Accepted Manuscript =

EUROPEAN JOURNAL OF

Thiophene containing Trisubstituted Methanes [TRSMs] as identified lead against
Mycobacterium tuberculosis A

Priyanka Singh, Sudipta Kumar Manna, Amit Kumar Jana, Tiash Saha, Pankaj 7
Mishra, Saurav Bera, Maloy Kumar Parai, Srinivas Lavanya Kumar M, Sankalan 4

Mondal, Priyanka Trivedi, Vinita Chaturvedi, Shyam Singh, Sudhir Sinha, Gautam
Panda

PII: S0223-5234(15)00203-2
DOI: 10.1016/j.ejmech.2015.03.036
Reference: EJMECH 7781

To appearin:  European Journal of Medicinal Chemistry

Received Date: 14 February 2015
Revised Date: 16 March 2015
Accepted Date: 17 March 2015

Please cite this article as: P. Singh, S.K. Manna, A.K. Jana, T. Saha, P. Mishra, S. Bera, M.K. Parai,
S.L. Kumar M, S. Mondal, P. Trivedi, V. Chaturvedi, S. Singh, S. Sinha, G. Panda, Thiophene containing
Trisubstituted Methanes [TRSMs] as identified lead against Mycobacterium tuberculosis, European
Journal of Medicinal Chemistry (2015), doi: 10.1016/j.ejmech.2015.03.036.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to

our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.


http://dx.doi.org/10.1016/j.ejmech.2015.03.036

Graphical Abstract
To create your abstract, type over the instructions in the template box below
Fonts or abstract dimensions should not be changed or altered.

Thiophene containing Trisubstituted M ethanes[TRSM ] as Leave this area blank for abstract info.
identified lead against Mycobacterium tuberculosis

P Singh, SK Manna, A K Jana, T Saha, P Mishra, SBera, M K Parai, SL Kumar M., SMondal, P Trivedi, V Chaturvedi, S
Singh, S Sinhaand G Panda

Lead S006-830 exhibited MIC; 1.33 mg/L, non-toxic against Vero C-1008 cell with SI>10, ex vivo efficacy
equivaent to first line TB drugs in mouse and human bone marrow derived macrophages.




Thiophene containing Trisubstituted Methanes [TRSM$as identified lead againstMycobacterium
tuberculosis

Priyanka Singl,Sudipta Kumar ManndAmit Kumar Jand, Tiash Sah&,Pankaj Mishrg Saurav Ber,
Maloy Kumar Paraf, Srinivas Lavanya Kumar [). Sankalan Monddl, Priyanka Trivedf, Vinita
ChaturvedP Shyam Sing#iSudhir Sinh& and Gautam Panda

®Medicinal and Process Chemistry DivisiofBiochemistry Division; CSIR-Central Drug Research
Institute, B.S. 10/1, Jankipuram Extension, Sitdpoad, Lucknow-226031, UP, India.

Fax: (+) 91-522-2771941, E-mail: gautam.panda@gouaii; gautam_panda@cdri.res.in

Fax: (+) 91-522-2771941, E-mail: sinha.sudhir@groaih, sudhir_sinha@cdri.res.in

Keywords: Trisubstituted Methanedjycobacterium tuberculosis H37R,, Antimycobacterial agents



Abstract

Triarylmethanes (TRAMs) and thiophene containiigutrstituted methanes (TRSMs) have been reported
by us, having potential against tuberculosis andM. fortuitum strains, respectively. Further, extension
through synthesis and biological evaluation of hMoMRSMs resulted into an identified le&& (S006-
830) [(diisopropyl-(2-{4-[(4-methoxy-phenyl)- thiten-2-yl-methyl]-phenoxy}-ethyl)-amine) with MIC;
1.33 mg/L, non-toxic against Vero C-1008 cell limigh selectivity index >10ex vivo efficacy equivalent

to first line TB drugs-isoniazid (INH), rifampiciand pyrazinamide in the mouse and human bone
marrow derived macrophages tuberculosis model, ertissely and CFU count of 2.2 x 10
(approximately 15 fold lesser than untreated m&E X 10) with comparable efficacies to ethambutol
(EMB) (1.27 x 10) and PZA (1.9 x 19. Further, S006-830 also showed potent bactelicidtvity
against multi-drug resistant and single-drug rasistlinical isolates dfi. tuberculosis.

1. Introduction

Tuberculosis (TB), caused Byycobacterium tuberculosis (M. tb) is not merely a disease rather it is an
epidemic which is prevalence in modern era of ntachkind is considered as the world’'s most deadliest
communicable disease by World Health OrganizatisfiQ)."* Worldwide according to WHO report
2014, about 9 million people were infected with ifBthe year 2013 and an approximate of 1.4 million
died in a single year of 201f and the scenario is being worsen by multidrugstest (MDR-TB) and
extensively drug-resistant (XDR-TB), often emerdeam the patient poor compliances to the standard
drugs therapy regimen. Hence, discovery of newdbitors ofM. tb a global and urgent need. In our on-
going campaign against TB, we previously reportadriimethanes (TRAMs)® and thiophene
containing trisubstitued methanes (TRSMs)s novel cores having anti-tubercular activityg(Fi.) In
2012, we reported the potential of few novel TRSIgainst acute and persistent infectioMofortuitum
(responsible for the opportunist non-tuberculaedtibn in humans) in a murine infection model and
identified two promising lead compounds (Fig.®Elrther, optimization through synthetic and meditin
chemistry approach led us to present the curremk wiith potential applicability of novel TRSMs as

anti-mycobacterial compounds.

Figure 1. Evolution of triaryl methanes into thiophene contiag TRSMs identified potential lea@b
(S006-830) againgtl. tuberculosis.

2. Results and Discussion

2.1 Chemistry



The reaction scheme followed the similar protoeobatlined in our previous repoft®?wWe emphasized
on the design, synthesis and anti-tubercular agtbfithiophene containing TRSMs with alkylaminogdth
chainsA.

Figure 2. General skeleton of designed molecules

In this work, we emphasized on the design, synshasil anti-tubercular activity of thiophene coritain
TRSMs with alkylaminoethyl chains A (Fig.2.). lailfy, the Grignard reagent aryl magnesium bromide
la-j were reacted with various commercially availablieghene-2-aldehyd2 to synthesize carbin@
.Then Friedel-Crafts alkylation &with phenol in the presence of cone3@y in dry benzene furnished
4 in satisfactory yields. Alkylated produet was refluxed with various dialkylaminoethyl chhiei
hydrochloride chains in presence of thgCKs in acetone to obtain compoun8s36 in good yields,
(Scheme 1).

Scheme 1Synthesis of Trisubstituted Methanes (TRSMs)

Reagents and conditions (a) Dry THF®rt, 30 min.; (b) Phenol, dry benzene, catalyti§@,, reflux,
1h; (c) Alkylaminoethyl hydrochloride, dry acetormhyd. KCOs, reflux, 6-7 h;

Scheme 2Synthesis of dithiophene substituted compounds

Reagents and conditions (a) Dry THFE®rt, 30 min.; 1h; (b) Alkylaminoethyl hydrochlogddry
acetone, anhyd. CG;, reflux, 6-7 h;

Initially, synthesis of compounds without any sithéibn on benzene ring were carried out by
nucleophilic addition of phenylmagnesium bromide ®#hiophene carbaldehyde to provide phenyl
thiophen-2-yl carbinol. After this similar protocalas followed as above to synthesize compouiés
(Table 1). To explore the effect of substitutiontmmzene ring, various substitutions were incorjgor
the basic framework like halogen, methoxy and tkathraxy substituted arylbromide to synthesize the

grignard reagent and then compourii86 (Table 1) were synthesized by procedure stated eabov



Similarly, to understand the effect of substitatat 3 position of thiophene, 3-thiophene carbotayde
was also incorporated to provigemethoxy substituted phenyl thiophen-3-yl carbimblich were used
subsequently to synthesize compour®i&39 by above mentioned procedure. Later dithiophene
substituted compound®)-49were also synthesized by the same procedure.

2. 2. Biological Evaluation

2.2.1.In vitro screening of compounds using virulent strain of. tuberculosisto select ‘hits’:

This assay measures the capability of the test oamgpto kill or inhibit the multiplication of patigenic
M. tuberculosis H37Rv and considered as ‘primary screening methad’ by principle compounds
showing MIC< 6.25 mg/L can only be considered for further eatitn''. From our previous repottit
was evident that the amino alkyl chain (Fig. 1elthibited the most impact on the anti-tubercutaiviy
(MIC less than 12.5 mg/L) anpara-substituted chain (& over the ringC remains critical for the
activity as theortho- substituted derivatives demonstrated very poaviac{MIC: para-substituted = <
12.5 mg/L; ortho-substituted = >12.5 mg/L). Surprisingly, both aten-donating group (EDG) and
electron withdrawing group (EWG) substituted oviee para/meta- position (R) of ring A exhibited
good anti-tubercular activity. In line with the @bpgations from the previous report, we decided to
continue our work by changing the best possiblesttwitions on the amino alkyl chain, Bn ring C and
observed their anti-tubercular effects. All thikpme compounds were found to be active agalihst
tuberculosis H37Rv with MIC ranging from 0.78 to 25.0 mg/L (Tabl). Nine compounds [MIC =
0.78 mg/L,15=1.34 mg/L12=1.25 mg/L,20 = 1.24 mg/L,32=1.28 mg/L,14=1.29 mg/L,10= 1.56
mg/L, 26 = 1.57 mg/L, and5006-830= 1.33 mg/L] demonstrated notable inhibitory caiyaagainstM.
tuberculosis H37R, strain. While ring A substituted wifera-chloro and N(CH)sas amino alkyl chai@
showed the most potent inhibition with MIC of 0.A&y/L, meta-substituted counterpat4 showed
somewhat diminished activity MIC = 1.29 mgMWhile ortho-fluoro substituted compour2D with the
similar alkyl chain [N(CH)s] exhibited diminished inhibition [MIC = 1.24 mg/lds compared to the
chloro substituted derivativd, the meta-fluoro substituted compound5 showed highly diminished
activity [MIC = 19.8 mg/L]. Towards the observatiavith EDGs at ring A, somewhat comparable
inhibition has been observed with compowicarrying ortho-OCH; with [N(CHy)s] side chain with
MIC = 1.28 mg/L. Additionally, compoun®6 (S006-830)with para-OCH; and N{CH(CH),},
demonstrated potent inhibition bf. tuberculosis H37R, strain with MIC = 1.33 mg/L as comparison to
their ortho-OCH; substituted counterpaB4 with very low activity (25.0 mg/L). Surprisingly,lla3-
substituted compounds3{-39 44-49 exhibited low activity (25.0 mg/L). Moreover, PHsstituted
dithiophene containing compounds also exhibitedarate activity (12.5 mg/L).

Table 1 Biological Activity of Synthesized TRSM&36)



2.2.2. Cytotoxicity assessment throughn vitro toxicity assay andex vivoactivity in the Mouse and
Human Bone Marrow Derived Macrophages (M/HBMDM) tuberculosis model: Initially, in vitro
cytotoxicity of active compounds (having MK 6.25 mg/L) was measured using Vero cells (Vero C-
1008 cell line) and if found non-toxic, were thaken further for their testing on tler vivo assay against
mouse or human bone marrow derived macrophagesEMIPM) developed tuberculosis model. The
basis for the selection of this model lies in tlaetfthat the macrophage model mimics growth
environment of natural infection and demonstratbesability of the candidate molecule to penetratst h
cell membrane, phagocytic vacuole and bacilli iegiavithin the vacuole, and hence give the advantag
to reach the desired drug targets. In additiomlsb serves as a model for hypoxia induced latéht T
infection, since tissue concentration of oxygewcassiderably lower than that in the ambient airnia
latency marker proteins of the pathogen are knawget expressed during its intracellular regimentr
VeroC-1008 cell line studies, four compounds 9z10, 26 and36 (S006-830)could be evidenced to be
non-toxic demonstrating Sl of greater than 10 aieen further for their assessment in the MBMDM
model. All four compounds (at 4 x MIC) killed greathan 90% of the intracelluldt. tuberculosis, as
judged by counting the viable bacilli (colony forgi units or CFUs) in lysates of the drug-treated or
untreated infected macrophages. As assessed fmgidtistical data, thex vivo efficacy of9, 10, 26 and
S006-830were comparable to that of the first line TB drulgst, RFM and PZA (Fig. 2) in the
MBMDM model. While two compound86 andS006-830showed a comparabéx vivo activity to that of
the standard drug INH (INH) in the HBMDM model, whi were experimentally infected withl.
tuberculosis H37Rv(Fig. 3, 4).

Figure 3. Percent reduction in intracellular CFUMf tuberculosis H37R, in mouse bone marrow
derived macrophages By 10, 26andS006-830Isoniazid (INH), rifampicin (RFM) and pyrazinanaid

(PZA) were used as standard drugs.



Figure 4. CompoundslO and S006-830were also able to kill intracellulavl. tuberculosis H37Rv in
human monocyte derived macrophages in a mannefasitoi the standard drug INH (corresponding

mouse macrophage data are shown for comparison).

2.2.3In vivo assay againsM. tuberculosisH37Ry infected Mouse model

When infected with a high number . tuberculosis CFUs by thei.v. route, the mouse harbors a
bacillary population that is similar in number a@ndmetabolic state to that present in the lung tyaof
human TB. Thus, the mouse model is able to repmtacteriologic conditions close to those present i
the natural human disease and provide informatimrcampound activity that can be extrapolated to
humans.The most frequently used is the outbreds$wnouse. The differences in the immune status
among outbred Swiss mice also exist among humamsaadrug or regimen that is active against the
mycobacteria in Swiss mouse is likely to be activhumans. The strain of choice for tubercle baiill

the mouse model is the H3/Rtrain of M. tuberculosis, which maintains virulence through regular
passages in the mouse. Efficacy of a compound isitored by survival/mortality rate, evaluation of
body weight, extent of gross lesions, and the ematiom of the CFUs in organs. Usually the CFU ceunt
are performed in the spleen or lungs or both. Sgpteen and lung display similar overall resultssi
unnecessary to enumerate the CFU in both orgamgeraral, effective dosages of compounds (in mg/kg
body weight) in the laboratory animals are lardgemtthose in humans. One possible reason for ghis i
that drug metabolism correlates better with bodfese area than body weight. The ratio of bodyamef
area to body weight decreases sharply with inangasody weight. Thus, for most drugs the equipotent
dosage is 12 times larger in the mouse than in hanighis assay has been performed on Outbred Swiss
mice (obtained from CDRI-LAD) infected witt. tuberculosis H37R, strain. All fourin vitro andex vivo
active compound$, 10, 26andS006-830were evaluated for thein vivo efficacy in the mouse model of
TB. Swiss mice were infected intravenously with tuberculosis H37R, (10° CFU/ mouse). The
experimental groups received daily oral doses sif ¢empounds (100 mg/kg body weight, for 30 days)
dissolved in corn oil. Drug-treated control groupseived INH (25 mg/kg body weight) or EMB (10
mg/kg body weight) or PZA (100 mg/kg body weighthieh were dissolved in water. Untreated control
groups received only the vehicles (corn oil or watklice were observed up to day-40 for determorati

of percentage survivors and mean survival time (M®Taximum survivors (42% in treated and 0% in
untreated) were seen in t8006-83Qreated groups, followed 0 and26 treated groups. No survivors
were left in9 treated mice. The highest enhancement in MST ¥3,¢& 0.05) was also seen wig006-
830 All dead animals were autopsied and their lungsevfound full of typical TB lesions. ‘Impression

smears’ of the cut surface of lungs were microstailyi examined after staining with Ziehl-Neelseairst



and found full of Acid Fast Bacilli (AFB) confirmin that the deaths were due Kb tuberculosis
infection (Fig. 5b).

Three of the surviving mice from the group treatéth lead compoun&006-830wvas sacrificed on day
30 for determination of CFU in the lungs. Fig.5awsh results of treatment witB006-830and the anti-
TB drugs-ethambutol (EMB) and pyrazinamide (PZA)xénms of viable bacilli (CFU) in the lungs of
mice. S006-830treated mice showed CFU count of 2.2 x’ Xénean of 3 animals) which was
approximately 15 fold lesser than that of the watezd mice (31 x 10, and comparable with the efficacies
of EMB (1.27 x 10) and PZA (1.9 x 10 (Fig. 6). Based on the result of this and priadis, compound
S006-83thas been chosen as the lead molecule and takeartbfer the further assessment.

Figure 5. Results ofn vivo protection experiments in mice infected (i.v.)wid. tuberculosisH37R,.

A) S006-830treated mice (100 mg/kg body wt, by oral gavagel\8, x 4w) showed appx.15 fold
reduction in CFU in lungs, which was equivalenirtwivo efficacy of standard drugs ethambutol (EMB)
and pyrazinamide (PZA) B) represents the Z-N stgirof lung homogenate untreated and treated with
S006-830

Figure 6. CFU in the lungs of mice treated with t8606-830and standard drugs ethambutol (EMB) and
pyrazinamide (PZA). UNTR stands for untreated.

2.2.4. Minimum Bactericidal Activity (MBC) determination of the lead compound 36 (S006-830)
through in vitro and ex vivostudies and potency assessment on multi-drug anthgle-drug resistant
M. tuberculosis
These experiments were aimed at determining thecitgpof test compounds to kill the bacilli, in
addition to inhibiting their multiplication. The sesys were thus designed to record killing of thedse
culture (inoculum) and in principle, if a compouindn vitro study reduces the CFU of the inoculum; it
can be considered as bactericidal and correspomdincentration as its MBC. If a compound do ndt kil
the inoculum but only prevents its multiplicatidre(, reduction in day-14 CFU), it can be considess
bacteriostatic (as per method described in therarpatal section). Foex vivo, if a compound reduces
the day-0 CFU (as per method described in the @rpatal section) of macrophages infected with
tuberculosis it can be considered as bactericidal. If it redumely the day-5 CFU of such macrophages, it
can be considered as bacteriostatithe lead compound6 (S006-830 produced 100% killing (zero
7



CFU) in vitro and 75% Kkilling (1200 CFUgx vivo of the inoculum ofM. tuberculosis H37R,. The
bactericidal potency was comparable with standard) &RFM (Fig. 7). S006-830 also showed potent
bactericidal activity against multi-drug resistéing., resistant to RFM and INH) and single-drugistant

(to RFM) clinical isolates ofl. tuberculosis (Fig. 8).

Figure 7. in vitro and ex vivo bactericidal property 086 (S006-830)n comparison with rifampicin
(RFM).

Figure 8. Activity of 36 (S006-830 against sensitive (H3Z/R single- and multi- drug resistaM.

tuberculosis.

Further, in order to develop S-006-830 as idertifiead, further pharmacokinetics (PK) studies were
conducted at Pharmacokinetics & Metabolism Divisioh our institute CSIR-CDRI using newly
developed and validated methods on HPLC and LC-MSidd quantitative estimation in rat plasma and
demonstrated good PK properties with fast intektidssorption, peak plasma concentration appeared

8



after one hour post oral dose, optimum eliminatiati-life of 9-13 hours, plasma protein binding B)P

of ~60%, mean residence time of around 18-20 handsfavourable bioavailability in the range of 45-
50%. As evident that the plasma protein binding wat too high, which in turn leads to unbound
fraction of S006-830 to favour tissue redistribatior clearance from the body and remains for longer
time in the body. Further, S006-830 was found stabtat plasma under various operating conditiths
S006-830 is racemic and after separation througtalcholumn chromatography, we are separately

evaluating the anti-TB activity of both enantiomarsl results will be communicated in future.

3. Conclusion

While it was evident from our earlier report thad@3Ms can have significant potential against Khe
tuberculosis, this series led us to identify a highly potent asiable lead S006-830. Collectively, from
earlier reported compoundsand the current work, a preliminary structure\distirelationship could be
drawn and directed to the subsequent considergadmresence of benzene ring with amino alkyl mhai
is important for potent anti-tubercular activity) (TRSMs without any substituent on benzene r&g)(
showed moderate anti-tubercular activity; (c) AmorigSMs with electron withdrawing groupara-
substituted chloro9, 10 containing compounds showed promisimgvitro activity than theirmeta
analogued1-16 On the other hand, TRSMs with electron donatiraug i.e. methoxy and thiomethoxy
at para position of benzene ring6, 36showed good anti-tubercular activities thatho isomers27-35
Anti-tubercular activity of four TRSMs, which shodeMIC of <6.25 mg/L againsMycobacterium
tuberculosis H37R, and lacked cytotoxicity towards mammalian cellovebd >90 % inhibition in
multiplication of M. tuberculosis within mouse and human macrophagex Yivo), which was
comparable t@x vivo efficacy of standard TB drugs- isoniazid, rifampiand pyrazinamide. The lead
molecule S006-830 brought approximately 15 foldurtihn in the viable bacilli (CFUs) in lungs of the
infected mice, which was comparable to theivo efficacy of ethambutol and pyrazinamic&)06-830
with noticeable microbiological profile and encagireg PK properties can be considered as potestal |
againstM. tuberculosis.

4. Experimental section
4.1 Chemistry
4.1.1 General Methods

All reagents and solvents were purchased from cawialesources and used without further purification

Organic solvents were dried by standard methodsalytinal TLC was performed using 2.5x5 cm

9



aluminium plates coated with a 0.25 mm thicknesssidita gel (60F-254), visualization was
accomplished with iodine and under UV lamp. Thetspm TLC were also visualized by warming ceric
sulphate (2% CeSQOin 2N H,SQ,) sprayed plates in hot plate or in oven at abd@@d. Column
chromatography was performed using silica gel (80-and 100-200 meshjH NMR spectra were
recorded on 200 and 300 MHz spectrometer in Gl signals are reported in ppm with the internal
chloroform signal at 7.26 ppm as standard) 4€25C NMR spectra were recorded on 50 and 75 MHz
spectrometer in CDgl(all signals are reported in ppm with the interdalloroform signal at 77.00 ppm
as standard) at 25. In a few cases tetramethylsilane (TMS) at 0.pfh pvas used as the reference
standard. Coupling constantsv@lues) are given in hertz (HZH NMR splitting patterns are designated
as singlet (s), doublet (d), double doublet (ddpldt (t), quartet (g) or multiplet (m). IR spe&twere
recorded using a FTIR spectrophotometer iff.cm

4.1.1.1. General procedure for the preparation of éteroarylcarbinols (3) through Grignard
reaction

To a suspension of Mg (1.50 g, 61.7 mmol) in dryFTE@0 mL) was added drop wise a solution of 4-
bromoanisole (6.52 mL, 52.1 mmol) in dry THF (40 )mAfter stirring the mixture for 30 min. a solutio
of thiophenylcarbaldehyde (4.21 mL, 45 mmol) in drF (30 mL) was added drop wise and the
resulting solution was allowed to stir for furti& min. After quenching by adding a saturated smiut
of NH,CI (20 mL), the reaction mixture was extracted wathyl acetate (100 mL), washed with water
(100 mL), brine (2x50 mL) and then dried over,8@, The organic layer was dried under reduced
pressure. The crude product was purified by colehmomatography.

4.1.1.2. General procedure for the preparation of Hiophene containing trisubstituted methanes
through Friedel Crafts alkylation reaction:

Phenol, benzene, 1-2 drops of sulphuric acid aleitly the carbinol3 was refluxed at 60-78 for 2-3
hrs. Completion of reaction was confirmed by chegKl'LC by which compound was obtained. After
completion, reaction was quenched with water, feaanixture was extracted with ethyl acetate (100
mL), washed with water and brine and dried ovesS@. Solvent was removed under reduced pressure
and purified by column chromatography.
4.1.1.3.Diethyl-{2-[4-(phenyl-thiophen-2-yl-methyl)-phenojaethyl}-amine (5):

Compound4 (0.2 g, 0.8 mmol) refluxed with #O; (0.2 g, 1.9 mmol), 1-(2-chloroethyl)-diethyl amine
hydrochloride (0.2 g, 0.7 mmol) in acetone fureisb (0.2 g, 72.8%) as brown viscous diH NMR
(300 MHz, CDC}): 6 7.18-7.15 (m, 8H), 6.91-6.78 (m, 3H), 6.64-6.63 ), 5.59 (s, 1H), 4.02 (§,=
6.22, 2H), 2.87 (t) = 6.2, 2H), 2.65 (q) = 7.1, 4H), 1.08 (t,J = 7.0, 6H);*C NMR (CDCk, 50 MHz):¢

10



155.8, 147.9, 143.7, 137.7, 130.1, 129.8, 128.7(228.4(2C), 128.3(2C), 126.7, 126.6, 126.3, 124.6,
114.5(2C), 65.6, 51.2, 48.8, 47.7, 11.2R (Neat): 3019, 2928, 2855, 2362, 1612, 150971261 cri;

MS (ESI):mVz 366 (M+H)’; Anal. Calcd for GH,,NOS: C, 75.57; H, 7.45; N, 3.83. Found: C, 75.61; H
7.52; N, 3.72.

4.1.1.4.1-{2-[4-(Phenyl-thiophen-2-yl-methyl)-phenoxy]-etiypiperidine (6):

Compound4 (200 mg, 0.75 mmol) refluxed with,KO; (259.42 mg, 1.87 mmol), 1-(2-chloroethyl)-
piperidine hydrochloride (138.23 mg, 0.75 mmol)aicetone furnishe@ (203.8 mg, 71.9%) as brown
viscous oil."H NMR (300 MHz, CDCJ): ¢ 7.28-7.15 (m, 6H), 7.09-7.06 (m, 2H), 6.90-6.87, (iH),
6.81-6.78 (m, 2H), 6.64-6.63 (m, 1H), 5.58 (s, 14)7 (t,J = 6.0, 2H), 2.76 (t) = 6.0, 2H), 2.52 (1) =
4.9, 4H), 1.65-1.58 (m, 4H), 1.48-1.42 (m, 2H)**, NMR (CDCE, 50 MHz):d 157.2 , 156.6 , 148.5 ,
136.1, 132.8, 129.8(2C), 129.6(2C), 127.7 , 12628.0, 123.9, 120.4, 114.1, 110.5, 96.1 , 6558,
55.5, 54.9, 43.8 , 25.6, 24.0 ;: IR (Neat): 302986, 2362, 1610, 1508, 1217, 761ciS (ESI):m/z
378 (M+H)"; Anal. Calcd for GH,,NOS: C, 76.35; H, 7.21; N, 3.71. Found: C, 76.407H5; N, 3.69.

4.1.1.5.1-{2-[4-(Phenyl-thiophen-2-yl-methyl)-phenoxy]-et}-azepane (7):

Compound4 (200 mg, 0.75 mmol) refluxed with,RO; (259.42 mg, 1.87 mmol), 1-(2-Chloro-ethyl)-
azepane hydrochloride (148.58 mg, 0.75 mmol) inameefurnished” (220 mg, 75%) as brown viscous
oil. '"H NMR (300 MHz, CDC)): § 7.21-7.06 (m, 8H), 6.91-6.78 (m, 3H), 6.64-6.63 (i), 5.59 (s, 1H),
4.07 (t,J = 6.0, 2H), 2.97 (t) = 6.1, 2H), 2.81 () = 5.6, 4H), 1.69-1.61 (m, 8H))C NMR (CDCE, 50
MHz): ¢ 157.5, 148.4, 144.1, 136.2, 129.8(2C), 128.7(2@8.4(2C), 126.6, 126.5, 126.2, 124.4,
114.4(2C), 65.7, 57.8, 54.9(2C), 51.3, 25.7(3@)12IR (Neat): 3019, 2938, 2362, 1610, 1509, 1218,
763 cni'; MS (ESI):mVz 392 (M+H)'; Anal. Calcd for GHogNOS: C, 76.68; H, 7.46; N, 3.58. Found: C,
76.72; H, 7.39; N, 3.61.

4.1.1.6.4-{2-[4-(Phenyl-thiophen-2-yl-methyl)-phenoxy]-ethynorpholine (8):

Compound4 (200 mg, 0.75 mmol) refluxed with,BO; (259.42 mg, 1.87 mmol), 4-(2-Chloro-ethyl)-
morpholine hydrochloride (258.45 mg, 0.75 mmol)aicetone furnishe® (205.1 mg, 72%) as brown
viscous oil."H NMR (300 MHz, CDC)): ¢ 7.29-7.15 (m, 6H), 7.10-7.06 (m, 2H), 6.90-6.78 @H),
6.64-6.63 (M, 1H), 5.59 (s, 1H), 4.06Jt= 5.7, 2H), 3.70 (t) = 4.4, 4H), 2.77 (t) = 5.6, 2H), 2.55 ()

= 4.6, 4H);*C NMR (CDCE, 50 MHz):8 157.4, 148.3, 144.0, 136.3, 129.8, 128.7, 128.)(228.5(2C),
128.4, 126.6, 126.5, 126.2, 124.4, 114.4(2C), 66575, 57.6, 54.0(2C), 51.3; IR (Neat): 3018, 2927,
2862, 1609, 1509, 1217, 753 ¢nMS (ESI):m/z 378 (M-HY, 379 (M) , 380 (M+HY); Anal. Calcd for

Co3H2sNO,S: C, 72.79; H, 6.64; N, 3.69. Found: C, 72.826H0; N, 3.55.
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4.1.1.7.1-(2-{4-[(4-Chloro-phenyl)-thiophen-2-yl-methyl]fgnoxy}-ethyl)-piperidine (9)

Compound4 p-Cl substituted at Ar(0.20 g, 0.667 mmol) refluxed with,€0; (0.280 g, 2.00 mmol), 1-
(2-Chloroethyl)-piperidine hydrochloride (0.13503734 mmol) in acetone furnish8d0.205 g, 75%) as
wine red viscous liquidtH NMR (200 MHz, CDC)): § 7.15-6.94 (m, 7H), 6.82-6.52 (m, 4H), 5.47 (s,
1H), 3.99 (tJ = 4.0, 2H), 2.67 () = 4.0, 2H), 2.45-2.41 (m, 4H), 1.57-1.37 (m, 683, NMR (CDC},

50 MHz): ¢ 158.1, 148.1, 143.0, 135.8, 132.8, 130.4(2C), 12C€) 128.9(2C), 126.9, 126.6, 125.0,
114.8(2C), 77.4, 66.2, 58.3, 55.4, 51.0, 30.1,,2543; IR (Neat) 3438, 2990, 1712, 1623, 775, 664;

MS (ESI):mVz 412 (M+H)"; Anal. Calcd for GH»CINOS: C, 69.97; H, 6.36; N, 3.40. Found: C, 70.04;
H, 6.34; N, 3.46.

4.1.1.8.(2-{4-[(4-Chloro-phenyl)-thiophen-2-yl-methyl]-phexy}-ethyl)-diisopropyl-amine (10):
Compound4 p-Cl substituted at Ar(0.20 g, 0.67 mmol) refluxed KOs (0.28 g, 2.00 mmol), (2-Chloro-
ethyl)-diisopropyl-amine hydrochloride (0.15 g, #.mmol) in acetone furnished as yellow viscous oil
(0.21 g, 73%)'H NMR (200 MHz, CDC)): 6 7.29-7.19 (m, 4H), 7.14-7.05 (m, 3H), 6.94-6.64 4H),
5.58 (s, 1H), 3.87 () = 7.4, 2H), 3.07-3.00 (m, 2H), 2.80 {t= 7.4, 2H), 1.03 (dJ = 6.5, 12H);*C
NMR (CDCk, 50 MHz): 6 156.6, 146.5, 141.4, 134.0, 131.1, 128.8(2C), 1284 127.2(2C),
125.3(2C), 124.9, 123.3, 113.1(2C), 67.9, 49.42,483.1, 19.5(4C) ; IR (Neat): 3312, 2967, 1602i6.4
1353, 1023, 759 ch MS (ESI):m/z 428 (M+H); Anal. Calcd for GHzCINOS: C, 70.15; H, 7.06; N,
3.27. Found: C, 70.13; H, 7.13; N, 3.31.

4.1.1.9.2-(4-((3-chlorophenyl)(thiophen-2-yl)methyl)phengkN,N-dimethylethanamine (11):

Yield, 72%;'H NMR (300 MHz, CDCJ) § 7.19-7.18 (m 4H), 7.09-7.07 (m, 3H), 6.93-6.90 (H}),
6.86-6.84 (m, 2H), 6.66-6.65 (m, 1H), 5.57 (s, 1#HD4 (t,J = 5.7, 2H), 2.72 (tJ = 5.7, 2H), 2.33 (s,
6H); *C NMR (75 MHz, CDCJ): ¢ 157.6, 147.3, 146.0, 135.2, 134.1, 129.6, 129.5(228.7, 126.9,
126.7, 126.5, 126.3, 124.6, 114.3(2C), 65.7, 98018, 45.8(2C); IR (Neat) 3471, 2980, 1748, 1648 7
cm’; MS (ESI)mvz 372 (M+H)"; Anal. Calcd for GH,,CINOS: C, 67.82; H, 5.96; CI, 9.53; N, 3.77.
Found: C, 67.77; H, 5.92; N, 3.71.

4.1.1.10.2-(4-((3-chlorophenyl)(thiophen-2-yl)methyl)phengxN,N-diethylethanamine (12):

Yield, 75%;'H NMR (300 MHz, CDCJ) ¢ 7.21-7.18 (m, 4H), 7.09-7.07 (m, 3H), 6.94-6.91, (iHi),
6.85-6.82 (m, 2H), 6.67-6.66 (m, 1H), 5.58 (s, 142 (t,J = 6.4, 2H), 2.86 (t) = 6.4, 2H), 2.63 (q) =
7.1, 4H), 1.06 (tJ = 7.1, 6H);™*C NMR (50 MHz, CDCJ): § 157.4, 146.1, 135.5, 134.2, 129.8,
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129.6(2C), 128.8(2C), 126.9, 126.8, 126.6, 12624, 7, 114.4(2C), 65.7, 51.5, 50.9, 47.6(2C), 1T){2
IR (Neat) 3433, 2985, 1747, 1611, 779°ciMIS (ESI)m/z 400 (M+H); Anal. Calcd for GsHCINOS:
C, 69.07; H, 6.55; N, 3.50. Found: C, 69.13; H468, 3.55.

4.1.1.11.1-(2-(4-((3-chlorophenyl)(thiophen-2-yl)methyl)phemy)ethyl) pyrrolidine (13):

Yield, 68%;'H NMR (300 MHz, CDCJ) ¢ 7.19-7.18 (m, 4H), 7.10-7.07 (m, 3H), 6.93-6.9Q (iH),
6.86-6.83 (m, 2H), 6.66-6.65 (m, 1H), 5.57 (s, 1#H)L2 (t,J = 5.8, 2H), 2.94 (tJ = 5.8, 2H), 2.69 (s,
4H), 1.82 (s, 4H)®C NMR (50 MHz, CDC)): ¢ 157.5, 147.2, 146.0, 135.3, 134.1, 129.6, 129.5,
128.7(2C), 126.8, 126.7, 126.5, 126.2, 124.6, {2€)% 66.5, 54.8, 54.5(2C), 50.8, 23.3(2C); IR (tlea
3451, 2962, 1745, 1611, 871 ¢nMS (ESI)mvz 398 (M+H); Anal. Calcd for GH,,CINOS: C, 69.42;

H, 6.08; N, 3.52. Found: C, 69.33; H, 6.04; N, 3.55

4.1.1.121 - (2-(4-((3-chlorophenyl)(thiophen-2-yl)methyl)gmoxy)ethyl) piperidine (14):

Yield, 79%;'H NMR (300 MHz, CDCJ) ¢ 7.19-7.17 (m, 4H), 7.09-7.06 (m, 3H), 6.93-6.9Q (rHi),
6.85-6.82 (m, 2H), 6.67-6.66 (m, 1H), 5.57 (s, 144P8 (t,J = 6.6, 2H), 2.77 (tJ = 5.9, 2H), 2.53-2.50
(m, 4H), 1.64-1.57 (m, 4H), 1.47-1.43 (m, 2fC NMR (75 MHz, CDCJ): 6 157.5, 147.2, 146.0, 135.1,
134.0, 129.6, 129.4, 128.6, 126.8(2C), 126.7, 1286.2, 124.6, 114.3(2C), 65.6, 57.7, 54.8(2C)850
25.6(2C), 23.9; MS (ESI/z 412 (M+H)"; Anal. Calcd for GH,CINOS: C, 69.97; H, 6.36; N, 3.40.
Found: C, 69.89; H, 6.34; N, 3.45.

4.1.1.13. N-(2-(4-((3-chlorophenyl)(thiophen-2-yl)methyllgnoxy)ethyl)-N-isopropylpropan-2-amine
(15):

Yield, 63%;'H NMR (300 MHz, CDCJ) 6 7.19-7.18 (m, 4H), 7.09-7.06 (m, 3H), 6.92-6.89 (i),
6.84-6.81 (m, 2H), 6.66 (d,= 3.3, 1H), 5.57 (s, 1H), 3.87 &= 7.4, 2H), 3.07-2.98 (m, 2H), 2.80 Jt=
7.5, 2H), 1.02 (dJ = 6.5, 12H);**C NMR (75 MHz, CDC)): 6 157.4, 147.4, 146.1, 135.0, 134.2, 129.6,
129.5, 128.8, 126.9(2C), 126.8, 126.6, 126.3, 121418.3(2C), 69.2, 50.9, 49.6(2C), 44.4, 20.8(4R);
(Neat) 3432, 2990, 1742, 1631 ¢MS (ESI)m/z 428 (M+H)'; Anal. Calcd for GH3CINOS: C, 70.15;

H, 7.06; N, 3.27. Found: C, 69.99; H, 7.14; N, 3.30

4.1.1.14 4-(2-(4-((3-chlorophenyl)(thiophen-2-yl)methyl)phexy)ethyl) morpholine (16):

Yield, 68%;'H NMR (300 MHz, CDCJ) ¢ 7.20-7.18 (m, 4H), 7.10-7.08 (m, 3H), 6.94-6.92 (iHi),
6.85-6.83 (M, 2H), 6.67-6.66 (m, 1H), 5.58 (s, 144N9 (t,J = 4.5, 2H), 3.72 (t) = 3.5, 4H), 2.79 () =
4.4, 2H), 2.57 (dJ = 3.0, 4H);**C NMR (75 MHz, CDC)): 6 157.6, 147.3, 146.1, 135.4, 134.2, 129.7,
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129.5, 128.8, 126.9(2C), 126.8, 126.6, 126.3, 12U14.5(2C), 66.9(2C), 65.7, 57.6, 54.0(2C), 5F9;
(Neat) 3435, 2980, 1732, 1630 €mMS (ESI)miz 414 (M+H); Anal. Calcd for GH».CINO,S: C,
66.73; H, 5.84; N, 3.38. Found: C, 66.79; H, 51883.31.

4.1.1.15. 2-(4-((2-fluorophenyl)(thiophen-2-yl)methyl)ph@xy)-N,N-dimethylethanamine (17)

Isolated as light brownish oily liquid (yield 71%H NMR (300 MHz, CDCJ): ¢ 7.25-7.22 (m, 1H),
7.21-7.12 (m, 1H), 7.09-7.02 (m, 5H), 6.94-6.91 (H), 6.87-6.67 (m, 2H), 6.66 (d,= 2.5, 1H), 5.93
(s, 1H), 4.05 (t) = 5.7, 2H), 2.73 () = 5.7, 2H), 2.33 (s, 6H}*C NMR (50 MHz, CDC)): 6 162.7,
157.6, 146.9, 134.8, 130.1, 129.6, 128.5, 126.6(22%.3, 124.5, 124.0, 115.5, 115.1, 114.4(2C)3,65.
58.2, 45.8(2C), 43.7; IR (Neat): 3432, 2904, 161445, 1249, 1176, 1023, 823, 778, 661'cMS
(ESI): m/z 356 (M+HY), Anal. Calcd for GH,-FNOS: C, 70.96; H, 6.24; N, 3.94. Found: C, 70M9];
6.23; N, 3.97.

4.2.2.16 N, N-diethyl-2-(4-((2-fluorophenyl)(thiden-2-yl)methyl)phenoxy) ethanamine (18):
Isolated as light blackish oily liquid (yield 64%H NMR (300 MHz, CDC)): ¢ 7.24-7.12 (m, 2H), 7.09-
7.01 (m, 5H), 6.93-6.90 (m, 1H), 6.84-6.81 (m, 26156 (d,J = 3.4, 1H), 5.93 (s, 1H), 4.04 (= 6.3,
2H), 2.88 (t,J = 6.3, 2H), 2.65 (qJ) = 7.1, 4H), 1.07 (dJ = 7.1, 6H).**C NMR (75 MHz, CDCJ): &
162.7, 157.6, 146.9, 134.7, 130.1, 129.6, 128.8,31226.5, 126.2(2C), 124.5, 123.9, 115.5, 11€R(2
66.2, 51.7, 47.7(2C), 43.7, 11.6(2C); IR (Neat)3342904, 1617, 1445, 1254, 1176, 1033, 823, 763, 6
cm® MS (ESI):mvz 384 (M+H), Anal. Calcd for GH,FNOS: C, 72.03; H, 6.83; N, 3.65. Found: C,
72.09; H, 6.80; N, 3.67.

4.1.1.17.1-(2-(4-((2-fluorophenyl)(thiophen-2-yl)methyl) pmoxy)ethyl) pyrrolidine (19):

Isolated as brownish oily liquid (yield 68%H NMR (300 MHz, CDCY)): 6 7.25-7.12 (m, 2H), 7.09-6.99
(m, 5H), 6.94-6.91 (m, 1H), 6.86-6.83 (m, 2H), 6(66J = 0.9, 1H), 5.93 (s, 1H), 4.09 (= 5.9, 2H),
2.90 (t,J = 5.9, 2H), 2.63 (s, 4H), 1.80 (d,= 3.8, 4H)."*C NMR (50 MHz, CDC)): 6 157.7, 146.9,
139.2, 134.7, 130.1, 129.6, 128.5, 128.3, 126.5(229.3, 124.5, 124.0, 123.9, 115.5, 114.4(2C)3,66.
54.6(2C), 43.7, 23.4(2C); IR (Neat): 3433, 29091761445, 1235, 1176, 1043, 823, 779, 660-ciS
(ESI): m'z 382 (M+HY, Anal. Calcd for GH..FNOS: C, 72.41; H, 6.34; N, 3.67. Found: C, 72H42;
6.39; N, 3.71.

4.1.1.18. 1-(2-(4-((2-fluorophenyl)(thiophen-2-yl)methyljenoxy)ethyl) piperidine (20):
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Isolated as light brownish oily liquid (yield 75%H NMR (300 MHz, CDCJ): ¢ 7.24-7.12 (m, 2H),
7.09-6.98 (m, 5H), 6.93-6.90 (m, 1H), 6.84-6.81 @2H), 6.66 (dJ = 3.4, 1H), 5.92 (s, 1H), 4.09 ¢=
6.0, 2H), 2.78 (tJ = 6.0, 2H), 2.52 (t) = 4.6, 4H), 1.64-1.57 (m, 4H), 1.47-1.40 (m, 2K, NMR (75
MHz, CDChk): ¢ 159.1, 157.6, 146.9, 134.8, 131.3, 129.7(2C), 12828.4, 126.6, 124.5, 115.4,
114.4(2C), 65.6, 57.8, 54.9(2C), 43.8, 43.7, 3287(2C), 24.0 ; IR (Neat): 3423, 2914, 1617, 1425,
1254, 1176, 1031, 823, 774, 661 tmMS (ESI):m/z 396 (M+H), Anal. Calcd for GHFNOS: C,
72.88; H, 6.63; N, 3.54. Found: C, 72.83; H, 61873.59.

4.1.1.19. N-(2-(4-((2-fluorophenyl)(thiophen-2-yl)methyshenoxy)ethyl)-N-isopropylpropan-2-amine
(22):

Isolated as light brownish oily liquid (yield 72%H NMR (300 MHz, CDCJ): § 7.22-7.11 (m, 2H),
7.08-6.97 (m, 5H), 6.92-6.89 (m, 1H), 6.83-6.81 @2H), 6.66 (dJ = 2.5, 1H), 5.92 (s, 1H), 3.86 (=
7.3, 2H), 3.07-2.98 (m, 2H), 2.80 &= 7.3, 2H), 1.02 (d) = 6.5, 12H)**C NMR (75 MHz, CDCJ): 6
162.7, 157.8, 147.0, 134.4, 130.1, 129.6, 128.8,5,2126.2(2C), 124.4, 123.9, 115.5, 115.0, 11€2(2
69.1, 49.6(2C), 44.4, 43.7, 20.8(4C); IR (NeatB3342924, 1621, 1458, 1249, 1166, 1033, 833, 768, 6
cm’; MS (ESI):m/z 412 (M+HY, Anal. Calcd for GH3FNOS: C, 72.96; H, 7.35; N, 3.40. Found: C,
72.92; H, 7.27; N, 3.46.

4.1.1.20. 4-(2-(4-((2-fluorophenyl)(thiophen-2-yl)methyljgnoxy)ethyl) morpholine (22):

Isolated as brownish oily liquid (yield 71%H NMR (300 MHz, CDC)): 6 7.24-7.21 (m, 1H), 7.19-7.12
(m, 1H), 7.09-6.98 (m, 5H), 6.93-6.90 (m, 1H), 6881 (m, 2H), 6.66 (d) = 3.3, 1H), 5.92 (s, 1H),
4.09 (s, 2H), 3.72 (11 = 4.5, 4H), 2.80 (s, 2H), 2.60 (@z= 4.5, 4H);*C NMR (75 MHz, CDC}): 6 161.5,
159.1, 146.6, 135.0, 129.7, 128.5(2C), 128.4(2Q@%K.8(2C), 124.6(2C), 115.2, 114.4(2C), 66.8(2C),
65.6, 57.6, 54.0(2C), 37.9; IR (Neat): 3453, 29817, 1445, 1224, 1176, 1033, 823, 770, 662;MB
(ESI): m/z 398 (M+HY, Anal. Calcd for GH.,FNO,S: C, 69.49; H, 6.09; N, 3.52. Found: C, 69.51; H,
6.13; N, 3.48.

4.1.1.212-(4-((3-fluorophenyl)(thiophen-2-yl)methyl)pheno¥yN,N-dimethylethanamine (23):
Colourless oil; yield, 78%H NMR (300 MHz, CDCJ) 6 7.20-7.17 (m, 3H), 7.00-6.86 (m, 7H), 6.65 (s,
1H), 6.07 (s, 1H), 4.02-3.96 (m, 2H), 2.55Jt 5.7, 2H), 2.23 (s, 6H}’C NMR (75 MHz, CDC)): 6
1576 , 147.3 , 146.0 , 135.2 , 129.5, 128.7(2C) , 126.9, 126.7, 126.5, 125.9, 125.4, 125.0, 124.6 ,
114.3(2C), 65.7,58.1 , 50.8 , 45.8(2C) ; IR (Neat): 3015, 2871, 2121, 1580, 1434, 125131029 cm-

1; MS (ESI):m/z 356 [M+H]"; Anal. Calcd for GH,,FNOS: C, 70.96; H, 6.24; N, 3.94. Found: C,
70.90; H, 6.30; N, 3.90.
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4.1.1.22 N, N-diethyl-2-(4-((3-fluorophenyl)(thiophen-2-ythethyl)phenoxy) ethanamine (24):
Colourless oil; yield, 75%'H NMR (300 MHz, CDCJ) § 7.14-7.10 (m, 3H), 7.02-6.99 (m, 2H), 6.86-
6.59 (m, 5H), 6.59 (s, 1H), 5.52 (s, 1H), 3.94)(t 6.3, 2H), 2.78 (tJ = 6.3, 2H), 2.58-2.51 (m, 4H),
0.98 (t,J = 2.3, 6H):*C NMR (75 MHz, CDC)): & 164.5, 157.7, 147.5, 135.3, 129.7, 126.6, 126.3(2C
124.6(2C), 115.8, 115.5, 114.4(2C), 113.6, 113634,651.7, 50.9, 47.8(2C), 11.8(2C); IR (neat): @07
2811, 2190, 1581, 1446, 1242, 1039, 777 ckiS (ESI):m/z 384 (M+H); Anal. Calcd for GH.¢FNOS:

C, 72.03; H, 6.83; N, 3.65. Found: C, 72.06; H96!8, 3.71.

4.1.1.23. 1-(2-(4-((3-fluorophenyl)(thiophen-2-yl)methylenoxy)ethyl) piperidine (25):

Colourless oil; yield, 77%H NMR (300 MHz, CDCJ) 6 7.11-7.06 (m, 3H), 6.92-6.56 (m, 7H), 6.55 (s,
1H), 5.98 (s, 1H), 3.97-3.92 (m, 2H), 2.53J)& 5.7, 2H), 2.28 () = 4.3, 4H), 1.45-1.17 (m, 6HY¥C
NMR (75 MHz, CDC}): ¢ 164.0, 155.8, 147.0, 139.2, 131.9, 129.5, 128.8.5(2C), 126.4(2C),
124.3(2C), 115.9, 115.7, 114.6(2C), 66.5, 57.8(2@)8, 25.8(3C); IR (Neat): 3042, 2862, 2115, 1587,
1491, 1211, 1047, 769 ¢mMS (ESI):mVz 396 (M+H)'; Anal. Calcd for GH,FNOS: C, 72.88; H, 6.63;
N, 3.54. Found: C, 72.82; H, 6.69; N, 3.50.

4.1.1.24. N-isopropyl-N-(2-(4-((4-(methylthio)phenyl)(thiople2-yl)methyl)phenoxy)ethyl)propan-2-
amine (26):

Compound4 p-SMe substituted at Ar(0.10 g, 0.35 mmol) refluxed with,&O; (0.135 g, 0.96 mmol),
(2-Chloro-ethyl)-diethyl-amine hydrochloride (0.@7 0.35 mmol) in acetone furnish&b as a light
yellow viscous oil (0.105 g, 74%% NMR (200 MHz, CDCJ): 6 7.18-6.99 (m, 7H), 6.86-6.85 (m, 1H),
6.74 (d,J= 8.1, 2H), 6.60 (dJ = 3.6, 1H), 5.49 (s, 1H), 3.80 &= 7.4, 2H), 2.99-2.93 (m, 2H), 2.73 {t,

= 7.4, 2H), 2.38 (s, 3H), 0.96 (@= 6.4, 12H);°*C NMR (75 MHz, CDC)): 6 158.1, 148.7, 141.6, 136.9,
136.1, 130.1(2C), 129.6(2C), 127.0(2C), 126.6(20134.8, 114.7(2C), 69.5, 51.2, 50.1(2C), 44.9,
21.2(4C), 16.3; IR (Neat): 2964, 1608, 1505, 1248-cMS (ESI): m/z 440 (M+HY), Anal. Calcd for
CoeH3aNOS;: C, 71.02; H, 7.57; N, 3.19. Found: C, 71.04; 637N, 3.24.

4.1.1.25. Dimethyl-(2-{4-[(2-methylsulfanyl-phenyl)-thiophe2-yl-methyl]-phenoxy}-ethyl)-amine
(27):

Compound4 o-SMe substituted at A(200 mg, 0.64 mmol) refluxed with,RO; (221.17 mg, 1.6 mmol),
1-(2-chloroethyl)-dimethyl amine hydrochloride (2@.mg, 0.64 mmol) in acetone furnishigd(174 mg,
70.8%) as brown viscous ofti NMR (300 MHz, CDC)): § 7.22-7.14 (m, 3H), 7.05-7.01 (m, 4H), 6.89-
6.78 (m, 3H), 6.59-6.57 (m, 1H), 6.07 (s, 1H), 402 = 5.8, 2H), 2.70 (tJ = 5.7, 2H), 2.36 (s, 3H),
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2.32 (s, 6H)*C NMR (75 MHz, CDC)): § 157.7, 156.7, 136.1, 129.8(3C) , 127.8 , 126.45,,1724(2C)
, 120(2C) , 114(2C), 110, 65.8, 58.3 , 55.6 8@XC) , 43.8; IR (Neat): 3017, 2926, 2361, 2338)9.6
1508, 1465, 1217, 1040, 762 ¢nMS (ESI):nvz 384 (M+H)'; Anal. Calcd for GH,sNOS;: C, 68.89; H,
6.57; N, 3.65. Found: C, 68.95; H, 6.62; N, 4.09.

4.1.1.26 Diethyl-(2-{4-[(2-methylsulfanyl-phenyl)-thiopher2-yl-methyl]-phenoxy}-ethyl)-amine (28):
Compound4 o-SMe substituted at A(200 mg, 0.64 mmol)refluxed with,€O; (221.17 mg, 1.6 mmol),
1-(2-chloroethyl)-diethyl amine hydrochloride (116.mg, 0.64 mmol)in acetone furnish2@i(191.7 mg,
72.7%) as brown viscous offtH NMR (300 MHz, CDC},):  7.21-7.14 (m, 4H), 7.08-6.99 (m, 4H),
6.89-6.76 (m, 2H), 6.59-6.58 (m, 1H), 6.06 (s, 1#N1 (t,J = 6.3, 2H), 2.86 (1) = 6.2, 2H), 2.67-2.60
(m, 4H), 2.36 (s, 3H), 1.07 (fl = 7.0, 6H); **C NMR (75 MHz, CDCJ): § 157.4 , 137.5 , 135.4 ,
130.1(2C) , 129.1(2C) , 127.3, 126.6(3C) , 1252)(2124.5 , 114.3(2C) , 65.8 ,51.5 , 47.7 , 474B.3 ,
16.5 , 11.3(2C); IR (Neat): 2967, 2358, 1617, 12@R0, 767 cnf; MS (ESI):m/z 412 (M+H)', Anal.
Calcd for G/HH,NOS;: C, 70.03; H, 7.10; N, 3.40. Found: C, 70.10; H97 N, 3.30.

4.1.1.27 (2-{4-[(2-Methoxy-phenyl)-thiophen-2-yl-methyl]-@noxy}-ethyl)-dimethyl-amine (29):
Compound4 o-OMe substituted at Ar(400 mg, 1.349 mmol) refluxed with,&0; (466.32 mg, 3.374
mmol), 1-(2-chloroethyl)-dimethyl amine hydrochlbgi (194.32mg, 1.349 mmol) in acetone furnish@d
(350 mg, 70.5%) as brown viscous 6l NMR (300 MHz, CDCY)): ¢ 7.21-6.99 (m, 5H), 6.89-6.78 (m,
5H), 6.61-6.60 (m, 1H), 6.00 (s, 1H), 4.02)& 5.8, 2H), 3.74 (s, 3H), 2.71 &= 5.7, 2H), 2.32 (s, 6H).
¥%C NMR (75 MHz, CDC)): 6 157.3, 156.7, 136.1, 129.8(3C), 127.8, 126.4(2Qp.0(2C), 124.0,
120.4,114.2(2C), 110.7, 65.5, 58.1, 55.4, 45.6(4B8)8; IR (Neat): 3011, 2933, 26 21, 1608, 15@%31
1243, 1218, 1032, 758 ¢mMS (ESI):m/z 368 (M+H), 295 (GgH150,S)", 72 (GH1oN)* ; Anal. Calcd
for C,,H,sNO,S: C, 71.90; H, 6.86; N, 3.81. Found: C, 71.926183; N, 3.85.

4.1.1.28. Diethyl-(2-{4-[(2-methoxy-phenyl)-thiophen-2-yhethyl]-phenoxy}-ethyl)-amine (30):

As described above, compoudd-OMe substituted at Ar(400 mg, 1.349 mmol)refluxed with,EO;
(466.32 mg, 3.37 mmol), 1-(2-chloroethyl)-diethyhiae hydrochloride (232.16 mg, 1.349 mmol) in
acetone furnishe80 (360 mg, 67.5%) as brown viscous &, NMR (300 MHz, CDCYJ): ¢ 7.24-7.02 (m,
5H), 6.91-6.79 (m, 5H), 6.63-6.62 (m, 1H), 6.031l), 4.02 (tJ = 6.3, 2H), 3.73 (s, 3H), 2.85 {,=
6.3, 2H), 2.66-2.59 (m, 4H), 1.05 &= 7.1, 6H);**C NMR (300 MHz, CDGC)): 6 157.3, 156.6, 148.6,
135.9, 132.8, 129.7(2C), 129.5, 127.7, 126.3, 125623.9, 120.3, 114.1(2C), 110.6, 66.3, 55.5, 51.7,
47.7(2C), 43.8, 11.7(2C); IR (Neat): 3017, 29713292836, 2362, 1607, 1509, 1244, 1217, 764;cm
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MS (ESI):m/z 396 (M+H)"; Anal. Calcd for GH2NO,S: C, 72.87; H, 7.39; N, 3.54. Found: C, 72.95; H,
7.36; N, 3.58.

4.1.1.29. 1-(2-{4-[(2-Methoxy-phenyl)-thiophen-2-yl-methyfjhenoxy}-ethyl)-pyrrolidine (31):
Compound4 o-OMe substituted at Ar(500 mg, 1.687 mmol) refluxed with,&0; (582.83 mg, 4.217
mmol), 1-(2-chloroethyl)-pyrrolidine hydrochlorid®86.92 mg, 1.687 mmol) in acetone furnist8dd
(478.6mg, 72.1%) as brown viscous dit; NMR (300 MHz, CDCJ): § 7.24-6.98 (m, 5H), 6.88-6.77 (m,
5H), 6.60-6.59 (m, 1H), 5.99 (s, 1H), 4.09J% 5.9, 2H), 3.73 (s, 3H), 2.92 ,= 5.9, 2H), 2.68 (bs,
4H), 1.84-1.80 (m, 4H)**C NMR (75 MHz, CDCJ): ¢ 157.0, 156.5, 148.4, 136.1, 132.6, 129.7(2C),
129.5, 127.7, 126.3, 125.9, 123.9, 120.3, 114.1(20).4, 66.1, 55.4, 54.7, 54.5(2C), 43.8, 23.4(IR)
(Neat): 3017, 2964, 2601, 1607, 1509, 1224, 1269,cmi’; MS (ESI):m/z 394 (M+H)"; Anal. Calcd for
C,H,/NO,S: C, 73.25; H, 6.92; N, 3.56. Found: C, 73.186195; N, 3.54.

4.1.1.30. 1-(2-{4-[(2-Methoxy-phenyl)-thiophen-2-yl-methyfijhenoxy}-ethyl)-piperidine (32):
Compound4 o-OMe substituted at Ar(500 mg, 1.687 mmol) refluxed with ,€0; (582.83 mg,
4.217mmol), 1-(2-chloroethyl)-piperidine hydrocht® (310.59 mg, 1.687 mmol) in acetone furnished
32 (630 mg, 91.62%) as brown viscous &i; NMR (300 MHz, CDC)): ¢ 7.11-6.99 (m, 5H), 6.88-6.76
(m, 5H), 6.61-6.59 (m, 1H), 5.99 (s, 1H), 4.08)(t 6.0, 2H), 3.73 (s, 3H), 2.76 {t= 5.9, 2H), 2.52 (tJ

= 5.2, 4H), 1.61 (q) = 5.6, 4H), 1.47-1.42 (m, 2H)°*C NMR (75 MHz, CDC})): 6 157.2, 156.6, 148.5,
136.0, 132.8, 129.8, 129.6, 127.7, 126.3, 126.3,912120.4, 114.2(2C), 110.5, 96.2 65.5, 57.8, ,55.5
54.9(2C), 43.8, 25.6(2C), 24.1; IR (Neat): 3020629260, 1610, 1217, 1091, 929, 761'cMS (ESI):
m/z 408 (M+H)"; Anal. Calcd for GH,gNO,S: C, 73.67; H, 7.17; N, 3.44. Found: C, 73.767121; N,
3.34.

4.1.1.31.1-(2-{4-[(2-Methoxy-phenyl)-thiophen-2-yl-methyfjhenoxy}-ethyl)-azepane (33):
Compound4 0o-OMe substituted at Ar(200 mg, 0.674 mmol) refluxed with,&0O; (233.16 mg, 1.68
mmol), 1-(2-Chloro-ethyl)-azepane hydrochloride ¥26@ mg, 0.674 mmol) in acetone furnishgd
(197mg, 69.2%) as. brown viscous ot NMR (300 MHz, CDC)): § 7.19-6.98 (m, 5H), 6.87-6.75 (m,
5H), 6.60-6.58 (m, 1H), 5.99 (s, 1H), 4.04Jt 5.8, 2H), 3.73 (s, 3H), 2.95 (= 5.5, 2H), 2.79 (t) =
4.2, 4H), 1.67 (bs, 4H), 1.60 (bs, 4H}C NMR (75 MHz, CDC)): 6 157.2, 156.6, 148.5, 136.1, 132.8,
129.8(2C), 129.6, 127.7, 126.3, 125.9, 123.9, 12014.2(2C), 110.5, 65.8, 56.5, 55.7, 55.4(2C)843.
27.3(2C), 27.0(2C); IR (Neat): 3017, 2937, 16090951242, 1217, 767 cin MS (ESI): m/z 422

18



(M+H)"; 126 (GH1eN)*; Calcd for GeHsiNO,S: C, 74.07; H, 7.41; N, 3.32. Found: C, 74.027139; N,
3.33.

4.1.1.32. Diisopropyl-(2-{4-[(2-methoxy-phenyl)-thiophen-@-methyl]-phenoxy}-ethyl)-amine (34):
Compound4 0-OMe substituted at Ar(500mg, 1.687 mmol) refluxed with,&O; (582.83 mg, 4.217
mmol, (2-Chloro-ethyl)-diisopropyl-amine hydrochlie (337.65 mg, 1.687 mmol) in acetone furnished
34 (520 mg, 72.7%) as yellow viscous dif NMR (300 MHz, CDC}): ¢ 7.17-6.98 (m, 5H), 6.88-6.78
(m, 5H), 6.60-6.59 (m, 1H), 5.99 (s, 1H), 3.87 (®d), 3.74 (s, 3H), 3.06 (bs, 2H), 2.82Jt 6.7, 2H),
1.05 (d,J = 6.2, 12H); );*C NMR (75 MHz, CDC})): § 157.7, 156.8, 135.9, 133.0, 129.9(2C), 129.7(2C),
127.9, 126.5, 126.1, 124.1, 120.5, 114.2(2C), 116983, 55.6, 49.8(2C), 44.6, 44.0, 21.0(4C) ; IR
(Neat): 3018, 2968, 2930, 2361, 1605, 1508, 12B4 @m'; MS (ESI): m/iz 424 (M+H); Anal.
Co6H33NO,S: C, 73.72; H, 7.85; N, 3.31. Found: C, 73.817190; N, 3.25.

4.1.1.334-(2-{4-[(2-Methoxy-phenyl)-thiophen-2-yl-methyl]@noxy}-ethyl)-morpholine (35):
Compound4 0-OMe substituted at Ar(400mg, 1.349 mmol), ¥CO; (466.32mg, 3.37mmol), 4-(2-
Chloro-ethyl)-morpholine hydrochloride (251.02¢g349 mmol) furnishe®5 (510mg, 92.2%) as brown
viscous oil.*H NMR (200 MHz, CDC)): 6 7.23-6.98 (m, 5H), 6.88-6.75 (m, 5H), 6.60-6.59 (H),
5.99 (s, 1H), 4.05 (1] = 5.7, 2H), 3.73 (s, 3H), 3.69 (t= 4.5, 4H), 2.75 (t) = 5.7, 2H), 2.53 (t) = 4.6,
4H); **C NMR (75 MHz, CDC)): 6 157.2, 156.6, 148.4, 136.1, 132.7, 129.8(2C), 8,2927.8, 126.3,
126.0, 123.9, 120.4, 114.1(2C), 110.5, 66.8(2C)6,657.7, 55.4, 54.3(2C), 43.8; IR (Neat): 301389
2863, 1605, 1508, 1243, 1220, 767 cvS (ESI):m/z 410 (M+H)"; Anal. Calcd for GH,NOsS: C,
70.39; H, 6.65; N, 3.42. Found: C, 70.43; H, 6 N23.43.

4.1.1.34. Diisopropyl-(2-{4-[(4-methoxy-phenyl)-thiophen8-methyl]-phenoxy}-ethyl)-amine (36):
Compound4 p-OMe substituted at A{0.10 g, 0.33 mmol), ¥CO; (0.14 g, 1.01 mmol), (2-Chloro-ethyl)-
diisopropyl-amine hydrochloride (0.07g, 0.37 mmiol)nished36 as yellow viscous oil (0.11 g, 75%).
1H NMR (300 MHz, CDCI3)s 7.17 (d,J = 4.5, 1H), 7.12-7.07 (m, 4H), 6.92-6.89 (m, 1BB4-6.80
(m, 4H), 6.67-6.64 (dJ = 3.0, 1H), 5.56 (s, 1H), 3.86 @,= 7.3, 2H), 3.76 (s, 3H), 3.07-2.98 (m, 2H),
2.80 (t,J = 7.5, 2H), 1.03 (dJ = 6.3, 12H); 13C NMR (75 MHz, CDCI3): 158.2, 157.5, 148.9, 136.3,
136.2, 129.6(4C), 126.4, 125.9, 124.2, 114.2(2C3.6(2C), 68.8, 55.1(2C), 50.5, 49.9, 44.5, 20.6{4C
IR (Neat): 2964, 1654, 1611, 1509 cm-1; MS (E8ijz 424 (M+H)"; Anal. Calcd for GH3sNO,S: C,
73.72; H, 7.85; N, 3.31. Found: C, 73.79; H, 7N93.29.

4.1.1.35.1-(2-(4-((4-methoxyphenyl)(thiophen-3-yl)methyl) phexy)ethyl)piperidine (37):
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Compoundla reacted with 2* to gave corresponding 3* whichrefiuxing with phenol and two drops of
H,SO, in benzene provided with 4* which was refluxedthwK,CO; 1-(2-chloroethyl)-piperidine
hydrochloride in acetone furnished compo@&Td *H NMR (400 MHz, CDCJ): & 7.00 (d, J=8Hz, 1H),
6.95 (m, 4H), 6.77-6.63 (m, 5H), 6.62 (s,1H), 7(84AH), 4.32 (t, J=4Hz, 2H), 3.7 (s, 3H), 3.270¢4Hz

, 2H) , 3.09 (m,4H), 1.88 (m,4H), 1.59 (m,2HYC NMR (75 MHz, CDCI3):y 158.11, 155.7 , 145.3,
137.7,136.0, 130.0(2C) , 129.7(2C) , 125.5(2092.4 , 114.3(2C) , 113.7(2C) , 63.0, 56.3 , 6582,
54.1,50.9, 23.0(2C), 21.9.

4.1.1.36N, N —diethyl-2-(4-((4-methoxyphenyl)(thiophen-3}giethyl)phenoxy)ethanamine (38):

R:: 0.4 (20% ethyl acetate in hexane). Isolatedigist yellow oily liquid (yield 65%) by elution wht 2%
methanol in dichloromethane from silica g#&l. NMR (400 MHz, CDC)):  7.19 (t , J= 4Hz,1H) , 7.0
(m,4H), 6.97 (m, 5H), 6.76-6.62 (m, 1H) , 582 1H ), 4.29 (t, J=4 Hz ,2H) , 3.70 (s, 313)43 (t,
J=4Hz,2H), 3.23 (m, 4H), 1.31 (t, J=8Hz, 6H)

4.1.1.37. N-isopropyl-N-(2-(4-((4-methoxyphenyl)(thiophen-3methyl)phenoxy)ethyl)propan-2-

amine (39):

Rr: 0.43 (20% ethyl acetate in hexane). Isolatedigist yellow oily liquid (yield 62%) by elution wh
2% methanol in dichloromethane from silica gel.NMR (300 MHz, CDCJ): 8 7.23 (s , 1H) , 7.03 (m,
4H),6.85 (m, 5H), 6.69 (m, 1H), 5.39 (s, 1K)87 (t, J=6Hz, 2H) , 3.76 (s, 3H) , 3.03 &#6Hz, 2H)
,2.80 (m, 2H), 1.04 ( d, J=6Hz, 12H)

4.1.1.38. 2-(di(thiophen-2-yl)methoxy)-N,N-diethylethanamingQ):

To a solution of 2-thiophene carboxaldehyde, thasgh2-magnesium bromidm (situ generation of 2-
bromo thiophene in presence of Mg in THF for 1hasvadded and was stirred for another 1hr to furnish
corresponding carbinol. It was then refluxed wiiktllyl aminoethyl chloride hydrochloride chain in
presence of KCO; in acetone at 60-76 to furnish compound0. Quenched with NKCI soln, extracted
with ethyl acetate and dried over J8&;. The solvent was removed under reduced presstogu& was
purified by column chromatography::R.3(2 % methanol in DCM). Isolated as pale yelloily liquid,
(yield 52%,) , elution with 1.5% methanol in DCMbin silica gel*H NMR (400 MHz, CDCJ): & 7.23
(s, 2H), 6.90 (s, 4H, ), 5.83 (s, 1H), 3.72 (s,)28,00-2.90 (m, 6H,), 1.16(dJ= 6.48 Hz, 6H)ppm.”*C
NMR (75 MHz, CDC}): 6 145.1(2C), 126.3(2C), 125.7(2C), 125.6(2C), 7586.5, 51.8, 47.6(2C),
11.1(2C) ppm. IR (Neat ¢y 3442, 2924, 1630, 1218, 772. Anal. calcd. fegsHz:NOS,: C 58.39; H,
6.41; N, 5.24%; found C, 58.42; H, 6.34; N, 5.15%
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4.1.1.39.N-(2-(dithiophen-2-yImethoxy)ethyl)-N-isopropylprap-2-amine (41):

Rr: 0.6 (40% ethyl acetate in hexane). Isolated &s lp@wn, oily liquid, (yield 70%,) by elution with
0.5% methanol in DCM from silica géH NMR (300 MHz, CDC)): 6 7.21 (d,J= 4.89 Hz, 2H), 6.88 (t,
J= 5.07 Hz ,4H), 5.85 (s, 1H), 3.64 (s, 2H), 3.2924d), 2.87(s, 2H), 1.10 (d=6.09Hz, 12H)ppm. IR
(Neat cn1):3440, 2928, 1642, 1218,770. Anal. calcd. fosHzNOS,: C, 63.11; H, 7.79: N, 4.33 %;
found C, 63.24; H, 7.65; N, 4.41 %.

4.1.1.40. 2-(di(thiophen-2-yl)methoxy)-N,N-dimethylethanami(42):

Rs: 0.35 (2% methanol in DCM ). Isolated as pale browily liquid, (yield 35%,) by elution with 2%
methanol in DCM from silica getH NMR (300 MHz, CDC)): & 7.25 (d,J= 4.5 Hz, 2H), 6.91 (dJ=
4.44 Hz, 4H), 5.85 (s, 1H), 3.87 §& 3.69 Hz, 2H), 3.25 (dl= 3.75 Hz, 2H), 2.85(s, 6H) ppriC NMR
(100 MHz, CDCJ): 5 143.7(2C), 126.6(2C), 126.3(2C), 126.1(2C), 7638, 57.3, 44.3(2C) ppm. IR
(Neat cni): 3435, 2924, 1634, 1217, 770. Anal. calcd. feHzNOS,: C, 60.98; H, 7.16; N, 4.74 %;
found C, 60.77; H, 7.32; N, 4.71 %.

4.1.1.41.1-(2-(di(thiophen-2-yl)methoxy)ethyl)piperidine(4:3)

R:: 0.4 (5% methanol in DCM ). Isolated as pale oearaily liquid, (vield 33%,) by elution with 1.5%
methanol in DCM from silica ge?H NMR (400 MHz, CDCJ): ¢ 7.28(dd,J;= 1.68,J,= 2.88Hz, 2H) ,
6.88 (t,J= 4.64 Hz, 4H ), 5.82 (s, 1H), 3.65 Jt 5.88 Hz, 2H), 2.66 (tJ= 5.84 Hz, 2H), 2.51(s, 4
1.61-1.55 (m, 4H),1.39 (dJ= 4.96 Hz, 2H)ppm. IR (Neat ctn3450, 2918, 1620, 1212, 775. (
C/H1/NO). Anal. calcd. for H.INOS;: C, 62.50; H, 6.88; N, 4.56%; found C, 62.63; 6/8; N,
4.56%.

4.1.1.42 N-(2-(di(thiophen-3-yl)methoxy)ethyl)-N-isopropylppan-2-amine (44):

Rr: 0.38 (20% ethyl acetate in hexane). Isolatedyalow oily liquid (yield 64%) by elution with 2%
methanol in dichloromethane from silica gél. NMR (400 MHz, CDCJ): & 7.20-7.17 (m, 4H), 7.01(q,
J= 1 Hz,1H), 6.83 (d, J=5.28Hz, 1H), 5.7 (s, 1H%H 8s, 2H), 3.05 (s, 2H), 2.70 (s, 2H), 0.99 (d,
J=5.84Hz, 12H).

4.1.1.43.1-(2-(di(thiophen-3-yl)methoxy)ethyl)piperidine (45

Rr: 0.20 (30% ethyl acetate in hexane). Isolatedyaow oily liquid (yield 67%) by elution with 5%
methanol in dichloromethane from silica gél. NMR (400 MHz, CDCJ): 8 7.22-7.19 (m, 4H), 6.99 (q,
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J= 1.6 Hz,1H), 6.86 (d, J=5.28Hz, 1H), 5.76 (s, 118.Y5 (t, J=5.32Hz, 2H), 2.39 @ 5.36Hz, 2H),
2.78 (s, 4H),1.75-1.69 (m, 4H), 1.52 (s, 2H)

4.1.1.44 2-(di(thiophen-3-yl)methoxy)-N,N-diethylethanaminé6):

Rr: 0.30 (20% ethyl acetate in hexane). Isolatedyaiow oily liquid (yield 68%) by elution with 6%
methanol in dichloromethane from silica gél. NMR (400 MHz, CDC)): & 7.18 (t, J=4.56Hz, 4H),
6.99 (q,J= 1.24 Hz, 1H), 6.83 (d, J=5.28Hz, 1H), 5.76 (s, }F8.57 (t,J=6.16Hz, 2H), 2.72 (& 6.2Hz,
2H), 2.57 (q, J=7.16Hz, 4H),0.99 (t, J= 7.16Hz, 6H)

4.1.1.452-(di(thiophen-3-yl)methoxy)-N,N-dimethylethanamind7):

R 0.30 (20% ethyl acetate in hexane). IsolatedrasvB yellow oily liquid (yield 72%) by elution with
10% methanol in dichloromethane from silica gel.NMR (400 MHz, CDCJ): & 7.20 (t,J= 3.24 Hz,
4H), 7.00 (dJ=4.72 Hz, 1H), 6.852 (d, J=5.28Hz, 1H), 5.75 (8, ) 3.63 (t, J=5.52Hz, 2H), 2.69 {&
5.52Hz, 2H), 2.35 (s, 6H)

4.1.1.46.1-(2-(di(thiophen-3-yl)methoxy)ethyl)pyrrolidine 8):

R: 0.30 (30% ethyl acetate in hexane). Isolatedadss yellow oily liquid (yield 68%) by elution with%
methanol in dichloromethane from silica g#l. NMR (300 MHz, CDCJ): & 7.25-7.20 (m, 4H), 7.00 (q,
J= 1.48 Hz,1H), 6.86 (d, J=5.28Hz, 1H), 5.77 (s, ,1BB2 (q, J=1.92Hz, 2H), 3.14 @ 4.28Hz, 6H),
1.95 (t, J= 6.6Hz, 4H)

4.1.1.47 4-(2-(di(thiophen-3-yl)methoxy)ethyl)morpholinel 9):

Rr: 0.36 (10% ethyl acetate in hexane). Isolatedyaiow oily liquid (yield 67%) by elution with 2%
methanol in dichloromethane from silica gél. NMR (400 MHz, CDCJ): & 7.20 (q, J=1.52Hz, 4H),
6.99 (gq,J= 1.72 Hz, 1H), 6.86(d, J=5.28Hz,1H), 5.76(s,1HY 28, J=4.64Hz, 4H ), 3.68 (t, J=5.48Hz,
2H), 2.74 (tJ= 5.36Hz, 2H), 2.64 (s, 4H)

4.2. Biological Evaluation

4.2.1. Assay foiin vitro activity againstM. tuberculosisH37R,**

The compounds were dissolved in dimethyl sulfox{p®SO) to make stocks. Serial dilutions from
stocks were also made in DMSO. To 1.9 ml Middleokr@MIB) 7H10 agar supplemented with OADC (in
tubes, held at 45-50° C), 0.1 ml of test compounB®MSO (negative control) or INH (positive control)

was added. The contents were mixed and allowedlidifg (by cooling) as slants. Three-week old
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culture of M. tuberculosis H37R, was harvested from L-J medium and its suspensiommg/ml,
equivalent to 1dbacilli approximately) was made in normal salio@taining 0.05% Tween-80. 10 of
1:10 dilution of this suspension (Iacilli) was inoculated into each tube and incubate37 °C for 4
weeks. The lowest concentration of a compound wghich there was no visible growth of bacilli wés i
minimal inhibitory concentration (MIC). Compoundaving MIC of < 6.25 mg/L were selected as

‘secondary hits’ for further development.

4.2.2. Assays foin vitro cytotoxicity*?

In vitro cytotoxicity of active compounds (having MKC6.25 mg/L) was measured using Vero cells and
mouse bone-marrow derived macrophages. Vero C-¢€l08ne was procured from Laboratory Animals
Division (LAD) of CDRI. For preparation of macroges, a Swiss mouse (bred in LDA) was euthanized
by exposure to COand femurs dissected out. The bones were trimmeddan end and marrow flushed
out with Dulbecco’s Minimal Essential Medium comiiaig 10% fetal bovine serum (DMEM-FBS) and
antibiotics. The medium was also supplemented &% (/v) L929 fibroblast conditioned medium and
non-essential amino acids. The cell suspensiono{M&rcrophage) was plated in 96-well tissue culture
plates (20,000 cells/2Q0/well) and incubated overnight (37°C, 5% £Qo allow their adherence.
Compounds at different concentrations were addedthi® wells. A known toxic compound
(Staurosporine) was used as a positive controlM&O was used as negative control. After 24 h of
incubation, 2QuL of MTS solution (tetrazolium compound, Owen’sgeat) was added to each well and
incubated for further 2 h (37 °C, 5% @00. D. was read at 490 nm using a plate readempound
was considered as potentially toxic if itssdQconcentration causing 50% loss in cell viabiliyas< 10
times its MIC forM. tuberculosis H37R,

4.2.3. Assay forex vivoactivity in the macrophage model of tuberculosis$

The effect of selected compounds (Mi06.25 mg/L and Sk 10, i.e., non-toxic) on the survival and
multiplication of M. tuberculosis H37R, within mouse bone-marrow derived as well as huiblaod
monocyte derived macrophages was evaluated byriigroscopy and counting of colony-forming units
(CFU). Mouse bone-marrow derived macrophages weepagped as above and the human blood
monocyte derived macrophages were prepared asvfolld0 ml blood from healthy volunteers was
collected in anti-coagulant solution (acid-citraextrose, ACD), centrifuged at 2500 rpm (to remove
plasma) and reconstituted with RPMI 1640 tissuéucelmedium containing ACD. This suspension was
layered over Ficoll-Isopaque (Sigma Chemical ComgpatsA) and centrifuged at 600 g for 20 min. The
mononuclear cells on the top of Ficoll layer wemlected, washed twice with RPMI medium, and
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counted using hemocytometer. The cells were finsligpended at a density of°T@lls/mL in RPMI
containing heat inactivated pooled normal humanregiPNS, 5%).

For evaluation by microscopy, macrophages (humaméelowere seeded in 8-chambered slides at a
density of 5 x 19cells (in 0.5 ml RPMI-PNS/DMEM-FBS media) per chzen The cells were incubated
at 37 °C with 5% C@ On 6" day, washed adherent macrophages in each chaneberinfected for 3h
with 0.5 ml suspension containing 2.5 *® M0 tuberculosis H37R, in antibiotic-free medium. Later, the
chambers were thoroughly washed to remove exttdaelbacteria and replenished with fresh 0.5 ml
medium containing 4x MIC of standard drugs (INH,NREBnd PZA) or test compounds. After further 4
days incubation in the GOncubator, each chamber was gently washed andumeaspirated off. After
removing the chambers, infected macrophages oe slae heat-fixed, stained with Ziehl-Neelsen stain
counter stained with methylene blue, and viewedeuond immersion lens (100x) of a microscope.

For evaluation by counting colony forming units (QF5-day old cultures of adherent macrophage$ (10
cells/well, in 24-well plates) were infected for 8lith 5x1F M. tuberculosis H37R, in antibiotic-free
medium. Later, the wells were washed to removeaegtiular bacteria and replenished with fresh 1 ml
antibiotic-free medium containing 4x MIC of standl@rugs or test compounds. In order to determigae th
number of bacilli phagocytised during the 3 h itifat period (0 day count), one well was lysed with
0.1% saponin (15 min) and lysate (@0 of 1:100 dilution) plated on MB 7H11 agar (in petishes) for
colony counting. Other wells, after further 4 dafsincubation, were gently washed, cells lysed and
lysates plated on MB 7H11 agar plates. CFUs weunateal after 4 weeks of incubation at 37°C.

4.2.4. Assay foiin vivo activity in the mouse model of tuberculosi$

Outbred Swiss mice (obtained from CDRI-LAD) werdeisted withM. tuberculosis H37R, (10" CFU/
mouse, i.v.) and divided into groups of 8-10 ansn&lach experimental group received daily oral ddse
the test compound (100 mg/kg body weight, for 2gsilaissolved in a suitable vehicle (water/corn oil
depending on its solubility profile). The drug-ttee control groups received INH (25 mg/kg) or EMB
(10 mg/kg) or PZA (150 mg/kg body weight) for 28/daThe untreated control groups received only the
vehicle. At least 3 mice from each group were $iged on day 30 for determination of viable badifli
the lungs. Serial dilutions of lung homogenatesenmglaced on MB7H11 agar medium and colonies
(CFU) were counted after 4 weeks of incubation7aC3 Remaining mice, if survived, were observed for
further 15 days for determination of mean survtime (MST) and % survivors.

4.2.5. Determination of Minimum Bactericidal Concetration (MBC) *°

Forinvitro MBC determinations, to each culture tube was hagisgml MB7H9 broth, 5@L inoculum
containing 18M. tuberculosis H37R, was added and incubated (37°C) with or withouahd 4x MIC of

test compounds or standamti-TB drugs. CFU in a tube containing inoculum alevess determined on

24



day 0 and in others it was determined on day 14. Séme principle was applied to the determinatfon o
ex vivo MBC.

4.2.6. Activity of selected compounds against drugsistant strains ofM. tuberculosis*.

The drug sensitive and drug-resistant Indian dihisolates oM. tuberculosis were obtained from the
DBT Mycobacterium Repository at NJIL-OMD, Agra (Gtasy of Dr VM Katoch, DG-ICMR) and
propagated on L-J medium. The cultures thus oldainere used for testinign vitro sensitivity against

selected active compounds using agar dilution nietho
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Compd.

no.

I T T

p-Cl
p-Cl
m-Cl
m-Cl
m-Cl
m-Cl
m-Cl
m-Cl
o-F
o-F
o-F
o-F
o-F
o-F
m-F
m-F
m-F
P-SCH3
0-SCH;
0-SCH;
0-OCH3
0-OCH3
0-OCH3

R Ml S\
o\/\R2
9-36
R, Mol.
Weight
N(C;Hs)2 365.53
N(CH,)s 37754
N(CH,)s 391.57
N(CH,),0 379.52
N(CH>)s 411.99
N{CH(CHs),} 428.03
N(CHs), 371.92
N(CH,CHj5), 399.98
N(CH,), 397.96
N(CH,)s 411.99
N{CH(CHy)2} > 428.03
N(CH,),0 413.96
N(CHs), 355.57
N(CH,CHy), 383.52
N(CH,),4 381.51
N(CH,)s 395.53
N{ CH(CHy),} > 411.58
N(CH,),0 397.51
N(CHys), 355.47
N(CH,CHy), 383.52
N(CH,)s 393.52
N{CH(CHs),}, 439.68
N(CHs), 383.57
N(CH,CHj5), 411.62
N(CHs), 367.50

N(CH,CH), 395.56
N(CH,)s 393.54

CLogP

6.36
6.44
6.97
5.11
7.15
7.69
6.02
7.08
6.62
7.15
7.69
5.83
5.45
6.51
6.05
6.58
712
5.26
5.45
6.51
6.58
7.18
5.16
6.22
4.82
5.88
5.43

MIC
(mg/L)

12.47
6.23
3.10

24.98
0.78
1.56
4.65
125
249
1.29
134
5.18
17.8
4.80
191
124
10.3
199
17.8
2.40
198
1.57
125
25.0
9.19
25.0
25.0

Cytotoxic
activity,
I1Cso
(mg/L)
ND
ND
13
ND
100
100
10.8
10.1

8.6
8.7
220
234
ND
ND
ND
39
ND
ND
ND
5.8
ND
100
ND
ND
ND
ND
ND

Sk

ND"
ND
<10
ND
>10
>10
<10
<10
<10
<10
>10
<10
ND
ND
ND
<10
ND
ND
ND
<10
ND
>10
ND
ND
ND
ND
ND



32
33
34
35
36

(S006-

830)

0-OCH;
0-OCH;
0-OCH;
0-OCH;
p-OCH3;

N(CH2)s
N(CH2)s
N{CH(CHa)2}
N(CH,):0
N{CH(CH3)2}>

407.57
421.59
423.61
409.54
423.61

5.96
6.49
6.50
4.63
6.90

1.28

2.64

25.0
10.24
133

9.2
12.7
ND
ND
100

<10
<10
ND
ND
>10
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le, Ar' = p-CI-C¢Hs 7, Ar' = -Ph, R, _ N(CH,),

1f, Ar' = p-F-C4H; 8, Ar'=-Ph, R, - N(CH,),0

1g, Ar' = 0-F-C¢Hs 9-36, Ar' = Cl, F, OMe, SMe, (-0, -m, -p)-CgHs;

1h, Ar! = m-F-C4Hs Ry,=N(CHs), N(CH,CHs),  N(CH,),, N(CHy)s, N(CHy)s,
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1j, Ar' = 0-OMe-C¢Hs R3=N(CH;)5,N(CH,CH3), N{CH(CH3),}>

1, Ar! =2-thiophene R= N(CH,;)s,N(CH,CH3), N{CH(CHj3),},,N(CHj3),

Scheme 1. Synthesis of Trisubstituted Methanes (TRSMs)

Reagents and conditions (&) Dry THF, 0 °C-rt, 30 min.; (b) Phenol, dry benzene, catalytic H,SO,,
reflux, 1h; (c) Alkylaminoethyl hydrochloride, dry acetone, anhyd. K,COs, reflux, 6-7 h;

o O OO

R==N(CHj3), N(CH,CH3), N(CH,)4, N(CH,)s, N(CH,)40, N{CH(CH3),}»

Scheme 2. Synthesis of dithi ophene substituted compounds

Reagents and conditions (a) Dry THF, 0 °C-rt, 30 min.; 1h; (b) Alkylaminoethyl hydrochloride, dry
acetone, anhyd. K,CO;, reflux, 6-7 h;



% reduction in intracellular CFU

Figure 3. Percent reduction in intracellular CFU of M. tuberculosis H37Ry in mouse bone marrow
derived macrophages by 9, 10, 26 and S006-830. Isoniazid (INH), rifampicin (RFM) and
pyrazinamide (PZA) were used as standard drugs.
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Figure 4. Compounds 10 and S006-830 were also able to kill intracellular M. tuberculosis H37Rv in
human monocyte derived macrophages in a manner similar to the standard drug INH (corresponding
mouse macrophage data are shown for comparison).
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Figure 5. Results of in vivo protection experiments in mice infected (i.v.) with M. tuberculosis
H37R,.

A) S006-830 treated mice (100 mg/kg body wt, by oral gavage, 6 d/w, x 4w) showed appx.15 fold
reduction in CFU in lungs, which was equivalent to in vivo efficacy of standard drugs ethambutol
(EMB) and pyrazinamide (PZA) B) represents the Z-N staining of lung homogenate untreated and
treated with S006-830.
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ACCEPTED MANUSCRIPT

Figure 6. CFU in the lungs of mice treated with the S006-830 and standard drugs ethambutol (EMB)
and pyrazinamide (PZA). UNTR stands for untreated.
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Figure 7. in vitro and ex vivo bactericidal property of 36 (S006-830) in comparison with rifampicin
(RFM).
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o

H37Rv MDR SDR (RFM)

Figure 8. Activity of 36 (S006-830) against sensitive (H37Ry), single- and multi- drug resistant M.
tuberculosis.



Research Highlights:

Thiophene containing TRSMs gave most active four antitubercular compounds.
>90 % inhibition in multiplication of M. tb within mouse and human macrophages.
S-006-830 reduced ~15 fold reduction in viable bacilli in lungs of infected mice.

It was active against single-drug and multi-drug resistant clinical M. tb isolates.
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Figure 1: 'H spectrum of compound 5.
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Figure 2: 13C spectrum of compound 5.
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Figure 3: 'H spectrum of compound 6.
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Figure 4: 3C spectrum of compound 6
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Figure 7: 'H spectrum of compound 8.



Figure 8: 13C spectrum of compound 8.
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Figure 30: 13C spectrum of compound 20.
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Figure 31: 'H spectrum of compound 21.
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Figure 35: 'H spectrum of compound 23.
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Figure 36: 13C spectrum of compound 23.
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Figure 38: 13C spectrum of compound 24.
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Figure 39: H spectrum of compound 25.
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Figure 42: 13C Spectrum of compound 26.
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Figure 47: 'H spectrum of compound 29.
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Figure 56: 13C spectrum of compound 33.
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Figure 59: 'H spectrum of compound 35.
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Figure 62: 13C spectrum of compound 36 (S-006-830).
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Figure 67: H spectrum of compound 39.
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Figure 68: H spectrum of compound 40.
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Figure 74: H spectrum of compound 44.
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Figure 75: H spectrum of compound 45.
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Figure 76: H spectrum of compound 46.
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Figure 77: H spectrum of compound 47.
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Figure 78: 'H spectrum of compound 48.
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Figure 79: 'H spectrum of compound 49.
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