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S8 FOR PRE TTON OF SUBST AND

Pyridine-2,3~-dicarboxylates are useful
intermediates in the preparation of highly effeotive _
herbicidal 2-(2-imidazolin-2-yl)nicotinic acias, esters
and salts. It is an object of this invention to
provide a method for the preparatiou of substituted and
unsubstituted-2,3-pyridinedicarboxylates utilizing
dialkyl chloromaleate or dialkyl'ohlorofumarate or a
mixture thereof, an ammonium salt, optionally in the

presence of ammonia and an appropriately substituted

a,f-unsaturated aldehyde or ketone.

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

Y. : COOR
’d

>
Z N~ - TCOOR

. _ . 1 _
wherein R is c1 c6 alkyl; X and Z are independently
hydrogen, halogen, c1 4 alkyl, cl S alkoxy or c
alkenyl and Y is hydrogen, halogen, c1

groups, c1 alkoxy groups or c alkylthlo groups,

alkyl optlonef'_.f
- ally’ subst;tuted Wlth one to three halogens, hydroxy o
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.-wherein R, is hydrogen or C

c,- alkoxycarbonyl, aminoearbonyl, phenyl, substitut-

1 4

ed phenyl, phenoxy, substituted phenoxy, phenylthio or

substituted phenylthio. Compounds of formula I are
useful as intermediates in the preparation of herbi-
cidal 2-}2-imida§olin—2-y1)nicotinates. Among the
methods of preparation of said herbicidal nicotinates
is that described in U.S. Patent 4,758,667 and illus-
trated below.

% R O
0
NP COOR R1| Kot-Bu ¥~ 2 COOH.
Il + H2N+CN |
~ solvent ~ N R
Z “COOR Ra Z N = 1
: . N Rp
H

1~C, alkyl: Rz is hydrogen, .
halogen, cl-c4 alkyl, cs-cs cycloalkyl or 81 and 32 may
be taken together to form a cs'cs cycloalkyl optionally
substituted with methyl and X, Y and 2 are as described
for formula I.

It has now been found that pyridine-2,3- .
dicarboxylates of formula I can be prepa:ed efficiently
and.effectively from chloromaleates of formula II or
chlorofumarates of formula III or mixtures thereof

,wherein R is C -C¢ alkyl by reacting the chloromaleate

1 _
or chlorofumarate w;th at least one molar equivalent of

an ammonium salt sueh as ammonium acetate, optionally

'in the presence of ammon1a, in a su1tab1e solvent such

as a °1 4 alkylaleohol to form an enamine intermed1ate

and reacting said 1ntermed1ate with at least one molar
_equ1va1ent of an a,B—unsaturated aldehyde or ketone of

formula IV where1n X, Y and Z are as ‘described for
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formula I in the presence of an acid such as acetic
acid. The process is shown in flow diagram I.

Hﬁfcooa'

C1-C-COOR

Il

Flow Diagram I

ROOC-CH

I
C1-C-COOR

I1I

\

N
Z N

H+

Solvent

COOR

COOR

+ NH, + ¥-G=CHY

7-C=0
1V

Ammonium salts wvhich may be used in the
process of the invent;on 1nc1ude ammonium acetate,
ammonium propionate, ammonium sulfate, ammonium carbo-
nate, ammonium bicarbonate, ammonium carbamate, ammo-
nium sulfamate and the like.

In one embodiment of the invention, a polar

- solvent may be utilized such as an alcohol, nitrile

such as acetonitr;le, a carboxylzc acid amide such as
N,N-dimethylformamide, N-methylpyrrolidone, a sulfoxxde

_ such as dimethylsultoxide, a sulfone and the like. L

Among the a,p-unsaturated aldehydes or
ketones of formula Iv. which may be used in the proeess
of the 1nvent10n are acrolein, methacrolexn,
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ethacrolein, crotonaldehyde, methyl vinyl ketone,

 o=-n~butylacrolein, 4-methyl-2-hexanal, a-methoxymetha-

crolein, q-chloromsthaqrolein, a-trifluoromgthacrolein,
cinnamaldehyde, a—ethoxyacroleia, methyl aéfoihyl-
acrylate, o-(2-cyancethyl)acrolein and the like.

In a further embodiment of the invention, the

- reaction mixture comprising the above-formed inter-

mediate and the «,f-unsaturated aldehyde or ketone of
formula IV may be treated with a dehydrogenation
catalyst such as that which is conventional in the art

'including metals or compounds of platinum, palladium,

ruthenium, iridium, nickel, ironm, copper, antimony,
cobalt, rhodium and the like. .The dehydrogenation
catalyst is commonly used in the form of the dehydro-
genation metal or compound thereof deposited on a
suitable support such as alumina, carbon, clay, geo-

_ lite, chromza, girconia and the like.

Thus, pyridine-2,3-dicarboxylates conta1n1ng
substituents in the 4,5 and 6 positions may be conve-
niently prepared by admixing a formula II dialkyl
chloromaleate or a formula III dialkyl chlorofumarate
with at least one molar equivalent of an ammonium salt
optionally in the presence of anhydrous ammonia in a
suitablé solvent,'optionally heating said mixture until
reaction is essentially complete, optionally filtering
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 organic

‘acid such as formic acid, acetic acid or prcpionic acid

and the like to obtain a pH of at least about.4 and at
least one molar equivalent of an a,ﬁ-unsaturated
aldehyde or ketone of formula IV optionally inm. the

presence of a dehydrogenatxon catalyst, optlonally

heating the result;nq reaction mixture until format1on

‘of the desired formula I pyr1d1nedlcarbcxy1ate is

i\\
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complete. The reaction product can be isolated using
' standard purification techniques such as fractional
distillation," reerystnllization, extraction, liquid
chromatography and the like. .

5 - The zate of formation of the enamine interme-
'diate and the formula I pyridinedicarboxylate is
temperature dependent, thus, reaction time can be
'effeotively diminished by heating the reaction mixtures
at temperntures of about 45 c or greater. -

10 In order to facilitate a further under- '
‘standing of the invention, the following examples are
presented primarily for the purpose of illustrating
certain more speoifio details thereof and the invention
is not to be deemed limited thereby. The terms LHNMR

15 and IR designate proton nuclear magnetic resonance and
infrared respectively. Unless otherwise noted, all
parts are parts by weight.
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aration of die 1 S—e -2 ., 3=pyrids ' ' -
late from aiethyl chloromaleate in the p;gsenoe'og

g!!gg;a and ammonium acetate
' A mixture of diethyl ohloromaleate (4 10 g,

0.02 mol) and ammonium acetate (1.54 g, 0.02 mol) in
ethanol is treated with anhydrous ammonia (1.0 g, 0.06
mol), stirred at room temperature 16 hours, treated

‘with 10 mL of acetic acid and z-ethaorolein'(5'04 g,

0.06 mol) in two portions over a total of 16 hours at
70°C and concentrated inwv aggo to afford an oil resi-
due. The residue is taken up in toluene, filtered and
the filtrate is evaporated to dryness in vaouo to
afford an oil. The resultant oil is vacuum distilled
to afford the title product as a tan oil, bp 151-
152°¢/2 mm Hg.

f;ggaration of diethyl S—ethyl-2,3-pyridinedicarbo-

xylate from diethyl chloromaleate in the presence of

ammonium acetate
A mixture of a total of 4.62 g (0.06 mol) of

ammonium acetate and diethyl chloromaleate (4.10 g,
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 g, 0.06 mol) in two
portions,-heeted at 70°c for_a total of € hours and
concentrated in vacuo to give an oil residue. The

~ thus-obtained oil is vacuum distilled toteffogd;the'
title product as a tan oil, bp 151-152°¢/2'mm_ﬁg.'
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 BXAMPLE 3

Pr ation of diethyl S-ethyl-2,3-pyridi
late m diethyl chlo ate
A stirred mixture of ammonium acetate (7.0 g,
0.09 mol), anhydrous ammonia (0.2 g, 0.012 mol) and a

7:1 mixture of diethyl chlorofumarate and diethyl
‘chloromaleate in ethanol .is heated at 70°c for 12
 hours, cooled to 259c and filtered. The filter cake is

washed with ethanol and the combined filtrates are
concentrated in vacuo. The thus-obtained concontrated
reaction mixture is treated with acetic acid ana
2-ethacrolein (5.0 g, 0.06 no;), heated at 70°C with
stirring for 6 hours and concentrated in vacuo to give
an oil residue. The resultant residue is taken up in
methylene chloride, washed with water and fractionally
distilled to obtain the title product as a tan o11, bp
151-152°¢/2 mm Hg.

EXAMPLE 4

Preparation of dialkyl substituted-2,3-pyridinedicarbo-
Xylate from dialkyl chloromaleate :

Using essentially the same_procedure de-
scribed in Example 1 and'substitutinq the appropriate
a,f-unsaturated aldehyde, the following compounds are
obtained and 1dentif1ed by lgnMR ana IR spectral
analysis. ' '
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x x g B

H cx, H C,Hg

: CH,0cH, E C,H,

H cnzcl H czgs

H H H Czns_
EXAMPLE 5

Preparation of yl substituted~2,3~ carbo-

te

late from dial .1'en1ono

ain

Using essentially the same procedure de-
scribed in Example 3 and substituting the appropriate
a,pf-unsaturated aidehyde gives the following compounds

X
p/
~
™
7 N
X Y
H CH,
H CH,OCH,
H CH,C1
" _

COOR

COOR

C,H

R

C Hg

CoHg
5

C Hy

The above compounds are identified by ‘HNMR

and IR spectral analysis.
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WHAT IS CLAIMED IS: .
_ 1. A process for the preparation of a
compound characterized by formula I

wherein R is C;~C¢ alkyl; X and g are independently
hydrogen, halogen, 1—04 alkyl, -c alkoxy or c2 c5 .
alkenyl and Y is hydrogen, halogen, 1~ 6 alkyl. optxon—
ally substituted with one to three halogens, hydroxy
groups; ¢,~C, alkoxy groups or C,~C glkylthzo groups,
¢,-C, alkoxycarbonyl, aminocarhonyl, phenylthio,
substituted phenylthio, phenoxy, substituted phenoxy,
phenyl or substituted'phehyl which comprises reacting a
compound of formula II or formula IXIX or a mixture '

thereof
HE-CO0R RooC-cH
C1-C-COOR ~ C1-C-COOR

11 I1I
wherein R is C,~C¢ 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,ﬂ-unsaturated aldehyde or- ketone of
formula IV )
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wherein X, Y and % are as described above in the
presence of an acid to form the formula I pyridine-
dicarboxylate compound.

2. The proeeés according to claim 1 for the
preparation of the pyridinedicarboxylate compound of
formula I wherein X and Z are hydrogen and Y is hydro-
gen, halogen or c,-C, alkyl optionally substituted with
one to th:ee halogens, 1~ 4 alkoxy groups or cl-c4
alkylthio groups. . -

‘3. The process according to claim 1 wherein
the solvent 'is a polar solvent, the acid is acetic acid
and the intermediate is formed at a temperature of 45%

or greater.

4. The process according to claim 1 wherein
the formula I pyridinedicarboxylate compound is formed
at a temperature of 4s°c or greater.

5. 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-z,3-pyri§inedicarbbxy1dte, dialkyl 5- (methoxy-
methyl)-2,3-pyridinedicarboiy1ate and dialkyl 5-
(chloromethyl)~2,3-pyridinedicarboxylate.

6. The process accordihg to claim 5 wherein
_the formula I compound is selected from the group
consisting of dzethyl pyridine-2, 3-dicarhoxy1ate,
diethyl S~methyl-2, 3-pyridinedicarboxylate, ‘diethyl
's-ethyl-z 3-pyridinedicarboxy1ate diethyl 5-(methoxy-?
methyl) -2, 3-pyridinedicarhoxy1ate and diethyl 5-(chlo-
romethyl)-z s-pyridlnedicarboxylate.
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7. A pyridinedicarboxylate compound of
formula I prepared by. the process according to claim 1.

8. A pyridinedicarboxylate compound of
formula I wherein X and % are hydrogen and Y is hydro-
gen, halogen or c1 alkyl optionally substituted with
one to three halogens, C,-C, alkoxy groups or C,-C,
alkylthio groups prepared by the process according to
claim 1. - |
| 9. A pyridinedioarboxylate compound of
formula I, diethyl S-ethyl-2,3~-pyridinedicarboxylate
prepared by the process according to olaim 1.

10. a pyridinedicarboxylate compound of
formula I, diethyl 5-(methoxymethyl)=-2,3-pyridinedi-
carboxylate prepared by the process aooording to clain
1. |
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