
J.  Org. Chem. 1994,59, 507-508 507 

Some Transformations of Alkyl 
Heteroarylpyruvates 

Rok Zupet and Miha Tifiler' 
Department of Chemistry, University of Ljubljana, 

61000 Ljubljana, Slovenia 

Received July 22, 1993 

The design of novel synthetic routes for unsaturated 
amino acids has received much attention in the last 
decade.' We have previously reported on various syntheses 
of heterocyclic amino acids which could be converted into 
several heterocyclic systems.2 We now wish to demonstrate 
that alkyl heteroarylpyruvates, for which we have recently 
developed an efficient synthesis and which exist exclusively 
in the enol form? are excellent synthons for heterocyclic 
dehydroamino acids of structure 2 (R = Et). Thus, the 
substrates 1 (R = Et) are transformed in the presence of 
a boiling ethanolic solution of ammonium formate into 
the unsaturated esters 2 (R = Et) (Scheme 1). 

The X-ray analyses of 2s  and 2c show the 2 configuration 
around the C2C3 double bond (Figure 1). The amino group 
in these compounds resisted most attempted acylations; 
an exception was benzoylation in the presence of pyridine 
to give 3.4 Reaction of 2 (R = Et) with Nfl-dimethyl- 
formamide dimethyl acetal in boiling toluene afforded the 
2-(((dimethylamino)methylene)amino)propenoates 4. Com- 
pound 4a reacted with hydrazine to give dihydro-l,2,4- 
triazin-6-one derivative 5a. We had prepared related 
derivatives of this heterocyclic system previously, starting 
from natural amino acids.s Although we have no unam- 
biguous proof for the structure of Sa as given, spectroscopic 
data favor the 4,5-dihydro formula. In this connection, it 
should be mentioned that dihydro-1,2,4-triazin-6-ones, 
obtained from azirine-3-carboxamides and hydrazine, were 
assigned on the basis of spectroscopic data to be 4,5- 
dihydro derivatives.6 

In addition to the amination of esters 1 (R = Et) to give 
2 (R = Et), the free hydroxy acid la (R = H) could also 
be converted with ammonium formate into 2a (R = H). 
All attempts to convert the esters or acids 1 into 2 in the 

Figure 1. ORTEP view of pyrimidine derivative 2a. 
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presence of other amination reagents have failed so far.' 
The hydroxy ester la (R = Et) upon bromination reacted 
with thiourea in the presence of N-methylmorpholine to 
give the thiazole 6a.9 This is another example of the 
formation of heterocyclic systems where two different 
heterocyclic rings are linked directly through carbon- 
carbon bonds.2agbJ1 

Experimental Section 
GeneralMethods. Meltingpointsarenotcorrected. 'HNMR 

spectra were taken on a Varian EM 360 L spectrometer and mass 
spectra were taken on a VG Analytical spectrometer Autospec 
Q either with electron ionization at 70 eV or FAB. Elemental 
analyses were performed on a Perkin-Elmer CHN Analyzer 2400, 
and for TLC analyses TLC Kieselgel with 254-nm fluorescent 
indicator on aluminum cards, thickness 0.2 mm, was used. 
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General Procedure for the Preparation of Ethyl 2-Amino- 
3-heteroarylpropenoates. The corresponding ethyl 2-hydroxy- 
3-heteroarylpropenoate (5-20 mmol) was treated with a double 
molar quantity of ammonium formate and the ethanolic solution 
(100 mL) was heated for 2 h. The progression of the reaction was 
monitored by TLC (CHCLMeOH = 101 as solvent). After the 
solvent was removed at reduced pressure, ice-cold water (50 mL) 
was added and the crystalline product was fiitered. In this manner 
the following compounds were prepared. 
Ethyl 2-amino-3-(4-pyrimidinyl)propenoate (2a, R = Et): 

mp 80.5-81.5 "C (from n-heptane), in 82% yield. lH NMR 
(CDC13): 6 1.30 (3H, t,  C H a e ) ,  4.30 (2H, q, CH2Me), 6.00 (lH, 
8, -CH=), 7.30 (lH, dd, Hs), 8.55 (lH, d, He), 7.50-8.10 (2H, br 

Calcd for CsH11NaO2: C, 55.95; H, 5.74; N, 21.75. Found: C, 
56.09; H, 5.55; N, 21.88. 
Ethyl 2-amino-3-(6-methyl-4-pyrimidinyl)propenoate (2b, 

R = Et): mp 119.5-121.5 "C (from di-n-propyl ether), in 78% 
yield. 1H NMR (CDCls): 6 1.40 (3H, t, CH&e), 2.45 (3H, 8, Me), 
4.35 (2H, q, CH2Me), 5.95 (lH, s, -CH=), 7.25 (lH,s, Hs), 7.50- 
8.00 (2H, br 8, NH2), 9.00 (lH, 8, Hz); JE~ = 8.0 Hz. Anal. Calcd 
for C10H13N302: C, 57.96; H, 6.32; N, 20.28. Found: C, 57.70; H, 
6.20; N, 20.33. 
Ethyl 2-amino-3-(2-pyrazinyl)propenoate (2c,R = Et): mp 

109-111 "C (from n-heptane), in 85% yield. lH NMR (CDClS): 
6 1.40 (3H, t, C H a e ) ,  4.45 (2H, q, CHZMe), 6.30 (lH, s,-CH=), 
6.40-7.35 (2H, br 8, NH2), 8.25 (lH, d, Hs), 8.55 (lH, d, He), 8.60 
(lH, 8, Ha), JS,6 = 1.0, JEt  = 8.0 Hz. Mass spectrum (FAE3) m/z 
(re1 intensity): 194 (MH+, 0.86), 105 (1.0). Anal. Calcd for 
CsH11N302: C, 55.95; H, 5.74; N, 21.75. Found: C, 56.40; H, 5.40; 
N, 21.66. 
Ethyl 2-amino-3-(2-benzothiazolyl)propenoate (2d, R = 

Et): mp 122-123.5 "C (from a mixture of ethyl acetate and di- 
n-propyl ether), in 71 % yield. 1H NMR (CDCl3): S 1.40 (3H, t, 
CH&e), 4.40 (2H, q, CHzMe), 6.35 (lH, s, -CH=), 6.80-7.35 
(2H,brs,NHz),7.35-7.60(2H,m,HsHs),7.70-8.15(2H,m,H4H7); 
JEt  = 7.5 Hz. Anal. Calcd for C12H12N202S: C, 58.04; H, 4.87; 
N, 11.28. Found: C, 58.31; H, 4.97; N, 10.79. 
Ethyl 2-amino-3-(2-quinolyl)propenoate (2e, R = Et): mp 

94.5-95.5 "C (from n-heptane), in 85% yield. 1H NMR (CDC13): 
6 1.35 (3H, t, C H a e ) ,  4.40 (2H, q, CH2Me), 6.30 (lH, 8, -CH=), 
7.15-7.45 (ZH, br s, NHz), 7.25 (lH, d, Ha), 7.20-7.75 (4H, m, 
H s H ~ H ~ H ~ ) ,  8.05 (lH, d, H,); JSs = 9.0, JEt  = 7.5 Hz. Exact mass 
calcd for Cl4Hl4NzO2: m/z 242.1055, found m/z 242.1056. 
Ethyl 2-(Benzoylamino)-3-(4-pyrimidinyl)propenoate (3a, 

R = Et). A solution of compound 2a (R = Et) (10 mmol) in 
dichloromethane (100 mL) was treated with pyridine (2 mL), 
and under stirring benzoyl chloride (10 mmol) was added 
dropwise. After addition was complete the reaction mixture was 
stirred at room temperature for 2 h and extracted with water 
(twice with 5 mL). The organic layer was dried with anhydrous 
sodium sulfate, the solvent was removed at reduced pressure, 
and the solid residue was crystallized from n-heptane: yield 60% ; 
mp 87-89 O C .  1H NMR (CDCU: S 1.45 (3H, t, CH&e), 4.45 
(2H, q, CHzMe), 6.20 (lH, 8, -CH=), 7.25 (lH, dd, Hs), 7.50- 
7.80 (3H, m, H8&H6f), 8.00-8.30 (2H, m, &He)), 8.85 (lH, d, 
He), 9.45 (lH, d, H2), 12.90 (lH, 8, NH); J6,e = 5.0, J2,6 = 1.0, J E ~  
= 7.5 Hz. Anal. Calcd for Cl6H&O4: c ,  64.63; H, 5.09; N, 
14.14. Found: C, 64.60; H, 4.93; N, 14.06. 
Ethyl 2-(Benzoylamino)-3-(2-pyrazinyl)propenoate (3c, 

R =  Et) waspreparedsimilarly,mp 119-119.5°C (fromn-heptane) 
in 86% yield. lH NMR (CDC1.g): 6 1.35 (3H, t, C H a e ) ,  4.45 
(2H, q, CHzMe), 6.40 (lH, s, -CH=), 7.45-7.80 (2H, m, 
HatH4tHs,), 7.90-8.20 (2H, m, H2+16t), 8.50 (lH, d, Ha), 8.65 (lH, 

J E ~  = 7.0 Hz. Anal. Calcd for Cl6Hl&O4: C, 64.63; H, 5.09; N, 
14.14. Found: C, 64.94; H, 4.74; N, 14.43. 
2-(Benzoylamino)-3-(4-pyrimidinyl)propenoate (3a, R = 

H). The above ester (5 mmol) and aqueous NaOH (15 mL of 1 
N) were heated under reflux for 2 min. The hot reaction mixture 

8, NH2), 9.15 (lH, d, Hz); J s , ~  = 6.0, J2,5 = 1.0, JEt = 7.5 Hz. And. 

dd, He), 8.70 (IH, d, Hs), 12.40 (lH, 8, NH); J3,e = 1.0, J4.6 = 1.5, 

Notes 

was acidified with hydrochloric acid to pH = 2-3. Upon cooling, 
the product was filtered and crystallized from n-propanol, mp 
221-222 OC dec (92% yield). lH NMR (DMSO-da): 6 7.60 (lH, 
8, -CH=), 7.65 (lH, dd, HE), 7.60-7.95 (3H, m, H~.H~.HV), 7.95- 
8.25 (2H, m, HyH,!), 8.90 (lH, d, &), 9.35 (lH, d, Ha), 12.25 (lH, 
8, NH); 4 6  = 5.0, J Z , ~  = 1.0 Hz. Anal. Calcd for CI~HI IN~O~:  
C, 62.45; H, 4.12; N, 15.61. Found C, 62.19; H, 3.95; N, 15.85. 
2-(Benzoylamino)-3-(2-pyrazinyl)propenoic acid (3c, 

R=H) was prepared similarly in 95% yield, mp 164.5-166 "C 
dec (from water). lH NMR (DMSO-d& 6 6.85 (lH, 8, -CH=), 
7.50-7.90 (3H, m, HyHdtHs~), 8.55 (lH, d, Ha), 8.80 (lH, dd, &), 
7.90-8.25 (2H, m, Hrb!),  8.95 (lH, d, Ha), 12.80 (lH, 8, NH); 53.8 
= 3.0, Jss = 1.0 Hz. Anal. Calcd for C14H11Na03: C, 62.45; H, 
4.12; N, 15.61. Found C, 62.78; H, 3.89; N, 15.42. 
Ethyl 2-(( (Dimethylamino)methylene)amino)-3-(4-pyri- 

midiny1)propenoate (4a). The amino acid 2a (R = Et) (10 
mmol) was dissolved in dry toluene (50 mL), NJV-dimethylfor- 
mamide dimethyl acetal (1.5 mL) was added, and the reaction 
mixture was heated under reflux for 1 h. The solvent was 
evaporated and the residue was crystallized from n-heptane, mp 
67-68 OC (80% yield). 1H NMR (CDCl3): 6 1.35 (3H, t, CHNe), 
3.15 (6H, s, NMe2), 4.25 (2H, q, CHzMe), 6.80 (lH, 8, -CH=), 
8.15 (lH, s, CHNMet), 8.50 (lH, dd, Hg, 8.65 (lH, d, He), 9.20 
(lH, d, H2); JS.6 = 4.0, 52.5 = 1.0, Jm = 8.0 Hz. Anal. Calcd for 

6.35; N, 22.38. 
Ethyl 2- ( ( (Dimethylamino)methylene)amino)-3-( 2-pyrazi- 

ny1)propenoate (4c) was obtained in a similar way in 88 95 yield, 
mp 95-96.5 OC (from n-hexane). lH NMR (CDClS): 6 1.35 (3H, 
t, CH&c?), 3.15 (6H, s, NMe2), 4.30 (2H, q, CHZMe), 6.95 (lH, 
s, -CH=), 8.05 (lH, s, CHNMe2), 8.35 (lH, d, &), 8.55 (lH, dd, 

Calcd for C&1&02: C, 58.05; H, 6.50; N, 22.57. Found C, 
58.45; H, 6.43; N, 22.75. 
2-Amino-3-(4-pyrimidinyl)propenoic Acid (2a, R = H). 

The hydroxy acid la, (R = H) (20 mmol) in ethanol (100 mL) 
was treated with ammonium formate (100 mmol) and the reaction 
mixture was heated under reflux for 4 h. Upon cooling, the 
product was filtered and crystallized from DMSO, mp > 250 OC 
dec (65% yield). 1H NMR (DMSO-da): 6 6.00 (lH, s, <Ha), 
7.30 (lH, d, Hs), 7.40-7.90 (2H, br 8, NH2), 8.55 (lH, d, &), 9.15 
(lH, s, Hz); JS.6 = 5.5 Hz. Mass spectrum (200 "C) m/z (re1 
intensity): 165 (M+, 0.43), 121 (0.5), 120 (1.0). Anal. Calcd for 

N, 25.22. 
2-Amino-4-carbethoxy-5-(4-pyrimidinyl)thiazole (6a). A 

solution of the hydroxy ester la (R = Et) (5 mmol) in chloroform 
(50 mL) was cooled on ice and bromine (1 mL) was added. After 
15 min the solvent was removed at reduced pressure and ethanol 
(20 mL) and thiourea (5 mmol) were added. To the stirred 
mixture was addedN-methylmorpholine (0.5mL), and after about 
10 min orange crystals separated. The compound was crystallized 
from ethanol (65% yield), mp 207-208 OC. lH NMR (DMSO- 
d6): 6 1.30 (3H, t, CH&e), 4.40 (2H, q, CHZMe), 5.50-5.70 (2H, 
br s, NH2), 7.90 (lH, d, Hs), 8.80 (1H, d, He), 9.20 (lH, 8, H2); 
= 6.0, Jm = 8.0 Hz. Mass spectrum (180 "C) m/z (re1 intensity): 
250 (M+, 1.0). Anal. Calcd for Cd-IloN+O&3: C, 47.99; H, 4.03; 
N, 22.39. Found C, 47.56; H, 3.97; N, 21.98. 
4,5-Dihydro-5-( (4-pyrimidinyl)methylene)-l,2,4-triazin- 

6(1H)-one (sa). To a stirred solution of the compound 4a (5 
mmol) in ethanol (15 mL) was added hydrazine hydrate (5 equiv 
of 98%). The separated crystals were filtered and crystallized 
from water (yield 98%), mp > 315 "C. 'H NMR (DMSO-de): 
6 6.25 (IH, s, -CH=), 7.45 (1H, dd, HE), 7.55 (lH, br s, Ha), 8.75 

two br s, NH); J s , ~  = 5.5,52,5 = 1 Hz. Anal. Calcd for C&N6O: 
C, 50.79; H, 3.73; N, 37.02. Found: C, 50.80; H, 3.56; N, 37.23. 
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C&&02: C, 58.05; H, 6.50; N, 22.57. Found: C, 58.09; H, 

Hs), 9.85 (lH, d, H3); J5,6 = 2.0, Js,6 1.0, & 8.0 Hz. Anal. 

C7H7N302: C, 50.91; H, 4.27; N, 25.45. Found: C, 51.26; H, 4.21; 

(lH, d, &), 9.15 (lH, d, Hz), 11.55-11.75 and 12.00-12.30 (2H, 


