P

.,‘\ . -. . .
- 31,786-00 3 o )

=)

10

15

20

25

 wherein

f—-————_;___E_______
his Sheet Has B

I ] lm

ICIIBOZILIC ACIDS

It is an object of this inwention to provide _
high purity 5 G-disubetituted-s-pyridylmethyl ammonium
halide compounds which are useful intermediates in the
preparation of high purity 5-(suh-tituted methyl)-2,3-
pyridinedicarboxylic acids.

It is also an cbject of the invention to
provide a method for the preparation of the 5,6-di-
substituted-3-pyridylmethyl ammonium halide compounds
and a method for the preparation of S5-(substituted
methyl)-2, 3-pyridinedioarboxylio acids from said
5 6-disubstituted-3-pyridy1nethy1 ammonium halide
compounds.

The present invention reletes to 5,6-disub-
stituted-s-pyridylnethyl ammonium halide compounds of
formula I

*_

2 is hydrogen or. helogen.: E
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2z, is hydrogen, halogon, cyano or nitro;
X is cl, Br, I or R, 80,

3 3" '
Ry, is °1 alkyl or ' . ' -
phsnyl optionally substitutod with one to three
c1 slkoxy groups, C 'alkyl groups,

nitro groups, cyano groups or halogen atoms,

'y ‘and ¥, are each independently OR,, NRRg, OT whon

takon togothor !! is =0-, =8~ or -NR -}

R and Ry are each indopondsntly hydrogen,

4
c -c alkyl optionally substituted with C, c‘

' ‘alkoxy or phenyl optionally substituted with
one to throo cl-c‘ alkyl groups, c1 slkoxy
groups or halogen atoms, oOr

phenyl optionslly substituted with one to three
c1 4 “alkyl groups, c1 alkoxy groups or
halogen atoms;
R is hydrogen or C; - ¢, alkyl:

Q is
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¥
Ryy ﬁ’>\’R1i
|+
R, R, and R, are each independently c, C, alkyl, and
when taken together, R and R1 nay form a 5~ or 6-
membered ring in which RR, is represented by the
structure: =(CH,) =, optionally interrupted by O,
8 or NR,,, uhere_n is an integer of 3,4 or §,
provided R, is ¢ ,-C, alkyl:
32 is o, 8 or~unl°;
Rio is C,-C, alkyl; and
Ryq and R,, are each independently hydrogen, halogen,
c1 alkyl ‘or- c1 alkoxy, and ‘when taken
together, R11 and R o May form a 5~ or s-membered
saturated or unsaturated ring optionally inter-
rupted by o, 8, or NRIO
with one to three halogen atoms, c

E groups or c1 alkoxy groups.u- -

k § 4

1 4 ulkyl

The present invention also relates to an

_efficient method . for the preparation of high purity

and optionally substituted

e N e
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formula I compounds and their use in a method for the
preparation of high purity 5-(substituted methyl)-2,3-

' pyridinedicarboxylic acid compounds of formula II

wherein g
Z is hydreqen or helogen.

| 2, is hydrogen, halogen, cyano or nitro;

a is O or 8; and _

R, is c,-C, alkyl optionaily substituted'with_peenyl |
optionally substituted with one to three
cl-c alkyl groups or halogen atoms, or

phenyl optionally substituted with one to three
C,~C, alkyl groups or halogen atoms.
COnpounds of formula I, wherein X is Cl1 or

Br, may be prepared by reacting s-methyl-z,s-pyridine-

‘dicarboxylic acid derivative compounds of formula III

. (III)
wherein %, 2,, Y and Y, are as described above w;th a
‘halogenating egent in the presence of a first solvent, _
eptionelly in the presence of a cetelytic smount of a :j.m
r-redical initietor, preferebly at a temperature range of _rp_-%
about 0 °c to 100 c to form e first nixture conteining |
:compounds of formule Iv _1' '
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whe:eih'z, 21, Y and Yl are as described above and
X is Cl or Br. The amount of halogenating agent used
is chosen to minimigze the production of formula IVb
compounds. Said first mixturé is then reacted with at
least 1.0 molar equivalent of a C,-C, trialkylamine, a
5 to 6 membered saturated or § to 14 membered unsatu-
rated heterocyclic amine optionally substituted with
one to three cl-c‘ alkyl groups, cl-c4 aikoxy groups or
halogen atoms, in the presence of a second solvent
preferably at a teﬁperature range of about 0°¢ to 1oo°c
to form 5,6~disubstituted-3-pyridylmethyl ammonium
halide compounds of formula I. The method of prepara-
tion is illustrated in Flow Diagram I.
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FLOW DIAGRAM I

halogenating | radical

agent initiator
)] 0
Z ¥ 4
] Il
C-Y  Hy c-v
~
| o T
C-Yl 11 C"Yi
y 4
b c

av) I

1 cl-c4 trialkylamine or
optionally substituted

heterocyclic saturated
or unsaturated amine

The above method is especially efficacious for the S

preparation of" fornula I compcunds vherein---m

2 is hydrogen.j 

3, is hydrogen.‘?"
'x is Cl or Br;
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R, is C,- : e
'R, R, and n are each independently methyl or ethyl, or’

R e R R S e & o dntiatat

Y and Yi are each independently OR,:
4~C4 alkyl:; and
when R and Rl are taken together with the nitrogen'
atom to which they are attached they form a
‘'pyridine ring provided that R, is not present.
Preferred formula I compounds that are .
prepared by the method of the invention are [(5,6-di-
oarboxybs-pyridyl)nethyljtriﬁethylaunouiun bromide,
dimethyl ester; [(5,Gedioarboay-s-pyridyl)nethyl]tri—

methylammonium bromide, diethyl ester; [(5,6-dicarboxy-

3=-pyridyl)methyl]pyridinium brouide,.dinethyl ester;
1-[(5,6-dicarboxy-3-pyridyl)methyl]-4-methylpyridinium
bromide, dimethyl ester; 1-{(5, s-dioarboxy-
3-pyridy1)methyl]pyraziniun bromide, dimethyl ester;
1-[(5,6~-dicarboxy-3~pyridyl)methyl]pyridazinium bro-
mide, dimethyl ester; 1-[(5,6-dicarboxy-3-pyridyl)
methyllquinolinium bromide, dimethyl ester; 1-[(5,6~-
dicarboxy~-3-pyridyl)methyl)isoquinolinium bromide,
dimethyl ester; 3-[(5,6-dicarboxy~3-pyridyl)methyl]-
4,5-dimethyl thiagolium bromide, dimethyl ester:
3-[(5,6~dicarboxy-3-pyridyl)methyl]-4~methylthiazolium
bromide, dimethyl ester; and 1-{[(5,6-dicarboxy-3-
pyridyl)methyij-3-methyl imidazolium bromide, dimethyl
-eeter} and 1-[{5,6-dicarboxy-3-pyridyl)methyl]benzo~
thiazolium bromide, dimethyl ester.

' The formula I co-pounde'nay.be isolated in
high purity by filtrationm or, altetnatiﬁely, by extrac-
tion with water. | | :

The amines that may be used in the method of -

the invention are alkyl alinoe, S to 6 membered. eatu-._'

rated and 5 to 14 membered unsaturated heterocyclio

amines optionally eubstituted with one to three c1 c4 -

-:.alkyl groups, C,-C alkoxy groups or halogen atoms. -

The preferred aminee are c1 4 trialkylaminee, $ or é
membered saturated heterocyolio amines, and 5 to 14
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membered'unsaturated heterocyclic amines wherein the
heteroeyelio ring system contains one to three nitrogen
atoms and optionally inolude eulfur or oxygen in the

ring systen.

The more preferred amines include the elkyll
amines trimethyl amine and triethyl amine, the eeturate.
ed’hetefooyolie_aminee including pyridines, picolines,
pyrazines, pyridezieee triagines, quinolines, isogquino-
linee; ihideaolee, bengothiazoless and bensinidasoles, :
optionelly snbetitﬁted with one to three halogen etoms,
c,-C, alkyl groups or C,-C, alkoxy groups, and unsatu-
rated heterooyolio eminee such as pyrrolidines,
piperidines, pipereainee, morpholinee, thiasolidines
and thiamorpholines. L

The amount of halogenating egent ueed depends_
on both the reaction mode (batch vs. continuous) and ‘
the recycle procedures used to recover unreacted
starting material. Typically a batch reaction will

employ about 0.3 to 0.8 molar equivalents of the

halogenating agent and in a continuous reaction, less

molar equivalents of the halogenating agent are ini-
tially required. :

nelogeneting agents that may be used in the
method of the invention include N-bromosuccinimide,

1,3-aibromo~5 s-dinethylhydantoin, bronine, chlorine,

t-butylhypoohlorite, sulfuryl chloride, eulfuryl
bromide, N-chlorosuccinimide and the like. Preferred
halogenating agents are chlorine, bromine, N—broﬁosqu
cinimide, 1,3-dibromo-5,5~dimethylhydantoin and sul-
furyl chloride. Radical initiators suitable for use in

. the method of the invention include 2 2'-ezobieisobuty-"
- ronitrile, 2 2'-azobie(2-methylbutanenitrile), 2 z'-_[_'fl'
-:lesobie(z,4-dimethylpentanenitrile), l,l’-ezobie(eyclo-:{:'

fhexanecarbonitrile), organic and inorqenio peroxides

such as hydrogen peroxide, benzoyl peroxide and the
like, photoohemieal irradiation and the like with o
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2,2/~agobisisobutyronitrile and 2 2'-asobis(z-nothy1-
butanenitrile) being preférred. Among the cl-c4 :
trialkylanines that may be used in the method of the
invention are trinethylanine and: triethylanine._

Solvents that may be used in the method of
the invention include halogenatod hydrocarbons such as
dichloroethane, carbqn tetrachloride and the like,
halogenated aromatic hydfécarbons such as chloro-
benzene, dichlorobenzene and the like, nitrobenzene,
acdetic acia, water, and alcohols such as nethanol,
ethanol, n-propancl and the like as well as mixtures of
the above solvents. Preferred first solvents inélude‘
chlorobenzene, dichlorobenzene and carbon totiachlpride
and’mixtures of chlorobengene and methanol. Preferred
second sblvents include methanol, ethanol, chloro-
bengene. _ _

Another method of preparing certain formula I
compounds is shown below in Flow Diagram II:

nis Sheet Has Been Replac

T
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FLOW DIAGRAM II

o
BrCH, C-v
| ~N
-,
..Zl N C'Yl
- Il
4]
R4S05
I 2]
R3S-0-CH, C-Y
1] | ~
0
21 N C'Yl
I
0
z 0
R3804~ (C,-C, alkyl)zN-CH, Q u-v
l ~”,
- Il
.0

n

ﬁherein z, zi., ks, x”end'!' are as deseribed:abqve for
- formula I. - S

1

similarly, other formula I compounds may be

prepared by the reection scheme shown in rlow D;egram

- III:
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FLOW DIAGRAM 111

z r =
BFCHE NN -Y
. ‘ v
7 c—v1

l(cl-c4 alkyl),NH
'z

0
(C,-C4 alkyl)aN-CHj ﬂ-y
~,
21 lcl-.Yl
0

X (01-04 alkyl)aN"CHe

wherein 2, 21, Yand ¥

1

X-(Cy-C, alkyld

0
* z |
c-Y

(I

are as deseribed for formula I

above and X is I or 33803 as described above.

Alternatively, compounds of formula I in

which one of the R,: R1

or R, C,-C, alkyl groups is

attached to a polymeric material, nay be prepared by
passing ‘the formula Iv nixture over an anion exehange

resin containing anine substituents.
_'the formula IVb and Ive eompounds ‘do not react with the
resin and are removed.

anvantageously,_

The high purity ammonium halide_
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‘compounds are further reacted to give formula II

compounds. .
The ternule I compounds of the invention ‘are
intermediates in a method for the preparation of high
purity 5-(substituted methyl)-z 3-pyridinedieerbexy1ic
acid compounds of formula IX. Compounds .of formula II
may be pfepared by reneting.s,s-dieubstituted-s-pyri-

‘dylmethyl ammonium halide compounds of formula I as

described above with at least 1.0 molar equivalent of

an elkoxide_er elkyleultide cenpeund_ef'formula v

R,ATHY
v

wherein R7 and A are as described ebeve for formula II

‘and ¥ is an alkali netel such as sodium or petessium in

the presence of an erganic solvent preferably at a
tempereture range of 0 °c to 110°c to form a first
mixture further reecting said first mixture with at
least 2.0 molar equivalents of an agqueous base prefera-
bly at a temperature range of about 20%c to 120%c to
form a second mixture and edjusting the pH of said
second mixture to a value below 2.5 with an acid to
form 5-(substituted'nethyl)-2,3-pyrieinedicerboxy1ic
acid compounds of fernnle IXI. The nethed of prepara-
tion is illustrated in Flow Diagram IV.
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FLOW DIAGRAM IV

"-Yll”' -

1. RA™MY| 3. Acid
2. Base

R,ACH, '\\ COzH

-
2,77 SN NcogH

(1n

' The above method of the invention is espe-

oially'effioaeious for the preparation of high purity

formula II compounds wherein Z and 2
is 0 or 8 and R, is ¢, -

4 are hydrogen, A

1~C, alkyl. A'preferred formula

1T compound prepared by the method of the invention is

S-methoxymethyl-2, 3-pyridinedioarboxylio aoid.
The formula II compounds may be isolated by
filtration or, alternatively, by extraction with a

suitable solvent. In the 1solation prooedure suitable
extraction solvents inolude tetrahydrofuran and water-[;-.'-'
'immisoible aleohole alone or admixed with toluene._

' hqueous bases suitable for use in the method

' of the invention inolude aqueous sodiun hydroxide

solution, agqueous potassium hydroxide solution and the.
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Acids that may be used in the method of the

like.

-1nvention include mineral acids such as sulfuric noid,
-hydroohlorio acia and the like. -

- Organic solvents that nny be used in the
method of the invention include acetonitrile, tetra-

‘hydrofuran, aromatic hydrocarbons, nion alcohols .

whorein'n7 is as described above for formula II and the
like. Preferred inert organic solvents include alco-
hols oorresponding to R, in formula iI above such as
methanol and ethanol.

Alternatively, the corresponding diestors of
formula II compounds may be prepared by the following
reactions shown in Flow Diagram V: |

FLOH DIABRAM V

X~ a*-CH g-v
I ~”
Z, “C-Yy
!
R,A7H*

where;n z, 1, R,, n, Q, x and u aro as desoribed above
and R is c1 . alkyl optionally substituted with c -c
alkoxy or phenyl optionally suhstituted with one to'*-'
three C -c nlkyl groups, cl 4 alkoxy groups or -
halogon atoms, or phenyl optzonally substxtuted with
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one to three C

1-c nlkyl groups, C 1 ‘ nlkoxy groups or

_ The high purity tornuln II oonpounds are
useful as starting materials for the preparation of
herbicidal z-(z-tlidnsolin-z-yl)pyridine oonpounde
having the structural tornuln

wherein _
Ry is C,-C, alkyl;

Ry is c,-C, alkyl or C.~

when Ry and Ry

oyoloalkyl; end

3 .
are teken together with the carbon

to which they are attached they may represent

c.~ cycloalkyl optionally substituted with

3 6
. methyl;

2 is hydrogen or halogen;

g, is hydrogen, halogen, cyano or nitro;

A is O or 8;

R, is c14c‘ alkyl optionally substituted with phenyl
optionally substituted with one to three
cl elkyl groups or halogen atoms, or

phenyl optionally substituted with one to three

_ 'cl alkyl groups or halogen atoms; and’
when Ry and Ry represent different substituents, the
optioal isomers thereof. ) ' '

: hdvantageously, product tornula Vi compounds
obtnined from formula II oonpounds, prepared by the
method of the 1nvention, ere surprieingly purer than'..
formula VI oompounds obteined by the nethods of the -

prior ert. S
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In order to facilitate a further understanding of
the invention, the following;exhnples are preeented to
illustrate more speoifio deteils thereof. The inven-
tion is not to be linited thereby except ae detined in
the claims. The term NMR designatos nuoleer lngnetic
resonance and the term npnc designates high pressure
liquid chromatography.

.aration o! s-l-ni oxy-3-pyridyl ie='=1 tri-
methylammonium bromide, ' est i ~bromo-
succinimide - '

1. N-bromosuccinimide, 2,2°-
azobisisobutyronitrile

HgC- C0,CHy \
oS ‘\11::f]:: 2. Trimethylamine
- _
C0aCHg
Br~CCHg)gN-CH C0,CHy
_ _ |
N~ NC0,CHy

A mixture of dimethyl S5-methyl-2,3-pyridine-
dicarboxylate (523 g, 2.5 mol) in chlorobenzene

- (2,440 mL) is heateh‘to_sséc under nitrogen. A mixture

of N-bromosuccinimide (356 g, 2.0 mol) and 2,2’-azo~
bieieobutyronitrile (12.5 g, 0.076 mol) is added to the
reaction mixture over 1 hour at 80 ©.90°. after the
addition is oonplete, the reeotion mixture is held at
80° to 90°% for 1 hour, cooled ‘to room temperature
overnight and diluted. with water. The organio layer is

' separated, diluted with methanol, cooled to 10 ¢ and
| -enhydrous trimethylamine (180 mL, 1.8 nol) is added.,
"~ The. reaction mixture is stirred at 5 -10' c for 3 hourS-.'

and tiltered to obtain a solid.- The solid is dried

' overnight in a vacuum. oven to give the title product as
- a white solid (429 g, mp zoo —208 % dec).
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. Following the above prooedura, but substituting
diethyl 5-methyl-2, 3-pyr1dinadioarboxy1ata for dimethyl
5-methyl-2, 3-pyridined1cdarboxy1ate gives [(5,6~dicar-
boxy-s-pyridyl)nethyljtrinethylanuoniun bromide,

.diethyl ester as a white solid (ap 156°-

161 c deo).
EXAMPLE 2
a O - h o 3 o 4 i O
th ethyl 3-ai-
5,5-dim ' nto '

-~

1. 1,3-Dibromo-5,5-
" dimethylhydantion, 2,2-

Hac COQCHs . Y. . . -
\\Iijfi[: azobisisobutyronitrile
/ ’ R 3 . e
S ~C0,CH, 2. Trimethylamine
_ + o
Br"¢(CH3)3N~CH COpCHg
R S
' -~
. N COECH3

A mixture of dinethyl S5-methyl-2,3-pyridine-
dicarboxylate (105.s_g, 0.5 mol) in chlorobenzene

(470 mL) is heated to 85°C under nitrogen. A mixture
of 1,3-dibromo-5,5~dimethylhydantoin (71.5 g, 0.25 mol)

and 2,2'-azobisieobutyronitrile_(2.5 g, 0.015 mol) is’
added to the reaction mixture over 30 minutes at
80°-95°c. aAfter the addition is conplete, the reaction

' nixture is held at 8o° to 8S °¢ for 3.5 hours, cooled to
~ room temperature, waehed 'ith water and dried. The

dried organic mixture is diluted with methanol, cooled
to 10 °c and anhydrous triaathylamine (17. 4 g, 0.29 mol)
is added. The reaotion aixture ie stirred at 10 ©.3¢%

overnight and filtered to obtain a solid. The ‘solid is -
~ washed with chlorohenaene and vacuum dried to give the

title product as a white eolid (74 4 g, mp 200 ©.208 c :
dec’e : . . . .
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~ Br (CHg)aN~CH

1. CHgONa,
" 3. HpSO4

CH40CH COOH
| | - ¥ cooH
A mixture of 25% sodium methoxidc'in.methanol
(270 g, 1.25 mol) and [(5,6-dicarboxy-3-pyridyl)-
methyl]trimethylammonium bromide, dimethyl ester
(347 g, 1.00 mol) in methanol (650 mL) is heated at
reflux for 1 hour under nitrogen. Waterlcl L) and
sodium hydroxide (80.0 g, 2.0 mol) are added and the
reaction mixture is distilled until the pot is 100°-
105°C. The reaction mixture is cooled to room tempera-
ture, treated with sulfuric acid to adjust the pH to a
value from 1.5 to 2 and filtered to obtain a solid.
The solid is washed with water and dried in a vacuum
oven to obtain the title product as a white solia (mp
161°-;62°C) which is greater than 99% pure by HPLC
analysis.
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el - coéCHs_ S o |
-’\E\I : N-bromosuccinimide,
' / - . ’ - - - . B -
SN NC0,CHy 2,2%-azobisisobutyronitrile

Brcuz\(jicoacu3
N~ NCO,CH,

A mixture of dimethyl s-methyl-z 3-pyridine- '
diéarhoxy;;tp (30.0 g, 0.143 mol), N-bromosuccinimide
(32.0 g, 0.18 mol) and 2,2’-azobisisobutyronitrile (0.9
g, 0.0055 mol) in carbon tetrachloride (200 mL) is
heated at ao°c.for 1.5 hours. Additional 2,2’-agobis-
isobutyronitrile (0.9 g, 0.0055 mol) is added and the
reaction mlxture'is'heatéd at reflux for 2 hours,
cooled to. room tempgratﬁra and filtered. The filter
cake is washed with carbon tetrachloride. The filtrate
and wash are combined, washed with water and concen-
trated in vacuo to give an oil. The oil is shown by
HPLC to contain 57% of the title product, 16% dinethyl
s-methyl-z 3-pyridinedicarboxylato and 23% dimethyl
s-dibronomethyl-z 3-pyridinedicarboxylate.

Preparation of [(5,6-Dicarboxy-3-pyridvlimethyllpyri-
dini dimethyl ester E

BI';CH co CH . .: 8r
a\@ ¢ - pyridine
. ’ _-——..)
- ' COaCHa : -
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A mixture of the oil prepared in example 6
(32.0 g) end pyridine (9.2'g, 0.12 mol) in absolute
ethanol is heeted et retlux for 2 hours under nitrogen,
cooled to room tempereture and filtered. The filter
cake is washed with othenol and vacuum dried at 50 % to
give the title product as a solid (18.1 g) which is
greater then 99% pure by HPLC analysis. -

. EXMMPIE 6
re aration'o ,6~Dica; - a thyl
trimethylammonium bromide, thyl ester e 1

using anhydrous trimethylamine

BrCHa~__~__-C02CH o
a\\Iijii[: g3 trimethylamine
B >
- N £0,CH, ethanol .

+ .
Br~(CHg)4NCH CO,CHy
~

_ CO,CHy
A mixture of an oil prepared according to the

procedure of example 6 (100 g) in absolute ethanol is
cooled to 5 °c under nitrogen. Anhydrous trimethylamine
(16 g, 0.27 mol) is added and the reaction mixture is
stirred for 3 houre7a£:s°c and filtered. The filter
cake is washed vith ethanol and air dried to give the
title produot as a vhite solid (49 14q9).

e i i,
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Pr ation of Dimethyl S- . ~2,.3~-pyridine~

+ . .
. Br(CHg)3N-CH N~ C02CHs CHgONa CH30CHa ., ~C02CHs
| . ChaoH P
- _ N7 NCOpCHy 3 N~ SCO0,CHg

, A mixture of 25% sodium methoxide in methanol
(320.0 g, 1.5 mol) and [(5,6-dicarboxy-3-pyridyl)-
mathyl]trimathylammonxum bromide, dimethyl ester (160.0
g, 0.5 mol) in methanol (650 mL) is heated at reflux
for 6 hours under_nitrogen. The reaction mixture is
cooled to 5°C ana acetic acid (90 g) and water (200 mL)
are added. Methanol is removed in vacuo, water is
added and the mixture is extracted with methylene
chloride. The combined organic extracts are washed
sequentially with 5% sodium bicarbonate solution and
water and concentrated in vacuo to obtain the title
product as a clear liquid (83.2 g) which is identified
by n NMR spectral analysis.

Following the above procedure, but substituting
[ (5,6-dicarboxy-3-pyridyl)methyl]pyridinium bromide,
dimethyl ester for [(5,6-dicarboxy-3-pyridyl)methyl]-
trimethylammonium bromide, dimethyl ester gives the
title product as a clear liquid.
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EXANPLE 8. _
Preparation of S5—(Methe ethyl)-2,3-pyridinedicarbo-
xylic acia - : : ' A
" CHaOCH  _CO,CHa ' CHL0CH CO,H
‘ S NS 873 1. NaOH, He0 3TTe NS e
5 : | P : — ] _
o N NcogcH; 2 HeSO4 N~ NCOo H

aqﬁikture:ot dimethyl 5-(methoxymethyl)-2,3-
pyridinedicarboxylate (60.0 g, 0.25 mol) and 50% sodium
10 hydroxide solution (50.0 g, 0.63 mol) in water is
heated at 90°-110°c for 2 hours under nitrogen'yhile
distilling off methancl and water. 'Thq'reaction-
mixture is cooled to 1o°c, treated with sulfuric acid
to adjust the pH to 2.0 and filtered to obtain a solid.

15 .The solid is washed with water and vacuum dried to give
the title product as a white solid (44.3 g, mp 161°-
162%). -
EXANPLE 9
Preparation of 2,3-pyridinedicarboxylic acid, S-
20 a atic e) methyl bromide dimeth ster
BrCH CO,CHg3
e N : : Aromatic Amine
25 | >
< o Reaction Solvent
N~ “CO,CH,4 ' _
4+ - .ff:_'. .H'j_ o
.0 CHE' : COECHS:" ' 
30 _ L

N~ NCO,CH; -
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To a 250 mL flask under nitrogen were added the reac-

tion solvent set forth in Table I (either 100 mL g of

absolute ethanol or 200 mL of a 50/50 mixture of _
methanol/chlorobengene), and 30 g of crude s-noncbromo- .
methyl pyridine-z 3~-dicarboxylic acid, dimethyl ester
(57% real by HPLC), and 0.1 moles of an aromatic amine
set forth in Table I. The mixture was heated to reflux
and held fcr'approxinately 5 hours. The reaction |
solvent was removed under vacuum at 40-60°C. The
resulting residue was cooled to room temperature and -
slurried with approximately 100 mL of an organic .
solvent identified as the "slurry Solvent" in Table I.
The mixture was then filtered and the cake was washed
with approximately 50 mL of the slurry solvent. The
resulting crystalline solid was vacuum dried at 50°¢C.
The melting points were then taken and structure was
confirmed by H, 3c, MMR and 13c arr1 MMm.



AROMATIC AMINE SALTS OF S-METHYL-2,3~DICARBOXYLIC DIMETHYI, ESTER -

Aromatic
Amine

Reaction
golvent

TABLE I

slurry
Solvent

Isolated
salt

Yield, g -

Melting
_ Pgint :
C

Q-Picdline

Pyrazine

Pyridazine

- Ethanol

Ethanol

Ethanol

Acetone

Ethanol

Acetone

15.2

 12.5

18.2

155-157

167-169

135-137

_7z.-

{:).

i WA ¢ % A

PP P




TABLE I (CONTINUED)

Quinoline Ethanol ~ Acetone/’ . 14.6 112-114.
' ' ' S Toluene _
oquinoline uathanél/ Acetone 22.9 : 164-166 - :)
: . Chlorobenzene ' o
o
N
v
4,5~dimethylthiazole Ethanol THF 9.2 . 133-140

. 4=Methylthiazole Ethanol TRR 9.0 . 112-115




i-Methylimidagole

‘Benzothiazole

TABLE I (CONTINUED)

Methanol/ Acetone.
Chlorobenzene

Ethanol Acetone |

19.4

109-111

93-97 . *

-gz-..
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I CLAIM:

i. A 5,G-disubstitutod—3-pyridylnothy1 anmonium
halido compound having the structural fornula

-

wherein

2 is hydrogen or halogen:;

z, is hydrogen, halogen, cyano or nitro;
X is cl, Br, I or 83803.

R, is C alkyl or

_ ph:nyl optionally substituted with one to three
01 alkoxy groups, c1 alkyl groups,
nitro groups, cyano groups or halogen atoms;

Y and Yl are each independently 0R4, NR‘RS, or when
taken together !Y is -0-, -8~ or =NR,-}
R, and R are each indopondently hydrogen,
ci-c alkyl optionally substituted with 01 4
alkoxy or phenyl optionally substituted with
one to three cl-c‘ alkyl groups, C
groups or halogon atoms, or
phenyl optlonally substituted with one to three
c1 alkyl groups, °1 4 alkoxy groups or
halogen atoms; '
| R is @yorogon or c1 - c‘ alkyl.-
Q is

1 4

* c L M [ *

alkoxy .
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Rep _ :
Z ;
s 3. BRI
|’ |
R, R, and R, are each independently C,~ elkyl, and
when taken together, R and Rl nay torm a 5~ or 6~
membered ring in which RR is represented by the
structure: -(cx ) -; optionelly interrupted by O,
'8 or NR, ., where n 1s an integer of 3,4 or 5,
provided R, is ¢ = elkyl.;-
z is o0, 8 or NR;o" o _-. _
1 is cl-c‘ alkyl; and- R T o
311 and 312 are each independently hydrogen, halogen,_
01-04 alkyl or cl-c alkoxy, and when taken

4.
together, 211 and R 12 Day forn a 5- or G-membered

1
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wherein

5

saturated or unsaturated ring optionally inter-
rupted by 0, 8, or NR,, and optionally substituted
with one to throe halogen atols, c,-C, alkyl

groupe or cl'c alkoxy groups.

2. _Qho'oonpound according to claim 1,

2 is hydroqen:

z is hydrogen.

X is Cl or Br;

Y and ¥, are each independently.on‘:

a is cl-c alkyl:
Q is '
Ri1
R R
’ NG | 12
Ri-N- or : . ?
l Rqq N "Ry
Ro l

R,'Rl and 32 ere each independently methyl or ethyl:;

Ry1

and R 12 are eaoh independently hydrogen, halogen,
cl alkyl or c1 4 elkoxy, and wvhen taken

together,_811 and R 12 may form a 5- or 6-membered

~ saturated or unsaturated ring optionally inter-

and optionally substituted

‘rupted by O, 8, or ¥R,

with one to three helogen atons, 01 c4 alkyl'
groups or c1 alkoxy groups. and
is °1’°4 alkyl... e : :

53;f The conpound eooording to olain 2,;,":

selected from the group coneisting of [(s s-dicarboxy-:-l

ester; [(s, s-dloerboxy-sfpyridyl)methyl]

| 3-pyridyl)methyl]trimothylammonium ‘bromide, dimethyl

R



-

trimethylammonium bromide, distbyl sstsr. [(5,6-
dicarboxy-s-pyridyl)notbyl]pyridiniun bronido, dimethyl
_sstor: and l-[(5,G-dioarboxy-s-pyridyl)nsthyl]
isoguinoliniun bronids, dinethyl ester.

4. A method for the propsration of a 5,6~
disubstitutod-a-pyridylnotbyl ammonium halide compound
having the struotural formula :

| ; 0
%= Q*-CHo_ C-y
| | N

o .
Zy N C-Yy
D IJ -

' wherein
2 is hydrogen or halogen;

z is hydrogen, halogen, oysno or nitro;
X is cl, Br, I or Rsso ?

3
R, is c1 nlkyl or . _
phenyl optionally substituted with one to three
c1 alkoxy groups, C alkyl groups,

nitro groups, cyano groups or halogen atoms;
Y and ¥, are osoh independently OR,, NR, R, OT when
tsksn together YY, is =0-, =8- oOr -NR -3
R and Rs are snob indopsndsntly hydrogen,
c -c alkyl optionally substituted with c1 4
nlkoxy or phonyl optionally substitutsd with
one to tbrso cl-c‘ slkyl groups, 1—c4 alkoxy
groups or hslogsn ntons, or
phenyl optionally substituted vith ono to three
_ c1 4 slkyl groups,'c1 slkoxy groups or '
L hnlogon atoms.p,ﬁ,,; . -
R ‘is hydrogen or c1 -*c slkyl,s
Q is -

* [ L M s *
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Ry1
R Ry Ryn
PR :
R1"N- ? } ~ 3
| Riy”™ "N, "Ry
Ra O
Ri1 L ITY

A

/,

/ N
=
24

R
R1a R11 Ri1 Rip V., 12
12
Ry Rig
T RN ioor

Ree | : —_—
Zp '
llgx o A
. _ : _ *
R, R, and R, are each independently C,- ‘ alkyl, and
when teken together, R and R ney form a 5- or 6-
membered ring in- which RR, is represented by the
structure: (cn ) -, optionelly interrupted by O,
8 or nnlo, where n is an integer of 3,4 or. 5,
provided R, is c1 elkyl._' '
2z, is 0, 8 or NRlo';u:“' A
o i8 ¢;-C, elkyl,bend. : P B T PTIRA
211 end R12 ere eeeh independently hydrogen, helogen,_
.c1 alkyl or 01 elkoxy, and when taken j_ )
together, 811 and R 12 DAY form a 5- or s-membered
saturated or unseturated ring optionally
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interrupted by O, 8, or ¥R, and optionally

substituted with ene te three ‘halogen atonms, cl-c4

alkyl groups or c1 elkexy groups; :
which is characterized by reecting a 5-methyl-2,3-
yridinedicerbexylie eeid derivetive compound having
the structural fernule o '

wherein %, zl, Y end !1 are as descr;bed above with a
halogenating agent in the_presence of a first solvent,
optionally in the preeenée of a radical initiator to

_form a first mixture conteinxng compounds having the
structural formulas

wherein 3, zl, Y and !1 ere as described ebeve and
X is Cl or Br, reacting eeid first mixture with at
least 1. -0 molar equive;ent of a ¢,~C, trialkylamine, a
5 to 6 membered saturated or 5 to 14 membered unsatu-
rated heterocyclic emine, optienally substituted with
one to three c1 c4'e1ky1 greups, ci—c4 elkoxy groups or-
halegen etome in the preeence ef a secend selvent to

form seid 5,6-disubst1tuted-3-pyridylnethyl emmenium
halide compound. SOTETE

mmmmmm
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5. The method according to claim 4, wherein
the radical initiator is present in a catalytic amount;
the halogenating egentiie present in the amount of at
least 0.3 molar equivalents; the first solvent is
selected from the group consisting of carbon
tetrachloride, chlorobenzene and mixtures thereof; the
second solvent is selected from the group consisting of
chlorobenzene, methanol, ethanol and mixtures thereof;
and wherein the temperature of the first nixture is
about 0 c to 100 c. '

6. The method according to ciain 4, wherein
the halogenating agent is selected from the group
consisting of N-bromosuccinimide, 1,3-dibromo-5,5-
dimethylhydantoin, chlorine, bromine, sulfuryl bromide
and sulfuryl chloride; the radical initiator is selec-
ted from the group consisting of 2,2/-azobisisobutyro-
nitrile, 2,2/-azobis(2-methylbutanenitrile), 2,2’-ago-
bis(2,4~-dimethylpentanenitrile) and 1,1’-azobis(cyclo-
hexanecarbonitrile); and the c1'°4 trialkylamine is
selected from the group consisting of trimethylamine

and triethylamine.

7. A method for the preparation of a 5-(sub-
stituted methyl)-2, s-pyridinedicarboxylic acid compound
having the structurel tormule

whereta IIIIIIII IIIIII 1]} lIIlI ll IIII

2 is hydrogen or helogen._-ﬁ; S

2, is hydrogen, helogen, cyano or nitro._

'A is 0 or 87 and e AP

R7 is c alkyl optionally substituted with phenyl
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optionally substituted with one to three
cléc‘ta1ky;_groups or helogen atoms, or
phenyl optionally substituted with one to three
¢,-¢ elkyl groups or halogen atoms which
is characterised by reacting a 5, G-disubstitutedrs—
pyridylmethyl ammonium halide compound having the
structural formula

X~

wherein

g is hydrogen or halogen:

21 is hydrogen, halogen, cyano or nitro;
X is C1, Br, I or. 83803.

R, is ¢ ~C, alkyl or

ph:nyl optionally substituted with one to three
¢,~C, alkoxy groups, ¢,-C, alkyl groupe,
nitro groups, cyano groups or halogen atoms;
Y and ¥, are each independently OR,, NR_R;, or when
taken together !Y is -0~, -8- or ~NR =7
R, and R are each independently hydrogen,
c1 c alkyl optionally substituted with c1 4
alkoxy or phenyl optionally substituted with
- one to three cl-c alkyl groups, cl-c‘ alkoxy
. groups or halogen etons, or
phenyl optionally substituted with one to three
c1 alkyl groups, C,-
o _ halogen etoms. B .
| n is hydrogen or c1 - c elkyl._"
Q is '

1 alkoxy groups or

KA R AR 1
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Ry1 ™ ﬁ’li"R11

P RIS

R, R, and R, are each independently c,-¢, alkyl, and
when takon together, R and n may form a 5- or 6~
membered ring in which RR is represented by the
structure: -(CH, ) -y optionally interrupted by o, '
8 or ano, where n is an integer of 3,4 or 5,

. provided R, -is 01 . alkyl:

2, is 0, 8 or ano. S

is c,~C, alkyl; and " : , T

R11 and R12 are oach independently hydrogen, halogen,-

alkyl or c,=C, - alkoxy, and when taken S
togather, R11 and Rlz may form a 5- or Gfmembered
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saturated or unsaturated ring optionally inter-
rupted by O, 8, or BR,, and optionally substituted
with one to three halogen etens, cl-c4 elkyl
groups or. c1 elkoxy groups; _
with at least 0.1 uoler equivalent of an alkoxide or
alkylsulfide co-pound having the structural formula
- 3 R,Aa "% |
7
wherein R, end A are as ~described above and M is an
alkali metal in the presence of an orgenic solvent to
torn a first mixture, further reacting said first
mixture with at least 2.0 molar equit .ents of an
aqueous base to form a second mixture and adjusting the
pPH of said second mixture to a value below 2.5 with an
acid to form said S5-(substituted nethjl)-z,s-pyridine-
dicarboxylic acid compound.

8. The method according to claim 7, wherein
the aqueous base is selected from the group comsisting
of aqueous sodium hydroxide solution and aqueous
potassium hydroxide solution; the acid is selected from
the'group consisting of sulfuric acid and hydrochloric
acid; the n,on_elcohol is selected from the group
consisting of methanol and ethanol; the temperature of
the first mixture is about 20°¢C to 110°c'end the
tenpereture of the secend mixture is about 20°c to
120 c.

9. A method for the preperetion of a 5-(sub-
stituted methyl)-2, s-pyridinedicarbexylie ecid compound
: huving the structurel formule

R A
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wherein

2 is hydrogen or hslogen:

2, is ‘hydrogen, hslogen, oyeno or nitro:
A is O or 8; and _
n, is c,-C, alkyl optionelly substituted with phenyl
optionally substituted with one to three
i 01 elkyl groups or halogen atoms, or
phenyl optionally substituted with one to three -
' ¢,-C slkyl groups or helogen etons which is
ohereeterised by resoting a S-methyl-2, 3-pyridinediesr-
' boxylic acid compound_having the structural formula

wherein

Z is hydrogen or halogen:

z is hydrogen, halogen, cyano or nitro;

Y and Yl are each independently OR NR4RS, or when
taken together YY, is ~-0-, -8- or -NR -}

R, is hydrogen, '

c,- elkyl optionelly substituted with c,-

1 b £ 4

elkoxy or phenyl optionally substituted with
one to three cl-c‘ alkyl groups, ci--c4 alkoxy
groups or hslogen -atoms, or -
phenyl optionelly substituted with one to three
c -c slkyl groups, ‘ alkoxy groups or
helogen etons: end _ _
R is hydrogen or c1 C, elkyl with a helogensting egent
in the presenoe of a first solvent, optionelly in the
presence of a rsdicel initietor to form a . first mixture a
oontsining oompounds hsving the struoturel formulss

1

i miat st A am 7 b e T e PN

|y mlumy i
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D.
Z
I
H3 \ C-Y
+ | -
zZ, N Nc-v,

| wherein Z, 21, Y and Y are as described above and

jx is Cl1 or Br, reacting said tirst mixture with at
least about 1.0 molar equivalent of a cl-c trialkyl-
~amine, a 5 to 6 membered saturated or 5 to 14 membered
.unsaturated heterocyclic amine'optionally substituted
with one to three C,-C, alkyl groups, c,-C, alkoiy
groups or halogen atoms in the presence of a second
solvent to form a 5,6-disubstituted-3-pyridylmethyl
ammonium halide coﬁpound having the structural formula

X"

wherein Z, ,r X, X and Y, are as described above and
Q is ' '

- A
=
1

=

AR O
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or

R, Rl end R are each independentlj'cl-c‘ alkyl, and
when teken together, R and R, may form a 5- or 6-
membered ring in which RR, is represented by ‘the
structure: -(CH, optionally interrupted by 0,
8 or NR,.., where n ie an integer of 3,4 or 5,
provided R, is c,-C, alkyl:

z is 0, 8 or ano.

is cl-c alkyl; and
311 and 312 are eaoh independently hydrogen, helogen,_
S 1 elkoxy, and when taken

c, - alkyl or c,~-
and R may form a 5- or 6-membered

1
together,' 11 12

saturated or unsaturated ring optionally inter-
_rupted by o, 8, or ano and optionally substituted _
- with one to three halogen etoms, -elkyl
: "'groups or c alkoxy groups; _ i : :
B reaot1ng the said 5 s-disubstituted—3-pyr;dylnethyl
 ammonium halide compound with at least 1.0 molar _

[

1 4
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equivalent ‘of an alkoxide or alkylsulfido conpound
having the structural formula

| . n,n-'x
whsrcin R, and A are as described above and N is an
'alkali metal in the presence of an organic solveat to
form a second mixture further reacting said second
mixture with at least 2.0 molar egquivalents of an
aqusousubasc to form a third mixture and adjusting the
PH of . said third mixture to a value below about 2.5
with an acid to form said s-(substitutod nsthyl)-z 3=
.pyridinadicarboxylic acid compound.

+

10. The method according to clain 9, wherein
‘the radical initiator is present in a catalytic amount;
the halogenating agent is present in the amount of at
least 0.3 molar equivalents; the halogenating agent is
selected from the group consisting of N-bromosuccini-
mide, 1,3-dibromo-S,5-dimethylhydantoin, chlorine,
bromine, sulfuryl bromide and sulfuryl chloride; the
radical initiator is selected from the group comsisting
of 2,2/-azobisisobutyronitrile, 2,2’-agobis(2-methyl-
butanenitrile); 2,2/-azobis(2,4~dimethylpentanenitrile)
and 1,1'-asobis(cyclohsxanscarbonitrils); the c,-C,
trialkylamine is selected from the group consisting of
trimethylanins and tristhylamins: the aqueous base is
selected from the group consisting of agueous sodium
hydroxide solution, aqueous potassium hydroxide
solution; the acid is selected from the group
consisting of sulfuric acia and hydrochloric acid; and
whersin the temperature of the first nixturs is about
0% to 100 c, the tsmperature of the second mixture is
'about 20 c to 110 c, and the tsmpcraturc of thc third
nixturc is about 20 c to 120 c..- ' -

T« ¢ L M s %



