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BACKGROUND OF THE I«
2,3-Pyridinedicarboximides are useful as

S intermediates in the preparation of herbicidal 2-(2-
imidazolin-2-yl)nicotinic acids, esters and salts.
Methods for the preparation of 2,3-pyridinedicarboximides
are known in the art (see, e.g., U.S. 4,748,244; U.S.
4,754,033 and EP 308,084-A1). However, the methods

10 described in those patents and patent application are not
entirely satisfactory for the commercial manufacture of
2,3-pyridinedicarboximides.

It is, therefore, an object of the present -invention
to provide an effective and efficient process for the

15 preparation of 2,3-pyridinedicarboximides.

It is also an object of the present invention to
provide a compound which is useful in the process of this
invention.

These and other objects and features of the present

20 invention will become more apparent from the detailed
description thereof set forth below.




2.3 - PYRI DI NEDI CAR BOXI M DES BACK
I NVENTI ON 2, 3- Pyri di nedi car boxi m des are useful as
internediates in the preparation of herbicidal 2-(2- Th‘SSheetHasBeenReplaced

i m dazol i n-2-yl)nicotinic acids, esters and salts. I\/Eth
preparation of 2,3-pyridinedi carboxi m des are known in m'”"
e.g., US 4,748,244; U S. 4,754,033 and EP 308, 084- AI)

met hods 10 described in those patents and, patent application are not
entirely satisfactory for the conmercial manufacture of

2, 3- pyridi nedi car boxi m des. . It is, therefore, an object of the
present -invention to proghMWf i cient process for

t he preparation of 2,3-pyridl nedi car boxi m des It is also an
obj ect of the prede oneremt daveation previdesaBoRpEEAEINAI @Rdi s usef ul
in the proce%fqucﬂelﬁlts proce‘s@VefrcHx* @he preFarat:LJHeéE and,gt-pet-iabjpect s and

features of t esent, I nven n ng_pore_a parent fromthe
dotailed  HCSHHBIRE haVaSE SUR FOFERBERpuECTRUTa D
0O
R#
- |  N-R,
N
O
5 (I)

wherein
R is hydrogen, C;-Cealkyl or C,-Csalkoxymethyl;
R, is hydrogen, C,-Cgalkyl, C(O)R,,
phenyl optiénally substituted with any combination
10 of from orie to four halogen, C,-C,alkyl,
C,-C,alkoxy, nitro or cyano groups,
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

15 groups, or

R, is C,-C;alkyl, benzyl or
phenyl optionally substituted with any combination
of from one to four halogen, C,-C,alkyl,
20 C,-C,alkoxy, nitro or cyano groups;
R, and R, are each independently C,-C,alkyl; and
R; is cyano or CONH,,
which process comprises reacting an oxime or hydrazone
having the structural formula II
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SUMVARY OF THE | NVENTI ON —

i'nvention provides an effective and efficient process for the

formul a |

preparation of a 2,3-pyridine- di car boxi m de havi ng theTé‘T

10

15

20

25

R

i

wherein
R is as described above;
R¢ is C,-Cgalkyl;
R, is ORg or NRgR,q;
Rg is hydrogen, C,-Ccalkyl, C(O)Ry;,
phenyl optionally substituted with any combination
of from one to four halogen, C,-C,alkyl,
C,-Csalkoxy, nitro or cyano groups, Or
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,; is C,-Cgalkyl, OR.,, NRy;R,;, benzyl or
phenyl optionally substituted 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 hydrogen, C,-Ccalkyl,
benzyl or
phenyl optionally substituted with any combination
of from one to four halogen, C,-C,alkyl,
.C;-C,alkoxy, nitro or cyano groups; and
Ry and R,;, are each independently hydrogen, C,-Cgalkyl,
benzyl or
phenyl optionally substituted with any combination
of from one to four halogen, C,-C,alkyl,
C,-Csalkoxy, nitro or cyano groups,

with a maleimide having the structural formula III

il
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5 (1) wher ei n R i s hydrogen,
Cl- Cgal kyl or Ci- CBéIkoxynerhyi, R1 i s hydrogen, C -G@eatkad26d(®) R, 97

phenyl optionally syhs R t h any comai nation 10 _ of from
one to four halogen eplaced C3- C4al koxy, nitro or cyano
gr oups, ben "m substitblt ed on the phenyl ring

w th any conblnatlon four hal ogen, Ci1-C4al kyl,
Cl- C4al koxy, nitro or cyano 15 roups, or R

-CR R2 is Cl-C6al kyl, benzyl or || N—R. phenyl optionally
substituted wth any conbi nation of fromone to four hal ogen,
Cl- C4al kyl, 20 Cl- C4al koxy, ni®yo or cyano groups; R3 and R4
are each independently Cl-C4al kyl; and ORs is cyano or CONH2, whi ch
process conprises reacting an oxine or hygfgzone havi ng the structural
formula Il

wherein R; is as described above.
This invention also relates to the formula_II oxXimes

described hereinabove.

5 In one preferred embodiment of the present invention, an

oxime or hydrazone represented by formula II is reacted with
a maleimide represented by formula III, preferably at a
temperature above about 20°C e.g. in a temperature range of
about 20°C to 160 ¢, in the presence of a solvent.

10 Advantageously, it has now been found that 2,3-
pyridinedicarboximides may be obtained in high yield
and/or high purity by the effective and efficient process
of the present invention.

The 2,3-pyridinedicarboximides may be isolated by

15 diluting the reaction mixture 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 mixture.

20 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. When used herein as a group or part of

25 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.

In another embodiment of the present invention, a Lewis
acid is present. 'Preferably, the Lewis acid is

30
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present in an amount up to about one molar egquivalent

relative to the formula II compound when Rg is hydrogen.

Lewis acids suitable for use in the present invention include
any conventional Lewis acids. Preferred Lewis acids include
aluminum chloride and titanium(IV) chloride.

Solvents suitable for use in the process of the present
invention preferably have a boiling point of at least about
60 °C and include aromatic hydrocarbons such as toluene,
xylenes, mesifylene and mixtures thereof; halogenated
aromatic hydrocarbons such as mono- and dihalobenzenes and
mixtures thereof; polynuclear aromatic hydrocarbons such as
naphthalene, alkylnaphthalenes and mixtures thereof; ethers
such as tetrahydrofuran and mixtures thereof; glycols such as
1,2-diethoxyethane and mixtures thereof; an alkanoic acid
such as acetic acid, propionic acid and mixtures thereof; an
alkanoic acid/water mixture such as an acetic acid/water
mixture; acetonitrile; an acetonitrile/water mixture; and
mixtures thereof. Preferred solvents include toluene,
Xylenes, mesitylene, acetonitrile, an acetonitrile/water
mixture, acetic acid and mixtures thereof with toluene and
acetonitrile being more preferred.

In another preferred embodiment of the present
invention, oximes of formula II wherein R; is ORg are reacted
with maleimides of formula III preferably at a temperature

above about 60°C e.g. at a temperature range of about 60 OC
to 160 °C, more preferably about 75 € to 135 °C. And

hydrazones of formula II wherein R; is NR¢R;, are reacted with

maleimides of formula III preferably at a temperature above
about 20°C e.g. at a temperature range of about 20 °C to 160

°C, more preferably about 20 °C to 135 °C.
In a further preferred embodiment of the present
invention, a base is present when R is CrCgalkoxymethyl.

The base is used to reduce the amount of S5-methyl-2,3-
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wherein R is as described above;  R6 is Cl-Cealkyl; 5 R7 is OR8 or
NRORLO; Rlerr] Is—rﬂwsileamee&,ﬁs alkyl, AORIL - acy-330888M%h 5. 97
0

optional |y substituted ’ﬂ'l Im nati og romone to

four hal ogen, Cl-C4alk Cl- C4al koxy, nitro or cyano groups,
or 10 benzyl opt uted on the phenyl ring -
with any conbination of fromone to four - halogen, C -C4alkyl,
d - C4al koxy, L@ REg éﬁﬁb . Rleridad §§§£§alkyl
OR2, NR12R13, Eﬂ}benz l?é i xmlde% WhJICh g%reg yugs%%stsst ut edSs any
conbi nation PY-PTY Qucts Wféﬁnfﬁo]rﬁ cﬁiectﬁél g¥YMREPYgen, Cl- C4al kyl ,

d - C4al koxy nl LI Bed YA B8 PSS use Ri? o Fladsaie aardht 1sie pansam

5 1 i o oK mfbirrrn o s

Cl- C4al kyl , tr1ethylam1ne CIN (dad desotiyy 1 T8 dp1e018f L dyii®, QN aups; and

or 25 R R U W T arh o prpcetated S

such as sodium acetate, potassium acetate and the like, and

mixtures thereof. Preferred bases include triethylamine,-
10 sodium acetate and potassium acetate. The base is preferably
present in an amount of at least :about one molar equivalent
relative to the formula II compound.
In a further embodiment of the present invention, a
phase'transfer catalyst is present when the base is present.
15 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
20 and 15-crown-5. |
In a preferred process of the present invention,
R is hydrogen, CrCsalkyl or C;-Cjalkoxymethyl;
R; is hydrogen, Ci-C.,alkyl,

phenyl optionally substituted with any combination of

25 from one to four halogen, C;-Csalkyl, C;-Csalkoxy,
nitro or cyano groups, or
Rs
—(l:._Rs ; and/or
R

4

R; and R, are each independently C;-Csalkyl; and/or
Rs is cyano or CONH,; and/or
30 Rg is C;-Cjalkyl;
R; is ORg; and/or
Rg is hydrogen or CrCgalkyl.

35




of from one to four hatogen, Cferrj-Cal kyl, _ Cl - C4al koxy,
nitrg or cyano gr?ﬂ?ﬁkﬂiﬁsankela | ei m de having the styy4cturady for milgy

oI 7

In a more preferred process of the present invention,

R is hydrogen, methyl, ethyl or methoxymethyl; and/or
CH
R; is methyl, phenyl or ——c—q{ and/or

& (ca ),

5 Rg is cyano or CONHy; and/or
R¢ is methyl Qi ethyl; and/or
R, is ORg; and/or )
Rg is hydrogen or methyl.
Formula II oximes wherein
10 Ry is ORg; and/or
Rg is hydrogen, CyCgalkyl,
phenyl optionally substituted with any combination of
from one to four halogen, C;-Csalkyl, C;-Csalkoxy,
nitro or cyano groups, or
15 benzyl optionally substituted on the phenyl ring with
any combination of from one to four halogen,
C,-Cjalkyl, Ci-Cyalkoxy, nitro or cyvano groups,
may be prepared by reacting al3—alkoxy—2—propenal of formula
IV with a substituted hydroxylamine of formula V optionally
20 1in the presence of a base. The reaction scheme is shown

below in Flow Diagram I.
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wherein Rl is as described above; Thi s inventionh-alse—+etates—to—
the formula Il oxinmes descri bed herei nabove. 5

I n one
preferred enbodi nent of the present invention, an oxi s Heet ced
represented by fornula Il is reacted with a mal eimde r EH
formula I'll, preferably at a t enper at ure above about 2
a tenperature range of about 20[err]C to 160 [err] in the presence of
a solvent. LO Advant ageously, it hag_now been found that 2, 3-
pyri di nedi car boxi m des may be obtained in high yield and/or high purity
by the effective and efficient process of the present invention.

The 2, 3-pyri di nedi car boxi m des nayg&%mjﬁ&E%§%% gy L5 diluting the reaction
m xture with water and filtering | product fromthe aqueous
m xture. The product formula I conpounds may al so be isol ated by

concentrating the reaction mxture OR_vacuo and filtering the fornmula I

product fromthe concentrated xtu ﬁ. 20 Alternatively, the reaction
e

m xture may be integrated in processNHﬁeﬂsto prepare the final
her bi ci dal agent without isol {ing the—forn%v? I conpound.
0
(IV)

Alternatively, oximes of formula II wherein R, is
C,-C¢alkyl may be prepared by reacting a formula II
5 compound wherein Ry is hydrogen with a dialkyl sulfate of
formula VI in the presence of a base such as sodium
hydroxide or an alkali metal alkoxide. The reaction

scheme is shown in Flow Diagram II.

l'rms SHEET HAS BEEN
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Exenpl ary of hal ogen herei nabove are fluorine, chlorine, ~ bromine and
i odi ne. When used herein as a group or part of 25 a groummBH&tHﬁﬂﬂhﬁi

i ncl udes strai ght or branched chain al kyl groups such
n- propyl, isopropyl, n- butyl, isobutyl, s-butyl and t umu”'“'r
In another enbodinent of the present invention,- a Lew s
present. Preferably, the Lewis acid is 30
5 present in an anobunt up to aboutgone nol ar equival ent relative
to the fornmula Il conpound when R8 is hydrogen. Lew s acids suitable
for use in the present invention include

FLOW DIAGRAM I1

OR
VRe
R. ~-CH
\[; + (cl—Csalkyl—O)ZSO2
N .
i (VI)
OH .
Base
v
OR

0-(C -C.alkyl)

Formula II oximes wherein Ry is C(O)R,; may be
prepared by reacting a formula II compound wherein Ry is
5 hydrogen with an acid chloride of formula VII or an
anhydride of formula VIII as shown in Flow Diagram III.
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5 any conventional Lews acids. Preferred Lewis acids include al um num
chloride and titaniun(1V) chloride. Sol vent s suirhigitieel Ha9Beer Replicixd
the process of the present i nvention preferably have ¢ I of
at | east about 60 [err]C and include aromati c hydr ocaqmmmgml’
toluene, 10 xylenes, nesitylene and m xtures thereof; hal

aromati ¢ hydrocarbons such as nono- and di hal obenzenes and m Xt ures

t hereof; pol ynucl ear aromatic hydrocar bong such as napht hal ene,

al kyl napht hal enes and m xtures thereof; ethers such as tetrahydrofuran
and m xtures thereof; glycols such as 15 1, 2-di et hoxyethane and m xtures
thereof; an al kanoic acid SUCRLaR Ffﬁ%g'ég agggl, propionic acid and

m xtures thereof; an al kanoi c acrd/water m xture such as an acetic

aci d/ wat er m xture; acetonitrile; an acetonitrile/water m xture; and

m xtures thereof. Preferred solvents if&ude toluene, 20 xyl enes,

mesityl ene, acetonitrile, an acetomr tridge/ water m xture, acetic acid
and m xtures thereof with toluene an acetonitrile being nore
preferred. I n anot her preferjged enbodi ment of the present
invention, oxinmes of fornmula Il whereiTwR7 is OR8 are reacted 25 with
mal'eimdes of formula Il preferably aqng t enperat ure above about
60[err]C e.g. at a tenperature range of about 60 OC to 160 [err]C, nore
preferably about 75 [err]C to 135 [err]C. Agd hydrazones of formula I1
wherein R7 is [err] are reacted with i

R11C-Cl

(VII)

or

I
(RllC) 20
(VIII)

o,

~CH

\[\

¥
OC(O)R_,

R

Formula II hydrazones may be prepared by reacting a
3-alkoxy-2-propenal of formula IV with a hydrazine of

5 formula IX optionally in the presence of an acid catalyst
such as acetic acid. The reaction scheme is shown in

Flow Diagram IV.

REPLACED

S
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mal ei m des of fornmula |11

above
20[err]C e.g. at a tenperature range of about 20 [err]gh 1 - Jerr]C,
nore ‘preferably about 20 [err]Cto 135 [err]C. %h&mhwd
preferred enbodi nent of the present i nventi on, I en R
Is C[err] Coal koxynet hyl . ‘The base is used to reduce
5-net hyl -2, 3- 35
pyri di nedi car boxi m des whi ch are produceghas unde5|rable by products
when R is O -C6al koxynet hyl . Bases suitable for use in the present

i nvention include, 5 but are not limted to, tri(C2-C4al kyl)am nes such as
W_DIAGRAM IV

OR
1 5
R._~CH
\[\ + RQRIONNH
% (IX)
(IV)

3-Alkoxy-2-propenal compounds of formula IV may be
prepared according to the procedures described by E.

5 Breitmaier, et al in Synthesis, pages 1-9 (1987).
Maleimide compounds of formula III are known in the art
and may be prepared according to the procedures described
by M. Cava, et al in Qrganic Synthesis, 41, page 923
(1961).

10 Alternatively, formula IV compounds wherein R is
methoxymethyl may be prepared by reacting a 3-(dialkyl-
amino) -2-propenal of formula X with formaldehyde and
methanol in the presence of a mineral acid such as
sulfuric acid to form a 3-(dialkylamino) -2- (methoxy-

15 methyl)-2-propenal of formula XI, and reacting the
formula XI compound with a base such as an alkali metal

THIS SHEET HAS BEE
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triethylam ne, N, N-diethylisopropylanmne, N, N di i sopfp eettmyhaﬂk%

and the like, alkali netal acetates such as sodi um ackt at
acetate and the like, and m xtures thereof. Preferred ba 'ﬂm
triethylamne, 10 sodium acetate and potassium acetate. The
preferably present in an anmount of at |east about one nol ar eqw vaI ent
relative to the formula Il conpound. In a further enbodi nent of
the present invention, a phase trans_fﬂ_ catal yst is present when the
base is present. 15 Preferably, the phasée transfer catalyst is present
when t he al kal i rret aI acetate is present. Phase transfer catal ysts
suitable for use in, rese nvent i i hcl ude_an tional
phase transf Y Tt $Je?jr}@6fpﬁé ate #I g Q(la ot al ;/)ﬁ-fé; i ncl ude
crown et hers maecdc&sn 1§ehema\m£ éﬂﬁbwmnmlﬁlwdvmaﬁram V In a
preferred process of the present invention, R i s hydrogen, CrC4al kyl or
Cl- C4al koxynet hyl ; Rl is hydrogen, t(-‘:i] err!-C4aI kyl , phenyl
optionally substituted with any cordH fromone to
four hal ogen, d -C4al kyl, Cerr]-C4al koxy, nitro or cyano
roups, or - - - R5and/ or R4
groups, Re-(c,-c,a1kyl¥,
= i
+ CHO + CHOOH
NS
0
(X)
I
N-(C_-C,alkyl),
CH,OCH, \5
(X1)
1) Base )
2) (¢ -C.alkyl-0) SO,
(VI)
o(C, -C.alkyl)
CH,OCH, \lf
5 The present invention also provides a process for

the preparation of a herbicidal.5-(alkoxymethyl)-2-(2—
imidazolin—z—yl);nicotinic acid, ester and salt compound

having the formula

| "THIS SHEET HAS BEEN
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R3 and R4 are each independently Cil-C4al kyl; and/or RisisheeL¥.2N0 OF
CONH2; and/or 30 R6 is Cl-C4al kyl; R7 is OR8; and/or ;°8°n Replaced
hydr ogen or CrCeal kyl . H”’m

In a nore preferred process of the.present invention,

met hyl , ethyl or methoxynethyl; and/or
RlL is nethyl, phenyl or -CGR and/ or

-13-~

wherein
R is as defined above;
5 Ry, is C;-C, alkyl;

. 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

10 R, is hydrogen, diloweralkylimino,

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,

15 nitrophenyl, carboxyl, loweralkoxycarbonyl, cyano or
triloweralkflammonium;

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

20 or two halogen groups;

C;-C¢ cycloalkyl optionally substituted with one or
two C,;-C; alkyl groups; or

a cation preferably selected from the group consisting of

alkali metals, alkaline earth metals, manganese, copper,

THIS SHEET HAS BEEN
REPLACED




CH(CH3) 2 5 Rerr] is cyano or CONH2 and/ or R6 is methyl or ethyl;

and/or R7 is OR8; and/or R8 i s hydrogen or nethyl.™ For mul a
Il oxinmes wherein 10 R7 is OR8; and/or R8 is hydrogen, @h{8RAYAs Been Replaced

phenyl optionally substituted with any conbi nati on of
one to four hal ogen, d -:C4al kyl, Cl-C4al koxy, n;“MIHﬂIme"
groups, or 15 benzyl optionally substituted on the phenyl

any conbi nation of fromone to four hal aggn, Cl- C4al kyl

Cl - C4al koxy, nitro or cyano groups, may be prepared by reacting a

3- al koxy- 2-propenal of formula IV with a substituted hydroxyl am ne of

formul a V optirenal zinz20) coballlte freegkEncdleera biskel, Thempedutmi endschene i s

shown bel ow in Fl ow Di agram I .
organlc ammornium;

which process comprises:

(a) preparing a compound having the formula I

5
(@]
R
-
N—R
~ 1
N
0
(I)

wherein R and R, are as defined above by a process as

defined above; and

(b) converting the compound having formula I into the
10 compound having the formula XIT.

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.

The conversion of the compound having formula I into

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

Methods that may be used to create the imidazolinone

20 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

THIS SHEET HAS BEEN
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references cited therein. The following patent
literature references also illustrate the methods that
may be used to convert the carboxylic acid derivatives
into imidazolinone final products:

U.S. Patent Nos. 5,371,229; 5,334,576; 5,250,694;

5,276,157; 5,110,930; 5,122,5608; 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;

4,719,303; 4,562,257; 4,518,780; 4,474,962;

4,623,726; 4,750,978; 4,638,068; 4,43%,607;

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-0-308,084.

In order to facilitate a further understanding of
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.

THIS SHEET HAS BEEN:
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Alternatively, oximes of fornula Il wherein R8 is Cl-G6al kyl may be
prepared by reacting a forrmula Il conpound wherein R8 is hydrogenr—w-th-a
di al Kyl sulfate of formula VI in the presence of a base suw‘?as sodi um

hydroxi de or an alkali metal alkoxide. The reaction scherre "WWWIWF

Fl ow Diagram | | .

-16-
EXAMPLE 1
Preparation of the Oxi of 3-ethoxy-2- hyl-2-
ropen-l-on E)- an Z) -
) ?CH 2CH3 _
CH3 ~CH
+ (NH,OH)_ - H, SO, + NaOAcC .
"
O
(I)CH,‘,CH3
CH3 -~ CH
> \[\
N
OH
5 3-Ethoxy-2-methyl-2-propenal, (E)- and (2)- (30.0 g,

0.25 mol) is added dropwise to a mixture of hydroxylamine
sulfate (33.0 g, 0.2 mol) and sodium acetate (33.4 g, 0.4
mol) in water (200 g). The resultant reaction mixture is
stirred overnight and filtered to obtain a solid. The
10 solid is washed with water and dried to give the title
.product as a white solid (23.2 g, mp 78 °C, 71% yield).
Using essentially the same procedure, but
substituting methoxylamine hydrochloride for hydroxyl-
amine sulfate, the O-methyloxime of 3-ethoxy-2-methyl-2-
15 propen-l-one, (E)- and (Z)- is obtained as a yellow ocil.

THIS SHEET HAS BEEN
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EXAMPLE 2
Pr ati ' he O-methyloxim -e -2~
methyl-2-propen-l-on E)- a Z) -
(i)CH2CH3 _
C.'H3 -~ CH
\[ + (CHao) ,80, + (CH3)3COK
NS
I
CH
(I)CH2CH3
CH3 -~ CH
> T
¥
OCH3
5 A mixture of the oxime of 3-ethoxy-2-methyl-2-

propen-l-one, (E)- and (Z)- (0.5 g, 3.87 mmol) and
potassium tert-butoxide (0.48 g, 4.2 mmol) in
tetrahydrofuran is stirred for ten minutes at 10 °C,
treated drcpwise with dimethyl sulfate (0.59 g, 4.6

10 mmol), stirred for two hours and filtered. The resultant
filtrate is concentrated in vacuo to give the title
product as a yellow oil (0.74 g, 100% yield).
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R Formula Il oximes wherein Rlerr] is. GOrRrerr}—may—be —

prepared by reacting a formula Il conpound wherein Rlerr] is 5 hydr ogen
with"an acid chloride of formula VII or an anhydri de of prlieet Hg$ Bden Replaced
o i o orsgram it i
-18-
PLE
Preparation of 5-Methyl-N-phenyl-2,3-pyridine-
dicarboximide
OCHZCH O
CH,~_oCH -
\[ + | N
N
N
! o
OCH3
Toluene A
0
CH Z
| N
NS
N
0
5 A solution of N-phenylmaleimide (1.69 g, 9.8 mmol)

in toluene (16 g) is refluxed for 24 hours. During the
reflux period, the O-methyloxime of 3-ethoxy-2-methyl-2-
propen-l-one, (E)- and (Z)- (1.57 g, 11 mmol) is added
portionwise to the reaction mixture. The final reaction

10 mixture is then concentrated in vacuo to give the title
product as a orange solid (1.2 g, 52% yield).
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EXAMPLES 4-7
Using essentially the same procedure as described in
Example 3, but substituting the oxime of 3-ethoxy-2-
methyl-2-propen-l-one, (E)- and (Z)- for the O-methyl-
5 oxime of 3-ethoxy-2-mettl yl -2-propen-1-one, (E)- and (Z) -,
5-methyl -N-phenyl-2,3-pyridinedicarboximide is produced
in the yields shown in Table I.
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Forrmula 1l hydrazones nmay be prepared by reacting a 3- al’koxy-2-propenat— —
of formula IV with a hydrazine of 5 fornula I X optionally i

) . the presence
of an acid catal yst such as acetic acid. The reaction schée Repfaced
Fl ow Di agram I V. FLOW | m Im
m - .

~-21-
EXAMPLE 8
reparation of 3-(Di h ino)-2- [o) ethyvl) -
2-propen E)- _an Z) -
IF(CH3)2

~CH _
+ (CH,O) + CHOH + H_ SO,

7N

N(CH.)
] 272
S CH,OCH, ~_»CH
S
0
5 Concentrated sulfuric acid (1 mL} is slowly added to

a solution of 3-(dimethylamino)-2-propenal (200 g, 2.01
mol) and paraformaldehyde (90 g, 3 mol) in methanol (1
L.). The resultant solution is refluxed overnight,
concentrated in vacuo to a volume of 200 mL, diluted with
10 toluene and distilled until the vapor temperature is 105
°C. The solution is then concentrated in vacuo to give
the title product as an orange oil (251.4 g, 87% yield).

THIS SHEET HAS BEEN
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(1% (1v)

3- Al koxy- 2- propenal conpounds of fornula |V may be pr epared |
to tfhe procedures described by E. ﬁ]fﬁiﬁiﬁiﬁﬁﬁ[ed
-22-
EXAMPLE 9
reparation of 3-Methoxy-2- (met 1) -2-

ropenal E)- an Z) -

$(CH3)2 - ?CH3-
CH3OCH2TCH 1) NaOH CH3OCH2\ECH
S S
o 2) (cH,0),S0, o
5 A solution of 3-(dimethylamino) -2- (methoxymethyl) -2-

propenal, (E)- and (Z)- (53.06 g, 0.37 mol) and sodium
hydroxide solution (29.7 g, 50%, 0.37 mol) in methanol
(60 mL) is refluxed for 20 minutes and concentrated in
vacuo to obtain a white solid. A solution of the solid

10 in water (250 mL) is treated dropwise with dimethyl
sulfate (46.75 g, 0.37 mol), stirred at room temperature
for one hour and extracted with methylene chloride. The
organic extract is dried over anhydrous sodium sulfate,
concentrated in vacuo and distilled to give the title

15 product as a colorless liquid (19.66 g, bp 80 °C/0.5 mm
Hg, 41% yield). -
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5 —Breitnaier, et al in Synthesis, pages 1-9 (1987). Maleimde —————
conpounds of fornmula IIl are known in the art and may qupge
according to the procedures described by M Cava, et aI Eﬁm]flkplaced

Synt hesis, 41, page 93 (1961). 10 Al ternatively,
conpounds wherein Ris met hoxynet hyl may be prepar ed, by
(dial kyl - am no) -2-propenal of formula X with formal dehyde and
nmet hanol in the presence of a mneral acgd -such as sul furic acid to
forma 3-(dial kyl am no) - 2- (et hoxy- 15 net hyl)-2-propenal of formula X,
and reacting the formula XI conmpound wth a base such as an al kali
met al : 1 14 AUG
1997 -12-
Preparation of 5-(Meth hyl) -N- nyl-2,3-
ridi i ximid
?CH3
CHBOCHz\ECH
~ .
O
1) NH,OCH, - HCl + NaOAc
2
EOX
0
CzHSN[CH(CH3) 2] 2
v
0
CH,OCH Z
i N
NS
N .
o}
5 A solution of methoxyamine hydrochloride (1.7 g, 20

mmol) and sodium acetate (2.1 g, 25.6 mmol) in water (30
mL) is treated d;opwise with 3-methoxy-2- {methoxymethyl) -
2-propenal, (E)- and (Z2)- (2.2 g, 16.9 mmol), stirred at
room temperature for 30 minutes and extracted with

10 methylene chloride. The organic extract is dried over
anhydrous sodium sulfate and concentrated in vacuo to
obtain the O-methyloxime of 3-methoxy-2- (methoxymethyl) -
2-propen-l-one. A mixture of the resultant O-methyloxime
of 3-methoxy-2- (methoxymethyl) -2-propen-1-one, N-

THIS SHEET HAS BEEN
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hydr oxi de and a dial kyl sulfate of formula VI. The reaction schene is
shown in Flow D agram V. (X) e

10

15

20
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[

phenylmaleimide (2.9 g, 16.8 mmol) and diisopropylethyl-

-24-

amine (2.2 g, 17.0 mmol) in toluene (50 mL) is refluxed
for 23 hours. During the reflux period, additional
N-phenylmaleimide (2.9 g, 16.8 mmol) is added to the
reaction mixture. The final reaction mixture is
concentrated in vacuo to give the title product as-a
solid (0.36 g, 8% yield) having a 5- (methoxymethyl) -N-
phenyl-2,3-pyridinedicarboximide to 5-methyl-N-phenyl-
2,3-pyridinedicarboximide ratioc of 50:1.

EXAMPLE 11
Preparation o -E -2-methyvlacrolein dimethyl-
hydrazon E) - _an -
OCH_CH
1 2
CH3 -~ CH
+ HzNN(CH:;)2 + CH3C02H
~
o)
(lDCHZCH3
CH3 -~ CH
> \[
=
N
N(CH,),

A mixture of 3-ethoxy-2-methyl-2-propenal, (E)- and
(Z2)- (4.0 g, 35 mmol), 1,1-dimethylhydrazine (2.73 g, 46
mmol) and acetic acid (0.04 g, 0.7 mmol) in diethyl ether
is refluxed for one hour, cooled, washed sequentially
with water and brine, dried over anhydrous magnesium
sulfate, and concentrated in vacuo to give the title
product as a yellow oil.

THIS SHEET HAS BEEN
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(X() ‘ 1) Base

present invention also provides a process for . the prepara on of a
her bi'ci dal 5- (al koxynet hyl)-2-(2- i m dazolin-2-yl)- nlcotln
and salt conpound havi ng the formul a ' ’ l’
-25.-
EXAMPLE 12
Preparation of 5- hyl-N-ph -2,3- idine-
icar imd £ - leimi n -eth -2-
meth rolein dimethylhydraz E) - Z) -
?CHZCH3 o
CH, CH
T - O
N
i
N(CH,) 0
CH,CN| &
0
CH, N ~
l ~
NS
N
5 0

A solution of N-phenylmaleimide (1.1 g, 6.4 mmol) in
acetonitrile is refluxed for 19 hours. During the reflux
period, 3-ethoxy-2-methylacrolein dimethylhydrazone, (E)-
and (2)- (1.2 g, 7.6 mmol) is added portionwise to the

10 reaction mixture. The final reaction mixture is then
concentrated in vacuo to give the title product as a dark
oil (0.23 g, 15% yield).

" TH1S SHEET HAS BEEN
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ACY~-33260 27.5.97
26
: ‘IIIIIIQIHIII IIIIIHIII I
CLAIMS N

1. A process for the preparation of a 2,3-pyri-
dinedicarboximide having the structural formula I

e
=
g | N—R,
N
o]

(I)

wherein

R is hydrogen, CrCsalkyl or C-Cgalkoxymethyl;
R; is hydrogen, CrCealkyl, C(O)R,
phenyl optionally substituted with any combination of

from one to four halogen, C,-Cjalkyl, C;-C,alkoxy,

nitro or cyano groups,
benzyl optionally substituted on the phenyl ring with
any combination of from one to four halogen,
C;-Cjalkyl, C;-Csalkoxy, nitro or cyano groups, Or
R,
_$—R5;

R,

R; is C;-Cgalkyl, benzyl or
phenyl optionally substituted with any combination of
from one to four halogen, C;-Cj,alkyl, C;-Cjalkoxy,
nitro or cyano groups;
R; and Ry are each independently C;-C,alkyl; and
Rs is cyano or CONH,,

which process comprises reacting an oxime or hydrazone having
the structural formula II

T——

—

\-\
This Sheet

Wi
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Ris as defined above;—5 Rerr][4 is ClL-C4 al kyl ; R15 is C1-C4 al kyl,

C3-Cerr] cycloal k |““““ﬂ_mhen t akenab@aetibgn Wi+ s tde
atomto which theyn l“““ IW gtacheg7 represent a C3-C[err]
cycl oal kyl group * L dbrﬁonéB#y substituted with nethyl and 10 R16 is

hydr ogen, dil oweral kyli m no, : Cl-C12 al kyl optionally substituted with
one of the foll ow ng groups: Cl-C? | koxy, hal ogen, hydroxy,
C3-([err] cycloal kyl, benzyl oxy, furyl,r oy hal ophenyl , | ower
al kyl phenyl , | ower al koxyphenyl, 15 ni trophenyl, carboxyl,
| ower al koxycar bonyl, cyano or t rilgower al kyl anmoni um C3-C12
al kenyl optionally substituted with one of Nhe foll ow ng groups:
Cl- C3 al koxy, phenyl, hal ogen or gpmeralkoxycarbonyl or with two
Cl- C3 al koxy groups 20 or two hal ogen @roups;
(I1)
wherein

R is as described above;
R¢ is C;-Cgalkyl;
R; is ORg or NRgRjq;
Rg is hydrogen, CrCealkyl, C{O)Rii,
phenyl optionally substituted with any combination of
from one to four halogen, C;-Csalkyl, C;-Cjalkoxy,
nitro or cyano groups, or
benzyl optionally substituted on the phenyl ring with
any combination of from one to four halogen,
C,-Csalkyl, Cr{halkoxy, nitro or cyano groups;
R;; is C;-Cgalkyl, OR;;, NR;5R;3, benzyl or
phenyl optibnally substituted with any combination of
from one to four halogen, C;-Csalkyl, C;-Cjsalkoxy,
nitro or cyano groups;
R;; and R;3 are each independently hydrogen, C;-Cgalkyl,
benzyl or
phenyl optionally substituted with any combination of
from one to four halogen, C;-Csalkyl, C;-Cjsalkoxy,
nitro or cyano groups; and
Ry and Rj;y are each independently hydrogen, C;-Ce¢alkyl,
benzyl or
phenyl optionally substituted with any combination of
from one to four halogen, C;-Csalkyl, C;—-Cjalkoxy,
nitro or cyano groups,
with a maleimide having the structural formula III

\

Tbis Sbeet Hﬂs B

i
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C3- 06 cycl oal kyI optionally substituted with one or two Cl-C3
al kyl groups; a cati on"i)ref erably sel ected from theer -3y consi sé7 ng

of ~ alkali met aII ﬂl!m !&ul h metabg, manganese, copper,
-14- i ron, , Ssilver, nickel, anmmoni um and

or gani ¢ ammoni um “Whi ch process corrp6| ses:
-_—
This Sheet Has Been R, | = R
LT
(II1)

wherein R, is as described above.

2. The process according to Claim 1 wherein
R is hydrogen, CrCsalkyl or C;-Csalkoxymethyl;
R, is hydrogen, C-C,alkyl,
phenyl optionally substituted with any combination of
from one to four halogen, C,-Cjalkyl, C,-Csalkoxy,

nitro or cyano groups, Or

—(‘:—RS ;

R,

Rg is C]_"C4a1le,'
R; is ORg; and
Rg is hydrogen or CrCgalkyl.

3. The process according to Claim 1 or Claim 2 wherein
the formula II oxime or hydrazone is reacted with the formula
ITII maleimide in the presence of a solvent selected from the
group consisting of an aromatic hydrocarbon, a halbgenated
aromatic hydrocarbon, a polynuclear aromatic hydrocarbon, a
glycol, an alkanoic acid, an alkanoic acid/water mixture,
acetonitrile, an acetonitrile/water mixture, and mixtures

thereof, and the boiling point of the solvent is at least
about 60 °C.

4. The process according to any one of Claim 1 to 3

wherein the formula II oxime or hydrazone is reacted with the
formula III maleimide at a temperature of above about 20 <T.

5. The process according to any one of Claim 1 to 4
further comprising a Lewis acid selected from the group
consisting of aluminum chloride or titanium{IV) chloride.

THIS SHEET HAS BEEN
REPLACED




(a) preparing a conpound having the fornula |

(n wher ei n and defi ned above by aApwOESIHFERR7.5.97
defi hed above; and ||I Ii hIMljﬂ t he2gonpound having formula | into

the 10 conpound havi The term "l ower"” as used
above in relation to aI Kyl and al koxy groups nmeans that the al kyl or

al koxy group contains 1 to 6, preferably 1 to 4, carbon atons.

The conversion of 6he cohpophdchayi agcbpiibgard bAOone of Claim 1 to 5
further comprising a base selected from the group consisting
of a tri(Cy,-Csalkyl)amine, an alkali metal acetate and
mixtures thereof when R is Ci1-Cgalkoxymethyl.

7. A compound having the structural formula
ORs
R. »2CH
\I;
0
OR8
wherein

R is hydrogen, CrCgalkyl or C;~Cgalkoxymethyl;
Rg is C;-Csalkyl;
Rg is hydrogen, CrCealkyl, C(O)Ri;,
phenyl optionally substituted with any combination of
from one to four halogen, C;-Cjalkyl, C;-Csalkoxy,
nitro or cyano groups, Or
benzyl optionally substituted on the phenyl ring with
any combination of from one to four halogen,
Ci-Csalkyl, C;-Cjalkoxy, nitro or cyano groups;
R;; is C;-Cgalkyl, OR;,; NR;5R;3, benzyl or
phenyl optionally substituted with any combination of
from one to four halogen, C;-Cjalkyl, C;-Cjalkoxy,
nitro or cyano groups; and
Ry» and Ry3 are each independently hydrogen, C;-Cealkyl,
benzyl or
phenyl optionally substituted with any combination of
from one to four halogen, C;-Csalkyl, C,;-Cj,alkoxy,
nitro or cyano groups, and
the cis and trans isomers thereof.

8. The compound according to claim 7 wherein
R is hydrogen, CrCsalkyl or C,-Csalkoxymethyl;

R¢ is C;-Chalkyl; and This Shest Has Boon Replaced
Rg is hydrogen or CrCgalkyl. | I""l “I“I I“ “I
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15 t he conpound having formula XIT may be carried out in a variety of
ways. One may pl a munt Im,m”rﬂl i ng reactions knawv-f3mdde7.5.97
conveérsi on of one I derigative into another.

Met hods t hat

may be used“to®crikat’ the im dazolinone 20 herbicides are

illustrated in the book "The I m dazolinone Her bi ci des” edited by D. L.
Shaner and S.L. O Connor, publ i shed 1991 by CRC Press, Boca Raton,

Florida with

pacti crher cbﬁb@hﬁﬁcacb@r@iﬁgt e6 2leimi 71 edieSyabhesbm 6he

t he I m dazol |£19n3pl—k80g818 1ng Jgages 8-14 and the

the O-methyloxime of 3-ethoxy-2-methyl-2-propen-1l-one;

the O-methyloxime of 3-methoxy-2-(methoxymethyl)-2-propen-1-
one;

the oxime of 3-ethoxy-2-methyl-2-propen-l-one; and

the oxime of 3-methoxy-2- (methoxymethyl)-2-propen-1l-one.

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

COOR ¢
RO -’ |
Y
N
N - RlS
R14
(xxIx) O

wherein

R is as defined in claim 1;

Ry4 is C;~-C4 alkyl;

Ris is C;-C4 alkyl, Cs3-C¢ cycloalkyl or Ry, and R;s when taken

together with the atom to which they are
attached, represent a C3;-C¢ cycloalkyl group
optionally substituted with methyl and

R;¢ is hydrogen, diloweralkylimino,

C;-Cy2 alkyl optionally substituted with one of the
following groups: C;-C; alkoxy, halogen, hydroxy,
C3-C¢ cycloalkyl, benzyloxy, furyl, phenyl,
halophenyl, lower alkylphenyl, lower alkoxyphenyl,
nitrophenyl, carboxyl, loweralkoxycarbonyl, cyano or
triloweralkylammonium;

C3-Cy; alkenyl optionally substituted with one of the
following groups: C;-C3; alkoxy, phenyl, halogen or
loweralkoxycarbonyl or with two C1C; alkoxy groups
or two halogen groups;

C3-Cg cycloalkyl optionally substituted with one or two C;-C;

alkyl groups; or
This Sheet Has Been Rep

B




- 15- referen i ggr- The foll owi ng patent literature
references al so "ﬂmlﬂmm“ﬂmmmods t hat may be usery-BOXEOIVET L5 {4
carbdoxylic acid der¥rvatiwesm s tnto imdagolinone final products: 5

U S. Patent Nos. 5,371, 229; 5,334,576; 5, 250, 694, 5, 276, 157,
5,110, 930; 5,122,608; 5,206, 368; -4,925,944; 4,921,961; 4,959, 476;
5,103,009: & CaCtION, 'g1g 58g: 4,748, 244; 4,754,033: 4,757, 146:

4,798, 619; 4,witbcR1Brodedlcadbgridbed21, 078; 10 4,723,011; 4,709, 036;

4,658, 030; 4, , 079; . 4. 719, 303; 4,562, 257. 4,518_780; 4,474, 962;
4,623,726, 4, g‘gg 9‘%’3‘?"%%%%,%6%?1“9‘?%3?%6‘?’;1’19 ¥né ‘-Zd’nﬁl}”z%g%os; 4, 459, 409:
4,460, 776; 4,125,727 and 4,758 %67, and European Patent
Application Nos. EP- 15 - 41,23 and EP- A-0- 308, 084. In

order to facilitate a further un é?s}an

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 XIT.

This Sheet Has Been Repla
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the invention, the follow ng exanples are presented primarily for the

purpose of illustrating nore specific details t hereoRCYTR22bAvait boR7

shoul'd not be deened [err]0 linmted by th&2xanples as the full scope of

t he invention is defined in the clains.

14 AUG 1997 -16 - Preparation

of the Oxi me of 3-ethoxy-2-nethyl-2- ropen-1-one. (E)- and (2)-
ABSTRACT

PROCESS FOR THE PREPARATION OF
2,3-PYRIDINEDICARBOXIMIDES

There is provided a process for the preparation of 2,3-
pyridinedicarboximides having the structural formula I

O
R

—
| N—R,
SN
N

0]

(I).

The 2,3-pyridinedicarboximides are useful as
intermediates in the preparation of herbicidal 2-(2-
imidazolin-2-yl)nicotinic acids,

This Sheet Has Been Replac

T
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N . . OH 5

3- E{ . hoxy- 2- met'hyl - 2-propenal , (E)- and (Z)- (30.0 g, 0. 2
dropWwi sé:to a m xture of hydroxyl am ne sulfate (33.0 g,
sodi um acetate (33.4 g, 0.4 nol) in water (200 g). The
reactron mxture is stirred overnight and filtered to ol
The 10 solid is washed with water and dried to give the titl
as a white solid (23.2 g, np 78 [err]C, ]%gbyield).

product

PROCESS FOR THE PREPARATION OF
2.3-PYRIDINEDICARBOXIMIDES
BACKGROUND OF THE INVENTION

2,3-Pyridinedicarboximides are useful as

5 intermediates in the preparation of herbicidal 2-(2-
imidazolin-2-yl)nicotinic acids, esters and salts.
Methods for the preparation of 2,3-pyridinedicarboximides
are known in the art (see, e.g., U.S. 4,748,244; U.S.
4,754,033 and EP 308,084-Al1). However, the methods

10 described in those patents and patent application are not
eﬁtirely satisfactory for the commercial manufacture of
2,3-pyridinedicarboximides. N

It is, therefore, an object of the present -invention
to provide an effective and efficient process for the
preparation of 2,3-pyridinedicarboximides.

It is also an object of the present invention to
provide a compound which is useful in the process of this
invéntion. -

These and other objects and features of the present

20 invention will become more -apparent from the detailed
description thereof set forth below.




The present invention provides an effective and
efficient process for the preparation of a 2,3-pyridine-
dicarboximide having the structural formula I

0
R 7
\I N—R,
N
0
5 (1)

wherein
R is hydrogen, C,-Cealkyl or C,-Cialkoxymethyl;
R, is hydrogen, C;-Cgalkyl, C(O)R,,
phenyl optiénally substituted with any combination

10 of from one to four halogen, C,-C,alkyl,

C,-Csalkoxy, nitro or cyano groups,
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
15 groups, or '

R, is C,-Csalkyl, benzyl or
phenyl optionally substituted with any combination
of from one to four halogen, C,-C,alkyl,
20 C,~-Csalkoxy, nitro or cyano groups;
R; and R, are each independently C,-C,alkyl; and
R; is cyano or CONH,,
which process comprises reacting an oxime or hydrazone
having the structural formula II

'AUsi nQ essentially the same procedure, but substituting nethoxyl am ne

hydr ochl ori de for hydroxyl - am ne sul fate, the O nethyl oxi-pe—of— - w—
3-ethoxy- 2-methyl -2- 15 “propen-1-one, (E)- and (Z)- is obtail REBLAEFMENT SHEE]
yel l ow oi | . ' '

14 AUG 1997 -17- Pr it {gon '
of the O-nethyl oxi ne of 3-ethoxy-2- net hyl - 2- propen- 1- ong. {( ggigﬁd

(2)- :

-2-
SUMMARY OF THE INVENTION




'3 N . 2
3 . . N 5 A m xture of
t he” oxi me of 3-ethoxy-2-nethyl - 2- propen-1-one, (E)- a A : e
3.87 mmol ) and potassiumtert-butoxide (0.48 g, 4.2 mol ACEN&%H#S&EET
tetrahydrofuran is stirred for ten mnutes at 10 [err]C tfeated

dropwi se with dinethyl sulfate (0.59 g, 4.6 10 mmol ), stirred |f of 4tAWE gEdr s ¢
and filtered. The resultant fiItrate3is concentrated injvacuo to give j
the title "product as a yellow oil (0774 g, 100% yield). |

?R S
R 2CH
\[\

N

6

wherein
R is as described above;
R¢ is C,-Cgalkyl;
5 R, is ORy or NRgR;o;
Ry is hydrogen, C;-Cgalkyl, C(O)}Ry,,
phenyl optionally substituted with any combination
of from one to four halogen, C,-C,alkyl,
_ C,-Csalkoxy, nitro or cyano groups, or
10 benzyl optionally substituted on the phenyl ring
' with any ccmbination of from one to four
halegen, C.-C,alkyl, C,-C,alkoxy, nitro or cyano

_ groups;
Rll is cl‘Csalkyl, oRlz’ NR12R13’ benzyl or
15 phenyl optionally substituted 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 hydrogen, C,-Csalkyl,
benzyl or
20 phenyl optionally substituted with any combination
} of from one to four halogen, C,-C,alkyl,
C;-Csalkoxy, nitro or cyano groups; and
R, and R,; are each independently hydrogen, C,-Cealkyl,
benzyl or E '
25 phenyl optionally substituted with any combination
of from one to four halogen, C,-C,alkyl,
C,-C,alkoxy, nitro or cyano groups,
with a maleimide having the structural formula III



18-

S5- Met hyl -

L0

L5

30

EXAMPLE 3 Pr epagati-on—of

N- phenyl - 2, 3- pyri di ne- di car boxi mi de REPLA(IHJFNT SHEET
| 14 AUG 1997

&

(III)

wherein R; is as described above.
This invention also relates to the formula II oximes
described hereinabove.

In one preferred embodiment of the present invention, an
oxime or hydrazone represented by formula II is reacted with
a maleimide represented by formula III, preferably at a
temperature above about 20°C e.g. in a temperature range of
about 20°C to 160 €, in the presence of a solvent.

. Advantageously, it has now been found that 2,3-
pyridinedicarboximides may be obtained in high yield
and/or high purity by the effective and efficient process
of the present- invention. C

' The 2,3-pyridinedicarboximides may be isolated by
diluting the reaction mixture with water and filtering
the formula I product from the aqueoué 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 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 fluorlne, chlorlne,
bromine and iodine. 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.

In another embodiment of the present invention, a Lewis
acid is present. Preferably, the Lewis acid is




" Tol uene [err] 5 A sol ution of N-phenyl
g, 9.8 mol) in toluene (16 g) is refluxed for 24 hoursj
reflux ‘period, the O-methyl oxime of 3-ethoxy-2-methyl-2-

CEMERT SHERT

present in an amount up to about one molar equivalent

relative to the formula II compound when Rg is hydrogen.

Lewis acids suitable for use in.the present invention include
5 any conventional Lewis acids. Preferred Lewis acids include

aluminum chloride and titanium(IV) chloride.

Solvents suitable for use in the process of the present

invention preférably have a boiling point of at least about

60 °C and include aromatic hydrocarbons such as toluene,

10 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; ethers
such as tetrahydrofuran and mixtures thereof; glycols such as

15 1,2-diethoxyethane and mixtures thereof; an alkanoic acid
such as acetic acid, propionic'acid and mixtures thereof; an
alkanoic acid/water mixture such as an acetic acid/water
mixture; acetonitrile; an acetonitrile/water mixture; and
mixtures thereof. Preferred solvents include toluene,

20 xylenes, mesitYlene, acetonitrile, an acetonitrile/water
mixture, acetic acid and mixtures thereof with toluene and
acetonitrile being more preferred.

In another preferred embodiment of the present
invention, oximes of formula II wherein R; is ORg are reacted

25 . with maleimides of formula III preferably at a temperature

above about 60°C e.g. at a temperature range of about 60 ©C
to 160 C, more preferably about 75 € to 135 °C. and

hydrazones of formula IIX wherein R; is NRgR;; are reacted with

maleimides of formula III preferably at a temperature above
30 about 20°C e.g. at a temperature range of about 20 °C to 160

°C, more preferably about 20 ?C to 135 °C.
In a further preferred embodiment of the present
invention, a base is present when R is CyCgalkoxymethyl.
The base is used to reduce the amount of 5-methyl-2,3-
35



propen-1-one, (E)- and (2)- (1.57 g, 11 mvl) is added
the reaction m xture. The final reaction 10 mxture is th

in-vacuo to give the title product as a orange solid (1
yield). : -19-

essentially the sane procedure as descrihed in Exampl e 3
substituting the oxine of 3-ethoxy-2- nmet hyl - 2- propen-1 -

(2)- for.-the Onethyl- 5 oxinme of 3-ethoxy-2-nethyl-2-propgn-1

and (2)-, 5- et hyl - N- phenyl - 2, 3- pyri di nedi carboxi mde is
pyridinedicarboximides which are produced as undesirable
by-products when R is C;-Cgalkoxymethyl.

Bases suitable for use in the present invention include,
5 but are not limited to, tri(C;-Cjalkyl)amines such as

triethylamine, N,N-diethylisopropylamine, N,N-
diisopropylethylamine and the like, alkali metal acetates
such as sodium acetate, potassium acetate and the like, and
mixtures thereof. Preferred bases include triethylamine,

10 sodium acetate and potassium acetate. The base is preferably
present in an amount of at least about one molar equivalent
relative to the formula II compound.

In a further embodiment of the present invention, a
phase transfer catalyst is present when the base is present.

15 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

20 and 15-crown-5.

In a preferred process of the present invention,
R is hydrogen, CrCsalkyl or C;-Csalkoxymethyl;
R; is hydrogen, CCsalkyl,
phenyl optionally substituted with any combination of

25 from one to four halogen, C;-Csalkyl, C,-Cialkoxy,
nitro or cyano groups, or
Ry
—C—R_; and/or
] .
R

R; and Ry are each independently C;-Csalkyl; and/or
Rs is cyano or CONH,; and/or
30 Rg is C;~Csalkyl;
R; is ORg; and/for
Rg is hydrogen or CrCsalkyl.

35
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In a more preferred process of the present invention,
R is hydrogen, methyl, ethyl or methoxymethyl; and/or
i)
R; is methyl, phenyl or —C—R_; and/or
]
CH(CH3)2

Rs is cyano or CONHy; and/or
R¢ is methyl or ethyl; and/or
R; is ORg; and/or
Rg is hydrogen or methyl.
' Formula II oximes wherein
R; is ORg; and/or
Rg is hydrogen, CrCealkyl,
phenyl optionally substituted with any combination of
from one to four halogen, C;-Csalkyl, C;-Cjalkoxy,
nitro or cyano groups, or
benzyl optionally substituted on the phenyl ring with
any combination of from one to four halogen,
Ci1-Csalkyl, C;-C4alkoxy, nitro or cyano groups,
may be prepared by reacting a 3-alkoxy-2-propenal of formula
IV with a substituted hydroxylamine of formula V optionally
in the presence of a base. The reaction scheme is shown
below in Flow Diagram I.



21-

N( CH

3- (Di met hyl ani no) - 2- (et hoxynet hyl ) - 2-propenal . (E)- ancEEELAéENH%H*SHEE

EXAMPLE 8 Pr epar

T\

A D

14 AU T/ J

-8-
{'g“
FLOW DIAGRAM I
0%,
R ~2CH
NH,OR,
N * (V)
o)
(V)
Y
o,
R. ~CH
\[\
N
OR

~Alternatively, oximes 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 in the presence of a base such as sodium
hydroxide or an alkali metal alkoxide. The reaction
scheme is shown in Flow Diagram II.



5 | Concentrated sul furic acid (1 nL) is slowy added t. A S-B bttt il,::T '

of 3-(djnethyl am no)-2-propenal (200 g, 2.01

(90 g, 3 mol) in nmethanol (1 L). The resultant sol ution ef+uxed
overni ght, concentrated in vacuo to a volunme of 200 ni, d| I u# %U@ ﬁ?‘jlo
toluene and distilled until the vapor tenperature is 105 [erh‘fl : '
solution is then concentrated in vacuo to give the titlgq groductas—an—

orange oil (251.4 g, 87%yield).

nol ) and pmﬁﬂ%@ﬂﬁﬁﬂﬁy

-22- -9-
FLOW DIAGRAM IX1
Re.
R._.~CH
\[\ + (c,-C,alkyl-0),SO,
I}I (VI)
OH
Base
v
%,
. R ~2CH
N\
N

)
0- (C,-C,alkyl)

- Formula II oximes wherein R; is C(O}R,; may be
prepared by reacting a formula II compound wherein Rg is
hydrogen with an acid chloride of formula VII or an
anhydride of formula VIII as shown in Flow Diagram III.



Preparation of 3-Methoxy-2-(nethoxynethyl)-2- pr openal . -A (BNGEE) SLEE

5 . A solution of 3-(dinethylam no)-2-(nethoxynethyl)- Z-R@LA axas fﬁ' %%.ET

(E)- and (2)- (53.06 g, 0.37 mol) and sodi um hydr oxi de poj ution &2@ 7

‘g, 50% 0.37 nol) in methanol (60 m) is refluxed for 2p i Adt AUGIRH

concentrated in vacuo to obtain a white solid. A solut]oph of the sol

10 in water (250 nlL) is treated dropw se wi th dinmethyl sul fate (46. 75
for one hour bBnd extracted

g, 0.37 nol), stirred at room tenperature
wi th et hyl ene chloride. The -10-

FLOW DIAGRAM IXIIL

R, ,C-Cl
(VII)

or

I
(Rllc) 20
(VIII)

I
OC‘(O)R11

Formula II hydrazones may be prepared by reacting a
3-alkoxy-2-propenal of formula IV with a hydrazine of
formula ix optionally in the presence of an acid catalyst
such as acetic acid. The reaction scheme is shown in

Flow Diagram IV.



organic extract is dried over anhydrous sodi um sulfate, concentra

vacuo and distilled to give the title 15 product as a colorlq [ﬂﬂﬂﬂﬂfNii§JW“\

(19.66 g,
- 23-

pyri di nedi car boxi m de

10

15

bp 80 [err]C 0.5 mMm Hg, 41%yield).

Preparati on of 5- (Methoxynethyl) -N phenyl

-11-
FLOW DIAGRAM IV
O,
R ~CH
( + RSRNNNH
O (IX)
(IV)
H+
R,
R.  ~CH
\[\
N
NRSRJ.O

3-Alkoxy-2-propenal compounds of formula IV may be
prepared according to the procedures described by E.
Breitmaier, et al in Synthesis, pages 1-9 (1987).
Maleimide compounds of formula III are known in the art
and may be prepared according to the procedures described
by M. Cava, et al in QOrganic Synthesis, 41, page 93
(1961} .

Alternatively, formula IV compounds wherein R is
methoxymethyl may be prepared by reacting a 3-(dialkyl-
amino) -2-propenal of formula X with formaldehyde and
methanol in the presence of a mineral acid such as
sulfuric acid to form a 3—(dialkylamino)-2-(methoxy-
methyl) -2-propenal of formula XI, and reacting the
formula XI compound with a base such as an alkali metal




-12-

hydroxide and a dialkyl sulfate of formula VI.

reaction scheme is shown in Flow Diagram V.

FLOW DIAGRAM V

N-(C,-C alkyl),

_
+ CHO + CH,OH
X

o
(X)

Ve

CH,OCH,
'\

(XI)

-(C, -C,alkyl),

1) Base
2) (C -C alkyl -0) SO
(VI)

0(C, -C.alkyl)

) CHOCH\CI
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The

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




;5 | A sol ution of methoxyam ne hydrochloride (1.7 g, 20 p——troky sz o
sodi um acetate (2.1 g, 25.6 nmmol) in water (30 m) is treﬁ@%@%ﬁﬁ?@@ﬁgﬁ
with 3-net hoxy- 2- (met hoxymnet hyl ) - 2-propenal, (E)- and (3) [ (2 Zg ===

16.9 nmml ), stirred at

with 10 nethylene chloride. The organic extract

roomtenperature for 30 m nutes ard
I's dried o\er

et 4 G K9/

anhydrous sodium sul fate and concentrated in vacuo to obtjaitRt-he—reeed
O met hyl oxi me of 3-nmet hoxy- 2- ( met hoxynet hyl ) - 2- propen- 14one:-~-A m xture
of the resultant O nethyl oxi ne of ~-13-
3- met hoxy- 2- (et hoxynet hyl ) - 2- propen-1-one, N L

COOR,

RO

wherein
R is as defined above;
5 Ry, is C,-C, alkyl;

. Rys 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

2 10 Ry, is hydrogen, diloweralkylimino,

C,-Cy» alkyl opt:.onally substituted with one of the _
follow1ng groups: C,-C; alkoxy, nalogen, hydroxy,

C;-C¢ cycloalkyl, benzyloxy, furyl, phenyl,

halophenyl, lower alkylphenyl, .lower alkoxyphenyl,

15 nitrophenyl, carboxyl, loweralkoxycarbonyl, cyano or
triloweralki.rlammonium; '

C;-C,, alkenyl optionally substituted with one of the
following groups: C,-C; alkoxy, phenyl, halogen or
lowe.ralkoxycarbonyl or with two C,-C; 'alkoxy groups

20 or two halogen groups;
C;-C¢ cycloalkyl optionally substituted with one or
two C,;-C; alkyl groups; or
a cation preferably selected from the group consisting of

alkali metals, alkaline earth metals, manganese, copper,



phenyl maleimde (2.9 g, 16.8 no) and dii sopropyl et hyl - iﬂﬂﬂdﬂﬂﬂﬁ@Ng{SHEEI
17.0 mol ) in toluene (50 nL) is refluxed for 23 hours.|Diring the
reflux period, additional N-phenyl mal ei mide (2.9 g, 16.8 mml) AUG B¥ded
to the 5 reaction mxture. The final reaction mxture is concentrat ed
In vacuo to give the title product as a solid (0.36 g, 8%-~y+etc—tavimy
a 5-(net hoxynet hyl)-N phenyl - 2, 3- pyri di nedi car boxi m dejto

5- et hyl - N- phenyl - 2, 3-pyridinedi carboxi mde ratio of 507T 10
Preparation of 3-Ethoxy-2-nethyl acrol ei midinet hyl - hydrazone. (E)- and

(2)-

iron, zinc, cobalt, lead, silver, nickel, ammonium and
organic ammonium;
which process comprises:

(a) preparing a compound having the formula I

5
0
R
e
- l N—R,
N
0
(1)

wherein R and R, are as defined above by a process as

defined above; and

(b) converting the compound having formula I into the
10 compound having the formula XII.

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.

The conversion of the compound having formula I into

- 15 the compound having formula XII way 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 anqther..

Methods thé; may be used té create the imidazolinone

20 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



3 A m xture of 3-ethoxy-2-nethyl-2-propenal, ot AMETENT SHURR
(2)- (4.0 g, 35 nmol), 1,1-dinethylhydrazine (2.73 g, 46 egﬁ'géggﬁgﬁn?SHﬁbr
acetic acid (0.04 g, 0.7 nmml) in diethyl ether S refluxed ffr qf.

hour, cool ed, washed sequentially with water and brine, drifed %vé“ 997
anhydr ous magnesi um sul fate, and concentrated in vacuo tq di.ve_the

title 20 product as a yellow oil

-15-

references cited therein. The following patent
literature references alsoc illustrate the methods that
may be used to convert the carboxylic acid derivatives
intd imidazolinone final products:

5 U.S. Patent Nos. 5,371,229; 5,334,576; 5,250,694;
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;

10 4,723,011; 4,709,036; 4,658,030; 4,608,079;
4,719,303; 4,562,257; 4,518,780; 4,474,962;
4,623,726; 4,750,978; 4,638,068; 4,439,607;
4,459,408; 4,459,409; 4,460,776; 4,125,727 and
4,758,667, and European Patent Application Nos. EP-

15 A-0-041,623 and EP-A-0-308,084.

In order to facilitate a further understanding of
the invention, the folléwing examples are presented
primarily for the purpose of illustrating more specific
details thereof. The invention should not be deemed

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



.-25- Preparatlon of 5-Met hyl - N- phenyl - 2, 3- pyr|d iR )
dlcaerX|n1de from N-phenyl mal ei m de and 3- et hoxy- 2- e EE%Q@Eﬁi.E"
di met hyl hydrazone. (E)- and (Z
¥l hy (B)- and (2)- 14 AUG 1997
-16-
EXAMPLE 1
OCH,CH,
CI-I3 ~CH
+ (NH,OH), - H SO, + NaORc
N
°
~ OCH,CH,
_ ('1I-I3 ~CH
> T
NS
¥
OH
5 3-Ethoxy-2-methyl-2-propenal, (E)- and (2)- (30.0 g,

0.25 mol) is -added dropwise to a mixture of hydroxylamine
sulfate (33.0 g, 0.2 mol) and sodium acetate (33.4 g, 0.4
mol) in water (200 g). The resultant reaction mixture is
stirred overnight and filtered to obtain a solid. The

10 solid is washed with water and dried to give the title
preduct as a white solid (23.2 g, mp 78 °C, 71% yield).

Using essentially the same procedure, but

substituting methoxylamine hydrochloride for hydroxyl-
amine sulfate, the O-methyloxime of 3-ethoxy-2-methyl-2-

15 propen-l-one, (E)- and (2)- is obtained as a yellow oil.



;A soI‘ ution of N-phenylnaleinmde (1.1 g, 6.4 mml) in aCﬁh‘{’D}ﬁCﬁMEﬁ‘ SHEET

refluxed for 19 hours. During the reflux peri od,
3- et hoxy- 2- et hyl acrol ei n di et hyl hydrazone, (E)- and (|2)|- : 6
mmol) is added portionw se to the '{& KU@W%

-17-
EXAMPLE 2
?CHZCZH3 _
CH, -~ CH .
\[ + (cH,0),80, + (CH) ,COK
N
o
OH
(')CH2CH3
CH3 ~CH
> T
N
¥
OCH3
5 A mixture of the oxime of 3-ethoxy-2-methyl-2-

propen-l-one, (E)- and (Z)- (0.5 g, 3.87 mmol) and
potassium tert-butoxide (0.48 g, 4.2 mmol) in
tetrahydrofuran is stirred for ten minutes at 10 °C,
treated drcowise with dimethyl sulfate (0.59 g, 4.6
10 mmol), stirred for two hours and filtered. The resultant
) filtrate is concentrated in vacuo to give the title
product as a yellow oil (0.74 g, 100% yield).




10 reaction nmixture. The final reaction mixture is then kP AORRENT SHEET
in vacuo to give the title product as a dark oil (0.23 ' -
26 . 1. A process for the preparation of a 2,
di nedi car boxi m de having the structural fornmula I

Y94 AUG 1997

-18-

2
o
O

N
! 0]
OCH,
Toluene A
O
CH, z :
I N
\ .
N
o
5 A solution of N-phenylmaleimide (1.69 g, 9.8 mmol)

in toluene (16 g) is refluxed for 24 hours. During the
reflux period, the O-methyloxime of 3-ethoxy-2-methyl-2-
propen-l-one, (E)- and (2)- (1.57 g, 11 mmol) is added
portionwise to the reaction mixture. The final reaction

10 mixture is then concentrated in vacuo to give the title
product as a orange solid (1.2 g, 52% yield).



(1) wherein R is hydrogen, (err]Co6al kyl or Cl-C6al koxynMYﬁCFMENE SHEET
hydrogen, (err]C6al kyl, C(O R, phenyl optionally sybdtTtr
any corsbi nati on of fromone to four hal ogen, Cl1- Céal 1<¥IA G 1997
Cl- C4al koxy, nitro or cyano groups, benzyl optlonaﬁf |
substituted on the phenyl ring with any conbi natji da
to four hal ogen, Cl - 4al kyl, d -C4al koxy, nitrojor cyano groups,
or R _CR5: g A

EXAMPLES 4-7

Using essentially the same procedure as described in
Example 3, but substituting the oxime of 3-ethoxy-2-
methyl-2-propen-i-one, (E)- and (Z)- for the O-methyl-

S oxime of 3-ethoxy-2-methyl-2-propen-l-one, (E)- and (Z)-,
S-methyl-N-phenyl-2,3-pyridinedicarboximide is produced
in the vields shown in Table I.



BEN ‘
mbl‘

REPLAG

R2 is Cl-C6al kyl, benzyl or phenyl optionally substitute
conbi nati on of fromone to four hal ogen, O -C4alk

nitro or cyano groups; R3 and R4 are each independently (efr
R5 is cyano or CONH2, which process conprises reacting an o
hydrazone having the structural formula I

27

-20-

20
10
15
i5

Toluene
Toluene
H,0/CH,CN
(1:1)
CH,CO,H

AlCl,/0.2
TiCl,/0.3

Equivalents  Solvent  Hours Refluxed % Yield
27
. 10
12
9

Preparation of 5—Methy1-N~phenyl-2,3~pyridinedicarboximide
Lewis Acid/

Lo
(o]
@ -
&3
- 5 o ™ 3] =]
';,' o o (=] o™~
>
E.
5]

'Examnlg_
4
5
6
7



7 _ (rn) wherein Ris as desc
is CJerr]-Céalkyl; R7 is OR8 or NROR10; R8 is hydrogen, Cr CoHIN

phenyl .optionally substituted with any conbi nati on of r-onTuTTe
to four halogen, C[err]-C4al kyl, d -C4al koxy, nitfojor :
groups, or benzyl optionally substituted on the phenyl i1g1ﬁf¥ﬁﬁawg7
any conbi nation of fromone to four hal ogen, Cl- Gflalkyl

Cl err]-C4al koxy, nitro or cyano groups; _R11 is d -Céal kyl, 12, NR12R13,
benzyl or phenyl optional |y substifdfed with any conbi natien—ef
fromone to four hal ogen, d -C4al kyl, d -C4al koxy, : nitro or

cyano groups; Rl12 and R13 are each independently hydrogen, Cl-C6al kyl,
benzyl or EXA&L“

4
k§ + (CHZO)n + CH,OH + H,SO,

N(cH,),

— CI-I3OCI-I2 2 CH
>

o

5 Concentrated sulfuric acid (1 mL) is slowly added to
a solution of 3-(dimethylamino)-2-propenal (200 g, 2.01
mol) and paraformaldehyde (90 g, 3 mol) in methanol (1
L). The resultant solution is refluxed overnight,
concentrated in vacuo to a volume of 200 mL, diluted with

10 toluene and distilled until the vapor temperature is 105
°c. The solution is then concentrated in vacuo to give
the title product as an orange oil (251.4 g, 87% yield).



phenyl optionally substituted with any conbi nati on of ﬁ"L \ N
cyéﬁgag”-'

four hal ogen, Cl-C4al kyl, Ci1-C4al koxy, nitro or

~

bR

Rl err] and R10 are each independently hydrogen, Cl- Ceal kyl , _benz f(y
phenyl optionally substituted with any conbi nati on of T*dﬂﬂ%ﬂ to
four -hal ogen, Cl-C4al kyl, O -C4al koxy, nitro or cyanjg groups,
with a mal ei mde having the structural fornmula |11
Y- S N
-22-
EXAMPLE 9
N(CH,), QCH,
CH30CH2\iCH 1) NaOH CH30CH2\ECH
>
N
o 2) (CH,0),SO, o

.10

15

¥ SHEET

A solution of 3-(dimethylamino)-2- (methoxymethyl)-2-
propenal, (E)- and (2)- (53.06 g, 0.37 mol) and sodium
hydroxide solution (29.7 g, S0%, 0.37 mol) in methanol
(60 mL) is refluxed for 20 minutes and concentrated in
vacuo to obtain a white solid. A solution of the solid
in water (250 mL) is treated dropwise with dimethyl
sulfate (46.75 g, 0.37 mol), stirred at room temperature
for one hour and extracted with methylene chloride. The
organic extract is dried over anhydrous sodium sulfate,
concentrated in vacuo and distilled to give the title
product as a colorless liquid (19.66 g, bp 80 °C/0.5 mm
Hg, 41% yield). )




(I11)  wherein Rl is as described above. ~ 2. The pro
to daim1l1 wherein R is hydrogen, C Cdal kyl or Cl-C4al koxyne

hydrogen, CrCAal kyl, phenyl optionally substituted w thjafy
combi nati on of fromone to four hal ogen, Cl-C4al kylf, §Cly- ik @987,
nitro or cyano groups, or R -G R5; R6 is CliiClal kyl; R7 is j
ORlerr]; and R err] is hydrogen or CrC6al kyl . i Ih——e : f
| ' -23- :
EXAMPLE 10
idipedi boximid
OCH,
CI-IBOCI-I2 \ECH
N
o
‘1) NH,OCH, - HCl + NaOAc
2) ?
0 -
0
C,HNI[CH(CH,),],
Vv
0
CH,0CH,  ~ '-
| N
NS
N
O

10

A solution of methoxyamine hydrochloride (1.7 g, 20
mmol) and sodium acetate (2.1 g, 25.6 mmol) in water (30
mL) is treated dropwise with 3-methoxy-2- (methoxymethyl) -
2-propenal, (E)-.and (2)- (2.2 g, 16.9 mmol), stirred at
room temperature for 30 minutes and extracted with
methylene chloride. The organic extract is dried over
anhydrous sodium sulfate and concentrated in vacuo to
obtain the O-methyloxime of 3-methoxy-2-(methoxymethyl)-
2-propen-l-one. A mixture of the resultant O-methyloxime
of 3-methoxy-2- (methoxymethyl) -2-propen-l-one, N-



3. The process according to Claim1l1l or aim2 wherein the
oxi me or hydrazone is reacted with the formula I'l'l maleimd
presence of a solvent selected fromthe group consisting of
hydr ocar bon, a hal ogenated aromati c hydrocarbon, a pol ynucl
hydrecar bon, a glycol, an al kanoic acid, an al kanoic aci d/ w
acetonitrile, an acetonitrile/water m xture, and m xtures t

RERLRCEMENT SHERT

ah aromatic
baf  AdoAHGI 1997
ater m xture,
her eof, and th

\V

boiling point of the solvent is at |east about 60 [err]C

4. The

process according to any one of Claim1-2%-3 wherein the fo

romula |l oxine

or hydrazone is reacted with the formula I'll maleimde at a tenperature of
above about 20 [err]C . The process_according to any one of Caim
1 to 4 furthphenphpalsingda Léwﬂsgaclﬂ 8 enmoi ddahdofii i RePEPBYPSEBRHAT St i ng

of aluminumchlgrids orgtiiansumtdd £h! e6idEne (50 mL) is refluxed
' for 23 hours. During the reflux period, additional
N-phenylmaleimide (2.9 g, 16.8 mmol) is added to the:

5 reaction mixture. The final reaction mixture i

concentrated in vacuo to give the title product
solid (0.36 g, 8% yield) having a 5- (methoxymethyl) -N-
phenyl-2,3-pyridinedicarboximide to 5-methyl-N-phenyl-
2,3-pyridinedicarboximide ratio of 50:1.

10

S
as a

OCH_CH
i 2 3
CIH3 CH
+ HNN(CHB) + CH COH
NS
o)
?CH2CH
CZI-I3 ~CH
> T
N
| ¥
N(CH,),

A mixture of 3-ethoxy-2-methyl-2-propenal,

(E)- and

15 (2)- (4.0 g, 35 mmol), 1,l-dimethylhydrazine (2.73 g, 46
mmol) and acetic acid (0.04 g, 0.7 mmol) in diethyl ether
is refluxed for one hour, cooled, washed sequentially
with water and brine, dried over anhydrous magnesium

sulfate, and concentrated in vacuo to give the
20 product as a yellow oil.

title



29 6. The process according to any one of Claim
conprising a base selected fromthe group consisting of EREPEAEEEﬁﬁ¢TSﬂEﬂZ

tri(C2-C4al kyl)am ne, an alkali netal acetate and m xt ur @s |t her eof when R
i s O -C6al koxynet hyl . 7. A conpound havi ng the stquck4irAlG 1697
formul a OR

16 OR8

-25-

CH,CN| A
0
CH,~_~
| N
NS
N

A solution of N-phenylmaleimide (1.1 g, 6.4 mmol) in
acetonitrile is refluxed for 19 hours. During the reflux
period, 3-ethoxy-2-methylacrolein dimethylhydrazone, (E)-
and (Z)- (1.2 g, 7.6 mmol) is added portionwise to the

10 reaction mixture. The final reaction mixture is then
concentrated in vacuo to give the title product as a dark
oil (0.23 g, 15% yield).



wherein R is hydfogem —orOsarkyt—or—crer r] - Coal koxymet " REPLRTETANT SR

(C)th Fgﬁ!arlyly subsR'E ?'[ L][ edﬁ"ﬂlﬁ mmm:u'm”m?: E%l of C( IR f -(;)m one 'Eo T

hal ogen, Cl1-C4al kyl, C1*C4%al Koxy, s nitro or cyamo|grichipiG @97
benzyl optionally substituted on the phenyl ring with any ]
conbi nation of fromone to four hal ogen, 26 d - CApl KyT —
Cl- C4al koxy, nitro or cyano groups; Rl is Cl-C6al kyl, ORIR. . NR12R13,
benzyl or " phenyl optionally substituted with any conbi nati on of
fromone to four hal ogen, Cl-C4al kyl, Cl-C4al koxy, nitro or
cyano groups; and R12 and R13 are eachClAdMSendent|y hydrogen, Cl-C6al kyl,
benzyl or phenyl optionally substituted with any conbi nati on of
fromone to four halogen C - C4al kyl, Ci1- C4al koxy nitro or

cyano groups, andl-theAcPEOGRASt ﬁaﬁsth§09§?§aﬂfﬁ§#@6f of a 2,3-pyri-
dinedicarboximide having the structural formula I

(1)

wherein
R is hydrogen, CrCgalkyl or C;-Csalkoxymethyl;
R; is hydrogen, Ci-Csalkyl, C(O)Rz,
phenyl optionally substituted with any combination of
from one to four halogen, C;-Csalkyl, C;-Cjalkoxy,
nitro or cyano groups,
benzyl optionally substituted on the phenyl ring with
any combination of from one to four halogen,
C;-Csalkyl, Ci;-Cjalkoxy, nitro or cyano groups, Or

Ry is C;-Csalkyl, benzyl or
phenyl optionally substituted 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 .

Rs is cyano or CONH,,

which process comprises reaicting an oxime or hydrazone having

the structural formula II -



-8. The compound accordihg To claim7 wherein Ris hydroge HRLHA@BMENT SHEET|
BT (T OBt ky s

:CB:E)S el Foxym;'.t i The comumﬂlmml!ﬂm (I?[glr;} mI ? ggﬁreggg rqq) hbg ?R?Up_

consi sting of the O-nethyl oXi ms of 3-et hoxy- 2- et hyl - 2- pr opeh- 1- one€;
0- met hyl oxi me of 3-nmet hoxy- 2- (et hoxyrret hyl7) 2- propen-| - —-ene—l.he__

oxi me of 3-ethoxy-2-nethyl-2-propen-1-one;“‘and the oxine
3-nethoxy-2-(nethoxynethy|)-2-propen-|-one.

PR

R\ ~CH
\E\
N
|

R,

L0

Q.
—h

(IT)

wherein
"R is as described above;
R¢ is C;-Cgalkyl;
R; is ORg or NRgRig;
Rg is hydrogen, CrCsalkyl, C(O)Ryy,
phenyl optionally substituted with any comblnatlon of
from one to four halogen, C;-Cj,alkyl, C;-Cjsalkoxy.
nitro or cyano groups, or
benzyl optionally substituted on the phenyl ring with
any, combination of from one to four halogen,
C-Cqalkyl, Ci-Cjalkoxy, nitro or cyano groups;
Ryj; is C;-Cealkyl, OR;;, NRjjR;3, benzyl or
phenyl 6ptionally substituted with any combination of
from one to four halogen, C;-Csalkyl, C;-C,alkoxy,
nitro or cyano groups;
Ri2 and R;3; are each independently hydrogen, C;-Cgalkyl,
benzyl or
phenyl optionally substituted with any combination of
from one to four halogen, C,-C,alkyl, Ci-Cjalkoxy,
nitro or cyano groups; and
Ry and R;p are each independently hydrogen, C;-Cgalkyl,
benzyl or
phenyl optionally substituted with any combination of .
from one to four halogen, C;-Csalkyl, C;-Csalkoxy,
nitro or cyano groups, ,
with a maleimide having the structural formula III



10. A process for the preparation of a herbicidal inid D, @EMEM@@E@‘
mheret R

22“112? i ng .“n’”JF L?Hm"lﬂlllmll "Wlllll al kyl ; R15 is Cl-C/

I : -
cycl oal kyl or R14 ahd R153 wfen®t aken together with the atowﬁcﬁ%i'@ t hey
are. attached, represent a C3-C6 cycl 2&l kyl group optionally
substituted with nethyl and R16 is hydrogen, dil oweral Qyli m no, Cl-Cl2
al kyl optionally substituted with one of éhe '

Q)

| N-R,

0o
(III)

wherein R; is as described above.

2. The process according to Claim 1 wherein
R is hydrogen, CrCsalkyl or C,-Cialkoxymethyl;
R; is hydrogen, CrC,alkyl,
phenyl optionally substituted with any combination of
from one to four halogen_, C1-Csalkyl, C;~Cialkoxy,
nitro or cyano groups, Or

R¢ is C,-Cqalkyl:
R-] is ORg;' and
Ry is hydrogen or CrCealkyl.

3. The process according to Claim 1 or Claim 2 wherein
the formula II oxime or hydrazone is reacted with the formula
III maleimide in the presence of a solvent selected from the
group consisting of an aromatic hydrocarbon, a halogenated
"aromatic hydrocarbon, a polynuclear aromatic hydrocarbon, a

" glycol, an alkanoic acid, an alkanoic acid/water mixture,
acetonitrile, an acetonitrile/water mixture, and mixtures
thereof, and the boiling point of the solvent is at least
about 60 °C. '

4. The process according to any one of Claim 1 to 3

wherein the formula II oxime or hydrazone is reacted with the
formula III maleimide at a temperature of above about 20 T.

5. The process according to any one of Claim 1 to 4
- further comprising a Lewis acid selected from the group
consisting of aluminum chloride or titanium(IV) chloride.



fol | owi ng groups: €=C3—alkoxy, fal ogen, hydroxy, C3- C:”RERI@AG%WE@E EHLW

benzyl oxy, furyl, ophenyl, | ower al kyl pheny|, |l ower

aroonend | IIRHHMRIE boxst . 1 overar Coxycarbonki| auenugopsn
~triloweral kyl ammom usp  €3- €128 al%kenyl optlonally substitute Nth one of

the follow ng groups: Cl-C3 al koxy, sehenyl, hal ogen or
| owner al koxycarbonyl or with two CJerr] C3 al koxy groups tor two hal ogen

LN

groups; C3-C6 cycloal kyl optionally substituted with one or TwWo CI-C3 al Kyl
groups; or 31 a cation which process

conpri ses: 6. The process according to any one of Claim 1 to 5
further comprising a base selected from the group consisting
of a tri(Cy;-Csalkyl)amine, an alkali metal acetate and
mixtures thereof when R is Ci1-Cgalkoxymethyl.

7. A compound having the structural formula
9
R._2CH
I
¥
OR8
wherein

R is hydrogen, CrCsalkyl or C;-Csalkoxymethyl;
R¢ is C;-Cqalkyl;
Rg is hydrogen, CrCsalkyl, C(O)R;;,
phenyl optionally substituted with any combination of
from one to four halogen, C;-Csalkyl, Ci~-Cialkoxy,
nitro or cyano groups, Or
benzyl 6ptionally substituted on the phenyl ring with
any combination of from one to four halogen,
C;-Csalkyl, C;~Csalkoxy, nitro or cyano. groups;
R;; is C;-Csalkyl, OR;;, NR;3R;3, benzyl or
phenyl optionally substituted with any combination of
from one to four halogen, C;-Csalkyl, C;-C,alkoxy,
‘nitro or cyano groups; and
Ri; and R;; are each independently hydrogen, C-Cealkyl,
- benzyl or |
phenyl optionally substituted with any combination of
from one to four halogen, C;-Csalkyl, C;-Csalkoxy.’.
nitro or cyano groups, and
the cis and trans isomers thereof.

8. The compound according to claim 7 wherein
R is hydrogen, CyCqalkyl or C,-Cialkoxymethyl;
R¢ is C;~Csalkyl; and
Rg is hydrogen or CrCsalkyl.



(a) preparing a conpoundhavi-rg—the fornmula I wheRE MEEMMT SHEET
Rlerr] .are as defg a process as clained ip aim1; and
(b) converting th mmmm”mﬁ“ﬁrf ormula | into the conppupdianygaigohe

formula Xl I.

30 !

- 9. The compound according to claim 7 selected from the
group consisting of
the O-methyloxime of 3-ethoxy-2-methyl-2-propen-l-one;
the O-methyloxime of 3-methoxy-2-(methoxymethyl)-2-propen-1-
one;
the oxime of 3-ethoxy-2-methyl-2-propen-l-one; and
the oxime of 3-methoxy-2-(methoxymethyl)-2-propen-l-one.

10. A process for the preparétion of a herbicidal
imidazolinone compound having the formula XII

wherein
R is as defined in claim 1;
' Ry4 is C;-C; alkyl;

Rys is C;-C, alkyl, C;-Cs cycloalkyl or R4 and R;s when taken

together with the atom to which they are '
attached, represent a C3;-Cs cycloalkyl group
optionally substituted with methyl and

" Rig 1s hydrogen, diloweralkylimino,

C1~Csy2 alkyl optionally substituted with one of the
following groups: C;-C, alkoxy} halogen, hydroxy,
C3-Cs cycloalkyl, benzyloxy, furyl, phenyl,
halophenyl, lower alkylphenyl, lower alkoxyphenyl,
nitrophenyl, carboxyl, loweralkoxycarbonyl, cyano or
triloweralkylammonium;

C;-C;2 alkenyl optionally substituted with one of the
following groups: c1‘C3 alkoxy, phenyl, halogen or
loweralkokycarbbnyl or with two C1C; alkoxy groups
or two halogen groups; .

C3~-Cg cycloalkyl optlonally substituted with one or two C;-C;

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

o)
R
7
l R,
N
N
0

(1)

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 XII.

¢ eem td AL



[%

REPLACEMENT SHERT |
T4 Aud Wi/ ]
32
ABSTRACT

ROCE F THE PRE TION OF
2, 3-PYRIDINEDI B MIDE

There is provided a process for the preparation of 2, 3-
pyridinedicarboximides having the structural formula I

O
R

~al
| N—R,
N
N
o)
(I).

The 2,3-pyridinedicarboximides are useful as

‘intermediates in the preparation of herbicidal 2-(2-

imidazolin-2-yl)nicotinic acids,



