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Abstract: A method for the synthesis of 2-substituted pyrimidine-
5-carboxylic esters is described. The sodium salt of 3,3-dimethoxy-
2-methoxycarbonylpropen-1-ol (3) has been found to react with a
variety of amidinium salts to afford the corresponding 2-substituted
pyrimidine-5-carboxylic esters.
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Although several methods for the synthesis of pyrimidine
5-carboxylic derivatives have been reported,1,2 a high
yielding, direct method for the synthesis of pyrimidines
that lack substitution in the 4-position still remains chal-
lenging. Indeed, the only reported2 direct method involves
a low yielding condensation of amidines with ethyl 2,2-di-
formylacetate (1). The use of vinamidinium salts of gen-
eral formula 2 as triformylmethane equivalents, which
afford 5-formyl pyrimidines, also serves as an indirect
route to these species (Figure).3 Recently, the original bis-
perchlorate derivative of this reagent has been found to be
highly shock sensitive4 and therefore of limited preparato-
ry use. This report also describes the use of the easily han-
dled tetrafluoroborate derivative of 2, a reagent that
undergoes a similar condensation with amidines to afford
the corresponding 5-formylpyrimidine derivative.
Gupton5 has also reported the hexafluorophosphate deriv-
ative of 2. In a similar vein, Davies and co-workers have
described an improved synthesis of vinamidinium
hexafluorophosphate salts that have been utilized in the
synthesis of a variety of polyfunctionalized pyridines.6

Figure

Since we recently required a general and direct method for
the synthesis of 2-substituted pyrimidine-5-carboxylic es-
ters, our attention focused on the use of the sodium salt of

3,3-dimethoxy-2-methoxycarbonylpropen-1-ol (3). This
reagent can be easily prepared by condensation of methyl
formate with methyl 3,3-dimethoxypropionate in the pres-
ence of sodium hydride as in the Scheme.7 The resulting
sodium salt 3 was readily isolated by filtration and ap-
peared to be stable at room temperature if stored under a
nitrogen atmosphere. After some experimentation, it was
discovered that this reagent undergoes a very facile con-
densation reaction with a variety of amidinium salts to
afford the corresponding pyrimidine derivatives in mod-
erate to excellent yields.

Scheme

Results are outlined in Table 1. The reaction appears to be
quite general, with a variety of functional groups being
tolerated by these conditions. Of particular note are en-
tries 1 and 7 where superior yields to those previously
reported2 were obtained. Also of interest is compound 5f,
which contains a methylthio substituent at the 2- position
of the pyrimidine. Since the 2-alkylthio group in this class
of compounds can be readily displaced by amines,8 chlo-
rine,9 cyanide,10 and palladium mediated alkylation using
alkylzinc reagents,11 compound 5f represents a potential
entry into a variety of 2-substituted pyrimidine-5-carbox-
ylic esters.

In conclusion, we have reported an improved method for
the synthesis of 2-substituted pyrimidine-5-carboxylates,
and a potential route to a wide variety of 2 substituted py-
rimidine-5-carboxylic esters via 2-methylmercapto deriv-
ative, 5f. 
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Reagents and solvents were used as received from commercial ven-
dors, and no further attempts were made to purify or dry these items.
TLC was performed using 1’� 3’ Analtech OF 350 silica gel plates
with fluorescent indicator. TLC plates were visualized with either
iodine vapors or UV light. 1H NMR spectra were recorded on a
Bruker AC 300 MHz Nuclear Magnetic Resonance Spectrometer,
using CDCl3 as solvent with TMS as an internal reference. Melting
points were obtained using an Electrothermal melting point appara-
tus and are uncorrected. IR was performed using KBr pellets and
obtained on a Perkin-Elmer Spectrum 1000 Ff-Infrared Spectropho-
tometer. Low resolution mass spectroscopic analyses were per-
formed on a PESciex API150EX spectrometer (APCI) by direct

insertion. Elemental analyses were performed by Quantitative
Technologies Inc., Whitehouse, NJ.

Sodium Salt of 3,3-Dimethoxy-2-methoxycarbonylpropen-1-ol 
(3) 
A 250 mL, three-neck, round-bottom flask equipped with a magnet-
ic stirrer and a reflux condenser was purged with N2. The flask was
then charged sequentially with methyl 3,3-dimethoxypropionate
(5.22 g, 35.3 mmol), anhyd 1,2-dimethoxyethane (25 mL), anhyd
methyl formate (5 mL), 60% NaH (1.70 g, 42.5 mmol), and the mix-
ture warmed to 40�50 °C until evolution of H2 gas was observed.
The reaction mixture was then cooled in an ice/H2O bath and slowly
allowed to reach ambient temperature overnight with stirring. An-
hyd Et2O (25 mL) was added, and the resulting suspension was fil-
tered under N2, washed with anhyd Et2O (10 mL), and vacuum dried
(15 mmHg at 40 °C) for 2 h to give 3.51 g (50%) of sodium 3,3-
dimethoxy-2-carbomethoxyprop-1-en-1-oxide as a hydroscopic
white powder.
1H NMR (CD3OD): � = 3.33 (s, 6 H), 3.60 (s, 3 H), 5.31 (s, 1 H),
8.89 (s, 1 H). 
13C NMR (CD3OD): � = 49.9, 50.2, 98.2, 104.1, 170.5, 179.3.

Pyrimidines 5a�5l; Typical Procedure
To a soln of the amidinium salt 4 (2.0 mmol) in anhyd DMF (4 mL)
was added sodium 3,3-dimethoxy-2-carbomethoxyprop-1-en-1-ox-
ide [(3), 0.46g, 2.32mmol] and the reaction mixture heated at
100 °C under N2 for 1 h. After this time the reaction was cooled to
r.t. and H2O (15 mL) added. After addition of H2O, immediate pre-
cipitation of the product was usually observed. The solids were then
collected by filtration, washed with H2O (2.5 mL) and vacuum
dried. If precipitation was not observed on addition to H2O, the mix-
ture was extracted with CH2Cl2 (25 mL). The extract was then dried
over MgSO4. Filtration and concentration of the filtrate on a rotary
evaporator then afforded the crude product. This material was fur-
ther purified by flash column chromatography on silica gel. Satis-
factory physical and spectral analyses were performed on known
compounds, and elemental analyses were obtained on all new com-
pounds (Table 2).

Table 1 Condensation Reactions of the Sodium Salt of 3,3-
Dimethoxy-2-carbomethoxypropen-1-ol (3) with Amidinium Salts 
4a–4l affording Pyrimidines 5a–5l.

Entry Amidini-
um Salt

Counter 
Ion

R Product Yield

1 4a Cl Me 5a 74%

2 4b Cl iPr 5b 69%

3 4c Cl tBu 5c 39%

4 4d Cl PhOCH2 5d 79%

5 4e HSO4 MeO 5e 58%

6 4f HSO4 MeS 5f 62%

7 4g Cl Ph 5g 90%

8 4h Cl 4-ClC6H5 5h 88%

9 4i Cl 3-NO2C6H5 5i 82%

10 4j Cl 4-H2NCOC6H5 5j 83%

11 4k Cl thiophen-2-yl 5k 81%

12 4l Cl 2,5-dichloro-4-
pyridyl

5l 84%

Table 2 Physical and Spectral Data for Pyrimidines 5a–5l.

Prod-
uct

1 H NMR (CDCl3)
�, 300 MHz

IR (KBr)
(cm�1)

APCI Mass 
Spectrum (m/z)

Elemental Analysis Melting 
Point (°C)

5a 2.83 (s, 3 H), 3.98 (s, 3 H), 9.19 (s, 2 H). 1719, 1592, 1558. – – 75–7612 

5b 1.39 (t, 6 H), 3.31 (sept, 1 H), 3.98 (s, 3 
H), 9.22 (s, 2 H).

1735, 1589, 1544. – – 26–2813

5c 1.43 (s, 9 H), 3.97 (s, 3 H), 9.21 (s, 2 H). 1726, 1590, 1546. 195 (MH)+ Calcd: C, 61.84%; H, 7.27%; 
N, 14.42%. 
Found: C, 61.71%; H, 7.10%; 
N, 14.42%.

60–62

5d 4.00 (s, 3 H), 5.39 (s, 2 H), 6.94�7.03 
(m, 3 H), 7.29 (d, 2 H), 9.31 (s, 2 H).

1721, 1587, 1558. 245 (MH)+ Calcd: C, 63.93%; H, 4.95%; 
N, 11.47%. 
Found: C, 63.66%; H, 4.80%; 
N, 11.45%.

111–113

5e 3.95 (s, 3 H), 4.10 (s, 3 H), 9.05 (s, 2 H). 1724, 1604, 1551. – – 126–12714

5f 2.62 (s, 3 H), 3.96 (s, 3 H), 9.03 (s, 2 H). 1720, 1590, 1535. – – 92–9314
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5g 4.00 (s, 3 H), 7.49�7.60 (m, 3 H), 8.53 
(d, 2 H), 9.32 (s, 2 H). 

1719, 1586, 1541. – – 161–16315

5h 4.02 (s, 3 H), 7.50 (d, 2 H), 8.48 (d, 2 
H), 9.32 (s, 2 H).

1719, 1581, 1539. 249 (MH)+ Calcd: C, 57.96%; H, 3.65%; 
N, 11.27%. 
Found: C, 57.78%; H, 3.62%; 
N, 11.24%

177–179

5i 4.03 (s, 3 H), 7.71 (t, 1 H), 8.40 (d, 1 H), 
8.88 (d, 1 H), 9.35�9.45 (m, 3 H).

1735, 1587, 1528. 260 (MH)+ Calcd: C, 55.60%; H, 3.50%; 
N, 16.21%. 
Found: C, 55.45%; H, 3.58%; 
N, 16.26%.

169–170

5j 3.94 (s, 3 H), 7.55 (br s, 1 H), 8.06 (d, 2 
H), 8.17 (br s, 1H), 8.52 (d, 2 H), 9.37 
(s, 2 H).

1727, 1656, 1587. 258 (MH)+ Calcd: C, 60.70%; H, 4.31%; 
N, 16.33%. 
Found: C, 60.60%; H, 4.21%; 
N, 16.25%.

309–312

5k 3.98 (s, 3 H), 7.20 (t, 1 H), 7.60 (d, 1 H), 
8.11 (d, 1 H), 9.21 (s, 2 H). 

1718, 1590, 1542. 221 (MH)+ Calcd: C, 54.53%; H, 3.66%; 
N, 12.72%. 
Found: C, 54.77%; H, 3.69%; 
N, 12.80%.

187–190

5l 4.05 (s, 3 H), 8.34 (s, 2 H), 9.38 (s, 2 H). 1735, 1590, 1533. 285 (MH)+ Calcd: C, 46.51%; H, 2.48%; 
N, 14.79%. 
Found: C, 46.63%; H, 2.44%; 
N, 14.84%.

142–145

Table 2 Physical and Spectral Data for Pyrimidines 5a–5l. (continued)

Prod-
uct

1 H NMR (CDCl3)
�, 300 MHz

IR (KBr)
(cm�1)

APCI Mass 
Spectrum (m/z)

Elemental Analysis Melting 
Point (°C)
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