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Synthesis of 7-Substituted 5-Oxo-5H-thiazolo[3,2-a]pyr-
imidine-6-carboxylic Acids, 2-Substituted 4-Oxo-4H-
pyrido[1,2-a]pyrimidine-3-carboxylic Acids, and 2,6-
Disubstituted 4-Quinolones from Meldrum’s Acid Derivatives

Fang-Chen Ye, Bang-Chi Chen, Xian Huang*

Department of Chemistry, Hangzhou University, Hangzhou. People’s
Republic of China

The title compounds are prepared from the Meldrum acid derivatives 5-
[bis(methylthio)methylene]-, 5-(1-methylthioalkylidene)- and  5-(a-
methylthiobenzylidenc)-2,2-dimethyl-4,6-dioxo-1,3-dioxanes by reac-
tion with 2-aminothiazole, 2-aminopyridine, or anilines. respectively.

Bis(methylthio)methylene! (1), 1-methylthioalkylidene® (2,
R = alkyl), and a-methylthiobenzylidene (2, R = Ph) deriva-
tives? of Meldrum’s acid are new synthetic intermediates of
considerable utility. In previous communications. we have
shown their use in novel syntheses of quinolones® and pyr-
azolones.* The present paper is concerned with the application
of compounds 1 and 2 to the synthesis of 7-methylthio-7-alkyl-,
and 7-phenyl-5-0xo-5 H-thiazolo[ 3,2-a]pyrimidine-6-carboxylic
acids 5, 2-methylthio-, 2-alkyl-, and 2-phenyl-4-0x0-4 H-pyr-
ido[1,2-a]pyrimidine-3-carboxylic acids 8, and 2-methylthio-,
2-amino-, and 2-ethoxy-4-quinolones 14, 15, 16 by reaction with
2-aminothiazole (3), 2-aminopyridine (6). and anilines 10,
respectively.
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318 Communications

Upon heating in dimethylformamide or ethanol, the Meldrum
acid derivatives 1 and 2 readily react with 2-aminothiazole (3) to
give the cyclocondensation products 5 in a single step, via the
intermediates 4. This process is different from the reaction of 1
and 2 with anilines 10 in which a higher temperature is required
to complete the cyclocondensation of the intermediate 11 to 14.
The analogous reaction of 1 and 2 with 2-aminopyridine (6)
leads to the convenient formation of the 2-substituted 4-oxo-4H-
pyrido[1,2-a]pyrimidine-3-carboxylic acids 8, via the assumed
intermediates 7.
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SYNTHESIS

The decarboxylation of acids 5 was investigated for one
example: Compound Sa was readily decarboxylated by simple
heating at 250-260°C without solvent for 5 minutes to produce
7-methylthio-5-oxo-5 H-thiazolo[ 3,2-a]pyrimidine (9) in 97 %
yield.

As an extension of our earlier synthesis® of 2-alkyl- and 2-aryl-4-
quinolones by reaction of anilines with compounds 2, we now
studied the reactivity of Meldrum acid derivative 1 towards
anilines 10. Thus, heating an equimolecular mixture of com-
pounds 1 and 10 in boiling ethanol afforded S-[anilino(methyl-
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Table 1. Products § and 8 Prepared
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14 x*= SMe
15 X*= NH,
16 x? = OEt

o=</ o,

Prod- R Reaction Yield mp? Molecular
uct Conditions (%) (°O) Formula®
Solvent Tempera-
t °C),
ﬁ:rele( (h)) Table 2. Products 11, 12, and 13 Prepared
Sa SMe EtOH 80-85, 96 250 (dec) CgHgN,0,8,  Prod- X! Reaction  Yield mp® Molecular®
2.5 (242.27) uct Time (hy (%) (°C) Formula
5b Ph DMF  120-130, 97 205-207 Ci3HgN, 038 — ~ e
4.0 (272.27) 1ta H 2 75 152-133  C,,H,;5NO,S (293.3) X
Se Me DMF  120-130, 78 221-223 CgHgN, 0,8  11b Br 4 83 143-145 C,,H,,BrNO,S (372.2)
5.0 (210.21) ile C 15 69 143144 C,,H, ,CINO,S (326.8)
5d Et DMF  120-130, 71 197-198 CoHgN,0,8  11d  MeO 1 63 146-147 C,sH,NO,S (323.3)
5.0 (224.23) 1le Me 2 61 145-146 C,sH;{;NO,S (:Oz;’»)\
8a SMe EtOH 80-85, 80 262.5-263.5 C,HgN,0,S 12a H 0.5 82 156-158 C,3H14}\J204 (262.
3.0 (21306.23)2 ’ 12b Br 0.5 80 171173 Cy3H,3BrN,0, (341.2)
8b Ph EtOH  80-85, 82 242.5-243.5 C,;sH (N,0; 12¢ Cl 0.5 67 159-161 C”H”QlNzOd, (296.7)
4.0 (2‘66‘24‘) 12¢ Me 05 73 139-141 CI4HIG'§2§6 (2277.61)2)
8¢ Me FEtOH 80-85, 85  236.5-238 C,HgN,0; 13 Br  20min 70 138-140 C,sH,¢BrNO; (370.
5.0 (20418) 13f NO, 4 72 173174 C,sH ¢N,O, (336.3)
* Uncorrected. * Uncorrected.

b Satisfactory microanalyses: C +0.34, N +0.30, H 3 0.11.

b Satisfactory microanalyses: C +0.39, N £0.30, H +0.21.
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thio)methylene]-2,2-dimethyi-4,6-dioxo-1,3-dioxanes 11 in
61-88% yield. These Meldrum acid derivatives are versatile
synthetic intermediates as they possess an active methylthio
group. For example, they can be readily converted too into the
amino(anilino)methylene derivatives 12 by aminolysis in the
presence of mercury chloride and into the anilino(ethoxy)meth-
vlene derivatives 13 by reaction with ethanol in the presence of’

Table 3. 4-Quinolones 14, 15. and 16 Prepared

Molccular
Formula®

Prod- X! X2 Yield mp*
uct (%) ‘O

14a H SMe 78

2 CoH,NOS (191.2)
14b  Br  SMe 67 27

25

o]

276 CoH4BrNOS (270.1)
C1oHzCINOS (225.7)
¢, H,,NO,S (218.2)
¢y, H, (NOS (202.2)
CoH,BrN,0 (239.2)
C,, H N0, (234.2)

14¢ Cl SMe 68
144 MeO SMe 68 229-230
14e Me SMe 84
15h Br NH, 72
16f NO, OEt 63 245-246

. Uncorrected.
" Satisfactory microanalyses: C +0.39, N £0.35, H +0.29.
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mercury chloride. It should be pointed out that reaction of 1
with 4-nitroaniline (10, X = NO,) in ethanol directly gives the
¢thoxy(4-nitrophenyl)amino derivative 13b.

In boiling diphenyl ether, compounds 11, 12, and 13 undergo
cyclocondensation to give the 4-quinolones 14, 15, and 16,
respectively. This reaction can be monitored by determining the
amount of carbon dioxide by absorption in a barium hydroxide
solution.

7-Methylthio-, 7-Alkyl-, and 7-Phenyl-5-0x0-5H-thiazolo[ 3,2-a]pyrimid-
ine-6-carboxylic Acids 5; General Procedure:

A mixture of 5-[bis(methylthio)methylene]- (1), a 5-({-methylthio-
alkylidene)- (2, R = alkyl), or 3-(a-methylthiobenzylidene)-2,2-dimeth-
yl-4,6-dioxo-1,3-dioxane (2, R = C4Hg) (2.5 mmol) and 2-aminothia-
zole (3; 0.25g. 2.5mmol) in DMF or EtOH (S5mL) is heated with
stirring for the time given in Table 1. The solvent is then removed under
reduced pressure and ice water (10mL) is added to precipitate the
product 5 which is collected by suction and purified by recrystallization
from THF/petroleum cther (bp 60-90°C).

2-Methylthio-, 2-Methyl-, and 2-Phenyl-4-oxo0-4H-pyrido| 1,2-a|pyr-
imidine-3-carboxylic Acids 8; General Procedure:

A mixture of 3-[ bis(methylthio)methylene]-(1), 5-(1-methylthio)ethyl-
idene-(2, R = CHy), or 5-(a-methylthiobenzylidene)-2.2-dimethyl-4,6-di-

Table 4. Spectral Data of the Compounds Prepared

2.61 (s, 3H); 7.44 (d, 1H, J = 4.8); 8.21 (d. 111, J = 4.8)
7.64 (s, 1H); 7.88 (d. 1H, J = 4.2); 8.53 (d, 111, J = 4.2)
2.90 (s, 3H); 7.42 (d, 1H, J = 4.8); 8.15 (d, 1H, J == 4.8)
129 (1, 3H, J = 7.6); 3.33 (g, 2H, J = 7.6); 723 (d, 1H, J = 4.6); 8.07 (d. L H, J = 4.6)

1.76 (s, 6H); 2.27 (s, 3H); 7.41 (m, SH); 12.81 (s, 1H)

176 (s, 6H); 2.31 (5, 3H); 7.20 (d. 2H, J = 9.70); 7.59 (d, 2H. J = 9.70). 12.75 (s, 1 H)
1.74 (s, 6H); 2.28 (5, 3H); 7.25 (d. 2H, J =9.20); 7.44 (d, 2H, J = 9.20); 12.75 (s, 1 H)
1.74 (s, 6H): 2.30 (s, 3H): 3.83 (s, 3H): 6.93 (d, 2H, J = 9.0); 7.23 (d, 2H, / = 9.0); 12.63 (s.
1.74 (s, 6 H); 2.28 (. 3H); 2.37 (s, 3H); 711 (d. 2H. J = 5.4); 7.29 (d, 2H. J = 5.4): 12.63 (5,
1.72 (s, 6 H); 5.60 (s, tHY: 7.38 (m, SH): 9.60 (s, 1H); 11.40 (s, 1H)

1.73(s, 6 H); 5.55 (s. tH): 7.17d, 2H, J = 8.6): 7.65 (d, 2H. J = 8.6); 9.66 (5, 1H); 11.42 (s,
173 (s, 6F1); .55 (s. 1H): 7.24(d, 2H, J = 8.1); 7.50 (d, 2H, J = 8.1); 9.63 (s, 1H); 11.42 (s,
172 (s, 6H); 2.37 (5. 3H); 5.54 (s, tH); 7.05 (d. 2H, J = 9.7); 7.41 (d, 2H. J = 9.7): 9.57 (s,
E35(t 3H, J = 6.5);1.76 (s, 1 H); 4.65 (4, 2H. J = 6.5); 7.29 (d, 2H, J = 9.2); 7.69 (d. 2 H.
140 (4, 3H. J = 8.1, 1.74 (5. 6 H); 4.56 (4, 2 H, J = 8.1); 7.56 (d. 2H, J = 101.8); 8.28 (d. 2 H,

2.57 (s, 3H); 6.15 (s, 1H); 7.31-8.10 (m, 4H): 11.76 (s, 1H)
2.58 (s, 3H); 6.21 (s. 1H); 7.53(d, 1H, J = 9.7). 7.77 (dd, 1 H, J = 9.7,2.7); 8.15(d. 1H. J

257 (s, 3H); 6.21 (s, 1H); 7.65 (s, 2H): 8.01 (s, 1H); 12.00 (s, 1H)
2.58 (s, 3H); 3.84 (s, 3H): 6.24 (5, 1H): 7.28 (dd, 1H, J = 9.7, 4.3); 7.44 (d, 1H. J = 4.3);

2.39 (s, 3H); 2.55 (s. 311): 5.97 (s, 1H); 7.4 (s, 2H); 7.84 (s, 1H):; 11.73 (s, | H)
5.36 (s, 1H); 6.27 (s. 2H); 7.26 (d, 1H, J = 9.8); 7.59 (dd. 1H, J = 9.8. 2.7); 8.03 (d, 1 H. J

Com-  IR? (KBr) '"H-NMR"*
pound v(cm ™) -
Solvent/Internal o, J(Hz)
Reference
S5a 2760, 1725, 1618, 818 CF,CO,H/DSS*
5b 2628, 1733, 1629, 803  CF,CO,H/DSS*
5¢ 2660, 1738, 1622, 802  CDCl,/TMS
5d 2661, 1738, 1616, 815  CDCl,/TMS
8a 2788, 1724, 1690, 774  CF,CO,H/DSS®  2.88 (s, 3H); 7.81-9.57 (m, 4H)
8b 2760, 1748, 1720, 778 CF;CO,H/DSS®  7.64 (s, SH); 7.86 9.61 (m, 4H)
8¢ 2746, 1749, 1721, 778 CF;CO,H/DSS¢  3.12 (s, 3H); 7.88-9.61 (m, 4H)
1a 3180, 1720, 1665, 1555, CDCly/TMS
1380
11b 1730, 1658, 1550, 1380  CDCly/TMS
e 1730, 1660, 1550, 1380  CDCl,/TMS
11d 3180, 1720, 1665, 1560, CDCl;/TMS
1375 tH)
11e 3170, 1720, 1660, 1550, CDCl;/TMS
1373 1 H)
12a 3440, 3220, 1665, 1595, CDCl,/TMS
1378
11b 3450, 3235, 1700, 1655, CDCl,/TMS
1595, 1385 tH)
12¢ 3440, 3220, 1695, 1650, CDCl,/TMS
1595, 1381 1H)
12¢ 3490, 3220, 1690, 1650, CDC(l;/TMS
1600, 1375 1H): 11.28 (s, 1H)
13b 3220, 1720, 1670, 1605, CDCl,/TMS
1380 J=9.2);12.09 (s, 1H)
13f 1720, 1672, 1595, 1380  CDCl,/TMS
J=10.8); 1245 (s, LH)
14a 3280, 1640, 1585 DMV-d,/TMS¢
14b 3280, 1640, 1580 DMF-d,/TMS?
=27);11.94 (s, 1H)
14¢ 3280, 1641, 1580 DMF-d,/TMS?
14d 3240, 1640, 1580 DMF-d,/TMS?
7.59 (d. 1H, J = 9.7); 11.81 (s, 1H)
14e 3265, 1643, 1580 DMF-d,/TMS?
15h 3330, 3190, 1655 DMSO-d,/TMS
= 2.7)°
16f 3260, 3220, 3100, 1653, DMSO0-d,/TMS

1620

J =192, 2.5), 888 (d, 1H, J=2.5); 1218 (s, 1 H)

1.37(t, 3H, J = 7.6): 4.41 (q.2H, J = 7.6); 6.27 (s, 1 H); 7.71 (d, 1 H. J = 9.2); 8.34 (dd. | H,

“ Recorded on Perkin Elmer 683 spectrophotometer.

® Recorded on JEOL FX 90Q spectrometer.
¢ DSS = sodium 2,2-dimethyl-2-silapentane-5-sulfonate.

¢ AL45°C.
“ A signal of the proton at position 1 is not observed
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o0x0-1,3-dioxane (2, R = Ph) (2.5 mmol) and 2-aminopyridine (6; 0.24 g,
2.5mmol} in EtOH (SmL) is heated with stirring for 3--5 h (see Table 1).
EtOH is then evaporated and ice water (10mL) is added. The crude
product 8 is collected by suction and recrystallized from THF/petroleum
ether (bp 60-90°C).

7-Methylthio-5-0x0-5 H-thiazolo{ 3,2-a]pyrimidine (9):
7-Methylthio-5-0x0-5H-thiazolo[ 3,2-a]pyrimidine-6-carboxylic  acid
(5a; 0.53 g, 2.5 mmol) is heated without solvent at 250--260°C for 5
min. The resultant product is recrystallized {rom THEF/petroleum ether
(bp 60-90"C); vield: 0.40 g (97%); mp 110-111°C.

C;HN,0OS, cale. € 4240 H3.05 N14.13

(198.15) found 42.10 3.02 13.99

IR (KBr): v = 1673 cm .

'H-NMR (CDCI;/TMS): & =248 (s, 3H); 6.07 (s, 1H) 6.94 (d,
J=150Hz, 1H); 792 (d. J = 5.0 Hz. 1 H}.

5-[ Anilino(methylthio)methylene]-2,2-dimethyl-4,6-dioxo-1,3-dioxanes
11; General Procedure:

A mixture of S-[bis(methylthio)methylene]-2,2-dimethyl-4,6-dioxo-
1.3-dioxane (1; 2.482 g, 10 mmol), aniline 10 (10 mmol), and EtOH
(10 mL) is heated to reflux for 1--4 h (see Table 2). The solvent is then
evaporated and the residue recrystallized from THEF/petroleum ether
(bp 60-90°C) to give the product 11.

5-[ Amino(anilino)methylene]-2,2-dimethyl-4,6-dioxo-1,3-dioxanes  12;
General Procedure:

To a stirred solution of a 3S-[anilino(methylthio)methylene]-2.2-
dimethyl-4,6-dioxo-1,3-dioxane 11 (2mmol) in THF (SmL) is added
25-28 % aqueous NH; (5 mL) followed by HgCl, (0.54 g, Z mmol), and
stirring is continued for 30 min. The mixture is then filtered and the
filtrate extracted with CH,Cl, (3 x 15 mL). The organic layer is washed
with H,0 (3 x 10 mL), dried (MgSO,), and evaporated. The remaining
product 12 is recrystaliized from THEF/petroleum ether (bp 60--90°C).

5-[4-Bromophenylamino(ethoxy)methylene3-2,2-dimethyl-4,6-dioxo-1,3-
dioxane (13b):

To a solution of 5-[4-bromophenylamino(methylthio)methylene]-2,2-
dimethyl-4,6-dioxo-1,3-dioxane (11b; 0.75 g, 2 mmol) in EtOH (SmL)
is added HgCl, (0.54 g, 2 mmol) and the mixture is heated to reflux Tor
20 min. The mixture is then filtered, and the filtrate evaporated. To the
residue, H,O (10 mL) is added to precipitate product 13b which is
isolated by suction and recrystallized from THF/petroleum ether (bp
60-90°C); yield: 0.52 g (70%a); mp 138-139°C.

5-[Methylthio(d-nitrophenylamino)methylene]-2,2-dimethyl-4,6-dioxo-
1,3-dioxane (13f):

A mixture of 5-[bis(methylthio)methylene]-2,2-dimethyl-4.6-dioxo-2.3-
dioxane (1; 1.24 g, S mmol), 4-nitroaniline (0.70 g, 5 mmol), and EtOH
(3mL) is heated to reflux for 4h, then allowed to cocl, and H,0
(20 mL) is added. The precipitated product 13f is isolated by suction
and recrystallized from THF/petroleum ether (bp 60-%07C); yield:
1.21 g (72%); mp 173-174"C.

2-Methylthio-4-quinolones 14, 2-Amino-4-guinolones 15, and 2-Ethoxy-4-
quinolones 16; General Procedure:

The substituted Meldrum acid derivative 11, 12, or 13 (2mmol) is
heated in boiling diphenyl ether (5mL) for 1520 min while a current
of N, is being passed through the mixture. The CO, evolved during the
reaction is passed inio aqueous Ba(OH),. When CO, evolution is
complete the mixture is aflowed to cool and petroleum ether (bp
60--90°C; 30mL) is added. The precipitated product is isolated by
suction and recrystallized from DMF/H,0.
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