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ABSTRACT

A highly efficient, rapid and catalyst free protocol has been developed for the synthesis of 2-aminothiazoles in
tetrahydrofuran (THF). Reaction was carried out at room temperature and the products were obtained in high
yields without further purification.
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INTRODUCTION

Thiazole structural motifs represent one of the timaslogically active classes of compounds [1,2he¥ possess
wide spectrum of biological activities and provelte an important intermediate for the synthesidbiofogical
active compounds [1,2]. 2-Amino-1,3-thiazole sclféohave found to be useful as antibacterial [B}itamor [4],
antifungal [4], VGEF-A inhibiting [5], anti-allergi [6], anti-hypertension [7], anti-inflammatory [&nti-viral [9]
etc agents. They are also known to bind with estmagceptors [10], behave as adenosine receptaga@rists [11]
and are effective against schizophrenia [12]. Tlsysthesis of thiazole derivatives with the aimdevelop new
drug molecules has been an active area of resgg&;h3-15].

Various synthetic methods have been reported foctimstruction of thiazole ring among which Hanltizsgnthesis
is the most common method which involves cyclizatod haloketones with thioamide [16]. Using thigpegach
several synthetic methodology have been adoptéddimg use of solid supported synthesis [17] arldtgm phase
preparation using various solvents such as DMF, [dBlxane [19], PEG-400 [20], glycerine [21]. Othmethods
include synthesis through usage of catalyst suchusiisg p-cyclodextrin [22], ammonium-molybdophosphate
(AMP) [23], iodine [24], silica-chloride [25] as Wes ionic liquids [26] and microwave irradiati¢27]. However,
in spite of their potential utility, many of theseported methods suffer from drawbacks such ashhaaction
conditions, long reaction times, unsatisfactoryldge tedious product isolation procedures and dsexpensive
catalysts. So development of an improved protosobfi considerable interest. As a part of our ongaéffort
towards the synthesis of biologically active compasi [28-30], we herein developed an efficient hjgdlding
synthetic protocol for 2-amino-1,3-thiazoles (Scleeh.
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Scheme 1: Synthesis of 2-amino-1,3-thiazoles
MATERIALSAND METHODS

All the chemicals used in the synthesis were plgetafrom Sigma-Aldrich and used as received. Taye
chromatography was used to monitor reaction pregi@smpounds were purified by crystallization. Mwgtpoints
were determined on a melting point apparatus aaduacorrected. IR (KBr) spectra were recorded u§iagkin-
Elmer FTIR spectrophotometer and the values areesspd in cih. The’H NMR spectra were recorded on Bruker
Spectrospin spectrometer at 400 MHz using TMS astannal standard. The chemical shift values aoemrded on

0 scale and the coupling constants (J) are in HemEhtal analysis were performed on a Carlo ErbaeVid-
1108 elemental analyzer.

General procedure for the synthesis of 4-phenylthiazol-2-amines: In a 50 mL round bottom flask, substituted
phenacyl bromide was dissolved using THF. The ti@awas added in 1: 1.2 molar ratios to the reagtidxture
and stirred at room temperature (r.t.) for 15 mégutAfter completion, the reaction mixture wasfitd and washed
with water. The precipitate was dried and the pobduas obtained as solid powder. The separated salis
recrystallized using ethanol.

4-Phenyl-1,3-thiazol-2-amine (3a). IR: 3435, 3252, 3154, 2920, 2852, 1600, 1520, 14840 1333, 1215, 1072,
912, 846, 775 cifi *H NMR (400 MHz, CDCJ): 6 5.12 (2H, bs), 6.75 (1H, s), 7.33 (1H,Jd& 7.6 Hz), 7.42-7.38
(2H, m), 7.80 (2H, dJ = 7.2 Hz); Anal. calc. for §1gN,S: C, 61.34; H, 4.58; N, 15.90; found C, 61.444t50; N,
15.94.

4-(4-Chlorophenyl)-1,3-thiazol-2-amine (3b). IR: 3436, 3243, 3145, 2920, 2850, 1599, 1522, 14820 1336,
1216, 1071, 912, 846, 775 ¢ntH NMR (400 MHz, CDCJ): § 5.04 (2H, bs), 6.74 (1H, s), 7.35 (2HJd; 8.4 Hz),
7.72 (2H, dJ = 8.4 Hz); Anal. calc. for 4;N,SCI: C, 51.31; H, 3.35; N, 13.30; found C, 51.413H10; N, 13.36.

4-(4-Fluor ophenyl)-1,3-thiazol-2-amine (3c). IR: 3434, 3243, 3150, 2928, 2857, 1590, 1520, 14820 1333,
1216, 1073, 911, 846, 773 &mH NMR (400 MHz, CDCJ): § 5.10 (2H, bs), 6.67 (1H, s), 7.11 (2HJd; 8.1 Hz),
7.78 (2H, dJ = 8.1 Hz); Anal. calc. for 4;N,SF: C, 55.65; H, 3.63; N, 14.42; found C, 55.563H0; N, 14.41.

4-(4-Bromophenyl)-1,3-thiazol-2-amine (3d). IR: 3427, 3282, 3106, 2924, 1530, 1466, 1390, 13845, 1032,
1001, 820, 727, 666 chm*H NMR (400 MHz, CDCJ)): 6 5.02 (2H, bs), 6.75 (1H, s), 7.50 (2H,Jd 8.4 Hz), 7.66
(2H, d,J = 8.8 Hz); Anal. calc. for §1;N,SBr: C, 42.37; H, 2.77; N, 10.98; found C, 42.432:¥2; N, 10.92.

4-(3-Bromophenyl)-1,3-thiazol-2-amine (3¢). IR: 3440, 3281, 3126, 2924, 1530, 1466, 1350, 13845, 1033,
1021, 822, 729, 667 cm*H NMR (400 MHz, CDC)): 6 5.02 (2H, bs), 7.15 (1H, s), 7.23-7.35 (3H, m,H)-7.65
(1H, d,J = 1.8Hz); Anal. calc. for §4;N,SBr: C, 42.37; H, 2.77; N, 10.98; found C, 42.412t¥0; N, 10.92.

4-(4-Nitrophenyl)-1,3-thiazol-2-amine (3f). IR: 3430, 3243, 3091, 2933, 1572, 1514, 1377, 13610 1216,
1071, 915, 846, 766 cin'H NMR (400 MHz, DMSOs): & 7.23 (2H, bs), 7.41 (1H, s), 8.03 (2H,J& 8.0 Hz),
8.25 (2H, dJ = 8.8 Hz); Anal. calc. for §4;N;0,S: C, 48.86; H, 3.19; N, 18.99; found C, 48.903H4; N, 18.92.

4-(3-Nitrophenyl)-1,3-thiazol-2-amine (3g). IR: 3429, 3240, 3071, 2933, 1570, 1514, 1373, 1312 1213,
1074, 915, 846, 767 cln*H NMR (400 MHz, DMSO€): & 7.11 (2H, bs), 7.67 (1H, s), 7.73-7.78 (3H, m,HY-
7.88 (1H, dJ = 1.8 Hz); Anal. calc. for §4;N;0,S: C, 48.86; H, 3.19; N, 18.99; found C, 48.813k25; N, 19.07.
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4-(4-Methoxyphenyl)-1,3-thiazol-2-amine (3h). IR: 3434, 3253, 2948, 1524, 1482, 1336, 1216 11@10, 846,
773 cm’; *H NMR (400 MHz, CDC}): & 3.80 (3H, s) 5.01 (2H, bs), 6.58 (1H, s), 6.81,(8H,J = 8.2 Hz,J = 1.8
Hz) 7.72 (2H, ddJ = 8.4 Hz,J = 1.6 Hz); Anal. calc. for gH;oN,OS: C, 58.23; H, 4.89; N, 13.58; found C, 58.29;
H, 4.70; N, 13.49.

4-(3-Methoxphenyl)-1,3-thiazol-2-amine (3i). IR: 3453, 3278, 2918, 2855, 1599, 1440, 1240, 1908, 856, 780
cm.-1 cm*; *H NMR (400 MHz, CDC)): § 3.85 (3H, s), 5.18 (2H, bs), 6.71 (1H, s), 6.88,(d,J = 1.8 Hz), 7.34-
7.25 (3H, m); Anal. calc. for gH;oN,OS: C, 58.23; H, 4.89; N, 13.58; found C, 58.194H0; N, 13.49.

4-(4-Methylphenyl)-1,3-thiazol-2-amine (3j). IR: 3427, 3216, 3128, 2945, 2821, 1588, 1509, 14341, 1221,
1078, 918, 836, 763 cm.-1 &m'H NMR (400 MHz, CDC)): & 2.38 (3H, s), 5.09 (2H, bs), 6.68 (1H, s), 7.149,(2
d,J=7.6 Hz), 7.67 (2H, d] = 8.0 Hz); Anal. calc. for gH;oN,S: C, 63.13; H, 5.30; N, 14.72; found C, 63.11; H,
5.40; N, 14.77.

4-(3-Methylphenyl)-1,3-thiazol-2-amine (3k). IR: 3429, 3213, 3120, 2941, 2821, 1583, 1509, 1434@1, 1223,

1
1077, 918, 836, 663 ¢in H NMR (400 MHz; DMSO0):$ 2.33 (3H, s), 6.98 (1H, s), 7.02 (2H, bs), 7.1837(2H,
m), 7.58 (1H, dJ = 7.8 Hz), 7.66 (1H, d] = 1.6 Hz); Anal. calc. for GH;oN,S: C, 63.13; H, 5.30; N, 14.72; found
C, 63.15; H, 5.37; N, 14.77.

4-(3,4-Dichlorophenyl)-1,3-thiazol-2-amine (31). IR: 3425, 3235, 3144, 2919, 2864, 1517, 1486, 14336, 1096,
1062, 907, 834, 753 cm.-1 &m*H NMR (400 MHz,CDC}): § 5.02 (2H, bs), 6.75 (1H, s), 7.47 (1HJd; 8.1 Hz),
7.61-7.58 (1H, ddJ = 8.4 Hz,J = 2.1 Hz), 7.89 (1H, d] = 2.1 Hz); Anal. calc. for §4sN,SCh: C, 44.10; H, 2.47;
N, 11.43; found C, 44.15; H, 2.40; N, 11.41.

4-(4-Cyanophenyl)-1,3-thiazol-2-amine (3m). IR: 3420, 3227, 3167, 2812, 2237, 1599, 1472, 14389, 1211,
1042, 915, 856, 783 cm.-1 &mtH NMR (400 MHz, CDC)): 6 5.10 (2H, bs), 6.78 (1H, s), 8.03 (2H,Jd; 8.0 Hz),
8.25 (2H, dJ = 8.8 Hz); Anal. calc. for gH;N3S: C, 59.68; H, 3.51; N, 20.88; found C, 59.603t57; N, 20.81.

RESULTSAND DISCUSSION

Careful literature analysis revealed that a varatgolvents have been used for the reaction afkeabnes with
thioamide [18-21]. Our focus was to develop a sgtithprotocol which can give high yield with easgniv up. We

have tried the reaction in various solvent systdirable 1). Tetrahydrofuran (THF) gave maximum yiéhd

minimum time with easy workup procedure. The resctf phenacyl bromidel] and thiourea?) was carried out
in the presence of THF (Scheme 1, Table 2). Thenaty bromides carrying different functional groupsre

subjected to the reaction as presented in tablé@ reaction protocol gave high yields (83-95%a ishort reaction
time of 15 minutes. All the used functionalitiesresdound to be compatible under the reaction camditWe have
also explored the possibility of using other sotveystems as the reaction media but the yieldeptioduct was not
appreciable even after refluxing for about 3-6 lsdrable 1).

To assess the feasibility of the methodology orhéigscale under identical reaction conditions, aeied out the
reaction on a 50 gm scale twice for compo@adind it was observed that the reaction proceededthiy and the
desired product was isolated in 94% and 93% yidltie. structures of all of the compounds were idietiby their
mp and spectral data.

Table 1: Reaction of 1 and 2 in various solvent systems

Solvent system Time of reaction Isolated Yield %
H,O:DMF 4 h (Reflux) 60
Benzene 6 h (Reflux) 62
Dioxane 3 h (Reflux) 58
H,0O:Dioxane 3 h (Reflux) 63
H,O:Toluene 4 h (Reflux) 65
Tetrahydrofuran (THF)| 10 min (Room Temp.) 95
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Table 2: One-pot synthesis of substituted 2-amino-1,3-thiazoles via Scheme 1

Comp. R R Isolated | Mp (°C) Mp (°C)

No. 3 ! 2 | Yield (%) | Found | Reported[ref]
a H H 95 147-148 150-151 [31]
b Cl H 83 162-164 167-168 [20
o F H 85 10E-10€ 102-103 [32
d Br H 92 180-181 176-177 [33]
e H Br 89 132-135 )

f NO, H 94 280-284 284-286 [34]
g H NO, 90 190-192 189-190 [32]
h OCH, H 92 204-20€ 20€-209 [20

i H OCH; 89 99-10C 98-100 [35

i CHs H 87 134-136 135-136 [34]
k H CHs; 85 59-60 56-58 [35]

| Cl Cl 92 190-195 -

m CN H 93 259-265 257-268 [36]

CONCLUSION

In conclusion, we have developed a novel synthagthodology for the synthesis of 2-aminothiazolevdgives
using phenacyl bromides and thiourea in tetrahydesf (THF). The short reaction times, high yieldsl &asy
workup are the main advantages of this process.

Acknowledgements
The authors AF and RS are thankful to Council aeftific & Industrial Research (CSIR), New Delhindia and
DM to University Grant Commission (UGC) India fandncial support.

REFERENCES

[1] Nevagi RJDer Pharma Lett, 2014, 6, 134.

[2] Mishra CB, Kumari S, Tiwari MEur J Med Chem, 2015, 92, 1.

[3] Tsuiji K, Ishikawa HBioorg Med Chem Lett, 1994, 4, 1601.

[4] Ramirez J, Svetaz L, Quiroga J, Abonia R, RaididM, Zacchino S, Insuasty BEur J Med Chem, 2015, 92,
866.

[5] Prashanth T, Thirusangu P, Vijay BR, RanganatiaPrabhakar BT, Khanum SA&ur J Med Chem, 2014, 87,
274.

[6] Hargrave KD, Hess FK, Oliver JJ,Med Chem, 1983, 26, 1158.

[7] Patt WC, Hamilton HW, Taylor MD, Ryan MJ, Tayldr DG, Connolly CJC, Doherty AM, Klutchko SR, &ir
I, Steinbaugh BA, Batley BL, Painchaud CA, Rapundall, Ichniewicz BM, Olson SCJ,Med Chem, 1992, 35,
2562.

[8] Clemence F, Martret OL, Delevallee F, Benzaniduanen A, Jouquey S, Mouren M, Deraedi Red Chem,
1988, 31, 1453.

[9] Bell FW, Cantrell AS, Hogberg M, Jaskunas SBhansson NG, Jordon CL, Kinnick MD, Lind P, MadinJM,
Noréen R, Oberg B, Palkowitz JA, Parrish CA, PrRn&ahlberg C, Ternansky RJ, Vasileff RT, VranyMest SJ,
Zhang H, Zhou X-X,J Med Chem, 1995, 38, 4929.

[10]Fink BE, Mortensen DS, Stauffer SR, Aron ZDgtkenellenbogen JAhem Biol, 1999, 6, 205.

[11]van Muijlwijk-Koezen JE, Timmerman H, VollingRC, von DrabbeKunzel JF, De Groote M, Visser S,
lizerman AP J Med Chem, 2001, 44, 749.

[12]Jaen JC, Wise LD, Caprathe BW, Tecle H, Beligm®, Humblet CC, Heffner TG, Meltzner LT, Pugsley, J
Med Chem, 1990, 33, 311.

[13]De Souza MVN, De Almeida M\Quimica Nova, 2003, 26, 366.

[14] Pasqualotto AC, Thiele KO, Goldani LZurr Opin Investig Drugs, 2010, 11, 165.

[15]Knadler MP, Bergstrom RF, Callaghan JT, RubjrDrug Metab Dispos, 1986, 14, 175.

[16] Hantzsch A, Weber Ber, 1887, 20, 3118.

[17]Kazzouli SEI, Raboin SB, Mouadbib A, Guillaunt, Tetrahedron Lett, 2002, 43, 3193.

[18]Bailey N, Dean AW, Judd DB, Middlemiss D, StoR, Stephen PWRioorg Med Chem Lett, 1996, 6, 1409.
[19] Kearney PC, Fernandez M, Flygare JArg Chem, 1998, 62, 196.

[20] Zhu D, Chen J, Xiao H, Liu M, Ding J, Wu Bynth Commun, 2009, 39, 2895.

17
Pelagia Research Library



Ram Singh et al Der Chemica Sinica, 2015, 6(8):14-18

[21] Narsaiah AV, Ghogare RS, Biradar DQrg Commun, 2011, 4, 75.

[22] Kumar VP, Narender M, Sridhar R, Nageswar Y\R2,0 KR,Synth Commun, 2007, 37, 4331.

[23] B. Das, V.S. Reddy, R. RamuMol Catal A: Chemical, 2006, 252, 235.

[24] Kidwai M, Bhatnagar D, Mothsra P, Singh AK, Y08, J Sulfur Chem, 2009, 30, 29.

[25] Karade HN, Sathe M, Kaushik MRlolecules, 2007, 12, 1341.

[26] Yavari |, Sayyed-Alangi SZ, Hajinasiri R, Ghabadi HSMonatsh Chem, 2009, 140, 209.

[27] Jain KS, Bariwal JB, Kathiravan MK, Raskar Vi§jankhede GS, Londhe NA, Dighe SGIeen Sustainable
Chem, 2011, 1, 36.

[28] Singh R, Geetanjali Braz Chem Soc, 2005, 16, 666.

[29]Mamgain R, Singh R, Rawat D$Heterocycl Chem, 2009, 46, 69.

[30]ingh R, Bhasin G, Geetanjali, Srivastaval®&hem Pharmaceut Res, 2014, 6, 776.

[31]King CL, Miller FM, J Am Chem Soc, 1949, 71, 367.

[32] Potewar TM, Ingale SA, Srinivasan KVetrahedron, 2008, 64, 5019.

[33] Mahapatra GNJ Ind Chem Soc, 1956, 33, 527.

[34] Banothu J, Vaarla K, Bavantula R, Crooks EAinese Chem Lett, 2014, 25, 172.

[35]Lim SS, Debono CO, MacRaild CA, Chandrashekdf, Dolezal O, Anders RF, Simpson JS, Scanlon MJ,
Devine SM, Scammells PJ, Norton R$is J Chem, 2013, 66, 1530.

[36] http://www.chemspider.com/Chemical-StructtBl4465.html?rid=7ccfle69-b01b-4562-b8f2-e398cadb92
(accessed on 18 Ju2@15).

18
Pelagia Research Library



