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OF PYRI DI NE DI CARBOXYLATE DERI VATI VES BACKGROUND OF THE | NVENTI ON 19 Ayg 2007

. Pyridine-2, 3-di carboxyl ¢ acids and esters are building bl ocks for numerous

bi-o-active products, particularly imdazolinone herbicides, for exanple

U, S. 4,758,667. Known nethods to prepare pyridine-2,3 5 dicarboxyl ate

derivatives via the oxidation of a suitable quinoline or alkyl pyridine
precursor are often plagued by the use of costly oxidants such as Kwh09,
HzCr 20" SeQz and the like; by l'ong reaation tinme cycles such as in the use
of ozone, electrolysis and the like; and by undesirable |0 side reactions
such as decarboxyl ation, N-oxide formation and the |ike. Therefore, new
nmet hods to construct the desired pyridine dicarboxyl ate product are

conti nual | yyoaisnggsought. It has now been found that a rapid one vessel 15
process to prepare a pyridine-2,3-dicarboxylate derivative is readily
obt ai ned via the sequential condensation of the appropriate al kyl vinyl
ether with Vilsneier reagent, oxal acetate and an anmmoni a sour ce. 19
AUG 2002 -2 5 SUMVARY OF THE | NVENTI ON The present invention provides an
efficient and effective process for the preparation of

pyri di ne-2, 3di car boxyl ate derivatives of formula | RL / COORz N~COOR 3 (1)
wherein Rl is PRQECESH -B i 42

PROCESH -KOR [THE RREHARM] N OFhPYRIDINE I DXYURTE OoXY or
hal ogen; and 10 RZ and R3 are eachggidararegent|y C -Csal kyl ich conprises
reacting an al kyl vinyl ether conpound of tornmula Il Ri RO (lIl) 15 wherein
the formula Il conpound is the cis isoner, the trans isoner or a m xture

thereof, Ris Cl-CQal kyl amtrRRomNAOFIGHENGNVERTIONrmula | with at | east
one nol ar equi val ent_ of Vilsneier reagent 0 tioqgll in the 20 presence of
a first sol vent RY&FHEP@-2 B FLCarROEY d?ﬁ%g? 25 r%%&ﬁ?%mf%ﬁﬂd first
i nt er medi attmMidihcatblloekst ferenmmbasbusghivabent vefpardwatad acet at e of

formula lllpéggggﬁfgfiycqggdgzghEhgne ﬁegbf%ghggpzfor example U.S.
4,758,667. Known methods to prepare pyridine-2,3-

5 dicarboxylate derivatives via the oxidation of a suitable
guinoline or alkylpyridine precursor are often plagued by
the use of costly oxidants such as KMnO,, H,Cr,0,, SeO, and
the like; by long reaction time cycles such as in the use
of ozone, electrolysis and the like; and by undesirable

10 side reactions such as decarboxylation, N-oxide fqrmation
and the like. Therefore, new methods to construct the
desired pyridine dicarboxylate product are continually
being sought.

» It has now been found that a rapid one vessel

15 process to prepare a pyridine-2,3-dicarboxylate
derivative is readily obtained via the sequential
condensation of the appropriate alkyl vinyl ether with

Vilsmeier reagent, oxalacetate and an ammonia source.
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"- 3 wherein R2 and R3 are as defined for formula | in the presence of at

| east two nolar equivalents of a base to forma second internedi at el 3318 2607

2 3) reacting said second intermediate with an ammoni a source optionally in

the presence of a second solvent to formthe fornula | pyridine diester

_product. Conpounds of fornmula | are useful in the preparation of

i m dazol i none herbicidal agents. 10 DETAI NED DESCRI PTI ON OF THE | NVENTI ON
Anong t he net hods known to prepare pyridine 2,3 dicarboxylate derivatives
are degradative nethods such as oxidatizon of the appropriately substituted
qui noline or 15 al kyl pyridi ne precursors. However, oxidation procedures
often are costly and hazardous. Advantageously, it has now been found that
pyri di ne-2, 3-di carboxyl ate derivatives of fornmula T may be effectively
prepared in a single vessel gyMaakipeosenmentNvENTIONensati on of a 20
suitabl e al kyl vinyl ether of fornmula Il with Vilspejier reagent, an

oxal acetate of fE¥mRA%Esent &ﬁﬁe§ﬁlSHnBﬁP§l§6%r%%.eggép%%%5t$h) is shown in
Fl ow Di agr asfifectihes @irvdcéss Epreshbt prébarat i /o £1@Pridind- AUG Q02 - 4
Flow Diacram|_\Vilsnmeier ~~~ 0 Rl reage ~ g optional R 1st solvent RO RO
(1) First ‘?’]n?ae%%ﬂiqe & éﬁrlivi‘té"fseégi \E/%’r‘é‘?g%age OCOR2 3 (IIl) 5 10
Ammoni a5Rl / COZR2 Source X ~ R1 / COZR2 optional 1 N~ CO R HO 2nd Sol vent
,~ CO2R3 (1) Second Intermnediat er | 0 RBg with the process of the

i nvention, an al kyl vinyl ether 6¥QE§?§Ei§@II’ whi ch may be the cis isoner
or the trans isonmer or a mxture thege may be reacted with at | east one
nol ar equi val ent of Vil sneier reagentNoptF§§é3ly in the presence of a first
solvent to forma first internediate (a vinylogous imdate salt), which may
then be reacted with at | east one nol{@ equival ent of an oxal acetate of
formula I'll in the presence of at |east two nolar equival ents of a base,
preferably an organic am ne base, to forma second 1 9 AUG 20D2 - 5

i nt er nedi atvtereimifai éf Bapbt) G whatkyhegphionakly ethRFtiHFuiehitiddt a source
optionally (and pref erablankd# tdie anegenGeaah a second solvent to formthe

desir e(:jLOf ormuil a Piz g}/lgil |3 naen.:ez’e?’a_c ! %%%%é%h%%%lgr 8?—"'(?5talkyl which

comprises reacting an alkyl vinyl ether compound of

formula II

R

\lj 1

|

RO

(11)

15
wherein the formula II compound is the cis isomer, the
trans isomer or a mixture thereof, R is C,-C,alkyl and R,
is as defined for formula I with at least one molar
equivalent of Vilsmeier reagent optionally in the

20 presence of a first solvent to form a first intermediate;

2) reacting said first intermediate with at least

one molar equivalent of an oxalacetate of formula III

L COCR,

o) COOR,
(III)




5 The term Vil sneier reagent, as used in the specification and cl ai ns,
.designates the in situ product of the reaction of dinethyl fornanid?@MngU
. an activating agent such as oxalyl chloride, phosgene, phosphorous !
oxychl oride, thionyl chloride, and the |ike and may be 10 illustrated as an
.imoniumsalt of forrmula IV or the anal ogues thereof wherein X~ represents
Cl~ or PQ2C12~. ( CH3 ) 2NO--CHC1 X (I'V) 15 The term hal ogen as used in the
specification and clains designates Cl, Br, | or F. Solvents suitable for
use as the first solvent in the inventive process may be any inert organic
sol vent 20 such as a hydrocarbon, e.g. hexanes, pentanes, heptanes and the
| i ke; a hal ogenated hydrocarbon, e.g. nethylene chloride, chloroform
di chl oroet hane, and the like, preferably dichloroethane or nethylene
chloride; an aromatic hydrocarbon, e.g. benzene, toluene, xylene and 25 the
i ke; a haI nate aro iC h dro arhbon,. e. chl or obenzene,
o- di chl or ob% q% MF%' ?gﬁneérg?érﬁBF?“iﬁe§rb%c??%n i's
conduct ed vmtdrsemda regit a$ollea|stt awd peééeraghyvahentsrof sdbasntta s a
hal ogenat ed: dydrpcaroiy sueRasqdhehl orngt hane or nmethyl ene chloride. 30

Bases suitable for use in.the Inventive process are organi c amnes such as
triethyPanmi ne, pyri d5F@Cing; grhE, SROERDE HRERYREAHRFE (WHer an

N- et hyl pyraneddrdisnescairdtet bptlivkellpr eﬁegllabl yréééﬁédﬂyd)ﬂrﬂh NEedndy’r i d} neh

1 9 AUG 20QZ, r t se.iln the pr ss of the
Fvention RIS A0 ari SR, EOEmRLE B bRE A o R R i o,

i ncl udi ng anhman?Wpﬂynd§n@§nﬁeﬁm§éat§ agadusetul i ke, tmﬂeﬁnﬁnﬂﬁ%ﬁxpnnanlunl
salts such s imiRiEPNlikEnacakabeciggmorient sul famate, and the Iike.
Solvenéﬁ suitable for use as the second solvent in the inventive process
are protic solvents such as mater alcohols such as Cl-C4al kanol s e.g.

et hanol , net hanol , i P i ANVENBIONabl y et hanol; 10

organic acids s X i Ci ropi oni c
acid and the ll%&@ %f ﬁér %Fﬁggge #%gggf%déﬁ%%&etaé}%lf&#% rrzgtl'gn of the
reaction prodFe® qz’%’lg"éﬁeﬁlaP-”P-YaEP—Veét pyer degradpt bve Heethads soich &fper at ur e.

| n gener al omwlotneIasﬁerchteuapﬁrwpﬂad@we@wsﬁb@ﬁ@d Q;ﬁfn&lirfee&cxtl on and
hlgher gengﬁh ]ﬁ;es wi |l _increase the rate of reaction.

excessivel y Yré';%é‘FaPﬁFSErSPESnotH‘a‘@iY?’éd Hed P é’ﬁ?cteéie”édetfecr ease in
product i @Ifd:e@n@rpulcplsylyPaaﬂehabaedoem)erMmremg@mgﬂyf,r am akkeut OC to

120C. 20 Imdwwy@@ntqohﬁgikhggt gl&ﬁﬁéh§r3 f%g§%5§¥%, 41 of the invention

t he follomnn exanpl es are set rimari e purpose of
illustrati ﬁ’& tatté:i"ﬁsrrﬁlfefgﬁ@lé?'ﬁ ¢ 'B%Ya}i’? seﬁm%b\relyrr&rqnﬂr@ﬁ ilhad s not to
be |im ted siheflebyeasedptriastHef seqdenmahec@zhcaaérﬁ@atﬂahe dgferam NVR 25 -
desi gnates |83k S 7. EXANVPLE 1
Prepargélcnggﬁi%§i %ﬁgggybgg?ﬁ ggﬂggd?%a$ oxvfaie d”%?ﬁ)vﬁiquf%ﬁjjﬂ(CHS)z /
COZCZHs &m@@ge@z(azﬁél NEBlacetate 708 Sornc GBHE and GZHEWmania

source. The reaction is shown in Flow Diagram I, wherein

o O ©

X~ represents Cl~ or PO,Cl,~




5 10 15 20 3) NH3 A soution of dinethyl

formam de (73 g,

1.00

nole) in

.ethylene dichloride is slowy treated with oxalyl chloride (88 niL, 3.908J6 2002

. mole), wth cool
wirt h -et hyl vi nyl

at anbient tenperatures for
sequentially wth diethyl
cool.ing) triethylamne (224 g,

ing, stirred at ambi ent tenperat
ether (72.1 g,
16 hours.

2.2 nole),

ures for 16 ho

0.5 hour

urs, treated

1.00 nole) over a 1 hour period and stirred
This reaction mxture is treated
oxal acetate (199.28 g, 1.06 nole) and (with
stirred for

s and treated

with a prem xed solution of concentrated HC1 (200 m ) and concentrated

NHqOH (200 m) i
wth water (250
The resultant m

to remove 1850 g of distillate.

absol ut e et hanol

n 100 M of water.
m),
xture is distilled under

(1.0 L) and NHQOCOCH3 (180 g),

heated at refl

The reaction mxture is treated further
concentrated NH40H (70 m) and acetic acid (200 m).
NZ at 88C and at nosphere pressure
ThiowliRiddxam iIon pot is then treated with

ux

tenperature for 16 hours and distilled at 100C to - 8 renove 887 g of
distillate. The distillation pot is cooled and tfhie resjdue is Jpartitioned
between water and 2:1 ethyl acetiatsddiexanes. The or £ phase i s
separated, washed segienti al |y mdddenwat er and brji ne afd 5xconcentrated in
vacuo to give the title product—as—an—etl, 179.5 B, % pure)| 58. 5% vyi el d,
identified by NVR apalysis. E H%?%% 10 Using esgentially the sanme
procedur e descriF in Exanpl e £° &vd gﬁﬁloylng t he 'appropri atlel y
substituted vinyl ether substrate the results shgwh in Table |l are
obtained. 1 9 AUG (2002 -9 TABLE | Vilsneier RL 1) reagent _Z) DOX1 3) NHO

YORL / Q2CzH5 ----- ~ 4 (1st solvent) base (2 N HRO z z s
Exanpl eaci d chl ori debaseY @Nunber RR1( 1Bt solvgﬁf%gwé g%&gqggbgFents)(Zna

chl ori deTri et hyl ami ne0 OCOCH52. 8( CLCH2CHZCL ) ( 2
chl ori dePyri di neQ OCOCH39. 6( CLCHZCHZCL )( 2 . 2

) Yi el dso vent 2nBu - Hoxal yl
2 )3 (CaHsOH) 3nBuHoxal y

53 ( CzH50H ) 4CzHsHPOC13Tri et hyl am ne~0OCOCH62. 3( CHzZC1,) ) ( 3cxg@}) C,
2 equiv.
of base
(0] C02R3
Y (ITI)
Ammonia B e : 7]
RN~ ’ CO,R, A‘Source X NG CO,R,
J optional @ = | -
N CO,R, 2nd Solvent ,/T' HO CO,R,
(1) - -

Second Intermediate

In accordance with the process of the invention, an

alkyl vinyl ether of formula II, which may be the cis
isomer or the trans isomer or a mixture therecf, may be
reacted with at least one molar equivalent of Vilsmeier
reagent optionally in the presence of a first sclvent to
10 form a first intermediate (a vinylogous imidate salt),
which may then be reacted with at least one molar
equivalent of an oxalacetate of formula III in the
presence of at least two molar equivalents of a base,

preferably an organic amine base, to form a second




: ( ZHSOH ) 5CZHSCH3o0xal yl chl ori deTri et hyl am neOSO NH48( CHzC 2 )( 2

, ( CH3COZH) 6CZHSCZHSoxal yl chl ori deTri et hyl am ne~OCOCH42( CHzCl z) (2 .
5

. ( CH3COZH) 7CH3CHZOCH3POCL3Tr i et hyl ani neOOHL7. 7( CHzA z )( 3 .

5)3z
193 86 2002

) (HZp/ CH3COZCZHS ) ' Diethyl oxalacetate a c NOON 1 9 AUG 2002

, ACY- 33415 -10 The derivatives of fornula

this invention may be converted to herbicidal 2
(i m.dazolin-2-yl)-3-pyridine carboxylic acids by procedures described in US
Pat ent No 4758667. For exanple a 2,3pyrsdine of formula | may be reacted in
the presence of a strong base with an 2-am noal kane car boxam de of formul a
V 10 NHZ - CROR5CONH2 (V) wherein R4 and R5 are each independently Cl1-C4

al kyl to give after pH adjustnment a 2-(im dazolin-2-yl)-3-pyridine 15 of
formul a: RlintRddiNdy N Rumidiu® e¥ll), #h9chURa@0P2 feactled wilAIMS: 1. A

rocess for_the
FI) mhereh?&ﬂ@?@

reparation

obtai ned by the process 5 of

f d of f | /
S S B3 cRRTE P an s, PSR R B L (i THE G- ol Rowy

or hal ogen;prereiRe &fd sRFemoadesch ventdepentienn| yhe&ldasar«y | fawmwtn conpri ses
a) reacting gf,aldire W MlqiebhebxGeaRUBAohcE Or MUl a ||
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15
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The term Vilsmeier reagent, as used in the
specification and claims, designates the in situ product
of the reaction of dimethyl formamide with an activating
agent such as oxalyl chloride, phosgene, phosphorous
oxychloride, thionyl chloride, and the like and may be
illustrated as an immonium salt of formula IV or the

analogues thereof wherein X represents ij or P02C1;D.
@
(CH,) ,N=CHC1 XC)
(IV)

The term halogen as used in the specification and
claims designates Cl, Br, I or F. ‘

Sclvents suitable for use as the first solvent in
the inventive process may be any inert organic solvent
such as a hydrocarbon, e.g. hexanes, pentanes, heptanes
and the like; a halogenated hydrocarbon, e.g. methylene
chloride, chloroform, dichloroethane, and the like,
preferably dichloroethane or methylene chloride; an
aromatic hydrocarbon, e.g. benzene, toluene, xylene and
the like; a halogenated aromatic hydrocarbon, e.g.
chlorobenzene, o-dichlorobenzene, or mixtures thereof.
Preferably the reaction is conducted with a first solvent
and preferably the first solvent is a halogenated

hydrocarbon such as dichloroethane or methylene chloride.

Bases suitable for use in the inventive process are
organic amines such as triethylamine, pyridine, lutidine,
N,N-dimethylpiperidine, N-methylpyrrolidine and the like,
preferably triethylamine or pyridine.
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"R RO (I1) wherein the fornmula Il conpound is the cis isonmer, the trans

i somer. or a mxture thereof, Ris Cl-Calkyl and Rl is as defined fdr9 AUG 2002

. formula | with at | east one nolar equival ent of Vilsneier reagent

optionally in the presence of a first solvent to forma first internediate;
b) reacting said first internediate with at | east one nol ar equival ent of
an oxal acetate of fornmula Il COORz p ~COOR3 (Il11) wherein R2 and R3 are as
defi.ned for formula | in the presence of at |east two nolar equival ents of
an organic am ne base to forma second 4 at ermedi ate; and 19 AUG 2D02 -12
c) reacting said second internediate with an ammoni a source optionally in
the presence of a second solvent to formthe forrmula I pyridine diester
product. 2. The process accoraing to Claim1 wherein the first solvent is

present and is aahabeoensdesdy dhocanien fo3 ubkeipr eaespraecessdbfg to Caim
1 or daim2 wherein the base is triethylanmne. according to

Ene o3%entiohlf BLOESFoBCCO!
any one of ERGi MBVEREHOB BRerRt RS séctnd SYFPERPRRS BFe88ntCand is a
Cl- Cgal kanoproduaied -Nic drb @iy c 1BeL U HRI 2 AT LR I3 rdYICONIM The process
accor ding t 0083 A n & RIS, Lldd¥tathe/ @inthohl8mABHRREASEH §8 1S
annnniun1ac§?g€%ﬁ %& $%e procéé§)accof'i§r to any gne of _Clains 1 to 5
wher ei n SR1 PBTPRL¥RT HGEtated hydMRRTIHR ek 22d ¥HE prétess according
to claim6 whereggl¥dnts &hithbldeEdqy aprs asacter dergntiosabyenneinf Cains 1
to 7 whereip R ; _and Rg are each independent] y h . A
conpound ofQPﬁrﬁﬂY%@?1%%e?ﬁﬁ&§sﬁn§§ﬁné§? 3 EC%P%E%gsgggkc?%iﬁéae?h any one
of clains lalooBoldOsueln asri Gaferlranelher g citdanedneverhgnepared froma
compound of {85 aHb R, 1 h@Sakd Rl JRS dHE Qi PreferablygustBBA1;13 i, -
process for preparing, a 2-(|n1dazoI|n-L1¥%é;3p xi di he of forngLa (vl) R /
COOH RSN RETERPEY IR cCPUCOMRR | S6599F %%%Jénﬁ &n Sof 3§Edftpound of
fornula | RicidCOaREp NofXERE{d)ambherts 1 iRe,i pridferaBlyCaakkyt apidonal |y
substi tut ed “‘thTﬁé‘gééékg%yf£¥mJEﬂéﬁﬂﬂE Eﬂgjreaction product is

generally directly related to the reaction temperature.

In general, lower temperatures will decrease the rate of

15 reaction and higher temperatures will increase the rate of

reaction. However, excessively high temperatures are not

desired and may lead to a decrease in product yield and

purity. Preferable temperatures range from about 0°C to

120°C. _

20 In order to facilitate a further understanding of the

invention, the following examples are set forth primarily

for the purpose of illustrating certain more specific

details thereof. The invention is not to be limited

thereby except as defined in the claims. The term NMR

25 designates nuclear magnetic resonance.
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"R2 and R3 are each i ndependently C -Csal kyl which conprises a) reacting an

al kyl vinyl ether compound of formula Il R RO (Il) wherein the formg g§ 00

. compound is the cis isonmer, the traps isomer or a mxture thereof, Ris

C-Caal kyl and Rl is as defined for fornmula | with at |east one rml ar

equi val ent ef Vilsneier reagent optionally in the presence of a first
solvent 'to forma first internediate; .Afh@AyU, ?. A hy. AU. A3, . A

.A3U@. Al . S"A. % AAY. AF. A3 . ALnS

JK j | QR "&379} xsnhc"YT] ca] ca] ca] cRaU] e:7a}ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]c
ajcalcalca]calcalcajca Ucna Ucna Ucra Ucta Uchalcaljcalca 9RIMuiv 5 6 L

] f sy &zupkfazU]]ca

Ul c™a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
cal] ca] ca] cal] ca] ca] ca EXAMPLE 1

U cral xy"#" & +3: >DFl 12~ytoj e [V]]]ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca]ca]ca]c
a) ca] cal] ca] ca] ca] ca

U] c™a] ca] ca] ca] ceitepHrat i ) : Y2 aB=ALC3 L2teZ] ] ] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal ca] ca] caj ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca! *;

<W¥st/ 1YZ! "} xsni d_Z] ] ] ca] ca] ca] ca] a] a] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca]ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] dd] ca] ‘]‘ca] ca] ca! vwABBCDQU zupkfal\W]]]ca]c
a] ca] ca] ca] ca] ca] ca] ca] ca] c”a

Ul c”a] ca] c*a] ca] ca] ca] ca] ca] ca] cal ca] ca] ca cal cal ca] cal
[\stI!IETIR S ™" & #3#6 ######%é]ldiﬂrcﬁ%g{)‘a\kf a\W ] Fe E‘@] 631]1

Ul c™a] ca] ca] ca] cac]2ca c"a |

U] c”a] caV] caV] caV] ca] ca] ca] cg] cj;a] ca] c5a] cal ca] calg @b‘%@lﬁ?] cal ca] ca] ca]

5$<$>$ _PpINESPSSPPEPRE " B eoDc(K((-) 7)>) }xsni d_ZWkfa\ W] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca ca] ca

U] c”a] ca] c*a] ca] c*a] cal] ca] cal] CH](C‘?!]%

SIN[D)]D)e)ym))))***,,8$,,,,p---..3// Olllglvll{vql gb] X] ] c] ca] ca] ca] ca] c( a]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]c”a]ca
U ca] ca] cal 1111112/ 2223, $, ,, 3p- yr - 3/ //>00111g1v11{vql gb] X] ] c] ca] ca] ca] ca]c
(a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] éa] ca]ca]ca]ca]ca]calca]]ca]ca]ca]calcalca
]calcaljcalca “FdB'p f!10% 6

& ()-1 0! 10% (3 -ySAOE (e QLY &1 OrortQ&al) (78978 (45 Fhiiefo782I PE 10
103&910%&' (9t B1O%R’ di)cHASiIdE0 Ysp &LEoWly| tireaoesd” ®ith- oxaiy10%& () - &379RM<PE

chloride (88 mL, 1.00 mole), with cooling, stirred at

10 ambient temperatures for 16 hours, treated with ethyl
vinyl ether (72.1 g, 1.00 mole) over a 1 hour period and
stirred at ambient temperatures for 16 hours. This
reaction mixture is treated sequentially with diethyl
oxalacetate (199.28 g, 1.06 mole) and (with cooling)

15 triethylamine (224 g, 2.2 mole), stirred for 0.5 hours
and treated with a premixed solution of concentrated HCl
(200 ml) and concentrated NH,OH (200 ml) in 100 ml of
water. The reaction mixture is treated further with
water (250 ml), concentrated NH,OH (70 ml) and acetic acid

20 (200 ml). The resultant mixture is distilled under N, at
88°C and atmosphere pressure to remove 1850 g of
distillate. The distillation pot is then treated with
absolute ethanol (1.0 L) and NH,OCOCH, (180 g), heated at
reflux temperature for 16 hours and distilled at 100°C to



1109} & ()-!L10% ()-! QLI0% ()-SL10% ()- S10& ()-', | 10%& ()- 1|\/}[9PE 1" 109&

"()-1}y. M 10%& ()-!y. M 10% () - 10%& ()- 310(V&'()-|10%@@4) L] c Ug 11
S ZXBPE:1° YA10%5S& ()--!p  YALOY& ()--!~ )!10%& ()-1y)!10% & ()- \/(100 f
"100& ()-c d e f sy rP: ! Y410%8S! "~ “110%"& ()-m ! "1 10%CC& ()-m

,,10% & ()-1& y*10% %1 % & ()- 10SS 10SS 10SSW

ZX6P: 1} S110% (I (& ()-! S 10%(c(& ()-! S 10% (& ()-!DS! 10%${${& ()-f10% &
()-1" “1109% (& ()-m xV4! @ 10%g#Hg#& () - !

109& () - S10% 0& () -, 10% o0& ()-'110% 0& §)- 101 (1 ( 101 (I(

101 (1 (+3: wX6xV4! I 10%08& ()-10% & ()-!10% o' 0& ()-! 10%08& ()-!

10%@@& ()-! 10% & ()-:DFIr}[9xVAl !l &#10%0& ()-m  &#10%& ()-mi h
&#10% ' & ()- ms3

10% o& () - rééQx/@Os&a(z)-'é@‘V@Q&;(iwfé“ D el QPR LAWK G bn! §3cFLL0%O& () -
10'o0' o0 10' o0 %000'810%00

'&0&#10%WbN589 ?dnéﬁﬁlEPQPE¢$1§@F%Xﬁﬂ??%t%ﬁiﬂﬁﬁg between water and
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separated, washed sequentially with water and brine and
5 concentrated in vacuo to give the title product as an

oil, 179.5 g, (77% pure) 58.5% yield, identified by NMR
analysis.

EXAMPLES 2-7
10
Using essentially the same procedure described in
Example 1, and employing the appropriately substituted
vinyl ether substrate, the results shown in Table I are
obtained.
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The derivatives of formula I obtained by the process
of this invention may be converted to herbicidal 2-
(imidazolin-2-yl)-3-pyridine carboxylic acids by procedures
described in US Patent No 4758667. For example a 2,3-
pyridine of formula I may be reacted in the presence of a

strong base with an 2-aminoalkane carboxamide of formula V

NH2 "CR4R5CONH2 (V)

wherein R4 and R5 are each independently C1-C4 alkyl to
give after pH adjustment a 2-(imidazolin-2-yl)-3-pyridine
of formula:

Ry p COOH
Ny N Ry
Rg
HN
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CLAIMS:
1. A process for the preparation of a compound of formula
I
COOR
R_ Z I
S
N COOR
(I)

wherein R; is H or C,;-Csalkyl optionally substituted with
Ci1-Csalkoxy or halogen; and
R; and R; are each independently Ci~Cealkyl which comprises

a) reacting an alkyl vinyl ether compound of formula
II
J
RO
(II)

wherein the formula II compound is the cis isomer, the
trans isomer or a mixture thereof, R is Cr%halkyl and R; is
as defined for formula I with at least one molar equivalent
of Vilsmeier reagent optionally in the presence of a first
solvent to form a first intermediate;
b) reacting said first intermediate with at least
one molar eqguivalent of an oxalacetate of formula II1I

COOR

cf[: |
0 COCR,

(III)

wherein R, and R; are as defined for formula I in the
presence of at least two molar equivalents of an organic
amine base to form a second intermediate; and
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c) reacting said second intermediate with an ammoniz
source optionally in the presence of a second solvent
to form the formula I pyridine diester product.

2. The process accoraing to Claim 1 wherein the first
solvent is present and is a halogenated hydrocarbon.

3. The process according to Claim 1 or Claim 2 wherein

the base is triethylamine.
4. The process according to any one of Claims 1 to 3
wherein the second solvent is present and is a C;-Csalkanol

or a C;-Cycarboxylic acid or a mixture thereof.

5. The process according to any one of Claims 1 to 4
wherein the ammonia source is ammonium acetate.

6. The process according to any one of Claims 1 to 5
wherein R; is H, methyl, ethyl or methoxymethyl.

7. The process according to claim 6 wherein R; is H.

8. The process according to any one of Claims 1 to 7
wherein R; and R, are each independently methyl or ethyl.

9. A compound of formula I whenever prepared by a process
as claimed in any one of claims 1 to 8.

10. An imidazolinone herbicide whenever prepared from a
compound of formula I as claimed in Claim 9.
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pyridine of formula(VI)

R F COOH
R
N q
\N Z
Rs
HN
o (vi)
which comprises
A) : the preparation of a compound of formula
I
X
_ N COOR,
(I)

wherein R, is H or'CI-anlkyl optionally substituted with
C,-C.alkoxy or halogen; and
R, and R; are each independently C;-Csalkyl which comprises

a) reacting an alkyl vinyl ether compound of formula
II
»J/Rl
RO
(I1)

wherein the formula II compound is the cis isomer, the
trans isomer or a mixture thereof, R is C;-Csalkyl and R, is
as defined for formula I with at least one molar equivalent
cf Vilsmeier reagent optionally in the presence of a first
solvent to form a first intermediate;
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wherein R4 and Rs5 are each independently C31-Cy4 alkyl and
adjusting the pH to give a compound of formula (VI).



