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Graphical Abstract

Novel Imidazo[2,1-b]-1,3,4-thiadiazoles as Promising Antifungal Agents
Against Clinical Isolate of C. Neoformans

Wesam S. Alwan, Mahesh B. Pakar, Rajesh A. Rane, Harun M. Patel, Mahamadhanif S.
Shaikh, Afsana K ajee, Koleka P. Mlisana, Rajshekhar Karpoormath®

Abstract

Novel hybrids including chalcones (5a-0) and Schiff bases (6a-j) of
imidazo[2,1-b]-1,3,4-thiadiazole scaffold were synthesized and evauated

against clinical isolate of C. Neoformans.
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Abstract

We herein report the synthesis aindvitro antimicrobial evaluation of twenty five novel hydbr
derivatives of imidazo [2,b}-1,3,4-thiadiazole containing chalconé&ma{0) and Schiff base%é-j)
against three fungal strain€gndida albicansCryptococcus neoformarend Aspergillus niger)
Most of the tested compounds displayed substaatigfungal activity with MICs ranging between
1.56 - 100 pg/mL. Compounds, 5b and5n exhibited promising activity again§iryptococcus
neoformansat a MIC 1.56 pg/mL. In addition, compouristh also demonstrated significant
antifungal activity against the clinical isolates @ryptococcus neoformaret MIC 3.125 pg/mL.
However, moderate activity was observed for thesmpounds against four bacterial strains
(Staphylococcus aureu$acillus subtilis Escherichia coliand Pseudomonas aerugingsand

Mycobacterium tuberculosigis/Rv).

Keywords. Imdazo [2,1b]-1,3,4-thiadiazole; Chalcones, Schiff bases; Amgal activity;

CryptococcosisC. neoformans



1. Introduction

In the recent years, mortality and morbidity rateopportunistic fungal infections is exponentially
increasing and the number of fatal incidence duéubmi is becoming comparable with that of
tuberculosis and malaria [1]. This could be attiéal to increase in the number of patients with
organ and stem cell transplantation, HIV/AIDS paitseand other immune compromised patients
[2]. Furthermore, the primary organisms respomesibl invasive fungal infections(g. Candida,
Cryptococcusand Aspergillusspecies) have developed drastic resistance. Patigtit significant
immunosuppression frequently develGpyptococcosiswhich is caused by the encapsulated yeast
Cryptococcus neoformamdis responsible for serious clinical ilinesses likeg infections, fungal
meningitis and encephalitis [3]. It spreads by gupaerosolized spores which may enter the
pulmonary or the central nervous system [4]. Muegpthe virulence oC. neoformandepends
upon the strain resistance and the immune levidehost, which could be latent and may lead to a
permanent neurological injury [5-7]. A matter ofige concern in the treatment of fungal infections
is the availability of limited number of efficacisuantifungal drugse(g. amphotericin B, 5-
fluorocytosine, fluconazole and voriconazole), whsuffer from severe drawbacks such as; narrow
therapeutic spectrum, drug resistance, high toxanitd low bioavailability [8, 9] . Although the use
of a new generation of triazoles, the availableyg@oés in lipid formulations, the use of
echinocandins or the combination therapy have logesduced as alternatives in the last ten years,
but fungal infections still remains difficult to adicate [10]. This necessitates urgent need to
discover and develop novel chemotype antifungakowes.

The fused ring of imidazole with a 1,3,4-thiadiazohotif is a very important heterocyclic system
containing a bridgehead nitrogen atom known asaaof?,1b]-1,3,4-thiadiazoles. Imidazo[24]-

1,3,4 thiadiazoles are known to exhibit a diversayaof biological activities such as antibacterial



[11-13], anti-fungal [) [14], anti- tubercular [15], anticonvulsamt) [16, 17], antihyperlipidemic
[18], anti-inflammatory K1 1), analgesic, antipyretic [19, 20], anti-candar)( anthelmintic and anti
ambeic agents[21]. Yet the cellular biology and ititeractions of these compounds with different
receptors and enzymes have not been widely styad®d Despite numerous attempts to develop
new structural prototype in the search for moreaive antimicrobials, the imidazo[21-1,3,4-
thiadiazole still remain as one of the most velsatcaffold, which could be further exploited to
develop hybrids as promising antimicrobial agents.

On the other hand, the concept of hybrid drugs deased more attention wherein two or more
bioactive pharmacophores are linked covalentlyaeehsynergistic effect [23]. It is anticipated that
such approach may solve the problem of drug resisthy displaying dual drug action [24]. Using
this approach, several research groups have rgcesplorted hybrid molecules by coupling
medicinally privileged motif chalcone with biologity important pharmacophores. For instance an
integration of coumarins with chalconeg)( led to hybrid compounds which displayed potent
antitumor activity [25]. Likewise integration of d8ns with chalcones\() exhibited more
efficacious activity than the commonly used cheramdpeutic drug cisplatin against the breast
cancer cell lines [26]. Similarly, fusion of bromorole alkaloid with chalconesV(l)
demonstrated potent cytotoxicity and revealed tti@integration of 4,5-dibromopyrrole moiety into
chalcones lead to significant improvement of cytatoprofile of 4,5-dibromopyrrole [27].
Correspondingly, chalcones bearing 2,4-thiazolidioee and benzoic acid moietied/I(l)
presented potential anti-bacterial activity agaigsam positive bacteria, particularly against
multidrug-resistant strains of clinical isolates3]2Moreover, integration of 5-nitroisoquinolines
(IX) and Abacavir prodrugs<( with Schiff bases enhanced the anti-malarial amitiHIV scope of

these compounds [29, 30]. Equally, integratingnienid a well-known anti-TB drug with aryl



hydrzone led to a hybridX{) which exhibited potent anti-tubercular activit$l]. Likewise,
nitrofurantion hybrid X11) with anti-infective activity was discovered bytnidizing 5-nitrofuran
carboxyaldehyde motif with hydrazide feature [3&]ilkustrated inFigure 1. Therefore, in view of
the above facts and in continuation of our searchiologically active hybrid molecules, herein we
report the synthesis and spectral studies of ndvallcones%a-0) and Schiff base6@-j) hybrids of
imidazo[2,%b]-1,3,4-thiadiazoles with their subsequem vitro biological evaluation for

antibacterial, antifungal and anti-mycobacteridivaty.

2. Chemistry
The synthesis of a series of novel chalco®asof and Schiff baseb@-j) hybrids of imidazo[2,Db]-

1,3,4-thiadiazole was achieved through conveniemt afficient synthetic route as outlined in
Scheme 1. Synthesis of the desired 2-substitutedphenyl-BrGdnophenyl)imidazo(2;b)1,3,4-
thiadiazole 8a-f) was carried out by the condensation of 2-amirsubstituted phenyl-1,3,4-
thiadiazole 2a-f) with a-bromo ketone in DMF. Vilsmeier-Haack reactionagimpounds 3a-f)
with phosphurs oxychloride and DMF yielded the esponding derivatives 2-substituted
imidazo[2,2b]- 1,3,4thiadiazole-5-carbaldehydeda{f) in good yields (85-90%). The aldehyde
functional group at the"5position of the imidazo[2;b]1,3,4-thiadiazole nucleus was utilized to
perform Claisen-Schmidt reaction with differentldrgteroaryl ketones in ethanolic NaOH (10%) to
afford corresponding chalcone derivativém-0). Compounds 4a-f) were further reacted with
aliphatic cyclic amine using conventional methodréffuxing in ethanol with catalytic amount of
glacial acetic acid for 24 h. This resulted in loweelds of Schiff baseé-j) (10-20%). Thus, in
order to improve the yield reactions were carrietl under controlled microwave irradiatio@EM
Discover, Explorefl2 Hybrid, Microwave conditions25 min at 150 p3j which afforded the

corresponding Schiff baséé-j) in good yields (44-83 %) [11, 27].



3. Resultsand Discussion

Structures of compoundd-f) and their corresponding final hybrid derivati\{&a-o and6a-j) were
characterized based on their physicochemical ardtsp (IR, 'H NMR, **C NMR and MS))
analysis. The analytical data of all the newly sgsized compounds along with their anticipated
structures are summarized in supporting informatibhe IR spectrum of compounddafe)
exhibited prominent and informative band, which eqmed around 1757-1676 ¢nindicating the
presence of C=0 (aldehydic carbonyl) group withficomng the formylation of compoundg84-€)

by Vilsmeier-Haack reaction. This was further sahsiited fromH NMR spectra of compounds
(4a-f), which exhibited a very distinct singlet peak resonatin@l®.14-10.09 ppm indicating the
presence of aldehydic (CHO) proton, thus confirmitige formation of imidazo[2;b]-
1,3,4thiadiazoles-5-carbaldehydes. The formatictitlefchalcone derivative$#-0) is evident from
their IR spectra, wherein the appearance of someipent characteristic bands around 1674-1642
cm® due to C=0 stretch (chalcone), 1590-1406dior C=C stretch d-p unsaturated carbons of
chalcone) and 810.2-679 &rfor C-Br Str. The'H NMR spectra of compoundSa-0) revealed two
distinctive doublets at 8.38-8.17 ppm andl 8.09-8.03 ppm with coupling constadj 6f 14-16 Hz,
indicating the presence of andf unsaturated protons of chalcones, while the variaomatic
protons appeared aroudd.90-7.05 ppm.

The formation of imines6@-j) was confirmed by IR spectra, where the disappearaf strong
band around 1757-1676 &nof C=0 group and appearance of characteristicartftfC=N Str) band
between 1671-1561 chFurther, théH NMR spectra of Schiff base compounéa-{) displayed a
prominent singlet signal resonating aroun#.64-7.97 ppm, which was attributed to imine pnoto
(CH=N), while the aromatic/heteroaromatic protoppeared as doublets/multiplet signals between

§ 8.14-6.96 ppm. IA°C NMR spectrum, it was observed that the most cheariatic carbon signals



(CH3, OCH;, -CH=CH- and C=0) appeared at arown?i1.6, 55.6, 150-138.0 and 190.1-181.8 ppm
respectively, while the signals observed at aroui@1.5-114.4, 138.5-132.0, 145.9-138.3, 149.9-
145.7 ppm were assigned to C-5, C-7a, C-2, C-6. drbenatic carbon peaks appeared arodind
135.0-120.0 ppm, whereas the aliphatic cycloprepyl/or cyclohexyl carbons resonated betwigen
70.4-8.1 ppm. In addition, the formation of titlencpounds was also confirmed by recording their
respective mass spectra, which were in agreeméhtair expected molecular weights.

The Chalcone5a-0) and Schiff base6g@-j) derivatives of imdazo[2;b]-1,3,4-thiadiazole scaffold
were evaluated for theim vitro antifungal activity againsCandida albicansATCC90028,
Cryptococcus neoformamSTCC6603 andAspergillus nigerATCC16404, where Amphotericin B
was used as reference drug. The results (MIC sglakin vitro antifungal screening of the test
compounds are summarizedTiable 1. However, a systematic analysis of the data asepin
Table 1 revealed that compounds, 5b and5n exhibited comparable antifungal activity (MICs =
1.56 pg/mL), againstryptococcus neoformares the standard drug Amphotericin B (MIC = 1-2
pag/mL).

Compoundsa, 5b and5n exhibited most promising activity agairSt neoformanst a MIC 1.56
png/mL while compoundSc, 5k and5m were moderately active at a MIC 3.125 pg/mL. Couomab

6d (MIC = 12.5 pg/mL)showed moderate antifungal activity agai@stalbicans Further, all the
synthesized compounds were tested against twoclaticterized clinical isolates of fungal strains
C. albicansandC. neoformansThe antifungal activity on the clinical isolateas carried out at the
Department of Microbiology, Inkosi Albert Luthuli ddpital, Durban, South Africa. Among the
tested series, compoubd (MIC = 3.125 pg/mL) exhibited good antifungal ai against clinical
isolate ofC. neoformanswhile compound®a, 5i and5k displayed moderate activity with MIC of

6.25 pg/mL. In generapara andmetasubstitution on ring A with electron withdrawinigr¢mo and



chloro), electron donating (methoxy) groups andg@nee opara bromo group on the phenyl group
of Ring B were observed to be beneficial featuretii@ antifungal activity. In case of Chalcones,
Ring C was tolerated to be unsubstituted phenyl @ntethyphenykp-CHs-CgH,4) for antifungal
activity. The presence of heteroaryl group suchthésphene at ring C was not favored for the
antifungal activity. In case of Schiff bases, thesgnce of cyclic propyl or hexyl group exhibited
good antifungal activity. From literature, imida2dl-]-1,3,4-thiadiazoles derivatives were
reported for the antibacterial and anti-mycobaateaictivity [13, 33, 34]. Hence, the synthesized
compounds were evaluated against Gram positaphylococcus aurelSTCC25923 Bacillus
subtilis ATCC605 and Gram negativelEscherichia coliATCC35218 Pseudomonas aeruginosa
ATCC27853] bacterial strain arMd. tuberculosidHs7Rv strain. The antituburcular activity of these
compounds were carried out at National InstituteAtilergy and Infectious Diseases (NIAID)
screening program, Bethesda, MD, USA [29-32]. #&E synthesized compounds displayed

moderate or no activity against bacterial and mgctdrial strain as depicted Trable 1.

4. Conclusion

In conclusion, twenty five novel hybrids includirdpalcones §a-0) and Schiff bases6g-j) of
imidazo[2,%b]-1,3,4-thiadiazole scaffold were synthesized anédlwated for their antifungal,
antitubercular and antibacterial activity. Thesatbgsized hybrids displayed promising activity
against tested fungal strains, in particular fathlihe normal and clinical isolate 6f neoformans
The chalcone Sa-0) derivatives exhibited significant antifungal &df when compared to the
Schiff bases Ga-j). The antifungal activity displayed by compounBa, 5b and 5n against
Cryptococcus neoformanmsdicates that these substituted hybrids can aldaas and can be further
exploited to develop potential antifungal agents. addition, these active chalcones of

8



imidazothiadiazole Ha-0) also displayed moderate activity (MIC >20 pg/mbpainst M.
tuberculosisHs7Rv. The encouraging antifungal and anti-mycobaateaictivity of synthesized
novel imidazo [2,4b]-1,3,4-thiadiazole derivatives through modificatiof ring substituents and/or
additional functionalization indicated the potehtfar further research into the development

antifungal agents against the resistant clinicabigs.

5. Experimental Section

The analytical grade (AR) chemicals and reagerdsysed from commercial suppliers (Merck and
Sigma-Aldrich) and used without further purificatio The solvents except AR grade were purified
as per the literature methods when necessary. plidgress of the reactions and the purity of the
synthesized compounds were monitored by thin layeomatography using pre-coated silica gel
plates (Merck), UV light and/or lodine vapors werged as visualization agents. Melting points
were determined in open capillaries using (Elebgonal 9300) digital melting point apparatus and
were uncorrected. The IR spectra were recordefPerkin Elmer 100) FT-IR spectrophotometer
with universal ATR sampling accessorfH and **C NMR spectra were recorded on (Bruker
Advance 1IV) NMR spectrometer at 400 and 100 MHzeesively using CDGland DMSOéls.
(CEM Discover, Explorert2 Hybrid) Microwave reactowas used teynthesize some Schiff base

derivatives.

5.1 General procedure for the synthesis of 2-amino-5-substitutedphenyl 1,3,4-thiadiazole (2a-f)

The each substituted benzoic acid (6.001g, 0.09, ttfabsemicarbazide (4.557 g, 0.05 mol) and
POCE (13 ml) were thoroughly stirred, mixed and heas¢d’5°C for 1 h with constant stirring.
After cooling to rt, water (40 ml) was slowly added@he reaction mixture was further refluxed for

4h. After cooling, the mixture was basified to BHby careful drop wise addition of 10% aqueous
9



ammonia solution with constant stirring. The ppéeite thus obtained was filtered and
recrystallized from ethanol: water mixture to yighe pure compound&4d-e) [13].

5.2 General procedure for the synthesis of 2-substitutedphenyl-6-(4-bromophenyl) imidazo(2,1-
b)1,3,4-thiadiazole (3a-f)

A mixture of equimolar quantities of 2-amino-5-stifosedphenyl 1,3,4-thiadiazole (2g, 0.0078
mol) and 4-bromo phenacylbromide (2.1g, 0.0078 mal3 heated for 12-16 h with constant stirring
in DMF (10 ml). The reaction mixture was pouredoonrushed ice and the solid hydrobromide
separated was filtered, washed and dried. Nerdtadn of hydrobromide salt intermediate with
cold aqueous solution of sodium carbonate yielthedcbrresponding free bas@&s-f), which were
further purified by recrystallization from ethari]].

5.3 General procedure for the synthesis of 2-substitutedphenyl-5-formyl-6-(4-bromophenyl)
imidazo(2,1-b)1,3,4-thiadiazole (4a-f)

Vilsmeier-Haack reagent was freshly prepared byctreful addition of phosphoryl chloride (2ml,
0.021 mol) in DMF (8 ml, 0.103 mol) at 0 °C withnggant stirring. Then an appropriately 2-
substitutedphenyl-6-(4-bromophenyl)imidazo(p)1,3,4-thiadiazole (2g, 0.0045 mol) was added to
the reagent with continuous stirring maintaining tamperature at 0 °C for initial 30 min and later
stirred at rt for 2 h, and finally at 60 °C for @her 2 h. The reaction mixture was then poured in
sodium carbonate solution and stirring was continae 90 °C for 2 h. After cooling to rt, the
reaction mixture was suspended into water, extdaai¢gh (20 ml) dichloromethane (3 times), and
the collective extracts were washed with water dridd over anhydrous sodium sulphate. The
residue obtained after the in-vacuo removal of ldidmethane was further recrystallized from

ethanol to afford the desired compoudd-{) as colourless crystalline solid [35].
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54 General procedure for the synthesis of  3-(2-(2-substitutedphenyl)-6-(4-
bromophenyl)imidazo[2,1-b][1,3,4]thiadiazol-5-yl)-1-substituted aryl/heteroaryl-prop-2-en-1-one
(5a-0)

In a round bottom flask equipped with sealed meidadustirrer, 10% sodium hydroxide solution (2
ml) and (10 ml) ethanol were constantly stirredam ice-bath for 2 min. Then, the appropriately
substituted aryl/heteroaryl ketones (0.3 g, 0.0@®) mnd compounds4é-f) (1 g, 0.002 mol) were
slowly added to the above mixture and stirred fom3n. The reaction mixture was further stirred
at rt for 6-10 h. The solid precipitate obtainedsviitered, dried and recrystallized using ethawol
yield the chalcone derivativeSa-o0) of imidazo [2,1b][1,3,4]thiadiazoles [27].

54.1 3-(2-(2-bromophenyl)-6-(4-bromophenyl)imidazo[ 2,1-b][1,3,4]thiadiazol-5-y1)-1
phenylprop-2-en-1-one 5a.

Yellow crystals; Yield 79%, mp. 231-233 °C; IR [ATRuaxs cm']: 3054.1(Ar C-H), 3001.4 (C=C-
H), 1723.8 (C=N), 1661.3 (C=0), 1590 (C=C), 687C2Rr); *H NMR [400 MHz, CDC}, § ppm]:
8.37-8.33 (d,J = 15 Hz, 1H, HB), 8.09-8.07 (dJ = 15 Hz, 1H, ), 8.06-8.05 (m, 1H, Ar-H), 7.92-
7.90 (m, 1H, Ar-H), 7.85-7.83 (m, 1H, Ar-H), 7.6%4 (m, 4H, Ar-H), 7.52-7.46 (m, 6H, Ar-H);
%C NMR [101 MHz, CDC}, & ppm]: 189.9, 160.3, 150.0, 149.4, 138.3, 134.2,8,3132.6, 132.3,
132.1, 132.1, 131.8, 130.3, 130.2, 129.7, 129.B,8/2128.6, 128.5, 128.2, 128.1, 123.2, 122.1,
121.5, 120.2; HRMS (Ein/zcalcd for GsH1sBroN3OS: 562.9303; found: 562.9308.

5.4.2 3-(2-(2-bromophenyl)-6-(4-bromophenyl)imidazo[ 2,1-b][1,3,4]thiadiazol-5-yl)-1-p-
tolylprop-2-en-1-one 5b.

Yellow crystals; Yield 56%, mp. 225-227 °C; IR [ATRnax cmi’]: 3057.8 (Ar C-H), 2923.8 (C=C-
H), 1728 (C=N), 1658.9 (C=0), 1587.3 (C=C), 687C2Rr); H NMR [400 MHz, CDC}, § ppm]:

8.37-8.33 (d,J = 15 Hz, 1H, Hp), 8.08-8.04 (d,) = 15, 1H, Ha), 8.01-7.99 (m, 2H, Ar-H), 7.92-
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7.83 (m, 2H, Ar-H), 7.69-7.63 (m, 4H, Ar-H), 7.5642 (m, 2H, Ar-H), 7.31-7.29 (m, 2H, Ar-H),
2.43 (s, 3H, Ar-Ch); *C NMR [101 MHz, CDC4, 5 ppm]: 189.4, 160.2, 149.8, 149.3, 143.6,
135.7, 134.8, 132.5, 132.4, 132.1, 131.8, 130.5,313129.1, 129.6, 129.3, 129.1, 129.1, 128.6,
128.1, 127.8, 123.2, 122.1, 121.5, 120.4, 21.6; RMI) m/zcalcd for GeH17BroNsOS: 576.9459;
found: 576.9463.

5.4.3 3-(2-(2-bromophenyl)-6-(4-bromophenyl)imidazo[ 2,1-b][1,3,4]thiadiazol -5-yl)-1-(thiophen-
2-yl)prop-2-en-1-one 5c.

Yellow crystals; Yield 53%, mp. 263-265 °C; IR [ATRnay cm']: 3064.6 (Ar C-H), 2962.7 (C=C-
H), 1724.4 (C=N), 1647.3 (C=0), 1578.6 (C=C), 70C-Br); *H NMR [400 MHz, CDC}, § ppm]:
8.21-8.17 (dJ = 15 Hz, 1H, HB), 8.06-8.02 (dJ = 15, 1H, Hy), 8.89-7.61 (m, 8H, Ar-H), 7.56-7.52
(m, 1H, thiophene 3H), 7.47-7.42 (m, 1H, thiophdt#, 7.17-7.15 (m, 1H, thiophene 5HYC
NMR [101 MHz, CDC4, 6 ppm]: 181.9, 160.3, 150.1, 149.4, 145.9, 134.8..1,3133.7, 132.6,
132.3, 132.1, 131.8, 131.7, 130.3, 130.2, 129.8,22128.1, 127.5, 123.3, 122.1, 121.3, 120.1;
HRMS (El)m/zcalcd for G3H13BroN;OSy: 568.8867; found: 568.8871.

5.4.4 3-(6-(4-bromophenyl)-2-(2-chlorophenyl)imidazo[2,1-b][1,3,4]thiadiazol-5-yl)-1-
phenylprop-2-en-1-one 5d.

Yellow crystals; Yield 62%, mp. 223-225 °C; IR [ATRnax cmi‘]: 3064.5(Ar C-H), 2601.3 (C=C-
H), 1714.6 (C=N), 1654.7 (C=0), 1586 (C=C), 6875Rr); '"H NMR [400 MHz, CDC}, § ppm]:
8.34-8.30 (dJ = 16 Hz, 1H, HB), 8.07-8.05 (d,) = 15, 1H, Ha), 8.04-7.98 (m, 3H, Ar-H), 7.66-
7.52 (m, 5H, Ar-H), 7.51-7.46 (m, 5H, Ar-HYC NMR [101 MHz, CDC}, § ppm]: 189.9, 159.1,
150.1, 149.5, 138.3, 132.8, 132.8, 132.7, 132.2,11332.1, 131.4, 131, 131, 130.2, 128.6, 128.6,
128.4, 128.2, 128.2, 127.6, 124.5, 123.2, 121.8,2HRMS (El)m/zcalcd for GsH;sBrCIN;OS:

518.9808; found: 518.9812.
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5.4.5 3-(6-(4-bromophenyl)-2-(2-chlorophenyl)imidazo[2,1-b][1,3,4]thiadiazol-5-yl)-1-
p-tolylprop-2-en-1-one Se.

Yellow crystals; Yield 78%, mp. 236-238 °C; IR [ATRnax cmi‘]: 3054.6 (Ar C-H),2599.9 (C=C-
H), 1731.4 (C=N), 1658.6 (C=0), 1587.7 (C=C), 75€%Br); *H NMR [400 MHz, CDC}, 5 ppm]:
8.34-8.30 (dJ = 16 Hz, 1H, HB), 8.06-8.05 (d,J = 15, 1H, Ha), 8.03-7.98 (m, 3H, Ar-H), 7.66-
7.60 (M, 5H, Ar-H),7.52-7.48 (m, 2H, Ar-H), 7.3@8. (d, 2H, Ar-H), 2.42 (s, 3H, Ar-CH3}°C
NMR [101 MHz, CDC4, 6 ppm]: 189.4, 159.0, 149.9, 149.4, 143.6, 135.82.43132.1, 132.1,
131.4, 131, 131, 130.1, 130.1, 129.3, 129.3, 12828,6, 127.8, 127.8, 127.6, 127.6, 123.2, 121.4,
120.3. 21.7; HRMS (Elin/zcalcd for GgH;17BrCINzOS: 532.9964; found: 532.9968.

5.4.6 3-(6-(4-bromophenyl)-2-(2-chlorophenyl)imidazo[ 2,1-b][1,3,4]thiadiazol-5-yl)-1-(thiophen-
2-yl)prop-2-en-1-one 5f.

Yellow crystals; Yield 86%, mp. 260-263 °C; IR [ATRnax CMi']: 3062.4(Ar C-H), 2585.1 (C=C-
H), 1899.3 (C=N), 1646.9 (C=0), 1584.5 (C=C), 72628Br); '"H NMR [400 MHz, CDC}, 5 ppm]:
8.23-8.19 (dJ) = 15 Hz, 1H, HB),8.09-8.07 (dJ = 15, 1H, Hy), 8.06-8.04 (m, 1H, Ar-H), 7.89-7.88
(m, 1H, Ar-H),7.67-7.63 (m, 1H, Ar-H), 7.55-7.52 (&2H, thiophene 3H,4H), 7.20-7.18 (m, 1H
thiophene, 5H)*C NMR [101 MHz, CDC4, 5 ppm]: 181.9, 159.1, 150.2, 145.8, 133.6, 132.8,
132.4, 132.1, 131.8, 131.6, 131.4, 131, 130.2,71229.7, 128.2, 128.2, 127.6, 127.5, 125, 123.3,
121.1, 120.1; HRMS (Eln/zcalcd for GsH13BrCIN;OSy: 524.9372; found: 524.9376.

5.4.7 3-(6-(4-bromophenyl)-2-phenylimidazo[2,1-b][1,3,4]thiadiazol-5-yl)-1-phenyl prop-2-en-1-

one 5g.

Yellow crystals; Yield 53%, mp. 263-265 °C; IR [ATRnax cmi']: 3064 (Ar C-H), 1655.3 (C=0),
1572.5 (C=C), 690 (C-Br)H NMR [400 MHz, CDC},  ppm]: 8.29-8.25 (d,J = 15 Hz, 1H, Hp),

8.03-8.00 (dJ = 15, 1H, Hy), 7.96-7.89 (m, 4H, Ar-H), 7.60-7.56 (m, 5H, ArsH).51-7.40 (m, 5H,
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Ar-H); 3C NMR [101 MHz, CDC4, 5 ppm]: 190.0, 162.7, 149.8, 148.6, 138.4, 132.2,23132.2,
132.2, 132.1, 132.1, 130.1, 130.1, 130.1, 129.89,512 128.7, 128.7, 128.4, 128.4, 128.3, 126.9,
123.1, 121.6, 120.3; HRMS (E#)/zcalcd for GsH16BrN3;OS: 485.0197; found: 485.0201.

54.8  3-(6-(4-bromophenyl)-2-phenylimidazo[2,1-b][1,3,4]thiadiazol-5-yl)-1-p-tol yl prop-2-en-1-
one 5h.

Yellow crystals; Yield 80%, mp. 244-246 °C; IR [ATRma, cni‘]: 3033.1 (Ar C-H), 1655.6
(C=0), 1582.9 (C=C), 688.8 (C-Br)f NMR [400 MHz, CDC}4, 3 ppm]:8.38-8.34 (dJ = 15 Hz,
1H, H B),8.08-8.04 (d,J = 15, 1H, H), 8.02-7.92 4 (m, 4H, Ar-H), 7.67-7.66 (m, 3H, A} 7.62-
7.60 (M, 4H, Ar-H), 7.37-7.35 (m, 2H, Ar-H), 2.48 @H, Ar-CH3):}*C NMR [101 MHz, CDC}4, §
ppm]: 189.5, 162.6, 148.5, 143.6, 135.8, 132, 1&4,.9, 131.9, 130.5, 130.5, 130.1, 130.1, 129.5,
129.46, 129.41, 128.6, 128.6, 127.9, 127.9, 12@6,9, 123.1, 121.6, 120.5, 21.7; HRMS (&l
calcd for GgH1gBrNzOS: 499.0354; found: 499.0358.

5.4.9 3-(6-(4-bromophenyl)-2-phenylimidazo[2,1-b][1,3,4]thiadiazol-5-yl)-1-(thiophen-2-yl)prop-
2-en-1-one>5i.

Yellow crystals; Yield 66%, mp. 267-269 °C; IR [ATRnax cmi‘]: 3074.7 (Ar C-H), 1642.6 (C=0),
1575.6 (C=C), 685.3 (C-BrjH NMR [400 MHz, CDC}, 5 ppm]:8.21-8.17 (d,J = 15 Hz, 1H, HB),
8.04-8.01 (d,J = 15, 1H, Ha), 7.97-7.95 (m, 2H, Ar-H), 7.90-7.88 (m, 1H, ArsR)9-7.68 (m, 1H,
Ar-H), 7.62-7.59 (m, 3H, Ar-H), 7.58-7.57 (m, 2Hhjdphene 3H,4H), 7.22-7.20 (m, 1H, thiophene
5H); 3C NMR [101 MHz, CDC}, § ppm]: 181.8, 162.7, 149.8, 148.6, 145.8, 133.€,.3,3132.3,
132.2, 132.2, 132.1, 131.5, 131.5, 130.1, 130.9,8,2129.5, 129.5, 128.3, 127.6, 126.9, 123.2,

121.4; HRMS (Elm/zcalcd for G3sH14BrN3sOS;: 490.9762; found: 490.9766.
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5.4.10 3-(6-(4-bromophenyl)-2-(4-chlorophenyl)imidazo[2,1-b][1,3,4]thiadiazol-5-yl)-1-
phenylprop-2-en-1-one 5j.

Yellow crystals; Yield 64%, mp. 247-250 °C; IR [ATRuax ci']: 3063.5 (Ar C-H), 1656.9 (C=0),
1572.6 (C=C), 679.3 (C-BrjH NMR [400 MHz, CDC}, 5 ppm]:8.29-8.25 (d,J = 15 Hz, 1H, HB),
8.07-8.05 (d,J = 15, 1H, Ha), 8.04-8.00 (m, 2H, Ar-H), 7.90-7.88 (@=8.56 Hz, 2H, Ar-H), 7.62-
7.56 (m, 5H, Ar-H), 7.54-7.50 (m, 4H, Ar-H)Y°C NMR [101 MHz, CDC}, 5 ppm]: 190, 161.4,
149.9, 148.7, 138.5, 138.3, 132.8, 132.8, 132.2,23132.1, 132.1, 130.1, 129.9, 129.9, 128.9,
128.9, 128.7, 128.7, 128.4, 128.3, 128.1, 123.21.612120.5; HRMS (El)m/z calcd for
C2sH1sBrCIN;OS: 518.9808; found: 518.9812.

5411 3-(6-(4-bromophenyl)-2-(4-chlorophenyl)imidazo[ 2,1-b] [ 1,3,4] thiadiazol -5-yl)-1-p-
tolyl prop-2-en-1-one 5k.

Yellow crystals; Yield 50%, mp. 246-248 °C; IR [ATRnay cmi‘]: 2915.3 (Ar C-H), 1658.5 (C=0),
1586.7 (C=C), 810.2 (C-BrfH NMR [400 MHz, CDC}, § ppm]:8.29-8.25 (d,) = 15 Hz, 1H, H),
8.03-7.99 (dJ = 15, 1H, H), 7.98-7.96 (dJ =8.12 Hz, 2H, Ar-H), 7.90-7.87 (d,= 8.60 Hz, 2H,
Ar-H), 7.62-7.60 (m, 4H, Ar-H), 7.56-7.54 (d=8.48 Hz, 2H, Ar-H), 7.33-7.31(d,=8.08 Hz, 2H,
Ar-H), 2.44 (s, 3H, Ar-CH3)*C NMR [101 MHz, CDC4, & ppm]: 189.5, 161.3, 149.6, 148.2,
143.7,138.4, 135.8, 132.3, 132.1, 132.1, 131.8,11330.1, 129.8, 129.4, 129.4, 129.2, 129, 128.5,
128.3, 128. 127.8, 123.1, 121.6, 120.6, 21.6; HREI$p m/zcalcd for GeH17BrCIN;OS: 532.9964;
found: 532.9968.

54.12 3-(6-(4-bromophenyl)-2-(4-chlorophenyl)imidazo[ 2,1-b][ 1,3,4] thiadiazol-5-y1)-1-
(thiophen-2-yl)prop-2-en-1-one 5l.

Yellow crystals; Yield 45%, mp. 266-268 °C; IR [ATRmax cmi]: 3341.2 (Ar C-H), 1645.4

(C=0), 1406 (C=C), 719.2 (C-BrfjH NMR [400 MHz, CDC4, & ppm]: 8.17-8.13 (d,J = 15 Hz,
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1H, HB), 8.04-8.00 (dJ = 15, 1H, H), 7.91-7.87 (m, 3H, Ar-H), 7.69-7.62 (m, 5H, Ar;H).59-
7.55 (m, 2H, thiophene 3H,4H), 7.22-7.20)(& 8.68 Hz , 1H, thiophene 5HYC NMR [101 MHz,
CDCls, 6 ppm]: 181.8, 161.4, 149.9, 148.4, 145.7, 138.8.4,3132.2, 132.1, 132.1, 131.8, 131.5,
130.1, 129.9, 129.5, 129.3, 128.3, 128, 127.9,51223.3, 121.44, 120.4; HRMS (Et)/zcalcd for
Cu3H13BrCIN3OS: 524.9372; found: 524.9376.

54.13 3-(6-(4-bromophenyl)-2-(4-methoxyphenyl)imidazo[ 2,1-b][ 1,3,4] thiadiazol-5-yl)-1-
phenylprop-2-en-1-one 5m.

Pale Yellow crystals; Yield 52%, mp. 229-231 °C;[IRTR, vmax cmi‘]: 2964.7 (Ar C-H), 1652.6
(C=0), 1563.8 (C=C), 818.8 (C-Br)4 NMR [400 MHz, CDC}, 5 ppm]:8.32-8.28 (dJ = 15 Hz,
1H, Hp), 8.08-8.04 (m, 2H, Ar-H), 8.04-8.00 (@= 15, 1H, Ha), 7.89-7.87 (d) =8.88 Hz, 2H, Ar-
H), 7.64-7.50 (m, 7H, Ar-H), 7.06-7.03 (d,= 8.84 Hz, 2H, Ar-H), 3.92 (s, 3H, Ar-OCH3¥C
NMR [101 MHz, CDC4, 8 ppm]: 190.1, 162.8, 162.5, 149.5, 148.5, 138.£2.1,3132.4, 132, 132,
130.1, 130.1, 128.7, 128.7, 128.6, 128.6, 128.8,51428.4, 128.4, 123, 122.3, 121.5, 120.1, 114.9,
55.6; HRMS (El)m/zcalcd for GeH18BrN30O,S: 515.0303; found: 515.0308.

5.4.14 3-(6-(4-bromophenyl)-2-(4-methoxyphenyl)imidazo[ 2,1-b][ 1,3,4] thiadiazol -5-yl)-1-p-
tolylprop-2-en-1-one 5n.

Yellow crystals; Yield 72%, mp. 252-254 °C; IR [ATRmas CM']: 2939.2 (Ar C-H), 1654.6
(C=0), 1581.9 (C=C), 764.3 (C-Br)4 NMR [400 MHz, CDC}, 3 ppm]:8.32-8.28 (dJ = 15 Hz,
1H, HB), 8.03-8.00 (dJ = 13 Hz, 1H, Ho), 7.99-7.98 (dJ = 5.76 Hz, 2H, Ar-H), 7.89-7.87 (d,
=8.7 Hz, 2H, Ar-H), 7.64-7.59 (§,= 4.2 Hz, 4H, Ar-H), 7.33-7.31 (d,= 8.0 Hz, 2H, Ar-H), 7.06-
7.04 (d,J = 4.84 Hz, 2H, Ar-H), 3.9 (s, 3H, Ar-OCH3), 2.4§ BH, Ar-CH3):**C NMR [101 MHz,

CDCls, 6 ppm]: 189.6, 162.7, 149.3, 143.5, 135.9, 132, 113321.7, 131.7, 130.1, 130.1, 130.1,
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129.4, 129.4, 129.1, 129.1, 128.5, 128.5, 128.8,112123, 122.4, 121.5, 120.3, 114.9, 55.6, 21.7,
HRMS (El)m/zcalcd for G/H20BrN3O,S: 529.0460; found: 529.0464.

5.4.15 3-(6-(4-bromophenyl)-2-(4-methoxyphenyl)imidazo[ 2,1-b][ 1,3,4] thiadiazol -5-yl)-1-
(thiophen-2-yl)prop-2-en-1-one 50.

Orange crystals; Yield 57%, mp. 257-259 °C; IR [ATMRax cni']: 3063.7 (Ar C-H), 1674 (C=N),
1647 (C=0), 1579.9 (C=C), 716.5 (C-Btl NMR [400 MHz, CDC}, § ppm]:8.19-8.16 (d,) = 15

Hz, 1H, HB), 8.03-7.99 (dJ = 15 Hz, 1H, Hy), 7.90-7.87 (m, 3H, Ar-H), 7.64-7.59 (m, 5H, ArsH)
7.22-7.19 (m, 1H, thiophene 3H), 7.07-7.05Jd&; 8.76 Hz, 2H, thiophene 4H,5H), 3.9 (s, 3H Ar-
OCH3); ¥*C NMR [101 MHz, CDC}, § ppm]: 181.9, 162.8, 162.5, 149.6, 148.6, 145.83.6.3
132.4, 132, 131.8, 131.5, 130.1, 129.5, 128.5,42828.3, 127.7, 123.1, 122.3, 121.3, 120, 114.9,
114.4, 55.6; HRMS (Elin/zcalcd for G4H16BrN3O,S;: 520.9867; found: 520.9871.

5.5 General procedure for the synthesis of 6-(4-bromophenyl)-2-(substitutedphenyl)imidazo[2,1-
b][1,3,4]thiadiazol-5-yl)methylene)cyclosubstitutedamine (6a-)

Compoundg4a-f) (0.2 g, 0.0003 mol) and aliphatic cyclic amined@hg, 0.0003 mol) in ethanol (5
ml) and catalytic amount of glacial acetic acid evgansferred into a 10 mL microwave tube kitted
with mechanical stirrer. The reaction mixture vigadiated with microwave radiations for 20-30
min at 150 psi pressure. The completion of reactvas monitored by TLC using ethyl acetate and
hexane (1:3). The solid thus obtained was filteded and recrystallized using the suitable satve
to afford the Schiff base derivativedafj) of imidazo [2, 1b][1,3,4]thiadiazoles.

5.5.1 2-(2-bromophenyl)-6-(4-bromophenyl)imidazo[2,1-b][1,3,4]thiadiazol-5-
yl)methylene)cyclopropanamine 6a.

Yellow crystals; Yield 45%, mp. 204-206 °C; IR [ATRna cm']: 3136.9 (Ar C-H), 3064.7 (C=C-

H), 1561.4 (CH=N), 749.6 (C-BrjH NMR [400 MHz, CDC4, & ppm]: 8.06 (s,1H,CH=N), 7.84-
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7.82 (m, 1H, Ar-H), 7.74-7.70 (m, 3H, Ar-H), 7.5343 (d,J= 8.25 Hz, 2H, Ar-H ), 7.43-7.39 (m,
1H, Ar-H), 7.37-7.35 (m, 1H, Ar-H), 1.71 (br s,H} Aliphatic-H), 1.23 (s, 1H, Aliphatic-H)**C
NMR [101 MHz, CDC4, 6 ppm]: 159.5, 146.5, 145.7, 134.3, 132.8, 132.2.2,3132.2, 131.8,
131.7, 130.7, 127.9, 127.9, 126.7, 122, 121.5,31029.6, 10.2, 10.2; HRMS (EM/z calcd for
CaoH14BroN4S: 499.9306; found: 499.9310.

5.5.2 2-(2-bromophenyl)-6-(4-bromophenyl)imidazo[ 2,1-b][1,3,4]thiadiazol -5-
yl)methylene)cyclohexanamine 6b.

Orange crystals; Yield 60%, mp. 197-199 °C; IR [ATRay cm']: 3063.3 (Ar C-H), 2852.8 (C=C-
H), 1639.1 (CH=N), 752.5 (C-BrfH NMR [400 MHz, CDC}, & ppm]: 8.64 (s, 1H, CH=N), 7.94-
7.92 (m, 3H, Ar-H), 7.74-7.72 (m, 1H, Ar-H), 7.5%3 (m, 2H, Ar-H ), 7.39-7.37 (m, 1H, Ar-H),
1.81-1.77 (m, 4H, Aliphatic-H), 1.65-1.60 (m, 3Hlighatic-H), 1.38-1-30 (m, 4H, Aliphatic-H);
13C NMR [101 MHz, CDCY, & ppm]: 160.1, 147.2, 146.2, 134.3, 132.6, 132.2.1,3132, 131.5,
130.7, 130.5, 130.2, 128, 127.9, 122.6, 122.1,91200.4, 34.4, 25.6, 25.1, 24.65, 24.60; HRMS
(El) m/zcalcd for GsHoBroN4S: 541.9775; found: 541.9779.

5.5.3 6-(4-bromophenyl)-2-(2-chlorophenyl)imidazo[ 2,1-b][1,3,4]thiadiazol -5-y1)
methylene)cyclopropanamine 6c¢.

Yellow crystals; Yield 50%, mp. 189-191 °C; IR [ATRnax cmi']: 3136.8 (Ar C-H), 3068.2 (C=C-
H), 1648.5 (CH=N), 750 (C-Br)H NMR [400 MHz, CDC}, 5 ppm]: 8.06 (s, 1H, CH=N), 8.00-
7.98 (m, 1H, Ar-H), 7.72-7.69 (d,= 8.48 Hz, 2H, Ar-H), 7.53-7.45 (m, 3H, Ar-H), 72339 (m,
2H, Ar-H), 1.77 (s, 4H, Aliphatic-H), 1.23 (s, 1HJiphatic-H); **C NMR [101 MHz, CDC}, &
ppm]: 158.2, 146.7, 145.8, 132.8, 132.6, 132.1,1,3P32.1, 131.8, 131, 130.9, 128.6, 128.6, 127.4,
126.7, 121.5, 109.2, 29.7, 11.2, 11.2; HRMS (&l calcd for GoH14BrCIN,S: 455.9811; found:

455.9815.
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5.5.4 6-(4-bromophenyl)-2-(2-chlorophenyl)imidazo[ 2,1-b][1,3,4]thiadiazol -5-y1)
methylene)cyclohexanamine 6d.

Yellowish green crystal; Yield 70%, mp. 188-190 °& [ATR, Vmas CMi']: 3056.4 (Ar C-H),
2849.8 (C=C-H), 1637.9 (CH=N), 747.2 (C-BHY NMR [400 MHz, CDC}, 5 ppm]: 8.68 (s, 1H,
CH=N), 8.14-8.00 (m, 1H, Ar-H), 7.95-7.93 @@= 8.25 Hz, 2H, Ar-H), 7.57-7.53 (m, 2H, Ar-H),
7.45-7.40 (m, 3H, Ar-H), 1.85-1.78 (m, 4H, Alipliat), 1.66-1.61 (tJ) = 11.48 Hz, 3H, Aliphatic-
H), 1.39-1.34 (m, 4H, Aliphatic-H)**C NMR [101 MHz, CDC}, § ppm]: 158.7, 147.9, 147.3,
146.2,132.7, 132.6, 132.1, 132.1, 131.4, 131.0,99.330.2, 128.6, 128.6, 127.4, 122.6, 121.8 70.4,
34.4, 25.7, 25.7, 25.7, 24.5; HRMS (Et)zcalcd for GsH,0BrCIN,S: 498.0281; found98.0285.
5.5.5 6-(4-bromophenyl)-2-phenylimidazo[ 2,1-b][1,3,4]thiadiazol-5- yl)methylene)
cyclopropanamine 6e.

Yellowish green crystals; Yield 83%, mp. 190-192 PR [ATR, Vmax cmi']: 3117.5 (Ar C-H), 2923
(C=C-H), 1671.4 (CH=N), 760.1 (C-B)4 NMR [400 MHz, CDC}, 5 ppm]: 8.02 (s, 1H, CH=N),
7.87 — 7.84 (dJ = 8.40 Hz, 2H, Ar-H), 7.70-7.68 (d,= 8.56 Hz, 2H, Ar-H), 7.52-7.49 (m, 5H, Ar-
H), 1.64 (br s, 3H, Aliphatic-H), 1.23-120 (m, 2Mliphatic-H); 3C NMR [101 MHz, CDC}, §
ppm]: 161.7, 145.5, 145.4, 132.8, 131.8, 131.8,.4,3131.7, 130.1, 130.1, 129.3, 129.3, 129.3,
126.7, 126.6, 121.4, 109.5, 32.5, 8.1, 8.1; HRMB (&zcalcd for GoH1sBrN,S: 422.0201; found
422.0205.

5.5.6 6-(4-bromophenyl)-2-(4-chlorophenyl)imidazo[2,1-b][1,3,4]thiadiazol-5- yl)methylene)
cyclopropanamine 6f.

Yellow crystals; Yield 52%, mp. 187-189 °C; IR [ATRnax cni‘]: 3056 (Ar C-H), 2847.6 (C=C-
H), 1640.3 (CH=N), 761.3(C-BrfH NMR [400 MHz, CDC}, 5 ppm]: 8.01 (s, 1H, CH=N), 7.80-

7.78 (d,J = 8.60 Hz, 2H, Ar-H), 7.69-7.67 (d, = 8.56 Hz, 2H, Ar-H), 7.52-7.46 (m, 4H, Ar-H),
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1.61 (br s, 4H, Aliphatic-H), 1.22 (s, 1H, AliphatH); **C NMR [101 MHz, CDC},  ppm]: 160.4,
145.7, 145.3, 137.9, 132.6, 131.8, 131.8, 131.6,6.2129.6, 128.6, 128.6, 127.9, 127.9, 126.6,
121.5, 109.5, 50.8, 30.9, 30.9; HRMS (Ei)zcalcd for GoH14BrCIN,S: 455.9811; found55.9815.
5.5.7 6-(4-bromophenyl)-2-(4-chlorophenyl)imidazo[ 2,1-b][1,3,4] thiadiazol -5-yl )methylene)
cyclohexanamine 6g.

Yellowish green crystal; Yield 61%, mp. 238-240 R [ATR, Vmas cmi]: 3147.2 (Ar C-H),
2848.3 (C=C-H), 1652 (CH=N), 730.9(C-Bff NMR [400 MHz, CDC}, & ppm]: 8.62 (s, 1H,
CH=N), 7.93-7.90 (dJ = 8.64 Hz, 2H, Ar-H), 7.86-7.84 (d,= 8.52 Hz, 2H, Ar-H), 7.57-7.55 (d,

= 8.56 Hz, 2H, Ar-H ), 7.48-7.46 (d,= 8.52 Hz, 2H, Ar-H), 1.83-1.79 (m, 4H, AliphaticyHL.67-
1.62 (m, 3H, Aliphatic-H), 1.41-1.30 (m, 4H, AlipiaH); **C NMR [101 MHz, CDC}, & ppm]:
161, 147.1, 146.2, 138, 132.5, 132, 131.5, 13130,51 130.1, 129.8, 129.1, 128.6, 128.3, 127.7,
122.68, 122.2, 70.4, 34.4, 25.7, 25.7, 25.7, 2HBMS (EI) m/z calcd for GsH20BrCIN4S:
498.0281; found98.0285.

5.5.8 6-(4-bromophenyl)-2-(4-methoxyphenyl)imidazo[2,1-b][1,3,4]thiadiazol-5-yl )methyl
yl)methylene)cycl opropanamine 6h.

Yellowish green crystal; Yield 62%, mp. 201-2031R;[ATR, vmay cmi']: 3008.4 (Ar C-H), 2934.1
(C=C-H), 1605.4 (CH=N), 722 (C-BrfH NMR [400 MHz, CDC}, & ppm]: 7.97 (s, 1H, CH=N),
7.96-7.77 (d,) = 8.80 Hz, 2H, Ar-H), 7.68-7.66 (d,= 8.44 Hz, 2H, Ar-H), 7.51-7.49 (d,= 8.52
Hz, 2H, Ar-H), 6.99-6.96 (d] = 8.76 Hz, 2H, Ar-H), 3.86 (s, 3H, Ar-OGH 2.14 (s, 1H, Aliphatic-
H), 1.80 (br s, 4H, Aliphatic-H)*3C NMR [101 MHz, CDC}, § ppm]: 162.4, 161.6, 145.3, 145.1,
141.7, 133.9, 132.9, 131.8, 131.6, 129.2, 128.8,51222.7, 121.2, 114.7, 114.5, 109.4, 55.5. 34.2,

10.6, 10.6; HRMS (Elin/zcalcd for G;H;7/BrN4OS: 452.0306; found52.0310.
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55.9  6-(4-bromophenyl)-2-(4-iodophenyl)imidazo[2,1-b][1,3,4]thiadiazol -5-
yl)methylene)cyclopropanamine 6i.

Yellowish green crystal; Yield 57%, mp. 203-2051R;[ATR, vimayx cm-]: 3138.8 (Ar C-H), 2961.2
(C=C-H), 1581.2 (CH=N), 729.8 (C-Br}H{ NMR [400 MHz, CDC}4, 5 ppm]: 8.00 (s, 1H, CH=N),
7.85-7.83 (d,) = 8.48 Hz, 2H, Ar-H), 7.69-7.67 (dJ= 8.48 Hz, 2H, Ar-H), 7.58-7.56 (d,= 8.48
Hz, 2H, Ar-H ),7.52-7.50 (dJ = 8.48 Hz, 2H, Ar-H), 1.76 (br s, 4H, Aliphatic-HPB (s, 1H,
Aliphatic-H); *C NMR [101 MHz, CDC4, § ppm]: 160.7, 145.7, 145.2, 138.5, 138.5, 132.6,83
131.8, 131.6, 129.6, 129.1, 129.1, 128, 126.6,5.2109.5, 98.3, 30.9, 10.3, 10.3; HRMS (H&i)z
calcd for GoH14BrIN4S: 547.9167; foun847.9171.

5.5.10 6-(4-bromophenyl)-2-(4-iodophenyl)imidazo[2,1-b][1,3,4]thiadiazol-5-
yl)methylene)cyclohexanamine 6j.

Pale green crystal; Yield 44%, mp. 239-241°C; IRTA vma, CM: 2918.3 (Ar C-H), 2848.3
(C=C-H), 1635.6 (CH=N), 764.7(C-BrjH NMR [400 MHz, CDC}4, 5 ppm]: 8.62 (s, 1H, CH=N),
7.93-7.91 (d,) = 8.48 Hz, 2H, Ar-H), 7.84-7.82 (d,= 8.48 Hz, 2H, Ar-H), 7.61-7.60 (d,= 8.42
Hz, 2H, Ar-H ), 7.56-7.54 (2H, Ar-H), 1.86-1.79 (dH, Aliphatic-H) 1.67-1.62 (m, 3H, Aliphatic-
H) 1.41-1.21(m, 4H, Aliphatic-H)**C NMR [101 MHz, CDC}, § ppm]: 161.2, 147, 146.4, 145.2,
138.5, 138.4, 132.5, 132, 131.4, 130.4, 130.1,51228.3, 128.2, 122.6, 122.2, 98.4, 70.4, 34.4,
30.9, 29.7, 25.7, 24.5; HRMS (HEt)/zcalcd for GsH20BrIN4S: 589.9637; foun889.9641.

5.6 Biological activity

5.6.1 In vitro evaluation of antimicrobial activity

The chalcone5a-0) and Schiff base6g-j) derivatives of imidazo[2,b}- 1,3,4 thiadiazole were
further assessed for antimicrobial activity agajestel of bacterial and fungal strains by following

earlier reported MIC assay method using resazuymn[86-38].
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5.6.2 Microorganism used

Standard cultures of two gram +vét@phylococcus aureusdTCC25923 Bacillus subtilis
ATCC6051] two gram —velEscherichia colATCC35218 Pseudomonas aerugino88 CC27853],
three fungal strainsCandida albicansATCC90028,Cryptococcus neoformamSsTCC66031 and
Aspergillus nigerATCC16404] and two clinical isolates of@ndida albicansand Cryptococcus
neoformanp were used for the antibacterial and antifungalvdg respectively. Culturing and
subculturing (one day prior to testing) of thesenmdrganisms was carried out at the department of
microbiology, Inkosi Albert Luthuli hospital, Durba South Africa. Subcultering of these
microorganisms were used in this assay.

5.6.3 In vitro evaluation of antitubercular activity

The Anti-TB activity of the synthesized compoundsswletermined by measuring bacterial growth
after 5 d in the presence of test compounds. Congmwwere prepared as 10-point two-fold serial
dilutions in DMSO and diluted into 7H9-Tw-OADC medn in 96-well plates with a final DMSO
concentration of 2%. The highest concentrationarhgound was 200 pM where compounds were
soluble in DMSO at 10 mM. For compounds with lirditeolubility, the highest concentration was
50X less than the stock concentration e.g. 100 @b fmM DMSO stock, 20 uM for 1 mM DMSO
stock. For potent compounds, assays were repeatkmvar starting concentrations. Each plate
included assay controls for background (medium/DM®@, no bacterial cells), zero growth (100
UM rifampicin) and maximum growth (DMSO only), aglwas a rifampicin dose response curve.
Plates were inoculated withl. tuberculosisand incubated for 5 days: growth was measured by
ODsgo and fluorescence (Ex 560/Em 590) using a BioTekyMefyy 4 plate reader. Growth was

calculated separately for @fgand RFU [39-41].
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Scheme 1. The synthetic outline for the synthesis of noveleseof chalcone5a-0) and Schiff base
(6a-j) analogues of imidazo[2H]-1,3,4-thiadiazole; Reagents and conditionsa) (
Thiosemicarbazide, POCI3, reflux, 4 h, basify 404DH; (b) Thiosemicarbazide, FeClI3, Sodium
citrate, citric acid, reflux, 1 h, basify, 40% NHH#O(c) 4-Bromo phenacylbromide, DMF, heating,
12-16 h; ¢) DMF, POCI3, 0 °C, stir, 90 °C, 6 h, Na2CO3164);Aryl/Heteroaryl ketones, Ethanol,
10% NaOH, stir, RT, 6-10 hf)(Cyclopropylamine or Cyclohexylamine, glacial acetcid MW 20-

30 min at 150 W.
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Table 1. Anti-fungal, antibacterial and anti-tubercular activity of a novel sefiehalcone%a-0) and Schiff baseté-j) analogues of imidazo[214]-1,3,4thiadiazole.

Code Sructure C. albicans” C._ {allbicansf"*C C. neoformans® C. r_le_oformansf"C A. niger® S.aureus  B.subtilis® E. coli® P.aeruginosa® M. tuberculosis’

ATCC90028 (Clinical Isolate) = ATCC66031 (Clinical Isolate) ATCC16404 ATCC25923 ATCC6051 ATCC35218 ATCC27853 Hs7Rv

5a 200 >200 1.56 6.25 >200 200 >200 >200 >200 >20

5b 200 >200 1.56 12.5 >200 100 >200 >200 >200 >20

oC >200 >200 3.125 12.5 >200 >200 >200 >200 >200 >20

5d >200 >200 125 125 >200 >200 >200 100 >200 >20

5e 50 >200 50 100 >200 200 >200 >200 >200 >20

5f 50 >200 200 200 >200 >200 >200 >200 >200 >20

59 >200 >200 25 200 >200 >200 >200 >200 >200 >20




Table 1. Continue

Code Structure C. albicans® C. {allbicansf"*c C. neoformans®  C. r_le_oformansf"*C A. niger® S.aureus®  B. subtilis® E. coli® P.aeruginosa® M. tuberculosis®
ATCC90028  (Clinical Isolate) ATCC66031  (Clinical Isolate) ATCC16404 ATCC25923 ATCC6051 ATCC35218 ATCC27853 HaRv

5h 25 >200 25 100 >200 >200 >200 >200 >200 >20

5i 200 >200 6.25 6.25 >200 >200 >200 >200 >200 >20

5 >200 >200 6.25 12.5 >200 >200 >200 >200 >200 >20

5k 50 >200 3.125 6.25 >200 >200 200 >200 >200 >20

5l 25 >200 12.5 12.5 >200 >200 >200 >200 >200 >20

5m 50 >200 3.125 12.5 >200 >200 >200 200 >200 >20

5n 200 >200 1.56 3.125 >200 >200 >200 200 >200 >20

HyCO




Table 1. Continue

Code Strudure C. albicans” C. albicans®®  C.neoformans® C.neoformans®®  A. niger® S.aureus®  B. subtilis E. coli® P.aeruginosa® M. tuberculosis’
ATCC90028  (Clinical Isolate) ATCC66031  (Clinical Isolate) ATCC16404 ATCC25923 ATCC6051 ATCC35218 ATCC27853 HaRv
50 o 100 >200 25 200 >200 >200 >200 >200 >200 >20
,N/A
Br HC= ND
6a - 25 50 100 200 100 200 >200 200 50
Br
S/IQN
Br 3 “°:N/® ND
6b FRE 50 50 100 200 50 200 >200 200 50
1 7
,N/4
cl HC=
6c ®_</ N . 25 50 100 >200 100 200 >200 200 50 ND
s~ N
s, HCZN/O
6d /“‘NJ\g_@B, 12.5 25 100 >200 100 200 >200 200 50 ND
2 S/7|§Ne
1 7
s Hc:"‘/4
s 100 ND
6e ©—2</s g o 25 50 100 >200 200 200 200 50
1
Hc”“/4
3, -
-~ 5
e acas 25 50 100 200 100 200 200 200 50 ND

=,/6
S N
y 7a 7




Code Sructure C. albicans® C. albicans®®  C.neoformans® C. neoformans*® A. niger® S.aureus®  B. subtilis® E. coli® P. aeruginosa® M. tuberculosis’
ATCC90028 (Clinical Isolate) ~ATCC66031 (Clinical Isolate) ATCC16404 ATCC25923 ATCC6051 ATCC35218 ATCC27853 HaRv
s HC:N/Q
4
60 o /”jﬁ\ﬁ_@m 50 50 100 >200 100 200 200 200 50 ND
2 1s 7a\$‘ 6
5 Hc:"‘/4
oh e Y 1T, o 25 50 100 >200 100 200 200 200 25 ND
L e 100 ND
6 /"‘Nm : 25 50 100 >200 200 200 200 50
@%)\\ % 5
_ HC:N/O 100 ND
6j FRBE 25 50 100 >200 200 200 200 50
| 5 $/7J?§ A Br
Amphotericin B 0.25 25 1-2 1-2 1.95 - - - - -
Moxcillin - - - - - <0.39 <0.39 <0.39 <0.39 -
Rifampicin - - - - - - - - - 0.0067
EMIC in pg/mL.
PMIC in uM/mL.

Well characterized stored clinical isolates obtained from departmentuafbitlogy, Inkosi Albert Luthuli hospital, Durban, South Africa.
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Scheme 1. The synthetic outline for the synthesis of novel series of chald®a-0) and Schiff base6@-j) analogues of imidazo[2{i]-1,3,4-thiadiazole; Reagents and conditions} (
Thiosemicarbazide, POCI3, reflux, 4 h, basify 40% NH4Qhi;Thiosemicarbazide, FeCI3, Sodium citrate, citric acid, reflux, basify, 40% NH4O0H; (c) 4-Bromo phenacylbromide, DMF, heating,
12-16 h; ) DMF, POCI3, 0 °C, stir, 90 °C, 6 h, Na2CO316 &); Aryl/Heteroaryl ketones, Ethanol, 10% NaOH, stir, RT, 6-10)hCgclopropylamine or Cyclohexylamine, glacial acetic acMd/M

20-30 min at 150 W.



Highlights

Two series of imidazo[2,1-b]-1,3,4-thiadiazol e derivatives were synthesi zed.
Compounds 5a, 5b and 5n exhibited promising activity against C. neoformans.

Compound 5n was found to be active against clinical isolates of C. neoformans.

Moderate antibacterial and antimycobacterial activity was observed.
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2-Br-Thiophene in cdcl3
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NAME  Feb25-2014-RK-wesam
EXPNO 30

PROCNO 1
Date_ 20140225
Time 13.56

INSTRUM spect
PROBHD 5 mm PABBO BB—

Spectrum 5."H NMR spectrum of compoun(@&c)

2-Br-Thiophene in cdel3

PULPROG 7230
TD 32768
SOLVENT CDC13
NS

DS 2

SWH 8223685 Hz
FIDRES 0.250967 Hz
AQ 1.9923444 sec
RG 322

DW 60.800 usec
DE 6.50 usec
TE 298.2K

D1 1.00000000 sec
TDO 1
======== CHANNEL f] ======
NUCI 1H

Pl 10.00 usec
PL1 -3.00 dB

PLIW 15.48668575 W

SFO1 400.2224715 MHz

S1 16384

SF 400.2200149 MHz
EM

WDW

SSB 0

LB 0.30 Hz
GB Q

pPC 1.00
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BERIGARAL NN RRANERUNSS NAME  Feb25-2014-RK-wesam
EXPNO 3
A e - brocko
Date 20140226
Time 20
INSTRUM spect
PROBHD 5mm PABBO BB
PULPROG 2gpg30
™D 65536
SOLVENT CDCI3
NS 2048
DS 4
Br SWH 24038.461 Hz
FIDRES  0.366798 Hz
N‘N AQ 1.3631988 sec
a RG 2050
J\ DW 20.800 usec
S DE 6.50 usec
TE 2982 K
S¢ D1 200000000 sec
D1l 0.03000000 sec
TDO 1
CHANNEL f1
NUC1 13C
P1 8.40 usec
PLI -2.00 dB
PLIW 5414257431 W
SFOI  100.6454626 MHz
CHANNEL f2
CPDPRG2  waltz16
NUC2 1H
PCPD2 90.00 usec
PL2 -3.00 dB
PLI2 15.60 dB
| | 4l i PLI3 18.00 dB
" PL2W 1548668575 W
PLI2W 021377575 W
PLI3W  0.12301511 W
SFO2  400.2216009 MHz
st 32763
SF 100.6353990 MHz
T T T T T T T T T T WDwW EM
> 2 SSB 0
200 180 160 140 120 100 30 40 20 0 ppm B -

Spectrum 6.2*C NMR spectrum of compour(8c)



2-Cl-H in cdcl3
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NAME  Feb27-2014-RK-wesam
EXPNO 10
PROCNO 1
Daie_ 20140227
Time 15.58
INSTRUM spect
PROBHD 5 mm PABBO BB—
PULPROG 730
™D 32768
SOLVENT CDCI3
NS 16
DS 2
SWH $§223.685 Hz
FIDRES 0.250967 Hz
AQ 1.9923444 sec
RG
DW 60 800 usec
DE 6.50 usec
TE 298.2K
Dl 1.00000000 sec

1
=====—== CHAI\\IEL fl ======
NUCI
P1 10. 00 u%t
PL1 -3.00dB

PLIW 1548668575 W
SFO1 400.2224715 MHz

sl 16384

SF 400.2200149 MHz
WDW EM

SSB 0

LB 0.30 Hz

GB

PC 1.00

Spectrum 7.*H NMR spectrum of compoun@d)

2-Cl-H in cdel3
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NAME  Feb28-2014-RK-wesam
EXPNO 20

PROCNO 1

Date_ 20 1 4030 1

Time

INSTRUM S spect

PROBHD 5 mm FABBO BB-
PULPROG zgpg30

TD 65536
SOLVENT CDCI3
NS 2048

DS 4

SWH 24038.461 Hz
FIDRES 0.366798 Hz

AQ 1.3631988 sec
RG 2050
DW 20.800 usec
DE 6.50 usec
TE 3005 K
D1 2.00000000 sec
D11 0.03000000 sec
TD! 1
=== CHANNEL f] ===—==

NUCl 13C
P1 8.40 usec
PL1

=2
PLIW 54.14257431 W
SFO1 100.6454626 MHz

=== CHANNEL 2 ======
CPDPRG2 waltz16
NUC2 1H
PCPD2 90.00 usec
PL2 -3.00dB
PL12 15.60 dB
PL13 18.00 dB

PL2W 1548668575 W
PLI2W 0.21377575 W
PL13W 0.12301511 W
SFO2 400.2216009 MHz
81 32768

SF 100.6353990 MHz
WDW EM

SSB 0
LB 1.00 Hz.

Spectrum 8.2°C NMR spectrum of compour(&d)



2-C1-CH3 in ¢dc13 m
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! NAME  Feb27-2014-RK-wesam
EXPNO 20
PROCNO 1
Date_ 20140227
Time 16.01
INSTRUM spect
PROBHD 5 mm PABBO BB~
PLI,PROG 7230
327
QOI.VFJ\T
NS
DS
SWH
FIDRES
AQ 1.9923444 sec
RG 456
DW 60.800 usec
& DE 6.50 usec
& TE 298.2 K
D1 1.00000000 sec
1
B
PLIW h 45668’\7‘- W
SFOI 400.2224715 MHz
S1 16384
SF 400.2200149 MHz
WDW EM
5SB 0
LB 0.30 Hz
G 0
PC 1.00
i Ll [
T T T T T T T T T
10 9 6 5 4 3 2 1 ppm

f Mm | A

Spectrum 9. *H NMR spectrum of compoung@e)

»-CI-CH3 in edel3 ( ‘><7
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; 2 NAME  Feb28-2014-RK-wesam
& = EXPNO 10
PROCNO 1
| Dute_ 20140228
Time 17.15
INSTRUM spect
PROBHD 5 mm PABBO BB—
PULPROG zgpg30
™ 65536
SOLVENT CDCI3
NS 2048
D 4
SWH 24038.461 Hz
FIDRES 0.366798 Hz
| AQ 1.3631988 sec
RG
N DW 20.800 usec
74 DE 6.50 usec
TE 2983 K
S D1 2.00000000 sec
Dil 0.03000000 sec
TDO 1
======== CHANNbL fl ======
NUC1
Pl 8,40 usec
PL1 -2.00dB
PLIW 54.14257431 W
SFO1 100.6454626 MHz
=—=——==CHANNEL f2 =—=——=—=
CPDPRG2 waltz16
NUC2 1H
PCPD2 90. 00 usec
PL2 =3.00
J PL12 15.60 dB
PL13 18.00 dB
TR ) ¥ . PLOW 1548668575 W
PL12W 0.21377575 W
PL13W 0.12301511 W'
SFO2 400.2216009 MHz
S1 32768
SF 100.6353990 MHz
T T T T T T T T T T T WDW EM
200 150 160 140 120 100 80 60 40 20 0 ppm SSB 0
LB 1.00 Hz

Spectrum 10.°C NMR spectrum of compour(&e)



2-Cl-Thiophene in cdel3
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=S80 5C xR RE B G hinninin& == S NAME  Feb27-2014-RK~-wesam
g e i i S g EXPNO 10

Br

ik

9 8 v
b

ppm

Date_
Time

L%EWW% e 40g217

16.05

INSTRUM spect
PROBHD 5 mm PABBO BB~
PULPROG 2830

TD 32768

NS
DS
SWH

FIDRES

AQ

SOLVENT CDCI3
16

n
8223.685 Hz
0.250967 Hz
1.9923444 sec
456
60.800 usec
6.50 usec
2982 K
1.00000000 sec
1

=======CHANNEL f| ===
IH

NUC1
P1
PLI
PLIW
SFOI1
SI

SF
WD
SSB
LB
GB
PC

400.2224715 MHz
16384
400.2200149 MHz
EM

0
0.30 Hz
0

1.00

Spectrum 11. *H NMR spectrum of compour(@f)

2-Cl-Thiophene in cdel3
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NAME  Feb28-2014-RK-wesam
EXPNO 30

PROCNO 1
Date_ 20140301
Time 13.01
INSTRUM spect

PROBHD 5 mm PABBO BB—
PULPROG zgpe30

TD 65536
SOLVENT CDCI3
NS 2048

DS 4

SWH 24038.461 Hz

FIDRES 0366798 Hz
AQ 1.3631988 sec

NUCl
PI

PLI -2.00 dB
PLIW 5414257431 W
SFOI  100.6454626 MHz

========CHANNEL f2 ===

13.00 dB
1548668575 W
021377575 W
0.12301511 W
400.2216009 MHz
32768

200

N-nN
4
SJ\
5f
| o Al
T T T T T T
150 160 140 120 100 80

ppm

SF 100.6353990 MHz
WDW EM

SSB ]

LB 1.00 Hz.

Spectrum 12.1°C NMR spectrum of compour(8f)



Phenyl-H in cdcl3

R T e e =T NAME  Mar(1-2014-RK—wesam
ALBEREE5aR88RAEERSEES EXPNO 30
303 v pr v ittt NN PROCNO 1
Date_ 20140302
Time 7.19
INSTRUM spect
PROBHD 5 mm PABBO BB~
PULPROG zg30

DS
SWH
FIDRES

ul . )

T T T T T T T T T T T T T

T T T
1.0 0.5 ppm

TD 327
SOLVENT
N

68
CDCI3
16

2
8223.685 Hz
0.250967 Hz
1.9923444 sec
362

60.800 usec

= CHANNEL f1 =
1H

10.00 usec
-3.00 dB
15.48668575 W
400.2224715 MHz

16384
400.2200358 MHz

0
0.30 Hz
0
1.00

95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20
f £t
e
1
Spectrum 13. "H NMR spectrum of compoun@g)
Phenyl-H in edcl3 \ 2< )R
NAML (792;&)».“
EXPNO 31
PROCNO |
z LEIYRISIREE28RES Dute_ 20140302
(=3 VX ORWWOO M =D .
g EENaamosanNd g AR LT
N§ spec
| NS == PROBHD 5 mm PABBO BB—
PULPROG zgpg30
™ 65536
SOLVENT CDCI3
NS
DS 4
SWH 24038.461 Hz
FIDRES 0366798 Hz
AQ 1.3631988 sec
RG 2050
DW 20.800 usec
DE 6.50 usec
TE 3014 K
D1 2.00000000 sec
®_< D11 0.03000000 sec
DO 1
i L}{A\INEL | pr—
NUCI 13C
P1 8.40 usec
PLI -2.00 dB
PLIW  54.14257431 W
SFOl  100.6454626 MHz
————=— CHANNEL 2 =—=—
CPDPRG2  waltzl6
NUC2 TH
PCPD2 90.00 usec
PL2 -3.00 dB
PL12 15.60 dB
PLI3 18.00 dB
o joo L m PL2W 1548668575 W
PLI2W 021377575 W
PLI3W 012301511 W
SFO2 4002216009 MHz
st 32768
SF 1006353990 MHz
WD EM
T T T T T T T T T T T SSB 0
200 180 160 140 120 100 30 60 40 20 0 ppm LB 1.00 Hz

Spectrum 14. *3C NMR spectrum of compour(8g)




Phenyl-CH3 in cdel3

EUSeEEEREIREEsEE e
?'2?5%388 SEREG8E8 A = NAME Mar01 2014 RK-wesam
SNy iR

Date_ 2014(]302

Time 5.18

INSTRUM spec
PROBHD 5 mm PABBO BB-
PULPROG 7g30

2768

TD 327
SOLVENT CDCI3

DS 2

SWH 8223.685 Hz
FIDRES 0.250967 Hz
AQ 1.9923444 sec
RG 575

DW 60.800 usec
DE 6.50 usec
TE 3009K

D1 1.00000000 sec
DO 1
========CHANNEL fl ==—====
NUCI 1H

Pl 10.00 usee
PL1 00 dB

PLIW 1548668575 W
SFO1 4002224715 MHz

SI 16384

SF 400.2200000 MHz
WDW EM

SSB 0

LB 0.30 Hz

GB 0

T T
95 90 8.5 80 7') 7. 65 60 55 50 45 40 35 30 25 20 15 10 0.5 ppm

EEaE £

Spectrum 15. *H NMR spectrum of compour(@h)

Phenyl-CH3 in cdcl3 \ X }

NAME  Mar0l— 2014 RK-wesam
2 o EXPNO
2 = PROCNO
= o Date_ 20140302
| Time 7.15
INSTRUM spect
PROBHD 5mm PABBO BB—
PULPROG 2gpg30
D
SOLVENT €DCI3
NS 2048
DS 4
SWH 24038.461 Hz
FIDRES ~ 0.366798 Hz
AQ 1.3631988 sec
RG 2050
DW 20.800 usec
DE 6.50 usec
TE 3013 K
D1 200000000 sec
DIl 0.03000000 sec
Tl 1
oh ——————— CHANNEL fl ===
NUC1 13C
P1 8.40 usec
PLI -2.00 dB
PLIW  54.14257431 W
SFO1  100.6454626 MHz
—— CHANNEL 2 =
CPDPRG2 waltz16
NUC2 1H
PCPD2 90,00 usec
PL2 —3.00dB
PLI2 15.60 dB
o MU i . PLI3 18.00 dB
e PL2W 1548668575 W
PLI2ZW 021377575 W
PLI3W  0.12301511 W
SFO2  400.2216009 MHz
S1 32768
SF 100.6353990 MHz
WDW EM
T T T T T T T T T T T SSB 0
200 180 160 140 120 100 30 60 40 20 0 ppm LB 1.00 Hz

Spectrum 16.°C NMR spectrum of compoufish)




Phenyl-Thiophene in cdel3
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NAME  Mar01-2014-RK~wesam
EXPNO 10

PROCNO 1
Date_ 20140302
Time 3.17

INSTRUM spect
PROBHD 5 mm PABBO BB-

PULPROG 2g30
D 32768
SOLVENT CDCI3
NS 16

DS 2

SWH 8223.685 Hz
FIDRES 0.250967 Hz
AQ 1.9923444 sec
RG 322

DwW 60.800 usec
DE 6.50 usec
TE 3009 K

D1 1.00000000 sec
TDO 1
======== CHANNEL fl ===——===
NUCl IH

P1 10.00 usec
PL1 00 dB

=34
PLIW 1548668575 W
SFOI1 400.2224715 MHz

S1 16384

SF 400.2200149 MHz
WDW EM

SSB 0

LB 0.30 Hz

GB 0

PG 1.00

Spectrum 17.'H NMR spectrum of compoun@i)

Phenyl-Thiophene in cdcl3
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NAME  Mar01-2014-RK~-wesam
EXPNO 11

PROCNO 1

Date_ 20140302

Time 5.14

INSTRUM spect

PROBHD 5 mm PABBO BB—
PULPROG zgpg30
6

TD 6553
SOLVENT CDCI3
2048

DS
SWH

FIDRES

AQ
RG
DW
DE
TE
DI
D11
TDO

4
24038.461 Hz
0.366798 Hz
1.3631988 sec
2050

20.800 usec
6.50 usec

==—————= CHANNEL fl ===
3

PLIW
SFO1

13C
8.40 usec
-2.00 dB
5414257431 W
100.6454626 MHz

== CHANNEL f2 ==—===—==

CPDPRG2 waltz16

NUC2
PCPD2

1H
90.00 usec
-3.00 dB
1560 dB
18.00 dB
1548668575 W
021377575 W
0.12301511 W
400.2216009 MHz
32768
100.6353990 MHz
EM
0
1.00 Hz

Spectrum 18.2C NMR spectrum of compouffsl)
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4~Cl=H in CDCI3
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EXPNO 10
PROCNO 1
Date_ 20140302
Time 16.03
INSTRUM spect
PROBHD 5 mm PABBO BB—
PULPROG zg30
TD 32768
SOLVENT CDC13
NS 1
DS 2
SWH 8223.685 Hz
FIDRES 0.250967 Hz
AQ 1.9923444 sec
RG 645
DW 60.800 usec
DE 6.50 usec
TE 301.7K
D1 1.00000000 sec
TDO 1
= = CHANNEL f] ==—x
NUCI 1H
Pl 10.00 usec
PL1 -3.00
PLIW 1548668575 W
SFO1 400.2224715 MHz
SI 16384
SF 400.2200149 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
o, PC 1.00

T T T
9.0 8.5 8.0

geblrds

T T T T T T T T T T T T T T

n
=
=}
-3
“n
o
=}
w
n
wn
=
N
i
b
=1
w
n
w
=1
I~
i
2
=3
n
B

Spectrum 19.*"H NMR spectrum of compoun@;)

4-CI-H in CDCI3

NAME  Mar02-2014-RK-Wesar
1

EXPNO 1
5 PROCNO
g ol g Date_ 20140302
= Time 18.01
| SIS\ e=—=—— INSTRUM  spect
PROBHD 5 mm PABBO BB~
PULPROG zgpg30
TD 5536
SOLVENT CDCI3
NS 2048
DS 4
SWH 24038.46] Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 2050
DW 20.800 usec
DE 6.50 usec
TE 3019K
D1 2.00000000 sec
D11 0.03000000 sec
¢ I4©_< ' |
==————— CHANNEL f] ===
NUCI1 13C
Pl 8.40 usec
PL1 -2.00dB
PL1W 54.14257431 W
SFO1 100.6454626 MHz
C
CPDPRG2 waltzl6
NUC2 1H
PCPD2 90.00 usec
,“l PL2 -3.00dB
A " " A i PL12 15.60 dB
PL13 18.00dB
PL2W 1548668575 W
PL12W 0.21377575 W
PL13W 0.12301511 W
SFO2  400.2216009 MHz
SI 32768
SF 100.6353990 MHz
T T T T T T T T T T T WDW EM
200 180 160 140 120 100 80 60 40 20 0 ppm SSB 0
LB 1.00 Hz

Spectrum 20.2*C NMR spectrum of compouf(f)
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4-CI-CH3 in CDCI3
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L o o ol EXPNO
%‘/‘ PROCNO 1
Date_ 20140302
Time 18. 04
INSTRUM
PROBHD 5 mm P/\BBO BB-
PULPROG 2g30
D 32768
SOLVENT CDCI3
NS
DS 2
SWH 8223.685 Hz
FIDRES  0.250967 Hz
fl:Q 1.9923444 sec
DW 60.800 usec
c|4©_< DE 6.50 usec
TE 301.6K
D1 1.00000000 sec
TDO 1
==———— CHANNEL fl =—=——
NUCI 1H
Pl 10.00 usec
PLI -3.00dB
PLIW 1548668575 W
SFOI  400.2224715 MHz
SI 16384
SE 400.2200148 MHz
WDW EM
SSB 0
LB 0.30 Hz
{L GB 0
PC 1.00
A ‘ k

9.0 85 80

s 5 70 65 60 55 50 45 40 35 30 25 20 L5 1.0

el :

4-Cl-CH3 in CDCI3

Spectrum 21."H NMR spectrum of compoun@k)

aRGRER
L2

NAME  Mar(2- 7014 RK-Wesam

& EXPNO
5 PROCNO &
Date_ 20140302
Time 20. 02
INSTRUM
PROBHD 5 rim PABBO BB-
PULPROG zgpe30
™ 65536
SOLVENT  CDCI3
NS 8
D 4
SWH 24038461 Hz
FIDRES  0.366798 Hz
AQ 13631088 sec
RG 2050
DW 20.800 usec
DE 6.50 usec
TE 302.1K
DI 2,00000000 sec
DIl 0.03000000 sec
1
Sk PI 840 wsec
PLI ~2.00 dB
PLIW 5414257431 W
SFOI  100.6454626 MHz.
——— CHANNEL f2 ===
CPDPRG2  waltzl6
NUC2 IH
PCPD2 90.00 usec
PL2 -3.00dB
“I PLI2 15.60 dB
PL13 18.00 dB
- Aot A - PLOW 1548668575 W
PLI12W 021377575 W
PLISW 012301511 W
SFO2  400.2216009 MHz
sI 32768
SF 1006353990 MHz
T T T T T T T T T T WDW EM
200 150 160 140 120 100 80 60 40 20 0 ppm SSB 0
LB 1.00 Hz

Spectrum 22.2C NMR spectrum of compour(&k)
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4-Cl- Thiophen in CDCI3

BRGRER
328

NAME  Mar02-2014-RK-Wesa

qOoOTNANND
SRR AEAaS EXPNO 30
T o o PROCNO 1
\NV %/ Date 20140302

Time 2005
INSTRUM
PROBHD 5 mm PABBO BB-
PULPROG 2830

D 3276
SOLVENT C€DCI13
NS 16

DS 2
SWH §223.685 Hz
FIDRES 0.250967 Hz
AQ 1.9923444 sec
RG 375
cl DW 60.800 usec
DE 6.50 usec
TE 301.7K
D1 1.00000000 sec
TDO 1
CHAN\IH fl
NUCI
P1 10. 00 usec
PL1 -3.00 dB
PLIW 1548668575 W
SFOI1 400.2224715 MHz
SI 16384
SF 400.2200149 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
u BC 1.00
A
T T T T T T T T T T T T T T T T T T T
100 9.5 90 85 70 65 60 55 50 45 40 35 30 25 20 15 10 ppm

4-Cl- Thiophen in CDC13

Spectrum 23."H NMR spectrum of compoun@!)
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NAME Marﬂ”—7014 RK-Wesam

EXPNO

PROCNO ]

Date_ 20140302
Time 22,03

INSTRUM spec
PROBHD. 5 mmn PABBO BB
PULPROG  zgpg30

TD 65531
SOLVENT CDCI13

NS 2048
DS 4
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 2050
DW 20.800 usec
DE 6.50 usec
TE 3022K
Dl 2.00000000 sec
DJ;EI 0.03000000 sec
Tl 1
Ci

=== CHA\NLL fl =======

_ NUCI

51 Pl 8. 40 usec
PL1 —2.00dB
PLIW 54.14257431 W
SFO1 100.6454626 MHz
========CHANNEL f2 ==—====
CPDPRG2 waltz16
NUC2 1H
PCPD2 90.00 usec
PL2 -3.00dB
PL12 15.60 dB
PL13 18.00 dB

| u PL2W 1548668575 W
. s It L il

PL12W 0.21377575 W
PL13W 0.12301511' W
SFO2 42(3 .2216009 MHz

] 768
SE_ 1006353900 Mz
T T T T T T T T T T T WDW
200 180 160 140 120 100 80 60 a0 20 o ppm 3B | oo -

Spectrum 24.°C NMR spectrum of compour(8l)
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p—OCH3-H in cdcl3
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NAME  Mar03-2014-RK~-wesam
EXPNO 10

PROCNO 1

Date_ 20140304

Time Tl

INSTRUM ) spect

PROBHD 5 mm PABBO BB—

PULPROG 2230

™ 32768

SOLVENT CDCI3

NS

DS 2

SWH §223.685 Hz

FIDRES 0.250967 Hz

AQ 1.9923444 sec

RG 322

Dw 60.800 usec

DE 6.50 usec

TE 299.6 K

D1 1.00000000 sec

TDO 1
CHANNEL f1

NUC1 1H

Pl 10.00 usec

PL1 -3.00 dB

PLIW 15.48668575 W

SFO1 400.2224715 MHz

SI 16384

SF 400.2200149 MHz

WDW EM

SSB 0

LB 0.30 Hz

GB 0

PC 1.00

Spectrum 25."H NMR spectrum of compoun@m)

p—OCH3-H in cdel3

—190.15

HsCO
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55.64

shORER
e

NAME
EXPNO
PROCNO
Date_
Time

Mar(3-2014-RK~-wesam
1

1
20140304
10.53

INSTRUM spect

P
PROBHD 5 mm PABBO BB-

T T T T
200 180 160 140 120

100

80

40

20

ppm

PULPROG zgpg30

TD 65536

SOLVENT CDCI3

NS 2048

DS 4

SWH 24038.461 Hz

FIDRES 0.366798 Hz

AQ 1.3631988 sec

RG 2050

DW 20.800 usec

DE 6.50 usec

TE 299.6 K

D1 2.00000000 sec

DI1 0.03000000 sec

TDO 1
CHANNEL f1

NUCI 13C

Pl 8.40usec

PL1 -2.00 dB

PLIW 54,14257431 W

SFO1 100.6454626 MHz
CHANNEL f2

CPDPRG2 waltz16

NUC2 1H

PCPD2 90.00 usec

PL2 -3.00dB

PL12 15.60 dB

PL13 18.00 dB

PL2W 15.48668575 W

PLI2W 0.21377575 W

PLI3W 0.12301511 W

SFO2  400.2216009 MHz

SI 32768

SF 100.6353990 MHz

WDW EM

SSB

LB 1.00 Hz

Spectrum 26.°C NMR spectrum of compour(8m)
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p—OCH3—CH3 in cdel3 K >< )
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NAME  Mar03-2014-RK-wesam
EXPNO 20

WOW?QW\SO\"‘I“—'IﬂF‘F“()SW"’ o
AEE38E539C55R78888 S 3 PROCNO i
055 58 P It e e e e - i Date 20140304
x‘\\a&wn’%‘ | Time 7.15
INSTRUM spect
PROBHD 5 mm PABBO BB—
PULPROG 2230
T 32768
SOLVENT CDCI3
NS 16
DS 2
SWH 8223.685 Hz
FIDRES 0.250967 Hz
AQ 1.9923444 sec
RG 362
DW 60.800 usec
H;CO DE 6.50 usec
TE 2996 K
DI 1.00000000 sec
1
=—=======CHANNEL f] =—=—=—=
NUC1 1H
P1 10.00 usec
PL1 -3.00 dB

PL1W 15.48668575 W
SFO1 400.2224715 MHz

SI 16384
SF 400.2200149 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
1.00

T
11 10 9 8 7 6 5 4 & 2 1 ppm

2
3.08)-

Spectrum 27.'H NMR spectrum of compoun@n)

p~OCH3-CH3 in edel3

BRUKER
Load

NAME Vlm()3—701 4-RK-wesam

w
= g = EXPNO
- a = PROCNO
Date_ 20140305
‘ Time 6.30
INSTRUM spect
PROBHD 5 mm PABBO BB—
PULPROG zgpg30
TD 65536
SOLVENT CDCI3
NS 2048
DS 4
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 2050
DwW 20.800 usec
DE 6.50 usec
HJCO_©_<
2.00
PLIW 5414257431 W
SFO1 100.6454626 MHz
= CHANNEL 2
waltz16
1H
90.00 usec
-3.00 dB
Il 15.60 dB
. A , . 1300 4B
1548668575 W
021377575 W
0.12301511 W
400.2216009 MHz
32768
100.6353990 MHz
T T T T T T T T T T T EM
200 180 160 140 120 100 80 60 40 20 0 ppm I (.?0 Hz

Spectrum 28.2C NMR spectrum of compour(&n)
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p-OCH3-Thiophene in cdcl3

8¢
52
% o

8.036
7.997
7.901
7.896
7.893
7.884
7.879
7.641
7.636
7.620
7.615
7.600
7.593
7.221
7.211
7.209
7.199
7.072
7.050

—3.904

F —

BRUKER
.

NAME  Mar03-2014-RK—wesam

o

T
10 9. 8

i

3.02- =

EXPNO 30
PROCNO 1
Date_ 20140304
Time T8

INSTRUM spect

PROBHD 5 mm PABBO BB-
PULPROG zg30
TD 3276
SOLVENT CDCI3
NS 16

DS 2

SWH 8223.685 Hz
FIDRES 0.250967 Hz
AQ 1.9923444 sec
RG 322

DW 60.800 usec
DE 6.50 usec
TE 299.5 K

D1 1.00000000 sec
TDO 1

NI 1H

Pl 10.00 usec

PLI —-3.00dB
PL1W 15.48668575 W
SFO1 400.2224715 MHz
SI 16384

SF 400.2200149 MHz
WDW EM

SSB 0

LB 0.30 Hz

GB 0

PC 1.00

Spectrum 29.'"H NMR spectrum of compound (50)

p—OCH3-Thiophene in cdcl3

L !“L il [

BRUKER
L)

NAME  Mar03-2014-RK-wesam
EXPNO 31

PROCNO 1
Date. 20140305
Time 8.29

INSTRUM spect
PROBHD 5 mm PABBO BB—

T T T T
200 180 160 140 120 100 80

PULPROG  zgpg30

TD 65536
SOLVENT CDCI3

NS 2048
DS 4
SWH 24038.461 Hz

FIDRES 0.366798 Hz

AQ 1.3631988 sec

RG 2050

DW 20.800 usec

DE 6.50 usec

TE 2995 K

D1 2.00000000 sec
DIl 0.03000000 sec
TDO 1

======== CHANNEL f] ===
NUCl1 13C

P1 8.40 usec

PLI1 -2.00dB
PLIW 54.14257431 W
SFO1 100.6454626 MHz
= == CHANNEL 2 ======
CPDPRG2 waltz16
NUC2 1H

PCPD2 90.00 usec
PL2 -3.00 dB

PL12 15.60 dB

PL13 18.00 dB
PL2W 15.48668575 W
PLI2W 0.21377575 W
PL13W 0.12301511 W
SFO2  400.2216009 MHz
SI 32768

SF 100.6353990 MHz
W EM

SSB 0

LB 1.00 Hz

Spectrum 30. **C NMR spectrum of compoundd)
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2-Br-Cyclopropyl in cdel3

BRUKER
NAME  Mar04-2014-RK~wesam
EXPNO 10
PROCNO 1
Date_ 20140305
Time 8.34

INSTRUM spect
PROBHD 5 mm PABBO BB—

L=al ol
5
/N
Br 7
4 A\ Br
S/I\N
6a
—_—e
T T T T T T T T T T T 1
1 10 9 8 7 6 5 4 3 2 1 ppm

SOLVENT CDC13
NS

DS 2

SWH 8223.685 Hz
FIDRES 0.250967 Hz
AQ 1.9923444 sec
RG 322

DW 60.800 usec
DE 6.50 usec
TE 299.1 K

D1 1.00000000 sec
TDO 1

10.00 usec
-3.00 dB
15.48668575 W
400.2224715 MHz
16384
400.2200149 MHz
EM

Spectrum 31.'H NMR spectrum of compoun@a)

2-Br-Cyclopropyl in cdcl3

29.69

— 1023

"

Br

T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm

BRGRER
i

NAME  Mar04-2014-RK—wesam
EXPNO 11

PROCNO 1

Date_ 20140305

Time 8.41

INSTRUM spect

PROBHD 5 mm PABBO BB-
PULPROG 2gpg30

TD 65536

SOLVENT CDCI3
NS 2048

DS 4

SWH 24038.461 Hz

FIDRES 0.366798 Hz

AQ 1.3631988 sec

RG 20:

DW 20.800 usec

DE 6.50 usec

TE 2994 K

D1 2.00000000 sec

D11 0.03000000 sec

TDO 1
CHANNEL f] ====——

NUCI 13C

Pl 8.40 usec

PL1 -2.00 dB

PLIW 54.14257431 W

SFO1 100.6454626 MHz
CHANNEL f2

CPDPRG2 walizl6

NuCc2 1H

PCPD2 90.00 usec

PL2 -3.00 dB

PL12 15.60 dB

PL13 18.00 dB

PL2W 1548668575 W

PLI12W 021377575 W

PL13W 0.12301511 W

SFO2  400.2216009 MHz

SI 32768

SF 100.6353990 MHz

WD EM

SSB 0

LB 1.00 Hz

Spectrum 32. *C NMR spectrum of compour(6a)
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2-br—cyclohexyl in edel3

BRUKER
YosyosNeTdR-onaR oo T o el oo
ZIEERRERRAERRATNM HRE8EUERERR
ol s e e s iy Il NAME Mm‘Oﬁ—‘?OM—RK—wesam
SN ~\ EXPNO
PROCNO 1
Date_ 20140306
Time 8.02
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG 2830

TD 32768
SOLVENT CDC13
NS 16

Br DS 2
SWH 8223.685 Hz
FIDRES 0.250967 Hz
B AQ 1 992 3444 sec
RG
DW 60 SDD usec
DE 6.50 usec
6h TE 298.6 K
D1 1.00000000 sec
TDO 1
mCHANhFl fl ==—==
NUC1
Pl 10. (10 usec
PL1 -3.00dB
PLIW 15.48668575 W
SFO1 400.2224715 MHz
S1 16384
SF 400.2200149 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
SOPRE . a

95 %0 5 70 65 60 55 50 45 40 35 30 25
ﬂ f TT—T%

T T T T T
L5 10 05 00 ppm

Spectrum 33.H NMR spectrum of compoun(@b)

2—br—cyclohexyl in edcl3 kzs )
B ER

NAME !.i:uﬂﬁ—!&] 4-RK-wesam
31

EXPNO
= szeg PROCKO 1
= Fedbulr Date_ 20140306
= FUEA Time 2114

| \|/ INSTRUM spact

PROBHD 5 mm PABBO BE-

PULPROG }"pﬂ'\l]
1) 6553
SOLVENT ( D13
NS 1:.
D5
SWH zm.xs..mj Hz
FIDRES  (L366798 He
AQ 13631988 e
RG 2050
oW 20 B00 usec
Br DE 6,50 s
N TE WEAK
/RN Dl 2000000 sec
7 Bl 003000000 sex
™o I
= s
CHAMNEL f1
NUCT 1
Pl
FLI
PLIW 541425
SFOI 1006454626 MHz
CHAMNEL 2
L‘J’I‘JPRU’ walizl
2 IH
P(_I‘I.}1 000 nsee
P2 3,00 dB
15.60 dB
15.00 dB
1545668575 W
A2IITTSTSW
Q2301511 W
4 i g | .
]
140
T T T T T T T T T T T
200 18 160 140 120 100 30 &l 40 0 0 ppm

Spectrum 34.'"H NMR spectrum of compoun@b)
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2—cl-Cyclopropyl in cdcl3

BRUKER
(P

[=3'x) D v = ONND v 00 S WA = T O P Ol 00 o o
38%?3?—'%@%%%23?@????339 = q NAME  Mar05-2014-RK-wesam
BB R R e e e e e 2 & EXPNO
B\ | PROCNO 1
Date_ 20140306
Time 3.58
INSTRUM spect
PROBHD 5 mm PABBO BB—
PULPROG 2230
[ > 6
SOLVENT CDCI3
N NS 6
Vi DS 2
Cl SWH 8223.685 Hz.
N FIDRES 0250967 Hz
~N \ AQ 1.9923444 sec
4 J\ Br RG 322
s \N DW 60.800 usec
DE 6.50 usec
6c TE 2995 K
DI 1.00000000 sec
TDO 1
NUC1
Pl 10.00 usec
PLI -3.00dB
PLIW 1548668575 W
SFOI 4002224715 MHz
sl 16384
SF 400.2200149 MHz
WDW M
SSB ]
LB 0.30 Hz
GB 0
PC 1.00
I
T T T T T T T T T T T T T T T T T T T T T
100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 ppm

Spectrum 35.*H NMR spectrum of compoun@c)

2—cl-Cycloprapyl in cdel3

e &
a =
N
VY,
al a4
N
4 N Br
s N
6¢
el
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm

Spectrum 36.2°C NMR spectrum of compour(6c)

L <l )
BRUKER

NAME  Mar05-2014-RK-wesam
11

PROCNO 1
Date 20140306
Time 5.56
INSTRUM spect

PROBHD 5 mm PABBO BB—

PULPROG zgpg30
TD 5536
SOLVENT CDCI3
NS 2048

DS 4

SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 2050

DW 20.800 usec
DE 6.50 usec
TE 2993 K

Dl 2.00000000 sec
D11 0.03000000 sec
TDO 1

== CHANNEL f] =======
13C

8.40 usec

L -2.00 dB
PLIW 5414257431 W
SFOI1 100.6454626 MHz
======== CHANNEL f2 ===——==

"PDPRG2 waltz16
NuUC2 1H
PCPD2 90.00 usec
PL2 -3.00 dB
PLI2 15.60 dB
PL13 18.00 dB
PL2W 15.48668575 W
PLI2W 0.21377575 W
PLI3W 0.12301511 W
SFO2  400.2216009 MHz
SI 32768
SF 100.6353990 MHz
WDW EM
SSB 0
LB 1.00 Hz

19



2—cl-Cyclohexy! in cdcl3

NAME  Mar05-2014-RK—wesam
EXPNO 20

INSTRUM spect
PROBHD 5 mm PABBO BB—
PULPROG 230

™D 32768

SOLVENT CDC13
NS 16

DS 2
N SWH 8223.685 Hz
P FIDRES ~ 0.250967 Hz.
al 7 AQ 19923444 sec
RG 228
N"N \ DwW 60.800 usec
DE 6.50 usec
4 e Br TE 2089 K
s N DI 100000000 sec
TDO 1
6d
======== CHANNEL f] =======
NUCI 1H
Pl 10.00 usec
PLI -3.00 dB

PLIW 1548668575 W
SFO1 400.2224715 MHz

Sl 16384

SF 400.2200149 MHz
WDW EM

SSB 0

LB 0.30 Hz

GB 0

PC 1.00

T T T T T T
95 90 85 80 75

NN

T T T T T T T T T T T T T T T
65 60 55 50 45 40 35 3.0 25

Spectrum 37.'H NMR spectrum of compoun@d)

2—l-Cyclohexyl in cdcl3

BRUKER
Lo

NAME  Mar(5-2014-RK-wesam

RIRANE=Eg52a5958 I © - EXPNO 21
SN Caicio o= S S of = ] PROCNO 1
e s B e s R U5 & 243 Datc. 20140306
Time 758
INSTRUM spect
PROBHD S mm PABBO BB-
PULPROG  7gpg30
™D 65536
SOLVENT CDCI3
NS 2048
DS 4
SWH 24038 461 Hz,
FIDRES 0366798 Hz
Al 13631988 sec
RG 2050
N DW 20,800 usce
/ DE 6.50 usec
al . TE 299.0 K
DI 2,00000000 sec
Noy DI 0.03000000 sce
Ay .
- CHANNEL 1 ===
L N ? L
.40 usec
6d -200dB
PLIW 5414257431 W
SFO1  100,6454626 MHz
======== CHANNEL I2 ==
CPDPRG2  walizl6
NUC2 1H
PCPD2 90.00 usec
PL2 ~3.00 dB
PLI2 15.60 dB
PLI3 18.00 B
PLIW 1548668575 W
PLI2W 021377575 W
PLIZW 012301511 W
SFO2 400.2216009 MHz
s1 32768
| J h SF 100.6353990 MHz
WDW EM
SSB 0
LB 1.00 Hy
GB 0
T T T T T T T T T T T B 140
200 180 160 140 120 100 80 60 40 20 0 ppm

Spectrum 38.2°C NMR spectrum of compour(6d)



Phenyl Cyclopropyl in cdel3

—mmmnmonom oo
ARZERRERRE2Z 88
SBBRABEGininidT o8
L e o o e e el o -

Béhkéﬂ
L")

—1.645
1.239

i
}
=

NAME  Mar11-2014-RK-wesam
10

EXPNO

PROCNO 1
Date_ 20140312
Time 1044

INSTRUM spect
PROBHD 5 mm PABBO BB—

PULPROG zg30

TD 32768

SOLVENT CDCI3
S 16

DS 2

SWH 8223.685 Hz

FIDRES 0.250967 Hz

AQ 1.9923444 sec

RG 456

DW 60.800 usec

DE 6.50 usec

TE 2982 K

D1 1.00000000 sec

TDO 1

======—= CHANNEL f] ==————

NUC1 1H

P1 10.00 usec

PL1 -3.00 dB

PL1W 1548668575 W
SEO1 400.2224715 MHz

SI 16384

SF 400.2200149 MHz
WDW EM

SSB 0

LB 0.30 Hz

GB 0

PC 1.00

L M LL..._/Hj*

T T
90 85

T T T T T T T T T T T T T T T
70 65 60 55 50 45 40 35 30 25 2 15 10 05 00 ppm

‘D
T

T T
80 75
Eilid
S|&&le
Z il

Spectrum 39.'H NMR spectrum of compoun(@e)

Phenyl Cyclopropyl in cdcl3

BRUKER
oS

bt &
i -
= NAME  Marl1-2014-RK-wesam
EXPNO 1
PROCNO 1
Date_ 20140312
Time 2243
INSTRUM spect
PROBHD 5 mm PABBO BB~
PULPROG 2gpg30
by 655
SOLVENT CDCl3
NS 1024
DS 4
SWH 24038461 Hz
N FIDRES 03%g93u4
AQ 1.3631988 sec
4 RG 2050
N DW 20,800 usec
- DE 6.50 usec
7 NN - TE 298.2 K
,L: DI 2,00000000 sec
S N DIl 0.03000000 sec
Ge TDO 1
CHANNEL f1
NUCl 13C
P1 8.40 usec
PL1 -2.00 dB
PLIW  54.14257431 W
SFO1  100.6454626 MHz
CHANNEL 2
CPDPRG2 waliz16
NUC2 1H
PCPD2 90.00 usec
PL2 -3.00 dB
PL12 15.60 dB
PL13 18.00 dB
| | { ‘ ‘ PLOW 1548668575 W
" . ; " PLI2ZW  0.21377575 W
. G el e ot PLI3W 012301511 W
SFO2 4002216009 MHz
S1 32768
SF 100.6353990 MHz
T T T T T T T T T T T WDW EM
200 180 160 140 120 100 80 60 40 20 0 ppm ﬁ;ﬂ : & .
.00 Hz

Spectrum 40. **C NMR spectrum of compour{ée)
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4—cl Cyclopropyl in edel3

BRUKER
-

NAME  Marl1-2014-RK-wesam

waLLeang e =z EXPNO 20
STRaR 0 o N b | PROCNO
s -7 Date_ 20140312
\\\/ // ‘ | Time 10.48
INSTRUM spect
PROBHD 5 mm PABBO BB—
PULPROG zg30
TD 32768
SOLVENT CDCI3
NS 16
DS 2
SWH 8223.685 Hz
FIDRES 0.250967 Hz
AQ 1.9923444 sec
RG 406
DwW 60.800 usec
Cl DE 6.50 usec
TE 2982 K
DI 1.00000000 sec
TDO 1
=======CHANNEL f] ===
NUC1 IH
Pl 10.00 usec
PL1 -3.00 dB
PLIW 15.48668575 W
SFO1 400.2224715 MHz
SI 16384
SF 400.2200149 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
L pPC 1.00

T T T T T T T T T T T T T T T T

T T
9.0 8.5 8.0 75 7.0 6.5 6.0 53 5.0 4.5 4.0 32 3.0 25 20 1.5 1.0 ppm

e 4 A

Spectrum 41.'"H NMR spectrum of compoun@f)

4—cl Cyclopropyl in cdel3
gsliy

Y dogxescoylgra NAME  Marl1-2014-RK~wesam
¥ RS8R REEHERN 5 “

I R N el s o= = e o 4] EXPNO 21

T EERARRGHSANE 8 8 EROCNG

\\N /'//'//‘ / ?rg:é%ﬁum ﬂy]ﬁ? ]Iz

spect
PROBHD 5 mm PABBO BB-
PULPROG rgpedl
TD 65536
SOLVENT [e2lek]
NS 2048
DS 4
SWH 24038.461 Hz
,4 FIDRES  0.366798 Hz
N AQ 1.3631988 sec
RG 2050
DW 20.800 usec
DE 6.50 usce
TE 2982 K
DI 2,00000000 sec
DIl 0.03000000 sce
DO
==—====CHANNEL ] ===—===—==
NUC1 13¢
Pl 8.40 usec
PLI —2.00 dB
PLIW 5414257431 W
SFO1 1006454626 MHz
=———==—=CHANNEL 2 ==——
CPDPRG2  walz16
NUC2 H
PCPD2 90.00 usec
PL2 -3.00 dB
PLI2 15.60 dB
PLI3 18.00 dB
PLOW 1548668575 W
PLI2ZW 021377575 W
PLI3W  0.12301511 W
| J SFO2 4002216009 MHz
| | | | . , sI 22768
SF 100.6353990 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
’ PC 1.40

T T T T T T T T T T

T T T T T T T T T
19 180 170 160 150 140 130 120 110 100 % 80 70 60 S0 40 30 20 10 ppm

Spectrum 42. *3C NMR spectrum of compour{(6f)
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4-C1 Cyclohexyl in edel3

BRUKER
% Z2EYNREE gEgengngean
8 o &KW@ 2 B e R e R R NAME  Marl2-2014-RK—wesam
R e e e _——— EXPNO 10
NV SV TN !
Date_ 20140313
Time 2.08
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG 7g30
TD 3276
SOLVENT CDCI3
N 16
=N DS 2
SWH 8223.685 Hz
FIDRES 0.250967 Hz
Cl AQ 1.9923444 sec
RG 406
DW 60.800 nsec
6 DE 6.50 usec
2 TE 208.2K
DI 1.00000000 sec
TDO 1
========CHANNEL ]l ===—===
NUC1 1H
Pl 10.00 usec
PL1 -3.00dB

PLIW 15.48668575 W
SFOI1 400.2224715 MHz

81 16384

SF 400.2200149 MHz
WDW EM

SSB 0

LB 0.30 Hz

GB 0

PC 1.00

Spectrum 43.*H NMR spectrum of compoun@g)

4-Cl Cyclohexyl in edel3

ot NAME  Marl 2-2014-RK-wesam
- 2 oz EXPNO 1
= 3 g B3 PROCNO 1
e T LU Date_ 20140313
‘ ‘ \ / Time 06
INSTRUM

spect
PROBHD 5 mm PABBO BB-

PULPROG 72pg30
D 65530
SOLVENT CDCI3
NS 2048
DS 4
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 2050
DW 20.800 usec
DE 6.50 usee
TE 2982 K
D1 2.00000000 sec
DIl 0.03000000 see
DO 1

CHANNEL f1

NUC1 13C
Pl 8.40 usec
PL1 =2.00 dB
PLIW 54.14257431 W
SFO1 100.6454626 MHz2
e === CHANNEL f2 ====—=
CPDPRG2 waltz16
NUC2 IH
PCPD2 90.00 uscc
PL2 =3.00
PLI2 15.60 dB
PL13 18.00 dB
PL2W 15.48668575 W
PLI2ZW 0.21377575 W
PL13W 0.12301511 W
SFO2 400.2216009 MHz
SI 32768
SF 100.6353990 MHz

N | | | wow
SSB 0
LB 1.00 Hz
GB o
PC 140

T T T T T T T T T

T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm

Spectrum 44.3°C NMR spectrum of compour(6g)
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p—OCH3 Cyclopropyl in cdcl3

7.974
7.793
7771
7.688
7.667
7.516
7.495
=~ 6.992
6.970

N\

3.863
—2.148
—1.807

NAME  Mar13-2014-RK~wesam
EXPNO ]

PROCNO 1
Date_ 20140314
Time 145

INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG 2g30

™D 32768
SOLVENT cpCi3
NS 32

DS 2
SWH 8223.685 Hz
FIDRES  0.250967 Hz
AQ

p—OCH3 Cyclopropyl in cdcl3

H,CO

— 3421
— 10,62

T
200 180

1.9923444 sec
RG 400
Dw 60.800 usec
DE 6.50 usec
TE 2982K
DI 1.00000000 sec
TDO 1
________ CHANNEL f] =======
NucCl1 1H
P1 10.00 usec
PLI -3.00 dB
PLIW 15.48668575 W
SFO1 400.2224715 MHz
Sl 16384
SF 400.2200149 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00

Spectrum 45."H NMR spectrum of compountf)

BRUKER
>0

NAME  Marl3-2014-RK-wesam
E 1

EXPNO

PROCNO 1
Date_ 20140314
Time 342
INSTRUM

spe
PROBHD 5 mm PA

PULPROG zgpg30
TD 65531
SOLVENT CDCI3
NS 2048

DS 4

SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 2050

DW 20.800 usec
DE 6.50 usec
TE 2982 K

D1 2.00000000 sec
D11

0.03000000 sec
1

8.40 usec
PL1 -2,00 dB
PL1W 5414257431 W
SFOI 100.6454626 MHz,
======—CHANNEL f2 =
CPDPRG2 waltz16
NUC2 1H
PCPD2 90.00 usec
PL2 -3.00 dB
PL12 15.60 dB
PL13 18.00 dB
PL2W 15.48668575 W
PLI2W 0.21377575 W
PLI3W 0.12301511 W
SFO2 400.2216009 MHz
SI 32768
SF 100.6353990 MHz
WD EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40

Spectrum 46.2C NMR spectrum of compour(6h)

cl
BBO BB—




4-lodo Cyclopropyl in cdel3

o)
BRUKER
£

SUnEERE2S ] & NAME  Marl3-2014-RK-wesam
e s R e = 2 EXPNO 30
PROCNO 1
\\N % { | Due_ 20140314
Time A8
INSTRUM  spect
PROBHD 5 mm PABBO BB-
PULPROG 730
™D 32768
SOLVENT  CDCI3
A NS 16
N D5 2
= SWH 8223.685 Hz
FIDRES  0.350967 Hz
AQ 19923444 sec
1 RG 456
DW 60,800 usec
DE 6.50 usec
TE 2982 K
D1 100000000 see
DO 1
CHANNEL f1
NUCT 1H
Pl 10,00 usee
PLI ~3.00dB

PL1W 1548668575 W
SFO1 400.2224715 MHz

S1 16384

SF 400.2200149 MHz
WDW EM

SSB 0

LB 0.30 Hz

GB 0

PC 1.00

T T T T T T T T T T T T T T T T T T

9.0 8.5 8.0 7.3 7.0 6.5 6.0 5.5 5.0 435 4.0 38 3.0 25 2.0 L3 1.0 ppm
e
=leileileiled

Spectrum 47.'"H NMR spectrum of compoundi{

4—lodo Cyclopropyl in cdcl3

= ! NAME  Marl4-2014-RK-wesam
< =) EXPNO 10
7 = PROCNO 1
| ‘ Date_ 20140315
Time 110
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG ZgpE3l)
™ 65536
SOLVENT CDCI3
NS 3072
DS 4
SWH 24038461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 scc
RG 2050
DW 20.800 usec
DE 6.50 usee
| TE 2982 K
D1 2.00000000 sec
DIl 003000000 see
DU 1
======= CHANNEL f1
NUCL 13C
Pi 8.40 usee
PL1 =200 dB
PLIW 5414257431 W
SFO1 100.6454626 MHz
== CHANNEL (2
CPDPRG2 walizl6
NUC2 1H
PCPD2 90.00 usee
PL2 -3.00 dB
PLI2 15.60 dB
PLI3 18.00 dB
PL2W 1548668575 W
PLI2ZW 021377575 W
PLI3W 012301511 W
SFO2 4002216009 MHz
o | i
SF 100.6353990 MHz
o L~ WhwW EM
SSB 0
LB 1.00 Hz
GB 0
PC 140
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm

Spectrum 48.2C NMR spectrum of compour(6i)
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4-lodo Cyclohexyl in cdcl3 (I :: ,

Sd-ghoady 2 NAME  Marl4-2014-RK-wesam
SRFAR32RF b3 ] ] EXPNO 20
B = PRGCRD 1
| N & 3\ =" Duc_ 20140315
Time 344
INSTRUM spect
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Spectrum 49.'"H NMR spectrum of compoundj()
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Spectrum 50.2°C NMR spectrum of compour(6j)
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In vitro evaluation of antimicrobial activity

Preparation of medium

The nutrient medium was prepared by dissolving 2@f @luller-Hinton Broth containing
(Acid Hydrolysate of Casein, Beef Extract and Staia 1 L of double distilled water. The
pH of this medium was adjusted to 7.4 + 0.1 andlgted by autoclave for 15 min at 121°C.
The solution was allowed to cool and stored atgptef 4°C. Sterility check was performed
by incubating un-inoculated media in an aerobiculbator at 37 °C for 18-24 h. For
antifungal activity, RPMI 1640 medium with L-glutame and 0.165 M MOPS and without
sodium bicarbonate (Lonza) was used.

Preparation of test compounds (stock solution and working standard)

An accurately weighed quantity (4.000 mg) of thetbgsized compounds and standard drugs
were dissolved in 1 ml of DMSO to give stock sajati(4000 pug/ml). Further, 100 ul of
stock solution was diluted with 900 pl of doublstdied water to afford working standard
solution (400 pg/ml).

Preparation of inoculums

One day prior to testing one or more identical n@e of microorganisms were suspended in
4.5 ml sterile double distilled water. The inatek were adjusted to 0.5 McFarland standard
(1.5 X 1@ cfu/ml). A density check turbid meter was use@msure that the inoculum was a
0.5 McFarland standard.

Broth micro-dilution method

The preliminaryin vitro antimicrobial activity for the newly synthesizetiet compoundsHa-

0 and6a-j) was evaluated using the broth micro-dilution noeth 100 ul of sterile double
distilled water was added to all outer-perimetedlsvef a 96-well microliter plates to
minimize evaporation of the medium in the test wellring incubation. To the remaining

test wells 100 pl of MHB was added. Two fold skediutions of the test compounds and
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standard drugs (Moxicillin and Amphotericin B) werade directly on the microplate using
MHB.

The compounds were tested at final concentratio(200, 100, 50, 25, 12.5, 6.25, 3.125,
1.56, 0.78, 0.39 pg/ml). Finally, 10 pl of thedindy prepared bacterial or fungal inoculum
was added to the wells. The microliter plates weareered and sealed with parafilm and
incubated at 37 £ 1 °C for 24 h. After this, 100fifreshly prepared resazurin (0.4 mg/ml)
was added to the test wells and incubated furtoeiSh. MIC was determined as a blue
colour in the test well was interpreted as no b&dtgrowth and a pink colour was scored as
growth. The MIC was thus defined at the lowesigdtancentration that prevented a colour
change from blue to pink. This experiment was cated in duplicate and the average MIC

values in pg/ml.
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