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Abstract. The preparation of novel acetic acid derivatives reaction partners. Also triethyl 1,1,2-ethanetricarboxyBite (
of pyrazole3ab and pyrimidine2a—e is achieved by con- is a valuable starting material, which is demonstrated by the
densation of dimethyl acetylsuccinatd (ith appropriate  synthesis of previously unknown pyrimidin-5-yl acetates.

The contribution of3-ketoesters to heterocyclic synthesis is  Although pyrimidines with an acetic acid substituent in the
well documented. Not only such established reactions as th#- [14, 15] or 4-position [15, 16] have been known for a long
Hantzsch pyridine [1] and pyrrole [2] syntheses and the Knortime, the pyrimidin-5-yl acetates were until recently less read-
pyrrole[3] and quinolind4] syntheses requirg-ketoesters, ily accessible. Previous approaches to 5-pyrimidineacetic acid
there are also many other examples in which they are appliedkrivatives utilized a tedious four-step homologation process
to the preparation of new five- [5], si{6] and seven-mem- from the corresponding pyrimidin-5-yl carboxylate [17]. Also
bered7] heterocyclic ring systems. However, esters of 2-acein pyrazole chemistry, the synthesis of pyrazolyl-4-acetates
tylsuccinic acid have rarely been used for this purpose; onlyas achieved so far by formylation of a pyrazole and subse-
very few syntheses of carboxylated pyrrolinone [8], furanonequent chain-elongation from the resulting aldehyde to the
[9], thiophene [10] or isoxazole [11] derivatives have beenacetic acid ester [18]. In both cases the direct condensation of
described. Dimethyl acetylsuccinaty {s a commercially  dimethyl acetylsuccinatel) with ambident amino nucleo-
available compound, which was previously used mainly forphiles such as hydrazines and amidines offers a much shorter
the synthesis of cyclobutyl ketones [12] or monoterpenoidabccess to such specially substituted heterocycles (Scheme 1).
cyclohexenones [13]. In this paper, we present its multifoldThe Traube type condensation [19] of dimethyl acetylsucci-
possibilities in the construction of heterocyclic acetic acidnate () with amidines or thiourea leads to pyrimidin-5-yl
derivatives. acetates? [20]. Usually the reaction passes through the cor-
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Scheme 1Synthesis of pyrimidin-5-yl and pyrazol-4-yl acetic acid asters from dimethyl acetylsuccinate
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responding pyrimidin-5-yl acetic acids as intermediates, whictstandard. Chemical shifts are reported in ppm downfield from
are converted to the ester function by acid-catalyzed esterifthe standardd = 0.00), coupling constants are in Hz. High-
cation. The 2-mercaptopyrimidirza is easily transformed resolution mass spectra were obtained on a Finnigan MAT 90
into the derivative&b and2c by methylation or desulfuriza- spectrometer with DIP El ionization (70 eV). Melting points
tion [20]. The reaction of with methylhydrazine or phenyl- were determined on a Buechi 535 melting-point apparatus,
hydrazine affords the 5-hydroxy-3-methy#-byrazol-4-yl  column chromatography was performed on E. Merck silica
acetic ester8 selectively. The formation of the isomeric 3- gel 60 (40—631m).
hydroxy-5-methyl-H-pyrazoles is not observed. Therefore,
the products result from the attack of the less hindered an@-Hydroxy-2-mercapto-6-methyl-pyrimidin-5-yl)-acetic acid
more nucleophilic nitrogen of the hydrazine at the ketonamethyl este(2a)
carbon atom of thg-ketoester. Both pyrimidinesand pyra-
zoles3 are easily transformed into their chloro-derivatides
and5 by standard POCkhlorination (Scheme 1).

Also triethyl 1,1,2-ethanetricarboxylaté) (proves to be a

Thiourea (16 g, 0.2 mol) and dimethyl acetylsuccinate (
38 g, 0.2 mol) are added at room temperature to a solution of
sodium (9.5 g, 0.4 mol) in methanol (150 ml). The reaction
mixture is refluxed for 16 hours. The crystalline precipitate is

versatile building block for the construction of heterocyclic iitered and added with stirfing to a concentrated agqueous
acetic acid derivatives. Its condensation with acetamidiné ; , Imng : queo
olution of hydrochloric acid (75 ml). The resulting precipi-

hydrochloride under basic conditions and subsequent re-e3-, "~ ; . ,
terification leads to the pyrimidiri& which can be chlorinat- ate is filtered, washed with methanol and dried. This (4-hy-

ed twice to the dichloro-derivatig The sequential substi- droxy-2-mercapto-6-methyl-5-pyrimidinyl)-acetic acid is dis-
tution of its chlorine atoms with different nucleophilic reac- solved in 300 ml of methanol. Concentrated sulfuric acid

: . : P 10 ml) is added and the reaction mixture is refluxed for 16
tion partners results in a short synthesis of the pyrimitiine ( . e , ,
bearing four different substituents (Scheme 2) [21]. hours. The resulting suspension is cooled and filtered. Yield
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Scheme 2Synthesis of pyrimidin-5-yl acetic acid esters from triethyl 1,1,2-ethanetricarboxylate

In conclusion, we presented a concise approach to tetrasuB3 g (0.15 mol, 77%pa; m.p. >200 °C. -1H NMR
stituted pyrazol-4-yl and pyrimidin-5-yl acetates from dime- ((CD;),SO):dppm = 2.31 (s, 3H), 3.54 (s, 2H), 3.79 (s, 3H),
thyl acetylsuccinatelj and triethyl 1,1,2-ethanetricarboxy- 12.48 (s, 1H), 12.67 (s, 1H). Exact Mass fgHEN,O,S:
late @), which are both commercially available. The fact, thatCalcd.: 214.2451; Found: 214.2441.
the acetate, hydroxy and halogen functions are well suite
for further transformations, makes compoufdsl0 valua-
ble building blocks for several different target molecules.

fi4-Hydroxy-6-methy|-2-methylsuIfanyl—pyrimidin-5-yl)-acetic
acid methyl estef2b)
2a (10 g, 46 mmol) is dissolved in a solution of sodium hy-
droxide (2 g, 50 mmol) in water (100 ml). Methyl iodide
Experimental (7.2 g, 50 mmol) is added and the mixture is stirred at room
temperature for 4 hours. The precipitated solid is filtered and
All new compounds were characterized by standard spectrairied. Yield 6.4 g (28 mmol, 619%@b; m.p. 195 °C. —
scopical and microanalytical metho#d.NMR spectrawere  *H NMR ((CD,),SO): dppm = 2.18 (s, 3H), 2.49 (s, 3H),
recorded on a Varian Gemini 300 spectrometer at 300 MHz3.44 (s, 2H), 3.59 (s, 3H). Exact Mass foyHG,N,O,S:
using CDCJ or (CD;),SO as solvents and TMS as internal Calcd. 228.2719; Found: 228.2698.
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(4-Hydroxy-6-methyl-pyrimidin-5-yl)-acetic acid methyl es- (s, 3H), 6.99 - 7.22 (m, 5H). Exact Mass for & ,N,O,:
ter (20 Calcd.: 246.2658; Found: 246.2651.
A suspension o2a (16 g, 75 mmol) and Raney-Nickel (8 g) . Lo C
in water (180 ml) is heated to reflux for 16 hours. The reac_(eA;,,tE;-r[();?ydroxy-2-methyl-pyr|m|d|n-5-yl)-acet|c acid methyl
tion mixture is filtered and the filtrate is concentrated under
reduced pressure to 1/10 of the original volume. The precipTriethyl 1,1,2-ethanetricarboxylaté, (20 g, 81 mmol) and
itating crystals are filtered and dried. Yield 11.5 g (63 mmol,acetamidine hydrochloride (7.7 g, 82 mmol) are added suc-
85%) 2¢, m.p. > 200 °C. H NMR ((CD,),SO): dppm =  cessively to a mixture of sodium methoxide in methanol
2.11 (s, 3H), 3.38 (s, 2H), 3.63 (s, 3H), 8.02 (s, 1H), 12.38 (530 ml of a 5.41 solution, 0.16 mol) and methanol (60 ml).
1H). Exact Mass for gH,,N,O,: Calcd.: 182.1791; Found: The mixture is stirred for 16 hours at room temperature and
182.1802. acidified with concentrated hydrochloric acid. The resulting
. L . : crystals are filtered, washed with cold water and dried. Yield
(edégzl(%c;xy-z,&dlmethyl-pynm|d|n-5-yl)-acetlc acid methyl 14.8 g (75 mmol, 929%Y; m.p. >200 °C. —1H NMR

i ) o ) ((CD,),SO):dppm = 2.09 (s, 3H), 3.01 (s, 2H), 3.36 (s, 3H),
Dimethyl acetylsuccinatel( 19 g, 0.1 mol) is dissolved ina 11 80 (br.s, 2H). Exact Mass fogi; N,O,: Calcd.: 198.1785;
mixture of sodium methoxide in methanol (20 ml of &6.4 EFqund: 198.1799.

solution, 0.11 mol) and methanol (50 ml) and added within

20 minutes to a solution of acetamidine hydrochlorideGgeneral Chlorination Procedure

(10.5 g, 0.11 mol) at 60 °C with stirring. After refluxing the . )

reaction mixture for 16 hours, the precipitated salt is removed’hosphorus oxychloride (6.2 g, 40 mmol) is added slowly to
by filtration, and the filtrate is evaporated to dryness unde® Suspension &a, 3b, 2¢, 2d (25 mmol) or7 (15 mmol) in
reduced pressure. The residual solid is suspended in acetori@luene (80 ml). This reaction mixture is heated to reflux for
filtered and dried. The resulting (2,6-dimethyl-4-hydroxy-5- 3 hours. The solvent was removed under reduced pressure
pyrimidinyl)-acetic acid is suspended in a saturated solutior@nd the resuilting oil poured onto crushed ice with stirring. If
of hydrochloric acid in methanol (50 ml). The mixture is heat-2 Crystalline product is obtained, then it is filtered, washed
ed to reflux for 16 hours. The volume of the reaction mixtureWith water and dried. Otherwise, the pH is adjusted to 8 by
is reduced to about the half by evaporating the solvent in vac@ddition of potassium carbonate and the mixture is extracted
uo. Subsequently, the product crystallizes. Yield 11.5 gwice with dle'ghyl ether. The comblned organic layer is washed
(59 mmol, 59%)d; mp. > 200 °C. *H NMR ((CD,),SO): ~ With water, dried over magnesium sulfate and evaporated, the
dppm = 2.14 (s, 3H), 2.33 (s, 3H), 3.32 (s, 2H), 3.40 (s, 3H)residue purified either by dllst|llat|on or by crystallization from
Exact Mass for gH,,N,O,: Calcd.: 196.2059; Found: ethyl acetate/hexane to gide, 4b, 5¢, 5d or 8.

196.2056. (5-Chloro-1,3-dimethyl-1H-pyrazol-4-yl)-acetic acid methyl
(4-Hydroxy-6-methyl-2-phenyl-pyrimidin-5-yl)-acetic acid ester(4a)
methyl este(2e) Yield 46%. —tH NMR (CDCl,): d/ppm = 2.11 (s, 3H), 3.29

Benzamidine hydrochloride (17.5 g, 0.11 mol) and dimethyi(S, 2H), 3.64 (s, 3H), 3.88 (s, 3H).
acetylsuccinatel( 19 g, 0.1 mol) are reacted according to the(5—Chloro-3—methy|—l—phenyI-1H-pyrazo|-4-yl)-acetic acid
above procedure. Yield 14.2 g (55 mmol, 55 26) m.p. methyl estet4b)

195 °C. -H NMR ((CD,),S0): dppm = 2.35 (s, 3H), 3.58
3} Yield 57%. —*H NMR (CDCl,): d/ppm = 2.18 (s, 3H), 3.34
(s, 2H), 3.64 (s, 3H), 7.48 - 8.10 (m, 5H). Exact Mass for(s, 2H), 3.76 (s, 3H), 7.13—7.44 (m, 5H).

C,,H14N,O4: Caled.: 258.2768; Found: 258.2781.
(4-Chloro-6-methyl-pyrimidin-5-yl)-acetic acid methyl ester

(5-Hydroxy-1,3-dimethyl-1H-pyrazol-4-yl)-acetic acid me- (5c)
thyl esten(3a) Yield 82%;b.p. 88—90 °C/1 torr. 1H NMR (CDCl,): d/ppm
Methylhydrazine (2.3 g, 50 mmol) is added to a solution of= 2.58 (s, 3H), 3.77 (s, 3H), 3.87 (s, 2H), 8.79 (s, 1H).
dimethyl acetylsuccinatel{ 9.5 g, 50 mmol) in toluene (4_chioro-2,6-dimethyl-pyrimidin-5-yl)-acetic acid methyl
(80 ml) and the mixture is heated to reflux for 16 hours usinGsster(5d)
a Dean-Stark water separation apparatus. Subsequently, t ?eld 80%:mp. 54 °C. ~'H NMR (CDCL): &/ppm = 2.50 (s,
reaction mixture is cooled and the solvent is evaporated. Th 3

: - e i H), 2.67 (s, 3H), 3.73 (s, 3H), 3.82 (s, 2H). Exact Mass for
residue is purified by chromatography on silica gel (ethylC . CIN.O.- Calcd.: 214 6513 Found: 214.6525
acetate/hexane 1 : 4). Yield 4.8 g (26 mmol, 524) — o1y ~IN, Y, Lalcd.. ) » Found: : :
H NMR ((CD5),S0): dppm = 2.02 (s, 3H), 3.21 (s, 2H), (4,6-Dichloro-2-methyl-pyrimidin-5-yl)-acetic acid methyl
3.63 (s, 3H), 3.69 (s, 3H). Exact Mass fQHCN,O,: Cal-  ester(8)

cd.: 184.19489; Found: 184.1960. Yield 63%;m.p. 71 °C. H NMR (CDCl,): &ppm = 2.91 (s,
(5-Hydroxy-3-methyl-1-phenyl-1H-pyrazol-4-yl)-acetic acid 3H), 3.97 (s, 3H), 4.16 (s, 2H). Exact Mass fgHgCI,N,O,:
methyl este(3b) Calcd.: 235.0692; Found: 235.0703.

Phenylhydrazine (55 g, 50 mmol) and dlmethyl acetylsucci- 4-ChIor0-6-dimethylamino—2-methyl-pyrimidin-5-yl)acetic
nate (, 9.5 g, 50 mmol) are reacted according to the above g methyl este(9)

procedure. Yield 9.1 g (37 mmol, 74%¥; mp. 132 °C. — _ o _

IH NMR (CDCly): dppm = 1.98 (s, 3H), 3.26 (s, 2H), 3.54 Dimethylamine in water (5 ml of a A9solution, 40 mmol)
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is added dropwise to a solution ®f(8.0 g, 34 mmol) and  [9]
triethylamine (4.0 g, 40 mmol) in 1,2-dimethoxyethane
(30 ml) at room temperature. After stirring for 1 hour, the [6]
mixture is diluted with water and extracted with ethyl ace- [7]
tate. The combined organic layer is dried over magnesium[ 1
sulfate and evaporated, the remaining oil is purified by
chromatography on silica gel (ethyl acetate/hexane 1:5). Yield
7.5 g (31 mmol, 91%9. —*H NMR (CDCl,): dppm = 2.47 [9]
(s, 3H), 3.05 (s, 6H), 3.71 (s, 2H), 3.90 (s, 3H). Exact Mas$10]
for C,H,,CIN;O,: Calcd.: 243.6929; Found: 243.6933.

(4-Chloro-6-methoxy-2-methyl-pyrimidin-5-yl)acetic acid [11]
methyl este(10)

Sodium methoxide in methanol (5 ml of a ®.4olution,
28 mmol) is added at room temperature to a solutio® of
(6.5 g, 28 mmol) in 1,2-dimethoxyethane (15 ml). After stir- [5’1]
ring for 30 minutes, the mixture is diluted with diethyl ether [14]
and washed with water. The organic layer is dried over mag 15]
nesium sulfate and evaporated, the remainder purified by dig—
tillation. Yield 4.9 g (21 mmol, 76%0; b.p. 108—110 °C/
0.5 torr. —=tH NMR (CDCl,): dppm = 2.60 (s, 3H), 3.68—
3.72 (m, 5H), 3.98 (s, 3H). Exact Mass foyHZ,CIN,O:
Calcd.: 230.6507; Found: 230.6499.

[12]

[16]

[4-(3-Isopropyl-phenoxy)-6-methoxy-2-methyl-pyrimidin-5-

yl]-acetic acid methyl estef1) [17]

A mixture 0f10 (3.2 g, 14 mmol), 3-isopropylphenol (1.9 g, [18]
14 mmol) and potassium carbonate (2.9 g, 21 mmol) is stirred

in N,N-dimethylformamide (30 ml) for 3 hours at 130 °C. [19]
After cooling to room temperature, the reaction mixture is
diluted with diethyl ether and washed with water. The organ-

ic layer is dried over magnesium sulfate and evaporated, the
remainder chromatographed on silica gel (ethyl acetate/hexaz0]
ne 1:5). Yield 3.1 g (9.4 mmol, 67%). —*H NMR (CDCl,):

dppm = 1.05 (d, 6H), 2.21 (s, 3H), 2.68 (dq, 1H), 3.44-3.5021]
(m, 5H), 3.77 (s, 3H), 6.78—7.14 (m, 4H). Exact Mass for
C,gH,N,0,: Calcd.: 330.3837; Found: 330.3849.
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