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Abstract

A series of 2'-aryl/benzyl-2-aryl-4-methyl-4' 5Hu#zolyl derivatives, 2564 were synthesized and
evaluated for inhibitory activity againdilycobacterium smegmatis MC? 155 strain and antimicrobial
activities against four pathogenic bacteBacillus subtilis, Staphylococcus aureus, Escherichia coli and
Proteus vulgaris. Among them, compoundt), 49, 50, and54 exhibited moderate to good inhibition on the
growth of the bacteridycobacterium smegmatis at the concentration of 30 uM. Compou@és 40, 44, 54
and 56 exhibited moderate to good antibacterial activdpmpound 5-(2(4-fluorobenzyl)thiazol-4yl)-2-
(4-fluorophenyl)-4-methyl-thiazole5@) exhibited both antitubercular as well as antioldal activity
against all tested strains.



1. Introduction

Tuberculosis is a contagious disease with compaigitihigh mortality worldwide [1-3]. The last
major clinical advance in tuberculosis chemothenapg the introduction of Rifampicin in 1968 [4]. Wi
the emergence of multidrug resistant tuberculo8R-TB), extensively drug-resistant tuberculosis
(XDR-TB) worldwide, WHO has declared TB as a globalergency [5-7].

Thiazole and its derivatives are important phawpaore and coupled with other heterocyclic rings
have furnished new biologically active compound4d.(8. Thiazole containing compounds have exhibéed
broad range of biological activities such as amtndr [11,12], anti-cancer [13], anti-inflammato3f17],
antibacterial and antifungal [18-22], anti-tubeesu[23-25] and antiviral [26] activity. Bithiazolesnd
directly linked polyazoles containing compounds #me backbone of bioactive natural products and
thiopeptide antibiotics (Figure 1) [27,28]. Bithtdes (cystothiazoles A-F), isolated from the
myxobacterium culture broth @ystobacter fuscus, has demonstrated potent antifungal activity agjetime
phytopathogenic funguBhytopathora capsici [29,30]. Large numbers of bisazole have been ggithd by
several groups and screened for their biologicdiviies [31-38]. 2'-Alkyl/aryl-2-aryl-4-methyl-45-
bithiazolyls showed antiinflammatory activity [38@hd thiazole linked with other azoles have exhibite
anti-tubercular activity [23,24]. In view of thesmbservations, we report herein the synthesis of 2'-
aryl/benzyl-2-aryl-4-methyl-4',5-bithiazolyls vidantzsch cyclocondensation and their antimycobiatter

activity.

<Figure 1>

2. Chemistry

The synthesis of 2'-aryl/benzyl-2-aryl-4-methyB4bjthiazolyls,25-64 was achieved according to
Scheme 1. Acetyl acetorieon reaction wittp-toluene sulphonic acid and NBS in DCM:diethyl et{iel)
gave 3-bromopentane-2,4-dior,Further, compoun@ on cyclocondensation with aryl thioami8e5 in
dry ethanol gave 1-(4-methyl-2-arylthiazol-5-yl)atione,7-10 [40-41]. Compoundd-10 on bromination
with bromine andp-toluene sulphonic acid as catalyst in DCM at rotemperature resulted in the
formation of 2-bromo-1-(4-methyl-2-arylthiazol-5ythanonel1-14 which on further cyclocondensation

with aryl/benzyl thioamidel5-24 furnished target compounds-64.

<Scheme 1>

The structure of the title compoun®s-64was confirmed by elemental analysis, IR, NMR ars. M



As a representative analysis of compodfdthe IR (KBr) spectrum showed C=C/C=N absorptiands at
1629-1475 cil. The’H NMR spectrum of compourd displayed two singlets &t2.85 (CH) ands 7.38
(thiazole CH). A tripletJ = 8.4Hz, at6 7.15 and a doublet of doublét= 8.4 and 3.0 Hz, 2H @t 7.96
were attributed to protons of fluoro substitutee@myi ring, while doublets] = 8.6 Hz, ab 7.42 and 8.04
corresponds to protons of chloro substituted phenygl The®*C NMR spectrum of compourdD revealed
the methyl carbon signal at16.3, while the aromatic carbons showed typicabrib-coupling [G-F, o

165.5, 163.00 = 250 Hz), GF 5 116.4, 116.1% = 22 Hz), G-F 5 128.7, 128.6%0 = 8 Hz)]. The
structure of compound0 was further confirmed by molecular ion peaksn@387.1 (M+H) andm/z 389.1

(M+H+2)" (3:1).Structures of all the derivatives were ascertasigdlarly.

3. Biology
3.1. Anti-tubercular activity

The synthesized compound25{64) were screened for their antitubercular activitgaiast
Mycobacterium smegmatis, which is a fast growing non-pathogenic strainagsess the activity of the
compounds in primary screening. The literature a&a thatM. smegmatis based screens show 100%
specificity and 78% sensitivity in comparison to RDA. tuberculosis [42-45]. The percentage inhibition
was determined against DMSO and compounds that esthomhibition at 30 % or more were further
subjected for MIC studies. Rifampicin and isoniazigtre used as reference drugs. The results of

antitubercular activity is reported in Table 1.

3.2. Antibacterial activity

Thein vitro antibacterial activity of all the synthesized camapds was done by the disc diffusion
method against the standard Gram-positive bactgaillus subtilis (NCIM 2162), Staphyl ococcus aureus
(NCIM 2602) and Gram-negative bactefizscherichia coli (NCIM 2576), Proteus vulgaris (NCIM 2813).
Ciprofloxacin and Amoxicillin which served as pog#t controls were obtained from their respective
manufacturers. Thia vitro preliminary screening results (zone of inhibiti@gainst microorganisms tested
are summarized in Table 2.

<Table 1>

<Table 2>
4. Result, discussion and conclusion

4.1 Antitubercular activity
Thein vitro anti-tubercular activity againdl. smegmatis, revealed that compoun@s$, 27, 28, 29,
30, 31, 38, 40, 44, 49, 50, 54, 55, 56, and64 exhibited moderate to good activity with inhibition the range



28.0 to 88.9 %, at 30 uM concentration. The prelary structure activity relationship study reveaeat
replacement of hydrogen atom of phenyl ring A an(FBjure 2) by substituent groups like Br, Cl, Flan

CHg significantly increase the anti-tubercular activit

<Figure 2>

Further, it was also noted that, the compouB@s3], with un-substituted phenyl ring A and
substituted phenyl ring B, all the compounds showextierate activity whereas compouri#34 with
substituted benzyl ring B were found to be lessvactAmong the compound85-41with 4-chloro
substituted phenyl ring A and chloro and fluoro ®titbted phenyl ring B, compoun®8 and40 showed
moderate and good activity respectively. Substitutf phenyl ring B by 4-fluoro benzyl ring in cooynd
44 showed moderate activity. CompoundS -51, with 4-fluorophenyl ring A and chloro or fluoro
substituted phenyl ring B, exhibited good activitfompounds4, with 4-fluoro benzyl ring B, exhibited the
best activity among all the synthesized derivativeaong compoundS5-61, with 4-methyl phenyl ring A
and substituted phenyl ring B, only compoub&sand56 showed moderate activity. When the phenyl ring
B was replaced by substituted benzyl, only compdishshowed moderate activity.

It was noteworthy that chloro and fluoro substitisem both the rings A and B enhanced the
antitubercular activity of the derivative, partiadly compounds4 with fluoro substitution in both ring A
and B was found to be the most active derivative.

The compounds that showed anti-tubercular actuityibition at 30 % or more) were used forian
vitro cytotoxicity evaluation against Vero cell lineln general, the compounds tested did not show
cytotoxicity (IGsp > 80 pg/mL), confirming that the anti-tubercular activity doeot arise from general
toxicity of the compound class.

4.2 Antibacterial activity

Careful analysis of the antibacterial results pnéset in Table 2, provides some lead molecules with
good antibacterial activity. Among the compou28s4 tested, it was observed that most of the derieativ
with both substituted rings showed moderate to gamivity. It was worthwhile to note that compourids
and54 with chloro or fluoro substituted phenyl ring Ada#-fluorobenzyl ring B exhibited excellent actyvit
comparable to the standard drug ciprofloxacin. #swbserved that compourad exhibited excellent
activity even better than the standard drugs Amibixiand ciprofloxacin.

5. Conclusion
In the present study, we have detailed the syrghasd evaluation of bithiazoles derivatives. It ¢en
concluded that, most of the synthesized compountisBv, Cl and F substituent on either or both pfien

rings showed moderate to good antibacterial am#uitlt is noteworthy that compourad can serve as a
4



lead molecule as it exhibits good antituberculawel as antimicrobial activity. Thus, these reswliarrant
the need for synthesis of similar libraries witthet substituents to ascertain the trend describetthis

work.

6. Experimental

6.1. Chemistry

All the reactions were monitored by thin layer ahedography (TLC). TLC was performed on Merck 60 F-
254 silica gel plates. Melting points were detemminn capillary tubes in silicon oil bath using aégo
melting point apparatus and are uncorrected(300 MHz) NMR and**C (75 MHz) NMR spectra were
recorded on Varian mercury XL-300 and Bruker atasit400 MHz fH NMR) and 100 MHz ¢C NMR),
spectrometer instrumentShemical shifts are reported from internal tetrdiglesilane standard and are
given ind units. Infrared spectra were recorded on Shim&JaR (KBr) — 408 in KBr. The LC-MS spectra
were recorded on a Shimadzu 2010 LC-MS. Elememtalyais was performed on a Hosli CH-analyzer.
Column chromatography was performed on silica §§@0{200 mesh) supplied by Acme Chemical Co. The
chemicals and solvents used were laboratory gnadevare purified as per literature methods.

6.1.1. Synthesis of 3-bromopentane-2,4-dione(2)

A mixture of acetylacetone (10 mmol) and pTSA (5 @ijnin DCM: diethylether (50 mL, 1:1) was stirred
at 0 °C for 10 minutes, followed by NBS (10 mmadlhe reaction mixture was further stirred for 1 hati®

°C (TLC). The reaction was quenched by sodium bmaate solution and stirred for 10 minutes. The
aqueous layer was extracted with DCM and combirrgaroc layers was washed with water, dried with
sodium sulphate and distilled under vacuum. Thedyeb isolated was used for second step without
purification.

6.1.2. General method for the synthesis of 4-methyl-2-phenylthiazole (7-10)

A mixture of thiobenzamide (6.62 mmol) and 3-bromfane-2,4-dione, (6.62 mmol) was refluxed in
ethanol. After completion of reaction (TLC), solvemas removed under reduced pressure and the eesidu
was dissolved in ethyl acetate. Organic layer wash&d with sodium bicarbonate and then water. @rgan
layer was dried over sodium sulphate and distilleder vacuum. The product obtained was purified by
column chromatography using hexane: ethyl acefalg &s eluent .

6.1.3. General method for the synthesis of 2-bromo-1-(4-methyl-2-(4-substituted phenyl)thiazol-
5yl)ethanone (11-14)

A mixture of 1-(4-methyl-2-phenylthiazol-5-yl)ethame (10 mmol) and pTSA (5 mmol) in DCM (50 mL)
was stirred at 0 °C for 10 minutes. Bromine (10 o DCM (20 mL) was then added dropwise to the
reaction mixture and was further stirred for 12 isoat room temperature. After completion of thectiea,

sodium bicarbonate solution was added in reactiotune and stirred for 10 minutes. The aqueousrlaye
5



was extracted with DCM and combined organic layas washed with water, dried over sodium sulphate
and distilled under vacuum.

6.1.4. General method for the synthesis of 4-methyl-2-aryl-5-(2-aryl/benzylthiazol-4-yl)thiazole (25-64)

A mixture of 2-bromo-1-(2-(4-phenyl)-4-methyl th@zyl)ethanone (1 mmol) and substituted thioamide
(2.2 mmol) was refluxed in dry ethanol (15 mL).eTteaction was monitored on TLC. After completidn o
the reaction; reaction mixture was poured in icéewand extracted with ethyl acetate. The orgaayer
was washed with sodium bicarbonate and water. st was dried over sodium sulphate and removed
under vacuum. The product was purified by crystation from ethanol.

6.1.4.1. 4-methyl-2-phenyl-5-(2-phenylthiazol-4-yl)thiazole (25)

Yield: 64%; mp: 194-196 °CH NMR (400 MHz, DMSO+): 6 2.71 (s, 3H, Ch), 7.46-7.54 (m, 7H, Ar-H
and Thiazole-H), 7.95-8.01 (m, 4H, Ar-H}*C NMR (100 MHz, CDGJ): 5 17.3, 115.5, 125.8, 126.2,
126.4, 126.8, 129.0, 130.0, 130.4, 132.4, 133.0,114149.6, 163.7, 166.9; Anal. Calcd for;gki4N»S,: C,
68.23; H, 4.22; N, 8.38; Found: C, 68.41; H, 41898.53; LC-MS, m/z: 335.1 (M+H)

6.1.4.2. 5-(2-(4-bromophenyl)thiazol -4-yl)-4-methyl-2-phenyl thiazol e (26)

Yield: 68%; mp: 204-206 °CH NMR (300 MHz, CDCJ): 6 2.70 (s, 3H, CH), 7.18-7.49 (m, 6H, Ar-H,
thiazole-H), 7.74-8.02 (m, 4H, Ar-H)?’C NMR (75 MHz, CDGY): 6 16.2, 115.7, 127.0, 128.4, 128.8,
129.2, 129.8, 130.6, 131.9, 133.1, 137.5, 145.8,514165.4, 167.1; Anal. Calcd for: 14E113BrN,S;: C,
55.21; H, 3.17; N, 6.78; Found: C, 55.39; H, 3M06.65; LC-MS, m/z : 413.0 (M+H)

6.1.4.3. 5-(2-(3-chlorophenyl)thiazol-4-yl)-4-methyl-2-phenylthiazol e (27)

Yield: 70%; mp: 200-202 °CH NMR (300 MHz, CDCJ): § 2.94 (s, 3H, Ch), 7.41 - 7.61(m, 6H, Ar-H,
thiazole-H), 7.84 (dJ = 7.6Hz, 1H, Ar-H), 8.00 (s, 1H, Ar-H), 8.20 - 8.2m, 2H, Ar-H);**C NMR (75
MHz, CDCk): 6 15.9, 115.8, 124.8, 126.5, 127.4, 127.9, 129.8,3,3130.6, 131.2, 132.2, 134.1, 135.1,
143.2, 146.2, 166.7, 167.9; Anal. Calcd forghisCIN,S,: C, 61.86; H, 3.55; N, 7.59; Found: C, 61.97; H,
3.60; N, 7.70; LC-MS, m/z: 369.0 (M+H)

6.1.4.4. 5-(2-(4-chlorophenyl)thiazol-4-yl)-4-methyl-2-phenylthiazol e (28)

Yield: 72%; mp: 176-177 °CH NMR (300 MHz, CDCY): § 2.89 (s, 3H, Ch), 7.11-7.42 (m, 6H, Ar-H,
thiazole-H), 7.91 (dJ = 8.6Hz, 2H, Ar-H), 8.14-8.17 (m, 2H, Ar-H)°C NMR (75 MHz, CDCJ): 5 16.1,
115.3, 127.2,127.8, 128.2, 129.2, 129.3, 130.0,11331.8, 136.7, 144.2, 146.5, 166.4, 167.0; ABalcd
for: CigH13CINLS,: C, 61.86; H, 3.55; N, 7.59; Found: C, 62.00; B3 N, 7.51; LC-MS, m/z: 369.0
(M+H)*.

6.1.4.5. 5-(2-(3-chloro-4-fluorophenyl)thiazol -4-yl)-4-methyl-2-phenyl thiazol e (29)

Yield: 64%; mp: 218-220 °CH NMR (300 MHz, CDC)): 6 2.66 (s, 3H, CH), 7.47-7.57 (m, 4H, Ar-H,
thiazole-H), 7.84-7.95 (m, 4H, Ar-H), 8.09 @ = 6.7Hz, 1H, Ar-H);**C NMR (75 MHz, CDC}): 5 17.7,

118.5, 126.3, 127.6, 128.3, 129.1, 129.6, 130.8,413133.2, 135.3, 138.2, 144.5, 147.4, 162.2,8,64.
6



167.5; Anal. Calcd for: gH1,CIFN,S,: C, 58.98; H, 3.13; N, 7.24; Found: C, 59.08; H3 N, 7.39; LC-
MS, m/z: 387.0 (M+H).

6.1.4.6. 5-(2-(4-fluorophenyl)thiazol-4-yl)-4-methyl -2-phenyi thiazol e (30)

Yield: 65%; mp: 162-164 °CH NMR (300 MHz, CDCJ): ): & 2.68 (s, 3H, Ch), 7.18-7.31 (m, 6H, Ar-H,
thiazole-H), 7.89-8.01 (m, 4H, Ar-H)C NMR (75 MHz, CDC)): & 17.3, 115.5, 125.8, 126.2, 126.4,
126.8, 129.0, 130.0, 130.4, 132.4, 133.0, 147.9.614167.7, 168.9; Anal. Calcd for:18El13FN,S,: C,
64.75; H, 3.72; N, 7.95; Found: C, 64.89; H, 3NM78.07; LC-MS, m/z: 353.1 (M+H)

6.1.4.7. 4-methyl-2-phenyl-5-(2-p-tolylthiazol -4-yl)thiazole (31)

Yield: 74%; mp: 246 °C (dec.JH NMR (300 MHz, CDCJ): 5 2.36 (s, 3H, Ch), 2.68 (s, 3H, Ch), 7.05-
7.49 (m, 6H, Ar-H, thiazole-H), 7.87-8.19 (m, 4 At-H); **C NMR (75 MHz, CDCJ): 5 17.1, 20.9, 115.6,
125.9, 126.2, 129.2, 129.8, 130.3, 130.9, 132.8,2,3140.5, 146.6, 149.3, 163.8, 167.1; Anal. Céted
CaoH1eNLSy: C, 68.93; H, 4.63; N, 8.04; Found: C, 69.07; 584 N, 8.13; LC-MS, m/z: 349.1 (M+H)
6.1.4.8. 5-(2-benzylthiazol-4-yl)-4-methyl -2-phenylthiazol e (32)

Yield: 60%; mp: 185-185 °C (dec¥ NMR (300 MHz, CDCY): & 3.06 (s, 3H, Ch), 4.37 (s, 2H, Ch),
7.29-7.42 (m, 5H, Ar-H), 7.52 (s, 1H, thiazole)58-7.68 (m, 3H, Ar-H), 8.42 (d] = 7.2Hz, 2H, Ar-H);
13C NMR (75 MHz, CDCJ): § 14.4, 39.4, 117.7, 125.7, 127.6, 128.4, 129.0,3,2830.0, 130.8, 134.2,
136.8, 141.5, 142.9, 167.8, 172.3; Anal. Calcd f@;H:6N2S,: C, 68.93; H, 4.63; N, 8.04; Found: C,
69.02; H, 4.69; N, 8.11; LC-MS, m/z: 349.1 (M+H)

6.1.4.9. 5-(2-(4-chlorobenzyl)thiazol-4-yl)-4-methyl-2-phenyl thiazol e (33)

Yield: 65%; mp: 218-220 °CH NMR (300 MHz, CDCY): & 3.05 (s, 3H, Ck), 4.34 (s, 2H, Cb), 7.28-
7.37 (m, 5H, Ar-H), 7.50 (s, 1H, thiazole), 7.5B5.(m, 2H, Ar-H), 8.40 (dJ = 7.2Hz, 2H, Ar-H);**C
NMR (75 MHz, CDC}): 6 14.5, 38.6, 117.3, 126.1, 128.3, 129.1, 128.8,9,280.3, 133.5, 134.0, 135.2,
143.3, 144.2, 167.8, 171.3; Anal. Calcd forighGsCIN,S,: C, 62.73; H, 3.95; N, 7.32; Found: C, 62.85; H,
3.87; N, 7.43; LC-MS, m/z: 383.1 (M+H)

6.1.4.10. 5-(2-(4-fluor obenzyl)thiazol-4-yl)-4-methyl - 2-phenylthiazol e (34)

Yield: 68%; mp: 200-202 °C (dec}d NMR (300 MHz, CDCJ): & 3.03 (s, 3H, Ch), 4.31 (s, 2H, Ch),
7.23 (t,J = 8.2Hz, 2H, Ar-H), 7.26-7.31 (m, 2H, Ar-H), 7.49, 1H, thiazole), 7.52-7.61 (m, 3H, Ar-H),
8.38 (d,J = 7.6Hz, 2H, Ar-H);**C NMR (75 MHz, CDC}J): § 14.4, 38.4, 115.8, 117.7, 125.5, 128.3, 129.1,
129.9, 130.6, 132.4, 134.1, 141.4, 142.8, 161.3,816171.9; Anal. Calcd for: gH1sFN,S,: C, 65.55; H,
4.13; N, 7.64; Found: C, 65.63; H, 4.07; N, 7.768-MS, m/z: 367.1 (M+H).

6.1.4.11. 2-(4-chlorophenyl)-4-methyl-5-(2-phenylthiazol-4-yl )thiazol e (35)

Yield: 70%; mp: 150-152 °CH NMR (300 MHz, DMSO#d): & 2.70 (s, 3H, Ck), 7.49- 7.53 (m, 5H) , Ar-
H, 7.83 (s, 1H, thiazole), 7.94-8.08 (m, 4H, Ar-H5€ NMR (75 MHz, DMSOde): 16.0, 115.7, 127.7,



128.6, 128.9, 129.2, 129.5, 130.8, 133.9, 139.0,.8,4147.6, 149.5, 166.1, 167.0; Anal. Calcd for:
C19H13CIN,S;: C, 61.86; H, 3.55; N, 7.59; Found: C, 61.98; HB N, 7.71; LC-MS, m/z: 369.0 (M+H)
6.1.4.12. 5-(2-(4-bromophenyl)thiazol-4-yl)-2-(4-chl orophenyl)-4-methyl thiazol e (36)
Yield: 70%; mp: 164-166 °CH NMR (300 MHz, CDCJ): 2.75 (s, 3H, Ch), 7.45 (d,J = 8Hz, 2H, Ar-H),
7.59 (d,J = 8Hz, 2H, Ar-H), 7.82 (s, 1H, thiazole), 7.99 §ds 8Hz, 2H, Ar-H), 8.12 (dJ = 8Hz, 2H, Ar-
H); *C NMR (75 MHz, CDG)): § 17.2, 114.4, 127.3, 127.6, 128.9, 129.0, 130.2,3,3132.9, 135.4,
136.0, 147.7, 150.0, 163.2, 166.1; Anal. Calcd f6rsH1,BrCIN,S,: C, 50.96; H, 2.70; N, 6.26; Found: C,
51.10; H, 2.74; N, 6.31; LC-MS, m/z: 447.0 (M+H)
6.1.4.13. 2-(4-chlorophenyl)-5-(2-(3-chlorophenyl)thiazol-4-yl)-4-methyl thiazol e (37)
Yield: 66%; mp: 224-226 °CH NMR (300 MHz, CDCJ): & 2.71 (s, 3H, Ch), 7.38-7.46 (m, 4H, Ar-H),
7.68 (s, 1H, thiazole) 7.89-8.00 (m, 4H, Ar-HJC NMR (75 MHz, CDCJ): § 17.1, 115.8, 127.5, 128.8,
128.9, 129.2, 129.4, 129.8, 130.5, 131.7, 133.8,6,3137.0, 147.6, 150.0, 163.1 166.0 Anal. Catud f
CigH12.CILN,S,: C, 56.58; H, 3.00; N, 6.95; Found: C, 56.73; 83N, 6.90; LC-MS, m/z: 403.0 (M+H)
6.1.4.14. 2-(4-chlorophenyl)-5-(2-(4-chlorophenyl)thiazol-4-yl)-4-methyl thiazol e (38)
Yield: 68%; mp: 196-198 °CH NMR (300 MHz, CDCY): § 2.72 (s, 3H, Ch), 7.44 (d,J = 8Hz, 2H, Ar-
H), 7.51 (d,J = 8Hz, 2H, Ar-H), 7.68 (s, 1H, thiazole), 7.96 & 8Hz, 2H, Ar-H), 8.08 (dJ = 8Hz, 2H,
Ar-H); *C NMR (75 MHz, CDC)): § 17.0, 115.9, 127.6, 128.9, 129.5, 129.8, 130.2,6,3131.8, 133.9,
134.8, 147.5, 149.8, 163.0 166.1; Anal. Calcd f@igH1.CIoN,S,: C, 56.58; H, 3.00; N, 6.95; Found: C,
56.69; H, 3.11; N, 7.08; LC-MS, m/z: 403.0 (M+H)
6.1.4.15. 5-(2-(3-chloro-4-fluor ophenyl)thiazol-4-yl)-2-(4-chlor ophenyl)-4-methyl thiazol e (39)
Yield: 74%; mp: 198-200 °CH NMR (400 MHz, CDCJ): & 2.69 (s, 3H, Ch), 7.45-7.55 (m, 3H, Ar-H),
7.69 (m, 1H, Ar-H), 7.76 (s, 1H, thiazole), 8.05 Jc= 8.4Hz, 2H, Ar-H), 8.11 (m, 1H, Ar-H)!*C NMR
(100 MHz, CDCY): 6 17.5, 116.1, 118.1, 125.7, 126.2, 127.8, 128.6.4,2130.7, 133.4, 134.2, 134.5,
138.3, 148.0, 161.8, 162.4, 165.1; Anal. Calcd fGisH11CI.FN,S,: C, 54.16; H, 2.63; N, 6.65; Found: C,
54.29; H, 2.59; N, 6.73; LC-MS, m/z: 421.0 (M+H)
6.1.4.16. 2-(4-chlorophenyl)-5-(2-(4-fluor ophenyl)thiazol-4-yl)-4-methyl thiazol e (40)
Yield: 70%; mp: 140-142 °CH NMR (400 MHz, CDCJ): § 2.85 (s, 3H, Ch), 7.15 (t,J = 8.4Hz, 2H, Ar-
H), 7.38 (s, 1H, thiazole), 7.42 (@= 8.4Hz, 2H, Ar-H), 7.96 (ddl = 8.4 and 3.0 Hz, 2H, Ar-H), 8.04 (@,
= 8.6Hz, 2H, Ar-H);**C NMR (100 MHz, CDGJ): 5 16.3, 115.1, 116.2, 128.3, 128.6, 128.7, 129.0,6,2
132.0, 135.7, 146.4, 147.0, 164.5, 164.7, 167.2MB6387.1 (M+H)J Anal. Calcd for: GgH1.CIFN,S;: C,
58.98; H, 3.13; N, 7.24; Found: C, 59.11; H, 3M77.31; LC-MS, m/z: 387.1 (M+H)
6.1.4.17. 2-(4-chlorophenyl)-4-methyl-5-(2-p-tolylthiazol-4-yl)thiazol e (41)
Yield: 75%; mp: 158-160 °CH NMR (300 MHz, CDGJ): 2.40 (s, 3H, Ch), 2.72 (s, 3H, Ch), 7.24 (d,J
= 8.1 Hz, 2H, Ar-H), 7.25 (s, 1H, thiazole), 7.4 § = 8.1 Hz, 2H, Ar-H), 7.87-7.90 (m, 4H, Ar-H)C
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NMR (75 MHz, CDC}): 6 17.5, 21.5, 113.5, 126.5, 127.5, 129.1, 129.6,9,2180.4, 132.1, 135.7, 140.7,
147.9, 150.0, 163.6, 167.9 Anal. Calcd faptGisCIN,S,: C, 62.73; H, 3.95; N, 7.32; Found: C, 62.82; H,
4.01; N, 7.27; LC-MS, m/z: 383.0 (M+H)
6.1.4.18. 5-(2-benzylthiazol-4-yl)-2-(4-chlorophenyl)-4-methylthiazole (42)
Yield: 65%; mp: 100-101 °CH NMR (400 MHz, CDCJ): § 2.58 (s, 3H, Ch), 4.28 (s, 2H, Ch), 7.10 (s,
1H), 7.17-7.8 (m, 5H, Ar-H, thiazole-H), 7.30 (ts 8.4 Hz, 2H, Ar-H), 7.79 (d] = 8.4 Hz, 2H, Ar-H)*C
NMR (75 MHz, CDC}): 6 17.4, 39.6, 114.4, 127.3, 127.5, 128.1, 128.8,11281.3, 132.1, 135.7, 137.4,
146.9, 149.8, 163.5, 170.7; Anal. Calcd for;HGsCIN,S,: C, 62.73; H, 3.95; N, 7.32; Found: C, 62.79; H,
4.00; N, 7.38; LC-MS, m/z: 383.0 (M+H)
6.1.4.19. 5-(2-(4-chlorobenzyl)thiazol-4-yl)-2-(4-chlor ophenyl)-4-methylthiazol e (43)
Yield: 75%; mp: 148-150 °CH NMR (300 MHz, CDCJ): 2.67 (s, 3H, Ch), 4.33 (s, 2H, Ch), 7.21-7.43
(m, 5H, Ar-H, thiazole-H), 7.39 (d] = 8.5Hz, 2H, Ar-H), 7.91 (dJ = 8.5Hz, 2H, Ar-H);"*C NMR (75
MHz, CDCk): 6 17.4, 38.8, 114.4, 115.6, 127.4, 129.1, 129.9,6,3032.1, 133.2, 135.8, 147.1, 149.9,
163.6, 168.6, 169.7; Anal. Calcd for:20814CIoNLS,: C, 57.55; H, 3.38; N, 6.71; Found: C, 57.61; HI43
N, 6.80; LC-MS, m/z: 417.1 (M+H)
6.1.4.20. 5-(2-(4-fluor obenzyl)thiazol-4-yl)-2-(4-chl or ophenyl )-4-methyl thiazol e (44)
Yield: 68%; mp: 136-137 °CH NMR (300 MHz, CDGJ): 2.66 (s, 3H, Ch), 4.33 (s, 2H, Ch), 7.04 (t,J
= 8.5 Hz, 2H, Ar-H), 7.21 (s, 1H, thiazole), 7.3®1J = 8.5 and 2Hz, 2H, Ar-H), 7.39 (d,= 8.5Hz, 2H,
Ar-H), 7.78 (d,J = 8.5Hz, 2H, Ar-H);**C NMR (75 MHz, CDCJ): § 17.4, 38.7, 114.4, 115.7, 127.4, 129.2,
130.6, 131.5, 132.1, 133.2, 135.8, 147.1, 149.8,516163.6, 170.8; Anal. Calcd for: ,¢8114CIFN,S;: C,
59.92; H, 3.52; N, 6.99; Found: C, 60.01; H, 3M77.10; LC-MS, m/z: 401.0 (M+H)
6.1.4.21. 2-(4-fluorophenyl)-4-methyl -5-(2-phenylthiazol -4-yl)thiazol e (45)
Yield: 70%; mp: 178-180 °CH NMR (400 MHz, DMSOk): 2.66 (s, 3H, Ch), 7.29 (t,J = 9.1Hz, 2H,
Ar-H), 7.52-7.59 (m, 3H, Ar-H), 7.97-8.07 (m, 5Hr-N, thiazole-H):**C NMR (100 MHz, CDGJ): § 17.3,
113.9, 116.0, 123.4, 126.6, 128.1, 128.9, 129.0,3,334.5, 148.1, 149.9, 162.2, 163.9, 167.7; Adalcd
for: CigHi1sFNLS,: C, 64.75; H, 3.72; N, 7.95; Found: C, 64.87; HIB N, 7.99; LC-MS, m/z: 353.0
(M+H)".
6.1.4.22. 5-(2-(4-bromophenyl)thiazol-4-yl)-2-(4-fluor ophenyl)-4-methyl thiazol e (46)
Yield: 76%; mp: 198-200 °CH NMR (300 MHz, CDGY): § 2.70 (s, 3H, Ch), 7.18 (t,J = 9.1Hz, 2H, Ar-
H), 7.48 (dJ = 8.4Hz, 2H, Ar-H), 7.68 (s, 1H, thiazole), 7.88,(2H, Ar-H), 8.02 (dJ = 8.4Hz, 2H, Ar-H);
¥C NMR (75 MHz, CDCJ): & 17.0, 115.5, 115.7, 116.1, 126.4, 127.3, 127.9,2,2129.4, 131.2, 135.1,
147.6, 149.2, 162.5, 165.3; Anal. Calcd forighG.BrFN,S,: C, 52.91; H, 2.80; N, 6.49; Found: C, 53.01;
H, 2.88; N, 6.55; LC-MS, m/z: 431.0 (M+H)
6.1.4.23. 5-(2-(3-chlorophenyl)thiazol-4-yl)-2-(4-fluor ophenyl)-4-methyl thiazol e (47)
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Yield: 66%; mp: 218-220 °CH NMR (300 MHz, CDCJ): 6 2.69 (s, 3H, Ch), 7.16 (t,J = 8.8Hz, 2H, Ar-
H), 7.44-7.50 (m, 2H, Ar-H), 7.61 (s, 1H, thiazgl@)39-7.94 (m, 3H, Ar-H), 8.04 (m, 1H, Ar-HYC NMR
(75 MHz, CDC¥§): 6 16.0, 115.9, 116.1, 127.5, 128.7, 129.0, 129.9,5,2.30.0, 131.1, 133.9, 136.4, 144.3,
147.8, 162.2, 166.5, 167.1; Anal. Calcd forighio.CIFN,S,: C, 58.98; H, 3.13; N, 7.24; Found: C, 59.10;
H, 3.10; N, 7.33; LC-MS, m/z: 387.1 (M+H)

6.1.4.24. 5-(2-(4-chlorophenyl)thiazol-4-yl)-2-(4-fluor ophenyl)-4-methyl thiazol e (48)

Yield: 70%; mp: 208-210 °CH NMR (300 MHz, CDCJ): § 2.68 (s, 3H, Ch), 7.16 (t,J = 9.1Hz, 2H, Ar-
H), 7.44 (d,J = 8.4Hz, 2H, Ar-H), 7.66 (s, 1H, thiazole), 7.88,(2H, Ar-H), 8.00 (dJ) = 8.4Hz, 2H, Ar-H);
¥C NMR (75 MHz, CDCJ): & 17.1, 115.6, 116.0, 126.6, 127.6, 127.8, 127.9,1,2129.5, 131.1, 135.3,
147.2, 149.6, 162.6, 165.5; Anal. Calcd forigh3 ,CIFN,S,: C, 58.98; H, 3.13; N, 7.24; Found: C, 59.13;
H, 3.19; N, 7.35; LC-MS, m/z: 387.1 (M+H)

6.1.4.25. 5-(2-(3-chloro-4-fluorophenyl)thiazol -4-yl)-2- (4-fluor ophenyl )-4-methyl thiazol e (49)

Yield: 68%; mp: 192-194 °CH NMR (400 MHz, DMSOds): § 2.72 (s, 3H, Ch), 7.24 (t, J = 8.4Hz, 2H,
Ar-H) 7.45 (t,J = 8.44Hz, 1H, Ar-H), 7.78 (s, 1H, thiazole), 7.$602 (m, 3H, Ar-H), 8.13 (s, 1H, Ar-H);
3C NMR (100 MHz, DMSOdg): 6 17.5, 116.1, 116.4, 118.0, 125.5, 126.2, 127.8.8,2129.3, 129.9,
130.6, 138.1, 147.6, 161.8, 162.3, 163.1, 165.@lA@alcd for: GH1:CIFN,S,: C, 56.36; H, 2.74; N,
6.92; Found: C, 56.38; H, 2.71; N, 7.01; LC-MS, n#@5.1 (M+H}.

6.1.4.26. 2-(4-fluorophenyl)-5-(2-(4-fluor ophenyl)thiazol-4-yl)-4-methyl thiazol e (50)

Yield: 66%; mp: 165-166 °CH NMR (400 MHz, CDCJ): & 2.70 (s, 3H, Ch), 7.27-7.36 (m, 4H, Ar-H),
7.86 (s, 1H, thiazole),7.99-8.06 (m, 4H, Ar-HC NMR (100 MHz, CDGJ): § 17.2, 115.7, 116.0, 116.2,
128.0, 128.4, 128.5, 129.2, 130.3, 147.0, 149.6,9,6.62.2, 164.4, 165.0; Anal. Calcd for; gl ,FoN2S;:

C, 61.60; H, 3.27; N, 7.56; Found: C, 61.78; H2314, 7.67; LC-MS, m/z: 371.1 (M+H)

6.1.4.27. 2-(4-fluorophenyl)-4-methyl-5-(2-p-tol ylthiazol -4-yl)thiazol e (51)

Yield: 68%; mp: 168-170 °CH NMR (400 MHz, DMSO«k): § 2.39 (s, 3H, Ch), 2.69 (s, 3H, Ch), 7.32

(t, J = 8.8 Hz, 2H, Ar-H), 7.34 (d) = 8.2 Hz, 2H, Ar-H), 7.88 (d) = 8.2 Hz, 2H, Ar-H), 7.89 (s, 1H,
thiazole), 8.00-8.03 (m, 2H, Ar-H}?C NMR (100 MHz, DMSOdg): & 17.2, 21.0, 115.4, 116.2, 126.2,
127.0, 128.1, 129.8, 130.5, 132.2, 140.5, 146.9,614162.6, 164.3, 167.1; Anal. Calcd foryisFN,S,:

C, 65.55; H, 4.13; N, 7.64; Found: C, 65.67; HO4M, 7.77; LC-MS, m/z: 367.1 (M+H)

6.1.4.28. 5-(2-benzylthiazol-4-yl)-2-(4-fluor ophenyl)-4-methyl thiazol e (52)

Yield: 66%; mp: 110-112 °CH NMR (400 MHz, DMSOd): & 2.61 (s, 3H, Ch), 4.39 (s, 2H, Ch), 7.30-
7.39 (m, 7H, Ar-H), 7.72 (s, 1H, thiazole), 7.991(d = 8.4Hz and 2.0 Hz, 2H, Ar-H}*C NMR (100 MHz,
CDCly): 4 17.2, 39.4, 115.6, 116.1, 126.8, 128.7, 129.0,3,2829.6, 134.7, 137.5, 146.5, 149.9, 162.2,
163.9, 167.6; Anal. Calcd for: ,6H1sFN,S,: C, 65.55; H, 4.13; N, 7.64; Found: C, 65.68; D& N, 7.71,

LC-MS, m/z: 367.0 (M+H).
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6.1.4.29. 5-(2-(4-chlorobenzyl )thiazol-4-yl)-2-(4-fluor ophenyl )-4-methyl thiazol e (53)

Yield: 65%; mp: 118-119 °CH NMR (400 MHz, CDC}): & 2.65 (s, 3H, Ch), 4.35 (s, 2H, Cb), 7.09 (t,J

= 8.6 Hz, 2H, Ar-H),7.17 (s, 1H, thiazole), 7.34 Jd&= 4.4 Hz, 4H, Ar-H), 7.90-7.93 (m, 2H, Ar-H)YC

NMR (100 MHz, CDCY): 6 17.3, 39.7, 114.4, 116.0, 127.3, 127.4, 128.3,9.29.1, 130.0, 137.5, 147.1,

149.7, 163.8, 164.0, 170.7; Anal. Calcd foryohi4CIFN,S,: C, 59.92; H, 3.52; N, 6.99; Found: C, 60.01;

H, 3.59; N, 7.10; LC-MS, m/z: 400.0 (M+H)

6.1.4.30. 5-(2-(4-fluor obenzyl)thiazol-4-yl)-2-(4-fluor ophenyl)-4-methyl thiazol e (54)

Yield: 68%; mp:108-110 °CH NMR (400 MHz, DMSO«k): & 2.62 (s, 3H, Ch), 4.40 (s, 2H, Ch), 7.21

(t, J=9.8Hz, 2H, Ar-H), 7.33 (1) = 9.4 Hz, 2H, Ar-H),7.45 (dd] = 8.4Hz and 3.1Hz, 2H, Ar-H), 7.75 (s,

1H, thiazole),7.99 (dd) = 8.4Hz and 2.0 Hz, 2H, Ar-H}*C NMR (100 MHz, DMSOdg): & 17.4, 38.9,

114.3, 115.7, 116.0, 127.2, 128.3, 129.0, 130.3,20347.2, 149.8, 162.6, 163.3, 134.2, 170.4; Adalcd

for: CyoH14FN2Sy: C, 62.48; H, 3.67; N, 7.29; Found: C, 62.51; KB53 N, 7.33; LC-MS, m/z: 385.0

(M+H)*.

6.1.4.31. 4-methyl-5-(2-phenylthiazol-4-yl)-2-p-tolylthiazole (55)

Yield: 72%; mp: 156-158 °CH NMR (400 MHz, DMSOek): 5 2.37 (s, 3H, Ch), 2.62 (s, 3H, Ch), 7.32

(d,J =8.4Hz, 2H), 7.55-7.57 (m, 3H, Ar-H),7.86 (b5 8.4Hz, 2H, Ar-H), 7.97 (s, 1H, thiazole), 8.0@3

(m, 2H, Ar-H); **C NMR (100 MHz, DMSQd): § 17.5, 21.5, 113.8, 126.3, 126.6, 126.7, 129.1,6,29

130.4, 131.0, 133.2, 140.2, 148.5, 149.9, 165.4,74Anal. Calcd for: gH1eN.S,: C, 68.93; H, 4.63; N,

8.04; Found: C, 69.02; H, 4.59; N, 8.18; LC-MS, n®49.0 (M+H]J.

6.1.4.32. 5-(2-(4-bromophenyl)thiazol-4-yl)-4-methyl-2-p-tolylthiazol e (56)

Yield: 72%; mp: 200 °C (dec.fH NMR (400 MHz, DMSOd): & 2.37 (s, 3H, Ch), 2.68 (s, 3H, Ch),

7.32 (d,J = 8.0Hz, 2H, Ar-H), 7.75 (d] = 8.0Hz, 2H, Ar-H), 7.86 (d] = 8.4Hz, 2H, Ar-H), 7.94 (d] =

8.4Hz, 2H, Ar-H), 8.00 (s, 1H, thiazoléYC NMR (100 MHz, DMSOde): § 15.9, 21.7, 115.5, 125.2, 127.4,

127.5, 128.1, 130.2, 131.5, 132.3, 133.2, 140.2,514149.9, 167.1, 167.3; Anal. Calcd forgldisBrN,S;:

C, 56.21; H, 3.54; N, 6.55; Found: C, 56.30; HO38, 6.47; LC-MS, m/z: 426.9 (M+H)

6.1.4.33. 5-(2-(3-chlorophenyl)thiazol-4-yl)-4-methyl-2-p-tolylthiazol e (57)

Yield: 66%; mp: 228-230 °CH NMR (400 MHz, DMSOd): & 2.37 (s, 3H, Ch), 2.68 (s, 3H, Ch), 7.28-

7.33 (m, 2H, Ar-H), 7.57-7.60 (m, 4H, Ar-H), 7.8d@, 0 = 8.4Hz, 2H, Ar-H), 8.03 (s, 1H, thiazol)C

NMR (100 MHz, DMSOeg): 16.0, 21.6, 115.8, 127.3, 127.5, 128.4, 12929.3, 129.8, 130.0, 131.5,

131.8, 134.7, 139.5, 147.9, 149.6, 167.1, 1&7Anal. Calcd for: GoH1sCIN,S;: C, 62.73; H, 3.95; N,

7.32; Found: C, 62.83; H, 3.99; N, 7.21; LC-MS, n23.0 (M+HY}.

6.1.4.34. 5-(2-(4-chlorophenyl)thiazol-4-yl)-4-methyl-2-p-tolylthiazol e (58)

Yield: 68%; mp: 150-151 °CH NMR (400 MHz, DMSOd): 6 2.36 (s, 3H, Ch), 2.68 (s, 3H, CH), 7.30

(d,J = 8.0Hz, 2H, Ar-H), 7.52 (d] = 8.0Hz, 2H, Ar-H), 7.88 (d] = 8.4Hz, 2H, Ar-H), 7.95 (d] = 8.4Hz,
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2H, Ar-H), 8.00 (s, 1H, thiazole}’C NMR (100 MHz, DMSQsd): § 16.1, 21.5, 116.0, 127.5, 128.5, 128.8,
129.5 129.9, 132.0, 134.5, 139.8, 141.5, 147.8,514866.9, 167.4; Anal. Calcd for: »4:5CIN,S;: C,
62.73; H, 3.95; N, 7.32; Found: C, 62.81; H, 4807.25; LC-MS, m/z: 383.1 (M+H)
6.1.4.35. 5-(2-(3-chloro-4-fluor ophenyl)thiazol -4-yl)-4-methyl - 2-p-tolylthiazol e (59)
Yield: 65%; mp: 162-163 °CH NMR (400 MHz, DMSOd): & 2.37 (s, 3H, Ch), 2.70 (s, 3H, Ch), 7.28-
7.32 (m, 3H, Ar-H), 7.88-7.93 (m, 2H, Ar-H), 7.9708 (m, 2H, Ar-H), 8.03 (s, 1H, thiazole)’C NMR
(100 MHz, DMSOsdg): 6 16.0, 21.5, 116.0, 117.4, 123.5, 126.9, 127.4,6,21/28.5, 129.1 129.8, 131.9,
139.5, 147.2, 149.8, 160.8, 167.0, 167.7; Anal.c@€dbr: GoH1,CIFN,S,: C, 59.92; H, 3.52; N, 6.99;
Found: C, 60.02; H, 3.44; N, 6.88; LC-MS, m/z: 4D(M+H)".
6.1.4.36. 5-(2-(4-fluor ophenyl)thiazol -4-yl)-4-methyl -2-p-tol ylthiazol e (60)
Yield: 68%; mp: 154-156 °CH NMR (400 MHz, DMSO«k): 6 2.37 (s, 3H, Ch), 2.68 (s, 3H, Ch), 7.32
(d, J = 8.4Hz, 2H, Ar-H), 7.40 (tJ = 8.4Hz, 2H, Ar-H), 7.86 (dJ = 7.6Hz, 2H, Ar-H), 7.97 (s, 1H,
thiazole), 8.04-8.08 (m, 2H, Ar-H}?C NMR (100 MHz, DMSOQdg): § 16.0, 21.5, 115.9, 116.1, 127.5,
128.8, 129.2 129.7, 131.7, 137.8, 139.6, 147.3,7149%2.5, 166.9, 167.6; Anal. Calcd for,od1sFN2S;:
C, 65.55; H, 4.13; N, 7.64; Found: C, 65.67; H84N, 7.55; LC-MS, m/z: 367.0 (M+H)
6.1.4.37. 4-methyl-2-p-tolyl-5-(2-p-tolylthiazol-4-yl)thiazol e (61)
Yield: 70%; mp: 202-204 °CH NMR (400 MHz, DMSOek): 5 2.37 (s, 3H, Ch), 2.38 (s, 3H, Ch), 2.68
(s, 3H, CH), 7.32 (d,J = 8.4Hz, 2H, Ar-H), 7.36 (d] = 8.4Hz, 2H, Ar-H), 7.87 (d] = 8.4Hz, 2H, Ar-H),
7.89 (d,J = 8.4Hz, 2H, Ar-H), 7.92 (s, 1H, thiazolé}C NMR (100 MHz, DMSOdg): & 16.0, 21.4, 21.5,
116.0, 127.5, 127.7, 128.8, 129.5 129.6, 131.9,01388.8, 138.9, 147.5, 149.5, 166.9, 167.4; AGalcd
for: GHi1sN2S,: C, 69.58; H, 5.00; N, 7.73; Found: C, 69.55; HO& N, 7.81; LC-MS, m/z: 363.0(M +
H)*.
6.1.4.38. 5-(2-benzylthiazol-4-yl)-4-methyl-2-p-tolylthiazol e (62)
Yield: 60%; mp: 185-187 °CH NMR (400 MHz, DMSO«k): § 2.36 (s, 3H, Ch), 2.62 (s, 3H, Ch), 4.39
(s, 2H, CH), 7.15 (s, 1H, thiazole), 7.23-7.39 (m, 7H, Ar-R)84 (d,J = 7.6Hz, 2H, Ar-H);"*C NMR (100
MHz, DMSO-): 6 15.4, 21.8, 38.6, 116.8, 125.9, 127.7, 128.6,8,2829.1, 129.7, 131.9, 136.0, 141.2,
143.6 147.3, 167.9, 169.4; Anal. Calcd fopHGgN,S,: C, 69.58; H, 5.00; N, 7.73; Found: C, 69.71; H,
4.94; N, 7.65; LC-MS, m/z: 363.0 (M + H)
6.1.4.39. 5-(2-(4-chlorobenzyl)thiazol-4-yl)-4-methyl-2-p-tolylthiazol e (63)
Yield: 66%; mp: 186-187 °C*H NMR (400 MHz, DMSOk): & 2.36 (s, 3H, Ch), 2.61 (s, 3H, Ch),
4.43(s, 2H, CH), 7.20-7.49 (m, 6H, Ar-H), 7.77 (s, 1H, thiazol@)34 (d,J = 8.0Hz, 2H, Ar-H);*C NMR
(100 MHz, DMSOsdg): 6 14.8, 21.8, 38.7, 116.9, 126.7, 128.4, 128.7,3,2831.8, 131.9, 132.2, 134.8,
140.8, 143.1, 146.1, 168.3, 169.7; Anal. Calcd f@;H;17,CIN,S,: C, 63.54; H, 4.32; N, 7.06; Found: C,
63.68; H, 4.24; N, 7.00; LC-MS, m/z: 397.0 (M +'H)
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6.1.4.40. 5-(2-(4-fluor obenzyl)thiazol-4-yl)-4-methyl-2-p-tol ylthiazol e (64)

Yield: 66%; mp: 216 °C (dec.JH NMR (400 MHz, DMSOsdg): & 2.36 (s, 3H, Ch), 2.61 (s, 3H, Ch),
4.40 (s, 2H, CH), 7.21 (t,J = 8.8Hz, 2H, Ar-H), 7.30-7.32 (m, 2H, Ar-H), 7.4346 (m, 2H, Ar-H), 7.76 (s,
1H, thiazole), 7.84 (d) = 8.0Hz, 2H, Ar-H);**C NMR (100 MHz, DMSQd): 5 14.7 21.9, 38.6, 115.9,
116.8, 127.0, 128.4, 129.3, 130.5,131.8, 132.0,614m43.2 146.2, 161.5, 168.1, 169.6; Anal. Cated f
C21H17FN,S;: C, 66.29; H, 4.50; N, 7.36; Found: C, 66.22; M3 N, 7.51; LC-MS, m/z: 381.0 (M + H)

6.2 Biological Method
6.2.1. Anti-tubercular activity

The compounds listed in Table 1 were screened fairtantibacterial activity against
Mycobacterium smegmatis MC? 155 strain [46]. The series of compounds wereiobthin 10 mM stock
concentrations. Further, each compound was dilutighl the required 100 % (v/v) DMSO to achieve a
working concentration of 1.5 mM. The inoculum fbetassay was prepared by reviving a glycerol sitock
Middlebrook 7H9 broth supplemented with 0.1 % Tw&68rand 0.5 % glycerol. At the time of inoculation,
10 % ADS was added to the media and the cultureimagated in a shaker incubator at 37 °C and 200
rpm. The O.D. of the inoculum reached to 0.8 - firapimately, a secondary inoculum was inoculated an
subsequently incubated. This was incubated ovetrttijtthe O.D. of the inoculum reached 0.4 approx.
following which the inoculum was diluted 1:1000 &m In a 96 well microtiter plate, a 2 pL aliqubthee
1.5 mM dilution of compound was added to each wtiplicate, to which 98 pL of inoculum dilutiomas
added, making the final concentration of compou@du81. To each plate, a set of controls was added to
better ascertain the activity of the compounds.s€hacluded DMSO, which was taken as a growth ogntr
and media control (Blank) and Rifampicin and Isaidawhich were taken as positive controls of iritiin
of Mycobacterium smegmatis. After the completion of the period of 32 hourke tabsorbance of the
inoculum in wells was measured at 600 nm using #&iNMode Reader. Absorbance is considered directly
proportional to the increase in growth of bactefiaus, it gives a measure of the growth of bacterieach
well. Percentage inhibition was determined agadéiSO and those compounds which showed inhibition
at 30 % or more were further analyzed to deterrttieg MIC values. In order to attain this objectitiee
inhibition was tested at an increasing concentnatiof compound from 6.25 uM to 100 puM. After a pdri
of 30 hours incubation, the absorbance of the ihmewas observed at 600 nm using a Multi Mode Reade
and the MIC values were calculated for the respectompounds. As internal standards for assay,
Rifampicin (MIC value ranges from 0.06 pg/mL) asdniiazid (MIC value ranges from 0.03 pg/mL).
6.2.2.Cytotoxicity activity
Vero cells were used for an in vitro cytotoxicityaduation for the compounds using SRB assay prétoco

[47], each compound was tested at 4 dose levels2(1,040, 80 ug/ml). Appropriate positive contrale
13



run in each experiment and each experiment is tegehrice. Results are given in terms of G150, &6l
LC50 values.

6.2.3. Antibacterial activity

The in vitro antibacterial activity of all the syrisized compounds were done by the disc diffusiethad
[48, 49] against the standard strains Gram-posha&teriaBacillus subtilis (NCIM 2162), Saphyl ococcus
aureus (NCIM 2602) and Gram-negative bactetfzcherichia coli (NCIM 2576),Proteus vulgaris (NCIM
2813). All the strains were obtained from Natio@ddemical Laboratory, Pune, India. All cultures were
maintained at 4 °C over nutrient agar slants thmoug the experiment. The cultures were incubated
overnight at 37 °C in nutrient broth before usiog &ntibacterial activity. Five hundred microliteo$
overnight old bacterial suspension was spread thesnutrient agar plates using a sterile cottonbsima
order to get a uniform microbial growth. The symsiied compounds were dissolved in DMSO. Under
aseptic conditions, empty sterilized discs (Whatman5, 6 mm diameter) were impregnated with defifeer
concentrations (25 pg/disc, 50 pg/disc, 75 ng/die, pg/disc) of respective synthesized compounds a
placed on the agar surface. Paper disc moisterthdaggueous DMSO was placed on seeded petriplats as
vehicle control. A standard disc containing AmoXytiand Ciprofloxacin used as positive controlsreve
obtained from their respective manufacturers. Tlagep were left for 30 min at room temperaturellona

the diffusion of synthesized compounds and thenbated at 37 °C for 24 hours. The antimicrobialvéagt
was evaluated by measuring the zone of inhibitigairest the test of microorganism. All experimentyev
carried out in triplicates.
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Table 1: Antitubercular activity and cytotoxicity compound25-64

Comp. R R M. smegmatis® MIC pM LCs® TGI  Glsin pg/mL
25 H CHs - - nd nd nd
26 H 4-Br GH, 33.5 80.66 >80 >80 >80
27 H 3-ClI GH4 39.1 69.02 >80 >80 >80
28 H 4-Cl GH4 32.4 81.88 >80 >80 >80
29 H 3-Cl,4-F GH3 37.9 71.1 >80 >80 >80
30 H 4-F- GH., 38.8 62.51 >80 >80 >80
31 H 4-CH;-CgH,4 29.6 91.15 nd nd nd
32 H CHsCH> 0.8 >100 nd nd nd
33 H 4-C|-GHsCH, 6.1 >100 nd nd nd
34 H 4-F-GHsCH, 2.3 >100 nd nd nd
35 4-Cl GHs nd - nd nd nd
36 4-Cl  4-Br GH,4 nd - nd nd nd
37 4-Cl 3-ClI GH4 24.0 >100 nd nd nd
38 4-Cl  4-CIGH, 28.2 74.86 nd nd nd
39 4-Cl  3-Cl,4-F GH3 - - nd nd nd
40 4-Cl  4-F- GH, 66.3 40.73 >80 >80 >80
41 4-Cl  4-CH-CgH4 4.1 - nd nd nd
42 4-Cl  GHsCH, - - nd nd nd
43 4-Cl  4-Cl-GHsCH, - - nd nd nd
44 4-Cl  4-F-GHsCH, 36.2 74.64 >80 >80 76.2
45 4-F GHs 4.4 >100 nd nd nd
46 4-F 4-Br GH, - - nd nd nd
47 4-F 3-Cl GH, 13.3 - nd nd nd
48 4-F 4-Cl GH4 nd - nd nd nd
49 4-F 3-Cl,4-F GH; 49.3 5471 >80 >80 41.9
50 4-F 4-F- GH, 56.0 48.22 >80 >80 >80
51 4-F 4-CH-CgH,4 19.3 >100 nd nd nd
52 4-F GHsCH, 21.6 >100 nd nd nd
53 4-F 4-C|-GHsCH, 26.44 >100 nd nd nd
54 4-F 4-F-GHsCH, 88.9 30.38 nd nd nd
55 4-CH; GCgHs 29.7 90.99 nd nd nd
56 4-CH; 4-Br GH, 334 80.81 >80 >80 >80
57 4-CH; 3-Cl GHq4 - - nd nd nd
58 4-CH; 4-Cl GHq4 nd - nd nd nd
59 4-CH; 3-Cl,4-F GH3 nd - nd nd nd
60 4-CH; 4-F- GH, 23.9 >100 nd nd nd
61 4-CH; 4-CHs-CgH,4 - - nd nd nd
62 4-CH; GgHsCH, 20.5 >100 nd nd nd
63 4-CH; 4-CI-CHsCH, - - nd nd nd
64 4-CH; 4-F-GHsCH, 28.0 96.32 nd nd nd
Rifampicin 98 9.72 >80 >80 >80
Isoniazid 97 36.46 >80 >80 >80

a: % inhibition; nd: Not determined; b: Concentatiof the compound that kills 50% of the cells; c:
Concentration of the compound that produces tathlbition of the cells; d: Concentration of the
compound that produces 50% inhibition of the cells.
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Table 2: Antibacterial activity of compour23-64

Comd. R R* S. aureus B. subtilis  E. coli P. vulgaris
25 H CeHs - 24 7 8
26 H 4-Br GH, 14 22 13 14
27 H 3-Cl GH, 10 9 8 8
28 H 4-Cl GH, 12 8 - 8
29 H 3-Cl,4-F GHs 11 10 - -
30 H 4-F- GH,4 14 12 10 10
31 H 4-CH;-CgH, 9 8 - 8
32 H GsHsCH, - 10 - -
33 H 4-Cl-GHsCH, - 9 8 -
34 H 4-F-GHsCH, - 18 - -
35 4-Cl  GHs 10 8 - -
36 4-Cl  4-Br GH, - - 7 -
37 4-Cl  3-Cl GH4 0 8 10 7
38 4-Cl  4-ClI GH,4 11 - 8 -
39 4-Cl  3-Cl,4-F GH3 8 11 - -
40 4-Cl  4-F- GH, 14 21 13 14
41 4-Cl  4-CH-CgH, 7 10 9 -
42 4-Cl  GHsCH, - 12 - -
43 4-Cl  4-Cl-GHsCH, - 10 - -
44 4-Cl  4-F-GHsCH, 14 26 24 12
45 4-F GHs 9 10 - -
46 4-F 4-Br GH, - 9 - -
47 4-F 3-Cl GH, 13 24 22 16
48 4-F 4-Cl GH4 - - 8 18
49 4-F 3-Cl,4-F GH3 10 - 8 8
50 4-F 4-F- GH, 10 16 7 12
51 4-F 4-CH-C¢H,4 - - - -
52 4-F GHsCH, 10 14 10 13
53 4-F 4-CI-GHsCH, 12 10 8 10
54 4-F 4-F-GHsCH, 24 37 31 40
55 4-CH; GiHs - 8 8 -
56 4-CH; 4-Br GH,4 14 22 12 16
57 4-CH; 3-Cl GH,4 10 13 7 8
58 4-CH; 4-Cl GH4 9 - 9 8
59 4-CH; 3-Cl,4-F GH3 - - 10 8
60 4-CH; 4-F- GH, 9 8 8 7
61 4-CH; 4-CH;-CgH, 9 21 10 10
62 4-CH; CiHsCH, 10 10 8 7
63 4-CH; 4-Cl-CsHsCH; 8 9 - 7
64 4-CH; 4-F-GHsCH, 10 12 - 9
Amoxycilin 42 28 24 40
Ciprofloxacin 28 26 27 31

Amoxycilin (100 pg/disc) and Ciprofloxacin (100 digc were used as reference; synthesized
compounds (100 pg/disc).
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Highlights

* A seriesof 2,2-disubstituted-4,5'-bithiazolyls were synthesized
* Thesubstituentslike Br, Cl, F on either or both the phenyl ring affects on activity
»  Compound 54 showed substantial antitubercular and antibacterial activity
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'H NMR (300 MHz, CDC}) of 5-(2-(4-chlorobenzyl)thiazol-4yl)-4-methyl-2-phenylthiazole3@)
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13C NMR (75 MHz, CDG)) of 5-(2-(4-chlorobenzyl)thiazol-4yl)-4-methyl-2-phenylthiazole3@)
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Chemical Shift (ppm)

'H NMR (300 MHz, CDCJ) of 5-(2-(4-fluorobenzyl)thiazol-4yl)-4-methyl-2-phenylthiazole34)
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13C NMR (75 MHz, CDCJ) of 5-(2-(4-fluorobenzyl)thiazol-4yl)-4-methyl-2-phenylthiazole3d)

) e el b ek n]l..unmlull.:J.Humll.luhu.numn.‘m o Mt bt Bt s Ll 1
16 160 1 144 128 123 120 112 i 23] 3 1 568 48 40 2 24 18 g U
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13C NMR (75 MHz, CDC}) of5-(2-(4-bromophenyl)thiazol-4yl)-2-(4-chlorophenyl)-4-
methylthiazole 36)
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'H NMR (400 MHz, CDCJ) of 5-(2-benzylthiazol-24yl)-2-(4-chlorophenyl)-4-methylthiazole?)
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13C NMR (75 MHz, CDCJ) of 5-(2-benzylthiazol-4yl)-2-(4-chlorophenyl)-4-methylthiazole®)
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'H NMR (300 MHz, CDC)) of 5-(2-(4-chlorobenzyl)thiazol-4yl)-2-(4-chlorophenyl)-4-
methylthiazole 43)
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% NMR (75 MHz, CDC) of 5-(2-(4-chlorobenzyl)thiazol-4yl)-2-(4-chlorophenyl)-4-
methylthiazole 43)
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'H NMR (300 MHz, CDC)) of 5-(2-(4-fluorobenzyl)thiazol-4yl)-2-(4-chlorophenyl)-4-
methylthiazole 44)
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¢ NMR (75 MHz, CDC)) of 5-(2-(4-fluorobenzyl)thiazol-4yl)-2-(4-chlorophenyl)-4-
methylthiazole 44)
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'H NMR (400 MHz, DMSO-g) of 2-(4-fluorophenyl)-4-methyl-5-(Zphenylthiazol-4yl)thiazole 45)
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Chemical Shift (ppm)

13C NMR (100 MHz, CDGJ) of 2-(4-fluorophenyl)-4-methyl-5-(zbhenylthiazol-4yl)thiazole é5)
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13C NMR (75 MHz, CDG)) of 5-(2-(4-chlorophenyl)thiazol-4yl)-2-(4-fluorophenyl)-4-
methylthiazole 48)
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'H NMR (400 MHz, DMSOds) of 5-(2-(3-chloro-4-fluorophenyl)thiazol4yl)-2-(4-fluorophenyl)-4-
methylthiazole 49)
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'H NMR (400 MHz, CDC)) of 2-(4-fluorophenyl)-5-(2(4-fluorophenyl)thiazol-4yl)-4-
methylthiazole %0)
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'H NMR (400 MHz, DMSO¢g) of 2-(4-fluorophenyl)-4-methyl-5-(2-tolylthiazol-4-yl)thiazole 61)
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13C NMR (100 MHz, DMSOds) of 2-(4-fluorophenyl)-4-methyl-5-(-tolylthiazol-4-yl)thiazole 61)
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'H NMR (400 MHz, DMSO#ds) of 5-(2-benzylthiazol-4yl)-2-(4-fluorophenyl)-4-methylthiazole5Q)
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LC-MS spectra of 5-(2benzylthiazol-4yl)-2-(4-fluorophenyl)-4-methylthiazoleR)
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3 NMR (100 MHz, CDG) of 5-(2-(4-chlorobenzyl)thiazol-4yl)-2-(4-fluorophenyl)-4-
methylthiazole %3)
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'H NMR (400 MHz, DMSO-g) of 5-(2-(4-fluorobenzyl)thiazol-4yl)-2-(4-fluorophenyl)-4-
methylthiazole %4)
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13C NMR (100 MHz, DMSO-g) of 5-(2-(4-fluorobenzyl)thiazol-4yl)-2-(4-fluorophenyl)-4-
methylthiazole %4)
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LC-MS spectra of 5-(A4-fluorobenzyl)thiazol-4yl)-2-(4-fluorophenyl)-4-methylthiazolé4)
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'H NMR (400 MHz, DMSO¢g) of 4-methyl-5-(2-phenylthiazol-2yl)-2-p-tolylthiazole 65)
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13C NMR (100 MHz, DMSO-g) 4-methyl-5-(2-phenylthiazol-4yl)-2-p-tolylthiazole 65)
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LC-MS spectra of 4-methyl-5-tbhenylthiazol-4yl)-2-p-tolylthiazole £5)
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'H NMR (400 MHz, DMSOds) of 5-(2-(4-bromophenyl)thiazol-dyl)-4-methyl-2-p-tolylthiazole %6)
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13C NMR (100 MHz, DMSO-g) of 5-(2-(4-bromophenyl)thiazol-4yl)-4-methyl-2-p-tolylthiazole §6)
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LC-MS spectra of 5-(4-bromophenyl)thiazol‘4yl)-4-methyl-2-p-tolylthiazole %6)
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'H NMR (400 MHz, DMSO-g) of 5-(2-(3-chlorophenyl)thiazol-4yl)-4-methyl-2-p-tolylthiazole §7)
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LC-MS spectra of 5-(3-chlorophenyl)thiazol-4yl)-4-methyl-2-p-tolylthiazole §7)
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LC-MS spectra of 5-(4-chlorophenyl)thiazol-4yl)-4-methyl-2-p-tolylthiazole §8)
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'H NMR (400 MHz, DMSO#ds) of 5-(2-(4-fluorophenyl)thiazol-4yl)-4-methyl-2-p-tolylthiazole §0)
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LC-MS spectra of 5-(4-fluorophenyl)thiazol-4yl)-4-methyl-2-p-tolylthiazole §0)

23



NN /s
o
HaC o1
CHs
T T | T | T T T T I T T I T T ‘ T T T T I T T | T T T T ‘ T T I T T
7 6 5 4 3 2 1
& . P e
g 8 5 5
< © ~N o
'H NMR (400 MHz, DMSO-g) of 4-methyl-2-p-tolyl-5-(2p-tolylthiazol-4-yl)thiazole 1)
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LC-MS spectra of 4-methyl-2-p-tolyl-5-¢p-tolylthiazol-4-yl)thiazole ©61)
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'H NMR (400 MHz, DMSO#ds) of 5-(2-benzylthiazol-4-yl)-4-methyl-2-p-tolyltazole 62)
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LC-MS spectra of 5-(Zenzylthiazol-4yl)-4-methyl-2-p-tolylthiazole §2)
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'H NMR (400 MHz, DMSO-g) of 5-(2-(4-chlorobenzyl)thiazol-4yl)-4-methyl-2-p-tolylthiazole 3)
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LC-MS spectra of 5-(24-chlorobenzyl)thiazol-4yl)-4-methyl-2-p-tolylthiazole §3)
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'"H NMR (400 MHz, DMSOds) of 5-(2-(4-fluorobenzyl)thiazol-4yl)-4-methyl-2-p-tolylthiazole §4)
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LC-MS spectra of 5-(4-fluorobenzyl)thiazol-4yl)-4-methyl-2-p-tolylthiazole §4)
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