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densing substituted arylamine/2-aminothiazole/2-aminobenzenethiazole with Meldrum’s acid and
trimethylorthoformate in 1-butyl-3-methylimidazolium bromide at a moderate temperature to afford
5-{(substituted aryl/4-methylthiazolyl/substituted benzothiazolyl)methylene}-2,2-dimethyl-1,3-diox-
ane-4,6-dione. The resulting compounds upon cyclization in 1-butyl-3-methyl tetrafluoroborate/triflate

Ke),' words; at a moderate temperature gave the title compounds in excellent yields.
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Tonic liquid

4(1H)-Quinolones constitute an important class of heterocyclic such as anti-viral,! anti-platelet,® anti-tumor* and positive cardiac
compounds because of their important pharmaceutical properties,
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Scheme 1. Synthesis of 4(1H)-quinolones.
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effects.” These compounds have been exploited as precursors for
anti-cancer® and anti-malarial agents.”

The antibiotics, viz. norfloxacin and ciprofloxacin have been
found to possess 4(1H)-quinolone nuclei, which inhibit topoiso-
merase I (Gyrase-a subunit).®® Thiazolo[3,2-a]pyrimidine deriva-
tives have demonstrated a variety of pharmacological activities,
for example, anti-inflammatory,'° as inhibitors of matrix metallo
proteinases,'! etc. Pyrimido[2,1-b]benzothiazol-4-one has exhib-
ited potent pharmacological activities,'? for example, anti-bacte-
rial, anti-fungal, anti-inflammatory, etc. Various methods have
been reported for the syntheses of 4(1H)-quinolones, viz. addition
of (ethoxymethylene) malonates with anilines and subsequent
cyclization,'® addition of maleates to o-aminobenzoates followed
by cyclization.' Conard-Limpach and Niementowski reactions'”
generally focus on the condensation of amines, carboxyl deriva-
tives and subsequent cyclization. These methods, however, suffer
serious disadvantages for the synthesis of 2,3-unsubstituted
4(1H)-quinolones as the removal of ester groups present at these
positions involves several steps. Some elegant syntheses for the

Table 1
Yields of the compounds 4a-e and 5a-e

Product  R! R> R R* Yield? (%)/Time (min)

[BMIM|Br  [BMIM|BF;  [BMIM]OTf
4 5 5

a H H H H 87120 85/120 90/120

b Me H H H  91/120 77/120 84/120

c Me H H Me 94/120 75/120 79/120

d d H H H 720120 70/120 75/120

e ca H dd H 68120 66/120 73/120

@ Isolated yield after purification.

unsubstituted 4(1H)-quinolones have been reported, viz. addition
of anilines to methylacetylene carboxylate and further
cyclization,'® thermolysis of aminomethylene Meldrum’s acid
derivatives'” and reaction between polymer bound cyclic malonic
ester with anilines.'® The serious drawbacks of these methods form
the necessity to employ harsh cyclization conditions, including
temperatures above 200 °C or strong acids such as polyphosphoric
acid or Eaton’s reagent.'® Also, the yield of the products were mod-
erate to good. The thiazolo[3,2-a]pyrimidine derivatives have been
synthesized by reacting 1,2,3,4-tetrahydropyrimidine-2-thione
with chloroacetic acid and appropriate benzaldehyde.'® In this
method the cyclization step occurs at 220-40 °C.

In view of diversified applications of 4(1H)-quinolones, thiazol-
0[3,2-a]pyrimidines and pyrimido[2,1-b]benzothiazoles and our
interest in developing environmentally friendly room temperature
ionic liquid mediated synthetic methodologies,'® we herein report
for the first time a clean, smooth and efficient two step synthesis of
4(1H)-quinolones, 5H-thiazolo[3,2-a]pyrimidine, and 4H-pyrimi-
do[2,1-b]benzothiazoles at a moderate temperature.

In our strategy, we have performed the reaction between aryl-
amine 1la-e with Meldrum'’s acid (2,2-dimethyl-1,3-dioxane-4,6-
dione, in which the nucleophilic attack occurs at C-4 and C-6 while
the electrophilic attack occurs at C-5 position) 2 and trimethyl
orthoformate 3 in the presence of ionic liquid, viz., 1-butyl-3-methyl
imidazolium bromide [BMIM|Br. The reaction has been carried out
by stirring the contents of the flask under nitrogen atmosphere at
40+ 2°C. The products obtained were arylaminomethylene-1,
3-dioxane-4,6-dione 4a-e. Compounds 4a-e were then cyclized un-
der nitrogen current at 80 + 2 °C in ionic liquids, viz. [BMIM|BF,/OTf
to afford 4(1H)-quinolones 5a-e in excellent yields. (Scheme 1,
Table 1).
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Scheme 2. Synthesis of 5H-thiazolo [3,2-a]pyrimidin-5-one/4H-pyrimido[2,1-b]benzothiazol-4-ones.
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Table 2
Yields of the compounds 9a-e and 11a-e

Product R' R? Yield? (%)/Time (min)
[BMIM|Br [BMIM]BE4 [BMIM]OTf
9 11 11
a H H 87/120 90/90 93/90
b CHs H 91/120 85/90 88/90
c H CHs 94/120 83/90 85/90
d H OCH3 72/120 78/90 80/90
e H cl 78/120 75/90 77/90
@ Isolated yield after purification.
Table 3
Recyclability data for product 4a and 5a
Product Cycle Yield® (%)/Time (min)
[BMIM]Br [BMIM]BE, [BMIM]OTf
4a 0 87/120 — -
1 83/120 - -
2 79/120 - -
5a 0 - 85/120 90/120
1 - 79/120 85/120
2 - 76/120 80/120

2 Isolated yield after purification.

We have attempted the cyclization of 4a—e in [BMIM|Br/BF,/
OTf at temperatures 40 +2 °C, 80 + 2 °C with any of these three
ILs. However at 80+ 2 °C when cyclization was attempted with
[BMIM|BF,4/OTf, we have obtained the products 5a-e in excellent
yields. This behavior appears to be due to the coordinating strength
between the cation, viz. [BMIM]* and anion Br~/BF, /OTf . As BF,
and OTf~ are weakly coordinated®® Br~ > BF, > OTf", the cyclization
occurs smoothly with [BMIM]|BF,4/OTf. The better results of
cyclization with anion OTf~ in comparison to BF, are in conso-
nance with this preposition.

Next, we have attempted this methodology with 2-aminothia-
zole 6/2-aminobenzothiazole 7a-e, reactant 2 and 3 in the pres-
ence of [BMIM]|Br under nitrogen atmosphere at 40+2°C to
afford thiazolo-2-amino/benzothiazolyl-2-aminomethylene-1,3-
dioxane-4,6-dione 8/9a-e in excellent yields. These compounds
upon subsequent cyclization, as described above, afford 5H-thiaz-
olo[3,2-a]pyrimidine-5-one 10 in an 88% yield/4H-pyrimido
[2,1-b]benzothiazol-4-ones 11a-e in good yields (Scheme 2,
Table 2).

A general method for the synthesis of these compounds is pre-
sented.?! All these compounds 4a-e, 5a-e, 8, 9a—e, and 11a-e were
characterized by IR, 'H NMR, 3C NMR, mass spectroscopy and
elemental analysis.??

We have studied the recyclability of the regenerated ionic
liquids for the products 4a and 5a. The yields of the products in
two cycles are presented in Table 3.

From the data presented in Table 3, it is clear that the yields of the
products 4a and 5a decrease in various cycles, yet the regenerated
ionic liquid can be reused with reasonably good success. Thus, this
procedure is advantageous over the reported conventional methods.

In conclusion, we have developed an environmentally benign
efficient methodology for the clean synthesis of 4(1H)-quinolones,
5H-thiazolo[3,2-a]pyrimidin-5-ones and 4H-pyrimido|3,2-a]ben-
zothiazol-4-ones.
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22. Details of analytical data of compounds 4a,b, 5a,b,d,e, 8, 11a,b; Compound 4a.
5{(Phenylamino)methylene}-2,2-dimethyl, 1,3-dioxane-4,6-dione: Yellow
solid, mp 135-136 °C, Characteristic IR (KBr pellet, cm~') 3169, 3067, 1728,
1675, 1630, 1608, 1440, 1270, 1028. 'H NMR (300 MHz, CDCl3) 6 1.74 (s, 6H,
2 x CHs), 7.18 (d, *] = 7.8 Hz, 2H, Ar), 7.15 (dd, 3] = 7.6, 2H, Ar), 7.12 (dd, 1H, Ar),
8.68 (d, */=13.9Hz, 1H, =CH), 11.43 (br d, */=13.8 Hz, 1H, NH). '3C NMR
(75 MHz, CDCl3) 6 = 27.1, 87.2, 105.4, 116.9, 125.2, 127.4, 131.5, 136.2, 137.6,
152.6, 163.6, 165.7. Anal. Calcd for C;3H3NOy4: C, 63.15; H, 5.26, N, 5.66%.
Found: C, 63.12; H, 5.18; N, 5.60%.

Compound 4b. 5{[(2-Methylphenyl)amino]methylene}, 2,2-dimethyl-1,3-
dioxane-4,6-dione: yellow solid, mp 142-143 °C, Characteristic IR (KBr pellet,
cm~!) 3165, 3058, 2985, 1722, 1672, 1640, 1609, 1440, 1270, 1025. 'TH NMR
(300 MHz, CDCls) 6 1.76 (s, 6H, 2 x CHs), 3.33 (d, 3H, CH3), 7.02 (d, 3] = 7.6 Hz,
1H, Ar), 7.15 (dd, 2H, Ar), 7.19 (d, 3] = 7.6 Hz, 1H, Ar), 8.65 (d, 3] = 13.9 Hz, 1H, -
CH), 11.40 (d, 3/ = 13.9 Hz, 1H, NH). '*CNMR (75 MHz, CDCls) 6 21.1, 27.1, 87.1,
105.3,117.4, 124.8, 127.5, 131.3, 136.7, 137.5, 152.7, 163.6, 165.7. Anal. Calcd
for C14H15NO4: C, 64.36; H, 5.74; N, 5.36%. Found: C, 64.28; H, 5.79; N, 5.44%.
Compound 5a. Quinolin-4(1H)-one: brownish solid, mp 190-191 °C,
Characteristic IR (KBr pellet, cm™') 3240, 3080, 3150, 1640, 824. 'H NMR
(300 MHz, CDCl5) 6 6.12 (d, ) = 7.5 Hz, 1H, CH), 7.37 (dd, %/ = 7.5 Hz, 2H, Ar),
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7.78 (d, 3] = 7.5 Hz, 1H, CH), 8.27 (d, 3] = 7.5 Hz, 2H, Ar), 10.97 (s, 1H, NH). '3C
NMR (75 MHz, CDCl3) 6 108.1, 118.4, 121.2, 126.1, 128.4, 138.2, 138.7, 143.7,
171.8. Anal. Calcd for CoH;NO: C, 74.48; H, 4.82; N, 9.65%. Found: C, 74.43; H,
4.80; N, 9.75%.

Compound 5b. 8-Methylquinolin-4(1H)-one: brownish solid, mp 196-197 °C,
Characteristic IR (KBr pellet, cm~!) 3168, 3110, 1610, 1560, 1519, 805. 'H NMR
(300 MHz, CDCl3) & 2.42 (s, 3H, CH3), 6.21 (d, 3/=7.3 Hz, 1H, CH), 6.92 (d,
3] =7.4Hz, 2H, Ar), 7.23 (dd, 3] = 7.4 Hz, 1H, Ar), 7.73 (d, *| = 7.3 Hz, 1H, CH). *C
NMR (75 MHz, CDCl3): § = 24.2, 111.6, 124.8, 125.4, 127.1, 133.2, 138.7, 1394,
141.4, 182.6. Anal. Calcd for C;oHoNO: C, 75.47; H, 5.66; N, 8.81%. Found: C,
75.58; H, 5.72; N, 8.90%.

Compound 5d. 8-Chloroquinolin-4(1H)-one: Brownish solid, mp 256-257 °C,
Characteristic IR (KBr pellet, cm™"): 3160, 3056, 2924, 1562, 1336, 1210, 1076.
TH NMR (300 MHz, CDCl5) 6 6.19 (d, 3] = 7.5 Hz, 1H, CH), 7.87 (d, 3] = 7.5 Hz, 1H,
CH), 7.96 (d, %] = 2.4 Hz, 2H, Ar), 7.01 (d, ¥ = 2.4 Hz, 1H, Ar), 11.52 (s, 1H, NH).
13C NMR (75 MHz, CDCl3) & 107.9, 121.8, 122.7, 126.5, 126.9, 130.1, 134.2,
138.7, 176.8. Anal. Calcd for CgHgNOCI: C, 60.68; H, 3.36; N, 7.79%. Found: C,
60.72; H, 3.28; N, 7.70%.

Compound 5e. 6,8-Dichloroquinolin-4(1H)-one: brownish solid, mp 287-
288 °C, Characteristic IR (KBr pellet, cm™'): 3140, 3082, 2926, 1620, 1560,
1511, 1337, 1215, 1080. 'H NMR (300 MHz, CDCl5) ¢ 6.18 (d, /= 7.5 Hz, 1H,
CH), 7.90 (d, *] = 7.5 Hz, 1H, CH), 8.01 (d, *] = 2.4 Hz, 1H, Ar), 7.05 (d, ¥ = 2.4 Hz,
1H, Ar), 11.55 (s, 1H, NH). '*C NMR (75 MHz, CDCl5) ¢ 108.7, 122.5, 126.3,
126.9, 130.7, 134.9, 135.1,139.4, 177.2. MS (EI, 70eV): m/z (%) =213 [M],

(100), 185(55), 150(21), 123(14), 93(9) Anal. Calcd for CoHsCINO: C, 50.50; H,
2.35; N, 6.54%. Found: C, 50.40; H, 2.25; N, 6.63%.

Compound 8. 3-Methyl 5H-thiazolo[3,2-a]pyrimidin-5-one: Yellow solid, mp
124-125 °C. Characteristic IR (KBr pellet, cm™~'): 3114, 1665, 1618, 1590, 1482,
1419, 1285, 1235, 1148, 972, 815, 764. '"H NMR (300 MHz, CDCl,) ¢ 2.83(d, 3H,
J=135Hz), 6.22 (d, 1H, ] 6.55Hz), 6.45 (t, 1H, J=1.35Hz), 7.87 (d, 1H,
] =6.55Hz). '3C NMR (75 MHz, CDCls) é 18.66, 105.83, 107.45, 135.92, 152.7,
161.9, 166.1. MS (EI, 70 eV): m/z (%) = 166 (M, 100), 138 (74), 93 (19), 71 (28),
72 (19), 67 (16), 52 (11), 45 (33). Anal. Calcd. for C;HgN»0S: C, 50.58; H, 3.63;
N, 16.85%. Found: 50.50, H, 3.52; N, 16.76%.

Compound 11a. 4H-Pyrimido[2,1-b]benzothiazol-4-one: Yellow solid, mp 165-
166 °C. Characteristic IR (KBr pellet, cm~'): 1681, 1578, 1503, 1258, 996, 826,
762. 'H NMR (300 MHz, CDCl5), 6 6.43 (d, 1H, J = 6.52 Hz), 7.52-7.59 (m, 2H),
7.72-7.74 (m, 1H), 7.98 (d, 1H, J=6.52 Hz), 9.12-9.15 (m, 1H). MS m/z
(%) =202 (M, 100), 174 (98), 146 (15), 134 (13), 120 (11), 108 (9), 90 (13), 69
(16). Anal. Calcd. for C;oHgN,0S: C, 59.39; 2.98; N, 13.85%. Found 59.45; H,
2.91; N, 13.92%.

Compound 11b. 6-Methyl-4H-pyrimido[2,1-b]benzothiazol-4-one: Yellow
solid, mp 105-106°. Characteristic IR (KBr pellet, cm™'): 2932, 1695, 1578,
1498, 1476, 1386, 1278, 1245, 758. 'H NMR (300 MHz, CDCls), 6 2.64 (s, 3H),
6.32(d,] =6.52 Hz), 7.32-7.42 (m, 2H), 7.46-7.48 (m, 1H), 7.87 (d, 1H, ] = 6.52).
13C NMR (75 MHz, CDCl3) 6 24.26, 109.28, 119.24, 125.38, 126.93, 130.94,
132.01, 134.38, 151.25, 160.83, 163.15. Anal. Calcd. for C;;HgN,0S: C, 61.09; H,
3.73; N, 12.95%. Found: C, 61.36; H, 3.93; N, 12.87%.
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