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5- (Alkoxymethyl) -2, 3-pyridinedicarboximide compounds
are useful as intermediates in the preparation of herbi-
cidal 5- (alkoxymethyl)-2- (2-imidazolin-2-yl)nicotinic
acid, ester and salt compounds. Methods for the prep-

aration of 5-(alkoxymethyl)-2,3-pyridinedicarboximide
compounds are rather limited, and those methods that are
available may require extensive purification methods to
provide high purity 5- (alkoxymethyl) -2,3-pyridinedicarb-
oximide compounds.

European patent application number 308,084-A1 gener-
ically discloses that a 5-(alkoxymethyl)-2,3-pyridine-
dicarboximide compound may be prepared by reacting a
substituted oxime compound with a halomaleimide compound
optionally in the presence of an inorganic base.

However, that method is not satisfactory because it
produces a mixture that contains the desired 5- (alkoxy-
methyl) -2, 3-pyridinedicarboximide compound and a
relatively high percentage of an undesirable 5-methyl-
2,3-pyridinedicarboximide compound. Arduous or time
consuming purification methods are then required to
obtain high purity 5- (alkoxymethyl)-2,3-pyridinedicarbox-
imide compounds. If the mixture is not highly purified,
the 5-(alkoxymethyl)-2-(2-imidazolin-2-yl)nicotinic acid,
ester or salt compound prepared from the mixture will be
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PROCESS FOR THE PREPARATI ON OF 5- ( ALKOXYMETHYL) -2.

3- PYRI DI NEDI CARBOXI M DE  COMPOUNDS BACKGROUND OF THE
[ NVENTI ON 5- (Al koxymet hyl ) -2, 3- pyri di nedi car boxi m de conpounds
are useful as internediates in the preparation of herbi- ci dal

5- (al koxymet hyl )-2-(2-im dazolin-2-yl)nicotinic 5 acid, ester and salt
conpounds. Methods for the prep- aration of

5- (al koxymet hyl ) - 2, 3- pyri di nedi car boxi migle conmpounds are rather
limted, and those methods that are avai l abl e may require extensive
purification methods to provi de high purity

5- (al koxy metdbHtmd ndtRd Wiitied Gkt —QX'(E‘—QﬁliGQ%Q‘inQ;—lenico_-

Eur opean patent, appl.icati on nunber 308, 084- AL gener - i,]cally discl oses

that a 5- (alKBnEGhd) SEtenAY Radd compoynd, Whdginhas SdipetRatmay be
prepar ed by hexddidirigla propextiisis tuliaed toel desdeedogsadpound.a hal onal ei mi de
conpound 15 opti aIilsy itffi:eril%%o@r es%@lc%b%fec%noifn%%%a%ir%s%%%einventihgwe ver,
that nethod is not sat'i stactory Hecause-it

5 to provide a process for the preparation of high purity

5- (alkoxymethyl) -2,3-pyridinedicarboximide compounds.

SUMMARY OF THE INVENTION

The present invention provides an effective and

efficient process for the preparation of a 5- (alkoxy-

10 methyl)-2,3-pyridinedicarboximide compound having the
structural formula I

wherein
R is C;-Cealkyl;
15 R, is hydrogen, C,-Cealkyl, C(O)R,,
phenyl optionally substituted with any combination
of from one to four halogen, C,-C,alkyl,
C,-C,alkoxy, nitro or cyano groups,
benzyl optionally substituted on the phenyl ring
20 with any combination of from one to four
halogen, C;-C,alkyl, C,-C,alkoxy, nitro or cyano
groups, oOxr

R,
—_— (I_‘,—Rs ;
R4
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produces a m xture that contains the desired 5-(al koxy-

met hyl ) - 2, 3- pyri di nedi car boxi m de conpound and a rel atively high

per cent age of an undesirabl e 5-nethyl- 20 2, 3-pyri di nedi car boxi m de
eonpound. Arduous or tine consunm ng purification nethods are then
required to obtain high purity 5-(al koxynet hyl) -2, 3-pyri di nedi car box-
I mde conmpounds. If the mxture is not highly purified, t he

5- (al koxymet hyl )-2-(2-im dazolin-2-yl)nigotinic acid, 25 ester or salt
conpound prepared fromthe m xture wll be

R, is C;-Csalkyl,
phenyl optionally substituted with any combination
of from one to four halogen, C,-C,alkyl,
C,-C,alkoxy, nitro or cyano groups, or
5 benzyl optionally substituted on the phenyl ring
with any combination of from one to four
halogen, C,-C,alkyl, C,-C,alkoxy, nitro or cyano
groups;
R; and R, are each independently C,-C,alkyl; and
10 Rg is cyano or CONH,,

which process comprises reacting an oxime of a 2-(alkoxy-
methyl) -2-propen-1-one compound having the structural

ROCH, . CH,
x>

N
!

OR,

formula II

(II)

15 wherein R is as described above and R, is hydrogen or
C,-Csalkyl with a substituted maleimide compound having
the structural formula III

(IT1)

wherein R, is as described above and X is halogen,
20 phenylsulfinyl or 1-imidazolyl and a base selected from
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contam nated with a 5-nethyl -2-(2-im dazolin-2-yl)nico- tinic acid,
ester or salt conpound which has different her bi ci dal properties than
the desired conpound. It is, therefore, an object of the present
invention 5 to provide a process for the preparation of high purity

5- (al koxymet hyl ) - 2, 3- pyri di nedi car boxi m de conpounds.

SUWWARY OF THE | NVENTI ON The present invention provides an

ef fective and efficient process for the preparati 8f¥0838°3- @al-RoRy- 10
met hyl ) - 2, 3- pyri di nedi car boxi m de conpound havi ng the structural
formula | [err]

the group consisting of a tri(C,-Csalkyl)amine, an alkali
metal acetate and mixtures thereof in the presence of a
solvent at an elevated temperature.
Surprisingly, it has been found that 5-(alkoxymethyl)-
5 2,3-pyridinedicarboximide compounds are obtained in high
purity when prepared by the effective and efficient process
of the present invention.

In one preferred embodiment of the present invention,
an oxime of a 2- (alkoxymethyl) -2-propen-1-one compound
10 represented by formula II is reacted with at least about
one molar equivalent of a substituted maleimide compound
represented by formula III, and at least about one molar
equivalent of a tri(C,;-Csalkyl)amine or an alkali metal
acetate or a mixture thereof, suitably at a temperature of
15 at least 75 °C, e.g. a temperature of at least 90 °C,
preferably in a temperature range of about 75 °C to
150 °C, more preferably about 90 °C to 135 °C, in the
presence of a solvent having a boiling point of at least
about 75 °C.
20 Advantageously, it has now been found that
5~ (alkoxymethyl) -2, 3-pyridinedicarboximide compounds are
obtained in high purity by the effective and efficient
process of the present invention. In contrast,
5-(alkoxymethyl) -2, 3-pyridinedicarboximide compounds are
25 contaminated with significant amounts of 5-methyl-2,3-
pyridinedicarboximide compounds when prepared according to
the procedure described in EP 308,084-Al.
The 5-(alkoxymethyl)-2,3-pyridinedicarboximide
compounds may be isolated by diluting the reaction mixture
30 with water and filtering the formula I product from the
aqueous mixture. The product formula I compounds may also
be isolated by concentrating the reaction mixture in vacuo
and filtering the formula I product from the concentrated
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wher ei n Ris (Jerr]-Cerr]alkyl; 15 R err] is hydrogen,

Cerr]-Cerr]alkyl, C(ORerr], phenyl optionally substituted
wi th any conbi nation of fromone to four hal ogen,
Jerr]-Cerr]al kyl, Cerr]-Cerr]al koxy, nitro or cyano
groups, benzyl optionally substituted on the phenyl ring 20
with any conbination of fromone to four hal ogen,

Cerr]-Cerr]alkyl, Cerr]-Clerr]al koxy, nitro or cyad§¥-33257 23.5.97
groups, or [err] 5
mixture. Alternatively, the reaction mixture may be
integrated into the process used to prepare the final
herbicidal agent without isolating the formula I compound.
Exemplary of halogen hereinabove are fluorine,
5 chlorine, bromine and iodine.

The base is an especially important element of the
present invention because it significantly reduces the
production of 5-methyl-2,3-pyridinedicarboximide compounds.
Tri(C;-Csalkyl)amines suitable for use in the process of

10 the present invention include triethylamine, N,N-
diethylisopropylamine, N,N-diisopropylethylamine and the
like with triethylamine being preferred. Alkali metal
acetates suitable for use in the process of this invention
include sodium acetate, potassium acetate and the like with

15 sodium acetate and potassium acetate being preferred. The
base may suitably be used in an amount of at least one
molar equivalent relative to. the Formula I compound.

In another preferred embodiment of the present
invention, a phase transfer catalyst is present.

20 Preferably, the phase transfer catalyst is present when the
alkali metal acetate is present. Phase transfer catalysts
suitable for use in the present invention include any
conventional phase transfer catalysts. Preferred phase
transfer catalysts include crown ethers such as 18-crown-6

25 and 15-crown-5.

Solvents suitable for use in the process of the
present invention preferably have a boiling point of at
least about 75 °C and include aromatic hydrocarbons such as
toluene, xylenes, mesitylene and mixtures thereof;

30 halogenated arocmatic hydrocarbons such as mono- and
dihalobenzenes and mixtures thereof; polynuclear aromatic
hydrocarbons such as naphthalene, alkylnaphthalenes and
mixtures thereof; glycols such as 1,2-diethoxyethane and
nixtures thereof; and mixtures thereof. Preferred solvents
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-R[err] is CJerr]-Cerr]al kyl, phenyl optionally substituted with

any conbi nation of fromone to four hal ogen,
‘Cerr]-Cerr]al kyl, Cerr]-Cerr]al koxy, nitro or cyano
groups, or 5 benzyl optionally substituted on the phenyl ring
wi th any conbi nation of fromone to four hal ogen,

Cerr]-Clerr]alkyl, Clerr]-Clerr]al koxy, nitro or cyano
ACY-33257 23.5.97

-6-

include toluene, xylenes, mesitylene, 1,2-diethoxyethane
and mixtures thereof with toluene being more preferred.

In another embodiment of the present invention, an
alkali metal carbonate such as sodium carbonate, potassium

5 carbonate and the like is present. Preferably, the alkali

metal carbonate is present when the tri(CsCsalkyl)amine is
present.

The process of the present invention is especially
useful for the preparation of 5-(alkoxymethyl)-2,3-

10 pyridinedicarboximide compounds wherein

R is methyl; and/or

CH,

R; is methyl, phenyl or--%-q%; and/or
CH(CH,),
Rs is cyano or CONH,,
Oximes of 2-(alkoxymethyl)-2-propen-1l-one compounds
15 and substituted maleimide compounds which are particularly
useful in the process of this invention are those wherein
R and Rs; are methyl; and/or
CH
R; is methyl, phenyl or —C—R and/or
CH(CH )2

Rs; is cyano or CONHjz; and/or
20 X is Cl or Br.

The formula II oxime compounds of the present
invention may be prepared by reacting a 2-alkoxymethyl-
acrolein of formula IV with a substituted hydroxylamine of
formula V optionally in the presence of a base. The

25 reaction is shown below in Flow Diagram I.
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gr oups; ~ R3 and R4 are each independently Cferr]-Clerr]al kyl; and 10

Rlerr] is cyano or CONH err], whi ch process conprises-reacting an oxi ne
of a 2-(al koxy- met hyl ) - 2- propen- 1- one conpound havi ng the structural
formula I [err] 15 wherein Ris as
descri bed above and R err] is hydrogen or Cerr]-Clerr]jalkyl with a
substituted nal ei m de conpound havi ng
-7-
FLOW DIAGRAM I
ROCHZ CH2
’ ~ + I\THzOR6

o)
(V)
(IV)

ROCH, CH,
X

¥
OR,

(II)

Alternatively, oxime compounds of formula II wherein
R¢ is C,-Cgsalkyl may be prepared by reacting a formula II
5 compound wherein R, is hydrogen with a dialkyl sulfate of
formula VI and a base such as sodium hydroxide or an
alkali metal alkoxide optionally in the presence of a
phase transfer catalyst. The reaction scheme is shown in
Flow Diagram II.
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the structural formula I1] _ [err]
wherein R err] is as described above and X i s hal ogen, 20-phenyl sul finyl or
I-imdazolyl and a base selected from

-8~
F TA I
ROCH2 CH2
N + - (Cl-Csalkyl-O)st2

N

| (VI)

OH

Base

ROCH, CH,
X

¥
O-(Cl-Csalkyl)

A method for the preparation of formula IV 2-alkoxy-
methylacroleins is described in U.S. 5,177,266. Formula
5 III substituted maleimide compounds wherein X is halogen
and R, is hydrogen, C,;-Ccsalkyl, phenyl, substituted
phenyl, benzyl, substituted benzyl or -CR;R,R; are known
in the art and may be prepared according to the
procedures described in EP 308, 084-A1.

10 Substituted maleimide compounds wherein R, is C(O)R,
may be prepared by reacting a formula III compound
wherein R, is hydrogen with an acid chloride of formula VI

in the presence of a solvent as shown in Flow Diagram
III.
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-4- the group consisting of a tri (C2-C4al kyl)am ne, an al kal

netal acetate and m xtures thereof in the presence of a — solvent at an
el evat ed t enperat ure. Surprisingly, it has been found that

5- (al koxymethyl)- 5 2, 3-pyridinedi carboxi m de conpounds are obtained in
hi gh purity when prepared by the effective and efficient process of
the present invention. In one preferred enbodi nent of the
present invention, an oxi ne of a 2-gal koxynet hyl) - 2-propen-1-one
conpound 10 represented by fornula Il is reacted with at |east about

one nol ar equi val ent of a substituted mal ei m de conpound

FLOW I

0
X
0O
N
1l
R2C-—C1
(VI)

)

| N—-C(O)R,
X
0
Formula III compounds wherein X is l-imidazolyl may
be prepared by reacting a formula III compound wherein X
5 1is Cl or Br with imidazole and a base such as a
tri(C;-C,alkyl)amine in the presence of a solvent. 2And
formula III compounds wherein X is phenylsulfinyl may be
prepared by reacting a formula III compound wherein X is
Cl or Br with thiophenol and a base such as an alkali

10 metal acetate in.the presence of a solvent to form an
intermediate compound and oxidizing the intermediate
compound with a conventional oxidizing agent in the
presence of a solvent to form the desired formula III
compound wherein X is phenylsulfinyl.

15 The present invention also provides a process for
the preparation of a herbicidal 5- (alkoxymethyl)-2-(2-
imidazolin-2-yl) -nicotinic acid, ester and salt compound
having the formula
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represented by fornula I1l, and at |east about one nol ar equi val ent of

atri(derr]-Cerr]alkyl)amne or an al kali netal acetate or a mxture
thereof, suitably at a tenperature -of 15 at least 75 [err]C, e.g. a
tenperature of at least 90 [err]C, preferably in a tenperature range of
about 75 [err]Cto 150 [err]C, nore preferably about 90 [err]C to 135
[err]C, in the presence of a solvent having a boiling point of at |east
about 75 [err]C 20 Advant ageouslqp.- it has now been found that

5- (al koxymet hyl ) - 2, 3- pyri di nedi car boxi m de conpounds are obtained in
hi gh purity by the effective and efficient process of the present

I nvention. In contrast, .5-(al
conpounds are 25 cont am naR@d w
pyri di nedi car boxi m de conpounds
procedure described in EP 308, 084- R, The

5- (al koxynet hyl ) -2, 3- pyrldlnedlcarbOX| 'd R conpounds nmay be isol ated by
diluting the reaction m xture 30 wit H er and filtering the fornul a
product fromthe aqueous nixt%5ﬁ.)Th product formula |I conpounds may
al so be isolated by concentrati & the reaction mxture in vacuo

Xyr@@O®R ) - 2, 3- pyri di nedi car boxi m de
s'gnlflcant anounts of 5-methyl -2, 3-
prgﬁared according to t he

wherein

R is as defined above;

R, is C;-C, alkyl;

5 Ry is C,-C, alkyl, C;-C¢ cycloalkyl or R, and R; when taken
together with the atom to which-they are attached,
represent a C,;-C¢ cycloalkyl group optionally
substituted with methyl and

R, is hydrogen, diloweralkylimiﬁo,

10 C-Cp alkyl optionally substituted with one of the
following groups: C;-C; alkoxy, halogen, hydroxy,
C;-C¢ cycloalkyl, benzyloxy, furyl, phenyl,
halophenyl, lower alkylphenyl, lower alkoxyphenyl,
nitrophenyl, carboxyl, loweralkoxycarbonyl,.cyano or
15 triloweralkylammonium;

C;-C,, alkenyl optionally substituted with one of the
following groups: C,;-C; alkoxy, phenyl, halogen or
loweralkoxycarbonyl or with two C;-C; alkoxy groups
or two halogen groups;

20 C;-C; cycloalkyl optionally substituted with one or two
C;-C; alkyl groups; |

or a cation preférably selected from the group consisting
of alkali metals, alkaline earth metals, manganese,

copper, iron, zinc, cobalt, lead, silver, nickel,
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and filtering the formula | product fromthe concentrated

-5- m xture. Alternatively, the reaction m xture may be I nt egrated
into the process used to prepare the final her bi ci dal agent w t hout
i solating the formula I conpound. Exenpl ary of hal ogen herei nabove

are fluorine, 5 chlorine, brom ne and i odine.
ACY-33257 23.5.97
-11-

ammonium and organic ammonium;
which process comprises:
(a) preparing a compound having the formula I

o
ROCH,
N ' —Rl
N
0
(1)

wherein R and R; are as defined above by a process as
defined above; and
(b) converting the said compound having formula I into the
10 compound having the formula VII.
The term “lower” as used above in relation to alkyl

and alkoxy groups means that the alkyl or alkoxy group
contains 1 to 6, preferably 1 to 4, carbon atoms. When

- used herein as a group or part of a group the term alkyl
15 includes straight or branched chain alkyl groups such as
" methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, s-
butyl and t-butyl.
The conversion of the cbmpound having formula I into
the compound having formula VII may be carried out in a
20 variety of ways. One may plan routes by combining
reactions known for the conversion of one carboxylic acid
derivative into another.
Methods that may be used to create the imidazolinone
herbicides are illustrated in the book “The Imidazolinone
25 Herbicides” edited by D.L. Shaner and S.L. O’Connor,
published 1991 by CRC Press, Boca Raton, Florida with
particular reference to Chapter 2 entitled “Synthesis of
the Imidazolinone Herbicides”, pages 8-14 and the
references cited therein. The following patent
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The base is an especially inportant el enent of the present invention
because it significantly reduces the producti on of -

5-net hyl - 2, 3- pyri di nedi car boxi m de conpounds. Tri (C2- C4al kyl ) am nes
suitable for use in the process of 10 the present invention include
triethylamne, N N di et hyl i sopropyl am ne, N, N-diisopropyl et hyl am ne
and the like with triethylam ne. being preferred. Al kali netal

acetates suitable for use in the processz2of this invention i ncl ude
sodi um acetate, potassium acetate and the like with 15 sodium acetate and
pot assi um acetate being preferred. The base may suitably be used in an
amount of afliteastusrerefereantes ehsbvslbustretatthe methdds Fohatul a |

conpound. | n _anot her referred enbodj pent pé resent
invention §a§h§§euﬁP§n§PeF°E§ g yEhe | capPe¥Ehtc ?@1 ¥ E AbtY5Sthe phase

transfer ?gkgﬁ&mﬁ EB§§ﬁ8he“@fﬂaihﬁroduc@éka|' metal acetate is present.

Phase trans cata suitabl'e for use in the present invention
i ncl ude any UbsveﬂatenalehasE B7anskey BaBaAysvs Pr25er624; phase
transfer catalysts |nclude crown ethers such _as 18-crown-6 25 and

15- cr own® 5. 27654FenPs1i0i PABF 51 5£2uER87 NSt AR p?8Ress of the
' 4,925,944; 4,921,961; 4,959,476; 5,103,009;

4,816,588; 4,748,244; 4,754,033; 4,757,146;
4,798,619; 4,766,218; 5,001,254; 5,021,078;
4,723,011; 4,709,036; 4,658,030; 4,608,079;
10 4,719,303; 4,562,257; 4,459,408; 4,459,409;
4,460,776; 4,125,727 and 4,758,667, and European
Patent Application Nos. EP-A-0-041,623 and EP-A-C-
308,084.
In order to facilitate a further understanding of
15 the invention, the following examples are presented
primarily for the purpose of illustrating more specific
details thereof. The invention should not be deemed

limited by the examples as the full scope of the
invention is defined in the claims.
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present invention preferably have a boiling point of at | east about 75
[err]C and i nclude aromatic hydrocarbons such as t ol uene, xyl enes,
mesityl ene and m xtures thereof; 30 hal ogenated aromatic hydrocarbons such
as nono- and di hal obenzenes and m xtures thereof; polynuclear aromatic
hydrocarbons such as naphthal ene, al kyl napht hal enes and m Xt ures

t hereof; glycols such as 1, 2-di et hoxyet hane and m xtures thereof; and
m xtures thereof. Preferred solvents -13-

0
CH,OCH, ~__.CH,
\E + | N“@ + N(C,H,),
N Br
- 0

Toluene FAN

o)
CH, \_~
I N
NS
N
o)

5 A solution of the O-methyloxime of 2- (methoxymeth-
yl) -2-propen-l1-one (9.0 g, 96% pure, 67 mmol) in toluene
(112 g) is heated at 97 °C for 27 hours. During the
heating period, 2-bromo-N-phenylmaleimide (27.75 g, 110
mmol) and triethylamine (17.9 g, 177 mmol) are added

10 portionwise to the reaction mixture. The final reaction
mixture is filtered to remove solids, washed with water
and concentrated in vacuo to give the title product as an
orange solid (10.9 g, 61% yield) having a 5- (methoxy-
methyl) -N-phenyl-2,3-pyridinedicarboximide to 5-methyl-N-

15 phenyl-2,3-pyridinedicarboximide ratio of 233:1.
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--6- i ncl ude tol uene, xylenes, nesitylene, 1,2-diethoxyethane and

m xtures thereof wth tol uene being nore preferred. -- | n anot her
enbodi ment of the present invention, an al kali metal carbonate such as
sodi um car bonate, potassium 5 carbonate and the like is present.
Preferably, the alkali metal carbonate is present when the
tri(derr]-Cerr]alkyl)amne is present. The process of the
present invention is especially usefldF for the preparation of

5- (al koxymet hyl )-2, 3- 10 pyri di nedi car boxi m de conpounds wherein Ris
met hyl ; and/ or Rlerr] is nmethyl, phenyl or [err] and/or R err]
is cyano or CONH err]. Ox EXAMPRES?2¢8| koxynet hyl ) - 2- propen- 1- one

compounds 15 and FbshidddRtt UL HNAR160IPeUNd3 Ul el BegngAL! | cularly
useful in the proces I's inventlOn are hos wher e
. variety of conditions and the results are summarlzed in

Table I.
5 As can be seen from the data in Examples 1-9, the
process of the present invention (Examples 1-7) produces
5- (methoxymethyl) -N-phenyl-2, 3-pyridinedicarboximide
which is contaminated with a significantly smaller amount
of 5-methyl-N-phenyl-2,3-pyridinedicarboximide than the
10 process described in EP 308,084-Al1 (Examples 8 and 9).
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-7- ' FLOW DI AGRAM | [err]

-16-

10-1
Using essentially the same procedure as described in
Example 1, but substituting 2-chloro-N-phenylmaleimide
for 2-bromo-N-phenylmaleimide, 5-methoxymethyl-N-phenyl-
5 2,3-pyridinedicarboximide is produced in the yields shown
in Table II.
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T err] Al ternatively,

wherein
Rlerr] is (Jerr]-Cerr]al kyl may be prepared by reacting a formula Il 5

conmpound wherein Rlerr] is hydrogen with a dial kyl sulfate of formula VI
and a base such as sodi um hydroxi de or an al kali metal al koxi de
optionally in the presence of a

phase transfer catalyst. The reaction
schene is shown in Flow Diagram | 1.
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- 8- FLOW DI AGRAM | | [err]

-18-
EXAMPLE 13
i - -N-m 1-2,3-
r') L] - » i
0
CH3OCH2 CH2
- + | N—CH, + N(CH),
? Br
o)
OCH3
0
A CH3OCH2 Z
—> | N—cH,
toluene oS
N
o)
5 A solution of O-methyloxime of 2- (methoxymethyl)-2-

propen-l-one (9.9 g, 84% pure, 64 mmol) in toluene (112
g) is heated at 100 °C for 44 hours. During the heating
period, 2-bromo-N-methylmaleimide (20.35 g, 107 mmol) and
triethylamine (16.9 g, 167 mmol) are added portionwise to

10 the reaction mixture. The final reaction mixture is
filtered to remove solids, washed with water and concen-
trated in vacuo to give the title product as an orange
solid (8.1 g, 61% yield) having a S5- (methoxymethyl) -N-
methyl-2,3-pyridinedicarboximide to S5-methyl-N-methyl-

15 2,3-pyridinedicarboximide ratio of 316:1.

EXAMPLES 14 and 15
Using essentially the same procedure as described in
Example 13, 5- (methoxymethyl)-N-methyl-2,3-pyridine-
dicarboximide is produced in the yields shown in Table
20 III.
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Terr] A net hod for the preparation of fornmula IV 2-al koxy-
nmet hyl acroleins is described in U S. 5,177,266. Fornula =5 |11 substituted
mal ei m de compounds wherein X is hal ogen and Rlerr] is hydrogen,
Jerr]-Cerr]al kyl, phenyl, substituted phenyl , benzyl, substituted
benzyl or -CR3R4R5 are known in the art and may be prepared according

to the procedures described in EP 308, 084- Al.
~-19-
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10 Substituted mal ei m de conmpounds wherein Rerr] is C(ORerr]

may be prepared by reacting a fornmula Il conpound wherein R err] is
hydrogen with an acid chloride of formula VI in the presence of a
sol vent as shown in Flow D agram L1l
-9 - FLOW DI AGRAM | I |
-20-
EXAMPLES 16-18

Using essentially the same procedure as described in
Example 13, but substituting 2-chloro-N-methylmaleimide
for 2-bromo-N-methylmaleimide, 5- (methoxymethyl)-N-
5 methyl-2,3-pyridinedicarboximide is produced in the
yields shown in Table IV.

This Sheet Has Been Rep

[T

THIS SHEET HAS BEEN
REPLACED




- 1Aygsu-N-TAy3auw-5 03 SpPpTWIXOqIedTPauTpTIAd-¢’Z- TAYyaaw-N- (TAyaswixoyiaw) -5 Jo otley

T:LLT

-21-

T:0TT

T:991

oT3ey

Jerr]

69 ov 00T
0S €€ Xnyjzox
15 62 XnTjsx

RaCy OB CRL N 3
swrty ‘duwayg,

auaniol

susntol

auantoj

TUSATOS  J-UMCIS-BT

‘sprwtxoqrentpautptaAd-¢ ‘g
[4

"3INIXTW UOTIORdI jJo sTsATeue Do Aq paurwasiag |

T10°0

3o *bxm

L T/ (SH®D)N 6T 8T
2 v/ovoi 9°T LI
T/% (SH®D) N
T°€/%00%eN €1 9T

*bE7oUeY  SPTWISTEUTAYIOR STANeRH

~-N-ox0TYD-g
Jo -ba

wﬁﬁEﬁROAMQUﬁvmﬂﬁﬁﬂnhm-m~N|ﬁ%£umﬁuz-AﬂhnumﬂthAuoSv:m 3o uotjeaedaxd

ATl ETEVL

THIS SHEET HAS BEEN
REPLACED

i

i

il



Forrmula 111 conpounds wherein X is 1-imdazolyl may be prepared by
reacting a fornmula Il compound wherein X 5 is C or Br—with inmidazole
and a base such as a tri(CJerr]-Clerr]al kyl)am ne in the presence of a
solvent. And formula I'll conmpounds wherein X is phenylsulfinyl nmay be
prepared by reacting a fornmula |11 conpound wherein X is Cl or Br with
t hi ophenol and a base such as an alkali 10 netal acetate in the presence
of a solvent to form an i nt er medi at4? conpound and oxi di zing the

i nternedi ate conpound with a conventional oxidizing agent in the
presence of a solvent to formthe desired formula |11 conmpound wherein
X is phenylsul finyl. 15 The PERAMBRE 18 ention al so provides a process
for the prepagaphes i 7 Sb Ly ; 4

I m dazol i n- 2-

formul a
! L ] ! IJ
CH .
CH,OCH, CH, [
- + | N—Cli—CN + NaOAc
N
, Br CH(CH,),

OCH O

Toluene A

CH

. CH,OCH,\_~ s

I N—Clr—CN

N CH(CH,),
o -

A mixture of 3-bromo-2,5-dihydro-a-isopropyl-a-
methyl-2,5-dioxopyrrole-l-acetonitrile (0.6 g, 90% pure,
1.99 mmol) in toluene (12 g) is heated at 95 °C for 41
hours. During the heating period, the O-methyloxime of

10 2- (methoxymethyl)-2-propen-l1-one (0.27 g, 2.0 mmol) and
sodium acetate (0.76 g, 9.2 mmol) are added portionwise
to the reaction mixture. The final reaction mixture is
filtered to remove solids, washed with water and
concentrated in vacuo to give the title product as a red

15 oil (0.40 g, 70% yield) having a 5,7-dihydro-a-isopropyl-
3- (methoxymethyl) -c.-methyl-5, 7-dioxo-6H-pyrrolo[3,4-
b]pyridine-G-aceﬁonitrile to 5,7-dihydro-a-isopropyl-3,o-
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- 10- [err] wher ei n
i s as defined above; -

-23-

dimethyl-5,7-dioxo-6H-pyrrolo(3,4-blpyridine-6-
acetonitrile ratio of 61:1.

Using essentially the same procedure, but in the
absence of a base, 5,7-dihydro-a-isopropyl-3- (methoxy-

5 methyl) -a-methyl-5,7-dioxo-6H-pyrrolo[3,4-blpyridine-6-
acetonitrile is obtained in 32% yield with a 5,7-dihydro-
o-isopropyl-3- (methoxymethyl) -a-methyl-5, 7-dioxo-6H-
pyrrolo[3,4-blpyridine-6-acetonitrile to 5,7-dihydro-a-
isopropyl-3,a-dimethyl-5, 7-dioxo-6H-pyrrolo (3, 4-

10 Dblpyridine-é6-acetonitrile ratio of 2:1.

EXAMPLE 20
reparation of Oxim £ 2- (m o, h: -2=
propen-1l-one
CHBOCH2 CH2
~ + (HzNOH)z'stO4 + NaOAc
0]
CH_OCH CH
_— 3 2 2
\\E:
N

CH

15 A mixture of hydroxylamine sulfate (3.81 g, 23.2

mmol) and sodium acetate (3.52 g, 4.29 mmol) in water (30
g) is treated dropwise with 2-methoxymethylacrolein (5.1
g, 70% pure) over 15 minutes, stirred at room temperature
for 5 hours and extracted with methylene chloride. The

20 organic extract is dried over anhydrous magnesium sulfate
and concentrated in vacuo to give the title product as a
yellow oil (3.3 g, 80% yield).
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é[err] is CJerr]-Cerr] alkyl; 5 Rerr] is (Jerr]-Cerr] alkyl,

Cerr]-Cerr] cycloalkyl or Rerr] and R err] when taken - t oget her
with the atomto which they are attached, represent a
Clerr]-Cerr] cycloal kyl group optlonally substituted with nethyl
and Rlerr] is hydrogen, diloweralkylimno, 10 (err]-Cerr] alkyl
optionally substituted with one of the foll ow ng groups:
Cerr]-Clerr] al koxy, hal ogen, hydroxy,~24- Cerr]-Cerr]
cycl oal kyl, benzyl oxy, furyl, phenyl, hal ophenyl , | ower

al kyl phenyl, | ower al koxyphenyl, ni trophenyl, carboxyl,

| ower al koxycar bonyl , cyano or 15 EKAMLL@LLﬂomeraIkylannnnlun1

Clerr]-Cerr] al kg

foll owi ng grou

CH,OCH,~__CH,
\C + (CH,0),80, + (CH,),COK

¥
OH
CH_OCH CH
— 2 2
\\E:
¥
OCH3
5 A mixture of the oxime of 2- (methoxymethyl)-2-

propen-l-one (1.8 g,'10.4 mmol, 67% pure) and potassium
tert-butoxide (1.93 g, 17.2 mmol) in tetrahydrofuran (40
g} is stirred at 5 ° to 10 °C for 10 minutes, treated
dropwise with dimethyl sulfate (2.37 g, 18.8 mmol),

10 stirred for 1.2 hours, filtered to remove solids and
concentrate in vacuo to obtain a residue. The residue is
dissolved in methylene chloride and the resultant
solution is washed sequentially with water and brine,
dried over anhydrous magnesium sulfate and concentrated

15 in vacuo to give the title product as a yellow oil (1.4
g, 74% yield). '
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|.ower al koxycar bonyl or with two Clerr]-(err] al koxy groups or
two hal ogen groups; 20 CJerr]-C[err] cycloal kyl optional+y substituted

with one or two Cerr]-Cerr] alkyl groups; or a cation
preferably selected fromthe group consisting _ of alkali netals,
al kaline earth netal s, nmanganese, copper, iron, zinc, cobalt,
| ead, silver, nickel
-25-
EXAMPLE 22
ion h - loxim 2- oxy -~
hyl)-2- -1-
CHBOCH2 CH2
\\Ei + HZNOCH3 - HC1 + NaOAc
NS
o)
CH_OCH CH
—_— 3 2 2
\E
¥
OCH3
5 A mixture of methoxylamine hydrochloride (21.0 g,

0.25 mol) and sodium acetate (22.4 g, 0.27 mol) in water
(159 g) is treated dropwise with 2-methoxymethylacrolein
(21.0 g, 90% pure, 0.19 mol) over ten minutes at 21° to
29°C, stirred overnight at room temperature and extracted

10 with methylene chloride. The organic extract is washed
sequentially with water and brine, dried over anhydrous
magnesium sulfate and concentrated in vacuo to give the
title product as a yellow oil (26.1 g). A portion of the
yellow oil is distilled under reduced pressure (50° to

15 70°C, 16 mm Hg) to give the title product as a clear,
colorless oil.
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-11- amoni um and or gani ¢ anmoni um whi ch process

conpri ses: (a) preparing a conpound having the fornmula I

[err] 5 wherein R and Rl err] are as defined above by a process as
defi ned above; and

ACY-33257 23.5.97

-26-

CLATMS

1. A process for the preparation of a 5-(alkoxymethyl)-
2,3-pyridinedicarboximide compound having the structural

formula I

0

ROCH2
- | N—R,
N
O
(I)

wherein

R is Ci-Cgalkyl;
R; is hydrogen, CrCealkyl, C(O)R,
phenyl optionally substituted with any combination of
from one to four halogen, C;-Csalkyl,
C,-Csalkoxy, nitro or cyano groups,
benzyl optionally substituted on the phenyl ring with
any combination of from one to four halogen,
C;1-Csalkyl, C;-Cialkoxy, nitro or cyano groups, Or

R, is C;-Cgalkyl,
phenyl optionally substituted with any combination of
from one to four halogen, C;-Csalkyl,
C;-Csalkoxy, nitro or cyano groups, Or
benzyl optionally substituted on the phenyl ring with
any combination of from one to four halogen,
C,-Csalkyl, C;-Cjalkoxy, nitro or cyano groups;
R; and R, are each independently C;-C,alkyl; and

e e
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(b) converting the said compound having formula | into the 10 conpound

having the formula VII. The term "l ower" as used above in relation
to al kyl and al koxy groups neans that the al kyl or al koxy group
contains 1 to 6, preferably 1 to 4, carbon atons. Wen used herein as a
group or part of a group the termalkyl 15 includes straight or branched
chai n al kyl groups such as met hyl, ethyl, n-propyl, isopropyl, n-butyl,
i sobutyl, s- butyl and t-butyl. The conv&&i-Gr3 257 t23e c.dfpound
having formula | into t he conpound having formula VII may be carried
out in a 20 variety of ways. One may plan routes by conbining

reactions known for the conversion of onm@7carboxylic acid derivative

i nt o anot her. , Met haods_t hat nay be used to create the im dazolinone
her bi ci des arfs 8 G¥PPQ &F Yae book "The I ni dazol i none 25 Her bi ci des”

gdi teg by D. Lthdea' _dwq@égish Zdmprd e Iraf.issactifm_:; mth:&h%ldlﬁ%lZJz CRC Plr ezs,
oca Raton, rida wt particular reference apt er. entitle
"Synt hesi s ofJéﬁkO%XﬂFﬁWﬁ%&ﬁ%ﬂ??ﬁﬁﬁP TP i FEPeu 3§§”§Eﬁ}j§hd t he

ref erences cidtachdthersl nforiineld aII ow ng pat ent

RQCH2 CH,
N

N
I

OR,

(IT)

wherein R is as described above and Rgis hydrogen or
Ci1-Cjalkyl with a substituted maleimide compound having the
structural formula III

(ITII)

wherein R; is as described above and X is halogen,

phenylsulfinyl or l-imidazolyl and a base selected from the
group consisting of a tri(Cy-Csalkyl)amine, an alkali metal
acetate and mixtures thereof in the presence of a solvent
at an elevated temperature.

2. The process according to claim 1 wherein the base is
selected from the group consisting of triethylamine, sodium
acetate and potassium acetate and is present in an amount
of at least about one molar eguivalent relative to the
formula I compound.
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-12- literature references also illustrate the nethods that may

be used to convert the carboxylic acid derivatives I nto i mdazolinone
final products: U. S. Patent Nos. 5,371, 229; 5,334,576; 5,250, 694,
5 5,276, 157; 5,110,930; 5,122,608; 5, 206, 368; 4,925, 944,

4,921, 961; 4,959, 476; 5,103, 009;

ACY-33257 23.5.97

-28-

3. The process according to claim 1 or claim 2 further
comprising a phase transfer catalyst selected from 18-
crown-6 or 1l5-crown-5.

4. The process according to any one of claims 1 to 3
further comprising an alkali metal carbonate selected from
sodium carbonate and potassium carbonate.

5. The process according to any one of claims 1 to 4

wherein R and Rg are methyl and/or
CH

R; is methyl, phenyl or —C—R
CH(CH )2

and/or
X is Cl or Br.

6. The process according to any one of claims 1 to 5
wherein the solvent is selected from the group consisting
of an aromatic hydrocarbon, a halogenated aromatic
hydrocarbon, a polynuclear aromatic hydrocarbon, a glycol

and mixtures thereof, and the boiling point of the solvent
is at least about 75 °C.

7. The process according to any one of claims 1 to 6
wherein the formula II compound is reacted with the formula

IITI compound and the base at a temperature of above about
75 °C.

8. A compound having the structural formula

This Sheet Has Beenl //!I/II////I .
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4,816, 588; 4,748, 244; 4,754,033; 4,757, 146; 4,798, 619; 4,766, 218;
5,001, 254; 5,021, 078; 4,723,011; 4,709, 036; 4,658,030; 4,608,079;
10 4,719, 303; 4,562, 257; 4,459, 408; 4,459, 409; 4, 460, 776;
4,125,727 and 4,758,667, and European Pat ent Application Nos.

EP- A- 0- 041, 623 and EP- A-O- 308, 084. In order to
facilitate a further understanding of 15 the invention, the follow ng

exanpl es are presented primarily for the purpose HCY-HIXETT &3 4579 Tbre
specific details thereof. The invention should not be deened

limted by the exanples as the full scope of the i nvention is defined
in the clains. —23-

O

| N—C(O)R,

wherein
X is halogen; and
R, is C;-Cgalkyl,
phenyl optionally substituted with any combination of
from one to four halogen, C;-Csalkyl,
C,-Cjalkoxy, nitro or cvano groups, oOr
benzyl optionally substituted on the phenyl ring with
any combination of from one to four halogen,
C,-Cqalkyl, C;-Csalkoxy, nitro or cyano groups.

9. The compound according to claim 8 wherein
X is Cl1l or Br and R, is C;-Csalkyl, phenyl or benzyl.

10. A process for the preparation of a herbicidal
imidazolinone compound having the formula VII

COOR,
RO 7 |
N
N7 \=N R,
(viz)y ©O

wherein

R is as defined in Claim 1;

R; is C;-C4 alkyl;

Rg is C;-C4 alkyl, C3-Cg cycloalkyl or R; and Rg when taken
together with the atom to which they are attached,
represent a Cs+Cg; cycloalkyl group optionally

This Sheet Has Be f THIS SHEET HAS BEEN ,
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--13- EXAMPLE 1 Preparation of
5- ( Met hoxynet hyl ) - N- phenyl - 2, 3- pyri di nedi car boxi m de
Terr]

ACY-33257 23.5.97

-30-
substituted with methyl and

Ry is hydrogen, diloweralkylimino,

C;-C12 alkyl optionally substituted with one of the
following groups: CrC; alkoxy, halogen, hydroxy,
C;-Cs cycloalkyl, benzyloxy, furyl, phenyl,
halophenyl, lower alkylphenyl, lower
alkoxyphenyl, nitrophenyl, carboxyl, loweralkoxy-
carbonyl, cyano or triloweralkylammonium;

C3;-C;3 alkenyl optionally substituted with one of the
following groups: CrC; alkoxy, phenyl, halogen or
loweralkoxycarbonyl or with two C;-C; alkoxy groups
or two halogen groups;

C3-C¢ cycloalkyl optionally substituted with one or two
C1-C5; alkyl groups;

or a cation;

which process comprises:

(a) preparing a compound having the formula I

0
ROCH,
N I _ Rl
N
0
(T)

wherein R and R; are as defined in Claim 1 by a process as
claimed in Claim 1; and

(b) converting the compound having formula I into the
compound having the formula VII.

n}!’i?’lﬂi"[ﬁ[lnmd [y LI




5 A solution of the O nethyl oxi ne of 2-(nethoxyneth-
yl)-2-propen-1-one (9.0 g, 96% pure, 67 mmol) in toluene (112 g) is
‘heated at 97 [err]C for 27 hours. During the

ACY-33257 23.5.97

-31-

ABSTRACT

PROCESS FOR_THE PREPARATION OF
5~ (ALRKOXYMETHYL) -2, 3-PYRIDINEDICARBOXIMIDE COMPQOUNDS

There is provided a process for the preparation of 5-
(alkoxymethyl) -2, 3-pyridinedicarboximide compounds having
the structural formula I

ROCH,

(I).

The 5-(alkoxymethyl)-2,3-pyridinedicarboximide
compounds are useful as intermediates in the preparation of
herbicidal 5-(alkoxymethyl)-2-(2-imidazolin-2-yl)nicotinic
acid, ester and salt compounds.

This Shee
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heating:period, 2- br ono- N- phenyl nal ei m de (27.75 g, 110 mol ) and
triethylamne (17.9 g, 177 mol) are added 10 portionwi se to the reaction

m xture. The final reaction m xture is filtered to renove solids, - -
washed with water and concentrated in vacuo to give thelti fidctibn.
as an, orange solid (10.9 g, 61%yield) having a 5-(nethc§$PLAcEyEwwvm*ﬂ
met hyl ) - N- phenyl - 2, 3- pyri di nedi carboxi mde to 5-nethyl-N- 15 ag7 1
phenyl - 2, 3- pyri di nedi car boxi mi de ratio of 233:1. 29 AUG 1% j
-14- .

-1-

b e

B R )3 I
5~ (Alkoxymethyl) -2, 3-pyridinedicarboximide compounds
are useful as intermediates in the preparation of herbi-
cidal 5-(alkoxymethyl) -2-(2-imidazolin-2-yl)nicotinic
5 acid, ester and salt compounds. Methods for the prep-
aration of 5-(alkoxymethyl)-2,3-pyridinedicarboximide
compounds are rather limited, and those methods that are
available may require extensive purification methods to
provide high purity 5- (alkoxymethyl)-2,3-pyridinedicarb-

10 oximide compounds.

Eurcpean patent application number 308,084-Al1 gener-
ically discloses that a 5-(alkoxymethyl)-2,3-pyridine-
dicarboximide compound may be prepared by reacting a
substituted oxime compound with a halomaleimide compound
15 optionally in the presence of an inorganic base.

However, that method is not satisfactory because it

produces a mixture that contains the desired 5-(alkoxy-

methyl) -2,3-pyridinedicarboximide compound and a

relatively high_Percentage of an undesirable 5-methyl-

20 2,3-pyridinedicarboximide compound.- Arduous or time
consuming purification methods are then required to
obtain high purity 5- (alkoxymethyl) -2,3-pyridinedicarbox-
imide compounds. If the mixture is not highly purified,
the 5-(alkoxymethyl)-2-{(2-imidazolin-2-yl)nicotinic acid,

25 ester or salt compound prepared from the mixture will be



||ei no. a

EXAMPLES 2-9 The procedure of Exanple 1 is repeate
variety of conditions and the results are sunmarized in

SEE;H;@ETI&QENF SHEET |

As can be seen fromthe data in Exanples 1-9, the proce R
present invention (Exanples 1-7) produces i e }
5- (met.hoxynet hyl ) - N- phenyl - 2, 3- pyri di nedi car boxi m de mﬁich Zg AUG 1597 ;
contam nated with a significantly smaller anpunt of |

5- met hyl - N- phenyl - 2, 3- pyri di nedi car boxi mi de than the 10 pr

ocess described

in EP 308,084-Al (Exanples 8 and 9). _o.

contaminated with a S-methyl-2-(2-imidazolin-2-yl)nico-
tinic acid, ester or salt compound which has different
herbicidal properties than the desired compound.
It is, therefore, an object of the present invention
5 to provide a process for the preparation of high purity
5- (alkoxymethyl) -2, 3-pyridinedicarboximide compounds.

SUMMARY OF THE INVENTION
The present invention provides an effective and
efficient process for the preparation of a 5-(alkoxy-
10 methyl)-2,3-pyridinedicarboximide compound having the
structural formula I

o)
ROCH,
- ! N-R,
N
o)
(1)

wherein
R is C;-Cealkyl;
15 R, is hydrogen, C,-Cialkyl, C(O)R,,
phenyl optionally substituted with any combination
of from one to four halogen, C,-C,alkyl,
C,-Csalkoxy, nitro or cyano groups,
benzyl optionally substituted on the phenyl ring
20 with any combination of from one to four
halogen, C,-C,alkyl, C,-C,alkoxy, nitro or cyano
groups, or
R
__$_R5 ;
R

4



[err]

R, is C,-Cgalkyl,
phenyl optionally substituted with any combination
of from one to four halogen, C,-Csalkyl,
C,-C,alkoxy, nitro or cyano groups, Or
5 benzyl optionally substituted on the phenyl ring

with any combination of from one to four
halogen, C;-C,alkyl, C,-C,alkoxy, nitro or cyano
groups;

: R, and R, are each independently C,;-C,alkyl; and

10 Ry is cyano or CONH,,

which process comprises reacting an oxime of a 2-(alkoxy-
methyl) -2-propen-1l-one compound having the structural

ROCH, CH,
X

N
!

OR,

formula II

(I1)

15 wherein R is as described above and R is hydrogen or
C,-Cealkyl with a substituted maleimide compound having
the structural formula III

(1I1)

wherein R; is as described above and X is halogen,
20 phenylsulfinyl or 1-imidazolyl and a base selected from



- 16- EXAMPLES 10-12 Usi ng_essential ly
the sanme procedure as described in Exanpl e 1, but substit EPE%CHMEMT SHFFT
bbb athd kE

2- chl or o- N- phenyl mal ei m de for 2-brono- N phenyl mal ei m de, L

5- met hoxynet hyl - N-phenyl - 5 2, 3-pyri di nedi car boxi m de is pr ced in the

yi el ds shown in Table II. 239 AUG 1097 I
" -

the group consisting of a tri(C;-Csalkyl)amine, an alkali
metal acetate and mixtures thereof in the presence of a
solvent at an elevated temperature.
Surprisingly, it has been found that 5-(alkoxymethyl)-
5 -2,3—pyridinedi¢arboximide compounds are obtained in high
purity when prepared by the effective and efficient process
of the present invention.

In one preferred embodiment of the present invention,
_ an oxime of a 2-{alkoxymethyl)-2-propen-l-one compound

10 represented by formula II is reacted with at least about
one molar equivalent of a substituted maleimide compound
represented by formula III, and at least about one molar
equivalent of a tri(C;-Csalkyl)amine or an alkali metal
acetate or a mixture thereof, suitably at a temperature of

15 at least 75 °C, e.g. a temperature of at least 90 °C,
preferably in a temperature range of about 75 °C to
150 °C, more preferably about 90 °C to 135 °C, in the
presence of a solvent having a boiling point of at least
about 75 °C.

20 Advantageously, it has now been found that
5-(alkoxymethyl)-2,3-pyridinedicarboximide compounds are
obtained in high purity by the effective and efficient
process of the present invention. In contrast,
5-(alkoxymethyl) -2, 3-pyridinedicarboximide compounds are

25 contaminated with significant amounts of 5-methyl-2,3-
pyridinedicarboximide compounds when prepared according to
the procedure described in EP 308,084-Al.

The 5-(alkoxymethyl)-2,3-pyridinedicarboximide
compounds may be isolated by diluting the reaction mixture

30 with water and filtering the formula I product from the
agueous mixture. The product formula I compounds may also
be isolated by concentrating the reaction mixture in vacuo
and filtering the formula I product from the concentrated
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mixture. Alternatively, the reaction mixture may be
integrated into the process used to prepare the final
herbicidal agent without isolating the formula I compound.

Exemplary of halogen hereinabove are fluorine,
chlorine, bromine and iodine.

The base is an especially important element of the
present invention because it significantly reduces the
production of S5-methyl-2,3-pyridinedicarboximide compounds.
Tri(Cy;-Csalkyl)amines suitable for use in the process of
the present invention include triethylamine, N,N-
diethylisopropylamine, N,N-diisopropylethylamine and the
like with triethylamine being preferred. Alkali metal
acetates suitable for use in the process of this invention
include sodium acetate, potassium acetate and the like with
sodium acetate and potassium acetate being preferred. The
base may suitably be used in an amount of at least one
molar equivalent relative to the Formula I compound.

In ancother preferred embodiment of the present
invention, a phase transfer catalyst is present.
Preferably, the phase transfer catalyst is present when the
alkali metal acetate is present. Phase transfer catalysts
suitable for use in the present invention include any
conventional phase transfer catalysts. Preferred phase
transfer catalysts include crown ethers such as 18-crown-6
and 15-crown-5.

Solvents suitable for use in the process of the
present invention preferably have a boiling point of at
least about 75 °C and include aromatic hydrocarbons such as
toluene, xylenes, mesitylene and mixtures thereof;
halogenated aromatic hydrocarbons such as mono- and
dihalobenzenes and mixtures thereof; polynuclear aromatic
hydrocarbons such as naphthalene, alkylnaphthalenes and
mixtures thereof; glycols such as 1,2-diethoxyethane and
mixtures thereof; and mixtures thereof. Preferred solvents



- 18- EXAMPLE 13 Pr Tl ro
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include toluene, xylenes, mesitylene, 1,2-diethoxyethane
and mixtures thereof with toluene being more preferred.
In another embodiment of the present invention, an
alkali metal carbonate such as sodium carbonate, potassium
5 carbonate and the like is present. Preferably, the alkali
metal carbonate is present when the tri(CrCsalkyl)amine is
present.
The process of the present invention is especially
useful for the preparation of 5-{alkoxymethyl)-2,3-
10 pyridinedicarboximide compounds wherein
R is methyl; and/or
G
R; is methyl, phenyl or —-?—q%; and/or
CH(CH3)2

Rs is cyano or CONH;.
Oximes of 2-(alkoxymethyl)-2-propen-l-one compounds

15 and substituted maleimide compounds which are particularly

useful in the process of this invention are those wherein '

R and Rg are methyl; and/or

G
R; is methyl, phenyl or —C—R, ; and/oxr
| (’2H(CH3)2

Rs is cyano or CONH; and/or
20 X is Cl or Br.

The formula II oxime compounds of the present
invention may be prepared by reacting a 2-alkoxymethyl-
acrolein of formula IV with a substituted hydroxylamine of
formula V optionally in the presence of a base. The

25 reaction is shown below in Flow Diagram I.



5 A solution of O nethyloxinme of 2-(nmethoxynethyl)-2-

propen-1-one (9.9 g, 84% pure, 64 mmol) in toluene (112 REFL&UHMHM%NSHEE&
100 [err]C for 44 hours. During the heating peri od, - s .
2- br ono- N- et hyl nal ei m de (20.35 g, 107 nmol) and trijet y&?ﬂkgﬁ.%ig.

g, 167 mmol ) are added portionwi se to 10 the reaction m x} uf e “final
reaction mxture is filtered to renove solids, washed t er..

concen-

solid (8.1 g, 61%yield) having a 5-(mgthoxymet hyl)-N-

trated in vacuo to give the title product as an orange

{

met hyl - 2, 3- pyri di nedi car boxi m de to 5-nethyl - N-net hyl -

FLOW DIAGRAM I
ROCHZ CH,
o)

(V)
(IV)

ROCH, CH,
x

N
]

OR,

(IT)

Alternatively, oxime compounds of formula II wherein
R is C,-Cealkyl may be prepared by reacting a formula II
compound wherein R; is hydrogen with a dialkyl sulfate of
formula VI and a base such as sodium hydroxide or an
alkali metal alkoxide optionally in the presence of a
phase transfer catalyst. The reaction scheme is shown in
Flow Diagram II. '




15 2, 3-pyridi nedi carboxi mde ratio of 316: 1.

EXAMPLES 14 and 15 Usi ng essentially the sane pr
described in Exanpl e 13, 5-(nethoxynethyl)-N-rnethyl -2,
di carboxim de is produced in the yields shown in Table 20

10

ST QUEET !
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FLOW DIAGRAM IT
ROCH, CH,
I + (c,-C,alkyl-0),S0,
N
! (VI)
OH
Base

ROCH, CH,
N

3
O-(C,-C,alkyl)

A method for the preparation of formula IV 2-alkoxy-
methylacroleins is described in U.S. 5,177,266. Formula
III substituted maleimide compounds wherein X is halogen
and R, is hydrogen, C,-Cealkyl, phenyl, substituted
phenyl, benzyl, substituted benzyl or -CR;R,R; are known
in the art and may be prepared according to the
procedures described in EP 308,084-Al.

Substituted maleimide compounds wherein R, is C(O)R,
may be prepared by reacting a formula III compound
wherein R; is hydrogen with an acid chloride of formula VI

in the presence of a solvent as shown in Flow Diagram
III.
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ELOW DIAGRAM TIJ

0]
X
0
0]
]
RZC-Cl
. (VI)

)

| N—-C(O)R,
X
0]

Formula III compounds wherein X is l-imidazolyl may
be prepared by reacting a formula III compound wherein X
is Cl or Br with imidazole and a base such as a _
tri(C,~-C,alkyl)amine in the presence of a solvent. And
formula III compounds wherein X is phenylsulfinyl may be
prepared by reacting a formula III compound wherein X is
Cl or Br with thiophenol and a base such as an alkali
metal acetate in.the presence of a solvent to form an
intermediate compound and oxidizing the intermediate
compound with a conventional oxidizing agent in the
presence of a solvent to form the desired formula III
compound wherein X is phenylsulfinyl.

The present invention also provides a process for
the preparation of a herbicidal 5- (alkoxymethyl)-2-(2-
imidazolin-2-yl) -nicotinic acid, ester and salt compound
having the formula



- 20- EXAMPLES 16-18 Usi ng essentially the sanme
procedure as described in Exanple 13, but substituting -
2-chl oro- N-net hyl mal ei m de for 2-brono- N nethyl mal ei mde, 5 REPLAGEMEN.{___S_\'}EET
(et hoxymet hyl ) -N- net hyl - 2, 3- pyri di nedi car boxi m de is prodqu 'h t he

yi el ds shown in Table IV. 9 g pur 1997
-10-
| COOR,
RO z |
SNNZN R,
HN\\e(R7
(vir) O

wherein

R is as defined above;

R, is C;-C, alkyl;

5 Ry is C;-C, alkyl, C;-C; cycloalkyl or R, and Ry when taken
together with the atom to which they are attached,
represent a C;-C¢ cycloalkyl group optionally
substituted with methyl and

R, is hydrogen, diloweralkylimiﬁo,

10 C,-C,, alkyl optionally substituted with one of the
following groups: C;-C; alkoxy, halogen, hydroxy,
C,-C¢ cycloalkyl, benzyloxy, furyl, phenyl,
halophenyl, lower alkylphenyl, lower alkoxyphenyl,
nitrophenyl, carboxyl, loweralkoxycarbonyl,.cyano or
15 triloweralkylammonium;

C;-C;; alkenyl optionally substituted with one of the
following groups: C;-C; alkoxy, phenyl, halogen or
loweralkoxycarbonyl or with two C,-C; alkoxy groups
or two halogen groups;

20 C;~-C¢ cycloalkyl optionally substituted with one or two
C;-C; alkyl groups; .

or a cation preférably selected from the group consisting

of alkali metals, alkaline earth metals, manganese,

copper, iron, zinc, cobalt, lead, silver, nickel,
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ammonium and organic ammonium;
which process comprises:
(a) preparing a compound having the formula I

QO
ROCH,
| R,
N
(0]
(1)

wherein R and R, are as defined above by a process as
defined above; and
(b) converting the said compound having formula I into the
compound having the formula VII. )

The term “lower” as used above in relation to alkyl

and alkoxy groups means that the alkyl or alkoxy group
contains 1 to 6, preferably 1 to 4, carbon atoms. When

used herein as a group or part of a group the term alkyl

includes straight or branched chain alkyl groups such as

methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, s-
butyl and t-butyl. '

The conversion of the compound having formula I into
the compound having formula VII may be carried out in a
variety of ways. One may plan routes by combining
reactions known for the conversion of one carboxylic acid
derivative into another.

Methods that may be used to create the imidazolinone
herbicides are illustrated in the book “The Imidazolinone
Herbicides” edited by D.L. Shaner and S.L. O’Connor,
published 1991 by CRC Press, Boca Raton, Florida with
particular reference to Chapter 2 entitled “Synthesis of
the Imidazolinone Herbicides”, pages 8-~14 and the
references cited therein. The following patent




EXAMPLE 19 Preparation of 5.7-D hydro-a-isopropyl -3-(nethoxy-
nmet hyl ) - a- net hyl -5, 7- di oxo- 6H pyrrol or 3. 4- bl pyri di ne- 6- aeet-ofi-t
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literature references also illustrate the methods that
may be used to éonvert the carboxylic acid derivatives
into imidazolinone final products:
U.S. Patent Nos. 5,371,229; 5,334,576; 5,250,694;
5 5,276,157; 5,110,930; 5,122,608; 5,206,368;
4,925,944; 4,921,961; 4,959,476; 5,103,009;
4,816,588; 4,748,244; 4,754,033; 4,757,146;
4,798,619; 4,766,218; 5,001,254; 5,021,078;
4,723,011; 4,709,036; 4,658,030; 4,608,079;
10 4,719,303; 4,562,257; 4,459,408; 4,459,409;
4,460,776; 4,125,727 and 4,758,667, and European
Patent Application Nos. EP-A-0-041,623 and EP-A-C-
308,084. |
In order to facilitate a further understanding of
15 the invention, the following examples are presented
primarily for the purpose of illustrating more specific
details thereof. The invention should not be deemed

.limited by the examples as the full scope of the
invention is defined in the claims.



5 A m xture of 3-bronp-2,5-di hydro-[err]-isoprop EﬁL Q?MENH SHEET
nmet hyl - 2, 5- di oxopyrrol e-1-acetonitrile (0.6 g, 90% pure, 9-mmol-
toluene (12 g) is heated at 95 C for 41 hours. During the heatin
period, the O nethyloxine of 10 2-(nethoxymethyl)-2-propeh- - @% %@géﬁgb,
2.0 mol ) and sodi um acetate (0.76 g, 9.2 mml) are adde orti ]
to the reaction m xture. The final reaction mxture is filtered to
renove solids, washed with water and concentrated i n vdcua to-give—~the

title product as a red 15 oil (0.40 93-70%yield) having a
5, 7-di hydr o- a-i sopropyl -

EXAMPLE 1
r
o]
CH:‘OCH2 CH2
> + | N * N(CHJ),
N Br
i o)
OCH3
Toluene A
0
F‘.‘H30CH2 Z
l N
x
N
o
5 A solution of the O-methyloxime of 2-(methoxymeth-

yl) -2-propen-l-one (9.0 g, 96% pure, 67 mmol) in toluene
(112 g) is heated at 97 °C for 27 hours. During the
heating period, 2-bromo-N-phenylmaleimide (27.75 g, 110
mmol) and triethylamine (17.9 g, 177 mmol) are added

10 portionwise to the reaction mixture. The final reaction
mixture is filtered to remove solids, washed with water
and concentrated in vacuo to give the title product as an
orange solid (10.9 g, 61% yield) having a 5- (methoxy-
methyl) -N-phenyl-2,3-pyridinedicarboximide to S5-methyl-N-

15 phenyl-2,3-pyridinedicarboximide ratio of 233:1.



3- (et hoxynet hyl ) - a- met hyl - 5, 7- di oxo- 6H pyrrol o[ 3, 4-

b] pyri di ne-6-acetonitrile to 5, 7-di hydro-a-isopropyl-3,[err]
-23- . di net hyl -5, 7-di oxo- 6H pyrrol o[ 3, 4- b] pyri di ne- 6-
ratio of 61:1. Using essentially the sanme procedure
absence of a base, 5, 7-dihydro-a-isopropyl-3- (nethoxy- 5

REPLACEMENT S

acetonitrile
E
l

, [bu Gi AHEN1897

nmet hyl ) - a- net hyl -5, 7- di oxo- 6H pyrrol o[ 3, 4- b] pyri di ne- 6-

acetonitrile 175 f

obtained in 32%yield with a 5, 7-di hydro-
-14-

EXAMPLES 2-9

The procedure of Example 1 is repeated using

a

variety of conditions and the results are summarized in

Table I.

5 As can be seen from the data in Examples 1-9,

the

process of the present invention (Examples 1-7) produces

5- (methoxymethyl) -N-phenyl-2,3-pyridinedicarboximide

which is contaminated with a significantly smaller amount

of S-methyl-N-phenyl-2,3-pyridinedicarboximide than the
10 process described in EP 308,084-A1 (Examples 8 and 9).
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15 A m xture of hydroxylamne sulfate (3.81 g, 23.2 mol ) and

sodium acetate (3.52 g, 4.29 mol) in water (30 g) is - i oy
w th 2-methoxynet hyl acrolein (5.1 g, 70% pure) over 15 RERLA ﬂiﬁ_i,gm"i
at room tenperature for 5 hours and extracted w th net hyfené chl ori de.
The 2Q organic extract is dried over anhydrous magnesi um s Ifa&fg egﬁqmy
concentrated in vacuo to give the title product as a yel llo i 3.3
80% yi el d). 16

EXAMPLES 10-12

Using essentially the same procedure as described in
Example 1, but substituting 2-chloro-N-phenylmaleimide
for 2-bromo-N-phenylmaleimide, S5-methoxymethyl-N-phenyl-
5 2,3-pyridinedicarboximide is produced in the yields shown
in Table II.
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5 A m xture of the oxinme of 2-(methoxynethyl)-2- propen- 1- one

(1.8 g, 10.4 mmol, 67% pure) and potassi um tert-butoxid
nmol ) in tetrahydrofuran (40 g) is stirred at 5 [err] tc#ME%%V&HEET
10 minutes, treated dropwi se with dinethyl sulfate (2.3%4 d, 18.8 mmol),
10 stirred for 1.2 hours, filtered to renove solids and c q%gnmggtggvn
vacuo to obtain a residue. The residue is di ssol ved i n netihyl ene
chl oride and the resultant solution is washed sequenti al|l y=w
and brine, dried over anhydrous neyhesi um sul fate and cdncentrated 15
In vacuo to give the title product as a yellowoil (1.4 g, 4% yield).
EXAMPLE 13
0
CHBOCH2 CH2
- + | N—-CH, + N(CH,),
§ Br
0]
OCH3
0
A CHBO.CHZ 4
> | | N—cH,
toluene X
N
0]
5 A solution of O-methyloxime of 2- (methoxymethyl)-2-

propen-l-one (9.9 g, 84% pure, 64 mmol) in toluene (112
g) is heated at 100 °C for 44 hours. During the heating
period, 2-bromo-N-methylmaleimide (20.35 g, 107 mmol) and
" triethylamine (16.9 g, 167 mmol) are added portionwise to

10 the reaction mixture. The final reaction mixture is
filtered to remove solids, washed with water and concen-
trated in vacuo to give the title product as an orange
solid (8.1 g, 61% yield) having a 5- (methoxymethyl)-N-
methyl-2,3-pyridinedicarboximide to S-methyl-N-methyl-

15 2,3-pyridinedicarboximide ratio of 316:1.

EXAMPLES ]14 and 15
Using essentially the same procedure as described in
Example 13, 5- (methoxymethyl)-N-methyl-2,3-pyridine-
dicarboximide is produced in the yields shown in Table
20 III.
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5 A m xture of nethoxylam ne hydrochloride (21.0 g, 0.25 nol) and

sodi um acetate (22.4 g, 0.27 nol) in water (159 g) is tr g §
with 2-net hoxynet hyl acrol ein (21.0 g, 90% pure, 0.19 nol)R Digntt it
m nutes at 21[err] to 29[err] C, stirred overnight at rodm{enperature E :
and extracted 10 with nethylene chloride. The organic extripcf 5% yaghesty | |
sequentially with water and brine, dried over anhydrous gnesi um 1
sul fate and concentrated in vacuo to gimg the title prod c?—as~a—yefTUWA
oil (26.1 g). A portion of the yellow oil is distilled pnder reduced J
pressure (50[err] to 15 70[err]C, 16 nmHg) to give the title product as a

cl ear, colorless oil. EXAMPLES 16-18

Using essentially the same procedure as described in
Example 13, but substituting 2-chloro-N-methylmaleimide
for 2-bromo-N-methylmaleimide, 5- (methoxymethyl) -N-
5 methyl-2,3-pyridinedicarboximide is produced in the
yields shown in Table IV.
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wherein R i err]-Clerr]alkyl; Rerr] is hy ﬁgﬁfl -
[Cf(r;]r] -derr]al kyF,rEIC?O) RI[ er][ : -4 phenyl optional |y subsiiicl AGEAGFYR SHEET

any conbi nation of fromone to four hal ogen,
Cerr]-Cerr]al kyl, Clerr]-Cerr]al koxy, nitro of
benzyl -optionally substituted on the phenyl .ring with

conbi nation of fromone to four hal ogen, Jerr]-
Cerr]-Clerr]al koxy, nitro or cyano grgups, or

10

15

CH,OCH, CH, [
\E + | N—c—cN + NaOAc
> |

N Br \ CH(CH,),

Toluene A

CH
. CH,OCH,\_~ s
| N—(IZ’—CN
N o CH(CH,),

A mixture of 3-bromo-2,5-dihydro-oa-isopropyl-o-
methyl-2,5-dioxopyrrole~l-acetonitrile (0.6 g, 90% pure,
1.99 mmol) in toluene (12 g) is heated at 95 °C for 41
hours. During the heating period, the O-methyloxime of
2- (methoxymethyl) -2-propen-1-one (0.27 g, 2.0 mmol) and
sodium acetate (0.76 g, 9.2 mmol) are added portionwise
to the reaction mixture. The final reaction mixture is
filtered to remove solids, washed with water and
concentrated in vacuo to give the title product as a red
oil (0.40 g, 70% yield) having a 5,7-dihydro-a-isopropyl-
3- (methoxymethyl) -a-methyl-5, 7-dioxo-6H-pyrrolo [3,4-
b]pyridine-G—aceEonitrile to 5,7-dihydro-a-isopropyl-3,a-



[err] Rlerr] is Jerr]-Cerr]alkyl, phenyl optionally substituted

w th any comnbi nation of fromone to four halogﬂ [ ACFMENT SHEET
Cerr]-Cerr]al kyl, Clerr]-Cerr]al koxy, nitrg gicyano groups,
or benzyl optionally substituted on the phenyl ring W th n

any combination of fromone to four hal ogen, C[err]ZB:[éﬁr"]EB’?(y‘,
Clerr]-Cerr]al koxy, nitro or cyano groups; Rerr] and R grr] _are each |

i ndependently Clerr]-Cerr]al kyl; and-33-

dimethyl-5, 7-dioxo-6H-pyrrolo(3,4-blpyridine-6-
acetonitrile ratio of 61:1.

Using essentially the same procedure, but in the
absence of a base, 5,7-dihydro-a-isopropyl-3- (methoxy-

5 methyl)-a-methyl-5,7-dioxo-6H-pyrrolo[3,4-blpyridine-6-
acetonitrile is obtained in 32% yield with a 5,7-dihydro-
a-isopropyl-3- (methoxymethyl) -a-methyl-5, 7-dioxo-6H-
pyrrolo[3,4-blpyridine-6-acetonitrile to 5,7-dihydro-a-
isopropyl-3,a-dimethyl-5, 7-dioxo-6H-pyrrolo[3,4-

10 Dblpyridine-6-acetonitxile ratio of 2:1.

EXAMPLE 20
ation of t Oxdim 2- ho ethyl) -2 -
propen-l-one
CH3 OCH 2 CH 2
“ + (HzNOH)z'HZSO4 + NaOAc
o]
CH,_OCH CH
—_— 3 2 2
\\E:
0
OH
15 A mixture of hydroxylamine sulfate (3.81 g, 23.2

mmol) and sodium acetate (3.52 g, 4.29 mmol) in water (30
g) is treated dropwise with 2-methoxymethylacrolein (5.1
g, 70% pure) over 15 minutes, stirred at room temperature
for 5 hours and extracted with methylene chloride. The

20 organic extract is dried over anhydrous magnesium sulfate
and concentrated in vacuo to give the title product as a
yellow oil (3.3 g, 80% yield). '



-27- HRferr] is cyano or CONH err], which process conprises reacting an
oxi me of a 2- (al koxynethyl)-2-propen-1-one conpound havi ng—the.structural

formula I1 [err] REPLACEMENT SHEET,
29 AUG 1997
-24 -~
EXAMPLE 21

CH,OCH,~_CH,
\\E: + (cm,0),80, + (CH,) COK

¥
OH
CH_OCH CH
———— 3 2 2
\\E:
3
OCH3
5 A mixture of the oxime of 2- (methoxymethyl)-2-

propen-l-one (1.8 g, 10.4 mmol, 67% pure) and potassium
tert-butoxide (1.93 g, 17.2 mmol) in tetrahydrofuran (40
g) is stirred at 5 ° to 10 °C for 10 minutes, treated
dropwise with dimethyl sulfate (2.37 g, 18.8 mmol),

10 - stirred for 1.2 hours, filtered to remove solids and
concentrate in vacuo to obtain a residue. The residue is
dissolved in methylene chloride and the resultant
solution is washed sequentially with water and brine,
dried over anhydrous magnesium sulfate and concentrated

15 in vacuo to give the title product as a yellow oil (1.4
g, 74% yield). ' |



wherein Ris as described above and R6is hydrogen or (ferr]-Clerr]alkyl
with a substituted mal ei m de conpound having the structural fornula II

[err] ~ wherein Rerr] is as described above and X is zg n —
phenyl sul finyl or 1-inidazolyl and a base selected fromt M_EBMENT SHEET |
consisting of atri(derr]-Cerr]alkyl)amne, an al kali tal acetate andy |
m xtures thereof in the presence of a solvent at an el evafje lzegrp@y@%gf ’
-25- —
EXAMPLE 22
~m 3 -~ (m =
-2 -1-
CHBOCH2 CH2
+ H NOCH, - HCl + NaOAc
~ 2 3
0]
CH_OCH CH
—_——— 3 2 2
\i
¥
OCH3
5 A mixture of methoxylamine hydrochloride (21.0 g,

0.25 mol) and sodium acetate (22.4 g, 0.27 mol) in water
(159 g) is treated dropwise with 2-methoxymethylacrolein
(21.0 g, 90% pure, 0.19 mol) over ten minutes at 21° to
29°C, stirred overnight at room temperature and extracted

10 with methylene chloride. The organic extract is washed
sequentially with water and brine, dried over anhydrous
magnesium sulfate and concentrated in vacuo to give the
title product as a yellow oil (26.1 g). A portion of the
yellow oil is distilled under reduced pressure (50° to

15 70°C, 16 mm Hg) to give the title pfoduct as a clear,
colorless oil.
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2. The process according to claim1l wherein the base is se
sodi um acet ate and pot asgi ym-acet-ate—ed

group consisting of triethylam ne, ( .
is present in an anmount of at |east about one nol ar equival gnt EFbahh§%9§?

the formula | conpound.

-26-
CLAIMS

A process for the preparation of a 5-(alkoxymethyl)-

1 L]
2,3-pyridinedicarboximide compound having the structural
formula I

0

ROCH2
- | N—R,
N
0
(I)

wherein

R is C,-Csalkyl;
R; is hydrogen, CrCealkyl, C(O)R,
phenyl optionally substituted with any combination of
from one to four halogen, C;-Cjalkyl,
Cr<halkoxy, nitro or cyano groups,
benzyl optionally substituted on the phen?l ring with
any combination of from one to four halogen,
Ci1-Csalkyl, C;-Csalkoxy, nitro or cyano groups, or

R, is C1—C5alkyl ’
phenyl optionally substituted with any combination of

from one to four halogen, C;-Csalkyl,
C;-Csalkoxy, nitro or cyano groups, or
benzyl optionally substituted on the phenyl ring with
any combination of from one to four halogen,
C,-C4alkyl, C;-Cjalkoxy, nitro or cyano groups;
Ry and Ry are each independently C;-C,alkyl; and

R



-28- 3. The process according to claiml or claim2 fu
phase transfer catal yst selected from 18- crown-6 or 15-c¥
process according to any one of clains 1 to 3 further con
netal carbonate sel ected from sodi um carbonate and potassju

5. The process according to any one of clains 1 to 4 wher

are nethyl and/or Rerr] is nethyl, phenyl or [err]

-27-

Rs is cyano or CONH,,

rt her
RFMENW SH

-Rg--an—at

|ﬁ%h%§ﬂgﬁgger

which process comprises reacting an oxime of a 2-

{(alkoxymethyl) ~2-propen-1l-one compound having

structural formula IX
ROCH, CH,
™

N
1

OR,

(II)

the

wherein R is as described above and Rgis hydrogen or

C;-C4alkyl with a substituted maleimide compound having the

structural formula III

(ITI)

wherein R; is as described above and X is halogen,

phenylsulfinyl or l-imidazolyl and a base selected from the
group consisting of a tri(C;-Csalkyl)amine, an alkali metal
acetate and mixtures thereof in the presence of a solvent
at an elevated temperature.

2. The process according to claim 1 wherein the base is
selected from the group consisting of triethylamine, sodium
acetate and potassium acetate and is present in an amount

of at least about one molar equivalent relative to the
formula I compound.

AL



and/ or

Xis d or Br. 6. The process according to any one of clains 1

to 5 wherein the solvent is selected fromthe group consisting of an

aromati ¢ hydrocarbon, a hal ogenated aromati c hydrocarbon, a ﬂ?P{BQEHﬁ%ﬂ'SHEET-
aromati c hydrocarbon, a glycol and m xtures thereof, and thg

UTI'IIIU ]J'UIIIL

of the.solvent is at |east about 75 [err]C 7. The procegss o]
ack Sanflprls?

any one of clains 1 to 6 wherein the formula Il conpound is|{re

the formula Il conpound and the base at a tenperature of ahoue_ahout 75

[err] C

-28-

3. The process according to claim 1 or claim 2 further
comprising a phase transfer catalyst selected from 18-
crown-6 or l5-crown-5.

4, The process according to any one of claims 1 to 3
further comprising an alkali metal carbonate selected from
sodium carbonate and potassium carbonate.

5. The process according to any one of claims 1 to 4

wherein R and Rg; are methyl and/or
CH

R; is methyl, phenyl or —C-—R
CH(CH )2

and/or
X is Cl or Br.

6. The process according to any one of claims 1 to 5
wherein the solvent is selected from the group consisting
of an aromatic hydrocarbon, a halogenated aromatic
hydrocarbon, a polynuclear aromatic hydrocarbon, a glycol

and mixtures thereof, and the boiling point of the solwvent
is at least about 75 °C.

7. The process according to any one of claims 1 to 6
wherein the formula II compound is reacted with the formula

III compound and the base at a temperature of above about
75 °C.

8. A compound having the structural formula

This Sheet Hag Been R,
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8. A process for the preparation of a herbicidal

havi ng the fornula VI

wherein
X is halogen; and
R, is Cl—Csalkyl )

-29-

| N—C(O)R,

I m dazol i none conpound

REPLACEMENT S

[e———————

29 AUG 1397

!

{

phenyl optionally substituted with any combination of
from one to four halogen, C,~Cialkyl,

C;-Csalkoxy, nitro or cyano groups, or

benzyl optionally substituted on the phenyl ring with
any combination of from one to four halogen,
Cy4halkyl, Ci~-Csalkoxy, nitro or cyano grbups.

9. The compound according to claim 8 wherein
X is Cl or Br and R; is C;-Csalkyl, phenyl or benzyl.

10. A process for the preparation of a herbicidal
imidazolinone compound having the formula VII

RO

wherein

COOR,

R is as defined in Claim 1;

Ry is C1-C4 alkyl;

Rg is C;-C4 alkyl, C3-Cg¢ cycloalkyl or R; and Ry when taken
together with the atom to which they are attached,
represent a C3Cg cycloalkyl group optlonally

Hﬂlﬂl ﬂllll nm lllll ll I"l
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[err] wherein Ris as defined in aim1l;, Rerr] is (Jerr]-Cerr]
alkyl; Rerr] is (Jerr]-Clerr] alkyl, (err]-Cerr] cycloalkyl or Rerr] :
and R err] when taken togehter with the atomto which RFPYA@?MENT SHEE"
at t ached. represent a (Jerr]-(err] cycloal kyl group Ty - |
substituted wth nethyl and Rl err] is hydrogen, diloweralkylli m no i
Cerr]-Cerr] alkyl optionally substituted with one of the 3‘8IN§6\A13%7 i
groups: ([err]-Cerr] al koxy, hal ogen, hydroxy, Cerr]qdierr]

cycl oal kyl, benzyl oxy, furyl, phenyl, hal ophenyl , | owerl al kyphenyl ,

| ower al koxyphenyl, nitrophenyl, carboxyl, Iomeralkoxy- car-bety

cyano or triloweral kyl ammoniump Clerr]—gperr] al kenyl

substituted with one of the

optionally

L

substituted with methyl and
Ry is hydrogen, diloweralkylimino,
C;-Cy2 alkyl optionally substituted with one of the
CrC; alkoxy, halogen, hydroxy,
furyl, phenyl,

following groups:
C3~C¢ cycloalkyl, benzyloxy,
halophenyl, lower alkylphenyl, lower
alkoxyphenyl, nitrophenyl, carboxyl, loweralkoxy-
carbonyl, cyano or triloweralkylammonium;
C3-C;; alkenyl optiocnally substituted with one of the

following groups:
loweralkoxycarbonyl or with two C;~C; alkoxy groups

CrCy alkoxy, phenyl, halogen or

or two halogen groups;
C;-C¢ cycloalkyl optiocnally substituted with one or two

C,-C; alkyl groups;
or a cation;
which process comprises:
(a) preparing a compound having the formula I

ROCH,

(T)

wherein R and R; are as defined in Claim 1 by a process as
claimed in Claim 1; and

(b) converting the compound having formula I into the
compound having the formula VII.

is Sheet Has Been Replaced
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following groups: (err]-Cerr] al koxy, phenyl, hal ogen or
| owner al koxycarbonyl or with two Cerr]-Cerr]

| al koxy group 51 AﬁENE?ﬂ“ﬁHEET;
hal ogen groups; Cerr]-Clerr] cycloal kyl optionally substit -oTEToR |
t wo Cerr]-Cerr] alkyl groups; or a cation; which pr cesggc%%ri‘@?s:

-31-

PROCESS FOR THE PREPARATION OF

5- (ALROXYMETHYL,) ~2, 3-PYRIDINEDICARBOXIMIDE COMPOUNDS

There is provided a process for the preparation of 5-

(alkoxymethyl) -2, 3-pyridinedicarboximide compounds having
the structural formula I

ROCH,

(I).

The 5-(alkoxymethyl)-2,3-pyridinedicarboximide
compounds are useful as intermediates in the preparation of
herbicidal 5-~(alkoxymethyl)-2-(2-imidazolin-2-yl)nicotinic
acid, ester and salt compounds.



- 30- (a) preparing a conpound having the fornula I
[err] . wherein R and Rerr] are as defined in Claim1l by a process

as claimed in Caim1l; and (b) converting the conpound ha@, Tﬁ@j@)@pm}l% I -
into the conpound having the formula VII.

REPLACEMENT SHEET
24 APR 2000
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3. The process according to claim 1 or claim 2 further
comprising a phase transfer catalyst selected from 18-
crown-6 or l5~crown-5.

4. The process according to any one of claims 1 to 3
further comprising an alkali metal carbonate selected from
sodium carbonate and potassium carbonate.

5. The process according to any one of claims 1 to 4

wherein R and R; are methyl and/or
¢
" R; is methyl, phenyl or —C—R_;

CH(CH,),

and/or
X is Cl or Br.

6. The process according to any one of claims 1 to S
wherein the solvent is selected from the group consisting
of an aromatic hydrocarbon, a halogenated aromatic
\hydrocarpon, a2 polynuclear aromatic hydrocarbon, a glycol

" and mixtures thereof, and the boiling point of the solvent
is 2t least about 75 °C.

7. The process according to any one of claims 1 to 6
wherein the formula II compound is reacted with the formula

III compound and the base at a temperature of above about
75 °C.

A
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vii) O
wharsin
T is &3 éz2finsed in Cizim 1;
2. is C,-C; al"’_fli
-

i v substituted with one of the
following group 1 v,

: CrC; alkoxy, halogen, hydroxy,
C3-Cs cvcloalkyl, benzyloxy, furyl, phenyl,
haloﬁhenyl, lowexr alkylphenyl, lower _
alkoxyphenyl, nitrophsnyl, carboxyl, loweralkoxy-
carbonyl, cyano or triloweralkylammonium;
'EATC“ alkenyl optionally substituted with one of the
~following groups: CrC;

alkoxy, phenyl, halogen or
loweralkoxycarbonvl cr

with two C;~C; alkoxy groups
or two halogsen groups:

C3-Cs cycloalkyl optionally substituted with one or two
: C,-C; alkyl groups;
"or a cation;

which process comprises:

RER O A



— . o ——— e e

REPLACEMENT SHEET
2 4 APR 2008

-30-

{a) preparing a compound having the formula I -

o
ROCH,_
| v—x,
Ny
N .
o)

()

wherein P and R, are as defined in Claim 1 by a process as
claimed in Claim 1; and

(b) canarting the compound having formula I into the
cémpound having the formula VII.

Iy



