31,341 | ) PROCESS FOR THE PREPARATI ON "OF
SUBSTI TUTED AND UNSUBSTI TUTED- 2, 3- PYRI DI VEDI CARBOXYLATES FROM
CHLOROVBLEAFE OR CHLOROFUMARATE OR M XTURES THEREOF

Pyri di ne- 2, 3-di car boxyl ates are usef ul i nternediates in. the
preparation of highly effective herbigidal .
2-(2-imdazolin-2-yl)nicotinic acids§, esters and salts. It is

an object of this invention to .5 provide a nmethod for the
preparation of substituted and : '

S8 FOR PRE TTON OF SUBST AND

Pyridine-2,3~-dicarboxylates are useful
intermediates in the preparation of highly effeotive _
herbicidal 2-(2-imidazolin-2-yl)nicotinic acias, esters
and salts. It is an object of this invention to

5 provide a method for the preparatiou of substituted and
unsubstituted-2,3-pyridinedicarboxylates utilizing
dialkyl chloromaleate or dialkyl'ohlorofumarate or a
mixture thereof, an ammonium salt, optionally in the

presence of ammonia and an appropriately substituted

10 a,f-unsaturated aldehyde or ketone. |

The invention herein described relates to a
novel method for the preparation of substituted and
unsubstituted 2,3-pyridinecarboxylates of formula I

Y. : COOR
’d

>
Z N~ - TCOOR

wherein R is cz'cs alkyl; X and Z are independently
hydrogen, halogen, C 1~ 4 a;kyl, cl S alkoxy or c
alkenyl and Y is hydrogen, halogen, c1
- ally’ subst;tuted Wlth one . to three halogens, hydroxy

25- groups, C,~- alkoxy groups or c alkylthlo groups,

20

5

1

alkyl optlon;f'_.f



" unslibst i t ut ed- 2, 3- pyridinedLEE}boxylates utilizing: ) di al kyl -

chl oromal eate or dial kyl chlorofunmarate or a m’xture thereof, an
anmbni um salt, optionally in the presence of ammonia and an
appropriately substituted - 10 [err]-unsaturated al dehyde or -ket one.
The invention herein described relates to a novel nethod for the
preparation of substituted and . o unsub#t it ut ed ‘ -
2, 3-pyridi necar boxyl.at es - of fornula | - 15 ' o

[mr] - 20 "wherein Ris qu](Imr] al kyl;- X and Z are

i ndependent | y ~ - rogen ogen err]-Clerrl al kyl, o |
Jerr]-Cerr] al koﬁa. Sia %ﬁy%q% ar HyP]hgﬁ'XBY is%%ﬁ,
hal ogen, { err] - Cest phexiyd, phenoxy, substitute&aplhpmx&st phenyl thiid ame
to three hal ogens, roup L 0 ups -
or Clerr]-qerr] ala{pqyt% A ro§hen§r‘iuﬁo° Tonpotnal HieC oln¥eOD di'e
seful as intermediates in the preparation of herbi-
5 ecidal 2-}2-;midazol;n—2-y1)nicotinatee. Among the

methods of pteperetion of said herbicidal nicotinates

is that described in U.S. Patent 4,758,667 and illus-

trated below.

10

. _
Y. COOR R; Y COOH
2 1 K0t-Bu Z

I | * HEN l CNHa solvent ~ I N R

e
- Z COOR Ra Z N ~ 1
15 : , L R
; , 2
H

wherein R, is hydrogen or c,-¢ alkyl: Rz is hydrogen, _
20 halogen, c1 4 3lkyl, c,~c cycloalkyl or R, and R, may
be taken together to form a cs'cs cycloalkyl optionally
substituted with methyl and X, Y and 2 are as described
for formula I.
It has now been found that pyridine-2,3- .
25 dicarboxylates of formula I can be prepa:ed efficiently
and.effectively from chloromaleates of formula II or
chlorofumarates of formula III or mixtures thereof
,wherein R is cl'c alkyl by reacting the chloromaleate
or chlorofumarate with at least one molar equivalent of
30 an ammonium salt sueh as ammonium acetate, optionally
'in the presence of ammon1a, in a su1tab1e solvent such
as a °1 4 alkylalcohol to form an enamine intermed1ate
and reacting said 1ntermed1ate with at least one molar
'_equ1va1ent of an a,B—unsaturated aldehyde or ketone of

35 formula IV wherein X, Y and Z are as described for



-2s Cerr]-derr] aIk6;§carbonyl, am nocar bonyl , /Ebnyl substitut-

ed phenyl, phenoxy, substituted phenoxy, phenylthio or substltuted

. phenyl thio. Conmpounds of forrmula | are useful as internediates in the
preparation of herbi- 5 oidal 2-(2-imdazolin-2-yl)nicotinates. -Anong the .
met hods of preparation of said herb|C|daI ni coti nates Is that described
in US. Patent 4,756,667 and illus-’ trat ed=b8l ew. 10 - c[err] -

‘wher ei n R[epr] is hydrogen or Clerr]-Clerr] alkyl; Rerr] is hydrogen,

formula I in the presence of an acid such as acetic
acid. The process is shown in flow diagram I.

5 . Flow Diagram I

Hﬁfcoon ROOC-ﬁH 4 NH, + Y-C=CHX

10 ' C1-C-COOR C1-C-COOR

7-C=0
11 S § | 1V
H+
15 - | Solvent
X
y COOR
72

20 l
N
Z N COOR

Ammonium salts wvhich may be used in the
process of the invent;on 1nc1ude ammonium acetate,

25  ammonium propionate, ammonium sulfate, ammoniun carbo-
nate, ammonium bicarbonate, ammonium carbamate, ammo-
nium sulfamate and the like.

In one embodiment of the invention, a polar
- solvent may be utilized such as an alcohol, nitrile
30 such as acetonitr;le, a carboxylic acid amide such as
N,N-dimethylformamide, N-methylpyrrolidone, a sulfoxxde
_ such as dimethylsultoxide, a sulfone and the like. L
Among the a,p-unsaturated aldehydes or
ketones of formula Iv. which may be used in the proeess
35 of the 1nvent10n are acrolein, methacrolexn,

Tlns Sheet Has Been Replaced - ' THIS SHEET HAS BEEN
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* 20 'hélogen, Cerr]-Cerr] afEﬁl, C[err]-C[err]_cycloalﬁﬂ}(ﬁ Rl.err] and

Rerr] may - be taken together to forma Ce[rr]-Cerr] cycloal kyl

optional I'y substituted with nmethyl and X, Y and Z are as descri bed

for fornmula I. It has now been found that pyridine-2,3- 25

di car boxyl at es of formula | can be prepared efficiently and effectlvely
from chl oronal eates of fornmula Il or’ chl orofdurmarates of fornula 111 or
m xtures thereof - ~ whereirn Ris Cerr]-Cerr] -alkyl by reacting the

chl oronual eat e “or chlorofumarate with at | east one nol ar equivalent of

bresence of amoni SERAPESRRTH, HSRTEfidn, ekl ing el |
al kyl al cohol to fonnn&hu&mmmqmshqﬁnﬂwiﬂmaﬁhyl-2-hauannéacaﬂngthQijetha-
T hehye oot e S S ARSI Rpesna iUl S el oot skebniiEgy g o
for. cinnamaldehyde, a—ethoxyacrolein, methyl o-formyl-—
5 acrylate, a-(2-cyanoethyl)acrolein and the like.
In a further embodiment of the invention, the
- reaction mixture comprising the above-formed inter-
mediate and the a,f~unsaturated aldehyde or ketone of
formula IV may be treated with a dehydrogenation
10 catalyst such as that which is conventional in the art
'including metals or compounds of platinum, palladium,
ruthenium, iridium, nickel, ironm, copper, antimony,
cobalt, rhodium and the like. .The dehydrogenation
catalyst is commonly used in the form of the dehydro-
15 genation metal or compound thereof deposited on a
suitable support such as alumina, carbon, clay, geo-
~lite, chromia, girconia and the like. _
Thus, pyridine-2,3-dicarboxylates conta1n1ng
substituents in the 4,5 and 6 positions may be conve-
20 niently prepared by admixing a formula II dialkyl
chloromaleate or a formula III dialkyl chlorofumarate
with at least one molar equivalent of an ammonium salt
optionally in the presence of anhydrous ammonia in a
suitable solvent,'optionally heating said mixture until
25 reaction is essentially complete, optionally filtering
said reaction mixture and adding to the filtrate or to
the unfiltered reaction mixture an acid such as a

mineral acid, sulfuric acid, phosporic acid, an organic
‘acid such as formic acid, acetic acid or prcpionic acid
30 and the like to obtain a pH of at least about.4 and at
least one molar equivalent of an a,ﬁ-unsaturated
aldehyde or ketone of formula IV optionally inm. the
presence of a dehydrogenatxon catalyst, optlonally
| heating the result;nq reaction mixture until format1on

35 of the desired formula I pyrldlnedlcarbcxylate is
r*-———-——~———-_~__~

 This Sheet Has Been Rep THIS SHEET HAS BEEN

Hllllll Wy e




*forfula | in the presence oflgh aC|d such as acetlc égiﬁ. The proceés S
shown in flow di agram|I. 5 Flow Diagram | J[err]

10

15

— [ BEEN-
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complete. The reaction product can be iseleted~using

' standard purification techniques such as fractional

distillation, recrystallization, extraction, liquid
chromatography and the like. :
. The zate of formation of the enamine interme-

'diate and the formula I pyridinedicarboxylate is

temperature dependent, thus, reaction time can be

'effeetively diminished by heating the reaction mixtures

at temperetures of ahout 45 c or greater.
In order to facilitate a further under-

‘standing of the invention, the following examples are

presented primarily for the purpose of illustratinq
certain more specific details thereof and the invention
is not to be deemed 1imited thereby. The terms ;BNMR__
and IR designate proten nuclear magnetic resonance and
infrared respectively. Unless otherwise noted, all
parts are parts by weight.




.

* Ammoni um sal ts which may be u~3d in the process of t he.jJ nventiron incl ude
ammqgni um acet ate, 25 anmoni um propi onate, ammoni um sul fat €, ammoni um car bo-

nat e, anmmoni um bi car bonat e, anmoni um car banat e, anmmo- ni um sul f amat e.

I n one enbodi nent of the invention, a polar sol vent may be utilized such
:as an al cohol, nitrile 30 such as acetonitrile, a carboxylic acid am de
such as - N, N-dlnethylfornanlde N-mret hyl pyr eol6i done, a-sul f oxi de " such
as di net hyl sul f oxi de, a sul-f one. Among the [err]-unsaturated
al dehydes or ~ ketones of formila IV which may be used in the process 35
of the invention are acrolein, nethacrolein,

- 4- " et hacrol ein, crotonaldehyde neﬂﬂ@!gﬁﬁhél ket one,

a- n-butyl acrol ei n, 4-nethyl-2-hexanal, [ err]-met hoxynet ha- crol ein,
[err]-chl-oronet hacrol ei&a&%&”&éﬁd o&qrgs_t crol e|3n. i o _

late from diethyl chloromaleate in the p;gsenoe'og

g!!gg;a and ammonium acetate
' A mixture of diethyl ohloronaleate (4 10 g,

0.02 mol) and ammonium acetate (1.54 g, 0.02 mol) in
ethanol is treated with anhydrous ammonia (1.0 g, 0.06
mol), stirred at room temperature 16 hours, treated
5 with 10 nL of acetic acid and z-ethaofolein'(5'04 g,

0.06 mol) in two portions over a total of 16 hours at
70°C and concentrated inwv aggo to afford an oil resi-
due. The residue is taken up in toluene, filtered and
the filtrate is evaporated to dryness in vaouo to

10 © afford an oil. The resultant oil is vacuum distilled
to afford the title product as a tan oil, bp 151-
152°¢/2 mm Hg.

EXAMPLE 2
15 ,
ﬁgggaration of diethyl S—ethyl-2,3-pyridinedicarbo-
xylate from diethyl chloromaleate in the presence of

ammonium acetate
A mixture of a total of 4.62 g (0.06 mol) of

20 ammonium acetate and diethyl chloromaleate (4.10 g,
0.02 mol) in ethanol is heated at 70 % for a total of
48 hours, filtered and the filter cake is washed with
ethanol. The combined filtrates are treated with 10 mL
acetic acid and 2-ethacrolein (4.62 g, 0.06 mol) in two

25 portions, heated at 70°c for a total of 6 hours and
concentrated in vacuo to give an oil res1due., The

. thus-obtained 0il is vacuum dzstllled to afford the

title product as a tan oil, bp 151-152 c/z mm ng.




5anﬁanaIdehyde, a-ethoxyadroﬁghn, nethyl [err]- fornyl- 5‘\hcrylate

a- (2- cyanoet hyl ) acrol ei n. : In a further enbodiment of the
~invention, the reacti on m xture conprising the above-formed inter--
‘nmediate and the [err]-unsaturated al dehyde or ketone of formula.lVv may

be treated with a dehydrogenation 10 catalyst such as that which is
.conventional in the art i ncludi ng netal s or @orfrpounds of platinum

pal | adi um ruthenium iridium nickel, iron, copper, antinony,

cobalt, ‘rhodi um : The dehydrogenati on catal yst is conmonly
‘used in the formof the dehydro- 15 genat?&apiigié or -conpound t her eof

deposited on a sui tabl e support such a , carbon, clay, zeo-

lite, chrom a, zirconia. Thus, - pyrldlne 2, 3- dlcarboxylates
contai ni ng subsg 2 '

niently. prepared by a

formula Il dial kyEydate from disthyl oh &t@one nol ar eqU|vaIent of

an_ammoni um sal t opti onal hvsw:&.-aa m&%&&seoef afhbhd bl acetaEvd 7.0 4,

sui t abl e sol vent, optlonally heatlng sal d ture until 25 reaction is
essentially conpl eBe99 BeAdmaPREYAT F@rFﬂE°n 2 {02 Healr0dr Mol ARdRY
adding to the filtratemikture of giethpli chivedfunaraten anax@ietyl acid

2610 such as form coisRenizelie th &ﬁéb%r 38 BRREed BY 20U Al ue 1o
obtain a pH of & heuss,abooiied god25Pc and €iiteved.noifhe &dditext makefisn
Lerr]-unsat urat ed washalalghuil® ehatBt OBGa0knbObBHbEnkY 2Rt/ dr tN°

presence of. a dehygro enation cata ) og
concentrated in vacuo. he thus-obtained concentrated

reaction mixture is treated with acetic acid ana
2-ethacrolein (5.0 g, 0.06 nol), heated at 70° c with

10 stirring for 6 hours and concentrated in vacuo to give
an oil residue. The resultant residue is taken up in
methylene chloride, washed with water and fractionally
distilled to obtain the title product as a tan o11, bp
151-152°¢/2 mm Hg.

15 :
EXAMPLE 4

Preparation of dialkyl substituted-2,3-pyridinedicarbo-
Xylate from dialkyl chloromaleate

20 Using essentially the same_procedure de-
scribed in Example 1 and'substitutinq the appropriate
a,f-unsaturated aldehyde, the following compounds are
obtained and 1dentif1ed by lgnMR ana IR spectral
analysis. - ' '

25

30



fheatlng the resulting reaction hixture until formation 35 bf 't he, desired

“fornula | pyridinedicarboxylate is conpl ete. The
reaction product can be isol ated using standard purification. techniques
such as fractional distillation, recrystallization, extraction, |iquid
chromat ogr aphy. 5 The rate of formation of the enam ne interne-
diate and the formula | pyridinedicarboxylate1$# = tenperature dependent,
thus, reaction time can be - effectively dimnished by heating the
reaction m xtures at tenperatures of about 45C or greater. 10
In order to facilitate a furt under - tanding of the invegntion, the
fol | ow ng exanples are pr ented prlnargﬁy-for e purpose
illustrating certaln nore specific details thereof and the invention

H CH, H C,Hg
H CH,0CH, H C, K,
H cnzcl p: 4 : czlis
5 H H H czns _
EXAMPLE 5
10 Preparation of i vl substituted-2 3- dinedicarbo-~-
late from dialkyl chloro te '

Using essqntially_the same procedure de-~
scribed in Example 3 and substituting the appropriate
a,pf-unsaturated aidehyde gives the following compounds

15
X
Y COOR
|
77 SN~ SCooR
20 X —Y 2z R _
H CH, H C, H,
H CH,OCH, E | CpHg
H ca,c1 H Cc,Hy
25 H H H Cc,H,

The above compounds are 1dentif1ed by 1anMR
and IR spectral analysis.



»‘iIs*not to be deened limted the%eby. The terns [err]HNNﬁAQB and IR
desi gnate proton nucl ear nmagneti c resonance and I nfrared respectively.
Unl ess ot Herw s&lsdfied, all =~ parts are parts by weight.

-6- Preparation of diethyl 5-ethyl-2,3- pyr|d|nedTEarbexy\\\\\\Lfif\
fromdiethyl chloromaleate in the presence of anmoni a annDnlum
~acetate _ A mixture of diethyl chlor8maleate: W@ '
mol ) and ammoni um acetate (1.54 g, 0.02 nol) in et hano ﬁw
anhydrous ammonia (1.0 g, 0..06 - nmol), stirred at roonltenperétuﬂe

hours, treated 5 with 10 nl of _acetic acid and 2-ethacrolein (5.04 g,

0.06 nol) in two p67¥$3n§ oGLAINEDLASE of 16 hours at- 7/0[err]C and
concentrated in vacuo to affoad am process for thdupraﬁhzatﬁouduf as taken_

up in tol uene, f"t8338oéﬂﬂ characterized by tormnla I'

wherein R is cl-c alkyl, X and 3 are independently
hydrogen, halogen, 1 alkyl, c alkoxy or c2 c5 .
alkenyl and Y is hydrogen, halogen, 1~ 6 alkyl. optxon—
ally substituted with one to three halogens, hydroxy
groups, cl-c alkoxy groups or 01 glkylth;o groups,
1—c4 alkoxycarbonyl, aminocarhonyl, phenylthio,
substituted phenylthio, phenoxy, substituted phenoxy,
phenyl or substituted'phehyl which comprises reacting a

compound of formula II or formula IXIX or a mixture

thereof
Hﬁ—COOR | ROOC-CH
C1-C-COOR ~ C1-C-COOR
11 | 111

wherein R is C,~C¢ alkyl with an ammonium salt in the
presence of a solvent, optionally in the presence of
- ammonia, to form an intermediate,'reacting said inter-
mediate with an a,ﬂ-unsaturated aldehyde or- ketone of

formula IV )

Been Replaced
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- the filtrate is evaporated tgvdryness I n vacuo to 10 a?Bord an oil. The

~regultant oil is vacuumdistilled to afford the title product as a tan
oil, bp 151- ~452€l2~nnLHg______ EXAMPLE 2 15
Preparation of di 5- et hyl - pyri di nedi car bo- xyl at e fron1diethy|
chl oromal eate in ﬁmimﬂﬂgm H’ IJ ammoni um acet at e A
m xture of a tota i nDI) of 20 ¥mnToni um acet at e -and dlethy
chl oronal eate (4.10 g, 0.02 nol) in ethanol is heated at 70[err]C for
total of 48 hours, filtered and the filter cake is washed with

gl I ComugEdA ! 3 NP e B ek Thoye, gA0RHE 201 o0

for a total of 6 r:mmm of an @nishitamtfarn rbhﬂamagiv@ya‘dddm
resi due. The -ﬂH#iE{in dacuumdistilled to afford the
title product asatan ol 151- 15'%err c 2 ang

2. The proeess according to claim 1 for the
preparation of the pyridinedicarboxylate compound of
formula I wherein X and Z are hydrogen and Y is hydro-
gen, halogen or c1 alkyl optionally substituted with
one to th:ee halogens, c1 4 alkoxy groups or cl-c4
alkylthio groups. . -

3. The process according to claim 1 wherein
the solvent is a polar solvent, the acid is acetic acid
and the intermediate is formed at a temperature of 45%

or greater.

4. The process according to claim 1 wherein
the formula I pyridinedicarboxylate compound is formed
at a temperature of 4s°c or greater.

5. The process according to claim 2 wherein
the formula: I compound prepared is selected from the
group consisting of dialkyl pyridine~2,3-dicarboxylate,
dialkyl S-methyl-2,3-pyridinedicarboxylate, dialkyl
s-ethyl-z,3-pyri§inedicarbbxy1dte, dialkyl 5- (methoxy-
methyl)-2,3-pyridinedicarboiy1ate and dialkyl 5-
(chloromethyl)~2,3-pyridinedicarboxylate.

6. The process accordihg to claim 5 wherein
_the formula I compound is selected from the group
consisting of dzethyl pyridine-2, 3-dicarhoxy1ate,
diethyl S~methyl-2, 3-pyridinedicarboxylate, ‘diethyl
's-ethyl-z 3-pyridinedicarboxy1ate diethyl 5-(methoxy-?
methyl) -2, 3-pyridinedicarhoxy1ate and diethyl 5-(chlo-
romethyl)-z s-pyridlnedicarboxylate.

e e e
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« 7 o \) EXAVPLE 3 Prepara{ion of ."di et hyl

"5 ethyl 2, 3-pyridi nedi car bo- xyl ate fromdiethyl chlorofumarate

A stirred m xture of ammoni um acetate (7.0 g, 0.09 nol), anhydrous
amonia (0.2 g, 0.012 nmol) and a 7:1 m xture of diethyl chlorofumarate
and di et hyl chl oromal eate in ethanol is heated at 70[err]C for 12 5
hours, cooled to 25[err]C and filtered. The $i3%er cake is washed with
‘et hanol and the conbined-filtrates are concentrated in vacuo. The

t hus- obt ai ned concentrated - reaction mxture is treated with acetic aci d

and 2-ethacrolein (5.0 0 06 nDJ err]C wt stirring
for 6 hours and concentrat 4¥P€#%&£L°x¥£ég CORRPYRA. The

resul tant resi dueformuleken mpmed lmpttlyé epmcéimracbordﬁn@edovwlh:waler
and fractionally =~ distilled to obtain the title product as a tan oil, bp
151-152[err] C/'2 mm Hg. 15 - . EXAVPLE 4

Preparation of dialkyl subsﬁqtd&dﬂ?&i@ikﬁ#iQﬂ#ﬁﬂ#!kﬂtﬁ)CONPQVRGIforoni

di al kyl ~chl or ol 5P I wherein *Sind fsﬁf‘é‘tl&i&fd{géﬁ'eaﬁ&f@ P5ORgdrse de-
scribed in Exanple 1 and substitutiqg the a I at

gen, halogen or alky op ionally substituted with

one to three halogens, c alkoxy groups or c1 04
alkylthio groups prepared by the process according to

claim 1. -
| 9. A pyridinedioarboxylate compound of
formula I, diethyl S-ethyl-2,3~-pyridinedicarboxylate
prepared by the process according to oleim 1.

10. a pyridinedicarboxylate compound of
formula I, diethyl 5-(methoxymethyl)=-2,3-pyridinedi-
carboxylate prepared by the process aocording to clain
1. |

AR |

\

. This Shee

//ii/iiiiiiiiiii/iii°“




ALOKO A4~

[err] unsat ur at ed al dehyde, the follomnng conpounds are obt ai ned and
idéntified by [err]HNVR and | R spectral anal ysis. 25 :
[err] 30 [err] ' '

-3 -

formula I in the presehce_of an acid such as acetic
acid. The process is shown in flow diagram I.

5 ' Flow Diagram I

10 C1-C-COOR C1-C-COOR 7-0=0
11 111 Iv
H+
15 . Solvent
b4
Y COOR
: 2
20 |

N
Z7 N COOR

Ammonium salts which may be used in the
process of the invention include ammonium acetate,

25 ammonium propionate, ammonium sulfate, ammonium carbo-
nate, ammonium bicarhonate, ammonium carbamate, ammo-
nium sulfamate. _ '

 In one embodiment of the invention, a polar
solvent may be utilized such as an alcohol, nitrile

30 sSuch as acetonitrile, a carboxylic acid amide such as
N,thimethylformamxde, N—methylpyrrolldone, a sulfoxide -
such as dlmethylsulfoxide, a sulfone. CLT
_ Among the a,ﬁ-unsaturated aldehydes or
ketones of formula IV which may be used in the process

.35 of the invention are acrolein, methacrolein, REPLACEMENTSHEETﬁ
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10 Preparatlon of dial kyl substituted-2,3-pyridinedicarbo- xyl ate from

di at kyl chl orof unarate Usi ng essentially the same procedure de-
scribed in Exanple 3 and substituting the appropriate [err]-unsaturated
al dehyde gives the follow ng conpounds 15 [err]

The above conpounds are identified by [erkc] ANMR

ethacrolein, crotonaldehyde, methyl vinyl ketone,
a-n-butylacrolein, 4-methyl-2¥hexanal,_a-methoxymetha-
crolein, a-chloromethacrolein, a-trifluoromethacrolein,
cinnamaldehyde, a-ethoxyaorolein;-methyl a-formyl~-
5 acrylate, a-(z-cyanoethYI)acrolein
In a further embodinent of the invention, the
‘reaction nixture comprising the above-formed inter-
mediate and the c,p-unsaturated aldehyde or ketone of
formula IV may be treated with a dehydrogenation
10 oataiyst such as that which is conventional in the art
including metals or compounds of platinum, palladium,
‘ruthenium, iridium, niokel, iron, copper, antimony,
cobalt, rhodium.. SR .The dehydrogenation
catalyst is commonly used in the form of the dehydro-
15 genation metal or compound thereof deposited on a
suitable support such as alumina, carbon, clay, zeo-
lite, chromia, girconia.. '
Thus, pyridine-z 3-d1carboxy1ates containing
substituents in the 4,5 and 6 positions may be conve-
20 niently prepared by admixing a formula IXI dialkyl
chloromaleate or a formula IIXI dialkyl chlorofumarate
with at least one molar equivalent of an ammonium salt
optionally in the presence of anhydrous ammonia in a
suitable solvent, optionally heating saiad mixture until
25 reaction is essentially complete, optionally filtering
said reaction mixture and adding to the filtrate or to
the unfiltered reaction mixture an acid such as a
mineral acid, sulfuric acid, phosporic acid, an organic
acid such as formic acid, acetic acid or propionic acid
30 and the like to obtain a pH of at least about.4 and at
least one molar equivalent of an a,f-unsaturated
aldehyde or ketone of formula.IV optionally in the
- presence of;afdehydrogenation catalyst, optionally
heating the resulting reaction mixture nntil formation

'35 of the desired formula I pyridinedicarboxyiagg_is-
' . o | REPLACEMENT SHEET
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and .l R spectral analysis. CLAI VE: 1. A process
for the preparation of a . conpound characterized by- fornula I :
[err] wherein Ris - CJerr]-Clerr] alkyl; X and-Z are independently

complete. The reaction product can be isolated using
standard purification techniques such as fractional
distillation, recrystalligation, extraction, 1iquid
chromatography :

5 The rate of formation of the enamine interme-
diate and the formula I. pyridinedicarboxylate is
temperature dependent, thus, reaction time can be
effeotively diminished by heating the reaction mixtures
at temperatures of about_(S C or greater.

10 . In oxrder to facilitate a further under- _
standing of the invention, the following examples are
presented primarily for the purpose of illustraﬁing
certain more specific details thereof and the invention

_ is not to be deemed limited thereby. The terms IKNKR,

15 and IR designate proton nuc1ear magnetic resonance and
infrared respeotively. Unless otherwise noted, all

. parts are parts by weight.

REPLACEMENT SHEET
09 DEC 1997




ihydrUgcu ndlugen p[err]-C[err] al kyl, Cerr]-Cerr] alkoxy or
C[err]ml [“M and Y is hydrogen, halogen, Cerr]-Cerr] al Kyl

optio ted with one to three hal ogens, hydroxy  groups,
koxy groups or CJerr]-Cerr] alkylthio groups,

Clerr]-Cerr] al koxycarbonyl, am nocarbonyl, phenylthio, substituted
phenylthlo phenoxy, substituted phenoxy, = %ifenyl or substituted phenyl
whi ch conprises reacting a conpound of formula XI or forrmula Il or a

m xt ure t her eof [err] wherein Ris (Jerr]-Cferr] alkyl with an
ammoni um sal t gLAIMSe presence of a solvent, optionally in the presence of
ammonia, to forman internedi ate, reacting sald I nter- medi ate wth at

| east one nol ar equi val eh¢ oR pHofess] for &m@apmngnedtdbaehyﬂexor ket one of"
formula IV {&figduna characterized by formula I .

wherein R is c,-C¢ nlkyl;'x_nnd-z'aré independently
hydrogen, halogen, cl alkyl, 1 alkoxy or c2 s
nlkenyl and Y is hydrcgen, halogen, 1-06 alkyl option-
ally substituted with one to three halogens, hydroxy
groups, C,-C, alkoxy groups or C 1~ alkylthio groups,
cl-ci alkoxycarbonyl, aminocarbonyl, phenylthio,
substituted phenylthio, phenoxy, substituted phendxy,
“phenyl or substituted'phehyl which comprises reacting a

compound of formula IX or formula XIIXI or a mixture

thereof
_Hﬁ-COOR ROOC-CH
C1-C-COOR . c1-C-COOR
2 I SEPE § § |
wherein R is cl-cs alkyl with an ammonium salt in the

presence of a solvent, optionally in the presence of
3 ammonia, to form an intermedzate, reacting said inter-
.med:.ate with at least one molar equlvalent of an a B-
unsaturated aldehyde or ketone of formula IV

—




-10-“\“‘mheLeLn‘g\\gegnd Z are as described above in the presence of an
acid s ‘been a to obtain a pH of at least 4 to formthe fornula I
pyr.i dWIﬂE corrpound 2. The process according to
claim4 aratlon of the pyridinedicarboxyl ate -conpound of

formula | mhereln Xﬁand Z are hydrogen and Y is hydro- =~ gen, hal ogen or
Clerr]-C[err] alkyl optionally substitufed®th one to three hal ogens,

Cerr]-Cerr] alkoxy groups or (Jerr]-Cerr] al kyl t hi o. groups.
3. The process according to claim1 wherein the solvent is a polar

sol vent. !t Newhgkdihoxacel kel dre 399408 BLE" BBELE Syl OrTed 2t 2

tenperature 0 err or greate process
accor di ng presémiendf wireratid which has been aded to obtain a pH of at

least 4 to form the formula I pyridinedicarboxylate compound.

2. <The process according té claim 1 for the
preparation of the pyridinedicarbbxylate.compound of
formula I wherein X and Z are hydrogen and_f is hydro-
gen, halogen or Cy-C, alkyl optionally substituted with
one to three halogens, c1 4 alkoxy groups or C,-C

1 4
alkylthio groups.

3. The process according to claim 1 wherein
the solvent is a polar solvent, the acid is acetic acid
and the intermediate is formed at a températuré of 45%
or greater. ' -

4. The process according to claim 1 wherein
the formula b pyr;dlnedlcarboxylate compound is formed
at a temperature of 45 % or greater.

5. The process according to claim 2 wherein
the formula I compound prepared is selected from the
'group consisting of dialkyl pyridine-2,3-dicarboxylate,
dialkyl S-methyl-2,3-pyridinedicarboxylate, dialkyl
S5-ethyl-2,3-pyridinedicarboxylate, dialkyl S-(methoxy-
methyl)-2,3~-pyridinedicarboxylate and dialkyl S-
(chloromethyl)-z 3-pyr1d1ned1carboxy1ate.

6. The process according to ciaim 5 Wherein
‘the formula I compound is selected from the group
cénsisting of diethyl pyridine-z,§-dicnrboxy1ate;
diethyl'. ' S-methyl-2 ,'3-_p_yridinédicarb6xy1nte', diethyl
~ S-ethyl-2, 3-pyridinedicarboxylate, diethyl 5-(methoxy-
methyl)-2, 3-pyridinedicarboxylate and diethyl 5-(chlo-'

romethyl)-z 3-pyr1d1ned1carboxylate. -
REPLACEMENT SHEET
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dtokoac—9
ﬂthe fornula I pyr|d|ned|carbe~9Iate conpound is fornmed §?§a te erat%ﬁe of
¢5[err]C or grest @kl ) 5. The process according to ci¥
wherein the formula | ‘conmpound prepared is selected fromthe group
conS|st|ng of dial kyl pyridine-2,3-dicarboxylate, dialkyl -
5- et hyl - 2, 3- pyrldlnedlcarboxylate di al kyl
5-ethy1-2 3 pyri di nedi car boxyl ate, "di al kyl 5-(nethoxy-
met hyl ) - 2, 3- pyri di nedi carboxyl ate and dial kyl 5-
(chl oronet hyl ) -2, 3- pyri di nedi car boxyl at e. ' 6. The process
according to cIa|n15 mhereln the fornula I conpound |s selected fromthe
group consisting of diER 5\ FOR! | THE 'PREPARATION \OF _
5- et hyl - 2, 3- pyri di nedi Gg sy
5-et hyl - 2, 3- pyrldlnedlcar*l !iili
met hyl ) - 2, 3- pyrldlneee-x’ﬂ- SRS 8
romet hyl ) - 2, pyrldlnedlcarboxylate

There is prdvided a process for the prepara-
tion of dinlkyi pyridinedicarboxylate compounds and
 derivatives thereof by reacting a dialkyl chloromaleate
or chlorofumarate or a mixture thereof with an ammonium
salt optionaliy in thé presence of ammonia and an
appropiately substituted «,f-unsaturated aldehyde or
ketone.




