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PROCESS POR Br.l'DC'l'DG PYRJ:DDIB- mm om:mtnm­
DJ: CARBOULJ:C ACZDS l'ROJI AQUBOUS JIBDD 

Pyri.dine- and quinoiinedicarboxylic acids are 
employed as starting materials in the preparation of 
highly effective herbicidal 2- (2-IJliidazolin-2-yl) -
nicotinate and quinoline-3-carboxylate compounds. 

5 Eur.opean patent application 89 101 766.7 

describes the preparation of substituted p'ridine-
2 ,3-dicarboxylic acids from the sequential oxidation of 
substituted quinolines. ~he application discloses the 
extraction of sUbstituted pyridine-2,3-dicarboxylic 

10 acids from acidic aqueous media with.tetrahydrofuran. 
Pyridine- and quinolinedicarboxylic acids are 

amphoteric and extremely difficult to extract from 
aqueous media. Further, for optimal use in the prepa­
ration of herbicidal imidazolinylnicotinate and quino-

15 linecarboxylate ·compounds, the startinq pyridine- and 
quinolinedicarboxylic acids shoul~ be relatively 
anhydrous, i.e. free of water. 

J:nherent in most aqueous extraction m~thods 
is the concurrent extraction of water resulting in the 

20 presence of varying amounts of water in the extraction 
solvent solution. 

zt is an object of the present invention to 
provide an effective and efficient process for extrac­
tinq a pyridine- or quinolinedicarboxylic acid from 

25 aqueous media. zt is a further object of this inven­
tion to provide a method for obtaininq the dicarboxylic 
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acid from an aqueous medium with a minimal amount of 
water present in the resulting dicarboxylic acid 
mixture. 

The present invention provides a process for 

5 extracting a pyridine- or - quinolinedicarboxylic acid 
from an aqueous medium by mixing the aqueous medium 
with a binary solvent system., separating the binary 
solvent system. to obtain a solution of the pyridine- or 
quinolinedicarboxylic acid and optionally distilling 

10 said solution. 
The process of the invention is especially 

useful in the preparation of 2-imidasolin-2-yl-nicotin­
ate and quinoline-3-carboxylate herbicidal agents. Xt 
facilitates the recovery, recycle, isolation and 

15 delivery of the dicarboxylic acid starting material. 

20 

25 

30 

35 

This invention provides an efficient and 
effective means of extracting hiqhly water soluble 
pyridine- and quinolinedicarboxylic acids from aqueous 
media which comprises mixing the aqueous media with a 
binary solvent system consisting of a water soluble 
solvent and an aromatic hydrocarbon, separating the 
binary solvent system to obtain a solution of the 
pyridine- or quinolinedicarboxylic acid and optionally 
distiiling said solution. 

Advantageously, the extraction of pyridine­
and quinolinedicarboxylic acids from aqueous media 
using the inventive process yields a dicarboxylic acid 
solution containing significantly reduced quantities of 
water. The lowered presence of water allows for milder 
and less time consuming distillation procedures when 
complete removal of water is required and, further, 
facilitates the recycling and integration of sol vent 
streams in a multi-step preparative process. 

The binary solvent extraction of the dicar­
boxylic acids from aqueous media may be performed in an 
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inteqral or continuous manner. The binary solvent 
system. of the present invention consists of a water 
soluble solvent and an aromatic hydrocarbon, preferably 
present on a weiqht basis of about 50-90% wt/wt water 

s soluble solvent and about 10-50% wt/wt aromatic hydro­
carbon. 

water soluble solvents suitable for use in 
the process of the present invention include alcohols 
such as isopropanol, n-propanol, n-butanol and the 

10 like, ethers such as tetrahydrofuran, dioxane, ethylene 
qlycol dimethyl ether and the like, and ketones such as · 
acetone, methyl ethyl ketone, methyl isobutyl ketone 
and the like. Among the aromatic hydrocarbons which 
may be used in the inventive process are those havinq a 

15 boilinq point range of about ao0 -2so0 c such as benzene 
toluene, ethylbenzene, xylenes, halobenzenes and the 
like, preferably toluene. 

The aqueous medium containing the dicarbo­
xylic acid may have a pH of less than 7 and preferably 

20 a pH of about 1.3 to 2.s. 

25 

30 

Pyridine- and quinolinedicarboxylic acids 
which may be separated from aqueous media by the 

.Process of the invention have the formula I structure 

x VnC02H I -....::: 
/. 

Z N C0 2H 

(I> 

wherein 
X is hydrogen or methyl; and 
Y and·z are each independently hydrogen, c1-c6 

alkyl optionally substituted with one to 
three c1-c4 alkoxy groups, c1-c6 alkoxy, 
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c1-c4 alkylthio, phenoxy or phenyl optionally 
substituted with one c1-c4 alkyl·or c1-c4 
alkozy group: and, when taken together, Y and 
z may.form a rinq-in·which YI is represented 
by the structure: -(CH2>n-' where n is an 
integer of 3 or 4, or 

L M Q R 
I I I I 

-C-C-C-C-

where L, K, Q and R are each hydroqen, c1-c4 
alkyl, or c1-c4 alkozy. 

10 Particularly suitable in the process of the invention 
are those formula I compounds wherein 

15 

X is hydroqen: and 
Y and z are each indepen4ently hydrogen or c1-c6 

alkyl optionally sul:>stituted with one to 
three c1-c4 alkoxy qroups; and, when taken 
together, Y and z may fo~ a ring in which YZ 

are represented by the structure: 
-CH=CH-CH:CH-. 
Pyridine- and quinolinedicarboxylic acids of 

20 formula I are useful in the preparation of hiqhly 
effective herbicidal 2~(2-imidasolin-2-yl)nicotinic or 
quinoline-3-carbozylic acids~ esters and salts of 
f ozmula II 

)( 

CI I> 

25 wherein 
R1 is hydroqen, an ester or a cation: 
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R2 is c1-c4 alkyl; 
R3 is c1-c4 alkyl or c3-c6 cycloalkyl; and when 

a2 and a3 are taken tog•ether with the carbon 
to which they are attached they may represent 
c3-c6 cycloalkyl optionally sUbstituted with 
methyl and 

x,_Y ~dz are as described for formula I. 
Among the methods of preparation for a formula I:C 
herbicidal agent which utilizes the corresponding 

1 o formula z diacid are those described in u. s. Patent 
Nos. 4,460,776 and 4,798,619. 

Zn actual practice, a diester of formula :cxx 
may be hydrolyzed in aqueous base to form the corres­
ponding dicarboxylate, the aqueous solution may then be 

is acidif-ie4 to give the dicarbozylic acid of forJllula r 
which may then be separated using a binary solvent 
system and the thus-obtained dicarboxylic acid solution 
may optionally be distilled to further remove water and 
without further isolation, may be treated with acetic 

2 anhydride to.give the intermediate of formula IV. ~be o. 
reaction sequence is shown in Plow Diagram I 
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f"LOU DIAGRAM I 

C II I> 

<IV> 

wherein R
4 

is c1-c6 alkyl. 

.) 

;;. 
/ 5. 

(I) 

-HeO 
Ree tic 
Anhydride 

Aqueous me4ia containing forDlula l: 4icarbo-
s xylic aci4s also may be obtaine4 at the end of the 

preparation of formula II nicotinate and quinoline­

carbozylate herbici4es. It has now been found that 
unreacted formula z pyridine- an4 quinolinedicarbozylic 
acids may be recovered from aqueous media in the final 

10 step in the preparation a of formula J::i: herbicidal 

aqent and the recovere4 formula J: compound may . be 
readily recycle4 for use in the anhydride formation 

shown in flow diagram I above. 
Expediently, the binary sol vent system 

15 containinq the formula I diacid may be integrated into 
the existinq solvent stream used in the preparative 
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process, either as is or after distillation. The 
distilled binary solvent solution yields a slurry which 
may be filtered to qive the isolated formula X diacid 
or ·may be used as is as a source of pyridine- or· 

5 quinolinedicarboxylic acid. 

10 

Zn order to facilitate a further under­
standinq of the invention, the followinq examples are 
presented to illustrate more specific details thereof. 
The invention is not to be limited thereby except as 
defined in the claims. Unless otherwise noted, all 
parts are by weight. The term BPLC designates high 
performance liquid chromatography. 

BDllPLB 1 

Recovery of s-Bthy1-2.3-pyri4inedicarbozylic acid 
15 The pB of an aqueous medium (425.0g) con-

taining 0. 65 . wt/wt% s-ethyl-2, 3-pyridinedicar~oxylio 
acid and 0.49 wt/wt% by-products is adjusted to pB 3.7 
with sulfuric acid. Methyl isobutyl ketone (390.0g) is 
added and the mixture is heated at &o0 c for 1 hour. 

2 O The layers are separated and the pB of the aqueous 
layer is adjusted to pH 1.1 with sulfuric acid. A 
binary solvent system (304q) containinq 82 wt/wt% 
tetrahydrofuran an4 18 wt/wt% toluene is a44ed to the 
pH adjusted aqueous medium and the mixture is heated at 

25 -to0 c for 1/2 hour. The binary solvent solution is 
separated.and 4istille4 to near dryness. Toluene (lOg) 
and tetrahy4rofuran (20g) are added and distillation is 
continued until about 97% of the solvents are removed 
and s-ethyl-2,3-pyridinedicarbozylic acid begins to 

30 crystallize. The slurry is then filtered and the 
filter cake is washed with toluene and dried to obtain 
s-ethyl-2,3-pyridinedicarboxylic acid (2.Sq, 91% pure 
by HPLC analysis; 83% recovery). 
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BDllPLB 2 

Recovery of pyridine- an4 quinoline4icarbozylic aci4s 
Following essentially the sam.e procedure 

described in Example 1 and substituting the appropriate 
aqueous media, the following diacids are recovered: 
2,3-quinolinedicarboxylic acid, 
2,3-pyridinedicarboxylio acid, 
s~methyl-2,3-pyridinedicarboxylic acid and 
s-(methoxymethyl)-2,3-pyridinedicarboxylic acid. 

10 Dl1IPF' 3 

continuous col'llllD binary solvent extraction of s­
ethyl-2. 3-pyridinedicarbozylic aci4 

An aqueous medium (914.2g) having a pH of 1.s 
and containing o.94 wt/wt% s-ethyl-2,3-pyridinedicarbo-

15 xylic acid is heated to 4s0 c and introduced to con­
tinuous feed extraction column. A binary solvent 
system ( 464. 6g) containing 70 wt/wt% tetrahydrofuran 
and 30 wt/wt% toluene is simultaneously introduced to 
the continuous feed extraction column at a weight ratio 

20 of o.s2, binary solvent system to aqueous medium. The 
continuous feed extraction column has an 11.2 minute 
residence time (1,400 llL total volume; 71. 7 ILL/min 
aqueus medium; 52.8 mL/min binary solvent system, 45°c 
column temperature). The extracted aqueous phase 

25 (910.6q) contains 0.14· wt/wt% s-ethyl-2,3-pyridine­
dicarboxylic acid. The binary solvent extract (475.6q) 
contains_ . .1.57 wt/wt% s-ethyl-2,3-pyridin~dicarboxylic· 

acid. After distillinq the binary sol vent extract, 
s-etbyl-2,3-pyridinedicarboxylic acid (9.7g, 77.4% pure 

30 by HPLC analysis, 87.4% r~covery) is obtained. 
This example demonstrates that the use of a 

continuous column extraction substantially reduces the 
ratio of the quantity of the binary solvent system to 
the quantity of the aqueous medium. The reduction in 
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solvent quantity yields less energy consuminq recyclinq . 
requirements with a commensurately lowered environmen-
tal impact. 

BDllPLB ·4 

s Recover'f 0£ s-Bthyl-2,3-pyridinedicarbozylic acid using 
an n-hutanol an4 toluene binary solvent systea 

The pH of an aqueous medium (lOOq) containinq 
o.a wt/wt% 5-ethyl-2,3-pyri4ine4icarboxylic acid is 
adjusted to pH 1.1 with sulfuric acid. The pH adjusted 

10 aqueous medium is extracted at 4o0 c with a binary 
solvent system (135q) containinq 74 wt/wt% n-butanol 
and 26 wt/wt% toluene. After distillinq the binary 
solvent extract, s-ethyl-2 1 3-pyridinedicarboxylic acid 
(1.4q, 60.5% pure by HPLC analysis, 97% recovery) is 

15 obtained. 

BDllPLB 5 

comparison or a binary solvent systea extraction with a 
sinqle solvent extraction proce4ure 
A. Binary Solvent System 

20 The pH of an aqueous medium (215.0q) con-
taininq 18 .1 wt/wt% sodium s-ethyl-2, 3-pyridinedicar­
:boxylate is adjusted to pB 1.75 with concentrated 
sulruric acid (3S.7q). The pH adjusted aqueous medium 
is extracted with a binary solvent system. (630.0q) 

2 5 containinq 7 o wt/wt% tetrahydrofuran . and 3 o wt/wt% 
toluene. The binary solvent extract (686.3q) obtained 
contains 5.4 wt/wt% (37.1q) s-ethyl-2,3-pyridinedicar­
boxylic acid and 4.4 wt/wt% (30.2q) water as determined 
by HPLC analysis and Xarl-Pischer titration. 

30 B. single solvent extraction 
The pH of an aqueous medium (215.0q) contain­

inq 18.1 wt/wt% sodium ethyl-2~3-pyridinedicarboxylate 
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is adjusted to pH 1.75 with concentrated sulfuric acid 
(35.7q). The pH adjusted aqueous medium is extracted 
with tetrahydrofuran (160.0q). The tetrahydrofuran 
extract (232.4q) obtained contains 1&.2 wt/wt% (37.6g) 

5 s-ethyl-2, 3-pyridinedicarboxylic acid and 18. 2 wt/wt% 
(42.3q) water as determined by HPLC analysis and 
Karl-Pis~her.titration. 

As can be seen from the above results, 
significantly less ·water is co-extracted with the 

10 desired dicarboxylia acid when a binary solvent system 
is used. J'Urther, a tetrahydrofuran/water azeotrope, 
which contains about 5 wt/wt% water, requires the use 
of additional dry solvent in order to achieve complete 
water removal by distillation. Advantageously, the 

15 tetrahydrofuran/toluene binary solvent system gives a 
toluene/water azetrope which contains about 14 wt/wt% 
water and essentially all of the water may be removed 
by distillation with no additional solvent require­
ments. The resultant anhydrous slurry containing the 

20 desired pyridinedicarboxylic acid and toluene may be 
efficiently integrated into an existing preparative 
process for a herbicidal 2-(4-isopropyl-4-methyl-s­
oxo-2-imid~zolin-2-yl)nicotinic acid. 
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J: CLAJ:K: 

1. A process for extracting a pyridine- or 
quinolinedicarboxylic acid from an aqueous medium 
characterized by mixing the aqueous medium wi t)J. a 
binary solvent system, separatinq the binary solvent 
system.to obtain a solution of the pyridine- or quinoline­
dicarboxylic acid and optionally · distilling said 
solution •. 

2. The process accordinq to claim_ 1 wherein 
the pyridine- or quinolinedicarboxylic acid is con­
tinuously extracted. 

3. The process accordinq to claim 1 wherein 
the binary solvent system comprises a water soluble 
solvent and aromatic hydrocarbon. 

4. The process accordinq to claim 3 wherein 
the water soluble solvent is present at about so to 90 

wt/wt% and the aromatic hydrocarbon is present at about 
10 to so wt/wt%. 

s. The process accordinq to claim 3 wherein 
the water soluble solvent is selected from the qroup 
consisting of tetrahydrofuran, dioxane, ethylene qlycol 
dimethyl ether, isopropanol, n-propanol, n-butanol, 
acetone, methyl· ethyl ketone and methyl isobutyl 
ketone. 

6. The process accordinq to claim 3 wherein 
the aromatic hydrocarbon is selected from the group 
consisting of toluene, benzene, xylene, chlo~obenzene 

and 2-dichlorobenzene. 
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7. The process according to claim 1 wherein 
the aqueous medilJJll has a pR <7. 

8. The process according to claim 1 wherein 
the pyridine- or quinolinedicarboxylic acid bas the 
formula 

wherein 
x is hydrogen or methyl; and 
Y and z are each independently hydroqen, c1-c6 

wherein 

. alkyl optionally substituted with one to 
three c1-c4 alkoxy qroups, c1-c6 alkoxy, 
c1-c4 alkylthio, phenoxy or phenyl optionally 
substitut.ed with one c1-c4 alkyl or c1-c4 
alkoxy qroup and, when taken toqether, Y and 
z may form a ring in which YZ is represented 
by the structure: -ccn2>n-' where n is an 
integer of 3·or 4, or 

L M 0. R 
I I I I -c c-c=c-

where L, M, Q and R are each hydrogen, c1-c4 
alkyl, or c1-c4 alkoxy. 

9. The process accordinq to claim 8 

X is hydrogen and 
Y and z are each independently hydroqen or c 1-c6 

alkyl optionally substituted with one to 
three c1-c4 alko:xy groups and, when taken 
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together, Y and z may form a ring in which YZ 
is represented by the structure: 

-CB=CB-CH=CB-. 

10. ~he process accordinq to claim 9 wherein 
the pyridinedicarboxylic acid is pyridine-2,3-4icarbox­
ylic acid or s-methyl-pyridine-2, 3-dicarboxylic acid 
and the 4icarboxylic acid is s-ethyl-pyridine-2,3-dicarb­
oxylic acid, s-(methoxym~thyl)pyridine-2 1 3-dicarboxylic 

acid or quinoline-23-dicarboxylic acid. 


