.P. Hunt, S.M. Schinn, M.D. Jones, B.C. Bundy, ―Rapid,
portable detection of endocrine disrupting chemicals
through ligand-nuclear hormone receptor interactions,‖
Analyst, vol. 142, no. 24, pp. 4595-4600, Dec. 2017.
[44] A. Eatemadi, H.T. Aiyelabegan, B. Negahdari, M.A.
Mazlomi, H. Daraee, N. Daraee, R. Eatemadi, E.
Sadroddiny, ―Role of protease and protease inhibitors in
cancer pathogenesis and treatment,‖ Biomedicine &
Pharmacotherapy, vol. 86, pp. 221-231, Feb. 2017.
[45] Y. Wang, Z. Zhang, Y. Zhang, C. Yu, ―A real‐time
fluorescence assay for protease activity and inhibitor
screening based on the aggregation‐caused quenching of
a perylene probe,‖ Luminescence, vol. 33, no. 4, pp. 790796, Jun. 2018.
[46] M.B. Kaufman, C. Simionatto, ―A review of protease
inhibitor‐induced hyperglycemia,‖ Pharmacotherapy: The
Journal of Human Pharmacology and Drug Therapy, vol.
19, no. 1, pp. 114-117, Jan. 2012.
[47] M.J. Niphakis, B.F. Cravatt, ―Enzyme inhibitor discovery
by activity-based protein profiling‖, Annual review of
biochemistry, vol. 83, pp. 341-377, Jun. 2014.
[48] M. Jr. Laskowski, M.A.Qasim, ―What can the structures of
enzyme-inhibitor complexes tell us about the structures of
enzyme substrate complexes?,‖ Biochimica et Biophysica
Acta (BBA)-Protein Structure and Molecular Enzymology,
vol. 1477, no. 1-2, pp. 324-337, Mar. 2000.

789
IJSTR©2019
www.ijstr.org

