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Pyri4ine•2, 3-4icarboxylatea are useful · 
intermediates in the preparation of .highly effective 
herbicidal 2- c2~imidazolin-·2.;.yl) nicotinic acids, esters 
and.salts. It is an object of this invention to 

5 provi4e a method for the preparation of substituted and 
unsubstituted-2,3-pyridinedicarboxylates utilizinq 
dialkyl chloromaleate or 4ialkyl chlorofumarate or a 
mixture thereof, an ammonium salt, optionally in the 
presence of ammonia and an appropriately substituted 

10 a,p-unsaturated aldehyde or ketone. 

15 

20 

25 

The invention herein described relates to a 
novel method for the preparation of substituted and 
unsubstituted 2,3-pyridinecarboxylates of formula x 

x 

YixCOOR :;/ I 
~ 

2 · COOR 

I 

wherein R is c
1
-c6 alkyl: x and z are independently 

hydrogen, halogen, c1--c4 alkyl, c1-c4 al)tozy; or c2"."cs ', 
alkenyl and Y is hydrogen, haloqe111 :c1-c6 _alkyl,option-. 
ally substituted with one.to three halogens, hydroxy ' 
qroups, c

1
-.c4 aikoq qroups or c

1
-c4 alkylthio qroups, 
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c1-c4 alkoxycarbonyl., aminocarbonyl, phenyl., substitut­
e4 phenyl, phenoxy, sUl:>stituted phenoxy, phenylthio or 
suJ>stitute4 phenylthio. compoun4s of formula z are 
useful as interme4iates in the preparation of her~i-

. s cidal 2-.<2-imidazolin-2-yl)nicotinates. 1'11lonq the 
methods of preparation of sai4 herbicidal nic:Otinates 
is that Aescribed in u.s. Patent 4 1 758,667 and illus­
trated below. 

10 

15 

20 

)( 

Y.ixCOOR , I + 
:'.'... 

Z COOR 

KOt-Bu 

solvent 

wherein a1 is hy4roqen or c1-c4 alkyl; a2 is hydroqen, 
haloqen, c1-c4 alkyl, c3-c6 cyoloalkyl or a1 and a2 may , 
be t&lten toqether to form a c3-c6 cycloalkyl optionally 
substituted with methyl an4 x, Y an4 z are as described 
for formula ·x. 

zt has now been found that pyridine-2,3-
25 dicarbozylates of formula I can be prepared efficiently 

and.effectively from chloromaleates of formula II or 
chlorofumarates of formula III or mixtures thereof 

.wherein R is c1-c6 alkyl by reacting the c~l.oromaleate 
or chlorofumarate with at least one molar .equivalent of 

30 an ammonium salt such as ammonium acetate, optionally 
in the presence of ammonia, in a suitable solvent such 

. . .. · 

as a c1-c4 al:tcylalcohol to form an en.amine intermediate 
and reactinq said intermediate with at least one molar 
equivalent of an a,13-unsaturated aldehyde or ketone ·of 

35 formula IV wherein x, Y and z are as described for 
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formula I in the presence of an aci4 such as acetic 
acid. The process is shown in flow diaqram. z. 

HC~COOR 

II 
Cl-C-COOR 

I I 

f'low Diagram I 

ROOC-CH 
11 

Cl-C-COOR 

+ ·+ NH4 + Y-C=CHX 
I 

I I I 

H+ 

Solvent 

x 
vJvcooR 

h.Jl Z 'N COOR 

Z-C=O 

IV 

Ammonium salts which may be used in the 
process of the invention include ammonium acetate, 

25 ammonium propionate, ammonium sulfate, ammonium carl:>o­
nate,. ammonium bicarl:>onate, ammonium. carbamate, ammo­
nium. sulfamate and the like. 

Zn one embodiment of the invention, a polar 
solvent may be utilized such as an alcohol, nitri1e 

30 sucb as acetonitrile, a carJ:>oxylic acid amide such as 
N,B-dimethylformamide, B-methylpyrrol~done, a sulfoxide 
such as dimethylsulfoxide, a sulfone and the like. 

Among the a,p-un~aturated aldehydes or .... 
ketones of formula IV which may be used in the process 

35 of the invention ~re acrolein, methacrolein, 
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etbacrolein, crotonal4ehyde, aetbyl vinyl ketone, 
a-n-l>utylacrolein, 4-aethyl-2-hexanal, o-metboxpletba­
crolein, a-chloromethacrolein, a-trlfluoromethacrolein, 

. . 
cinnaaaldehyde, a-ethoxyacrolein, methyl a•fomyl-

5 acrylate, a-(2-cyanoethyl)acrolein an4 the like. 
In a further eml>o4illent ~f the invention, the 

reaction ~ture·comprisinq the above-formed inter­
mediate and· the a,p-unsaturated aldehyde or ketone of 
formula IV may be treated with a dehydi'oqenation 

10 catalyst such as that which is conventional in the art 
includinq metals or compounds of platinua, palladium, 
ruthenium, iridium, nickel, iron, copper, antiaony, 
cobalt, rhodium and the like •. file dehydrogenation 
catalyst is coamonly used in the fora of the 4ehydro-

15 qenati~n metal or compound thereof deposited on a 
suitable support sucb as aluaina, carbon, clay, zeo­
lite, chromia, zirconia and the like. 

Thus, pyridine-2,3-dicarboxylates containing 
sul:>stituents in tbe 4,5 and 6 positions may be conve-

20 niently.prepare4 by admixinq a formula II dialkyl 
ch1oromaleate or a formula III dialkyl ch1orofuaarate 
with at least one aolar equivalent of an ammonium salt 
optionally in the presence of anhydrous ammonia in a 
suitable solvent, optionally heating sai4 mixture until 

25 reaction is essentially complete, optionally filterinq 
said reaction mixture and adding to the filtrate or to 
the unfiltered reaction mixture an acid such as a 
mineral acid, sulfuric acid, phosporic.acid, an orqanic 
acid such as formic acid, acetic acid or propionic acid 

30 and the lilte to obtain a pH of at least about . .& and at 
least one molar equivalent of ~n a,p-unsaturated 
aldehyde or ketone of formula IV optionally in.: the 
presence of a dehydrogenation catalyst, optionally. 
heatinq the resultinq reaction mixture until formation 

35 ·of the desired formula I pyridinedicarboxylate is 
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complete. ~he reaction product can be isolated using 
standard purification techniques such as fractional 
distillation,·. recrystallisation, eztrac~ion, liquid · 
chromatography. and tie like. 

5 ~he rate of formation of the enamine interme-
diate. and the f~mula z pyridinedicar~zylate is 
temperature dependent, thus, reaction time can be 

· effectively diminished by heating the reaction mixtures 
at temperatures of about 4s0 c or greater. . 

10 ·xn order to facilitate a further under-
standing of the invention, the following.ex~ples are 
presented pr~iiy ior the purpose of illustrating 
certain more specific details thereof and the invention 
is not to be deemed limited thereby. ~he tezms 1mom. 

15 and IR desiqnate proton nuclear magnetic resonance and 
infrared respectively. Unless otherwise noted, all 
parts are parts by weight~ 
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Preparation of tiat;hy1 ·· s-atUJ.-2 .3-pyd.UnetiaarJ>on­
.1ata froa tiatg1 ah];orp•laata in the preaenaeof 

•nonia an4 moniua acetate 
A mixture of .diethyl chloroaaleate .<4~10 q, 

0.02 mol) and ammonium acetate (1.54 q, 0.02 mol) in 
ethanol is treated with anhyclrous umonia (1.0 q, 0.06 
mol), stirred at room temperature 16 hours, treated 

5 with :io mL of acetic aci4 and 2-ethacrolein (5.04 q, 
o.o& mol) in two portions over a total of 16 hours at 
70°c an4 concentrated.in vacuo to afford.an oil resi­
clue. The residue is taken up in toluene, filtered and 
the filtrate is evaporated to dryness in v~cuo to 

10 afford an oil. The resultant·oii is vacuum distilled 
to afford the title product as a tan oil, l>p 1s1-

1s20c/2 mm Hq. 

15 

BDllPLB 2 

Preparation of diethyl s-ethyl-2,3-pnidinedicarbo­
xyl.ate f roa diethyl cbloroaal.eate in the presence of 
moniua acetate 

A mixture of a total of 4.62 CJ (0.06 mol) of 
20 ammonium. acetate and diethyl chloromaleate (4.10 q, 

0.02 mol) in ethanol is heated at 70°c for a total of 
48 hours, filtered and the filter cake is washed with 
ethanol. The combined filtrates are treated with 10 mL 
acetic acid and 2-ethacrolein (4.62 q, 0.06 mol) in two 

25 portions, heated at 7o0 c for a total of 6 hours and 
concentrated in vacuo to qive an oil residue.· ~he 

thus-obtained oil is vacuum. distilled to afford_the 
' 0 

_title pro~uct as a tan oil, ·bp 151-152 C/2 Dull Hq. 
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Preparation of diethyl_s-et1aX1-2.3-pyricU.nediaarl!o= 
gylate fr@·4fethyl cblorofmp•rate 

A stirre4 mixture of· amm.oniua ·acetate (7.o q, 
. . 

0.09 m.ol), anhy4rous ammonia (0.2 q, 0.012 mol) an4 a 
7:1 mixture of 4iethyl chlorofumarate an4 diethyl 
chloromaleate in ethanol-is heate4 at 10°c for 12 

5 hours, coole4 to 2s0 c an4 filtered. The filter cake is 
.· 

washe4 with ethanol an4 the combine4 filtrates are 
concentrate4 in vacuo. The thus-obtained concentrated 
reaction mixture is treated with acetic aci4 an4 
2-ethacrolein (5.0 q, 0.06 m.ol), heate4 at 10°c with 

10 stirrinq for 6 hours and concentrated in vacuo to qive 
an oil residue. · The resultant residue is taJcen up in 
methylene chloride, washed with water an4 fractionally 
distilled to obtain the title product as a tan oil, bp 
151-152°C/2 mm. Hq. 

15 
BDllPLB .. 

Preparation of 4ia1Jtyl sul>stitute4-2,3-pyri4ine4icarbo­
gylate fro• 4ia1Jtyl chlorowaJ.eate 

20 usinq essentially the same procedure de-

25 

30 

scribed in Example 1 and sul>stitutinq the appropriate 
a,p-unsaturated aldehyde, the followinq com.pounds are 
obtained and identified by 1BNMR and XR spectral 
analysis. 

x 
YixCOOR . y 

z .'N I COOR 
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H CB3 H . 0 2•5. 
H CH

2
oCB

3 H czHs 
B CH2C1 B C2B5 

5 B B B C2B5 

BPQLB 5 

10 Prgparation of 4ial.k:il sabstitate4-2~3-pyri4ine4ioarbo­
n1ate f roa 4ia1b1 ob.lorofmlarate 

15 

20 

25 

Usinq essentially the same procedure de­
scribed in BXample 3 and sul>stituting the appropriate 
a,p-unsat~ated aldehyde gives the following compounds 

)( Y:((OOR 
/"' I 

Z: ~. COOR 

x y z JL_ 

H CH3 B C2H5 
B CH2ocu3 H 02•s •• CH2Cl H C2H5 
H B H 02•s 

The above compounds are identified by 1BNMR 
and XR spectral analysis. 
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WHAT :IS Cll:IllBD l:S: 
1. A process· for the prepiu;atlon of a 

c~mpound characterised by formula z 

x· 
YXJC. COOR_. 

. I 
:-.... 

2 COOR 

I 

wherein R is c1-cG alkyl; X and Z are independently 
hydro~en, halogen, c1-c4 alkyl, c1-c4 alkoxy or c2-c5 . 
alkenyl and Y is hydrogen, haloqen, c1-c6 alkyl option~ 
ally substituted with one to three halogens, hydroxy 
groups, c1-c4 ·a1koxy groups or c1-c4 a1kylthio groups, 
c1-c4 alkoxycarbonyl, aminocarbonyl, phenylthio, 
substituted phenylthio, phenoxy, sUbstitute4 phenoxy, 
phenyl or substituted"phenyl which comprises reacting a 
compound of formUla :I:I or formula zzz or a mixture 
thereof 

HC-COOR ROOC-CH 
II II 

Cl-C-COOR Cl-C-COOR 

II II.I 
wherein R is c1-c6 alkyl with an ammonium salt in the 
presence of a solvent, optionally in the presence of 
ammonia, to form an intermediate, reacting said inter­
mediate with an a,p-unsaturated aldehyde or-ketone of 
formula :IV .. 

Y-C=CHX 

I 
Z-C=O 

IV 
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wherein x, Y and z are 
presence of an acid to 
dicarboxylate compound. 

- 10 

as described above in the 
form the formula I pyridine• 

2. fte process accor4inq to claim 1 for the 
preparation of the pyridinedicarboxylate com.pound of 
formula I wherein X and z are hydrogen and Y is hydro­
gen, halogen or c1-c4 alkyl optionally sub~tituted with 
one to three halogens, c1-c4 alkoxy groups or c 1-c4 
alkylthio qroups. 

3. The process according to claim 1 wherei~ 
the solvent is a polar solvent, the acid is acetic acid 
and the intermediate is formed at a temperature of 4s0c 
or greater.· 

•· The process according to claim 1 wherein 
the formula % pyridinedicarboxylate compound is formed 
at a temperature of 4~0c or qreater. 

s. · The process according to claim 2 wherein 
the formula-~ I compound prepared is selected from the 
group consisting of dialkyl pyridine-2_,3-dicarboxylate, 
dialkyl s-methyl-2,3-pyridinedicarboxylate, dialkyl 
s-ethyl-2,3-pyri~inedicarboxylate, dialkyl 5-(metho:xy­
methyl)-2,3-pyridinedicarboxylate and dialkyl s-
(chloromethyl)-2,3-pyridinedicarl:>oxylate. 

6. The process according to claim 5 wherein 
the formula I compound is selected from the group 
consisting of diethyl pyridine-2,3-dicarboxylate, 
diethyl s-methyl-2 1 3-pyridinedicarboxylate, ··diethyl 
s-ethyl-2,3-pyridinedicarboxylate1 diethyl s-(methoxy­
methyl) -2, 3·-pyridined~carboxylate and diethyl·· s- < chlo­
romethyl) -2, 3-pyridinedicarboxylate. 

THIS SHEET HAS BEEN 
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7. ·. A pyridine4icarl:>oxylate compound of 
formula x prepared J:>y.the process accordinq to claim 1. 

a. A·pyridinedicarl:>oxylate compound of 
formula I wherein X and I are hydrogen an4 Y is hy4ro­
qen, halogen or c1-c4 alkyl optionally substituted with 
one to three balo9ens, c1-c4 alkoxy groups or c1-c4 
alkylthio qroups prepared J:>y the process accor4inq to 
claim 1. 

t. A pyridinedicarl:>oxylate compound of 
formula x, diethyl s-ethyl-2,3-pyridinedicarl:>oxylate 
prepared by the process accordinq to claim 1. 

10~ A pyridinedicarl:>oxylate compound of 
formula I, diethyl s-(methoxymethyl)-2,3-pyridinedi-

, 
carboxylate prepared by the process according to claim 
1. 
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