
PROCESS FOR THE PREPARATION OF DIALKYL 2, 3- PYRIDINEDICARBOXYLATE AND
DERIVATIVES THEREOF FROM AN ALPHA, BETA-UNSATURATED OXIME AND AN
AMINOBUTENEDIOATE             Pyridine-2,3-dicarboxylates are useful
intermediates in the preparation of important herbi- cidal
2-(2-imidazolin-2-yl)nicotinic acids, esters and salts. Said herbicidal
agents and methods for their preparation are disclosed in U.S. Patent
4,798,619 and U.S. Patent 4,758,667. Imidazolinyl nicotinates and
derivatives thereof are highly effective herbicides at low rates of
application and demonstrate selective control of noxious weeds in the
presence of key econom- ic crops and, further, exhibit exceptionally low
mamma- lian toxicity.           The importance of the pyridinedicarboxylate
derivatives, particularly as essential intermediates in the manufacture of
herbicidal 2-(2-imidazolin-2-yl)- nicotinic acids, esters and salts,
creates a signifi- cant need in the art for effective processes for their
production.  European patent application No. 308 084 describes a process
for preparing  pyridinedicarboxylates by reacting oximes with electron
deficient alkenes such as 2- chloromaleate.                         It is
an object of this invention to provide a process for the preparation of a
substi- tuted or unsubstituted pyridinedicarboxylic acid ester via the
single step condensation of an [err]-unsaturated oxime with an
aminobutenedioate in the presence of an acid, optionally in the presence of
a solvent.           Another object of the present invention is to provide
a ready source of pyridinedicarboxylate     



-2-          compounds and derivatives of said compounds as key
intermediates in the production of the herbicidal       agents,
2-(2-imidazolin-2-yl)nicotinic acids, esters       and salts.  5
These and further objects of the invention       will become more apparent
by the description provided       hereinbelow.                The present
invention provides a process for       the preparation of economically
important pyridinedi- 10    carbozylates of formula I [err]      15
wherein R[err] and R[err] are each independently phenyl or
C[err]-C[err]alkyl optionally substituted with phenyl and Y and       Z are
each independently hydrogen or C[err]-C[err]alkyl option- 20    ally
substituted with one to three halogens or C[err]-C[err]al-       koxy
groups which comprises reacting an [err]-unsaturated       oxime of formula
II [err]               wherein Y and Z are described hereinabove for
formula I 30    with an aminobutenedioate of formula III     



COOR1  [err]       wherein R[err] and R[err]are each independently
hydrogen, C[err] -C[err]alkyl, C[err]-C[err]cycloalkyl, phenyl or may be
taken together with the atom to which they are attached to form a 5 or 6
membered alicyclic ring optionally interrupted by oxygen and R[err]  and
R[err]  are as described hereinabove for formula I in the presence of an
acid, optionally in the presence of a solvent at an elevated temperature.
In a preferred embodiment of the present invention a compound of formula I
is prepared whereinZ is hydrogen and Y is C[err] alkyl optionally
substituted with one halogen or C1 4 alkoxy group. The process of the
present invention is especially preferred for the preparation of a compound
selected from the group consisting of dialkyl
5-ethyl-2,3-pyridinedicarboxylate, dialkyl 2,3-pyridine dicarboxylate,
dialkyl 5-methyl-2,3-pyridinedicarboxylate,  dialkyl
5-(methoxymethyl)-2,3-pyridinedicarboxylate, and dialkyl  5- (chloromethyl)
-2,3-pyridinedicarboxylate.       The compounds of formula III include the
aminomaleate of formula IV(a), the aminofumarate of Formula IV(b) or
mixtures thereof, wherein R[err], R[err]  R[err] and R[err] are as
described hereinabove for formula III.  [err]    



3a                   Oximes of formula II may be readily prepared from the
appropriate aldehyde or ketone precursor using standard literature
procedures such as that reported in J. March, Advanced Organic Chemistry,
3rd Edition, pp. 805-806. For example, the appropriate [err]-unsaturated
carbonyl compound precursor may be reacted with hydroxylamine to give the
desired oxime as shown in flow diagram I.
FLOW DIRGRAM I  [err]          



The aminobutenedioate compounds of formula III may be conveniently prepared
by reacting the desired amine with a dialkyl acetylenedicarboxylate as
shown in flow diagram II.                    FLOW DIRGRRAM II [err]
Alternatively, the aminomaleates including the aminomaleate of formula
IV(a) and aminofumarate of formula IV(b) may be prepared by the method
described in U.S. Patent No. 4,766,218.         It has now been found that
5-substituted, 6-substituted, 5,6-disubstituted and unsubstituted pyridine
2,3-dicarboxylate compounds may be effectively prepared by admixing a
formula II [err]-unsaturated oxime with an aminobutenedioate of formula
III, optionally in the presence of a solvent, treating this mixture with an
acid and heating the resultant reaction mixture at a temperature of about
room temperature to about reflux              temperature. Preferably the
Formula II[err]-unsaturated oxime and the aminobutenedioate of formula III
are admixed at a ratio of from about 1:1 to 1:1.5 molar equivalents. The
thus-formed formula I pyridinedicar- boxylate product may be isolated using
standard tech- 



niques such as extraction, fractional distillation, chromatography and the
like. For purposes of illustra- tion, the process is shown employing an
aminobutene- dioate of formula III in flow diagram III.
FLOW DIAGRAM   III   [err]                   Of course, it is understood
that an amino- maleate of formula IV(a) an aminofumarate of formula IV(b)
as well as mixtures of aminobutenedioates may also be efficiently used in
the process of the invent- tion.          Among the acids that may be used
in the process of the invention are those commonly used in condensation
reactions such as acetic acid, propionic acid, p-toluenesulfonic acid,
methanesulfonic acid, sulfuric acid, phosphoric acid, phosphorous oxychlor-
ide, phosphorous trichloride, phosphorous tribromide, hydrochloric acid,
hydrobromic acid and the like. Preferred acids are strong mineral acids
such as sulfuric, hydrochloric, hydrobromic and such. Particu- larly
preferred is hydrochloric acid.
-6-    



solvents suitable for use in the process of       the invention are
aromatic hydrocarbons and haloaro-       matic hydrocarbons such as xylene,
toluene, benzene,       halobenzene, dihalobensene and the like,
haloaliphatic  5    solvents such as dihaloethane, dihalomethane, and the
like, aliphatic esters such as ethyl acetate, ethyl       propionate, and
so forth and alcohols such as methanol,       ethanol, propanol, and the
like.  In general, solvents       having a boiling point of about
50[err]-180[err]C are suitable. 10              The rate of formation of
the formula I       pyridinedicarboxylate product is temperature dependent,
thus, the reaction time can be effectively diminished       by heating the
reaction mixture at temperatures greater       than room temperature,
preferably at reflux tempera- 15    ture.                 To facilitate a
further understanding of the        invention, the following examples are
presented. The        examples are primarily for the purpose of
illustration        of certain more specific details and the invention is
20    not to be deemed limited thereby.  Unless otherwise       noted, all
parts are parts by weight and the term NMR       designates nuclear
magnetic resonance.    25     Preparation of diethyl
5-ethyl-2,3-pyridinedicarboxylate        from 2-ethylacrolein oxime and
diethyl 2-aminobutene-        dioate      [err]                     A
mixture of 2-ethylacrolein oxime (4.95 g,        0.05 mole) and diethyl
2-aminobutenedioate (9.35 g,           



-7-           0.05 mole) in acetic acid is treated with concentrated
R[err]SO[err] (5.2 g, 0.05 mole) in a single portion at room
temperature, stirred at ambient temperatures for 2.5        hours, heated
at reflux temperature for 2.5 hours,  5     cooled and concentrated in
vacuo to give an oil resi-        due. The oil residue is partitioned
between ethyl        acetate and water. The organic phase in concentrated
in vacuo to give the title product as an oil, charac-        terized by NMR
spectroscopy. 10                                EXAMPLE 2
Preparation of diethyl 2,3-pyridinedicarboxylate from        acrolein oxime
and diethyl 2-aminobutenedioate   15                            [err]
20                A stirred mixture of acrolein oxime (6.8 g,        0.096
mole) and diethyl 2-aminobutenedioate (9.35 g,        0.05 mole) in 25 mL
of acetic acid is treated with        concentrated H[err]SO[er] (5.2 g,
0.05 mole) in a single        portion to give a vigorous exotherm. The
reaction 25     mixture is heated at reflux temperature for 1 hour,
cooled and concentrated in vacuo to give a tarry         residue. The
residue is partitioned between methylene         chloride and water. The
organic phase is concentrated         in vacuo to give the title product as
an oil, 2.4 g, 30     21% crude-yield as determined by NMR analysis.



EXAMPLE 3       Preparation of diethyl 5-methyl-2 - 3-pyridinedicarbox-
ylate from 2-methylacrolein oxime and diethyl N,N-
dibutylaminobutenedioate   [err]                        A stirred mixture
of 2-methylacrolein oxime        (2.21g, 0.026 mole) and diethyl
N,N-dibutylaminobutene- 10    dioate (7.8 g, 0.026 mole) in
ethylenedichloride at ice       bath temperatures is treated slowly with
HCl gas for a       5 minute period, stirred for 1/2 hour, allowed to come
to room temperature, cooled slightly to about 22[err]C,       treated again
with HCl gas until reaction mixture is 15    homogeneous, heated at
85[err]C for 2 hours, cooled to room        temperature and quenched with
ethyl acetate and water.        The organic phase is concentrated in vacuo
to give the        title product as an oil residue, 6.3 g, 53% purity, 54%
yield as determined by NMR analysis. 20              Using essentially the
same procedure and        employing 0.10 mole of 2-methylacrolein oxime and
0.15        mole of diethyl NN-dibutylaminobutenedioate affords        the
title product in 75% yield and 53% purity as        determined by NMR
analysis.                                         EXAMPLE 4
Preparation of diethyl 5-methyl-2,3-pyridinedicarbox- 



ylate from 2-methylacrolein oxime and diethyl N-cyclo-
hexylaminobutenedioate  [err]                        A stirred mixture of
2-methylacrolein oxime       (2.13 g, 0.025 mole) and diethyl
N-cyclohexylamino- 10    butenedioate (6.3 g, 0.026 mole) in ethylene
dichloride       at ice bath temperatures is treated with HCl gas until
exotherm is no longer observed, heated at 70[err]-75C for       about 2
hours, cooled and quenched with ethyl acetate       and water. The organic
phase is concentrated in vacuo 15    to give the title product as an oil
residue 3.25 g, 62%       crude yield, as determined by NMR analysis.
EXAMPLE 5       Preparation of diethyl 5-methyl-2,3-pyridinedicarbox- 2Q
ylate from 2= methylacrolein oxime and diethyl morpho-
linobutenedioate  [err]                        A stirred mixture of
2-methylacrolein oxime       (5.2 g, 0.05 mole) and diethyl
morpholinobutenedioate 30.   (13.0 g, 0.05 mole) in ethylene dichloride is
treated           



-10-   with HCl gas over a 10 minute period at about 25[err]C (ice bath
cooling) allowed to exotherm to 53 [err]C, heated at reflux for about 1
hour, cooled and quenched with water and methylene chloride. The organic
phase is concen- trated in vacuo to give the title product as an oil
residue, 10.6 g, 45% purity, 40% yield as determined by NMR analysis.
- 11-    claims          1.  A process for the preparation of a compound of
formula I [err]          wherein R[err] and R[err] are each independently
phenyl or        C[err]-C[err]alkyl optionally substituted with phenyl
and    Y and Z are each independently hydrogen or        C[err]-C[err]alkyl
optionally substituted with one to        three halogen or C[err]-C[err]
alkoxy groups which is characterized by reacting an [err]-unsaturated oxime
of formula II [err]     



wherein Y and Z are as described above for formula I with an
aminobutenedioate of formula III  [err]                                -
12-   wherein R[err] and R[err]  are each independently hydrogen,
C[err]-C[err] alkyl, C[err]-C[err]cycloalkyl, phenyl or may be
taken together with the atom to which they           are attached to form a
5 or 6 membered           alicydic ring optionally interrupted by
oxygen and      R[err] and R[err] are as described above for formula I, in
the presence of an acid and optionally in the presence of a solvent at an
elevated temperature.             2.   The process according to claim 1
wherein the [err]-unsaturated oxime of formula II and the amino-
butenedioate of formula III are present in the ratio of about 1:1 to 1:1.5
molar equivalents.             3.   The process according to claim 1
wherein the acid is selected from the group consisting of acetic acid,
p-toluenesulfonic acid, methanesulfonic acid, sulfuric acid, phosphoric
acid, phosphorous oxychloride, phosphorous trichloride, phosphorous
tribromide, hydrogen chloride and hydrogen bromide.             4.   The
process according to claim 3 wherein the acid is hydrogen chloride.
5.   The process according to claim 1 wherein 



the reaction is run in the presence of a solvent.             6.   The
process according to claim 5 wherein the solvent is selected from the group
consisting of xylene, toluene, benzene, halobenzene, dihalobenzene,
dihaloethane, dihalomethane, ethyl acetate, ethyl propionate, methanol,
ethanol, propanol and butanol.             7.   The process according to
claim 6 wherein the solvent is dichloroethane.
-13-               8.  The process according to claim 1 wherein the
temperature is about 50-180C.             9.  The process according to
claim 1 for the preparation of a compound of formula I wherein Z is
hydrogen and Y is C [err]-C[err]alkyl optionally substituted with one
halogen or C[err]-C[err]alkoxy group.            10. The process according
to claim 9 for the preparation of a compound selected from the group
consisting of dialkyl 5-ethyl-2,3-pyridinedicar- boxylate, dialkyl
2,3-pyridinedicarboxylate, dialkyl 5-methyl-2,3-pyridinedicarboxylate,
dialkyl 5-(methoxy- methyl)-2,3-pyridinedicarboxylate, and dialkyl
5-(chloromethyl)-2,3-pyridinedicarboxylate.    


