-1- PROCESS FOR THE ‘PREPARATI ON OF q¥o2013-5

[ ¢£5, 6- DI CARBOXY- 3- PYRI DYL) METHYL] AMMONI UM HALI DES 5

BACKGROUND OF THE |INVENTION [(5, 6-Di carboxy-S-pyridyl)nethyl]anﬁﬁﬁ%dﬁ?f1
hal i des are useful as internediates in the preparation of herbicidal

5:¢ (al koxymethyl)-2-(2-imdazolin-2- yl)nicotinic acids, esters and salts. A
process for 10 converting 5-nethyl-2,3-pyridi nedi carboxylic acid
derivatives into [(5, 6-disubstituted-3-pyrjdyl)nethyl]- amonium halides is
described in U. S 5,378,843. Although the'b?ocess of that patent is useful,
there is ongoing research to discover new processes for preparing 15
[(5,6-disubstiég%%q-'-pyridyl)nethyl]annnniun1ha|ides. It is an object of

t he present i i3 to provi de an effective and efficient process for the
preparation of [(5,6-dicarboxy-3-pyridyl)nmethyl]anmoni um hal i des.

[ (5, 6-Dicarboxy-3-pyridyl)methyl] ammonium halides
are useful as intermediates in the preparation of
herbicidal 5- (alkoxymethyl)-2- (2-imidazolin-2-

' yl)nicotinic acids, esters and salts. A process for
10 converting 5-methyl-2,3-pyridinedicarboxylic acid
. derivatives into [(5,6-dicarboxy-3-pyridyl)methyl] -
. ammonium halides is described in U.S. 5,378,843.
Although the process of that patent is useful, there is
Tongoing research to discover new procesSes for preparing
15 ° [(5,6-dicarboxy-3-pyridyl)methyl] ammonium halides.
' It is, therefore, an object of the present invention
 to provide an effective and efficient process for the
preparation of [(5,6-dicarboxy-3-pyridyl)methyl] ammonium
halides.
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-2- SUWVARY OF THE | NVENTI ON The present invention provides an effective
and efficient process for the preparation of a [(5, 6-

di car boxy- 3- pyri dyl ) met hyl ] amoni um hal i de having the 5 structural formula-
| [err] wherein R, Rerr] and R err] are each |ndependently derr]- CAaIkyI
anhd when taken together, -R and R err] may forma 5- or .6-nenbered 10 :
ring optionally interrupted by O S or NR3; Rerr] is (err]-Calkyl; Xis
A, Br or I; Zis hydrogen or hal ogen; ang,_

SUMMARY OF THE INVENTION
The present invention brovides an effective and
efficient process for the preparation of a [(5,6-
dicarboxy-3-pyridyl)methyl] ammonium halide having the
5 structural formula I

Fl{ Z
+,
X R, —N CH _ CoH
R, - |
z, N~ ~CO.H
(1)

wherein
R, R; and R, are each independently C,-C,alkyl, and when
taken together, R and R, may form a 5- or 6-membered
10 ring optionally interrupted by O, S or NRs;
R; is C;-C,alkyl;
X is C1, Br or I;
Z is hydrogen or halogen; and
Z, is hydrogen, halbgen, cyano or nitro,
15 which process comprises oxidizing a substituted (3-
quinolylmethyl) ammonium halide having the structural
formula IT

(IT)

wherein _ _
20 R, Ry, Ry, X, Z and Z, are as described for formula I
' above;



Zlerr] is hydrogen, hal ogen, cyano or nitro, 15 which process cdnprises
oxi di zing a substituted (3- quinolylnethyl)amoni um halide having the
structural forrmula Il [err] (11) wherein 20 R Rerr], Rerr], X Z and
Z[err] are as described for formula | above; -3 - Rerr], Rerr], Rerr]
ahd Rlerr] are each independently hydrogen, hydroxy, nitro, OC(ORerr],
hal ogen, NR[err]R[err]O Cerr]-Cerr]alkoxy, SOerr]H S(Jerr]ClL or SH
with the proviso that one of R4, R[err],;RB and R[err] is other than
hydrogen or halogen

R,, Rs, Rg and R, are each independently hydrogen, hydroxy,
nitro, OC(O)Rs, halogen, NRgR;,, C,;-Csalkoxy, SOzH,
S0,Cl or SH, with the proviso that one of R, R, Rg
and R, is other than'hydrogen or halogen;
5 Ry is C,-C,alkyl, C,-C,alkoxy, phenyl or NR;;R;;;
' Ry, Ry, R;; and Ry, are each independently hydrogen,
C,-C,alkyl or phenyl;
the N-oxides thereof; and
the acid addition salts thereof,
10 with hydrogen peroxide in the presence of aqueous base.

DETAILED DESCRIPTION OF THE INVENTION
- In a preferred embodiment of the present invention,
a substituted (3-quinolylmethyl)ammonium halide
represented by formula II is oxidized with at least about

15 8 molar equivalents of hydrogen peroxide in the presence
of at least about 1 molar equivalent, preferably about 4
to 10 molar equivalents, of an aqueous base, preferably
in a temperature range of about 50 °C to 100 °C, more
preferably about 75 °C to 95 °C.

20 Advantageously, it has been found that [(5,6-
dicarboxy-3-pyridyl)methyl] ammonium halides are obtained
in high yield and purity by the effective and efficient
process of the present invention.

The product [(5,6-dicarboxy-3-pyridyl)methyl]-

25 ammonium halides may be isolated by acidifying the
reaction mixture with a mineral acid ‘and collecting the
resultant formula I product by standard procedures.
Alternatively, the reaction mixture may be integrated
into the process used to prepare the final herbicidal

30 agent without isolating the formula I compound.



5 R8is ([err]-Clalkyl, (err]-C4al koxy, phenyl or NRlerr]Rerr]; Rerr],
Rlerr], Rerr], and R err] are each independently hydrogen,
Cerr]-Cerr]al kyl or phenyl; the N-oxides thereof; and the acid addition
salts thereof, 10 with hydrogen peroxide in the presence of aqueous base.
DETAI LED DESCRI PTI-ON OF THE I NVENTION I n a preferred enbodi nent of the
present invention, a substituted (3-quinolylnethyl)amonium halide
represented by fornmula Il is oxidized with at |east about 15 8 nol ar
equi val ents. of hydrogen peroxide in the presence of at | east about 1 nolar
equi val ent, preferably about 4 to 10 nol ar equival ents, -of an aqueous base,
preferably in a tenperature range of about 50 [err]C to 100 [err]C, nore

preferably about 78xbepiheyt @9RalgehChe2@inaboveAdantzagenysky, Rrd, as
been. found thatal £ & ILEGERONY; SRYCLENL) TBLONLHa"TRA' YBuIaL! dFen®r e
obt ai ned 7 ! !
chlorine being preferred.
Agueous bases suitable for use in the process of the
5 present invention include alkali metal hydroxides such as
sodium hydroxide and potassium hydroxide, alkaline earth
metal hydroxides such as calcium hydroxide, alkali metal
carbonates such as sodium carbonate and potassium
carbonate, alkaline earth metal carbonates such as
10 calcium carbonate, and mixtures thereof. Preferred
aqueous bases include aqueéeous sodium hydroxide and
aqueous potassium hydroxide.
Advantageously, the formula II substituted (3-
quinolylmethyl)ammonium halides are highly soluble in the
15 agqueous base. In general, base concentrations from about
35% to 65% on a weight basis are preferred, with base
concentrations from about 40% to 60% being more
preferred. In the past, certain quinolines have been
oxidized with hydrogen peroxide in the presence of
20 aqueous bases having concentrations of up to about 35% on
a weight basis (see, e.g., U.S. 4,816,588). However, the
use of a more concentrated aqueous base is desirable
because it reduces the amount of aqueous waste produced.
Another advantage of the process of this invention is '
25 that water miscible co-solvents are not required because
the substituted (3-quinolylmethyl)ammonium halides are
highly soluble in the aqueous base.
A minimum of 8 molar equivalents of hydrogen
peroxide is required to completely'oxidize a formula II
30 substituted (3-quinolylmethyl)ammonium halide.
Preferably, about 8 to 60 molar equivalents of 30% to 50%
aqueous hydrogen peroxide, more preferably about 8 to 40
molar equivalents of 30% to 50% aqueous hydrogen
peroxide, are used to oxidize the formula II compound.
35



in high yield and purity by the effective and efficient process of the
pr.esent invention. The product [ (5, 6-dicarboxy-3-pyridyl)nmethyl]- 25
ammoni um hal i des may be isolated by acidifying the reaction mxture with a
m neral acid and collecting the resultant forrmula | product by standard
procedures. Alternatively, the reaction mxture may be integrated into the
process used to prepare the final herbicidal 30 agent w thout isolating the
formula | conmpound: = -4- Exenplary of hglogen her ei nabove for Z, Zerr],
Rlerr], Rerr], Rerr] and R7 are fluorin chl orine, brom ne-and i odine
With chlorlne belng preferred. Agueous bases suitable for use in the

process of the
In a preferred process of the present 1nventlon,

R, R, and R, are each independently C,-C,alkyl;
X is Cl or Br;
Z and Z, are hydrogen;
5 at least one of R,, Ry, R¢ and R, is hydroxy, nitro or
OC(O)Ry; and
Rg is C,-C,alkyl, C,-Csalkoxy or phenyl.
In a more preferred process of the present

. invention,

10 R, R; and R, are methyl;

X is Br;

Rs, R¢, R,, 2 and Z, are hydrogen;

R, is hydroxy, nitro or OC(O)Ry; and

R, is C,-C,alkyl or C,-C,alkoxy. :

15 Substituted (3- qulnolylmethyl)ammonlum halides of
formula II may be prepared by halogenating a substituted
3-methylquinoline of formula III with a halogenating

. agent in the presence of a solvent and optionally in the
presence of.a catalytic amount of a radical initiator to

20 form a substituted 3-halomethylquinoline of formula IV
and reécting the formula IV compound with at least about
one molar equivalent of an amine of formula V in the
presence of a solvent. The reaction scheme is shown
below in Flow Diagram I.



5 present invention include alkali netal hydroxides such as sodi um

hydr oxi de and pot assi um hydr oxi de, al kaline earth nmetal hydroxi des such as
cal ci um hydroxi de, al kali metal carbonates such as sodi um carbonate and

pot assi um car bonate, al kaline earth netal carbonates such as 10 cal ci um
carbonate, and m xtures thereof. Preferred agueous bases include agueous
sodi um hydr oxi de and aqueous potassi um hydr oxi de. Advant ageously, the
formula Il substituted (3- quinolylnethyl)anmoni um-hal’i des are- highly
soluble in the 15 aqueous base. |In general-6-base concentrations from about
35% to 65% on a wei-ght basis are preferred, with base concentrations from
about 40%to 60% being nore preferred. In the past, .certain quinolines have
been oxi di zed wi th hydrogen peroxi derliow (hEAGREAM eDce of 20 aqueous bases
havi ng concentrations of up to about 35% on a weight basis (see, e.g., US.
4,816, 588). However, the

halogenate
pA R,
XCH, Z I R,
N
Zl N RS
R4
(IV)
NRRle
(V)
R
l Z R
X Rl--l?l——CH2 Z R,
R, - l
z, N R,
R



use of a nore concentrated agqueous base is desirable because it reduces the
amount of aqueous waste produced. Another advantage of the process of this
invention is 25 that water m scible co-solvents are not required because

t he substituted (3-quinolylnmethyl)ammoni um halides are highly soluble in

t he aqueous base. A mninmum of 8 nolar equival ents of hydrogen peroxide is -
required to conpletely oxidize a fornula Il 30 substituted

(3-qui nol yl net hyl ) ammoni um hal i de. Preferably, about 8 to 60 nol ar
equi val ents of 30%to 50% aqueous hydrogen7peroxi de, nore preferably about

8.to 40 nol ar equival ents of 30%to 50% aqueous hydrogen peroxi de, are used .

to oxidize the fornula Il ‘conpound. 35
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 c_omp'ound

having the formula

(VI)

wherein This Sheet Has Been R

10 2 and 2 are as detined sbove; T

A 1s O or S;
Ry» is C,-C, alkyl optionally substituted with phenyl
optionally substituted with one to three C,-C, alkyl
groups or halogen atoms, or .
15 phenyl optionally substituted with one to three Cl-C;'
alkyl groups or halogen atoms;
R,; is C,-C, alkyl;
R,, is C;-C, alkyl, C;-C¢ cycloalkyl or R,; and R,, when
taken together with ‘the atom to which they are
20 attached, represent a C;-C¢ cycloalkyl group
optionally substituted with met:hyl and
Rys is hydrogen, diloweralkylimino,
C;-C;, alkyl optionally substituted with one of the
' following groups: C,-C; alkoxy, halogen, hydroxy,

THIS SHEET HAS BEEN
REPLACED




In a preferred process of the present invention, RR R and R err] are each
i ndependently Cerr]-Clerr]alkyl; Xis C or Br; Z and Z[err] are hydrogen;
5 at least one of R4, Rerr], Rerr] and Rerr] is hydroxy, nitro or
OC(ORerr]; and Rerr] is CJerr]-C4al kyl, Cerr]-C4al koxy or phenyl. In a
nore preferred process of the present invention, 10 R Rerr] and R2 are
methyl; Xis Br; Rerr], Rerr], Rerr], Zand Z err] are hydrogen; R4 is
hydroxy, nitro or OC(OR[err]; and Rlerr] Ls (ferr]-Cferr]al kyl or '
C.err]-Cerr]al koxy. 15 Substi t uted %B-quinolylnethyl)annnnium

hali des of formul-a Il may -be prepared by hal ogenating a substituted

3-met hyl qui nol i ne Qi¥E9r8yéfoéikyT€tBeﬁfo&QQ?nﬁﬁfyg, phenyl,

- halophenyl, lower alkylphenyl, lower alkoxyphenyl,
nitrophenyl, carboxyl, loweralkoxycarbonyl, cyano or
triloweralkylammonium;

5 C3—Cn'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;

C;-C¢ cycloalkyl optionally substituted with one or two

10 C,-C; alkyl groups; or

a cation preferably selected from the group consisting of
alkali metals, alkaline earth metals, manganese,
copper, iromn, zinc, cobalt, lead, silver, nickel,
ammonium and organic ammonium; and

15 when R,;; and R,, represent different substituents, the
opﬁical isomers thereof;

which process comprises:

(a) preparing a compound having the formula I

T z
X R—N—CH, \_N\_COH
RZ NS I

(I)

wherein Z, Z,, R, R,, R, and X 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 VI.

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



agent in the presence of a solvent and optionally in the presence of a
catalytic amount of a radical initiator to 20 forma substituted

3- hal onet hyl qui noline of forrmula IV and reacting the formula IV conpound
with at | east about one nolar equivalent of an amine of fornula Vin the
presence of a solvent. The reaction scheme is shown below in Flow D agram
l. -6- FLOWDI AGRAM | [err] (Il1) halogenate [err] [err]

-9~

-and élkoxy 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
the compound having formula VI 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
literature references also illustrate the methods that
may be used to convert the carboxylic acid derivatives

~into imidazolinone final products:

U.S. Patent Nos. 5,378,843; 5,371,229; 5,520,694;

5,110,930; 5,122,608; 5,206,368; 4,925,944;

4,921,961; 4,959,476; 5,103,009; 4,816,588;

4,757,146; 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;

4,4474,962; 4,623,726; 4,750,978; 4,638,068;

: 4L439,607; 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; EP-A-0-331,899% and
EP-A-0-388,619. _

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.



REPLACEMENT SHEET [err] The present invention also provides a process for
the preparation of a herbicidal S-(al koxynethyl)-2-(2-

i mdazolin-2-yl)-nicotinic acid, ester and salt conpound having the formul a
[err] [err] wherein 10 Z and Z[err] are as defined above; Ais.Oor S
Rerr] is (err]-Cerr] alkyl optionally substituted with phenyl optionally -
substituted with one to three (JQerr]-Cerr] al kyl groups or hal ogen atons,
or -

-10-
EXAMPLE 1
Pr i -Di =3- i tri-
methylammonjum bromide
- +
Br (CH3)3N CH2 Z I
NS
N
O\n/CH3
0
H202/H20
A +
NaOH/H,O
\[
. . Br (CH3) 3'N CH2 Z I COZH
N
N CO.H
. 2 -
5 Hydrogen peroxide solution (20 g, 30 wt/wt¥, 12

.equivalents) is added to a stirred solution of [(8-
acetoxy-3-quinolyl)methyl]l trimethylammonium bromide (5.0
g, 14.7 mmol) and sodium hydroxide solution (9.4 g, 50
wt/wt%, 8 equivalenté) at 85 ° to 90 °C over 15 minutes.
10 .The resultant reaction mixture is stirred at 85 ° to 90 °C
for 90 minutes, treated with additional hydrogen peroxide
solution (26 g, 30 wt/wt%, 15.6 equivalents) at 85 °C over
30 minutes, and stirred at 85 ° to 90 °C for one hour. LC
. analysis of the final reaction mixture indicates that the
15 title product is produced in 80% yield.



15 phenyl optionally substituted with one to three Jerr]-Cerr] alkyl
gr.oups or hal ogen atons; Rlerr] is Cerr]-Cerr] alkyl; Rerr] is
Cerr]-Cerr] alkyl, CGerr] cycloalkyl or Rerr] and R err] when taken
together with the atomto which they are 20 attached, represent a
Gerr]-Cerr] cycloal kyl group optionally substituted with nmethyl and
‘Rlerr] is hydrogen, diloweral kylimno, (Jerr]-Cerr] alkyl optionally
substituted with one of the follow ng groups: Clerr]-[err] al koxy, hal ogen,
hydroxy,  -8- (err]-Cerr] cycloal kyl -~1Benzyl oxy, furyl, phenyl,
‘hal ophenyl, | ower al kyl phenyl, |ower al koxyphenyl, nitrophenyl, carboxyl,
| ower al koxycar bonyl, cyano or ' - :

E -4

Using essentially the same procedure as described in
Example 1, but using various [(8-substituted-3-quinolyl) -
methyl] trimethylammonium bromides, [(5,6-dicarboxy-3-
5 . pyridyl)methyl] trimethylammonium bromide is produced in
the yields shown in Table I.



triloweral kylammonium 5 ({err]-Clerr] al kenyl optionally substituted with
one of the followng groups: Cerr]-Cerr] al koxy, phenyl, hal ogen or

| ower al koxycar bonyl or with two CJerr]-C3 al koxy groups or two hal ogen
groups; Cferr]-Cerr] cycloalkyl optionally substituted with one or two 10
Cerr]-Cerr] alkyl groups; or a cation preferably selected fromthe group -
consisting of alkali -netals, alkaline earth netals, manganese, copper,

iron, zinc, cobalt, |ead, silver, nickel, ammoni um and organi c anmoni um
and 15 when R13 and Rl err] represent diffaRent substituents, the optical

i soners thereof; -which process conprises: (a) preparing a conpound having
the formula | [err] wherein Z, Zerr], Rlerr], Rerr] and X are. as -
defi ned above by a '
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process as defined above; and (b) converting the said conpound having

formula | into the conmpound having the formula VI. The term"lower" as used
above in relation to alkyl . -9- and al koxy groups neans that the al kyl or
al koxy group contains 1 to 6, preferably 1 to 4, carbon atons. The -
conversion of 'the conpound having formula | into the conpound having

formula VI nay be carried out in a variety of ways. One may plan routes by
conbi ni ng reactions known for the conversion of one carboxylic acid
derivative into another. Methods that - nay;de used to create the

inidazolinone herbicides are illustrated in the book-"The I m dazolinone
EXAMPLE 5
i 8- =3-m i e
CH, 7 1l
| HCl + NaOH + (CH,C),0
NS
N
OH
CH3 /,|
Y
> N

o) CH

T

A mixture of the hydrochloride salt of 8-hydroxy-3-

5 methylgquinoline (200 g, 1.02 mol) and sodium hydroxide
(102 g, 2.55 mol) in water (1,000 mL) is treated with
acetic anhydride (208 g, 2.04 mol) at 0 ° to 10 °C over 1
hour and stirred at room temperature for 1 hour. An
additional portion of acetic anhydride (50 g, 0.49 mol)

10 is added and the resultant mixture is stirred for one
hour, treated with saturated sodium bicarbonate solution
(100 mL) and filtered to obtain a solid. The solid is
washed with water, dried at 60 °C in a vacuum oven and
recrystallized form an ethyl acetate/heptane solution to

15 give the title product as white needles (168.5 g, 82%
yield).



Her bi ci des” 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
"Synt hesis of the Imdazolinone Herbicides", pages 8-14 and the references
cited therein. The following patent literature references also illustrate
the nethods that may be used to convert the carboxylic acid derivatives
into imdazolinone final products: U S. Patent Nos. 5,378,843; 5,371, 229;
5,520, 694; 5, 110,930; 5,122,608; 5,206, 368; 4,925,944; 4,921, 961;

4,959, 476; 5,103,009; 4,816,588; 4,757, 146544, 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; 4,4474,962; 4,623,726; 4,750, 978;

4,638, 068; 4,439,607, 4,459,408; 4, A59g#fNrrs 460, 776; 4,125,727 and
4,758,667, and European Patent

A mixture of the hydrochloride salt of 8-hydroxy-3-
5 methylquinoline (10 g, 0.051 mol) and triethylamine
(15.5 g, 0.15 mol) in methylene chloride (100 mL) is
treated with benzoyl chloride (10.8 g, 0.077 mol) at 0 °
to 10 °C over 1 hour, stirred at room temperatu;g for
three hours and diluted with water. The phases are
10 separated, and the organic phase is washed with water,
dried over anhydrous maghesium sulfate and concentrated.
in vacuo to obtain solid. The solid is recrystallized
- from a heptane/toluene solution to give the title product

as pale yellow crystals (8.8 g, 65% yield).



Application Nos. EP-A-0-041, 623; EP-A-0-331,899 and EP-A-0-388,619. In
order to facilitate a further understanding of the invention, the follow ng
exanples are presented primarily for the purpose of illustrating nore
specific details thereof. The invention should not be deened limted by the
exanples as the full scope of the invention-is defined in the clains.

-10- EXAMPLE-1 Preparation of r (5, 6-Dicarbozy-3-pyridyl)nethylltri-

met hyl ammoni um brom de [err] 5 Hydr ogen peroxide solution (20 g, 30
wt/wt% 12- . -15- _ : _
EXAMPLE 7
rati - -3-qui hyl i-
thyl . } id
CH3 Z
I
N
N
O\n/.CH3
o
0
1)
N—Br
0
2) N(CH,),
. v

- +
Br (CH3)3N CH2

N
N
0
5 A solution of 8-acetoxy-3-methylquinoline (168.5 g,

0.84 moi), N-bromosuccinimide (177.9 g, 1.00 mol) and
2,2’ -azobisisobutyronitrile (6.7 g, 0.04 mol) in
chlorobenzene (1,675 mL) is purged with nitrogen, heated
at 80 ° to 90 °C under nitrogen for 2 hburs, cooled to

10 room temperature and filtered._ A mixture of the filtrate

in acetone (700 mL) is treated with trimethylamine (75.4



equivalents) is added to a stirred solution of [(8-

acet oxy- 3-qui nol yl ) met hyl I t ri nmet hyl amoni um brom de (5.0 g, 14.7 mmol) and
sodi um hydroxi de solution (9.4 g, 50 wt/w9% 8 equivalents) at 85 [err] to
90 [err]C over 15 minutes. 10 The resultant reaction mxture is stirred at
85 [err] to 90 {err]C for 90 mnutes, treated wth additional hydrogen
peroxi de solution (26 g, 30 wt/w% 15.6 equivalents) at 85 [err]C over 30
m nutes, and stirred at 85 [err] to 90 [err]C for one hour. LC analysis of
the final reaction m xture indicates that-X4e 15 title product is produced
in 80% vyield. EXAMPLES 2-4 Using essentially the sane procedure as
described in Exanple 1, but using various [(8fsubsti1uted-3-quinoIgﬁ)-
met hyl ] tri et b abn@fhingd bratwi @es td (35,°6- detarpedyag-5 ° to 10 °C for 30

minutes, stirred at room temperature for 1 hour and
filtered to obtain a solid. The solid is washed with
acetone and dried ét 60 °C in a vacuum oven to give the
5_ title product as a whiﬁe solid (180 g, 63% overall
yield).
Using essentially the same procedure, but using
lvarious 8~substituted-3-methylquinolines, the following

compounds are obtained.

"Br (CHB) ,N CH,

10 . 4

R,

0C (0) CgH;
0C (0) OCH,
NO,



5 pyridyl)nmethyl]trinethylamoni um brom de is produced in the yields shown
in Table I. -12- Jerr] -13- EXAMPLE 5 Preparation of

8- Acet oxy- 3- net hyl qui nol i ne [err] Oy.CH3 A m xture .
of the hydrochloride salt of 8-hydroxy-3- 5 nethyl quinoline (200 g, 1.02

mol ) and sodi um hydroxide- (102 g, 2.55 nmol) in water (1,000 nL) is treated
with .

-17-

A CH,O0H

Br (CH3)3N CH,

S
N
OH
5 A solution of {[(8-acetoxy-3-quinolyl)methyl]ltri-

methylammonium bromide (5.0 g, 14.7 mmol) in methanol is
refluxed for 13.5 hours and concentrated in vacuo to
obtain a residue. The residue is dried in a vacuum oven

at 60 °C to give the title product as an off-white solid
10 (4.4 g, 100% yield).



acetic anhydride (208 g, 2.04 nol) at O [err]to 10 [err] over 1 hour and
stirred at roomtenperature for 1 hour. An additional portion of acetic
anhydride (50 g, 0.49 nol) 10 is added and the resultant m xture is
stirred for one hour, treated with saturated sodi um bi carbonate sol ution
(2100 m.) and filtered to obtain a solid. The solid is washed with water,
dried at 60 [err]C in a vacuum oven and recrystallized form an ethyl

acet ate/ heptane solution to 15 give the-ig8tle product as white needles

(168.5 g, 82%yield). -14- EXAMPLE. 6 Preparation of 8-Benzoyl oxy-3
-met hyl qui noline -[err]
33259-00
I CLAIM:
1. A process for the preparation of a [(5,6-

dicarboxy-3-pyridyl)methyl] ammonium halide having the
structural formula I

fli A
- +
X R, —NCH,\ Co,H
R, - l
z; N~ Tco,H

wherein

R, R, and R, are each independently C,-C,alkyl, and when
taken together, R and R, may form a 5- or 6-membered
ring optionally interrupted by O, S or NR;;

R, is C,-C,alkyl;

X is Cl, Br or I;

Z is hydrogen or halogen; and.

Z, is hydrogen, halogen, cyano or nitro,

.which process comprises oxidizing a substituted (3-

quinolylmethyl)ammonium halide having the structural

formula II

1} Z R,
X 111—1:1"—-CH2 . R,
R, - I
z, N R,
| R,
(1I)
\

0 g



A m xture of the hydrochloride salt of 8-hydroxy-3- 5 nethyl quinoline (10
g;,-0.051 nol) and triethylamne (15.5 g, 0.15 nol) in nethylene chloride
(100 m.) is treated with benzoyl chloride (10.8 g, 0.077 nol) at O [err] to
10 [err]C over 1 hour, stirred at roomtenperature for three hours and
diluted with water.. The phases are 10 separated, and the organic phase is’
washed with water, dried.over anhydrous magnesi um sul fate and concentrated.
in vacuo to obtain solid. The solid is regéystalllzed froma

hept ane/t ol uene solution to give the titl® product as pale yeIIOM/crystaIs
(8.8 g, 65%yield). -15- EXAMPLE 7 Preparatlon of r -

(8- Acet oxy- 3- gu1noly|)nethy||tr|-

R, R;, Ry, X, 2 and 2, are as described for formula I
above;

R,, R;, R; and R, are each independently hydrogen, hydroxy,
nitro, OC(O)Rg, halogen, NRyR;o, C;-Csalkoxy, SO;H,
SO,Cl or SH, with the proviso that one of R,, R;, Rg
and R, is other than hydrogen or halogen;

Rg is C,-C,alkyl, C,-Cjalkoxy, phenyl or NR;;R;;;

Ry, Ry, R;; and R,, are each independently h'ydrogen,
C,-C,alkyl or phenyl; ' :

the N-oxides thereof; and

the acid addition salts thereof,

with hydrogen peroxide in the presence of aqueous base.

2. The process according to claim 1 wherein
R, R, and R, are each independently C,-C,alkyl;
X is Cl or Br;
Z and Z, are hydrogen; _
at least one of R,, Rs, R¢ and R, is hydroxy, nitro or
OC(O)Ry; and
Rg is C,-C,alkyl, C,-C,alkoxy or phenyl.

3. The process according to claim 2 wherein
R, R, and R, are methyl;
X is Br;
Ry, R¢, R,, 2 and Z1 are hydrogen;
R, is hydroxy, nitro or OC(O)Ry; and
R, is Cl-C4alkyl or C,-C,alkoxy.

4. The process according to claim 1 wherein the
hydrogen peroxidé is present in an amount from about 8 to
60 molar equivalents relative to the formula II
substituted (3-quinolylmethyl)ammonium halide.

A



met hyl ammoni um brom de [err] 5 A sol ution of

8-.acet oxy- 3-net hyl qui noline (168.5 g, 0.84 nol), N bronosuccinimde (177.9
g, 1.00 nol) and 2,2'-azobisisobutyronitrile (6.7 g, 0.04 nol) in

chl orobenzene (1,675 nlL) is purged with nitrogen, heated at 80 [err] to 90
[err] C under nitrogen for 2 hours, cooled to 10 room tenperature and
filtered. A mxture of the filtrate in acetone (700 nL) is treated with
trimethylamne (75.4 °~ g, 1.28 nol) at‘sgyrr] to 5 [err]C, stirred at 5
‘[err] to 10 [err]C for 30 minutes, stirré€ ‘at room tenperature for 1 hour
and filtered to obtain a solid. The solid-is washed with acetone and dried

.at 60 [err]Cin a vacuun1oven to glve thg titlf Bro uct as.a |te solid
(180 g, 63% overal?- he process according to cla erein

aqueous base is present in an amount of at least about
one molar equivalent relative to the formula II
substituted (3-quinolylmethyl)ammonium halide.

6. The process according to claim 5 wherein the
agqueous base is present in an amount from about 4 to 10

molar equivalents.

7. The process according to claim 1 wherein the
aqueous base is aqueous sodium hydroxide or aqueous
potassium ‘hydroxide.

8. The process according to claim 1 wherein the
formula II substituted (3-quinolylmethyl) ammonium halide
is oxidized with hydrogen peroxide in the presence of an
aqueous base at a temperature range of about 50 °C to

. . 100 °C.

9. The process according to claim 8 wherein the
temperature is about 75 °C to 95 °C.

10. A process for the preparation of a herbicidal

imidazolinone compound having the formula VI

RO R A

(VI)
wherein THIS SHEET HAS BEEN i
B REPLACED
This Sheet Has Been Replaced

I



yield). Using essentially the same procedure, but using various
8-substitut ed- 3- net hyl qui nol i nes, the followi ng conpounds are obtai ned.
[err] -17- EXAMPLE 8 Preparation of [(8-Hydroxy-3-quinolyl)methylltri-
met hyl anmoni um brom de [err] 5 A sol ution of

- [(8-acetoxy-3-quinolyl)nmethyl]tri- 'nmethyl ammoni um brom de (5.0 g, 14.7
mml) in nethanol is refluxed for 13.5 hours and concentrated in vacuo to
obtain a residue. The residue is dried in,a_vacuum oven

Z and %, are as defined in claim 1;

A is O or S;

R,, is C,-C, alkyl optionally substituted with phenyl
optionally substituted with one to three C,-C, alkyl
groups or halogen atoms, or

phenyl optionally substituted with one to three C,-C,
alkyl groups or halogen atoms;

R,; is ¢,-C, alkyl;

R,, 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 éubstituted with methyl and

R;s 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,
nitrophenyl, carboxyl, loweralkoxycarbonyl, cyano or
triloweralkylammonium;

C;-C,;, alkenyl opticnally substituted with one of the
followiné groups: C,-C; alkoxy, phenyl, halogen or
loweralkoxycarbonyl or with two C,-C; alkoxy gréups
or two haloéen_groups;

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

a cation and when

R,; and R,, represent different substituents, the optical
isomers thereof; |

which process comprises:

_—

AR O R



at 60 [err]Cto give the title product as an off-white solid 10 (4.4 g,
100% vyi el d) . -18- 33259-00 I CLAIM 1. A process for the preparation
of a [(5,6- dicarboxy-3-pyridyl)nethyl]amoni um halide having the
structural fornmula | [err] wherein R, Rerr] and R err] are each
independently Clerr]-(err]alkyl, and when taken together, R and Rierr] may.
forma 5- or 6-nenbered ring optlonally interrupted by 0, Sor NR3; R3is.

C[err] d err]al kyl; oo

(a) preparing a compound having the formula I
. . | )
X'Rl—'ll\T'— CH, 2 CO,H

RZ : NS l

(1)

wherein Z, Z,, R, R;, R, and X are 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 VI.

\
0 g

_—
This Sheet Has Been R
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Xis d, Br or I; Zis hydrogen or hal ogen; and Z err] is hydrogen,

hal ogen, cyano or nitro, which process conprises oxidizing a substituted
(3- quinol yl met hyl )anmoni um hal i de having the structural formula Il [err]
-19- wherein R Rerr], Rerr], X, Z and Z[err] are as described for
formul a | above; R4, R[err], R6 and Rl err] are each |ndependently hydr ogen,
hydroxy, nitro, CC(C»R[err], hal ogen, NR[err]Rerr][err],
Clerr]-Cerr]al koxy, SJerr]H, SC{err]C[grr] or SH with the proviso that
one of R4, Rlerr], R6 L Tad

33259-00

There is provided a process for the preparation of
[(5,6-dicarboxy-3-pyridyl)methyl]ammonium halides having
the structural formula I

.% Z
+
X R 1}1 CH z COzH
R, - I
b4 N~ TCOH

(I).

The [(5,6-dicarboxy-3-pyridyl)methyl]ammonium
halides are useful as intermediates in the preparation of
herbicidal 5- (alkoxymethyl)-2-(2-imidazolin-2-yl) -

‘nicotinic acids, esters and salts.

THIS SHEET HAS BEEN
__REPLACED

This Sheet Has Been Replaced
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~and R7 is other than hydrogen or hal ogen; R err] is CJerr]-C4al kyl,

Clrerr] - C4al koxy, phenyl or NRerr]Rerr]; Rerr], Rerr], Rlerr] and Rl12
are each i ndependently hydrogen, Clerr]- C[err]alkyl or phe thPE gﬁmﬁxsﬁ
thereof; and the acid addition salts thereof, wth hydrogen peroxide
presence of aqueous base. 2. The process accordlng to cldaiml wh re|n R,
Rlerr] and R err] are each independently Clerr]C[err]al kyl] > i3 ohUariigt
Z and Z[err] are hydrogen; at |east one of R4, Rerr], Rejrjiand RZ is
hydroxy, nitro or OC(O R err]; and Rerr], is CJerr]-Cerr]
d err] - C4al koxy or phenyl. 3. The procéss according to c

%'r_'r$

Rlerr] and-Rerr] are nethyl; X is Br;

[(5,6-Dicarboxy-3-pyridyl)methyl] ammonium halides
are useful as intermediates in the preparation of
herbicidal 5-(alkoxymethyl) -2-(2-imidazolin-2-
yl)nicotinic acids, esters and salts. A process for

10 converting 5-methyl-2,3-pyridinedicarboxylic acid
derivatives into [(5,6-dicarboxy-3-pyridyl)methyl]-
ammonium halides is described in U.S. 5,378,843.
Although the process of that patent .is useful, there is
ongoing research to discover new processes for preparing

15 [(5,6-dicarboxy-3-pyridyl)methyl] ammonium halides.

It is, therefore, an object of the present invention
to provide an effective and efficient process for the
preparation of [(5,6-dicarboxy-3-pyridyl)methyl]ammonium
halides.



"Rlerr], Rerr], Rerr], Zand Z[err] are hydrogen;, Rlerr] is hydroxy, nitro

or OC(ORerr]; and Rerr] is (Jerr]-derr]4alkyl or CefTr K
4, The process according to claim1 wherein the hydrogé¢ ég@ﬂ@%@ﬁ@h‘@ﬁ%ﬁT

present in
formula Il
SHEET S.

present in
formula Il

an anount from about 8 to 60 nolar equi val ent 4 éTatlve to the
substituted (3-quinolylnethyl)amoni um hali de. ACEER
The process according to claim1l wherein the ggyeous base S
an anount of at |east about one nolar equivalgnt relative to the
substituted (3-quinolylnethyl)anmmonium halide.] 6. The process

according.to claim$S wherein the aqueou&gbase I's present in an amount from

about 4 to

10

There is provided a process for the preparation of
[(5,6-dicarboxy-3-pyridyl)methyl] ammonium halides hav;ng
the structural formula I

The  [(5,6-dicarboxy-3-pyridyl)methyl] ammonium
_halides'are useful as intermediates in the preparation of
herbicidal 5-(alkoxymethyl)-2-(2-imidazolin-2-yl)-
'nicotin;c acids, esters and salts.



nol ar equival ents. 7. The: process according to claim1 wherein the
aqueous base is aqueous sodi um hydroxi de or aqueous potassrunEggdarrGE?—S?—
The process according to claim 1 wherein the formula |1 supfREALACEMENT SHEET

(3-qui nol yl met hyl ) ammoni um hal i de i's oxidized with hydrogep peroxideTm IhE
presence of an aqueous base at a tenperature range of abouf %0 [@rqdﬁ: 1899
100 C. 9. The process according to claim8 wherein the je 1perature I'S

about 75 [err]Cto 95 [err]C. 10. A process for the preparht ol a
her bi ci dal i m dazol i none conpound having the fornmula VI [e} r?#lOQOIZ -5

PROCESS FOR THE PREPARATION OF
[(5,6-DICARBOXY~3-PYRIDYL)METHYL]AMMONIUM HALIDES

5. BACRKGROUND OF THE INVENTION
[(5,6-Dicarboxy-3-pyridyl)methyl]ammonium halides
are useful as intermediates in the preparation of
herbicidal 5-(alkoxymethyl)-2-(2-imidazolin-2-
vl)nicotinic acids, esﬁers and salts. A process for
10 converting 5-methyl-2,3-pyridinedicarboxylic acid
derivatives into [(5,6-disubstituted-3-pyridyl)methyl]-
ammonium halides is described in U.S. 5,378,843.
Although the process of that patent is useful, there is
ongoing research to discover new processes for preparing
15 [(5,6-disubstituted-3-pyridyl)methyl]ammonium halides.
It is an object of the present invention to provide

an effective and efficient process for the preparation of
[ (5,6-dicarboxy-3-pyridyl)methyl]ammonium halides.



-‘_-'_-21 Z and Z[err] are as defined inclaiml;, Ais Oor S AFFMENT SHEET |
+ Clerr]-Clerr] alkyl optionally substituted with phenyl O)tl

“substituted with one to three (Jerr]-C[err] alkyl groups éogen at on]
-or phenyl -optionally substituted with one to three C[err] - ¢[ &r¥].JAMKHI

groups ‘or hal ogen atons; Rerr] is C[errﬁ]-C[err] al kyl ; Rld.is (‘J’Prrl-(‘Ah
al kyl, C3-Cerr] cycloal kyl or Rerr] and Rl err] when taf\[eﬂr;éq)&sgrgwt

UT

the atomto which they are attached, represent a C[err] Lyl
roup optionall d. wi rreth e

gl I oaergl kyl i m%%l? “géerér%j';%[’éx}v éﬁ&l p?ngrg{'??e%u sP Q}S@ 8% %f"h one of
the fol | owidle @heradis Idf A Hedbid #y, sh@hmuaaymawymxyz C3-C6

cycl oal kyl, benzyloxy, furyl, phenyl,
Y Y lmldagglln 2~y1)-n1cot1n1c acid, ester and salt compound

having the formula

wherein
10 2 and Z, are as defined above;

A is O or S; ' ,

R;> is C,-C, alkyl optionally substituted with phenyl
optionally substituted with one to three C,-C, alkyl
groups or halogen atoms, or )

15 phenyl optionally substituted with one to three C,-C,
alkyl groups or halogen atoms;

R,, is -Cx-c‘ alkyl; )

Ry, is C;-C, alkyl, C,-C¢ cycloalkyl or R,;; and R, when
taken together-with the atom to which they are

20 attached, represent a C,-C¢ cycloalkyl group
optionally substituted with methyl and

R,s is hydrogen, diloweralkylimino,

C,-C,, alkyl optionally substituted with one of the
following groups: C,-C, alkoxy, halogen, hydrox'y,'



L ]

i REP
-.hal ophenyl, |ower al kylphenyl, |ower al koxyphenyl, nitrophenyls E LAngENT SHEET

) ;f@meralkoxycarbonyl cyano or trllomeralkylannnnlun1 Cerr] rgé alken
“optional ly substltuted with one of the follow ng groups: ( ér ]-2 §9
- phenyl, hal ogen or Iomeralkoxycarbonyw qw with two CJerr]-Cle }-aLkoxy.___
groups or two-hal ogen groups; C3-C6 cycl oal kyl optionally spbsypuioad wisth
one or two (Jerr]-Cferr] alkyl groups; or a cation and when*Rizg—and--R-eteud

represent di ffeéent 'lst?%)aéfééé@st sacr%&edl o‘#rpggl aiﬁ?ﬁeﬁswhgﬂgﬁf th‘é’“' ch

process conpri ses: avin or mul
aqueous base is present 1n an amount of at least about

one molar equivalent relative to the formula IIX
substituted (3-quinolylmethyl)ammonium halide.

6. The process according to claim 5 wherein the
aqueous base is present in an amount from about 4 to 10
molar equivalents.

7. The process according to claim 1 wherein the
aqueous base is aqueous sodium hydroxide or aqueous
potassium hydroxide.

8. The process aécording to claim 1 wherein the
formula II substituted (3-quinolylmethyl)ammonium halide
is oxidized with hydrogen peroxide in the presence of an
aqueous.base at a temperature range of about 50 °C to
100 °C.

9. The process according to claim 8 wherein the
temperature is about 75 °C to 95 °C.

10. A process for the preparation of a herbicidal

imidazolinone compound having the formula VI

wherein

—_—

Y g




[-err] wherein Z, Z[err], R Rerr], R2 and X are defined in CGaiml by a
process as clainmed in Caim1l; and (b) converting the conpound havi ng
formula | into the conpound having the forrmula VI. 11. A

[ (5, 6-di carboxy-3-pyridyl) net hyl | ammoni um hal i de wheneve; ﬁé%@gmmySﬁEH
I Cl

process as clained in any one of clains 1 to 9. 12. A her Dl _ :

I m dazol i ne herbici de whenever prepared by a process as ¢l ar meg in cl aim

10. 20 JAM 1939

-22- ' :
GFO2013-S5
(a) preparing a compound having the formula I
. T‘ Z
XRN—CH, CO,H
RZ NS I

(I)

wherein Z, Z,, R, R;, R, and X are defined in Claim 1 by a
process as claimed in Claim 1; and N
(b) converting the compound having formula I into the

compound having the formula VI.

11. A [(5,6-dicarboxy-3-pyridyl)methyllammonium halide whenever
prepared by a procéss as claimed in any one of claims 1 to 9.

12. A herbicidal imidazoline herbicide whenever prepared by a process as
claimed in claim 10.

M
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