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alcohol and a palladium catalyst, affording selectively either alkyl 3-chloropicolinates, or dialkyl pyridine-2,3-
dicarboxylates in good yields, depending on the reaction conditions. © 1998 Elsevier Science Ltd. All rights reserved.
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Introduction

As part of a program directed towards the development of new synthetic technologies, we were interested in
the preparation of esters of pyridinecarboxylic acids of general structure 1 or 2 as shown below (Figure 1).
Chlorinated picolinic acids 1 can serve as intermediates for antifibrotics [1] or in agrochemistry as precursors
for herbicides [2]. 5-Substituted pyridine-2,3-dicarboxylic acids 2 are useful as intermediates in the manufacture
of a new class of imidazolinone herbicides [3-5] such as 3. Compounds 1 and 2 are usually prepared by
cyclocondensation reactions' [6,7] or by oxidation of 5-substituted quinolines with various oxidizing reagents
[8]. However, when 2 is substituted with an alkoxymethyl group, the classical synthetic methods are
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unsatisfactory and a relatively complicated multistep synthesis is often required [9].

Figure 1.
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' The reaction of a ketoester (i.e. dialkyl oxalacetate) with an o, -unsaturated aldehyde or ketone (i.e. 2-alkylacrolein) and 1 molar
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equivaient of ammonium sali in the presence of dehydrogenation caiaiyst (i.e. Pd/C) affords 5-aikyi-2,3-pyridinecarboxyiaies in
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We thought to take advantage of the particular reactivity of 2-halopyridines [11-15] in Heck type [16]
reactions and speculated that the presence of a carboxylic group in the 2-position of a 3-halopyridine could
provide sufficient activation [17] to allow for carbonyl insertion into the C-halogen bond. Following this
reasoning, 2,3-dihalogenopyridines such as 4 could serve as convenient starting materials for the preparation of
either 1 or 2 (Figure 2). We wish to report here on the successful application of this concept to the efficient
preparation of 3-chloro-5-(methoxymethyl)pyridine-2-carboxylic ~ acid derivatives (la,b) or 5-
(methoxymethyl)pyridine-2,3-dicarboxylic acid derivatives (2a,b). This was achieved by either a selective mono
alkoxycarbonylation or a double alkoxycarbonylation of 2,3-dichloro-5-(methoxymethyl)pyridine (4).
Dihalogenopyridine 4 is easily prepared from the readily available chlorinated pyridine 13.

Figure 2.
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be often used as solvent and the ester formed is sufficiently stable

F

general, these transformations are successful with aryl bromides or iodides. The aryl chiorides are much less
reactive, though encouraging results have been recently reported. For instance, Milstein [20] and coworkers
recently obtained very good results (70 - 90% yield) for the carbonylation of p-substituted chiorobenzenes with
active pailadium compiexes. (Scheme 1). As expected, electron withdrawing groups accelerated the reaction
and electron donating groups inhibited it.
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Scheme 1.  Alkoxycarbonylation of chloroaromatic rings.

This concept has only been seldom applied to heteroaryl molecules. However the carbonylation of
heterocyclic halides could provide an attractive method for the synthesis of esters and amides of heterocyclic
carboxylic acids derived from pyridine [21], pyrazine [22] or quinoline [23]. However, most procedures
reported in recent years used expensive iodo- or bromoheterocyclic [24,25] as starting materials. Indeed, only a
few examples of alkoxycarbonylation of chloropyridines can be found in the literature and the yields are usually
fairly low and the reaction conditions relatively harsh (Table 1).
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Table 1.

Selection of carbonylation reactions of chloropyridines reported in the literature
“Entry Chloropyridine Ester Solvent Reaction  Ligand® Catalyst® Yield Author
Base conditions [%0]
1 2N N Butanol/Toluene  200°C/3h dppb PdCl, 34 Kudo [26]
CL CL Na,CO, 50 atm CO
N Cl N COOBut
2 A ~ Ethanol 120°C/48h - (PhPRPACh, 51 Zhang [27]
L - \1[\ NEt; 66 atm CO
Nl N COOEt
3 ; # Methanol 150°C/i6h  PhsP Pd(dba), 79 Takeuchi
E, ]\ Ol\ NEt; 40 atm CO (17
N" N” ~cooMe
4 A~ Ci ., -CO0Me Methanol 150°C/16h Ph,P Pd(dba), No Takeuchi
N o ) NEls 40 atm CO Reaction [17]
N
5 7 A 2~ -C00But  Butanol/Toluene  200°C/3h dppb PdCl, 44 Kudo [26}]
(\”/ (\lr Na.(C0). S0 atm O
ls b Na,CO; 50 atm CO
N N
6 A -~ COOEt  Ethanol/Benzene  250°C/3h dppb PdCl, ~20 Suto [28]
g ﬂ Na,CO; 50 atm CO
N N
7 >y c /\'rCOOEt Ethanol/Benzene  250°C/3h dppb PdCl, <5 Suto [28]
M s A Na,COs 50 atm CO
N"Ta N~ ~COOEt

*Ligands: 1,4-bis(diphenylphosphino)butane (dppb); triphenylphosphine (PhsP).
® Catalyst: palladium bis(dibenzylideneacetone) Pd(dba),.

Results and discusssions
A. Preliminary experiments: alkoxycarbonylation of methyl 5,6-dichloropyridine-3-carbexylate

It was first decided to use methyl 5 6-dichloropyridine-3-carboxylate' (7) as a model system to determine
the initial conditions for the carbonylation. Depending on the reaction conditions, several products can be
formed in addition to the desired esters 8 and 9. A competing substitution reaction can take place giving 10.
The latter can undergo a subsequent alkoxycarbonylation to 11. The production of 12 may also be due to a
reduction of the starting material 7 at the 2-position or to a decarboxylation of the monoester 8. All of these
products and side products (Scheme 2) were isolated by column chromatography and positively identified.

co
crgoocmm "Pd catalyst" CHP"‘YICI . CHaOOCmCOOCHs
Ncl CH,OH or "N SCOOCH, "N SCoOoCH,
7 CH,OH/THF 8 9
105 - 160°C
Base CH,00C o~ Cl CH,00C . COOCH, CH3ooc\|,,\!,cn
L‘NH‘OCHS L‘N"“OCHg NS
10 1 12

Scheme 2.  Alkoxycarbonylation of methyl 5,6-dichloropyridine-3-carboxylate

showing main products and known side products.

! Methyl 2,3-dichloro-5-pyridinecarboxylate was prepared by esterification of 5,6-dichloronicotinoyl chloride (obtained from 6-
hydroxypicolinic acid [29]).
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Carbonylation reactions were carried out in an autoclave on 10 mmol scale under 15 atm of carbon
monoxide. The most interesting resuits are given in the tabie (Tabie 1), the values reported correspond to area
% ratio (GC).

Table 2. Comparison of reaction conditions for the carbonylation reaction.
Entry Solvent Reaction Ligand® Base [equiv ] 8 9 10 11 12 7
conditions” [%] [%] [%] [%] [%0] [%}
i CH,OH 155°C/6h dppo Na,CO;5 {2.2] <i° <1 63 34 1 1
2 CH;0H 155°C/6h dppb  CH;COONa[3.0] 40 48 10 < 2 <1
3 CH;0H 105°C/16h dppb CH;COONa [3.0] 27 <1 10 <1 <1 63
4 THF/CH;OH 160°C/6h dppb CH;COONa [3.0] 80 10 2 <1 5 1
5 THF/CH,OH 155°C/24h dppb CH,COONa [3.0] 71 7 2 <1 15 2
6 CH,0H 155°C/6h tmpp CH;3COONa {3.0} 29 <1 26 3 <1 36

* Reaction conditions: the temperature given is the external temperature (internal temperature is 15-20°C less); catalyst:
dichlorobis(triphenylphosphine)palladium.

" Ligands: 1,4-bis(diphenylphosphino)butane (dppb); tris(4-methoxyphenyl)phosphine (tmpp).

¢ <1% means: no GC signal or GC signal not integrated
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3-position to give 11. When sodium carbonate was replaced by sodium

€
being the same, the substitution reaction was drastically reduced. Carbonylation occurred at the 2-position
followed by carbonylation at the 3-position, giving a mixture of monoester 8 and diester 9. At lower
temperatures and longer reaction time (Entry 3), the substitution reaction remained the same and a high
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proportion of starting material 7 was unchanged. When the reaction was carried out in tetrahydrofuran with 3
equiv. of methanol, the main reaction was carbonylation at the 2-position (80% of monoester 8 and 10% of
diester 9, GC area %), (Entry 4). After separation by chromatography, the monoester 8 was isolated in 73%
yield and the diester 9 in 6% yield. A longer reaction time (Entry 5), did not increase the amount of diester 9,
but increased the amount of 12 most likely by decarboxylation of monoester 8. At this preliminary stage we did
not probe deeply the effect of the catalyst or the ligand, except for one attempt (Entry 6) in which a
monophosphine was tested. With tris(4-methoxyphenyl)phosphine instead of 1,4-bis(diphenylphosphino)-
butane, we once again observed an increasing amount of substitution product 10.

Our primary conclusions from the initial phase of the project showed :

- the nature of the base is crucial for the ratio of carbonylation to substitution,

- the polarity of the solvent probably has an influence on the selectivity,

- a diphosphine is essential for an efficient carbonylation,

- the temperature should be higher than 150°C,

- long reaction times should be avoided due to the limited stability of the esters (decarboxylation).
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B. Mono- and bisalkoxycarbonylation of 2,3-dichloro-5-(methoxymethyl)pyridine (4).

Both mono- and bisalkoxycarbonylations of 2,3-dichloro-5-(methoxymethyl)pyridine (4) could be achieved
in very good yields. One set of conditions was found to selectively prepare the methyl ester 1a in 94% yield and
another set was found to prepare the diethyl ester 2b in 90% yield (Scheme 3). In this section the influence of
the different reaction parameters on these two sequences will be discussed.

C,H,OH CH,OH
co co
COOC,H, CH,COON ~ Cl
’\/\r . CH,COONa ’Y\rCI X a _ o'\m\
N COOC,H, Pd(QAc), N>l PdCl,(Ph,P), N"~COOCH,
2b - 90% dppf 4 dppb 1a : 94%
160°C/5h 145°C/3h

Scheme 3.  Mono- and bisalkoxycarbonylation of 2,3-dichloroe-5-(methoxymethyl)pyridine (4).

Based on our observations in the preliminary study (Part A), we expected the product mixture shown below
(Scheme 4). In addition to the possible side products by the pathways already described, we also suspected that
13 might result via decarboxylation of diester 2. Most of these side products were isolated by column
chromatography and identified by spectroscopic methods (see Experimental Section). Various reaction
parameters and their corresponding results on the product mixtures are shown in Table 2 and summarized

thereafter.
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Scheme 4.  Alkoxycarbonylation of 2,3-dichloro-5-(methoxymethyl)pyridine (4)
showing main products and known side products.
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Table 3. Comparison of reaction conditions for the carbonylation of 2,3-dichloro-5-
(methoxymethyl)pyridine.
Entry Solvent Reaction Ligand® Catalyst ia 2z Sa 6 13a 4
conditions® [%] [%] [%] [%] [%] [%]
if THF/CH;OH 160°C/6h dppb (Ph;P),PdCi, 76 <1 <i i5 <1 7
2° THF/CH;OH 195°C/6h dppb (Ph;P),PdCl, 76 <1 1 19 <1 3
3 CH,OH 210°C/3h dppb (PhsPyPdCl, <1 22 <1 64 <1 <l
4 CH;0H 165°C/3h dppb (PhsP),PdCl, 63 36 <1 <1 <1 <1
5 CH,OH 160°C/22h dppf (Ph;P),PdCl, 6 83 3 8 <1 <
6 CH,0H 165°C/10h Josiphos (Ph;P),PdCl; 45 49 4 2 <1 <1
7 CH;0H 180°C/2h dppf (Ph;P),PdCl, 1 79 5 2 <1 <1
8 CH,0H 176°C/4h dppf Pd{OAc), 4 50 2 2 <l <1
9 CH,;0H 145°C/3h dppb (Ph;P),PdCl; 96 3 <1 <1 <1 <1
10 CH;OH 165°C/6h dppb Pd(OAc); 31 64 1 4 <1 <1
11 CH;0OH 165°C/6h dppb PdCl, 32 62 3 3 <1 <1
1b 2b 5b 6 13b 4
(%] %) (%] (%) (%] (%]
12 C.HsOH 160°C/5h dpppe Pd(OAc), 52 <1 3 <l <1 45
13 C,H;OH 160°C/5h dpppr Pd(OAc), 70 27 3 <1 <1 <1
14 C,H;OH 160°C/5h Jjosiphos Pd(OAc), 39 61 <1 <1 <1 <1
15 CH:CH 160°C/5h dppb Pd(CAc) 20 76 2 <1 <1 <1
16 C,H;OH 160°C/5h dppf Pd(OQAc), 5 95 <1 <1 <1 <1
17 CH;0H 160°C/5h dppf Rh(OAc); 37 <1 <1 4 <1 59
18 C,H:OH 160°C/5h dppf Co(acac), 43 <1 4 <1 <1 53
19 C,H;OH 175°C/4h dppf (PhsP),PdCl, 14 79 <1 <1 <1 <1
20° C,H;0H 160°C/Sh dppf Pd(OAC), <t 99 < <1 < <

The values reported in Table 2 correspond to relative area % (GC); <1% means either no GC signal or GC signal not integrated.

*Reaction conditions: the temperature given is the external temperature (internal temperature is 15-20°C less); the reactions
were carried out under 15 atm of CO and sodium acetate (3 equiv.) was used as base.

®Ligands: 1,4-bis(diphenylphosphino)butane (dppb); 1,1'-bis(diphenylphosphino)ferrocene (dppf); (+)-1-[2-
(diphenylphosphino)-ferrocenyl]ethyl-di-fers-butylphosphine (josiphos);

1.4-bis(diphenylphosphino)propane (dpppr); 1,4-bis(diphenylphosphino)pentane (dpppe)

© Alcohol used as reagent in tetrahydrofuran.
4 Double amount of catalyst was used in this attempt.



98]

Y.

&

essard, J. P. Roduit / Tetrahedron 55 (1999) 393404

z7} TS

Influence of the base. In an alkoxycarbonylation reaction, the base is indispensable for neutralization of the
hydrogen chloride generated during the reaction. As demonstrated in our preliminary work (Part A), a stronger
base, i.e. sodium carbonate, favors substitution of the chlorine with the alcoholate. For this reason, we began
our experiments with the weaker base sodium acetate. As a logical consequence, the proportion of side-
products Sa and Sb remained low (always lower than 5%), moreover the side-products 14a and 14b from the
subsequent alkoxycarbonylation of Sa and Sb were practically undetectable.

Influence of the solvent. The presence of 3-chloro-5-(methoxymethyl)pyridine (6) can be explained either
by the reduction of 2,3-dichloro-5-(methoxymethyl)pyridine (4) or by decarboxylation of 1a or 1b. Indeed, this
side-reaction must be considered since the presence of water cannot be excluded. Without rigorous exclusion
of water in any reaction involving CO, there is always the possibility of hydrogen formation via the "water-gas"
shift reaction. The decarboxylation of the monoester 1a or 1b can also give the side product 6. These side
reactions were observed when the reactions were carried out in tetrahydrofuran (influence on the reaction rate)
as solvent and the alcohol as reagent (Table 2, Entry 1 and 2).

Influence of the nature of the alcohol. When we attempted to prepare diester 2a with reactions carried out
in methanol, the quantity of material isolated after the reaction was relatively low compared to the very good
conversion observed (Entry 8). Indeed, only 62% of the diester 2a could be isolated after chromatography
though GC analysis of the crude reaction mixture indicated 90% conversion to 2a. However, when the
reactions were carried out in ethanol, a higher yield was obtained, presumably due to higher stability of the
ethyl esters under the reaction conditions (Entry 16 and 20). Indeed the methyl esters are much more prone to
decarboxylate than ethyl esters in presence of sodium chloride (Krapcho conditions).

Influence of the temperature. When the reaction was carried out at relatively high temperature (Table 2,
entry 3), the product of reduction (6) was observed in high proportion. In fact, the temperature has a major
impact both on the rate of the reaction and on the stability of the products. Since the carbonylation in 3-
position requires more vigorous conditions, one would hope to control the selectivity of the reaction solely by
temperature selection. In fact, this is not possible, because for any given set of conditions (ligand, alcohol,
catalyst), the extent of the side reactions increases greatly with the temperature. As a result, the fate of the
reaction can be governed only by the proper choice of the ligand/catalyst complex.

Influence of the ligand. Other conditions being the same, 1,4-bis(diphenylphosphino)butane (dppb) is the
most selective ligand, allowing an efficient monocarbonylation reaction to proceed (Entry 9). By contrast, 1,1'-
bis(diphenylphosphino)ferrocene (dppf) is the most active ligand, the only one capable of effecting a bis
carbonylation (Entry 16 and 20) under relatively mild conditions. All of the other ligands tested (Entry 12 - 14)
1 4-bis(diphenylphosphino)pentane (dpppe), bis(diphenylphosphino)propane  (dpppr) and (¥)-1-[2-

hpnvlnhn:nhmn\ f'prrnr'pnvﬂpfhvl di-teri-but J] nhosphine (iosinhos) were less selective than dppb and/or

e i goip i} SUILALIVE (53
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Influence of the metal catalyst. The activity of various catalysts (0.2 mol%) was tested (Entries 17 to 20)
with 1,1'-bis(diphenylphosphino)ferrocene as ligand. Rhodium acetate and cobalt(1II)acetoacetonate were not
reactive enouch to allow for oood conversion (Entrv 17 and 1R8) ith dichlorobis(trinhenviphosnhine)-
1 Wil Y W \'AAVM&AA LA g (L2 A VA4 AV b\lv\‘ WANSRAY WA AN AL \A—dlly '7 A J Ssans £ LN rr J r i 7
palladium, the conversion was complete but a mixture of monoester 1b and diester 2b was obtained (Entry 19)
As already demonstrated (Entry 16), palladium acetate is the most effective catalyst for the formation of the
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diester 2b. We attempted not only to achieve a high conversion to the diester 2b (Entry 20) but also to obtain a
higher yield of product with double the amount of catalyst (0.4 mol%). Under these conditions we achieved
99% conversion and obtained a 90% isolated yield.

Conclusion

Palladium-catalyzed methoxy- and ethoxycarbonylation of dichloropyridines proceeded successfully,
delivering the target products in high yields. Selectivity for monoalkoxycarbonylation was obtained by judicious
choice of ligand. Indeed (Table 2, entry 9), methyl 3-chloro-5-(methoxymethyl)pyridine-2-carboxylate (1a)
could be isolated in 94% yield under the correct conditions. The reaction was carried out in the presence of
dichlorobis(triphenylphosphine)palladium, 1,4-bis(diphenylphosphino)butane and sodium acetate as acid
acceptor with methanol as reagent and solvent at 145°C under 15 atm of carbon monoxide for 3h. Diethyl 5-
(methoxymethyl)pyridine-2,3-dicarboxylate (2b) could also be isolated in 90% yield by choice of another set of
catalyst and ligand (Table 2, entry 20). The reaction was carried out in the presence of palladium acetate and
1, 1"-bis(diphenylphosphino)ferrocene and sodium acetate in ethanol at 160°C under 15 atm of carbon monoxide
for 5h.

Experimental

Reagents and solvents were reagent grade and used as received. Melting points were determined on a Biichi
535 apparatus and were not corrected. 'H NMR (400 MHz) spectra were recorded on a VARIAN

-------- 41 1N \

.|
‘:
1

meter. Chemical shifts are reported as parts per million. Tetramethylsilane was used as internal standard.

replaced with carbon monoxide and the pressure adjusted to 15 bar. The rea
r
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6h, the reaction mixture was cooled to room temperature and filtered thro
the mixter consisted of 80% of 8, 10% of 9, 2% of 10, <1% of 11; 5% of 12 an
reaction mixture was concentrated under vacuum and the products were
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silica gel eluting with ethyl acetate/hexane (1:4) affording 1.20 g of 8 (73%), 0.10 g of 9 (6%), 0.06 g of
(3%) and 0.09 g of 12 (8%).
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Methyl 5-chloro-6-methoxypyridine-3-carboxylate (10). White solid, mp 105.5 - 107.0°C. 'H NMR
(CDCl3): 68.71 (1 H, d, /=2.0); 8.22 (1H, d, /= 2.0); 4.09 (3 H, s5); 3.92 (3 H, 5). GC/MS (m/e) : 201 (M");
200; 199; 198; 173;172; 171; 170; 140; 111.

Dimethyl 2-methoxypyridine-3,5-dicarboxylate (11). White solid, mp 117.5 - 118.5°C. 'H NMR (CDCL): §
894 (1 H,d,J=23),873(1H,d, /J=23);4.12 (3 H, 5); 3.94 3 H, s5); 3.92 (3 H, s). GCMS (m/e) : 225
(M); 194; 137

Methyl 5-chloropyridine-3-carboxylate (12). White solid, mp 84.9 - 86.7°C. '"H NMR (CDCls): §9.10 (1 H,
d,J=18);875(1 H,d,J=24); 828 (1 H, m);3.97 3 H, s). GC/MS (m/e) : 174; 173; 172; 171 (M"); 170;
140; 112; 85, 76.

Preparation of 2,3-dichloro-5-(methoxymethyl)pyridine (4).

Under an argon atmosphere, a 30% solution of sodium methoxide in methanol (4.14 g, 23 mmol) was added (5
min) to a solution of 5-(chloromethyl)-2,3-dichloropyridine' (4.11 g, 21 mmol) in methanol (40 mL) at room
temperature. The reaction mixture was then heated to 60°C for 3h (the conversion was followed by TLC).
After completion of the reaction the solvent was removed by distillation and the residue diluted with water (100
mL) and then extracted with dichloromethane (3 x 75 mL). After drying (magnesium sulfate) and evaporation
of the solvent, 4.06 g (90.4%) of a yellow oil was obtained (GC analysis : 90.8% Area). (If necessary the
product can be further purified by silica gel chromatography using hexane/EtOAc, 3:1).

'H NMR (CDCL): 68.25 (1 H, d, J=2.1); 7.79 (1H, d, J = 2.1); 4.45 (2 H, s); 3.43 (3 H, 5). GC/MS (m/e) :
195; 194; 193; 192 (M"); 191; 190; 176; 161; 148; 124; 112.

Selective mono-alkoxycarbonylation of 2,3-dichloro-5-(methoxymethyl)pyridine (4).

The reaction was 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) methano! (30 mL), (2) sodium acetate (2.46
g, 30 mmol), (3) 2,3-dichloro-5-(methoxymethyl)pyridine (4, 1.98 g [97 %], 10 mmol), (4) 1,4
bis{dinhenviphosnhinolbutane (128 me. 0.30 mmol I"X mol% 1 and (5) r'lmhlnrnhm(fnnhpnvlnh snhine).
bis(diphenylphosphino)butane (128 mg, 0.30 7)) and (5) dichlo Iphosphine)
nalladunim (14 3 mo 0 020 mmol 10 2 mol%La1

palladium (14.3 mg, 0.020 mmol [0.2 mol%]).

2 3- Dnchlnm-j-chloromcth\lmrldme was obtained hv chlorination of 2 ?-dlchlom-i-hvdmxvmeth\lnvndx__e_: [30 with
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chloride. It can also be prepared by selective reduction of 2,3-dichloro-5-trichloromethylpyridine[31,32].
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The air in the autoclave was replaced with carbon monoxide and the pressure adjusted to 15 bar. The reaction
mixture was then heated to 145°C (jacket temperature) and the reaction was carried out with stirring. After 3h,
the reaction mixture was cooled to room temperature, filtered through celite. GC analysis indicated that the
mixter consisted of 97% of 1a, 3% of 2a. The reaction mixture was concentrated under vacuum and the
products were isolated by flash chromatography on silica gel eluting with ethyl acetate/hexane (1:3) affording
2.03 g of 1a (94%), 0.10 g of 2a (4%). '

Methyl 3-chloro-5-(methoxymethyl)pyridine-2-carboxylate (1a). Oil. '"H NMR (CDCL): § 8.51 (1 H, m);
7.83 (1H, m); 452 (2 H, s); 4.01 (3 H, s); 3.45 3 H, s). GC/MS (m/e) : 218; 217, 216; 215 (M), 214; 185;
157.

Dimethyl 5-(methoxymethyl)pyridine-2,3-dicarboxylate (2a). Oil. '"H NMR (CDCl;): §8.70 (1 H, m); 8.13
(1H, m); 4.56 (2 H, s); 4.00 (3 H, s); 3.94 (3 H, s); 3.45 3 H, 5). GC/MS (m/e) : 239 (M’); 209; 181; 151;
123.

Depending on the reaction conditions, 5a, 6 and 13a were also identifiable and could be isolated :

3-Chloro-2-methoxy-5-(methoxymethyl)pyridine (5a). Oil. 'H NMR (CDCl;): § 8.00 (1 H, m); 7.65 (1H,
m); 4.38 (2 H, s); 4.02 3 H, s); 3.38 (3 H, s). GC/MS (m/e) : 190; 189; 188; 187 (M"); 186; 171; 156; 142,
128; 87.

3-Chloro-5-(methoxymethyl)pyridine (6). Oil. '"H NMR (CDCL): §8.51 (1 H, d,J=24),844 (1 H,d, /=

IR

1.9); 7.70 (1H, m); 4.47 (2 H, s); 3.42 (3 H, 5). GC/MS (m/e) : 159; 158; 157 (M"); 156; 143; 127; 90.

Iethvl 5-(methoxvmethvlnvridine-3-carboxvlate (132). Oil 'H NMR (CDCL): §9.15 (1 H. d J=1.9):
sYATRELy A e A A D A et At e A 3 \ » 5 7
874 (1H. d. J=21) 828 (1H. m): 453 (2 H s): 3.96 (3 H s): 3.44 (3 H.s). GC/MS (m/e) : 181 (M"): 166:
.7 T\AL&, Ny S u.l,,vav \ALL,AAI, Tow o \-l-t A dy U/’—l g \—‘ Axy Ul, -~ . \ ALy My NENSTATAVS KAV Ny . L N ~ Jy * 3
150; 138; 122 ‘

Bis-alkoxycarbonylation of 2,3-dichloro-5-(methoxymethyl)pyridine (4).

The reaction was 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 foliowing order : (1) ethanol (15 mL), (2) sodium acetate (0.86

g
10.5 mmoi), (3) 2,3-dichioro-3-(methoxymethyi)pyridine (4, 1.00 g [96%], 5.0 mmol), (4) 1,i"-
Bis(diphenylphosphino)ferrocene (83 mg, 0.15 mmol [3 mol%]) and (5) palladium acetate (5.6 mg, 0.025
mmol {0.5 moi%]). The air in the autociave was replaced with carbon monoxide and the pressure adjusted to
15 bar. The reaction mixture was then heated to 160°C (jacket temperature; 146°C internal temperature) and
the reaction was carried out with stirring. After 5h, the reaction mixture was cooled to room temperature,
filtered through celite. GC analysis indicated that the mixture consisted of 99% of 2b and <1% of 1b. The
mixture was concentrated under vacuum and the product was isolated by flash chromatography on silica gel
eluting with ethyl acetate/hexane (2:3) affording 1.20 g of 2b (90%).
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Diethyl 5-(methoxymethyl)pyridine-2,3-dicarboxylate (2b). Oil. "H NMR (CDCl;): §8.70 (1 H, m); 8.14 (1
H,m), 456 (2H,s);446(2H,q,/=72),;440(2H,q,/J=72),344(3H,s); 142(3H, t,J=72),138(
H, t,J=7.2). GC/MS (m/e) : 269; 268; 267 (M"); 266; 223; 194; 151; 123.

Depending on the reaction conditions, 1b, 6 and 13b were also identifiable and could be isolated :

Ethyl 3-chloro-5-(methoxymethyl)pyridine-2-carboxylate (1b). Oil. 'H NMR (CDCL): & 8.50 (1 H, m);
781 (1H,m);451(2H,s),449(2H,q,/=7.1);344 (3 H,s); 1.44 BH, t,J=7.1). GCMS (m/e) : 232;
231; 230; 229 (M"); 228; 186; 157.

Ethyl 5-(methoxymethyl)pyridine-3-carboxylate (13b). GC/MS (m/e) : 195 (M"); 180; 150; 122.
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