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31, 340 - R PROCESS FOR THE PREFARATI ON_OF DI ALKYL
PYRI DI NE- 2, 3- DI CARBOXYLATE AND DERI VATI VES THEREOF .
FROM DI ALKYL DICHLCRCSUCCINATE . It is an object of this

i nvent i &,B840 provi de ~an efficient and effective nethod for the
preparation - of substltuted and unsubsti tuted- 2, 3- pyrldlnedlcarbox-

- 1 -

PROCESB FOR THE PRBP!RAEION’OF DIALKYL PYRIDINE-

ﬁEROH DIABK!ByDICHIDROSUGCINBEB

It 1s an object of this invention to provide
an efficient and effective method for the preparation _
of substituted and unsubstituted-2 +3-pyridinedicarbox-
ylates utilizing dialkyl dichlorosuccinate, a dehydro-

5 halbgqnatiﬁg @gent, an ammonia'source and an appropri-
ately substituted-a,p—unsaturated aldehyde or ketone.

The invention herein described relates to a
novel method for the preparation of substituted and
unsuhstituted 2 3-pyr1d1nedicarboxy1ates of formula I
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wherein R is C,~Cg alkyl; X and Z are independently
hydrogen, hglogen, cl—c4 alkyl, cl- 4 alkoxy or cz'cs
alkenyl and Y is hydrogen, halogen, c 6 alkyl option-
ally substituted with one to three halogens, hydroxy

20 .groups, c1 >4 alkoxy groups or c alkylthio groups,

alkoxycarbonyl, amlnocarbonyl, phenyl, substitut-

ed phenyl, phenoxy, substituted phenoxy, phenylthio or._“
.substituted phenylthio. Compounds of formula I are
useful as 1ntermed1ates in the preparation of herbi-

25 cidal 2—-(2- 1m1dazolin-2-y1)n1cot1nates.. Among the
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ylates utilizing dialKkyl dfﬂblorosu00|nate a dehydr o- f’) 5 _halogenating

agent, an ammoni a source and an appropri - ately
substituted-[err],[err]-unsaturated al dehyde or ket one. K

The invention herein described relates to a ' novel nethod for the
preparation of substituted and. .» unsubstituted :

2, 3-pyridi nedi carboxyl ates of fornula I [®erg ]~ 10 15

wherein -Ris (Jerr]-Clerr] alkyl; X and Z are independently

hyd hal r err] rr]. al koxy or
errl Gerr  Hetnddy ide ARG A C A O NG s

al kyl option- is thati IQesnﬁiﬂad diredr \8 & fpmt 01 J7585% 6710 laa@ 3L 1dyAdr OXY

20 groups, (ergyd koxy groups or Clerr] -Cferr] alkylthio groups,
Cerr]-Cerr] al oxycal%ony , am nocar bonyl, phenyl, substitut- - ed
phenyl, phenoxy, substituted phenoxy, phenylthlo ‘or. ~ substituted
phenyl t hi o. sConpounds of .-forrmula |I are - -useful as intermediates in
t he preparation of herbi- 25 <cidal 2-(2-imdazolin-2-yl)nicotinates.
Anong the - . ¥ : : :
_ 0 ,
Y. COOR . R1”  KOt-Bu
: + HeN I CNHa soivgnt
Z COOR Rp ' .

wherein R is hydrogen or c,-C, alkyl; R, is hydrogen,

15 halogen, 01-04 alkyl, c3-c cycloalkyl or R and R may
be taken together to form a 03 6 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-

20 dicarboxylates of formula I can be efficiently and
effectively prepared from dialkyl dichlorosuccinates of
formula II by reacting said succinate with at least one
molar equivalent of a dehydrohalogenating agent such as
ammonium acetate or trxalkylamine in the presence of a

25 solvent such as a lower alkylalcohol to form an inter-
mediate, reactxng said intermediate with a source of
ammonia, optidnally at elevated temperatures to form a
second intermediate and reacting said second intermedi-
ate with at least one molar equivalent of an «,f-un-

30 saturated aldehyde or ketone of formula III wherein X,
Y and Z are as described above for formula I in the
presence of an acid such as formxc acid or acetlc acid
or the 11ke. The process is shown below.
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- 2- met hods of prepara i on of said herbicidal n|c I nates . I s that

described in U S. Patent 4,758,667 and ill us- trat bel W~ -~ 5 .
[err] - wherein Rerr] is hydrogen or CJerr]-Clerr] alky&Sh r B
hydr ogen, 15 hangen Cerr]-Cerr] alkyl, Cerr]-Cerr] R hqm
Rlerr] and Rerr] be taken. together to forma C[er

cycl oal kyl optionaIIy Substituted with3ethyl and X | Y

descri bed - ) ; L

CI-CH-COOR . 1. NHS
. + NH4UHC a—H—*—-’
_ CI-CH-'COOR Y" ‘CHX

11 111 I
_ Dehydrohalogenating agents suitable for use
in the process of the inventio .are those which may
also serve as an ammonia sourc :such as ammonium
10 acetate, ammonium carbonates,- ”onium carbamates,
ammonium sulfamates and the li eQ Also suitable are
reagents such as trialkylamines, pyridines, picolines,
quaternary amine salts such as tetraalkylammonium
halides and the like. Of cour se, in addition to the
15 above-mentioned ammonia source_,;ammonia itself may be
employed in the process of the invention.

In one embodiment of the invention the
solvent util1zed may be a polar solvent such as an
alcohol, a nztrile such as acetonitrlle, a carboxylic

20 acid amide such as N,thimethylformamide, N-methyl-
pyrrolidone, a sulfoxide such as dimethylsulfoxide, a
sulfone and the like.

Among the «,f-unsaturated aldehydes or

. ketones of formula'III which:c”nibe used in the process
25 of the invention are acrolein; thacrolein, ethacro-
lein, crotonaihehyde; methylff iyl ketone, o-n-butyl-
acrolein, 4inéthyl-2-hexana1, E ethoxymethacrolein,
a-chloromethacrole:n, e~-trifluoromethacrolein, cin-
namaldehyde, a—ethoxyacrolein,
30 o~(2-cyanocethyl)acrolein and_f

ethyl a-formylacrylate,
like. : '
In a further embodimént of the invention,'the
reaction mixture comprising ti bovefformed second a
intermediate and the «,f-unsa 1 eh ¥ ket
of formula III may be treated with a dehydrogenation

35 catalyst sucn.as that whlch.ls conventional in the art




‘for fornula . \It ‘has now been found thé?)pyrldlne'Z“" 20

di car boxyl at es of formul a I can be efficiently and  ef f ecThiy R pared
fron1d|alkyl di chl or osucci nat es of “formula Il by reacting _ %“Rehum
succinate with at |east one- " nolar equi val ent of a dehydro y’g”

agent such as ammoni um acetate qr trialkylanmne in the pre

sol vent such as a | ower al kyl al cohol to fer4n-an inter- - 'nedi ate, reactlng
said internediate with a-source of- ammoni a, optionally at el evated
tenperatures to forma "second .internediate and reacting said second

i nt er nedi - at tngluding mesalsoer sempeundseh Riatimumy, paddadiwm, |- un-

30 saturated a'ﬁﬁﬂhéﬁiﬁh,kikﬂafuﬂﬁ ﬁﬂéﬁ&iﬁ-ironNWHﬁpydr)&antinmxuﬂPd Z are

as descri bed above_f t nH an -gﬂei epre ence _of anﬂ%ﬁh%H§UCh as

formc acid or aﬁ@PF@ acFE} o?‘nah ¢ikikeq, Thn Aehydrog Bel ow.
catalyst is oommonl; :d in the form of the dehydro-

5 genation metal or compound thereof deposited on a
suitable support suoh as alumina, carbon, clay, zeo-
lite, ohromia, :iroonia and the like.

Utilizing the process of the invention,
pyridine-2, 3-dioarboxylates oontaining suhstituents in
10 the 4,5 and 6 positions may.be eonveniently prepared by
admixing a formula II dialkyl diohlorosuooinate with at
least one molar equivalent of a dehydrohalogenating
agent in a suitable solvent, optionally filtering off
insolubles, treating the filtrate or unfiltered reac-
15 tion mixture with anhydrous ammonia, optionally heating
said reaction mixture until the formation of the
enamine intermediate is;complete, optionally filtering
off insolubles, adding to the filtrate or to the
unfiltered reaotion mixture an acid such as a mineral
20 acia, sulfurio acid, phosphorio acid, an organic acid
such as formio acia, aoetio acid or propionic acid and
the like, and treating w;th at least one molar equiva-
lent of an a,ﬁ—unsaturated aldehyde or ketone of
formula III optionally adding a dehydrogenation cata-
25 1lyst, optionally heating the resulting reaction mixture
until the formation of the formula I pyridinedicarbo-
xylate is oomplete. .
After completion of the reaotion,_the desired
pyridine-2, 3-dicarboxylate can be isolated and purified
30 using conventional metf?

s such as extraotion, distil-
lation, recrystallization, chromatography and the like.

The rate of. formation of the enamine second
intermediate and the formula I product is temperature
_ dependent, thus,'reaction time can be effectively
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{err] Dehydr ohaRogenati ng agents suitabl € jor use in the

process of the invention are’those .which may al so sérve as an ammoni a
source such as amonium 10 acetate, anmoni um carbonates, anmoni um

car banat es, ammoni um sul famates and the like. Also suitable are
reagents such as trial kyl am nes, pyridines, picolines, . guat ernary am ne
salts such as tetraal kyl anmoni um hal ide® -and the like. O course, in
addition to the 15 above-nentioned amoni a sources, amonia itself may be
enpl oyed in the rocess of tHe jnvention. I n one enbodi ment of ..

the invention tHeeduced R¥ heating the mgaghkion PEAures| atntesperaas an

al cohol, a n|tnﬁuw@ta&mtm‘?ér&egréaw.boxw ic 20 acid anide such
as N, N- di met hyl f or mam de, ‘E# to fgg{{iol i done, ﬁul fOXI de such as

di net hyl sul foxi de, or a . tate ‘AﬁBﬁ'B gFcunder-
a,ferr]- unsaturaﬁ@hﬁiu@fgﬂeﬁwrznvetﬁmﬁstw followlingl ékamples aps be

cthacro- - Pei BT é%%ﬁf%*%ﬂ‘fﬁé‘%# [} ool 1 TEROREAEES"
acrol ein, 4-net rﬁﬁt innore SEF irnde iiag:rh:hemen: and the :mvent;on
a- chl or onet haCfCisElx{bt %d fﬁé'&&\ézﬁ’é@tiﬁ{ﬂ@ thereby. The terms lHNMR
and IR designate proton’ nu_clear magnetic resonance and
infrared, respectivély. - Unless otherwise noted, all
10 parts are parts by weight.

15

acetilte '

A stirred mixture of diethyl dichlorosuccin-
ate (12.2 g, 0.05 mole) and ammonium acetate (15.4 ¢,
0.20 mole) in absolute ethanol is heated at 60°C for 6

20 hours, cooled tolzo°c,;yreated with excess anhydrous
ammonia (5.0 g, 0.29 mole), heated at 60°C for 4 1/2
hours, partially distilled to remove excess ammonia,
cooled to 30°C and filtered. The filter cake is washed
with ethanol and the filtrates are combined and concen-

25 trated in vacuo. The th@s-éoncenﬁrated reaction
solution is treated with acetic acid, treated dropwise
with an ethanolic solution of 2-ethacrolein at 70°c
over a 1 1/2 hour pgrio@, continued heating at 70°c for
4 hours (until reactionJis complete by gas chromato-

30 graphic analysis) and cbncentratec_’_l in vacuo to give a
crude oil residue. The o0il residue is distilled to
afford the title product as a tan oil, bp 151-1S2 °c at
2mm Hg.
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namal dehyde, a- ethoxyacroleﬂ) met hyl a- fornylacrylate6?)30

a~( 2-cyanoet hyl ) acrol ei n. In a further enbodi ment of the

i nvention, the reaction m xture conprising the above-formed second
internediate and the a,[err]-unsaturated al dehyde or ketone of fornmula
1l may be treated with a dehydrogenation 35 catalyst such as that which
is conventional in the art -6 = - 4-

i ncludi ng nmetal s or -conpounds of platinum palladium r ut heni um
iridium nickel, iron, copper, antinony, cobalt, rhodiumand the like.
The dehydrogenati on. catalyst is conEEAMPLES2d in the formof the
dehydro- 5 genation metal or conpound t her eof dep05|ted on a sui tabl e
support such as [

Wilizing the protess-or=ey Vet Ot ufﬁ' e yonidinedicarbox-, o5
cont ai ni ng substylat bm_dfethy ' 2 B6 Susing - e ent |y
prepared by gﬂghélng a fornula II dlalkyl dlchlorOSUCC|nate wth at

A solution of diethyl dichlorosuccinate
(24. s g, 0.10 mole) in ethanol is treated with tri-
ethylamine (12.2 g, 0.12 mole) over a 5 minute period,
allowed to stir at ambient temperatures for 12 hours,
5 treated with anhydrous ammonia (7.3 g, 0.43 mol) at
20 c, heated at 45-50°%" for 3 hours and filtered. The
filter cake is washed with ethanol and the filtrates
are eombined and eoneentrated in vacuo to remove the
solvent and exeess ammonia. The resultant viscous oil
10 4is diluted with ethanol and acetic acid, treated with
2-ethacrolein (19.5 g, 0.232 mol), heated at 70°C for 6
hours and vacuum distilled at 60°C to remove solvent.
The resultant pot liquor is taken up in tolﬁene, washed
" with water and concentrated in vacuo to afford a crude
15 o©0il residue. Vacuum distillation of the oil residue
affords the title product as a tan oil, bp 151-152°% at
2mm Hg. |

20

Xylate from dialkyl dichlorosuccinate
Using essentially the same procedure as that
described in Example 2 and substituting the appropriate
25 dialkyl dichlorosuccinate and suitable «,f-unsaturated
aldehyde, affords the following pyridinedicarboxflates
of formula I.



‘| east one nol ar equivalenﬂf?} a dehydr ohal ogenati ng f—)agent in a suitable
solvent, optionally filterihg off insol ubles, treating the filtrate or
unfiltered reac- 15 tion mixture wth anhydrous-ammoni a, optionally heating
said reaction mxture until the formation of the enam ne internediate
is complete, optionally filtering .., off insolubles, adding to the
filtrate or to the unfiltered reacti en7nme=xture an acid such as a

m neral 20 acid, sulfuri-c acid,. phosphoric acid, an organic acid such
as formc acid, acetic acid or propionic acid and the |ike, and
treating with at | east one nol ar. equiva- | ent of an a,[err]-unsaturated
al dehyde or ketone of formula 11l optignally adding a dehydrogenation
cata- 25 |lyst, optionally heating the res | ting reaction mxture until
the formation of the fornmula I pyridin .LOOR xylate is conplete. '
After conpletion of the reaction, the depireqd . '

pyri di ne-2,-3-di car boxyl ate can be i sol

conventional methods such as extracti dn, | ation,
recrystallization, chromatography and the Like. The.rate of
formati on of the enam ne second internedi ate and the formula | product
is tenperature X dependent, thus*_Leactlon tlne cén be effectlveLg__

H CH, B C, H,

H CH,OCH, - H CH,

. H cnzc1 H - czﬂs
H H H CZHS

The above compounds are identified by HNMR
and IR spectographic analysis. '
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.- 5- _reduced by heatfﬁg the reaction m xtures aH’Fpnperai. tures of

about 45[err]C or greater. - In order to facilitate a further

. under -- standi ng of the invention, the follow ng-exanples are
presentggégblnarlly for the purpose of |IIustrat|ng certain nnre*‘
specific tails thereof  and the inyention 1S njmﬂmmm ﬁrﬂy mted
thereby. The ternms [err] HNVR and IR deglgnate P etlc
resonance and infrared, respectively. Unless ot her W sk not ed

parts are parts by weight. . EXAMPLE 1

Preparation of WHArhyE GLATHED Zs3- pyrldlnedlcarboxy 15 late fromdi et hyl
di chl orosucci nate usi ng agnnn u oces§c§%§t§§ sslrred
. E’-’S,P‘B‘B%° f%f

m xture of diethyl dichloifdsuCc €) and -ammoni um
acetate (15.4 gpompound2ehnrhcrerizaﬂsbyuferuu&anbI is heated at 60[err] C
for 6 20 hours, cooled to 20[err] C, .treated wth excess anhydrous

ammonia (5.0 g, 0.29 nole), -heated at 60[err] C for 4 1/2 hour s,
partially distilled to remove excess amonfa,

Y COOR

S ¢ | -

z \N COOR.'
wherein R is c -c6 alkyl:; x and'z are independently
hydrogen, helogen, c1 alkyl,_ 1" ,alkoxy or cz-c5
alkenyl and Y is hydrogen, halogen, cl-cs’alkyl option-
ally substituted with one to three halogens, hydroxy
groups,. 1 alkoxy groups or c1 4 alk&lthio groups,
c, elkoxycarhonyl, aminoearbonyl, phenylthio, -
substituted phenylthio, phenoxy, substituted phenoxy,
phenyl or substituted phenyl which comprises reacting a
dialkyl dichlorosuccinate of foﬁpula II

C1-CHCOOR

C1-CHCOOR

11
wherein R is cl-cs alkyl with a ﬂehydrohalogenating
agent in the presence of a solvent to form a first
intermediate, reaotzng.sald_fi:§; intermediate with an
ammonia source to form a second“ﬁntermediate, reacting
said second intermediate withlé -a}ﬁ-uheaturated
aldehyde or ketone of formula I

Y-C==CH¥

Z-C==0.

||iiii’i|‘ i



,cooled to 30[err]C and fi1?§red. The filter cake is ﬁgghed . wth ethanol
and the filtrates are conbi ned and concen- 25 trated in vacuo. The

t hus- concentrated reaction solution is treated with acetic acid,

treated dropwise - wth an ethanolic solution of 2-ethacrolein-at

70[err]C over a 1 1/2 hour perjod, continued heating at 70[err]C for i
4 hours (until reaction is conplete by gas®chromato- 30 graphic anal ysis)

and concentrated in vacuo to give a crude oil residue. The oil residue

;ts di st IZHneE'gt ° where ff(&rd thed I'At lagepggdgescm.bodt&o o Beé%p 15%611‘;2[ err]c
Preparation of dirctthe presenge 3t3tpyrsd1modtpatdaci<om the/ | oemilanI di et hyl
di-chl orosucci nag 453 s’ a%%me eaﬂ%&?na.

2. The process according to olaim 1 for the
preparation of a pyridinedicarboxylate compound charac-
teriged by formula I wheroin X and 2 are hydrogen and Y
is hydrogen, halogen or- 01 alxyl optionally substi-
tuted with one to three halogens, cl'c4 alkoxy groups
or °1'° alkylthio groups. '

3. The process according to claim 1 wherein
the dehydrohalogenating agont is an ammonium salt, the.
solvent is a polar solvont, the acid is acetic acid and
the second 1ntermediate is formod 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 45°C or greater.

5. 'The-p:ocess according to claim 1 wherein
the «,p-unsaturated aldehyde or ketone of formula III
is present in the amount of at least one molar equxva-
lent.

6. The process according to claim 2 wherein
the formula I compound prepared_is selected from the
group consisting of dialkyl'pyrioine-z,3-dioarboxy1ate,
dialkyl s-methyl-z,3-pyridinedic§rboxylate, dialkyl
S-ethyl-2,3-pyridinedicarboxylate, dialkyl 5-(methoxy-
methyl)-2, 3-pyr1d1nedlcarboxy1ate, and dialkyl 5-
(chloromethyl)-z 3-pyr1d1ned1carboxy1ate.

ol lllIII'IIIII IlIII /[ R




. A solutlon of di et hyl dicﬁl,rosuccinate (24.6 g,f6)1o nol e) in ethanol
r|s treated with tri- ethylamne (12.2 g, 0.12 nole) over a 5 mnute
peri od, allowed to stir at ambient tenperatures for 12 hours, 5

treated with anhydrous amoni a (7 3 g, 0.43 nol) at 20[err] C, heated at '.

45-50C for 3 hours and filtered. =~ The f||ter cake is washed with

et hanol and the filtrates are conbi néd* %nﬁ concentrated in vacuo to
remove the sol vent and excess anmoni a. The resul tant viscous oil 10
is diluted with ethanol agd a i ELMRSELEI N
(19.5 g, 0.232 nol), heat gd a@'g%of‘ﬁggfg’f %2@}8{% % %1%1% g\;acuuiéé)l&
distilled at 60pbprFermulneﬁn¢emp9ungnp:epare¢hbsraglsQQsﬂ fxom | theor is
taken up in toltffaa uenlfting Yi! 8188h iﬁﬁ&ﬁwtw&f&u&mto

afford a crude i Oi | reS|due Vacuum:;. ation of the oil Ttesidue
affords the tit# °SPUGU§rm&§h¥1r3n3UPYri dicarpoxylatey giethyd , g

-ExlAl\/tPLE]c 3 200I fEBtagar-a}, aepyﬂdﬁlnahkahrsuhﬂatu; edi Sty DYs+ dm?b bf}]
xylate fromdia c rosu |na entially the
sanme procedure ﬂex#ﬁ 2 BX§ FB@EEFﬁrgﬁﬁﬁb?592 %Réféiﬁgkff Tng the
appropri ate 25 dchloybmétbiyl)rasaepyrnidinediicsrboxylate, [ err]-unsat urated
al dehyde, affords the follow ng pyridinedicarboxyl ates of formula I.

8. A pyridinedicarboxylate eompound charac-
terized by formula I preparq¢_by the process according _
- to cla:m 1.

9. A pyridinedicarboxylate compound charac-
terizead by formula I, diethyl s-ethyl-z 3-pyridinedi-
carboxylate prepared by the process according to clainm
. 10. .

10. A pyridinedicafboxylate compound charac-
terigzed by formula I, diethy; 5~ (methoxymethyl)~2,3~
pyridinedicarboxylate prepared by the process according
to claim 1. | |
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Dehydrohalogenating agents suitable for use
in the process of the invention are those which may
2lso serve as an ammonia source such as.ammonium
acetate, ammonjium carbonates, ammonium carbamates,
ammonium sulfamates and the like. Also suitable are
reagents such as trialkylamines, pyridines, picolines,
quaternary amine salts such as tetraalkylammonium
halides and the like. Of course, in addition to the
above-mentioned ammonia sources, ammonia itself may be
employea in the process of the invention.

In one embodiment of the invention the
solvent utilized may be a polar solvent such as an
alcohol, a nitrile such as acetonitrile, a carboxylic
acid amide such as N,N-dimethylformamide, N-methyl-
pyrrolidone, a sulfoxide such as dinathylsulfoxide;or a
sulfone, o

Among the a,S~unsaturated aldehydes or
Xetones of formula III which can be used in the process
of the invention are acrolein, methacrolein, ethacro-
lein, crotonaldehyde, methyl vinyl ketone, c-n-butyl-
acrolein, 4-methyl-2-hexanal, a-methoxymethacrolein,
c~chloromethacrolein, a-trifluoromethacroléin, cin-

namaldehyde, a~ethoxyacrolein, methyl a-formylacrylate,or

a~-(2-cyanocethyl)acrolein.

In a further embodiment of the invention, the
reaction mixture comprising the above-formed second
intermediate and the «,8-unsaturated aldehyde or ketone
of formula IIXI may be treated with a dehydrogenation
catalyst such as that which is conventional in the art
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~;Clains
characteri zed

X and Z are independently hydrogen, hal ogen, Cdrr

Cerr]-Cerr]

10

| REPLACEMENT SHEE'(E

1. A process for the. prepdra
by formula I [err] wher eijn

ind
r]

al koxy or CJerr]-Clerr]
- 4 -

including metals or compounds of platihum, palladium,
ruthenium, iridium, nickel, iron, copper, antimony,
cobalt, rhodium and the like. The.dehydrogenation
catalyst is commonly used in the form of the dehydro-
genation metal or compound thereof deposited on a
suitable support such as alumina, carbon, clay, zeo-
lite, chromia, or zirconia_'.

Utilizing the process of the invehtion,
pyridine-2,3-dicarboxylates containing substituents in
the 4,5 and 6 positions may be conveniently prepared by

"admixing a formula IXI dialkyl dichlorosuccinate with at

15

20

25

least one molar equivalent of a dehydrohalogenating
agent in a suitable solvent, optionally filtering off
insolubles, treating the filtrate or unfiltered reac-
tion mixture with anhydrous ammonia, optionally heating
said reaction mixture until the formation of the
enamine intermediate is complete, optionally filtering
off insolubles, adding to the filtrate or to the
unfiltered reaction mixture an acid such as a mineral
acid, sulfuric acid, phosphoric acid, an organic acid
such as formic acid, acetic acid or propionic acid and
the likxe, and treating with at least one molar equiva-
lent of an «a,f~-unsaturated aldehyde or ketone of
formula III optionally- adding a dehydrogenation cata-
lyst, optionally heating the resulting reaction mixture
until the formation of the formula I pyridinedicarbo-

xylate is complete.

30

After completion of the reaction, the desired
pyridine-2,3-dicarboxylate can be isolated and purified
using conventional methods such as extraction, distil-
lation, recrystallization, chromatography and the like.

The rate of formation of the enamine second
intermediate and the formula I product is temperature

dependent, thus, reaction time can be effectively

al kyl ;



;;;C[err] Cerr] alkyl with at |east one n@lalmeqU|vaIen DL

;9Ikény| and Y is hydrogen, halogen, Clerr] -CJerr] alkyl option- ally
substituted with one to three hal ogens, hydroxy groups Cerr] -(err]
al koxy groups or_(err}—€ferr] alkylthio groups, ( ergl-Clers]

al koxycartonyl an1nocaHEonyl phenyl t hi o, substitutejﬂﬁﬂ%ﬂﬁﬂﬂﬁWﬁSHﬂEﬁoxy,

substitu “ yl or substituted phenyl whif unpllbes regetli ng
a dlalkyh te cf formula Il g 1.0 DEC. 19
, CHCOOR M epr]Lé' O - CHCOOR (Vher eirn E

"iaghydrohalogenating agent which may al so serve as an pnmoni a source sugh as

~anmoni um acet at e, anmoni um car bonat e, anmoni um car banetearmToTTT Um
sul famat e or a dehydrohal ogenati ng- agent such as .trial kyl am nes, pyridines,
picol i nes and quat etnard BAPFB=SaFt¥ Fhet RESERESEACE 8f & polar solvent to

“forma fieshpbohar BRdratCeri£aat bRossamdiki xst i nternmedi ate with ammoni a or
an ammoni a source as nenti oned above to forn1a_second i nt er me-
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1 _
wherein R is c -C_ alkXyl; X and Z ars x‘dependantly

6
bydrecgen, halogen, c, c4 alkyl, c1 c4 alkcxy cr Cz-c5
alkeryl and Y is hydrogen, halogen, ¢,-C alkyl cptica-

ally substituted with cne to three halogens, hydroxy
groups, cl-c4 alkoxy groups or cl-c4
cl--c4 alkcxycarbonyl, aminccarbonyl, pheaylthio,

substituted phenylthio, phenoxy, substituted pheroxy,

alkylthio groups,

phenyl or substituted pheryl which comprxs== reacting a
dlalkyl dlchlcrocncc1nat= cf formula II

C1-CHCOOR

C1-CHCOOR
1

wherein R is"cl-c6 alkyl with at least one molar equivalent of a
dehydrohalogenating agent which may also serve as an ammonia
source such as ammonijum acetate, ammonium carbonate, ammonium
carbamate, ammonium sulfamate or a dehydrohalogenating agent
such as trialkylamines, pyridines, picolines and quaternary
amine salts in the presence of a polar solvent to form a first
intermediate, reacting said first intermediate with ammonia or
an ammonia source as mentioned above to form a second interme-
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.9 diate, reaering sai d second internedi ate wth at] lfgast—ome—mor=

equi val ent OH! unsat ur at ed al dehyde or TQ ?& ofmyla 111
[err] and }' decri bed above and gnjacfid 1 n’ egence of
t he sol vent: cOpL I onaﬁly adding a dehydrogenatioﬁ;caLaLysL_Lna.ujlng

metal s or conpounds of platinum palladium rutherdium iridiun1 ni ckel ,
iron, copper, antinony, cobalt and rhddiumto forrthe—forata—t—sy idine

carboxyl o] The SS .aggor, t alnl for
The by eBUFLET oPeBlEing satg aanand A G o1 el 8258 Fafi5h
“farmul a PQEﬂéﬁé?ntXDénan°%w&edn&ktqnat&ﬂuhrnehxﬂehwdr@génnehafogenmmra
Cerr]-Ciienr] alkyl optionally substi- tuted with one to three hal ogens,
Clerr] -Cerr] alkoxy-gemadxs or Clerr]-Clerr] alkylthio groups.
3. The process accordinfng to claim1 wherein the dehydrohal ogenati ng agent
I's an ammoni um sal t, 5&2:2

I
and X, Y and Z are as decribed above and an acid in the presence
of the solvent, and optionally adding a dehydrogenétion catalyst
including metals or compounds of platinum, palladium, ruthenium,
iridium, nickel, iron, copper, antimony, cobalt and rhodium to
form the formula I pyridine carboxylate compound.

2. The process according to claim 1 for the
breparation of a pyridinedicarboxylate compound charac-
terized by foramula I wherein X and 2 are hydrogen and Y

is hydrogen, kalogen or C -C, 21Xyl optionally substi-

1

tuted with one to three halogens, C -C

174 alkcxy croups

cr ¢,-C, alkylthio groups.
3. The process according to claim 1 vwhexein
e Cebkycrohalcgenating agent is an ammcnium salt, tkhe
sclvent. is a pclar solvent, the acid is acetic acié anz
the seccnd intermediate is foraed at 2 temperature cf
45°% or creater,

tie formula I pyr 1d1ned1ca*boxy1a.e cecnpcuad is
T a temperature of 45 °c or c¢reater.

4. The b*ocees according to c’a*m i whersina
£

5. The process according tc claim 1 whereix
the c,f-unsaturated aldehyde cr ketsne cf formula IIX
is present in the amcunt of at leas: one molar eguiva-

lernt,



. solvent is a polar solvent, the acid is acetic af E? B

“internediate is formed at a tenperature of 45[ er {MNG gy :
4. The process according to claim1l wherein the fofnula I
pyri di nedi car boxyl ate conmpound is forned at a tenper atLPOFS 994 c DI
greater. 5. The process according tolcliaim1 whereinithe
a,[err]-unsaturated al dehyde or ketone cf_fornmulallI™TsS present infthe
anount of at |east one nolar equiva- |ent-
10 6. The process according to claim2 wherein the fornula

-~ canmpound prepared i s®sel Beecpreeenst Recgrdipgcdrsicdning2oWhdrabikyl
pyridine- 2tBedE6ghtiDX Y] aéSmpound prepared is selected from the

" group consisting of dialkyl pyridine-2,3-dicarboxylate,
' dialkyl S5-methyl~-2,3-pyridinedicarboxylate, dialkyl
5-ethyl-2,3-pyridinedicarboxylate, dialkyl 5-(methoxy-
methyl)-2,3-pyricdinedicarboxylate, and dialkyl S~
(chlorcmethyl)-2,3-pyridinedicarhoxylate.

7. The process according to claim 6 wherein
the formula I compound prepared is selected from the
group consisting of diethyl pyridine-2,3-dicarboxylate,
diethyl S-methyl=~2,3-pyridinedicarboxylate, diethyl
5-ethyl-2,3-pyridinedicarboxylate, diethyl 5-(methoxy-
methyi)-2,3-pyridinedicarboxy1ate, and diethyl S5-
(chloromethyl)-2,3-pyridinedicarboxylate. '
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«di al kyl 5-methyl -2, 3-pyridi Bedi carboxyl ate, dialkyl ).

5- ethyI32 0pyrldlnedlcarboxylate di al kyl 5-(met hoxy- T fhoeerer o0
met hyl ) =2,°3-pyri di nedi caxboxyl ate, and dial kyl 5- (chloromnethyl)
-2, 3-pyridi nedi carboxyl ate. - 7. The process according to cIa|n16

wherein the formula | conpound prepared is selected fromthe group -
consisting of diethyl pyridine-2,3-dicarboxylate, diethyl
5- et hyl - 2, 3- pyrldlnedlcarboxylate di et hyl
5-et hyl -2, 3 pyri di nedi car boxyl ate, diethyl 5-(nmethoxy-
nethyl)-2,3-pyridinedicarbox;LaLE, and diethyl 5- (chloronethyl)
-2, 3-pyri di nedi car boxyl at e. REPLACED SHEETS SG
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< | . ABSTEACT OF THE'INVENTION
' There is provided a_” oeess for the prepara-
tion of substituted and unsubstitﬁted-z +3=-pyridinedi-
earboxylate compounds by reacting a dialkyl dichloro-
~ succinate with a dehydrohalogenating agent, an ammonia
source and an appropriately subst:tuted a,f-unsaturated
aldehyde or ‘ketone.




