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ARTICLE INFO ABSTRACT

Article history: N-(4-hydroxy-3-(morpholino(phenyl)methyl)phenyl) éamide andN-(4-hydroxy-3-(piperidin-
Received 1-yl(phenyl)methyl)pheyl) acetamide derivatives have been synthesizadhree compone
Received in revised form reaction of paracetamol, morpholine/piperidine &edzaldehydeThe reaction afforded the
Accepted novel paracetamol derivatives in moderate to goettyThe solid state structures of sc
Available online compounds were examined by X-rays from single aigsThe DNA-binding interactions of tt

compounds with calf thymus DNA have been studiedUy; visible, emission studies. T
results were observed hypochromism with red shifgesting that compounds énact with C”

KeyWOfd_Si DNA via intercalation. The proteihinding interactions of the compounds with BSA v
synthesis examined by fluorescence, synchronous fluorescanceUV, visible spectroscopic metho
Paracetamol All the compounds have the ability to bind strongith BSA anda static quenching mechani
Mannich Base was observed.

CT DNA 2019 Elsevier Ltd. All rights reserved
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1. Introduction literature survey reveals that paracetamol andétivatives are

] ) ) ) ) reported as anticancer, antibacterial, antifunggné and anti-
Multicomponent reaction (MCR) is one in which three  grhyihmic drugs.[17, 18] The amino methylated paramol
more reactants react in one reaction condition prafluce a  gerjvatives have been used as intermediates fosythehesis of

product with substantial portion of all reactants, P] The  5iarial drugs such as amodiaquine, isoquine atemisinin
organic chemists paid more attention in designiey MCR and etc.[19-21]

enlightening known MCR due to single step reactigin high

atom economy and multiple bond forming energy.[B, The Deoxyribonucleic acid (DNA) is a significant tgical
MCR is environment friendly process due to reductio the macromolecule which plays a central role in lifeqasses.[22] It
number of steps, time of labour, energy consumptimst and iS involved in protein biosynthesis and carrieseatial genetic
isolation of intermediates from product[5, 6] Seae information. Nowadays, study of DNA binding interaction
carbon-heteroatom bond and carbon-carbon bond rigrmi provides new architectural motifs with high potenpabbes for
reactions have been achieved using MCR in one[7p@& One chemical biology and therapeutic agents againstyniaNA-

such reaction is formation of methylated produdisough related diseases.[23, 24] The literature reveads mhany small
Mannich reaction[9].[10] molecules like cisplatin, polyamides, polyimidesctaiedral
) ] ) ] _ metal complexes and peptide nucleic acid etc WNONA.[25-

The Mannich reaction is most important for prodgcin 27] Generally, the type of binding with DNA is of fundemtal

secondary and tertiary amine derivatives via cosdgon importance to take benefit of the drug- DNA binding.
reaction between active hydrogen compound, amine remd

enolizable aldehyde.[11] The obtained amine devigatare used Serum albumin has been established as the mosidabu
for synthesizing biologically active compounds,urat products ~ protein in the circulatory system and serves adgaifgant
and reactive intermediates.[12, 13] The chiral Melrases are medium for transporting several endogenous and enamgs
important tool for synthesis of pharmaceutical ag§id] The  substances.[28, 29] Bovine Serum Albumin (BSA) stradly

optically active amino alkylated products act asetent ligands resembles to human serum albumin (HSA) and so iteiagh
in asymmetric catalysis.[15] widely used to many of the biological studies. [3Due to the
. . . . stability, availability and astonishing binding eajty of serum
Worldwide, paracetamol is used as an antipyretid anghymin it acts as a model for drug protein bigdinteraction

analgesic.[16] The benzene ring of the paracetamdergoes 5,4 gives the fundamental understanding of duteprainding
electrophilic substitution reaction due to the pres of two interactions.[31]

activating groups namely, hydroxyl and amide groupke
Previously, the paracetamol was amino methylatechgusi

_ B , piperidine and formaldehyde (Scheme 1). Generakyrtie of
* Corresponding author. Tel: +91-9994091886; Enmaitjin86@gmail.com. Mannich reaction depends on the nucleophilicitytief active
hydrogen compound and basicity of the reaction omadB2]
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The amino methylation commonly occurs in phenMennich
base.[33] But the amino aryl methylation is aidifft process
due to the sterically hindered phenyl group.[34] éHere report
the novel amino arylated paracetamol derivativesa vi
multicomponent reaction of paracetamol, secondamine and
benzaldehyde (Scheme 2). The reaction was carriegvithwout
any catalyst under simple reaction conditions. THeDNA and
BSA binding properties of the compounds were studisithg
UV, visible and fluorescence spectroscopic studies.
Previous work [20]:
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Scheme 1Synthesis of amino methylated Mannich base.
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Scheme 2.Synthesis of amino aryl methylated Mannich base.
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2. Results and Discussion

2.1. Synthesis

Journal of Molecular Structure

In order to improve the yield of 4a, the reactionswa
carried out in various solvents such as ethanapr@panol,
acetonitrile, DMF, DMSO and water at various heating
conditions (Table 1, entry 5-11). The reaction w#bpropanol
as solvent at reflux condition afforded 4a in 72%Ild/ Thus
entry 6 in Table 1 was found to be the optimizeddigon for
the formation of the amino aryl methylated paracetada.

In order to examine the scope of the reaction, the
reaction with para-substituted benzaldehydes wagdaout and
the effect of substitution of aldehyde was studiedhie amino
aryl methylated paracetamol derivatives (Table 2). Both
electron withdrawing groups such as chloro and brgmups
and electron releasing groups such as methyl anthaxe
groups in substituted benzaldehydes afforded tmeegponding
product in moderate to good vyield (Table 2, entrb)l
Benzaldehyde substitution with electron withdrawingups
resulted in good yield compared to electron reteagjroups,
obviously due to the higher electrophilicity of thaectron
withdrawing groups substituted in benzaldehyde. Tlaeap
substituted chloro benzaldehyde afforded the produchigh
yield 77% (Table 2, entry 2).

Table 2. Scope of Aldehyde.

H
X (Nj o /©/OH o OH X
O + + E—— O O
: N A N iPrOH A
1 2 3 reflux, 24 h 4a- “ENJ

Initial effort was focussed on examining the assemif

paracetamoB, piperidine2 and benzaldehyd& and to obtain
amino aryl methylated paracetamol. Initially, axtare of
paracetamoB, piperidine2 and benzaldehydg were taken in a
mortar and ground well without solvent for 1 h. Tkadtion did

Entry X Product Yield (%)
1 H 4a 72
2 Cl 4b 77
3 Br 4c 73
4 Me 4d 67
5 OMe 4e 64

not afford any product (Table 1, entry 1) and th&tane of the
above reactants was stirred using methanol as argolat room
temperature for 48 h and the reaction did not tesulany
product (Table 1, entry 2). When the mixture of thactants was
refluxed using methanol, the reaction afforded theected
product 4a in 65% yield (Table 1, entry 3). Thetimgpof the
reactants in neat condition at 85 °C afforded tfoalyct4a but
only in 40% yield (Table 1, entry 4).

Table 1. Optimization of reaction conditions in condensatidn
paracetamol, piperidine and benzaldehyde.

H OH
A e 00
o (A A,
H H
N
1 2 3

* ()

_
Conditions*

Entry Solvent Temperature Time Yield (%)
c) (h)
1 Neat (Grinding) RT 1 n.d.
2 Methanol RT 24 n.d.
3 Methanol 65 24 65
4 Neat 85 8 40
5 Ethanol 78 24 68
6 Isopropanol 82 24 72
7 MeCN 80 24 61
8 DMF 85 24 67
9 DMSO 85 24 65
10 Water 85 24 n.d.

Reaction conditions*: 1 (5 mmol), 2 (5 mmol), an63nmol) in solvent (15
mL) at the indicated temperature. Yield is tabuata.d. = not detected

The compound 4a is characterized by spectroscopic
techniques such as FTIRH NMR, *C NMR, DEPT-135 and
HRMS and the structure was unambiguously confirmesdiigle
crystal XRD (Figure 1).

Reaction conditions: 1 (5 mmol), 2 (5 mmol), ane&mol) in solvent (15
mL) at the reflux condition. Isolated yield is tddued.
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The reaction scope was further tested by repladieg t
secondary amine piperidirzwith morpholine5. Interestingly,
when the mixture of paracetamdd, morpholine 5 and
benzaldehyd@® was refluxed in isopropyl alcohol, it afforded the
corresponding amino aryl methylated prodGetin 74% yield
(Table 3, entry 1). The structure 6& was characterized by
spectroscopic techniques such as FTIR,NMR, *C NMR,
DEPT-135 and HRMS and the structure was confirmedrigfes
crystal XRD (Figure 2).

The reaction is extended to various substituted
benzaldehydes and it was found that morpholine @érthe
corresponding products6d - 6f in higher yield (Table 3)
compared to piperidine4& - 4¢. Similar to piperidine,



morpholine also showed the same substitution effetiie yield
of the products (Table 3, entry 1-6).

Table 3. Scope of Aldehyde.

H
37 oL
" o ——
N [Oj * Z i-PrOH
Reflux 24n
3 5 1

JNeee
6a - 6f [Oj

Entry X Product Yield (%)
1 H 6a 74
2 F 6b 80
3 Cl 6C 78
4 Br 6d 77
5 Me 6e 70
6 OMe 6f 67

Reaction conditions: 1 (5 mmol), 2 (5 mmol), anl 8{mol) in solvent (15
mL) at the reflux condition. Isolated yield is tddued.

Figure 2: Single crystal XRD of 6a,6b,6d& 6e
2.2. Crystal structure

The X-ray analyses showed that the molecules of al

five Mannich baseda-4ehad slightly different structures. There
is only one molecule in an asymmetric unit cellaih the five
Mannich bases. The molecules of these Mannich bagebuilt
up from three five and six-membered rings connetitedugh a
methine carbon in the molecule and there not iglsiplane. The
ORTEP diagrams o#a-4e are shown in figure 1 and the
hydrogen bonds in the structures were listed inete®8.The
supramolecular aggregation for the Mannich basesleun
discussion is simple. Mannich basgks4ewhich could form an
intermolecular hydrogen bond via O-H...N1. The cyclicef
membered motifs were formed for all the compounds sirown

The best packing view for Mannich basés-4e is obtained
along the b-axis forming a tunnel like structurg)(S

The Mannich basea & 6e contains only one
symmetry independent molecule is shown in figure BBe
intramolecular hydrogen bonding was formed five merat
cyclic ring motif and the structure was shown alongxé in
figureS7 and the data were listed in table S4.arhile nitrogen
and oxygen atom are formed intermolecular hydrolgending
and the structural motif shown along a axis in fgg88. The one
dimensional linear chain structure was generatedsétbuilding
blocks are tailored alternatively and propagatd8@slimensional
supramolecular architecture along a axis as shovigure S9.

The crystal structure6b & 6d obtained with two
independent molecules per unit cell. The displacenedipsoid
plots of the structures were illustrated in figuréSand their
hydrogen bonding data were recorded in table S=eotisply. In
the crystal structure the five member cyclic ringtiin(Figure
S11) were formed through intermolecular hydrogendian via
0O(4)-H(4)...N(3). The intermolecular hydrogen bondiags
extended to form supramolecular zig-zag motif witlapip set
R22(16). The cumulative effects result in one digienal
supramolecular chain propagating along a axis asstin figure
S12. Stability of the crystabd was enhanced by C-Hux..
interactions as it is demonstrated in figure S13.

2.3. DNA Binding Studies
2.3.1. DNA Absorbance Titration

The interaction between DNA and compounds were
studied using UV visible spectroscopic methods. The
intercalative mode of binding occurs via strong ckitag
interaction between the compound and DNA base paidiniga
to hypochromism. The changes in the absorbancerapetall
the compounds4@ - 4e & 6a- 6f upon addition of increasing
concentration of DNA were monitored. The absorption of
compoundd#la - 4e and6a - 6fat various concentrations of
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DNA are displayed in Figure 3, S1 &S2 and the abgmpt
parameters are shown in Table 4

240 240 260

260
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Figure 3. Adbsorbance titration spectra of compounds 4a & 6a

Table 4. Binding constant, Stern Volmer constang,,land AG
values of CT DNA-compound systems.

in figure S1. The principal motifs in the crystarustures of

compounds L1&L2 are constructed by means of N1B-H...O1A

and N1A-H...O1B and form a one dimensional linear stnect
with graph set of R22(16). Inter and intra moleculzd

supramolecular motif structure was shown in figur& S2. The
formation of the two-dimensional supramolecular ctiee in the

Mannich basedc-4ewere readily analysed in terms of the amide

as the basic building block. A pair of intermoleculd(2)-
H(2)...0(2)#1 and N(2)-H(2)...0(2)#1 hydrogen bonds

Mannich basedc-4e generates a zig zag structure (Figure S3).

Compounds Kx -AG kJ Ky x10° Kapp
10° M* mot* M x16 m*
4a 10.54 34.94 3.79 2.49
4b 8.13 34.29 3.27 2.02
4c 9.77 34.75 3.73 2.40
4d 15.36 35.89 3.85 2.90
4e 20.50 37.01 3.95 2.95
6a 9.10 34.57 3.03 1.98
6b 6.05 33.54 2.80 1.89
in 6¢C 6.30 33.64 2.96 1.91
6d 7.75 34.17 3.02 1.92
6e 9.89 34.78 3.64 1.99
6f 10.91 35.03 3.81 1.20
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[DNAJ/e_-£ (10™°M*cm)

4
Then- n* absorption band of the compountls- 4eand6a -
6f are shifted to ~2 nm bathochromic shift with hypachism.
The observed hypochromism suggests that the arome
chromophore of the compoundéa(- 4eand6a - 6f) interact
with CT DNA via intercalative mode of binding. [35]Th&nding
constant values are calculated from Wolfee-Shimeguration
:[36]

[DNAJ/( &4 &) = [DNAJ/( &5 &) +1/kbEs- &) @

Where [DNA] is concentration of DNAg, is the
extinction coefficient of compound for a particuldNA
concentrationg; is the extinction coefficient of free compound,
andg, is the extinction coefficient of compound complexXully
bound form. The binding constant value is obtaifiesn the
ratio between the slope and intercept of plot [DN&]J#] versus
[DNA] (Figure 4) .
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Figure 4. Wolfee-Shimmer plots of compounds 4a -4e and 6a- 6

All the compounds binding constant values are alrawsilar
to EB binding constant (¢ 1.23 x 16 M™) suggesting that all
the compounds act as intercalators .[37] The gtheaf binding
DNA with compounds was compared using ¥alues of
compounds. The high value of, Kndicates the high affinity
towards DNA. The order of binding constant is 4e > 4dla >
4c > 4b and 6f > 6e > 6a>6d > 6c > 6bsThiveals that the
electron releasing group present in the aromatiormbphore
increases the strength of binding with DNA to a greatdent
compared to the electron withdrawing groups. The &rergy

change AG) for DNA- compounds was calculated using the

following equation:
AG =-2.303 RT log K 2

-AG value of compounda - 4ewas found to be 37.01 kJ mol
! - 34.28 kJ mét and 35.02 kJ mdl— 33.54 kJ mo! for 6a - 6f
This suggests that compounds - DNA intercalation mofle
binding is a spontaneous process.

When comparing théa & 6a compounds4a shows that high
binding constant value. Due to the steric effectnwrpholine
ring intercalating efficiency was enhance for #faecompound.

2.3.2. Ethidium Bromide Displacement Assay

The effective technique to study the mode of bigdih
the compounds with DNA is fluorescence quenching asseng
EB-bound DNA. EB is an intercalative indicator andoitms a
soluble complex with DNA emitting an intense fluorasoe
While adding a second intercalator to this soluti®@B is
replaced from EB-bound DNA thereby reducing the intgnsf
fluorescence of the system. [38] The fluorescemeetsa of EB
bound to DNA in the presence of compoudds- 4eand6a - 6f
are shown in Figure 5, S3 & S4.
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Figure 5. Emission spectra compounds 4a & 6a in EB-DNA system
(Aex=520 nm, excitation slit=5nremis slit= 5nm), and Fluorescence
intensity athemi 608nm for compounds(®1))

that the EB was replaced by the compounds and EBoigng
from hydrophobic environment to an aqueous envirmf39]

At 598 nm the increase in concentration of compoutals 4e
shows hypochromism up to 67%, 63%, 66%, 67% and 71%
respectively with bathochromic shift 10-15nm. Thenpounds

6a — 6fexhibit hypochromism up to 61%, 58%, 60%, 61%, 65%
and 65% with a red shift of 10-15 nm. The fluoreseen
qguenching was analysed by Stern Volmer equation 44D,

Fo/F =1 +K[Q] @)

Where K and F is the emission intensity in the absence
and presence of the quencher, [Q] is the concemtratif
quencher, K, is the Stern Volmer quenching constant angiK
the slope that is obtained from a plot gfF-versus [Q] (Figure
6).
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Figure 6. Stern Volmer plots of compounds 4a - 4e and@a -

The Stern Volmer quenching constantjKvalues for
4a - 4ewere found to be 3.95x101™ - 3.27x16 M and for6a
- 6f itis found to be 3.81 xfm™ - 2.80 x16 M . A high
value of K, indicates a greater binding ability towards DNA.
Among these series 4 and4 and6f have high binding ability
with DNA. Furthermore, the apparent DNA binding constant
(Kapp Was calculated from the following equation :[42]

ke [EB] = Kapp [Complex] 4)

Where [complex] corresponds to 50% reduction of
emission intensity of EB - bound DNA, angd< 1.0 x 10 M ™,
[EB] = 5 uM. The Ky,p value of the compoundda — 4eare 2.49
x10°M™*, 2.02x 10M™, 2.40x 16M™*, 2.90 x 16 M™, 2.95 x
10° M respectively and foBa - 6f are 1.98 x 1OM™, 1.89 x
1°M™, 1.91 x 16M™, 1.92 x 16 M™, 1.99 x 16 M™, 1.20 x16
M™ respectively. The higher values for compouddsand 6f
indicate that these compounds bind to DNA by intetiaia

2.4. Protein Binding Sudies
2.4.1. UV Visible Spectral Sudies

The UV visible spectroscopic studies are used to find
the structural changes of proteins and to exantieeptrotein —

The emission intensity was decreased while adding theompound  binding nature. The two types of quenching

compounds4a - 4e & 6a - 6f) to EB- DNA system suggesting

mechanism were involved, which are classified as mynand



Absorbance

Intensity (a.u)

static quenching mechanism.[43] The static quergchi

Table 5. BSA binding parameters of the compounds 4a - 4e &

mechanism refers to compound - fluorophore compleX6a - 6f.
1 i i i t
;Iormatlth)n. Th((ej dynam|cd guench!ng . miChamSmet refeﬁs t Compound K K m ;. G
uorophore and compound interaction in the exciéate. The CFMY  x102M1s?  x10PM™: k3 mol®
absorbance spectra of BSA with the addmon_c_)f awmpls 4a- 4a 3.83 3.83 3.82 0.83 38.19
4e & 6a — 6) are shown in Figure 7. The addition of compound  4b 2.27 2.27 3.35 0.77 -37.86
to the BSA solution reveals hyperchromism without ahift in 4c 2.58 2.58 3.74 0.84 -38.13
the wavelength. This suggests that in all the comgsu 4d 4.34 4.34 4.23 0.90 -38.44
hing is initiated by the static quenching na@dtm de 551 551 4.55 0.96 -38.63
quenching y a g - 6a 2.61 2.61 3.29 0.76 -37.80
; 6b 1.44 1.44 2.68 0.64 -37.29
2.4.2. Fluorescence Sudies of BSA bc 189 188 298 0.64 3755
The emission spectra of BSA with various gd g% g% 2-5 g-gg '2;-3(;
; H e . . . . -30.
concentrations of compounds- 4eand6a - 6f are shown in of 383 383 414 0.90 3839

Figure 8, S4 & S5
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Figure 7. UV visible spectrums of BSA and compounds 4ade 6a-6f
with BSA.
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Figure 8. Emission spectra compounds 4a & 6a with B&k=280 nm,
excitation slit=2.5nm, emission slit=2.5nm), anddfescence intensity at
emission 350 nm for compoundg.{8))

While increasing the concentration of compounds, th
intensity of emission spectrum of BSA gradually éases from
73% - 55% forda - 4eand from 66% - 45 % foBa - 6f with a
hypsochromic shift of 2-3 nm. This suggests thdt the
compounds bind with BSA effectively and the fluoresme
quenching is defined by the Stern—Volmer relatidd ;[45]

Fo/F = 1 + Karo[Q] =1 +K.[Q] ®)

_ log[(FO-F)IF]

Where K and F are the emission intensity in th %

absence and presence of the quencher, [Q] is theentration of
quencher, K, is the Stern—Volmer constant ang, I§ the slope
that is obtained from a plot of/F versus [Q] (Figure 9). Kis
bimolecular quenching constant ands the average lifetime of
BSA. Figure 9 shows the Stern Volmer plotsdaf- 4eand6a -
6f and K, and K, value are displayed in Table 5.

The obtained Kq values of compounds 4a - 4e (%.51
1012 M-1 s-1 - 2.27 x 1012 M-1 s-1 ) and 6a - 63.8§3 x 1012
M-1s-1-1.44 x 1012 M-1 s-1) are two-fold high2rn(1010 M-
1 s-1) than the maximum value possible for diffastontrolled

quenching.[46] These fvalues suggest that all the compounds
follow the static quenching mechanism. Thg Walues show that
4e (5.51x 16 M™) and 6f (3.83x 16 M™) have high binding
affinity towards BSA.

6a

10 50 10 20 30

[fg . 4e]3:M [6a - 6f] uM
Figure 9. Stern Volmer Plot of 4a- 4e and 6a- 6f.

40 50

2.4.3. Binding Constant and Number of Binding Sites

Generally small molecules bind with sets of equivakites
on macromolecules, with the equilibrium betweenltbend and
free molecules analysed according to the Scatcleguhtion
[47]

log[(Fo-F)/F] = log K + n log[Q] (6)

Where K is the binding constant and n is the numifer
binding sites respectively. The value of K and alues are
determined from the slope and intercept of log-[(B/F] versus
log[Q] . The Scatchard plots of compountts - 4eand6a - 6f
are shown in Figure 10 and the resultant bindingstzont K and
number of binding sites is shown in Table 5.

0.6

0.2

log[(FO-F)/F]

-5.2 -5.0 -4.8 -4.6

log[6a - 6f]

52 50 48 44 42

log[4a - 4e]

-4.6 -4.4 -4.2

Figure 10. Scatchard plots of compounds 4a- 4e and 6a- 6f.

The order of binding constant valuestat - 4e(4.55 x 16 M™
-3.82 x 16 M) and6a - 6f(4.14 x 16M™- 2.68 x 16 M™) are:
4e > 4d > 4a > 4c > 4b and 6f > 6e > 6a > 6d > @h>The
values of n for all the compounds around 1 indi¢htd all the
compounds have a single binding site in BSA .[48]

The free energy changes were analysed when the comtpou
bind with BSA and are shown in Table 5. Th@& values ofa -
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4eare from -38.63 kJ mdto -38.19 kJ met. TheAG values of
6a — 6f are from -38.39 kJ mioto -37.29 kJ mél. Negative

Negative values oAG indicate that CT DNA and BSA binding
with all the compounds are spontaneous and favombleess.

values ofAG suggest that binding process of all the compounds

are spontaneous and favourable process .[49]
2.4.4. BSA Conformational Analysis

Synchronous emission spectroscopy gives informatiorthe
molecular environment in the vicinity of tyrosinedatryptophan
residues present in the BSA. The fluorophore charistic AL
value is 15 nm for the tyrosine residues and 6Gaomiryptophan
residues.[50] The Synchronous emission spectra A Bvith
various concentrations of compounds are shown iar€ig1, 12
& S7- S10. In the synchronous fluorescence spextra. = 15
nm, in the BSA solution, increased addition of coomus4a -

4e and6a - 6f exhibit the hypochromism of 61% - 45% and

48% -31% respectively with 2-3 nm bathochromiétshn the
AL = 60 nm spectra, decreased fluorescence inyensst

4. Experimental Section

4.1. General Procedure for the Synthesis of 4a - 4e and 6a - 6f

The optimization of the reaction and results aesented in
Table 1-3. 5 mmol of paracetam®lwas dissolved in isopropyl
alcohol solution. To this solution 5 mmol amine p@dine 2
/morpholine5) was added followed by drop wise addition of 5
mmol benzaldehyd#&. The resulting solution was refluxed for 24
hours. The reaction completion was monitored by TO®Qe
solvent was removed under reduced pressure and wasgtied
distilled water and acetone.

4.2. DNA Binding Studies

UV visible absorption titration was carried out fol #ie

observed fodta — 4efrom 70% to 59% .and it is from 61% to compounds at a concentration oful with incremental
51% for6a — 6fwithout any significant shift. The intensity of the addition of CT DNA (5-30uM in sodium phosphate buffer

fluorescence is quenched for both the tyrosine @myptophan
residues.

2
— BSA — BSA|

Intensity (a.u)
s
Intensity (a.u)
=
S

0
290 300 310 320 330 285 300 315 330
Wavelength (nm) Wavelength (nm)

Figure 11 Synchronous Fluorescence spectra of BSA - comgmda & 6a
with AA= 15 nm.

— BSAl
— 5uM
—10uM
—15uM
—20M
—25,M
—30M
—35,M
— 40 M
——45M
——50 M

Intensity (a.u)

315 330 345 360 375 315 330 345 360 375 390
Wavelength (nm) Wavelength (nm)

Figure 12 Synchronous Fluorescence spectra of BSA - comimda & 6a
with A= 60 nm.

These results indicate that conformation changesiease in
hydrophobicity of the environment and decreaséégolarity of
the fluorophore have occurred.[51, 52]

3. Conclusion

In conclusion, the simple and one pot multi-comptne

procedure has been described for the synthesismiricaaryl

methylated paracetamol derivatives. Variation in oseary
amine afforded all the products in moderate to gpietd. The
mechanism of the amino aryl methylation of paraoeiahas
been explained. The compounds are interacting withDBDIA

via intercalation mode of binding and confirmedotgh UV
visible and EB displacement assay studies. Theirmgndonstant
values were determined. The increasing order of DN#dihg

ability is 4b < 4c < 4 a < 4d < 4e; 6b < 6¢ < 6 Ba< 6e < 6f.
Further, the compounds bind with BSA through stataden of
binding. The binding constant values show that BSAdinig

ability with compounds is in the order 4b < 4c <4 4d < 4e; 6b
< 6C < 6 d < 6a < 6e < 6f. The confirmation anaysf BSA
protein binding results revealed that the compouaifisct the
microenvironment around the tryptophan and tyrosgsdues.

solution, pH~7.2). The purity of the CT DNA was confirmed by
absorption ratio of CT DNA at 260 and 280 nm whichs wa
found to be 1.9:1 indicating it is sufficiently &drom protein.
The concentration of CT DNA was calculated from thevkn
molar extinction coefficients(= 6600 M* cm™) and absorbance
intensity at 260 nm. Ethidium bromide (EtBr) dis@aent
studies were carried out by monitoring the changesthie
fluorescence intensity at excitation and emissionelengths of
525 and 602 nm upon increasing the concentratibn o
compounds éa - 4e & 6a - 6f from 5 -50uM in an aqueous
solution of the EtBr-DNA.

4.3. Protein Binding Sudies

In the protein binding studies, the excitation wawegth of
BSA at 280 was fixed and the emission changes werétonec
at ~348 nm using BSA (0.pM) solution prepared in phosphate
buffer (pH ~7.5). 2.5 mL of BSA solution was titrated with
various concentrations (5 - @idl) of compoundgla - 4eand6a -
6f. Synchronous fluorescence spectral studies withdifferent
A\ values of 15 and 60 nm were carried out with similar
concentrations.

4a: White, Solid, m.p. 210 °Cg]p*® = 0.40° at C=0.5 in
MeOH, FTIR (KBr) vpmax (cmi®): (N-H) 3270, 1555, (O-H) 3149,
(Ar C-H) 3086, (Ali C-H) 2936, 2816, 1443, 1373, (C=@pZ,
(C-0) 1251, (C-N-C) 1149, 1092, 1065, 1036,1018;NMR
(400 MHz, DMSO-4g : D,O (~ 20:1 v/v))3/ ppm: 11.07 (s, 1H),
9.63 (s, 1H), 7.40 (s, 1H), 7.38 (s, 1H), 7.23-7.33 %), 6.65
(d, J = 8.40 Hz, 1H), 4.57 (s, 1H), 2.30-2.51 (t, 4H93 (s, 3H),
1.11-1.53 (m, 6H)’ C NMR (400 MHz, DMSO-¢: D,0 (~ 20:1
viv))d/ppm.: 167.93 (C=0), 152.12 (C-O) , 128.59 (N-C),
141.44, 131.57,129.00, 128.59, 127.74, 127.17,21201L19.67,
116.23 (Ar-C), 72.60 (Methine), 52.53, 26.11 (P24.18
(Methyl); HRMS (m/z): [M-H] Calc: 323.18 found: 3222

4b: White, Solid, m.p. 185 °Co]*° = 1.00° at C=0.5 in
MeOH, FTIR (KBr) vpmax (cmi®): (N-H) 3227, 1559, (O-H) 3139,
(Ar C-H) 3067, (Ali C-H) 2927, 2816, 1456, 1386, (C=1Bp9,
(C-0) 1258, (C-N-C) 1152, 1108, 1091, 1058, 1036)8106H
NMR (300 MHz, DMSO-¢ : D,O (~ 20:1 v/v)$/ ppm : 10.70 (s,
1H), 9.61 (s, 1H), 7.39 (d, J = 1.50 Hz, 1H), 7.31)(¢,7.80 Hz,
2H), 7.24 (d, J = 8.70 Hz, 1H), 6.64 (d, J = 8.70 H#),2.09 (d,
J = 7.80 Hz, 2H), 4.49 (s, 1H), 2.45 (m,4H), 2.24 {8),3.73-
1.95 (m, 6H);"* C NMR (300 MHz, DMSO-¢ : D,O (~ 20:1
viv))d/ppm: 167.47 (C=0), 151.02 (C-O) , 136.10 (C-ClI),
131.03 (N-C), 140.10, 128.86, 128.26, 127.32, 11,9139.09,
115.51 (Ar-C), 70.54 (Methine), 52.60, 23.64, 20(B6), 23.09
(Methyl); HRMS (m/z): [M+H] Calc: 359.14 found: 358%.1



4c: White, Solid, m.p. 192 °Ca,* = 0.00° at C=0.5 in
MeOH, FTIR (KBr) vimax (ci™): (N-H) 3250, 1548, (O-H) 3144,
(Ar C-H) 3078, (Ali C-H) 2916, 2849, 1447, 1364, (C=1Bp9,
(C-0) 1242, (C-N-C) 1158, 1108, 1069, 1053, 1042710
NMR (500 MHz, DMSO-¢ : D,O (~ 20:1 v/v))3/ppm: 10.77 (s,
1H), 9.63 (s, 1H), 7.52 (s, 1H), 7.51 (s, 1H), 7.34X¢& 10.00
Hz, 2H), 7.29 (d, J = 5.00 Hz, 2H), 6.66 (d, J = 1030 1H),
4.63 (s, 1H), 2.39 (m, 4H), 1.94 (s, 3H), 1.40-1.52 6ir); > C
NMR (500 MHz, DMSO-¢ : D,O (~ 20:1 v/v))é/ppm: 167.94
(C=0), 151.97 (C-0), 120.70 (C-Br), 131.69 (N-C),B&)
131.85, 130.78, 126.33, 120.2, 119.78, 116.23 (Ar7Q)65
(Methine), 52.46, 26.11, 24.31 (Pi), 24.19, (MéthyHRMS
(m/z) : [M+H] Calc: 403.09, found: 403.09.

4d: White, Solid, m.p. 211 °Cg],* = -0.60° at C=0.5 in
MeOH, FTIR (KBr)vmay (cm™): (N-H) 3261, 1564, (O-H) 3150,
(Ar C-H) 3089, (Ali C-H) 2922, 2844, 1447, 1392, (C=IB}8,
(C-0) 1242, (C-N-C) 1152, 1108, 1091, 1053, 1030,91AH
NMR (500 MHz, DMSO-¢ : D,0 (~ 20:1 v/v))3/ppm: 11.24 (s,
1H), 9.60 (s, 1H), 7.28 (s, 1H), 7.26 (d, J = 5.00 24), 7.24 (d,
J = Hz, 1H), 7.13 (d, J = 5.00 Hz, 2H), 6.65 (d, JO=0Q Hz,
1H), 4.55 (s, 1H), 2.40 (m, 4H), 2.26 (s, 3H), 1.933(4), 1.40-
1.50 (m, 6H) ;**C NMR (500 MHz, DMSO-¢ : D,O (~ 20:1
viv) ) 8/ppm: 167.89 (C=0), 152.30 (C-O) ,136.95 (C-Me),
129.54 (N-C), 128.62, 120.32, 119.67, 116.22 (Ar;C}2.66
(Methine), 52.39, 26.12, 24.27 (Pi), 24.17, 2{Méhyl) ;
HRMS (m/z): [M+H] Calc: 339.20, found: 339.30.

4e: White, Solid, m.p. 198 °Cg]p,® = -1.60° at C=0.5 in
MeOH, FTIR (KBF)vmax (cm?): (N-H) 3278, 1553, (O-H) 3144,
(Ar C-H) 3083, (Ali C-H) 2938, 2861, 1436, 1375, (C=@}8,
(C-O) 1231, (C-N-C) 1180, 1152, 1064, 109# NMR (500
MHz, DMSO-d : D,O (~ 20:1 v/v))d/ppm: 11.38 (s, 1H), 9.59
(s, 1H), 7.31 (s, 1H), 7.28 (d, J = 10.00 Hz, 2H), 7(@4J =
10.00 Hz, 1H), 7.69 (d, J = 5.00 Hz, 2H), 6.67 (d, 5.60 Hz,
1H), 4.53 (s, 1H), 2.40 (m, 4H), 3.72 (s, 3H), 1.964) ,1.39-
1.52 (m, 6H);"®* C NMR (500 MHz, DMSO-g: D,O (~ 20:1

vIv)) 8/ppm: 167.90 (C=0), 158.96, 152.42 (C-O) , 131.49 (N-

C), 132.81, 129.91, 127.13, 120.43, 119.72, 11612%,34 (Ar-
C), 72.68 (Methine), 55.47 (Methoxy), 52.32, 26.24.26 (Pi),
24.15(Methyl); HRMS (m/z): [M-H] Calc: 353.19 found:
353.19.

6a: White, Solid, m.p. 218 °Cgl,?® = 0.40° at C=0.5 in
MeOH, FTIR (KBr) vpmax (cmi®): (N-H) 3299, 1556, (O-H) 3199,
(Ar C-H) 3073, (Ali C-H) 2973, 2947, 1443, 1385, (C=@pH0,
(C-0) 1252, (C-O-C) 1117, (C-N-C) 1157, 1124, 10286 *H
NMR (400 MHz, DMSO-g : D,O (~ 20:1 v/v))d/ppm: 10.12 (s,
1H), 9.70 (s, 1H), 7.48 (s, 1H), 7.29-7.43 (m, 5H),17(8 J =
7.60 Hz, 1H), 6.69 (d, J = 8.80 Hz, 1H), 4.61 (s, 1HB13s,
4H), 2.32 (t, J = 10.00 Hz, 4H ) 1.97 (s, 3#)C NMR (400
MHz, DMSO-d, : D,O (~ 20:1 v/v),d/ppm: 168.04 (C=0),
151.43 (C-0O), 131.80 (N-C), 141.71, 128.94, 128.5D7.56,
127.35, 119.90, 119.65, 116.05 (Ar-C) , 70.40 (Methi 66.70
(O-CH,), 52.51 (N-CH), 24.19 (Methyl); HRMS (m/z): [M-H]
Calc: 325.16, found: 325.17.

6b: White, Solid, m.p. 213 °Cp]*° = -1.40° at C=0.5 in
MeOH, FTIR (KBr) vpmax (cmi®): (N-H) 3283, 1559, (O-H) 3150,
(Ar C-H) 3089, (Ali C-H) 2955, 2810, 1456, 1386, (C=IBp3,
(C-0) 1244, (C-O-C) 1118, (C-N-C) 1152, 1108, 1091580
1036, 1008;'H NMR (400 MHz, DMSO-¢ : D,O (~ 20:1 v/v))
8/ppm: 9.90 (s, 1H), 9.58 (s, 1H), 7.38 (s, 1H), 735 € 10.00
Hz, 2H), 7.21 (d, J = 8.40 Hz, 1H), 7.06 (t, J = 8.40 23), 6.60
(d, J = 8.80 Hz, 1H), 4.59 (s, 1H), 3.53 (s, 4H), ART = 6.40
Hz, 4H), 1.89 (s, 3H)* C NMR (400 MHz, DMSO-¢: D,0O (~
20:1 vhv), d/ppm: 167.97 (C=0), 151.34 (C-0), 162.82,
160.41(C-F), 131.88 (N-C), 137.95, 130.40, 130.827. 28,

119.74, 119.70, 116.08, 116.56, 116.55 (Ar-C) , G@Methine),
66.70 (O-CH), 52.51 (N-CH), 24.19(Methyl); HRMS (m/z):
[M-H] Calc: 343.15, found: 343.15.

6c: White, Solid, m.p. 202C, [0]o° = 1.60° at C=0.5 in
MeOH, FTIR (KBr)vpma (cmi®): (N-H) 3298, 1560, (O-H) 3212,
(Ar C-H) 3101, (Ali C-H) 2960, 2838, 1493, 1382, (C=I®K0,
(C-0) 1252, (C-O-C) 1111, (C-N-C) 1156, 1111, 1016H
NMR (400 MHz, DMSO-¢ : D,O (~ 20:1 v/v))é/ppm: 9.81 (s,
1H), 9.59 (s, 1H), 7.39 (s, 1H), 7.31 (dd, J = 8.4D8Q Hz, 4H),
7.22 (d, J = 8.80 Hz, 1H), 6.60 (d, J = 8.80 Hz, 1E§74s, 1H),
3.53 (s, 4H), 2.24 (t, J=6.80 Hz, 4H), 1.89 (s, 3H);C NMR
(400 MHz, DMSO-g : D,O (~ 20:1 v/v))3/ppm: 167.97 (C=0),
151.31 (C-0), 131.97 (C-Cl), 131.91 (N-C), 140).9230.28,
127.05, 119.73, 119.66, 116.04 (Ar-C), 68.80 (Mehip6.71
(O-CHy), 52.44 (N-CH), 24.21 (Methyl); HRMS (m/z): [M+H]
Calc: 361.12, found: 361.00.

6d: White, Solid, m.p. 218 °Ca,* = 1.60° at C=0.5 in
MeOH, FTIR (KBr) vma (cmi®): (N-H) 3277, 1548, (O-H) 3200,
(Ar C-H) 3090, (Ali C-H) 2970, 2851, 1441, 1382, (C=IBE5,
(C-0) 1247, (C-O-C) 1117, (C-N-C) 1134, 1099, 10683 'H
NMR (500 MHz, DMSO-¢ : D,O (~ 20:1 v/v))d/ppm: 9.87 (s,
1H), 9.64 (s, 1H), 7.50 (d, J = 10.00 Hz, 2H), 7.451(4), 7.35
(d, J = 10.00 Hz, 2H), 7.29 (d, J = 10.00 Hz, 1H), §&8J =
10.00 Hz, 1H), 4.63 (s, 1H), 3.60 (s, 4H), 2.30 (t, 1000 Hz,
4H), 1.96 (s, 3H)** C NMR (500 MHz, DMSO-¢: D,O (~ 20:1
v/Vv)) 8/ppm: 167.97 (C=0), 151.53 (C-0O), 120.49 (C-Br), 881.
(N-C), 141.35, 131.92, 130.66, 126.98, 119.78,.13,9160.06
(Ar-C) , 68.89 (Methine), 66.72 (O-GH 52.43 (N-CH), 24.19
(Methyl); HRMS (m/z): [M-H] Calc: 403.07 found: 4@gl.

6e: White, Solid, m.p. 223 °Cglp,® = -0.80° at C=0.5 in
MeOH, FTIR (KBr) vpma (cmi®) : N-H 3311, 1553, (O-H) 3100,
(Ar C-H) 3032, (Ali C-H) 2977, 2855, 1447, 1386, (C=1Bp3,
(C-0) 1242, (C-O-C) 1113, (C-N-C) 1108, 1075, 103013
'"H NMR (500 MHz, DMSO-¢ : D,O (~ 20:1 v/v))3/ppm: 10.18
(s, 1H), 9.65 (s, 1H), 7.43 (s, 1H), 7.31 (d, J = G420 2H), 7.29
(s, 1H), 7.11 (d, J = 10.00 Hz, 2H), 6.68 (d, J = QGH2, 1H),
4.57 (s, 1H), 3.61 (s, 4H), 2.32 (t, J = 10.00 Hz,,4H34 (s,
3H) **C NMR (500 MHz, DMSO-¢: D20 (~ 20:1 v/v)B/ppm:
167.95 (C=0), 151.49 (C-O), 136.74 (C-Me), 131.80Q)\
138.53, 129.50, 128.48, 127.36, 119.99, 119.62,0B16Ar-C),
70.51 (Methine) ,66.72 (O-Gj 52.45 (N-CH), 24.20, 21.08
(Methyl); HRMS (m/z): [M-H] Calc: 339.18 found: 33®.3

6f: White, Solid, m.p. 229 °C,a[p™ = -0.20° at C=0.5 in
MeOH, FTIR (KBr)vmay (cm™): (N-H) 3278, 1553, (O-H) 3144,
(Ar C-H) 3083, (Ali C-H) 2938, 2861, 1436, 1375, (C=IBA8,
(C-0) 1242, (C-O-C) 1108, (C-N-C) 1180, 1152, 10964 'H
NMR (500 MHz, DMSO-¢ : D,0 (~ 20:1 v/v))3/ppm: 10.22 (s,
1H), 9.64 (s, 1H), 7.42 (s, 1H), 7.31 (d, J = 10.00 244), 7.28
(d, J =5.00 Hz, 1H), 6.87 (d, J = 10.00 Hz, 2H), 7 = 5.00
Hz, 1H), 4.54 (s, 1H), 3.71 (s, 3H), 3.60 (s, 4H), 2(81) =
10.00 Hz, 4H); ** C NMR (500 MHz, DMSO-g: D20 (~ 20:1
viv)) 8/ppm: 167.95 (C=0), 151.47, (C-O), 158.80 (C-OMe),
131.79 (N-C), 133.33,129.71, 127.49, 119.92, 119E.08,
114.33 (Ar-C), 70.28 (Methine), 66.72 (O-QH52.41(N-CH),
55.48 (Methoxy), 24.20 (Methyl); HRMS (m/z): [M-HJalc:
355.17 found: 355.16.

Crystal structure data for 4a (CCDC 1403704y /8, N, O,
M, = 324.41, ortho rhombic, P2na2a = 8.7696(4) A° , b =
19.6874(11) A°, C = 10.4825(6) At,= 90°, = 90° ,Y = 90° ,
V (A%=1809.81(17), T=296 K, Z = 4, *& 1.191 (mg/f), n
(mm?) = 0.077, F(000) = 696.
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Crystal structure data for 4b (CCDC 1556655),, I&,; Cl
N, O, M, = 358.85, Monoclinic, PZ, a =13.5097(6) A°, b
=15.5363(7) A°, C =9.1134(4) A%, = 90°, =104.290(9)°)Y =
90° , V (A% = 1853.63(16), T = 293 K, Z = 4,,D= 1.286
(mg/nT), p (mm?) = 0.222, F(000) = 760.

Crystal structure data for 4c (CCDC 1556656) 3 Br N,
O,: M= 403.31, Monoclinic, PZc, a = 13.857(2) A°, b =
9.6010(12)A°, C =15.525(2) A% = 90°,p = 113.235(6)° Y =
90°, V (A%=1898.0(5), T= 296 K, Z = 4, ,[x 1.411 (mg/M), p
(mm™) = 2.181, F(000) = 832.

Crystal structure data for 4d (CCDC 1556657) s N, O, :
M,= 338.44, monoclinic, B&, a =13.777(3)A°, b =9.635(2) A°,
C =15.495(3) A° g = 90°,p = 113.939(5)° Y = 90° , V (&)=
1880.00(7), T= 293 K, Z = 4,0 1.196 (mg/M), p (mm?) =
0.077, F(000) = 728.

Crystal structure data for 4e (CCDC 1556658),k55 N, Os :
M,= 354.44, monoclinic, R&, a =13.9410(6) A°, b =9.7501(4)
A°, C =14.9428(6) A°o =90°, p =115.5490(10)° Y= 90° , V
(A%= 1889.15(14), T= 296 K, Z = 4,,0x 1.246 (mg/M), n
(mm*) = 0.084, F(000) = 760.

Crystal structure data for 6a (CCDC 1402257)¢, K3, N, Os
: M, = 326.38, monoclinic, P21, a =10.7158(3) A°, b =
17.0330(5) A°, C = 9.4162(3) A%, = 90°,f = 91.7240(10)°Y'=
90°,V (A% = 1717.89(9), T = 296 K, Z = 4,,>x 1.262 (mg/m),
u (mm*) = 0.086, F(000) = 696.

Crystal structure data for 6b (CCDC 1556659) B,, F N,
O; : M, = 344.38, monoclinic, Rth, a = 9.2672(5) A°, b
=10.0443(6) A°, C=37.974(2) A°q, = 90°,f = 90.821(4)° Y =
90° , V (A= 3534.40(4), T= 296 K, Z = 8,,0x 1.294 (mg/r),
u (mmi*) = 0.095, F(000) = 1456.

Crystal structure data for 6d (CCDC 1435616),8,; Br N,
O; : M, = 405.29, monoclinic, R2 a = 9.1943(9) A°, b
=10.2358(10) A°, ¢ =19.7750(2) Ad,= 90°, = 90.487(3)° ) =
90°, V (A%= 1861.00(3), T= 293 K, Z = 4,,0x 1.447 (mg/r),
u (mm') = 2.229, F(000) = 832.

Crystal structure data for 6e (CCDC 1570805, N, Os :
M, = 340.41, monoclinic, RZ, a = 11.4005(11) A°, b =
17.3367(16) A°, ¢ = 9.3671(8) A8, = 90°,p = 90.384(4)°,Y =
90°, V (A% = 1851.3(3), T = 296 K, Z = 4,,0x 1.221 (mg/r),
u (mm*) = 0.082, F(000) = 728.
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Highlights

» Amino aryl methylated paracetamol derivatives were synthesized.
» One pot, non-catalysed and ssmple MCR gave good yield.

> Solid state structures of the compounds were studied using single crystal X-ray
diffraction studies.

» Evaluation of CT DNA and BSA binding properties by spectroscopic methods.
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