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A one-pot, catalyst- and solvent-free approach haen  developed:for the stereoselective synthesidluofinated
tetrahydropyrimido[1,2-b]benzothiazoles. The theeeponent condensation reaction of an aldehydeaatrifluoromethyl -

dicarbonyl compound in the presence of 2-aminobiizale occurs in high yields at 90 °C.
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INTRODUCTION derivatives, which they used for the selective tmmsion of
highly functionalized small organic molecules wittigh
Recently, the synthesis of organofluorine compsuhds synthetic and biological value [14,15]. However careful
received significant attention due to their biokadiactivities literature search reveals that the reaction of 2-
[1-5]. Among these, heterocyclic /compounds contejni aminobenzothiazol and aldehydes with ethyl 4,4,4-
trifluoromethyl group are attractive targets for diwénal trifluoroacetoacetate undBtCR strategy has not been studied.
chemistry [6-8]. Some of the /most well-known drugse In pursuit of our ongoing studies in the synthesfisiew
Prozac (anti-depressant), . Diflucan’ (anti-fungal rage fluorinated organic compounds [16-18] and our grayi
Casodex (anti-cancer agent) and Desflurane (inbalat interest inMCRs, Biginelli and Biginelli-like reactions [19-
anesthetic) [9]. Mosher’s acid and its derivatiaes another 24], herein we wish to report the stereoselectigghthesis of
important class of Gfcontaining compounds, which are fluorinated tetrahydropyrimido[l,2-b]benzothiazolesing
widely used as chiral NMR resolution agents [10-12] systems via the one-pot three-component condensation
Therefore, the exploration of new effective methémistheir  reaction of an aldehydeand ethyl 4,4,4-trifluoroacetoacetate
synthesis is axiomatic. 2 in the presence of 2-aminobenzothiazeinder solvent-free
Due to the atom economy, convergent character ancbnditions at 90 °C without using any catalyst (ob 1).
simplicity of one-pot procedures, multi-component
condensation reactionsViCRs) occupy a superior position EXPERIMENTAL
compared with other reactions. Therefore, the disgoand
development of noveMCRs is attracting growing interest Apparatus
from industrial chemistry research groups [I3)e of the first Melting points were measured on an Electrother®i&l0
substrate classes involved MICRs was the 1,3-dicarbonyl apparatus. Mass spectra were recorded on a FINNHKSIAN
8430 mass spectrometer operating at an ionizatibengial of
*Corresponding authors. E-mail: a-shaabani@cc.shiu.a 70 eV. IR spectra were recorded on an@tizu IR-470
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spectrometer’H and *C NMR spectra were recorded on a

Ethyl-4~(trifluor omethyl)-4-hydr oxy-6-(phenyl)-1,4,5,6-

BRUKER DRX-300.13 AVANCE spectrometer at 300.13.13tetrahydropyrimido[1,2-b]benzothiazol e-3-car boxylate

and 75.47 MHz, respectively. NMR spectra were olgdion
solutions in CDGand DMSOd;.

Typical Procedure for the Synthesis of Ethyl-4-
(trifluoromethyl)-4-hydr oxy-6-(4-methylphenyl)-1,4,
5,6-tetrahydropyrimido[1,2-b]benzothiazole-5-
carboxylate (4a, C,1H19F3N,03S)

A mixture of ethyl 4,4,4-trifluoroacetoacetate @4 g, 1

(4b, CyoH47F3N503S). White powder (0.354 g, 84%): m.p.:
139-140 °C. IR (KBr, cif): 3070, 1739, 1584, 1561, 1468
NMR (300 MHz, CDC)): 6 0.99 (t, J = 7.1 Hz, 3H,
OCH,CH3), 3.05 (d,J= 11.4 Hz, 1H, CKEOOEt), 3.97-4.05
(m, 2H, OCHCHj), 4.70 (brs, 1H, OY 5.44 (d,J= 11.4 Hz,
1H, CHN), 6.12-7.30 (m, 8CHarom).**C NMR (75 MHz,
CDCly): 6 13.65 (OCHCH3), 49.99 (GHCOOE), 57.99 (B-
N), 61.96 (Q®,CHs), 82.10 (g,°Jor = 31.0 Hz, GOH ),

mmol), para-methylbenzaldehyde (0.120 g, 1 mmol), and 2-113.46 (Carom), 121.98_(Grom), 122.68 (C arom), 123.06

aminobenzthiazole (0.150 g, 1 mmol) was successaedied
to a screw-capped vial containing a magnetic stirthar and
was heated at 90 °C in a preheated oil bath for After
completion of the reaction, the solid residue wastallized
from CH,Cl,/n-hexane 1:1 to yield 0.357 g @& as a white
powder (82%). m.p.: 161-163 °C. IR (KBr, ¢n3155, 1736,
1584, 1562, 1506 H NMR (300 MHz, CDCJ): 6 1.01 (t,J=
7.1 Hz, 3H, OCHCHz), 2.36 (s, 3H, gH,CHs), 3.06 (d,J=
11.4 Hz, 1H, CKLOOQEt), 3.97-4.08 (m, 2H, OGBHy), 4.64
(brs, 1H, QH, 5.36 (d,d= 11.4'Hz, 1H, CkN), 6.14-7.30 (m,
8CH arom) ppm.**C NMR (75 MHz, CDCJ): § 13.63
(OCH,CH3), 21.13 (GH4CHs), 49.90 (GICOOEL), 57.69
(CH-N), 61.91 (OG1,CHs), 82.21 (q2Jcr= 31.1 Hz, GOH),
113.39 (Carom), 121.87 (Garom), 122.62_(Grom), 122.79
(C arom), 123.80 (qJcr = 286.5 Hz, &), 125.42 (Carom),
127.24 (Carom), 130.03_(Girrom), 132.52_(Girom), 138.36
(C arom), 139.25 (Carom), 164.99 (EN), 170.86 (GO)
ppm. *F NMR (282 MHz, CDG)): § -82 (s, 3F, CE ppm.
MS (El, 70 eV):m/z (%) = 436 (M, 2), 286 (5), 217 (38), 150
(100), 69 (60). Anal. Calcd. for,gH10FsN,05S: C, 57.79; H,
4.39; N, 6.42; S, 7.35. Found: C, 56.92; H, 4.0167; S,
7.43.

(C arom), 124.50 (qiJcr = 283.5 Hz,_€s), 125.54 (Carom),
127.42 (Carom), 129.38 (Girom), 129.41 (Girom), 135.54
(C arom), 138.16 (@rom), 165.16 (EN), 170.42 (&O). MS
(El, 70 eV):m/z (%) = 422 (M, 18), 353 (80), 272 (15), 246
(35), 177 (100), 150 (85), 69 (70)Anal. Calcd. for
CooH17FsN,05S: C, 56.87; H, 4.06; N, 6.63; S, 7.59. Found: C,
56.48; H, 3.95; N, 6.72; S, 7.44.

Ethyl-4-(trifluor omethyl)-4-hydr oxy-6-(4-methoxy
phenyl)-1,4,5,6-tetr ahydropyrimido[ 1,2-b]benzo-thiazole-
5-carboxylate (4c, CoH19F3N,0,4S). White powder (0.342 g,
78%): m.p.: 146-148 °C. IR (KBr, c¢hr 3120, 1737, 1586,
1565, 1506*H NMR (300 MHz, CDC}): 6 1.04 (t,J= 7.1 Hz,
3H, OCHCHjy), 3.12 (d,J= 11.4 Hz, 1H, CIKOOEt), 3.82 (s,
3H, GH4OCH;), 3.99-4.08 (m, 2H, OCJ€H3), 4.60 (brs, 1H,
OH), 5.46 (d,J = 11.4 Hz, 1H, CHN), 6.23-7.37 (m, 8CH
arom). ®°C NMR (75 MHz, CDCJ): 6 13.70 (OCHCH,),
50.00 (GHHCOOEY), 55.35 (B-N), 57.59 (GH4OCH3), 62.00
(OCH,CHs), 81.93 (q,%Jcr = 32.1 Hz, _GOH), 113.69 (C
arom), 114.75 (Garom), 121.99 _(Garom), 122.70_(Garom),
123.04 (Carom), 123.60 (qJcr = 280.3 Hz, €3), 125.66 (C
arom), 127.10 (Garom), 128.70_(Garom), 138.29_(Garom),
160.19 (Carom), 165.20 (€N), 170.57 (€0O). MS (El, 70
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eV): miz (%) = 452 (M, 2), 302 (5), 257 (30), 233 (50), 150 xylate (4f, CoH16F3N:0sS). Pale yellow powder (0.364 g,

(50), 69 (100). Anal. Calcd. forgH:oFsN,0,S: C, 55.75; H,
4.23; N, 6.19; S, 7.09. Found: C, 56.16; H, 4.125M7; S,
7.34.

Ethyl-4-(Trifluor omethyl)-4-hydr oxy-6-(4-br omo-
phenyl)-1,4,5,6-tetr anydropyrimido[1,2-b]benzo-thiazole-
3-carboxylate (4d, CxoH16BrF3N,05S). White powder (0.405
g, 81%): m.p.: 142-144 °C. IR (KBr, ¢h 3230, 1732, 1592,
1580, 1483'H NMR (300 MHz, CDC}): 6 1.06 (t,J=7.1 Hz,
3H, OCHCHs), 3.00 (d,J = 11.3 Hz, 1H, CIEOOEt), 3.99-
4.05 (m, 2H, OCKCH), 4.60 (brs, 1H, OM 5.42 (dJ = 11.3
Hz, 1H, CHN), 6.09-7.52 (m, 8CHarom).'*C NMR (75
MHz, CDCk): ¢ 13.75 (OCHCH3), 49.86 (BICOOEt), 57.19
(CH-N), 62.04 (OE1,CHs), 82.23 (q2Jcr = 31.1 Hz, GOH),
113.11 (Carom), 121.74 (Garom), 122.53 (Grom), 123.09
(C arom), 123.30 (Carom), 125.58 (Carom), 129.05 (C
arom), 130.16 (qlJer = 289.00 Hz, €s), 132.59 (Carom),
134.93 (Carom), 137.94 (Carom), 164.86 (EN), 169.99
(C=0). MS (El, 70 eV)m/z (%) = 501 (M, 2), 433 {'Br, 10),
431 (%Br, 8), 352 {'Br, 4), 350 (°Br, 6), 307 {'Br, 18), 305
("Br, 20), 283 {Br, 23), 281 (°Br, 25), 150 (100), 69 (40).
Anal. Calcd. for GgH1¢BrFN,OsS: C, 47.92; H, 3.22; N, 5.59;
S, 6.40. Found: C, 47.63; H, 3.41; N, 5.66; S, 6.27

Ethyl-4-(trifluor omethyl)-4-hydr oxy-6-(4-chlor o-
phenyl)-1,4,5,6-tetrahydropyrimido[1,2-b]benzothiazole-3-
carboxylate (4e, CxH16CIF3N,O3S). White powder (0.426 g,
93%): m.p.: 138-139 °C. IR (KBr, chr 3200, 1734, 1597,
1575, 1486'H NMR (300 MHz, CDC})): ¢ 1.05 (t,J= 6.96
Hz, 3H, OCHCH,), 3.01 (d;J = 11.3 Hz, 1H, CI@OOEY),
3.96-4.07 (m, 2H, OCHCH,), 4.75 (brs, 1H, OH 5.42 (d,J=
11.3 Hz, 1H, CHN), 6.05-7.43 (m, 8CHirom).**C NMR (75
MHz, CDCL): 6 13.70 (QCHCH), 49.86 (HHCOOE), 57.14
(CH-N), 62.07 (Q®1,CHs), 82.20 (q%Jcr = 31.2 Hz, GOH ),
113.12 (Carom), 122.05 (Garom), 122.57_(Grom), 123.08
(C arom), 124.15 (qiJcr = 290.5 Hz, &), 125.57 (Carom),
128.77 (Carom), 129.65_(Girrom), 134.35_(Girom), 135.20
(C arom), 137.95 (@rom), 164.88 (EN), 170.14 (GO). MS
(El, 70 eV):m/z (%) = 458 (M, 4), 389 (6), 306 (15), 150
(100), 69 (35)Anal. Calcd. for GoH1sCIF3N,05S: C, 52.58;
H, 3.53; N, 6.13; S, 7.02. Found: C, 53.22; H, 3N55.98; S,
7.24.

Ethyl-4-(trifluor omethyl)-4-hydr oxy-6-(4-nitr ophenyl)-
1,4,5,6-tetr ahydr opyrimido[1,2-b]benzothiazole-3-car bo-

26

78%): m.p.: 156-158 °C. IR (KBr, chr 3105, 1737, 1585,
1570, 1518'H NMR (300 MHz, DMSO«d): 6 1.07 (t,J= 6.8
Hz, 3H, OCHCH;), 3.04 (d,J = 10.7 Hz, 1H, CKEOOEY),
4.02-4.11 (m, 2H, OC}CHs), 5.59 (d,J= 10.7 Hz, 1H, CH
N), 6.02-8.26 (m, 8CHirom).**C NMR (75 MHz, DMSOd):
0 14.02 (OCHCHg), 46.13 (GHCOOEL), 55.42 (B-N), 61.41
(OCH,CHs), 82.997(6,%)cr = 33.2 Hz, GOH ), 110.66 (C
arom), 123.83(Garom), 124.38 (Girom), 127.83 (q-Jcr =
285.7 Hz,_&5), 128.20 (&1 arom), 138.37_(Grom), 139.53
(C arom),” 144.35 (Carom), 146.56 (Carom), 147.06 (C
arom), 148.01 (Carom), 162.56 (€EN), 168.84 (G0O). MS
(El, 70 eV):mVz (%) = 449 (M-H,0, 2), 400 (5), 350 (10),
325 (20), 282/(100), 236 (60), 150 (70), 108 (68, (55).
Anal. Calcd. for GgH16F3N50sS: C, 51.39; H, 3.45; N, 8.99; S,
6.86. Found: C, 50.89; H, 3.36; N, 9.14; S, 6.52.
Ethyl-4-(trifluor omethyl)-4-hydroxy-6-(3-nitrophenyl)-
1,4,5,6-tetr ahydr opyrimido[1,2-b]benzothiazol e-3-car bo-
xylate (4g, CxH1sF3N305S). Pale yellow powder (0.420 g,
90%): m.p.: 175-177 °C. IR (KBr, ¢l 3095, 1729, 1590,
1524, 1567'H NMR (300 MHz, DMSO#¢g): 6 1.13 (t,J= 6.9
Hz, 3H, OCHCH;), 3.37 (d,J = 10.7 Hz, 1H, CIKEOOEY),
4.03-4.09 (m, 2H, OC}CH,), 6.02 (d,J= 10.7 Hz, 1H, CH
N), 6.60-8.18 (m, 8CHirom).**C NMR (75 MHz, DMSOd):
0 14.00 (OCHCHy), 46.20 (BGHCOOEt), 55.23 (6-N), 61.40
(OCH,CH3), 83.31 (q,%Jce = 30.2 Hz, GOH), 110.60 (C
arom), 121.82 (Garom), 121.96 _(Girom), 122.79_(Girom),
123.17 (Carom), 123.63_ (@rom), 124.31 (dJor = 280.3 Hz,
CF3), 127.04 (Carom), 130.15_(Garom), 133.74 _(Garom),
139.48 (Carom), 141.20_(Grom), 148.20_(Garom), 162.76
(C=N), 168.94 (G0O). MS (EIl, 70 eV)m/z (%) = 468 (MH,
8), 398 (25), 248 (80), 150 (95), 69 (100). Anahled. for
C,o0H16F3N305S: C, 51.39; H, 3.45; N, 8.99; S, 6.86. Found: C,
51.70; H, 3.56; N, 8.73; S, 6.54.
6-(Trifluoromethyl)-pyrimido[1,2-b]benzothiazole-4-one
(6, C11H6F3N30). White powder (0.215 g, 85%): m.p.: >280
°C. IR (KBr, cm'): 3140, 1680, 1606, 1585, 14861 NMR
(300 MHz, DMSO): 6 6.45 (s, 1H, CH 7.37-8.45 (m, 4CH
arom).®*C NMR (75 MHz, DMSQds): 6 99.39 (GH), 111.88
(C arom), 116.34_(Grom), 121.71 (qtJcr = 274.1 Hz, E5),
122.86 (Carom), 125.96 _(Girom), 127.28 (Girom), 130.86
(C arom), 150.37_(Grom), 151.31 (¢fJer = 33.8 Hz, GCF,),
159.42 (G0). MS (El, 70 eV)mVz (%) = 253 (M, 100), 225
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(70) 206 (15), 184 (25), 156 (25), 133 (35), 90)(&® (40). further, we extended our studies to the use obuarneta and
Anal. Calcd. for GHeFsN3O: C, 52.18; H, 2.39; N, 16.60. para-substituted benzaldehydes in the presence of 2-

Found: C, 51.94; H, 2.51; N, 17.02. aminobenzothiazole. As indicated in Table 1, thactien
proceeded efficiently with both electron-withdragirand
RESULT AND DISCUSSION electron-releasingeta andpara-substituted benzaldehydes.

It is important to note that 2-aminobenzimidazbleeact

The reaction of an aldehyde with ethyl 4,4,4-with fluorinate g-dicarbonyl compound (under the identical
trifluoroacetoacetate in the presence of 2-aminpbtitizole  conditions) in a different manner, yielding 6-(tuidromethyl)-
led to stereoselective formation of fluorinated pyrimido[1,2-b]benzothiazole-4-or@ (Scheme 2). Formation
tetrahydropyrimido[1,2-b]benzothiazoleda-g in relatively  of the latter evidently proceeds without the p@ption of the
high yields. The structures of the products wemuded from aldehyde “component<and is competitive with the ehre
their IR,"H NMR and**C NMR spectra. The mass spectra of component condensation reaction. Probably, thisrssult of
these compounds displayed molecular ion peaks at tithe higher nucleophilicity of the -NH group of 2-
appropriatenyz values. ThéH NMR spectra offa consisted aminobezimidazole as compared to 2-aminobenzothi@ibe
of a triplet for theCH;CH,O group § = 1.01), a singlet for the high nucleophilicity of NH group in 2-aminobenzimidazole in
CHsCgH,4 (8 = 2.36), a doublet of doublet for the tv@H .comparison to 2-aminobenzothiazol may be explaimethe
groups § = 3.06 and 5.36 ppntdyy = 11.4 Hz), and a higher aromaticity of imidazole ring relative tdahol ring. In
multiplet for CHHCH,O (6 = 3.94-4.08). A broad signal for the other words, NBH group in 2-aminobezimidazole is less
OH group appeared at= 4.64 and a multiple for the aromatic conjugated with imidazole ring relative to thiariolg.
hydrogen’s appeared &t= 6.14-7.30. ThéH decoupledC Compound4a has three stereogenic centers, and therefore
NMR spectrum ofd4a showed 19 distinct resonances (two four diastereomers are expected (Scheme 3). ‘Fh&lMR
quartet at 82.21%0c = 31.12 Hz) foiC-OH and 123.80'0cr = spectra of the crude reaction mixture obtained fréewrg
286.50 Hz) forCE; and also 17 signal for other.carbons) inshowed a doublet of doublet &t= 3.00-3.12 ppm and =
agreement with the suggested structure. *Fhand**C NMR  5.36-5.59 ppm%(.; = 10.66 to 11.44 Hz) for the H-5 and H-6
spectra ofdb-g were similar to those ofa except for the R protons, respectively. These data were consistétit the
group, which exhibited characteristic signals vagipropriate  presence of an anti-HCCH arrangement diastereoBSR,
chemical shifts. 6S or 4S,5R,6S and their mirror image geometries).

To explore the scope and limitations tbfis reaction Crystal structure determination [25,26] 4& (Fig. 1)

Table 1. Synthesis of Fluorinated Tetrahydropyrimido[1,®dxjzothiazoles

Entry R Product Time (min) Yield (%)
1 4-Me 4a 120 82
2 H 4b 60 84
3 4-OMe 4c 100 78
4 4-Cl 4d 60 81
5 4-Br 4e 45 93
6 4-NO, Af 35 78
7 3-NG, 49 15 90
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Scheme 3

Fig. 1. (a): ORTEP representation 4d, (b): Side view of the compound that shows thé @ofiguration of the
H5 and H6 hydrogens.
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Scheme 4

clearly showed that vicinal OH-4 and COOEt groups syn,

and the(4R,5S,6R)-4a and its mirror imag€4S,5R,6S)-4a is

confirmed. [6]
We have not established a mechanism for the foomaif

tetrahydropyrimido[1,2-b]benzothiazoles systems,t ba  [7]

reasonable possibility is indicated in Scheme 4 Tdaction [ [8]

presumably proceeds in three steps: condensatiafdehyde

1 and ethyl 4,4 4-trifluoroacetoacetat2 by a-standard [9]

Knoevenagel reaction to produce 3-benzylidene-2,4-

pentanedion&, followed by aMichael addition of this product

with 2-aminobenzothiazol8 to give 8 which cyclizes to [10]
afford tetrahydropyrimido[1,2-b]benzothiazoles risgstems
4a-g (Scheme 4). [11]
In conclusion, we have introduced ‘a novel steflectige
three-component condensation reaction leadingutrifiated  [12]
tetrahydropyrimido[1,2-b]benzothiazoles systemsxaellent
yields from simple and readily available precursorder [13]
neutral conditions without using any catalyst dinetor.
[14]
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