SPROCESS FOR THE PREPARATY OF DI ALKYL 2, 3- PYRIDIM’@ICARBCMYLATE AND
DERI VATBVESZ2 THEREOF FROM AN ALPHA, BETA- UNSATURATED OXI ME AND AN

. AM NOBUTENEDI CATE Pyridi ne- 2, 3-di car boxyl ates are usefu
internediates in the preparation of inpOrtant her bi - ci dal
2-(2-imdazolin-2-yl)nicotinic acids, esters and salts. Said her bi ci dal
agents and nethods for their prepardation are disclosed in U S Patent
4,798,619 and U.S. Patent 4,758,667. |mdadstinyl nicotinates and
derivatives thereof are highly effective herbicides at |ow rates of
application and denonstrate sel ective control of noxious weeds in the
presence of key econom ic crops and, further, exhibit exceptionally | ow
manma- |ian toxicity. The inmportance of the pyridinedi carboxyl ate
derivatives, particularly as essential internmediates in the manufacture of
her bi ci dal 2-(2-imdazolin-2-yl)- nicotinic acids, esters and-salts,
creates a signifi- cant need in the art for effect] ve processes for their

producti on. Eur opean pat ent application No. 308 ocess
for preparing pyridinedicarboxylates by reacting mH ct ron
deficient al kenes such as 2- chl oronal eat e.

an object of this invention to provide a process for the preparatlon of a
substi- tuted or .unsubstituted pyridinedicarboxylic acid ester via the
single step condensat mnncﬂsm m mmmmkm 3-
anm nobut enedi oat e Jdt Of i Nt sHdgiwence of
a sol vent. 0 provide

a ready source EROX AN

Pyridine-2,3-dicarboxylates are useful
intermediates in the preparation of important herbi-

cidal 2-(2~imidazolin-2-yl)nicotinic acids, esters and
salts. 8aid herbicidal agents and methods for their
5 preparation are disclosed in U.8. Patent 4,798,619 and
U.8. Patent 4,758,667. Imidazolinyl nicotinates and
derivatives thereof are highly effective herbicides at
low rates of application and demonstrate selective
control of noxious weeds in the presence of key econom-
10 ic crops and, further, exhibit exceptionally low mamma-
lian toxicity.
The importance of the pyridinedicarboxylate
derivatives, particularly as essential intermediates in
the manufacture of herbicidal 2-(2-imidazolin-2-yl)-

15 nicotinic acids, esters and salts, creates a signifi-
cant need in the art for effective processes for their
production. '

Therefore, it is an object of this invention
to provide a process for the preparation of a substi-
20 tuted or unsubstituted pyridinedicarboxylic acid ester
via the single step condensation of an «,f-unsaturated
oxime with an aminobutenedioate in the presence of an
acid, optionally in the presence of a solvent.
‘ Another object of the present invention is to
25 provide a ready source of pyridinedicarboxylate



;-2_- conpounds agﬂ!derivatives of said conpqﬂDds as key
t i

I nternmedi ates in the pro tion of the herbicidal agents,
2-(2-imdazolin-2-yl)nicotinic acids, esters and salts. 5

“These and further objects of the invention w.ll_becone nore apparent
by the description provided her ei nbel ow. — —The-present

I nvention provides a process for : the preparation of economcally

i mportant pyridinedi- 10 carbozyl ates eg~formula | [err] - 15

wherein Rlerr] and Rlerr] are each independently phenyl or '
Cerr]-Cerr]al kyl optionally substituted with phenyl and Y and Z are

each independently hydrogen or (err]-(err]al kyl option- 20 ally
substituted witfoBREURES: ARd-dRELV¥AEAYes of] spifl- cpmpPPPARAS as keykoxy

groups whi ch cofntesnediaees ifi €hel prbAudesshUos! ele herbieiaar of fornula
Il [err] i.nabove for

formia 1 30 *qPEKSanSatersRifaRBliBalcal aitphiRse) Aplast eutors

and salts. .

5 These and further objects of the invention
will become more apparent by the description provided
hereinbelow.

The present invention provides a process for
the preparation of economically important pyridinedi-

10 carboxylates of formula I
Y COOR,
~
N
ya N COOR,
15
I
wherein Rl and Rz are each independently phenyl or
cl-c4a1ky1 optionally substituted with phenyl and Y and
Z are each independently hydrogen or cl-c4a1ky1 option-
20 ally substituted with one to three halogens or cl-c4a1-
koxy groups which comprises reacting an o,g-unsaturated
oxime of formula II
Y Ha
25
y4 -0H

II .
wherein Y and 2 are described hereinabove for formula I
30 with an aminobutenedioate of formula III



}COORl [err] mheretﬁ)R[err] and Rlerr]are eacﬁ’ﬁndependently
hydrogen, C[err] -(err]alkyl, Cerr]-Cerr]cycloal kyl’, phenyl or may be
taken together with the atomto which they are attached to forma 5 or 6
‘menbered alicyclic ring optionally interrupted by oxygen and Rerr] and
Rlerr] are as described hereinabove for fornula | in thé presence of an
acid, optionally in the presence of ‘a solvent at an. el epiidSheet HasBeen Repliced .
In a preferred enbodi ment of the present T#Vention a co | a
is prepared whereinZ is hydrogen and Y is ([err] alkyl’ g}mﬂggm
substituted wth one halogen or Cl1 4 al koxy group. The p
present invention is especially preferred for the preparation of a conpoun
sel ected fromthe group consisting of dialkyl :
5--et hyl - 2, 3- pyri di nedi car boxyl ate, dial kyl 2, 3;488R;di ne di car boxyl at e,
di al kyl 5-nethyl -2, 3-pyridi nedi car boxyl at e, 4°di al kyl
5- (et hoxynet hyl ) - 2, 3- pyri di nedi car boxyl at e}] and di al kyl 5- (chl oronethyl)
-2, 3-pyrisli nedi car boxyl at e. The conpaigds of fornula 111 include the
am nonal eate of formula IV(a), the ang mar atggor, Fornula I'V(b) or
m xtures thereof, wherein Rerr], Rerr] Rerr] and R err] are as
descri bed herei nabove for fornmula II1l1." [err] '

: 111

wherein R3 and R4 are each.independently hydrogen,
clfcsalkyl, c3-cacycloalky1, phenyl or may be taken
together with the atom to which they are attached to
form a 5 or 6 membered alicyclic ring optionally
interrupted by oxygen and Rl and R, are as described
hereinabove for formula I in the presence of an acid,
15 optionally in the presence of a solvent at an elevated

temperature. o

The compounds of formula III include the
aminomaleate of formula IV(a), the aminofumarate of
Formnla'Iv(b) or mixtures thereof, wherein Rl' Rz' R3

20 and R4 are as described hereinabove for formula III.

10

COOR, R,00C

Ivca) - . IV(b)
Oximes of formula II may be readily preﬁared
from the appropriate aldehyde or ketone precursor using
30 standard literature procedures such as that reported in
J. March, Advanced Organic Chemist 3rd Edition

pp. 805-806. For example, the appropriate

a,p-unﬁaturaied carbonyl compound precursor may be

reacted with hydroxylamine to give the desired oxime as
35 shown in flow'diagram I.



-3a ) Oxi /8y of fornula Il may be reéﬁjly pr epar ed fron1the
appropriate aldehyde or ketone precursor using standard literature
procedures such as that reported in J. March, Advanced O ganic Chem stry,
¥3rd Edition, pp. 805-806. For exanple, the appropriate.LeLL}_unsaturated
car bonyl conpound precursor may be reacted “‘th1ﬂ¥gﬁaé¥sﬁe e to gi ve the

desired oxine as shown in flom/dlagraml
FLON B Rl 1 orr [ i
FLOW DIAGRAH I
Y CHp = Y Ha
5 + NHEOH —
Z 0 ;OH

1
The aminobutenedioate compounds of formula
10 III may be conveniently prepared by reacting the
desired amine with a dialkyl acetylenedicarboxylate as
shown in flow diagram II.

FLON DIAGRAM II

15

COOR,
] COOR,

lll + R4R;NH ——>

20 R4R3N COOR,

Loong
III
Alternatively, the aminomaleates including
the aminomaleate of formula IV(a) and aminofumarate of
25 formula IV(b) may be prepared by the method described
in U.8. Patent No. 4,766,218.

It has now been found that S5-substituted,
6-substituted, 5,6-disubstituted and unsubstituted
pyridine 2,3-dicarboxylate compounds may be effectively

30 prepared by admixing a formula I ¢,f-unsaturated oxime
with an aminocbutenedioate of formula III, optionally in
the presence of a solvent, treating this mixture with
an acid and heating the resultant reaction mixture at a
temperature of about room'temperaturé to about reflux



gThé'aninobutenedioate conpqunds of formula Il may HelYconveniently prepared
by reacting the desired am'ne with a dial kyl acetyl enedi carboxyl ate as

shown in flow diagramll. ' FLOWD RGRRAM Il Jerr] -
‘Alternatively, the am nonal eates including the anlnonaleate of fornula
I V(a) and am nofumarate of fornula IV(b) may be pregqshes Replageét hod

described in U S. Patent No. 4,766, 218. ound t hat
5-substituted, 6-substituted, 5, 6- di subst 5t ed an pyridine
2, 3- dlcarboxylate conpounds may be effectively pre y a n1X|ng

formula Il [err]-unsaturated oxine mnth an an1nobutened|oate of formula
hci 4 and hoati nemmerasimronsrabestrdy HRB: pkhiih, 2atiinddsdafedl 1, "
room t enper at ur eﬁimealudt thael lminobutenedioatet ofipfoxtnuls. IPTcBeabl y t he
e o xeu oy O HER Felh Y £ A8pAE0Y:T6E 93458 holarT! 2, I
t hus-formed for eguivalentsdi n&h%&m%@maﬂefﬁmaét Inﬂ?’-‘é@ pedigRTT using
standard fech- pogylate product may be isolated using standard tech-
niques such as extraction, fraqt;onal distillation,
chromatography and the like. For purposes of illustra-
tion, the process is shown employing an aminobutene-
dioate of formula III in flow diagram III.

10
FLOU DIAGRAM III
15
Y _Ch COOR, Y ~ COORy
X (( e
N "
N-OH COOR, z COOR,
11 I
20 Of course, it is understood that an amino-
maleate of formula IV(a) an aminofumarate of formula
IV(b) as well as mixtures of aminobutenediocates may
also be efficiently used in the process of the invent-
tion. '
25 Among the acids that may be used in the

process of the invention are those commonly used in
condensation reactions such as acetic acid, propionic
acid, p-toluenesulfonic acid, methanesulfonic acid,
sulfuric acid, phosphoric acid, phosphorous oxychlor-
30 ide, phosphorous trichloride, phosphorous tribromide,
hydrochloric acid, hydrobromic acid and the like.
Preferred acids are strong mineral acids such as
Sulfuric, hydrochloric, hydrobromic and such. Particu-
larly preferred is hydrochloric acid. '



-nlques such as extractiomyfractional distillation, romat ogr aphy and t he

| i ke. For purposes of |II tra- tion, the process is-shown enpl oying an
am nobut ene- dioate of forrmula IIl in flow diagram Il
‘FLOW DI AGRAM | 1] [err] O course, it is understood

that an am no- nmaleate of fornula IV(a) an am nofumarate of fornula IV(b)

as well as m xtures of am nobutenediroates may al so be efficiently used in

t he process of the invent- tion. -8rong the acids that may be used

in the process of the invention are those conmmonly used in condensation

reactions such as acetic acid, propionic acid, p- toluenesulfonic aci d,

nmet hanesul foni ¢ aci d, sulfurlc aci d, ghos horlc aci d ﬁggsghorous oxychlor-
r

i de, phosphorous tri chl or BRadvepkssghdtable; foK, Yap in ERPERR cO%ci d,
‘hydrobrom c aci ¢handnveatioke arer akromatdcahydrocacbshsoagdnhakoaroaci ds

S 2 o U e BK8050 A bonl) 4R 9 Gyiifles EB1uBRE} ' Biabib)Y
- 6- halobenzene, dihalobenzene and the like, haloaliphatic
5 solvents such as dihaloethane, dihalomethane, and the
like, aliphatic esters such as ethyl acetate, ethyl
propionate, and so forth and alcohols such as methanol,
ethanol, propanol, and the like. In general, solvents
having a boiling point of about 50°-180°C are suitable.
10 The rate of formation of the formula I
pyridinedicarboxylate product is temperature dependent,
thus, the reaction time can be effectively diminished
by heating the reaction mixture at temperatures greater
than room temperature, preferably at reflux tempera-
15 ture. '

' To facilitate a further understanding of the
invention, the following examples are presented. The
examples are priﬁarily for the purpose of illustration
of certain more specific details and the invention is

20 not to be deemed limited thereby. Unless otherwise
noted, all parts are parts by weight and the term NMR
designates nuclear magnetic resonance.

_ EXAMPLE 1
25 Preparation of diethyl 5-ethyl-2,3-pyridinedicarboxylate
from z-eth lacrolein oxime and diethyl 2-aminobutene-

dioate

/

| £00C,Hy £00C,Hg
30 N-oH

HaN CO0C,Hy COOC,Hg

~ A mixture of 2-ethylacrolein oxime (4.95 g,
0.05 mole) and diethyl 2-aminobutenediocate (9.35 g,



'solvents suitable for use€yn the process of t @i nvention are

“aromati c hydrocarbons and hal oar o- mati ¢ hydr oear bons such as xyl ene,
t ol uene, benzene, hal obenzene, di hal obensene and the |i ke,

“hal oal i phatic 5 sol vents- such as di hal oet hane, di hal onet hane, and the

| i ke, aliphatic esters such as ethyl acetate, ethyl propi onate, and
so forth and al cohol s such as nethanol, et hanol , propanol, and the
like. In general, solvents havi ng =7+boi | i ng poi nt of about
50[err]-180[err]C are suitable. 10 The rate of formation of
the formula | pyri di nedi car boxyl ate product is tenperature dependent,

t hus, the reactlon tlne ca be ef ectlvel d|m by .heating the
reaction m xtur®e re?#ﬁé:Yiﬁﬂn??ﬂﬁﬁgeﬁ{%?é]

preferably at re é fgsemega o.165 mo:teny ein a single portiodmt amdnmtate a
further underst es are
presented. The %ré %tshaz'r.%d p+£]rr§ﬁ,#g&f é%;e%%%gs]e ﬁ(%

i |1 ust rat i on hoursofh%tﬂ&l#‘-mﬂ%’peml’%rﬂb#aﬂ £oB Rl ¥ ROYFRwention i s
20 510 b%ﬂ&f&@daﬁa eékced A€ - in Wa88S %hj‘i%sﬁ: oil réi-<ed, all

parts are parts |ght and the at es

NVR cl ear
nmagneti c resondie 01l rgg%g%ga£;Oﬂpﬁ?;ﬁ;g¥ﬁ§|bgg¥een é%h

5-ethyl -2, 3- pyra@uﬂeebcawowtﬁe The ordanic ’phisy| inrconcentratesd and
di et hyl 2-am noput_ene-

[ - A
m xture of 2- et% Yacue tq %&Y?naeﬁ E%tb? L’%a&ctd’fﬁn rm?iéJ}' a?\%’rl%-t' hyl
2- am nobut enedi betiz¢d®. B NMR spectrog_qopy.

10
EXAMPLE 2
Preparation of diethyl 2,3- dinedicar late from
acrolein oxime and diethyl 2-aminobutenediocate
15
COOC,Hg C00CzHg
o ~ 7 — CC
"\ =
~N-0H Ha COOC,Hg N" caoc,Hg
20 A stirred mixture of acrolein oxime (6.8 g,

0.096 mole) and diethyl 2-aminobutenedioate (9.35 g,
0.05 mole)-in.zg'mhuof acetic acid is treated with
- concentrated H,80, (5.2 g, 0.05 mole) in a single
portion to give a vigorous exotherm. The reaction
25 mixture is heated at reflux temperature for 1 hour,

' cooled and concentrated in vacuo to give a tarry
residue. The residue is partitioned between methylene
chloride and water. The organic phase is concentrated
in vacuo to give the title product as an oil, 2.4 g,

30 21% crude yield as determined by NMR analysis.




v 7 0.05 nol e)/ )n acetic acid is treated &E}h concent r at ed
"Rlerr]Sderr] (5.2 g, 0.05 nole) in a single portion”at room

tenperature, stirred at ambient tenperatures for 2.5 hours, heated
“at reflux tenperature for 2.5 hours, 5 cool ed and concentrated in
vacuo to give an oil resi- due. The oil residue is partitioned
bet ween et hyl acetate and water. The organic phase in concentrated
in vacuo to give the title product as an~8rl, charac- terized by NWR
spectroscopy. 10 EXAVPLE 2 :
Preparation of diethyl 2,3-pyridinedicarboxylate from acrol ein oxine
and di et hyl 2-am nobut enedi oat e 15 [err] '
20 A stirred m xture onéggaFe#n oxine (6.8 g, 0. 096
nol e) and di et Prieparationhoifcdisthyl c5¢nekh i -2, 3-pyridimedigarboxr 25 nl
of acetic acidg itUﬁbﬁdz%}Ehlacrolﬁﬂﬂcﬁ ~ 9w 5 2 9,
0.05 nole) in &.single poriron to give a V|gorous exotherm The
reaction 25 FEELLOURSSreR2RRERef | uXx tenperature for 1 hour,
cool ed and concentrated in vacuo to give a tarry resi due. The
residue is partitioned bet ween met hyl ene chl oride and water. The
organi ¢ phase is concentrated in vacuo to give the title product as
an oil, 2.4 g, 30 21% crude-yield @Usocdﬁterm ned by NMR anal yédo%

2

H

2''s
” : | - 7

> XIN-0H N

A stirred mixture of 2-methylacrolein oxime
(2.21g, 0.026 mole) and diethyl N,N-dibutylaminobutene-

10 diocate (7.8 g, 0.026 mole) in ethylenedichloride at ice
bath temperatures is treated slowly with HCl gas for a
5 minute period, stirred for 1/2 hour, allowed to come
to room temperature, cooled slightly to about 22°%,
treated again with HCl gas until reaction mixture is

15 homogeneous, heated at 85% for 2 hours, cooled to room
temperature and quenched with ethyl acetate and water.
The organic phase is concentrated in vacuc to give the
title product as an oil residue, 6.3 g, 53% purity, 54%
yield as determined by NMR analysis.

20 Using essentially the same procedure and
employing 0.10 mole of 2-methylacrolein oxime and 0.15
mole of diethyl N,N-dibutylaminobutenediocate affords
the title product in 75% yield and 53% purity as
determined by NMR analysis.



- EXAMPLE 3 Pr epar at of diethyl 5-nethyl-2 {3§pyr|d|ned|carbox-
ylate from2- nethylacrole oxinme and diethyl NN -

. di but yl am nobut enedi oat e [err] A stirred m xture
‘of 2-methylacrol ein oxine (2.21g, 0.026 nole) and di et hyl

N, N- di but yl am nobut ene- 10 dioate (7.8 g, 0.026 nole) in

et hyl enedi chl oride at ice bath tenperatures is treated slowy with
HCl gas for a - 5 minute period, stirt®d for 1/2 hour, allowed to cone
to roomtenperature, cooled slightly to about 22[err]C, treated again
with HO gas until reaction mxture is 15 honbgeneous, heated at
85[err]C for 2 hours, cooled to room Jperature and quenched with
ethyl acetate and mater The o@ﬁgﬁpgg%hase i's concentrated in vacuo
to give the : el Ehyh (Svmethyl+2i; 8~-pYriX DEfY, 54%
yield as deter njg 102 ;,' ; a an ARV ESRESYERLLY t he
sanme procedure anad u Ng_ ( f y [
0. 15 no| BeXYLENINOLULEREELOR 21 ani nobut enedi oat e af f or ds
title product in 75@6y|eld and 53@6pur|ty as deterf ned by NWR
anal ysi s. EXAMPLE 4
Preparati on of diethyl 5-nethy|-2,3-pyridinedicarbox-

X, M ™ X
5 .
XN-0H O_ CO0C,Hg S

A stirred mixture of 2~methylacrolein oxime
(2.13 g, 0.025 mole) and diethyl N-cyclohexylamino-

1o butenedioate (6.3 g, 0.026 mole) in ethylene dichloride
at ice bath temperatures is treated with HCl gas until
exotherm is no longer observed, heated at 70°-75°%¢ for
about 2 hours, cooled and quenched with ethyl acetate
and water. The organic phase is concentrated in vacuo

15 to give the title product as an oil residue 3.25 g, 62%
crude yield, as determined by NMR analysis.

COOC Hy

EXAMPLE S5
Preparation of diethyl S-methyl-—2,3-— idinedicarbox-
20 ylate from 2-methylacrolein oxime and diethyl morpho-
linobutenedioate

C00C,Hy

COOC,Hg
l  — ~
~ A .

25 N-OH d W C00C,Hg . N
' COOC,Hg

// \<

A stirred mixture of 2-ﬁethy1acrolein‘oxime
(5.2 g, 0.05 mole) and diethyl morpholinobutenedioate
30 (13.0 g, 0.05 mole) in ethylene dichloride is treated



§Iaté fron12-nethy|acro|ekﬁ}oxine and di ethyl N-cycl

hexyl am nobut enedi oate [erf] ?Z)stirred m xt ure of
2-met hyl acrol ei n oxi ne (2.13 g, 0.025 nole) and di et hyl

N- cycl ohexyl ami no- 10 . butenedioate (6.3 g, 0.026 nole) in ethylene

di chl ori de at i'ce bath tenperatures is treated with HO gas unti
exothermis no | onger observed, heated at 70[err]-75C for about 2 .
hours, cool ed and quenched with ethyl aceti®=e -and water. The organic
phase is concentrated in vacuo 15 to give the title product as an oi
residue 3.25 g, 62% - crude yield, as determ ned by NVR anal ysis.

EXAMPLE 5 P ion of dieth 5:net hyl -2, 3- pyri di nedi capbox; 2Q
ylate from 2= né?%§£2§&%lgfﬁ SYfﬁE‘a%Q Tﬁ?ﬁ%@lpfﬁﬁ?ﬂmg% b 2§6¢ (ice
| i nobut enedi oat ebagbredpoling) allowed to exothexn sto r53%c niheated oit
2-met hyl acrol ein " 2 05 i .
nor phol i nobut eneﬁgg%?g%? »%‘i%bg%o‘qﬁ' 0%%?%)2!?‘?1 ﬁ%ﬁ%n% ‘t’ﬂ%‘ﬁl%?r'ag i's
treat ed and methylene cl_ﬂor:Lde. The organic phase is concen-

5 trated in vacuo to give the title product as an oil

residue, 10.6 g, 45% purity, 40% yield as determined by
NMR analysis. '




“'10= with HC gas over{a)ao m nute period at abouﬁ‘ﬁS[err]C (ice bath
“cooling}laBkBwed to exothefmto 53 [err]C, heated at Teflux for about 1
.hour, cooled and quenched with water and nethyl ene chloride. The organic
phase I's concen- trated in.vacuo to give the title product as an oi

residue, 10.6 g, 45%purity, 40%vyield as determ ned by NVR anal ysis.

o e DAY 5= tBFeP?fpaL?‘gS“ ﬂf—aﬁegz—%:a:‘fff
phenyl or ersr|a optionally subs

and Y and Z are each |ndependently hydr ogen or rr]aIkyI
optional |y substy tast wth one to three halo err]

al koxy groups which iIs characterlzed by reactlng an [err]- unsaturated oxi me
of fornmula Il [err]

1. A process for the preparation of a
compound of formula I

Y COOR4
g
~
z N COOR,
I
wherein Rl and Rz are each independently phenyl or
cl-c4a1ky1 optionally substituted with phenyl

and
Y and Z are each independently hydrogen or
1 4alkyl optionally substituted with one to
three halogen or c1 4alkoxy groups
which is characterigzed by reacting an ¢,s-unsaturated
oxime of formula IIX

Y CH,
7 N-OH
11
wherein Y and 2 are as described above for formula X

with an aminobutenedioate of formula III

00R,

R4R3 COOR,

III



owhereln Y and Z are as deSyribed above for fornula Iﬂwytl1 an

“am nobut enedi oate of fornmula Il [err] : -
12- wherein R err] and R err] are each independently hydrogen,
‘Cerr]-Cerr]_alkyl, Cerr]-Cerr]cycloalkyl, phenyl or_ may be

t aken toget her W|ththe atomto whi ch t hey Tj‘?ﬁ f orm a
oxygen Zﬁ&‘berlfﬂlllldlmmlluﬂu] HE Cai'e”gs‘-’ﬁé'sii‘?l)'eé abe mﬁ, in
)

the presence df &n aci ¥ a optlona y in the presence of a solvent at an

el evat ed tenperature. : The process according to claim1
wherein the [err atyurate XIm(ﬁf

but enedi oate of¥ *8? 3I?ng g4p?§§eﬁ?° gﬁﬁgpfﬁﬁfﬂgﬁy ﬁggﬁ?gfpi to 1:1.5
nol ar equi val ent s. ci-C aBkyl,Tb -pacyeioaakybbdphgnyé otahnqibe

wherein the acid is selecggﬁanegg?%@ﬁegrgye cgﬂgl?gbﬂgtgfwggghlg

p-tol uenesul fonic acid, ne oni ¢ aC| uric aci phosp orlc
aci d, phosphor ous oxychl oRF8catEashedotauSorm 8h50PFE, mﬂHH?EHGrous

tribromde, hydrogen chl oaifieyaid Pyflgogpeibhali¢cintérrupted byt  The
process according to claim3 mhereln the acid is hydrogen chloride.

5. The process accor di n§*¥9eP| &Pt 1 wherein
R1 and Rz are as described above for formula I,

in the presence of an acid and optionally in the
presence of a solvent at an elevated temperatnre.

2. The process according to claim 1 wherein
the o,f-unsaturated oxime of formula II and the amino-
butenedioate of formula III are present in the ratio of
about 1:1 to 1:1.5 molar equivalents.

3. The process according to claim 1 wherein
the acid is selected from the group comsisting of
acetic acid, p~-toluenesulfonic acid, methanesulfonic
acid, sulfuric acid, phosphoric acid, phosphorus
oxychloride, phosphorous trichloride, phosphorous
tribromide, hydrogen chloride and hydrogen bromide.

4. The process according to claim 3 wherein
the acid is hydrogen chloride.

5. The process according to claim 1 wherein
the reaction is run in the presence of a solvent.

6. The process according to claim 5 wherein
the solvent is selected from the group consisting of
xylene, toluene, benzene, halobenzene, dihalobenzene,
dihaloethane, dihalomethane, ethyl acetate, ethyl
propionate, methanol, ethanol, propanol and'butanél.

7. The process according to claim 6 wherein
the solvent is dichloroethane.



:1 he" reaction is run in t;ﬁ?) presence of a solvent. 6. The
process according to claim5 wherein the solvent is sélected fromthe group
-consi sting of xylene, toluene, benzene, hal obenzene, di-hal-obenzene,—

di hal oet hane, “dirhat-onethane,—et-hyl acetate, ethyl pr opmpmﬂm

et hanol , prop anol 7. The pro

claimé®6 V\/nerea]wuﬁﬂﬁm HH’IJ” di cht or oet hane. []E‘Tﬂ
- 13- ess accor"d’r:hg to claim 1

tenperature irs about 50- 180C 9. The process accor d| ng to

claiml for the preparation of a compound of fornula |I wherein Z is

hydrogen and Y is C[err]g C[eri;d@(#\?gcégg mgdﬁ%h’s&r di G Mdtepd

hal ogen or Cferr]-(err]a 'koxy ar process accordl ng
to claim9 for the terperaturs is @Wn’tﬂ-%‘f%t ed fromthe group

consi sting of dialkyl 5-ethyl-2,3- pyrldlnedlcar- bokyl ate, dial kyl

2, 3-pyridi nedi carboxyl ate, dial k% - met hyl - ri di nedi carboxyl at e,

di al kyl 5- (net hoxy- met hy‘f-) 2% ﬁ#‘tﬁm&%ﬁ gke claim;l the
5- (chl or omet hylﬁré’p&w:tmdldtsct ceonpoundict formula I wherein Z is

hydrogen and Y is c,-¢ C alkyl optionally substituted
with one halogen or 01 4alkoxy'qroup.

. 10. The process according to claim 9 for the
preparation of a compound selected from the group
consisting of dialkyl 5-ethyl-2,3-pyridinedicar-
‘boxylate, dialkyl 2,3-pyridinedicarboxylate, dialkyl
S-methyl-2,3~-pyridinedicarboxylate, dialkyl 5-(methoxy-
methyl)=-2,3-pyridinedicarboxylate, and dialkyl
5-(chloromethyl)~-2,3-pyridinedicarboxylate.’



