5 6 DI§gE§¥hé_ D- 3- PYRI DX_METHYL  AMVONt UM HALI DE CONPOUNDS
USEFUL F PPARATI ON/ OF 5- - (SUBSTIT@?ﬁD METHYL ) -
, 3- PYRL DI NEDI CARBOXYLI C ACI DS - It is an object of this
i-mvent fon to provide high purity 5, 6-disubstituted-3-pyridyl methyl
anmoni um hal i de conpounds which are useful internediates in the
preparation of high purity 5- (substltuted nethyl)-2,3- 5

pyri di nedi car boxyli.c acids and which are" rel7ated to conpounds

described in EP-A-0461401. It is also an object of the invention to
provide a nethod for the preparation. of the 5, 6-di- -

substi tut ed- 3- pyri dyl met hyl amoni um hal i de conpound§—‘_‘“—-—aﬁd~a_nEthﬂ
for the preparation of 5-(substituted 10 his

met hyl ) - 2, 3- pyri di nedi car boxylic acids. from sai d nest Has Been Replaced
5, 6-di subst I tut ed- 3-pyridyl net hyl anmmoni um hal i de H"IMMI"’H"I

The present invention ralates to 5, 6-di sub-- -

SUBSTI ETHYL) =2 ,3-PY. ICARBOXYLIC 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-

5 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

10 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

15 formula I

*_
20

. wherein - o
25  Zis hydrogen or helogen.: 3



gtit'ut ed- 3- pyrldylnethyl ni um hal i de |
\ conpounds of=l5 o f
[grr] o mheEfln fS {a§ng i s hydrogen or halogen“% ormia
-2- err] is hydrogen, hal ogen, cyano or nitro; X

. Brz | or Rerr]SJerr], Rlerr] is Cerr]-Cerr] alkyl-.. o
phenyl optionally substituted with one to three 5
CJerr]-Clerr] -alkoxy groups, - Clert]- C[err] aIkyI gr oups,

nitro groups, cyano groups or halogen at of

: ~grou Y and Y

;gdependently ORerr], NRerr]Rerr], or when . taiéﬁ ?gggther
[err] is -0-, -S .or -NR[err]-; - R[err] and R[err] are each

I ndependent | h d _
P y & r?%?%ydrogon, halogen, cyano or nitro;

X is cl, Br, I or 33803,_
is cl-c alkyl or . o , -
phenyl optionally substitutod with one to three
5 _{ c,-¢ alkoxy groups, C alkyl groups,
nitro groups, cyano groups or halogen atoms,
! -and Yl are each 1ndopondontly on‘, NR435, or whon
takon togothor !! is =0-, =8~ or -NR -}
R‘ and Ry are each indopondontly hydrogen,
10 cl'c4 alkyl optionally substituted with c1 4
' alkoxy or phenyl optionally gsubstituted with
one to throo c1 c4 alkyl groups, c1 alkoxy
groups or halogen atoms, oOr
; phenyl optionally substitutod with one to three
15 c,-c, alkyl groups, C,-C o 3lkoxy groups or
halogen atoms;

R is hydrogen or C; - ¢, alkyl:

Q is
Ri1
R R R
| ¥ NG 12
20 Rq-N- ; - ‘ ;



10 - Clerr]-derr]. alkyl optlonally substituted with Jerr]-Cerr]

alkoxy or phenyl optional fy}substituted with = { ) one to
three CJerr]-Cerr] alkyl groups, (err]-Cerr] alkoxy
grQups .or hal ogen atons, or . phenyl optionally substituted
With one to three 15 (err]- C[err] al kyl groups,
Cerr]- C[err]~'alkoxy'groups or N : - hal ogen at ons;
Rlerr] is hydrogen or CJerr] - Cerr] alkyl3 = Qis [err]
- 3- : E R _

Ry

5
Rn‘/L::“/J\Ru

’ R
Riz |+ 12
Rya
. : \\+/. Rip
10 . .
e /k\ | . [ ] or
- Rqy Ria

| Ree
Zp
/Z’_
15 Ryq 7 TRy,
|+

R, R, and R, are each independently °1'°4 alkyl, and
when taken together, R and R1 may form a 5~ or 6-
20 membered ring in which RR, is represented by the
structure: =(CH,) =, optionally interrupted by O,
8 or NR,,, where n is an integer of 3,4 or 5,
provided R, is c,-C, alkyl;
32 is o, 8 or~unl°;
25 R0 is C,-C, alkyl; and
R,, 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-
30 . rupted by o, 8, or and and optionally substituted
' with one to three halogen atoms, ci 4 alkyl

E groups or c1 alkoxy groups.uw -

11 12

: . The present invention also relates to an
35 - efficient method . for the preparation of high purity



[err]’ ' _ 'R,- err]- and R[érr] are each i ndependently Cer]
-Cerr] alkyl, and - ' ‘when taken toget her, E‘and Rlerr] may form

a 5- or_ 6- 20 nenbered ring in which RR err] -fs represented by
the. : structure: -(CHerr]- , optionally interrupted by 0,

s or NR[err] where n is an |nteger of 3 4 or 5, provi ded
Rerr] is Cerr]- C[err] aIkyI -7 Z[err] is O. Sor NRerr] 25
Rlerr] - is (Jerr] -(err]: aIkyI. andt = 4 Rerr] and Rerr] are each
i ndependently hydrogen, halogen, ~ ~ . .. (err]-Jerr] alkyl or
Cerr]-Cerr] al koxy, and when t aken - together, Rerr] and

Rlerr] may forma-5-.or 6-nenbered . saturated aturated
ring optionally .fmmuleot °°“P°'m“ and,theiy, use in '01"'%’&‘%5#J f

optional |y subst lpﬁﬂketien of high \p\iﬁtywes-t(csdﬁumdtawmwm,s-

The present 1 nve%ﬁrﬂm@mﬁ@ff (it e e ool R e

preparatian of hlgh purlty

RyACHa~_
5 - _
_ 2,
(11
_ wherein _
10 . Z is hydreqen or hnlogen.
| 2, is hydrogen, halogen, cyano or nitro;
A is O or 8; and _
R, is c,-C, alkyl eptionaily substituted'with_pnenyl |
optionally substituted with one to three
15 _ 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-nethyl-z,s-pyridine-
20 dicarboxylic ncididerivntive compounds of formula III
25
. (III)
wherein %, 2,, Y and Y, are as described above w;th a
‘halogenating egent in the presence of a first solvent, _
30 eptionelly in the presence of a cetelytic smount of a o

.-rndicnl initintor, preferebly at a temperature range of :rp_-%

about 0 °c to 100 c to form n first nixture conteining
:compounds of foruuln Iv e : Co



-4r fornula | cogpounds and their use in a nethod for the
preparation of high purity:5)(substituted nmethyl)-2, 31—}

pyrldlnedlcarboxyllc acid conpounds of fornula Il - - .[err]
whier ei i 10 Z i s hydrogen or hal ogen; Z[err] is hydrogen
hal ogen, cyano or nitro; ° Ais 0 or S; and Rlerr] is~
Clerr]-Cerr] alkyl optionally substituted . with phenyl LT
optional ly substituted with one to three ¥558§ = Clerr]-Cerr]
al kyl groups or hal ogen atons or o phenyl optionally substituted
with one to three Clerr]-derr] alkyl groups or hal ogen
at-ons. Conmpounds of fornmula I, wherein Xis Cl or
Br, may be prepared by reacting 5-nethyl-2, 3-pyridine- 20 di car boxylic
acid derivative cgonpounds. of formula I11 [err] _ - MhﬂLPIn Z, .-
Z[err], Y and Y[eyr] are as described above mnth a

5

(av

10 whereih'z, 21, Y and Yl are as described above and
' X is C1l or Br. The amount of halogenating agent used
is chosen to minimigze the production of formula IVb
compounds. Said first mixture is then reacted with at
| least 1.0 molar equivalent of a c,-C trialkylamine, a
15 5 to 6 membered saturated or 5 to 14 momborod unsatu-

' rated heterocyclic amine optionally substituted with
one to three cl-c alkyl groups, C - aikoxy groups or
halogen atoms, in the presence of a second solvent
preferably at a temporaturo range of about 0 °c to 100 °c

20 to form 5,6~disubstituted-3-pyridylmethyl ammonium
halide compounds of formula I. The method of prepara-
tion is illustratod in Flow Diagram I.



hal ogenating agent in the Q\esence of a first solvent, 30 optionally

i'n the presence of a catakyfic amount of a ' radTpaI initiator,
preferably at a tenperature range of .. about O[err] Cto 100[err]C
tohformia first mxture containing . conpounds of formula IV

[err] 10 wherein . Z Zferr], Y and Y[err] are as described
above and - Xis Cl or Br The “amount of hal ogenating agent used

is chosen to mnimze the productlon ‘of fermul<a | Vb conmpounds. Said
first mixture is then reacted with at | east 1.0 nol ar equival ent of
a Cerr] -Cerr] trialkylamne, a 15 "5 to 6 nenbered saturated or 5 to

14 menber ed unsat u-

FLOW DIAGRAM I

Lol
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5
halosenaiins radical
agent initiator
Eol Eol
C-Y  Hg c-v
=
10 i + . |
C-Yl 11 C"Yi
4 J
b <
(Iv) I
1 cl-c4 trialkylamine or
optionally substituted
heterocyclic saturated
or unsaturated amine
15
_ The above method. is espeoially efficacious for the .
preparation of" fornula I compounds wherein'”'” ' -
20 o

. B ie hydrogen,to‘.g
3, is hydrogen, o
'x ie cl or Br;



rated heterocyclic an1ne optionally substituted with one to three
C[err] Clerr] alkyl groups,j (ferr]-Cerr] -alkoxy grqﬁhs or

hal ogen atons, in the presence of a second sol vent - preferably at a
t enper atture range of about O[err]C to 100C 20 to form -
S5, -di substituted-3-pyridyl methyl anmoni um hal i d, conpounds of
formila . The nethod of prepara- -~ . tionis illustrated in Fl ow

Di agram | . S . -7 - o

Y and Yi are each independently OR,:
R, is ¢c,-Cc, alkyl: and
'R, R, and R, are each independently methyl or ethyl, or’

when R and R are taken together with the nitrogen

5 _ atom to whioh 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)nethyljtriﬁethylannoniun bromide,

10 dimethyl ester; [(5,Gedioarbory-s-pyridyl)nethyl]tri—
methylammonium bromide, diethyl ester; [(5,6-dicarboxy-
3=-pyridyl)methyl]pyridinium brohide,.dinethyl ester;
1-[(5,6-dicarboxy-3-pyridyl)methyl]-4-methylpyridinium
bromide, dimethyl ester; 1-{(5, s-dioarboxy-

15 ' 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,

20 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

25 ester; and 1-[(5,6-dicarboxy-3-pyridyl)methyl]benzo-
thiazolium bromide, dimethyl ester.

' The formula I oo-pounds'nay.be isolated in
high purity by filtrationm or, alternatirely, by extrac-
tion with water. | |

30 The amines that may be used in the method of -
the invention are alkyl alinee, 5 to 6 membered satu-.
rated and 5 to 14 membered unsaturated heterocyolio

| amines optionally substituted with one to three cl-c4'

-_-alkyl groups, C 1~C alkoxy groups or halogen atoms. -

35 . The preferred amines are C,-C, ‘trialkylamines, S or 6
membered eaturated heterooyolio amines, and 5 to 14

1 ‘ ' PN
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The abqve nethod is especially efficacious for the

[err] . !
preparation of formula:l qﬁﬁpounds wherein 20 ' (74 is-hydrogen;
ZLgrr]L i s hydrogen X is Cl or Br -

5

10

15

20

25

30

35

his Sheet Has Been ReplacedTi

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 amines including pyridines, picolines,
pyrasines, pyridezinee triazines, quinolines, isoquino-
lines, imideaolee, bengothiazoless and bensinidasoles, :
optionelly snbetituted with one to three halogen atoms,
c,-C, alkyl groups or C,-C, alkoxy groups, and unsatu-
rated heterooyolio eminee such as pyrrolidines,
piperidines, pipereainee, morpholines, 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 s-dimethylhydantoin and eul-
furyl chloride. Radical initiators suitable for use in

. the method of the invention include 2 2'-ezobieisobuty-"
. ronitrile, 2 2'-azobie(2-methylbutanenitrile), 2 2'-_[_ .

-: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



-7- Y and Y[err] are. each'independently CR[err]; ' R err]

Is Cerr]-(err] alkyl; an(d_/? "R Rerr] and'R[e@ are each _
i ndependently nethyl or ethyl, or when R-and Rl err] are taken.
t oget hef with the nitrogen 5 atomto which they are atta_(_:_hed__

they forma pyridine ring provided that Rlerr] is not "~

present. : ' Preferred fornula | corrpounds t hat are. )
prepared by the met hod of the invention are $(%,6-di- =~ - -

car boxy- 3- pyri dyl') nmet hyl ] tri met hyl ammoni um brom de, 10 di rre-t hyI_ ester;

[ (5 ,6-dicarboxy-3-pyridyl)methyl]tri- met hyl ammoni um br om de,

di et hyI ester; [(5, 6-dicarboxy- 3-pyridyl) net hylgfyrl di ni. um

broni de, di met hy|zegfeuohi.sisohutyronitr:ue and 2,2’~-ago s(z-nothyl-

1-[ (5, 6-dicar boxynataﬂahﬂﬁ-im hu&in ﬁf&ﬂéﬁdéidlﬂw@ the ¢, =-&! oni de,
aimechyi“ester LT e T A a8t

brom de, di net hyI
1-[ (5, 6-di car boxy:lﬂvputid;l mthyilllMthlin md)rtt.tethyluinm de,

orom 6, & methyi ester: 1 Fravpics ldt Gldy, e, yees 1TSHY APLAEH OF T
i soqui nol i ni um brthedinvention inmeclude yhalegenated hydrocarbons such as
3= [ (5, 6-di car boxydﬁeﬁi&fd¥£ﬁﬂﬁihyéhhon tetradhPofid®idnd theagLkbyM

brom de, di net hyl

3-[ (5, 6-di car boxyhel'B??Pﬂﬁ??nﬂ'ﬂﬁ‘i% WM%HW as chlogeyyi de,

di nethyl ester; opendehéb. 8i6hlofébshzéne and the PVikely!ditEébahgesenet hy!
i m dazol gm brom g?H'dl ne

ot A o OB AR AY eber, andafiondd il e methanad i,
ester. ethanol, fkprépancl candctheclikis as\wéell i asmiztures of
hi gh ity by f t i it h
hater 5o Y Y | thé%hbS0eho19eheh " piftdrze FLtE Golvents 1hbiHal
the invention areChl|ypbanEane, sivblmmw and carbon tetrachioxides

to 14 menbered Uniﬂduﬁﬂkﬁdrbﬁtef O§NIotébenzene and methanol. Preferred
15 second solvents include methanol, ethanol, chloro-
bengene.

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

nis Sheet Has Been Rep
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afmnés optionally substituted with one to three (Jerr]-Cerr]

al kyl groups, ([err]-Cerr] jl koxy groups or hal ogen @typms. 35. The
preferred am nes are C[err] -Clerr] trialkylamnes, 5 or 6 menber ed
sgturated heterocyclic amines, and 5 to 14

- 8- ' menber ed unsaturated heterocyclic an nes mhereln the

het erocyclic ri'ng system contains one to three ni trogen -~ atons -and
optionally include: sul fur or oxygen in the 10 = ring system 5

The nore preferred am nes include the al kyl - “am nes trinethyl amne
and triethyl am ne, the saturat- ed heterocyclic amnes including
pyridi nes, pi-col i nes pyrazines, pyridazines triazinés, quinolines,

i soqui no- ' lines, inidazoles, benzothiazol ess and ben2|n1dazoles

10 optional ly substltuted w th one tgiolr Bendwdipaan at ons, :
Clerr]- derr] alkyl groups or (err]--errt—arkoxy—groups, and unsatu-
rated heterocyclic-am nes such as pyrrolidines, pi peri di nes,

pi perazi nes, norpholines, thiazolidines 7 ar@ t hi anorpholines. 15
The anount of hal ogenati ng agent used depends on both the reaction
mode (batch vs. continuous) and BrCHp & Yrocedures used to
recover BHireacted starting material . Ically a batch reaction
will™ enpl oy about 0.3 to 0.8 nolar | ents of the 20

hal ogenating agent and in a continuous rdactiol | Y1 nol ar
equi val ents of the hal ogenating ‘agent are ini-

_ _ 0 tially required.
Hal ogenating agents that may be used in the :
o R4S05
10
0 0
Z
l%g 0-CH u Y
g2—uTLhg -
4 ®
15 21 N C'Yl
I
0
20 |
} + z ﬁ
i N
~,
25 | | - -0
<I)

vherein z, zi ’ Rs' Y and !1 are as desorzbed above for
. formula I. " ' '
| similarly, other formula I compounds may be
_30-__ prepared by the reaotion soheme shown in rlow D;egram
: _ III: R : , :




met hod of the invention include N bronosuccinimde, 25

1, 3-di brono- 5, 5-di net hyl hyda toin,-bronine,.chlorine,g‘} : .

t - butyl hypochlorite, sulfuryl chloride, sulfuryl " brom de,

N-&hl or osucci ni m de. , Preferred halogenatingyagents
are chlorine, bromne, N bronosuc- cinimde, 1, 3-dibrono-5;-
5-dimet hyl hydantoi n and sul- .30 “furyl chloride. Radical lnltlators
suitable for use in the nethod of= tase < nvention incl ude : 2
2, 2' -azobi si sobut y- : ronitrile, 2,2 -azobis(2-mnethylbutanenitrile),
2,2' : azobis (2, 4- dlnethylpentanenltrlle) 1,1 -azobi s(cycl o-
hexanecarbonitrile), organic and inorganic perOX|des 35 such as

hydr ogen per oxi de, benzoyl per oxi de, photochenlcal
irradiation ~with '

-9- ' .~ 2,2'-azobi si sobutyronitri IEL%@IEGQHN dAdbi s( 2- net hyl -
butanenitril.e) belng preferred. Among the C[err] -Cerr]- -
trial kyl ami nes that nmay be used in the nethod of the i nventizon are
trimethylamne and triethylamne. 5 o Sol vents that mgy be
used in the nethod of the invention ingludyg hal ogenat ed

hydrocarb ns such as B di chl or ogirb -¢etrachl ori de,
hal ogenat'ed aromatic hydrocarbons such as ¢ . ‘benzene,
di chl or obenzene, - - ni trobenzene, .acetic acid, water, and
al cohol s such as net hanol , ) ethanai, n=KT opEnY{ as wel |
as m xtures of ' . the above solvents Preferer first sol vents' iincl ude
- (Cy~C4 alkyl)aNH
10 ll
)
(Cy-Cq4 alkyl)pN-CHp_ C-Y
z 7 c-v
15 ’ T
[}
20

(I

25
wherein 2, %,, ¥ and ¥, are as described for formula I
above and X is I or 33803 ae described above.
Alternatively, compounds of formula I in
which one of the R, R1 or R, C,-C, elkyl groups is'
30 attached to a polymeric material, may be prepared by
' paeeinq ‘the fermula Iv nixture over an anion exehange
reein centaining anine subetituents. Advantegeously,_
_'the formula IVb end Ive eompounds ‘do not react with the

reein end are renoved. The high purity ammonium ha11de_



cﬁldrbbenéene; di chl orobenzane and carbon tetrachl oridg and

m xtures of. chl orobenzene ‘antd methanol. Preferred 15@ second sol vents

|nclude nmet hanol , et hanol, chloro- ‘benzene.

Andt her” nethod of preparing certain fornula I conpounds I s shown

below in Flow Diagraml11l: - . o - 10 - ferr]
N C 12 - .

‘compounds are further reacted to give formula II
compounds. .
, The ferﬁule I compounds of the invention are
. intermediates in a method for the preparation of high
5 purity 5-(substituted methyl)-z 3-pyridinedicarbexy1ic
acid compounds of formula II. Compounds of formula II
may be pfepared by reaeting.s,s-dilubetituted-s-pyri-
‘dylmethyl ammonium helide cempeunds'ef formula I as
described above with at least 1.0 neler equivalent of

10 B an alkoxide or alkylsultide cempeund of formula v
' -m+
R,A7M
VY
wherein R, and A are as described abeve for formula II
15 ‘and ¥ is an alkali metal such as sodium or petassium in

the presence of an erganic solvent preferably at a
tempereture range of 0 °c to 110°c to form a first
mixture further reacting'seid first mixture with at
_ least 2.0 molar equivalents of an agqueous base prefera-
20 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 fethnle IXI. The methed of prepara-
25 tion is illustrated in Flow Diagram IV.




25 wherein. Z Z[err;\R[err] Y and Y[err] are as described above for
formula 1I. Sinmjarly, other formula I conﬁ%ﬁnds‘n&y be 30
prepared by the reaction schenme shown in Flow Di agram ~ [

-1 - : -

- 13.f

FLOW DIAGRAM IV

5 X" c-v
=Yy
10 _ o -
1. R,ATN"} 3. Acid
2. Base
r4
.15 R,ACH ' CO,H
7 2 l\ Ve
~~,
Zy N CO H
(1D
20

: ' The above method of the invention is espe-

oielly efficacious for the preparation of high purity

formula II compounds wherein Z and 21 are hydrogen, A
_ is 0 or 8 and 27 is c1 elkyl. A preferred formula
25 S & eompound prepared by the method of the invention is

~ S-methoxymethyl-2, 3-pyridinedioarboxylic acid.
The formula II compounds may be isolated by
filtration or, elternntively, by extrection with a
suitable solvent. In the 1so1ation prooedure suiteble

30 . . extraction solvents include tetrshydrofuran and wster-[;-.'-'

'immiseible alcohole alone or edmixed with toluene._
N nqueous bases suitable for use. in the method
' of the invention inelude aqueous sodiun hydroxide
solution, agqueous potassium hydroxide solution end the.
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like. Acids that may be used in the method of the

-1nvention include mineral acids such as sulfuric aoid,
-hydrochlorio acia and the like. -

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

.hydiofuran, aromatic hydrocarbons, nion alcohols .

wherein'87 is as described above for formula II and the
like. Preferred inert organic solvents include alco-
hols corresponding to R, in formula II above such as
methanol and ethanol. :

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

FLOH DIABRAM V

z
X~ a*-CH g-v
~N
|
Z .ﬁ"Yx
R,A7H*

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



25" L "mherejn Z, Zlere], Y and Y[err] are as described for formula I
above and X is | .or Rerr]SQjerr] as described above. §

Al ternatively, conpounds of fornmula I in ' whi ch” one of the R,
Rlerr] or Rlerr] Clerr]-Clerr] alkyl groups is 30 - attached to a
polymeric material, may be prepared by ' passi.ng the fornula 1V

m xture over “an anion exchange - -~ resin containing amne . .
substituents. Advantageously, L the &8rnul a | Vb and | Vc conpounds
do not react with the resin and are renoved.’ The high purity
ammoni um hal i de - 12 -

conpounds are further ted Ive nmul. a : u

The formul a | co gﬁrfﬂe dnf}gxiagﬁ°“p" 1-Fit%$ﬁ§8§a€g§uPﬁ 8T
met hod for the prhphogenoatoﬁshlgh 5. purity 5-(substituted

met hyl ) -2, 3- pyrldlnedlcarbo*ﬁklﬁ%gh BuritgckggﬁﬂﬁnoffdédﬂéoﬁﬁaﬂuhﬁelI

Compounds of fornula-l| ar react
5, 6- di subst it ut edusefyljas StﬂrtinﬁylﬁﬁﬂﬁiﬂlanﬁeﬁlEh?hﬂ??ﬂ%réﬁﬁﬁauﬁa of

e et e it ocagist <
wherein R err] ant®¥k ngLgﬁ ﬂggFgBEﬁgggBm uls,

ormula Il 15 and Mis
an al kali netal such as sodi um or pota55|un1|n .

10
. N2\ Re
i ||4 Y
wherein _
15 Ry is c,-c, alkyl;
' Ry is c,-C, alkyl or c3 oyoloelkyl; end
when R, and R, are taken together with the carbon
to which they are attached they may represent
c3 6 cycloalkyl optionally substituted with
20 . methyl;

2 is hydrogen or halogen;
g, is hydrogen, halogen, cyano or nitro;
A is O or 8;
| R, is c1'°4 alkyl optionally substituted with phenyl
25 optionally substituted with one to three
' ¢,-C, alkyl groups or halogen atoms, or
phenyl optionally substituted with one to three
_ c1 alkyl groups or halogen atoms; and’
when Ry and Ry represent different substituents, the
30 optioel isomere thereof. ‘ ' -

' : hdvantageously, product tornula Vi compounds
obtained from formula II oonpounds, prepered by the
method of the 1nvention, ere surprieingly purer than'..

~ formula VI oompounde obteined by the nethods of the -
35 prior ert. S T - -



‘the presence of an organ|c~ﬁolvenf preferably at a '; tenperature

range of 0OC to 110[err]C forma first m Xt.ire further reacting
said first mxture with at | east 2.0 nol ar equival ents of an
afueous base prefera- 20 bly at a tenperature range of about-20[err]C
to 120[err]C to - forma second m xture and adjusting the pH of sald
‘second nmixture to a value below 2.5 mﬁth_q. acid to- - form
'5-(substituted methyl)-2, 3-pyridinedi car boxyl.ic aci d conpounds of
formul'a Il. The nethod of prepara- 25 .tion is illustrated in Flow
Diagram | V. : -13-

In order to facilitate a further understanding of
the invention, the following- exhnples are preeented to
illustrate more specific deteils thereof. The inven-
tion is not to be linited thereby except ae detined in

5 the claims. The term NMR deeignetee nucleer nagnetic
- resonance and the term npnc designates high pressure
liquid chromatography.

10 - ] aration o s-l-bi ~3-pyridylimethyl]tri-
| methylammonium bromide, ' est i =bromo-
succinimide - '

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

15 © HgC C0,CHy \ |
.S ‘\11::f]:: 2. Trimethylamine _
-~ _ "
- C0,CHg |
o
| Br~¢CHg)3N-CH N C0eCHs
N NC0,CH,

A mixture cf_dinethyi.s-nethyl-z,s-pyridine-
dicarboxylate (523 g, 2.5 nol) in chlorobenzene
(2,440 mL) is heated to 85 c under nitrogen. A mixture
25 of ubbrcmoeuccinimide (356 g, 2.0 mol) and 2,2’-ago~
bieiecbutyrcnitrile (12.5 g, 0.076 mcl) is added to the
reaction mixture over 1 hour at 80 ©.90°. after the
addition is ccnplete, the reecticn mixture is held at
80° to 90°% for 1 hour, cocled ‘to room temperature
30 overnight and diluted. with water. The crganic layer is
' separated, diluted with methanol, cooled to 10 ¢ and
-enhydrcus trimethylamine (180 mL, 1.8 ncl) is added., _
o The reaction mixture is stirred at 5 -10° c for 3 hcurS-.'
and filtered to obtain a sclid.- The sclid is dried -
35 ' cvernight in a vacuum. cven tc give the title product as
| - a white sclid (429 g, mp zoo —208 % dec).




[efr] 20 . 'The above method of the invenfion is espe-

cially efficacious for the&p eparation of high purity « formula I
compounds wherein Z and Z[err] are hydr ogen, A is Oor S and R err]
is (err]-Cerr] alkyl. A preferred fornula 25 1 conpound prepared
byzthe hethod of the invention is _ e

5- met hoxymet hyl - 2,-3- pyri di nedi car.boxylic acid. ' The fornmul.a
| 1 . conpounds may be i sol at ed by f|Tt¥§tT0n or, alternatlvely, by
extraction with a sui tabl e solvent. In the |solat|on pr ocedure
suitable 30 - extraction solvents . include tetrahydrofuran and water-

I mm sci bl e al cohol s aI queous
bases suitable for usee+$?§§&£ﬁg%§§d.¥$$n £9$8§3§ﬁ°'|%$%n FBH*FHEF‘E@
aqueous sodlunlhyM&Qbh!ta5-noth!13%i%fpnnidtqaééesrpexsttenfﬁ?dﬂékﬂ&hyl
sol ution and tr“*s-nethyl-z 3-pyridined1cdarboxy1ate gives [(5/6~dicar-

boxy-s-pyridyl)nethyljtrinethylanuoniun bromide,

5 .diethyl ester as a white solid (ap 156°-
161 c deo).
EXAMPLE 2
a o ~Di carboxy-3-pyrid 1jtri-
10 th ' -omi ethyl est 3-ai-
o5 . Sedin _ toin | -

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

Hac COeCHs ' by A . 3
Ls \\Iijfi[: azobisisobutyronitrile
/’ ' . i i -
N ~C0,CH, 2. Trimethylamine
_ + o
Br"¢(CH3)3N~CH COpCHg
N O
' -~
. N COECH3

A mixture of dinethyl S5-methyl-2,3-pyridine-
dicarboxylate (104.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)
25 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
30 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 -36°c e
overnight ana filtered to obtain a solid. The ‘solid is -
- washed with chlorohenaene and vacuum dried to give the
35 title product as a white eolid (74 4 g, mp 200 ©.208 c :
deo). o : : :

20



I.ike.  Acids that my be used in the method of the ~i.nvention

i ncl ude mineral acids such .as sul furic acid, . gydrochl.oric acid.

QO gani c solvents that may be used in the 5 met hod of the invention

i ncl ude’ acetonitrile, tetra- hydrof uran, aromatic hydrocarbons,

Rl err] CH al cohols wherein R[err] is as described above for .
formula I - Preferred”inert organic solvents include alco- .
hol s corresponding to Rlerr] in fornula T13&bdve such as 10 met hanol
and et hanol . Al ternatively, the corresponding diesters of
formula Il conpounds nay be prepared by the fol |l ow ng reactions
shomn I n Flow Di agram V: 15 :

+ ’ -
" Br~(CHg)gN~CH
5 o ‘ 2
L
| o | N NeogcH, 2. NaOH, HaD
cnéocu COOH
a\\ﬂ:ffj::
. / ’ .
N N~ NCOOH

A mixture of 25% sodium methoxide in methanol

(270 g, 1.25 mol) and [(5, s-dicarboxy-s-pyridyl)-'
methyl]trimethylammonium bromide, dimsthyl ester
(347 g, 1.00 mol) in methanol (650 aL) is heated at

15 reflux for 1 hour under nitrogen. Water (1 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

20 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.

1. CHgONa,
- 3. HESO4

10



[err] "~ - wher ei n Z ,ﬁferr], Rerr], A Q X an' M are as descri bed

above and Rlerr]. err]-Clerr] al kyl opti |y substituted
wth Cferr]-Cerr] al koxy or phenyl optlonally substituted with
oné to 35 .three Cferr] -Clerr] alkyl groups, Cferr]-(err]. alkoxy
groups or - hal ogen atons, or phenyl optionally substituted vith

- 15 - A - one to three C[err] C[err; aIkyI groups, Cerr]-derr]

al koxy groups or . - hal ogen atons. - The high purity
formula Il conpounds - are useful as starting materials for the"
preparation of 5 her bi ci-dal 2-(2-im dazolin-2-yl)pyridi ne conpounds

having the structural fornula Vi : wher ei n 15
Rlerr] is Cferr]-Clerr]. al kyl; Eéﬁihi-
preparation ¢

i . CH_.  .. CDECHa_f . o o |
-’\E\I : N-bromosuccinimide,
5 _ _ | X
. . M / ] _ . " - -
SN NC0,CHy 2,2%-azobisisobutyronitrile
BrCHo. - ~_ _CD.CH
O
P
N7 coacn3

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
15 heated at ao°c.for 1.5 hours. Additional 2,2’-azobis-
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
20 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,sfpyridinedicarboxylate.

10

25

P ation of [(S,6- arboxy-3-pyridyl)methyl]pyri-
diniumb dimethyl ester -

BrCH < co cu T B
a\@ RALE pymdxne
. . . .
o ’ COaCHa : o

30




"R[érr] is (err]-Cerr] al or Cerr]-Cerr] cycloalkyl; and
when Rlerr] and R[err] arett aken. together with the carﬁén i
to which they are attached they may represent

C[err] C[err] cycIoaIkyI optionally substituted with 20

nmet hyl ; Z is hydrogen or halogen T ~Z[err] is hydrogen
halogen cyano or nitro; ~AisS Oor S : Rerr] is
Clerr]-Cerr] .alkyl optionally substituted %Pth phenyl 25

optionally substltuted with one'to three .- Cerr] -Cerr]
al kyl groups or- hal ogen atons, or - - phenyl optionally

bstituted th to t | kyl
Sroap; greharggenogfong gﬁE“" of ‘the ni} Pr‘?{ﬁ&%]i%nﬁxé%@#?] rgprésent

di fferent substitygs2te, g)hanaopyridincptscalg;sontzsnahprﬁnfabsolute

pdvant ageously. phgflygha’ Sbibdedh SEBREIER: cor 3 nopfl'@bdgd LLPRLELT 3

|1 conpounds, |on
surprisingly purecothd to room temperature %nﬂpﬁthﬂgreétalﬁbﬁ ﬁ#ltﬂt

met hods ofg t he 35cake 1spﬁh9ﬁearﬁith ethanol and vacuum dried a€ £6%6r b0

facilitate a furth under st andi n I nvention, followng
exanpl es are pres% YQd the titl‘ PgPFPGEtF&tE Hﬁ?i‘sﬁ%§r¥|%’d@?gFPsgfhereof
The inven- . gréabtéri thant 998 parki byt RELChangbystacept as defined in
5 the clains. The term NVR designates nucl ear nagnetic
resonance and the term HPLC. de5|gnates hlgh pressure

_ : e 6

10 re aratign'o .6-Dica - a thyl
~ trimethylammonium bromide, thyl ester in e 1

' using anhydrous trimethylamine
BrCHo~_ _~~_ _-C0sCH o
15 - a\[i g3 trimethylamine
B >
- N COaCHa ethanol .
S + ;
. Br~(CHg)4NCH CO,CHy
- N . . ) /
20 _ CO,CH,

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

25 stirred for 3 hbursfg£:s°c and filtered. The filter
cake is washed with ethanol and air dried to give the
title product as a white solid (49.1 g).




I|qU|d chronatography . ' Preparatlon of [(5

, 6- Di car boxy- 3- pyri dyl ) met Wyl Jtri-. . met hyl ammbngum br om de,
dlnethyl ester using N—bronD- ~ succini mide [err]
A i xture of dimethyl 5- met hyl - 2, 3- pyrldlne- di car boxyl ate (523 g,
2.5 nmol) in chlorobenzene - (2,440 nL) is heated to 85[err]under
nitrogen. A mxture 25 : of- N—bronDSUCC|n|n1de (356 g, 2.0 nol)- and
2,2'-azo-. . . . bisisobutyronitrile (12 1g 0.076 nol) is added to the
reaction mxture over 1 hour at 80[err]- 90[err]C After the

addition is conplete, the reaction mxture is held at 80[err] to

90[err]C for 1 hour, cooled to roon1tenp§é§ﬁﬁé51?0 - overni ght and

diluted with water,. The organi c Iayer separated diluted with

net hanol , cool edREepas oniof Dimethy: ) mathyl jjine~- 1. 38
mol) is added. gisssbegi?i;@FaCt'O” n1xture IS stlrred at 5[err] 10[err] C
for 3 hours an ITtered to . obtain a solid. The solid is dried 35

overni ght -in ‘a vacuum oven to gi ve t he title product as a white
SO|Id (429 g, up 200 208[ err] C dec).

.Br (CH3)3N-CH N CO,CHy CHgONa CH30CHa ., ~C02CHs
5 o | —_— |
' w7 -
o . N’ CH3OH N~ SCO0,CH;

C0,CHy

, A mixture of 25% sodium methoxide in methanol
(320.0 g, 1.5 mol) and [(5,6-dicarboxy-3-pyridyl)-

10 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

15 - 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

20 by g wmm 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

25 title product as a clear liquid.




S 17 - | ollomnng the above procedure, but substituting
dlethyl 5-net hyl - 2, 3- pyrldﬂaedlcarboxylate for dinethyl i
5- net hyl - 2, 3- pyrldlned|cdarboxylate glves [ (5, 6-dicar- boxy-3-pyridyl)

ne{hyl]trlnethylannnlun1bron1de 5 di et hyl ester as a white solid
(np 156- 161[err]C dec) .. I
EXAVPLE 2 - ‘Preparation of [(5, 6-Di.carboxy-3-pyridyl).
met hyl }tri- . 10 . nmet.hyl amoni um br‘OrﬂQje' di met hyl. ester usi ng .
1, 3-di- bromo-5 5-di net hyl hydant oi n [err] N
A mixture of dinethyl 5-methyl-2,3-pyridine- di car boxyl ate
(104.5 g, 0.5 nol) in chlorobenzene (470 nL) Is heated to 85C
under nitrogen. A mxture é¥g¥g§!§#5rono 5 dlnethylhydant0|n
(72.5 g, 0.25 nolgreps S fiMe e ' ; idinédic
0.015 nol) is x lic a ida.dded to the reactlon n1xture over 30 n1nutes at
. CH30CH N CO0,CHy 1. NaOH, HEO CH30QH_. X CO H
5 - » . — |
| N Ncogow, B HeSO4 N~ NCOo H

A'ﬁikture:ot dimethyl 5= (methoxymethyl)-2,3-
yridinedicarboxylate (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 yhxle
distilling off methancl and water. 'The'reaction
mixture is cooled to 10 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%). -
EXAMPLE 9
Preparation of 2,3-pyridinedicarboxylic acid, S-
20 aromatic e) methyl bromide dimeth ster
BrCH CO,CHg3
R N : - Aromatic Amine
25 | >
< . Reaction Solvent
N~ “CO,CH,4 ) ' _
@' CHa COCHy -




-80-95C. After the addition.s conplete, the reaction | m xture

is held at 80[err] to 85C fpr 3.5 hours, cooled to ¢ . room -
tenperature, washed with water and dried. The 30 dri ed organic
m.xture is diluted with methanol, cooled to 10C and anhydrous
trimethylamne (17.4 g, 0.29 nDI) - is added. The reaction
mxture is stirred.at 10-36C- - . o overnight and filtered to obtaln
a solld.nThe_solLd'is,' o washed” 83 1~ chl or obenzene and vacuum .
dried to give the - 35 title product as a white solid (74.4 g, np
200[ err]-208[err]C dec).

[ e,rlrs] 10 To Par ‘ salg axﬁrl. 6 gsfk un e'\:/rEtn@éxyongeetxp y\lvgre addo'eci) y‘ng ngécar bo-

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- .
5 methyl pyridine-2,3-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
10 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
15 resulting crystalline solid was vacuum dried at 50°c.
The melting points were then taken and structure was
confirmed by 1=, 13¢ aTP1 MMR.



A mixture of 259650diun1 hoxi de in net hanol - (270 g, 1.25 nDI) and

1(5, 6- dicarboxy-3-)yr|dyl) nethyl]trlnethyléﬁ)nlun1bron1de
di met hyl ester (347 g, 1.00~m8#)~in methanol (650 nL) is heated -at
15 = .reflux for 1 hour under nitrogen. Water (1 L) and -sodi um
'hydrOX|de (80.0 g, 2.0 nol ) are added and the reaction mxture is _
distilled until the pot is 100- - 105[err] C. The reaction. mxture-is . .
cooled to roomtenpera- . . . ture, treated wth sul furic acid torgdjust
the pHto a 2@? val ue frﬁn11 5to 2 and filtened to obtain a sol kd.
The solid el with wafler and dried in a vaghum " oven to obt ai n
the title pro Eﬁpas a whit@ solid (np . 1@;[err]-162[err]€) e« Whi ch
.is greater than o pure bydHPLC anaIyS|s' : -
- 19 .- : Prepaparati on of D net hyl (bronnnethyl) 2,
3- pyrldlne“ dlcarb)xylate _
H o o
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[err] A mxturepf di rretrly rrethyl 2, 3- i di ne-

di car boxyl ate (30.0 g, 0. 145 nol ), |'2 succi.ni m de* (32.0 g, 0.18 |
aol ) and 2, 2'-azobi si sobutyronitril e (0.9 g, 0.0055 nol) 'in carbon
tetrachloride (200 nL) is 15 heated at 80C for 1.5 hours. Addjtional-
2,2 - azobi s- . isobutyronitrile (0.9 g, 0.0055 nol) is added and the
reactl on mixture is heated-at.reflux for 2 hours, cooled to room.
terrperature and filtered. Thefllter L cake is washed witph carbon
tetrachld@ride. The filtrates20 - and wasi® are combi ned, washed with
wat er an§l concen- tFated in vacuo t§ give-an oil. The off is shown
by 'Y HPLC to contain 7% of the titl e;;oroduct 16% di et hyﬁ
5- met hyl =2, 3- pyri di nedi car bdxyl ate and 23% e{ net hyl oo
5-di brononet hyl -2, 3- pyri di nedi carboxyl ate. 25 Preparation of
[(5, 6-Dcar boxy 3-pyridyl) methyl]pyri- ' di ni unbr om de, di et hyl
ester 30 [err] _ o
- 20- ' A mxture of the oil prepared in exanple 6
© -]
. . N o
¥ N . .
-l N [} -]
~N .' B
00 o . &
-] g 2
09 o
o3 -
83 : B
< e < B
8 o
= $ o
32 N6 ¥
= - @ S
8 —t 0 ) -
A o g9 n o
g g9 q
H f‘ gs r-]
5‘ R =0 g
<
[
L
[,
Q «
ol
g 9 =
ps 4 &
& %
o
: 3 i
’




(32.0 g) and pyridine (9.273 0.12 nol % n absolute . ethanol is
: |

heated at reflux for 2 hours under nit en, : codled to-room
tenperature and filtered. The filter 5 cake in washed with ethanol and
vacuum dried at 50[err]C to - give the title product as a selid
(18.1 g) which is greater .than 99% pure by HPLC anal ysis. ™10
Preparation of [(5, 6-Dicarboxy-3-pyridyl) methyl] o
tri met hyl anmeni um bromi de, di methyl ester in ethanol ©o.using | '
anhydr ous _trinethﬁlanine - Jerr] A m xture of an oi
prepared according fo the profedure of exanple 6 (100 g) in

absol ute et hanol is® cooled tot5[err] C under nitrogen. Anhydrous
trimethyl am ne - (16 g, 0.27 m)% is added and the reaction m xture
is 25 - stirred for 3 hours at -5C and filtered. The filter : cake -

is washed with ethanol and air dried to give the title product as a
white solid (49.1 g). - - o .
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. - ' - Preparatdon of Dinethyl  5-(nethoxyagthyl)-2 3-pyridine-
dicarbok@leﬁ%ﬁfoo ~ lerr] 1} A mi xture oft 25% sodi um met hoxi de
i n et hanol - -(320.0 g, 1.5 nol) and [(5, 6- dlcarboxy 3-pyridyl)- 10
nethyl]irlnethylannnnlun1bron1de di met hyl ester (160.0 g, 0.5 nol)
in methanol (650 nmL) in heated at ref] ux for 6 hours under nit¥ogen.
The reaction mxture - is. - cooled to 5[grr]C and acetic acid (90 g) and
water (200 ) . are added. 'thhanoT.?g renoved in . vacuo, -water is 15
added and the m xture is extracted with nethyl ene - chloride. The
conbi ned organic extracts are washed - 'sequentially with 5% sodi um
‘bi car bonat e solutl wat er and concentrated in vacuo to obtain
the title . gﬂbﬁﬁét as a clear I|qU|d (83.2 g) which is identified 20
by [err]H NVR spectral analysis. -~ .Follow ng the above procedure,

but _subst i tuti ng (S, §-diaasbeuueaa¥al-§yhlmmm dimondom
brom de, : : drne%ﬁyl er for gé g a% EMﬁhﬂMT nethyl]
tr|nethylannnnluhﬂbiéﬂ1ﬂ€“P8Fﬂ@tH9Vi tE gP& 5 itle product

as a clear |iquid.

-

wherein

2 is hydrogen or halogen:;

z, is hydrogen, halogen, cyano or nitro;
X ie cl, Br, I or R8O

3 3'
R, is c1 elkyl or
: phenyl optionally substituted with one to three
01 alkoxy groups, c1 elkyl groups,

itro groups, cyano groupe or halogen atoms;

Y and Yl are each independently 0R4, NR‘RS, or when

taken together !Yl is -0-, -8~ or =NR,-}

R, and Rs are each independently hydrogen,

c,- -C, alkyl optionally substituted with C,- C,
alkexy or phenyl optionally substituted with
one to three C,-C, alkyl groups, C,-C alkoxy )
groups or helogen atoms, or _

phenyl optlonelly substituted with one to three
c1 alkyl groups, °1 elkoxy groups or
halogen atoms; '

~ Ry is hydrogen or c1 -c . elkyl.

Q is

* c L M [ *



- 22 - : . Preparatjign of 5- (Methoxynethyl)-2, 3-pyridinedicarbo-
xylic acid - [err] JL% A m xture of di hyl . . .
5- (et hoxynet hyl ) - 2, 3- pyri di nedi carboxylate (60.0 g, 0.25 nol) and
50% sodi.um 10 hydrOX|de solution (50.0 g, 0.63 nmol) in water is.

heated at 90-110[err] C for 2 hours under nitrogen while dIStI||Ing
of f nmet hanol and water.: The reaction" - -mxture.is cooled to 10[err]C,
treated with sulfuric acid to adjust 2&epHto 2.0 and filtered to
obtain a solid. 15 The solid is washed with water and vacuumdried to
gi ve ~‘the title product -as a white solid (44.3 g, np 161[err]-
162[err]C ). Preparation of 2,3- pyrldlnedlcarboxyllc acid, 5-.20
(aronatlc am ne) methyl brom de, dlnethyl ester

a0
27_

Tx. o mmmm

Ry
|+

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: -(CH,) -; 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 Naloo

is c,~C

1 4

4-C, alkyl; and- N o

311 and 312 are each independently hydrogen, halogen,_
01-04 alkyl or c1 c4 alkoxy, and when taken

together, 211 and R 12 DAy forn a 5- or G-membered



[er] * | | o - 23 - " To a 250

mL flask. under nitrogenfmefg)added the reac- * {ipn solvent set forth
in Table | (either 100 niL g of absol ute et hanol” or 200 nL of a
50#50 nixture of met hanol / chl or obanzene), and 30 g of crude.

5- nonobrono- 5 - met hyl pyridi ne-2, 3- dlcarboxyllc aci d, dlnethyl‘ester
(57%real by HPLC) , and 0.1 noles of an aromatic anine set forth
in Tabl e |. The m xture was heated to reflux@9 =  and hold for.
approximately 5 hours. The reaction - - .solvent was renoved under
vacuum at 40-60[err] C The 10 resulting residue was cooled to room
tenperature and slurried with

proxi mately 100, nL of .or gani c
sol vent identified as FﬂEu'-'QFEFrW-'QéP%g\‘r‘FﬂdTﬁiﬂ% qptionally ipters,: e

was then filtered and & tsakgymo§ g@sbgdug and . t{bﬁﬁxxy»gﬁnieiguﬁadnL _
of .the sl urry sol vent. IEE °'Pﬂ tﬂeﬁ'ﬁiﬁ éb:p%"orys %hr}%s‘& %ﬁ% vacuum
e €

dried at 50 [err]C.
structure was qnaﬁpeneﬂ Ox—@gra}kbxfegr«}iyle\/R and [err]C ATPl NVR

2. Qhe'eenpound according to claim 1,
wherein - |
£ is hydrogen;

z, is'yydregen:

X is C1 or Br;

Y and ¥, are each independently.OR,;

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

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

R and R 12 are each independently hydrogen, halogen,
c;-C alkyl or c1 y alkoxy, and wvhen taken
together,_811 and R 12 may form a 5- or 6-membered

~ saturated or unsaturated ring optionally inter-
‘rupted by o, 8, or NR,, and optionally substituted
with one to three halogen atons, C c4 alkyl

groups or c1 alkoxy groups, and

is c.~C alkyl.: e

b & §

1

1 4

"é;f The conpound according to clain 2,;, o
selected from the greup coneisting of [(s s-dicarboxy---l
3-pyridy1)methy1]trimathylammonium ‘bromide, dimethyl

ester; [(s s-diearboxy-s-pyridyl)methyl] _
RO 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‘ nlkyl groups, 1—c4 alkoxy
groups or hslogsn ntons, or .
phenyl optionally substituted vith ono to three
_ c1 4 slkyl groups,'c1 slkoxy groups or '
) .halogen-atoms; . . . : .. -
R ‘is hydrogen or c1 --c slkyl,s
Q is L

* [ L M s *



[err] - -25- -26;.[err]

[err] m .

- 31;?

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

/
o+
7 \
—=
/
+
/ \
'y
-
T "‘;\ /(z
o)
2

or

7
\
o

Ree | : —_—
Zp '
l} - 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: ~(CH ’n'f optienelly interrupted by O,
8 or nnlo, where n is an integer of 3,4 or. 5,
provided R, is c1 elkyl._' '
z is 0, 8 or NRlo':,r" .
o i8 ¢,-¢, elkyl.bend. . T N TR
211 end R12 ere eeeh independently hydrogen, helogen,_
c1 4 alkyl or 01 elkoxy, and when taken Q
together, 811 and R 12 DAY form a 5- or s-membered
satureted or unsaturated ring optionally




CCLAIM ' ' 5, 6- dISUbStItUted -3- pyrld | met hyl anmoni um

hallde conpound havi ng the tructural fornula rr . Z
i s hydrogen or hal ogen; Xis Cl Br, | R[err]SC{err]

R[érf] is CJerr] -Clerr] aIkyI or phenyl optionally -
substituted with one to three D Cerr] -Cerr] alkoxy
groups ; C[err] -Clerr ] al kyl .groups, .. - o Rlerr] and R err] are
each |ndependently hydr.ogen, . . = @2[err]-Cerr] alkyl optionally
substituted with CJerr]-Cerr] ' S al koxy or phenyl
optionally substituted with one to three (err]-(err]

ot groups. et Ghencl Slghy 0o By o yg,m08 AlNIGRIYR, 2 00C"
err]-Cerr] alkyl gsubpgtittGtedr wi€hconp &iok&hrey halogen atoms, C ~C,
hal ogen at ons; _ alkgiebrhupbsogy@rQ@?naﬁicEQﬁbikuSEﬁrr] al kyT ;
- which is characterized by reacting a 5-methyl-2,3-
pyridinedicarboxylic acid derivative compound having
the structural fornula o '

wherein %, 2,0 ¥ and !1 are as described above with a
halogenating agent in the_presence of a first solvent,
optionally in the preeence of a radical initiator to
_form a first mixture containing compounds having the
structural formulas

wherein 3, zl, Y and !1 are as described above and

X is Cl or Br, reacting eaid first mixture with at
least 1. -0 molar equivaient of a ¢,~C, trialkylamine, a
5 to 6 membered saturated or 5 to 14 membered unsatu-
rated neterocyclic amine, optionally substituted with
one to three c1 C 'alkyl groups, ci-c4 alkoxy groups or-
halogen atome in the preaence of a second solvent to
form said 5,s-disubstituted-3-pyridylmethyl ammonium

halide compound. S P _

: , ,!m!, -mlﬂ IIIJI IR o



F{brr]'is.hydfogen or C[e(r] -Cerr] alkyl; :
- 28 - i : ‘\’ﬁ

-33 -

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 8; and e - o o

R7 is cl-c4 alkyl optionally substituted with phenyl



[err] R, R[err}' .and' err] are each i ndependent | C[err}-C[err]

al'kyl, and when t aken ‘t gether, R and Rlerr] may §dgma 5-.or 6-
nenbered ring in which RR[err] is represented by the ~ structure:
-(GHerr] optionally interrupted by O, S or NRerr], where n-is an

I nteger of 3,4 or 5 provi ded R[err] is (Jerr]-Cerr] alkyl; Z[err]
is O or NRerr]; Rerr] is.Clerr].--"Cerr]_alkyl; and. Rerr]. and
Rlerr] - are each i.ndependently. hydrogen ,ﬁangénL,. Clerr]-derr] alkyl

or CJerr] -Cferr] al koxy, and when taken together, Rlerr] and R[err]

may forma 5- or 6-nenbered

saturated or unsaturated ri %ﬁt&%&l&&&y le%a%%ﬁ:ﬁted wi @'needw t‘ﬂreé or

NR[err] and optionally subst one to ree ogen at ons,
Clerr]-Cerr] alkyl gr &47C o R1EYdr giroupise o] halogen @toms, or
phenyl optionally substituted with one to three
¢,-¢ elkyl groups or halogen atoms which
is characterised by reacting a 5, G-dieubstitutedrs—
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,-C, alkyl or

phenyl optionally substituted with one to three
c1 alkoxy groups, 01 4 alkyl groups,
nitro groups, cyano groups or halogen atoms;

Y and Y are each independently OR‘ NR‘RS, or when
taken together !Y is -0~, -8- or ~NR =7

R, and R are each independently hydrogen,
C c alkyl optionally substituted with c1 4
alkoxy or phenyl optionally substituted with
- one to three cl-c alkyl groups, c1 C, alkoxy
. groups or halogen etone, or
phenyl optionally substituted with one to three
c1 alkyl groups, C,- alkoxy groups or
_ _ halogen atome. B .
'In is hydrogen or c1 - c elkyl._"
Q is ' :

1

4

1

KA R AR 1



2 "The. conpound accordlng tD\cIa|n11 wherein Z is hydrggen; Z[err] is

hydrogen Xis C[err] or JY and Y[err] are each independently OR[err]
Rlerr] is Clerr] -Cerr] aIkyI ‘Qis [err] R, Rerr] and R err]
are éach independently nethyl or ethyl; Rerr] and Rerr] are each-.

I ndependent |y hydrogen, hal ogen, - Cerr] -derr] alkyl or C[err] (Jerr]
al koxy, and when taken . together, Rerr] _and Rlerr] nmay forma.5- or.

6- nenbered =~ saturated or. unsaturated rrné Soptionally inter- rupted :
by O S, or NRerr] and optionally substituted - with one to three '
hal ogen atoms, Clerr]-Clerr] alkyl groups or Clerr]-Clerr] al koxy
groups; and Rlerr] is (err]- (Jerr] alkyl. 3. The conpound

according to claim?2, selected fromthe group consisting of :
[ (5, 6-di carboxy- 3- pyrldyl)nethyl]trlnethylannnnlﬁglbron1de di et hyl
ester; [(5, 6-dicarboxy- 3- pyrkdyl)nethyl] . '

3
[y
L
=
1
1]

or

Rie ‘
X,
R~ T/)\ R O e T
, 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: -(cn ) a~’ optionally interrupted by o,
8 or ano, where n is an integer of 3,4 or 5,
. provided R, -is 01 c‘ alkyl:
5, is o, 8 or ano. SR
is c,~C, alkyl; and : , .
R11 and R12 are oach independently hydrogon, halogen,-
: 1 alkoxy, and when taken

-c alkyl or C, =~
togather, R11 and Rlz may form a 5- or G-membered

R, R



.30 - t ri met hyl ammoni ura=pr oni-de, dlethyl ester; &%)
dlcarboxy 3-pyridyl) nethyl]pyridinium bronide, dlnet ester: and 1- [(
5., 6-di gar boxy-3-pyridy) nethyl] isoquinolinium brom de; ster.

4. “A'frethod for the preparation of.a 5, 6- dlsubstltutegm%yggrldylnethyl

ammoni um hal i de conpound havi ng the structural fornula tfhs elmmd
wherein Z is hydrogen or hal ogen; -Z[err] is h¥drogen

nitro; Xis Cl, Br, 1.or. Nmﬂsqar]ﬂewflsqew] _

phenyl optionally substltuted wi-th .one to three C[err] erﬂ
al koxy groups, Cerr]-Clerr] alkyl groups, ' nitro groups, cyano

%Efgff]%[e??ioggp aLOWEatu¥iéHH XEeﬁﬁbaéﬁﬁaﬁﬁﬁhriﬂG?BﬁEﬂSﬂiiiyCE%%&il’
rupted by O, 8, or ano and optionally substituted
with one to three halogen atens, cl-c4 alkyl
groups or. c1 alkoxy groups; ' _
with at least 0.1 noler equivalent of an alkoxide or
alkylsultide'celpound'having the structural formula
- 3 R,Aa "% |
7
wherein R, and 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'and the
tenpereture of the secend mixture is about 20°c to
120 c.

9. A method for the preparefion of a 5-(sub-
stituted methyl)-2, s-pyridinedicarbexylie acid compound_
: huving the structural formula

R A



thkeh together YY[err] is~0-, -S or -NR[err],_'R[e( and Rlerr] are each
| ndependent | y hydr ogen, f~) Clerr]-Cerr] alkyl bppionally substituted

wth Cerr]-Clerr] ' al koxy or- phenyl optionally substituted
withr -~ one to three (Jerr]-Cferr] alkyl groups, (ferr]-Clerr]
.al koxy groups or- hal ogen atons, or phenyl - optionally
substituted with one to three : _ gLerr] C[err] aIkyI groups
Clerr]-Clerr] al koxy groups or . .= 3 een Rpp
hydrogen or C[err]. - (Jerr] aIkyI Qis
- 31 - .

wherein

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

wherein
Z is hydrogen or halogen:
21 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,- c‘
elkoxy or phonyl optionally substituted with
one to three cl-c‘ alkyl groups, ci--c4 alkoxy
groups or heloqen atoms, or - '
phenyl optionally substituted with one to three
c -c elkyl qroupe, elkoxy groups or
belogen etons: end _ _
R is hydrogen or c1 C, elkyl with a helogeneting egent
in the presenoe of a first solvent, optionelly in the
presence of a redicel initietor to form a . first mixture a

oontaining oompounds heving the struoturel formules

|y mlumy i

1




[errI .R Rlerr] and Rl err} are each independent|y Glgrr]-Clerr] élkyl,

and when taken together, R and Rlerr] may forma.%- or 6-
nenbered ring in which RRlerr] is represented by the —structure:

- CCePerT] -

forma 5-

,optionally |nterrupted by O, S or NR[err]
integer of 3,4 or 5, prOV|ded Rlerr] is Clerr]- C[err ]
is 0, Sor NRerr] ; Rerr]- .derr]-deragg -al kyl; and H HH

are each independentl|y hydrogen hal ogen, - C[err] d er

Cerr]-Cerr]

or

SHAE( 1 Sasele

I
C

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

wherein Zz, 21, Y and Y are as described above and

.ﬂx is Cl1 or Br, reacting said tirst mixture with at

least about 1.0 molar equivalent of a 01-04 trialkyl-

'amine, as toé membered saturated or 5 to 14 membered
unsaturated heterocyclic amine optionally substituted

with one to three C,-C, alkyl groups, c,-C, alkoxy
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

pe
. -
e 22— 70

AR O

IaTedT['
r]

al koxy, and. when. taken together, Rlerr] and Rl err] may
6- menber ed saturated or unsaturated ring optionally



- 32 - - interrupted™yy 0, 8, or NR[err] andytionally

substituted with one-to thr€e halogen atons , derr}-#err] - al kyl
groups or Clerr]-Cferr] alkoxy groups; which is characterised by reacting a
5<methyl - 2, 3- pyri di nedi carboxylic acid derivative conpound haV|n t he

structural formula . wherein-z, Z[err], Y and Y[eh eenRemmwdﬂ
descri bed above with a hal ogenating agent. |§gt.he presence u ﬂ lﬁ
r st

solvent, optionally in the presence of a radical initiato
m xture contalnlng conpounds havi ng the structural fornulas
[err] _

Ri1

\N)\

E..%
e

or

Rip .
%
,z',
R1:™ W Ru
|+

R, R

1 ond R are each independentlj'cl-c‘ alkyl, and
when taken 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,.., whore n is an integer of 3,4 or 5,

provided R, is c,-C, alkyl: '
z is 0, 8 or NR

107
is cl-c alkyl; and
R and R are each indopondontly hydrogen, halogen,

"1; c1 12alkyl or 01 alkoxy, and when taken
togothor,' 11 and R 12 DAY form a 5- or s-mombered
saturated or unsaturated ring optionally inter-
_rupted by o, 8, or ano and optionally substituted _
- with one to throe halogen atoms, c1 04-a1ky1
*_groups or c alkoxy groups; _ oeewe :
' reaot1ng the said 5 s-disubstituted—3-pyr;dylnothyl

| 'ammonium halide compound with at least 1.0 molar _

[




mheréln Z, Z[err] Y% ah [err] are as described ve apnd-X is O or

Br, reactirig said first m*xture with at 1east 1.0 nol e UI alent of a
Qew] -Cerr] tHanImnne abto 6nmmmedsaMHMed emRebmd
ménber ed unsat u- rated heterocyclic amne, optionally subst ﬂﬁ

to three Jerr]-Cerr] aIkyI groups,_ C[err] Cerr] al koxy g

atons 'in the presence-of a second solvent-togfnrn1sa|d

5, 6- di-subst it ut ed- 3- pyr:i dyl anet-hyl ~amoni um hal i de conpound. . -

- 338 - : 5. The nmethod according to Claim4, Werein the radi ca
initiator is present in a catalytic anmount; the hal ogenating agent is
present in the aﬂi%ﬁ?lbﬂnﬁtOIeastaOkexidaaprequyhﬁuhftdettnnﬁound sol vent

|'s sel ected frO”&i@fn?Wﬂ& 6epabthray Pormaiacn !etlachiorl de,
chl orobenzene and m xtures thereoP secopd splvent is selected fromthe

group consisting of chl orobenzene, net%a@ob c¥hanol and mi xtures thereof;
and wherein the imiatnéeaa& nharélastaas&imealﬁbmtin&[ﬂrﬁ%o 100C.

el coved i rom ¢ FEDKRLEbERE! EhTHie FERRSRIRSE A% osaLe o deRt t3o 5. 5.
di net hyl hydant oi form haoaecendbni:xture furthey| réscvinyg said second
mixture with at least 2.0 molar egquivalents of an
aqueous'base 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-(subetituted nethyl)-z 3=
.pyridinedicarboxylic 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 ameunt 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'-azobis(eyclohexanecarbonitrile); the c,-C,
trialkylamine is selected from the group consisting of
trimethylamine and'triethylamine: the aqueous base is
selected from the group consisting of aqueous sodium
hydroxide solution, aqueoue'potassiun hydroride
solution; the acid is selected from the group
consisting of sulfuric acia and hydrochloric acid; and
wherein the temperature of the first nixture is about
0% to 100 c, the temperature of the second mixture is
'about 20 c to 110 c, and the temperature of the third
'nixture is about 20 c to 120 c..- ' a

T« ¢ L M s %
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anid sul furyl chloride; the radical initiatoer is selec- ted from t h@gegireume*

consisting of 2,2'-azobisisobutyro- nitrile, 2,2

-anDbls(Z nethylbutanenltrlle) 2,2 '-azo- bis(2,4-dinethyl pentanenitrile)

and | - axobi-s(cycl o- hexanecarbonitrile) .and the C-C4 trialkylanine is

selected fromthe group consisting of trinethylam ne and triet-hyl am ne.

7. A method for the preparation of a 5~(%ub- stituted

met-hyl ) - 2, 3- pyri di nedi car boxyl i ¢ aci d conpeund havi ng the structural

formul a wherein Z is hydrogen or hal ogen Z[err] i s hydrogen,

hal ogen, cyano or nitro; Ais Q- "f_g' R L.lﬂ,eige;r Q[err] al kyl

optlonally substituted with phen Tl { - 34
optionally subs§ Lt

W

S.G—DISUBSTIEQEE 3—P!RIDYLHETKYL BH!D!IUK HALIDE
' COMPOUNDS USEFUL FOR THE PREP TION OF 5-
(SUBSTITUTED NETHYL)~2,3-PYRIDINEDICARBOXYLIC ACIDS

It is an objéct of this invention to provide
high purity 5,6-disubstituted-3~pyridylmethyl ammonium
halide compounds which are useful intermediates in the
preparation of high purity S5-(substituted methyl)=-2,3-
pyrxdlned:.ca.rboxylic acids-and which are related to compounds

described in FP-A-0401401-.1 object of the invention to

[8]]

provide a method for the preparation of the 5,6~di-
substitutad-s-pyridylnethyl ammonium halide compounds
and a method for the preparation of 5~-(substituted
io methyl)-2,3-pyridinedicarboxylic acids from saiad
5,6~disubstituted-3~-pyridylmethyl ammonium halide
compounds. - LT
The present invention ralates to 5,6-disub-
stituted~3-pyridylmethyl ammonium halide compounds of
is formula X

N
Q—0
|
-~

X~ 0*-CH;

A

Zy

(g
1
-

(I

Q

wherein
25 Z is hydrogen or halogen; Thie is the replacement sheet

Date: 10 DEC 997



Cﬁérr]-C[err] al kyl groups or hal ogen atons "or phenyl optionally
substituted with one to three C[err] Clerr] al kyl groups or

hal ogen at 6ms which is characterized by reacting a 5, 6-di substituted-3-
pyri dyl met hyl ammoni um hal i de conpound having the structural formula

[err] wherein Z is hydrogen or halogerng Z err] is hydrogen, hal ogen,
cyano or nitro; Xis d, Br, | or Rerr]SJerr]; Rerr] is err]-Clerr]

al kyl or phenyl optionally substituted with one ' to three

Clerr]- derr] -alkoxy groups, CJerr]-C[err] alkyl groups, nitro

groups, cyano glemtrred diadu]gﬁnw@rrsetke&-ﬁplcmcaminaehwhaohﬁ@ndmai |y
N t e r S-_or
Tt N MRy M1 ke A SO LET Shalt ereiin

-NR[err]-; Rerr en rogen,
Cerr]-derr] . atons optd emptiiopasllystinakuste e hitk epF] Oqulen] in the
al koxy or pheny.] gtéﬁ}a‘in{y substituted with one to three Ci1-C
al kyl groups, roups or hal ogen at ons,
phenylinnlonally subst.ﬂuwemqmqrpnﬁé;nnﬁQrﬁm*pes ncludeCFéPrPlax&r]
al kyl groups, @hridfed!diPnetHydUthiHe and triethyl 08fIndlOthe Batiidat S
hydr ogen or C[err] Clerr] alKyl; S
d 'heterocyclic. amines including pyridines,_ plcollnes,
pyragzines, pyridazines triagzines, quinolines, isoquino-
_ lines, imidazoles, benzothiagzoless and benzimidazoles,

10 optiocnally substituted with one to three halogen atonms,

: c,-¢, alkyl groups or cl-c‘ alkoxy groups, and unsatu-
rated heterocyclic amines such as pyrrolidines, -
piperidines, piperazines, morpholines, thiazolidines
and thiamorpholines.

15 The amount of halogenating agent used 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

20 halcocgenating agent and in a continuous reaction, less
molar equivalents of the halogenating agent are ini-
tially required.

Kaloqenatznq agents that may be used in the
method of the invention 1nc{nde RN-pbromosuccinimide,

25 " 1,3~-dibromo~5,5-dimethylhydantoin, bromine, chlorine,
£-butylhypochlorite, sulfuryl chloride, sulfuryl
bromide, N-chlorosuccinimide, Preferred
halogenating agents are chlorine, bromine, N-bromosuc-
cinimide, 1,3-dibromo-5,5~-dimethylhydantoin "and sul-

30 furyl chloride. Radical initiators suitable for use in
the method of the invention include 2,2/-azobisisobuty-
ronitrile, 2,2/~agobis(2~-methylbutanenitrile), 2,2’~
nzobis(2,4-dimethy1pentananitrila), 1,1’-azobis(cyclo~
hexanecarbonitrile), organic and inorganic peroxides

35 such as hydrogen peroxide, benzoyl peroxide,

photochemical irradiation with

This is the replacement sheet
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1

-¥35 - [err]

2;2'-asobiaisobutyronitrile and 2,2'-azobis(2-methyl—
butanenitrile) being preferred. Among the c,-C,
trialkylamines. that may be used in the method of the
invention are trimethylamine and triethylamine.

S Bolvents that may be used in the method of
the invention include halogenated lydrocarbons such as
dichloroethﬁne, carbon tetrachloride,

" halogenated aromatic hydrocarbons such as chloro-

benzene, dichlorobenzene, "~ nitrobenzene,
10 acetic acid, water, and alcohols such as methanol,
ethanol, n-propanol as well as mixtures of

the above solvents. Preferred first solvents include
chlorobengene, dichlorobenzene and carbon tetrachloride
and mixtures of chlorobenzene and methanol. Preferred
15 second solvents include methanol, ethanol, chloro-
benzens.
Another method of preparing certain formula I
compounds is shown below in Flow Diagram II:

Tis is the replacetent sheet
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R Rlerr] and Rlerr] are each indepéhdénify Cl-&4 al kyl, and when

t aken together, R and Rerr] may forma 5- or 6- menbered ring in
which RR[err] ~ is represented by the structure: -(CHerr]-
optionally interrupted by O, S or NRlerr], where nis an integer of
3,4 or 5, provided R err] is (Jerr C[err] al kyl Z[err] 1is 0, S or
NR[ er ] iIs err]-(Jerr] alkyl; andlé and R err] are each
i-ndependent | y hydrogen, hal ogen, Cérr] -Clerr] alkyl or Cerr]
-Clerr] alkoxy, and when taken together Rlerr] and Rerr] may form

as- or 6 nen?gkgd iclds that may be used in the metB&a" of the
invention include mineral acids such as sulfur;c acld,
hydrochloric acid,

' organic solvents that may be used in the
method of the invention include acetonitrile, tetra-
hydrofuran, aromatic hydrocarbons, R7OH alcohols
wherein R, is as described -above: for- formula--II,

Preferred inert organic solvents include alco-
hols corresponding to R, in formula_II above such as

[F}]

10 methancl and ethanol. L. H
Alternatively, the corresponding diesters of
formula II compounds may be prepared by the following
reactions shown in Flow Diaqram'v: ' '

15
FLOW DIABRAN V
7 0
o 1
X~ Q°-CH C-Y
AN
20 _ I
Z,_ " C"Yl
Il
0
R,A7H*
25
0
Z
{l
|
21 lCI-UR4
30 x
wherein Z, 21' R7, A, Q, X and M are as described above
and R, is ¢,-C, alkyl optionally substituted with c;-C,
alkoxy or phenyl optionally substituted with one to
35 three ¢,-C, alkyl groups, c,-C, alkoxy groups or

halogen atoms, or phenyl optionally substituted with
This is the replacement sheet
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vsaturated or unsaturated ring optionally |nter- rupted by 0, S, or

NR[err] and optionally substituted with one to three hal ogen atons,
Cierr]-Cerr] *al kyl groups or CJerr] -(err] alkoxy groups; with at

| east 1.0 nol ar equival ent of an al koxi de or al kyl sul fi de conpound havi ng
the structural formula [err] wherein Rlerr] and A are as described above

and Mis an alkali netal in the presen&@'nf an organic solvent to forma
first mxture, further reacting said first mixturé.with at |least 2.0 nolar
equi val ents of an aqueous base to forma second m xture and-adjusting the
pH of said second mi xture to a value below 2.5 with an acid to formsaid
5-(substituted nethyl)-2,3-pyridine- dicarboxylic acid conpound.

8. The method according to claim 7, wherein the aqueous base is sel ected
fromthe group consisting of aqueous sodi um hydroxi de solution and aqueous
pot assi um hydr oxi de solution; the acid is selected fromthe group
consisting of sulfuric acid and hydrochloric acid; the R err]OH al cohol is
sel ected. fromthe group consi-sting of nethanol and .ethanol; the tenperature
of the first mxture is about 20 [err]C to 110C and the tenperature of the
second m xture is about 20 [err]C to 120[err] C. 9. The net hod
according to cl ai ngdturated or unsaturated ring optionally iataer-

rﬁpted by o, 8, or NRlo

with one to three halogen atomnms, c1 c4 alkyl

groups or c,-C, alkoxy groups; ' i
with at least 1.0 molar equivalent of an alkoxide or

and optionally substituted

alkylsulfide compound having the structural formula .
R7A-H+

wherein R7 and A are as described above and M is an
alkali metal in the presence of an organic solvent to
form a first mixture, further reacting said first
mixture with at least 2.0 molar equivalents of an
agqueous base to form a second mixture and adjusting the
PH of said second mixture to a value below 2.5 with an
acid to form said 5-(substituted methyl)-2,3-pyridine-

dicarboxylic acid compound.

8. The method according to claim 7, wherein
the aqueous base is selected from the group cons;st;ng
of agqueous sodiunm hydroxlde solution and-aquecus
potassium hydroxide solution; the acid is selected from
the group consisting ef sulfuric acid and hydrochloric
acid; the R, OE alcohol is selected from the group
consisting of methanol and ethanol; the temperature of
the first mixture is about 2o°c to 110°% end the
temperature of the second mlxture is about 20 %% to
120 C.

9. The method according to claim 7

This is the reptacement sheet
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= 37 - whi ch further conprises preparing the
5, 6-di substituted 3-pyridyl methyl anmmoni um halide conpound by reacting a
5-met hyl -2, 3- pyri di nedi carboxylic acid conpound having the structural

formul a wherein Z is hydeqgen or hal ogen; z[err] is hydrogen,
hal ogen, cyano or nitro; Y and Y[err] are each independently OR[err],
NR[err]Rerr], or. when taken together YY[err] is -0-,- -S or
-NR[err]-; Rerr] is hydrogen, Cerr]-Cerr] alkyl optionally
substituted with (Jerr] -(err] ] al koxy or phenyl optionally

substituted with

which further comprises preparing the 5,6-disubstituted 3-pyridylmethyl
ammonium halide compound by reacting a 5-methyl-2,3-pyridinedicarboxylic
acid compound having the structural formula

4]
Z
H Q-Y
3 I NS
-,
||
0

wherein

Z is hydrogen or halogen;

Y and ¥, are each independently OR,., 4
taken together Yy, is -0-, -B- or ~NR -
R, is hydrogen,
C,~C, alkyl optionally substituted with C -c,

3, is hydrogen, halogen, cyano or nitro;
NR Rs, or when

4 1 74
alkoxy or phenyl optionally substituted with
one to.three C,;=C,: alkyl groups, C,-C4 -alkoxy

groups or halogen atoms, or
phenyl optionally substituted with one to three

‘alkyl groups, ci-c4 alkoxy gioups or

€17C4

halogen atoms; and _

_R6 is hydrogen or cl 4 alkyl with a halogenating agent
in the presence of a first solvent, optionally in the

presence of a radical initiator to form a first mixture

containing compounds having the structural formulas

his is the replacement sheet
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oné to ... three CJerr]- (Jerr] alkyl groups, C-C -al koxy

groups or hal ogen atons, or phenyl optionally substituted with one to
t hree Cerr]-Cerr] alkyl groups, Cerr]-Cerr] al koxy groups or
hal ogen atons; and R err] is hydrogen or CJerr] -Clerr] alkyl with a

hal ogenating agent in the presence of a first solvent, optionally in the
presence of a radical initiator to forma first m xture contai ning
conpounds having the structural formggas. -
38 - [err] wherein Z, Z[err], Y and Y[err] are as descri bed
above and X is Cl or Br, reacting said first mxture with at |east about
1.0 nolar equivalent of a CJerr]-Clerr] trialkyl- amne, a 5 to 6 nenbered

sat ur at ed or—% to 14 nenbered unsaturated heterocyclic am ne eptj onally
substituted
- 0 0 0
XCHp c-Y X.CH . c~-Y Hy c-Y
AN : RN N
~, -~ -
Il _ 1l _ , I
0 0 - 0
a b c

wherein 2z, Z2,, ¥ and Y, are as described above and
X is Cl or Br, reacting said first mixture with at
least about 1.0 molar equivalent of a c,-C, trialkyl-
amine, a 5 to 6 membered sa@nrated or 5 to 14 membered
unsaturated heterocyclic amine optionally substituted
with one to three cl-c‘ alxyl groups, cl—c4 alxoxy
groups or halogen atoms in the presence of a second

solveaent,

\"\

KRR N A
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e

with one to three CJerr]- C[err] alkyl groups, CJerr]-Cerr] al koxy groups
or hal ogen at ons In the presence of a second sol vent.
- 39 - 10. The method according to claim?9,.
~wherein the radical initiator is present_in.a catalytic anmount; the

hal ogenating agent is present in the amotht of at |east 0.3 mol ar
equi val ents: the hal ogenating agent is selected fromthe group consisting
of . N-bronosucci ni - mde, . 1, 3-di brono- 5, 5-di net hyl hydant oi n, chl orine,
brom ne, sulfuryl brom de and sul furyl chloride; the

10. The méthod according to claim 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 comnsisting of N-bromosuccini-
mide, 1,3-dibromo-5,s-dimethylhydantoin;“chlorineh
bromine, sulfuryl bromide and sulfuryl chloride; the
radical initiator is selected from the group consisting
of 2,2/-agobisisobutyronitrile, 2,2/-azobis(2-methyl~
butanenitrile): 2,2/-azobis(2,4-dimethylpentanenitrils)
and 1,1'-azohis(cyclohaianécarbénitrile), the 01 c‘

- trialkylamine i3 salscted from the group consisting of

trimethylamine and triethylamine; the aqueous base is

/ selected from the group consisting of aqueous sodium
hydroxide solution, aqueous potassium hydroxide
solution; the acid is selected from the group
consisting of sulfurioc acid and hydrochloric acid; and
wherein the temperature of the first mixture is about
0% to 1do°c; the teﬁpernture of the second mixture is
about 20° to 110 c, and the temparature of the third
mixture is about 20°c to 120%. '
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radlcal initiator is selectad fromthe group consisting of =

2,2 -azob?ki 4880PGronitril ¢, }2, 2' -azobi s(2- net hyl - but{@eni tri |.efpesr-o s

2, % -azobi s(2, 4-di met hyl pentanenitrile) .and -

i -aZ’obl s(oycl ohexanecarbonitrile); the CJerr] -Clferr] trialkylamne is
sel ected fromthe group consisting of trinet hyl ami ne and triethyl anine; the
aqueous base is -selected fromthe- group consi sti-ng of aqueous sodi um

hydr oxi de sol ution, aqueous potassium hydroxi de solution; the acid is
selected fromthe group consisting of sulfuric acid and hydr ochloric acid,
and wherein the tenperature of the first mxture is about. O[err] Cto
100[err] C, the tenperature of {he s;%:;q_r]gc@%}x@ag{pvgs abggt—20[err]C to -

110[err]C, and the tenperat ure ofrHheLhil dm{ncg'ﬁ,wle[op§m% out @20[err]Cto

120[err]C o i Claim ".‘) :paged ... topaged‘m

2-1;; Drawing(s) :paged ........ to paged ..........
™} Abstract :paged ... to paged...........
DATE OF RECEIPT v _

CT OF THE ION
_ There are p:bvidéd 's,s-disu'bs'tituted-s-
pyridylmethyl mo’niun _ha_l:i.de compounds, a method for
the preparation thereof and the use thereof for the
preparation of s-(subst:ltuted nethyl)-z 3-pyridined1-
carboxylic acids.



