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METHOD FOR THE PREPARATION OF SUBSTITUTED 
AND UNSUBSTITUTED 2,3-PYRIDINI AND OUINO­

LINEDICARBOXYLIC ACIDS 

The discovery, development and commercializa­
tion of the 2-(2-imidazol~n-2-yl) pyridines and quino­
lines as herbicidal agents has given new meaning to the 
term "weed control"; for within this series of com-

5 pounds it has been found that some are broad-spectrum 
or total veqetation herbicides with activity in both 
herbaceous and woody plants. Others are hiqhly selec­
tive weed control aqents useful as weed control agents 
in the presence of crops. The broad-spectrum compounds 

10 have been widely accepted for use in cleaninq industri­
al sites and riqhts-of-way for railroads and power 
lines while the selective herbicides are used exten­
sively as weed control agents in the presence of 
soybeans, snapbeans, peas and alfalfa. such acceptance 

15 has stirred the interest of ·many researchers in the 
field of agricultural chemistry and has led to develop­

. ment of a variety of synthetic routes to the prepara­
tion of the herbicidally active 2-(2-imidazolin-2-yl)­
pyridines and quinolines. 

2 o several of these processes involve the 
preparation of 2,3-pyridinedicarboxylic acid anhydrides 
from 2, 3-:pyridinedicarboxylic acids, but methods for 
the preparation of the 2, 3-pyridinedicarboxylic acids 
are rather limited and those processes that are 
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available may be arduous, time-consuminq or multi-step 
processes that are not entirely satisfactory. 

The present invention is directed to a method 
for the preparation of substituted and unsubstituted 

·s 2,3-pyridine and quinolinedicarhoxylic acids of formula 
:I 

~COOH 

uh1~ Y ~ COOH 
4 

( !) 

•. 
wherein 

X and Y are each independently hydroqen, haloqen; 
10 c1-c6 alkyl, c1-c4 hydroxyalkyl, c 1-c4 

alkoxyalkyl, c1-c6 alkoxy, c 1-c4 alkylthio, 
pheno:xy, c1-c4 baloalkyl, nitro, cyano, c1-c4 
alkylamino, diloweralkylamino, c1-c·, alkyl­
sulfonyl or phenyl optionally suJ>stituted 

15 with a c1-c4 alkyl, c1-c4 alk~xy or baloqen 
qroup: and, when taken together, x and Y may 
form a rinq in which XY is represented by the 
structure 

L M Q z 
I I I I 

20 wherein L, x, Q and z are each hydrogen, haloqen, c1-c4 
alkyl or c1-c4 aikoxy: by hydrolyzinq a 2,3-pyridine 
or quinolinedicarboxylic acid diester of f orm.ula II 

~COOR 

vAAcaoR1 

(l I> 
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wherein R and R1 each represent a c 1-c6 alkyl qroup and 
lt and Y are as describe4 above for formula z; by 
heatinq the dicarboxylia acid diester in the presence 
of water.and an acid havinq an ionization constant pKa 
of less than 3. o at a temperature between about so0 c 
and 110°c, separatinq water and alcohol from the 
reaction mixture, coolinq ·th~ remaininq reaction 
mixture to a temperature between about 20°c and 35°c, 
treatinq the remaininq reaction mixture with base, if 
the reaction mixture has ·a pH value less than pH 1. 3, 
to adjust the pB of said mixture to a value between 1.3 
and 2. o and separatinq the formula z 2, 3-pyridine or 
quinolinedicarboxylic acid from the ·pH adjusted mix­
ture. 

15 one of the embodiments of the present inven-
tion relates to a method for the preparation of acid 
salts of formula z substituted and unsubstituted 
2,3-pyridine and quinolinedicarboxylic acids by hydrolyz­
ing a formula :IZ 2,3-pyridine or quinolinedicarboxylic 

2 o acid di ester in the presence of water and an acid 
having a pKa of less than 3.0 at a temperature between 
about so0 c and 110°c, cooling the heated mixture to a 
temperature between abc;>ut 20°c and 4o0 c, washinq the 
cooled mixture with a volatile chlorinated hydrocarbon, 

25 an ether or a water-immiscible alcohol, addinq to the 
washed mixture 1,11 -oxybis[2-methoxyethane); 2,s,a,11-
tetraoxadodecane or 2,s,a,11,14-pentaoxapentadecane and 
separating water to obtain the formula z 2, 3-pyridine 
or quinolinedicarboxylic acid as the acid salt and 

30 optionally dispersinq said acid salt in water or 
aqueous base to obtain the formula z 2, 3-pyridine or 
quinolinediaarboxylic acid. 

·irhe method of the present invention is 
especially efficacious for the preparation of s-ethyl-

35 2,3-pyridinedicarboxylic acid, 2,3-pyridinedicarboxylic 
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acid, 5-methoxymethyl-2,3-pyridinedicarboxylic acid, 
s-methyl~2,3-pyridinedicarboxylic acid and 2,3-quino­
linedicarboxylic acid. 

· The product formula I 2, 3-pyridine and 
5 quinolinedicarboxylic acids may be isolated by filtra­

tion of the formula I product or by extraction of the 
reaction mixture with a suitable solvent. In the 
isolation procedure suita!)le extraction solvents 
include tetrahydrofuran and water-immiscible alcohols. 

10 Acids having an ionization constant plea of 
qreater than 3. o are una!)le to fully protonate the 
pyridine or quinoline ring of a formula I 2,3-pyridine 
or quinolinedicarboxylic acid. This lack of·protona­
tion leads to decomposition of the desired formula I 

15 dicarboxylic acid through decarboxylation. Therefore, 
it is desirable to employ acids having an ionization 
constant pita of less than 3. o to avoid this unwanted 

. decarboxyla~ion while effectively hydrolyzinq formula 
II dicarboXylic diesters to the desired formula I 

2o dicarboxylic acids of the present invention. 
Representative acids for use in the present 

invention include both mineral acids .and orqanic acids 
havinq an ionization constant pita of less than 3.0, as 
shown below, with sulfuric acid, hydrobromic acid and 

2 5 hydrochloric acid beinq preferred. At least 1~1 molar 
equivalents of the acid is required to hydrolyze a 
~oraula II dicarboxylic acid diester. Typically ~out 
1.s to s molar equivalents and prefera!)ly 3 to s molar 
equivalents of acid is employed to hydrolyze a formula 

30 II diester. 
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Acid 
Sulfuric 
Sulfurous 
Hydrochloric 
Hydrobromic 
Trifluoroacetic 
Trichloroacetic 
P-Baphthalene sulf onic 
Benzene sulfonic 
R-Toluene sulfonic 
R-Bthylbenzene sulfonic 
Dichloroacetic 
Phosphoric 

~ 
-3.0 

1.9 

-6.1 

-9.0 

o.s 
o.s 
0.6 

2.6 

0.9 

0.9 

1.3 

2.s 

Bases suitable for use in the present inven-
15 tion include aqueous bases such as alkali metal and 

alkaline earth metal hydroxides and carbonates with 
aqueous sodium hydroxide and potassium hydroxide beinq 
pref erred. 

Volatile chlorinated hydrocarbons suitable 
20 for use in the present invention include dichloro­

methane, carbon tetrachloride, chloroform, 1,2-di­
chloroethane, 1,1,1-trichloroethane and the like with 
dichloromethane beinq preferred. Ethers suitable for 
use in the present invention include diethyl ether, 

2~ tetrahydrofuran and the like with tetrahydrofuran ·beinq 
preferred. Water-immiscible alcohols which may be 
employed in the method of the present invention include 
n-butanol, n-hexanol, n-pentanol and the like. 

Water and alcohol form an azeotrope at 
30 elevated temperatures and this. azeotrope is separated 

from the reaction mixture of the present invention by 
continuous distillation. Since the by-product alcohol 
is continuously separated from the reaction mixture, 
the reaction mixture is unable to establish an 
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equilibrium and proceeds until all of the formula II 
dicarboxylic acid diester is hydrolyzed to the desired 
formula I 2,3-pyridine or quinolinedicarboxylic acid. 

Acid salts of formula I 2 1 3~pyridine and 
5 quinolinedicarboxylic acids qenerally cannot be isolat- · 

ed from aqueous solutions. Therefore, when a hiqh 
boiling solvent such as 1,1 1 -oxybis(2-methoxyethane], 
2,s,s,11-tetraozadodecane, 2,s,s,11,14-pentaoxapenta~ 

decane and the like is added to the washed reaction 
10 mixture of the present invention to allow for the 

separation of water via distillation at an elevated 
temperatur~ and/or at reduced pressure. since· the 
water is now removed, the above acid salt may be 
isolated in high yield. 

15 

20 

25 
• 

ID 

inq of the 
presented to 

order to facilitate a further understand­
invention, the followinq examples are 

illustrate more specific details thereof. 
The invention is not to be limited thereby except as 
defined in the claims. 

EXAMPLE 1 
Preparation of s-Methoxymethyl-2,3-pyridinedicarboxylic 
acid using sulfuric acid 

A mixture of s-meth9zymethyl-2,3-pyridinedi­
carboxylic acid dimethyl ester (12.0 q, o •. os mol), 
sulfuric acid (14.7 q, o.1s mol) and water (40 q, 2.2 
mol) is heated at 70° .to 110°c. A mixture of methanol 
and water is continuously distilled from the reaction 
mixture and heating is continued until the reaction is 
complete by chromatoqraphic analysis. The reaction 

3 o mixture is cooled to room temperature and the pH is 
adjusted to 1.3 to 2.0 with 50% sodium hydroxide. The 
title product is isolated by filtration, washed with 
water (20 mL) and dried in vacuo. The title product is 
identified by 1HNMR and mass spectroscopy and analyze~ 

35 by hiqh pressure liquid chromatography to be >96% pure. 
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BXAMPLB 2 
Preparation Of S-Methoxymethyl-2,3-pyridinedicarboxylic 
acid usinq hydrochloric acid 

A mixture of s-methoxym.ethyl-2,3-pyridinedi-
5 carboxylic acid dimethyl ester (12.0 9, o.os mol), 

hydrochloric acid ( p.1 q, ·o.2s mol) and water (36 q ) 

is heated at 10° to 110°c. A mixture of methanol, 
water and hydrochloric acid is continuously distilled 
from the reaction mixture, and heating is continued 

10 until the reaction is complete by chromatoqraphic 
analysis. The reaction mixture is cooled to room 
temperature and the pB is adjusted to 1.3 to 2.0 with 

. . . 
50% sodium hydroxide. The title product is isolated by 
filtration, washed with water (20 mL) and dried in 

15 vacuo. The title product is identified by 1HHMR and 
mass spectroscopy and analyzed by high pressure liquid 
chromatoqraphy to be >92% pure. 

BXAMPLB 3 
Preparation of s-Methyl-2,3-pyridinedicarboxylic acid 

20 using phosphoric acid 

A stirred mixture of s-methyl-2,3-pyridinedi­
carboxylic acid dimethyl ester (20.9 q, 0.1 mol), phos­
phoric acid (29.4g, 0.3 mol) and water (60 q, 3.3 mol ) 
is heated at 70° to 110°c. A mixture of methanol and 

25 water is continuously distilled from the reaction 
mixture and beating is continued until the reaction is 
complete by chromatoqraphic analysis. The mixture is 
cooled to room temperature and ·the title product is 
allowed to precipitate. The title product is isolated 

30 by filtration, washed with water (30 mL) and dried in 
vacuo. The title product is identified by 1BNMR and 
mass spectroscopy and analyzed by high pressure liquid 
chromatoqraphy to be >97% pure. 
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B;QMPLB 4 
Preparation of s-Methyl-2, 3-pyridinedicarboxylic acid 
using hydrochloric acid 

A stirred mixture of s-methyl-2,3-pyridinedi-
s carboxylic acid dimethyl ester (20.9 q, 0.1 mol)_, 

hydrochloric acid (18.2q, o.s mol) and water (72q) is 
heated at 10° to 110°c. A mixture of methanol and 
water and hydrochloric acid is continuously distilled 
from the reaction mixture and heatinq is continued 

10 until the reaction is complete by chromatoqraphic 
analysis. The reaction mixture is concentrated in 
vacuo and diluted vi th water. 'l'he title product is 
isolated by filtration, washed with water (30 mL) and 

15 

20 

25 

30 

dried in vacuo. 
1BNMR and mass 
pressure liquid 

'l'he title product is identified by 
spectroscopy and analyzed by hiqh 

chromatoqraphy to be >96% pure. 
BXAMPLB 5 

Preparation of 5-Methyl-2,3-pyridinedicarboxylic acid 
using hydrobromic acid 

A stirred mixture of s-methyl-2,3-pyridinedi• 
carboxylic acid dimethyl ester (20.9 q, 0.1 mol), 
hydrobromic acid (40.Sq, o.s mol) and water (SOq) is 
heated at 10° to 110°c. A mixture of methanol, water 
and hydrobromic acid is continuously distilled from the 
reaction mixture . and heatinq is continued until the 
reaction is completed by chromatoqraphic analysis. The 
mixture is concentrated in yacuo and diluted with 
water. 'l'he title product is isolated by filtration, 
washed with water (30 mL) and dried in yacuo. The title 
product is identified by 1HHKR and mass spectroscopy 
and analyzed by hiqh pressure liquid chromatography to· 
be >96% pure. 
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Preparation of s-Bthyl-2.3-pyridinedicarbo:xylia acid 

using sulfuric acid 

A mixture of s-ethyl-2 1 3-pyridinedicarboxylic 

5 acid diethyl ester (25 q, 0.1 mol), sulfuric acid ( 

30q, o_.3 mol) and water (60 q, 3.3 mol) is heated at 

10° to 110°c. A mixture of ethanol, water and hydro­

chloric acid is continuously distilled from the reac­

tion mixture, and heatinq is continued until the 

10 reaction is complete by chromatoqraphic analysis. The 

mixture is cooled to room temperature and the pH is 

adjusted to pH 1.3 to pH·2.o with 50% sodium hydroxide. 

The title product is isolated by filtration, washed 

with water (20 mL) and dried in vacuo. The title 

15 product is ·identified by 1mom and mass spectroscopy 

and analyzed by hiqh pressure liquid chromatoqraphy to 

be >98% pure. · 

BXMPLB 7 

Preparation of s-Bthyl-2,3-pyridinedicarboxylic acid 

20 using hydrochloric acid 

A mixture of s-ethyl-2,3-pyridinedicarboxylic 

acid diethyl ester (182 q, o.73 mol), hydrochloric acid 

(93q, 2.s mol) and water (60 q, 3.3 mol) is heated at 

10° to 110°c. A mixture of ethanol, water and hydro-

2 5 chloric acid is continuously distilled from the reac­

tion mixture and replaced with 18% aqlieous hydrochloric 

acid. The reaction mixture is held at this temperature 

until the reaction is complete by chromatoqraphic 

analysis. The reaction mixture is cooled to room 

30 temperature and the pH is adjusted to pH 1.3 to pH 2.0 

with· 50% sodium hydroxide. The title product is 

isolated by filtration, washed with water (20 mL) and 

dried in ·vacuo. The title product is identified by 
11D1MR and mass spectroscopy and analyzed by hiqh 

35 pressure liquid chromatography to be >96% pure. 
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EXAMPLE 8 
Preparati.on of s-~thyl-2, 3-pyridinedicarboxylic acid 
using hydrochloric acid and diglyme 

A mixture of s-ethyl-2 1 3-pyridinedicarboxylic 
5 acid diethyl ester ( 44. 2 q, o. 18 mol > , · hydrochloric 

acid (23.3 q, 0.64 mol) and water (103 q, S.7 mol) is 
heated at ao0 c for 18 hours. The reaction mixture is 
cooled to 3o0 c and washed with methylene chloride. 
Diqlyme is added to the mixture and the mixture is 

10 concentrated in vacuo,. diluted with methylene chloride 
and filtered. The filter cake is washed with diqlyme 
and methylene chloride to qive the hydrochloride salt 
of the title compound. The filter cake is then slur­
ried with water, filtered and dried to qive the title 

15 compound. The title product is identified by 11DmR and 
mass spectroscopy and analyzed by hiqh pressure liquid 
chromatography to be >99% pure. 
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I CLAIM: 111111~ 1111~ 11~1 Hl/1111111 

1. A method for the preparation of a formula 
I 2,3-pyridine or quinolinedicarJ:>oxylic acid havinq the 
structure 

wherein 

~COOH 

vA~cooH 
<I) 

X and Y are each independently hydrogen, halogen, 
c1-c6 alkyl, . c1-c4 hydroxyalkyl, c1-c4 
alkoxyalkyl, c1-c6 alkoxy, c1-c4 alkylthio, 
phenoxy, c1-c4 haloalkyl, nitro, cyano, c1-c4 
alkylamino, diloweralkylamino, c1-c4 alkyl­
sulfonyl or phenyl optionally substituted 
with a c1-c4 alkyl, c1-:c4 alkoxy or halogen 
qroup; and, when taken together, x and Y may 
form a rinq in which XY is represented by the 
structure 

L M 0. z 
I I I I 

··- C = C - C = .C 

wherein L, K, Q and z are each hydroqen, halogen, c 1-c4 
alkyl or c 1-c4 alkoxy; characterized by hydrolyzing a 
:formula :n: 2, 3-pyridine or quinolinedicarboxylic acid 
diester havinq the structure & 

.l . 

. ·: This Sheet Has Been Replaced . 
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wherein R and R1 eac) represent a c1-c6 alkyl qroup and 
x and · Y are as described above · for formula J:; by 
heatinq said dicarl:>oxylic acid diester in the presence 
of water and an acid havinq an ionization constant pXa 
of less than. 3.0 at a temperature between about so0 c 
and 110°0, separatinq water and alcohol from said 
reaction mixture, coolinq the remaininq reaction 
mixture to a temperature between about 20°c· and 3s0 c, 
treatinq the remaininq reaction mixture with base, if 
the reaction mixture has a pH value less than pH 1.3, 

to adjust the pH of said mixture to a value between 1.3 

and 2. o and separatinq the formula I 2, 3-pyridine or 
quinolinedicarboxylic acid from ~he pH adjusted mix­
ture. 

2. 'lhe method accordinq to claim 1 wherein the 
acid employed in the hydrolysis is sulfuric, sulfurous, 
hydrochloric, hydrobromic, trifluoroacetic, trichloro­
acetic, p-naphthalene sulfonic, benzene sulfonic, 
:Q-toluene sulfonic, :Q-ethylbenzene sulfonic, dicblor­
acetic or phosphoric acid and is used at about 3 to s 
molar equivalent per mole of diester treated. 

3. 'lhe method accordinq to claim 1 wherein the 
base is an aqueous solution of an alkali metal hydrox­
ide. 

4. ·'lhe method accordinq ·to claim 1 wherein the 
reaction mixture which has been adjusted to a pH value 
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between. pH 1. 3 an4 pH 2. o is fil tere4 to obtain. the 
formula x 2,3-pyridinedicarboxylio acid. 

5. Tbe method aocordinq to claim 1 wherein. the 
acid is sulfuric, hy4rochloria or hydrobromio aci4 and 
the base is sodium hydroxide. 

6. The method acaordinq to claim 1 wherein. the 
2,3-pyridine or quinoline4icarboxylic acid is s-ethyl-
2,3-pyridinedioarboxylic acid, s-methoxymethyl-2,3-
pyridinedicarboxylic aci4, 2,3-pyridin.edicarboxylic 
acid, s-methyl-2,3-pyridinedicarboxylic acid or 2 1 3-
quin.olinedicarboxylic acid; the acid is sulfuric, 
hydrochloric or hydrobromio acid and the base is sodium 
hydroxide. 

7. A method for the preparation of .an acid salt 
of a formula I 2, 3-pyridine or quinolinedicarboxylic 
acid havin.q the structure 

wherein 

X COOH vy 
vA~cooH 

<I) 

X and Y are each independently hydrogen, haloqen, 
c 1-c6 alkyl, c1-c4 hydroxyalkyl, c1-c4 
alkoxyalkyl, c1-c6 alkoxy, c1-c4 alkyl thio, 
phen.oxy, c1-c4 haloalkyl, nitro, cyano, c1~c4 
alkyl amino, diloweralkylamin.o, c1-c4 alkyl­
sulfonyl or phenyl option.ally substituted 
with a c 1-c4 alkyl, c1-c4 alkoxy or haloqen 
qroup; and, when taken together, X and Y may 
form. a ring in which XY is represented by the 
structure 
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L M Q . z 
I I I I 

wherein L, K, Q, and z are each hydroqen, haloqen, 
c1-c4 alkyl or c1-c4 alko:xy; characterized by hydrolyz­
ing a ·formula II 2,3-pyridine or quinolinedicarboxylic 
acid diester having th• structure 

CI I> 

wherein R and R1 each represent a c 1-c6 alkyl qroup and 
:x ancl Y are as describecl above for formula I, in the 
presence of water ancl an acid havinq a pK8: of less than 
3.0 at a temperature between· about so c and 110°c, 
cooling said heated mixture to a temperature between 
about 20°c and 40°c, washinq said cooled mixture with a 
volatile chlorinated hydrocarbon, an ether or a water­
immiscible alcohol, acldinq ~o the washed mixture 
1,11 -oxybis(2-methoxyethane]; 2,s,a,11-tetraoxadodecane 
or 2,s,a,11,14-pentaoxapentaclecane ancl separatinq water 
to obtain the formula I 2~3-pyridine or quinolinedicarb­
oxylic acid as the acid salt and optionally dispersing 
said acid salt in water or aqueous base to obtain the 
formula I 2,3-pyridine or quinolinedicarboxylic acid. 

8. The method accordinq to claim 7 wherein the 
2,3-pyridine or quinolinedicarboxylic acid is s-ethyl-
2,3-pyriclinedicarboxylic acid, s-methoxymethyl-2,3-
pyridinedicarboxylic .acid, 2,3-pyridinedicarboxylic 
acicl, s-methyl-2,3-pyridinedicarboxylic acid or 2,3-
quinolinedicarboxylic acid. 

.-
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9. Tbe method accordinq to claim 7 wherein the 
acid use4 is hydrochloric acid and is use4 at about 1.s 
to s molar equivalents of acid per mole of· diester. 

10. The method according the claim. 7 wherein the· 
volatile chlorinated hydrocarbon is dichloromethane, 
chloroform or carbon tetrachloride; the ether is 
diethyl ether or tetrahydrofuran; and the water-immis­
cible alcohol is n-butanol, n-hexanol or n-pentanol. 


