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Introduction

for the preparation of antthyperten and antithrombotic drugs [1] as well as herbicides and plant growth
regulators [2,3] or fungicides [4]. Thus, 4,6-dimethoxypyrimidine-2-carboxylic acid (2, R=H) has been used for
the preparation of numerous sulfonamide herbicides such as 3 [2] (Figure 1).
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Figure 1. Pyrimidine sulfonamides (3) from pyrimidine-2-carboxylates (2).

Preparation of 2 often involves either tedious procedures or the use of expensive [S] or toxic reagents [6].
Pyrimidine-2-carboxylates have also been prepared by oxidation of 2-methylpyrimidines, using selenium dioxide
[7] or potassium permanganate [8]. These methods usually afford low yields, thus, an alternative procedure is
desirable. Based on our experience in the carbonylation of chloroheterocycles [9-12], we thought to use this
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methodology for the preparation of pyrimidine-2-carboxylates by alkoxycarbonylation of 2-chioro-4,6-
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B  Carbonyiation of 2-(Chioromethyi)-4,6-dimethoxypyrimidine

Several examples of the use of 4,6-dimethoxy-2-pyrimidineacetic acid (5, R=H) for the preparation of
pyrimidinesulfonamides such as 6 are described in the patent literature. These substances constitue a new class of
herbicides and plant growth regulators [2,13-14] (Figure 2).
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Figure 2 Pyrimidinesulfonamides (6) from 2-pyrimidineacetates (5).
No direct and efficient method is currently available for the preparation of 4,6-dimethoxy-2-pyrimidineacetic
acid derivatives (5). For example [5], the classical synthesis of 4 via cyanation, followed by aico'noiysis affords
the m‘th"}ester of )6-d'"‘ hox midin CHa) in relatively low yieid (below 40%). 2-

imethoxy-2-pyrimidineacetic acid (5, R=
een prepared in low yield by cyclocondensation reactions [15].
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preparation of 2-pyrimidineacetates by alkoxycarbonylation of 2-(chloromethyl)-4,6-dimethoxypyrimidine (4).

Both, 2-chloro-4,6-dimethoxypyrimidine (1) [16] and 2-(chioromethyl)-4,6-dimethoxypyrimidine (4)

readily available, in good yields, from malonodinitrile (MDN) (Scheme 1).

~ CH;, 0 ) NaHCO, |_/‘Q AY \—l HCl (g) /OWO\
NeTeN | OO | anl | — = NN
MDN toluene HCLNH NH.HCI|  2) aq NH,ON | cN | THF iy
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/lL 0 JJ\' toluene/acetone

Scheme 1. Preparation of 2-chloro-4,6-dimethoxypyrimidine (1) and 2-(chloromethyl)-4,6-dimethoxy-
pyrimidine (4) from MDN.
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The carbonylation [18] of arylhalides (Scheme 2) in presence of nucleophiles such as H;O, ROH, RNH, or
carboxylate salts affords carboxylic acids, esters, amides or mixed anhydrides, respectively. In general, these
transformations give good results with aryl bromides or iodides using palladium catalysts as described by Heck
and co-workers'.

Base
ArX + ROH+ CO —= ArCOOR

Pd complex

Scheme 2.  Carbonylation of arylhalides.

Similarly the transition metal-catalyzed carbonylation of benzylic compounds is a valuable tool for the
synthesis of carboxylic acid derivatives. Catalysts used for this type of transformation are Ni, Co, Rh, Pt, Fe, but
mostly Pd catalysts are used for reasons of activity and selectivity. Unlike aryl halides, benzylic halides are
susceptible to nucleophilic attack and elimination reactions. A major drawback for most carbonylations of
benzylic halides’ thus far has been the large amount of catalyst (1 - 20 mol%) and phase transfer reagents (5 - 10
mol%) needed for high conversion and yields. A new approach [19,20] using water-soluble Pd catalysts with
TPPTS (sodium tris-sulfonatophenylphosphine) as a ligand offers more efficient product isolation as well as
being a more active catalyst system (Scheme 3). Only one example of a carbonylation of a heterocycle at the
benzylic position [21] has been found in the literature and it concerned the carbonylation of a heterobenzyl
mesylate’.

ArCH,COOH

AFCHZCI s —" .
H,O / NaOH
Toluene

Scheme 3.  Carbonylation reaction at the benzylic position.

: Typical reaction conditions (Heck): 100-150°C and 1-3 atm of carbon monoxide in the presence of 1-2% of Pd(PPh;),Cl,, using the
reactant alcohol as solvent and a tertiary amine as the acid acceptor.
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The alkoxycarbonylation outlined below was achieved in 835% yield from a heterobenzyl mesylate. The reaction was carried out

with carbon monoxide (10 bar) in the presence of 2 equiv. of tricthylamine in methanol and 20 mol % of
dichlorobis(triphenylphosphine)palladium at 60°C for 10h.
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2¢, R = isopropyl
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2d, R = Cyclohexyt
2e, R = Benzyl

2b, R = Ethyl
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THF/Benzyl alcohol (2 equiv.)
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Alkoxycarbonylation of 2-chloro-4,6-dimethoxypyrim
Preparation of esters from 2-chloro-4,6-dimethoxyp

Pal

All esters (2a - 2e) were prepared in good to excellent yield using the reaction conditions outlined below

(Table 1).
Reaction conditions : :

Entry

We report here for the first time the carbonylation of 2-chloro-4,6-dimethoxypyrimidine (1) for the preparation

of pyrimidine-2-carboxylates. Esters of 4,6-dimethoxypyrimidine-2-carboxylates (2) (Scheme 4) were obtained

by alkoxycarbonylation of 1 with carbon monoxide at 15 bar in the presence of sodium acetate as acid acceptor,

a catalytic amount of palladium acetate and 1,1'-bis(diphenylphosphino)ferrocene (dppf) as ligand.
complete conversion could also be achieved, but only under more forcing conditions which were detrimental to

simplifies the work up and also provide higher yields (Entry 5). Among the ligands tested - 1,4-

Palladium acetate gave a better yield (Entry 2) although the conversion was lower.

A Carbonyiation o

Scheme 4.
Table 1.
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Table 2. Comparison of reaction conditions for the alkoxycarbonylation reaction.
Eniry Solveni Reaction Ligand® Catalyst® Yieid® Conversion®
conditions® [%46] [%o]
1 THF/Methano! (3 eq.) 180°C/6h dppb PACl;(Ph;P), 2a2:71 99
2 THF/Methanol (3 eq.) 165°C/4h dppf Pd(OAc), 2a: 85 92
3 Methano!l 170°C/4h Ph;P Pd(OAc), - 42
4 Methanot 170°C/4h tmpp Pd(OAC), - 62
5 Methanol 165°C/2h dppf Pd(OAc), 2a:90 100

* Reaction conditions : 3 mol% of ligand and 0.2 mol% of catalyst; 15 bar CO.
® Ligands : 1,4-bis(diphenylphosphino)butane (dppb); triphenylphosphine (PhsP); tris(4-methoxyphenyl)phosphine (tmpp)
and 1,1'-bis(diphenylphosphino)fcrrocenc (dppf).

¢ Catalysts : dichlorobis(triphenylphosphine)palladium (PdCl,(Ph;P),) and palladium acetatc (Pd(OAc),).

< Isolated yield after flash chromatography.

¢ Conversion : Except the product (2) and the starting materiai (i) no other products were detected by GC analysis of the

N R e g I 2 7 ]

Crude reaction mixture,

Preliminary attempts showed that the optimal carbon monoxide pressure (Table 3) was in the range of 12 - 20
bar (initial pressure). When the reactions were carried out at lower pressure (< 9 bar) (Entries 1 and 2), we not
only observed a lower conversion but also an increasing proportion of 4,6-dimethoxypyrimidine (7) (up to 18%)
formed by reduction’ of 2-chloro-4,6-dimethoxypyrimidine (1) (Scheme 5). Up to 9 bar of pressure (Entries 3 -
5), the conversion to 2b was complete and no side-products could be detected in the reaction mixture.

Scheme 5.  Formation of 4,6-dimethoxypyrimidine at low carbon monoxide pressure.

co
B g ROH D 2 TN O O~
N N o « + 4
Y CH,COONa Ny N Ny N
cl Pd(OAC), COOR H
1 dppf 2 7

Ul [4




7 [%l] 2b, Yield® [%]

2b [%]

11%]

Final pressure [bar]

Initial pressure® [bar)

Entry

37
87
93
93
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100

27
<1

1.3
2.5
125

57

9.0
19.0

GC analysis of the crude reaction mixture.

-

ium acetate); sodium acetate (3 equiv); in

® Isolated vield after flash chromatography.
0.2 mol% of palladium acetate and 3.0 mol% of 1,1'-bis(diphenylphosphino)ferrocene (dppf) as ligand at 145°C

Q
Q

)y NS,
5¢, R=CH(CH,),

Elh De LI
N

dine with carbon monoxide.

CH,COOR

1mi

CH,COONa
145°C / 2h

Pd(OAc), dppf

Alkoxycarbonylation of 2-(chloromethyl)pyr

Scheme 6
Conclusion

Compared to other traditional methods, this carbonylation methodology provides a simple and expedient

J

access to a variety of 4,6-dimethoxypyrimidine-2-carboxylic acid derivatives (2) and 4,6-dimethoxy-2-

7
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using readily available 2-chloro-4,6-dimethoxypyrimidine (1) or

pyrimidineacetic acid derivatives (5),

f )

respectively 2-(chloromethyl)-4,6-dimethoxypyrimidine (4).
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Experimental

Reagents and solvents were reagent grade and were used as received. Melting points were determined on a
Biichi 535 apparatus and have not been corrected. 'H NMR (400 MHz) spectra were recorded on a VARIAN
spectrometer. Chemical shifts are reported as parts per million. Tetramethylsilane was used as internal standard.
Coupling constants ./ are given in Hertz.

Alkoxycarbonylation. General Procedure. The reactions were carried out in a 100 mL stainless steel
autoclave equipped with a magnetic stirring bar. The reagents were charged in a teflon liner in the following
order : (1) alcohol (40 mL) (or 40 mmol of alcohol and 40 mL of tetrahydrofuran), (2) sodium acetate (1.92 g,
60 mmol), (3) chloropyrimidine or 2-(chloromethyl)pyrimidine (20 mmol), (4) 1,1'-bis(diphenylphosphino)-
ferrocene (333 mg, 0.6 mmol [3%mol]) and (5) palladium acetate (9.0 mg, 0.04 mmol [0.2%mol]. The air in the
autoclave was replaced with carbon monoxide and the pressure adjusted to 15 bar. The reaction mixture was
then heated to the desired temperature [160°C to 180°C] with rapid stirring. After completion the reaction
mixture was cooled to room temperature and concentrated under vacuum. The products were isolated by flash
chromatography on silica gel eluting with ethyl acetate/hexane (1:1).

A Carbonylation of 2-Chloro-4,6-dimethoxypyrimidine

Methyl 4,6-dimethoxypyrimidine-2-carboxylate (2a). Yield 90%; mp 129.7 - 131.1 °C. 'H NMR (CDCL): &
6.16 (1 H, s); 4.03 (6 H, s); 3.99 (3 H, 5). GC/MS (m/e) : 198 (M"); 197, 183; 168; 139; 125, 108; 93.

Ethyl 4,6-dimethoxypyrimidine-2-carboxylate (2b). Yield 87%; mp 55.9 - 57.4 °C. '"H NMR (CDCls): §6.15
(1H,s),446 (2H, q,J=7.1);402 (6 H, s); 1.43 3 H, t,J =7.1). GC/MS (m/e) : 213; 212 (M), 211, 183;
154; 140; 125.

Isopropyl 4,6-dimethoxypyrimidine-2-carboxylate (2¢c). Yield 54%; mp 64.6 - 66.6 °C. "H NMR (CDCL): &
6.14 (1 H,s),; 529 (1 H, hept, J=63),402 (6 H,s); 142 (6 H, d, J=63) GC/MS (m/e) : 226 (M"); 211;

LAY i1,

183; 167, 140.

Cvclohexvl 4 6-dimethoxvnvrimidine-2-carhaxvlate (2d). Yield 75% mn 990 - 101 2 °C 'HN (CDClL):

Cycighexyl 4,0-gimethoxypyrimigine-Z-carpoxyiate (24). Yiei¢ mp 230« 101 2 "C. B NMR(LDCL)

56.13 (1 H,s):5.06 (1 H, m); 402 (6 H,s); 20 (2 H, m); 1.8 (2 H, m); 1.6 (3 &, m); 1.4 (3 H, m). GC/MS

(mnla) « VAL NN NN 126 147 120

(HIVE€) | 200 (M1 ), 221, 183 10/ 137

Domme] 4 £ divsath awsrrersionnidima YV navhavelata P2 Tha raantinm 10 ~oaeeriad Aid 1 batrahoderalican (AN T )

DENZY1 4,0-GiMeuisXypyriniGine-4-Carooxyiate (4&). 1€ reéacuion is Carried Out in tetranyaroiuran (4v )
ith AN el A4 22 A AF hanaglalaalal T/14N O hath) +/2LY Viald TF4£0/ . v OK Q ae 1 oy lIir amAD

witilh 4U mimo1 (4.55 g) OI OCNZyiaiconol. 1(10U "] oatn), tonj. Yidia 707, mp 0.6 - 56.1 "L, 11 INIVIR

(CDCly): §7.50 (2 H, d); 7.35 (3 H, m); 6.15 (1 H, s); 5.43 (2 H, s); 4.01 (6 H, s). GC/MS (m/e) : 275, 274

(M"); 246; 168, 140.
4,6-Dimethoxypyrimidine (7). Isolated by-product. 'H NMR (CDCl;): § 5.70 ( 1 H, s); 3.95 (1 H, s); 3.92 (6
H, 5). GC/MS (m/e) : 140 (M'); 139; 110; 98; 83, 68.

B  Carbonylation of 2-(Chloromethyl)-4,6-dimethoxypyrimidine

Methyl (4,6-dimethoxypyrimidin-2-yl)acetate (Sa). Yield 59%,; yellow oil. 'H NMR (CDClL): §5.92 (1 H, s);
391 (6 H,s);3.82(2H,s);3.74 3 H, s). GC/MS (m/e) : 212 (M), 211; 183; 169; 140.

Ethyl (4,6-dimethoxypyrimidin-2-yl)acetate (5b). Yield 82%; yellow oil. 'H NMR (CDCL): §5.91 (1 H, s);
422(2H,q,J=7.1);391(6H,5);380(2H,s);1.28 3H, t,J=7.1). *C NMR (CDCly): & 14.2 (CHs); 45.4
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LT N, EA N N MNMYT . £ O (AT Y N\ QM N 7T T o Reldala' 17N ™ rYRTRET -y - o~ AR TN SN fm omSN IRt
(L), 24U (X Ulrls), OUY (Uly), o/.Y (L), 1053.7/(LU); 1057 (LINN), 1/71.6 (Zx U ). GU/MDS (m/e) .
e AN\, AAL. A1, 102, 101 187, 1AM
2440 (V1 ), 24D, 211, 190, 131, 1353 122,

Isopropyl (4,6-dimethoxypyrimidin-2-yl)acetate (Sc). Yield 54%; yellow oil. 'H NMR (CDCL): 65.92 (1 H,
s), 5.10 (1 H, hept, /= 6.3), 3.91 (6 H, 5); 3.78 (2 H, s5); 1.26 (6 H, d, J = 6.3). >*C NMR (CDCL): 6 21.8

(2xCH,); 45.6 (CH,); 54.0 (2x OCHa), 68.3 (CH); 87.9 (=CH); 163.9(CO); 169.2 (CNN); 171.6 (2x CON).
GC/MS (m/e) : 240 (M'); 239; 225; 197; 181; 154; 125; 113.
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